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ABSTRACT SYMPOSIA

AS 01 – Cardiovascular Disease

AS 01.1
Von Willebrand factor regulates physiological
and pathological angiogenesis through vascular
endothelial growth factor receptor-2 signalling
Starke RD1, Chillo O2, Pagel JI2, Elder MJ1, Laffan MA3, Deindl E2

and Randi AM1

1Vascular Science, NHLI, Faculty of Medicine, Imperial College

London, London, UK; 2Walter-Brendel-Centre of Experimental

Medicine Ludwig-Maximilians-University, Munich, Germany;
3Haematology Dept, Faculty of Medicine, Imperial College

London, London, UK

Von Willebrand Factor (VWF) is a multimeric glycoprotein, which

mediates platelet adhesion to damaged endothelium and stabilises

coagulation factor VIII. VWF is synthesized by endothelial cells (EC)

and stored in Weibel-Palade bodies (WPB), which also contain regula-

tors of angiogenesis and inflammation. A qualitative or quantitative

deficiency of VWF causes Von Willebrand disease (VWD), the most

common congenital bleeding disorder, which can be associated with

vascular lesions (angiodysplasia) causing severe intractable gastroin-

testinal bleeding. Angiodysplasia is characterized by a fragile vascular

network with disrupted architecture, increased permeability and sus-

ceptibility to rupture. The pathogenesis has been linked to dysregulat-

ed angiogenesis. We have shown that VWF regulates angiogenesis

through pathways involving VEGFR2 signalling and the integrin avb3
(Starke et al., Blood 2011; 117:1071–1080). Here we investigate the

role of VWF in two in vivo models of angiogenesis and arteriogenesis,

and provide new evidence on the angiogenic signalling pathways regu-

lated by VWF in EC.

To investigate the role of VWF in the response to ischemia, we used

the murine model of hindlimb ischaemia and VWF-deficient mice

(Denis et al., Proc. Natl. Acad. Sci. U.S.A 2001; 98:4072–4077). The
femoral artery was ligated (or sham-operated) in littermate control or

VWF-deficient mice and blood flow was measured in the paws by

Laser Doppler analysis at different time points. At day 3 postligation,

VWF deficient mice showed a significant decrease in blood flow com-

pared to controls (P < 0.05). In the lower leg (gastrocnemius [GN]),

H&E and CD31 staining showed increased angiogenesis (P < 0.05)

and tissue damage (P < 0.05) in VWF-deficient mice compared to con-

trols. Quantitative RT-PCR analysis showed reduced b3 integrin levels

in VWF-deficient mice compared to controls, in line with our previous

in vitro findings. In the adductor muscle, VWF deficient mice showed

reduced leukocyte infiltrate and vascular proliferation, suggesting

decreased arteriogenesis in the absence of VWF. These results confirm

that VWF controls angiogenesis and provide the first evidence that

VWF is involved in restoring blood flow by regulating arteriogenesis.

Next we evaluated the role of VWF in physiological angiogenesis in

the mouse post-natal retina model. Retinas from VWF-deficient mice

or littermate controls were isolated at day 6 post-partum and stained

for isolectin B4 and VWF. VWF was expressed in all EC, with higher

expression nearer the vascular front, where tip cells lead the angiogenic

sprout. In VWF-deficient retinas, vascularisation was increased, as

measured by increase in vascular density near the optic nerve region

and increase in the number of endothelial tip cells at the vascular front.

These data support the evidence for VWF’s role in regulating tip cell

formation and sprouting angiogenesis.

We also carried out in vitro studies on the mechanism of VWF regula-

tion of angiogenesis. Using VWF-specific siRNA in human umbilical

vein EC, we show that VWF regulates EC proliferation through a

pathway involving VEGF receptor-2 and ERK phosphorylation.

In conclusion, our data provide further evidence that VWF regulates

both developmental and pathological angiogenesis, and add new

insight into the pathways involved. These findings may help to identify

novel targets for the treatment of angiodysplasia in patients with

VWD.

AS 01.2
Sign and shape: correlation of clinical findings and clot
ultrastructure in arterial thrombi
Kovacs A1, Tenekedjiev K2, Wohner N1, Szab�o L3, S�otonyi P1,

Szelid Z1, Nagy A1, Szab�o G1, Merkely B1 and Kolev K1

1Semmelweis University, Budapest, Hungary; 2N. Vaptsarov Naval

Academy, Varna, Bulgaria; 3Hungarian Academy of Sciences,

Budapest, Hungary

Background: Thrombus architecture is an important determinant of

thrombus stability and affects the outcome of preventive and thera-

peutic interventions in acute myocardial infarction, stroke and periph-

eral arterial disease, but it is hardly accessible for evaluation in the

everyday clinical practice. Here we address the potential correlations

between routinely available clinical data and structure of thrombi

removed with percutaneous coronary intervention (PCI) or thromben-

darterectomy of large arteries.

Methods: Thrombus samples removed by PCI-thrombus aspiration

following acute myocardial infarction (n = 101) or surgical open repair

(n = 50) in a heterogeneous group of patients (age range 36–98 years,

male-female ratio 6:4) were processed in two parallel ways: glutaralde-

hyde-fixation for scanning electron microscopy or freezing at �80 °C
for cryosections and indirect immunostaining for fibrin and platelet

receptor GpIIb/IIIa. Ten to fifteen images were taken of each throm-

bus with both microscopic techniques, and then analyzed morphomet-

rically to determine fibrin fiber diameter, relative occupancy by fibrin,

platelet, red blood cells (RBC), white blood cells (WBC). The correla-

tion between the measured ultrastructural characteristics and selected

clinical parameters (age, sex, location of vascular lesion, blood cell

counts, haematocrit, C-reactive protein (CRP) in plasma, ECG find-

ings, anti-platelet medication, accompanying diseases) was assessed

using multiple hypothesis testing and regression analysis.

Results: Fibrin content of peripheral thrombi showed positive correla-

tion with CRP and male sex (P = 0.014 and P = 0.04, respectively),

but no such dependence was observed in coronary thrombi. Platelet

content of thrombi correlated stronger with the hematocrit

(P = 3 9 10�12, R2 = 0.75 coronary; P = 0.02, R2 = 0.238 peripheral)

than with the platelet count in blood (P = 2 9 10�4, R2 = 0.20). Aspi-

rin premedication reduced the role of local factors seen as increased

dependence of thrombus platelet content on systemic platelet count

(P = 4 9 10�7, R2 = 0.54) and stronger dependence of fibrin structure

on RBC count in blood. Fiber diameter of peripheral thrombi

decreased at higher RBC counts (P = 0.009, R2 = 0.16) and the depen-

dence was significantly stronger in the aspirin-treated group

(P = 0.003, R2 = 0.29). No such effect was found for clopidogrel. Sort-

ing thrombi by their vessel of origin revealed a marked difference in

fibrin-platelet ratio with lower values in the coronaries than in the ilio-

femoro-popliteal arterial region (P < 0.023 by Kuiper’s test for vari-

ous combinations of subgroups). In line with this observation, platelet

content was significantly higher in left anterior descending coronary

thrombi than in the ilio-femoral subgroup (P = 0.037). In terms of

platelet content and fibrin-platelet ratio coronary thrombi were similar

to those of aortic origin. Neither the registered ECG findings, nor the

accompanying diseases proved to be important determinants of throm-

bus structure on their own, but complex regression models revealed

effects of combination of factors. For example, age at operation and

CRP value had an additive effect on WBC content of thrombi in

patients with atherosclerosis (P = 0.003, R2 = 1) or hypertonia

(P = 0.03, R2 = 0.95).

Conclusion: The fibrin and platelet content of arterial thrombi as well

as their fibrin structure are differentially affected at different vascular
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locations and by systemic blood cell counts. Conventional anti-platelet

drugs differ in their impact on thrombus structure. Improved individu-

ally tailored strategies for prevention of acute thrombotic events could

be developed on the basis of these findings.

AS 01.3
Joint association of elevated factor VIII and low protein
C with stroke and coronary heart disease: the reasons
for geographic and racial differences in stroke
(REGARDS) study
Zakai A1, Judd S2, Kissela B3, Howard G2, Safford M2

and Cushman M1

1University of Vermont, Burlington, VT; 2University of Alabama

at Birmingham, Birmingham, AL; 3University of Cincinnati,

Cincinnati, OH, USA

Background: Low protein C (PC) and high factor VIII (FVIII) have

been inconsistently associated with risk of stroke and coronary heart

disease (CHD) in observational studies. We hypothesized that high

FVIII and low PC are associated with increased risk of incident stroke

and CHD. Further, as PC inactivates FVIII, we also hypothesized that

the association of high FVIII with stroke and CHD will be stronger in

those with low PC.

Aims: To study the associations of high FVIII and low PC on stroke

and CHD risk in the REasons for Geographic and Racial Differences

in Stroke (REGARDS) study.

Methods: REGARDS recruited 30,239 black and white US partici-

pants ≥ 45 years old between 2003 and 2007. FVIII and PC were mea-

sured in a case-cohort sample of 646 stroke cases, 746 CHD cases

(defined as incident nonfatal myocardial infarction or fatal CHD), and

a 1104 person cohort random sample with follow up for 4.5 years.

High FVIII was defined as the top 20% and low PC as the bottom 5%

of the biomarker distribution in the cohort random sample. The haz-

ard ratio (HR) for high FVIII in the presence or absence of low PC

was estimated using Cox proportional hazards models. We adjusted

for Framingham stroke risk factors for the stroke outcome (age, sex,

race, systolic blood pressure, anti-hypertensive medication use, diabe-

tes, smoking, heart disease, atrial fibrillation, and left ventricular

hypertrophy) and Framingham CHD risk factors for the CHD out-

come (age, sex, race, systolic blood pressure, anti-hypertensive medica-

tion use, diabetes, smoking, total and high density lipoprotein

cholesterol, and lipid-lowering medication use).

Results: FVIII and PC were not correlated (R2 = �0.01, P = 0.77).

High FVIII was associated with increased risk of both stroke (HR

1.42; 95% CI 1.02, 1.99) and CHD (HR 1.78; 95% CI 1.21, 2.61). Low

PC was non-significantly associated with increased risk of both stroke

(HR 1.65; 95% CI 0.95, 2.84) and CHD (HR 1.74; 95% CI 0.94, 3.20).

For stroke, there was no evidence for an interaction between high

FVIII and low PC (p for interaction 0.70). For CHD however, the

adjusted HR for high FVIII was significantly greater in those with a

low PC (HR 5.11; 95% CI 1.62, 16.20) than normal PC (HR 1.59;

95% CI 1.07, 2.39; P-interaction = 0.06).

Summary/Conclusion: High FVIII was associated with both CHD and

stroke risk, while low PC was non-significantly associated with

increased stroke and CHD risk. The association of high FVIII with

CHD was higher in participants with low PC, but was not different for

stroke. These data demonstrate that risks conferred by adverse levels

of one biomarker may be augmented by levels of another biomarker.

These findings suggest that there may be differences in the role of he-

mostasis in stroke and CHD pathophysiology.

AS 02 – Assays for Antithrombotic
Drugs

AS 02
Assays for antithrombotic drugs
Chandler W

The Methodist Hospital, Houston, TX, USA

The first generation of antithrombotic drugs, warfarin and heparin,

require continuous monitoring of drug levels using the PT/INR for

warfarin and PTT or anti-Xa activity for heparin. Second generation

antithrombotic drugs like low molecular weight heparin (LMWH) and

pentasaccharides do not require routine monitoring, they are mea-

sured only when questions arise associated renal function, overdose,

bleeding, elimination of the drug prior to surgery, or patients not

approved for use. Levels of LMWH and pentasaccharides are mea-

sured using anti-Xa activity assays. The latest oral antithrombotic

drugs to be introduced, dabigatran (direct thrombin inhibitor), and

rivaroxaban and apixaban (anti-Xa inhibitors), do not require routine

monitoring. Treatment is based on fixed doses with changes in dose

associated with reduced renal function, patient weight and age in some

cases. Monitoring of these medications may be needed in some clinical

situations, including changes in renal function, concern about over-

dose in patients that are bleeding or thrombosis while on the drug,

elimination of the drug prior to surgery, adherence to therapy, and

patients not approved for use (e.g. children, pregnancy). Important

considerations related to monitoring these new drugs include (i) thera-

peutic ranges, (ii) calibrators, (iii) assay to be used and (iv) assay avail-

ability, stat vs. routine. A major issue with monitoring of these new

drugs is establishing a therapeutic range, regardless of the assay used

for monitoring. These drugs were approved for use without monitor-

ing, there are no approved therapeutic ranges based on clinical trial

data. Levels in patients taking the drugs can be estimated from phar-

macodynamic studies, but these are not official ranges, and the levels

vary substantially during the day. Timing of when the sample is taken

(peak vs. trough) is important for interpreting results. A second issue

is calibrators for these assays. Dabigatran assays must be calibrated

with the active form dabigatran and not the inactive parent drug da-

bigatran etexilate. Rivaroxiban and apixaban assays can be calibrated

with parent drug and some companies are developing calibrators for

future assays. For dabigatran (and older parenteral direct thrombin

inhibitors), the standard thrombin time can be used to determine if the

drug has cleared from the blood prior to surgery or in bleeding

patients, but the assay is too sensitive for monitoring of drug levels in

the therapeutic range. Dabigatran can be monitored with a PTT, but

the degree of prolongation varies with different reagents and the test

overestimates dabigatran levels in many patients. A plasma diluted

thrombin time has been developed for monitoring that is rapid, uses

standard thrombin time reagents and is more accurate than the PTT.

Ecarin clotting times can also be used to monitor dabigatran, but are

more expensive and not available in many laboratories. For oral anti-

Xa drugs, the PTT is not sensitive enough and while the PT does pro-

long, the degree of prolongation is highly variable between reagents.

The optimum test for oral anti-Xa monitoring is likely to be a modified

anti-Xa assay with calibrators specific for the drug being measured.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1–84
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AS 02.1
Comparison of the HAS-BLED, ATRIA and
HEMORR2HAGES scores to the CHADS2 score for
bleeding risk in atrial fibrillation patients on warfarin
therapy: the MAQI2 experience
Barnes D1, Gu X1, Haymart B1, Kline-Rogers E1, Almany S2,

Kozlowski J3, Besley D4, Krol GD5, Froehlich JB1 and Kaatz S6

1University of Michigan, Ann Arbor; 2William Beaumont

Hospital, Royal Oak; 3Huron Valley Sinai, Commerce; 4West

Michigan Heart, Grand Rapids; 5Henry Ford Hospital and

Medical Center, Detroit; 6Hurley Medical Center, Flint, MI, USA

Background: Bleeding risk scores have the potential to impact antico-

agulation care decision making in patients with atrial fibrillation (AF).

Recent studies have demonstrated bleeding risk increases with increas-

ing CHADS2 score as well. Some clinicians have begun using the

CHADS2 score as a quick estimate of bleeding risk for AF patients.

However, a comparison of these validated bleeding risk scores to the

CHADS2 score has not been performed.

Aims: To compare the HAS-BLED, ATRIA and HEMORR2HAGES

bleeding risk scores to the CHADS2 score for predicting major bleed-

ing in AF patients on warfarin.

Methods: Two thousand five hundred and seventy-seven AF patients

with at least 2 INR values were followed for a mean 1.0 year (SD 0.8)

at seven anticoagulation management centers in Michigan, USA. Data

was collected by trained abstractors with random audits to ensure

accuracy. Demographic and comorbidity data were used to calculate

HAS-BLED, ATRIA, HEMORR2HAGES and CHADS2 scores for

each patient. Genetic information was not available for use in

HEMORR2HAGES score calculation. Major bleeding rates with 95% CI,

as defined by the ISTH definition, were calculated for each risk score.

ROC curves were generated and compared using the c-statistic with

95% CI. Statistical analysis was performed using Chi-squared,

Wilcoxon Rank Sum, Log-rank and Fisher’s exact tests.

Results: One hundred and sixteen major bleeding events occurred dur-

ing 2580 patient-years of follow-up. Major bleeding risk occurred

more commonly in patients with higher HAS-BLED, ATRIA and

HEMORR2HAGES scores (P < 0.0001 for trend) but not with higher

CHADS2 scores (P = 0.08 for trend). Patients with low (0), moderate

(1–2) and high (3+) bleeding risk according to the HAS-BLED score

experienced 1.9 (0.05–10.4), 1.6 (0.9–2.7) and 6.2 (5.1–7.6) major

bleeds per 100 patient-years, respectively. Patients with low (0–3),
moderate (4) and high (5+) bleeding risk according to the ATRIA

score experienced 2.3 (1.7–3.2), 7.4 (4.6–11.3) and 9.0 (6.8–11.7) major

bleeds per 100 patient-years, respectively. Patients with low (0–1),
moderate (2–3) and high (4+) bleeding risk according to the HE-

MORR2HAGES score experienced 1.6 (0.7–3.2), 3.6 (2.7–4.8) and 8.6

(6.5–11.1) major bleeds per 100 patient-years, respectively. Patients

with low (0–1), moderate (2) and high (3+) risk CHADS2 scores expe-

rienced 3.3 (2.2–4.7), 4.8 (3.5–6.4) and 5.6 (4.0–7.6) major bleeds per

100 patient-years, respectively. Mean TTR was 54.6% for those with

major bleeding and 59.5% for those without major bleeding

(P = 0.0018). The c-statistic was 0.72 (0.67–0.77) for HAS-BLED,

0.69 (0.64–0.74) for ATRIA, 0.69 (0.64–0.73) for HEMORR2HAGES

and 0.59 (0.54–0.64) for CHADS2. The c-statistic was not significantly

different between HAS-BLED, ATRIA and HEMORR2HAGES

(P = 0.053–0.72 for direct comparisons). HAS-BLED, ATRIA and

HEMORR2HAGES each had significantly higher c-statistics than the

CHADS2 score (P < 0.0001 for each direct comparison).

Conclusion: In our observational cohort of AF patients, the HAS-

BLED, ATRIA and HEMORR2HAGES bleeding risk scores per-

formed equally well to predict major bleeding events. The CHADS2
score’s predictive value for major bleeding was significantly less than

the HAS-BLED, ATRIA or HEMORR2HAGES scores. Use of the

CHADS2 score in place of a formalized and validated score, such as

HAS-BLED, ATRIA or HEMORR2HAGES, to predict major bleed-

ing risk is not advised.

AS 02.2
Effects of dabigatran on routine tests of haemostasis
as determined with a full range of reagents: results of a
UK NEQAS exercise
Kitchen S1, Jennings I1, Kitchen D1, Woods T1, Lowe A2

and Walker I1

1UK NEQAS Blood Coagulation; 2Royal Hallamshire Hospital,

Sheffield, UK

Background: Dabigatran is known to influence the results of some rou-

tine tests of haemostasis. Published studies include data on only a few

reagents and methods. Some guidelines (Baglin et al. BJH

2012:159:427–9) recommend that laboratories should be aware of the

sensitivity of their methods to the presence of dabigatran. Data are

needed on the full range of reagents in routine use worldwide.

Aims: To assess the effects of a range of dabigatran concentrations

including likely peak trough and accumulation levels on prothrombin

time (PT), activated partial thromboplastin time (APTT), thrombin

time (TT) and Clauss fibrinogen (Fib) results.

Methods: The same pooled normal plasma was spiked with 0, 50, 200,

500 and 1000 ng/mL dabigatran (a kind gift of Boehringer Ingelheim),

lyophilised in 1 mL aliquots, lyophilised and despatched to all centres

registered with UK National External Quality Assessment Scheme

(NEQAS) for Blood Coagulation for any combination of PT, APTT,

TT and Fib. Results were grouped according to reagent used and the

median ratio calculated (test/mid point of normal range).

Results: Results were received from 570 centres (~60%UKand 40%

nonUK) who used 17–25 different reagent sets, the majority

performed PT APTT and Fib, and 290 returned TT results. 168 centres

reported that patients in their centre had received dabigatran therapy,

162 had not and 201 centres did not know. The sample containing no

dabigatran had normal overall median PT, APTT, TT and Fib results.

PT reagent median ratios: 50 ng/mL – most reagent medians essen-

tially normal at < 1.2 (with 2 medians around 1.3); 200 ng/mL – med-

ian ratios ranged from 1.22 to 1.67; 500 ng/mL 1.51–2.42; 1000 ng/mL

– range 2.63–6.65. APTT reagent median ratios: 50 ng/mL – all

reagent median ratios prolonged (range 1.3–1.69); 200 ng/mL – range

1.78–2.46; 500 ng/mL – range 2.36–3.46; 1000 ng/mL – range 3.32–
4.73. TT results: At 50 ng/mL ~25% of centres were unable to detect a

measurable clotting time, with a median TT ratio of 7.03 and reagent

medians for the commonly used reagents ranging from 5.3 to 11.9;

200 ng/mL – only 10% of centres could record a clotting time.

Fib results: Clauss fibrinogen results were unaffected by 200 ng/mL

dabigatran for most methods. At 500 ng/mL there was underestima-

tion by up to ~20% except for one method (in which test plasma is not

prediluted in contrast to most other techniques) with ~60% underesti-

mation. At 1000 ng/mL there was 50–80% underestimation in three

methods, though most had < 20% underestimation.

Conclusions: All PT and APTT reagents were affected by dabigatran.

PT was less affected by low levels and showed more variability in

reagent sensitivity. TT was unclottable even at 50 ng/mL in 75% of

centres, and in most centres at higher drug concentrations. Fibrinogen

was underestimated by up to 20% in most assays but some methods

were markedly affected at higher concentrations.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1–84
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AS 02.3
How to monitor Dabigatran- when needed:
comparison of coagulation laboratory methods an
Dabigatran concentrations in plasma
Antovic JP1, Skeppholm M2, Eintrei J1, Eriksson-Boija E1,

S€oderblom L1, R€onquist Y1, Beck O1, Norberg E-M1, Hjemdahl P1

and Malstr€om RE1

1Karolinska University Hospital & Institutet; 2Karolinska Institutet

& Danderyd Hospital, Stockholm, Sweden

Dabigatran (Pradaxa�, Boehringer Ingelheim) is an oral direct throm-

bin inhibitor for which routine laboratory monitoring is currently not

recommended. However, there are situations in which measurements

of the drug and its effect are desirable (e.g. preparation for surgery;

major bleeds, to check compliance and/or effect). Direct measurement

of dabigatran plasma concentrations may be considered the method of

choice. However, this is not widely available and standardized coagu-

lation assays may be used by the routine 24/7 laboratory instead. We

have compared some coagulation tests with dabigatran measurements

in plasma.

Methods: Plasma samples were obtained from 70 patients treated with

dabigatran. Plasma concentrations were measured using liquid chro-

matography coupled with mass-spectrometry (LC-MS/MS) and were

compared with new methods for indirect determination of dabigatran

concentrations (Hemoclot thrombin inhibitors [HTI], Hyphen) and

Ecarin clotting assay (ECA; Stago), as well as with PT-INR (Owren

reagent SPA+, Stago) and APTT (Silica reagent, Automate, Stago)

and the endogenous thrombin potential (ETP; Siemens).

Results: Dabigatran concentrations by LC-MS/MS varied consider-

ably between patients (0–586 ng/mL, median 45, 95% CI 48–111).
Correlations between directly measured and estimated concentrations

were excellent for both HTI and ECA (R2 = 0.97 and 0.96 respectively,

P < 0.0001), and the same was true for HTI vs. ECA (R2 = 0.94). The

lowest calibrator point for HTI was 30 ng/mL (with dilution to 15 ng/

mL the CV was > 30% at those low values), while ECA had null cali-

bration. There were significant correlations between dabigatran levels

and both APTT (R2 = 0.58) and ETP (R2 = 0.69). However, APTT

was within the normal range (< 40 s) even with dabigatran levels of

60 ng/mL, and ETP decreased below 80% only at dabigatran concen-

trations above 150 ng/mL. There was no correlation between dabiga-

tran concentration and PT-INR; the only abnormal PT-INR value

was observed with a dabigatran concentration of 500 ng/mL.

Interpretation: This is the first comparison of the plasma concentra-

tions of dabigatran and coagulation assays in samples obtained from

patients treated in real clinical settings. It seems that both the HTI and

ECA assays may be used to estimate the intensity of dabigatran anti-

coagulation and drug levels in clinical samples. However, the interpre-

tation of low values should be cautious, especially for HTI. The

Owren PT reagent is insensitive to dabigatran, and ETP is not useful.

The APTT assay used in our laboratory is relatively insensitive to da-

bigatran and normal APTT results may be observed even if dabigatran

concentration is slightly above 60 ng/mL. The APTT could be useful

for the assessment of peak effects shortly after taking the drug or in

connection with bleeding associated with high concentrations of dabig-

atran. In conclusion, determinations of plasma concentrations of da-

bigatran by LC-MS/MS is the gold standard when monitoring of

dabigatran is needed. If this is not available, HTI and ECA are the

assays of choice. However, neither of those assays can be used to mon-

itor low levels or infer the total absence of dabigatran.

AS 03 – Platelet Interactions

AS 03.1
Investigation on the role of protein S in platelets
Calzavarini S1, Saller F2, Bologna L1, Burnier L3, Brisset A1,

Fern�andez JA3, Griffin JH3, Hackeng TM4

and Angelillo-Scherrer A1

1University Hospital of Lausanne (CHUV), Lausanne,

Switzerland; 2University Paris-Sud-XI, Paris, France; 3The Scripps

Research Institute, La Jolla, CA, USA; 4Cardiovascular Research

Institute Maastricht (CARIM), University Maastricht, Maastricht,

the Netherlands

Background: Anticoagulant protein S (PS) is essential for maintaining

the haemostatic balance. In humans, although most of the PS in

plasma is thought to be mainly synthesized by hepatocytes, the PS

gene (ProS) is also expressed by several other cell types, including

megakaryocytes (MK). Notably, about 2.5% of PS in circulating

blood is stored in platelets and released upon stimulation. So far, little

is known about the functionality and importance of platelet PS. Our

previous characterization of PS deficiency in mouse models has shown

similarities with the human phenotypes as heterozygous PS-deficient

mice had increased susceptibility to thrombosis and homozygous PS

deficiency was incompatible with life.

Aims: To explore the functional roles of PS secreted from platelets.

Methods: Mice carrying a conditional ProS knockout allele in the MK

lineage, were established using the Pf4 promoter as Cre driver (Pro-

SLox/LoxPf4Cre+). The characterization of the resulting phenotype

was performed by evaluating the thrombotic risk in vivo, as well as

platelet function by using the Platelet Function Analyzer-200 and light

transmission aggregometry (collagen and ADP were used as agonist).

In addition, PS cofactor activity for tissue factor pathway inhibitor a
(TFPI a) was measured by a Factor Xa amidolytic activity assay.

Result: ProSLox/Lox Pf4Cre+ mice did not have detectable PS levels in

platelet lysates (n = 5) but did have normal levels in plasma

(88.9 � 4.6%, n = 19), as assessed by antigenic assays. Analysis of

complete blood counts established that these animals retained a nor-

mal blood cell profile compared with wt mice. Moreover, no difference

in platelet function was seen in ProSLox/Lox Pf4Cre+ mice compared

to control wt mice. In contrast, a tail clipping test showed significantly

decreased bleeding times for animals lacking PS in platelets, as com-

pared to wt mice (P = 0.021). When challenged in a tissue factor-

induced thromboembolism model, ProSLox/Lox Pf4Cre+ mice (n = 15)

exhibited a notable thrombotic phenotype (survival rate 46.7% com-

pared to 85.8% for ProSLox/Lox mice, n = 14; P < 0.05).

Beside its anticoagulant cofactor role for activated protein C, PS acts

as cofactor for TFPI a in the inhibition of factor Xa. The complete

deletion of ProS gene in MK lineage did not affect antigenic TFPI a
levels in platelet lysates. Preliminary data on cofactor activity of PS

for TFPI a indicate that the absence of PS in platelet lysates abolished

the capacity of TFPI a to inhibit factor Xa amidolytic activity.

Summary/Conclusion: These data suggest that platelet PS is delivered

at the site of thrombosis to counterbalance procoagulant activities on

platelets, thus inhibiting thrombus growth. Upon release, platelet PS

may function as an anticoagulant protein by enhancing not only acti-

vated Protein C but also critically the TFPI-dependent inhibition of

factor Xa thereby blocking prothrombinase activity.
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AS 03.2
Toll-like receptor 2 is critical for platelet adhesion to
the injured arterial wall
J€ackel S1, Kiouptsi K2, Von Br€uhl M-L3, Reib C2, Massberg S4,

Walter U2 and Reinhardt C2

1University Medical Center of the Johannes Gutenberg University

Mainz; 2Center for Thrombosis and Hemostasis (CTH), University

Medical Center, Mainz; 3German Heart Center, Munich;
4Ludwig-Maximilians-Universit€at, Klinikum der Universit€at

M€unchen, M€unchen, Germany

Innate immune signaling and thrombosis are closely intertwined. Sev-

eral mechanisms have evolved that connect innate immunity with

thrombus formation. In spite of recent reports on functional Toll-like

receptor 2 (TLR2) signaling in platelets and endothelial cells it remains

unclear whether TLR2 is required for normal hemostasis and it is not

resolved if TLR2 signaling plays a role in experimental thrombus for-

mation. Therefore, we set out to explore the role of TLR2 on platelet

adhesion to the subendothelial matrix in a murine arteria carotis com-

munis ligation model using high-speed intravital epifluorescence

microscopy.

In Tlr2�/� mice platelet adhesion was vastly impaired at the ligation

injury site compared with WT controls. No difference in whole blood

platelet counts or average tail bleeding times could be detected

between both groups. Interestingly, platelet adhesion was similar in

WT mice and Myd88�/�mice suggesting that the involvement of

TLR2 in platelet adhesion is independent of its signaling function.

Transfusion experiments with fluorescently labeled WT platelets into

Tlr2�/� mice and fluorescently labeled Tlr2�/� platelets into WT

mice were performed to pinpoint whether the observed effects are orig-

inating from the vessel wall or from the platelets. Both groups (Tlr2�/�
platelets in WT mice and WT platelets in Tlr2�/� mice) showed a

decreased platelet adhesion compared with WT controls (WT platelets

in WT mice). This indicates that both, TLR2 in the vessel wall and in

circulating platelets, is required for platelet adhesion. WT mice that

were infused with a functional inhibitory TLR2-antibody showed sig-

nificantly decreased platelet adhesion to the injury site compared with

the isotype control group. Furthermore, under static conditions the

adhesion of washed platelets from Tlr2�/� mice to collagen and lami-

nin matrices was strongly impaired compared with WT controls. First

experiments with whole blood from Tlr2�/� compared with WT mice

under flow conditions confirm our previous results of impaired platelet

adhesion to collagen and laminin matrices. Deficiency of TLR2 did

not result in altered expression levels of the major platelet adhesion

molecules integrin a2, integrin b1, glycoprotein VI, glycoprotein Ib or

plasmatic von Willebrand Factor. This further supports a direct role

of TLR2 in platelet adhesion.

Here, we report that TLR2 from circulating platelets and the vessel

wall promotes primary platelet adhesion under arterial flow. This

effect is independent of the TLR2 adapter molecule MyD88 excluding

the involvement of downstream signaling events. We provide first evi-

dence that targeting of TLR2 could be used as a novel therapeutic

strategy to inhibit arterial thrombus formation.

AS 03.3
The activated protein C cofactor activity of protein S is
enhanced through extracellular phosphorylation by
platelet kinases
Stavenuiter F, Gale AJ and Heeb MJ

The Scripps Research Institute, La Jolla, CA, USA

Background and Aims: Protein S is a multifunctional plasma protein of

the hemostatic and inflammatory pathways, although mechanisms for

its regulation are poorly understood. Anticoagulant reactions of pro-

tein S likely occur on activated platelets. Since certain plasma proteins

are regulated through extracellular phosphorylation, we investigated

whether the anticoagulant activity of protein S is regulated through

phosphorylation by platelet-secreted kinases.

Methods and Results: Protein S was phosphorylated upon exposure to

activated platelets or their releasates, as judged by immunoblotting for

phospho-amino acids and for protein S. The responsible kinases

showed casein kinase-1 and casein kinase-2-like properties, since pro-

tein S phosphorylation was reduced by specific inhibitors of these

casein kinases (10 lM D4476 and 100 lM CK2-inhibitory peptide

YNLKSKSSEDIDESS). Involvement of casein kinases in protein S

phosphorylation was confirmed using purified kinases. Phosphoryla-

tion of protein S by purified casein kinase-1 did not affect its activated

protein C cofactor activity in Activated Partial Thromboplastin Time

(APTT) assays in protein S-depleted plasma. In contrast, phosphoryla-

tion of protein S by purified casein kinase-2 or by casein kinase-1 and

casein kinase-2 combined increased protein S cofactor activity ~1.6-
fold (158.7 � 4.8%, P < 0.01) or ~2-fold (191.5 � 6.4%, P < 0.0001),

respectively. The activated protein C cofactor activity of protein S in

protein S-depleted plasma exposed to platelet-secreted kinases was

enhanced, while inhibitors against casein kinase-1 and casein kinase-2

reduced this cofactor activity. Proteomic studies of protein S exposed

to platelet releasate revealed phosphorylated sites for casein kinase-1

and casein kinase-2 in the EGF2-like domain (Thr137) and Gla-

domain (Thr37), respectively. Alignment of the primary sequence of

human protein S with those of five other species revealed that Thr37

and Thr137, together with their casein kinase-1 and casein kinase-2

consensus sequences, are completely conserved.

Conclusions: These findings identify platelet-mediated extracellular

phosphorylation of protein S as a potential mechanism by which its

activity is regulated.

AS 04 – Inflammation and
Coagulation in Atherosclerosis

AS 04.1
Increased levels of circulating platelet-monocyte
complexes and platelet-neutrophil complexes are
associated with myocardial infarction
Rutten B1, Jukema JW2, Doevendans PA1, Pijls HJ3, Waltenberger

J4, Van Zonnveld A2, Pasterkamp G1, Hoefer I1, De Groot PH1

and Roest M1

1UMC Utrecht, Utrecht; 2Leiden UMC, Leiden; 3Catharina

Hospital, Eindhoven; 4Maastricht UMC, Maastricht, the

Netherlands

Background: Inflammation plays a key role in the development of cor-

onary artery disease (CAD). Platelet-leukocyte complexes contribute

to the progression of CAD and have been proposed to be reliable

markers of inflammation. For this reason we investigated if circulating

platelet-leukocyte complexes can serve as a biomarker for the diagno-

sis and/or prognosis of CAD.

Methods: We conducted a prospective multicenter cohort study in

which 263 CAD patients were admitted for percutaneous coronary

intervention (PCI) to four Dutch medical centers: Catharina Hospital

in Eindhoven, University Medical Center in Maastricht, University

Medical Center in Leiden and the University Medical Center in Utr-

echt. Citrate and EDTA anti-coagulated whole blood samples were

drawn from patients directly before PCI. Monocytes, neutrophils and

lymphocytes were identified by scatter gating and CD14 labeling.

Platelet-monocyte, platelet-neutrophil and platelet-lymphocyte com-

plexes were quantified by the percentage of cells positively stained for

the platelet marker Gp1b within the respective gates. The number of

platelets bound per leukocyte was quantified by the mean fluorescence

intensity of platelet marker Gp1 per bound leukocyte. Patients were

followed for 9 months after intervention for the composite end point

major adverse cardiovascular events (MACE), being myocardial
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infarction, another PCI, coronary artery bypass graft, or death by car-

diovascular disease.

Results: We found significantly elevated levels of platelet-monocyte

complexes (33.9 � 3.6% vs. 26.1 � 1.3%, mean � SEM, P < 0.05)

and platelet – neutrophil complexes (20.5 � 2.8% vs. 15.0 � 0.8%,

mean � SEM, P < 0.05) in citrate anticoagulated blood of patients

that were diagnosed with non-ST elevation myocardial infarction

(NSTEMI) (n = 26) compared to patients with stable angina

(n = 209). Comparable results were found in EDTA anticoagulated

blood. No differences were found in the number of platelets bound per

leukocyte between patient with NSTEMI compared to stabe angina.

Levels of platelet-leukocyte complexes and platelets bound per leuko-

cyte were not associated with future MACE (n = 27).

Conclusions: Circulating platelet-monocyte complexes and platelet-

neutrophil complexes might serve as biomarkers for the diagnosis of

CAD, but do not predict future adverse cardiac events.

AS 04.2
Small molecule inhibitors of CD40-TRAF6 interaction
reduce atherosclerosis by targeting its inflammatory
nature
Zarzycka BA1, Seijkens T2, Soehnlein O2, Schrijver R3, Vriend G4,

Nabuurs S4, Weber C5, Lutgens E2 and Nicolaes GAF3

1Maastricht University, Maastricht; 2Academic Medical Center

(AMC), University of Amsterdam, Amsterdam; 3Cardiovascular

Research Institute Maastricht, Maastricht University, Maastricht;
4CMBI, Radboud University Medical Centre, Nijmegen, the

Netherlands; 5Institute for Cardiovascular Prevention (IPEK),

Ludwig Maximilians University, Munich, Germany

Backround: Atherosclerosis is a chronic inflammatory disease of the

arterial wall. A pivotal role in the pro-inflammatory activation is

played by the co-stimulatory CD40-CD40L dyad. Previously, it was

discovered that inhibition of CD40 in hyperlipidemic mice drastically

reduces atherosclerosis; however its long-term inhibition results in

immunosuppression and/or thromboembolic events. Therefore more

downstream inhibition of the CD40L-CD40 dyad should present bet-

ter targets for pharmacological therapy. CD40 lacks intrinsic signal-

ling activity and thus to elicit intracellular signalling upon activation,

CD40 needs to recruit adaptor proteins: the tumour necrosis factor

receptor-associated factors (TRAFs). Further, using mice with a muta-

tion in the CD40-TRAF binding site, it was shown that CD40-TRAF6

but not CD40-TRAF2/3/5 interaction is crucial for the atherosclerotic

plaque reduction.

Aims:We aimed at identification of small drug-like molecule inhibitors

of the CD40-TRAF6 interaction which will interfere specifically with

the inflammatory nature of atherosclerosis.

Methods/Results: For the discovery of CD40-TRAF6 inhibitors we

used an in silico structure-based virtual ligand screening (VLS)

approach with a small molecule collection (ChemBridge, ~400,000
compounds). To screen only for drug-like molecules, the compound

collection was filtered based on predicted absorption, distribution,

metabolism, excretion, and toxicity (ADME/Tox) properties. Next, we

applied a hierarchical protocol that combines rigid and flexible dock-

ing methods. The 800 most likely binders after in silico selection were

analyzed in vitro, using a cell-based NFjB reporter gene assay. This

resulted in the identification of seven hits that reduced NFjB activa-

tion in RAW cells in a dose-dependent way (IC50 in a range 0.1–
16.1 lM). Moreover, the seven hit compounds suppressed CD40-

induced production of IL1b and IL6 in primary bone marrow-derived

macrophages in a dose-dependent way. In order to analyze effects of

these molecules on atherosclerosis we selected two compounds for in

vivo analysis in Apoe�/� mice with developed initial lesions, which

were treated with compounds 1 or 2 at 10 lmol/kg/day for 6 weeks.

Total plaque area per aortic arch was reduced by 47.1% and 66.8% in

mice treated for compound 1 and 2, respectively. Moreover, aortas of

treated mice contained more initial lesions (intimal xanthoma and

pathological intimal thickening) and exhibited a decrease in advanced

atherosclerosis (fibrous cap atheromata). Compounds 1 and 2 reduced

the number of leukocytes per plaque by 43.1% and 52.6%, respec-

tively. Intravital microscopy showed that recruitment of leukocytes,

especially monocytes and neutrophils to the endothelium was

decreased in compound treated mice. As a result, compound 1 and 2

reduced monocyte adhesion by 40.1% and 51.2% respectively, and

neutrophil adhesion by 40.2% and 51.2%, respectively. We verified

the direct binding of our hit compounds by SPR and ITC-based direct

binding assays in which small compounds bound dose-dependently to

the recombinantly expressed target domain.

Conclusion: We have discovered and characterized a group of druglike

compounds that inhibit CD40-TRAF6 interaction, which result in

reduction of atherosclerosis progression by inhibition of chemokine-

mediated leukocyte influx into the arterial wall. These results indicate

the possibility of long-term therapeutic inhibition of atherosclerosis

and its haemostatic complications as well as of other inflammatory

diseases.

AS 04.3
Platelet CD40 exacerbates atherosclerosis by
transcellular activation of endothelial cells and
leukocytes
Lievens D1, Seijkens T2, Kuijpers MJE3, Winkels H4, Beckers L2,

Gerdes N4, Heemskerk JWM3, Soehnlein O4, Weber C4 and

Lutgens E2

1KU Leuven Kulak, Kortrijk, Belgium; 2AMC, Amsterdam;
3CARIM, Maastricht, the Netherlands; 4LMU, Munchen,

Germany

Background: Beyond an eminent role in hemostasis and thrombosis,

platelets are important mediators of inflammation and protagonists of

atherogenesis. Here we investigated the inflammatory propensity of

platelet-specific expression of the CD40 receptor, an integral mem-

brane protein of the tumor necrosis factor receptor (TNF-R) family.

Besides its presence on immune and other cell types the CD40 receptor

is constitutively expressed on platelets where its function remains

unknown.

Aim:We therefore investigated the inflammatory propensity of platelet

CD40 co-stimulation, as well as its underlying mechanisms in athero-

sclerosis.

Methods: Platelets were isolated from Apoe�/� or Cd40�/�Apoe�/�
mice, activated with thrombin, and injected (3 9 107 platelets, i.v.),

into 17-week-old Apoe�/� mice every 5 days for 12 weeks. At week

29, atherosclerosis was quantified in the aortic arch. Platelet-leukocyte

and platelet-endothelium interactions were quantified with flow

cytometry and intravital microscopy.

Results: Compared to infusion of activated Apoe�/� (wild type) plate-

lets, injection of activated Cd40�/�Apoe�/� platelets caused > 2-fold

decrease in plaque size (Apoe�/� platelets 18.3 9 104 � 2.7 9

104 lm2 vs. Cd40�/�Apoe�/� platelets 6.7 9 104 � 2.1 9 104 lm2,

Vehicle 9.8 9 104 � 2.8 9 104 lm2, P < 0.05) in the aortic arch.

Absence of CD40 on platelets reduced the absolute number of plaque

macrophages (Mac-3) by 39% but did not affect the content of

CD45+ cells and CD3+ T lymphocytes. Flow cytometric analysis

revealed an elevated number of circulating Ly6G+ neutrophils

(+32%) upon injection of activated platelets. However, this increase

was absent when CD40-deficient platelets, were injected highlighting

the inflammatory potential of platelets and a central role for CD40 in

this process. In addition, we detected a significant decrease in the for-

mation of platelet-leukocyte aggregates in vitro while intravital micros-

copy in carotid arteries showed a two-fold decrease of platelet

adhesion to the vessel wall of mice, injected with activated Cd40�/�
platelets.
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Conclusions: In sum, this study reveals that platelet CD40 promotes

atherosclerosis by interaction with both neutrophils and endothelial

cells, thereby amplifying leukocyte recruitment to sites of vascular

injury.

AS 05 – Hormones and Thrombosis

AS 05
Exogenous hormones and thrombosis
Cushman M

University of Vermont, Colchester, VT, USA

Exogenous hormones are used in women for contraception and treat-

ment of menopausal symptoms. Both treatments are associated with

increased vascular risks, most notably venous thrombosis. Regarding

postmenopausal hormones (PHT), conjugated equine estrogens

(CEE) plus medroxyprogesterone acetate (MPA) double the risk of

deep vein thrombosis (DVT) and pulmonary embolus (PE), and this

risk is larger in older women and those who are obese. The absolute

risk in obese women is 0.5% per year. In women with factor V

Leiden this risk is 0.8% per year in general and 2.9% per year if they

have a family history of factor V Leiden and venous thrombosis

(VT). Mechanisms for an increased risk of VT with PHT likely

include reductions in antithrombin and protein S, and induction of

activated protein C resistance. In unpublished data we showed that

women with higher D-dimer prior to prescription are at high risk,

with a risk similar to that in women with factor V Leiden. Limited

evidence suggests that micronized progesterone may not increase the

risk of VT with PHT. Further, in observational studies transdermal

estrogen was not associated with increased risk and some societies

suggest this is reasonable treatment for PHT use in women with prior

VT or at risk of VT.

Risk of VT is similarly increased by about two-fold in women using

oral contraceptives (OC), with the highest risk in the first year of use.

The relative risk is especially high in women with other risk factors

such as factor V Leiden, obesity and older age of use. Fortunately

due to their younger age, the absolute risk of VT with OC remains

low (e.g. about 3.5/1000 in young women with factor V Leiden het-

erozygosity). Risk depends on the pill type and dose. Available pro-

gestin only pills do not seem to increase risk. Pills containing 3rd

generation progestins, such as desogestrel and gestodene, and those

containing drospirenone, have higher risks than those with 2nd gener-

ation progestins, such as levonorgestrel. There are misconceptions

among some clinicians that non-oral contraceptives have a lower risk.

Vaginal ring ethinyl estradiol plus etonogestrel, depo-MPA, and

transdermal ethinyl estradiol plus norgestimate all seem to increase

risk of VT. The mechanisms of increased risk for contraceptives are

probably similar to PHT; namely activated protein C resistance and

reductions in antithrombin and protein S. The clinical approach to

use of these medications in general and in women at risk of thrombo-

sis will be discussed.

AS 05.1
The risk of venous thrombosis in oral contraception
users with a history of superficial thrombophlebitis
Roach REJ, Lijfering WM, Van Hylckama Vlieg A, Helmerhorst

FM, Rosendaal FR and Cannegieter SC

Leiden University Medical Center, Leiden, the Netherlands

Background: Women using oral contraception have a 3–5-fold
increased risk of venous thrombosis compared with non-users. Indi-

viduals with superficial thrombophlebitis have a 5–6-fold increased

risk of a subsequent venous thrombosis. There is consensus that

women should discontinue the use of oral contraceptives after an epi-

sode of venous thrombosis, but no such consensus exists for oral con-

traceptive use after superficial thrombophlebitis.

Aim: The aim of our study was to assess the risk of venous thrombosis

in oral contraception users with a history of superficial thrombophlebi-

tis.

Methods: From the MEGA study, a large case-control study on risk

factors for venous thrombosis, 1428 female patients with a first

venous thrombosis and 1755 female control subjects without venous

thrombosis were included, all aged < 50 years. Odds ratios (OR) and

95% confidence intervals (95% CIs) for venous thrombosis were cal-

culated in oral contraception users, in women with a history of super-

ficial thrombophlebitis and in women with both oral contraception

use and a history of superficial thrombophlebitis, compared with

women with neither of these risk factors. The outcomes deep vein

thrombosis, pulmonary embolism and deep vein thrombosis with

concomitant pulmonary embolism were combined in the overall anal-

yses but also considered separately. Risk estimates were adjusted for

age, body mass index, smoking and family history of venous throm-

bosis. The study was approved by the Medical Ethics Committee of

the Leiden University Medical Center and all participants provided

written informed consent. Funding: Netherlands Heart Foundation

(grant NHS 98.113), the Netherlands Organisation for Scientific

Research (grant 912-03-033|2003), Dutch Cancer Foundation (grant

RUL 99/1992).

Results: The ORs for venous thrombosis were 6.3 (95% CI, 5.2–7.6)
for women using oral contraception and 6.6 (95% CI, 3.4–12.8) for
women with a history of superficial thrombophlebitis compared with

women with neither of these risk factors. When both factors were pres-

ent together the OR increased to 51.5 (95% CI, 20.5–129.3). Oral con-

traception users with a history of superficial thrombophlebitis had a

particularly high risk of deep vein thrombosis: OR 86.9 (95% CI,

23.5–321.0) with concurrent pulmonary embolism and OR 71.6 (95%

CI, 27.6–185.5) without concurrent pulmonary embolism. The risk of

pulmonary embolism alone was also increased, but to a lesser extent:

30.1 (95% CI, 11.1–82.1). When the baseline incidence in this age

group is set at 1 per 10,000/year, it follows that 250 women with a

history of superficial thrombophlebitis should refrain from oral

contraceptive use to prevent one venous thrombotic event per year of

non-use.

Summary/Conclusion: In our study we found a markedly increased risk

of venous thrombosis, especially deep vein thrombosis, in oral contra-

ception users with a history of superficial thrombophlebitis. Our find-

ings suggest that oral contraceptive use in women with a history of

superficial thrombophlebitis may be ill-advised.

AS 05.2
Progestin-only contraception after venous
thromboembolism: cohort study
Le Moigne E1, Roudaut-Le Gall M-L1, Delluc A1, Nowak E2,

Mottier D2 and Le Gal G2

1Brest University Hospital; 2Clinical Investigations Center, Brest,

France

Background: Contraception is a main problem in women at risk for

venous thromboembolism (VTE). Combined oral contraception is

contra-indicated in women with a personal history of VTE. Progestin-

only contraception may be a good option, but there is little data about

risk of recurrent thrombosis, efficacy and side effects associated with

progestin-only use in these women.

Aims: We aimed to determine the risk of recurrence of VTE in young

women exposed to progestin-only contraception after a first VTE.

Methods: We studied the risk of recurrent VTE during progestin-only

contraception in a cohort of young women under 50 years with first

proved VTE, admitted from 1992 to 2011 in BrestuniversityHospital.

Follow-up information was collected annually about medical events
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and thrombosis risk factors, including pregnancy and contraception

use. Progestin-contraception users were asked about efficacy and side

effects of the treatment. We compared the incidence of recurrent VTE

(after stopping anticoagulants) during periods of exposition to proges-

tin-only contraception, combined contraception, pregnancy and no

hormones.

Results: Of the 338 women under 50 years with a first VTE, 122 used

progestin-only contraception during follow-up. Mean duration of fol-

low-up was 7.5 years, total duration of progestin-use was 476 women-

years. We observed six recurrent VTE, two in progestin users, one in

combined contraception users, three during post-partum. The inci-

dence for recurrent VTE was 9.8/1000 women-year, and 4.8/1000

women-years during progestin contraception. The incidence of

unplanned pregnancies was 0.63/1000 women-year. Bleeding and

amenorrhea were frequent. Anyway, 64% of women used progestin-

only contraception at least 3 years and 74% of women tolerated it as

well as previous combined contraception.

Conclusion: Risk of recurrent VTE after a first event during prolonged

use of progestin-only contraception is low. These results are close to

the results of another study in women at risk using chlormadinone ace-

tate contraception. Side effects were frequent but did not affect long-

term use of progestin-only contraception.

AS 05.03
Heparanase procoagulant activity is elevated in
women using oral contraceptives
Nadir Y1, Moshe M2, Axelman E1, Brenner B1 and Nadir Y1

1Rambam Health Care Campus; 2Faculty of Medicine, The Bruce

Rappaport Faculty of Medicine, Technion, Haifa, Israel

Background: Estrogen therapy, known to increase the risk of thrombo-

sis, was previously found to up-regulate heparanase expression. Hepa-

ranase, known to be involved in angiogenesis and metastasis, was

shown to form a complex with tissue factor (TF) and to enhance the

generation of factor Xa (Nadir et al., Haematologica, 2010).

Aims: In the present study the effect of estrogen on heparanase pro-

cogulant activity was studied.

Methods: Estrogen receptor – positive (MCF-7) and negative (MDA-

231) cell lines were incubated with estrogen, tamoxifen and ICI – a

pure estrogen receptor antagonist. The cells medium was evaluated for

TF/heparanase complex activity, TF activity and heparanase procoag-

ulant activity by chromogenic substrate. Plasma samples of 34 healthy

women taking oral contraceptives (OC) and 41 control women not on

hormonal therapy were investigated. TF/heparanase activity, TF activ-

ity, heparanase procoagulant activity and factor Xa levels were studied

using chromogenic substrate. Heparanase and thrombin-antithrombin

(TAT) levels were analyzed by ELISA.

Results: Estrogen and tamoxifen increased heparanase procoagulant

activity in the medium of estrogen receptor positive (MCF-7) cells.

TF/heparanase activity, TF activity, heparanase procoagulant activity

and factor Xa were significantly higher in the OC group compared to

the control group. The most dramatic difference was observed in hepa-

ranase procoagulant activity, reaching a 3.3-fold increase

(P < 0.0001). Levels of heparanase and TAT measured by ELISA did

not statistically differ among the study groups.

Conclusions: Estrogen increases heparanase procoagulant activity. The

findings of the present study suggest a new potential mechanism of

hypercoagulability in OC users.

AS 06 – Post-Thrombotic Syndrome

AS 06
Post-thrombotic syndrome: evidence-based update on
prevention and treatment
Kahn S

Jewish General Hospital, Montreal, QC, Canada

This presentation will review the prevention and treatment of late

sequelae of venous thrombosis such as the post-thrombotic syndrome.

Post-thrombotic syndrome (PTS) is the most frequent complication of

deep-vein thrombosis (DVT). After a proximal DVT, 20–50% of

patients will develop PTS and 5–10% of patients will develop severe

PTS, which reduces quality of life and has important socio-economic

consequences. A number of risk factors for PTS have been identified;

of these, proximal location of DVT and a previous ipsilateral DVT are

the most consistently predictive. PTS is diagnosed on clinical grounds,

based on the presence of signs and symptoms of venous insufficiency

in the leg ipsilateral to DVT. Therapeutic options for PTS are limited

and mainly rely on (i) prevention of DVT with use of thromboprophy-

laxis in high risk surgical and medical patients; (ii) prevention of PTS

with compression stockings (new data from the SOX Trial will be pre-

sented) and, possibly, in select cases, catheter-directed thrombolysis of

iliofemoral DVT if bleeding risk is low; (iii) prevention of DVT recur-

rence with the use of optimal and/or prolonged duration of anticoagu-

lation; (iv) treatment of moderate to severe PTS with various

compressive devices. Areas for future research in this important aspect

of venous thrombosis will be highlighted.

AS 06.1
The good, the bad, and the ugly: post-thrombotic
syndrome in children with upper extremity deep vein
thrombosis
Avila M1, Duan L2, Williams S1 and Brandao LR1

1The Hospital for Sick Children; 2University of Toronto, Toronto,

ON, Canada

Background: Thirty to 50% of pediatric deep vein thrombosis (DVT)

involves the upper extremity (UE), reflecting the role of central venous

lines (CVL) as its major risk factor. Children with UE-DVT can

develop post-thrombotic syndrome (PTS), a chronic and potentially

devastating complication. Despite its relatively estimated high fre-

quency, the characterization of pediatric UE-PTS is still lacking.

Aims and Methods:We wished to investigate the occurrence, character-

istics, and predictors of UE-PTS in a cohort of children with objec-

tively confirmed UE-DVT followed-up at Sickkids, Toronto, between

Apr/1996 and Jun/2011. PTS was determined by the Modified Villalta

Scale. Patients were analyzed in three groups according to whether

DVT was unprovoked (G1) or provoked (neonates [G2A] vs. non-neo-

nates [G2B]). This study was approved by the ethics review board.

Informed consent was waived. Descriptive statistics, univariable and

multivariable logistic regression model were applied.

Results: One hundred and sixty-five children (G1 n = 23; G2A n = 32;

G2B n = 110) with a median age (interquartile range [IQR]) of G1:

16.1y (14.9–16.9 years); G2A: 17 days (9.5–23 days); G2B: 1.8 years

(87 days–10.1 years), P < 0.001, were included. Overall, the M/F ratio

was 1.5/1.0, with a similar sex distribution among groups (P = 0.1).

The most common identified risk factors were: G1 (effort-related

[82%], idiopathic [18%]); G2A (CVL [100%]); G2B (CVL [95%]; mass

effect [5%]). PTS was identified in G1: 92% (mild: 72%, moderate:

28%); G2A 21% (mild: 100%), and G2B 41% (mild: 95%, moderate:

5%) of patients with at least two subsequent measurements > 180 days

after DVT, P < 0.001.

The last clinic follow-up occurred at a median of 3.25 years (IQR 1.8–
5.8 years). The mean PTS-score was assessed at different time-points
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(6–18, 19–36, 37–54, and 55–72 months); distribution was: G1: 2.0/

2.0/2.5/no f/u; G2A: 0.5/0.0/0.5/0.0; G2B 1.0/1.0/1.0/1.0. The highest

scores per group were G1: 4–5 (n = 7/23), G2A: 1–2 (n = 6/32), and

G2B: 4–7 (n = 4/110). The most common findings were increased limb

circumference and pain (G1) and collaterals and increased limb cir-

cumference (G2A/G2B).

Treatment included: G1, heparin/LMWH 65%, lysis 35%; G2A, 97%

heparin/LMWH; G2B, 87% heparin/LMWH, 10% not treated, 3%

lysis.

We constructed a model to predict the occurrence of ≥ 2.0 points PTS

score in 109 patients with at least one clinical follow-up, at least

180 days after DVT diagnosis. Potential predictors considered in uni-

variable analysis were: treatment modality/length, delay in starting

therapy, sex, group (G1/G2A/G2B), resolution status, number of seg-

ments affected, subclavian involvement, and DVT-recurrence. The

final model included resolution status and group: the odds ratio (OR)

for the outcome was 7.8 (95% CI 1.9–32.4, P = 0.005) when compar-

ing DVT extension vs. complete resolution; 1.7 (95% CI 0.5–5.5,
P = 0.34) for partial vs. complete resolution; and 3.3 (95% CI 0.6–
17.3, P = 0.15) for no vs. complete resolution. OR for the outcome

was 47.6 (95% CI 4.8–472.8; P = 0.001) in G1 vs. G2A, and 8.4 (95%

CI 2.7–26.1; P = 0.002) for G1 vs. G2B.

Conclusion: Pediatric UE-PTS frequency and severity likely depends

on UEDVT nature (primary vs. secondary) and on patient’s age. Line-

related UE-PTS likely has a more benign course, particularly in neo-

nates. Risk stratification seems warranted for tailored treatment of

pediatric UE-DVT.

AS 06.2
Post-thrombotic syndrome after central venous
catheter removal in childhood cancer survivors is
associated with decreased quality of life
Polen Mallard E1, Weintraub M1, Stoffer CRN1, Jaffe DH2,

Burger A2 and Revel-Vilk S1

1Hadassah Hebrew-University Hospital; 2Hebrew University –
Hadassah Medical School, Jerusalem, Israel

Background: Although the use of central venous catheters (CVCs) has

greatly improved the quality of care of children with cancer, these

catheters may cause deep vein thrombosis (DVT). The potential long-

term complication of CVC-related DVT (symptomatic and asymptom-

atic) is the development of the post thrombotic syndrome (PTS). A

consensus paper from the Pediatric/Neonatal Hemostasis and Throm-

bosis Subcommittee of the ISTH recommends that upper venous sys-

tem PTS assessment should include physical, functional and quality of

life (QoL) domains.

Aim: To study PTS post-CVC removal using these three domains in

childhood cancer and bone marrow transplantation (BMT) survivors.

Methods: We conducted a prospective study in a consecutive cohort of

childhood cancer and BMT survivors with a history of CVC use. All

participants were evaluated for PTS during their follow-up visit at the

After-cancer Clinic at Hadassah Medical Center. The two available

pediatric PTS assessment tools, the Modified Villalta Score (MVS)

and the Manco-Johnson Instrument (MJI), were used. Patient and

CVC related data, as well as health related quality of life (QoL) (using

the PedsQLTM questionnaire) were assessed and associated with occur-

rence of PTS.

Results: A total of 158 children were enrolled at a median of 41 (4–
149) months from CVC removal. Mean � standard deviation (SD) of

age at enrollment was 12.30 � 5.8 years. Signs and symptoms ipsilat-

eral to the side of CVC (or CVC-related DVT) were considered in

determining PTS. PTS was present in 34% (95% confidence interval

[CI] 27–43%) of the study population with the MVS criteria and 28%

(95% CI 21–35%) with the MJI criteria. Pain was the most common

symptom reported in the PTS assessment, which occurred in 13.2% of

participants. Higher rates of PTS were found among children with a

history of CVC occlusion. In a univariate logistic regression model,

the odds ratio (OR) for PTS in children with a history of CVC occlu-

sion was 2.2 (95% CI 1.1–4.4) using the MVS and 2.6 (95% CI 1.2–
5.5) using the MJI. PTS was not associated with age at diagnosis, time

from CVC removal or history of infection. Higher rates of PTS were

found among children with a history of DVT, although the sample size

was small (six of the eight participants with a history of DVT). Inter-

estingly, patients who had signs and symptoms of PTS ipsilateral and/

or contralateral to the CVC had lower average PedsQL scores com-

pared to those without signs and symptoms of PTS. The mean differ-

ence for PedsQL score was 5.64 using the MVS (P = 0.029) and 6.26

using the MJI (P = 0.018). The physical-function domain of the Peds-

QL score showed similar discrepancies between those with and without

PTS.

Conclusion: PTS post-CVC removal, associated with pain in over 10%

of cases, is not a rare event. The association between PTS and the his-

tory of CVC occlusion confirms earlier findings, and suggests that

CVC occlusion may indicate asymptomatic DVT. The lower QoL

scores among children with signs and symptoms of PTS indicate the

detrimental effects of PTS post-CVC removal and suggest the need to

study preventative measures.

AS 06.3
Risk factors for severe post-thrombotic syndrome: VTE
Epidemiology Group (VEG) Study
Cohen AT1, Martinez C2 and Katholing A2

1King’s College Hospital, London, UK; 2Pharmaepi.com,

Frankfurt, Germany

Background: Severe post-thrombotic syndrome (PTS) with venous

ulceration results in significant morbidity and cost. PTS occurs follow-

ing DVT and PE and the recognition of risk factors may help to evalu-

ate and guide therapy type and duration. To simplify decision making

these factors for PTS must be assessed allowing for the presence, qual-

ity and absence of anticoagulant therapy.

Aim: To explore potential risk factors for PTS.

Methods: Patient data were retrieved from the subset of general prac-

tices in England contributing to the Clinical Practice Research Data-

base (CPRD) that has been linked to data from the Hospital

Episodes Statistics (HES) and to the Office for National Statistics

(ONS). From January 2001 to October 2011, all VTE cases in the

CPRD were verified with an algorithm based on review of medical

records and notes, hospital diagnoses, cause of death and anticoagu-

lation therapy. We conducted a nested case-control study in patients

with a first VTE. Incident events of venous ulcer associated PTS,

defined as severe PTS, during the entire observational period were

defined as cases and the date of severe PTS as the index day. For

each case we selected five patients free of PTS at random by matching

on the index day and with the same duration of observation as the

respective case. The independent association between a potential risk

factor and severe PTS was derived from conditional multivariate

logistic regression models and presented as adjusted odds ratio (OR)

with 95% confidence intervals (CIs). Adjustment included age, gen-

der, socioeconomic risk factors, components of the Charlson index,

and the type of antithrombotic therapy (VKA, low molecular weight

heparin or antiplatelet therapy).

Results: Of 35,373 patients with first VTE 29,550 patients survived

more than 7 days and had 81,906 person-years of observation were at

risk of PTS. Over the observational period and after at least 90 days

following first VTE 486 cases of severe (venous ulcer associated) PTS

were identified.

The hazard of VTE recurrence was greater in the following risk fac-

tors: the elderly, increasing each decade from the 50s’ maximal for

those aged 90+, OR 5.27 (2.55–10.88), males OR 1.25 (1.00–1.58), fol-
lowing DVT compared with PE, OR 1.80 (1.38–2.35), following recur-

rent DVT, OR 1.94 (1.37–2.74), following recurrent PE, OR 2.26

(1.42–3.59); in unprovoked cases OR 1.41 (1.12–1.78); current smokers
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OR 1.60 (1.18–2.17); and in those with varicose veins, OR 4.98 (3.10–
8.01); no relation was seen with time in therapeutic range (TTR).

Summary/Conclusions: The recognition of risk factors for PTS should

facilitate its prevention or early detection and the decision for appro-

priate therapy including the extension of anticoagulant therapy.

AS 07 – Upcoming Anticoagulants

AS 07
Rational design of future low molecular weight
anticoagulant medications: can we get assistance from
novel computational drug discovery methods?
Villoutreix B

Inserm – Universit�e Paris Diderot, Paris, France

Drug discovery is a remarkably complicated process that requires dif-

ferent skills and appropriate technologies. Several steps are needed

with most often the need to identify a potential therapeutic target or a

novel molecular mechanism involved in the disease state. In the next

step, a small chemical compound that modifies the function of this

selected target has to be found. This small molecule can be used to fur-

ther validate the target or as a starting point for hit to lead and lead

optimization. Indeed, hit molecules have to be optimized in term of

potency, selectivity while paying attention to ADMET properties since

ultimately the compounds will be given to human. One would also like

to know if the bioactive small molecules acting on the selected thera-

peutic target could also bind to off-targets and potentially induce

toxicity. Several cutting edge in silico approaches and databases have

been developed to assist the drug discovery process. We will go

through several of these methods and examples of applications will

be commented upon with a special emphasis on blood coagulation

proteins.

AS 07.1
EP217609, a neutralizable synthetic dual-action FIIa/
FXa anticoagulant, has a superior antithrombotic effect
compared to its parent compounds in murine models
of arterial thrombosis
Alame G1, Mangin PH1, Freund M1, Petitou M2, Hechler B1

and Gachet C1

1UMR_S949, Inserm, Universit�e de Strasbourg, EFS-Alsace,

Strasbourg; 2Endotis Pharma, Romainville, France

Background: EP217609 is a synthetic dual-action anticoagulant com-

bining a direct thrombin inhibitor (a-NAPAP), an indirect factor Xa

inhibitor (fondaparinux) and a biotin moiety. It has been reported that

this molecule exhibits an unprecedented pharmacologic profile with

high bioavailability, long plasma half-life, and potent anticoagulant

activity (Olson et al., Blood 2012). Moreover, EP217609 is potentially

rapidly neutralized by an avidin injection.

Aims: The aim of the study was to evaluate the antithrombotic poten-

tial of EP217609 compared to its parent compounds in two models of

localized arterial thrombosis.

Methods: The anticoagulant properties of EP217609 were determined

in vitro and ex vivo in mice by: i) measuring the activated partial

thromboplastin time (APTT) and the thrombin clotting time; ii) mea-

suring anti-factor IIa and anti-factor Xa activities. The effect of

EP217609 in thrombosis was assessed in two mouse models of arterial

thrombosis: a FeCl3-injury of the carotid artery of WT mice or a

mechanical injury of carotid arteries bearing atherosclerotic plaques in

ApoE-deficient mice. Its impact on haemostasis was determined in a

tail-bleeding assay.

Results: In vitro, EP217609 exhibited anticoagulant properties similar

to its parent compounds. In vivo, it reached a 2.0 mM concentration in

the plasma, 1.2 h after administration to mice, and presented an elimi-

nation half-life of 3.4 h. We determined low and moderate doses of

EP217609 exhibiting similar ex vivo prolongation of the APTT than a-

NAPAP and comparable ex vivo anti-FXa activity than fondaparinux,

respectively. The effect of EP217609 was then evaluated in vivo, in

comparison with the effect of the parent compounds used alone or in

combination. At doses which hardly affected the APTT (1.09 times

increase), EP217609 significantly reduced the thrombus area in both

models as compared to a-NAPAP and fondaparinux used alone, but

not when they are combined. In contrast, at doses increasing the

APTT by 1.5 times, EP217609 did not present superiority as compared

to either parent compound used alone or in combination. Interest-

ingly, low doses of EP217609 did not prolong the tail-bleeding time

nor the volume of blood lost. Finally, the effect of EP217609 could be

neutralized in vivo after avidin injection in the FeCl3-injury model.

Conclusion: The antithrombotic profile of EP217609, combined with

its possible neutralization, makes it an interesting molecule and a

potential drug candidate for indications which remain to be character-

ized.

AS 07.2
Identification of novel antagonists of protein disulfide
isomerase for inhibition of thrombus formation
Flaumenhaft R1, Khodier C2, Galinski CN3, Nag P2, Passam FH1,

Scalise A3, Van Hessem L1, Gunnink S1, Dandapani S2, Munoz B2

and Kennedy DR3

1BIDMC/Harvard Medical School, Boston; 2Broad Institute,

Cambridge; 3Western New England College of Pharmacy,

Springfield, MA, USA

Background: Protein disulfide isomerase (PDI) is a widely expressed

oxidoreductase that is highly concentrated in endoplasmic reticulum

and is required for protein folding. However, it can also be released

from cells into the extracellular environment, where it catalyzes the

rearrangement of intramolecular disulfide bonds in receptors and

secreted proteins. Several animal models demonstrate that PDI

released from platelets and endothelial cells is required for thrombus

formation in vivo. Recently, we identified the flavonoid rutin as an

inhibitor of PDI. Rutin inhibited both platelet accumulation and fibrin

generation during thrombus formation in mouse models at concentra-

tions commonly ingested as nutritional supplements, providing proof-

of-principle for PDI inhibitors as a new class of antithrombotics

(J. Clin. Invest., 122:2104). Although quercetin flavonoids may be

useful as a first generation of PDI inhibitors, they are only modestly

potent for PDI (IC50 6 lM), poorly absorbed, and have activities other

than PDI inhibition.

Aims: Our goal was to identify potent and selective inhibitors of PDI

as novel antithrombotics.

Methods: A high throughput screen of PDI activity was developed

based on the ability of the enzyme to reduce the insulin b-chain, result-
ing in insulin aggregation. This insulin turbidimetric assay was con-

verted to a 1536-well format and an industrial scale screen of

approximately 350,000 compounds of the Molecular Libraries Small

Molecule Repository was performed.

Results: The primary screen identified 443 putative PDI inhibitors,

which were subsequently tested in 8-point dose curves. Forty-one com-

pounds were identified with IC50s < 10 lM. Two compounds, a piper-

dine (IC50 0.3–0.6 lM) and a bromo indole (IC50 0.6–0.8 lM), were

selected for further analysis. To assess the selectively of these com-

pounds, their activity in other bioassays performed within the NIH

Molecular Libraries Probe Production Network was evaluated. The

piperdine showed no confirmed activity at < 10 lM in any of the other

of 380 biological assays in which it has been tested. The bromo indole

had confirmed activity at < 10 lM in only two other assays out of 473

in which it had been tested. Within the thiol isomerase family, both

compounds demonstrated selectivity for PDI, failing to inhibit either
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ERp5, ERp57, or thioredoxin. The piperdine was soluble at 65 lM in

aqueous solution and demonstrated 97% stability in GSH at 48 h,

indicating that the compound did not inhibit PDI by interacting with

the CxxC catalytic domain. The bromo indole was soluble at 81 lM
and demonstrated 99% stability to GSH. Consistent with this observa-

tion, inhibition of PDI by the piperdine and the bromo indole was

entirely reversible. Neither compound demonstrated toxicity in a

HeLa cell assay at 20-fold their IC50s. Organic synthesis of 31 analogs

of the piperdine lead was performed and structure activity relation-

ships determined. In preliminary in vivo studies, the piperdine inhibited

platelet accumulation in cremaster arterioles following laser injury.

Conclusions: The compounds identified in this screen will serve as leads

for the development of a second generation of PDI inhibitors as a new

class of antithrombotics with improved potency and specificity com-

pared with quercetin flavonoids.

AS 07.3
Cardioprotective effects of EWE thrombin, a selective
protein C activator, in a mouse model of acute focal
myocardial ischemia and reperfusion
Verbout NG1, Cao Z2, Liu L2, McCarty OJT3, Tucker EI1, Di Cera

E4, Griffin JH5, Van Winkle D2 and Gruber A1

1Aronora; 2Oregon Health & Science University and Veterans

Affairs Medical Center; 3Oregon Health & Science University,

Portland, OR, USA; 4Saint Louis University, St. Louis, MO; 5The

Scripps Research Institute, La Jolla, CA, USA

Background: Acute myocardial ischemia resulting from progressive

thrombotic coronary artery occlusion is typically not treated with

recanalization therapies before the patient arrives to the hospital due

to bleeding concerns with current anticoagulant and thrombolytic

therapies. A hemostatically safer antithrombotic treatment could

improve survival by decreasing the ‘time to needle’ period.

Aims: EWE thrombin (EWE) is an E. coli-derived recombinant pro-

tein C-activating thrombin analog (W215A/E217A) that is potently

antithrombotic without inducing hemostasis impairment or procoagu-

lant side effects in primates. EWE treatment also reduces neurological

deficits without bleeding side effects in an experimental mouse model

of ischemic stroke. Here, we tested the hypothesis that EWE reduces

infarct size following experimental myocardial ischemia-reperfusion in

mice.

Methods: C57BL6 mice were used for all studies. To evaluate the effect

of EWE on ischemic injury, the left coronary artery was ligated for

40 min, and EWE (25 lg/kg; iv) or vehicle infused during the last

15 min of occlusion. Mice were sacrificed at 2 h post reperfusion and

the infarcted myocardium volumes of EWE- and vehicle-treated mice

were determined. Vascular reflow was evaluated in a separate cohort,

immediately following ischemia. Fluorescent microspheres were

injected into the ventricular apex and 3 min later hearts were removed

and sectioned. The fluorescence intensity in each section was quanti-

fied to examine EWE effects on reperfusion. To evaluate the direct car-

dioprotective potential of EWE, we used an ex vivo model of oxygen/

glucose deprivation (OGD) and reoxygenation/glucose repletion

(RGR). Adult cardiomyocytes were pre-incubated in serum-free media

with EWE (0.1–10 lg/mL) or vehicle and subjected to 90 min OGD,

followed by 3 h RGR and determination of cell viability with trypan

blue exclusion.

Results: EWE increased vascular reflow by 23% compared to vehicle,

measured immediately after ischemia. Likewise, treatment with EWE

reduced myocardial infarct volume by 33%, measured 2 h post-reper-

fusion. In vitro, EWE improved cardiomyocyte viability from 45% to

73% in a concentration-dependent manner. Cardioprotection was

dependent on the enzymatic activity of EWE, since an enzymatically

inactive analog (S195A-EWE) produced a result similar to vehicle

treatment. Pretreatment with a PAR-1 inhibitor abolished EWE medi-

ated cardioprotection, suggesting cytoprotection was dependent on

PAR-1 signaling. EWE-mediated cardioprotection in vitro was inhib-

ited by 36% by anti-protein C antibodies (10 lg/mL) and by > 90%

by anti-PAR-1 antibodies (20 lg/mL).

Summary/Conclusion: Altogether, treatment with EWE, a selective

protein C activator, during ischemia reduced myocardial damage and

improved reperfusion in vivo, and also preserved cardiomyocyte viabil-

ity ex vivo. We conclude that treatment with EWE before recanaliza-

tion therapy may confer outcome benefit in temporal myocardial

ischemia.

AS 08 – Antiphospholipid Syndrome

AS 08.1
Conformation of beta2glycoprotein I and its effect on
coagulation
Ninivaggi M, Kelchtermans H, Lindhout T and De Laat B

CARIM, Maastricht University, Maastricht, the Netherlands

Background: Contradictory, the antiphospholipid syndrome (APS) is

characterized by the presence of vascular thrombosis, but diagnosed

by a phospholipid-dependent delay of the coagulation in vitro. b2gly-
coprotein I (b2GPI) is the major antigen in APS. In blood, b2GPI is

present in a native conformation (either circular or S-shaped). After

interaction with anionic surfaces it opens up (J-shaped conformation),

resulting in the exposure of a cryptic epitope in domain I of b2GPI.

Importantly, predominantly antibodies reactive to this cryptic epitope

in domain I of b2GPI are associated with thrombosis in APS. In litera-

ture anticoagulant properties of b2GPI have been indicated, although

no consensus exists about the underlying mechanisms.

Aim: We investigated whether the conformation of b2GPI plays a role

in the proposed anticoagulant activity of b2GPI.

Methods: To unravel the role of the conformation of b2GPI in its

effect on the thrombin generation (TG), we used the previously

described Calibrated Automated Thrombogram (CAT) assay. To

study the effect of b2GPI in its open conformation, b2GPI was pre-

incubated with 48 lM phospholipids for 15 min before being tested in

the TG assay. Two patient-derived monoclonal antibodies P2-6 and

P1-117 were tested for their effect in our system. Antibody P1-117 was

previously shown to specifically react with the cryptic epitope G40-

R43, exposed only in the open conformation of b2GPI, while antibody

P2-6 recognizes b2GPI irrespective of its conformation.

Results: Native b2GPI was found to have no significant effect on the

TG regardless of the concentration of tissue factor (TF). On the con-

trary, b2GPI pre-incubated with phospholipids significantly and dose-

dependently inhibited TG when triggered with low TF concentration,

suggesting an effect on the intrinsic pathway of the coagulation cas-

cade. As to the effect of the incubation period, increasing incubation

times resulted in a further decrease in peak height and increase in lag

time. Interestingly, the inhibitory effect of phospholipid-bound b2GPI

was completely abolished by adding antibody P1-117, but not P2-6.

These data illustrate that thrombosis-related antibodies reactive

against epitope G40-R43 in domain I abrogate the observed anti-coag-

ulant effect of phospholipid-bound b2GPI.

Conclusions: We have demonstrated that native b2GPI in circulation

obtains its anticoagulant activity in the presence of anionic phospho-

lipids such as activated blood cells, thereby serving as an inhibitory

modulator in hemostasis. That only the open conformation of b2GPI

exerts this anticoagulant effect, suggests a role for domain I. Indeed,

using monoclonal antibodies we have established abrogation of the

anticoagulant activity of b2GPI only by antibodies specific for the

cryptic epitope on domain I. Our results may therefore provide an

explanation for the prothrombotic phenotype in APS patients.
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AS 08.2
Human anti-beta2-glycoprotein I autoantibodies bind
to platelets but not to endothelium in a mouse model
of anti-phospholipid syndrome
Proulle V1, Furie B1, Furie R2 and Furie B1

1Beth Israel Deaconess Medical Center, Boston MA; 2North

Shore-Long Island Jewish Health System, Great Neck, NY, USA

Background: Antiphospholipid syndrome (APS) is defined by throm-

bosis, obstetrical complications, and the presence of the lupus antico-

agulant, anticardiolipin antibodies, or anti-b2-glycoprotein-I (anti-

b2GPI) antibodies. Anti-b2GPI antibodies have been documented as a

biomarker for diagnosis of APS, and we have shown their direct role

in the pathogenesis of thrombosis in vivo using a mouse model of arte-

rial laser-induced injury. In vitro, these antibodies in complex with

b2GPI have been shown to bind and activate endothelial cells and

platelets.

Aims:We asked whether we could determine the cellular target of anti-

b2GPI autoantibodies and plasma b2GPI in vivo using our thrombosis

model in a live mouse and anti-b2GPI autoantibodies affinity-purified

from humans with APS.

Methods: Anti-b2GPI antibodies were prepared from the serum of a

patient with APS by affinity purification. F(ab’)2 fragments of anti-

b2GPI autoantibodies, labeled with Alexa 488, and human b2GPI,

labeled with Alexa 647, were infused both separately and together into

wild type mice. Platelet labeling was performed using anti-CD42 anti-

body conjugated to Dylight 488 or Dylight 647. Cell binding of labeled

b2GPI and anti-b2GPI autoantibodies at the site of injury was imaged

after arterial laser-induced injury using intravital microscopy in wild

type mice. In some experiments, eptifibatide, an inhibitor of platelet

accumulation at the site of injury, was infused into the mouse. Endo-

thelium activation was studied using calcium mobilization after infu-

sion of Fluo-4 AM into the mouse circulation in the presence of

eptifibatide.

Results: Alexa 488-conjugated anti-b2GPI F(ab’)2 autoantibodies

bound specifically to the developing platelet thrombus, which were

imaged using anti-CD42 conjugated to Dylight 647. In the presence of

F(ab’)2 fragments of anti-b2GPI autoantibodies injected simulta-

neously, we found that Alexa 647-conjugated b2GPI bound specifi-

cally to the developing platelet thrombus, which were imaged using

anti-CD42 conjugated to Dylight 488. Finally, Alexa 488-conjugated

F(ab’)2 fragments of anti-b2GPI autoantibodies and Alexa 647-conju-

gated b2GPI infused simultaneously into the live mouse bound with

similar kinetics to the developing thrombus. Experiments examining

the binding of Alexa 488-conjugated irrelevant control F(ab’)2 IgG or

Alexa 647-conjugated albumin showed only non-specific interaction.

When platelet accumulation at the site of injury was inhibited by the

infusion of eptifibatide prior to infusion of the anti-b2GPI F(ab’)2 au-

toantibodies conjugated to Alexa 488 and b2GPI conjugated to Alexa

647, no significant binding of either anti-b2GPI F(ab’)2 autoantibodies

or b2GPI was observed. These results indicate that anti-b2GPI F(ab’)2
autoantibodies and b2GPI bind to platelets but not significantly to

endothelial cells. Moreover, at the site of injury, there was no increase

in endothelial cell activation after injection of anti-b2GPI autoanti-

bodies when studied by monitoring calcium mobilization within the

endothelium.

Conclusion: We have shown that, in vivo, the anti-b2GPI antibody-

induced enhancement of thrombus formation is associated with plate-

let binding of both anti-b2GPI autoantibodies and b2GPI, presumably

the anti-b2GPI/b2GPI complex. Using the human anti-b2GPI autoan-

tibodies studied, neither endothelial cell binding nor enhanced endo-

thelial cell activation is observed during thrombus development in this

model of APS.

AS 08.3
Fibrin clot properties in patients with antiphospholipid
syndrome
Celinska-L€owenhoff M, Iwaniec T, Padjas A, Musial J

and Undas A

Jagiellonian University Medical College, Krak�ow, Poland

Background: Antiphospholipid syndrome (APS) is an autoimmune dis-

ease that manifests as venous thromboembolism (VTE), arterial

thrombosis and/or pregnancy complications in the presence of anti-

phospholipid antibodies (APLA). It has been suggested that patients

with APS have impaired fibrinolysis. Data on fibrin clot properties in

APS are scarce.

Aim: The aim of the study was to test the hypothesis that plasma fibrin

clot structure/function is unfavorably altered in patients with APS

after VTE and/or arterial thrombosis.

Methods: We investigated 118 patients with APS, including 88 subjects

with primary APS, vs. 100 age- and sex-matched controls. Patients

were analyzed in subgroups according to clinical presentation (VTE or

arterial thrombosis; if both were present – first presentation was

recorded). In the VTE subgroup we identified those who had deep vein

thrombosis (DVT), pulmonary embolism (PE), or DVT combined

with PE. We assessed lupus anticoagulant (LA), anticardiolipin anti-

bodies (ACL) and anti-b2-glycoprotein I antibodies were measured by

INOVA kits (USA). The fibrin clot structure was assessed by measure-

ment of permeability (Ks) and turbidity (lag phase and maximum

absorbency (Absmax). The efficiency of clot lysis was evaluated by the

assessment of clot lysis time (CLT) and maximum rate of increase of

D-dimer levels released from fibrin clots along with its maximum con-

centrations in the effluent. Fibrinogen, tPA and PAI-1 antigens, high-

sensitivity (hs)CRP, total homocysteine (tHcy) concentrations were

measured.

Results: Of the 118 APS patients, eight subjects had previous myocar-

dial infarction (MI), 26 – had stroke, 61 – symptomatic DVT without

PE, 15 patients had PE alone, and 16 – DVT combined with PE. In 67

patients VTE was the first clinical presentation of APS. The patient

group did not differ from the controls with regard to lipid profile, glu-

cose, creatinine, hsCRP and tHcy. APS patients had higher fibrinogen,

PAI-1 and tPA antigens than controls (all P < 0.001). Analysis of

plasma fibrin clot variables showed that APS patients had 25.8%

lower clot permeability (P < 0.001), 23% longer CLT (P < 0.001),

9.4% shorter lag phase (P < 0.001), 5.4% lower maximum rate of D-

dimer release (P < 0.001) and 14.1% higher maximum D-dimer level

(P < 0.001) than controls. Higher clot absorbance was observed in

patients with positive ACL IgG (P = 0.009), those with negative LA

(P = 0.003), and whose first clinical presentation was stroke or MI

(P = 0.023). Patients who experienced PE showed higher Ks

(P = 0.027), shorter CLT (P = 0.008), lower absorbance (P = 0.006)

and higher D-dimer release rate (P = 0.048), regardless of the presence

of concomitant DVT or not. The lowest clot permeability was

observed in patients who experienced both VTE and arterial thrombo-

sis (P = 0.01). Patients whose clinical presentation was only stroke or

MI had longer CLT than the remainder (P = 0.038). Patients with

SLE had less favorable fibrin clot properties with a significant differ-

ence only for D-Dimer rate (P = 0.048).

Conclusions: Our study demonstrates unfavorably altered plasma clot

properties in APS patients, including reduced permeability and

impaired fibrinolysis. There are differences in plasma fibrin clot pheno-

type depending on thrombotic manifestation of APS. Our findings

indicate the abnormal clot characteristics represent a novel prothrom-

botic mechanism of thromboembolism in APS.
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AS 09 – Flow and Von Willebrand
Factor

AS 09
Activation of A1 domain adhesiveness in VWF by
elongational force
Springer T and Kim J

Harvard Medical School, Boston, MA, USA

Multiple mechanisms may contribute to activation of VWF adhesive-

ness by elongational flow at sites of hemostasis, including enhance-

ment of A1 domain exposure within VWF concatamers and

conformational change within the A1 domain or its complex with

GPIba. A receptor and ligand in a single molecule (ReaLiSM) contain-

ing the A1 domain, a flexible linker, and GPIba fused in a single poly-

peptide and suspended between beads using DNA handles was

interrogated with a laser trap. Two pathways for unbinding represent-

ing flexed and extended states were previously reported, with the

flexed, more stable state predominantly at forces above 10 pN. VWD

type 2B mutations in the A1 domain selectively stabilize the extended,

high affinity state whereas platelet-type VWD mutations in GPIba sta-

bilize both states. With ReaLiSM we can also measure the kinetics and

force-dependence of receptor-ligand binding. Remarkably, we also see

two on-rates for receptor-ligand binding, with the faster on-rate pre-

dominating above 10 pN and the slower on-rate predominating below

10 pN. VWD type 2B mutations in the A1 domain selectively

increased the fast on-rate, whereas platelet-type mutations in GPIba
increased both on-rates. Our results support force-dependent confor-

mational change as one of the mechanisms that activates VWF in he-

mostasis.

AS 09.1
Solution structure and dynamics of the major FVIII
binding region on von Willebrand factor: implications
for type 2N von Willebrand disease
Shiltagh N, Kirkpatrick J, Cabrita LD, Thalassinos K, Tuddenham

GD and Hansen DF

University College London, London, UK

Background: The preservation of haemostatic integrity is secured by

the activities of von Willebrand factor (VWF). Upon vascular damage,

VWF acts as a molecular bridge facilitating the initial adhesion and

aggregation of platelets to the site of vessel injury, and consequently

thrombus formation ensues. Furthermore, VWF is the protective car-

rier of pro-coagulant factor VIII (FVIII) in plasma, thereby prolong-

ing its half-life, and efficiently localising FVIII to the incipient platelet

plug. Much of the function of VWF has been revealed, however,

detailed insight into the molecular structure that enables VWF to

orchestrate haemostatic processes, in particular FVIII stabilisation in

plasma, is lacking.

Aims: Our principal aim is to determine an atomic-resolution structure

of the D’ region (TIL’E’) of VWF, which is believed to form the pri-

mary FVIII binding site. The importance of elucidating the structure

of the FVIII-binding region on VWF is two-fold. First, it would pro-

vide insights into the mechanism of FVIII docking onto VWF, and the

minimal VWF unit required to stabilise FVIII in vivo. This would

allow for the development of novel approaches to treat both haemo-

philia A and von Willebrand disease (VWD). Second, analysis of

VWD patient mutations, against a background of both structural and

functional perturbations, will provide the link between genetic pathol-

ogy and clinical phenotype.

Methods: TIL’E’, containing 16 cysteine residues, was uniformly
13C/15N-labelled by expression in Escherichia coli and purified for

structural and dynamic NMR studies. Native mass spectrometry, 1D

NMR, and dot blot analyses with both FVIII and a conformational

FVIII binding-blocking monoclonal antibody, confirmed that the

recombinant TIL’E’ fragment was monomeric, homogeneous and

binds to FVIII.

Results: We present the high-resolution NMR solution structure of the

major FVIII-binding region (D’) on VWF, and report on the molecu-

lar dynamics and flexibility of its substructure. The complex disul-

phide-bonded D’ region (99 aa) is composed of a two sub-domain

architecture – TIL’E’. Domain TIL’ lacks extensive secondary struc-

ture, wherein five disulphide bonds constitute the main stabilising

force constraining the fold. In contrast, E’, is a well-structured, all-b-
sheet domain. We confirm the disulphide-bond topology of this region.

The symbiosis between protein dynamics, structure and biological

activity is clarified by nuclear spin relaxation data that reveal interest-

ing motional trends in the D’ region; most strikingly, that there is a

readily distinguishable mobility differential between TIL’ and E’. TIL’

is dynamic on at least two time-scales measured by NMR relaxation

experiments, and this region is coincident with the clustering of patho-

logical mutations leading to decreased FVIII binding affinity (type 2N

VWD). The most severe type 2N VWD mutations circumscribe a

pocket of concentrated positive charge density, that is complementary

to the negatively charged FVIII a3 domain which mediates high-affin-

ity binding to VWF.

Conclusions: The structural and dynamic data we present strongly sug-

gest that the conformational fluctuations and surface charge distribu-

tion of TIL’ reveal the major interaction surface mediating the binding

of FVIII to VWF.

AS 09.2
Enhanced binding of von Willebrand factor mutants to
LRP1 may explain their reduced circulatory half-life
Wohner N1, Casari C1, Christophe OD1, Denis CV2

and Lenting PJ1

1Inserm; 2Inserm U 770, Le Kremlin Bicetre, France

Background: Von Willebrand Disease (VWD) originates from muta-

tions in the gene encoding von Willebrand factor (VWF), which may

affect different steps in the life-cycle of the protein, such as biosynthe-

sis/secretion, function and/or clearance. At present, more than 20 dif-

ferent mutations have been identified that are associated with an

increased clearance of VWF, which could contribute to the reduced

VWF antigen levels in these patients. The mechanisms that mediate

the increased clearance of the mutants have remained unsolved.

Recently, we have identified the lipoprotein-receptor LRP1 as a clear-

ance receptor for VWF (Rastegarlari et al. Blood 2012 119:2126).

Interestingly, VWF only interacts with LRP1 upon exposure to

increased shear stress, thereby mimicking interactions between VWF

and its platelet receptor glycoprotein Iba.
Aim: We investigated how VWD-mutations affect the interaction

between VWF and LRP1.

Methods and Results: Using a static immunosorbent assay, we first

investigated the binding of wild-type (wt)-VWF or fragments thereof

to LRP1 in the absence or presence of ristocetin. As expected, no bind-

ing of wt-VWF in the absence of ristocetin was observed, whereas in

its presence wt-VWF bound dose-dependently to LRP1. This confirms

that shear stress-like changes in VWF are needed to allow LRP1 bind-

ing. Surprisingly, a number of individual recombinant VWF domains

especially the D’D3 fragment displayed binding to LRP1 in the

absence of ristocetin. Since several of the VWF mutations that pro-

voke increased clearance of the protein are located in the D’D3 region

of VWF, we tested if such mutations modulate binding to LRP1.

Simultaneously, given the parallel between the shear stress-regulated

interactions of VWF with glycoprotein Iba and LRP1, we examined

how VWD-type 2B mutations affect LRP1 binding. In vitro binding

experiments revealed that the VWD-type 2B mutants VWF-p.R1306Q

and p.V1316M as well as the VWD-type 1 clearance mutant VWF-

p.R1205H (the Vicenza variant) show enhanced binding to LRP1. In

contrast to wt-VWF, all three mutants interact spontaneously with
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LRP1 under static conditions in the absence of shear stress or ristoce-

tin. In vivo clearance experiments confirmed that mutants VWF-

p.R1205H and VWF-p.V1316M are cleared more rapidly than

wt-VWF. However, preliminary analysis revealed that in the presence

of the LRP1-inhibitor RAP, clearance of the mutants is delayed and

their survival mimics that of wt-VWF in the presence of RAP.

Conclusions: Our data indicate that several VWD-mutations relieve

the shear stress-requirement for the interaction with the clearance

receptor LRP1. Enhanced binding to LRP1 may provide an explana-

tion why these mutants are cleared more rapidly and are associated

with reduced VWF antigen levels in VWD patients.

AS 09.3
Fluid shear dependent regulation of von Willebrand
factor (VWF) binding to platelet GpIba: Mechanism
revealed by MS analysis of cross-linked VWF
Neelamegham S, Madabhushi S, Dayananda K, Shang C

and Jun Q

State University of New York at Buffalo, Buffalo, NY, USA

Background: The domain level organization within the largest glyco-

protein in blood, von Willebrand Factor (VWF), regulates many of its

functions under fluid shear conditions.

Aim: In order to identify the structural basis of such regulation, VWF

was chemically crosslinked and tandem mass spectrometry (MS) was

performed in order to identify specific peptides within the protein that

lie in close spatial proximity. Findings emerging from such analysis

were tested, with focus on the mechanism of fluid shear dependent

enhancement of platelet binding to immobilized VWF.

Methods: Full-length dimeric VWF (DPro-VWF) reacted with the ho-

mobifunctional crosslinker bis(sulfosuccinimidyl)suberate (BS3) was

enzymatically digested and subjected to high-throughput tandem MS.

A scoring strategy called XPA was developed to analyze experimental

data and to identify crosslinked peptide-pairs that link more than one

protein domain. Functional experiments were performed to test

hypotheses emerging from such analysis.

Results: Six of the nine inter-domain VWF peptide-pairs identified by

such analysis linked VWF-A1 to the VWF-D’D3 domain, including

one A1-peptide that forms the VWF binding interface with the platelet

receptor GpIba. MS analysis thus suggests that the proximal location

of VWF-D’D3 to -A1 may regulate VWF binding to platelet GpIba.
Functional data support this hypothesis: i. Deletion of the D’D3

domain resulted in a dimeric protein (DD’D3-VWF), which unlike

DPro-VWF, bound GpIba under static conditions even in the absence

of ristocetin ii. In surface plasmon resonance studies, monomeric

VWF D’D3-A1 bound immobilized GpIba with a lower on-rate com-

pared to VWF-A1 iii. DD’D3-VWF, but not DPro-VWF and multi-

meric plasma VWF (pVWF), supported platelet binding at low shear

stress (1 dyn/cm2). At higher shears (> 5 dyn/cm2), platelet transloca-

tion velocity was ~50% lower for DD’D3-VWF. Abrupt reduction in

shear from 10 to 1 dyn/cm2 released platelets from DPro-VWF, but

not DD’D3-VWF, bearing substrates. iv. A monoclonal antibody

against the human VWF-D’D3 domain, DD3.1, reduced VWF-A1

mediated platelet aggregation by > 50%, and it also inhibited platelet

thrombus formation in a parallel plate flow chamber assay.

Summary/Conclusion: The D’D3 domain of VWF attenuates the inter-

action between its A1 domain and the platelet receptor GpIba. This
diminished molecular recognition results in reduced platelet adhesion

at low shear rates. At higher shears, platelet deformation enhances the

number of A1-GpIba interactions and this contributes to more robust

cell adhesion.

AS 10 – Coagulation and
Inflammation

AS 10.1
TLR3 activation is involved in venous thrombosis
development
Lemarie CA, Laurance S, Le AN and Blostein MD

Lady Davis Institute, Montreal, QC, Canada

Background: Venous thromboembolism (VTE) afflicts 117 people per

100,000 each year and is an important cause of morbidity and mortal-

ity. A number of recent reports indicate that platelets and leukocytes

may sense ‘pathologic ligands’ accumulating in the circulation via a

specific set of receptors and translate an activation signal into a pro-

thrombotic state. These receptors may include toll-like receptors

(TLR), which recognize self-molecules generated during tissue damage

and inflammation in the presence or absence of infection. Endogenous

RNA, released from cells under pathological conditions, has been

identified as a potent pro-coagulant factor by activating factor XII of

the coagulation cascade in arterial thrombosis. TLR3 senses dsRNA

and has been increasingly linked to tissue damage. Endogenous RNA

might induce TLR3 expression and signaling. Thus, we hypothesize

that endogenous RNA might be involved in the inflammatory develop-

ment of venous thrombosis after vessel injury.

Aims: The objective of the present study is to evaluate the role of

endogenous RNA and TLR3 in venous thrombosis.

Methods: First, wild type (WT) mice received an intravenous injection

of RNase or vehicle prior to thrombus induction with 5% FeCl3. In

separate experiments, WT and TLR3 deficient (�/�) mice received an

intravenous injection of polyinosine polycytidylic acid, a synthetic

double-stranded RNA (dsRNA) analog, or vehicle and thrombosis

was also induced by 5% FeCl3.

The venous wall with thrombi were removed and samples were pre-

pared for hematoxylin and eosin and immunofluorescent staining.

Human umbilical vein endothelial cells (HUVECs) or endothelial cells

prepared from WT or TLR3�/� mice lungs were incubated with

dsRNA and cytokine mRNA expression were analyzed by real time

PCR.

Results: RNase treatment significantly reduced thrombus size com-

pared with vehicle injected WT mice (P < 0.05). Synthetic dsRNA

increases the size of thrombi after FeCl3-induced inferior vena cava

injury (IVC) compared to mice treated with vehicle (P < 0.05). In

TLR3�/� mice, dsRNA did not induce a further increase in thrombus

size compared to vehicle control. dsRNA injection was associated with

an increase of neutrophil and monocytes infiltration in the thrombus

in WT but not in TLR3�/� mice (P < 0.05). Leukocyte infiltration was

decreased by RNase treatment (P < 0.05). We found that dsRNA

injection was associated with increased neutrophil extracellular traps

(NETs) formation. In the thrombus of WT mice, immunofluorescence

staining for myeloperoxidase, neutrophil elastase and citrulinated H3,

markers for neutrophils activation, were increased by dsRNA and

reduced by RNase treatment in WT mice. Interestingly, in TLR3�/�

mice, no increase of these markers was found after dsRNA injection as

compared to vehicle control. In HUVECs and murine endothelial

cells, dsRNA induced mRNA expression of IL-8 and CCL5. Absence

of TLR3 (siRNA in HUVEC or TLR3�/� cells) blocked dsRNA-

induced mRNA expression of IL-8, CCL5 and CCL2.

Summary/conclusions: Taken together, we found that endogenous

RNA and TLR3 activation participate in thrombus formation and leu-

kocyte recruitment in part by inducing the expression of chemoattrac-

tants in the endothelium. These results strongly suggest that TLR3

stimulation after endothelial cell injury participate in thrombus forma-

tion by inducing a pro-inflammatory response leading to the recruit-

ment and activation of leukocytes.
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AS 10.2
High sensitivity C-reactive protein, body mass index,
factor VIII levels and risk of venous thrombosis: results
from the MEGA study
Braekkan SK1, Lijfering WM2, Rosendaal FR2 and Cannegieter SC2

1University of Tromso, Tromso, Norway; 2Leiden University

Medical Center, Leiden, the Netherlands

Background: The role of C-reactive protein (CRP) as a risk factor for

venous thrombosis is debated. Moreover, genetically elevated CRP

was not associated with venous thrombosis in a large population based

study, suggesting that the observed relationship may be confounded or

mediated by other factors. Obesity is associated with a state of chronic

low-grade inflammation, and CRP levels correspond to the presence of

adiposity in the body. Moreover, increased plasma levels of CRP have

been shown to correlate with increasing levels of coagulation factor

VIII (FVIII). Both obesity and FVIII are well-established, strong risk

factors for venous thrombosis.

Aims: Since controversy exists on the causal role of CRP on venous

thrombosis risk, we set out to determine whether an observed associa-

tion between CRP and venous thrombosis could be explained by a

concomitant procoagulant state and/or presence of obesity. To study

this hypothesis, we first examined the crude association between CRP

and venous thrombosis, and then assessed to what extent FVIII and

BMI influenced this relationship.

Methods: High sensitivity CRP (hsCRP), factor VIII antigen (FVIII)

and body mass index (BMI) were measured in the Multiple Environ-

mental and Genetic Assessment of risk factors for venous thrombosis-

study (MEGA study), a large case-control study including 2205 cases

of venous thrombosis and 2777 age- and sex-matched controls. With

logistic regression models, odds ratios (OR) for venous thrombosis by

percentiles of hsCRP were calculated and further adjusted for BMI

and FVIII, introducing one co-variate at the time.

Results: HsCRP values increased linearly with increasing BMI and

increasing FVIII levels in both genders. In age and sex-adjusted analy-

sis, the risk of venous thrombosis increased dose-dependently across

percentiles of hsCRP. Subjects with an hsCRP level above the 97.5th

percentile (> 13.48 mg/L) had a 3.5-fold (OR 3.47; CI95: 2.52–4.78)
higher risk of venous thrombosis compared to those with an hsCRP

level below the 25th percentile (< 0.68 mg/L). However, adjustment

for either BMI (OR for > 97.5th vs. < 25th percentile of hsCRP: 2.71;

CI95: 1.95–3.76) or FVIII (OR 1.55; CI95: 1.10–2.21) highly attenu-

ated the risk estimates, and the association between hsCRP and

venous thrombosis was no longer present when both BMI and FVIII

were included in the adjustment model (OR for > 97.5th vs. < 25th

percentile: 1.26, CI95: 0.87–1.81). Similar risk estimates were found in

separate analyses of unprovoked and provoked VTE, and in analyses

of deep vein thrombosis and pulmonary embolism.

Conclusions: Our findings suggest that CRP is not causally related to

venous thrombosis, but rather a marker of concomitant high levels of

FVIII and BMI. Persistent rises in FVIII levels have been reported in

major illnesses such as chronic inflammation, liver disease, hyperthy-

roidism and renal disease. Thus, it can be hypothesized that the

observed association between CRP and venous thrombosis may be

due to presence of chronic diseases that cause a concomitant rise in

CRP and FVIII.

AS 10.3
Differential contribution of FXa and thrombin to
vascular inflammation in a mouse model of sickle cell
disease
Sparkenbaugh EM1, Chantrathammachart P2, Hebbel P3, Van

Ryn J4, Mackman N1, Key NS1 and Pawlinski R1

1University of North Carolina at Chapel Hill, Chapel Hill, NC,

USA; 2Ramathibodi Hospital, Mahidol University, Bangkok,

Thailand; 3University of Minnesota, Minneapolis, MN, USA;
4Boehringer Ingelheim Pharma GmbH & Co., Biberach, Germany

Sickle cell disease (SCD) is a hematologic disorder associated with

activation of coagulation and vascular inflammation. We have previ-

ously demonstrated that inhibition of tissue factor (TF) with a mouse

anti-TF antibody 1H1 prevents activation of coagulation (plasma

thrombin anti-thrombin [TAT] levels), attenuates endothelial cell (EC)

activation (plasma levels of sVCAM-1) and inflammation (assessed by

plasma IL-6) in mouse models of SCD. TF inhibition also attenuated

neutrophil recruitment and activation in lungs (measured by organ

myeloperoxidase [MPO] levels). Interestingly, deletion of TF from

ECs only reduced plasma levels of IL-6 in sickle mice.

In the current study, we investigated the contribution of FXa and

thrombin to vascular inflammation in SCD. Four month old Berkley

sickle cell (SS) and non-sickle (AA) littermate control mice (n = 9–11)
were fed chow containing either no inhibitor (control), the FXa inhibi-

tor rivaroxaban (1.8 mg/g) or the thrombin inhibitor dabigatran

(10 mg/g) ad libitum for 10 days. Furthermore, we used bone marrow

transplantation (BMT) to generate AA and SS mice deficient in either

protease activated receptor-1 (PAR-1) or PAR-2 (n = 8–10) on all

non-hematopietic cells (n-HCs). These mice were used for the study

4 months after BMT.

SS mice on control chow had increased plasma levels of TAT (2.3-fold,

P < 0.001), IL-6 (5.6-fold, P < 0.01), sVCAM-1 (1.9-fold, P < 0.001)

and MPO levels in the lungs (2.7-fold, P < 0.001) compared to AA

controls. Rivaroxaban significantly reduced plasma TAT (3.1 � 0.6

vs. 6.1 � 0.6 ng/mL, P < 0.001) and IL-6 (7.3 � 2.4 vs.

19.2 � 6.7 pg/mL, P < 0.05) but had no effect on sVCAM-1 levels.

Inhibition of FXa also moderately reduced (24.5%) lung MPO levels.

Dabigatran significantly attenuated plasma TAT levels (7.5 � 2.7 vs.

13.8 � 9 ng/mL, P < 0.01) and lung MPO (70 � 7.8 vs.

116.7 � 16.8 ng/mg protein, P < 0.01), but had no effect on plasma

IL-6 or sVCAM-1 in SS mice. Neither inhibitor induced bleeding or

affected red blood cell numbers or hematocrit in AA and SS mice.

In wild-type mice transplanted with SS bone marrow, we observed sig-

nificant increases in plasma TAT (1.7-fold, P < 0.05), sVCAM-1 (1.6-

fold, P < 0.0001), IL-6 (4.8-fold, P < 0.001), and lung MPO (2.8-fold,

P < 0.001) compared to AA-transplanted controls. PAR-1 deficiency

in all n-HCs had no effect on these biomarkers in SS mice. Moreover,

PAR-2 deficiency in n-HCs had no effect on coagulation activation

(TAT) or EC injury (sVCAM-1) in SS mice. However, SS mice lacking

PAR-2 in all n-HCs had significantly attenuated plasma levels of IL-6

(9.4 � 0.9 vs. 18.9 � 4.5 pg/mL, P < 0.05) and lung MPO

(87.4 � 6.4 vs. 142.4 � 16 ng/mg, P < 0.0001).

This study demonstrated efficient anticoagulation of SS mice with riv-

aroxaban or dabigatran. However, we found that FXa, but not throm-

bin, contributes to systemic inflammation (IL-6), likely through TF:

FVIIa:FXa-dependent activation of PAR-2 on ECs. nHCs PAR-1

appears to play no role in vascular inflammation in SS mice. Neverthe-

less, thrombin, and to a lesser extent FXa, contributes to the local neu-

trophil response in the lung, most likely via a fibrin-dependent

mechanism (under investigation). The TF-dependent increase in

sVCAM-1 is not mediated by FXa or thrombin. Ligands other than

coagulation proteases might contribute to PAR-2-dependent increase

in lung MPO.
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AS 11 – New Genetic Determinants
of Venous Thrombosis

AS 11
New genetic determinants of venous thrombosis: a
novel mechanism of hereditary thrombosis by
antithrombin resistance
Kojima TY

Nagoya University School of Health Sciences, Nagoya, Aichi,

Japan

Background: Venous thromboembolism is a multifactorial disease,

resulting from a complex interaction of inherited and environmental

factors. To date, numerous genetic defects have been found in the fam-

ilies with hereditary thrombophilia, but there may be still many undis-

covered causative mutations.

Aim:We investigated the possible causative gene defect in a large Japa-

nese family with inherited thrombophilia.

Methods: We analyzed the prothrombin gene by the PCR mediated

sequencing method. Informed consent was obtained and our Institu-

tional ethics committee approved the study. We prepared recombinant

prothrombins, and analyzed their characters and functions. To exam-

ine the functions of the recombinant prothrombins in plasma, we pre-

pared reconstituted plasma by mixing prothrombin-deficient plasma

with the recombinant prothrombins. The proband’s plasma was not

suitable for evaluation because of warfarin treatment. We performed

three tests of prothrombin activity: a one-stage clotting assay, a two-

stage clotting assay, and a chromogenic assay that uses S-2238. We

measured thrombin-antithrombin (TAT) complex formation by

ELISA. We also performed a thrombin generation assay to determine

the potential procoagulant activity of the recombinant prothrombins

in plasma.

Results: We found a novel missense mutation in the prothrombin gene

(p.Arg596Leu) resulting in a variant prothrombin (prothrombin-

Yukuhashi). The mutation cosegregated with deep vein thrombosis in

the family, suggesting being a cause of hereditary thrombophilia. The

mutation occurred at residue Arg596 within the Na+ binding region of

thrombin molecule, which locates at one of the antithrombin binding

sites. We observed that the mutant and wild-type prothrombins were

fully converted to thrombins in a similar manner within 5 min by pro-

thrombinase. However, conversion of the mutant prothrombin to

thrombin appeared to be seconds slower than that of the wild-type

thrombin in the clotting assays. In addition, the mutant thrombin

likely had a lower catalytic activity for fibrinogen than the wild-type

thrombin. Extremely low levels of TAT complex were detected in the

mutant thrombin sample, suggesting that disruption of the Na+ bind-

ing region structure losing two hydrogen bonds between the thrombin

Arg596 and antithrombin Asn265 may be critical for TAT formation.

These findings indicate that prothrombin-Yukuhashi can be character-

ized as a dysprothrombin highly resistant to inhibition by antithrom-

bin. A thrombin generation assay is a comprehensive coagulation

function test using a fluorogenic substrate that enables to evaluate not

only the initial phase of thrombin generation, but also the late phase

of its inactivation. The thrombin generation assay data again sug-

gested that the mutant prothrombin could be a low procoagulant, but

was highly antithrombin resistant. Therefore, its active form, the

mutant thrombin, would not be inactivated by antithrombin, and

would continue to facilitate blood coagulation despite its low activity.

Conclusion: We identified a novel mechanism of hereditary thrombosis

by antithrombin resistance, associated with a missense mutation in the

prothrombin gene. The antithrombin-resistant thrombin may possess

prolonged procoagulant activity in vivo, leading to a susceptibility to

thrombosis.

AS 11.1
Genome-wide association of quantitative trait loci
with levels of hemostatic factors and thrombin
generation in the GIFT study
Koenderman JS1, Castoldi E2, Tregouet DA3, Morange PE4,

Lathrop M5, Vos HL1, Bertina RM1, Houwing-Duistermaat J1,

Reitsma PH1 and De Visser MCH1

1Leiden University Medical Center, Leiden; 2Cardiovascular

Research Institute Maastricht, Maastricht, the Netherlands;
3ICAN Institute, Universit�e Pierre et Marie Curie, Paris;
4Aix-Marseille University, Marseille; 5Institut de G�enomique,

Centre National de G�enotypage, Evry, France

Background: Deficiencies and elevated levels of several circulating

hemostatic factors as well as elevated thrombin generation have been

associated with venous thromboembolism. The observed inter-individ-

ual variation in de levels of these hemostatic phenotypes can be partly

explained by sequence variations in or outside the structural gene

encoding these factors or influencing these analytes.

Aim: The aim of this study was to identify new quantitative trait loci

(QTL) of several hemostatic traits and to confirm known loci by using

genome-wide association study (GWAS) data.

Methods: Plasma levels of coagulation factors (protein C, protein S

(free+total), C4BP, antithrombin, heparin cofactor II, fibrinogen,

coagulation factors II, V, VIII, IX, X, XI, and protein Z), and throm-

bin generation parameters under three assay conditions (1 pM tissue

factor (TF), 10 pM TF, 10 pM TF+ activated protein C (APC)) were

measured in 413 subjects from the Genetics In Familial Thrombosis

(GIFT) study. This study consists of 201 small, unrelated thrombo-

philia families with affected siblings with venous thromboembolism

(n = 434). Subjects treated with anticoagulants at time of blood collec-

tion (n = 142) were excluded from the analyses of the vitamin K-

dependent factors protein C, protein S, protein Z, factors II, IX, X as

well as for the thrombin generation parameters.

SNP genotype data were generated with the Illumina 660W-Quad

Beadchip. SNPs of high quality (SNP yield > 96%; MAF > 1%; HW

P-value > 10�6) were used for imputation with HapMap version 2.

After imputation, more than 1.9 million SNPs were in agreement with

the quality control settings (imputation R2 ≥ 90%; 5% ≤ MAF

≤ 95%) for current analyses. Association analysis was performed on

the GWAS SNP data and the age and sex adjusted hemostatic traits

by using the generalized estimating equations assuming an additive

genetic model.

Results: This association analysis revealed genome-wide significant

(P < 5.0*10�8) results for plasma levels of protein Z and factor VIII,

and for the endogenous thrombin potential (ETP) and lag time from

the thrombin generation assay performed with 10 pM TF+APC. For

protein Z, two loci were identified with a lowest P-value of 1.1*10�11

at SNP rs12876365 on chromosome 13 near the structural gene,

PROZ. The second locus, with a lowest P-value of 2.8*10�9, was

located at SNP rs1526520 on chromosome 7 in the THSD7A gene that

encodes thrombospondin type I domain containing 7A. An association

signal for FVIII levels was confirmed in the ABO blood group genes

on chromosome 9, with a lowest P-value of 5.9*10�11. Both the ETP

and lag time from the thrombin generation assay with 10 pM

TF+APC were associated with SNPs on chromosome 1 in the genes F5

and NME7, with P-values in the range of 10�9.

Conclusion: Using GWAS data, we have confirmed association of pro-

tein Z levels with SNPs in the structural gene encoding protein Z, and

we identified a possibly new quantitative trait locus at THSD7A on

chromosome 7. A known locus for FVIII levels was confirmed, and

the analysis with thrombin generation parameters revealed association

with SNPs in the genes F5 and NME7. These novel identified genes

can be examined as candidate genes in the investigation of venous

thromboembolism.
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AS 11.2
Y haplogroup R1b is associated with an increased risk
of recurrent venous thrombosis in men
De Haan HG, Van Hylckama Vlieg A, Van Der Gaag KJ, De

Knijff P and Rosendaal FR

Leiden University Medical Center, Leiden, the Netherlands

Introduction: The recurrence risk of venous thrombosis is 1.5–2.5
higher in men than in women. Several explanations for the inequity by

sex have been proposed, such as differences in age and the inclusion of

hormone associated venous thrombosis, but none proved sufficient.

We hypothesized a role for the Y chromosome in recurrence risk in

men.

Aim: The aim of this study was to examine the effect of variation in

the male-specific region of chromosome Y (MSY) in recurrent venous

thrombosis in men.

Methods: In order to determine Y haplogroups according to the Y

chromosome phylogenetic tree, we genotyped 26 variants of the MSY

in the male participants of the MEGA follow-up study (1872 men with

a first event of whom 396 had a recurrence during follow-up). Consent

and ethical approval were obtained. For each haplogroup, we com-

pared the recurrence risk with all men in the other haplogroups by cal-

culating hazard ratios (HR) with 95% confidence intervals (CI).

Currently, we have genotype information of 815 men with a first event

of whom 195 had a recurrence during follow-up. Complete results for

the total study population will be available at the ISTH congress.

Results: Overall, we observed a cumulative incidence of recurrent

venous thrombosis of 33.1 (95% CI 27.9–38.3) per 1000 person

years. We identified 19 Y haplogroups among the 815 men, of which

haplogroups R1b and I were the most prevalent, 58.5% and 21.1%

respectively. The cumulative incidence of recurrent venous thrombo-

sis was 38.4 (95% CI 31.0–45.7) per 1000 person years in R1b carri-

ers compared with 25.8 (95% CI 18.7–32.9) in non-R1b carriers.

Carriers of haplogroup R1b had a 1.5-fold higher risk (95% CI 1.1–
2.1) of recurrent venous thrombosis than non-R1b carriers. Exclusion

of men of non-Dutch origin did not affect this association. We

observed no association between recurrent venous thrombosis and

carriers of haplogroup I compared with non-I carriers (HR 0.8, 95%

CI 0.5–1.1).
Conclusions: Our results show a predisposing effect of haplogroup R1b

on recurrence risk of venous thrombosis in men, which may explain

the inequity by sex in disease risk. Further study of haplogroup R1b

will provide insight in the biology and patho-physiology of recurrent

venous thrombosis.

AS 11.3
Whole exome sequencing of > 900 individuals
provides insight into genetic architecture of venous
thromboembolism
Smith EN1, Braekkan SK2, Carson AR1, Jepsen K1, Matsui H1,

Wilsgaard T3, Harismendy O1, Frazer K1 and Hansen JB2

1University of California, San Diego, La Jolla, CA, USA;
2University Hospital of North Norway; 3University of Tromsø,

Tromsø, Norway

Background: Presently known genetic variants, including common

variants identified in GWAS studies, explain 20–30% of venous

thromboembolism (VTE) events. Family and twin studies, however,

indicate that genetic factors account for about 60% of the VTE risk.

Thus, there is an opportunity to identify new gene variants involved in

the pathogenesis of VTE. Previously implicated loci include protein

coding variants in genes with common alleles of moderate effect (e.g.

ABO and F5), and genes with multiple private mutations (e.g. PROC

and PROS1), suggesting that a genome-wide search to identify com-

mon and rare coding variants may reveal additional loci and alleles.

Aims: We have applied whole exome sequencing to comprehensively

identify common and rare coding variants and tested for association

with VTE in a case-control study of > 900 individuals.

Methods: Cases who had a first VTE (n = 465) and matched controls

(n = 455) were identified from a population-based, nested, case-cohort

study (the Tromsø study) comprising 78% (n = 27,158) of the adult

residents of Tromsø in Norway. Exome sequencing was performed to

an average depth of ~1009 to identify common and rare variants.

Using the 1000 Genomes Project EUR individuals as reference, we

imputed genotypes at SNPs and indels at minor allele frequencies

(MAF) > 0.005 in the reference population. We have tested for associ-

ation with VTE across all sites and are currently performing rare vari-

ant collapsing tests of association. The study was approved by the

regional committee for research ethics, and all participants gave their

informed written consent to participate.

Results: Using whole exome sequencing, we identified 198,868 coding

variants including 116,930 missense, 2329 nonsense, and 79,609 synon-

ymous sites. Most sites were rare, with 82% with MAF < 5%. We

observed an association between severity of effect and MAF with more

deleterious groups of alleles tending to be rarer. We are currently

undergoing analyses to test for association between cases and controls

and will be performing common variant association similar to GWAS

studies and rare-variant association including collapsing variant tests.

Preliminary analyses verify previously known genetic risk factors and

also identify novel nominally associated variants in relevant pathways

such as the coagulation system, lipid metabolism, and microparticle

formation in VTE patients compared to age- and sex-matched con-

trols. Imputation to the whole genome resulted in high quality geno-

type information at 3.3 M SNPs and 300 K indels throughout the

genome, effectively covering ~1/3 of the genetic variation present at

MAF > 0.005.

Conclusions: This is the first study to comprehensively study protein-

coding genetic variation and its association with VTE. In addition to

replicating previously implicated sites, we have also identified novel

candidates potentially associated with VTE. Further studies will

include replication in larger cohorts.

AS 12 – Late Breaking Abstracts I

AS 12.1
The Anticoagulation of Calf Thrombosis (ACT) project:
results from the randomized controlled external pilot
trial
Horner D1, Hogg K2, Body R1, Nash MJ1, Baglin TPT3

and Mackway-Jones K1

1Central Manchester University Hospitals NHS Foundation Trust,

Manchester, UK; 2The Ottawa Hospital, Ottawa, ON, Canada;
3Cambridge University Hospitals NHS Foundation Trust,

Cambridge, UK

Background: There is currently little evidence defining the clinical

importance of detecting and treating isolated distal deep vein throm-

bosis (IDDVT). Contemporary international guidelines vary regarding

diagnostic and therapeutic advice. The potential benefits of anticoagu-

lation remain poorly defined.

Aims: We sought to evaluate the feasibility of a randomized controlled

trial within a modern cohort, to determine whether patients with ID-

DVT benefit from therapeutic anticoagulation.

Methods: A pragmatic, open label, external pilot randomized con-

trolled trial. Consecutive symptomatic IDDVT patients were

approached for inclusion, within an ambulatory thrombosis service.

Participants were randomized to receive either phased therapeutic

anticoagulation (intervention) or conservative management (control)

from diagnosis. Both groups received grade 2 compression stockings

and analgesia. All patients underwent assessor blinded color duplex

imaging after 7 and 21 days, and follow up at 3 months. Principal fea-
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sibility outcomes were recruitment rate and attrition, including loss to

follow-up and allocation crossover. The primary clinical outcome was

a composite of proximal propagation, pulmonary embolism, death

attributable to venous thromboembolic disease or major bleeding. Sec-

ondary clinical outcomes included propagation to any site (including

local extension confined to the calf), symptomatic progression and

minor/nuisance bleeding rates. Analysis was by intention to treat. The

trial protocol has been previously published.

Results: During the recruitment phase, 951 patients underwent ambu-

latory assessment for suspected DVT. Proximal disease was confirmed

in 104 cases. Acute IDDVT was detected in 93 cases. Of these patients,

79 were subsequently deemed eligible and 70 (88.6% of those eligible)

were recruited. 59/70 (84.3%, 95% CI 74.0–91.0%) patients completed

the full protocol. All patients but one were followed up by direct con-

tact after 90 days. A single patient (1.4%) was personally uncontact-

able: follow up occurred through medical record review and discussion

with the primary care practitioner. Allocation crossover occurred in 15

(21.4%) patients.

All predefined feasibility outcomes were successfully achieved. The pri-

mary clinical outcome occurred in 4/35 (11.4%) controls and 0/35 in

the intervention group (Absolute Risk Reduction [ARR] 11.4%, 95%

Confidence Interval [CI] �1.5 to 26.7, P = 0.11, number needed to

treat [NNT] of 9). There were no cases of major bleeding in either

group.

Regarding secondary clinical outcomes, propagation to any site

occurred in 11/35 (31.4%) of conservatively treated patients compared

with 2/35 (5.7%) of those randomized to anticoagulation (ARR

25.7%, 95% CI 5.9 to 44.3%, P = 0.001, NNT 4). Pain scores at day 7

rose from baseline in a significantly higher number of patients treated

conservatively, compared to patients treated by therapeutic anticoagu-

lation (6/35 vs. 0/35, P = 0.03). Minor bleeding occurred in 3/35

(8.6%) controls and 7/35 (20.0%) anticoagulated patients (P = 0.31).

Nuisance bleeding rates were equivocal.

Conclusion: We have established feasibility for a definitive trial on the

value of therapeutic anticoagulation for IDDVT. Our pilot study cur-

rently provides the largest prospective randomized clinical dataset on

this topic and demonstrates a non-significant trend towards reduction

of serious complications with anticoagulation. This highlights the

importance of further evaluation with an appropriately powered

design.

Trial Registration – ISCTRN 75175695

AS 12.2
Apixaban for the treatment of symptomatic deep-vein
thrombosis and pulmonary embolism: a randomized,
double-blind trial (AMPLIFY)
Agnelli G, Buller HR, Cohen A, Curto M, Gallus AS, Johnson M,

Masiukiewicz U, Pak R, Thompson J, Raskob GE and Weitz JI

AMPLIFY Investigators, Italy

Background: Apixaban, an oral factor Xa inhibitor administered in

fixed doses, may simplify the treatment of acute venous thromboem-

bolism. In a previous study, apixaban was shown to be highly effective

for the prevention of recurrent venous thromboembolism in patients

who had completed 6–12 months of anticoagulant therapy and was

associated with rates of major bleeding comparable to placebo [1].

Aims: To compare the efficacy and safety of apixaban alone with those

of conventional anticoagulant therapy consisting of low-molecular-

weight heparin followed by a vitamin K antagonist in patients with

acute symptomatic venous thromboembolism.

Methods: This randomized, double-blind trial compared apixaban,

10 mg twice daily for 7 days followed by 5 mg twice daily for

6 months, with conventional therapy consisting of subcutaneous

enoxaparin followed by warfarin in patients with acute symptomatic

proximal deep-vein thrombosis and/or pulmonary embolism

(NCT00643201). The study was designed to test the hypothesis that

apixaban would be non-inferior to conventional therapy for the pri-

mary efficacy outcome. The criteria for non-inferiority required that

the upper limit of the 95% confidence intervals were below pre-speci-

fied margins for both the relative risk (< 1.8) and the risk difference

(< 0.035).

The primary efficacy outcome was symptomatic recurrent venous

thromboembolism or venous thromboembolism-related death. The

principal safety outcomes were major bleeding and major bleeding

plus clinically relevant nonmajor bleeding. The diagnosis at study

entry, the extent of initial deep-vein thrombosis or pulmonary embo-

lism, and all suspected outcomes were adjudicated by an independent

committee whose members were unaware of study group assignments.

The trial was sponsored by Bristol-Myers Squibb Company and Pfizer

Inc. The protocol was approved by the institutional review board at

each participating center, and written informed consent was obtained

from all patients.

Results: Five thousand four hundred patients were enrolled at 358 cen-

ters in 28 countries. The baseline characteristics of the treatment

groups were similar. The diagnosis at study entry was deep-vein

thrombosis in 67% of patients and pulmonary embolism with or with-

out deep-vein thrombosis in 33%.

Summary/conclusions: Final results for the efficacy and safety out-

comes will be presented.

Reference: 1. Agnelli G, Buller HR, Cohen A, et al. Apixaban for

extended treatment of venous thromboembolism. N Engl J Med. 2013;

368: 699–708.

AS 12.3
Dalteparin sodium for the long-term management of
venous thromboembolism in cancer patients. The
DALTECAN Study
Kakkar A1, Kessler C2, Goldhaber SZ3, Kovacs MJ4, Spyropoulos

AC5, Ortel TL6, Pabinger I7, Huisman MV8, Bergqvist D9, Monreal

M10, Turpie AG11 and Francis CW12

1University College London, London, UK; 2Georgetown

University Medical Center, Washington, DC; 3Brigham and

Women’s Hospital, Harvard Medical School, Boston, MA, USA;
4University of Western Ontario, London, ON, Canada; 5North

Shore/LIJ Health System, Lenox Hill Hospital, Hofstra School of

Medicine, New York, NY; 6Duke University Medical Center,

Durham, NC, USA; 7Medical University of Vienna, Vienna,

Austria; 8Leiden University Medical Center, Leiden, The

Netherlands; 9University Hospital Uppsala, Uppsala, Sweden;
10Hospital Universitari Germans Trias i Pujol, Barcelona, Spain;
11McMaster University, Hamilton, ON, Canada; 12University of

Rochester Medical Center, Rochester, NY, USA

Background: Venous thromboembolism (VTE) is a common and

potentially life-threatening complication in patients with malignant

disease. Current treatment guidelines recommend anticoagulation with

a low molecular weight heparin for at least 3–6 months, or for the

duration of the malignancy. Uncertainty exists whether to extend anti-

coagulation longer to prevent recurrent thromboembolism.

Aim: The DALTECAN Study was undertaken to determine whether

extending anticoagulation with dalteparin in cancer-associated VTE

beyond 6 months has an acceptable safety and adherence profile.

Methods: Patients with active cancer and newly diagnosed VTE were

enrolled in a single-arm multi-center study and received treatment with

dalteparin 200 IU/kg daily subcutaneously for 1 month, followed by

150 IU/kg daily for the subsequent 11 months. Bleeding and recurrent

VTE were centrally adjudicated to determine their incidence rates in

month 1, months 2–6, and months 7–12 following enrollment.

Results: Three hundred and thirty-four patients with VTE and active

cancer were treated with dalteparin, of whom 185 (55.4%) completed

6 months of therapy and 109 (33%) completed 12 months. Overall,
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92% of the patients had solid tumors, with lung (16.8%), breast

(9.3%), or pancreas (9.3%) as the prevailing primary sites. Baseline

ECOG performance status was 0 (29.6%), 1 (48.8%), 2 (20.7%), and 3

(0.3%), with two subjects’ status unknown. Therapy adherence was

96% across the entire cohort, with a median treatment duration of

214 days. The overall frequency of major bleeding was 10.2%,

observed at a rate of 1.3% per patient-month. The highest major

bleeding rate was in the first month of dalteparin therapy at 3.6%,

with a frequency declining to 1.1% during months 2–6, and 0.7% over

months 7–12, with no statistically significant difference in rates

between months 2–6 and 7–12 (P = 0.39). The incidence of new or

recurrent VTE was 11.1% (37 patients), a rate of 1.4% per patient-

month. The rate was highest for month 1 at 5.7%, falling thereafter to

0.8% per month for months 2–6 (incidence 3.4%) and 0.7% per month

for months 7–12 (incidence 4.1%). Death occurred in 154 patients, of

whom 115 died during the study period and had an adjudicated death.

Among these 115 deaths, 105 were due to underlying cancer, four due

to VTE, two due to bleeding, and the remaining four deaths were due

to other causes.

Summary: Extending dalteparin therapy in patients with VTE and can-

cer beyond 6 months is not associated with an increase in bleeding

compared to the initial period of therapy. The risks for developing

major bleeding complications were greatest in the first month of ther-

apy and decreased over the subsequent 11 months. The risk for VTE

recurrence was also greatest in the first month after initiating daltepa-

rin, decreased subsequently thereafter, and remained low during the

observation period. The adherence rate was high, confirming that an

extended LMWH regimen with dalteparin in cancer patients is feasi-

ble.

AS 12.4
Safety, efficacy and pharmacokinetics of nonacog beta
pegol (N9-GP) for prophylaxis and treatment of
bleeding episodes in patients with haemophilia B
Collins PW1, Colberg T2, Young G3, Abdul Karim F4,

Angchaisuksiri P5, Gursel T6, Mahlangu J7, Matsushita T8,

Mauser-Bunschoten E9, Oldenburg J10, Walsh C11, Knobe K2,

Negrier C12 and ParadigmTM2 investigators
1Arthur Bloom Haemophilia Centre, School of Medicine, Cardiff

University, Cardiff, UK; 2Medical and Science, Haemophilia,

Novo Nordisk A/S, Søborg, Denmark; 3Children’s Hospital Los

Angeles, Los Angeles, CA, USA; 4Haemophilia Centre, National

Blood Centre – Pusat Darah Negara, Kuala Lumpur, Malaysia;
5Ramathibodi Hospital, Bangkok, Thailand; 6Gazi University,

Ankara, Turkey; 7Haemophilia Comprehensive Care Centre,

Johannesburg, South Africa; 8Nagoya University Hospital,

Nagoya, Japan; 9Van Creveldkliniek/UMCU, Utrecht, The

Netherlands; 10University Clinic Bonn, Bonn, Germany; 11Mount

Sinai School of Medicine, New York City, NY, USA; 12Hopital

Edouard Herriot, Lyon, France

Background: Nonacog beta pegol (N9-GP) is a glycoPEGylated

recombinant factor IX (rFIX) with a significantly longer plasma half-

life (93 h) as compared to currently available plasma-derived and

recombinant FIX products (18–19 h).1 N9-GP is therefore expected to

reduce the burden of treatment by decreasing dosing frequency in pro-

phylaxis as well as controlling bleeding episodes with fewer injections.

In this phase 3 trial, paradigmTM 2, two different prophylaxis dose lev-

els of N9-GP were tested, along with an on-demand treatment arm.

Aims: The primary objective of this trial was to evaluate immunogenic-

ity of N9-GP. Key secondary objectives were to assess therapeutic and

prophylactic efficacy, pharmacokinetic (PK) properties and general

safety of N9-GP.

Methods: Haemophilia B patients with ≤ 2% FIX activity, aged 13–
70 years, with no history of inhibitors and at least 150 exposures days

(ED) to other FIX products were included. The trial was approved by

local IRB/REC and all participants signed an informed consent before

any trial related activity. The aim was to have at least 25 patients com-

pleting each prophylaxis arm and at least 10 patients completing the

on-demand treatment arm. Patients for the two prophylaxis regimens

were randomised to once weekly N9-GP dosing of 10 or 40 U/kg,

respectively, for 52 weeks. Treatment in the on-demand arm lasted for

28 weeks. Here patients were dosed with 40 or 80 U/kg for mild/mod-

erate or severe bleeding episodes respectively. Same treatment regimen

was used for prophylaxis patients experiencing breakthrough bleeding

episodes. Immunogenicity was evaluated as the primary endpoint; inci-

dence of inhibitory antibodies against FIX defined as titre ≥ 0.6 Beth-

esda Units (BU). Efficacy endpoints included frequency of bleeds

among prophylaxis patients, haemostatic response to N9-GP infusion

based on a 4-point categorical scale, as well as FIX activity as a surro-

gate marker. Following completion of the dosing period, all patients

were offered continued treatment with N9-GP in the extension trial,

paradigmTM 4.

Results: The trial is on-going, though recruitment has been completed.

Results will be presented at the meeting.

Conclusions: Conclusions will be presented at the meeting.

Reference: 1. Negrier et al. Blood 2011; 118(10): 2695–2701.

AS 12.5
An antibody to thrombin’s exosite 1 prevents
thrombosis without causing bleeding
Baglin T1, Langdown J1, Ivanciu L2, Camire R2, Ali M3, Philippou

H3 and Huntington J1

1Department of Haematology,University of Cambridge,

Cambridge University Hospitals, Cambridge, UK; 2Department of

Haematology, Children’s Hospital of Philadelphia, Philadelphia,

PA, USA; 3Academic Unit of Molecular Vascular Medicine,

University of Leeds, Leeds, UK

A 53 year old female presented with a subdural haematoma following

a head injury. The coagulation screen indicated a severe coagulopathy

(prothrombin time 50 s, APTT 190 s, thrombin time > 100 s). An

inhibitor was demonstrated by mixing studies, and was identified as an

anti-thrombin IgA paraprotein at 3 g/L. The antibody was purified by

Jacalin agarose, thrombin agarose and size-exclusion chromatography.

The Kd was determined to be in the low nanomolar range, with a fast

on- and slow off-rate (1 9 106/M/s and 1 9 10�3/s, respectively). The

antibody was completely unable to bind prothrombin. The antibody

did not block the active site of thrombin as shown by cleavage of small

substrates and inhibition by antithrombin. Exosite 1 binding was sug-

gested by the ability of the antibody to inhibit fibrinogen cleavage in a

purified system, and a 30% increase in rate of S-2238 cleavage. Com-

petitive binding with fluorescently labeled hirugen confirmed exosite 1

as the binding site on thrombin. A Fab fragment was prepared from

the antibody by papain cleavage and co-crystallised with human

PPACK-Thrombin, and a 1.9 �A structure was solved showing an

interaction between CDRH3 and exosite 1.

Whilst at first it appeared the patient had a severe bleeding disorder

this was not the case. She had undergone knee surgery 6 months

before presentation. A pre-operative coagulation screen had not been

performed. There was no abnormal bleeding during or after surgery

although it is highly likely that the paraprotein was present at the time.

She also made a rapid complete recovery following the subdural

haematoma with full resolution of the haematoma without rebleeding

without treatment. Five years later she remains well with no spontane-

ous haemorrhage or bleeding after further trauma. These observations

suggested that the IgA does not inhibit normal haemostasis, but that it

might prevent thrombosis.

In a mouse femoral vein 10% ferric chloride injury model using fluo-

rescein labelled fibrinogen, the antibody at concentrations > 40 nM

completely abolished fibrin deposition. Up to, and including the high-
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est concentration used (4 mM), tail bleeding times were not prolonged.

In a murine carotid artery occlusion model, with a 5% ferric chloride

injury, the antibody was able to prevent arterial occlusion and main-

tain blood flow. At the maximum concentration studied (400 nM),

blood loss from a tail clip was not increased compared to saline con-

trols.

We have identified an antibody that appears to prevent thrombosis

without causing bleeding. A therapeutic derivative of this IgA might

thus permit unlimited dose escalation of antithrombotic therapy with-

out increasing bleeding – the Holy Grail of thrombosis research.

AS 13 – Role of FXII Activation in
Mechanism of Thrombosis

AS 13.1
Histidine-rich glycoprotein binds to DNA, RNA and
fXIIa with high affinity and attenuates contact-
mediated coagulation in a mouse model of arterial
thrombosis
Vu T, Zhou J, Leslie BA, Stafford AR, Fredenburgh JC and Weitz JI

McMaster University, Hamilton, ON, Canada

Background: Histidine-rich glycoprotein (HRG) is an abundant

plasma protein that binds fibrin(ogen) and other plasma proteins, but

whose function is unclear. The activated partial thromboplastin time

(aPTT) is shortened in HRG deficient humans and mice; and we have

previously shown that HRG modulates the contact pathway by bind-

ing factor (f) XIIa (Kd 21 nM) and attenuating its capacity to activate

fXI. Because DNA and RNA serve as physiological activators of the

contact pathway, the capacity of HRG to bind polyanions may endow

it with a regulatory role in thrombosis.

Objective: To quantify HRG modulation of DNA- and RNA-medi-

ated activation of the contact pathway in vitro and in a mouse model

of arterial thrombosis.

Methods: Binding of HRG to DNA and RNA was assessed by surface

plasmon resonance (SPR). The inhibitory effects of HRG on fXII acti-

vation and fXIIa and thrombin activation of fXI were assessed with

chromogenic assays. The effects of HRG on DNA- and RNA-medi-

ated activation of coagulation were assessed in clotting assays using

human and mouse plasma. To explore effects in vivo, we compared the

time to occlusion (TTO) after FeCl3-induced carotid artery injury in

HRG (�/�) and wild-type mice.

Results: SPR analyses reveal that HRG binds DNA and RNA (Kd val-

ues of 0.9 � 1.3 and 1.4 � 1.6 nM, respectively). Consistent with

binding, HRG inhibits DNA-mediated (a) fXII activation by kallik-

rein (IC50 = 22 nM), (b) activation of fXI by fXIIa (IC50 = 460 nM),

and (c) feedback activation of fXI by thrombin (IC50 = 3600 nM).

HRG inhibits RNA-mediated activation and propagation of the con-

tact pathway with similar potency. The concentrations of DNA and

RNA required to shorten the aPTT by 50% in HRG-depleted human

plasma are 8- and 24-fold lower, respectively, than in control plasma;

a difference that is abolished when the deficient plasma is supple-

mented with 2 lM HRG. Similar results are obtained when DNA or

RNA is used to activate plasma from HRG (�/�) and wild-type mice;

and addition of human HRG to plasma from HRG (�/�) mice

abrogates the difference. In an arterial injury model, the TTO in

HRG (�/�) mice is 11.8 � 2.8 min, whereas that in wild-type mice is

over 30 min (P < 0.0005); this difference is abolished when HRG (�/�)

mice are administered 2 lM human HRG.

Conclusions: HRG binds DNA, RNA and fXIIa with high affinity and

is a potent inhibitor of contact-mediated activation of coagulation.

HRG (�/�) mice exhibit accelerated thrombosis compared to con-

trols; a difference that is abrogated with HRG administration. These

data suggest that HRG attenuates contact-mediated thrombosis by

modulating the prothrombotic properties of fXIIa and extracellular

nucleic acids.

AS 13.2
Selective depletion of contact factors with antisense
oligonucleotides attenuates catheter thrombosis in
rabbits
Yau JW1, Liao P1, Stafford AR1, Fredenburgh JC1, Revenko AS2,

Monia B2 and Weitz JI1

1Thrombosis and Atherosclerosis Research Institute, Hamilton,

ON, Canada; 2Isis Pharmaceuticals, Inc., Carlsbad, CA, USA

Background: Indwelling central venous catheters can trigger upper

extremity deep vein thrombosis and pulmonary embolism. Neither

low-dose warfarin nor low-molecular-weight heparin prophylaxis pre-

vents this problem. Recently, we reported that upstream inhibition at

the level of factor (f) XIIa was better than downstream inhibition at

the level of fXa and thrombin to prevent catheter-related thrombosis

in vitro and in vivo (Blood 2011; 118(25):6667–6674 and Acta Biomater

2012; 8(11):4092–4100). This demonstrates that the contact pathway

plays an important role during catheter-induced clotting.

Aim: To further explore the role of the contact pathway in catheter

thrombosis, we used antisense oligonucleotides (ASO) to knock down

the levels of fXII, fXI or high-molecular-weight kininogen (HK) in

rabbits and examined their effect on the time to catheter occlusion

(TTO) in both an acute and a chronic model.

Methods: Rabbits (n = 6–8/group) were randomized to receive 30 mg/

kg/week of control, fXII-, fXI- or HK-directed ASO for 4 weeks.

Hepatic mRNA levels and plasma protein levels were quantified. Acti-

vated partial thromboplastin times (APTT) and prothrombin times

(PT) were also measured. To initiate the occlusion study, a 6 F cathe-

ter was inserted into the right atrium via the jugular vein. In the acute

study, blood was withdrawn from the catheter every 5 min and

re-injected, and the catheter was then flushed with saline. TTO was

determined as the time when blood could no longer be withdrawn

from the catheter. TTO was scored as 4 h if catheter occlusion did not

occur. In the chronic study, blood was withdrawn once-daily and TTO

was determined as the time when saline could no longer be injected, or

scored as 30 days if catheter occlusion did not occur.

Results: Specific ASO treatment reduced hepatic mRNA levels of fXII,

fXI and HK by 97%, 84% and 57%, respectively, and plasma protein

levels by 97%, 96% and 87%, respectively; whereas the control ASO

had no effect on any parameters. FXII-, fXI-, or HK-directed ASOs

prolonged the APTT in rabbits by 4.7-, 3.6-, and 3.1-fold compared

with rabbits given control ASO, whereas PT in rabbits showed no dif-

ference between the ASO groups. In the acute occlusion study, the

mean TTO (� standard deviation) in the control group was

40.5 � 6.2 min. fXII-, fXI- and HK- directed ASO treatments signifi-

cantly prolonged the mean TTO by 2.8-, 4.4-, and 2.6-fold, respectively

(P < 0.05). In the chronic study, the mean TTO in the control group

was 10.3 � 6.5 days. FXII- and fXI- directed ASO treatments signifi-

cantly prolonged (P < 0.01) the mean TTO by 2.0- and 2.5-fold,

respectively, whereas the HK-directed ASO had little effect.

Summary/Conclusions: fXII- or fXI- directed ASO attenuates catheter

thrombosis in both acute and chronic rabbit models. These findings

support the role of the contact pathway in catheter thrombosis,

thereby identifying new targets and novel methodology to prevent

thrombosis in patients with indwelling central venous catheters.
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AS 13.3
Factor XII promotes blood coagulation independent of
factor XI in the presence of long chain inorganic
polyphosphates
Puy C1, Tucker EL1, Wong ZC1, Gruber A1, Gailani D2, Smith SA3,

Choi SH3, Morrissey JH3 and McCarty OJT1

1Oregon Health & Science University, Portland, OR; 2Vanderbilt

University School of Medicine, Nashville, TN; 3University of

Illinois, Urbana, IL, USA

Background: Inorganic polyphosphates (polyP), which are secreted by

activated platelets (short chain polyP) and accumulate in bacteria

(long chain polyP), support the contact activation of factor XII (FXII)

and accelerate the activation of factor XI (FXI) by thrombin. FXII-

deficient mice have been shown to be more resistant to FeCl3-induced

arterial occlusion than either factor IX (FIX) or FXI deficient mice,

suggesting that FXII also contributes to thrombosis in a FXI-indepen-

dent manner in vivo. It has been shown that the injection of polyP

induces coagulopathy in mice in a FXII-dependent manner, but the

role of FXI in this process remains unclear.

Aims: The aim of the present study was to determine whether FXII

activation by polyP promotes blood coagulation and experimental

thrombus formation in a FXI-independent manner.

Methods and Results: Both long and short polyP promoted thrombin-

initiated coagulation of plasma in a concentration-dependent manner.

Neither the activated factor X (FXa) inhibitor, rivaroxaban, nor anti-

bodies that inhibit FXI activation by activated FXII (FXIIa) or FIX

activation by activated FXI (FXIa) were able to inhibit the procoagu-

lant effect of long polyP. In contrast, the FXIIa inhibitor, corn trypsin

inhibitor (CTI), blocked the procoagulant effect of long polyP, sug-

gesting that the activation of FXII by polyP promotes coagulation in a

FXI-independent manner. In purified system, long polyP significantly

enhanced the rate of FXII activation in presence of prekallikrein (PK)

and high molecular weight kininogen (HK) and the rate of PK activa-

tion by FXIIa. We observed that long polyP enhanced the rate of FXI

activation by a-thrombin. In contrast, polyP did not increase FXI acti-

vation by FXIIa. In the presence of FXII, PK and HK, long and short

polyP blocked the generation of FXIa, suggesting that the activation

of FXII by polyP promote kallikrein generation but not FXI activa-

tion. We found that addition of 50 lM long polyP decreased the recal-

cification time of FXI-deficient plasma by up to 60%. The

procoagulant activity of long polyP in FXI-deficient plasma was inhib-

ited by a blocking FIX antibody, and eliminated by the presence of

CTI or rivaroxaban, suggesting that the activation of FXII by long

polyP shortens the clotting time of FXI- deficient plasma in a manner

that is dependent of FIX and FX. In a purified system, FXIIa was

unable to activate FIX or FX but the activation of PK by long polyP

promoted FIXa generation. We also observed that FXIIa could acti-

vate prothrombin in a dose dependent manner. In an ex vivo model of

occlusive thrombus in which recalcified human blood was driven

through collagen and tissue factor (TF)-coated capillary tubes, inhibi-

tion of FXIIa with CTI but not of FXI with a neutralizing antibody

abolished the prothrombotic effect of long polyP.

Summary/Conclusions: We propose that in addition to its established

effects on FXI activity and FXII activation, long polyP promotes

FXII-mediated blood coagulation, bypassing FXI. Accordingly, some

polyP containing pathogens may have evolved strategies to exploit

polyP-initiated FXII activation for virulence, and selective inhibition

of FXII may improve the host response to pathogens.

AS 14 – Methods and Relevance of
Microparticle Detection

AS 14
Microparticle detection: why and how?
Harrisson P

University of Birmingham Medical School, Birmingham, UK

Microvesicles (MV), exosomes and apoptotic bodies (collectively

known as extracellular vesicles or EV) are becoming recognised as

potentially important biomarkers in many diverse areas of clinical

research. It is clear that they play previously unrecognised important

roles in normal cellular physiology and provide novel intercellular

communication mechanisms. Their levels in body fluids are probably

an accurate reflection of health or disease of specific organs and tis-

sues and the underlying inflammatory and activation status of the

vascular endothelium and circulating blood cells. The circulating

pool of EV are heterogeneous (derived from platelets, leucocytes,

erythrocytes, the vascular endothelium or other tissues), small (tradi-

tionally it was thought that exosomes range from 50 to 100 nm, MV

from 100 to 1000 nm and apoptotic vesicles 1–3 l in size, but in

reality there is considerable overlap between the three main types),

can express antigens from their cell of origin, are often procoagulant

(with expression of anionic phospholipids) and sometimes carry

nucleic acids (e.g. mRNA and microRNA). Pre-analytical variables

are important (e.g. blood sampling, processing, centrifugation (num-

ber of steps, time, g values etc), isolation techniques and storage of

samples) as they can significantly impact upon EV measurement.

The ISTH vascular biology SSC has made a number of recommen-

dations about pre-analytical and analytical variables that will help to

improve standardization of their measurement. Despite this it is

clear that the centrifugation steps used to measure or isolate plasma

EV will result in the loss of larger vesicles. Most traditional MV

assays are based upon (i) Measurement of procoagulant potential

(e.g. thrombin generation or clotting based assays), (ii) Capture

using specific ligands (e.g. Annexin-V) or specific antibodies (e.g.

Tissue factor) (iii) Measurement of their size (by electron micros-

copy) and (iv) concentration and phenotype (by flow cytometry).

More recently proteomic and genomic screening of purified EV have

revealed unique signatures. Although there are many methods avail-

able to measure circulating EV, most methods also exhibit significant

limitations and standardization issues. For example the procoagulant

and/or Annexin-V capture assays by definition only measure proco-

agulant EV and do not provide information on phenotype (i.e. ori-

gin) and size. Although EV size, number and phenotype can be

potentially measured by flow cytometry, many instruments cannot

reliably measure EV below ~500 nm, although new generation

cytometers are beginning to significantly extend this threshold down to

below 200 nm and beyond. Measurement of EV by flow cytometry

is again an area where standardization is very important and use of

calibration beads has been recommended by the ISTH vascular biol-

ogy SSC to control for instrument noise and set defined size gates.

A number of alternative technologies have now been investigated for

measuring EV (e.g. Atomic Force Microscopy and Nanoparticle

Tracking Analysis) and suggest that the number of EV in plasma

may be considerably underestimated by flow cytometry. Comparison

of methods using different types of calibration beads and biological

standards should therefore help to confirm and fully understand

these observations. Standardised and accurate measurement of EV

(including their size, phenotype (origin), content and concentration)

could therefore provide novel diagnostic and prognostic markers of

various disease states.
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AS 14.1
The activation pathway determines the properties of
platelet-derived microvesicles
Aatonen MT, Gr€onholm M, Lopez-Contreras D and Siljander PRM

University of Helsinki, Helsinki, Finland

Platelets release microvesicles (MVs) both from plasma membrane

(microparticles, PMPs) and from endosomal route (exosomes).

Changes in in vivo platelet-MV levels correlate to various physiological

(e.g. gender, age, pregnancy, exercise) and pathological states. There-

fore, we have used different activating pathways to induce MV forma-

tion and systemically compared their number, size and molecular

make-up.

Platelets were isolated from healthy volunteers with modified gradient-

procedure to improve sample purity and activated with physiologically

relevant agonists on comparison to Ca2+-ionophore (A23187).

Enriched microparticle and exosome populations were isolated with

differential centrifugation method. MVs number and size distribution

were analyzed by nanoparticle tracking analysis (NTA) and correlated

with total protein, lipids and EM, respectively. Proteomic comparison

was made from pooled samples of six healthy donors with LTQ-Orbi-

trap-XL mass spectrometry.

Size distribution data from NTA and EM showed that 64–85% of

MVs were < 250 nm depending on activation and 95–99% were

< 500 nm. Only 0.5–5% of PMVs were in the 0.5–1 lm range. PMVs

induced by thrombogenic/immunological or A23187 -pathways

showed significant differences in the total protein and the lipid

amounts and the proteomic cargo compared to their time-matched

constitutively formed controls. Proteomic analysis of PMVs identified

proteins of cytoplasmic (47%), surface (16%), organelle (15%) and

unknown (14%) origins and 8% as secreted proteins. From 537 total

proteins, 12 proteins were shared by all the exosome and PMP condi-

tions, including CD9 and a-IIb integrin. 60% of proteins were unique

to each condition, whereas Multimerin-1 was found in all exosomes

but not in PMPs.

Our data show that the activation pathway significantly modulates the

quantity and the molecular composition (protein/lipid) of the subse-

quently formed PMVs, but not so much their size distribution. The

scarcity of PMVs in the 0.5–1 lm range strongly urges to re-evaluate

the data obtained with the 1st generation flow cytometers. Agonist-

specific proteomic profiles suggest that different PMVs should be indi-

vidually tested in cell biological assays to reveal the physiological and

pathological significance of PMVs.

AS 14.2
Physical interpretation of the size and concentration of
extracellular vesicles measured by advanced
techniques
Van Der Pol E1, Gardiner C2, Harrison P3, Sturk A1, Van Leeuwen

TG1 and Nieuwland R1

1Academic Medical Center, University of Amsterdam,

Amsterdam, the Netherlands; 2John Radcliffe Hospital; 3Churchill

Hospital, Oxford, UK

Background: Novel advanced techniques are utilized to determine the

size and concentration of extracellular vesicles. All techniques provide

data, but often the measured physical quantity or units are different,

precluding comparison and validation of measurements with estab-

lished techniques. We have developed a model to enable data compari-

son between five different techniques that are increasingly used to

detect vesicles.

Aims: Facilitate data comparison between different techniques based

on the underlying physical parameters of each technique and provide

thorough insight in the application and limitations.

Methods: A heterogeneous mixture of beads (Thermo Fisher Scientific,

Waltham, MA, USA) of known size and concentration and a standard

population of vesicles from human cell-free urine (n = 5) were prepared

and analyzed by single particle tracking (SPT; Nanosight NS500), resis-

tive pulse sensing (RPS; Izon qNano), a novel flow cytometer (Apogee

A50-Micro), a conventional flow cytometer (BD FACSCalibur), and

transmission electron microscopy (TEM). Data interpretation and com-

parison is enabled by presenting size distributions on the same absolute

scale using a physical model, including data from TEM and flow

cytometry, which was previously impossible. The size distributions

from the well-characterized mixture of beads were used to investigate

the capabilities of each technique, thereby facilitating the interpreta-

tion of data obtained from the standard population of vesicles.

Results: Using the beads we obtained that, among the techniques capa-

ble of measuring in suspension, surprisingly, flow cytometry can

resolve the smallest differences in size, whereas SPT detects the small-

est vesicles, and RPS is most accurate in determining the concentra-

tion. All methods produce different size distributions and

concentrations for the standard population of vesicles.

Conclusions: Various detection techniques produce different size distri-

butions and concentrations for a standard population of vesicles.

However, most differences can be explained based on the underlying

physical parameters of the technique, which we have investigated using

a well-characterized mixture of beads. Since the techniques have diver-

gent capabilities, the most suitable technique for detecting vesicles

depends on the requested information.

AS 14.3
Microparticles from blood plasma revealed by
cryo-electron microscopy, receptor-specific gold
labeling and flow cytometry
Brisson AR, Arraud N, Tan S, Linares R and Gounou C

University of Bordeaux, Bordeaux, France

Microparticles (MPs) derived from activated or apoptotic cells are

found in plasma and other body fluids in physiological conditions and

are present at elevated levels in various diseases, including cardiovas-

cular diseases and cancer. MPs present surface receptors originating

from their parental cells, which has promoted the concept of using

MPs as biomarkers of diseases. However, research on MPs is rendered

difficult by their small size and by the limitations of analytical methods

currently in use.

Our overall aim is two-fold, first to improve our basic understanding

on MPs by describing the size, morphology and phenotypes of MPs in

physiological and pathological conditions, and second to develop reli-

able methods of EV detection and quantification.

In this initial study, we focused on MPs from platelet-free plasma

(PFP) samples of healthy donors. Cryo-Electron Microscopy (EM)

was used to reveal the morphology and size of the various types of par-

ticulate material present in pure plasma. Gold nanoparticles function-

alized with various types of ligands were developed and used for

labeling selected sub-populations of MPs, principally MPs exposing

phosphatidylserine (PS), MPs derived from platelets and MPs derived

from red blood cells, using Annexin-5 (Anx5), anti-CD41 and anti-gly-

cophorin antibodies (Abs), respectively. In parallel, flow cytometry

analysis of PFP was performed, focusing essentially on Anx5-binding

MPs.

We found that PFP samples contain three main morphological types

of MPs, consisting of spherical MPs, tubular-shaped MPs and large

cell fragments. Spherical MPs constitute about 75% of all MPs present

in PFP, most of them ranging in diameter from 50 to 500 nm. Tubular

MPs form about 15% of all MPs, with a length extending over 5 lm,

while large cell fragments extend up to 10 lm. Strikingly, we found

that, in PFP, the sub-population of MPs that expose PS and bind

Anx5 comprises only 25% of all MPs. We found also that about 20%

of PFP MPs expose CD41, while most of the large cell fragments

derive from red blood cells. Size histograms of the whole MP popula-

tion and of the sub-populations of PS-positive, CD41-positive and gly-

cophorin-positive MPs were determined, for the first time. In addition,
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the influence of treatments like aging, centrifugation and freeze-thaw-

ing on MPs’ structure and PS-exposure was investigated, showing a

direct influence of some of these parameters on PS-exposure.

This study provides novel basic knowledge on plasmatic MPs and will

serve as a reference for characterizing MPs in various pathological

situations.

AS 15 – New Approaches to
Antiplatelet Therapy

AS 15.1
Clinical implications of very low on-treatment platelet
reactivity in patients treated with thienopyridines: the
poba study (predictor of bleedings with antiplatelet
drugs)
Cuisset T1, Grosdidier C2, Quilici J1, Morange PE2, Bonnet J-L1

and Alessi M-C2

1Service de Cardiologie; 2UMR Inserm 1062, Marseille, France

Background: New P2Y12 blockers and platelet monitoring has been

proposed to optimize platelet inhibition after acute coronary syn-

drome (ACS) and improve ischemic outcomes. However, bleeding

complications remain the ‘Achilles’ heel’ of antiplatelet therapy and

platelet monitoring could be useful to evaluate this risk.

Aims: The present study was designed to define the ‘hyper response’ to

thienopyridine (very low on-treatment platelet reactivity (VLTPR)) as

the most predictive threshold value of Platelet reactivity index VASP

(PRI VASP) for prediction of non access-site related bleeding events.

We also aimed to identify predictors of bleeding and VLTPR in

patients treated with thienopyridines.

Methods and Results: One thousand five hundred and forty-two con-

secutive patients undergoing coronary stenting for ACS were included

in the present study (287 on clopidogrel 75 mg, 868 on clopidogrel

150 mg and 387 on prasugrel 10 mg). During 6-month follow-up, 9%

of patients (n = 139) suffered from non-access site related BARC

bleeding complications. These patients were more often women, non-

diabetic and had lower PRI VASP values than others (P < 0.001).

ROC curves analysis (AUC = 0.71, P < 0.01) identified a threshold

value for VLTPR of PRI VASP ≤ 10% to predict bleeding events with

a sensitivity of 17% and a specificity of 97%. While prasugrel was the

main predictor of VLTPR in the whole population (OR [95% CI]: 10.2

[3–34.2]; P < 0.001), VLTPR was the strongest and independent pre-

dictor of bleeding (OR [95% CI]: 4.7 [2.7–8.3]; P < 0.001).

Conclusion: The present study identified VLTPR (PRI VASP ≤ 10%)

as the strongest predictor of bleeding complications in patients treated

with thienopyridines. This marker could be useful for tailored therapy

and bleeding prevention.

AS 15.2
First ex vivo and in vivo assessment of anfibatide, a
novel glycoprotein Ib-IV-V complex antagonist, in
healthy human volunteers in phase I clinical trial
Li BX1, Dai X2, Yang Z2, Qian F2, Zhang G2, Xu Z2, Liu J3, Liang

C1, Reheman A4 and Ni H4

1Lee’s Pharmaceutical Holdings Limited., Shatin, Hong Kong;
2Zhaoke Pharmaceutical co. ltd., Anhui; 3School of Life Sciences,

University of Science and Technology of China, Hefie, China;
4Canadian Blood Services and St. Michael’s Hospital, University

of Toronto, Toronto, ON, Canada

Background: Platelet adhesion and aggregation at the site of vascular

injury are critical for hemostasis and thrombosis. It has been well

accepted that interaction between the GPIb complex and von Wille-

brand factor (VWF) plays a key role in initiation of platelet adhesion,

particularly at high shear. Platelet surface integrin aIIbb3, through
interaction with fibrinogen or other ligands, then mediates platelet

aggregation and formation of a hemostatic plug or thrombus.

Recently, the indispensable role of the GPIb-VWF interaction in plate-

let aggregation at extremely high shear (e.g. > 10,000/s; areas of steno-

sis following arteriosclerosis and/or thrombus growth) has been

highlighted. Therefore, both the GPIb complex and aIIbb3 are consid-

ered major targets for antithrombotic therapies. Although several

inhibitors of aIIbb3 have been developed for antithrombotic therapies,

no drug has been successfully developed to target the GPIb complex

even though there are limitations for anti-aIIbb3 therapies, including

severe bleeding in some patients. The GPIb complex is, therefore, an

attractive target for anti-thrombotic therapy.

Aims: To assess the effect of anfibatide on platelet function and safety

in healthy human volunteers in phase I clinical trial.

Methods: Anfibatide, a 30 kDa polypeptide, was purified from Agkis-

trodon acutus snake venom and analyzed by mass spectrometry. The

effects of Anfibatide on human platelet function were studied by in vitro

platelet aggregometry, ex vivo perfusion chamber, and thrombealastog-

raphy (TEG). The safety and efficacy of Anfibatide on platelet function

and coagulation were evaluated in a total of 94 healthy human volun-

teers in a phase I clinical trial. The review board of Yijishan Hospital

approved the study. All subjects provided informed consent.

Results: Anfibatide strongly inhibited ristocetin-induced human plate-

let aggregation and platelet adhesion, aggregation, and platelet throm-

bus formation on a collagen coated surface under high shear flow

(1500/s). It also inhibited thrombus formation at low shear (300/s) but

the efficacy was less than that at high shear conditions. Importantly,

Anfibatide effectively dissolved the preformed thrombi when we con-

tinuously perfused Anfibatide-treated whole blood through perfusion

chambers, demonstrating its potential as an anti-thrombotic therapy.

TEG revealed no significant change in coagulation parameters after

Anfibatide treatment. In this phase I clinical trial, no serious adverse

events, premature discontinuations due to adverse events, or deaths

occurred during the study. Results showed that Anfibatide can bind to

approximately 95% of GPIb and inhibit up to 90% of ristocetin spe-

cific platelet aggregation without significantly prolonging human

bleeding time, activated partial thromboplastin time, prothrombin

time, or thrombin time. The inhibitory effect was undetectable 4 h

after Anfibatide was withdrawn. There was also no spontaneous bleed-

ing and no bleeding from blood collection sites. Anfibatide did not sig-

nificantly affect platelet count and no anti-Anfibatide antibodies were

detected in the subjects, suggesting that Anfibatide is well-tolerated in

healthy individuals.

Conclusions: This research represents a comprehensive study of Anfi-

batide in healthy human subjects. This is the first clinical evidence that

Anfibatide exhibits strong anti-platelet effects, excellent reversibility,

and no significant bleeding diathesis in healthy human volunteers.

Given these promising findings, Anfibatide may represent a novel and

safe anti-platelet treatment.

AS 15.3
A network-biology based approach to elucidate
determinants of platelet reactivity in aspirin-treated
cardiovascular patients
Zufferey A1, Ibberson M2, Reny J-L3, Nolli S3, Docquier M1,

Xenarios I2, Sanchez J-C1 and Fontana P3

1University of Geneva, Geneva; 2University of Lausanne,

Lausanne; 3University of Geneva and University Hospitals of

Geneva, Geneva, Switzerland

Background: High platelet reactivity in aspirin-treated cardiovascular

patients is a risk factor for recurrence of ischemic event, at least in

acute settings. The determinants of platelet reactivity are largely

unknown, but the investigation of healthy subjects suggests that they
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are genetically determined. Network-biology is a novel and promising

approach to identify cellular modulators of complex processes, such as

platelet reactivity.

Aims: To identify the molecular mechanisms modulating platelet reac-

tivity in aspirin-treated cardiovascular patients.

Methods: Platelet reactivity was assessed in 110 cardiovascular patients

treated with aspirin 100 mg/day by light-transmission aggregometry

using several agonists. Patients with extreme phenotypes were further

studied by complementary platelet-derived ‘omics approaches includ-

ing quantitative proteomics, transcriptomics and genomics. These

datasets were integrated using a network biology approach.

Results: More than 1000 proteins and 5000 mRNAS were quantified

and 1.5 million SNPs were identified. The integration of the omics

data allowed the construction of a network of 99 nodes (RNA/pro-

teins) and 309 edges, representing platelet activation pathways differ-

entially expressed in both phenotype groups. Genetic variants were

then integrated into the network as a way to potentially stratify the

patient population. Two network clusters presented a higher density of

protein-protein relationships that were also confirmed in the literature.

These included genes involved in cytoskeleton dynamics, integrin

alpha-IIbIIIa-related aggregation processes and glucose metabolism.

Summary/Conclusion: As it is unlikely that a single causal gene or pro-

tein predicts the response to aspirin, a more holistic approach is

required. Here we used a network-based strategy that allowed the

seamless integration of several ‘omics datasets. Using this strategy, we

unveiled several candidate pathways modulating platelet reactivity in

aspirin-treated cardiovascular patients. Aggregation relying on alpha-

IIbIIIa, together with glucose metabolism and cytoskeleton dynamics

appear to play a role in the modulation of platelet reactivity in cardio-

vascular patients under aspirin-treatment. These candidate pathways

may delineate new targets for the prevention of ischemic events in

cardiovascular patients.

AS 16 – Functional Characterisation
of Hereditary Platelet Disorders

AS 16
Genetics, platelet dysfunction and bleeding
Freson K

Katholieke Universiteit Leuven, Leuven, Belgium

Inherited platelet disorders (IPDs) typically comprise defects in plate-

let number (thrombocytopenia), volume and/or function. Bleeding due

to IPDs typically occurs immediately after injury, primarily in skin,

mucous membranes, nose and gastrointestinal tracts. Platelets are easy

accessible cells and different assays are available to study platelet func-

tion under basal and activated conditions. Defects in platelet morphol-

ogy, adhesion, aggregation and secretion can result from mutations in

platelet-specific genes leading to ‘isolated’ IPDs or from mutations in

widely expressed genes leading to an IPD combined with a broader

clinical phenotype. Recently, novel methods in epigenetics, proteomics

and functional genetics in zebrafish led to the discovery of novel

insights in the complexity of IPDs. I will discuss how we used these

techniques to describe the role of DNA methylation in GNAS for reg-

ulating platelet function via cAMP, to define changes in lysosomal-like

granules with differential cathepsin expression in platelets of Alternat-

ing Hemiplegia of Childhood patients and to show a role for Niemann

Pick type C1 in megakaryopoiesis and platelet production starting

from the observation in the zebrafish to verify thrombocytopenia in

NPC1 patients. Though significant progress was made during the last

years, the genetic factors that cause IPDs still remain largely unknown.

IPDs are characterized by a high degree of genetic heterogeneity and

are considered as rare diseases of man. Over the last decade, 274

patients were identified in our laboratory with an IPD of unknown eti-

ology. After exclusion of known genetic causes, 176 patients have an

isolated IPD that mainly includes thrombocytopenia (59 cases) or stor-

age pool disease (29). In addition, 98 patients have an IPD combined

with bone (26), neurological (60), endocrinological (4) or immune (4)

defects. We also studied 6 IPD patients with bleeding problems due to

a defect in the extra cellular matrix. By combining a genome-wide

exome sequencing approach with knowledge of the platelet defect and

extensive studies of the pathophysiology of IPDs, genes and pathways

will be discovered that place pointers at new regulators of platelet

function and/or formation. This last action will be performed as a col-

laborative effort of the BRIDGE-BPD consortium (www.bridgestudy.

org) for rare bleeding and platelet disorders. Patients are collected by

34 specialized referral centers in Belgium, France, Germany, the Neth-

erlands, the UK and the USA. I will here discuss the six IPD patients

with a defect in the extracellular matrix. These patients have a variant

of the Ehlers Danlos syndrome (EDS) with spontaneous bleeding

problems and platelets with abnormal morphology. Genetics factors

have been identified by candidate gene screening (COL1A1) and a

pilot exome sequencing project from BRIDGE (novel gene on 15q15).

We studied whether their abnormal platelets arose from defects in

megakaryopoiesis due to an altered extra cellular matrix. This transla-

tional project based on knowledge exchange across different clinical

disciplines, is expected to gain insights in molecular regulation of

megakaryopoiesis and/or platelet function for also improved diagnosis

and treatment of IPDs and to link these findings to other disease

aspects.

AS 16.1
Abnormal megakaryocyte development and platelet
function in a mouse model of gray platelet syndrome
Kahr WHA1, Lo WC2, Ni R3, Li L1, Pluthero FG1, Vaezzadeh N3,

Weyrich AS4, Di Paola JA5, Landolt-Marticorena C6 and Gross PL3

1Hospital for Sick Children; 2University of Toronto, Toronto;
3McMaster University, Hamilton, ON, Canada; 4University of

Utah, Salt Lake City, UT; 5University of Colorado, Denver, CO,

USA; 6Toronto Western Hospital, Toronto, ON, Canada

Background: Gray platelet syndrome (GPS) is characterized by macro-

thrombocytopenia, bleeding, splenomegaly and the absence of plate-

let al. pha granules. The GPS molecular defect has recently been

identified by our group (Nat Genet. 2011; 43(8):738–40) and others

(Nat Genet. 2011; 43(8):732–4; Nat Genet. 2011; 43(8):735–7) as loss
of function mutation of NBEAL2 (neurobeachin-like 2).

Aims: To study platelet development and function in a mouse model

of GPS.

Methods: Deletion of exons 4–11 of Nbeal2 resulted in viable Nbeal2�/�
mice. Platelet granule content and morphology were assessed by light,

electron and immunofluorescence microscopy (IFM). Platelet protein

content was assessed by immunoblotting and IFM, which was also

used to observe megakaryocyte (MK) development in bone marrow

cultures stained for DNA and structural and granular proteins. Plate-

let function was assessed by Multiplate analyzer, light transmission

aggregometry (LTA) of washed platelets and flow cytometry. Spleen

size was determined by weight. Thrombus formation in laser-injured

cremaster arterioles was assessed using IFM; bleeding was evaluated

by tail tip transection.

Results: Electron microscopy confirmed the absence of alpha granules

in Nbeal2�/�platelets, and immunoblotting detected an absence of

the abundant MK-synthesized alpha granule cargo proteins von Wille-

brand factor (VWF), thrombospondin-1 and platelet factor 4 (actin

and P-selectin were normal). Nbeal2�/� MKs cultured from bone

marrow showed decreased proplatelet formation, and while P-selectin

distribution appeared normal, VWF (normally packaged into alpha

granules) was observed to accumulate near the outer membrane, and

in some MKs may have been extruded. Nbeal2�/� mice exhibited

splenomegaly (spleen weight 0.13 +/- 0.03 g compared to WT 0.09 +/-
0.02 g; n = 8, P < 0.005). Relative to WT, collagen-induced aggrega-

tion of Nbeal2�/� platelets was reduced by half (P < 0.001) in the
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Multiplate analyzer. LTA showed similar responses at high agonist

concentrations and weaker response of Nbeal2�/� platelets to low

concentrations, with < 5% aggregation seen with thrombin (0.05 U/

mL, WT = 48%), CRP (0.05 lg/mL, WT = 21%) and U46619

(0.2 lM, WT = 76%). Flow cytometry showed CD41 activation

(JONA expression) by thrombin and ADP (not collagen) was greatly

reduced in Nbeal2�/� mice, as were thrombin and collagen (not

ADP) induced P-selectin expression; maximal thrombin-induced P-se-

lectin expression in Nbeal2�/� mice was 25% of WT. The peak size of

laser-induced thrombi were smaller in Nbeal2�/� mice (P < 0.05).

The ratio of P-selectin expression to thrombus size (identified via mem-

brane GPIbb) increased by less (40 vs. 70 AU, P < 0.0001) in thrombi

generated in Nbeal2�/� mice compared to WT. Time to half maximal

ratio (THMR) did not increase and the THMR of aIIb up-regulation

was also similar for Nbeal2�/� and WT. Nbeal2�/� mice showed

increased blood loss following tail tip transection (508 � 162 vs.

43 � 27 lL for WT).

Summary/Conclusions: Nbeal2�/� mice represent the first mammalian

model of GPS. Like GPS patients, Nbeal2�/� mice exhibit spleno-

megaly, prolonged bleeding and platelet aggregation abnormalities,

and their platelets lack both alpha granules and cargo. Exploiting the

experimental advantages of our animal model, we have observed that

megakaryopoiesis is abnormal and impaired in Nbeal2�/� mice, as is

laser-induced thrombus formation. Our results confirm the importance

of alpha granule secretion for platelet function in vivo.

AS 16.2
Nbeal2-deficient mice reveal a key role of platelet
a-granules in arterial thrombosis, thrombo-
inflammatory brain infarction and wound healing
Deppermann CN1, Cherpokova D1, Nurden P2, Thielmann I1,

Kraft P3, Nurden AT2, Eckes B4, Stoll G3, Stegner D1 and

Nieswandt B1

1University Hospital and Rudolf Virchow Center, W€urzburg,

Germany; 2Hôpital Xavier Arnozan, Pessac, France; 3University of

W€urzburg, W€urzburg; 4University of Cologne, Cologne, Germany

Background: The most abundant platelet organelles, a-granules, con-
tain more than 300 different proteins, which upon release participate

in thrombus formation, haemostasis, inflammation and wound heal-

ing. However, the exact contribution of the plethora of a-granule pro-
teins to thrombotic and thrombo-inflammatory processes has not been

established. The gray platelet syndrome (GPS) is a rare congenital

platelet disorder characterised by the lack of a-granules and their con-

tents. Platelets of GPS patients appear gray and enlarged in the light

microscope and aggregate poorly upon stimulation with thrombin and

collagen. Characteristics of GPS include a macrothrombocytopenia,

splenomegaly, myelofibrosis and a mild to moderate bleeding tendency

that is occasionally severe. Only recently, mutations in NBEAL2 (neu-

robeachin-like 2) have been linked to GPS. NBEAL2 is a large

302 kDa member of the BEACH-WD40 domain protein family. Other

members of this family, such as Neurobeachin, Nbeal1, Lrba and Lyst,

have been associated with protein trafficking.

Aim: Despite an extensive knowledge of a-granule contents and of the

multiple roles for biologically active proteins secreted from platelets,

relatively little is known about how they help to maintain haemostasis

or of their participation in arterial thrombosis and thrombo-inflamma-

tory processes. We now report the use of Nbeal2�/� mice to overcome

the limitations of studying haemostasis and platelet pathology in

patients with GPS and to investigate for the first time the role of

a-granules and their contents in vivo.

Methods: Mice lacking the Nbeal2 protein were generated and megak-

aryocyte (MK) and platelet function and ultrastructure were assessed

in vitro using biochemical methods combined with confocal and elec-

tron microscopy. In vivo function of Nbeal2-deficient platelets was

studied in models of haemostasis, arterial thrombosis, ischaemic stroke

and wound healing.

Results: Nbeal2�/� mice are viable and fertile but display the charac-

teristics of human GPS with defective a-granule biogenesis in MKs,

which leads to platelets lacking a-granules. Nbeal2-deficiency had

no obvious effect on MK-differentiation and proplatelet formation

in vitro or platelet life span in vivo. Nbeal2-deficient platelets showed

impaired adhesion, aggregation and coagulant activity under flow ex

vivo which translated into severely defective arterial thrombus forma-

tion in vivo and profound protection from thrombo-inflammatory

brain infarction following focal cerebral ischaemia. Furthermore,

wound healing experiments showed a reduced myofibroblast differen-

tiation at the site of injury, which was attributed to decreased TGFb
release from Nbeal2-deficient platelets.

Conclusion: This study provides complementary evidence that

NBEAL2 is essential for platelet a-granule biogenesis and reveals for

the first time that a-granule constituents are critically required not

only for haemostasis but also thrombotic and acute thrombo-inflam-

matory disease states while promoting tissue repair after injury.

AS 16.3
Defective thrombus formation in hermansky pudlak
syndrome mice is due to impaired platelet granule
exocytosis and reduced protein disulfide isomerase
release
Sharda AV, Kim SH, Flaumenhaft R, Bowley S, Furie BC

and Furie B

Beth Israel Deaconess Medical Center, Harvard Medical School,

Boston, MA, USA

Background: Protein disulfide isomerase (PDI) is secreted from plate-

lets upon cell activation, is captured on platelets and endothelial cells

via b3 integrins and is required for thrombus formation.

Aims: To determine the potential role of platelet granules in PDI-medi-

ated thrombus formation we studied a Hermansky Pudlak syndrome 6

(HPS6) mouse model in which platelet dense granules are absent.

Methods: Intravital microscopy using a laser injury model in mouse

cremaster muscle arterioles was employed to determine the effect of

the HPS6 mutation on platelet deposition, fibrin generation and extra-

cellular PDI release during thrombus formation. Thrombin-induced

granule exocytosis in vitro was studied using immunoflow cytometry

and translocation of P-selectin and Toll Like Receptor 9 (TLR9) and

Lysosome Associated Membrane Protein 1 (LAMP1) secretion as

markers. Platelet Factor 4 (PF4) secretion was measured by ELISA.

Results: Platelet accumulation and fibrin generation were nearly absent

in HPS6�/� mice after laser-induced injury. Extracellular PDI associ-

ated with the injured vessel wall was diminished, in the presence or

absence of eptifibatide. In vitro studies demonstrated that HPS6�/�

platelets contain similar levels of PDI compared to wild type platelets,

but exocytosis of alpha granules, lysosomes and T-granules, the stor-

age organelles for PDI, from HPS6�/� platelets showed decreased

sensitivity to thrombin. At intermediate thrombin concentrations,

P-selectin translocation from the alpha granule membrane into the

plasma membrane and PF4 secretion from alpha granules were signifi-

cantly lower in HPS�/� platelets compared to wild type platelets

(P < 0.001 at 0.05 and 0.1 U/mL thrombin). Similarly, expression of

TLR9, a T-granule marker, and LAMP1, a lysosome marker, required

higher concentrations of thrombin to obtain comparable release from

HPS6�/� platelets and wild type platelets (P = 0.01 at 0.05 U/mL

thrombin). Release or expression of P-selectin, PF4, TLR9 and

LAMP1 was comparable from wild type and HPS�/� platelets at a

thrombin concentration of 1 U/mL. These results suggest a relative

defect in granule exocytosis in HPS6�/� platelets. Infusion of wild type

platelets to approximately 10% of the in vivo platelet concentration or

infusion of recombinant PDI in HPS6�/� mice rescued both platelet

thrombus formation and fibrin generation after laser injury. In con-

trast, neither infusion of an inactive PDI mutant nor thioredoxin had

any effect on thrombus formation in HPS6�/� mice.
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Conclusions: These results demonstrate that in HPS6�/� mice in which

platelets lack dense granules, the exocytosis of alpha granules, T-gran-

ules and lysosomes is defective. At the concentrations of thrombin

generated in vivo following laser injury, extracellular PDI accumula-

tion is impaired due to either decreased PDI secretion or decreased

PDI capture, or both. Defective granule exocytosis, in particular a

deficiency in the release of the extracellular PDI necessary for PDI-

mediated thrombus formation, is likely responsible for the bleeding

disorder observed in Hermansky Pudlak syndrome. In this model,

platelet accumulation and fibrin generation can be rescued with exoge-

nous PDI despite the absence of platelet dense granules and their ADP

and polyphosphate contents. This is the first example of a model of a

human disease characterized by impaired PDI expression leading to a

bleeding disorder.

AS 17 – Challenges in Therapeutic
Management of VTE

AS 17.1
Risk of bleeding in patients with acute venous
thromboembolism treated with rivaroxaban or
enoxaparin/VKA and concomitant ASA therapy or
NSAIDs: subanalysis from EINSTEIN DVT and PE
studies
Davidson BL1, Verheijen S2, Lensing AWA3 and Gebel M3

1Harborview Medical Center, Seattle, WA, USA; 2Biomedical

Sciences, University of Amsterdam, the Netherlands; 3Bayer

HealthCare, Wuppertal, Germany

Background: Combined anticoagulant and acetylsalicylic acid (ASA)

therapy, or to a lesser extent non-steroidal anti-inflammatory drug

(NSAID) therapy, is associated with an increased risk of bleeding in

patients with atrial fibrillation and arterial vascular disease. The effect

of concomitant use of these medications on bleeding in patients with

venous thromboembolism is of considerable clinical importance.

Aim: This post hoc analysis assessed the impact of combined anticoagu-

lant and ASA or NSAID therapy on bleeding risk compared with anti-

coagulant therapy alone in patients with deep vein thrombosis (DVT)

and/or pulmonary embolism (PE) who participated in the EINSTEIN

DVT and PE studies (The EINSTEIN Investigators. NEJM 2010;

363:2499; The EINSTEIN-PE Investigators. NEJM 2012; 366:1287).

Methods: ASA therapy was defined as all drugs containing ASA

(including acetylsalicylates), while NSAIDs were defined by means of

ATC code M01A. Bleeding events that were adjudicated as clinically

relevant (major and non-major) were used for this analysis. Antiplat-

elet therapy other than ASA was used very infrequently and not analy-

sed further.

Event rates per 100 patient-years with or without exposure to ASA or

NSAID therapy were computed for the entire at-risk period, and haz-

ard ratios (HR) for use vs. non-use (adjusted for age and creatinine

clearance) were calculated using co-medication as a time-dependent

covariate.

Results: The safety population comprised 4130 patients who received

rivaroxaban and 4116 patients who received enoxaparin/vitamin K

antagonist (VKA), of whom 1202 (14.6%) and 1884 (22.8%) patients

received concomitant ASA or NSAID therapy, respectively. During

ASA-rivaroxaban treatment, clinically relevant bleeding occurred with

an event rate of 34.9 per 100 patient-years compared with 16.1 during

non-ASA use (HR = 1.79 [95% CI 1.35–2.38]), whereas during ASA-

enoxaparin/VKA treatment, an event rate of 39.1 was found, com-

pared with 17.8 when ASA was not used (HR = 1.58 [1.16–2.15]). In
patients treated with ASA-rivaroxaban, major bleeding occurred with

an event rate of 3.3 per 100 patient-years compared with 1.6 during

non-ASA use (HR = 1.49 [0.62–3.57]), whereas during ASA-enoxapa-

rin/VKA treatment an event rate of 6.9 was found, compared with 2.9

during non-use (HR = 1.49 [0.73–3.02]). During NSAID-rivaroxaban

treatment, clinically relevant bleeding occurred with an event rate of

37.6 per 100 patient-years compared with 15.8 during non-use

(HR = 1.93 [1.47–2.53]), whereas during NSAID-enoxaparin/VKA

use, an event rate of 37.3 was found, compared with 17.4 during non-

use (HR = 1.68 [1.29–2.21]). During NSAID-rivaroxaban treatment,

major bleeding occurred with an event rate of 4.74 per 100 patient-

years compared with 1.43 during non-use (HR = 2.60 [1.23–5.48]),
whereas during NSAID-enoxaparin/VKA treatment, an event rate of

8.4 was found compared with 2.7 during non-use (HR = 2.32 [1.31–
4.12]).

Conclusions: The combination of anticoagulant and NSAID therapy

increased the risk of both clinically relevant bleeding and major bleed-

ing by approximately two-fold, whereas for concomitant ASA use, the

risk of clinically relevant bleeding was increased by about 1.5-fold

without a statistically significant effect on major bleeding alone. The

increase in risk of clinically relevant and major bleeding was similar

for patients treated with rivaroxaban and those treated with enoxapa-

rin/VKA. DVT and PE patients should avoid taking NSAIDs for pro-

longed periods without an important clinical indication for NSAID

use.

AS 17.2
Vitamin K antagonist treatment patterns and
persistence after venous thromboembolism in non-
cancer patients: VTE Epidemiology Group (VEG) Study
Cohen A1, Martinez C2, Wallenhorst C2 and Bamber L3

1King’s College Hospital, London, UK; 2Im Dinkelfeld 32,

Frankfurt; 3Bayer HealthCare, Wuppertal, Germany

Background: Anticoagulation with vitamin K antagonists (VKAs) and

low molecular weight heparins (LMWHs) is effective in preventing

recurrence of venous thromboembolism (VTE). Guidelines typically

recommend 3 months’ treatment for events provoked by temporary

risk factors, with longer treatment considered for unprovoked VTE.

VKA management of VTE, deep vein thrombosis and pulmonary

embolism in primary and secondary care is not well documented.

Aims: To assess treatment patterns and persistence with VKA treat-

ment in a large contemporary cohort of unselected patients with non-

cancer-related VTE.

Methods: A population-based cohort study, involving two million

patients, retrieved data from the subset of general practices in England

contributing to the Clinical Practice Research Datalink (CPRD)

linked to data from the Hospital Episodes Statistics (HES) and to the

Office for National Statistics (ONS). From January 2008 to October

2011 all incident cases of VTE were stratified into provoked and

unprovoked non-cancer-related VTE. All VTE cases were verified with

an algorithm based on review of medical records, hospital diagnoses,

cause of death and anticoagulation therapy.

We identified all patients who initiated VKA use in the first 3 months

after an initial VTE and followed them for the entire duration of VKA

treatment. The observation of patients with a recurrent VTE and

major bleeding was censored at the time of the event. VKA use was

defined by prescriptions, repeated international normalized ratio tests,

medical codes and electronic search of medical notes. Duration of

VKA use was estimated by connecting VKA prescriptions based on a

prescription length of 28 days and a 28 days grace period. Persistence

with VKA treatment was derived from Kaplan–Meier estimates and

expressed as the percentage of those on VKA therapy at 3, 6 and

12 months.

Results: A total of 8504 patients had a first VTE and a follow-up of at

least 7 days: 5019 patients with DVT and 3485 patients with PE with

or without DVT. The mean age of patients was 63.5 years; 46.4% were

male. Of the total, 3130 (36.8%) patients had a provoked non-cancer

event and 5374 (63.2%) patients had an unprovoked event.
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Of the 5374 patients with unprovoked VTE, 15.4% had no record for

anticoagulation use in the 90 days after the venous thromboembolic

event and 84.6% of patients received anticoagulation (67.0% VKA

alone, 12.2% both LWMH and VKA, and 5.4% LWMH alone).

Higher rates of anticoagulation were recorded for PE patients (86.1%)

compared with DVT patients (79.3%).

Persistence with VKA therapy in the complete VTE cohort was 77.4%

at 3 months, 50.3% at 6 months and 11.4% at 12 months. Treatment

persistence for patients with provoked VTE was 76.8%, 49.0% and

10.3% at 3, 6 and 12 months, respectively, and for unprovoked VTE

these values were 77.8%, 51.1% and 11.9%, respectively.

Summary/Conclusions: Currently, VKA therapy after provoked VTE

is given for longer than recommended. Conversely, after unprovoked

VTE, patients receive VKA therapy for shorter durations than recom-

mended. Reasons for the non-adherence to guidelines merit further

investigation.

AS 17.3
Elderly patients with venous thromboembolism: cancer
or no cancer, a different therapeutic approach?
Mahe I1, Bertoletti L2, Sterpu R1, P�epin M1, Hennou S1, Schellong

S3, Garcia-Bragado F4, Monreal M5 and G. RIETE6

1Louis Mourier Hospital, Colombes; 2Hôpital Nord – CHU
St-Etienne, Saint Etienne, France; 3Municipal Hospital of Dresden

Friedrichstadt., Dresden, Germany; 4Hospital de Girona Dr Josep

Trueta, Girona; 5Hospital Universitari Germans Trias i Pujol,

Barcelona; 6RIETE, Barcelona, Spain

Background: Elderly patients are usually excluded from clinical trials

assessing anticoagulant therapies in venous thromboembolism

(VTE) treatment. However, current guidelines recommend similar

anticoagulant therapy for patients with VTE, regardless of their age,

even though its efficacy and safety have not yet been assessed in the

elderly.

Aims: To assess the rate of recurrent VTE, major bleeding and death

in patients older than 75 years who experienced pulmonary embolism

(PE) or deep venous thrombosis (DVT) during anticoagulation; to fur-

ther investigate occurrence of these events in subgroups according to

the presence or not of cancer, and type of anticoagulation used.

Methods: We used data from the Registro Informatizado de Enferme-

dad TromboEmb�olica (RIETE) registry, an ongoing international,

multicentred, real-life prospective registry of consecutive patients pre-

senting with symptomatic, acute VTE. All patients provided written or

oral consent for participation in the registry, in accordance with local

ethical committee requirements. Outcome measures includedVTE, PE,

DVT, major bleeding, death, presence or not of cancer, and anti-

thrombotic medication.

Results: Up to December 2010, 11,403 patients older than 75 years

had been enrolled in RIETE. Of these, 2229 (19.5%) had active cancer.

During the course of anticoagulation (mean, 216 � 440 days), 2.3%

of patients developed recurrent PE, 2.2% recurrent DVT, 3.9% had

major bleeding, and 12.8% died. Compared with patients with no can-

cer, patients with cancer were frailer, with more comorbidities; they

had a higher risk of VTE recurrence (5.2% vs. 4.4%, P = 0.04 [for PE,

3.1% vs. 2.2%, P = 0.004; for DVT, 2.2% in both groups]), major

bleeding (5.1% vs. 3.6%, P = 0.001), and death (28% vs. 9.1%,

P = 0.0001).

In the group without cancer, patients receiving long-term LMWH

experienced significantly more VTE recurrence (5.8% vs. 3.8%,

P = 0.006), PE recurrence (2.9% vs. 1.9%, P = 0.005) and major

bleeding (6.0% vs. 2.5%, P = 0.001) than those who were receiving

VKA.

In the group with cancer, although they were at higher risk for bleed-

ing and recurrent VTE, patients receiving LMWH experienced non-

significantly less PE recurrence than those receiving VKA (1.8% vs.

2.02%, P = 0.3); a similar rate was observed in patients without cancer

and receiving VKA (1.9%). In patients receiving long-term LMWH,

the rate of major bleeding was similar in patients with and without

cancer (6.1% and 6.0%, respectively).

Conclusions: We identified two different populations in elderly patients

with VTE. Overall, in patients without cancer, long-term LMWH ther-

apy was harmful in terms of recurrent VTE and major bleeding. How-

ever, in patients with cancer, long-term LMWH therapy had a

different effect, and kept the risk of PE recurrence within the range of

that of patients without cancer, without increasing the risk of bleeding.

Further studies are needed to prospectively assess the efficacy and

safety of long-term LMWH therapy in the elderly patient.

AS 18 – Prevention of Recurrent VTE

AS 18.1
Assessment of the risk of recurrent venous thrombosis
using a genetic risk score comprising five genetic
markers
Van Hylckama Vlieg A1, Flinterman LE1, Bare LAL2, Cannegieter

SC1, Arellano AR2, Tong CH2, Devlin J2 and Rosendaal FR1

1Leiden University Medical Center, Leiden, the Netherlands;
2Celera, Alameda, CA, USA

Background: Previously, we reported on a genetic risk score (GRS)

comprising five single nucleotide polymorphisms (SNP) improving the

prediction of a first venous thrombosis. The prediction of recurrent

venous thrombosis using individual genetic risk predictors has proven

to be challenging.

Aim: The aim of this study was to assess whether the 5-SNP GRS is

associated with recurrent venous thrombosis.

Methods: Patients with a first venous thrombosis included in the

MEGA case-control study between 1999 and 2004, were followed for a

recurrent venous thrombosis up to 2009 (n = 4731). Included in the

current analyses were patients with a first venous thrombosis without

a history of malignant disease or oral anticoagulant use during follow-

up and with a valid measurement for all five SNPs included in the

GRS (n = 3121). Consent and ethical approval were obtained. The

GRS for each individual was calculated by summing the number of

risk-increasing alleles for each of the following five SNPs: rs6025 (F5,

factor VLeiden), rs1799963 (F2, 20210 G>A), rs8176719 (ABO),

rs2066865 (FGG 10034 C>T) and rs2036914 (F11). The risk of recur-

rent venous thrombosis associated with the GRS was calculated con-

tinuously, i.e. per addition of one risk allele, and after stratification in

a low and high risk score (i.e. ≤ 2 risk alleles and ≥ 5 risk alleles) by

calculating hazard ratios (HR), adjusted for age and sex. The cumula-

tive incidence of recurrence was calculated after 2 and 4 years of fol-

low-up for individuals with a low GRS and individuals with a high

GRS. Analyses were performed in the overall patient group and after

stratification into patients with a first idiopathic or provoked event.

Idiopathic thrombosis was defined as absence of surgery, trauma, plas-

ter cast, hormone use (oral contraceptives and hormone therapy), or

pregnancy within 3 months before the first event, and not within

4 weeks postpartum.

Results: The 5-SNP GRS was positively associated with the risk of

recurrent venous thrombosis, i.e. the addition of one risk allele to the

GRS increased the risk of a recurrence (HR = 1.2; 95% CI: 1.1–1.3).
This risk was similar in patients with an idiopathic or provoked first

event. After stratification in a high and low GRS, the risk of recur-

rence was higher in patients with a high GRS than in patients with a

low GRS (Overall HR = 2.0, 95% CI: 1.5–2.6; idiopathic first event:

HR = 1.7, 95% CI: 1.1–2.5; provoked first event: HR = 2.2, 95% CI:

1.5–3.2).
The overall 2-year cumulative incidence of recurrence was 6.1% (95%

CI: 5.2–6.9). The incidence was clearly higher in patients with a high

GRS than in patients with a low GRS (high: 10.3%, 95% CI: 7.2–13.4;
low: 4.4%, 95% CI: 3.2–5.6). This difference remained also after

4 years of follow-up (high GRS: 14.9%, 95% CI: 11.3–18.5, low GRS:
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8.8%, 95% CI 7.1–10.5). The GRS was predictive of the risk of recur-

rent thrombosis both in patients with an idiopathic and patients with a

provoked first event.

Summary/Conclusion: This 5-SNP GRS was associated with an

increased risk of recurrent thrombosis. The GRS can identify patients

with a high absolute risk of recurrence.

AS 18.2
Prevention of pulmonary embolism recurrences by
retrievable vena cava filter: results of the randomized
multicenter trial PREPIC 2
Mismetti P1, Ennezat P-V2, Qu�er�e I3, Jeannot S2, Barral F-G2,

Couturaud F4, Elias A5, Teinturier C6, Laporte S6 and Meyer G7

1Teaching Hospital, Saint-Etienne; 2Centre hospitalo-

Universitaire, Lille; 3Saint Eloi Hospital, Montpellier; 4Hôpital de

la Cavale Blanche, Brest; 5Hopital Toulon Font Pre, Toulon;
6Centre Hospitalo-Universitaire, Grenoble; 7Hopital Europ�een

Georges Pompidou, Paris, France

Background: Vena cava filter insertion in patients with an acute proxi-

mal deep vein thrombosis (DVT) with or without pulmonary embo-

lism (PE) is associated with a lower risk of PE at short-term

(< 1 month) but an increase risk of DVT at long term (> 6 months)

(Decousus H et al. N Engl J Med 1998; PREPIC Study Group. Circu-

lation 2005). In this way, retrievable filter could be used during the

high-risk period of PE recurrences and then removed to avoid the late

increase in the risk of DVT recurrences.

Aim: To assess the efficacy and safety of retrievable filter implanted for

3 months in patients with symptomatic PE.

Methods: We conducted a multicenter prospective open randomized

study with a blind evaluation that compared retrievable vena cava fil-

ter (ALN) maintained for 3 months with no filter insertion in patients

receiving anticoagulant therapy for an unprovoked acute symptomatic

confirmed PE associated with a thrombosis of the lower limb. Patients

were eligible if they were considered at high risk of PE recurrences, i.e.

when presenting at least one of the following risk factors: age over 75,

right ventricular dysfunction, active cancer, bilateral and/or ilio-caval

DVT, cardiorespiratory insufficiency. A systematic retrieval of filter

was planned at 3 months in the filter group and both groups were fol-

lowed-up for three additional months. The primary efficacy outcome

was recurrent PE at 3 months. Secondary outcomes were DVT at

3 months, VTE at 6 months, major bleeding, overall mortality at 3

and 6 months and filter complications.

Results: The study recruited 399 patients in 18 centers from August

2006 to July 2012: 200 given filter (filter was really inserted in 193) and

199 given no-filter. All patients received an initial parenteral anticoag-

ulant therapy (heparins 85%, fondaparinux 15%) followed by vitamin

K antagonists (89%) or prolonged low molecular weight heparins

(11%). Median age was 76 years, 35% had a history of DVT or PE,

97% had a concomitant DVT, 25% had a cancer. Last patient last

visit was January 16th, 2013. Recurrence of PE at 3 months occurred

in six patients (3.0%) in the filter group compared to three patients

(1.5%) in the no-filter group, RR = 2.0 (0.51–7.89). These events

included six and two fatal PE respectively. At 3 months, no difference

was found on DVT (0.5% in both groups); eight patients in the filter

group had major bleeding (4.0%), vs. 10 in the no-filter group (5.0%).

At 3 months, 15 deaths (7.5%) occurred in the filter group and 12

(6.0%) in the no-filter group. Filter removal was attempted in 165

patients and successful for 152 (92.1%). Thirteen patients died before

retrieval, and retrieval was not attempted for the following reasons:

permanent indication of filter or poor clinical status (11 patients), vena

cava filter thrombosis (3) or patient’s refusal (1). Results at 6 months

will be presented at the congress.

Conclusions: In the lack of contra-indication to anticoagulation, these

results do not plead for retrieval vena cava filter insertion in patients

with an acute PE.

AS 18.3
D-dimer to select patients with a first unprovoked
venous thromboembolism (VTE) who have
anticoagulants stopped at 3–7 months or have
treatment continued indefinitely: a multicentre
management study
Kearon C and For the D-dimer Optimal Duration Group

McMaster University, Hamilton, ON, Canada

Background: Patients with unprovoked venous thromboembolism

(VTE) who have a normal D-dimer level 1 month after withdrawing

anticoagulant therapy have been reported to have a reduced recur-

rence risk; however, it remains uncertain if this risk is low enough to

justify using D-dimer to decide if anticoagulation is stopped.

Aims and Methods: We did a prospective multicentre study to deter-

mine if patients < 75 years with a first unprovoked proximal DVT or

PE have a low risk of recurrence (about 5% per year, with an upper

95% CI of no more than 7.0% per year) if they have a negative point-

of-care D-dimer test (Clearview-Simplify, Alere; qualitative result

[positive or negative]) while on anticoagulants, and again 1 month

after stopping therapy (Negative D-dimer group). Patients with a posi-

tive D-dimer test remained on, or restarted, anticoagulants and contin-

ued them indefinitely (Positive D-dimer group). Patients provided

written informed consent, and the study was approved by the research

ethics boards of all clinical centres.

Results: Four hundred and ten patients (51 years, SD 14; 44%

females) were enrolled after 5.0 months (SD 1.3) of initial anticoagu-

lant therapy and have been followed for 2.0 years (SD 0.9) to date.

D-dimer was positive on therapy in 14/410 (3.4%) patients who, there-

fore, remained on anticoagulants. Of 391 patients with a negative

D-dimer on therapy and then had anticoagulants withdrawn, D-dimer

converted to positive at 1 month in 57 (15%) patients, and 55 of these

restarted anticoagulant therapy. 320/410 (78%) patients were in the

Negative D-dimer group and 318 of these remained off anticoagulant

therapy. In the Negative D-dimer group, recurrent VTE was: 5.6% per

year (95% CI 4.0–7.8; 35 recurrences) in all patients (n = 318); 8.2%

per year (95% CI 5.6–11.6; 29 recurrences) in men (n = 179); 3.9% per

year (95% CI 1.6–8.1; six recurrences) in women with an initial VTE

not associated with estrogens (n = 81); and 0% per year (95% CI 0.0–
2.6; 0 recurrences) in women with an initial VTE associated with estro-

gens (n = 58). The rates of recurrent VTE differed among the three

subgroups (P = 0.0014). In the Positive D-dimer group, recurrent

VTE and major bleeding were each 2.6% per year (95% CI 0.8–6.2;
four recurrent VTE and four major bleeds) in the 69 patients who

remained on anticoagulant therapy. Findings will be updated when

scheduled follow-up is completed on 30 June 2013.

Conclusion: There was a high risk of recurrent VTE in men with a first

unprovoked VTE who had a D-dimer test that remained negative

1 month after stopping therapy; therefore, negative D-dimer testing

alone does not justify stopping anticoagulants after 3–7 months in

men. However, the risk of recurrent VTE in women with unprovoked

VTE who had negative D-dimer testing, including those who had VTE

that was not associated with estrogen therapy, appears to be low

enough to justify stopping anticoagulants after 3–7 months.

AS 19 – Vascular Disorders

AS 19.1
Risk factors for chronic pulmonary hypertension: VTE
Epidemiology Group (VEG) Study
Cohen AT1, Martinez C2 and Rietbrock S2

1King’s College Hospital, London, UK; 2Pharmaepi.com,

Frankfurt, Germany

Background: Chronic pulmonary hypertension (CPH) occurs in

around 5% of patients following pulmonary embolism (PE) and
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results in significant morbidity, mortality and cost. CPH occurs fol-

lowing index PE and less commonly following an index deep vein

thrombosis (DVT), presumably in conjunction with sub-clinical PE.

The recognition of risk factors may help to evaluate high risk groups

and guide therapy type and duration. To simplify decision making

these factors for CPH must be assessed allowing for the presence, qual-

ity and absence of anticoagulant therapy.

Aim: To explore potential risk factors for CPH.

Methods: Patient data were retrieved from the subset of general prac-

tices in England contributing to the Clinical Practice Research Data-

base (CPRD) that has been linked to data from the Hospital Episodes

Statistics (HES) and to the Office for National Statistics (ONS). From

January 2001 to October 2011, all VTE cases in the CPRD were veri-

fied with an algorithm based on review of medical records and notes,

hospital diagnoses, cause of death and anticoagulation therapy. We

conducted a nested case-control study in patients with a first VTE.

CPH in any time during the entire observational period were defined

as cases and the date of CPH as the index day. For each case we

selected five non-CPH controls at random matched on the index day

and with the same duration of observation as the respective case. The

independent association between the potential risk and CPH was

derived from conditional multivariate logistic regression models and

presented as adjusted odds ratios (ORs) with 95% confidence intervals

(CIs). Adjustment included age, gender, socioeconomic risk factors,

components of the Charlson index, and the type of antithrombotic

therapy (VKA, low molecular weight heparin or antiplatelet therapy).

Results: Of 35,373 patients with first VTE, 29,550 patients survived

more than 7 days, had 81,906 person-years of observation, and were

at risk of CPH. Over the observational period and after at least

90 days following first VTE 256 cases of CPH were identified.

The OR of CPH was greater in the following risk factors: following

PE compared with DVT, OR 3.92 (2.56–6.01), PE with DVT com-

pared with DVT, OR 4.43 (2.19–8.98); and with recurrent PE, OR

2.43 (1.28–4.62) but not with recurrent DVT.

Patients were less likely to develop CPH were males, OR 0.63 (0.42–
0.95); as were those with INR with Time in Therapeutic Range (TTR)

> 60%, OR 0.22 (0.07–0.66); TTR 40–60%, OR0.33 (0.11–0.99) com-

pared to those with poor control TTR < 40%.

Summary/conclusions: The recognition of risk factors for CPH should

facilitate the need for further investigations and the decision for appro-

priate therapy and extension of anticoagulant therapy in VTE

patients.

AS 19.2
Residual vein thrombosis as a strong predictor of
recurrent thromboembolism and post-thrombotic
syndrome: a prospective cohort study
Prandoni P1, Lensing AWA2, Prins MH3, Noventa F1, Pesavento

R1, Tormene D1 and Villalta S4

1University of Padua, Padua, Italy; 2Centre for Vascular

Medicine, Amsterdam; 3Department of Clinical Epidemiology,

Maastricht, the Netherlands; 4Division of Internal Medicine,

Treviso, Italy

Background: Whether residual vein thrombosis (RVT) increases the

risk of recurrent venous thromboembolism (VTE) after an episode of

deep vein thrombosis (DVT) is controversial. Moreover, it is virtually

unknown whether and to what extent RVT increases the risk of the

post-thrombotic syndrome (PTS).

Aims: We sought to determine the risk of recurrent VTE, mild and

severe PTS over a 3-year follow-up in a wide cohort of patients with

proximal DVT who had the ultrasound assessment of the common

femoral and the popliteal veins 3 months after the thrombotic episode.

Methods: We followed-up prospectively for up to 3 years 906 consecu-

tive outpatients who referred with an episode of proximal DVT, as

shown by compression ultrasonography (CUS), and received conven-

tional anticoagulation. Patients with a recent (< 2 years) episode of

DVT involving the same leg were excluded, as were those unavailable

for repeating CUS. After 3 months the common femoral and the pop-

liteal veins were scanned in the transverse section with CUS. RVT was

accepted in case of a vein diameter > 4 mm under maximum com-

pressibility in at least one spot. Over the 3-year follow-up the develop-

ment of recurrent VTE, mild and severe PTS (as assessed with the

Villalta scale) was independently recorded by three investigators.

Results: RVT was detected in 483 of the 906 patients (53.5%). Patients

with RVT were more likely to be males (52.3 vs. 42.3%; P = 0.038), to

have a previous VTE (15.7 vs. 10.2%; P = 0.017) and to have an

extensive (both femoral and popliteal) involvement of the vein system

(54.9 vs. 28.6%; P < 0.00001). After the 3-year follow-up period recur-

rent VTE developed in 82 patients (17.0%; 32 in the ipsilateral leg) in

the group with RVT and in 41 (9.7%; nine in the ipsilateral leg) in that

without RVT; overall PTS in 275 (56.9%; severe in 35) and 127

(30.0%; severe in 10), respectively. After adjusting for age, sex, previ-

ous VTE, obesity, risk factors for DVT (unprovoked or provoked),

location of DVT, presence of clinically symptomatic PE and duration

of anticoagulation the HR and its 95% CI for the development of

recurrent VTE in patients with RVT as compared with those with ear-

lier vein recanalization was 1.94 (1.32–2.83), and that of PTS 2.27

(1.83–2.81).
Conclusions: RVT, as assessed by CUS 3 months after an episode of

proximal DVT, is a powerful and independent predictor of recurrent

VTE and PTS in patients with proximal DVT. Males, patients with

previous VTE and those with extensive involvement of the deep vein

system are more likely to develop RVT.

AS 19.3
Health-related quality of life after catheter-directed
thrombolysis for deep vein thrombosis; from the
CaVenT study
Enden TR, Wik HS, Kvam AK, Haig Y, Klow NE and Sandset PM

Oslo University Hospital, Oslo, Norway

Background: Additional catheter-directed thrombolysis (CDT) with

alteplase for extensive deep vein thrombosis (DVT) reduces the fre-

quency of the long-term chronic complication post-thrombotic syn-

drome (PTS) compared to standard treatment. PTS has been shown to

be a predictor of reduced quality of life (QOL) following DVT of the

lower limb.

Aims: To investigate whether additional CDT improves long-term

QOL compared to standard treatment with anticoagulation and com-

pression stockings alone.

Methods: The CaVenT Study was an open, multicenter, randomized,

controlled trial. Prior to treatment allocation, written informed con-

sent was obtained. Patients (18–75 years) with high proximal DVT

above mid-thigh level and symptoms < 21 days were randomized to

receive additional CDT or standard treatment alone. At 6 and

24 months follow-up visits patient reported QOL was obtained using

the generic QOL questionnaire EQ-5D and the venous disease-specific

QOL questionnaire VEINES-QOL/Sym. PTS was assessed with the

Villalta scale. The study protocol was approved by the Regional Com-

mittee for Medical and Health Research Ethics and the Norwegian

Medicines Agency, and was registered at www.clinicaltrials.gov with

the unique trial identifier NCT00251771.

Results: One hundred and eight-nine of 209 patients completed

24 months follow-up. Mean age was 51.5 years (SD 15.8) and 70

(37%) participants were female. Mean duration of symptoms before

diagnosis and start of treatment was 6.6 days (SD 4.6). Most baseline

demographic and clinical characteristics, including VEINES-QOL/

Sym and EQ-5D scores, were fairly equally distributed between the

two treatment groups. After 24 months PTS was observed in 41%

allocated CDT compared to 56% of control patients (P < 0.05). There

were no differences between the two treatment arms regarding the
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patient reported outcomes EQ-5D index and VEINES-QOL and -Sym

scores. Patients who developed PTS reported poorer long-term out-

comes in terms of all three scores (P < 0.001), and regarding the

VEINES scores these differences were also present at 6 months

follow-up (P < 0.001); all differences were likely to represent clinically

meaningful differences.

Summary/Conclusion: Long-term QOL did not differ between patients

treated with additional CDT for a high proximal DVT compared to

anticoagulation and compression therapy alone. Patients who devel-

oped PTS reported poorer generic and disease-specific QOL and more

symptoms than patients without PTS. QOL should be included as an

outcome measure in clinical studies with patients who are at risk of

PTS.

AS 20 – New Developments in
Treatment of VTE

AS 20.1
A phase 2 randomized, double-blind, placebo-
controlled trial of PRT064445, a novel, universal
antidote for direct and indirect factor Xa inhibitors
Crowther M1, Kitt M2, Lorenz T2, Mathur V3, Lu G2,

Hutchaleelaha A2, Hollenbach S2, Curnutte J2 and Becker RC4

1McMaster University, Ontario, ON, Canada; 2Portola

Pharmaceuticals, South San Francisco; 3MathurConsulting,

Woodside, CA, USA; 4Duke University, Durham, NC, USA

Background: Direct factor Xa inhibitors have superior anticoagulant

efficacy and/or safety relative to warfarin and low molecular weight

heparin but are limited by lack of a specific antidote to reverse antico-

agulation during episodes of serious bleeding or before surgery.

PRT064445 (PRT) is a modified, human recombinant fXa that is cata-

lytically inactive but retains high-affinity binding to direct fXa inhibi-

tors (fXai) and heparin-antithrombin III complexes. It competes with

native fXa for fXai drugs, thus reversing direct and indirect fXai-medi-

ated anticoagulation. In a previous Phase 1 study (n = 32), in the pres-

ence of PRT in subject plasma samples, ex-vivo thrombin generation

and anti-fXa activity of rivaroxaban were reversed in a dose-depen-

dent manner.

Aims: To evaluate dose-response of PRT in reversing the anticoagu-

lant effects of several fXai, pharmacokinetics (PK), and overall safety

in up to 144 healthy volunteers.

Methods: This ongoing Phase 2, double-blind, placebo-controlled

study is examining the effects of PRT with apixaban, rivaroxaban, en-

oxaparin, and betrixaban. Each fXai will be studied with up to four

different dose cohorts of PRT or placebo in a 6:3 ratio (i.e. up to 36

subjects per fXai). Subjects are treated on Days 1–6 with fXai (to

steady state) and then dosed with IV PRT or placebo on Day 6, 3 h

after the fXai dose. Pharmacodynamic and safety data are collected

through Day 48 and PK through Day 10. A chromogenic assay was

used to determine anti-fXa activity.

Results: We are reporting available data from the first PRT dose

cohort of nine subjects, who received apixaban 5 mg bid (11 doses),

followed by a bolus of PRT (90 mg) or placebo IV. Anti-fXa activity

peaked at 3 h after the last dose of apixaban at which time PRT/pla-

cebo was administered. Within 2 min, the mean anti-fXa activity

decreased by �65% following PRT (n = 4) vs. +6% in the placebo

group (n = 2). At 10, 30, and 60 min post-PRT or placebo, the compa-

rable values were �47% vs. +7%; �29% vs. +11%; and �17% vs.

+3%. Similarly, plasma concentrations of unbound apixaban decreased

immediately after PRT but were unchanged following placebo. Based

on a mean apixaban plasma concentration of 474 nM and an esti-

mated PRT plasma concentration of 314 nM, the PRT/apixaban

molar ratio was 0.66, indicating that this initial low dose of 90 mg

PRT bound approximately two thirds of the apixaban in the plasma.

This value is in good agreement with the observed 65% decrease in

anti-fXa activity. PRT was temporally associated with a transient

reduction in tissue factor pathway inhibitor (TFPI) activity and

increase in F1+F2, but no change in D-dimer. There were no throm-

botic or allergic-type adverse events, serious adverse events, or deaths.

PRT was well tolerated; 5/9 subjects experienced one or more adverse

events; all were mild.

Summary/Conclusions: Emerging in vivo data from this trial confirm

prior ex-vivo observations and animal models that PRT reverses anti-

coagulant effects of fXai. PRT is a well-tolerated, and potentially

promising, universal antidote for fXai. Additional data with higher

doses will be presented.

AS 20.2
No need for a rivaroxaban dose reduction in renally
impaired patients with symptomatic venous
thromboembolism
Bauersachs R1, Lensing AWA2, Pap A2 and Decousus H3

1Klinikum Darmstadt GmbH, Darmstadt; 2Bayer HealthCare,

Wuppertal, Germany; 3Universit�e Jean Monnet, Saint-Etienne,

France

Background: Rivaroxaban is an oral, direct Factor Xa inhibitor. One-

third of the rivaroxaban dose is excreted renally as unchanged drug.

Consequently, rivaroxaban exposure increases with declining creati-

nine clearance (CrCl), with area under the curve ratios of 1.44 (95%

confidence interval [CI] 1.08–1.91), 1.52 (95% CI 1.15–2.01) and 1.64

(95% CI 1.24–2.17) observed in patients with CrCl 50–79, 30–49 and

< 30 mL/min, respectively (Kubitza et al. 2010). Dose-finding studies

for deep vein thrombosis (DVT) treatment showed a flat dose-response

for recurrent venous thromboembolism (VTE), with no increase in

major bleeding for total daily doses of rivaroxaban of 20–60 mg and

no increase in major bleeding in patients with CrCl 50–79 mL/min or

< 50 mL/min. Therefore, in the EINSTEIN DVT and PE studies, the

rivaroxaban dose was not reduced in patients with renal impairment.

Aims: To assess rates of bleeding and recurrent VTE in patients with

renal impairment treated with fixed-dose rivaroxaban compared with

standard VTE treatment in EINSTEIN DVT and PE.

Methods: Patients with acute symptomatic DVT and/or pulmonary

embolism were randomized to receive fixed-dose rivaroxaban (15 mg

twice daily for 3 weeks followed by 20 mg once daily) or subcutaneous

weight-adjusted enoxaparin followed by a vitamin K antagonist

(VKA) (international normalized ratio 2.0–3.0) for 3, 6 or 12 months.

Patients with CrCl < 30 mL/min were excluded. Rates of major bleed-

ing and recurrent VTE were assessed. Subgroup analyses were per-

formed for patients with normal renal function (CrCl ≥ 80 mL/min)

and mild (CrCl 50–79 mL/min) or moderate (CrCl < 50 mL/min)

renal impairment.

Results: A total of 4130 patients received rivaroxaban and 4116

patients received enoxaparin/VKA. Major bleeding occurred in 40

(1.0%, three fatal) and 72 (1.7%, eight fatal) patients in the rivarox-

aban and enoxaparin/VKA groups, respectively (hazard ratio

[HR] = 0.54; 95% CI 0.37–0.79; P = 0.002). In patients with normal

renal function, major bleeding occurred in 23/2739 (0.8%) patients

receiving rivaroxaban and in 29/2776 (1.0%) patients receiving enoxap-

arin/VKA (HR = 0.79, 95% CI 0.46–1.37). In patients with mild renal

impairment, major bleeding occurred in 14/1024 (1.4%) patients and

30/993 (3.0%) patients, respectively (HR = 0.44, 95% CI 0.24–0.84).
In patients with moderate renal impairment, major bleeding was

observed in 3/329 (0.9%) patients and 13/320 (4.1%) patients, respec-

tively (HR = 0.21, 95% CI 0.06–0.73). In the rivaroxaban group, the

incidence of recurrent VTE increased from 49/2748 (1.8%) patients

with normal renal function to 24/1030 (2.3%) and 11/332 (3.3%)

patients with mild or moderate renal impairment, respectively. In the

enoxaparin/VKA group, the incidence increased similarly from 52/

2787 (1.9%) to 30/992 (3.0%) and 11/322 (3.4%) patients, respectively.

Summary/Conclusions: Rivaroxaban 15 mg twice daily for 3 weeks,

followed by 20 mg once daily, was not associated with increased major
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bleeding in patients with reduced renal function. Compared with enox-

aparin/VKA, rivaroxaban was associated with a relative risk reduction

of major bleeding of ~55% and ~78% in patients with mild and mod-

erate renal impairment, respectively. The incidence of recurrent VTE

increased with declining renal function in both treatment groups

(P-value for trend = 0.002). We conclude that a rivaroxaban dose

reduction is not indicated in patients with DVT or pulmonary embo-

lism with mild/moderate renal impairment.

AS 20.3
Inhibition of coagulation factor XII provides
thromboprotection in extracorporeal circulation
without increasing bleeding risk
Larsson M1, Theinert K1, Labberton L1, Rayzman V2, Nolte MW3,

Panousis K2, Pragst I3, Dickneite G3 and Renn�e T1

1Karolinska Institutet, Stockholm, Sweden; 2CSL Limited,

Parkville, Vic., Australia; 3CSL Behring GmbH, Marburg,

Germany

Background: Anticoagulation treatment for prevention of thromboem-

bolic diseases is associated with an increase in potentially life-threaten-

ing bleeding. Thus, it constitutes a priority to develop novel targets for

efficient and safe anticoagulation. Deficiency in coagulation factor XII

(FXII) protects mice in models of thromboembolic disease. Despite its

critical role in thrombosis, FXII deficiency does not increase bleeding

risk in patients.

Aims: Here, we analyzed inhibition of FXII activity in rabbits as a

potential novel anticoagulation strategy, devoid of bleeding risk.

Methods and Results: We used phage display to develop a monoclonal

antibody directed against activated FXII (anti-FXIIa antibody CSL-

3F7). CSL-3F7 selectively interferes with FXII-mediated thrombin

formation and clotting in rabbit plasma. CSL-3F7 dose-dependently

blocked collagen-induced thrombus formation under venous and arte-

rial flow in rabbit blood. To analyze the efficacy and safety of CSL-

3F7 in a clinical setting that requires potent anticoagulation, we set up

a model of Extra Corporeal Membrane Oxygenation (ECMO) for rab-

bits. A single bolus of CSL-3F7 was as efficient as high-dose, heparin

in terms of thromboprotection during ECMO and prevented clot for-

mation for up to 6 h. In contrast, bypass systems occluded in < 3 min

in buffer-infused animals. Despite its striking thromboprotective effi-

ciency, CSL-3F7 did not increase skin and cuticle bleeding times and

had no effect on blood loss as assessed by liver and skin wound injury.

Conclusions: The data establish CSL-3F7, a FXIIa-neutralizing anti-

body, as a potent thromboprotective agent in extracorporeal circula-

tion and indicate that targeting FXII activity offers a safe strategy for

prevention of thrombosis that is not associated with the frequent com-

plications of bleeding seen with currently used anticoagulants.

AS 21 – The Interplay Between
Coagulation and Inflammation

AS 21
Tissue factor signaling and inflammation
Ruf W

The Scripps Research Institute, La Jolla, CA, USA

The Tissue Factor (TF) pathway is directly linked to physiological

repair mechanisms and the host defense against infection. TF is

induced by inflammatory mediators in myelo-monocytic cells where

danger signals from dying cells or associated with complement activa-

tion regulate TF procoagulant activity dependent on protein disulfide

isomerase, coupling the initiation of inflammation with local activa-

tion of the coagulation cascade. The role of TF is not restricted to the

initiation of coagulation and, in addition, signaling of TF protease

complexes plays a pivotal role in the regulation of innate immune

responses and inflammation. Recent data show that the TF pathway is

a critical inducer of the chronic inflammation in obesity. TF adipocyte

signaling contributes to the development of obesity, whereas TF

expressed by adipose tissue macrophages regulates their inflammatory

phenotype. Loss of TF-PAR2 signaling in the hematopoietic compart-

ment of obese mice attenuates adipose tissue inflammation and pro-

motes a switch of adipose tissue macrophages to an anti-inflammatory

phenotype typically seen in lean mice. TF forms two distinct signaling

complexes. The binary, coagulation inactive TF-VIIa complex inter-

acts with 1 integrins and only cleaves PAR2. The ternary TF-VIIa-Xa

complex mediates Xa-dependent activation of PAR1 or PAR2. Xa sig-

naling in this complex is strictly dependent on the endothelial protein

C receptor (EPCR). Macrophages found in adipose and tumor tissues

express components of these signaling complexes. Further insight into

the control of macrophage phenotypes by the TF pathway is expected

to emerge from the characterization of regulated expression and inter-

actions of TF signaling components in macrophages during acute and

chronic inflammation.

AS 21.1
Formation of neutrophil extracellular traps in skin
wounds of mice retards healing
Wong SL1, Martinod K1, Demers M1, Gallant M2, Wang Y3

and Wagner D1

1Boston Children’s Hospital, Harvard Medical School; 2Boston

Children’s Hospital, Boston, MA; 3Pennsylvania State University,

Pennsylvania, PA, USA

Background: Wound healing is an important restorative process in

response to tissue injury. Failure of effective wound repair in chronic

inflammatory conditions can result in ulcers and amputation. Approx-

imately 3–6 million people in the US suffer from non-healing wounds.

Inflammation is one of the early phases of wound repair in which neu-

trophils play a central role. Upon stimulation, neutrophils can release

their chromatin and granule proteins, forming neutrophil extracellular

traps (NETs) that act as another mechanism of innate immunity. Pep-

tidylarginine deiminase 4 (PAD4) is abundantly expressed in neu-

trophils and can decondense chromatin by converting arginine on

histones to citrulline. PAD4-mediated histone hypercitrullination is a

critical step for neutrophils to extrude their chromatin to make NETs.

NETs limit the spread of bacteria and may kill them via the locally

concentrated antibacterial components. Their non-specific cytotoxic-

ity, however, may also be injurious to host tissue. High concentration

of neutrophil elastase, which is also a NET component, can cause

excessive degradation of the wound matrix that is unfavorable to heal-

ing. Whether NETs are present in wounds and their impact on the

healing process has not been explored.

Aims: Our aims were to determine whether NETs are formed during

wound healing and to examine whether they facilitate wound repair or

delay the process.

Methods: Full thickness wounds were made with sterile 4-mm biopsy

punches in the dorsal skin of wild-type (C57BL/6) mice. Wounds were

observed for the presence of extracellular DNA. Mice deficient in

CD18 (CD18�/�) with defective leukocyte recruitment to sites of tissue

damage, and wild-type mice depleted of neutrophils using an anti-

Ly6G antibody (1A8 clone) were used to examine whether neutrophils

were the main producers of such extracellular DNA. PAD4�/� mice

whose neutrophils cannot make NETs were used to evaluate the

impact of NETs formation in wound healing. The wounds were digi-

tally photographed for 14 days and total wound area was calculated

using ImageJ software. Recruitment of neutrophils and re-epithelial-

ization reflected by keratinocyte migration were examined by histol-

ogy. Citrullination of histone H3 (H3Cit), a marker for NETs

formation, and neutrophil marker (Ly6G) were localized in wound

sections by fluorescence microscopy and quantified by Western blotting.
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Results: Western blot analysis of wounds from wild-type mice showed

that H3Cit appeared the first day after wounding and peaked from

days 3 to 7. Immunofluorescence imaging revealed the co-localization

of H3Cit with Ly6G+ cells in the scab. H3Cit was absent in wounds

from CD18�/� or PAD4�/� mice and reduced by ~80% in mice

depleted of neutrophils. PAD4�/� mice exhibited accelerated wound

repair, re-epithelialization and wound closure. NET-like extracellular

DNA structures, seen as blue spikes with hematoxylin, were observed

in wounds from wild-type but not PAD4�/� mice.

Summary: Neutrophils are the main producers of extracellular DNA

during wound healing and NETs represent a major component of skin

wounds. PAD4-dependent NET production has a negative impact on

healing, thus inhibition of NET formation may accelerate wound

repair.

AS 21.2
Protease-activated receptor 1 contributes to early
immune responses in the lung after influenza A
infection
Antoniak S1, Milner J2, Beck M2 and Mackman N1

1UNC McAllister Heart Institute; 2UNC Gillings School of Global

Public Health, Chapel Hill, NC, USA

Background: Influenza A (IVA) is a RNA virus that infects the lungs

and causes considerable morbidity and mortality. Toll-like receptor-3

(TLR3) signaling plays a central role in controlling IVA replication.

TLR3 activation leads to the expression of an antiviral program that

includes interferon (IFN). Recruited natural killer (NK) cells kill

infected cells. Furthermore, IVA infection was shown to induce local

production of different proteases that activate protease-activated

receptor-1 (PAR1). Recently, we found that PAR1 deficiency resulted

in increased coxsackievirus B3-induced myocarditis. This observation

was mediated by a PAR1-dependent increase in TLR3-IFNb-CXCL10

expression. In contrast to our findings, the Riteau group found that

PAR1 stimulation resulted in increased mortality after IVA infection.

Two companies have developed anti-PAR1 drugs as novel antiplatelet

drugs. However, PAR1 is expressed by many cell types and these drugs

may have off-target effects and possibly interfere with early immune

responses.

Aim: At present, the role of PAR1 during virus infection of the lung is

controversial. Here, we investigated whether PAR-1 plays a role in the

innate immune responses to IVA.

Methods: Male PAR1+/+ (wild-type, WT) and PAR1�/� mice (age of

10–12 weeks) were infected intranasally with 50 ll of 0.02 hemaggluti-

nating units of IVA H1N1/PR8. IVA genome levels, expression of

IFNs and inflammatory mediators were analyzed by qRT-PCR 1, 3

and 7 days post infection (dpi) in lungs of infected WT and PAR1�/�

mice. Further, we analyzed the effect of PAR1 stimulation on the

TLR3-signaling pathway on bone-marrow derived macrophages

(BMDM). Lastly, we analyzed the role of PAR1 for NK cell activity.

Results: PAR1�/� mice exhibited significantly reduced levels of IFNb
in the lung compared to WT mice 1 dpi. (P < 0.05). In addition there

were reduced levels of the NK cell marker, NK1.1, and five-fold more

IVA genomes in the lungs of PAR1�/� mice compared to WT mice

3 dpi (P < 0.05). Increased IL1b and TNFa expression was also

observed in PAR-1 deficient mice lungs compared to WT mice 3 dpi.

However, WT mice exhibited higher levels of IFNc, CXCL10, IL1b
and TNFa in the lungs compared to PAR1�/� mice 7 dpi. TLR3 stim-

ulation experiments with BMDM showed that PAR1 activation

enhances TLR3-IFNb-CXCL10 pathway in a p38 dependent fashion.

Furthermore, we found that maximal NK cell activity of a splenocyte

population was dependent on the PAR1 expression.

Conclusion: We found that PAR1 contributes to early antiviral

immune responses in the lung after IVA infection. An absence of

PAR1 was associated with reduced IFNb and NK cell infiltration in

the lung that appears to lead to increased virus replication and inflam-

mation 3 dpi. Our data indicate that PAR1 has a role in early immune

responses by inducing early innate immune responses to IVA. We

speculate that inhibition of PAR1 might lead to accelerated IVA repli-

cation in the early phase of infection.

AS 21.3
Activated protein C glycosylation status dictates
protease-activated receptor 1 proteolysis and anti-
inflammatory signaling efficacy
Gleeson E, N�ı �Ainle F, Kenny BA, O’Donnell J and Preston RJS

Trinity College Dublin, Dublin 12, Ireland

Background: Protein C circulates in plasma as two major glycoforms

(a and b), characterized by the presence (a-protein C) or absence

(b-protein C) of an N-linked glycan chain at position Asn-329. Upon

activation, a recombinant mimic of b-activated protein C (APCN329Q)

exhibits significantly improved ability to maintain endothelial cell bar-

rier integrity and limit endothelial cell apoptosis compared to wild type

APC. Despite its potential importance in defining endogenous APC

anti-inflammatory activity, the molecular basis of enhanced b-APC

cytoprotective signaling is currently unknown.

Aims:We sought to determine how enhanced protease-activated recep-

tor 1 (PAR1)-dependent cytoprotective signaling by b-APC is medi-

ated, and investigate whether site-specific glycosylation status is also

an important determinant in PAR1-independent APC cell signaling.

Furthermore, we examined whether partial glycosylation and associ-

ated enhanced PAR1 signaling function was similarly conserved in

murine APC.

Methods: A PAR1 cleavage alkaline phosphatase reporter assay was

used to assess the rate of PAR1 proteolysis by APC on HEK293T cells

co-transfected with endothelial cell protein C receptor (EPCR). APC

inhibition of lipopolysaccharide (LPS)-induced pro-inflammatory

cytokine secretion from human or murine myeloid cells was assessed

by ELISA or by using cytokine-specific reporter cell lines. The role of

APC glycosylation in PAR1 proteolytic activity and anti-inflammatory

function was determined by enzymatic removal of APC N-linked gly-

cans with PNGase F, and also by utilization of recombinant APC vari-

ants rendered incapable of glycan moiety attachment at specific

sequons, namely Asn-248 (APCN248Q), Asn-313 (APCN313Q) and Asn-

329 (APCN329Q) in human APC, and Asn-330 in murine APC

(mAPCN330Q).

Results: The rate of EPCR-dependent PAR1 proteolysis by PNGase

F-treated APC was more than double that of untreated APC.

APCN329Q exhibited comparably enhanced PAR1 proteolysis to that

of PNGase F-treated APC, whereas variants APCN313Q and

APCN248Q were similar in efficacy to wild type APC. PAR1-depen-

dent inhibition of TNFa and IL-6 secretion from macrophages was

significantly more effective in the presence of either PNGase F-trea-

ted APC or APCN329Q than with untreated wild type APC. No dif-

ference, however, was observed in the ability of untreated, PNGase

F-treated, or recombinant site-specific glycan variant APC to medi-

ate PAR1-independent inhibition of TNFa secretion from LPS-trea-

ted monocytes. Finally, SDS-PAGE analysis revealed that murine

APC migrates as a glycosylation-dependent doublet, which, like

human APC, mediates significantly increased PAR1-dependent inhi-

bition of TNFa and IL-6 secretion from LPS-stimulated murine

macrophages upon pre-incubation with PNGase F. In addition, a

recombinant version of murine b-APC (mAPCN330Q) exhibited

equally improved anti-inflammatory activity to that of PNGase

F-treated murine APC in the same assay.

Summary/Conclusions: In this study, we show that the PAR1-depen-

dent anti-inflammatory signaling activity of both human and murine

APC is regulated by N-linked glycans at Asn-329 and Asn-330 respec-

tively, which act to impede efficient PAR1 proteolysis and thereby

limit cytoprotective signaling. Furthermore, our data imply a key role

for the endogenous b-APC glycoform in dictating PAR1-dependent
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APC anti-inflammatory activity in vivo, and highlights the therapeutic

potential of recombinant N-linked glycan sequon-specific APC vari-

ants for the treatment of acute inflammatory disease.

AS 22 – Inhibitors in Haemophilia A

AS 22.1
Factor VIII gene (F8) mutation and inhibitor
development in non-severe hemophilia A
De Groot-Eckhardt CL1, Van Velzen AS1, Peters M2, Peerlinck

K3, Oldenburg J4, Santagostino E5, Astermark J6, Van Heerde

WL7, Hermans C8, Morfini M9, Castaman G10, Haya S11, McRae

S11, Reitter-Pfoertner SE12, Kamphuisen PW13, Van Der Bom

JG14, Fijnvandraat KJ1 and For the INSIGHT consortium15

1Emma Children’s Hospital, Academic Medical Center,

Amsterdam, the Netherlands; 2Emma Children’s Hospital,

amsterdam, the Netherlands; 3University of Leuven, Leuven,

Belgium; 4University Hospital Bonn, Bonn, Germany; 5Angelo

Bianchi Bonomi Hemophilia and Thrombosis Centre, Milan, Italy;
6Malm€o University Hospital, Lund University, Malm€o, Sweden;
7St. Radboud University Medical Center, Nijmegen, the

Netherlands; 8St-Luc University Hospital, Brussels, Belgium;
9Azienda Ospedaliera Careggi, Florence, Italy; 10La Fe

Polytechnic and University Hospital, valencia, Spain; 11Royal

Adelaide Hospital, Adelaide, Australia; 12Medical University of

Vienna, Vienna, Austria; 13University Medical Center Groningen,

Amsterdam, the Netherlands; 14Sanquin Research/Leiden

University Medical Center, Leiden, the Netherlands

Background: The development of neutralizing antibodies (inhibitors)

towards factor VIII is a major complication in non-severe hemophilia

A, profoundly aggravating the bleeding pattern. Identification of high

risk patients is hampered by lack of data on the association between

factor VIII gene (F8) mutations and the development of inhibitors that

take exposure days to therapeutic factor VIII concentrates into

account.

Aims: To determine the risk of inhibitor development in patients with

non-severe hemophilia A and to analyze the association with F8 muta-

tion, taking exposure days to therapeutic factor VIII concentrates into

account.

Methods: The study population was derived from a source population

of 2711 non-severe hemophilia A patients (factor VIII 2–40%), treated

in 34 hemophilia treatment centers in Europe and Australia (the

INSIGHT consortium). The association between F8 mutation and

inhibitor development was assessed in 1112 patients, only recruited

from centers that had genotyped at least 70% of their patients. Inhibi-

tor risk was calculated as Kaplan–Meier incidence with cumulative

number of exposure days as time variable. Thus, risk was calculated as

the proportion of patients that developed an inhibitor after a certain

number of exposure days (e.g. 20 or 50) to therapeutic factor VIII con-

centrates.

Results: During 44,800 exposure days (median 24 exposure days per

patient; Inter Quartile Range (IQR), 7–90), 59 of the 1112 patients

developed an inhibitor; cumulative incidence of 5.3% (95% confidence

interval (CI), 4.0–6.6) after a median of 28 exposure days (IQR, 12–
71). The inhibitor risk at 50 exposure days was 6.7% (95% CI, 4.5–
8.9) and at 100 exposure days this risk was further increased to 13.3%

(95% CI, 9.6–17.0). Among a total of 221 different F8 point mutations

19 were associated with inhibitor development. The inhibitor risk was

highest for R593C, D2074G, R2159C and W2229C, reaching 19%,

21%, 39% and 42%, respectively, at 50 exposure days.

Conclusion: Among a total of 221 different point mutations, 19 muta-

tions were associated with inhibitor development. Longitudinal analy-

sis revealed that the inhibitor incidence in non-severe hemophilia A

patients with certain F8 mutations approaches the incidence observed

in patients with severe hemophilia. These results emphasize the

importance of F8 genotyping in non-severe hemophilia A. New pre-

ventive and therapeutic approaches in this patient group are urgently

needed.

AS 22.2
Effect of type and intensity of FVIII exposure on
inhibitors development in hemophilia A: first results of
an individual patient data meta-analytic project
Marcucci M1, Mancuso ME2, Santagostino E2, Kenet G3, Elalfy

M4, Holzhauer S5, Bidlingmaier C6, Escuriola Ettingshausen C7,

Iorio A1 and Nowak-G€ottl U8

1McMaster University, Hamilton, ON, Canada; 2IRCCS C�a

Granda Foundation, Maggiore Hospital Policlinico, Milan, Italy;
3Sheba Medical Centre, Tel-Hashomer, Israel; 4Ain Shams

University, Cairo, Egypt; 5Charite, Berlin; 6University Hospital

Munich, Munich; 7HZRM – Haemophilia Centre Rhein Main,

Frankfurt-Moerfelden; 8Univ. Hospital M€unster, M€unster,

Germany

Background: The role of treatment-related factors in the development

of inhibitors in hemophilia A patients is highly debated; in view of the

scanty evidence from randomized and large prospective trials, a collab-

oration between researchers to pool a large amount of individual

patient data (IPD) and a rigorous methodological approach to their

analysis can maximize the reliability of the obtainable evidence.

Aims: To explore the impact of the source of FVIII concentrate and of

the intensity of treatment on inhibitor development in previously

untreated patients (PUPs) with hemophilia A using different statistical

approaches to investigate the role of possible confounders.

Methods: Data source: prospectively collected IPD on PUPs with

moderate-severe hemophilia A treated in hemophilia centers in Ger-

many, Italy, Israel, Egypt. Outcome: Inhibitor formation (Bethesda

titer > 0.5 BU). Treatment-related risk factors on study: FVIII

source (recombinant [rFVIII] vs. plasma-derived [pdFVIII]) and

treatment intensity (high-intensity [initial dose ≥ 150 IU/Kg/week] vs.

low-intensity). Other risk factors included as covariates/confounders:

family history of inhibitors, severity of hemophilia, gene mutation

(null/non-null), age at the first exposure to FVIII, regimen (on-

demand/prophylaxis), surgery at first exposure and birth year. Statis-

tical methods: meta-analysis of the pooled cohorts by (i) univariate

and multivariate Cox regression, with exposure days (EDs) as time-

to-event; (ii) CART analysis; (iii) Cox regression with covariate-

adjustment using propensity scores for FVIII source and intensity;

(iv) calculating the Average effect of Treatment on Treated (ATT)

using different methods of matching/stratification on propensity

score. Analyses were stratified by country and/or included country as

covariate. Multiple-imputation techniques were used to manage miss-

ing data. Sub-group analyses: severe patients and high responding

(HR) inhibitors.

Results: 761 PUPs (86% severe) were followed up for over 150 EDs

(3–490), 241 (31.7%) of whom treated with rFVIII; among 700

patients with available data on initial weekly dose, 116 (16.6%)

received a high-intensity treatment. Twenty-seven percent (208/761)

developed inhibitors (172 HR) considering the entire population, 38%

among patients treated with rFVIII and 22% among those treated

with pdFVIII (unadjusted HR 2.2, 95% CI 1.6–3.0); 53% among those

receiving an high-intensity treatment and 23% among those treated

less intensively (unadjusted HR 3.6, 95% CI 2.6–4.9). Only treatment

intensity, and not FVIII source, held an overall statistically significant

effect in multivariate Cox analyses, either directly adjusted for covari-

ates or adjusted for propensity scores, and showed a stable significant

ATT across different matching methods. According to a significant

interaction effect between the two treatment-related factors, rFVIII

was associated to a higher risk of inhibitors vs. pdFVIII only in case

of low-intensity treatment. CART analysis assigned hierarchically and
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automatically a primary effect to treatment intensity and family his-

tory of inhibitors, and a secondary effect to FVIII source. Similar

results were found for only severe patients and only HR.

Conclusion: Different statistical approaches to pooled IPD confirmed

that a high intensity treatment increased the risk of inhibitor while the

effect of recombinant or plasma-derived FVIII sources was partially

confounded by patient-related risk factors and dependent on the inten-

sity of the exposure.

AS 22.3
Defective indoleamine 2,3-dioxygenase induction is
associated with inhibitor development in severe
hemophilia A patients carrying F8 gene null mutations
Matino D1, Iorio A2, Gargaro M1, Santagostino E3, Santoro C4, Di

Minno G5, Morfini M6, Puccetti P1 and Fallarino F1

1University of Perugia, Perugia, Italy; 2McMaster University,

Hamilton, ON, Canada; 3Angelo Bianchi Bonomi Hemophilia

and Thrombosis Centre, Milan; 4University La Sapienza, Rome;
5Federico II University, Naples; 6Azienda Ospedaliera Careggi,

Florence, Italy

Background: The occurrence of neutralizing antibodies (inhibitors) to

FVIII is a major obstacle to successfully treating hemophilia A

patients. Mutations resulting in the absence (or severe truncation) of

FVIII protein are associated with the highest risk of inhibitor forma-

tion in that they prevent a patient’s immune system from initiating

central tolerance to FVIII. However, the occurrence of inhibitors only

in a minority of those patients on replacement therapy suggests that

effective regulatory mechanisms of peripheral tolerance operate extra-

thymically in most patients harboring FVIII-reactive lymphocytes. A

recently elucidated mechanism whereby antigen-presenting cells

(APCs) promote and maintain peripheral tolerance involves immuno-

suppressive tryptophan catabolism by indoleamine 2,3-dioxygenase

(IDO). When activated in APCs, the immunoregulatory enzyme IDO

changes the antigen-presenting profile of those cells from immuno-

genic to tolerogenic, contributing to immune homeostasis under a vari-

ety of pathophysiological conditions.

Aims: To study the possible role of peripheral tolerance to FVIII, we

investigated IDO induction, expression, and activity in severe hemo-

philia A patients for any possible relationship with inhibitor develop-

ment.

Methods: We enrolled 45 severe hemophilia A patients who had devel-

oped high-titer inhibitors (> 5 BU/mL) and 45 age-matched inhibitor-

negative patients (consistently inhibitor-free after at least 150 ED). All

subjects in this study, whether inhibitor-positive or inhibitor-negative,

carried F8 gene mutations expected to cause complete absence of func-

tional FVIII protein, namely large deletions, nonsense mutations, or

intron 1 and 22 inversions, which are all thought to prevent central tol-

erance development to FVIII. PBMCs were isolated by standard tech-

nique. IDO competence was assessed by evaluation of IDO protein

and mRNA induction, while IDO activity was analyzed by HPLC

measurement of l-kynurenine production (the first breakdown product

of tryptophan catabolism by IDO). Informed consent was obtained

before enrollment, according to a protocol approved by the ethical

committees of the individual participating Centers, in accordance with

the Declaration of Helsinki.

Results: Significant differences in IDO induction were found between

inhibitor-positive and inhibitor-negative patients by: (i) immunoblot

analysis of protein expression (densitometry units; inhibitor-positive

patients, 8.9 � 7.3; inhibitor-free patients 20.5 � 9.2; P < 0.0001); (ii)

RT-PCR for IDO mRNA (mRNA fold change; inhibitor-positive

patients 1.65 � 0.54; inhibitor-free patients 3.35 � 1.6; P < 0.0001);

and by (iii) kynurenine production (lm/L; inhibitor-positive patients

0.90 � 0.53; inhibitor-free patients 1.84 � 0.94; P < 0.0001). Overall,

32 out of the 45 inhibitor-free patients showed upregulated IDO

expression and function in response to stimulation, whereas 16 of the

45 inhibitor-positive patients were capable of up-regulating IDO (OR

4.45; 95% CI 1.83–10.8, P = 0.001).

Conclusions: Our results support the relevance of peripheral tolerance

mechanisms in the development of FVIII inhibitors. In particular, our

data show that defective IDO induction is associated with inhibitor

development in severe haemophilia A patients. Further details on

peripheral tolerance in haemophilia A patients could help develop an

effective strategy to predict or even prevent (or eradicate) inhibitors

through mechanisms of tolerance acquired in the periphery, whether

in prophylaxis – to reduce the incidence rate of inhibitors – or in ITI

to increase its likelihood to succeed.

AS 23 – What’s New in Fibrinolysis?

AS 23.1
PAI-1 is a critical determinant of senescence and
survival in klotho mice, a murine model of accelerated
aging
Eren M1, Boe AE1, Sheila BM1, Place AT1, Nagpal V1, Budinger

GR1, M Mutlu G1, Miyata T2 and Vaughan E1

1Northwestern University, Chicago, IL, USA; 2Tohoku University,

Sendai, Japan

Background: Advanced age contributes to the development of frailty

and disease in humans, but the fundamental mechanisms that drive

aging are incompletely understood. Cellular senescence correlates with

the synthesis of several secreted factors, collectively termed the Senes-

cence-Messaging Secretome (SMS), including insulin-like growth fac-

tor binding proteins (IGFBPs), interleukins (ILs), TGF-b, and

plasminogen activator inhibitor-1 (PAI-1). The klotho gene functions

as an aging-suppressor gene; thus klotho-deficient (kl/kl) mice develop

an accelerated aging-like phenotype characterized by a truncated life-

span (64 � 26 days), infertility, ectopic calcification, and emphysema.

Since PAI-1 is markedly elevated in kl/kl mice and is a critical determi-

nant of replicative senescence in vitro, we hypothesized that PAI-1 is

essential for development of the phenotype in kl/klmice.

Aims: We aimed to investigate the effects of PAI-1 deficiency (partial

or complete) on the phenotypic abnormalities exhibited by klotho

mice.

Methods: Heterozygous klotho and PAI-1 knockout mice were bred to

generate partial (kl/klpai-1+/�) or complete (kl/klpai-1�/�) PAI-1

deficiency in klotho mice. Lifespan, body weight and physical activity

level of these mice were monitored. Plasma levels of SMS factors,

FGF23 and Vitamin D3 were measured by ELISA methods.

Senescence in kidneys was assessed by measuring expression levels of

p16Ink4a by qRTPCR and immunostaining. Telomere length in various

tissues was quantitatively determined using a qRTPCR method.

Emphysema phenotype was characterized by histological evaluation of

lung tissues and measuring the partial oxygen pressure in arterial

blood. The von Kossa stain was performed on kidney and heart tissues

to study ectopic calcification.

Results: Partial (kl/klpai-1+/�) or complete (kl/klpai-1�/�) PAI-1

deficiency increased the average lifespan of kl/kl mice by 4.0-fold to

257 � 171 and 275 � 127 days, respectively (P = 0.0001). The median

survival was 58 days for kl/kl, 163 days for kl/klpai-1+/� and

246 days for kl/klpai-1�/� mice. Furthermore, both kl/klpai-1�/�
and kl/klpai-1+/� mice exhibited increased body weight, normal fer-

tility, and were protected against emphysematous changes and ectopic

calcification developed by kl/kl mice. While plasma levels of SMS fac-

tors IGFBP-3 and IL-6 were significantly elevated in kl/kl mice, PAI-1

deficiency normalized these factors in kl/klpai-1+/� and kl/klpai-1�/�
mice. Similarly, kl/kl mice had shortened telomere length in a number

of tissues including liver, aorta, and skin, whereas in kl/klpai-1+/�
and kl/klpai-1�/� mice, telomere length in these tissues was preserved.

Moreover, the renal expression of the senescence biomarker p16Ink4a

was 3.1-fold higher in kl/kl and reduced by 80% in kl/klpai-1�/�mice.

Finally, kl/klpai-1+/� and kl/klpai-1�/� mice had significantly
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decreased plasma levels of FGF23 (99%) and vitamin D3 (76%),

which are biochemical hallmarks of klotho deficiency.

Conclusion: This is the first demonstration that modulating the activity

of PAI-1, a key component of the SMS, can prolong survival and pre-

vent the development of senescence in a mouse model of accelerated

aging. These findings indicate that PAI-1 is a critical determinant of

senescence in vivo and that novel therapies targeting PAI-1 or other

components of the SMS may prevent senescence and aging-related

pathologic changes in humans.

AS 23.2
Hyperfibrinolytic states induce blood-brain barrier
disruption by a plasmin-bradykininn dependent
mechanism.
Marcos-Contreras OA, Martinez de Lizarrondo S, Yvan Frigout C,

Orset C, Bardou P, Isabelle, Focault I, Montagne A, Maubert E,

Parcq J, Vivien D and Gauberti M*

Inserm UMR-S U919, GIP Cyceron, Caen, France, Caen, France

Background: Hyperfibrinolysis is a pathological condition occurring

in various clinical disorders and treatments, such as trauma, liver

cirrhosis or administration of fibrinolytics. It is characterized by an

exacerbated activity of endogenous clot-bursting proteases, including

tissue-type plasminogen activator (tPA). Apart from increased bleed-

ing tendency, the pathophysiological implications of hyperfibrinolysis

remain largely unknown.

Aims: To develop an experimental model of hyperfibrinolysis and to

study its effects on the intact blood-brain barrier (BBB).

Methods: In order to induce sustained high plasmatic levels of tPA, in

C57BL6J mice, we performed hydrodynamic transfection of a cDNA

encoding for tPA with specific expression in the liver. Subsequently,

we assessed the effects of tPA overexpression on BBB permeability

and cerebrovascular inflammation by Near Infrared Fluorescence, im-

munohistology, quantitative PCR and molecular magnetic resonance

imaging (MRI).

Results: 48 h after hepatic transfection, plasmatic overexpression of

tPA induced BBB leakage. We did not find difference between control

and tPA transfected animals in inflammation markers: Iba-1 positive

cells, positive vessels overexpressing vascular endothelial adhesion

molecule 1 (VCAM-1), mRNA levels of: interleukine-1 beta (IL-1B),

tumor necrosis factor (TNF). Deletion of the finger domain (to pre-

vent its interaction with the low density lipoprotein related receptor,

LRP) or mutation of the K2 domain of tPA (to prevent its interaction

with the N-Methyl-D-Aspartate receptor, NMDA-R) did not influence

post-transfection BBB permeability. In contrast, concomitant adminis-

tration of tranexamic acid, epsilon-aminocaproic acid or aprotinin

completely prevented BBB leakage, suggesting a plasmin-dependent

mechanism. This effect was NMDA-R, protease activated receptor-1

and matrix-metalloproteinases independent. In fact, we demonstrated

that tPA-induced BBB leakage was dependent on bradykinin and the

subsequent activation of endothelial B2 receptors, because Icatibant (a

clinically available B2 receptor antagonist) completely prevented the

BBB disruption. This suggests that plasmin triggers bradykinin gener-

ation, effect that provokes BBB leakage.

Conclusion: Circulating plasminogen activators induce BBB leakage in

a plasmin, bradykinin and B2 receptor activation-dependent manner.

Icatibant appears as a promising therapy to prevent the deleterious

effects of fibrinolytics on the BBB.

AS 23.3
The interplay of DNA, histones and neutrophil
leukocytes with plasmin dependent lysis of plasma
clots
Varj�u I1, Kolev K1, Longstaff C2, Szab�o L3, Varga-Szab�o V1, Farkas

AZ1 and Machovich RA1

1Institute of Medical Biochemistry, Semmelweis University,

Budapest, Hungary; 2National Institute for Biological Standards

and Control, South Mimms, UK; 3IMEC, Research Centre for

Natural Sciences, Hungarian Academy of Sciences, Budapest,

Hungary

Background: Neutrophil extracellular traps (NETs) are networks of

DNA and associated proteins produced by nucleosome release from

activated neutrophils in response to inflammatory stimuli. Our recent

studies have shown that DNA and/or histones modify the structure of

fibrin clots and their resistance to mechanical and enzymatic destruction.

Aim: The present study addresses the effect of certain NET compo-

nents (DNA and histones) on clot lysis expanding our previous obser-

vations from purified fibrin to more physiologically relevant

conditions in a more complex system including plasma clots and

human neutrophil leukocytes.

Methods: Neutrophil leukocytes were isolated from the buffy coat of

human blood and following activation with phorbol myristic acid

(PMA) or N-formyl-methionine-leucine-phenylalanine (fMLP) the

cells were incorporated in fibrin clots. Scanning electron microscopy

(SEM) was used to evaluate the structure of cell-fibrin clots. Penetra-

tion of a yellow fluorescent protein-fusion variant of tissue plasmino-

gen activator (tPA-YFP) in plasma clots supplemented with Alexa-

labeled fibrinogen was monitored by laser scanning confocal micros-

copy (LSM) as an indicator of tPA-induced lysis. Plasmin-catalyzed

lysis of fibrin and plasma clots was followed with time lapse photo-

scanning of the transparent fluid/opaque clot boundary in 0.4 mm

high channels of microslides (IBIDI[TRADEMARK]). Turbidimetric

assay was applied as an additional tool for studying the effects of NET

components on plasma clot lysis. Residual plasmin activity measured

on a synthetic chromogenic plasmin substrate (Spectrozyme-PL) was

used to monitor the time course of plasmin inactivation by defibrino-

genated plasma and pure a2-plasmin inhibitor.

Results: SEM evidenced that PMA and fMLP-activated neutrophils

produced a meshwork of fine fibers (diameter in the range of 10 nm)

tangled in the fibrin scaffold composed of fibers about 10-fold thicker

than the NET filaments. In the functional fibrinolytic assays this mesh-

work was modelled with the addition of DNA and histones to clotting

blood plasma. According to LSM studies, addition of DNA and

histones at 0.05–0.2 mg/mL inhibited penetration of tPA in plasma

clots: the average distance for penetration over 30 min decreased by

28% in line with changes in the generated plasmin activity detected

with Spectrozyme-PL. If lysis of clots prepared in microslides was

initiated with plasmin applied to their surface, DNA and/or histones

had negligible effect on the resolution of pure fibrin, whereas in plasma

clots DNA slowed down the movement of the lysis front by 50% and

histones partially reversed this effect. DNA enhanced the inhibition of

plasmin by defibrinogenated plasma (plasmin activity was 29% and

37% lower after 10 and 40 s of inactivation, respectively, compared to

the DNA-free assay), but the interaction of plasmin with isolated a2-
plasmin inhibitor was not significantly affected by DNA.

Conclusion: NET constituents hamper both tPA- and plasmin-induced

fibrinolysis on the surface of plasma clots through effects on plasmino-

gen activation and plasmin inactivation. Expanding previous work

with purified components, the present data provide further support for

NET-dependent modulation of fibrinolysis relevant to deep vein

thrombosis in inflammatory diseases or clots formed on atheroscle-

rotic plaques with necrotic debris.
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AS 24 – Pleiotropic Effects of
Fibrinogen

AS 24
Fibrinogen and b-amyloid association alters
thrombosis and fibrinolysis: a possible contributing
factor to Alzheimer’s disease
Strickland S, Cortes-Canteli M, Jin Ahn H, Zamolodchikov D,

Hultman K, Kruyer A and Norris EH

The Rockefeller University, New York, NY, USA

The Tissue Factor (TF) pathway is directly linked to physiological

repair mechanisms and the host defense against infection. TF is

induced by inflammatory mediators in myelo-monocytic cells where

danger signals from dying cells or associated with complement activa-

tion regulate TF procoagulant activity dependent on protein disulfide

isomerase, coupling the initiation of inflammation with local activa-

tion of the coagulation cascade. The role of TF is not restricted to the

initiation of coagulation and, in addition, signaling of TF protease

complexes plays a pivotal role in the regulation of innate immune

responses and inflammation. Recent data show that the TF pathway is

a critical inducer of the chronic inflammation in obesity. TF adipocyte

signaling contributes to the development of obesity, whereas TF

expressed by adipose tissue macrophages regulates their inflammatory

phenotype. Loss of TF-PAR2 signaling in the hematopoietic compart-

ment of obese mice attenuates adipose tissue inflammation and pro-

motes a switch of adipose tissue macrophages to an anti-inflammatory

phenotype typically seen in lean mice. TF forms two distinct signaling

complexes. The binary, coagulation inactive TF-VIIa complex inter-

acts with 1 integrins and only cleaves PAR2. The ternary TF-VIIa-Xa

complex mediates Xa-dependent activation of PAR1 or PAR2. Xa sig-

naling in this complex is strictly dependent on the endothelial protein

C receptor (EPCR). Macrophages found in adipose and tumor tissues

express components of these signaling complexes. Further insight into

the control of macrophage phenotypes by the TF pathway is expected

to emerge from the characterization of regulated expression and inter-

actions of TF signaling components in macrophages during acute and

chronic inflammation.

Alzheimer’s disease (AD) is a neurodegenerative disorder in which vas-

cular pathology plays an important role. Since the -amyloid peptide

(A ) is a critical factor in this disease, we examined its relationship to

fibrin clot formation in AD. In vitro and in vivo experiments showed

that fibrin clots formed in the presence of A are structurally abnormal

and resistant to degradation. Fibrin(ogen) was observed in blood vessels

positive for amyloid in mouse and human AD samples, and intravital

brain imaging of clot formation and dissolution revealed abnormal

thrombosis and fibrinolysis in ADmice. Moreover, depletion of fibrino-

gen lessened cerebral amyloid angiopathy pathology and reduced

cognitive impairment in AD mice. These experiments suggest that one

important contribution of A to AD is via its effects on fibrin clots,

implicating fibrin(ogen) as a potential critical factor in this disease.

AS 24.1
Fibrinogen promotes obesity and high fat diet-
associated diseases through a mechanism linked to its
aMb2 binding motif
Flick MJ1, Cruz C1, Raghu H1, Divanovic S1, Stankiewicz TE1,

Kopec AK2 and Luyendyk JP2

1Cincinnati Children’s Hospital, Cincinnati, OH; 2Michigan State

University, East Lansing, MI, USA

Obesity is a worldwide epidemic that predisposes individuals to

numerous comorbidities including atherosclerosis, hypertension, type

II diabetes, and non-alcoholic fatty liver disease (NAFLD). Systemic

inflammation has been proposed as a contributing factor in virtually

all of the obesity-associated diseases. Notably, obesity is further char-

acterized by enhanced coagulation activity including extravascular

fibrin deposition in multiple organ systems. Fibrin(ogen) has been

shown to promote pro-inflammatory activity through engagement of

the leukocyte integrin receptor aMb2 (Mac-1). To determine if fibrin

(ogen)/aMb2 interactions promote the development of obesity-associ-

ated pathologies, we fed wild-type mice and mice expressing a mutant

form of fibrinogen that retains normal clotting function, but lacks the

leukocyte integrin receptor aMb2 binding motif (i.e. Fibc390–396A mice)

a high fat diet (HFD) for up to 20 weeks. Intriguingly, Fibc390–396A

mice gained significantly less weight following HFD challenge relative

to wild-type animals. Differences in adipose tissue mass, but not lean

tissue mass, as determined by EchoMRI analysis, directly correlated

with differential weight gain in HFD fed wild-type mice compared to

Fibc390–396A mice. In agreement with analysis of body composition,

the weights of multiple white adipose tissue depots, as well as brown

adipose tissue, were reduced in Fibc390–396A mice at the end of the

20-week challenge period. The genotype-dependent difference in body

and adipose tissue weight could not be accounted for by differential

consumption of HFD. In concert with significant changes in

body weight, Fibc390–396A mice displayed significantly lower blood

fasting glucose levels when analysed at 12, 14 and 18 weeks on HFD.

Fibc390–396A mice were also found to be profoundly resistant to HFD-

induced NAFLD development. Specifically, Fibc390–396A mice exhib-

ited significantly reduced histological evidence of hepatic steatosis and

inflammation, lower hepatic triglyceride levels, and reduced hepatic

mRNA levels of pro-inflammatory mediators known to exacerbate

NAFLD (i.e. TNFa, MCP-1). These data suggest fibrin(ogen) influ-

ences the pathogenesis of obesity-driven disease sequelae by control-

ling both local inflammatory processes and by an unanticipated, and

as yet uncharacterized, mechanism linking fibrin(ogen) to HFD-

induced increase in adiposity.

AS 24.2
Plasma fibronectin supports hemostasis, controls the
diameter of fibrin fibers, and regulates thrombosis
Wang Y1, Reheman A2, Kalantari J3, Jin JW2, Gross PL4, Weitz JI4,

Rand ML5, Freedman J3 and Ni H6

1University of Toronto; 2Li Ka Shing Knowledge Institute of St.

Michael’s Hospital; 3Li Ka Shing Knowledge Institute of St.

Michael’s Hospital, University of Toronto, Toronto; 4Thrombosis

and Atherosclerosis Research Institute, Hamilton; 5The Hospital

for Sick Children, University of Toronto, Toronto; 6Canadian

Blood Service, St. Michael’s Hospital, University of Toronto,

Toronto, ON, Canada

Background: Plasma fibronectin (pFn) has long been suspected to play

a role in thrombosis/hemostasis, but this has remained controversial.

We previously demonstrated that pFn supports thrombosis in pFn-

conditional deficient mice (PNAS, 2003). Interestingly, depletion of

pFn in fibrinogen (Fg)/VWF�/� mice resulted in enhanced platelet

aggregation and thrombus formation in these mice, revealing a

functional switch of pFn in the absence of Fg or VWF (Blood, 2009).

However, the mechanism controlling this switch is unknown. Further-

more, the hemostatic function of pFn is unclear.

Methods: In addition to triple deficient mice (Fg/VWF/pFn�/�,

TKO), we established Fg/pFn�/� and VWF/pFn�/� mice by cross-

ing pFn conditional knockout mice with VWF�/� or Fg�/� mice.

Injection of polyI-polyC into Cre+ mice resulted in depletion of pFn in

plasma and platelets by over 98% and 80%, respectively. In contrast,

there was no depletion of pFn when polyI-polyC was injected into

Cre- littermate controls. To avoid contamination with Fg, pFn was

purified from Fg�/� mice.

Results: TKO mice had significantly higher mortality (23.1% vs. 9.1%)

and longer tail bleeding time than their pFn+ Fg/VWF�/� litter-
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mates. Autopsy revealed severe subcutaneous or abdominal bleeding.

pFn depletion in Fg�/� mice also increased mortality from 5.5% to

25.6% and prolonged bleeding times; the latter effect was reversed

with pFn infusion. Using intravital microscopy, we observed rapid

deposition of fluorescently-labeled pFn at sites of vessel injury in wild-

type, Fg�/�, Fg/VWF�/�, and b3 integrin�/� mice. pFn deposition

preceded significant platelet accumulation, suggesting that pFn is an

efficient and rapid hemostatic factor.

Based on thromboelastography, fibrin clots formed in whole blood or

platelet-poor plasma from pFn+ mice were significantly stronger than

those formed in blood or plasma from pFn�/� mice. Inferior vena

cava occlusion after FeCl3 injury was significantly delayed in pFn�/�
mice. Fluorescently-labeled pFn was actively recruited into the fibrin

network in mouse and human plasma. Under scanning electron

microscopy, physiological levels of pFn doubled the diameter of fibrin

fibers compared with those formed in pFn�/� plasma, suggesting that

pFn contributes to lateral aggregation of fibrin protofibrils.

Interestingly, pFn inhibited platelet aggregation when fibrin was

absent. In Fg�/� mice, pFn depletion enhanced aggregation of gel-fil-

tered platelets in response to thrombin and TRAP. By contrast, in

VWF�/� mice (with Fg), pFn depletion attenuated the aggregation of

gel-filtered platelets in response to thrombin but enhanced TRAP-

induced aggregation (which cannot convert Fg to fibrin). Using ex vivo

perfusion chamber and intravital microscopy, pFn inhibited thrombus

formation in Fg�/� mice. Thus, pFn plays a dual role in platelet

aggregation based on the presence of fibrin.

Conclusion: pFn contributes to the survival of Fg�/� mice and sup-

ports hemostasis via both fibrin-independent and dependent pathways.

pFn doubles the diameter of fibrin fibers and enhances the mechanical

strength of the clot. In the presence of Fg, pFn augments platelet

aggregation, likely because of fibrin-pFn complex formation. By con-

trast, non-fibrin-linked pFn (at the top of thrombi where thrombin is

diluted) inhibits platelet aggregation and prevents excessive thrombo-

sis. Therefore, pFn is likely a crucial supportive factor in hemostasis

and a key regulator in thrombosis.

AS 24.3
Inhibition of thrombin-mediated factor V activation as
a novel anticoagulant mechanism of fibrinogen ?’
Omarova F1, Uitte de Willige S2, Ari€ens R3, Rosing J1, Bertina RM4

and Castoldi E1

1Maastricht University, Maastricht; 2Erasmus University Medical

Center Rotterdam, Rotterdam, the Netherlands; 3University of

Leeds, Leeds, UK; 4Leiden University Medical Center, Leiden, the

Netherlands

Background: Besides its well-known procoagulant function as a pre-

cursor of fibrin, fibrinogen also plays a less understood anticoagulant

role by binding to thrombin and thereby modulating its activity. The

alternatively spliced fibrinogen c’ chain exists as a heterodimer with

the main fibrinogen cA chain as cA/c’ fibrinogen. Both cA/cA and

cA/c’ fibrinogens bind with low affinity to thrombin exosite I, whereas

exclusively cA/c’ fibrinogen binds to thrombin exosite II. The binding

is mediated through the anionic carboxyl-terminal end of the fibrino-

gen c’ chain, which contains two sulfotyrosine and seven acidic resi-

dues. This high-affinity interaction has been reported to down-regulate

some of the procoagulant activities of thrombin, such as factor VIII

(FVIII) activation and platelet aggregation.

Aim: To investigate the thrombin-mediated anticoagulant effect of

fibrinogen and particularly of fibrinogen c’ in plasma.

Methods: Thrombin generation was measured by Calibrated Auto-

mated Thrombography in whole and defibrinated plasma and in

plasma supplemented with synthetic peptides containing the unique

amino acid sequence of the fibrinogen c’ carboxyl-terminal end and

various modifications of the two tyrosine residues at positions 418 and

422. The peptides were used as a model for the fibrinogen c’ chain

domain that binds to thrombin exosite II. The effect of the doubly sul-

fated peptide on thrombin-mediated factor V (FV) activation was

studied in model systems and in plasma.

Results: Total fibrinogen prolonged the lag time of thrombin genera-

tion when coagulation was triggered with low tissue factor concentra-

tions, but this anticoagulant effect was lost at higher tissue factor

concentrations. The fibrinogen c’ peptides prolonged the lag time and

also decreased the peak height of thrombin generation determined at

low tissue factor. Tyrosine sulfation, rather than phosphorylation,

considerably enhanced the effect of the peptides. The doubly sulfated

peptide was the most potent in a dose-dependent manner, whereas a

scrambled control peptide was ineffective. Interestingly, the effects of

the doubly sulfated peptide on thrombin generation persisted in the

presence of an anti-FVIII antibody, a condition where the feedback

loops of thrombin on FVIII and factor XI do not contribute to throm-

bin generation and FV is the only relevant substrate of thrombin. This

suggested that the fibrinogen c’ peptide may inhibit thrombin-medi-

ated activation of FV. This was subsequently confirmed in model sys-

tems and in plasma, where the fibrinogen c’ peptide strongly reduced

the rate of FV activation by thrombin.

Conclusions: Total fibrinogen and the fibrinogen c’ carboxyl-terminal

peptide have an overall anticoagulant effect on thrombin generation

determined at low procoagulant stimuli. Inhibition of thrombin-medi-

ated FV activation by the fibrinogen c’ peptide is a novel aspect of the

anticoagulant activity of fibrinogen c’.

AS 25 – Contact Activation 2.0

AS 25.1
Role of cell-free DNA in sepsis pathophysiology: novel
studies in murine models of sepsis
Mai SHC1, Fox-Robichaud A2 and Liaw P3

1Thrombosis and Atherosclerosis Institute, McMaster University;
2McMaster University; 3Thrombosis and Atherosclerosis Institute,

Hamilton, ON, Canada

Background: Sepsis is characterized by a dysregulated host response to

microbial infection of the blood resulting in the systemic activation of

coagulation and inflammation. We have recently observed that high

levels of cell-free DNA (cfDNA) released in the circulation is a power-

ful prognostic marker in severe sepsis patients. However, the potential

pathogenic effects of cfDNA itself is unknown.

Aims: Our objective is to investigate the role of cfDNA in experimental

sepsis, its association with the inflammatory and procoagulant

responses, as well as to explore the potential therapeutic effects of

degrading cfDNA.

Methods: Healthy C57Bl/6 male mice were subjected to cecal ligation

and puncture (CLP), a sepsis-inducing procedure involving ligation of

the cecum distal to the ileocecal valve and two punctures of the ligated

cecum (100% at 24 h) or sham surgery (no ligation or puncture).

Blood was collected from 0 to 10 h post-surgery and plasma levels of

cfDNA and IL-6 were quantified. Additionally, mice subjected to CLP

were injected with DNase (0.20 lg/g) and blood and organs were col-

lected 2 h post-injection to quantify plasma levels of cfDNA and IL-6

and to examine organ histology. This was repeated in a lipopolysac-

charide (LPS, 0.04 lg/g) model of inflammation.

Results: Baseline levels of cfDNA in healthy mice were 1.1 � 0.2 lg/
mL. At 6 h post-CLP, cfDNA levels increased more than two-fold

compared to non-septic mice subjected to sham surgery (5.5 � 0.4 vs.

2.4 � 0.2 lg/mL; P < 0.01) and remained elevated for 10 h post-CLP.

Increases in levels of IL-6 in septic mice accompanied the rapid, time-

dependent elevations in cfDNA. Levels of cfDNA and IL-6 in sham-

operated, non-septic mice did not change significantly over the 10 h

period. Injection of DNase in septic mice resulted in suppressed levels

of cfDNA (3.75 � 0.6 lg/mL DNase-treated vs. 6.35 � 0.2 lg/mL

untreated; P < 0.01) comparable to cfDNA levels of nonseptic mice as

well as reduced levels of IL-6. In histological studies, photomicro-
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graphs of hematoxylin and eosin stained organ sections showed

decreased leukocyte infiltration, red blood cell congestion, and micro-

vascular clotting in the lungs and kidneys of septic mice treated with

DNase. Similar to observations made in the CLP model, LPS-chal-

lenged mice had significant elevations in cfDNA compared to healthy

controls (6.24 � 0.3 vs. 2.1 � 0.2 lg/mL respectively; P < 0.01)

which were also suppressed following DNase injection (4.72 � 0.1 lg/
mL; P < 0.01). The suppressed levels of cfDNA in DNase-treated sep-

tic mice correlated with reductions in IL-6 and improved organ pathol-

ogy compared to untreated septic mice, suggesting a potential

association between cfDNA and inflammatory pathways activated in

sepsis.

Conclusions: These studies demonstrate that rapid elevations in

cfDNA accompany an early proinflammatory response in experimen-

tal sepsis, supporting the importance of early intervention (i.e. admin-

istration of resuscitation fluids and antibiotics within 1 h of

diagnosis). Furthermore, modifying cfDNA in septic and LPS-chal-

lenged mice via treatment with DNase not only causes a reduction in

cfDNA levels but may also suppress the inflammatory response and

improve organ pathology. These findings suggest that early therapeu-

tic interventions which modulate levels of cfDNA may improve clini-

cal outcome of septic patients.

AS 25.2
Inhibition of factor XII activation reduces experimental
thrombus formation in baboons
Leung PY1, Tucker I1, Matafonov A2, Renne T3, McCarty OJT4,

Gailani D2 and Gruber A4

1Aronora, Inc, Portland, OR; 2Vanderbilt University, Nashville,

TN, USA; 3Karolinska Institutet, Stockholm, Sweden; 4Oregon

Health & Science University, Portland, OR, USA

Background: Factor XI (FXI) activation by activated factor XII

(FXIIa) contributes significantly to vascular occlusion in murine

thrombosis models. However, the importance of this reaction to

thrombosis in primates, including humans, has yet to be established.

Indeed, while low FXI levels are associated with reduced risks for arte-

rial and venous thrombosis in humans, a similar relationship between

factor XII (FXII) and thrombosis has not been conclusively observed,

in contrast to experimental data in mice.

Aims: We sought to identify a role for FXII in primate thrombosis

using a novel monoclonal antibody (15H8) that binds to the fibronec-

tin type I domain of FXII and inhibits FXII activation on polyanionic

surfaces.

Methods: The hybridoma clone secreting the monoclonal IgG 15H8,

which prevents arterial thrombosis in FXII-deficient mice reconsti-

tuted with human FXII, was generated by immunizing FXII-deficient

mice with human FXII using standard techniques. The antithrombotic

effects of 15H8 were evaluated in an established baboon thrombosis

model by comparing platelet and fibrin deposition within a thrombo-

genic device (TD) in 15H8- and vehicle-treated animals. The TD was

placed for 1 h in a chronic femoral arteriovenous shunt. The TD con-

sisted of a proximal collagen-coated vascular graft segment to initiate

thrombogenesis (4 mm i.d.) and an expansion chamber (9 mm i.d.)

20 mm distal to the graft. The proximal graft segment is intended to

model the flow rates of large arteries, while the thrombus chamber cre-

ates shear rates more typical of the venous circulation. Impairment of

hemostasis was evaluated by template bleeding times and bleeding vol-

umes.

Results: Saturating concentrations of 15H8 in normal human plasma

prolonged the aPTT 1.9-fold, while baboon aPTTs were prolonged up

to 3.6-fold. An intravenous bolus of 15H8 (6 mg/kg) prolonged the

aPTT in baboons by 1.7-fold (n = 4) within 10 min, corresponding to

a > 99% inhibition of circulating FXII procoagulant activity. The

effect lasted for > 24 h. An hour following 15H8 infusion, a 49 � 8%

reduction in platelet accumulation was observed in the expansion

chamber compared to vehicle-treated controls (P < 0.02, n = 4–9),
while fibrin accumulation was reduced by 95 � 1%. Interestingly,

while platelet deposition was not affected within the collagen-coated

segment of the TD that models arterial-type thrombosis, fibrin deposi-

tion was reduced by 70 � 5% (P < 0.05) compared with controls.

Bleeding times and bleeding volumes were not affected by 15H8 treat-

ment.

Summary/Conclusion: Inhibition of FXII activation produces an anti-

thrombotic effect in our baboon model. 15H8 appears to be more

effective at limiting thrombosis on collagen-coated grafts at shear rates

typically seen in the venous circulation than under arterial shear. Pre-

viously, we showed that inhibition of factor IX activation by activated

FXI significantly reduces collagen- or tissue factor-initiated platelet

deposition under arterial shear rates in this model. Given this, the

present data suggest that activation of FXI by enzymes other than

FXII (e.g. thrombin) may be more important for arterial-type throm-

bus formation. In summary, our data further delineate the role of

FXII in thrombosis and hemostasis. Moreover, the results support the

hypothesis that pharmacological inhibition of FXII activation may

provide safe thromboprophylaxis.

AS 25.3
Blood-borne and wall-derived DNA as a kinetically
significant contact pathway activator: DNase inhibits
thrombin formation in vitro and in vivo
Diamond SL, Welsh J, Colace TV, Zhou S and Brass LF

University of Pennsylvania, Philadelphia, PA, USA

Given recent findings of reduced thrombus stability in the Factor XII

knockout mouse and the discoveries of platelet-released polyphos-

phate and neutrophil-released extracellular traps (NETs), we investi-

gated the source and potency of various contact activators. We report

that addition of recombinant DNase (rDNase) dramatically delayed

thrombin production in recalcified citrated PFP, PRP, and whole

blood. Using very low levels of corn trypsin inhibitor (5 lg/mL) added

to human whole blood, rDNase (1 mg/mL) delayed thrombin produc-

tion, while RNase (1 mg/mL) or alkaline phosphatase (0.1 mg/mL)

had no effect, with similar outcomes in treated recalcified citrated PRP

(no neutrophils observed in PRP wells at 209 magnification). Direct

visualization of annexinV-positive platelets revealed the exposure with

time of Sytox-Green (a cell impermeable DNA dye) staining nodules

as well as detection of ~5 l long thin strands linked to platelets or in

solution, a size consistent with the size of mitochondrial DNA

(mtDNA). Platelet mtDNA was elevated (by qPCR) in plasma

obtained from convulxin-stimulated PRP and purified platelet

mtDNA caused a modest acceleration of thrombin production in

recalcified PFP, PRP, and whole blood. This is new evidence for plate-

let-derived, blood-borne mtDNA as a contact activator following

platelet activation. In the arteriole laser injury model using wildtype

mouse, rDNase delayed thrombin production (detected with an anti

CD41-linked thrombin sensor), delayed platelet accumulation,

resulted in less platelet accumulation, and enhanced clot instability.

The rDNase caused a 75% reduction (P < 0.05, n = 8) of wall

localized Sytox staining at the injury site and 25% reduction

(P < 0.05, n = 11) of the faint and punctate staining of the thrombus

mass. We conclude wall exposed DNA is a major activator of the con-

tact pathway during laser injury, with staining evidence for the exis-

tence of clot-derived DNA that was too small to originate from

neutrophils. While DNA has been recognized as a contact activator,

this evidence provides new insights into its source, locality, and role in

the laser injury model in vivo as well as its role in the clotting of blood

in vitro. Understanding the most proximal triggers of contact activa-

tion during arterial thrombosis may be particularly relevant to the

development of safe anticoagulants with reduced bleeding risk.
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AS 26 – Assays for Haemostatic
Drugs

AS 26.1
Evaluation of whole blood clotting activity of
recombinant factor VIII Fc fusion protein by ROTEM
analysis in a multi-center Phase 3 clinical trial
Sommer J1, Driessler F1, Miguelino M2, Powell J2, Luk A1, Pierce

GF1 and Jiang H1

1Biogen Idec Hemophilia, Waltham, MA; 2UC Davis Cancer

Center, Sacramento, CA, USA

Background: The recombinant coagulation factor VIII Fc (rFVIIIFc)

fusion protein consists of a single molecule of human factor VIII cova-

lently linked to the dimeric Fc domain of human immunoglobulin G1

(IgG1). The rFVIIIFc utilizes the FcRn receptor-mediated immuno-

globulin cycling pathway to extend its plasma half-life. In a global,

multi-center, phase 3 clinical study (A-LONG), rFVIIIFc demon-

strated effective prevention and control of bleeding episodes in 1–29
weekly prophylactic dosing intervals.

Aims: To evaluate the whole blood clotting potential of rFVIIIFc in

comparison to a currently marketed rFVIII product by ex vivo rota-

tion thromboelastometry (ROTEM) of post-infusion samples.

Methods: Thirteen clinical sites (5 US, 5 EU, 1 IL, 1 AU, and 1 JP)

performed ROTEM analysis as part of the pharmacokinetic evalua-

tion of 44 subjects treated with rFVIIIFc. All participating sites were

trained on a standardized ROTEM procedure and used the same lots

of custom reagents, supplies and assay controls. Citrated whole blood

samples were rested at ambient temperature for 30–45 min before initi-

ating clot formation by NATEM (recalcification), INTEM (1:300 dilu-

tion of the ellagic acid in-tem reagent) or EXTEM (1:10,000 dilution

of the recombinant TF ex-tem reagent). Four key ROTEM parameters

(clot time [CT], clot formation time [CFT], a-angle, and maximum clot

firmness [MCF]) were evaluated relative to FVIII activity determined

by the one-stage clotting assay at a central laboratory. Informed con-

sent was obtained from all participating subjects and the study was

approved by local site medical ethics committees.

Results: ROTEM results from 16 subjects that had complete pharma-

cokinetics (PK) profiles for rFVIII and rFVIIIFc, followed by a repeat

rFVIIIFc PK profile approximately 3 months later, were included in

this report. The 77 rFVIII and 143 rFVIIIFc samples showed a dose-

dependent response for CT, CFT and a-angle through the entire range

of measurable FVIII activity (0.5% to > 100%). MCF was largely

unaffected by the amount of FVIII. Despite significant inter-subject

differences in the ROTEM profiles, the mean whole blood clotting

activity over time profiles for rFVIIIFc compared to rFVIII closely

mirrored the PK extension observed for plasma rFVIIIFc activity.

Whole blood clotting activity was, on average, comparable for rFVIII

and rFVIIIFc at the first post-dosing time point, while the ROTEM

activity seen for Advate 48 h after dosing was comparable to the activ-

ity of rFVIIIFc at 72 h. Regression analysis of the integrated ROTEM

data vs. FVIII activity showed parallel and comparable ROTEM

responses for rFVIIIFc and rFVIII at equivalent FVIII activities.

Summary/Conclusions: Ex vivo ROTEM analysis in 16 subjects dem-

onstrated prolonged improvements in clot formation consistent with

the reduced rate of plasma clearance observed for rFVIIIFc compared

to rFVIII. Equivalent whole blood coagulation potential was demon-

strated for rFVIIIFc and rFVIII in a physiologically relevant setting.

The comparable ROTEM response for both products throughout the

assay range confirms our previous biochemical assessment of rFVIIIFc

demonstrating full coagulation potential of the rFVIII fusion protein.

AS 26.2
Activated factor VII: antithrombin complex plasma
concentration is an independent predictor of total and
cardiovascular mortality in patients with
angiographically demonstrated coronary artery disease
Martinelli N1, Girelli D1, Baroni M2, Guarini P1, Tosi F1, Pattini P1,

Woodhams B3, Bernardi F2 and Olivieri O1

1University of Verona, Verona; 2University of Ferrara, Ferrara,

Italy; 3HaemaCon Ltd, Bromley, Kent, UK

Background: Plasma concentration of activated factor VII (FVIIa)-

antithrombin (AT) complex has recently been proposed as a marker of

intravascular exposure of tissue factor (TF) and, thus, of activation of

the extrinsic pathway of coagulation cascade. However, the results of

studies investigating the potential relationship between FVIIa-AT

complex and coronary artery disease (CAD) are only preliminary so

far.

Aims: The aim of this study was to investigate the predictive value of

FVIIa-AT complex plasma concentration for total and cardiovascular

mortality in the setting of secondary prevention of CAD.

Methods: Within the framework of the Verona Heart Study (VHS), a

regional survey aimed to search for new risk factors for cardiovascular

disease, we selected a cohort of 510 patients with angiographically pro-

ven CAD (mean age 61.8 � 10.6 years; females 23.7%), who were not

taking anticoagulant drugs at time of enrolment and for whom plasma

citrate samples for FVIIa-AT complex assay were available. These

patients were prospectively followed for a median period of

64 months. Plasma concentration of FVIIa-AT complex was deter-

mined by ELISA.

Results: The majority of patients had severe CAD and received surgi-

cal or endovascular coronary revascularization during the period

1999–2006 (81.8%). Eight patients had peri-operative deaths and were

excluded from subsequent analyses. During follow-up, 105 (20.9%)

subjects died, with 68 (13.5%) events attributed to cardiovascular

causes. CAD patients who died had a significantly higher plasma con-

centration of FVIIa-AT complex than those survived (P = 0.002).

Stratifying the study population on the basis of the FVIIa-AT complex

quartiles, we noted an evident increase of both total and cardiovascu-

lar mortality for the subjects in the two upper quartiles. CAD patients

with plasma concentration of FVIIa-AT higher than the median value

(79 pM) had an increase in both total and cardiovascular mortality

than those with lower values (26.7% vs. 15.0%, P = 0.001 by Log

Rank test, and 17.3% vs. 9.7%, P = 0.006 by Log Rank test, respec-

tively).

After adjustment for the other predictors of mortality at univariate

analysis (i.e. sex, age, number of coronary vessels involved, MI history,

hypertension, diabetes, BMI, renal function, and hs-CRP concentra-

tion), elevated FVIIa-AT complex (≥ 79 pM) significantly predicted

both total and cardiovascular mortality (HR for total and cardiovas-

cular mortality: 2.24 (1.35–3.70) and 1.92 (1.02–3.61), respectively).
Such associations remained significant also after adjustment for left

ventricular ejection fraction (HR for total and cardiovascular mortal-

ity: 1.91 (1.21–3.03) and 1.86 (1.03–3.34), respectively), as well as for
the main cardiovascular therapies at discharge, like beta-blockers,

ACE-inhibitors, statins, and antiplatelet/anticoagulant drugs (HR for

total and cardiovascular mortality: 1.67 (1.08–2.59) and 1.77 (1.01–
3.11), respectively).

Conclusions: In this study high plasma concentrations of FVIIa-AT

complex were an independent predictor of both total and cardiovascu-

lar mortality in patients with angiographically demonstrated CAD,

speculatively reflecting a prothrombotic diathesis due to TF-related

activation of coagulation cascade. Thus, FVIIa-AT may be a useful

prognostic marker in the setting of secondary prevention of CAD.
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AS 26.3
Evaluation of a recombinant inactive antithrombin to
reverse fondaparinux anticoagulant activity by
measuring thrombin generation: an asset compared to
other non specific hemostatic agents
Bianchini EP1, Bourti Y1, Armand M2, Fazavana J1, Saller F1,

LasneD2 and Borgel D1

1University of Paris Sud-XI, Chatenay-Malabry, France; 2Hopital

Necker, Assistance Publique – Hôpitaux de Paris, Paris, France

Background: Fondaparinux, a synthetic pentasaccharide mediating its

anticoagulant activity through antithrombin (AT) activation, is now

widely used for preventive and curative treatment of thrombosis. This

drug exhibits advantageous pharmacokinetic and safety profiles but

no antidote is still available to reverse fondaparinux overdosing and

limit associated blood losses. However, non-specific procoagulant

products such as recombinant factor VIIa (rFVIIa) or activated pro-

thrombin complex concentrates (aPCCs), have been tested but with

limited evidence of efficacy. To secure the clinical use of fondaparinux,

we have already designed a recombinant inactive AT (iAT) that retains

its pentasaccharide binding capacity. Such an iAT traps fondaparinux

in an inactive complex, and might thus act as a potent reversal agent

in situations of fondaparinux overdosing.

Aims: Inactive AT efficiently reverses fondaparinux in-vitro and in-vivo

when assayed by chromogenic anti-factor Xa activity. The goal of this

study was to compare the asset of iAT as a specific antidote for fonda-

parinux, as compared to nonspecific hemostatic agents (rFVIIa and

aPCC).

Methods: The impact on coagulation of iAT, rFVIIa and aPCC was

evaluated by thrombin generation assay in platelet-poor plasma (PPP)

overloaded or not with a supratherapeutic dose of fondaparinux.

Results: The anticoagulant effect of a high dose of fondaparinux

(3 mg/L) used to mimic overdosing was evidenced by perturbation of

the main thrombogram parameters, in particular by a longer lag time

(7.3 � 0.4 min vs. 2.9 � 0.3), and both decreased endogenous throm-

bin potential (ETP) (275 � 76 nM.min vs. 1741 � 282) and thrombin

peak height (20 � 5 nM vs. 294 � 37). As previously shown, addition

of increasing rFVIIa concentrations (0.3–2.4 lg/mL) in fondaparinux-

overloaded plasma restored a normal lag time though non dose-depen-

dently, while other thrombogram parameters were unchanged. In con-

trast, aPCC (from 0.5 tio 4 U/mL) shortened the lag time and slightly

increased the ETP, which nevertheless remained 2.4-fold lower than

the ETP measured in plasma without fondaparinux. Under the same

conditions, iAT dose-dependently shortened the lag time, increased

the ETP and the thrombin peak height. For example, the estimated

ETP in the presence of iAT at concentrations of 0.075, 0.15, 0.3, 0.6,

and 1.2 g/L in fondaparinux overloaded plasma were 397 � 85,

550 � 77, 900 � 101, 1331 � 454, and 1360 � 380 nM.min, respec-

tively. Strikingly, the same concentrations of iAT in fondaparinux-free

plasma had no impact on the thrombin generation curves, whereas

rFVIIa only significantly shortened the lag time and aPCC (1 U/mL)

both shortened the lag time and greatly increased the ETP by 178%.

Conclusions: This study confirms the potent effect of our recombinant

iAT as a specific reversal agent to fondaparinux in a thrombin genera-

tion assay. Indeed, iAT normalized thrombin generation curves and

parameters measured in fondaparinux-overdosed plasma, Compared

to non-specific hemostatic agents, our iAT appears much more effi-

cient to reverse fondaparinux anticoagulant activity and overall could

be considered much safer since it appears devoid of any anticoagulant

or procoagulant activity by itself.

AS 27 – Platelet Response to Injury

AS 27.1
A talin mutant that disrupts talin-integrin binding in
platelets decelerates aIIbb3 activation without
pathological bleeding
Stefanini L1, Snider A2, Piatt R1, Bergmeier W1 and Petrich B2

1University of North Carolina at Chapel Hill, Chapel Hill, NC;
2University of California San Diego, La Jolla, CA, USA

Background: Tight regulation of integrin affinity is a critical compo-

nent of thrombosis and hemostasis. The final step of integrin inside-

out activation is the binding of the cytoskeletal protein talin to two

distinct sites within the integrin b cytoplasmic tail. First, binding of ta-

lin to an integrin NPLY sequence provides most of the binding energy.

Second, a weaker interaction with the membrane-proximal region

(MPR) of the integrin is required for talin-mediated integrin activa-

tion. Selective deletion of talin1 from platelets and megakaryocytes

(Tln1fl/flPf4-Cre+) completely prevents agonist-induced activation of

a2b1 and aIIbb3 integrins, impairs thrombus formation and results in

profound defects in hemostasis. Interestingly, expression of a talin1

mutant (L325R) that lacks the ability to bind the MPR, but can still

bind the NPLY sequence, phenocopies the integrin activation and he-

mostatic defects observed in mice with talin-deficient platelets. In

transfected cells, a talin1 mutant (W359A) with a markedly impaired

ability to bind the NPLY region of the b3-integrin tail did not rescue

the talin1 knockdown phenotype.

Aim: In this study we sought to analyze the effects of a platelet-specific

talin1 mutation (W359A) on thrombosis and hemostasis.

Methods: Homozygous knock-in of talin1(W359A) is embryonic lethal

in mice. Thus, Tln1W359A/wt mice were crossed with Tln1fl/flPF4-Cre+
mice to generate Tln1W359A/flPF4-Cre+ (TlnW359A/ko) and Tln1wt/fl

PF4-Cre+ (Tlnwt/ko) control mice. aIIbb3 integrin activation and gran-

ule secretion of mouse platelets was monitored by flow cytometry and

standard aggregometry. Adhesion under static conditions was deter-

mined by measuring spreading of ADP-stimulated platelets on fibrino-

gen-coated slides. For adhesion studies under flow conditions murine

whole blood was perfused over fibrillar collagen type I. Thrombosis in

vivo was studied by applying 5% FeCl3 to the carotid artery for 3 min

and by monitoring the flow rate with an ultrasound flow probe. Hemo-

stasis was determined both by tail-bleed and gastrointestinal-bleed

assays.

Results: Expression of talin1(W359A) in platelets partially rescued

talin1 deficiency. Compared to Tlnwt/ko controls, agonist-induced

aIIbb3 activation was reduced by ~50% and both granule release and

spreading on fibrinogen were only moderately impaired in TlnW359A/ko

platelets. However, kinetic studies demonstrated decelerated aIIbb3
activation in TlnW359A/ko platelets, which resulted in delayed aggrega-

tion under static conditions and reduced thrombus size at low shear

rates. Interestingly, adhesion of TlnW359A/ko platelets to collagen at

high venous and arterial shear rates was not significantly better than

that of talin-deficient cells and TlnW359A/ko mice were completely pro-

tected from FeCl3-induced carotid artery occlusion. However, we

reproducibly observed a distinct thin layer of platelets adhering to the

carotid artery 20 min after injury. Lastly, in contrast to platelet-spe-

cific talin-knockout or TlnL325R/ko mice, TlnW359A/ko mice showed no

detectable gastrointestinal bleeding and only modestly increased tail-

bleeding times compared to littermate controls.

Conclusions: Our studies demonstrate that the talin1(W359A) muta-

tion decelerates, but does not abolish, talin-dependent integrin activa-

tion in platelets. Importantly, we also show that the slower kinetics of

talin-integrin binding may have beneficial anti-thrombotic effects with-

out increasing the risk of bleeding.
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AS 27.2
Tetraspanin Tspan18 regulates GPVI-induced platelet
activation by interacting with the store-operated Ca2+
entry channel Orai1
Bailey RL, Colombo D, Haining EJ, Yang J, Lloyd T, Peall A,

Watson SP and Tomlinson MG

University of Birmingham, Birmingham, UK

Background: Intracellular Ca2+ elevation following platelet activation

regulates shape change, granule secretion, integrin activation and

phosphatidylserine exposure. Together these events promote platelet

adhesion, aggregation and the coagulation cascade at sites of vascular

injury. A major means of Ca2+ elevation is across the plasma mem-

brane through Orai1 store-operated Ca2+ entry channels. Orai1 is par-

ticularly important for platelet activation by the collagen receptor

GPVI. Mice lacking platelet Orai1 or GPVI are protected against arte-

rial thrombosis and ischaemic stroke, and both proteins are potential

anti-thrombotic drug targets. The tetraspanins are a superfamily of 33

transmembrane proteins in humans, of which at least 10 are platelet-

expressed, including the previously unstudied Tspan18. Tetraspanins

are emerging as important regulators of the trafficking and/or cluster-

ing of certain associated receptors. We have previously identified

GPVI as tetraspanin-associated, but how tetraspanins regulate GPVI

signaling is unknown.

Aims: The aim of this study was to identify tetraspanins that regulate

the GPVI signaling pathway, and to subsequently characterize the pre-

viously unstudied tetraspanin Tspan18 using knockout mice.

Methods: A panel of tetraspanins was co-expressed with GPVI in a cell

line model to determine which could regulate GPVI signaling. The

readout was activation of the Ca2+-responsive nuclear factor of acti-

vated T cells (NFAT) transcription factor. Cells deficient for various

intracellular signaling proteins were used to characterize the mecha-

nism by which the identified tetraspanin, Tspan18, regulated the GPVI

signaling pathway. Platelet function was then assessed in the Tspan18

knockout mouse. To address the mechanism of Tspan18 function, its

interaction with Orai1 was assessed biochemically.

Results: Expression of the previously uncharacterized tetraspanin

Tspan18 in a cell line model promoted GPVI-induced NFAT activa-

tion. Moreover, Tspan18 expression in the absence of GPVI was suffi-

cient to activate NFAT, raising the possibility of an effect on Ca2+/

NFAT downstream of GPVI. Other platelet tetraspanins did not have

this capacity, suggesting a unique function for Tspan18. The active site

of Tspan18 mapped to a 61 amino acid portion of the main extracellu-

lar region, which is known to mediate specific protein-protein interac-

tions within the tetraspanin superfamily. Tspan18-induced NFAT

activation did not require signaling proteins upstream of store-oper-

ated Ca2+ entry, but did require functional Orai1 channels. The

Tspan18 knockout mouse exhibited defective haemostasis, since five-

fold more blood was lost than wild-type mice in a tail bleeding assay.

Tspan18-deficient platelets were defective in aggregation and secretion

in response to the GPVI-specific agonist collagen-related peptide,

although the aggregation defect could be overcome at high concentra-

tion of agonist. Surface levels of GPVI and other major glycoproteins

were normal, as were platelet number and size. Platelet aggregation to

thrombin was unaffected by the absence of Tspan18. These observa-

tions are similar to those previously reported for mice with Orai1-defi-

cient platelets. Consistent with a role for Tspan18 in regulating Orai1,

Tspan18 co-immunoprecipitated with Orai1 but other platelet tetra-

spanins did not.

Summary/Conclusions:We have characterized a new platelet tetraspanin

Tspan18 that positively regulates GPVI signalling via interaction with

the store-operated Ca2+ entry channel Orai1. The Tspan18-Orai1

complex is a potential anti-platelet drug target for the prevention and

treatment of thrombosis.

AS 27.3
Integrin alpha6beta1 is the main receptor for vascular
laminins and plays a role in platelet adhesion,
activation and arterial thrombosis
Schaff M1, Maurer E1, Bourdon C1, Receveur N1, Hechler B1,

Georges-Labouesse E2, Gachet C1, Lanza F1 and Mangin PH1

1UMR_S949, INSERM, University of Strasbourg, EFS-Alsace,

Strasbourg; 2CNRS UMR7104, INSERM U964, University of

Strasbourg, IGBMC, Illkirch-Graffenstaden, France

Background: Laminins are major components of endothelial and

smooth muscle cells basement membranes, well located to interact

with platelets upon vascular injury. Laminin-111 (a1b1c1) is known to

support platelet adhesion but is absent from most blood vessels, which

contain isoforms with the a2, a4 or a5 chain. The importance of vascu-

lar laminins in platelet functions remains unknown.

Aims: The aim of this study was to evaluate (i) the ability of a series of

vascular laminin isoforms to support platelet adhesion and activation

under hemodynamic conditions, and (ii) the significance of these inter-

actions in hemostasis and thrombosis.

Methods: Glass microcapillaries coated with recombinant human vas-

cular laminins were perfused with hirudinated blood using a syringe

pump and platelet adhesion was monitored by differential interference

contrast microscopy. Activation of adherent platelets was evaluated

by observing morphological changes and cytosolic Ca2+ increases.

Concerning the second objective, we generated knock-out mice bear-

ing a platelet-specific deletion of the major laminin receptor, and mea-

sured their tail transection bleeding time and thrombotic response

upon mechanical-, laser- and chemical-induced arterial injury.

Results: We found that laminin-411 (a4b1c1), laminin-511 (a5b1c1) and
laminin-521 (a5b2c1), but not laminin-211 (a2b1c1), allow efficient

human platelet adhesion across a wide range of arterial wall shear

rates up to 5000/s. In addition, platelets adhering to laminin-411, lami-

nin-511 and laminin-521 became activated, as indicated by their shape

change with filopodia extension and cytosolic Ca2+ oscillations. Use

of blocking antibodies revealed that platelet/laminin interactions were

critically dependent on integrin a6b1. Therefore, to address their in vivo

significance, we developed a platelet-specific knock-out of integrin a6
(a6

�/�). As expected, integrin a6b1 was not critical for platelet activa-
tion in response to a series of agonists (ADP, TxA2 mimetic, thrombin,

PAR-4 agonist peptide, collagen, collagen-related peptide), as indi-

cated by normal aggregation, binding of soluble fibrinogen and P-se-

lectin exposure in a6
�/�platelets. In contrast, adhesion of these

platelets to vascular laminins under flow was abrogated, whereas it

remained unchanged on other subendothelial proteins such as von

Willebrand factor, collagen, fibrinogen and fibronectin. Interestingly,

compared to their wild-type littermates, a6
�/� mice exhibited a marked

inhibition of 69 � 10% (n = 6, P < 0.05) in thrombosis induced by

endothelium denudation of the common carotid with a guide wire.

Following compression of the abdominal aorta with forceps, thrombus

formation was likewise reduced by 56 � 12% (n = 5, P < 0.01). A

more pronounced decrease in thrombosis of 82 � 3% (n = 12,

P < 0.01) was observed in a model of moderate laser injury removing

the endothelial cell layer of mesenteric arterioles. In contrast, a6
�/�

mice did not exhibit any protection after a deeper laser lesion exposing

the media and adventitia, and following FeCl3 injury of the common

carotid artery. The tail bleeding time and volume of blood lost

remained unchanged in a6
�/� mice, suggesting normal hemostasis.

Conclusion: This study reveals an unsuspected important contribution

of laminins to platelet adhesion and aggregation upon arterial injury

depending on the type and severity of lesion. From a clinical point of

view, targeting their main receptor, integrin a6b1, could represent an

alternative antithrombotic strategy with a potentially low bleeding

risk.
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AS 28 – Thrombocytopenia

AS 28.1
Impact of an avoid-heparin program on the incidence,
clinical consequences and resource use associated with
heparin-induced thrombocytopenia (HIT)
McGowan K1, Makari J1, Rempel P2, Bucci C1, Diamantouros A1

and Geerts W1

1University of Toronto & Sunnybrook Health Sciences Centre;
2Sunnybrook Health Sciences Centre, Toronto, ON, Canada

Background: Heparin-induced thrombocytopenia (HIT) is a serious

complication of heparin, occurring in up to 5% of patients exposed to

unfractionated heparin (UFH). In comparison, the risk of HIT among

patients exposed to low molecular weight heparin (LMWH) is sub-

stantially lower.

Aim: To examine the impact of a hospital-wide HIT reduction strat-

egy, through limiting exposure to UFH and replacing UFH with

LMWH, on the incidence of HIT and its consequences.

Methods: A comprehensive ‘Avoid-Heparin Program’ was imple-

mented at a large university hospital in 2006 as a specific attempt to

reduce the burden of HIT and improve patient safety. This involved

replacing intravenous and subcutaneous (SC) UFH with SC LMWH

for prophylactic and therapeutic indications, and removing UFH from

arterial and central venous lines. After 2006, UFH was limited to intra-

operative use in cardiovascular surgery and hemodialysis. All cases of

suspected HIT from 2003 to 2011 were adjudicated using explicit crite-

ria for negative and positive HIT enzyme-linked immunosorbent assay

(ELISA), HIT and HIT with thrombosis (HITT). Outcomes in the pre-

intervention phase (2003–2005) were compared to those occurring in

the Avoid-Heparin phase (2007–2011). Data from 2006 was not

included since this was the program implementation year. There were

no changes to the investigation of HIT over the study period.

Results: The annual number of suspected HIT cases decreased 34%,

from 85 per 10,000 admissions in the pre-intervention phase to 56 per

10,000 admissions in the Avoid-Heparin phase (P < 0.001). The

annual number of patients with a positive HIT ELISA decreased 59%

from 17 to 7 per 10,000 admissions (P < 0.001); adjudicated HIT

decreased 73% from 11 to 3 per 10,000 admissions (P < 0.001); and

HITT decreased 80% from 5 to 1 per 10,000 admissions (P < 0.001).

Patients with HIT in the pre-intervention phase more frequently devel-

oped HITT (43%) than patients with HIT in the Avoid-Heparin phase

(20%, P = 0.044). The proportion of patients with HIT exposed to

LMWH alone was significantly greater in the Avoid-Heparin phase

(44%) than in the pre-intervention phase (8%, P < 0.001). However,

the use of LMWH increased more than six-fold from 2003 to 2011 and

the annual rate of LMWH-associated HIT remained constant (at 1/

10,000 admissions per year, P = 1.000). The hospital expenditure on

HIT-safe anticoagulants also decreased 41% in the Avoid-Heparin

phase. Patients with HIT in the pre-intervention (n = 53) and Avoid-

Heparin phases (n = 25) had similar characteristics including age, sex,

admitting service, duration of heparin exposure and length of stay. We

did not identify any other factors that could account for the observed

reduction in HIT and HITT.

Summary/Conclusion: Implementation of an ‘Avoid-Heparin Program’

led to a dramatic decrease in the burden of HIT (suspected HIT,

diagnosed HIT and HITT) and in the costs of HIT care. To our

knowledge, this is the first study demonstrating the success of a hospi-

tal-wide HIT prevention strategy. Our findings suggest a feasible hepa-

rin avoidance intervention can improve hospital patient outcomes.

AS 28.2
Platelet-monocyte interactions enhance procoagulant
activity in heparin induced thrombocytopenia
Kasthuri RS, Jonas J, Mazepa M, Mackman N, Key NS

and Pawlinski R

University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

Background:Heparin-induced thrombocytopenia (HIT) is a well recog-

nized complication of heparin therapy. The most feared complication

of HIT is the development of thrombosis. HIT is caused by the forma-

tion of antibodies against heparin bound to platelet factor 4 (PF4) and

the PF4/heparin/antibody (HIT) complexes cause platelet activation

via the FcgRIIa receptor. We have previously demonstrated that HIT

complexes induce monocyte tissue factor (TF) via the FcgRI receptor.

Aim: The objective of this study was to characterize the role of plate-

let-monocyte interactions in the HIT complex mediated procoagulant

response.

Methods: Peripheral blood mononuclear cells (PBMCs, 1 9 106 per

condition) and platelet rich plasma (PRP, 25 9 106 platelets per con-

dition) were isolated from citrated blood donated by healthy volun-

teers. PBMCs and/or PRP aliquots were incubated with PF4 (10 lg/
mL), heparin (1 U/mL), and the PF4-heparin specific antibody KKO

(100 lg/mL) at 37°C between 30 min and 6 h based on the experi-

ment. Procoagulant activity (PCA, pg/mL) was measured using a one-

stage clotting assay.

Results: Incubation of PBMCs with PRP for 6 h resulted in an

increase in PCA compared to PBMCs alone (114 � 34 vs. 6 � 1 pg/

mL; n = 4, P = 0.02). Incubation of PBMCs with PF4, heparin and

KKO (HIT complex) resulted in significantly increased PCA com-

pared to control (224+/� 63 vs. 6+/� 1 pg/mL; n = 4, P = 0.014).

Pre-incubation of PRP with the HIT complex for 30 min followed by

incubation with PBMCs did not lead to significant increase in PCA

compared to incubation of PBMCs and PRP without the HIT complex

(120 � 50 vs. 114 � 34 pg/mL; n = 3). Combining PBMCs with PRP

and incubating them with the HIT complex for 6 h resulted in a fur-

ther increase in PCA (1114 � 411 pg/mL; n = 4) compared to HIT

complex and PBMCs alone. In preliminary experiments, pre-incuba-

tion of PRP with the anti-FcgRII antibody IV.3 before combining

with PBMCs and incubating for 6 h decreased the PCA by 70% (1704

vs. 504 pg/mL). The addition of a P-Selectin blocking antibody in the

PRP+PBMC+ HIT complex experiment did not decrease the PCA

compared to PRP+PBMC+ HIT (1704 vs. 2015 pg/mL).

Conclusion: HIT complexes are known to cause activation of both

monocytes and platelets. Interestingly, activation of platelets by the

HIT complex and subsequent incubation with PBMCs did not cause

significant increase in PCA. This suggests that platelet activation in

itself doesn’t lead to monocyte activation in HIT. On the other hand,

when PBMCs and platelets were combined together prior to exposure,

the HIT complex caused marked increase in PCA, much greater than

the effect of both HIT complexes and LPS on PBMCs. The effect of

platelets on the PCA was significantly decreased by blocking FcgRIIa

but not by blocking P-Selectin. This suggests that platelet activation

enhances the activation of coagulation caused by HIT complexes

and that this platelet-monocyte interaction in HIT is not mediated by

P-Selectin.

AS 28.3
A mutation in ANKRD18A is associated with a severe
congenital thrombocytopenia
Morgan V1, Lowe GC1, Motwani J2, Williams M2, Simpson M3,

Kirby G1, Maher ER1 and Watson SP1

1University of Birmingham; 2Birmingham Children’s Hospital,

Birmingham; 3King’s College, London, UK

Background: Inherited thrombocytopenias are a group of heteroge-

neous disorders which are associated with bleeding of all types of
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severity depending both on the reduction in platelet count and whether

there is co-existing altered platelet function. The condition can be

associated with abnormal bleeding ranging from severe bleeding diath-

eses recognised early in life to mild bleeding which can remain unde-

tected even to advanced adulthood. Here we describe two cousins

from a consanguineous family with severe thrombocytopenia and seri-

ous clinical bleeding including intracerebral haemorrhage.

Aims: In this study, we used a whole exome-sequencing approach to

elucidate the genetic basis of a severe form of congenital thrombocyto-

penia in two cousins from a consanguineous family.

Methods: We studied a consanguineous family that included two cous-

ins with severe thrombocytopenia. The proband was aged 3 years with

a platelet count of 3 9 109/L when first entered into the study. His

affected cousin was aged 7 years when recruited into the study and has

a baseline platelet count of 15–20 9 109/L. To identify the causative

mutation in this family we sequenced the whole exome of the two

affected individuals with the SureSelect human AllExon 50 Mb kit

(Agilent Technologies) and sequencing on the HiSeq 2000 (Illumina)

with 100 bp paired-end reads. To examine whether the mutation

within ANKRD18A led to hypofunction, we first measured the abun-

dance of ANKRD18A mRNA by real time quantitative RT-PCR

(qRT-PCR) in the two patients and compared to healthy controls. To

analyse expression of ANKRD18A, quantification of gene expression

was performed using the ABI Prism 7900HT Sequence Detection Sys-

tem. To investigate platelet function in the two patients we initially

measured the levels of the surface glycoproteins CD42b (GPIba),
CD41 (aIIb) and GPVI by flow cytometry. Furthermore PRP was

stimulated with ADP, collagen-related peptide (CRP) and PAR-1 pep-

tide and the expression of P-selectin and binding of fluorescent fibrino-

gen was assessed by flow cytometry on an Accuri C6 flow cytometer.

Results:Whole exome sequencing performed in the two patients identi-

fied a homozygous in frame deletion mutation (c.2401_2403delGAA)

in the ankyrin repeat domain 18A gene (ANKRD18A). The mutation

removed a glutamic acid residue at position 801 of a coiled-coil

domain of the protein (p.Glu801del). RT-PCR analysis in the two

affected individuals revealed loss of ANKRD18A mRNA expression

compared to control samples demonstrating an unstable mutant tran-

script. In addition to a severely low platelet count, platelet function

testing demonstrated a marked impairment of platelet activation by a

range of agonists.

Summary/Conclusions: In summary, these findings identify a novel

gene that underlies thrombocytopenia and defines the genetic basis of

the severe thrombocytopenia in this family. ANKRD18A belongs to

the same family of proteins that has recently been discovered to be a

major cause of a dominant form of thrombocytopenia (THC2). This

study led to the identification of mutations in ANKRD26 gene, encod-

ing ankyrin repeat domain 26. Therefore the discovery of ANKRD18A

mutations further implicates ankyrin repeat domain containing genes

in the global regulation of platelet formation and possibly platelet

function.

AS 29 – Genetics in Coagulation

AS 29
Anticoagulant pathways: genotype-phenotype
relationships
Castoldi E

Maastricht University, Maastricht, the Netherlands

The protein C pathway is a pivotal anticoagulant mechanism which is

responsible for the proteolytic inactivation of coagulation factors Va

(FVa) and VIIIa (FVIIIa), the essential cofactors of the prothrombin-

ase and tenase complexes, respectively. Several genetic and acquired

risk factors for venous thromboembolism (VTE), such as the deficien-

cies of protein C and protein S, the FV Arg506 Gln (FV Leiden) and

prothrombin G20210A mutations, elevated FVIII levels, pregnancy

and oral contraceptive use, directly or indirectly hamper the inactiva-

tion of FVa and/or FVIIIa by activated protein C (APC). Not surpris-

ingly, a poor anticoagulant response of plasma to APC (APC

resistance) is the most common risk factor for VTE. In our laboratory,

we use a thrombin generation-based assay to determine plasma APC

resistance. In this assay, thrombin generation is measured at ~10 pM

tissue factor in the absence and presence of added APC, and the ratio

between the endogenous thrombin potentials (ETP) determined in the

presence and absence of APC is taken as a measure of plasma APC

resistance. Thrombin generation is a global assay that probes all three

phases of coagulation (initiation, propagation and termination) and

reflects the overall tendency of a plasma sample to clot. Several retro-

spective and prospective studies have shown a correlation between the

ETP or peak height of thrombin generation, especially if determined in

the presence of APC, and VTE risk, making thrombin generation a

promising intermediate phenotype to discover new (genetic) determi-

nants of hypercoagulability and possibly VTE. In this lecture I will

illustrate this concept with practical examples. In particular, I will

show that: 1) thrombin generation determined in the absence and pres-

ence of APC varies widely among different FV Leiden carriers and is a

marker of VTE risk; 2) some of this inter-individual variability can be

explained by common genetic variation in haemostasis-related genes;

and 3) the genetic dissection of thrombin generation parameters in

patient populations may help identify new candidate genes that

contribute to VTE risk.

AS 29.1
Fibrinogen ?’ increases the sensitivity to activated
protein C in normal and FV Leiden plasma
Omarova F1, Uitte de Willige S2, Simioni P3, Ari€ens R4, Bertina

RM5, Rosing J1 and Castoldi E1

1Maastricht University, Maastricht; 2Erasmus University Medical

Center Rotterdam, Rotterdam, the Netherlands; 3University of

Padua Medical School, Padua, Italy; 4University of Leeds, Leeds,

UK; 5Leiden University Medical Center, Leiden, the Netherlands

Background: Activated protein C (APC) inhibits coagulation by pro-

teolytically inactivating activated factor V (FVa) and activated factor

FVIII (FVIIIa). An insufficient response of plasma to APC (APC

resistance), which is often due to the FV Leiden mutation, is the most

common risk factor for venous thrombosis (VT). In a recent study of

188 FV Leiden carriers we observed an unexpected relationship

between carriership of the fibrinogen c gene (FGG) haplotype 2 (H2)

and thrombin generation determined at high tissue factor in the pres-

ence of APC. The endogenous thrombin potential (ETP+APC) was

397 � 100 nM.min in FGG H2 homozygotes, 338 � 91 nM.min in

heterozygotes and 230 � 62 nM.min in non-carriers (P < 0.001). FGG

H2, a known risk factor for VT, is associated with reduced levels of

the alternatively spliced fibrinogen c’ chain. The latter binds and inhib-

its thrombin via a high-affinity interaction with thrombin exosite II.

Occupation of exosite II by the highly anionic carboxyl-terminal pep-

tide of the fibrinogen c’ chain has been shown to interfere with the

ability of thrombin to activate both FVIII and (Omarova et al., this

congress) FV.

Aims: To investigate the effect of total fibrinogen and fibrinogen c’ on
plasma APC resistance.

Methods: Thrombin generation was measured by Calibrated Auto-

mated Thrombography in the absence and presence of exogenous

APC in: (i) whole and defibrinated plasma, (ii) congenitally fibrinogen-

deficient plasma reconstituted with the purified fibrinogen isoforms

(cAcA or cAc’), and (iii) pooled plasma from normal individuals or

heterozygous FV Leiden carriers in the presence of a synthetic fibrino-

gen c’ carboxyl-terminal peptide. The ratio of the ETPs determined in

the presence and absence of APC was taken as a measure of plasma

APC resistance.

Results: Whole plasma was less APC-resistant than defibrinated

plasma, suggesting that (total) fibrinogen improves the response of

plasma to APC. Reconstitution experiments in fibrinogen-deficient
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plasma indicated that this phenomenon is mainly attributable to the

cA/c’ fibrinogen isoform, with cAcA fibrinogen having only a minor

effect. The synthetic fibrinogen c’ carboxyl-terminal peptide (added to

plasma at a final concentration of 250 lM) considerably increased the

APC sensitivity not only of normal pooled plasma, but also of pooled

plasma from FV Leiden heterozygotes. These effects were specific, as a

scrambled control peptide was ineffective. Moreover, the APC-sensi-

tizing action of the fibrinogen c’ peptide was not abolished by the

addition of an anti-FVIII antibody, indicating that the effect of fibrin-

ogen c’ on the APC response is not (exclusively) mediated by FVIII,

but probably also by FV.

Conclusions: Total fibrinogen and especially fibrinogen cA/c’ increase
the APC sensitivity of normal and FV Leiden plasma. This APC-sensi-

tizing effect can be reproduced by the carboxyl-terminal peptide of the

fibrinogen c’ chain, suggesting that the underlying mechanism is due

to the inhibition of thrombin-mediated activation of FV and FVIII,

rather than to a stimulation of the APC-mediated inactivation of FVa

and FVIIIa. The fibrinogen c’ peptide might form the basis for phar-

macological interventions to counteract plasma APC resistance.

AS 29.2
The functional effect of pleotropic mutations on
Antithrombin
Aguila S, Navarro-Fern�andez J, Bohdan N, De La Morena-Barrio

ME, Padilla J, Mi~nano A, Vicente V, Corral J and Mart�ınez-

Mart�ınez I

Centro Regional de Hemodonaci�on, Hospital Morales Meseguer,

UMU, IMIB, Murcia, Spain

Background: Antithrombin is a serine protease inhibitor with a key

role in hemostasis and its deficiency significantly increases the risk of

thrombosis. Two types of antithrombin deficiency have been

described: type I with no mutant antithrombin in plasma, and type II,

with a plasma variant that has reduced anticoagulant activity. This

group of deficiencies is sub-classified according to the localization of

the mutation and its functional consequence: II-a, and II-b affects the

heparin-binding site and the reactive center loop, respectively. The

type II-c or pleiotropic deficiencies include mutations located in C-

sheet that impair the heparin affinity and the inhibitory activity by not

well defined mechanisms. Recently, we described an abnormal glyco-

sylation of a pleiotropic mutation (K241E) that explained the impaired

heparin affinity.

Aim: To evaluate potential effects of different natural pleiotropic

mutations on the glycosylation of antithrombin and their functional

effects.

Methods: We selected pleiotropic mutations identified in patients with

antithrombin deficiency located in each one of the strands of the C-

sheet: K241E, M251I, M315K, F402L and P429L. Recombinant

mutants produced in HEK-EBNA cells in a b-antithrombin context

(S137A) were purified by heparin affinity chromatography and anion

exchange. Then, we evaluated differences on size in SDS gel under

reducing conditions, and the glycan alteration by treatment with N-

glycosidase F. We also determined heparin affinity by intrinsic fluores-

cence. Finally, functional assays with FXa and thrombin in presence

or absence of heparin were done.

Results: All pleiotropic mutants presented two isoforms that were puri-

fied by anion exchange due to their different isoelectric points, except

for M315K, which only produced one isoform. Treatment with N-gly-

cosidase F verified that these differences are caused by distinct glyco-

sylation. For every mutant the glycoform with less electrophoretic

mobility (V1) had reduced heparin affinity, which for the M251I

mutant reached six-fold lower affinity than the recombinant b wild-

type antithrombin. Moreover, these V1 glycoforms also had severely

affected the reactivity with target proteases (FXa and FIIa) in presence

and absence of heparin. In contrast, the V2 glycoform showed the

same electrophoretic mobility and similar heparin affinity that recom-

binant b wild-type antithrombin. Moreover, this V2 glycoform also

had an impaired inhibitory activity but it was partially compensated

by activation with heparin.

Conclusions: Our study shows a common glyosylation defect for every

tested natural pleiotropic mutation affecting C-sheet, apart from

M315K, probably because the localization of this residue, close to the

reactive center, might not affect the normal interaction with glycosyl

transferases involved in the maturation of the N-glycan, that seems to

allow other mutations. However, mutants with two glycoforms

showed a proportion of protein undegoing an abnormal glycosylation.

In these cases, V1 with high glycan content had reduced heparin affin-

ity and a significantly impaired anticoagulant function. In contrast, V2

had normal glycosylation and heparin affinity. Thus, although the

inhibitory activity of V2 glycoform is impaired as a consequence of the

mutation, the activation with heparin restores partially the inhibitory

capacity.

AS 29.3
Genetic variation in the annexin V gene and the risk for
pregnancy related venous thrombosis
Dahm AEA1, Tiscia G2, Grandone E2, Skretting G1

and Per Morten S1

1Oslo University Hospital, Oslo, Norway; 2Atherosclerosis and

Thrombosis Unit, I.R.C.C.S. ‘Casa Sollievo della Sofferenza’, San

Giovanni Rotondo, Foggia, Italy

Background: Annexin A5 is a natural anticoagulant mainly expressed

by placental trophoblasts. It is assumed to have thrombomodulary

functions as it shields phospholipid layers from coagulation com-

plexes. There is evidence that anti-Annexin A5 antibodies can interfere

with the Annexin A5 crystallization on the phospholipid layers and

thereby promote pregnancy losses and/or thrombosis in the anti-phos-

pholipd antibody syndrome. Recently, it has been demonstrated that

the M2 haplotype within the Annexin A5 gene (ANXA5) promotor

could be responsible for a diminished transcriptional activity. In the

general population, some studies have shown that the M2 haplotype is

associated with recurrent fetal loss, pregnancy-related hypertensive

disorders as well as venous thrombosis (VT).

In developed countries, VT is a leading cause of maternal morbidity

and death during pregnancy and puerperium, and occurs in approxi-

mately 1/1000 pregnancies. The mechanism behind pregnancy related

VT is considered multicausal, but risk factors for ante- and postnatal

VT differ, indicating different pathophysiological mechanisms.

Aim: To investigate if the M1 or M2 haplotypes or other genetic varia-

tions in ANXA5 was associated with pregnancy related VT.

Methods: We investigated women in the Norwegian VIP study which

is a population based case-control study of VT in pregnancy or

within 3 months post partum (cases) and women without pregnancy

related VT (controls). Informed consent was obtained from all

women and the study was approved by the regional medical ethics

committee. The M1 and M2 haplotypes were analysed by direct

sequencing of a PCR-amplified 491 bp fragment of the ANXA5 pro-

motor. In addition, tag SNPs were selected for ANXA5 from the

CEU population of the Hapmap project with an r2 of 0.80 and mini-

mum allele frequency of 0.10. DNA samples from 313 cases and 353

controls were investigated. Odds ratios were calculated for each hap-

lotype with the wild type as the reference and for each tag SNP with

the most common genotype as reference. Antenatal and postnatal VT

were analysed separately.

Results: Women homozygous for the M2 haplotype had an odds ratio

of 2.8 (95% confidence interval 0.83–9.2) for antenatal VT. For the

other haplotypes the odds ratios for both antenatal and postnatal VT

were close to 1.

The tag SNP rs17384348 had an odds ratio for antenatal VT of 1.5

(95% confidence interval 0.8–2.7). The other tag SNPs had odds ratios

close to 1 for both antenatal and postnatal VT.

Conclusion: All in all, neither the M1/M2 haplotypes nor the tag SNPs

in ANXA5 were convincingly associated with pregnancy related VT.
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AS 30 – Thrombus Resolution and
Stroke

AS 30
The effects of DNA and histones on fibrin clot
structure-function and on the regulation of fibrinolysis
Longstaff C1, Varj�u I2, S�otonyi P2, Szab�o L3, Krumrey M4, Hoell

A5, B�ota A6, Varga Z6, Komorowicz E2 and Kolev K2

1NIBSC, South Mimms, UK; 2Semmelweis University; 3Institute

for Materials and Environmental Chemistry, Budapest, Hungary;
4Physikalisch-Technische Bundesanstalt; 5Helmholtz-Zentrum

Berlin, Berlin, Germany; 6Institute of Molecular Pharmacology,

Budapest, Hungary

Background and Aims: Neutrophil extracellular traps (NETs) are net-

works of DNA, histones and other proteins, released by neutrophils

and are recognised as mediators between immunity, inflammation and

haemostasis. They have been shown to promote clotting and form a

scaffold with fibrin within clots which increases the likelihood of

unwanted thrombosis. However, little is known of the effects of DNA

and histones on the mechanical stability of fibrin and resistance to

fibrinolysis, the subjects of the present study.

Methods: An array of biophysical techniques and binding studies were

applied to investigate the effects of DNA and histones on fibrin struc-

ture and stability. These included electron microscopy (EM) and con-

focal microscopy (CM), rheology, isothermal titration calorimetry

(ITC), small angle X-ray scattering (SAXS) and thromboelastography.

Fibrinolysis assays, with tissue plasminogen activator (tPA) and plas-

minogen, in a variety of formats were included to understand the

kinetics of plasminogen activation and of fibrin breakdown.

Results: DNA, histones or DNA+histones could have strong and

sometimes opposing effects on fibrin structure and stability to mechan-

ical stress. This may be important physiologically as we found surgi-

cally removed arterial thrombi stained positively for DNA and

histones either separately or in complex. Rheology studies showed

DNA added to fibrin produced weak, floppy clots, whereas histones or

DNA+histones produced firmer clots requiring more shear stress to be

disassembled. EM studies showed histones and DNA+histones in clots

resulted in significantly thicker fibrin fibres. Fibrinolysis was also

affected by DNA and histones. Setting tPA activity in the absence of

DNA or histones to 100%, fibrinolytic activity of tPA with 70 lg/mL

DNA was 85.4 � 6.6% and 146.8 � 8.2% with 50 lg/mL histones.

These results were in agreement with experiments tracking the progress

of a fluorescent tPA chimera (tPA-GFP) through red AlexaFluor flu-

orescently-conjugated fibrin by CM. The rate of movement of the lysis

front in clots with no additions was set to 100% and was 50 � 3% in

the presence of DNA and was 161 � 3% in the presence of histones or

DNA+histones. However, important differences were seen in studies

of gross changes in clot structure during lysis. Time lapse photography

showed dramatically slower clot lysis (~3 times longer) in the presence

of DNA+histones. ITC data indicated that DNA and histones both

bind to large FDP suggesting a mechanism whereby DNA-histones

bind to FDP to maintain clot structure during lysis, significantly delay-

ing complete dissolution until FDP are reduced to smaller fragments

which bind to DNA-histones only weakly. DNase mixed with tPA

reverses this delay. Heparin was able to break down fibrin-DNA-his-

tone complexes, as evidenced in SAXS studies, also enhancing clot

lysis rates.

Conclusions: DNA and histones affect fibrin structure and properties,

plasminogen activation and fibrinolysis in a number of distinct ways.

However, profound effects were observed with DNA+histones which
modify clot structure and markedly delay clot lysis. DNA and histones

released by neutrophils or other apoptotic cells found in the pro-

inflammatory environment of atherosclerotic plaques may regulate

fibrinolysis in vivo. New therapeutic strategies including DNase or

non-anticoagulant heparins added to plasminogen activators may

improve thrombolysis.

AS 30.1
A new effective strategy for thrombolysis in ischemic
stroke: low-dose tPA in combination with MMP-10
Orbe J1, Roncal C1, Rodriguez JA1, Salicio A1, Montaner J2, Rosell

A2, Martinez de Lizarrondo S3, Vivien D3 and Paramo JA1

1CIMA, University of Navarra, Pamplona; 2Vall d′Hebron
Hospital, Barcelona, Spain; 3Inserm, Caen, France

Background: Early reperfusion using tissue-type plasminogen activator

(tPA) is the only therapeutic strategy to treat focal cerebral ischemia

with proven efficacy in stroke patients. Intracerebral haemorrhage is

one of the major complications of t-PA administration. t-PA has also

been linked to neurotoxicity. Therefore, there is an unmet need for

new strategies to improve tPA-induced thrombolysis.

Aim: Based on our previous data showing a profibrinolytic effect of

matrix metalloproteinase-10 (MMP-10) in ischemic stroke model

(Orbe et al., Circulation 2011), we wanted to determine if combined

therapy of tPA and MMP-10 improves the beneficial effect of tPA.

Methods: We used a murine ischemic stroke model induced by the

local injection of thrombin into the middle cerebral artery, to analyze

the effect of different tPA doses (1–10 mg/Kg) or tPA combined with

recombinant MMP-10 (6.5 lg/Kg) on the infarct size. In vitro cultures

were also performed to determine the effect of tPA+MMP-10 on endo-

thelial cells (permeability assay) and neurons (excitotoxicity assay).

Results: We observed that 10 mg/Kg of tPA plus MMP-10 signifi-

cantly reduced the infarct size in the thromboembolic ischemic stroke

model compared with tPA alone. Moreover, a 10-fold reduction in

tPA dose in the presence of MMP-10 produced the same effect on

infarct size than full-dose of tPA+MMP-10 (P < 0.05) without increas-

ing haemorrhage. In vitro data showed that MMP-10 reduced the tPA

endothelial permeability and improved neuronal excitotoxicity of tPA.

Conclusions: These data suggest that the combination tPA/MMP-10

could be a new strategy for thrombolysis in ischemic stroke, allowing

significant reduction of the tPA dose and similar decrease in infarct

size.

AS 30.2
Kinase activity of TRPM7 enhances PLC? Two
mediated calcium responses in platelets and plays an
important role in arterial thrombosis and stroke
Braun A1, Chen W1, Chubanov V2, Morowski M1, Kraft P1, Gotru

SK1, Hermanns HM1, Stoll G1, Gudermann T2 and Nieswandt B1

1University of W€urzburg, W€urzburg; 2Walther-Straub-Institute,

Munich, Germany

Background: Transient receptor potential melastatin-like 7 channel

(TRPM7) has been identified as a constitutively active divalent cation

selective channel which regulates intracellular Mg2+ concentration in

vertebrates. In addition, the C-terminus of TRPM7 is covalently

linked to an a-type Ser/Thr kinase domain which is able to phosphory-

late its own residues and several substrates including phospholipase C

(PLC) c2. Interestingly, the activation mechanism and the physiologi-

cal role of the kinase domain still remain elusive. TRPM7 has been

shown to play an important role in the pathogenesis of ischaemic

stroke and its expression in brain tissue was found to be upregulated

under ischaemic conditions, whereas knock-down of TRPM7 resulted

in enhanced viability of neurons under hypoxia. TRPM7 seems to

exhibit an ambivalent role in cation homeostasis; hence under normal

physiological conditions Mg2+ influx through TRPM7 can support

cell survival, while under pathophysiological conditions the channel or

its kinase domain might enhance Ca2+ influx leading to cell death.

TRPM7 function in platelet physiology and thrombosis has not been

investigated so far.

Aims: We hypothesized that the kinase domain of TRPM7 and its sig-

nalling mechanism might regulate Ca2+ mobilization and Ca2+ influx

during platelet activation and thrombus growth.
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Methods: To identify the physiological importance of the TRPM7

kinase in vivo, a Trpm7DKIN mouse line was generated by introducing

a point mutation in the Trpm7 gene, resulting in an amino acid substi-

tution at position 1646 from lysine to arginine. The K1646R mutation

inhibits Mg2+-ATP binding in the catalytic site of the kinase domain,

leading to the complete blockade of TRPM7 kinase activity.

Trpm7DKIN platelets were analyzed using a wide range of in vitro and

in vivo platelet functional assays.

Results: We report the first experimental evidence that Trpm7DKIN
mice display a marked signalling defect in platelets. Inositol triphos-

phate (IP3) production, Ca2+ mobilization and Ca2+ influx were

severely impaired upon activation of the immunoreceptor tyrosine

based activation motif (ITAM)-coupled collagen receptor, GPVI.

These results indicated that the kinase activity of TRPM7 is essential

to enhance ITAM-PLCc2-mediated Ca2+ responses. Impaired

TRPM7 signalling also led to altered integrin activation, degranula-

tion and aggregation responses to GPVI agonists in vitro and impaired

thrombus formation under flow ex vivo. In line with these findings, in

vivo experiments showed that Trpm7DKIN mice were significantly pro-

tected from arterial thrombosis and ischaemic brain infarction.

Conclusions: These results establish the physiological role of TRPM7

kinase as a key modulator of Ca2+ store release and SOCE in plate-

lets, and highlight the role of this new signalling mechanism in the

pathogenesis of thrombosis and ischaemic stroke.

AS 31 – Coagulation and
Complement

AS 31
Coagulation and complement
Levi M

University of Amsterdam, Amsterdam, the Netherlands

The blood coagulation system and the complement system are con-

nected in many ways. Coagulation proteases, such as thrombin, but

also factor Xa, IXa and XIa, can directly activate complement factors,

although the biological and clinical relevance of this action in vivo is

not clear. Factor XIIa is known to activate complement factor I, lead-

ing to the initiation of the classical complement pathway. Conversely,

C1 inhibitor does not only block complement factor I but is also the

most important inhibitor of factor XIIa and kallikrein. In patients

with C1-inhibitor deficiency (leading to hereditary angio-edema)

attacks of angio-edema are associated with minor activation of coagu-

lation but have major impact on fibrinolysis. An interesting role of

thrombin activatable fibrinolysis inhibitor (TAFI) in complement reg-

ulation has been established. TAFI is activated upon binding of

thrombin to the endothelial surface receptor thrombomodulin and acts

as an important inhibitor of C3a and C5a, thereby rendering another

important connection between coagulation and inflammation. Lastly,

C4b binding protein serves a binding protein for free protein S, inter-

fering with the regulation of coagulation by physiological anticoagu-

lants.

AS 31.1
Human megakaryocytes and platelets contain
complement C3 and C5 and release it upon interaction
with Escherichia coli
Arbesu I1, Fischer MB2 and Mannhalter C3

1Medical University of Vienna; 2Department of Blood Group

Serology and Transfusion; 3Department of Laboratory Medicine,

Medical University of Vienna, Vienna, Austria

Background: Platelets link coagulation, inflammation and infection.

Following exposure to bacteria and a complement dependent activation,

platelets can contribute to defense against pathogens. It is known that

complement proteins, especially C3, are important for protection from

endotoxin shock, and individuals with C3 deficiency are more suscepti-

ble to bacterial infections. In sepsis, C3 activation, leading to high C3b

levels, is involved in the development of septic shock. In haemolytic

uremic syndrome with Shiga toxin producing E. coli infection, platelet

microparticles carrying high levels of surface bound C3 and C9 are

found. Currently, it is assumed that the complement proteins are

bound to platelets from plasma.

Aim: We studied whether complement proteins on platelets are only

derived from plasma or are synthesized in megakaryocytes and stored

in platelets intracellularly. We hypothesized that platelets contain

complement proteins and, upon contact with gram-negative bacteria,

platelets release complement factors and their activation products to

support defense against the bacteria.

Methods: Mature megakaryocytes (MK) generated from cord blood

CD34+ cells and platelets obtained from platelet concentrates were

exposed to heat killed (HK) E. coli 018: K1 in the absence of plasma

or other sources of complement proteins. Platelets and MKs were

tested for complement C3 and C5 by Western blot and immunocyto-

chemistry. The release of complement proteins was evaluated by

ELISA, the presence of C3 and C5 mRNA was analyzed by real time

PCR (RT-PCR). The effect of platelets on viability of E. coli 018: K1

(pathogenic) and E. coli K12 C600 (non-pathogenic) was tested fol-

lowing incubation with platelets before growing the bacteria on culture

plates.

Results: RT-PCR analyses showed the presence of C3 and C5 mRNA

in MKs and platelets. Proteins migrating at 110, 100, 75, 64, 45 and 38

kD were detectable in platelet concentrates by Western blot with C3

antibody. Exposure of platelets and MK to E. coli 018: K1 lead to

secretion of C3a and C5a, and ELISA results revealed a 10-fold

increased release of C3a and a 100-fold increase of C5a compared to

platelets incubated with buffer. Higher expression of C3 after contact

with bacteria was also found by confocal microscopy. Activated C3

released from platelets was immediately bound to bacteria. Growth of

E. coli K12 C600 was completely abolished following platelet contact,

while the growth of E. coli 018: K1 was not affected. Increased levels

of C3a or C5a were not induced by E. coli 055:B5 LPS.

Conclusion: Our data indicate that complement C3 and C5 mRNA

and protein are present in megakaryocytes and platelets. Contact of

washed platelets with E. coli leads to activation of C3 and C5 and gen-

eration of C3a, C3b, C3d and C5a. The lacking effect of LPS indicates

that the activation of complement in platelets is not primarily medi-

ated via TLR4. Already 30 min contact between platelets and bacteria

seems to be sufficient to inhibit the growth of E. coli K12 C600. The

underlying mechanisms have yet to be elucidated and the relevance for

the pathogenicity of E. coli needs to be evaluated.

AS 31.2
Polyphosphate suppresses complement activation
Wat J1, Krisinger MJ1, Foley JH1, Lei V1, Smith SA2, Morrissey JH2

and Conway EM1

1University of British Columbia, Vancouver, BC, Canada;
2University of Illinois at Urbana-Champaign, Urbana, IL, USA

Background: In response to vascular injury, coagulation and comple-

ment are simultaneously activated to limit blood loss and restrict path-

ogen invasion, respectively. Although it is reasonable to consider that

complement and coagulation are co-regulated, it is only recently that

the molecular mechanisms have started to be delineated.

Initiation of coagulation is achieved by exposure of blood to tissue fac-

tor or an anionic surface, resulting in a proteolytic cascade that leads

to generation of thrombin and a fibrin clot. Complement activation is

initiated via the classical, lectin or alternative pathways, whereupon

the pathways merge, ultimately leading to cleavage of C5 to yield C5a

and C5b. C5b complexes with C6 (C5b,6), which initiates the terminal

pathway by sequentially binding to C7, C8 and multiple C9 molecules.
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This resultant C5b-9, the membrane attack complex (MAC), becomes

integrated into the membrane of the cell that is targeted for destruc-

tion.

Recent studies have shown that polyphosphate (polyP), anionic strings

of phosphate ions that are released from granules of activated plate-

lets, has important procoagulant properties. With increasing evidence

of links between complement and coagulation, we sought to evaluate

whether polyP also modulates complement activation.

Aim: To evaluate the effect of polyP on complement activation.

Methods: Binding of polyP to complement components was evaluated

by electrophoretic mobility shift assays. Complement-mediated hemo-

lytic activity was quantified by measuring lysis of rabbit or chicken

erythrocytes. The terminal pathway was initiated with C5b,6 in the

presence of C7, C8 and C9 or human serum. Different polymer lengths

and concentrations of polyP were added prior to initiation of comple-

ment. As controls, polyP polymers were digested with calf intestinal

alkaline phosphatase (CIAP) into monomers (P1). Concentrations of

polyP were expressed as monomeric phosphate equivalents.

Results:We determined that polyP binds to alterative pathway compo-

nents factor H and factor B, and to C5, C5b,6 and C6 of the terminal

pathway. Total hemolytic activity was dampened by increasing con-

centrations of long-chained polyP (P>1000) as compared with P1.

Long-, medium- and short-chain polyP (P>1000, P40–160, and P<30)

interfered with terminal pathway activation in a concentration-depen-

dent manner, but the P>1000 and P40–160 were more effective, i.e., the

concentration of P>1000 or P40–160 to achieve half-maximal inhibition

(IC50) was ~10 lM with total inhibition at ~200 lM. In contrast, an

IC50 with P<30 could not be achieved even with 5 mM polyP. The abil-

ity of polyP to inhibit terminal pathway activation was absent once

the C5b-7 complex formed, suggesting that polyP binding to C5b,6

may alter its ability to form a fully functional MAC. Pretreatment of

polyP with CIAP restored hemolytic activity.

Summary/Conclusions: In addition to interacting with factors that reg-

ulate coagulation, polyP binds to several proteins in the complement

system, including those that initiate and propagate the terminal path-

way. All polyP preparations tested inhibited hemolytic activity in ter-

minal pathway assays with P>1000 being the most effective. The

physiological relevance of polyP in response to injury requires further

study, but our findings are consistent with an important role in pro-

tecting host cells from complement-mediated damage.

AS 31.3
The lectin like domain of Thrombomodulin is involved
in the defense against pyelonephritis
Lattenist L, Teske G, Claessen N, Florquin S and Roelofs JTH

Academic Medical Center, Amsterdam, the Netherlands

Background: Urinary tract infections (UTI), frequently caused by

E. coli, are among the most common bacterial infections, affecting

50% of women worldwide at one point of their life and causing consid-

erable paediatric problems. Among UTI acute pyelonephritis forms a

substantial health issue and can lead to end stage renal failure.

Thrombomodulin (TM) is a cell surface-expressed protein, mainly

expressed on vascular endothelium but also on some epithelium such

as urothelium. TM is part of a natural anticoagulation pathway that

limits the action thrombin. Binding of thrombin to TM inhibits the

thrombin-mediated conversion of fibrinogen into fibrin. Furthermore

the thrombin-TM complex activates the protein C which has anticoag-

ulant, anti-inflammatory and cytoprotective activities. The TM protein

consists of several domains of which the lectin and EGF-like domains

are crucial for TM structure and function.

Aim: In the current study we wanted to investigate the role played by

thrombomodulin in a model of acute pyelonefritis.

Methods: We used two TM transgenic mouse strains: TMpro/pro

mice, which bear a mutation in the EGF-like domain making them

unable to activate protein C, and TMled/led mice which lack the lec-

tin-like domain of TM which is critical for its anti-inflammatory and

cytoprotective properties. These mice were subjected to pyelonephritis

model by intravesical inoculation of 1x109 CFU of E. coli 1677. Mice

were sacrified after 24 and 48 h after inoculation. Kidneys and the

bladder were harvested and homogenized in sterile saline for determi-

nation of bacterial outgrowth on blood agar plates. Circulating num-

bers of leukocytes were counted using a haemocytometer.

Results: TMpro/pro mice did not show any differences in renal and

bladder bacterial loads, nor in blood leukocytes compared to WT

mice.

In contrast, TMled/led mice showed more severe disease than WT

mice. TMled/led mice showed significantly more bacterial outgrowth

in bladder homogenates at 24 and 48 h after inoculation compared to

WT mice (P < 0.01 and P < 0.05 respectively). Also, TMled/led mice

had significantly more bacteria in kidney homogenates at 48 h after

inoculation (P < 0.05) and showed elevated blood leukocyte counts at

24 h after inoculation than WT mice (P < 0.05).

Conclusion: We conclude that the lectin-like domain of thrombomodu-

lin is critically involved in host defense against E. coli induced acute

pyelonephritis.

AS 32 – Treatment of Von
Willebrand Disease

AS 32.1
Long-term correction of von Willebrand disease via
Sleeping Beauty transposon-mediated gene therapy
De Meyer SF1, Verhenne S1, Pareyn I1, Deckmyn H1, Izsvak Z2

and Vanhoorelbeke K1

1KU Leuven Kulak, Kortrijk, Belgium; 2Max Delbruck Center for

Molecular Medicine, Berlin, Germany

Background: Von Willebrand disease (VWD) is the most common

inherited bleeding disorder. Severe VWD (type 3) is characterized by

complete absence of the hemostatic protein von Willebrand factor

(VWF). Current treatment of severe VWD is limited to the administra-

tion of exogenous VWF concentrates derived from plasma. Given the

relatively short half-life of VWF (8–12 h), only a short-term therapeu-

tic effect can be achieved, often requiring multiple subsequent treat-

ments. Gene therapy for this monogenic bleeding disorder is an

interesting treatment alternative with long-term therapeutic potential.

We previously showed that the liver is an attractive target for ectopic

expression of physiologically active VWF.

Aim: The aim of this study was to achieve long-term correction of

murine severe VWD via non-viral gene therapy.

Methods: We constructed two Sleeping Beauty transposon vectors

containing full-length murine VWF under the control of either the

ubiquitous CAG promoter or the hepatocyte-specific alpha-1 antitryp-

sin promoter. Each transposon, together with a plasmid encoding the

optimized Sleeping Beauty transposase SB100x, was directed to the

liver of VWF-deficient mice via hydrodynamic gene delivery. At regu-

lar intervals after gene delivery, we measured VWF antigen levels in

plasma. Correction of the bleeding diathesis was investigated using a

tail-clipping bleeding assay.

Results: Use of the transposon containing the CAG promoter

resulted in a sustained long-term (> 1 year) expression of VWF in

VWF-deficient mice, although VWF levels were low (< 5% of normal

wild-type level). Integration of the murine VWF cDNA into the

mouse liver genome was confirmed using splinkerette PCR. Higher

levels of sustained VWF expression were observed using the transpo-

son with the more potent alpha-1 antitrypsin promoter. Three

months after gene delivery, plasma levels remained 75.8 � 17.6%

(n = 5) of wild-type values in male mice while VWF expression was

lost within 3 weeks in mice that received the VWF transposon vector

but no transposase plasmid. At this timepoint, tail-clipping bleeding

times were corrected in treated male mice. This phenotypic correction

was confirmed by the observation that the blood loss volume was
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significantly lower in treated mice when compared to VWF-deficient

control mice. Female animals had significantly lower levels of VWF

after treatment, resulting in less blood loss volume but not in correc-

tion of bleeding time.

Conclusion:We herewith present the first proof-of-concept for long-term

treatment of VWD by non-viral gene therapy. Ongoing follow-up stud-

ies will establish how long phenotypic correction can be maintained.

AS 32.2
Determinants, frequency, types, and management of
bleedings in severe VWD type 3: final results of the
retro/prospective analyses in 86/52 Italian patients
Federici AB1, Castaman G2, Bucciarelli P3, Oliovecchio E4,

Baronciani L3, Mazzucconi MG5, Morfni M6, Morfni M6, Rocino

A7, Schiavoni M6 and Peyvandi F3

1University of Milan, Milan; 2S. Bortolo Hospital, Vicenza; 3AB

Bonomi Hemophilia Thrombosis Center, Milan; 4Unversity of

Perugia, Perugia; 5University of Rome, Rome; 6Hemophilia

Center, Firenze; 7Pellegrini Hospital, Napoli, Italy

Background: VWD3 is the most rare (1–5 cases/million) and severe

form of VWD because is due to virtually complete deficiency of the

von Willebrand factor (VWF). VWD3 is of major interest because of

severe clinical presentation, need for replacement therapy with VWF/

FVIII concentrates, risk of occurrence of anti-VWF inhibitors in a few

cases. Even though VWD3 has been known since its original descrip-

tion in 1926, detailed information on the determinants of bleeding are

not available so far.

Aims and design of the study: To evaluate possible predictors of bleed-

ings requiring VWF/FVIII concentrates in VWD3 patients, data were

collected by Members of the Italian Association of Hemophilia Cen-

ters (AICE) using standard protocols. 6/20 Italian Centres could also

follow-up for 1 year patients with confirmed VWD3 diagnosis.

Methods: Inclusion criteria were VWF:Ag < 3 U/dL with FVIII:

C < 20 U/dL and autosomal-recessive inheritance. Bleeding score

(BS) was calculated at enrolment. Gene mutations were searched for in

all available DNA.

Results: In the retrospective analysis, among cases originally reported,

only 86/114 (75.4%) patients met the inclusion criteria and were char-

acterized by the following demographic, clinical-lab parameters [med-

ian(range)]: gender (M/F) = 42/44; age = 38 (6–71); BS = 14 (3–35);
FVIII:C = 3 (1–20); anti-VWF-inhibitors = four from three families.

Molecular diagnosis was available in 54/86 (59.5%) cases with the fol-

lowing gene defects(pt-n): large-deletion (4); small-deletions-insertions

(14); nonsense (9); splice-site (8); missense mutations (19). Mucosal

bleedings (64%) were more frequent than hematomas-hemarthrosis

(24%). In the retrospective study 77/86 (89.5%) VWD3 had been

already exposed to VWF/FVIII concentrates. In the prospective obser-

vational study, 52/86 (60.5%) VWD3 were followed-up by 6/20 Cen-

tres and 27/52 (88%) were treated in a year for 72 spontaneous

bleeding events. BS of VWD3 bleeders (16 [5–35]) was significantly

(P = 0.01) higher than that (10 [3–22]) of non-bleeders; BS > 10

(HR = 6.8, CI = 3.8–12.3) and FVIII < 5 U/dL (HR = 4.1, CI = 2.4–
7) were associated with high risk of bleeding. VWD3 patients with

BS < 10 and FVIII > 15 had very few bleeding events. On the other

hand, BS > 10 could identify VWD3 patients with higher frequency

and severity of events requiring intensive therapy (8100 [3500–25,400]
VWF:RCo IU/event) with VWF/FVIII concentrates. Patients with

anti-VWF inhibitors were off therapy during this follow-up.

Discussion and Conclusions: these retro/prospective studies show for

the first time that also VWD3 can be very heterogeneous. BS and

FVIII levels are good predictors of bleeding. An international and

multicenter project (3WINTERS-IPS) has been recently organized

(2011–2016) to collect more information about clinical and molecular

markers associated with increased risk of bleeding and of anti-VWF

inhibitors in a larger cohort of at least 250 patients with VWD3.

AS 32.3
High rate of postpartum hemorrhage in women with
von Willebrand disease or carriership of hemophilia,
despite specialized care
Stoof CM1, Van Steenbergen HW2, Sanders YV1, Cannegieter

SC2, Duvekot J1, Leebeek FWG1, Kruip JHA1 and Eikenboom HCJ2

1Erasmus University Medical Center, Rotterdam; 2Leiden

University Medical Center, Leiden, the Netherlands

Background: In the general Dutch population the incidence of severe

postpartum hemorrhage (PPH) is 5%. It is likely that this incidence is

higher in women with bleeding disorders, as the increase of coagula-

tion factors during pregnancy, such as von Willebrand factor and fac-

tor VIII, may be insufficient for adequate hemostasis. It is known that

pregnancy and delivery are associated with a high risk of bleeding in

women with bleeding disorders. Therefore, pregnant women with

bleeding disorders require specialized peripartum care to prevent PPH.

It is generally accepted that coagulation factors < 0.50 IU/mL are an

indication for prophylactic replacement therapy with factor concen-

trate or desmopressin during delivery.

Aims: to study the incidence of PPH in women with von Willebrand

disease (VWD) and hemophilia carriers managed in Hemophilia

Treatment Centers (HTC).

Methods: We included pregnancies in women with VWD or hemo-

philia carriers treated in two Dutch HTCs between 2002 and 2011. We

collected information about pregnancy outcome, i.e. blood loss during

or after delivery, need for red blood cell transfusion, and mode of

delivery. Primary PPH was defined as blood loss ≥ 500 mL, severe

PPH as ≥ 1000 mL within 24 h postpartum. Analyses were performed

separately for all pregnancies and for first pregnancies only. As results

did not essentially differ, only the former are presented. The study was

not subject to the Medical Research Involving Human Subjects Act

and was approved by the Medical Ethics Committee.

Results: We included 201 pregnancies in 141 women. Mean age at time

of delivery was 31 � 4.7 years. Median parity was 1 (10–90th percen-

tile: 0–2). Sixty-eight women had VWD (58 type 1, 10 type 2) and 73

women were hemophilia carriers (60 hemophilia A, 13 hemophilia B).

Seventy-nine percent (158/201) of deliveries were vaginal and 21% (42/

201) were caesarean sections (11% elective, 10% emergency). Of 180

pregnancies data on the amount of milliliters blood loss during or after

delivery were available. Thirty-six percent (65/180) of deliveries were

complicated by primary PPH, 10% (18/180) by severe PPH. No differ-

ence in PPH incidence was seen between women with VWD and hemo-

philia carriers. Coagulation factor levels were measured at 25–
40 weeks of gestation. In 26 pregnancies these levels were < 0.50 IU/

mL and consequently prophylactic replacement therapy was given.

Despite replacement therapy, 50% (13/26) of deliveries in these

patients still resulted in PPH, 15% (4/26) in severe PPH. These PPH

incidences were higher compared to deliveries in which no prophylac-

tic replacement therapy was given according to the guidelines, i.e. 34%

(52/154) for all PPH and 9% (14/154) for severe PPH. Compared to

pregnancies with factor level ≥ 1.00 IU/mL at 25–40 weeks of gesta-

tion (before correction with factor concentrate), pregnancies with fac-

tor level < 0.50 IU/mL had a seven-fold increased risk of severe PPH.

Summary/Conclusion: The incidence of severe PPH is high in women

with VWD and in carriers of hemophilia, despite specialized care in a

HTC. The high rate of PPH in pregnancies managed with prophylactic

factor replacement therapy indicates that current management of

deliveries in women with bleeding disorders needs to be improved.
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AS 33 – Major Bleeding

AS 33
Bleeding and thrombosis in patients with liver disease
Lisman T

University Medical Centre Groningen, Amsterdam, the

Netherlands

Patients with chronic or acute liver diseases frequently acquire a com-

plex disorder of hemostasis secondary to their disease. These hemo-

static changes include thrombocytopenia and platelet function defects,

decreased levels of pro- and anticoagulant proteins, and alterations in

plasma levels of the fibrinolytic system. These changes have long been

believed to result in a hypocoagulable status. Recent laboratory stud-

ies have shown that the prohemostatic defects in patients with liver dis-

eases are, at least in part, compensated for. Specifically, the

thrombocytopenia is compensated for by substantially elevated levels

of von Willebrand factor, decreased levels of procoagulants are bal-

anced by decreased levels of anticoagulants, and defects in profibrino-

lytic systems are balanced by changes in the regulatory mechanisms of

the fibrinolytic system. The hemostatic system in patients with liver

disease thus appears to be in a ‘rebalanced’ state due to concomitant

changes in pro- and antihemostatic pathways. This new hemostatic

balance, however, is unstable and can easily tip towards either a hypo-

or a hypercoagulable status. Careful analysis of the clinical phenotype

of these patients supports the theory of a ‘rebalanced’ hemostatic sys-

tem. Patients with liver diseases do not have an overt bleeding diathe-

sis, as many patients can undergo major surgical procedures such as

liver transplant surgery without the requirement for transfusion or

prohemostatic therapy. In addition, both bleeding complications as

well as thrombotic episodes frequently occur in patients with liver dis-

eases. Nevertheless, the most important bleeding complication in

patients with chronic liver disease (i.e. variceal bleeding) is unrelated

to defective hemostasis, but rather depends more on local vascular

abnormalities and portal hypertension leading to increased vascular

pressure. Management strategies of bleeding complications that are

related to defective hemostasis are still incompletely defined, and no

laboratory tests to predict bleeding complications in these patients is

available. Despite laboratory indications of a hypocoagulable status

such as prolongations in the PT and APTT, patients with liver disease

are not protected against venous thrombosis. In addition, thrombosis

of the portal vein is common in patients with advanced chronic liver

disease, and results in clinical deterioration. Prevention and treatment

of thrombosis of patients with liver diseases is complicated by multiple

factors including (i) a (perceived) bleeding risk, (ii) Uncertainty of dos-

ing regimens or drug targets (e.g. the target INR of a patient that

requires vitamin K antagonists but already has a prolonged INR as a

result of the liver disease is unclear), (iii) issues with monitoring tests

(assessment of the INR or of anti-Xa levels is inaccurate in patients

with liver diseases), (iv) The anticoagulant potency of some of the

available drugs appear different in patients with liver disease compared

to individuals with intact liver function. Clinical studies on safety, effi-

cacy, and monitoring of both pro- and antihemostatic strategies in

patients with liver disease are thus urgently required.

AS 33.1
Comparison of three different prothrombin complex
concentrates efficacy, in reversal of anti-vitamin K
effect in patients under oral anticoagulant treatment:
an in vitro study
Rossetto V, Sartori MT, Gavasso S, Fadin M, Campello E, Spiezia L

and Simioni P

Padua University, Padua, Italy

Background: Intra-cranial and major haemorrhages in patients under-

going anticoagulant treatment are life-threatening events that require

rapid reversal of anticoagulation with target INR < 1.5.

Aims: To compare ‘in vitro’ efficacy of three different prothrombin com-

plex concentrates (PCC) in reversing INR and in restoring thrombin

generation and ROTEM� profiles in anticoagulated blood or plasma

samples. Two of them, ‘PCC-A’ and ‘PCC-B’ were four factors contain-

ing PCC. The third, ‘PCC-C’, was a three factors containing PCC.

Methods: Primarily, we tested three different concentrations of PCC

(0.5, 1 and 1.5 U/mL of plasma) to detect the lower dose sufficient to

restore a normal INR. The lower dose was found to be 0.5 U/mL. In a

second phase n. 60 anticoagulated blood samples, both whole blood

and plasma, were collected: (i) n. 20 with INR 1.5–2; (ii) n. 20 with

INR 2–3.5; (iii) n. 20 with INR > 3.5. In each plasma sample, coagula-

tion factors concentrations, INR, PTT and thrombin generation were

measured at baseline (t0) and after the addition of 0.5 U/mL of each

of the three different PCC (t1). Finally, ROTEM� profiles were evalu-

ated in whole blood samples at t0 and t1.

Results: The four factors PCC (PCC-A and PCC-B) were able to

restore a normal INR value independently from the INR at baseline.

On the contrary, PCC-C restored an INR value < 1.5 only when the

INR t0 value was 1.5–2. Moreover, when INR value at baseline was 2–
3.5 the mean INR value at t1 was 1.64 (range 1.4–2.5), and when INR

value at baseline was > 3.5 the mean INR corrected value was 1.88

(range 1.7–2.3). PCC-A determined a significantly (P < 0.0001, in both

cases) lower factor IX activity (FIX act) at t1 (increase vs. basal of

96.4%, range 40–155.4) than PCC-C (170%, range 101–273.6%) and

PCC-B (164.3%, 106.6–270.6). Differently from PCC-A and PCC-B,

PCC-C did not restore Factor VII activity. PCC-C completely restored

thrombin generation profile in all degrees of anticoagulation (mean

Peak increase vs. basal 453.1%, 96.7–1250.6) with performance com-

parable to PCC-B (483.4, 152.1–1433.6). PCC-A failed to restore nor-

mal thrombin generation even at lower levels of anticoagulation

(INR < 2). In particular, with PCC-A was observed only a small

increase of Peak compared to basal condition (38.5%, �82.3 to 495.6).

No significant differences were observed as for ROTEM profiles

among the three PCC tested.

Conclusions: INR is rapidly corrected by low doses of PCC-A and

PCC-B independently of basal INR while PCC-C gives only a partial

INR correction at higher degrees of anticoagulation. This is most

likely due to the lack of FVII in PCC-C. TG is completely restored by

low doses of PPC-B and PCC-C while PCC-A has a paradoxical

behavior evidenced by a prolongation of PTT and CT-INTEM and

absent TG restoration in vitro.

On the basis of TG profiles, it can be observed that PCC-B and PCC-

C are good tools to rapidly reverse anticoagulation. Data concerning

PCC-A need to be carefully evaluated and correlated with the real in

vivo efficacy.

AS 33.2
Liver cirrhosis is associated with hypercoagulability,
decreased clot strength and normal fibrinolysis
Kleinegris MC1, Habets CAM1, Van De Sande AJP1, Henskens

YMC2, Ten Cate-Hoek AJ1, Van Deursen C3, Spronk HMH1,

Koek GH2 and Ten Cate H1

1Cardiovascular Research Institute Maastricht, MUMC+;
2Maastricht University Medical Center, Maastricht; 3Atrium

Medical Center, Heerlen, the Netherlands

Background: In patients with cirrhosis substantial changes in the hae-

mostatic system occur, making them prone not only to bleeding but

also to thrombotic events. Conventional coagulation tests support the

theory of a combined hypocoagulable and hyperfibrinolytic state.

However, recent studies postulate that in cirrhosis pro-haemostatic

changes compensate these antihaemostatic changes, thus ‘rebalancing’

the coagulation system.

Aim: To gain better insights in the coagulation and fibrinolytic capac-

ity in patients with increasing severity of liver cirrhosis we performed

the thrombin generation assay (TGA) combined with tPA-induced

fibrinolysis by rotational thromboelastometry (‘tPA-ROTEM’).
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Methods: Blood (citrated, 0.105 M) was obtained from 71 patients

with all-cause liver cirrhosis. Cirrhosis severity was assessed by means

of the Child Pugh (CP) score (CP-A n = 52, CP-B n = 14, CP-C

n = 5). A panel of coagulation parameters was assessed. TG was deter-

mined by means of the calibrated automated thrombogram in platelet

poor plasma using a 1 pM Tissue Factor trigger in the absence or pres-

ence of thrombomodulin (parameters: lag time [LT], peak height [PH]

and endogenous thrombin potential [ETP]). tPA-ROTEM was deter-

mined in recalcified citrated whole blood triggered with either 35 pM

TF or 35 pM TF and 125 ng/mL tissue plasminogen activator (tPA).

The following parameters of clot formation and clot lysis were ana-

lyzed: coagulation time (CT), a-angle, clot formation time (CFT),

maximal clot firmness (MCF), lysis onset time (LOT), lysis time (LT)

and fibrinolysis velocity (FV). Statistical analysis of potential differ-

ences between CP-groups was performed using the Kruskal-Wallis

test.

Results: With increasing CP-score the classic coagulation tests (PT,

aPTT) showed a significant prolongation while the coagulation param-

eters antithrombin, protein C and fibrinogen showed, as expected, a

significant decrease. In the TGA we found a significant decrease of the

median LT with increasing CP-score (CP-A: 6.83 min vs. CP-C:

4.00 min, P < 0.05). Despite relatively high normalized ETP and PH

values, no significant differences between the CP-groups were observed

with ETP being: CP-A 146%, CP-B 167% and CP-C 174%, and PH:

CP-A 200.5%, CP-B 265.6%, CP-C 261.7%. To evaluate the protein

C pathway, TM was added to the TGA resulting in a significantly les-

ser reduction of the ETP in the CP-C group in comparison to the CP-

A group (7.2% vs. 24%, resp. P < 0.05). Parameters that reflect stable

clot formation in the tPA-ROTEM showed significant alterations with

increasing disease severity. In the measurements without added tPA

there was a decrease of the a-angle (P < 0.05), increase of the CFT

(P < 0.05), decrease in the MCF (P < 0.05), None of the tPA-RO-

TEM parameters of clot degradation (LOT, LT and FV) showed sig-

nificant differences between the different CP-groups (data not shown).

Conclusion: Thrombin generation demonstrated a hypercoagulable

profile in patients with liver cirrhosis. This hypercoagulability is most

likely due to the reduced levels of the anticoagulant factors antithrom-

bin and protein C. tPA-ROTEM analysis however, showed diminished

clot strength with increasing cirrhosis severity, resulting in a less stable

clot. Fibrinolysis on the other hand was comparable between the dif-

ferent CP-groups. Taken together our data therefore do not support

the theory of a combined hypocoagulable and hyperfibrinolytic state.

AS 33.3
Prolonged shock phase in a pig model with multiple
injuries is associated with a decreased onset of tPA
induced fibrinolysis
Zentai C1, Spronk HMH2, Van Oerle R2, Ten Cate H2, Rossaint R1

and Grottke O1

1RWTH Aachen University Hospital, Aachen, Germany;
2Maastricht University Medical Center, Maastricht, the

Netherlands

Background: Current concepts of trauma induced coagulopathy indi-

cate that prolonged shock leads to an acivation of the protein-C path-

way with anticoagulation and induce hyperfibinolysis in severley

injured patients. However, large animal models investigating this

mechanisms are largely missing.

Aims: In a pilot pig study with multiple injury we elaborated the effects

of a prolonged shock phase on coagulation parameters as compared to

non-shock animals receiving volume resuscitation.

Methods: After local ethical approval trauma was induced in 10 anaes-

thetized pigs. Multiple injury was inflicted by the fracture of both

femurs and a lung contusion using a captive bolt gun followed by

blunt liver injury (Injury Severity Score: 27). Following a shock phase

of 30 min animals received either no volume (group: NV, n = 5) or

Ringer’s solution (group: RS, n = 5) to maintain a mean arterial pres-

sure of 55–60 mmHg. Thromboelastometry (ROTEM), including a

modified method for fibrinolysis (‘tPA-ROTEM’ with parameters lysis

onset time (LOT) and Lysis Index after 30 min (LI.30)), and thrombin

generation (TG) were monitored for 4 h and blood loss was measured.

Statistical analysis was performed using ANOVA with Tukey post hoc.

A P < 0.05 value was considered as statistical significant.

Results: Severity of inury was confirmed both by macroscopical analy-

sis and a significant drop in cardiac output (CO) (baseline:

4.3 � 0.6 L/min; 30 min post injury: 1.3 � 0.14 L/min). Fluid resus-

citation led to an increase of CO (3.1 � 0.8 L/min) whereas in non-

resuscitated animals CO remained low (1.6 � 0.2 L/min). Due to

haemorrhagic shock lactate levels (baseline: 1.7 � 0.2 mM) signifi-

cantly increased over time in NV animals 8.3 � 2.9 mM and remained

stable in RS animals (1.7 � 0.6 mM). After injury, tPA-ROTEM

induced fibrinolysis (both groups, baseline: LOT: 355 � 66 s; LI.30:

4.4 � 0.1%) was significantly reduced in the NV group (240 min post

inury: LOT: 982 � 74 s; LI.30: 81 � 9.7%). In contrast, tPA induced

fibrinolysis in RS animals remained constant (240 min post injury:

LOT: 399 � 37 s; LI.30: 10 � 4.4%). TEM analysis showed a

decrease of clot formation over time (both groups, baseline:

79 � 0.5 mm) with significantly reduced values in the RS group

(67 � 4 mm; NV group: 72 � 2 mm, P < 0.05). Plasma thrombin

generation without exogenous trigger and in the presence of a tissue

factor inhibitor was enhanced upon infliction of trauma. The endoge-

nous thrombin potential (ETP) increased from 92 � 65 nM.min at

baseline to 203 � 86 nM.min at 30 min after trauma. This increase in

contact activated coagulation continued upto 4 h after trauma (ETP:

182 � 54 nM.min) and attenuated at 6 h after trauma (ETP:

80 � 60 nM.min).

Conclusions: Severe haemorrhagic shock over 4 h with elevated

shock parameters following multiple injury induced a contact activa-

tion mediated hypercoagulable state, without alterations in global

haemostasis (ROTEM) or signs of hyperfibrinolysis. In contrast,

omitted volume resuscitation led to an enhancement of clot stability.

This observation conflicts current ideas of shock induced hyperfi-

brinolysis and protein-C activated systemic anticoagulation, which

may be explained by lower protein-C levels in pigs as compared to

humans.

AS 34 – Venous Thrombosis and
Cancer

AS 34.1
The value of CT-scanning for detection of occult cancer
in patients with unprovoked venous
thromboembolism. The D’Acquapendente study
Piccioli A1, Bernardi E2, Dalla Valle F1, Vison�a A3, Tropeano F4,

Bova C5, Bucherini E6, Falanga A7 and Prandoni P1

1Padua University Hospital, Padova; 2ULSS 7 Pieve di Soligo,

Conegliano; 3ULSS 8 Asolo, Castelfranco V.to; 4Hospital of

Pordenone, Pordenone; 5Hospital of Cosenza, Cosenza; 6Hospital

of Faenza, Faenza; 7Ospedali Riuniti di Bergamo, Bergamo, Italy

Background: Patients with unprovoked venous thromboembolism

(VTE) may harbor occult cancer. Literature shows that the risk of

malignancy after unprovoked VTE ranges from 2% to 12%. Cancer

may be identified by baseline screening (history, physical, lab-testing,

chest X-ray) in up to 4% of these patients; nonetheless, overt malig-

nancy may occur in up to 10% within 2 years in those with normal

findings.

Aims: To assess if an extensive diagnostic strategy based on CT-scan

yields a higher cancer detection rate than a non-standardized approach

based on physicians’ preferences, we embarked in a prospective multi-

center randomized open-label clinical trial in patients with a first epi-

sode of unprovoked VTE and a normal baseline screening.
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Methods: Consecutive patients at their first episode of symptomatic

unprovoked VTE were eligible for inclusion. VTE was deemed unpro-

voked when occurring in patients without known malignancy, trauma,

recent surgical procedures/immobilization, family history of VTE,

thrombophilia, estrogen use, pregnancy/childbirth. Patients with a his-

tory of VTE, younger than 18 years, pregnant, unable to attend fol-

low-up visits and those who underwent torso CT-scan within

3 months of presentation, were excluded. Only patients with a normal

baseline screening, who undersigned informed consent, were random-

ized. Patients in the CT-group were scheduled for mandatory thoracic,

abdominal and pelvic CT-scan plus hemoccult. Patients in the CCP-

group underwent any diagnostic testing at the discretion of the attend-

ing physician, except for CT as first-line imaging. Patients with a nor-

mal work-up were followed-up for up to 2 years. The main endpoint

of the study was the difference in the cancer detection rate between the

two strategies. Secondary endpoints were the sensitivity of the diag-

nostic strategies, using the incidence of cancer during follow-up as a

reference; and the cancer-related mortality.

Results: Between September 2006 and May 2008, 242 patients had a

first diagnosis of unprovoked VTE, and 205 (84.4%) were included.

Malignancy was identified in 10/205 (4.9%) by baseline screening; thus

195 patients were randomized. Cancer was diagnosed in 10/98 (10.2%)

patients of the CT-group, and in 8/97 (8.2%) of the CCP-group, yield-

ing a 2% absolute difference of cancer detection-rate (95% CI �7.2 to

11.1%). During follow-up, cancer developed in 2 (2.2%) patients of

the CT-group and in 2 (2.2%) of the CCP-group. Therefore, the sensi-

tivity of the CT strategy was 83.3% (95% CI 55.2–95.3%), while that

of the CCP strategy was 80% (95% CI 49.0–94.3%). Overall, 7 (7.1%)

patients of the CT-group and 11 (11.3%) of the CCP-group died, with

2 and 4, respectively, as a result of cancer; yielding a �2.1% absolute

difference of cancer-related mortality (95% CI �8.0 to 3.8%, OR 0.48,

95% CI 0.04–3.48; P = 0.665 by 2-tailed Log-rank test).

Conclusions: A CT-based screening approach yields an early cancer

detection rate comparable to a non-standardized approach based on

physicians’ preferences, and does not impact on overall and cancer-

related mortality. Noteworthy, most (6/8, 75%) cancers in the CCP-

group were identified by ultrasonography, which may represent a simi-

larly effective non-invasive alternative to CT for cancer screening in

patients with unprovoked VTE.

AS 34.2
A risk scoring model for cancer-associated venous
thromboembolism is predictive for overall survival in
patients with cancer
Ay C, Reitter E-M, Riedl J, Wagner O, Zielinski C and Pabinger I

Medical University of Vienna, Vienna, Austria

Background: Patients with cancer are at high risk of venous thrombo-

embolism (VTE), a complication associated with increased risk of

mortality. A simple and multi-factorial risk scoring model was devel-

oped by Khorana et al. (Blood 2008; 111:4902–7) to improve predic-

tion of VTE in patients receiving chemotherapy. This risk scoring

model was confirmed by several groups to reliably stratify also broader

populations of cancer patients according to their VTE risk and identify

those patients at the highest risk. We hypothesized that cancer patients

who are at risk of VTE may also have higher mortality rates and poor

prognosis of their disease.

Aim: The aim of the present study was to evaluate whether the risk

scoring model for cancer-associated VTE developed by Khorana et al.

is able to predict mortality and overall survival in cancer patients.

Methods: We assessed the ‘Khorana-Score’ in a prospective and obser-

vational cohort study of patients with newly diagnosed cancer or pro-

gressive disease after remission that were included in the Vienna

Cancer and Thrombosis (CATS), an ongoing study initiated in year

2003. The primary endpoint of the study was occurrence of objectively

confirmed VTE and the secondary was death within a maximum

follow-up period of 2 years. According to the Khorana-Score and our

validation of this risk model (Ay et al. Blood 2010; 116(24):5377–82)
assignment of points for five parameters was done: site of cancer

(2 points for very high-risk site, 1 point for high-risk site), platelet

count of 350 9 109/L or more, hemoglobin < 10 g/dL, leukocyte

count more than 11 9 109/L, and body mass index of 35 kg/m2 or

more (1 point each). Cox-regression and Kaplan–Meier analyses were

applied to investigate the association of risk scores with risk of mortal-

ity and overall survival.

Results: We included 1544 patients with different types of cancer (45%

women, median age: 62 [25–75th percentile: 52–68] years). During a

median observation time of 563 days, death was reported in 649

(42%) patients. The Khorana-Score was significantly associated with

risk of mortality (hazard ratio [HR] per 1 score increase: 1.56 [95%

confidence interval: 1.45–1.68], P < 0.001). In multivariable Cox-

regression analysis including age, sex and VTE, compared to patients

with a score 0 (n = 466) the HR for risk of mortality was 1.61 ([1.28–
2.02], P < 0.001) in those with score 1 (n = 489), 2.80 ([2.24–3.51],
P < 0.001) in score 2 (n = 405) and 4.01 ([3.09–5.21], P < 0.001) in

those with score ≥ 3 (n = 184). The overall survival probabilities for

patients with score 0, 1, 2 and ≥ 3 were 87%, 78%, 65% and 58% after

1 year and 67%, 55%, 38% and 27% after 2 years, respectively

(Log-rank test: P < 0.001).

Summary/Conclusion: The Khorana-Score had been externally vali-

dated in several studies to predict risk of developing VTE. In our cur-

rent analysis, we were able to demonstrate that this simple risk scoring

model predicts also risk of mortality and overall survival in patients

with cancer, independently of VTE occurrence. This may support clini-

cal decision strategies with regard to thromboprophylaxis and anti-

cancer treatments.

AS 34.3
Mechanistic insights into zymogen protein C
protection against cancer progression
Crudele JM1, Van Sluis GL2, Margaritis P1, Siner JI1, Maurer J1,

Zhou S1, Esmon CT3, High KA1, Spek CA4 and Arruda VR1

1Children’s Hospital of Philadelphia, Philadelphia, PA, USA;
2Amsterdam Medical Center, Amsterdam, the Netherlands;
3Oklahoma Med. Rsch. Foundation, Oklahoma City, OK, USA;
4Cemm, Amsterdam Medical Center, Amsterdam, the

Netherlands

Background: Cancer is frequently associated with activation of coagu-

lation, and a procoagulant state facilitates tumor metastasis. Recent

studies have suggested that the activated protein C (aPC) pathway

plays a role in modulating tumor metastasis. Notably, we have uncov-

ered that the inactive precursor, zymogen PC (zyPC), exhibits a robust

protective effect against metastasis.

Aim: The aim of this study was therefore to explore mechanisms

through which zyPC prevent metastatic cancer progression in a murine

cancer model.

Methods: Liver directed adeno-associated viral vectors (AAV) were

utilized to achieve a wide range of sustained expression of wildtype

(WT) or mutant murine zyPCs. Mice expressing stable levels of zyPCs

after AAV administration and control mice receiving PBS were

injected intravenously with 2.5 9 105 murine melanoma B16F10 cells.

After 3 weeks the numbers of pulmonary tumors were determined.

Results: Expression of zyPC-WT in normal C57BL/6s decreased the

rates of metastasis in a dose-dependent manner compared to controls

(P < 0.01). These effects were noted even in mice with only a two-fold

increase in zyPC levels. Conversely, when PC-deficient mice (residual

3%) were administered B16F10s without zyPC-expression, they did

not survive 3 weeks, while their normal littermates did. These data

demonstrate the protective role of zyPC in tumor progression. We

then tested modified zyPCs to identify the critical functions responsible

for our observations. zyPC-R15Q is unable to dock to the thrombin-

thrombomodulin complex and cannot be converted to aPC. Compared

to PBS controls, mice expressing zyPC-R15Q still showed a decrease

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1–84

ABSTRACTS 51



in the number of tumor foci (P < 0.001) similar to the zyPC-WT

(P = 0.28). Additionally, mice expressing zyPC-S195A, which has a

mutation in its serine protease active site, also showed a significant

decrease in the number of tumor foci compared to PBS controls

(P < 0.05). As with the R15Q, mutating the S195 did not affect the

ability of zyPC to protect against metastasis (P = 0.22). These data

suggest that zyPC protection is not dependent upon local activation of

zyPC to aPC and aPC’s anticoagulant function. Next, we tested the

importance of the main PC cellular receptors in our model. Binding to

endothelial protein C receptor (EPCR) enhances activation of PC.

zyPC-expressing mice that received anti-EPCR antibody that blocks

PC binding still had a significant reduction in tumor rates compared to

PBS controls (P < 0.01). Moreover, mice expressing zyPC had similar

levels of protection whether they received the anti-EPCR antibody or

an isotype control (P = 0.31). EPCR binding not only increases activa-

tion of PC, it also mediates the cytoprotective effect by clustering with

and facilitating the activation of the signaling protease-activated

receptor (PAR) 1. PAR1 �/� mice expressing zyPC had reduced rates

of metastasis compared to PAR1 �/� PBS controls (P < 0.01). The

zyPC protection in PAR1 null mice was comparable to that in

PAR1+/� littermate controls (P = 0.619). PAR4 is an alternative

PAR found on murine platelets. PAR4 �/� mice were also protected

by zyPC expression (P < 0.01) similar to their +/� littermate controls

(P = 0.14).

Conclusion: Collectively, these findings suggest a distinct mechanism

by which zyPC modulates tumor progression independent of anticoag-

ulant function, EPCR, PAR1 or PAR4.

AS 35 – Clot Structure

AS 35
Determinants of clot stability
Wolberg A

University of North Carolina, Chapel Hill, NC, USA

Fibrinogen (340 kDa) circulates at 2–5 mg/mL (~6–15 lM) as a hexa-

meric homodimer consisting of two sets each of three polypeptide

chains (A , B , c). Following vascular disruption or dysfunction, bio-

chemical and biophysical cross-talk between extravascular and intra-

vascular cells, plasma procoagulant and anticoagulant proteins, and

blood flow promote generation of thrombin, which proteolytically

cleaves N-terminal peptides from fibrinogen monomers. Fibrin, the

polymerized, insoluble product generated by assembly of fibrin mono-

mers into fibers, exhibits remarkable extensibility and elasticity and is

essential for the formation and stability of both hemostatic and throm-

botic clots. Clinical and epidemiological studies have consistently cor-

related abnormal fibrin clot characteristics with disease; coarse, open

fibrin networks that are susceptible to fibrinolysis are associated with

bleeding, whereas dense fibrin networks that are resistant to fibrinoly-

sis are associated with thrombosis. Major determinants of fibrin net-

work characteristics (fiber thickness, branching, density, and

susceptibility to lysis) include the concentrations of fibrinogen and

thrombin present during fibrin formation. At a constant thrombin

concentration, increasing fibrinogen concentrations produce denser,

highly-branched fibrin networks. Accordingly, in both humans and

mice, reduced fibrinogen levels are associated with bleeding; whereas,

elevated fibrinogen in congenital hyperfibrinogenemia, pregnancy, and

inflammation is associated with both arterial and venous thrombosis.

Similarly, at a constant fibrinogen concentration, low thrombin con-

centrations produce coarse, un-branched networks of thick fibrin

fibers; whereas, high thrombin concentrations produce dense, highly-

branched networks of thin fibers. Consequently, therapeutic approaches

to modify thrombin generation or activity though the use of hemostatic

agents in bleeding patients (e.g. patients with hemophilia) or anticoagu-

lants in patients at risk for thrombosis have important implications for

fibrin formation and quality, and therefore, clot stability. Platelets

mediate clot stability by both supporting procoagulant activity and

inducing integrin-mediated clot retraction, which consolidates clots

and protects against fibrinolysis. Additional determinants of fibrin net-

work properties include the levels of alternatively-spliced or post-

translationally-modified fibrinogen, polyphosphates, and fibrin(ogen)-

binding proteins (e.g. factor XIII). These elements both alter fibrin for-

mation, and modify fibrin’s susceptibility to fibrinolysis. Finally, the

pattern of blood flow during fibrin formation profoundly affects fibrin

structure. Fibrin networks formed under static conditions exhibit an

isotropic fiber distribution; whereas, networks formed under flow are

anisotropic, with fibers aligned with flow vectors. Anisotropy of fibers

within a clot is expected to modulate the clot’s interactions with cells

and fibrinolytic enzymes. Growing appreciation of the complexity of

these interactions increasingly warrants the use of assay systems that

incorporate multiple aspects of clot formation, including in situ throm-

bin generation in a plasma milieu that incorporates physiologically-rel-

evant fluid flow.

AS 35.1
Fibrinogen a-chain and ?-chain play specific roles in
fibrin clot formation and structure
Duval C1, Ridger VC2, Philippou H1 and Ari€ens R1

1University of Leeds, Leeds; 2University of Sheffield, Sheffield,

UK

Background: Factor XIII (FXIII) plays a major role in stabilising

fibrin clots by cross-linking fibrinogen (Fbg) c- and a-chains. To date,

few studies have investigated the individual roles of a- and c-chains in
fibrin clot formation and structure. Investigation of the role of a-chain
in clot stiffness at individual fibres (Helms et al., 2012) and whole clot

(Standeven et al., 2007) levels, have shown that a-chain cross-linking

partly increases stiffness of individual fibrin fibres and of the whole

fibrin clot respectively.

Aims: The aims of the present study were to investigate the effects of

a-chain and c-chain cross-linking on fibrin clot formation and struc-

ture.

Methods: FbgWT and Fbg3X (cQ398N/Q399N/K406R, eliminates all

c-chain cross-linking) were produced as previously described (Stand-

even et al., 2007). All experiments were performed with the following:

0.5 mg/mL fibrinogen, 0.1 U/mL thrombin, 5 mM CaCl2. Fibrin for-

mation and lysis were studied by turbidity (� 0.24 lM plasminogen

and 100 pM tPA). Fibrin structure was studied by confocal (+1% Al-

exaFluor488 fibrinogen), and electron microscopy. Microscale fibrin

viscoelasticity was analysed by magnetic tweezers. FXIII-A2B2

(3.7 lg/mL) was added for cross-linking.

Results: Turbidity experiments showed that in the absence of FXIII

FbgWT clots had a 1.33-fold higher maximal absorbance compared to

Fbg3X, indicating that Fbg3X formed denser clots with thinner fibres

than FbgWT. FXIII induced an increase in maximum absorbance

(FbgWT: 1.21-fold; Fbg3X: 1.18-fold) over a prolonged period of time

for both fibrinogens (WT: 2.76-fold; Fbg3X: 2.13-fold). Lysis experi-

ments showed similar lysis rates for both fibrinogens (FbgWT:

�2.30 9 10�4 U/s; Fbg3X: �2.32 9 10�4 U/s), which were reduced

by FXIII (FbgWT: �1.97 9 10�4 U/s; Fbg3X: (�1.96 9 10�4 U/s).

Confocal microscopy showed that Fbg3X formed a denser clot

(64 fibres/200 lm) with thinner fibres compared to FbgWT (40 fibres/

200 lm). Fibres in clots formed with FbgWT (2.5 min) appeared

quicker than Fbg3X (3.0 min) in the absence of FXIII. Both fibres

appearance times were reduced in the presence of FXIII (FbgWT:

2.0 min; Fbg3X: 2.5 min). Electron microscopy showed that without

FXIII, both fibrinogens formed curly fibres. In the presence of FXIII,

fibres appeared straighter for both FbgWT and Fbg3X. Magnetic

tweezers showed a similar clot stiffness (storage modulus) between the

two fibrinogens in the absence of FXIII, but the loss modulus was sig-

nificantly increased by two-fold in clots formed with Fbg3X compared

to FbgWT, indicating that the former are more likely to deform. When

FXIII was added, clot stiffness was significantly increased for clots

formed by FbgWT (1.3-fold), but not Fbg3X; and clot non-elastic
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deformation was significantly decreased in clots formed by FbgWT

(1.5-fold), but not Fbg3X.

Summary/Conclusion: In this study, we found that fibrinogen a-chain
cross-linking plays a role in a time-dependent increase in fibre thick-

ness. Furthermore, a-chain cross-linking decreases lysis rate and

straightens fibres. Our findings also show that fibrinogen c-chain
cross-linking influences fibre density, increases clot stiffness and

decreases clot elasticity. These data extend our knowledge regarding

the role of a-chain and c-chain cross-linking in fibrin fibre morphology

and fibrin micro-elastic properties.

AS 35.2
Multiscality of the structure and mechanics of fibrin
clots
Kurniawan NA and Koenderink GH

FOM Institute AMOLF, Amsterdam, the Netherlands

Background: Blood clots form from three-dimensional mesh of the

protein fibrin. These fibrin networks consist of branched fibers, are

highly extensible and can be stretched up to four times its original

length. Such extraordinary mechanical properties are important in

resisting blood shear flow in vivo and render fibrin clots one of the

most resilient naturally-occurring biopolymer networks.

Aims: Although recent works have started to explore the elastic prop-

erties of fibrin fibers and networks, the link connecting the mechanics

and the underlying structure of fibrin is still missing. In particular, we

seek to unravel how the remarkable mechanics of the fibrin clots derive

from the self-assembled structures at the fiber and molecular levels.

Methods: We combine mechanical measurement using rheology and

quantitative structural characterization using confocal and electron

microscopy, as well as light and X-ray scattering, to study the physical

and structural origins of fibrin clotting and extensibility at multiple

length scales.

Results: Like many other biopolymer networks, fibrin clots stiffen non-

linearly with stress. Interestingly, however, we find that the rheological

response shows multiple plateau-stiffening steps depending on protein

concentration, a behavior unique to fibrin. Comparison with theoreti-

cal predictions reveals that the stiffening regimes correspond to differ-

ent deformation modes at fiber and network level. Moreover, the

presence of Factor XIII is found to alter the polymerization kinetics,

time-dependent response, and network stiffness in the linear regime,

but not beyond. Although the network microstructure is not signifi-

cantly affected, the coupling between fibrils can vary with both fibrin

and Factor XIII concentrations, and this manifests macroscopically in

the ability of the clots to withstand mechanical strain and stress.

Summary/Conclusions: By dissecting the relation between structure

and mechanics of fibrin clots at different length scales, we find that

structural hierarchy plays a major role in determining the integrity and

behavior of clots. A better understanding of the structure-mechanics

interconnection can not only shed important light on the molecular

origins of fibrin behavior and regulation in thrombosis, but also pro-

vide guidance in designing haemostatic materials, particularly in surgi-

cal settings and tissue engineering.

AS 35.3
Dissolution of tPA-resistant thrombi in occlusive
intracranial thrombosis
Gauberti M1, Le B�ehot A2, Lemarchand E2, Montagne A2,

Maubert E2, Vivien D2 and Orset C2

1Inserm; 2Inserm U919, Caen, France

Background: Large artery intracranial occlusive disease is now consid-

ered as the most common subtype of ischemic stroke. Unfortunately

currently available fibrinolytic treatments, such as tissue-type plasmin-

ogen activator (tPA), glycoprotein (Gp) IIb/IIIa inhibitors and antico-

agulants, are poorly efficient to promote reperfusion following in situ

intracranial thrombosis (ICT).

Aims: In the present study, our aims were to determine the most effi-

cient pharmacological strategy to restore vessel patency after ICT and

thus to further understand the molecular mechanisms involved in such

type of thrombus formation.

Methods: We developed an original model of ischemic stroke in mice,

by inducing occlusive thrombosis of the middle cerebral artery using

topical application of FeCl3. In this model, cerebral blood flow was

continuously monitored using laser Doppler flowmetry and the arterial

status was assessed post-treatment using magnetic resonance angiogra-

phy. To dissect the mechanisms driving occlusive thrombosis, we used

different experimental approaches including transgenic mice, pharma-

cological inhibitors of platelet receptors, recombinant proteins, F(ab)

from monoclonal antibodies and two-photon microscopy.

Results: We demonstrated that the thrombi resulting from occlusive

thrombosis are resistant to fibrinolytics (such as rtPA), GpIIb/IIIa

inhibitors and anticoagulants. In contrast, administration of inhibitors

of the GpIba-von Willebrand Factor (VWF) axis resulted in efficient

thrombus dissolution and dramatically improved stroke outcome

(68% reduction of the ischemic lesion size), without inducing bleeding

complications. From a mechanistic point of view, we demonstrated

that during the last steps of thrombus formation, the very-high patho-

logical shear rate in the narrowing arterial lumen promotes GpIba-

VWF-dependent platelet cross-linking. Our study provides evidence

that this unique mechanism of platelet aggregation is critical to achieve

arterial lumen closure. Accordingly, inhibitors of the GpIba-VWF axis

induce specific dissolution of the last-formed platelet aggregates and

restore vessel patency after occlusive thrombosis.

Conclusion: GpIba-VWF interaction drives arterial lumen closure dur-

ing occlusive thrombosis. Therefore, inhibition of the GpIba-VWF

axis represents a new therapeutic strategy to restore vessel patency

after stroke or myocardial infarction.

AS 36 – Structure-Function of
Factor V

AS 36
Molecular Basis of Factor V Procofactor Activation
Camire RM

Children’s Hospital of Philadelphia, Philadelphia, USA

Most coagulation factors circulate in blood as inactive precursors and

must transition to an active form to participate in blood clotting.

Despite its significance, mechanisms that underpin these molecular

and structural conversions have proven difficult to pinpoint especially

for coagulation factor V (FV). Factor V circulates in blood as an inac-

tive procofactor and cannot participate to any significant degree in its

macromolecular enzyme complex. Following proteolytic removal of a

central B-domain activity is generated indicating that the conversion

of the procofactor to FVa must result in structural changes that impart

cofactor function. A key focus of my laboratory is to decipher these

molecular processes and provide new biophysical and structural

insight into how FV is preserved as an inactive procofactor. This

molecular process undoubtedly plays critical regulatory roles, evolved

to maintain normal hemostasis since FVa has a tremendous influence

on thrombin generation. Over the past few years we have shown that

proteolysis of FV functions to dismantle and release autoinhibitory

sequences within the B-domain termed the procofactor regulatory

region. Understanding how this evolutionary conserved region func-

tions, where it binds, how it disengages from FV following activation,

and how this region is regulated by a variety of physiological ligands

are major research areas in the laboratory.
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AS 36.1
Alternatively spliced factor V isoform in the east Texas
bleeding disorder inhibits coagulation by binding and
increasing tissue factor pathway inhibitor alpha (TFPIa)
plasma levels
Dahlb€ack B1, Vincent LM2, Tran S1, Bensend TAT2, Milewicz DM2

and Dahlb€ack B1

1Lund University, Malm€o, Sweden; 2University of Texas Health

Science Center at Houston, Houston, TX, USA

Background: The autosomal dominantly inherited East Texas bleeding

disorder (OMIM 605913) has been linked to the coagulation FV gene

(F5) and all affected individuals carry an A2440G variant in exon 13

encoding the large B domain activation fragment. The disease is mod-

erately severe and all affected family members have prolonged pro-

thrombin time (PT) and/or activated partial thromboplastin time

(APTT). However, they have normal concentrations of all coagulation

factors, including FV.

Aim: The aim was to elucidate the pathogenic molecular mechanisms

resulting in the inherited bleeding phenotype.

Methods: The family spans over 4 generations and has 22 known

affected members. All participants gave written informed consent. The

Institutional Review Board and the Center for Protection of Human

Subjects at the University of Texas HealthScience Center at Houston

approved this study (MS-02-157). Total blood RNA was reverse tran-

scribed using F5 gene exon 13 specific primers and subjected to real-

time PCR. The FV-Short splice variant was targeted using exon 13

specific reverse and forward primers. FV- and TFPI- isoforms in

plasma were tested with western blotting using mono- and polyclonal

antibodies against FV and TFPI. Thrombin Generation of plasma, in

presence of tissue factor and negatively charged phospholipid mem-

branes, was monitored with fluorogenic substrate. Different isoforms

of FV and TFPI in patient plasma were immune depleted using vari-

ous FV- and TFPI- antibodies. FV- and TFPI- isoforms were quanti-

fied with several ELISAs using domain-specific monoclonal

antibodies.

Results: We now demonstrate that A2440G causes up-regulation of an

alternative spliced form of the FV transcript that results in an in-frame

deletion of 702 amino acids of the large activation fragment of FV, the

B domain. The novel ~250 kDa FV isoform (FV-Short), which can be

fully activated to FVa by thrombin, is present in all A2440G carriers’

plasma (n = 16), but is also present at much lower concentrations in

non-carriers’ plasma (n = 20). FV-Short inhibits coagulation through

an indirect mechanism involving tissue factor pathway inhibitor alpha

(TFPIa). In affected family members, FV-Short forms a complex with

TFPIa. As a result, the TFPIa plasma concentration in affected indi-

viduals is increased approximately 10-fold when compared to unaf-

fected individuals’ plasma, suggesting that the TFPIa-FV-Short
complexes are retained in circulation. The TFPIa-FV-Short complexes

are demonstrated to efficiently inhibit thrombin generation of both

intrinsic and extrinsic coagulation pathways.

Conclusions: The A2440G FV gene mutation results in up-regulation

of a previous unidentified, alternatively spliced transcript of FV, which

yields a FV-Short protein (D702 amino acids residues) that binds and

retains TFPIa in the circulation. The FV-Short-TFPIa complex acts to

inhibit activation and propagation of coagulation, leading to the East

Texas bleeding disorder. This is the first autosomal dominant bleeding

disorder due to a gain of function mutation in the F5 gene. The identi-

fication of TFPIa as the active inhibitory compound in the affected

family members opens possibilities for future therapeutic intervention

in the affected family members as TFPI inhibitors are presently under

development.

AS 36.2
Site-specific glycan trimming in megakaryocyte-
endocytosed factor V
Tracy PB, Jemings ME II, Stringer KM, Silveira JR, Wood JP

and Blanchard A

University of Vermont, Burlington, VT, USA

Background: Coagulation factor V exists as two phenotypically- and

functionally-distinct pools in whole blood: 75–80% is found in the

plasma, while the remaining 20–25% is stored within a-granules of

platelets, and appears to be the more physiologically-relevant pool. As

platelet-derived factor V originates via megakaryocyte endocytosis of

plasma-derived factor V, we hypothesize that the unique functional

characteristics expressed by platelet-derived factor V are a result of its

processing within megakaryocytes subsequent to its endocytosis. This

processing includes glycosylation, as Thr402 is glycosylated in platelet-

derived, but not plasma-derived factor V, suggesting that endocytosed

factor V is intracellularly transported to the Golgi network for O-gly-

cosylation. In addition, since glycans account for 13% to 25% of the

molecular mass of factor V, and glycosylation is known to affect sev-

eral plasma-derived factor V/Va activities, we hypothesize further that

glycosylation differences between the plasma- vs. platelet-derived

pools contribute to their functional differences.

Aims: Our initial goal was to characterize potential N-linked glycosyla-

tion sites in the heavy and light chains of plasma-derived factor Va.

Subsequent to the identification of those sites, as well as analyses of

their composition and determination of any microheterogeneity of the

attached glycan chains, our next goal was to determine any donor-

dependent differences between the platelet- and plasma-derived factor

Va pools.

Methods: Electrospray ionization-liquid chromatography mass spec-

trometry was performed on proteolytically-derived peptides from puri-

fied heavy and light chains of both plasma- and platelet-derived factor

Va. Confocal microscopy was used to determine the co-distribution of

endocytosed factor V with the Golgi-specific enzyme, a-mannosidase.

Results: Of the nine potential N-linked glycosylation sites within the

factor Va heavy chain, two glycans were confirmed (Asn269 and

Asn432) and characterized, an additional three were identified (Asn23,

Asn27 and Asn439) but only one was characterized (Asn439). Three

sites were not glycosylated (Asn354, Asn526, and Asn639) and a last

site remains unidentified. Regarding the factor Va light chain, the gly-

can on Asn2181 was reconfirmed and glycan chains were identified

and characterized on the two potential sites remaining (Asn1675,

Asn1982). While glycan chains composed of either high mannose car-

bohydrates or sialic acid-containing complex carbohydrates were

observed in factor V purified from plasma pooled from seven donors,

little, if any, heterogeneity was apparent at each individual glycosyla-

tion site, suggesting that the composition of glycans is relatively con-

sistent between individuals. When individual donor’s platelets/plasma

were analyzed, again little heterogeneity was observed with one excep-

tion. Whereas plasma-derived factor Va contained high-mannose

glycans with either 6, 7, 8, or 9 mannose residues at Asn1982, platelet-

derived factor Va glycans at the same site had only 4, 5, or 6 mannose

residues. This trimming process was site-specific, as neither the high-

mannose glycan at Asn269, nor the complex glycans at Asn432,

Asn439, Asn1675, and Asn2181 incurred substantial modification

from what is observed in plasma-derived factor Va. Subsequent, con-

focal microscopy studies demonstrated the co-distribution of megak-

aryocyte-endocytosed factor V with Golgi-specific, a-mannosidase.

Summary/Conclusions: These combined data suggest that factor V

endocytosed by megakaryocytes undergoes retrograde transport to the

Golgi network where site-specific glycan trimming occurs.
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AS 36.3
Functional characterization of a structural element
unique to venom factor V from the Australian common
brown snake Pseudonaja textilis
Verhoef D1, Camire RM2, Reitsma PH1 and Bos MHA1

1Leiden University Medical Centre, Leiden, the Netherlands;
2Children’s Hospital of Philadelphia, Philadelphia, PA, USA

Background: The venom of the Australian snake Pseudonaja textilis

(pt) contains a robust prothrombin activator homologous to the

human coagulation factors V (FV) and Xa (FXa). To effectively

escape hemostatic regulation, this venom-derived prothrombinase-like

complex has been subject to remarkable gain-of-function adaptations.

We previously revealed that the constitutively active FV subunit

(pt-FV) not only bypasses the requirement for a membrane surface to

achieve high affinity FXa binding, but is also functionally resistant to

activated protein C (APC).

Aim: Here we examined the functional linkage between these distinct

procoagulant properties and a disulfide bond covalently connecting

the A2-A3 domains This structural element is nonconserved through-

out vertebrate evolution and exclusive to pt-FV.

Methods: To assess its functional implications in human FV, we intro-

duced the disulfide bond into constitutively active human FV-810

(Pro811-Gy1491 deleted) by substituting the appropriate residues to

Cys. In a second variant, we additionally exchanged human A3 region

Tyr1756-His1778 for the homologous snake region Phe994-Pro1016,

which we hypothesize to promote disulfide linkage in pt-FV based on

its unique sequence. Alternatively, we eliminated the disulfide bond in

pt-FV by substituting the Cys residues involved for Ser. The recombi-

nant FV variants were stably expressed in BHK cells and purified to

homogeneity using ion-exchange chromatography.

Results: All purified FV variants demonstrated full cofactor activity in

a PT-based clotting assay. SDS-PAGE analysis prior to and following

thrombin-activation demonstrated that in both human FV variants

approximately 50% of the molecules had successfully incorporated a

covalently linked heavy and light chain. This suggests that formation

of the disulfide bond is impaired in human FV. Furthermore, intro-

duction of the Pseudonaja textilis A3 sequence into human FV does

not promote disulfide linkage under the conditions employed. Using a

purified prothrombinase assay, no gain-of-function was observed since

the membrane-dependent and -independent cofactor function of the

variants was identical to FV-810. Incubation of all human FV variants

with physiological concentrations of APC (10 nM) resulted in full pro-

teolysis and loss of cofactor activity. As such, human FV function was

not significantly improved following partial introduction of the disul-

fide bond. In pt-FV, full elimination of the disulfide link was con-

firmed by SDS-PAGE analysis. However, we observed no loss in

cofactor activity of this variant, irrespective of the availability of anio-

nic membranes. Furthermore, pt-FV lacking the disulfide bond was

completely active following incubation with high concentrations of

APC, even though the heavy chain was fully proteolyzed. This

strengthens the assumption that noncovalent interactions stabilize

fragments generated by APC.

Conclusion: Taken together, these data indicate that the disulfide bond

exclusively found in venom-derived pt-FV is not a functional require-

ment for its powerful procoagulant properties. Accordingly, transfer-

ring this structural element to human FV did not alter cofactor

function nor any of the other protein characteristics studied. This con-

curs with the three-dimensional coordination of the A3 region replaced

in human FV, which is a solvent-exposed loop and may therefore tol-

erate structural rearrangement. Whether its venom counterpart

imposes conformational constraints essential to other aspects of the

FV life cycle remains to be determined.

AS 36.4
Regulatory sequence 1000 to 1008 of human
coagulation factor V maintains the procofactor in a
quiescent state
Wiencek JR1, Na M1, Hirbawi J2 and Kalafatis M1

1Cleveland State University; 2Cleveland Clinic-Lerner Research

Institute, Cleveland, OH, USA

Background: Human factor V (fV) circulates in blood as a single chain

inactive procofactor with a Mr 330,000 consisting of multiple domains

(A1-A2-B-A3-C1-C2) at a concentration of 20 nM. The sequential

cleavage of fV by thrombin at Arg709, Arg1018, and Arg1545 is physio-

logically necessary to remove the heavily glycosylated B-domain, and

produce factor Va (fVa) which is composed of the light and heavy

chains. fVa binds to factor Xa (fXa) on a phospholipid membrane in

the presence of divalent metal ions to form the prothrombinase com-

plex. A comparative sequence analysis of fV among mammals revealed

that amino acid sequence 1000–1008 of the B domain contains seven

conserved basic amino acids and could play a major part in inhibiting

the interaction of fVa with fXa.

Aim: To investigate the functional importance of the basic amino acid

region 1000–1008 within fV.

Methods: We constructed three mutant recombinant fV molecules as

follows: fVQ3 all activation sites (R709/R1018/R1545) were mutated to

glutamine, fVDB9 had region 1000–1008 deleted and fVDB9/Q3 was a

combination of both mutations. All recombinant molecules were

expressed as full-length derivatives in mammalian COS-7 cells and

were purified to homogeneity. The molecules were assessed for clotting

activity using fV-deficient plasma and for cofactor activity in the pres-

ence of fXa and saturating concentrations of recombinant fV mole-

cules prior and following incubation with thrombin. The ability of the

molecules to be activated was investigated and visualized through

Western blotting techniques.

Results: Kinetic analyses revealed that fVQ3 was severely impaired in

its interaction with fXa before and after incubation with thrombin. In

contrast, fVDB9 and fVDB9/Q3 had similar affinity for fXa when com-

pared to wild type (fVaWT) before and after activation by thrombin.

Two-stage clotting assays revealed that while fVQ3 was devoid in clot-

ting, fVDB9/Q3 had clotting activity comparable to fVaWT. Under simi-

lar experimental conditions prothrombinase assembled with

recombinant fVDB9/Q3 had a Km that was comparable to the Km of

prothrombinase assembled with fVaWT while the kcat was decreased by

~20-fold. Increasing the concentration of fVDB9/Q3 within the mixture

resulted in a 57-fold increase in the Km and a four-fold increase in the

kcat of prothrombinase. Western blotting of the reaction mixture dur-

ing the process of the experiment confirmed that fVDB9/Q3 remained

intact during the course of the assay whereas fVDB9 became activated.

Conclusions: Our data demonstrate that amino acid sequence
1000KTRKKKKEK1008 controls spontaneous binding of fV to fXa.

Overall the data reveal that the amino acid stretch 1000–1008 and B

region of the procofactor keep the molecule in a quiescent state by

both covering the fXa binding domain and by impeding the productive

interaction of prothrombin with the COOH-terminus of the heavy

chain of fVa. Our data demonstrate that the clotting activity of fVDB9/

Q3, which is a measure of its physiological in vivo activity, was indistin-

guishable from the clotting activities of fVaWT or fVaPLASMA. Thus, it

becomes obvious that even a small mutation within the 1000–1008
region of the B domain could have profound and devastating clinical

implications for normal hemostasis.
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AS 37 – Signal Transduction

AS 37.1
Role of Class I PI3K a and b in platelet activation and
functions: new potential antithrombotic targets?
Gratacap M-P1, Severin S1, Laurent PA1, Chicanne G1, Hechler B2,

Gachet C2, Guillermet-Guibert J1, Vanhaesebroeck B3 and

Payrastre B1

1Inserm U1048, Toulouse Cedex 4; 2UMR-S949 Inserm,

Universit�e de Strasbourg, Strasbourg, France; 3Institute of Cancer,

Queen Mary University of London, London, UK

During platelet activation, class I phosphoinositide 3-kinases (PI3Ks)

generate lipid second messengers (D3-phosphoinositides) which are

important players in the organisation and the regulation of intracellu-

lar signalling processes. Using a selective inhibitor of class I PI3Kb,
TGX221, it has been suggested that targeting this isoforme could be a

potentially interesting antithrombotic strategy (Jackson et al. Nat

Med. 2005). Due to the lack of tools, the role of a isoform of class I

PI3K has remained unclear in platelet activation. However, recent

studies using pharmacological inhibitors suggest that both PI3Ka and

b are required, in a non redundant way, for full platelet activation by

collagen (Gilio et al. J. Biol. Chem. 2009).

To analyse the respective role of PI3Ka and b during platelet activa-

tion and thrombosis, we have generated two mice lines expressing an

inactive form of these isoforms selectively in the megakaryocyte line-

age (PF4-Cre/p110aflox/flox and PF4-Cre/p110bflox/flox).
Using the PF4-Cre/p110bflox/flox mouse model, we demonstrated that

PI3Kb plays a critical role downstream of GPVI and aIIbb3 integrin.

This isoform also contributes to platelet activation induced by GPCR.

Ex vivo and in vivo approaches show that PI3Kb is not mandatory for

primary haemostasis but regulates thrombus growth and stability

mainly under high shear rates. PF4-Cre/p110bflox/flox mice are pro-

tected against occlusive thrombus formation in the FeCl3 carotid

injury model. The mice line presenting conditional invalidation of

PI3Ka shows that this isoforme is partially implicated in signalling

downstream of GPVI but not downstream of GPCR. Ex vivo and in

vivo experiments reveal a role for this PI3K in thrombus growth but

not in thrombus stability or the control of bleeding time.

Altogether, these results reveal different role for PI3Ka and b during

platelet activation and thrombus formation in vitro and in vivo. PI3Kb
appears as an interesting antithrombotic target since inhibition of this

isoform protects mice from occlusive thrombus without increasing the

hemorrhagic risk.

AS 37.2
The Epac1-Rap1 pathway regulates Weibel-Palade
body exocytosis from endothelial cells through the
activation of Rac1 via PREX-1.
Van Hooren WEM, Fernandez-Broja M, Meijer AB, Bierings R

and Voorberg J

Sanquin, Amsterdam, the Netherlands

Background: Vascular endothelial cells provide a dynamic interface

between circulating blood and underlying tissues that is critically

involved in maintaining vascular integrity and homeostasis. A signifi-

cant number of haemostatic components and inflammatory mediators

originate from endothelial cell-specific, cigar-shaped organelles called

Weibel-Palade bodies (WPBs). WPBs function as storage vesicles for

von Willebrand factor (VWF), a multimeric adhesive glycoprotein cru-

cial for platelet plug formation, the leukocyte receptor P-selectin and a

number of bioactive compounds that include the chemoattractants

IL-8 and eotaxin-3. WPBs release their content following stimulation

with agonists increasing intracellular Ca2+, like thrombin, or agonists

increasing intracellular levels of cAMP, such as epinephrine. The

physiological importance of the cAMP-mediated pathway is illustrated

by the rise in VWF levels in patients with von Willebrand’s disease and

mild haemophilia A following administration of the vasopressin

analogue desmopressin (DDAVP).

Aim: Previously, we have shown that the exchange protein activated

by cAMP, Epac1 and its substrate, the small GTPase Rap1 are

involved in cAMP-mediated release of WPBs. In this study, we

explored whether Rac1 and other potential downstream-effectors of

Rap1 are involved in cAMP-mediated WPB release.

Methods: Studies were performed in primary human umbilical vein

endothelial cells. Activation of the small GTP binding protein Rac1

was monitored by its ability to bind to the CRIB domain of the serine/

threonine kinase PAK1. Downstream-effectors of active Rap1 were

identified by a proteomic screen using a GST-fusion of the Ras binding

domain of RalGDS. Functional involvement of candidate proteins in

WPB release was determined by RNAi mediated knockdown of gene

expression.

Results: We identified the PI3K-dependent Rac exchange factor 1

(PREX-1) using a pulldown for putative downstream targets of acti-

vated Rap1 in endothelial cells. We subsequently explored whether

Rac1 is activated in response to agonists that induce WPB release.

Incubation of endothelial cells with epinephrine and forskolin but also

the Epac1-specific cAMP-analogue Me-cAMP-AM and protein kinase

A (PKA)-specific Bnz-cAMP-AM results in the activation of the small

GTPase Rac1. Epinephrine and forskolin-induced Rac1 activation is

partially abolished in Epac1 depleted cells. Additional treatment with

the PKA inhibitor (PKI) completely abolishes the activation of Rac1.

Depletion of Rac1 employing RNAi resulted in reduced epinephrine-

induced VWF secretion. Also the Rac1 inhibitor EH t1864 reduced

both Rac1 activation and epinephrine-induced WPB release. These

findings show that Rac1 modulates WPB release. RNAi-mediated

downregulation of PREX-1 resulted in a reduced activation of Rac1 in

response to Me-cAMP-AM. After silencing of PREX-1, endothelial

cells required higher concentrations of epinephrine to induce VWF

secretion. Also, the PI3K inhibitor Ly294002 reduced epinephrine-

induced WPB release further implicating PREX-1 in WPB release.

Summary/Conclusions: Taken together our findings suggest that

Epac1-Rap1-mediated WPB release proceeds through activation of

Rac1 by PREX-1, thereby regulating release of haemostatic, inflam-

matory and angiogenic components from WPBs.

AS 37.3
Endoplasmic reticulum stress in diabetic nephropathy
is mechanistically linked to coagulation protease-
activated protein C signaling
Thati M1, Wang H1, Gr€one HJ2, Nawroth PP3 and Isermann B1

1Otto-von-Guericke-Universit€at Magdeburg, Magdeburg;
2German Cancer Research Center; 3University of Heidelberg,

Heidelberg, Germany

Background/Aim: Diabetic nephropathy (DN) is a multifactorial dis-

ease associated with substantial changes in the haemostatic system. A

hallmark of diabetes induced haemostatic dysfunction is impaired

thrombomodulin (TM) dependent-protein C (PC) activation. Impaired

PC activation triggers glomerular podocyte and endothelial cell dys-

function, thus promoting DN. The intracellular mechanism through

which loss of TM and PC activation contributes to DN is not known.

Here we show that the haemostatic mediator activated PC (aPC) regu-

lates cellular homeostasis by inhibiting hyperglycemia induced endo-

plasmic reticulum (ER)-stress in DN.

Methods: Hyperglycaemia was induced in wild-type (wt) mice or mice

with altered activity of the TM-PC system (loss of function secondary

to impaired PC activation [TMPro/LacZ] or gain of function with higher

plasma levels of aPC [APChigh]). Subsets of diabetic mice were treated

with the chemical chaperone tauroursodeoxycholic acid (TUDCA)

to inhibit ER-stress. After 26 weeks of persistent hyperglycaemia
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markers of DN were determined and tissue samples were isolated for

ex vivo analysis. Supplementary in vitro assays were performed in

podocytes and endothelial cells.

Results: Persistent hyperglycaemia in wt mice caused severe ER-stress

and DN. Ex vivo analysis of transcription factors regulating the ER-

stress response showed an increase of the ER-stress markers C/EBP

homologous protein (CHOP) and activating transcription factor 6

(ATF6), while nuclear translocation of the highly conserved transcrip-

tion factor X-box binding protein-1 (XBP1) was reduced in DN. These

changes were aggravated in diabetic TMPro/LacZ mice which has

impaired protein C activation. Conversely, in a mouse model with con-

stitutively higher aPC levels (APChigh mice) nuclear levels of XBP1

were normalized and expression of ATF6 and CHOP was reduced

despite persistent hyperglycaemia. Restoring aPC levels or deletion of

CHOP reverses the pathological ER-stress alterations in diabetic

TMPro/LacZ mice. In addition, podocyte specific inducible expression of

active form of ATF6 aggravated DN. Pharmacological inhibition of

ER-stress by using TUDCA normalized nuclear levels of XBP1, inhib-

ited CHOP/ATF6 expression, and protected against DN in diabetic wt

and TMPro/LacZ mice. In vitro hyperglycaemia inhibited nuclear trans-

location of XBP1 in endothelial cells and podocytes, the two cellular

components of glomerular filtration barrier. In agreement with in vivo

observations, hyperglycaemia induced impaired nuclear translocation

of XBP1 resulted in sustained activation of ER-stress markers CHOP/

ATF6. Likewise, knock down of XBP1 in podocytes and endothelial

cells aggravated ER-stress and hyperglycaemia induced cellular apop-

tosis. Activated PC directly promotes the nuclear translocation of

XBP1 in these cells, which is required to inhibit hyperglycaemia

induced ER-stress. Deletion of XBP1 in podocytes or endothelial cells

abolished the cytoprotective effect of aPC. Furthermore, aPC regu-

lates the interaction of PI3K regulatory subunit p85a with XBP1

which is known to mediate its nuclear translocation and diminished

hyperglycaemia induced ER-stress.

Conclusion: These studies demonstrate that hyperglycemia induced

ER-stress is causally linked to DN and establish a novel mechanistic

link between haemostatic system and ER function in regulating cellu-

lar homeostasis in chronic kidney disease.

AS 37.4
Junctional adhesion molecule-A suppresses platelet
integrin aIIbb3 signaling by recruiting Csk to the
integrin-c-Src complex
Naik MU and Naik UP

University of Delaware, Newark, DE, USA

Background: Dysregulation of the endogenous negative regulators

present within the platelet may aid the thrombotic complications seen

in various diseases. How endogenous negative regulators suppress

platelet functions is not well understood. We have recently shown that

junctional adhesion molecule-A (JAM-A), a member of the CTX (Cor-

tical Thymocyte marker of the Xenopus) family is expressed on plate-

lets. Using gene-targeted Jam-A null mice, we showed that Jam-A

knockout mice show a prothrombotic phenotype, as assessed by signif-

icantly (P < 0.00001) shortened tail bleeding time, decreased carotid

vessel occlusion time, (P < 0.002) and significantly increased suscepti-

bility to pulmonary thromboembolism (P < 0.008). Platelet functional

studies revealed that Jam-A null platelets hyperaggregate to physiolog-

ical agonists. Furthermore, integrin inside-out signaling events were

not affected, although outside-in signaling, such as platelet spreading

and clot retraction, were significantly enhanced (P < 0.0001) in Jam-A

null platelets compared to wild-type (WT).

Aim: To determine the molecular mechanism through which JAM-A

suppresses platelet function.

Methods: We used gene-targeted Jam-A null mouse platelets. Wild-type

(WT) mouse platelets were used as controls. Co-immunoprecipitation

studies were used to evaluate association. Site-directed mutagenesis and

GST pull-down assays were used to assess interaction.

Results: We found that outside-in signaling events such as Y773 phos-

phorylation of integrin b3 subunit and Y418 phosphorylation of c-Src

were significantly enhanced in Jam-A null platelets. Interestingly, we

also found the absence of inhibitory Y529 phosphorylation of c-Src in

resting Jam-A null platelets compared to WT, suggesting that C-termi-

nal Src kinase (Csk), which is responsible for phosphorylation of Y529

may be absent from the integrin-Src complex. When analyzed for the

presence of Csk, we found that in WT platelets, Csk, was abundantly

present in the integrin aIIbb3 immunoprecipitate, but was completely

absent in the integrin immunoprecipitate of the Jam-A null platelet ly-

sates, suggesting that JAM-A may be responsible for the recruitment

of Csk to the integrin complex in resting platelets. We also found that

JAM-A associates with integrin aIIbb3 in resting platelets, which disso-

ciates upon platelet activation. Concomitantly, Csk was also found to

associate with JAM-A in unactivated platelets and dissociates upon

platelet activation. Since Csk contains an SH2 domain, it is possible

that Csk binds phosphotyrosine residue on its binding partner. In

order to understand how Csk binds to JAM-A, we determined if

JAM-A is tyrosine phosphorylated. We found that JAM-A is tyrosine

phosphorylated in resting platelets and is rapidly dephosphorylated

upon platelet activation. This tyrosine phosphorylation appears to be

necessary for the association of Csk since Y280-F mutant of JAM-A

failed to associate with Csk, but not the integrin. In addition, recombi-

nant SH2-domain of Csk efficiently pulled down endogenous tyrosine-

phosphorylated JAM-A.

Summary: The results presented here strongly suggest that tyrosine-

phosphorylated JAM-A is an endogenous negative inhibitor of

integrin signaling and thus thrombosis. JAM-A recruits Csk to the

integrin-c-Src complex, where Csk negatively regulates c-Src activation

and thus suppresses the initiation of thrombus growth by attenuating

outside-in signaling. Upon agonist stimulation, JAM-A is dephospho-

rylated on the tyrosine, allowing the dissociation of Csk from the inte-

grin complex and thus facilitating outside-in signaling.

AS 38 – Blood Coagulation Tests

AS 38.1
Endothelial cell-based fluorogenic thrombin generation
assay for the evaluation of the protein C anticoagulant
system
Coll E, Robles-Carrillo L, Reyes E, Francis JL and Amirkhosravi A

Florida Hospital, Orlando, FL, USA

Background: In vivo thrombin generation (TG) is regulated by cooper-

ation between the vascular endothelium and the pro- and anti-

coagulant systems in blood, such as the thrombin/endothelial cell

(EC)-dependent activation of the protein C anticoagulant pathway

that ultimately leads to inactivation of factors Va and VIIIa. In vitro,

TG is assessed most commonly in platelet-poor plasma by a fluorogen-

ic substrate-based thrombin generation assay (TGA) in microtiter

plates. While this assay can accurately measure the kinetics of TG in

plasma (including, Peak thrombin [PT], and endogenous thrombin

potential [ETP]), it does not assess the influence of the EC-dependent

protein C pathway on TG. As a result, the assay has a limitation in the

assessment of the hypercoagulable patient.

Aim: In the present study, by introducing a surrogate endothelium to

the TGA, we aim to enable activated protein C-induced inactivation

of factors Va and VIIIa in the assay system.

Methods: Wells of flat-bottomed microtiter plates were coated with

4 9 104 quiescent EA.hy926 endothelial-like cells which consistently

express thrombomodulin (TM) and the endothelial protein C receptor

(EPCR). The concentration of active TM associated with EA.hy926 in

the assay well (determined by a chromogenic assay) was ~0.5 nM. Tis-

sue factor (TF)-initiated thrombin generation was evaluated in normal

pooled plasma (NP), and in protein C-deficient (PCd), protein S-defi-

cient (PSd), and heterozygous factor V Leiden (fVL) plasmas, in the

presence or absence of EC.
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Results: Thrombin generation in NP was inhibited in the presence of

EC as evidenced by a 56% reduction in PT and 39% reduction in

ETP. However, in PCd, PSd and fVL plasmas, endothelial-induced

suppression of TG was blunted. Specifically, only relatively small

reductions were observed in PT (31% in PCd, 13% in PSd, 23% in

fVL) and ETP (11% in PCd, 7% in PSd, and 18% in fVL). Further-

more, the blunted inhibition of TG observed in PCd, PSd and fVL

plasmas, was proportionally reversed when these plasmas were mixed

with different percentages of NP or by the addition of protein C or S

to PCd or PSd plasmas. In separate experiments in the absence of EC,

we noted that while similar results were obtained in the presence of the

soluble form of thrombomodulin, the concentration required (30 nM)

was ~60 times higher than that offered by the EC monolayer. This sug-

gests that protein C activation occurs more efficiently in the presence

of EA.hy926 cells. The contribution of EC-derived tissue factor path-

way inhibitor (TFPI), to the endothelial cell-induced inhibition of TG

was ~15%.

Summary: By introducing an EC monolayer to the TGA, and measur-

ing TG kinetics in the presence or absence of cells, we have adapted

the assay to assess the contribution of the protein C anticoagulant sys-

tem to TG in a physiologically relevant manner. This novel approach

not only enables the functions of the endothelial-dependent PC path-

way by expressing TM and EPCR, but also may provide other endo-

thelial components relevant to TG (such asTFPI). This approach to

TG assessment may therefore have both research and clinical applica-

bility.

AS 38.2
Defining time in therapeutic range for clinicians:
Frequency of dose changes and INR testing as
surrogate markers for adequate vitamin K antagonist
management
Kimpton M, Le Gal G, Kherani S and Carrier M

The Ottawa Hospital Research Institute, Ottawa, ON, Canada

Background: The RELY trial has shown that dabigatran (150 mg

BID) is superior to vitamin K antagonist (VKA) for stroke prevention

in patients with atrial fibriallation. The quality of VKA management

was reported using the time in therapeutic range (TTR). A subgroup

analysis of the RELY trials has shown that dabigatran is no longer

superior to VKA in patients with TTR over 65%. Therefore, numer-

ous national drug coverage agencies and private insurance companies

have decided to only financially cover new anticoagulants if patients

have TTR ≤ 65%. The calculation of the TTR is difficult and not

readily available in daily clinical practice. Clinicians need to have a

simple and convenient way to identify patients on VKA with

TTR ≤ 65% who would benefit from coverage for these new anticoag-

ulants.

Aim: We sought to predict a TTR ≤ 65% using a surrogate method of

measurement (Number of changes in VKA dosing and INR testing)

that can be used by primary care physicians.

Method: A cross-sectional study including patients on VKA actively

being followed for anticoagulation management using the DAWN

software was conducted. Consecutive patients who had received a min-

imum of 9 months of VKA therapy with a target INR between 2.0

and 3.0 were enrolled into the study. The TTR for each patient was

calculated using the linear interpolation of the Rosendaal method. The

number of dose changes and the number of INR tests done over the

last 6 months were recorded.

Results: A total of 1381 were included in the analyses. The median age

was 63 (� IQR 52–75) and the median duration of anticoagulation

was 1287 days (� IQR 764–2268), most patients were anticoagulated

for secondary prevention of venous thromboembolism (83.4%) or for

atrial fibrillation (11.9%). The mean TTR was 81% (� IQR 70–90).
Both the number of dose changes and the number of INR tests were

independent predictors of TTR (Spearman‘s correlation coefficient:

0.62 and 0.58 [P < 0.001]).

Patients were stratified according to their mean TTR (TTR ≤ 65%

[n = 238] and TTR > 65% [n = 1142]). In patients with TTR > 65%,

the median number of dose changes and the number of INR test done

within the previous 6 months were 1 (IQR 0–3) and 7 (IQR 5–9)
respectively. In patients with TTR ≤ 65%, the 6-month median num-

ber of dose changes was 5 (IQR 3–7) and the number of INR tests

done was 12 (IQR 9–15). The combination of ≥ 3 doses changes and/

or ≥ 9 INR testing done within 6 months had a sensitivity of 87%

(95% CI: 82–90%), specificity of 63% (95% CI: 60–65%) to identify

patients with TTR < 65%. The NPV was 96% (95% CI: 94–97%).

Conclusion: Both the number of dose changes and the number of INR

tests can be used as surrogate markers of TTR. Therefore, these surro-

gate markers may offer a simple and clinically relevant way for clini-

cians to identify which patients on VKA would benefit from coverage

for the new anticoagulants.

AS 38.3
Prothrombin fragment 1+2 in urine; a new way of
analysing blood coagulation activity
Wexels F1, Dahl OE2, Borris LC3, Pripp AH4, Haslund A1,

Gudmundsen TE1, Laszlo F1, Seljeflot I4 and Lassen MR5

1Vestre Viken Hospital Trust, Drammen, Drammen; 2Innlandet

Hospital Trust, Brumunddal, Brumunddal, Norway; 3�Arhus

University Hospital,�Arhus, Denmark; 4Oslo University Hospital,

Oslo, Norway; 5University of Copenhagen, Glostrup, Glostrup,

Denmark

Background: D-dimer may be used as a pretest to exclude deep vein

thrombosis (DVT) and thus reduce the number of patients requiring

imaging evaluations. A test based on spot urine could be more simple

in several clinical situations. Prothrombin fragment 1+2 (F1+2) is

excreted in the urine where it can be measured with an enzyme-linked

immuno-sorbent assay. Several studies show an association between

F1+2 levels in urine (uF1+2) and postoperative DVT.

Aims: We wanted to assess if levels of uF1+2 were associated with

radiological confirmed DVT in symptomatic non-selected patients.

Methods: Patients aged ≥ 18 years with suspected DVT were included

over a 2.5 year period. The study was conducted in accordance with

the Declaration of Helsinki and approved by the regional Ethics Com-

mittee. Before the radiological procedure a urine sample (10 mL) was

collected. Imaging was conducted with B-mode compression ultra-

sound and supplemented with venography when inconclusive. A com-

mercial available ELISA kit (Enzygnost F1+2, Monoclonal) and a

BEP 2000� analyzer (both Dade Behring, Marburg, Germany) were

used for measuring uF1+2 levels. All patients were followed up for at

least 3 months to detect new venous or arterial thromboembolic events

or other conditions causing thrombin activity. Data analyses were con-

ducted using SPSS version 19 (IBM, Armonk, New York, USA). Sta-

tistics were given as percent and number of patients or median with

25–75 percentile as appropriate. The non-parametric Mann-Whitney

U test was used to assess differences in uF1+2 levels. The results were

considered statistically significant if the two-sided P-value was ≤ 0.05.

Results: Median age of the 534 (260 men and 274 women) included

patients was 60 (range 18–93) years and 108 (20.2%) patients had

imaging verified DVT. Venography was performed in 52 (9.7%)

patients due to inconclusive ultrasound. Median levels of uF1+2 was

28.1 pM and the DVT positive patients had statistically significant

higher levels of uF1+2 than those without DVT (56.8 vs. 24.3 pM,

P < 0.001).

Summary/Conclusions: We found that the urine levels of F1+2 was sta-

tistically significantly higher in patients with radiologically confirmed

DVT compared to those without DVT. This indicates that F1+2 in

urine can be used to determine increased procoagulant activity in

patients with suspected DVT.
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AS 38.4
Real-time dynamic measurement of hemostasis
and fibrinolysis and detection of hemostatic and
prothrombotic blood disorders by T2 magnetic
resonance
Cines DB1, Lebedeva T1, Kowalska MA1, Cuker A1, Weisel JW1,

Whitten J1, Skewis LR2, Papkov V2 and Lowery TJ2

1University of Pennsylvania, Philadelphia, PA; 2T2 Biosystems,

Lexington, MA, USA

Background: There is no single currently available test to rapidly iden-

tify and assess impaired hemostasis, hypercoagulable states and fibri-

nolysis. This is in part because of difficulties in measuring integrated

reactions in whole blood with one platform. T2 magnetic resonance

(T2MR) is a new approach that allows for monitoring these processes

in real time by measuring relaxation times of the hydrogen nuclei

within the sample. The time-resolved signals generated with this

method provide dynamic information about the physical states of

complex samples, such as changes that occur in the blood during he-

mostasis.

Aims: Apply a novel detection method, T2MR, to monitor the dynam-

ics of clot formation and fibrinolysis across a range of hemostatic con-

ditions.

Methods: We used a small, portable instrument to measure changes in

T2MR signal that continuously report on the dynamically changing

microscopic environment of water during coagulation and clot con-

traction in whole blood. In these foundational studies, we measured

34 lL blood samples from consented normal adult donors continu-

ously over 20 min using T2MR. We tested clotting of recalcified citrat-

ed whole blood initiated by the addition of thrombin or kaolin. To

assess the sensitivity of this platform to platelet activity, we measured

samples activated with ADP or arachidonic acid in the presence and

absence of 2-methylthioadenosine 5′-monophosphate (2-MeSAMP) or

aspirin. Results were confirmed by standard platelet aggregometry.

Fibrinolysis in whole blood was induced by addition of different con-

centrations of tissue plasminogen activator (tPA) before, during or

after clot formation.

Results: At normal platelet counts (150,000–300,000/lL) and normal

hematocrit (HCT) (38–48%), the T2MR signals resolved into two

peaks corresponding to: (i) water trapped within a retracted clot and

(ii) water in the surrounding liquid, i.e. serum. Platelet counts

< 50,000/lL or addition of aspirin or 2-MeSAMP eliminated the sig-

nal peak originating from clot contraction. Higher platelet counts

(300,000–1,300,000/lL) and high thrombin concentrations (2 U/mL)

generated a third, even more highly ordered peak. The third peak was

confirmed to correspond to a tightly packed fibrin clot enriched in red

blood cells (RBCs) with D2O exchange experiments and scanning elec-

tron microscopy. The signals also revealed the procoagulant influence

of RBCs on clot formation/contraction over a wide range of HCTs

(20–73%). Addition of tPA coincident with thrombin generated

diverse species of fibrin/fibrin degradation products reflected in the

dynamics of clot contraction and dissolution. Addition of tPA after

clot contraction revealed heterogeneity in the susceptibility of clots

formed under normal and procoagulant conditions to lysis.

Summary/Conclusions: These studies show that the dynamics and

properties of clot formation and lysis across a range of hemostatic con-

ditions can be characterized with T2MR measurements. This approach

may be applicable to the study, diagnosis, and management of a spec-

trum of disorders of hemostasis, thrombosis and fibrinolysis. Addi-

tional studies will be needed to develop a more complete

understanding of the biochemical events measured by T2MR and to

more fully explore its clinical utility.

AS 39 – Regulation of Platelet
Function

AS 39.1
Src-like adapter proteins (SLAPs) are critical negative
regulators of GPVI/ITAM-signalling in arterial
thrombosis and ischaemic stroke
Cherpokova D1, Bender M1, Morowski M1, Kraft P2, Akbar S3,

Sultan C3, Dragone L4, Watson SP5, Tomlinson MG3 and

Nieswandt B1

1University Hospital and Rudolf Virchow Center; 2University of

W€urzburg, W€urzburg, Germany; 3School of Biosciences,

University of Birmingham, Birmingham, UK; 4University of

Colorado, School of Medicine, Denver, CO, USA; 5Centre for

Cardiovascular Sciences, University of Birmingham, Birmingham,

UK

Background: The central activating platelet collagen receptor glycopro-

tein (GP) VI has been established as an attractive potential target for

antithrombotic therapy as its blockade or antibody-induced deficiency

provided powerful protection from experimental arterial thrombosis

and acute ischaemic stroke without affecting platelet haemostatic func-

tions. GPVI signals through an immunoreceptor tyrosine-based activa-

tion motif (ITAM) in a similar manner to the T- and B-cell antigen

receptors (TCR, BCR).

The Src-like adapter protein (SLAP) and the closely related SLAP2

constitute a family of haematopoietic adapter proteins that are

involved in the regulation of TCR and BCR surface expression levels

and signalling via interaction with the phosphorylated ITAMs of their

signalling complexes. However, the function of SLAP and SLAP2 in

platelets, and in particular their effects on GPVI, are unknown.

Aims: The aim of this study was to investigate the role of SLAP and

SLAP2 in platelet biology.

Methods: Mice deficient in SLAP and SLAP2 were generated and

platelet function was analysed by flow cytometry, aggregometry, flow

adhesion assays and biochemical methods. In addition, SLAP and

SLAP2 were expressed in a cell line model system to study GPVI/

ITAM signalling in vitro. The role of SLAP and SLAP2 in vivo was

assessed in models of arterial thrombosis and ischaemic stroke.

Results: Slap/Slap2″�/″� mouse platelets displayed markedly

increased integrin activation, granule release, aggregation and proco-

agulant activity upon stimulation with GPVI/ITAM″�specific agon-

ists. In contrast, activation responses to soluble agonists operating via

G protein-coupled receptors were normal. The negative regulatory

function of both adapters was confirmed in a heterologous system

where overexpression of either SLAP or SLAP2 could almost com-

pletely inhibit GPVI signalling in response to collagen. Furthermore,

SLAP/SLAP2-deficiency was associated with enhanced and sustained

tyrosine phosphorylation of different proteins involved in the GPVI/

ITAM″�signalling cascade, including FcR c-chain, Syk, LAT and

PLCc2. This effect was not based on the elevated GPVI expression lev-

els observed in Slap/Slap2″�/″� platelets as it was fully preserved in

Slap/Slap2″�/″�/Gp6+/� mice which exhibited reduced GPVI

expression levels compared to the wild-type. In vivo, Slap/Slap2″�/″�
mice displayed faster occlusive thrombus formation in the FeCl3-

injured carotid artery and a dramatically worsened outcome in a

model of ischaemic stroke. This was evident by increased infarct vol-

ume and neurologic deficits in Slap/Slap2″�/″� mice compared to

the wild-type 24 h after 30 min of transient middle cerebral artery

occlusion.

Summary/Conclusion: Our results establish SLAP and SLAP2 as criti-

cal inhibitors of platelet GPVI/ITAM signalling, which has major

pathophysiological significance in the setting of arterial thrombus for-

mation and ischaemic stroke.
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AS 39.2
Connexin40 regulates platelet function and thrombosis
Vaiyapuri S1, Moraes LA1, Sage T1, Ali MS1, Mahaut-Smith MP2,

Simon AM3 and Gibbins JM1

1University of Reading, Reading; 2University of Leicester,

Leicester, UK; 3University of Arizona, Tucson, AZ, USA

Background: Connexins are membrane proteins that assemble into

connexons or hemichannels on the plasma membrane to facilitate the

transport of small signalling molecules (up to ~1000 Da) between the

interior and exterior of isolated cells. Upon docking, hemichannels

form gap junctions between adjacent cells allowing direct intercellular

communication. The presence of multiple connexins is recently

reported on platelets, small circulating blood cells that maintain hae-

mostasis and their inappropriate activation leads to thrombosis, a trig-

ger for heart attack and strokes. The mechanistic phenomenon on the

functions of various connexins in regulating platelet function is yet to

be explored.

Aims: This study was performed to determine if connexin40 (Cx40) has

a role in the regulation of platelet function and to establish whether

Cx37 and Cx40 are able to function independently in these cells.

Methods: Human platelets were tested in the presence or absence of a

selective peptide inhibitor of Cx40, 40Gap27 on various functional

assays such as aggregation, fibrinogen binding and granule secretion.

Plasma clot retraction was also tested in the presence of 40Gap27. To

assess the effects of Cx40 deletion, platelets from Cx40�/� mice were

analysed in comparison with those from Cx40+/+ mice using aggre-

gation, fibrinogen binding, granule secretion and clot retraction

assays. To explore, if Cx40 function independently from Cx37, the

platelets from Cx40�/� were analysed in the presence and absence of
37,43Gap27 and similarly platelets from Cx37�/�were analysed using
40Gap27.

Results: The Cx40 selective inhibitor, 40Gap27 inhibited CRP-XL- (a

GPVI selective agonist) and thrombin-induced human platelet aggre-

gation, fibrinogen binding and granule secretion in concentration-

dependent manner. Inhibition of Cx40 also resulted in reduced clot

retraction, a process driven by outside-in signalling by integrin aIIbb3
on the platelet surface. Deletion of Cx40 in mice also resulted in

retarded platelet function and clot retraction. The ability of 40Gap27

to inhibit the function of Cx37�/� (but not Cx40�/�) platelets, and

conversely 37,43Gap27 to inhibit Cx40�/� (but not Cx37�/�) plate-

lets, suggests that Cx40 and Cx37 are able to function independently

in platelets.

Conclusions: This study indicates that multiple members of the connex-

in family of proteins, beyond the previously characterised Cx37, are

likely to be of importance in the regulation of platelet function, hae-

mostasis and thrombosis.

AS 39.3
CalDAG-GEFI deficiency protects mice from FcyRIIa-
mediated thrombotic thrombocytopenia induced by
CD40L and b2GPI immune complexes
Amirkhosravi A1, Boulaftali Y2, Robles-Carrillo L1, McKenzie SE3,

Meyer T1, Francis JL1 and Bergmeier W2

1Florida Hospital, Orlando, FL; 2University of North Carolina,

Chapel Hill, NC; 3Thomas Jefferson University, Philadelphia, PA,

USA

Introduction: Platelet activation via Fcc receptor IIa (FccRIIa) is

implicated in the pathogenesis of thrombotic complications triggered

by immune complexes (ICs) resulting from autoimmune disease or the

administration of therapeutic antibodies. We previously showed that

ICs of antigen and antibodies targeting CD40 ligand (CD40L) or b2
Glycoprotein I (b2GPI) induce thrombocytopenia and thrombosis in

mice transgenic for human FccRIIa (hFcR) but not wild-type control

mice (which lack FccRIIa). In vitro, platelet aggregation downstream

of FccRIIa was dependent on signaling by the calcium-sensing guan-

ine nucleotide exchange factor, CalDAG-GEFI, and the Gi-coupled

receptor for ADP, P2Y12.

Aim: Here we studied the signaling response required for IC-mediated

thrombocytopenia and thrombosis (ITT) in mice. Specifically, we eval-

uated ITT in hFcR transgenic mice deficient in CalDAG-GEFI and/or

treated with the P2Y12 inhibitor clopidogrel bisulfate.

Methods: Pre-formed anti-CD40L ICs (M90+rCD40L) or anti-b2GPI

(b2pAb+b2GPI) ICs were injected intravenously into hFcR/CalDAG-

GEFI+/+ or hFcR/CalDAG-GEFI�/� mice with or without clopido-

grel pre-treatment. Inhibition of platelet P2Y12 by clopidogrel was

confirmed by flow cytometry ex vivo. Animals were observed for

symptoms of shock for 30 min, during which time core body tempera-

ture was monitored. Platelet counts were obtained before and 30 min

after IC injection. Lungs were harvested at 30 min for assessment of

thrombosis by histology or by near-infrared imaging (mice pretreated

with Alexa-800-labeled anti-P-selectin antibody).

Results: CD40L and b2GPI ICs both rapidly induced severe symptoms

of shock and marked reduction in body temperature in hFcRmice

along with profound thrombotic thrombocytopenia. hFcR/CalDAG-

GEFI�/� mice were almost completely protected from CD40L IC-

induced thrombocytopenia/thrombosis and shock. Clopidogrel had a

small effect on IC-induced ITT in hFcR and hFcR/CalDAG-GEFI�/�

mice. CalDAG-GEFI deficiency also conferred marked protection

from b2GPI IC-induced ITT. However, significant thrombocytopenia/

thrombosis and hypothermia was still observed in clopidogrel treated

hFcR/CalDAG-GEFI�/� mice, suggesting that b2GPI ICs can trigger

platelet activation in the absence of these major signaling pathways.

Summary/Conclusions: Our studies demonstrate that clinically relevant

ICs cause platelet FccRIIa-dependent thrombocytopenia and throm-

bosis in hFcR mice. We further show that signaling by CalDAG-

GEFI, but not by P2Y12, is critical for IC-induced platelet activation

in vitro and in vivo. Thus, CalDAG-GEFI may be a promising target

for the intervention of IC-associated, FccRIIa-mediated thrombotic

conditions.

AS 39.4
Platelet ITAM signaling is critical for maintenance of
vascular integrity during inflammation
Boulaftali Y1, Hess PR2, Getz TM1, Stolla M3, Mackman N1,

Owens AP III1, Ware J4, Kahn ML2 and Bergmeier W1

1University of North Carolina Chapel Hill, Chapel Hill, NC;
2University of Pennsylvania, Philadelphia, PA; 3Thomas Jefferson

University, Philadelphia, PA, USA; 4University of Arkansas for

Medical Sciences, Little Rock, AR, USA

Background: Blood platelets, long recognized for their importance in

primary hemostasis, have recently been identified as critical regulators

of vascular integrity during inflammation and cancer. Interestingly,

the contribution of platelets to the maintenance of vascular integrity in

inflammation seems to be independent of their ability to form a clot.

Aim: To identify signaling molecules critical for the contribution of

platelets to vascular integrity in inflammation.

Methods: We here describe a novel method for the generation of mice

with platelet-specific signaling defects, which is based on the adoptive

transfer of platelets into thrombocytopenic (TP) mice. Depletion of

circulating platelets was achieved in transgenic mice with antibodies

that recognize hIL-4R, a heterologous antigen expressed on circulating

platelets in these animals. Platelets from various knockout mice or

inhibitor-treated wild-type (WT) platelets were transfused into TP

mice and tested for their ability to support vascular integrity in a

reverse passive Arthus reaction (rpA) model and LPS-induced inflam-

mation in the lung. Hemoglobin (Hb) content in skin tissue and bronc-

hoalveolar lavage (BAL) was used to quantify hemorrhage at sites of

inflamamtion.

Results: Inflammation-induced hemorrhage was significantly increased

in TP mice compared to controls. Vascular integrity at sites of
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inflammation was not impaired in TP mice transfused with 8 9 108

WT platelets before challenge. Unexpectedly, platelets defective in

GPCR signaling, a crucial component of platelet plug formation and

hemostasis, were indistinguishable from WT platelets in their ability to

support vascular integrity in both models of inflammation. In contrast,

genetic deletion of Clec2 or inhibition of GPVI (inhibitory antibody

JAQ1), the only ITAM receptors expressed on mouse platelets, signifi-

cantly reduced the ability of platelets to prevent inflammation-induced

hemorrhage. Moreover, transfusion of JAQ1-treated Clec2�/� plate-

lets or platelets lacking SLP-76, an adapter protein critical to ITAM

signaling, into TP mice had no significant effect on vascular integrity

during inflammation.

Summary/Conclusions: By generating mice with multiple platelet-spe-

cific signaling defects, we demonstrate that vascular integrity in inflam-

mation depends on both ITAM receptors, GPVI and CLEC2, as well

as the adapter protein SLP-76. Our studies highlight potential compli-

cations associated with novel antiplatelet drugs targeting the ITAM

signaling pathway, which may lead to bleeding at sites of inflammation.

AS 40 – Thrombotic Micro-
Angiopathies

AS 40.1
A novel CD46 gene mutation in a patient with normal
ADAMTS13 activity and microangiopathy
Rossio R1, Lotta LA2, Pontiggia S1, Donadelli R3, Piras R3,

Garagiola I1, Ghiringhelli Borsa N1, Mikovic D4, Cugno M1

and Peyvandi F1

1Fondazione IRCCS Ca’ Granda –Ospedale Maggiore Policlinico;
2Angelo Bianchi Bonomi Hemophilia and Thrombosis Center,

Milano; 3Mario Negri Institute for Pharmacological Research,

Ranica, Bergamo, Italy; 4Blood Transfusion Institute of Serbia

Svetog Save 39 11000, Belgrade, Serbia

Background: The differential diagnosis and etiologic classification of

the two main forms of thrombotic microangiopathy, thrombotic

thrombocytopenic purpura (TTP) and atypical hemolytic uremic syn-

drome (HUS), remain challenging. TTP is usually characterized by the

severe deficiency of the von Willebrand factor (VWF) cleaving prote-

ase, ADAMTS13. Atypical HUS is characterized by hyperactivation

of the alternative complement-system. The prevalence of severe AD-

AMTS13 deficiency in TTP is particularly high in patients with idio-

pathic disease and absence of renal involvement, reaching 75–80% in

some cohorts. In a small fraction of patients with a diagnosis of idio-

pathic TTP and absent (or minor) renal involvement, ADAMTS13

activity may be only slightly reduced or normal at acute disease pre-

sentation. The pathophysiological mechanisms underlying microvas-

cular thrombosis in these patients are unknown.

Aims: To investigate etiology in a 27-year-old woman with a diagnosis

of TTP with minor renal involvement and normal ADAMTS13 activ-

ity at presentation.

Methods: The patient was referred to the Milan TTP registry (URL:

www.ttpdatabase.org) with a diagnosis of TTP (thrombocytopenia,

microangiopathic hemolytic anemia and no overt renal failure). Blood

samples were collected both at acute episode before starting any trans-

fusional therapy and during remission. We measured ADAMTS13

antigen, activity, VWF- and complement system-related plasmatic

parameters. Mutations in six complement-system genes (CFH, CFI,

CD46, CFB, THBD and C3) were searched for by PCR and Sanger

sequencing. The protein coding area of the genome (i.e. the exome)

was sequenced by target-capture and sequencing on Illumina HiSeq

2000. The role of a novel mutation of the CD46 gene was studied by

expression of MCP on leucocytes by fluorescence-activated cell sorter

(FACS).

Results: A 27-year-old woman with thrombocytopenia (platelet counts:

14 9 109/L; normal values [n.v.]: 150–450 9 109/L), microangiopathic

hemolytic anemia (hemoglobin: 8.9 g/dL; n.v.: 11.5–16 g/dL), and

slightly increased serum creatinine (117 lM; n.v.: 53–106 lM), was

diagnosed as TTP and was treated with plasma-exchange. Remission

was achieved after 7 daily exchange procedures. Large multimers of

von Willebrand factor were depleted and complement system was acti-

vated during acute disease, while ADAMTS13 activity was normal.

Sequencing of six complement system genes revealed a novel splice-site

mutation of CD46. Exome sequencing revealed 12 nonsynonymous

changes in 11 genes encoding proteins implicated in the pathophysiol-

ogy of thrombotic microangiopathies, including the novel CD46 muta-

tion. The mutation was predicted to create an alternative splice site

within the open reading frame of exon 4, resulting in the in frame dele-

tion of six aminoacids of the encoded complement membrane-cofac-

tor. Studies on mRNA isolated from the patient and from family

members carrying the mutation showed the presence of abnormal

transcripts bearing the deletion. Low surface expression of MCP on

PBMC was confirmed by FACS.

Summary/Conclusions: This study shows that complement system gene

mutations may be implicated in the occurrence of TTP with normal

ADAMTS13 at presentation, even when there are little signs of renal

involvement.

AS 40.2
Complement activation and cytokine response in TTP
Westwood JP1, Heelas O1, Langley KM1, Machin SJ1

and Scully M2

1University College London; 2University College London

Hospital, London, UK

Background: Thrombotic Thrombocytopenic Purpura (TTP) is a

microangiopathy associated with organ dysfunction and a high level

of morbidity and mortality. Complement dysregulation and subse-

quent overactivation of complement effector proteins (including the

anaphylatoxins C3a and C5a) is established in atypical Haemolytic

Uraemic Syndrome (aHUS), and responds clinically to C5 inhibition.

However, the role of complement in TTP is unknown.

Aims:We carried out a prospective study investigating the role of com-

plement anaphylatoxins C3a and C5a in patients with TTP during

acute episodes, and in remission, and compared these with normal

controls. For both acute and remission groups we also investigated the

cytokine response (Th1/Th2/Th17- involving IL-2, IL-4, IL-6, IL-10,

TNF, IFN-�’ and IL-17a) and association with disease state.

Methods: EDTA plasma was obtained from 21 patients (12F, 9M)

with acute TTP, ADAMTS13 activity < 5% and positive anti-ADAM-

TS13 IgG antibodies (median IgG 59%, range 8–180%). Also, EDTA

Plasma from 50 patients (34F, 16M) previously treated for acute TTP,

now in clinical remission (normal ADAMTS13 activity and a platelet

count > 150 9 109/L). Paired EDTA plasma was obtained from 12

patients (6F, 6M) for whom both acute and remission samples were

available. Measurement of complement anaphylatoxins C3a (NR

32.5–56.1 ng/mL) and C5a (NR 1.7–13.6 ng/mL) was performed using

BDTM Human Anaphylatoxin Kit, (BD Biosciences, San Jose, CA,

USA) using a Cytometric Bead Array (CBA) method. Serum was

obtained from acute and remission patients, enabling the measurement

of cytokines, using BDTM Human Th1/Th2/Th17 Kit, (BD Biosciences,

San Jose, CA, USA) also incorporating the CBA method.

Results: In acute TTP, median C3a and C5a were significantly elevated

compared to patients in remission, C3a 66 vs. 38.5 ng/mL (P < 0.001)

and C5a 17 vs. 10 ng/mL (P < 0.001), respectively. For the 12 patients

with paired acute and remission samples, median C3a levels were sig-

nificantly higher during the acute episode than in remission, C3a 45.5

vs. 35.8 ng/mL (P = 0.041); there was a non-significant difference in

C5a levels 15.2 vs. 10.6 ng/mL (P = 0.084). Compared to controls,

remission median C5a levels were significantly higher 10 vs. 5.81 ng/

mL (P = 0.001); however remission C3a levels were lower than con-

trols 38.5 vs. 43.7 ng/mL (P = 0.046). Within the acute TTP group,

there was no significant difference in C3a or C5a levels for patients
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requiring ITU admission vs. those not requiring ITU care or patients

with or without neurological features at presentation. Both median

IL-6 and IL-10 levels were significantly higher in the acute vs. remis-

sion groups, IL-6: 8 vs. 2 pg/mL (P = 0.002), IL-10: 6 vs. 2 pg/mL

(P < 0.001). C3a levels were strongly correlated with both anti-AD-

AMTS13 IgG (rs = 0.731, P = 0.002) and IL-10 (rs = 0.627,

P = 0.012) levels.

Summary/Conclusion: These results suggest anaphylatoxin levels in

TTP vary between acute and remission cases, and highlight the possi-

bility that the complement response seen acutely may relate to both

the degree of anti-ADAMTS13 IgG antibody level and cytokine (IL-

10) levels. Complement inhibition at presentation in the acute phase

may have therapeutic potential.

AS 40.3
Plasmin cleavage of von Willebrand factor; a
physiological and therapeutic bypass for ADAMTS13
deficiency and thrombotic microangiopathy
Tersteeg C, Smeets MWJ, Roest M, Pasterkamp G, De Groot PG

and Maas C

UMC Utrecht, Utrecht, the Netherlands

Background: ADAMTS13 controls Von Willebrand Factor (VWF)

multimer size through continuous proteolysis. This prevents spontane-

ous platelet agglutination on ultra-large VWF multimers and forma-

tion of pathological microthrombi. ADAMTS13 deficiency is often

caused by inhibiting autoantibodies and can result in microangiop-

athy. This is treated by plasmapheresis, which is inefficient and costly.

Enigmatically, a complete congenital or persistent acquired ADAM-

TS13 deficiency does not lead to continuous thrombotic disease.

Hypothesis: Plasmin, the key enzyme of the fibrinolytic system, can

serve as a physiological backup enzyme for the degradation of

unfolded VWF multimers in absence of ADAMTS13. We base this

hypothesis on the following evidence: 1) Plasmin can cleave VWF

under purified conditions 2) Plasmin activity is reported in ADAM-

TS13 deficient persons. 3) uPA triggers plasmin activation on activated

endothelial cells, but is redundant for the clearance of fibrin.

Results: Plasminogen activation, either induced by uPA/uPAR or

streptokinase, leads to rapid degradation of endothelial-cell tethered

strings of platelet-decorated VWF. In the presence of plasmin, ristoce-

tin-induced platelet agglutinates form normally, whereafter they are

fully degraded. In contrast, plasmin acivity does not reduce aggregate

formation on collagen surfaces at arterial shear rates. These findings

indicate that platelet-VWF complexes are preferred substrates for plas-

min degradation. Plasminogen binds to immobilized VWF in a lysine-

dependent manner through multiple binding sites, one of which resides

in the A1 domain. Patients with acute TTP episodes have elevated lev-

els of PAP-complexes, indicating plasminogen activation.

Conclusions:We propose that during reduced or absent activity of AD-

AMTS13, plasmin serves as a natural backup for the degradation of

pathologically large VWF multimers. As streptokinase is able to

degrade platelet-decorated VWF strings on endothelial cells, as well as

platelet VWF-agglutinates, induction of plasmin activity may have

therapeutic value in the treatment of VWF-mediated microangiopa-

thies. Especially when neutralizing autoantibodies cause ADAMTS13

deficiency, this bypassing strategy may prove useful.

AS 40.4
The phenotype of ADAMTS13 mutation
4143_4144insA – a study of 11 homozygous cases in
Norway
Von Krogh AS1, Kremer Hovinga JA2, Waage A1, Tjønnfjord GE3

and Quist-Paulsen P4

1Norwegian University of Science and Technology, Trondheim,

Norway; 2Inselspital, Bern University Hospital, Bern, Switzerland;
3Oslo University Hospital, Oslo; 4St Olavs Hospital Trondheim

University Hospital, Trondheim, Norway

Background: Patients with congenital thrombotic thrombocytopenic

purpura (TTP) suffer recurrent acute attacks of microangiopathic hae-

molytic anaemia and thrombocytopenia due to an inherited severe

deficiency of von Willebrand factor cleaving metalloprotease ADAM-

TS13. However, time of onset and severity of the disease, in terms of

number of acute attacks, end-organ damage, and dependency on regu-

lar plasma infusions vary widely among patients. Effort has been put

down to determine to what extent different genotypes correspond to

different clinical phenotypes. The fact that more than 100 different

mutations have been reported in congenital TTP, most of them in

compound heterozygous state, represents an obstacle in this work. In

Norway, we have a particularly high prevalence of patients homozy-

gous for the common mutation 4143_4144insA.

Aim: To study the clinical phenotype of Norwegian patients homozy-

gous for mutation 4143_4144insA and compare it with previously pub-

lished cases with the same mutation.

Methods: The study combined retrospective review of participating

patients’ medical records, and literature searches. Ethical review board

approval and patients’ informed consents were obtained.

Results: There were five (46%) females, and six males from eleven dif-

ferent families of non-consanguineous marriages. Median age at inclu-

sion in the study was 30 years (range 5–63). Seven patients (64%) had

symptoms of TTP in the neonatal period, although diagnosed years

later. Two patients (18%) had disease onset during childhood, and

two (18%) in adulthood. Mean and median age at first TTP attack

requiring plasma therapy was 25 and 22 years, respectively (range 3–
52). Five patients (46%) received regular prophylactic plasma infu-

sions, and two (18%) only on special occasions. The average amount

of plasma required per month was 4 units (range 2–6). Two patients

(18%) had five or less TTP attacks, seven patients (64%) had between

six and nine, and two patients (18%) had ten or more documented

acute attacks. Three patients had complications in pregnancy related

to TTP, one had a mild behavioural developmental disorder, one had

chronic renal insufficiency, one had neurological sequelae, and six had

no complications. Only two patients were correctly diagnosed with

TTP at their first presentation of disease. Other diagnoses were haemo-

lytic-uremic syndrome (3), Evans syndrome (2), immune thrombocyto-

penic purpura (1), disseminated intravascular coagulation (1),

glomerulonephritis (1), hepatitis (1), and pregnancy related haemolytic

crisis (1). Twenty-four reported cases with 4143_4144insA mutation

were identified in the literature, eleven of which were homozygous

(from nine families). There were limited clinical data on ten patients,

and no strict definitions on disease severity.

Summary: Overall, patients homozygous for ADAMTS13 mutation

4143_4144insA tend to have a relatively mild phenotype, despite symp-

toms since early childhood in most. However, we cannot rule out that

we in this retrospective analysis have selected milder cases that survive

long enough to get a molecular diagnosis. Misdiagnosis was usual at

first presentation. Due to lacking definitions on disease severity it was

difficult to compare our material with previously published cases. We

suggest evidence of end-organ damage and dependency on prophylac-

tic plasma infusions may be used to assess disease severity in congeni-

tal TTP.
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AS 41.1
Protease-activated receptor 3 (PAR3) tethered-ligand
peptides derived from non-canonical cleavage at Arg41
by activated protein C provide vascular barrier
protective effects in vitro and in vivo
Burnier L and Mosnier LO

The Scripps Research Institute, La Jolla, CA, USA

Background: Activated protein C (APC) conveys cytoprotective effects

on cells and in various murine disease models that generally require

the endothelial protein C receptor (EPCR) and protease-activated

receptor 1 (PAR1). In contrast, thrombin signaling via PAR1 is proin-

flammatory, thus it is unclear how PAR1 can mediate both cytoprotec-

tive APC signaling as well as proinflammatory thrombin signaling.

Neuro- and nephro-protective activities of APC that required PAR3

suggested involvement of PAR3. We found that cleavage of PAR3 by

APC is EPCR dependent and proportional to the expression of EPCR

on cells. Remarkably, APC and thrombin cleaved the N-terminal

domain of PAR3 at different sites, with proteolysis of PAR3 by throm-

bin at K38 and cleavage by APC at R41.

Aim: We hypothesize that the specific cleavage site of PAR3 by APC

creates a non-canonical tethered-ligand that, in contrast to the canoni-

cal PAR3 tethered-ligand generated by thrombin, will convey APC-

like cytoprotective activities and improve vascular barrier function in

vitro and in vivo.

Methods: PAR3 peptides of different length, either starting at T39

(P3K) or G42 (P3R) were tested for vascular barrier function in vitro

on EA.hy926 endothelial cells. Vascular permeability in vivo was deter-

mined in immune-competent hairless mice by analyzing VEGF-

induced Evans blue leakage in the skin and quantification by infrared

fluorescent imagery.

Results: Induction of endothelial barrier disruptive effects by thrombin

requires PAR1 but blocking antibodies against PAR3 revealed PAR3

contributions, indicating that PAR3 could modulate endothelial bar-

rier function. PAR3 tethered-ligand peptides (13- and 24-mer P3R pep-

tides) derived from APC cleavage at Arg41, but not 6-mer P3R

peptides, prevented endothelial barrier disruptive effects induced by

either thrombin or histones similar to APC. In contrast, P3K peptides

(either 6-, 13- or 24-mer) did not prevent disruptive effect by thrombin

or histones. Since PAR3 cannot signal on its own, but was shown to

modulate PAR1 signaling, assays were performed in spontaneously

leaky endothelial cells that do not rely on PAR1 to induce permeabil-

ity. P3R peptides decreased spontaneous leakage but the barrier pro-

tective effects of P3R were abolished by a PAR1 antagonist

(SCH79797), indicating that the barrier protective effects of non-

canonical PAR3 tethered-ligand peptides required PAR1. In vivo,

intravenous injection of 24-mer P3R peptides 60 min before injection

of VEGF decreased vascular leakage by 38% (P < 0.05, n = 8 mice).

In contrast, P3K had no effect and neither P3R nor P3K peptides

affected vascular leakage in the absence of VEGF. Remarkably, injec-

tion of P3R peptides 5 min before VEGF was not vascular protective,

indicating that P3R-mediated vascular protection is not an acute event.

Conclusions: Collectively, these results demonstrate that peptides (13-

mer or longer) derived from PAR3 cleavage by APC at R41 act as

APC-mimetics, reflecting the broad vascular barrier protective effects

of APC in vitro and in vivo. The protective effect required PAR1, sug-

gesting that the P3R peptides may act as allosteric modulators of

PAR1 signaling. We propose a novel biochemical mechanism for

APC-induced cell signaling via PAR3 and the generation of a novel

non-canonical N-terminal tethered ligand that initiates APC-mimetic

vascular protective signaling.

AS 41.2
Direct inhibition of factor VIIa by TFPI and TFPI
constructs
Peraramelli S1, Thomassen S1, Heinzmann A1, Rosing J1, Hackeng

TM1, Hartmann R2, Scheiflinger F2 and Dockal M2

1University of Maastricht, Maastricht, the Netherlands; 2Baxter

Innovations GmbH, Vienna, Austria

Background: TFPI is a multi-Kunitz domain protease inhibitor that

down-regulates the extrinsic coagulation pathway by inhibiting FXa

and FVIIa. TFPI inhibits FXa via a slow-tight binding mechanism

and inhibits TF-FVIIa in a direct FXa-independent manner (forma-

tion of a TFPI-TF-FVIIa complex) and FXa-dependent manner (for-

mation of a quaternary TFPI-FXa-TF-FVIIa complex).

Aims: To investigate the role of the three Kunitz domains (KD) of

TFPI in FVIIa inhibition using full length TFPI (TFPI-fl) and trun-

cated TFPI constructs.

Methods: Recombinant full length TFPI (TFPI-fl) and TFPI con-

structs (KD1, KD1-KD2, TFPI1-150) were purified from bacterial

expression systems. Inhibition of FVIIa with/without relipidated tissue

factor (TF) or soluble TF (sTF) by TFPI-fl/TFPI constructs was quan-

tified with a FVIIa-specific chromogenic substrate.

Results: TFPI-fl inhibited TF-FVIIa via a monophasic reaction that

was rather slow at low TFPI-fl concentrations (t½~5 min at 2 nM

TFPI) and had a Ki of 4.6 nM. In the presence of sTF and without

TF, TFPI-fl was a poor FVIIa inhibitor with Ki values of 122 and

1118 nM, respectively. TFPI constructs without KD3-C-terminus

(TFPI1-150 and KD1-KD2) were 7–10-fold less effective than TFPI-fl

in inhibiting TF-FVIIa and sTF-FVIIa. Compared to KD1-KD2,

KD1 was a poor TF-FVIIa inhibitor (Ki = 434 nM). Protein S, which

is a co-factor of TFPI-fl in FXa inhibition, also stimulated TF-FVIIa

inhibition by TFPI-fl and decreased Ki ~7-fold (Ki = 0.7 nM). Protein

S required phospholipids and the KD3-C-terminus of TFPI to express

TFPI cofactor activity. In presence of FXa, a tight quaternary TF-

FVIIa-TFPI-FXa complex was formed with TFPI-fl, TFPI1-150 and

KD1-KD2 with Ki values < 0.15, 0.5 and 0.8 nM, respectively. Phos-

pholipids and the Gla-domain of FXa were required for quaternary

complex formation.

Summary and Conclusions: Our study shows that TFPI-fl is a direct

TF-FVIIa inhibitor with protein S as co-factor, which decreases the Ki

value close to the plasma TFPI-fl concentration (0.25–0.5 nM). Trun-

cated forms of TFPI were much less active than TFPI-fl indicating that

the KD3-C-terminus significantly contributes to direct inhibition of

FVIIa by TFPI. Although it is generally accepted that KD1 binds to

and inhibits FVIIa, KD1-KD2 was much more effective in FVIIa inhi-

bition than KD1. This indicates that the KD2 domain of TFPI, which

actually targets FXa, also contributes to FVIIa inhibition. Phospholip-

ids and TF significantly enhance direct TF-FVIIa inhibition by TFPI-

fl. In presence of FXa, TFPI-fl and truncated TFPI constructs effi-

ciently formed a quaternary complex indicating that the KD3-C-termi-

nus is not a prerequisite for quaternary complex formation.

Considering the TFPI-fl concentration in plasma (0.25–0.5 nM), one

may question whether direct inhibition of TF-FVIIa by TFPI in the

absence of FXa but in the presence of phospholipids and protein S

(Ki~0.7 nM) is physiologically important. In this respect it should be

emphasized that at the site of a growing thrombus the local TFPI con-

centration may be significantly higher due to release of TFPI from

platelets. At such conditions, direct inhibition of TF-FVIIa by TFPI

may contribute to the down-regulation of thrombin formation.
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AS 41.3
Protective effects of non-anticoagulant activated
protein C variant (D36A/L38D/A39V) in a murine
model of ischaemic stroke
Crawley JTB, Efthymiou M, Yu Y, Watts H, Noormohamed H,

Ma D, Lane DA and Andreou AP

Imperial College London, London, UK

Background: Ischaemic stroke is caused by occlusive thrombi in the

cerebral vasculature that lead to ischaemia/tissue damage. Patients

treated within 4.5 h of onset of symptoms can receive tissue-plasmino-

gen activator (tPA) as thrombolytic therapy, which however has some

major limitations including blood brain barrier disruption and

increased risk of bleeding. Treatments that prevent/limit such deleteri-

ous side-effects could be of clinical importance. Activated protein C

(APC) regulates thrombin generation through the protein S-dependent

inactivation of FVa and FVIIIa. APC also exhibits cytoprotective cell

signalling mediated through activation of protease-activated receptor

1. In murine models of stroke, APC in conjunction with tPA can limit

the deleterious effects of tPA, however, APC in this setting can further

elevate the risk of bleeding. Thus, APC variants with reduced antico-

agulant, but normal cytoprotective function represent potential thera-

peutic agents.

Aims: Three APC variants with reduced anticoagulant, but normal

cytoprotective function have been engineered; 1) APC KKK191-

193AAA/R229A-R230A – APC(5A) 2) APC D222C-R237C – APC

(Ca-ins), and 3) APC D36A/L38D/A39V – APC(36–39) – the latter

which abolishes the ability of APC to be enhanced by its cofactor, pro-

tein S. We aimed to compare the relative anticoagulant functions and

rates of inactivation by protein C inhibitor (PCI) of these three APC

variants, and to explore the therapeutic benefit of the APC(36–39) in a

murine model of ischemic stroke.

Methods: Human wild type (wt) and variant protein C, and their mur-

ine counterparts, were expressed, purified, activated and quantified.

The relative anticoagulant functions of these variants were assessed

using thrombin generation assays (TGA). The rate of inactivation of

human variants by PCI was assayed using the chromogenic substrate

S2366. Using a murine middle cerebral artery occlusion (MCAo)

model, we measured neurological scores, cerebral infarction, oedema

and cerebral haemoglobin 24 h post-MCAo and the influence of

administration of t-PA with and without co-administration of either

murine wtAPC or APC(36–39).
Results: Human and murine wt protein C, protein C(36–39) were

expressed and secreted normally. The protein C(Ca-ins) variants were

secreted partly as disulphide-linked dimers. The protein C(5A) vari-

ants were secreted with lower efficiency. TGA suggested reductions in

anticoagulant function of ~50-fold for APC(36–39), ~25-fold for APC

(Ca-ins) and ~17-fold for APC(5A). In PCI inactivation assays,

wtAPC, APC(36–39) and APC(Ca-ins) were all inhibited similarly (t½
– 33 to 39 mins). APC(5A) was inactivated ~9-fold faster (t½ – 4 mins).

Using the murine MCAo ischaemia/reperfusion injury model, APC

(36–39) in combination with tPA improved neurological scores, cere-

bral infarct area and oedema ratio as well as, or better than, wt APC.

APC(36–39) alone also significantly reduced cerebral haemoglobin (a

measurement of bleeding) induced by administration of tPA, whereas

wt APC was unable to significantly improve cerebral bleeding.

Summary/Conclusions: APC(36–39) is a non-anticoagulant form of

APC that is expressed and activated normally and inactivated by PCI

with similar kinetics to wtAPC. APC(36–39) in conjunction with tPA

can ameliorate ischaemia/reperfusion injury in mouse brains and

reduce the deleterious effects of tPA. These attributes suggest that

APC(36–39) is a potential therapeutic agent with possible advantages

over other non-anticoagulant APC variants.

AS 41.4
Identification of a novel pathway for encryption of the
endothelial protein C receptor (EPCR) by TNFa that
results in loss of activated protein C (APC) binding and
induction of cellular APC resistance
Bouwens EAM and Mosnier LO

The Scripps Research Institute, La Jolla, CA, USA

Activated protein C (APC) provides antithrombotic and cytoprotec-

tive beneficial effects that require the endothelial protein C receptor

(EPCR). EPCR is a CD1-like endothelial receptor with a phospholipid

embedded in its hydrophobic groove that is required for (A)PC bind-

ing. According to the current paradigm, cytokine-induced EPCR shed-

ding is responsible for EPCR inactivation on cells. However, upon

incubation of EA.hy926 endothelial cells or blood outgrowth endothe-

lial cells (BOECs) with TNFa, a disproportional loss of APC binding

compared to EPCR surface expression was observed, inconsistent with

EPCR shedding. Using a novel on-cell Western approach, we found

that TNFa decreased EPCR-dependent APC binding on EA.hy926

cells to 25% of normal, whereas surface EPCR remained unchanged.

In contrast, induction of EPCR shedding with PMA decreased APC

binding and released abundant soluble (s)EPCR, which was not

observed with TNFa. Accordingly, inhibition of EPCR shedding pre-

vented PMA but not TNFa-induced loss of APC binding to cells.

Thus, shedding was not responsible for loss of EPCR-dependent APC

binding induced by TNFa on endothelial cells. Another proposed

mechanism for EPCR inactivation involved cleavage of the fatty-acid

chain at the sn-2 position of the lipid embedded in the hydrophobic

groove of EPCR by phospholipase A2 (PLA2). However, inhibitors of

PLA2 did not restore loss of APC binding to cells induced by TNFa.
In contrast, inhibitors of PLA2 did block the loss of EPCR-dependent

APC binding to endothelial cells induced by serum derived from

TNFa-incubated whole blood. Thus, lipid editing by PLA2 is impor-

tant for EPCR inactivation on cells but was not involved in TNFa-
induced loss of APC binding to endothelial cells. No N- or C-terminal

proteolysis of EPCR in cells treated with TNFa was observed. How-

ever, APC binding to purified EPCR derived from TNFa-treated
EA.hy926 cells was defective, whereas EPCR purified from non-trea-

ted cells showed normal APC binding. Next, two distinct nodes

involved in TNFa signaling, NFjB and p38 MAPK were targeted.

Interestingly, inhibition of NFjB completely normalized APC binding

to TNFa-treated cells while inhibition of p38 had no effect. Insights

gleaned from lipid editing in CD1 molecules suggest the involvement

of clathrin-mediated mechanisms. An inhibitor of clathrin-mediated

transport prevented TNFa-induced EPCR encryption but not NFjB-
dependent ICAM1 expression induced by TNFa, indicating that the

inhibitor did not interfere with general NFjB-dependent TNFa signal-

ing. In contrast, an inhibitor of dynamin-mediated transport prevented

both TNFa-induced EPCR encryption and ICAM1 expression.

Remarkably, neither inhibitors inhibited TNFa-induced EPCR inter-

nalization, suggesting that the clathrin inhibitor may have affected

endocytic sorting pathways rather than internalization of EPCR.

In summary, our results conceptualize a novel EPCR encryption

mechanism that is responsible for TNFa-induced loss of EPCR-depen-

dent binding of APC to endothelial cells. The EPCR encryption mech-

anism seemed partially homologous to lipid editing in CD1 molecules,

and involved NFjB and clathrin-mediated effects. Insight into the

molecular mechanisms for EPCR encryption may help to protect

EPCR function on cells, improve efficacy of EPCR-dependent cyto-

protective effects on cells and prevent inflammation-induced cellular

APC resistance.
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AS 42 – Diagnosis of Deep Vein
Thrombosis and Pulmonary
Embolism

AS 42.1
Age-adjusted D-Dimer for venous thromboembolism
exclusion in the elderly: a systematic review and meta-
analysis
Le Gal G1, Carrier M1, Keeling D2, Penaloza A3, Douma RA4

and Righini M5

1Ottawa Health Research Institute, Ottawa, ON, Canada;
2Oxford Haemophilia and Thrombosis Centre, Churchill Hospital,

Oxford, UK; 3Cliniques Universitaires Saint Luc, Universit�e

Catholique de Louvain, Brussels, Belgium; 4Amsterdam Medical

Center, Amsterdam, the Netherlands; 5Geneva University

Hospital, Geneva, Switzerland

Background: In combination with clinical probability assessment, a

negative D-Dimer test allows to safely rule out the diagnosis of venous

thromboembolism (VTE) in approximately one-third of patients, with-

out any imaging test. D-Dimer levels increase with age. As a result, the

proportion of patients in whom VTE could be ruled out on the basis

of negative D-Dimer decreases with age. After 80 years of age, only

5% of patients will benefit from D-Dimer test. Recently, an age-

adjusted cut-off was derived (age-adjusted cut-off = patient’s age 9 10,

in lg/L), that might rule out VTE in a higher proportion than the con-

ventional 500 lg/L cut-off without compromising diagnostic exclusion

safety. Several retrospective external validation studies were published,

but the limited number of patients included in these studies didn’t

allow to draw firm conclusions.

Aims: To assess the usefulness and safety of the age-adjusted cut-off

for VTE exclusion in elderly patients.

Methods: A systematic literature search was conducted to identify

potential studies on Medline and Embase, as well as on proceedings of

recent American Society of Hematology and International Society of

Thrombosis and Hemostasis meetings. From each retrieved study, we

extracted the total number of patients, the number of patients with a

low/intermediate or unlikely clinical probability of DVT or PE, the

number of patients with negative D-Dimer test using the conventional

and the age-adjusted cut-off, respectively, and the number of false-neg-

ative tests. We computed the pool proportions and 95% confidence

intervals using inverse variance-weighted proportions, with a focus on

the proportion of false-negative patients in those with a D-Dimer level

above the conventional but below the age-adjusted cut-off. Subgroup

analyses were performed on patients aged > 80 years.

Results: We identified 12 studies, gathering 22 537 patients with sus-

pected VTE. Overall, 40% (95% CI 34–46%) of low/intermediate or

unlikely probability of VTE had a negative D-Dimer at the conven-

tional cut-off, with a false-negative rate of 0.5% (0.2–0.9%). Using the

age-adjusted cut-off, 45% (39–51%) would have had a negative

D-Dimer, with a false-negative rate of 0.7% (0.4–1.19%). Among the

1399 patients aged > 80 years, only 13% (9–18%) had a negative

D-Dimer at the conventional cut-off, but this proportion increased to

33% (26–40%) when using the age-adjusted cut-off. The false-negative

rates for the conventional and the age-adjusted cut-off were 0.3% (0.1–
0.6%) and 2.3% (1.1–4.1%), respectively. The false-negative rate among

the 240 patients aged > 80 years with a D-Dimer level > 500 lg/L but

below their age-adjusted cut-off was 3.3% (95% CI 1.5–5.9%).

Summary/Conclusions: Age-adjusted cut-off allows to significantly

increase the proportion of elderly patients in whom VTE could be

excluded on the basis of D-Dimer test in combination with clinical

probability assessment. However, the false-negative rate appears to be

higher and might raise concerns about the safety of this strategy in

elderly patients. The results of an ongoing prospective management

outcome study are needed to formally assess the safety of the age-

adjusted D-Dimer cut-off.

AS 42.2
Safety and feasibility of a diagnostic algorithm
combining clinical probability, D-dimer and
ultrasonography in suspected upper extremity deep
vein thrombosis: a prospective management study
Kleinjan A1, Di Nisio M2, Beyer-Westendorf J3, Cosmi B4,

Camporese G5, Ghirarduzzi A6, Kamphuisen PW7, Otten HM8,

Porreca E2 and B€uller HR1

1Academic Medical Center, Amsterdam, the Netherlands;
2G.D’Annunzio University, Chieti, Italy; 3University Hospital

Dresden, Dresden, Germany; 4University Hospital Bologna,

Bologna; 5University Hospital of Padova, Padova; 6Hospital Santa

Maria Nuova, Reggio Emilia, Italy; 7University Medical Center

Groningen, Groningen; 8Slotervaart Hospital, Amsterdam, the

Netherlands

Background: Traditionally, the focus of the diagnosis of venous throm-

boembolism (VTE) is on deep vein thrombosis (DVT) of the leg and

pulmonary embolism. Until recently, upper extremity DVT (UEDVT)

was regarded as an uncommon presentation of VTE; however, the

more widespread use of central venous catheters has caused a signifi-

cant increase in its incidence. Therefore, effective and safe diagnostic

strategies are needed.

Aims: This diagnostic management study assessed the safety and feasi-

bility of a new diagnostic algorithm in patients with clinically sus-

pected UEDVT.

Methods: In- and outpatients with suspected UEDVT were recruited

from January 2010 until July 2012 in 16 hospitals in Europe and the

United States, after approval of the protocol by the institutional

review boards. Main exclusion criteria were previous UEDVT and the

use of therapeutic doses of anticoagulants. Informed consent was

obtained from all participants. The algorithm consisted of the sequen-

tial application of the Constans’ clinical decision score1 (score), D-

dimer testing and compression ultrasonography. Patients were first

categorized as UEDVT likely or unlikely by the score. In patients with

an unlikely score and a normal D-dimer, UEDVT was considered

excluded and no further testing was done. All other patients under-

went ultrasonography, which first assessed the presence of UEDVT

and then superficial vein thrombosis (SVT). The primary outcome was

the 3-month incidence of symptomatic UEDVT and pulmonary embo-

lism in patients with a diagnostic work-up excluding both UEDVT

and SVT. To confirm an acceptable failure rate of excluding UEDVT

(upper 95% confidence interval below 3%), approximately 400

patients needed to be included.

Results: The study population comprised of 406 consecutive patients

with suspected UEDVT. The algorithm was feasible and could be

completed in 96%. Of the 406 patients, 203 had an unlikely probability

score and D-dimer was measured, except in three cases. In 87 patients

(22%) an unlikely score was combined with a normal D-dimer, and

therefore UEDVT was excluded. All these patients had an uneventful

3 month follow up. The remaining 113 patients with an unlikely and

203 patients with a likely probability score underwent ultrasonogra-

phy. Ultrasonography was repeated if indicated according to protocol;

seven times (1.7%) because of an indeterminate ultrasonography result

and in 45 of the 51 patients (13%) with the combination of a likely

score, abnormal D-dimer and normal ultrasonography. To summarize,

of the 406 included patients, 103 patients had UEDVT (25%), 55 had

SVT (14%) and in 249 patients the algorithm excluded UEDVT and

SVT. Of these, one patient developed UEDVT during follow-up,

hence, an overall failure rate of 0.40% (95% CI: 0.0–2.2%).

Summary/Conclusions: A new diagnostic algorithm which combines a

clinical decision score, D-dimer and ultrasonography can safely and

effectively exclude venous thrombosis of the upper extremity. This

approach is attractive as it is simple, quick and non-invasive, and very

similar to the well established algorithm for suspected DVT of the leg

which could facilitate its implementation in clinical practice.
1Constans et al, Thromb Haemost 2008.
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AS 42.3
Combined pretest probability assessment for acute
coronary syndrome and pulmonary embolism in
emergency department patients with chest pain
and shortness of breath
Kline JA1, Shapiro N2, Jones AE3, Hernandez J4, Hogg M4

and Troyer JI5

1Indiana University, Indianapolis, IN, USA; 2Harvard School of

Medicine, Boston, MA, USA; 3University of Mississippi, Jackson,

MI, USA; 4Carolinas Medical Center; 5University of North

Carolina, Charlotte, NC, USA

Background: In the United States, large registries show that most

emergency department patients with chest pain and shortness of

breath undergo at least one diagnostic test for both acute coronary

syndrome (ACS) and pulmonary embolism (PE). Most of these

patients have neither PE nor ACS. We hypothesize that quantitative

pretest probability (PTP) can reduce unnecessary cost and radiation

exposure in emergency department (ED) patients with symptoms of

acute coronary syndrome (ACS) and pulmonary embolism (PE). In

this study, we examine the scope of the problem and potential role for

quantitative pretest probability to reduce testing and radiation expo-

sure.

Methods: Study design was a prospective, four center, non-interven-

tional study of diagnostic accuracy. Patients were adults with non-

diagnostic electrocardiograms and no obvious diagnosis. The clinician

in charge of care provided inputs into a web-based computer program

that provides quantitative pretest probability estimates for both ACS

and PE using the method of attribute matching. Patients were followed

for 90 days. The sample size was estimated with the assumption that

25% of patients would have PTP estimates for both ACS and PE

below the predefined test threshold (< 2.5% for both), and that the

outcome rate of ACS and PE would be at or near zero in this very low

risk group, and that n = 850 would narrow the top limit 95% CI for

the actual outcome rate of ACS or PE to < 2%.

Results: We enrolled 851 patients and excluded 11 because of screen

failures. 840 patients had complete data. 23/840 (3%) had ACS and 15

(2%) had PE and 60 (7%) had another significant cardiopulmonary

diagnosis within 90 days. Diagnosis was delayed in four patients with

ACS and one with PE and all five had PTPs > 2.5%. Both the ACS

and PE PTP estimates were below the predefined test threshold of

2.5% in 227 patients (27%, 95% CI 24–30%). None of these 227 very

low risk patients had ACS or PE diagnosed within 90 days (0%, 0–
1.6%) Of these with very low PTPs, 7 (3%, 1.5–6.2%) had another

serious cardiopulmonary diagnosis, including four with pneumonia,

two with pneumothorax, one with heart failure and none with aortic

dissection. Only the patient with heart failure had a delay in diagnosis.

The median chest radiation exposure per patient in the very low risk

group was 0.06 mSv (1st–3rd quartiles 0.06–1.53) including 46 (21%,

95% CI: 16–26%) receiving > 5 mSv radiation to the chest as part of

their evaluation which yielded no significant diagnosis. The median

cost of care in this very low risk group was $653/patient ($454-$1863,

$US).

Conclusion: These data show the safety and large opportunity for com-

bined quantitative PTP for ACS and PE to reduce unnecessary testing

and radiation exposure in ED patients with chest pain and shortness

of breath.

AS 42.4
Validity of the primary care rule for risk stratification in
patients with suspected DVT in auckland new zealand
Hyder SJ1, Ockelford PA2, Tagelagi M3, Jackson SR4

and Young LK2

1Primary Options for Acute Care; 2Auckland City Hospital;
3Health New Lynn; 4Counties Manukau, Auckland, New Zealand

Background: The majority of patients who present with symptoms of

deep vein thrombosis (DVT) do not have the disease. Clinical decision

rules aim to identify those who require diagnostic ultrasound while

safely excluding those who do not. The “Wells Rule”has been widely

validated in the secondary care setting however its performance in pri-

mary care appears to be less accurate. The Primary Care Rule was

reported in the Netherlands to be safe and accurate in the general

practice environment. The rule includes points based on clinical risk

factors and a whole blood (WB) point of care (POC) D-dimer which

reduces the waiting time for test results and contributes significantly to

the clinical probability score.

Aims: To validate the Primary Care Rule in Auckland, New Zealand

using the same POC D-dimer (Clearview Simplify) and reduce unneces-

sary community ultrasonography through use of a decision rule.

Methods: A prospective study of consecutive patients with suspected

DVT presenting to one of 100 primary care medical centres within the-

Auckland metro region (Pathway group). Each patient was assessed

using the primary care rule incorporating POC WB D-dimer and fol-

lowed up at 3 months. Staff received training in the POC methodol-

ogy. Subsequently a separate comparative analysis of the POC D-

dimer was undertaken in 200 consecutive patients in whom risk scores

were initially evaluated using a laboratory quantitative D-dimer (Inno-

vance) to compare the performance of the POC D-Dimer when under-

taken by laboratory staff. Where required, whole leg ultrasonography

(USS) was used to confirm or exclude DVT in both groups.

Results: Pathway group: DVT was identified in 17% (5/29) of the POC

D-dimer negative (low risk) group. Sensitivity was 0.61 (95% confi-

dence interval (CI) 0.32–0.84), specificity was 0.27 (CI: 0.18–0.37).
Negative Predictive Value (NPV) was 0.82. DVT was confirmed in

11% (8/72) of the POC D-dimer positive (high risk) group. All five of

the DVTs in the low risk group were identified early in the 3 month

follow up period due to ongoing clinical suspicion.

Comparative analysis: There were concerns over the Pathway perfor-

mance so 200 subsequent patients were evaluated for possible DVT

using the laboratory D-Dimer. Parallel POC D-dimers were negative

in 132 of these patients and in this group DVT was confirmed (positive

laboratory D-dimer and ultrasound) in 2% (3/132). For the POC D-

dimer performed in the laboratory, sensitivity was 0.8 (CI 0.51–0.94),
specificity 0.69 (CI: 0.62–0.7), NPV of 0.97. DVT was confirmed in

18% (12/68) with positive POC D-dimer.

Conclusions: The POC D-dimer performed to the manufacturers’ spec-

ifications when tested by experienced laboratory staff. Although train-

ing was given to clinical staff at each medical centre, sensitivity was

poor in their hands and the Primary Care Rule did not adequately dis-

tinguish high and low risk patients. The pathway validation was

stopped due to the high DVT incidence in patients stratified as low

risk. The primary objective of reducing the number of USS was not

met in the first 100 patients with adequate safety. The choice of clinical

decision rule in primary care requires further study.
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AS 43 – Non-Inherited Risk Factors
for Venous Thrombosis

AS 43.1
Impaired glucose metabolism, assessed by HbA1c, and
future risk of venous thromboembolism – The Tromsø
study
Lerstad G1, Brodin E1, Enga KF1, Brækkan SK1, Jorde R2,

Njølstad I3, Svartberg J2 and Hansen JB1

1Hematological Research Group; 2Endocrine Research Group;
3Department of Community Medicine, University of Tromsø,

Tromsø, Norway

Background: Experimental studies have suggested that hyperglycemia

facilitate thrombosis development, but previous cohort studies on the

impact of diabetes mellitus (DM) on risk of venous thromboembolism

(VTE) have reported diverging results. Glycated hemoglobin (HbA1c),

a marker of average plasma glucose during the last 8–12 weeks, is

associated with future risk of cardiovascular disease (CVD) and all-

cause mortality. However, no study has so far investigated the impact

of HbA1c on risk of VTE.

Aims: The purpose of the present study was to examine the association

between impaired glucose metabolism, assessed by HbA1c, and future

risk of VTE in a prospective cohort recruited from a general popula-

tion.

Methods: HbA1c was measured in 16 156 unique subjects, aged 25–
87 years, who participated in one or more surveys of the Tromsø

study, starting in 1994–95 (Tromsø 4; 1994–95, Tromsø 5; 2001–2, and
Tromsø 6; 2007–8). Incident events of VTE were recorded to the end

of follow-up, December 31, 2010. Cox‘s proportional hazard regres-

sion models were used to estimate crude and multivariable-adjusted

hazard ratios with 95% confidence intervals. The analyses were

adjusted for age, sex, body mass index, smoking, physical activity and

CVD. HbA1c was analyzed in predefined categories (< 5.7%; normal,

5.7–6.4%; impaired glucose metabolism (IGM), and ≥ 6.5%; DM)

and as a continuous variable. Moreover, to minimize regression dilu-

tion effects, Cox-regression was performed in subjects with at least

two recordings of HbA1c during follow-up, allowing for time-depen-

dency of the exposure variable and important co-variates. The study

was approved by the regional committee for research ethics, and all

participants gave their informed written consent to participate.

Results: There were 333 validated first VTE events (2.91 per 1000 per-

son years), of which 137 were unprovoked, during a mean of 7.1 years

of follow-up. HbA1c was not associated with future risk of VTE in

analysis treating HbA1c as a continuous variable, or in categorized

analyses. The risk of VTE increased by 5% per 1 SD (0.7%) increase

in HbA1c (Multivariable-adjusted HR 1.05; 95% CI 0.97–1.14), and
subjects with HbA1c ≥ 6.5% had 27% increased risk compared to

those with HbA1c below 5.7% (Multivariable-adjusted HR 1.27; 95%

CI 0.72–2.26). There was no significant trend for increased risk of

VTE across categories of HbA1c (P = 0.27). Only minor changes in

risk estimates were observed in time-dependent analyses.

Conclusion: In our study, levels of HbA1c were not associated with

future risk of VTE in multivariable analysis. Our findings suggest that

impaired glucose metabolism does not play an important role in the

pathogenesis of VTE.

AS 43.2
Insulin resistance is not independently associated with
unprovoked venous thromboembolism: results from
the EDITH case-control study
Delluc A1, Kerspern H2, Le Moigne E3, Tromeur C4, Mottier D5,

Carr�e J-L2, Le Gal G5 and Lacut K5

1EA 3878 GETBO; 2Department of Biochemistry and

Pharmacology, CHU Brest, Hôpital Cavale Blanche;
3D�epartement de M�edecine Interne et Pneumologie, CHRU Brest;
4Universit�e de Bretagne Occidentale; 5Inserm, Brest, France

Background: Shared risk factors help explain the association between

venous thromboembolism (VTE) and atherothrombosis. Insulin resis-

tance is an independent risk factor for the development of metabolic

syndrome and diabetes, and thus, leads to an increased risk of cardio-

vascular diseases. The homeostasis model assessment of insulin resis-

tance (HOMA-IR) is an accurate and precise method to measure

insulin resistance. To date, the potential association between insulin

resistance and VTE has been poorly evaluated.

Aims: To assess the association between insulin resistance and VTE in

the EDITH hospital-based case-control study.

Methods: Between May 2000 and December 2004, 677 patients with

unprovoked VTE and their age and sex-matched controls were

included. Fasting glycemia and insulinemia were measured and insulin

resistance was estimated with the HOMA-IR equation (glucose

[mM] 9 insulin [mUI/L]/22.5). Conditional logistic regression taking

into account the matching factors was carried out to estimate odds

ratios (OR) and 95% confidence intervals (CI) for VTE risk associated

with HOMA-IR index in non-diabetic patients. The association

between HOMA-IR and VTE was determined in a quintile-based

analysis.

The protocol was approved by our hospital’s Ethics Committee. After

complete description of the study to the subjects, written informed

consent was obtained from all patients.

Results: A total of 590 non-diabetic cases (median age 73.0 years, 255

men) and 581 non-diabetic controls (median age 72.0 years, 247 men)

were analyzed. There was a trend for a higher median level of HOMA-

IR index in cases than in controls (1.21 [interquartile range 0.84–2.10]
vs. 1.19 [interquartile range 0.72–2.02], P = 0.08). The unadjusted

analysis showed an increased risk of unprovoked VTE associated with

increasing HOMA-IR (OR 1.53; 95% CI 1.00–2.34 for the highest

quintile of HOMA-IR compared with the first quintile). Body mass

index and fibrates use were also associated with unprovoked VTE in

the unadjusted analysis (OR 1.07; 95% CI 1.05–1.10 per each standard

deviation increase and OR 2.08; 95% CI 1.34–3.23 respectively),

whereas aspirin use was associated with a decreased risk of VTE (OR

0.58; 95% CI 0.42–0.80), and statins use with a non-significant

decreased risk of VTE (OR 0.72; 95% 95% CI 0.47–1.08). Adjustment

for lipid lowering drugs and antiplatelets agents use (potential markers

of insulin resistance) slightly modified the association between increas-

ing HOMA-IR and VTE (OR 1.51; 95% CI 0.97–2.34 for the highest

quintile of HOMA-IR compared with the first quintile). When body

mass index was added in the adjusted model, HOMA-IR was no

longer associated with VTE (OR 1.08; 95% CI 0.67–1.73 for the high-

est quintile of HOMA-IR compared with the first quintile).

Conclusions: Our study showed that insulin resistance assessed by the

HOMA-IR index was not an independent risk factor for VTE. Our

results highlight the key role of body mass index in the association

between traditional cardiovascular risk factors and VTE. Changing

lifestyle in order to lose weight is likely to be beneficial for overweight

and obese patients after a VTE event.
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AS 43.3
Lower leg cast immobilisation and risk of venous
thrombosis: results from the MEGA study
Van Adrichem RA, Debeij J, Nelissen GHH, Schipper IB,

Rosendaal FR and Cannegieter SC

Leiden University Medical Center, Leiden, the Netherlands

Background: Guidelines and clinical practice vary considerably with

respect to antithrombotic treatment during plaster cast immobilisation

of the lower leg. Due to the heterogeneity of the evidence on the risk

of venous thrombosis (VT) in patients with lower leg cast immobilisa-

tion, the exact risk remains unclear and it is uncertain whether the ben-

efits of thromboprophylaxis outweigh the risks.

Aims: To estimate the risk of venous thrombosis after cast immobilisa-

tion of the lower leg and to identify high risk groups by taking genetic

and other acquired risk factors as well as the indication for immobili-

sation into account.

Methods: We used data from a large population based case-control

study (MEGA-study) into the aetiology of venous thrombosis (4420

cases, 6151 controls, consent and ethical approval obtained). Odds

ratios (OR) with 95% confidence intervals (CI95) were calculated as a

measure of the relative risk and adjusted for age, sex, body mass index

and regular exercise. We used varying exposure time risk windows for

reasons of statistical precision. Analyses of joint effect all have those

with none of the risk factors in the analysis as reference group. Abso-

lute risks were estimated from the ORs, assuming an incidence of VT

of 1–2 per 1000 person-years in the general population.

Results: Patients with cast immobilisation of the lower leg (134 cases,

23 controls) had an eight-fold increased risk of venous thrombosis in

the subsequent year (OR 8.3 [CI95; 5.3–12.9]). Most thromboses were

seen in the first 3 months after cast application, leading to a 56-fold

increased risk (OR 56.3 [CI95; 17.9–177]) in this period. This corre-

sponds to an incidence of VT of 1.4–2.8% over 3 months. Considering

events during 1 year after cast application showed that traumatic indi-

cations (fractures, tendon and ligament ruptures and contusions) led

to a higher risk of VT (OR 12.7 [CI95; 6.6–24.6]) than non-traumatic

indications (overuse injuries, plantar fasciitis and joint complaints):

OR 7.6 (CI95; 0.9–66.4). An even more pronounced risk was found for

the combination of genetic and other acquired risk factors. The combi-

nation of a lower leg plaster cast and oral contraception use led to an

OR of 18.2 (CI95; 6.2–53.4); with obesity (BMI > 30 kg/m2) to an OR

of 17.2 (CI95; 5.4–55.2); with carriership of the factor V Leiden muta-

tion, prothrombin G20210A mutation or a non-O blood type to an

OR of 23.0 (CI95; 11.5–46.0) (all during the 1 year following the cast

application). No information was available on thromboprophylaxis,

while a proportion of the patients most likely did receive this. How-

ever, this implies that our estimate most likely represents an underesti-

mation of the true risk.

Conclusion: Cast immobilisation of the lower leg is associated with a

high risk of venous thrombosis, particularly in the first 3 months after

application. Patients with lower leg cast immobilisation in combina-

tion with well known genetic and other acquired risk factors are high-

risk groups. Prophylactic treatment can be individualised and opti-

mised when the indication of cast immobilisation and the presence of

genetic and other acquired risk factors are taken into account.

AS 43.4
Acute infection, immobility and venous
thromboembolism: an analysis from the RIETE Registry
Frasson S1, Gussoni G2, Di Micco P3, La Regina M4, Bascu~nana J5,

Peris ML6, Villalobos A7, Merah A8, Monreal M9 and the F10

1Fondazione Fadoi, Milano; 2 Research Department, FADOI

Foundation, Milan, Italy; 3Hospital Fatebenefratelli, Naples;
4Hospital Spezzino, La Spezia, Italy; 5Hospital Infanta Leonor,

Madrid; 6Consorcio Hospitalario Provincial de Castell�on,

Castell�on de la Plana, Valencia; 7Hospital General Universitario

Carlos Haya, M�alaga, Spain; 8Hôpital Nord – CHU St-Etienne,

Saint-Etienne, France; 9Germans Trias I Pujol Hospital, Badalona;
10RIETE Investigators, Madrid, Spain

Background: The strong association between immobility and venous

thromboembolism (VTE) is well established. Acute infection and sep-

sis are frequent cause of immobility, and several risk assessment mod-

els include them among the items to be considered for VTE

prevention. However available real-world evidence for an association

among acute infection, immobility and VTE is limited, as well as

detailed information on the role of specific types of infection.

Aims: Aim of the present analysis was to evaluate clinical characteris-

tics of VTE patients with acute infection leading to immobility, in gen-

eral and according to type of infection.

Methods: The RIETE registry is an ongoing, worldwide, prospective

cohort of consecutive patients presenting with symptomatic deep vein

thrombosis (DVT) or pulmonary embolism (PE) confirmed by objec-

tive tests, and followed-up for at least 3 months. Patients’ characteris-

tics were analyzed by means of the v2 test or the Student’s t test as

appropriate. A P value < 0.05 was considered to be statistically signifi-

cant.

Results: The overall population of patients included in the RIETE reg-

istry at January 2013 (n = 44 898) was considered for this analysis.

Acute infection leading to immobility was reported in 889 patients

(2%), being isolated DVT diagnosed in 47.8% and PE in 52.2% of

patients. At 3-month follow-up, recurrent VTE occurred in 2.4% of

patients, major bleeding in 2.7% and overall mortality in 15.0% (2.0%

VTE-related). Among different types of infection, pneumonia was

present in 23.1%, other respiratory infections in 29.1%, urinary tract

infections in 10.7%, and sepsis in 5.2% of cases. Patients with respira-

tory infections/pneumonia had more frequently PE as initial presenta-

tion of VTE if compared with other types of infection (61.6% vs.

41.9%, P < 0.001). By comparing patients with pneumonia and those

with other respiratory infections, the latter had more frequent concom-

itant chronic lung disease (36% vs. 28%, P < 0.05), while no signifi-

cant differences were noted neither for other risk factors (heart failure,

cancer, previous VTE), nor for duration of immobility. Significantly

more patients with pneumonia had received thromboprophylaxis prior

to VTE (51.7%, vs. 30.5% in patients with other respiratory infec-

tions, P < 0.001).

Summary/Conclusions: Acute infection, the associated inflammation

and their clinical consequences may increase the risk of VTE due to

one or more of the precipitants proposed by Virchow, and namely

venous stasis. Data from the very large RIETE registry allowed us to

better characterize real-world patients with acute infection leading to

immobility, and developing VTE. Respiratory infections accounted

for the majority of cases, and they more frequently had PE at presenta-

tion. One potential strength of our study is that, being VTE events

objectively confirmed, we avoided possible diagnostic misclassification

of PE in case of respiratory infection. Of interest, patients with pneu-

monia had a high percentage of ineffective prophylaxis; future clinical

trials might evaluate the opportunity of a more systematic and aggres-

sive approach in these patients.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1–84

68 ABSTRACTS



AS 44 – Inflammation and
Coagulation Axis

AS 44.1
Akt2 plays a critical role in regulating alphaMbeta2
integrin function and heterotypic platelet-neutrophil
interactions during vascular inflammation.
Cho J, Li J, Kim K, Hahm E, Du X and Hay N

University of Illinois College of Medicine, Chicago, IL, USA

Background: Heterotypic interaction of activated platelets and neu-

trophils on the activated endothelium plays an important role in medi-

ating pathological thrombosis and inflammation. Heterotypic cell-cell

aggregation results from the interaction of specific receptors-counter

receptors which are well identified. However, the regulatory mecha-

nisms of receptor interactions between platelets and neutrophils in

thrombo-inflammatory disease remain unknown.

Aims: To investigate the role of Akt in regulating heterotypic neutro-

phil-platelet aggregation in vascular inflammation.

Methods and results: Using real-time intravital microscopy of Akt

knockout (KO) mice, we have demonstrated that Akt2, but not Akt1

and Akt3, plays a critical role in neutrophil adhesion to the activated

endothelium during TNF-alpha-induced vascular inflammation. Fur-

ther, heterotypic platelet-neutrophil interaction on the activated endo-

thelium was markedly inhibited in Akt2 KO mice. Studies with

chimeric mice generated from bone marrow transplants on wild-type

(WT) and Akt2 KO mice revealed that hematopoietic cell but not

endothelial cell Akt2 regulates neutrophil adhesion and platelet-neu-

trophil interaction during vascular inflammation. Using in vitro recon-

stituted systems in which platelets and/or neutrophils were treated

with an Akt2 specific inhibitor or both cells were isolated from WT

and Akt KO mice, we observed that both platelet and neutrophil Akt2

play a central role in platelet-neutrophil aggregation under shear con-

ditions. Akt1, Akt2, or Akt3 KO platelets showed a partial defect of

P-selectin exposure by 30–40% of WT platelets during thrombin acti-

vation, whereas surface expression of P-selectin glycoprotein ligand-1

– a counter receptor for P-selectin – was similar on WT and Akt KO

neutrophils. Notably, surface expression of alphaMbeta2 integrin is

enhanced on WT and Akt1 KO but not Akt2 KO neutrophils upon

fMLF stimulation. Consistently, human neutrophils pre-treated with

an Akt2 specific inhibitor significantly reduced cell adhesion to sur-

faces coated with fibrinogen or intercellular adhesion molecule-1

(ICAM-1) and diminished activation of alphaMbeta2 integrin – a key

receptor for stable interaction of neutrophils with platelets and endo-

thelial cells. Further, neutrophils lacking Akt2 exhibited decreased

adhesion to ICAM-1, and the adhesion was further inhibited by a

combination with a blocking anti-beta2 but not anti-alphaM antibody,

suggesting that Akt2 regulates alphaMbeta2 integrin-mediated neutro-

phil adhesion. We observed that compared to WT neutrophils, Akt2

KO neutrophils show decreased complex formation of SNARE pro-

teins which are important for exocytosis-mediated alphaMbeta2 trans-

location during neutrophil activation.

Conclusion: These results indicate that neutrophil Akt2 is a key regula-

tor for the membrane translocation, activation, and adhesiveness of

alphaMbeta2 integrin, thereby orchestrating heterotypic platelet-neu-

trophil interaction in thrombo-inflammatory disease.

AS 44.2
Shedding of protease activated receptor 1 (PAR1) by
Streptococcus pyogenes pyrogenic exotoxin B (SpeB) –
a novel mechanism to evade host immune system
Schuepbach RA, Ender M, Andreoni F, Tarnutzer A

and Zinkernagel AS

University Hospital Zurich, Zurich, Switzerland

Background: Protease activated receptor (PAR)-1 allows cells to sense

proteolytic activity and mediates pleiotropic actions affecting coagula-

tion/hemostasis endothelial barrier function and inflammation. Few

bacterial proteases have been shown to blunt PAR1 signaling through

N-terminal shedding. Streptococcus pyogenes, a major human patho-

gen leading to superficial and life threatening infections such as necro-

tizing fasciitis and streptococcal toxic shock toxin syndrome, expresses

a multitude of virulence factors including efficient proteases. We

hypothesized that streptococcal proteases cleave PAR1 and contribute

to streptococcal virulence.

Aims: We analyzed whether streptococcal proteases cleave PAR, what

the neo N-termini generated are and whether cleavage of PAR1 by

streptococcal protease causes biological effects.

Methods: S. pyogenes M1T1was grown overnight in mammalian tissue

culture medium and diluted supernatant were incubated with endothe-

lial cells natively expressing PAR1. Streptococcal proteases were iden-

tified by zymography, protease deficient mutant strains and

recombinant streptococcal proteases served as controls. Removal of N-

terminal PAR1 antigen on natively expressing EA.hy926 endothelial

cells was quantified using anti-PAR1 recognizing epitopes around

R41, R 46 and D53 by cell surface ELISA. Alkaline phosphatase

tagged PAR1 cleavage reporter constructs carrying mutants and dele-

tions were transiently overexpressed in 293T embryonic kidney cells to

localize cleavage sites. Complementary, soluble peptides correspond-

ing to PAR1’s N-terminus were incubated with streptococcal proteases

and cleavage products were identified by N-terminal sequencing. To

test how streptococcal proteases affect endothelial cells, direct induc-

tion of ERK1/2 phosphorylation and desentization of thrombin medi-

ated ERK1/2 induction was analyzed. As biological read out we tested

whether streptococcal proteases modify platelet aggregation.

Results: In natively endothelial expressed PAR1 proteases of strepto-

coccal supernatants removed N-terminal R41 and R46 but not D53

epitopes. Consistent with cleavage between R46 and D53 in overex-

pressed PAR1 reporter constructs carrying either alanine substitutes

or deletions, the cleavage site could be mapped at or close to L44. N-

terminal sequencing of a peptide corresponding to PAR1’s N-terminus

revealed a L44 cleavage product upon incubation with streptococcal

supernatants. Reporter constructs of PAR2, 3 and 4 were not cleaved

by streptococcal supernatants. Zymography and cysteine protease

inhibitor E64 identify streptococcal pyrogenic exotoxin B (SpeB), a

cysteine protease expressed in stationary growth phase, as candidate

protease. This was further supported by low nanomolar concentra-

tions of recombinant SpeB efficiently cleaving PAR1 at L44 and fail-

ure of SpeB deficient streptococcus in cleaving PAR1. SpeB via

cleavage of PAR1 prevented thrombin mediated ERK 1/2 phosphory-

lation in endothelial cells and blunted platelet aggregation.

Conclusion: We provide novel evidence that PAR1 is a target of strep-

tococcal SpeB, a major streptotoccal virulence factor. Cleavage at the

novel L44 abolishes responsiveness of endothelial cells as well as

aggregation of platelets which are important for bacterial entrapping

and pathogen clearance.
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AS 44.3
CXCL7 (platelet basic protein) and CXCL4 (platelet
factor 4) contribute to the pathogenesis of acute lung
injury
Kowalska MA1, Bdeir K2, Mei J1, Stasiak M3, Zhao G1, Kenawy

D2, Cierniewski CS4, Cines DB2, Poncz M1 and Kowalska MA1

1The Children’s Hospital of Philadelphia; 2University of

Pennsylvania, Philadelphia, PA, USA; 3Medical University of

Lodz; 4Department of Medical Biology, Polish Academy of

Sciences, Lodz, Poland

Background: Acute lung injury (ALI) is characterized by abnormally

enhanced coagulation, microvascular barrier dysfunction and tissue

necrosis. Platelets are known as primary effector cells of hemostasis

and thrombosis, but a growing body of evidence also supports an

important role for platelets in inflammatory response, including leuko-

cyte recruitment. Activated platelets release chemokines and other

proteins stored in their alpha-granules, including its two most abun-

dant proteins, CXCL4 and CXCL7. CXCL4 role in thrombosis, ath-

erosclerosis and megakaryopoiesis, and in the pathogenesis of heparin-

induced thrombocytopenia has been well established in part due to

studies using mouse (m) CXCL4 knockout (mCXCL4-KO) and mice

overexpressing human (h) CXCL4 specifically in platelets

(hCXCL4+). CXCL7 belongs to the same family of chemokines as

CXCL4, but has an N-terminal Glu-Leu-Arg (ELR) motif after N-ter-

minal truncation to the 70 amino acid neutrophil activating peptide-2

(CXCL7-NAP-2). This ELR motif is key for CXCL7-NAP-2’s binding

to the chemokine receptor CXCR2, which mediates leukocyte (PMN)

migration.

Aim: Since migration of PMNs into the lungs is a crucial element in

lung injury, the aim of this study was to establish the role of platelet-

released CXCL7 in acid-induced mouse model of ALI. We first deter-

mined if mouse (m) PBP can be processed to yield biologically active

degradation product that bind CXCR2 and induces PMN chemotaxis

and then studied over and under CXCL7-expressing mice in a model

of lung injury. Similar studies were done for CXCL4.

Methods: Purified recombinant (r) mPBP and mNAP-2 was cleaved by

cathepsin G and products were evaluated by mass spectrometry and

Western blot. Created by us, CXCL7 knockout (mCXCL7-KO) and

overexpressing human (h) CXCL7 specifically in platelets (hCXCL7+)

mice were used in a mouse model of severe lung injury and evaluated

by ALI score, presence of neutrophils and protein in bronchoalveolar

lavage fluid (BALF), and vascular permeability measured by extrava-

sation of FITC-dextran from systemic circulation into the lung.

Results: We examined full-length recombinant mPBP and native

mPBP released from mouse platelets and found that both are N-termi-

nally processed by cathepsin G to yield a biologically active mNAP-2

version that like its human counterpart, increased PMN chemotaxis.

We found that mCXCL7-KO mice are protected from severe lung

injury. In contrast, hCXCL7+/mCXCL7-KO mice develop lung injury

comparable to WT animals. We have also found that hCXCL4+ mice

had more severe injury as compared to mCXCL4-deficient mice.

Summary/Conclusions: Both platelet-released CXCL7 and CXCL4

contribute to ALI severity. As CXCL4 is not a ligand for CXCR2, the

mechanism of CXCL4 effect may be different, possibly involving lipo-

protein receptor-related protein-1, which has been implicated to help

maintain the integrity of the capillary-alveolar barrier. These studies

show a clear mechanism by which platelets may influence the degree of

ALI and provide important new insights into the pathogenesis of ALI.

They may also lead to novel therapeutic strategies to modify the sever-

ity of this challenging disorder.

AS 44.4
The P2X1 receptor plays a key role in LPS-induced
lethal endotoxemia
Hechler B1, Maitre B1, Magnenat S1, Heim V1, Ravanat C1,

Evans RJ2 and Gachet C1

1UMR_S949, Inserm, Universit�e de Strasbourg, EFS-Alsace,

Strasbourg, France; 2University of Leicester, Leicester, UK

Background: The P2X1 receptor, an ATP-gated cation channel, is

expressed in platelets and in cells of the immune system (neutrophils,

macrophages) which all contribute to acute systemic inflammation.

The P2X1 receptor has been reported to play a role in neutrophils

migration.

Aims: Our aim was to evaluate the role of the P2X1 receptor in LPS-

induced lethal endotoxemia.

Methods: Wild-type (WT) mice and mice deficient for the P2X1 recep-

tor (P2X1
�/� mice) were studied in an experimental model of lethal en-

dotoxemia, induced by intraperitoneal injection of lipopolysaccharide

(LPS, 10 mg/kg). Mortality was recorded over 5 days. Blood samples

were collected to measure cytokines production and lung histology

was examined. The migration capacity of neutrophils was evaluated in

the dorsal air pouch mouse model of inflammation.

Results: Within 5 days after LPS injection, 70% of WT mice died

whereas only 15% of P2X1
�/� mice died (***P = 0.0003, n = 20). His-

topathologic alterations associated with endotoxemia, such as lung

injury with alveolar wall thickening and airspace collapse, were much

less pronounced in P2X1
�/� mice as compared to WT mice. Neutro-

phil accumulation into the lung, assessed by immunostaining of lung

sections with an anti-neutrophil antibody, was reduced in P2X1
�/�

mice (429 9 103 � 41 9 103 pixels) as compared to WT mice

(660 9 103 � 57 9 103 pixels, **P = 0.0017), indicating reduced

inflammation. Inflammatory cytokines (TNFa, IL6) and chemokines

(MIP1a, MIP1b, RANTES) reached significantly lower levels in the

plasma of LPS-challenged P2X1
�/� mice as compared to the WT. In

addition, the neutrophil recruitment was significantly reduced in the

dorsal skin air pouch of LPS injected P2X1
�/� mice as compared to

the WT, confirming in vivo the role of the P2X1 receptor in neutrophil

migration. As endotoxemia is accompanied by intravascular coagula-

tion, thrombin-antithrombin (TAT) complexes were measured and

found to reach lower levels in LPS-challenged P2X1
�/� mice

(29.4 � 3.2 ng/mL) as compared to WT mice (57.9 � 5.2 ng/mL,

n = 5, **P = 0.0016). Accordingly, platelet sequestration in the lung

microvasculature, as evaluated by immunostaining of lung sections

with an anti-platelet antibody, was reduced in P2X1
�/� mice

(125 9 103 � 25 9 103 pixels) as compared to WT mice

(292 9 103 � 33 9 103 pixels, ***P = 0.0002).

Conclusion: Our data indicate an important role for the P2X1 receptor

in LPS-induced lethal endotoxemia through a major contribution of

migrating neutrophils. The respective contributions of the other blood

cells or tissues which express the P2X1 receptor remain to be delin-

eated. In any case, selective antagonists of the P2X1 receptor might be

promising pharmacological means to limit the damages caused by

acute systemic endotoxemia.

AS 45 – Innovative Treatments of
Haemophilia A and B

AS 45
Alternative strategies for haemophilia treatment
Mast A

Blood Center of Wisconsin, Milwaukee, WI, USA

Current therapy for hemophilia A and B is replacement of the missing

coagulation factor VIII (fVIII) or IX (fIX). This requires i.v. infusions

several times per week to prevent spontaneous bleeding in patients

with severe disease and carries risk for development of inhibitory anti-
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bodies that block activity of the transfused clotting factor. Alternative

non-i.v. therapies administered less frequently would be of great bene-

fit for patients, many of whom are very young. One strategy that has

shown promise in several animal models is to block the function of

Tissue Factor Pathway Inhibitor (TFPI), an anticoagulant protein

present within plasma and platelets and on the endothelium surface.

TFPI exerts anticoagulant activity by inhibiting tissue factor/fVIIa

(TF-fVIIa) and fXa. Under physiological conditions TFPI “for-

ces”TF-initiated coagulation to proceed through activation of fIX.

Therapeutically blocking TFPI inhibitory activity, or “inhibiting the

inhibitor”, allows for TF-initiated coagulation to proceed directly

through activation of fX, bypassing the need for fVIII or fIX. TFPI is

a multivalent Kunitz-type serine protease inhibitor with two primary

alternatively spliced isoforms, TFPIa and TFPIb. These isoforms both

inhibit TF-fVIIa and fXa but differ in their C-terminal domains, where

TFPIa has a third Kunitz domain and basic C-terminal region; and

TFPIb has a stretch of amino acids encoding a GPI-anchor attach-

ment site. Thus, TFPIa is a soluble protein and TFPIb is bound to the

cell surface. Several recent advances defining the cellular expression

and potentially unique functional activities of TFPIa and TFPIb are

important for understanding how pharmaceuticals targeted to differ-

ent regions of TFPI may alter hemostasis in hemophilia patients. A

key finding is that TFPIa and TFPIb are distinctly expressed within

the vasculature. TFPIa is the only isoform within platelets. TFPIa and

TFPIb are made by endothelial cells, but have distinct cellular expres-

sion with TFPIb on the cell surface and TFPIa within an intracellular

granule. Their distinct expression patterns suggest that TFPIa and

TFPIb have unique anticoagulant functions, which we have sought to

define using cellular and murine model systems. Our current working

hypotheses are that TFPIb serves primarily to dampen the procoagu-

lant potential of intravascular TF expressed in inflammatory condi-

tions, while TFPIa released from platelets at the site of vascular injury

actively regulates clot development and hemostasis. In this regard,

mice lacking hematopoietic TFPI, which is primarily within platelets,

have increased intravascular thrombus volume following large vessel

injury. Interestingly, this is due to increased platelet accumulation

within the clot rather than increased fibrin formation. Studies of fVIII

deficient mice demonstrated that infusion of anti-TFPI antibody con-

tinued to decrease tail vein bleeding at concentrations beyond that nec-

essary to totally inhibit plasma TFPI suggesting that platelet TFPIa
released at the injury site promoted bleeding in this model. Consistent

with notion, tail vein bleeding fVIII deficient mice lacking hematopoi-

etic TFPI was significantly decreased compared to mice with hemato-

poietic TFPI, implicating platelet TFPIa as a primary physiological

regulator of bleeding in hemophilia, which could be specifically tar-

geted to restore hemostasis in hemophilia patients.

AS 45.1
A new class of coagulation factor VIII molecules that
achieved four-fold longer half-life than recombinant
FVIII in hemophilia A mice
Liu T1, Seth Chhabra E1, Kulman J1, Zhu L1, Patarroyo-White S1,

Drager D1, Pape B1, Moore N1, Goodman A1, Pierce GF1,

Schellenberger V2, Mei B1, Peters RT1 and Jiang H1

1Biogen Idec Hemophilia, Waltham, MA; 2Amunix, Mountain

View, CA, USA

Background: The circulating half-life of coagulation factor VIII

(FVIII) determines the frequency of injections required to maintain

protective plasma levels of FVIII activity. Numerous approaches to

extending half-life have been investigated, and molecules in late-stage

development have achieved an approximately 1.6-fold half-life

increase relative to currently marketed rFVIII. In order to achieve fur-

ther improvement, the association between FVIII and von Willebrand

factor (VWF) must be addressed. VWF couples the clearance rate of

FVIII to its own due to the formation of a high affinity non-covalent

complex between the two molecules in circulation. Engineering of

FVIII molecules, disassociated with endogenous VWF, but containing

elements sufficient to confer greater protection than that provided by

VWF constitutes a promising strategy for further extending the half-

life of FVIII molecules.

Aim: To increase the half-life of FVIII molecules by combining two

approaches: 1) Fuse FVIII with the D’D3 region of VWF to preserve

normal FVIII conformation but block its interaction with endogenous

VWF; and 2) Insert XTEN at multiple locations within FVIII

sequence to extend its circulating half-life.

Methods: The new class of FVIII molecules was designed to contain

two polypeptides; one that consists of a single chain B-domain deleted

(BDD) FVIII with XTEN inserted at one or more locations within the

FVIII sequence, and one that is composed of the D’D3 region of

VWF. Each polypeptide was also recombinantly fused to the Fc region

of IgG1 to enable the D’D3 region to be correctly aligned to bind the

FVIII moiety. The resulting FVIII variants were expressed in HEK

293 cells by transient transfection, and purified from the conditioned

media. FVIII activity was evaluated by FVIII chromogenic assay and

the pharmacokinetic properties were assessed in both FVIII knockout

(HemA) and FVIII/VWF double knock-out (DKO) mice.

Results: Incorporating XTEN and D’D3 region of VWF into rFVIII

led to the uncoupling of the clearance of the fusion proteins from

endogenous VWF while extending their circulating half-life. FVIII in

this fusion configuration is completely shielded from interacting

with VWF, as measured by biolayer interferometry (Octet) analysis.

Consistent with this, their pharmacokinetic profiles in HemA and

DKO mice were found to be identical, indicating that their clearance

rate in mice was effectively disconnected from VWF. Optimization of

XTEN length and the locations for inserting XTEN identified a subset

of the proteins that have exceeded the VWF limitation (16 h), reaching

a circulating half-life of up to 30 h in HemA mice representing a four-

fold improvement over BDD-FVIII. Importantly, these proteins main-

tained their functionality, as judged by FVIII chromogenic assay.

Conclusion: The VWF dependency has set a fundamental limitation

for half-life of therapeutic FVIII. Uncoupling FVIII from VWF clear-

ance pathways while extending half-life by the fusion of D’D3 region

of VWF and XTEN has generated a novel FVIII molecule with a four-

fold half-life extension. This is the first report of an engineered FVIII

that has exceeded the half-life limitation observed through industry-

wide efforts in development of long-lasting FVIII, representing a

potentially significant advancement in prophylactic treatment of

hemophilia A.

AS 45.2
IPSC-based strategy to correct the bleeding phenotype
in haemophilia A
Talmon M1, Ranaldo G1, Grosso C1, Cannizzo ES1, Merlin S1,

Lombardo A2, Raya A3, Naldini L2, Schinco P4 and Follenzi A1

1University of Piemonte Orientale, Novara; 2TIGET-HSR, Milan,

Italy; 3Institute for Bioengineering of Catalonia, Barcelona, Spain;
4AO citta della Salute e della Scienza, Torino, Italy

Background: Hemophilia A (HA) is a X-linked bleeding disorder

caused by mutations in the coagulation factor VIII (FVIII) gene.

Existing therapy includes recombinant or plasma-derived FVIII infu-

sion. Reprogramming of genetically corrected somatic cells can be

used to generate high amount of autologous, disease-free induced Plu-

ripotent Stem Cells (iPSCs), which can be differentiated into progeni-

tor cells relevant for gene and cell therapy applications. In hemophilic

patients, to harvest fibroblasts from skin biopsies is risky; thus, we uti-

lized patient-derived peripheral blood cells as an easy-to-access source

of cells to reprogram.

Aim: Development of a novel strategy for HA treatment, generating

human B-domain-deleted FVIII (hBDD-FVIII)-corrected patient-spe-

cific iPSCs and differentiating them into functional endothelial cells

(ECs), secreting FVIII in hemophilic mice after transplantation.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1–84

ABSTRACTS 71



Methods: Mononuclear cells (MNC) were isolated from healthy and

hemophilic donors by ficoll gradient. Cells were corrected by LV-

hBDDFVIII transduction and reprogrammed with a cre-excisable

polycistronic LV carrying OCT4, SOX2 and KLF4. MNC-derived

iPSCs were characterized by Alkaline Phosphatase (AP), immunofluo-

rescence stainings and RT-PCR of specific stem cell markers, telomers

length and demethylation of Oct4 promoter. The IPSCs in vitro differ-

entiation potential was analyzed by RT-PCR of three germ layers

markers in embryoid bodies (EBs) and by adipogenic, osteogenic and

condrogenic differentiation. IPSCs were differentiated in ECs using

EB medium containing 50 ng/mL of hVEGF. Cells were evaluated for

morphology, expression of endothelial markers and GFP-expression

when transduced with LV carrying GFP under the control of endothe-

lial-specific promoters: Flk-1 and Tie2. Two millions Flk1-GFP+ cells

were transplanted by portal vein injection in MCT-treated NOD-

SCID HA mice. Mice were killed 96 h later and cell engraftment ana-

lyzed by GFP-staining of liver sections.

Results: Reprogrammed MNC gave rise to iPSCs in about 45 days.

iPSCs displayed embryonic stem cells (ESC)-like morphology: colonies

were compact, uniform and with defined borders when grown on feed-

ers. iPSCs were positive for AP staining and expressed specific stem

cell markers at RNA and protein level, showing activation of the

endogenous reprogramming factors. Moreover, iPSCs differentiated in

osteogenic, condrogenic and adipose tissues. EB expressed markers of

the three germ layers: alpha-fetoprotein, brachiury and nestin. Never-

theless, iPSCs showed demethylation at CpG islands at the core of

Oct4 promoter, epigenetic marker of complete reprogramming to a

pluripotent state. Additionally, telomeres length of original and repro-

grammed cells did not show changes indicating telomerase reactiva-

tion. Furthermore, RT-PCR on HA-iPSCs showed the expression of

hBDD-FVIII, confirming genetic correction of HA-MNC by LV

transduction.

Importantly, iPSCs differentiated into ECs, acquiring a typical endo-

thelial-like morphology with an increased expression of ECs markers,

such as CD31, KDR, vWF and FVIII. Then, iPSC-derived ECs were

transduced with LV-expressing GFP under the control of Flk-1 and

Tie2. Flk-1-GFP+ cells were transplanted in NOD-SCID HA mice.

GFP+ cells were detected in liver sections up to 1 week post transplan-

tation.

Conclusion: Overall, these data will be instrumental to assess the

engraftment, the proliferation and the levels of FVIII expression from

differentiated, gene corrected and reprogramming factor free iPSCs to

confirm the suitability of this approach for HA gene-cell-therapy.

AS 45.3
Platelet-specific expression of FIX induced by lentiviral
gene delivery to hematopoietic stem cells restores
hemostasis and induces immune tolerance in
hemophilia B mice
Chen Y, Schroeder JA, Kuether L, Montgomery R and Shi Q

Medical College of Wisconsin, Blood Research Institute,

Children’s Research Inst, Milwaukee, WI, USA

Background: Gene therapy is an attractive approach for hemophilia

treatment, however, immune responses to the transgene product or

viral vector can occur during such approaches.

Objective: To develop a novel gene therapy approach that will not only

provide therapeutic protein FIX, but also induce FIX-specific immune

tolerance for hemophilia B.

Methods: Platelet- FIX (2bF9) expression, driven by the platelet-spe-

cific aIIb promoter, was introduced by lentivirus-mediated hematopoi-

etic stem cell (HSC) transduction followed by syngeneic

transplantation. Recipients were analyzed by PCR, flow cytometry,

and FIX assays to assess 2bF9 expression and then challenged with

recombinant human FIX (rhF9) to investigate whether immune toler-

ance was induced after platelet gene therapy.

Results: The 2bF9 transgene was detected by PCR in all transduced

recipients. Flow cytometry showed that there were 20.8 � 12.1%

(n = 7) and 14.8 � 10.7% (n = 6) 2bF9-transduced platelets respec-

tively in the recipients preconditioned with 1100 cGy or 660 cGy. The

antigen levels of FIX were 2.89 � 1.75 mU/108 platelets (n = 9) in the

recipients preconditioned with 1100 cGy and 1.87 � 1.30 mU/108

platelets (n = 7) in the 660 cGy group. There was a small amount of

FIX detected in recipient plasma with the average levels of 2.22 mU/mL

in the 1100 cGy group and 1.44 mU/mL in the 660 cGy group. To

analyze the distribution of the FIX between platelets and plasma, we

normalized FIX levels to total whole blood FIX content. The results

demonstrated that 90–95% of whole blood FIX was stored in plate-

lets. The tail clip survival test demonstrated that 15 of 16 mice that

received 2bF9-transduced HSCs survived the tail clipping, while only

two of 10 FIXnull control mice survived under the same challenge.

Nine months after transplantation, sequential transplantation was

performed on some of the primary recipients. Platelet-FIX expression

in the secondary recipients was sustained, leading to phenotypic cor-

rection and confirming that long-term engrafting HSCs were success-

fully transduced with 2bF9 LV. Notably, none of the transduced

recipients developed anti-FIX antibodies after platelet gene therapy.

To investigate whether immune tolerance was induced in 2bF9-trans-

duced recipients, we challenged the recipients with rhF9 in the pres-

ence of adjuvant. Only one of nine 2bF9-transduced recipients

developed a low titer of inhibitory antibodies (1.6 BU/mL) as

measured by a modified Bethesda assay. In contrast, all of the FIXnull

controls developed inhibitors ranging from 17 to 37 BU/mL after the

same challenge (n = 5). To ensure that the immune system was not

defective in the 2bF9-transduced recipients and that the tolerance

induction is FIX antigen-specific, we further challenged the animals

with ovalbumin (OVA) absorbed on Alum. Both the 2bF9-transduced

and FIXnull control mice developed high-titer anti-OVA antibodies.

The levels of anti-OVA antibodies in the 2bF9-transduced recipients

were not significantly different from FIXnull mice after the OVA

immunization, confirming that tolerance induction in 2bF9 LV-trans-

duced mice is FIX-specific.

Conclusion: Our data suggest that platelet gene therapy can not only

provide sustained phenotypic correction, but also induce immune tol-

erance in hemophilia B mice, indicating that this approach may be a

promising strategy for gene therapy of hemophilia B in humans.

AS 45.4
A novel mutation that alters an ubiquitination site on
adeno-associated virus serotype (AAV) – 8 capsid
improves hepatic coagulation factor IX expression
in vivo
Sen D, Vijay R, Nair S, Srivastava A and Jayandharan GR

Christian Medical College, Vellore, India

Background: Recombinant adeno-associated virus vectors based on

serotype (AAV)-8 have shown significant promise for hepatic gene

therapy of hemophilia B. However, in a recent clinical trial, patients

who received the highest dose (2 9 1012 vg/kg) of the self-complemen-

tary AAV8 vector developed transaminitis and capsid specific T cells

that was attenuated by glucocorticoid therapy. To circumvent this vec-

tor dose dependent immunotoxicity, it is important to develop better

AAV8 vectors that provide enhanced gene expression at significantly

less vector doses.

Aims: We hypothesized that AAV8 vectors during intracellular traf-

ficking, are targeted for destruction in the cytoplasm by the host-cellu-

lar kinase/ubiquitination/proteasomal degradation machinery and

modification of specific serine/threonine kinase or ubiquitination tar-

gets on AAV8 capsid may improve its transduction efficiency.

Methods/Results: To test this, point mutations at specific serine (S)/

threonine (T) �a alanine (A) or lysine (K) �aarginine (R) residues were

generated on AAV8 capsid. Using a reporter transgene construct

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1–84

72 ABSTRACTS



(p.CB-EGFP), we have identified that one of the mutant vector

(K137R), had increased liver directed gene expression (46-fold) and

higher vector DNA copy numbers (22-fold) when compared to WT-

AAV8 administered animals. The K137R-AAV8 vector also showed

significantly decreased ubiquitination of the viral capsid as measured

by immunoblotting experiments. Furthermore, the K137R vector dem-

onstrated reduced activation of markers of innate immune response

(IL-6, IL-12, TNF- a, Kupffer cells and toll like receptor-9) or

decreased (two-fold) levels of cross-neutralizing antibody formation

compared to animals that received WT-AAV8 vector. To further study

the utility of the novel AAV8-K137R mutant in therapeutic gene

transfer, we delivered human coagulation factor IX (h.FIX) under the

control of liver specific promoters (LP1 or hAAT) at two different

doses (2.5 9 10e10 and 1 9 10e11 vgs per mouse) in 8–12 weeks old

male C57BL/6 mice. Mice were bled retro-orbitally 2, 4 and 8 weeks

post vector administration and the antigenic activity (hFIX:Ag) was

measured (Asserachrom, Stago). The circulating levels of h.FIX:Ag

were higher in all the K137R-AAV8 treated groups as compared to the

WT-AAV8 treated groups either at 2 weeks (62% vs. 37% for hAAT

constructs and 47% vs. 21% for LP1 constructs) 4 weeks (78% vs.

56% for hAAT constructs and 64% vs. 30% for LP1 constructs) or

8 weeks (90% vs. 74% for hAAT constructs and 77% vs. 31% for

LP1 constructs) post hepatic gene transfer.

Conclusions: These studies demonstrate the feasibility of the use of this

novel AAV8 vector for potential gene therapy of hemophilia B.

AS 46 – Tissue Factor, Cancer and
Thrombosis

AS 46
Tissue factor in brain cancer
Rak J

Montreal Children’s Hospital, Montreal, QC, Canada

Brain tumours emerge and progress within a unique tissue microenvi-

ronment, which they modulate in ways that depend on the underlying

oncogenic defects. The highly specialized brain vasculature that

responds to, and actively participates in the malignant process in ways

that are still poorly understood. In this regard glioblastoma multi-

forme (GBM), an incurable, infiltrative, high grade astrocytic tumour

is exhibits an extensive and diagnostically important vascular involve-

ment, including hyperproliferaitve endothelial cells, presence of mye-

loid cells, intravascular microthrombosis coupled with occlusion and

hypoxia as well as high risk for peripheral venous thromboembolism

(VTE). While pathomechanisms involved in these changes remain to

be fully elucidated, recent studies revealed that GBM cells express sev-

eral coagulation proteins including ectopic factor VII, tissue factor

(TF) and several effectors of the coagulation-related signalling cir-

cuitry, notably protease activated receptors 1 and 2 (PAR-1/2). This

expression is driven, at least to some extent, by overexpression (ampli-

fication) in GBM cells of the epidermal growth factor receptor

(EGFR) and its constitutively active mutant (EGFRvIII). Oncogenic

EGFR stimulates vesiculation of GBM cells, including emission of

TF-containing extracellular vesicles (EVs, microparticles) and EVs

containing EGFRvIII (oncosomes). Mesenchymal transition of

EGFR-expressing cancer cells also leads to a shift in TF emission

resulting in shedding of procoagulant exosomes. The link between

EGFR and TF is observed not only in engineered GBM cell lines but

also in the clinical material. Thus, our analysis of coagulation-related

transcripts (coagulome) of GBM specimens reveals a close correlation

between levels of EGFR and TF in the classical subtype of GBM. In

contrast, molecular GBM subtypes not known to be driven by onco-

genic EGFR (mesenchymal, proneural, neural) exhibit lesser or no TF

upregulation. Indeed several coagulation related genes are expressed

(often ectopically) in GBM, medulloblastoma (MB) in a manner that

corresponds to molecular subtypes of these (and other) malignances.

TF plays different roles at different stages of GBM progression in that

growth of advanced experimental tumours can be partially attenuated

by suppression of TF activity in cancer cells. Notably, TF-negative

indolent human GBM cells fail to initiate tumour growth and remain

viable but dormant in mice for nearly a year. Expression of TF in these

cells leads to cessation of dormancy and the onset of tumour growth

after 4–6 week long latency, a process related to the onset of angiogen-

esis and inflammatory infiltration. Thus, TF involvement in the patho-

genesis of brain tumours is notable but also complex, and extends

beyond thrombosis. The diagnostic and therapeutic implications of

this pathway in brain tumours may depend on the type, stage of the

disease as well as the configuration of oncogenic mutations and molec-

ular subtype.

AS 46.1
Neuronal cell tissue factor contributes to microvascular
thrombosis in the brain after injury
Sparkenbaugh EM1, Russell J2, Tencati M3, Mackman N1, Granger

DN2 and Pawlinski R1

1University of North Carolina at Chapel Hill, Chapel Hill, NC;
2Louisiana State University, Shreveport, LA; 3University of Illinois

at Urbana-Champaign, Urbana-Champagne, IL, USA

Tissue factor (TF), the major cellular initiator of the coagulation cas-

cades, is highly expressed within the central nervous system (CNS).

Astrocytes are the main source of TF in the brain. Astrocyte endfeet

form the glia limitans interna which surrounds the microvasculature

within the brain. Therefore, it has been proposed that astrocyte TF

forms the hemostatic envelope within the brain vasculature. However,

this hypothesis has never been tested and the role of TF in the brain

remains largely unknown. To study the role of TF in the brain we gen-

erated mice lacking TF gene in all neuronal cells, including astrocytes,

by crossing TFflox/flox mice with mice expressing Cre recombinase

under control of a nestin promoter (TFflox/flox/nestin Cre). These mice

were viable and were born at the expected frequency from crosses

between TFflox/flox and TFflox/+/nestin Cre mice. First, we determined

the level of TF expression in the brains of TFflox/flox/nestin Cre mice

and TFflox/flox control littermates. We observed a 99.5% reduction of

TF mRNA expression in in the brain of TFflox/flox/nestin Cre (n = 4)

mice compared to TFflox/flox (n = 4) mice (P < 0.0001). Consistent with

the mRNA data, total procoagulant activity of the brain tissue extract

was reduced by 98.7% (P < 0.01). Mice lacking TF in the CNS exhib-

ited normal survival without any evidence of spontaneous bleeding.

Next, we determined the effect of TF deficiency in all neuronal cells on

microvascular thrombosis using a photoactivation model. After crani-

otomy, visualization of individual vessels and thrombosis was per-

formed using a 409 water-immersion objective attached to an

Axioskop 2 FS Plus research microscope. 5% FITC dextran (10 mg/kg)

was injected intravenously and allowed to circulate for 10 min before

photoactivation (Gavins FN et al, Blood 2011, PMID:21304105).

Thrombus formation, assessed as time for complete cessation of

microvascular blood flow after light/dye injury, was quantified using

intravital fluorescence microscopy in WT (n = 6), TFflox/flox (n = 8)

TFflox/flox/nestin Cre (n = 9) male mice within arterioles, venules and

capillaries. The average diameter of these three vessel types was the

same in all groups of mice. We hypothesized that deletion of TF from

all neuronal cell would significantly affect thrombosis within the capil-

laries, because of direct contact of astrocyte endfeet with the basal

membrane under the endothelium. Consistent with this notion, a sig-

nificant prolongation in flow-cessation time was observed in capillaries

of TFflox/flox/nestin Cre mice (11.8 � 1.6 min) compared with flow-ces-

sation time recorded for TFflox/flox (8.5 � 0.9 min, P = 0.02) and WT

mice (7.52 � 0.7, P = 0.04). Interestingly, deletion of TF from all neuro-

nal cells had no effect on the flow-cessation time in arterioles or venules.

Our results indicate that TF expression by astrocytes plays an

important role in brain hemostasis at the capillary level, and likely
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contributes to microvascular brain thrombosis upon damage to this

vascular bed. Studies investigating the other roles of neuronal TF

in the pathophysiology of the CNS are currently ongoing in our

laboratories.

AS 46.2
Transient phosphorylation of the cytoplasmic domain
of tissue factor at serine 253 promotes its interaction
with filamin-A and is prerequisite for tissue factor
release into microparticles
Collier MEW, Maraveyas A and Ettelaie C

University of Hull, Hull, UK

Background: The release of tissue factor (TF) into cell-derived micro-

particles (MPs) is positively regulated by the phosphorylation of serine

253 within the cytoplasmic domain of TF. However, the molecular

basis for this phosphorylation-dependent release of TF into MPs is

unknown. The cytoskeletal protein filamin-A has been shown to

directly bind to the cytoplasmic domain of TF. Moreover, this interac-

tion is enhanced by the phosphorylation of serine residues 253 and 258

within the cytoplasmic domain of TF.

Aims: This study examined the role of filamin-A in the release of TF

into MPs and examined the importance of the phosphorylation of ser-

ine 253 for the interaction of TF with filamin-A prior to MP release.

Methods:Human dermal blood endothelial cells (HDBEC) and human

coronary artery endothelial cells (HCAEC) were transfected with

pCMV-XL5-TF to express wild-type TF. Alternatively, cells were

transfected with mutant forms of this construct in order to express TF

with alanine or aspartate substitutions of residue 253 in order to pre-

vent phosphorylation or mimic phosphorylation of this residue,

respectively. MDA-MB-231 cells were used as a cell line that constitu-

tively expresses TF. MP release was induced by activating protease-

activated receptor 2 (PAR2) with an agonist peptide or factor Xa.

MPs were then isolated from the culture media by ultracentrifugation.

The interaction between TF and filamin-A was examined using a prox-

imity ligation assay and co-immunoprecipitation. The expression of fil-

amin-A was suppressed using filamin-A specific siRNA. The TF

antigen content of the MPs was measured using a TF-ELISA and con-

firmed by western blot analysis. TF activity of the MPs was deter-

mined using a thrombin-generation assay. Total numbers of released

MPs and size distributions were determined using nanoparticle track-

ing analysis.

Results: The interaction between TF and filamin-A was transient and

peaked in HDBEC at 45 min post-activation of PAR2, in HCAEC at

60 min post-activation, and in MDA-MB-231 cells at 10 min post-

activation. Two C-terminal fragments of filamin-A of 35 and 40 kDa

were shown to co-immunoprecipitate with TF. HDBEC transfected

with a mutant form of TF with alanine substitution of serine 253

resulted in reduced interactions between TF and filamin-A compared

to wild-type TF. Mutation of serine 253 to aspartate resulted in

increased interactions between TF and filamin-A, even in the absence

of PAR2 activation. Furthermore, the interaction between aspartate

substituted-TF with filamin-A was also transient, indicating that

decreases in interactions observed at later time-points is not the result

of serine 253 de-phosphorylation. siRNA-mediated suppression of fil-

amin-A expression resulted in reduced levels of TF in the released

MPs, but had no effect on the expression of TF. In addition, knock-

down of filamin-A expression did not significantly alter the total num-

ber or size distribution of the released MPs.

Conclusions: These data show that filamin-A interacts with TF prior to

MP release and the presence of filamin-A is required for the release of

TF into MPs. This study therefore provides an insight into the mecha-

nism by which the phosphorylation of serine 253 within the cytoplas-

mic domain of TF promotes the release of TF-positive MPs.

AS 46.3
Alternatively spliced Tissue Factor fuels breast cancer
growth by binding to a non-canonical site on beta1
integrins
Kocat€urk B1, Van den Berg YW1, Tieken C1, Kuppen PJK1,

Ruf W2, Reitsma PH1, Osanto S1, Bogdanov VY3

and Versteeg HH1

1Leiden University Medical Center, Leiden, the Netherlands; 2The

Scripps Research Institute, La Jolla, CA; 3University of Cincinnati

College of Medicine, Cincinnati, OH, USA

Full-length tissue factor (flTF), the coagulation initiator, is overexpres-

sed in breast cancer (BrCa) and induces coagulation-independent

tumor angiogenesis in murine orthotopic breast cancer models though

activation of PAR2. Nevertheless, associations between flTF expres-

sion and clinical outcome remain controversial. Interestingly, TF can

be alternatively spliced yielding the non-coagulant soluble protein

alternatively spliced tissue factor (asTF), but it is currently unknown

whether asTF is expressed in BrCa and/or impacts BrCa progression.

To study the impact of TF isoform expression on tumor progression,

breast tumor specimens from 574 patients were stained with flTF and

asTF specific antibodies and percentages of positive cells were corre-

lated with clinical parameters. Using this approach, we found for the

first time that asTF, but not flTF, strongly associates with both tumor

size and grade. To study this mechanistically, we generated MCF7-

based breast cancer cells selectively expressing flTF, asTF or no TF

protein. asTF expression, but not flTF expression, in these cells

showed strong proliferative effects, compared to control cells. These

proliferative effects were dependent on asTF binding to a non-canoni-

cal site on b1 integrins. Furthermore, asTF expression in these cells

promoted oncogenic gene expression, anchorage-independent growth

and strongly upregulated tumor expansion in a orthotopic luminal

BrCa model. Furthermore, we characterized in vivo-selected MDA-

MB-231 and found that these more aggressive MDA-MB-231-mfp

cells expressed similar amounts of flTF, but more asTF, compared to

MDA-MB-231. Increased proliferation rates of these cells compared

to MDA-MB-231 were again dependent on asTF expression and b1 in-

tegrin. In vivo, asTF-blockade using specific antibodies resulted in

diminished tumor growth and proliferation, but not diminished angio-

genesis.

We propose that asTF plays a critical role in BrCa progression acting

as an autocrine factor fueling tumor growth, while flTF impacts tumor

angiogenesis. Targeting asTF either alone, or in combination with

flTF/PAR2 blockade, may comprise a novel therapeutic strategy in

BrCa that stems tumor growth, yet does not impair normal hemostasis.

AS 46.4
Alternatively spliced tissue factor contributes to tumor
spread and activation of coagulation in pancreatic
ductal adenocarcinoma
Bogdanov VY1, Srinivasan R1, Turner K1, Unruh D1, Qi X1,

Aronow B2, Ahmad S1, Lucas FV1 and Versteeg HH3

1University of Cincinnati College of Medicine, Cincinnati;
2Cincinnati Children’s Hospital and Medical Center, Cincinnati,

OH, USA; 3Leiden University Medical Center, Leiden, the

Netherlands

Background: Alternatively spliced Tissue Factor (asTF) is a minimally

coagulant TF form that promotes neovascularization and monocyte

recruitment through integrin mediated mechanisms. While it has been

shown that asTF is expressed in some pancreatic ductal adenocarci-

noma (PDAC) cell lines and increased asTF expression potentiates

PDAC growth in a subcutaneous model, the expression of asTF in

human PDAC lesions and its potential role in the growth and/or

spread of PDAC in a physiologically relevant setting are yet to be

ascertained.
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Aims: To assess the expression of asTF protein in bona fide human

adenocarcinoma tissue; to evaluate the effect(s) of asTF overexpres-

sion in PDAC cells in an orthotopic model; to investigate the changes

in the procoagulant potential of PDAC cells overexpressing asTF.

Methods: Tumor microarrays (PDAC, breast, urothelial, ovarian, and

prostatic carcinomas) were evaluated for asTF expression and mono-

cyte infiltration (n = 9). Primary PDAC tumors and regional lymph

node metastases were then analyzed for asTF expression. PDAC cell

lines expressing various levels of asTF were implanted in the pancre-

ases of nude mice and subsequent in-vivo imaging studies were per-

formed. PDAC cells were treated with recombinant asTF and the

resultant changes in gene expression were assessed using microarrays.

TF activity was measured in PDAC cell lines Capan-1, Pt45P1, and

asTF overexpressing cells Pt45P1/asTF+ as well as the corresponding

microparticles (MP) using fXa generation-based chromogenic assay;

full-length TF (flTF) and phosphatidylserine (PS) levels were assessed

using flow cytometry.

Results: asTF was detected in lesional and stromal compartments in all

five studied types of carcinoma; PDAC tissue contained significantly

higher levels of CD68+ monocytes (P < 0.05). Analysis of 29 speci-

mens of human PDAC revealed detectable asTF in > 90% of lesions

with a range of staining intensities (low – 15%, moderate – 70%, high

– 15%). Intense staining of asTF in perineurally invasive cancer glands

and pancreatic intraductal neoplasia lesions was identified. Staining

intensity for asTF in PDAC lesions positively correlated with the

degree of monocyte infiltration. In nude mice, Pt45P1/asTF+ cells

exhibited the most aggressive growth with metastases to distal lymph

nodes, which stained positive for asTF. PDAC cells stimulated with

recombinant asTF exhibited upregulation of genes involved in EGFR

binding, epithelial branch elongation/development, and epithelial-mes-

enchymal signaling. Pt45P1/asTF+ cells and MP derived from these

cells displayed higher TF activity compared to Pt45P1 cells and

Pt45P1 derived MP (P < 0.05). While there were no significant differ-

ences between the levels of PS detectable on the surface of these two

cell lines and/or cell derived MP, and the total MP levels remained

unchanged, MP produced by Pt45P1/asTF+ cells carried more flTF

compared to MP produced by Pt45P1 cells.

Conclusions: Our findings demonstrate that asTF is expressed in bona

fide PDAC lesions and lymph node metastases, and potentiates PDAC

spread in vivo. asTF elicits global changes in gene expression likely

involved in tumor progression and metastatic dissemination, and it

also enhances the procoagulant potential of PDAC cells and cell

derived MP. Thus, asTF may comprise a novel therapeutic target to

treat PDAC.

AS 47 Late Breaking Abstracts: New
Insights

AS 47.1
Antidote for new oral anticoagulants: mechanism of
action and binding specificity of PER977
Laulicht B1, Bakhru S1, Jiang X1, Chen L1, Pan D1, Grosso M2,

Morishima Y3, Brown K2, Masumoto H2, Costin J1 and Steiner S1

1Perosphere Inc., Bedford, New York, NY; 2Daiichi Sankyo, Inc.,

Edison, NJ, USA; 3Daiichi Sankyo Co., Ltd., Tokyo, Japan

The new oral anticoagulants (NOACs) offer significant advantages

over the heparins and warfarin therapies with regards to route of

administration, drug interactions and predictability of bioactivity.

Currently NOACs lack a specific reversal agent and concern over the

need for rapid reversal for emergency procedures, serious bleeding or

potential over dosage is heightened. As such we rationally designed,

synthesized, and characterized a synthetic small molecule anticoagu-

lant antidote (PER977).

In silico modeling data predicted the locations of non-covalent hydro-

gen bonding between PER977 and NOACs and heparins. In vitro

dynamic light scattering (DLS) data reversal data correlate the in silico

predicted non-covalent binding specificity of PER977 directly to NO-

ACs and heparins (e.g. enoxaparin). Dynamic light scattering (DLS)

of mixtures of PER977 and enoxaparin evidence the formation of

molecular complexes formed at 1:1 and increasing in size at 10:1 ratios,

indicating a strong physical, non-covalent association between

PER977 and enoxaparin that accounts for the enoxaparin reversal

activity of PER977.

Pre-clinical in vivo anticoagulant (rat-tail transection bleeding) assays

demonstrate full reversal of all NOACs, with edoxaban requiring the

lowest dose for full reversal of edoxaban by PER977. Importantly,

PER977 exhibits no binding to any human plasma coagulation factors

or albumin. Thromboelastography (TEG) measurements also demon-

strate that PER977 returns edoxaban anti-coagulated rats to their

na€ıve coagulation state. TEG reaction time (TEG-R) measurements

demonstrate a statistically significant decrease (P < 0.05) back to nor-

mal TEG-R levels in edoxaban anticoagulated rats administered

PER977 within 30 min of administration, as compared to rats receiv-

ing edoxaban followed by a saline sham.

In vivo and in vitro toxicology and safety studies have been completed

and a first-in-human clinical trial to demonstrate safety and efficacy in

healthy human volunteers with PER977 and edoxaban will follow.

PER977 has also shown no pro-coagulant properties as measured in

human blood. In conclusion, PER977 directly and specifically binds

NOACs and heparins reversing their anticoagulant properties.

AS 47.2
A case of thrombotic thrombocytopenic purpura and
two novel mutations on complement system genes: a
new etiology of disease?
Peyvandi F1, Rossio R2, Lotta LA3, Pontiggia S2, Ghiringhelli Borsa

N4, Pizzuti M5, Donadelli R6 and Noris M7

1Fondazione IRCCS Maggiore Hospital Foundation; 2Fondazione

IRCCS Ca’ Granda –Ospedale Maggiore Policlinico; 3Angelo

Bianchi Bonomi Hemophilia and Thrombosis Center;
4Fondazione IRCCS Ca’ Granda - Ospedale Maggiore Policlinico,

Milano; 5Unito of Ematology, San Carlo Hospital, Potenza;
6Mario Negri Institute for Pharmacological Research, Ranica,

Bergamo; 7Clinical Research Center for Rare Diseases, Ranica,

BG, Italy

Background: The differential diagnosis between thrombocytopenic

purpura (TTP) and atypical hemolytic uremic syndrome (HUS), is

challenging due to the overlapping clinical signs and symptoms. Severe

deficiency of ADAMTS13 (A Disintegrin And Metalloprotease with

ThromboSpondin 1 repeats) is a well-recognized cause of TTP,

whereas HUS is caused either by enterohemorrhagic E. coli infection

(typical HUS) or by mutations in genes encoding complement system

proteins (atypical HUS). As the therapeutic approach to the different

forms of TMA diverges, it becomes increasingly important to establish

the underlying etiology. We report a case that redefines the boundaries

between TTP and aHUS, which may have major future consequences

for the treatment of patients with TTP.

Aims: To investigate etiology in a TTP patient without renal involve-

ment and normal ADAMTS13 activity at presentation.

Methods: ADAMTS13 antigen (by ELISA), activity (by fluorescence

resonance energy transfer), VWF:Ag, multimers and complement sys-

tem-related plasmatic parameters were measured. Mutational analysis

in six complement-regulator genes (CFH, CFI, CD46, CFB, thrombo-

modulin (THBD) and C3 were performed by PCR and Sanger

sequencing. The role of a new mutation on CFI was studied by the

concentration of complement factor I (CFI) in plasma with an ELISA.

THBD variation was investigated by stable in vitro expression studies

in HEK293 cells followed by functional characterization of TAFIa

production in the presence of thrombin in both wild type (WT) and

mutant (p.P368L) THBDs.
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Results: A 49-year-old woman with fever, abdominal pain, vomiting

and confusion, platelet counts of 46 9 109/L; and microangiopathic

hemolytic anemia (hemoglobin: 8.3 g/dL, negative Coombs test) was

diagnosed with idiopathic TTP. There was no renal impairment (creat-

inine 52.8 lM; normal values: 53–106 lM), urinary sediment was nor-

mal and 24-h proteinuria was negative. Remission was achieved after

six daily plasma exchange procedures. ADAMTS13 activity and anti-

gen were normal, but there was an increase in VWF antigen, with the

presence of ultra-large VWF multimers. The alternative complement

system pathway was activated, as documented by very low residual

activity of AP50 (5%, normal value 30–113). Sequencing revealed the

presence of two novel missense mutations in CFI (c.805G>A,

p.G269S) and in THBD (c.1103C>T, p.P368L), for both of which she

was heterozygous. Plasmatic complement factor I concentration was

normal 58 mg/L (normal value: 40–80 mg/L). The mutant THBD

(p.P368L) recombinant form was less effective than wild-type in the

generation of TAFIa (50% reduction vs WT).

Summary/conclusions: We report a classical case of TTP, without renal

impairment but with normal ADAMTS13 activity, who has two muta-

tions in complement regulation genes CFI (c.805G>A, p.G269S) and

in THBD (c.1103C>T, p.P368L). In vitro expression studies showed a

reduced generation of TAFIa caused by p.P368L mutation on THBD

leading probably to endothelial activation by increasing circulating

anaphylatoxins (C3a, C4a). This alteration associated with an

impaired complement regulation caused by p.G269S mutation on CFI

(increased C3 and C5 cleavage to C3a/C3b and C5a/C5b, thus creating

a positive feedback loop of inflammation) may be a hitherto unknown

pathophysiologic mechanism in patients affected with TTP and might

open a new therapeutic horizon in these patients.

AS 47.3
Complement is not activated in nonhuman primates
during development of hemolytic uremic syndrome
and thrombotic microangiopathy induced by E. coli
Shiga toxins
Lee BC, Mayer CL, Leibowitz CS, Stearns-Kurosawa DJ and

Kurosawa S

Department of Pathology and Laboratory Medicine, Boston

University School of Med, Boston, MA, USA

Background: Enterohemorrhagic Escherichia coli (EHEC) produce

ribosome inactivating Shiga toxins (Stx1, Stx2) responsible for endo-

thelial injury, development of hemolytic uremic syndrome (HUS) and

acute kidney injury (AKI). Some patients show evidence of comple-

ment activation during EHEC infection, raising the possibility of ther-

apeutic targeting of complement for relief. In vitro and murine

Stx2 + LPS studies indicate that Stxs induce activation of the alterna-

tive complement pathway causing glomerular injury and microvascu-

lar thrombosis. However, these models do not recapitulate Stx-

induced HUS, but the coagulopathy of disseminated intravascular

coagulation (DIC). Our non-human primate (Papio) models of endo-

toxin-free Stx challenge exhibit full spectrum HUS including thrombo-

cytopenia, hemolytic anemia, and AKI with glomerular thrombotic

microangiopathy.

Aim: We examined whether complement was activated in Stx-chal-

lenged non-human primates during the development of HUS and

AKI. In addition, we quantified D-dimer as a marker for fibrinolysis

and the damage associated molecular patterns (DAMPs) HMGB1 and

histone as markers of cell injury.

Methods: Plasma terminal complement complex (TCC), D-dimer,

plasma/urine HMGB1 and histones were measured by ELISA in timed

samples from juvenile baboons challenged i.v. with 100 ng/kg Stx1 or

50 ng/kg Stx2. Plasma from septic, bacteremic baboons with DIC after

i.v. challenge with sub-lethal 5E + 09 CFU/kg E. coli B7 O86a:K61or

lethal 3E + 09 CFU/kg attenuated Bacillus anthracis were used as

positive controls.

Results: There were no significant increases in TCC levels in animals

challenged with Stx1 (n = 6) or Stx2 (n = 5) in timed plasma samples

from T0 to euthanasia at 49.5–128 h post-challenge. TCC levels in

bacteremic animals with DIC peaked ≤ 48 h at 399.15 mAU/mL

(O86a:K61) and 2204.99 mAU/mL (B. anthracis). D dimer consis-

tently increased from 4 h, peaking at 48 h (Stx1, 736.89 � 175.44 ng/

mL) or 96 h (Stx2, 1009.75 � 192.95 ng/mL). Plasma and urine

HMGB1 was detectable by 8–24 h, rising earlier and higher after Stx1

compared with Stx2. Histones increased, but were variable between

animals.

Conclusions: Complement is not activated in this pre-clinical HUS

model, despite clear coagulopathy and cellular injury. This suggests

complement activation is not required for the development of throm-

botic microangiopathy and HUS induced by EHEC Shiga-like toxins.

This was unexpected given the close links between coagulation, com-

plement and endothelial injury. Instead, other bacterial and/or host

factors must contribute. Complement is an important defense mecha-

nism and benefits or risks of therapeutic inhibition should be studied

further for this infection.

AS 47.4
The interaction between complement factor H and von
Willebrand factor increases factor H cofactor activity
and regulates von Willebrand factor prothrombotic
status
Rayes J1, Roumenina RT1, Dimitrov JD2, Repess�e Y3, Ing M1,

Christophe OD4, Sakari Jokiranta T3, Halbwachs-Mecarelli L1,

Borel-Derlon A5, Kaveri SV6, Fr�emeaux-Bacchi V1 and Lacroix-

Desmazes S6

1Inserm 770, UMRS 872; 2Inserm U872, Paris; 3France; 4Inserm

U770, Le Kremlin Bicêtre; 5Hemophilia Center, Caen; 6Inserm

UMRS 872, Paris, France

Background: Vascular endothelial cells are an important interface

between primary hemostasis, coagulation and complement activation.

EC synthesize both the clotting-initiator von Willebrand factor (VWF)

and the complement regulator factor H (CFH). VWF is stored in EC

Weibel-Palade bodies (WPB), but the intracellular location of CFH is

not well defined.

Aim: Here, we address the question of the localization of CFH within

endothelial cells and of the interaction of CFH with VWF.

Methods: The localization of CFH and VWF within human umbilical

endothelial cells (HUVEC) was assessed by fluorescent microscopy.

The binding of CFH to VWF was analyzed by SPR, ELISA and

immunoprecipitation. The functional consequences of the interaction

were probed by a cofactor test of CFH for cleavage of C3b by factor I,

by VWF:RCo and by ADAMTS13-mediated VWF proteolysis.

Results: CFH co-localized with VWF in the WPB of HUVEC. More-

over, FH bound directly to VWF in real time and under static condi-

tions with a KD of 200 � 25 nM. CFH-VWF complexes were isolated

from normal human plasma. VWF bound to the C-terminal fragment

of CFH. Besides, CFH bound to the D’D3 fragment of VWF, an inter-

action that was inhibited by FVIII. The binding of VWF with CFH

enhanced CFH cofactor activity toward factor I as well as VWF-medi-

ated platelet aggregation, whereas it reduced the proteolysis of VWF

by its specific protease ADAMTS13.

Conclusion: The simultaneous secretion of VWF and CFH by acti-

vated EC may promote adhesion of platelets to sites of endothelial

injury to assure wound healing, simultaneously dampening the pro-

inflammatory effect of complement in order to limit bystander tissue

damage.
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AS 47.5
Thrombin binds to human ceruloplasmin and
proteolytically hinders its antioxidant activity
De Filippis V1, Acquasaliente L2, Sokolov A2, Kostevich V2,

Zakharova E2 and Vasilyev V2

1University of Padova, Padova; 2School of Medicine, University

of Padua, Padua, Italy

Background: Human ceruloplasmin (CP) is a component of alpha-2

globulin fraction of blood plasma, structurally homologous to coagu-

lation factors V and VIII. CP is a member of the multi-copper oxidase

family and plays a key role in iron metabolism. Purified CP prepara-

tions contain the intact protein form (132 kDa) and, depending on the

pathophysiological state of the donor and storage time of the sample,

variable amounts of nicked species produced by some yet unidentified

protease. In addition to its involvement in iron metabolism, intact CP

(the 132 kDa form) efficiently inhibits the peroxidase and chlorinating

activity of leukocyte myeloperoxidase (MPO), thus functioning as an

effective antioxidant in inflammatory diseases characterized by activa-

tion of leukocytes and release of MPO (sepsis and rheumatoid arthri-

tis). Strikingly, the MPO inhibitory function of CP (but not its oxidase

activity) is hindered in the nicked species (Sokolov et al., 2008), thus

suggesting that the antioxidant activity and tissue protective effects of

CP might be regulated proteolytically. Human thrombin is the final

effector protease in the coagulation cascade and plays a pivotal role at

the interface of coagulation, inflammation and cell proliferation. Inter-

estingly, the concentrations of both thrombin and CP are significantly

increased at inflammatory sites, such as the synovial fluid of patients

with rheumatoid arthritis.

Aims: (i) Verify that thrombin cleaves CP in vivo; (ii) quantify the affin-

ity of CP for thrombin; (iii) mapping the binding sites in thrombin-CP

interaction.

Methods: CP was purified from human plasma by ion exchange and

heparin affinity chromatography. Recombinant wild-type and mutant

thrombins were expressed in E. coli and in vitro refolded. CP-thrombin

interaction was studied by fluorescence and surface plasmon resonance

(SPR). Cleavage sites in CP were identified by SDS-PAGE, Western-

blotting, and Edman sequencing. Samples of synovial fluid from 24

patients were tested for CP, thrombin and MPO concentrations.

Results: SPR analyses were performed either by injecting the inactive

thrombin mutant S195A over the chip-bound CP and, oppositely, by

injecting CP over thrombin-bound sensor chip. In both cases a similar

affinity was measured, with Kd = 3.1 � 0.5 mM and

Kd = 2.0 � 0.7 mM. A comparable value was obtained from fluores-

cence binding measurements. Displacement experiments, carried out

with specific binders of thrombin exosite-1 (hirugen and HD1 apt-

amer) or exosite-2 (fibrinogen g′-peptide and HD22 aptamer) and with

thrombin mutants (Arg73Ala and Arg101Ala), having one of the two

exosites selectively compromised, indicate that both exosites are

involved in CP binding. After treating purified, intact CP with throm-

bin, the fragmentation pattern of CP in SDS-PAGE was identical to

that of the nicked CP species found in human plasma. The major frag-

mentation sites correspond to Lys887-Val888 and Arg481-Ser482 pep-

tide bonds, both located in highly flexible loops in the 3D structure of

CP. Cleavage is abolished in the presence of hirudin, a potent and

selective thrombin inhibitor. Notably, proteolytic degradation of CP

was more pronounced in samples of synovial fluids with higher titres

of thrombin and increased MPO activity.

Conclusions: Thrombin cleaves CP and hinders the inhibitory effect

that intact CP exerts on MPO function in inflammatory diseases.

AS 47.6
A novel gene identified at an erythrocyte quantitative
trait locus has a profound effect on thrombocyte
formation in zebrafish
Stephens JC1, Cvejic A1, Haer-Wigman L2, Van der Harst P3, Van

der Schoot E2, Albers CA1 and Ouwehand WH1

1University of Cambridge and NIHR Cambridge, Cambridge, UK;
2Sanquin Research, Amsterdam and Landsteiner Laboratory,

Academic Medical Centre, Amsterdam; 3University of Groningen,

University Medical Center, Groningen, The Netherlands

Background: The bone marrow residing precursor cells of platelets and

red cells share a common progenitor, named the megakaryocyte-ery-

throid progenitor. Therefore important regulatory genes that regulate

events in myeloid maturation may exert an effect on the formation of

both red cells and platelets.

Aims: As part of an immunogenomics study, we sought to resolve the

underlying genetic basis of the clinically relevant red cell blood group

Vel.

Methods: The Vel group was discovered 60 years ago but efforts to

identify the underlying sequence variant have resisted repeated

attempts. We sequenced by targeted pull-down the exome of five indi-

viduals lacking the Vel group. Variants observed in 1% or more sam-

ples were removed by using the results of the 1000 and the UK10K

Genomes projects. A single candidate gene was identified and by com-

putational biology and gene knockdown in zebrafish its function in the

formation of red cells and thrombocytes was elucidated.

Results: We identified the putative 78 amino-acid transmembrane pro-

tein Smim1 as the carrier of the high incidence Vel blood group, most

commonly through the homozygous presence of a low frequency 17

nucleotide frameshift deletion. RNA-sequencing blood cell progenitors

and precursors revealed that SMIM1 transcription is restricted to the

myeloid lineage. A common expression-quantitative trait locus (eQTL)

at rs1175550 with a minor allele frequency of 0.21, contributed to vari-

able expression of the SMIM1 transcript (P = 10�250). This SNP also

pinpointed SMIM1 as the causal gene underlying a genome-wide asso-

ciation signal at P = 8.6 9 10�15 for the mean haemoglobin concen-

tration of red blood cells. Knock down of the zebrafish ortholog

smim1 caused a mild reduction of the number of red cells and a com-

plete abrogation of thrombocytes.

Conclusions: We have discovered the previously hypothetical gene

SMIM1, encoding one of a novel class of small integral membrane

proteins on myeloid cells and carrying the Vel group. Genome-wide

typing of nearly 100,000 individuals showed that the SNP rs1175550

that regulates the SMIM1 transcript level is causally correlated with

the haemoglobin concentration of red cells. This association observa-

tion was corroborated by knock-down in zebrafish which showed that

smim1 not only regulates red cell formation but also thrombocytogen-

esis. Our discovery adds to an expanding list of novel genes that regu-

late red cells and thrombocyte formation in a model system, for

further evaluation in humans.
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FS 01 – Antithrombotics and
Pregnancy

FS 01.1
The Thrombophilia in Pregnancy Prophylaxis Study
(TIPPS): a multi-national randomized trial of dalteparin
vs. no dalteparin to prevent pregnancy complications
in pregnant thrombophilic women
Rodger M1, Hague WM2, Kingdom J3, Kahn SR4, Karovitch A5,

Wells PS5, Sermer M3, Clement AM1, Chan WS6 and The TIPPS

Investigators1

1Ottawa Health Research Institute, Ottawa, ON, Canada;
2University of Adelaide, Adelaide, Australia; 3University of

Toronto, Toronto, ON; 4McGill University, Montreal, QC;
5University of Ottawa, Ottawa, ON; 6University of British

Columbia, Vancouver, BC, Canada

Background: Placental thrombosis is a common pathophysiologic fea-

ture of placenta mediated pregnancy complications (pre-eclampsia

(PET), birth of a small for gestional age child (SGA), pregnancy loss

and/or placental abruption). Thrombophilias are common and are

purported to increase the risk of placenta mediated pregnancy compli-

cations and pregnancy-associated venous thromboembolism (VTE).

Aim:We hypothesized that dalteparin would reduce placenta mediated

pregnancy complications and venous thromboembolism (VTE) in

pregnant thrombophilic women at increased risk of these complica-

tions.

Methods: In a multi-national 19 center study, we randomized consent-

ing pregnant women with laboratory confirmed thrombophilia at

increased risk of placenta mediated pregnancy complications or VTE

to open label dalteparin (5000 units SC daily until 20 weeks gestation

and then 5000 units twice daily until at least 37 weeks gestation) or no

dalteparin in a 1:1 allocation. Women were excluded if they had an

indication for anticoagulation, were ≥ 20 weeks gestation, geographi-

cally inaccessible for follow-up or had contraindications to dalteparin.

Post-partum dalteparin 5000 units/day was administered to all partici-

pants. The primary composite outcome was independently adjudicated

placenta mediated pregnancy complications (severe or early onset pre-

eclampsia, birth of a small for gestational age child (< 10th percentile)

and/or pregnancy loss) and/or major VTE up to 6 weeks post-partum.

Results: We present preliminary data analysis on 289 of 292 recruited

women (three deliver in 03/2013). Final analysis on all participants will

be presented in July. Between 02/2000 and 09/2012, we recruited 292

thrombophilic women at increased risk of placenta mediated preg-

nancy complications (46 with prior PET, 42 with prior SGA < 10th

percentile, 43 with three or more pregnancy losses < 10 weeks, 25 with

two or more losses > 10 weeks, 58 with one or more losses > 16 weeks)

or increased risk of venous thrombosis (86 with a family history of

VTE in a first degree relative and 35 with prior VTE). Mean maternal

age was 31.8 years and mean gestational age at enrolment was

12.0 weeks. There were three post-randomization exclusions, leaving

144 assigned to dalteparin and 142 assigned to no dalteparin for this

preliminary analysis. No women were lost to follow-up or withdrew

consent but 26 women crossed over from their allocated group (12

from dalteparin to no dalteparin and 14 from no dalteparin to daltepa-

rin). In intention to treat analysis, dalteparin did not reduce the inci-

dence of the primary composite outcome (25/144, 17.4% [95%

CI:11.2–23.6%]) compared with the no dalteparin group (27/142,

19.0%, (95% CI: 12.6–25.5%). In on treatment analysis, the results

were similar (dalteparin 28/146, 19.2% (95% CI:12.8–25.6%) vs. no

dalteparin 24/140, 17.1% [95% CI:10.9–23.4%]). In secondary out-

come analysis, major bleeding was no different in the dalteparin (2/

144, 1.4% [95% CI:0–3.3%]) compared with the no dalteparin group

(2/142, 1.4% [95% CI: 0–3.4%]).

Summary/Conclusions: In a large randomized trial, ante-partum pro-

phylactic dalteparin in thrombophilic women at increased risk of pla-

centa mediated pregnancy complications and/or venous thrombosis

did not reduce the incidence of these complications.

FS 01.2
RhuFVIIa reduces the rate of interventional second line
therapies in severe primary postpartum haemorrhages
resistant to uterotonics: a multicenter, randomised,
open controlled trial
Lavigne-Lissalde G1, Aya G1, Mercier F2, Chauleur C3, Morau E3,

Ducloy-Bouthors AS4, Mignon A5, Boehlen F6 and Gris J-C1

1Caremeau University Hospital, Nimes; 2AP-HP Antoine Beclere,

Paris; 3University Hospital, St. Etienne; 4Jeanne of Flandre

University Hospital, Lille; 5Cochin University Hospital, Paris,

France; 6University Hospital and Faculty of Medicine of Geneva,

Geneva, Switzerland

Background: Postpartum haemorrhage (PPH) is the most common

cause of obstetric haemorrhage. The early introduction of uterotonic

agents is recommended as a first-line therapy, before specific interven-

tional second-line therapies (uterine compression sutures, vascular

ligations, embolisation, and hysterectomy). Recombinant human acti-

vated factor VII (RhuFVIIa, Novoseven�, Novonordisk A/S Baagsv-

aerd, Denmark) has been empirically administered as a last-ditch

attempt to prevent hysterectomy but no randomised controlled trial

(RCT) is currently available.

Aims: to conduct an open RCT testing a single rhuFVIIa infusion vs.

standard care in women with PPH still ongoing after first-line thera-

pies applied accordingly to French national guidelines, i.e. refractory

to uterotonic agents.

Methods: This trial was conducted between February 2007 and

November 2010 at eight University hospitals sites (Nimes, Montpel-

lier, Nice, Saint- Etienne, Clamart, Paris-Cochin, Lille and Geneva) in

two countries (France and Switzerland). After oxytocin then sulpro-

stone failure, the patients underwent block randomisation according

to site to receive an early single intravenous dose of rhuFVIIa 60 lg/
kg (intervention arm), or no early rhuFVIIa (standard care arm). The

sample size calculation was obtained to detect an absolute reduction of

30% in specific second line therapies. The clinical criteria which trig-

gered the inclusion procedure was failure to control the bleeding 1 h

after the onset/start of the sulprostone infusion. The primary efficacy

outcome was the need of second line therapies. The primary safety out-

come was a composite of any thrombotic events during the 5 days

after rhuFVIIa infusion and death.

Results: Eighty-four parturient were enrolled. A second-line therapy

was needed in 39 women from the standard care arm (92.9%) and in

22 women from the intervention arm (52.4%), RR 0.56 (0.42–0.77),
P < 0.0001, mean number of women to avoid one-second-line therapy:

2.6. A significant decrease in uterine artery embolisation needs, alone

(P = 0.0082) or associated with other second-line procedures

(P = 0.008), was evidenced. The rate of final haemostatic hysterecto-

mies was 19% in the standard care arm, with a trend for lower needs

in the study drug group (7%, NNT 8.4, P = 0.10). After categorisation

of the patients according to the mode of delivery, we observed similar

rates of the primary efficacy outcome in both delivery categories.

Safety concerns only occurred in the intervention arm: one ovarian

vein thrombosis case (day 2) and one late pulmonary embolism case

(PE; 5 days after a C-section delivery for placental abruption and still-

birth).

Summary/Conclusions: This first RCT on rhuFVIIa use in women with

a severe PPH (refractory to uterotonics) evidenced an absolute 40.5%

decrease in the need of interventional second-line therapies and a 2.4%

risk of late PE. In severe PPH settings, thromboprophylaxis modalities

being defined, future studies will have to investigate the saving poten-

tial of rhuFVIIa on end-line haemostatic hysterectomies.
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FS 01.3
Polymorphisms in the Annexin A5 promoter, placental
Annexin A5 gene expression and risk of preeclampsia
De Jong PG, Afink GB, Ris-Stalpers C, Fouchier SW, Meijers JC

and Middeldorp S

Academic Medical Center Amsterdam, Amsterdam, the

Netherlands

Background: Annexin A5 (ANXA5) is an anticoagulant protein in the

placenta. Reduced ANXA5 protein expression may induce placenta-

mediated pregnancy complications such as recurrent miscarriage and

preeclampsia. The M2 haplotype, encompassing four SNPs

(rs112782763, rs28717001, rs28651243 and rs113588187) in the

ANXA5 gene, is reported to be associated with recurrent miscarriage

and with reduced ANXA5 promoter activity (N. Bogdanova et al.,

Human Molecular Genetics, 2007 vol. 16). Whether the placental

expression of ANXA5 mRNA is reduced in the presence of this haplo-

type is unknown. Previous studies report an association between preg-

nancy outcome and the maternal ANXA5 genotype. We hypothesize

that a stronger association with the neonatal than the maternal geno-

type is more likely, as placental tissue is of fetal origin and the placenta

is a prerequisite to develop pregnancy complications as preeclampsia.

Aims: The aim of this study was to evaluate whether maternal or neo-

natal SNPs or haplotypes in the ANXA5 gene are associated with

reduced placental ANXA5 mRNA expression.

Methods: The ANXA5 promoter region was evaluated by direct

sequencing of maternal and umbilical cord blood DNA from a cohort

of 287 women who delivered between 2005 and 2009 (45 with pre-

eclampsia), which was obtained with informed consent. ANXA5 gene

expression in placental tissue was determined by RT-qPCR and nor-

malized to PSMD4 expression. Association between SNPs and placen-

tal expression of ANXA5 was evaluated in Haploview (X2 test) and in

SPSS (ANOVA and student’s t-test). Mean ANXA5 gene expression in

preeclamptic vs. normotensive women was compared (student’s t-test).

Results: We identified seven SNPs, including the four SNPs that

encompass the previously described M2 haplotype. We did not detect

any association between placental ANXA5 mRNA levels and M2 hap-

lotype in mother (P = 0.72) or neonate (P = 0.66) but did observe that

placental ANXA5 expression is significantly increased in the presence

of the minor allele of one SNP (c.-390C>T, rs62319820). This associa-
tion is more prominent in umbilical cord DNA samples (P = 0.002)

than in maternal DNA samples (P = 0.007) homozygous for the T

allele. A mean of 13.2 ANXA5 normalized copy numbers was mea-

sured (range 0.40–27.12). Mean ANXA5 gene expression did not differ

between preeclamptic and normotensive pregnancies (P = 0.85) and

no SNP in maternal or neonatal genotype was associated with

preeclampsia.

Conclusion: The presence of c.-390C>T is associated with increased

placental ANXA5 mRNA expression. Whether ANXA5 protein levels

are correlated to genotype in a similar fashion is yet to be determined.

No SNP was associated with preeclampsia. In our population, the pre-

viously described M2 haplotype is not associated with reduced placen-

tal ANXA5 mRNA levels.

FS 02 – Thrombosis and
Haemostasis in Children

FS 02
New approaches to unravelling the mysteries of
clotting in children
Monagle P

Royal Children’s Hospital University of Melbourne, Melbourne,

Vic., Australia

One can argue that clotting in children is a different pathophysiologi-

cal entity to clotting in adults based on the observed age related differ-

ences in the coagulation system, the vastly different incidence of

thrombosis in children compared to adults, and the epidemiology of

disease presentation in patients with inherited thrombophilia. There is

also increasing evidence that the differences in plasma proteins alter

the interactions of anticoagulant drugs, significantly affecting efficacy

and safety. However as yet we poorly understand the differences.

While many differences have been recently described, the practical

implications for clinical care of patients and robust strategies to

improve patient outcomes remain to be elucidated. A variety of

approaches are required to help unravel these mysteries, which are

important not just to improve the management of children with abnor-

mal clotting, but because they are likely to contribute to improved care

of thrombosis in adults as well. This talk will focus on novel methods

being used to increase our understanding of developmental haemosta-

sis and the interactions of the clotting system with clinically important

anticoagulants. Initial studies of developmental haemostasis focussed

on functional assays used in current clinical practice. However, more

sophisticated quantitative and qualitative assessments of relevant pro-

teins and specific measures of their binding activities with anticoagu-

lant drugs, as well as other plasma proteins, (and diagnostic reagents)

are now being used. Proteomics and metabolomics are increasingly

relevant, including studies of the platelet binding and the platelet pro-

teome, previously ignored aspects of the clotting pathway in children.

In addition, new clinical studies are looking at the problems of throm-

bosis in children with a renewed focus. The traditional dogma of the

necessity for RCTs may not be the most effective way to gather evi-

dence at this point in time for many key questions that need to be

answered. Large networks and alternative study designs are being

implemented with good effect. Current ongoing studies in childhood

stroke, post fontan surgery thrombosis prophylaxis, and central

venous line associated thrombosis are excellent examples of differing

study designs being utilised strategically with outstanding early results.

Defining the natural history of the spectrum of thrombotic disease in

children of different ages remains one of the most important pieces of

the puzzle to be clarified. Only then, can true risk benefit analysis be

performed. This presentation will describe a number of examples of

the new approaches currently being used in pathophysiological

research as well as clinical diagnostic and therapeutic research. For

some, it is the case of the old becoming new again. The presentation

will highlight the key areas that require further research and suggest

approaches to tackling those questions.

FS 02.1
Significantly increased risk for venous thrombotic
events in long-term pediatric, adolescent and young
adult cancer survivors: a population-based study
Kulkarni K1, Lorenzi M2, Devji S2, McBride M2 and Lesley M3

1Stollery Children’s Hospital, Edmonton, AB; 2Cancer Control

Research, BC Cancer Agency, Vancouver, BC; 3University of

Alberta, Stollery Children Hospital, Edmonton, AB, Canada

Background: With improving survival, longterm complications among

pediatric and adolescent young adult (AYA) cancer survivors are

being increasingly recognized. Venous thrombotic events (VTE) occur-

ring during childhood and AYA cancers are well described and may

place survivors at increased risk of recurrent VTE later in life. How-

ever, the incidence and risk factors for VTE in pediatric and AYA can-

cer survivors have not been studied.

Aim: To assess the incidence and risk factors for VTE among long-

term childhood and AYA cancer survivors in comparison to control

population.

Methods: A population-based cohort of long-term (≥ 5 years from

diagnosis) cancer survivors identified through the provincial British

Columbia (BC) Cancer Registry was used. All medically-necessary

care is conducted within the public health system for BC residents and

recorded in provincial registries and administrative databases. Hence,
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the current study estimates are assumed to be an accurate approxima-

tion of the risk in an unselected total population of childhood and

AYA survivors in post-treatment years.

For inclusion, a survivor had to be (i) diagnosed with cancer in child-

hood (age 0–14 years) or adolescence/young adulthood (age 15–
24 years) between 1981 and 1999 (ii) alive on or after 1/1/1986 and (iii)

linked to the BC health insurance plan registry in at least 1 year post-

survivorship. Comparators consisted of 5-year birth cohort and gen-

der-matched controls (10 per case) from the BC health insurance plan

registry. Individuals were considered to have a VTE diagnosis if their

physician-visit or hospitalization records indicated a VTE diagnosis

(as coded by International Classification of Diseases Versions 9 or 10).

Follow up (median 9 years, range 0–21 years) and outcome informa-

tion was obtained from provincial health administrative files.

Results: 2857 survivors (1397 diagnosed in childhood) and 28,570 con-

trols were assessed. The incidence of VTE was significantly increased

in both childhood and AYA cancer survivors as compared to the con-

trols: childhood 5.7% vs. 2.8% (Hazard Ratio (HR) 2.71, 95% CI

2.02–3.66) and AYA 7.0% vs. 4.9% (HR 1.92, 95% CI 1.46–2.5).
Several risk factors for VTE in survivors were identified. Survivors

who experienced relapsed disease had a significantly increased risk

(HR 3.26, 95% CI 1.79–5.92). Survivors who received chemotherapy,

radiation, and surgery were nearly three times as likely to have a VTE

than those with surgery alone (HR 2.91, 95% CI 1.16–7.30). Among

childhood cancer survivors VTE risk was significantly increased in

females (HR 1.61, 95% CI 1.02–2.52). Among AYA patients, carci-

noma survivors (n = 253) had an increased risk of VTE as compared

to lymphoma survivors (HR 2.26, 95% CI 1.06–4.83).
Summary: In this large study, we made a novel observation that VTE

is an important complication in childhood and AYA long-term cancer

survivors. The plausible hypothesis is that VTE (both symptomatic

and asymptomatic) that develop during the treatment of cancer in

these patients place them at an increased risk of recurrence. These

observations underscore (i) the importance of developing strategies for

early recognition, diagnosis and treatment of VTE in childhood cancer

survivors and (ii) for primary prevention of VTE during cancer

therapy.

FS 02.2
‘Blood and bone thinning’ in children on long-term
oral anticoagulation: what a bone-scan can tell you
Avila M1, Gupta S2, Castle D1, Kahr WHA1, Williams S1

and Brandao LR1

1The Hospital for Sick Children; 2University of Toronto, Toronto,

ON, Canada

Background and Aim: Chronic pediatric conditions may be compli-

cated by low bone mass, measured by bone mineral density scans

(BMD; i.e. z-score). Furthermore, children with chronic diseases are

also at increased risk of developing thrombosis, requiring long-term

anticoagulation (AC) with warfarin. Since warfarin may further jeop-

ardize bone-health of a population already at risk for bone fragility,

we wished to investigate bone-health outcomes in a cohort of such

patients.

Methods: Our institutional protocol indicates children receiving warfa-

rin for > 1 year undergo an initial BMD after the age of 5 years. Fur-

ther management depends on the first results: group (G) 1 (2.0 ≤
z-score ≤ �2.0): bi-annual BMD; G2 (-2.1 ≤ z-score ≤ �2.5): annual

BMD + biomarkers (Ca++/Ph�/PTH/1,25-vit.D); or G3 (z-scores <
�2.5): annual BMD + biomarkers + spinal x-ray. For our analysis,

patients on G2 and G3 were categorized as high-risk and G1, as low-

risk. z-score s were deemed abnormal if < �2.0. Descriptive statistics

and survival analysis were utilized. To minimize the influence of the

per-protocol delay of younger patients to undergo a BMD scan, only

patients commencing AC > 3 years (48/74) were included in survival

analysis. The study was approved by the Institutional Ethics Review

Board. Informed consent was waived.

Results: Seventy-four patients median age: 4.1 years (interquartile

range [IQR] 2.0–10.1 at the time of starting long-term AC, M:F ratio

1.5:1), were followed-up at Sickkids, Toronto, between Jan/2003 and

Dec/2011 and had at least one initial BMD scan, at a median of

3.6 years (IQR 1.5–7.5) from the time warfarin was started. Underly-

ing conditions were: cardiac (85%), endocrine (8%), other reasons

(7%), including rheumatic/renal diseases. The median AC duration

was 7.8 years (IQR 5.2–12.4). 27/74 (36%) patients had additional

LMWH therapy (median: 7.1 months [IQR 3.0–14.6]).
57/74 (77%) and 17/74 (23%) patients were categorized as low and

high-risk groups, respectively. No statistical differences were found for

age, sex, AC duration, dosing, previous LMWH, and time to 1st

BMD. Only underlying condition was significant: whereas 80% of car-

diac and 80% of other underlying conditions belonged to the low-risk

group, 80% of endocrine patients were high-risk group (P = 0.01).

Further investigation confirmed that the overall average z-score was

�1.1, and �1.2 for cardiac and other conditions, and �3.9 for endo-

crine patients. Correlation between risk-group and condition was fair

(r = 0.4).

Twenty-five patients (14 low vs. 11 high-risk) had an x-ray done. 7/25

(29%) suffered fractures; survival analysis revealed a significant

difference in the time from AC-start to fracture between high and low-

risk group (5.1 vs. > 15 years, log-rank P = 0.032).

13/48 (32%) patients reached an abnormal z-score at a median time

from AC-start of 9.0 years (IQR: 3.5 ≥ 15 years). Log-rank test

revealed no significant difference for sex (P = 0.41), preceding LMWH

(P = 0.27), warfarin dose (P = 0.94), biomarkers abnormalities

(P = 0.41), or underlying condition (P = 0.06). There was a statisti-

cally significant difference in the time from AC-start to abnormal

z-score according to risk-group at presentation (high vs. low; 3.6 vs.

> 15 years, P < 0.0001).

Conclusion: Children receiving long-term warfarin benefit from

repeated bone health monitoring. Low-risk patients, defined as per

their first BMD, appear to be stable over time. The first BMD also

helps detecting children at higher risk of spontaneous bone fractures.

FS 02.3
Risk factors for the development of venous
thromboembolism in childhood acute lymphoblastic
leukaemia
Zuurbier CM1, Stokhuijzen E1, Van Den Bos C2, Schouten-van

Meeteren AYN2 and Van Ommen CH2

1University of Amsterdam; 2Emma Children’s Hospital AMC,

Amsterdam, the Netherlands

Background: Venous thromboembolism (VTE) frequently occurs dur-

ing asparaginase (ASP) treatment in paediatric patients treated for

acute lymphoblastic leukaemia (ALL). This complication causes sig-

nificant morbidity. Identification of a susceptible population is crucial

for effective thromboprophylaxis. However, risk factors for ALL-asso-

ciated VTE have not been fully clarified.

Aims: The aim of this study was to investigate the incidence of VTE

and to identify risk factors for the development of VTE in paediatric

ALL patients treated according to the Dutch Childhood Oncology

Group (DCOG) ALL IX or ALL X protocols.

Methods: A retrospective observational cohort study was performed

for VTE among children (1–18 years), with newly diagnosed ALL

receiving chemotherapy according to the ALL IX or ALL X protocol

between February 1997 and January 2012. In the ALL IX protocol,

patients were stratified into two risk groups: non-high risk (NHR) and

high risk (HR). In the ALL X protocol, minimal residual disease was

an important tool to stratify into three risk groups: standard risk (SR),

medium risk (MR) and HR. All patients received central venous cathe-

ters: Broviac� or PAC�. Induction treatment included in the ALL IX

protocol, day 0–49, dexamethasone and four doses of 6000 IU/m2

ASP intravenously over a period of 2 weeks (day 29–40). The induc-
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tion phase of the ALL X protocol, day 0–64, included prednisone and

eight doses of 5000 IU/m2 ASP intravenously over 3 weeks (day 12–
33). Medical records were reviewed and all VTE were recorded. Fur-

thermore, details of ALL diagnosis, treatment protocols, laboratory

values of fibrinogen and antithrombin, and risk factors were recorded.

Results: Two hundred and five children (♂,n = 123; ♀, n = 82) treated

according to the two different DCOG ALL protocols (ALL IX,

n = 112; ALL X, n = 93) were included. The median age was 4.8 years

(range 1–18 years). Totally, 19 children (9.3%; 95% CI: 5.3–13.3%)

developed VTE; 9 (4.4%) during the induction phase and 10 (4.9%)

during later treatment phases. In the induction phase, four VTE

occurred in the central nervous system (45%) and five VTE were cath-

eter-related (55%). During later treatment phases, two deep vein

thromboses and eight catheter-related trombi occurred. During induc-

tion, univariate analysis showed that VTE was significantly more likely

in children > 10 years of age (P = 0.031), in children treated according

to the ALL X protocol (P = 0.012) and in children in MR or HR

groups (P = 0.041). After induction, only MR and HR groups were

associated with VTE (P = 0.005). Gender, body mass index,

ALL-immunophenotype, type of catheter, antithrombin and fibrino-

gen levels, the presence of two or more of the following metabolic

abnormalities: hyperuricemia, hyperkalemia and hyperphosphatemia,

and infections appeared not to be associated with VTE. In the multiple

regression analysis, after stepwise elimination, type of protocol

(P < 0.0001) and risk group (P = 0.006) remained significantly associ-

ated with VTE during the induction phase.

Conclusion: VTE developed in about 9% of ALL paediatric patients.

Protocol type including lower doses of ASP over a longer period and

prednisone and the ALL protocol risk group were significant risk fac-

tors for the development of VTE.

FS 03 – Thrombosis and
Haemostasis in the Asian-Pacific

FS 03.2
Registry of congenital atypical HUS in Japan
Fujimura Y1, Yoshida Y1, Fan X2 and Miyata T2

1Nara Medical University, Kashihara, Nara; 2National Cerebral

and Cardiovascular Center, Suita, Osaka, Japan

Thrombotic microangiopathies (TMAs) are pathological conditions

characterized by microangiopathic hemolytic anemia, destructive

thrombocytopenia, and renal dysfunction (organ failure). Two typical

phenotypes of TMAs are thrombotic thrombocytopenic purpura

(TTP) and hemolytic anemia (HUS), both of which are either caused

by congenital or acquired form. Now it is well established that most of

TTP patients have deficient activity of ADAMTS13, a von Willebrand

factor-cleaving protease, due to its gene mutations or acquired auto-

antibodies to this enzyme. On the other hand, a major population of

HUS patients develops in association with hemorrhagic enterocolitis

by Shigatoxin-producing E. coli infection. However, a minor popula-

tion of HUS patients, who usually do not accompany with diarrhea

and therefore referred to atypical (a) HUS, is caused by uncontrolled

complement activation due to gene mutations involved in the alterna-

tive pathway, such as complement factor H (CFH), complement factor

I (CFI), membrane cofactor protein (MCP), thrombomodulin

(THBD), complement component 3 (C3), and complement factor B

(CFB). In addition, CFH auto-antibodies with or without gene muta-

tions of CFH related proteins (CFHRs 1~5) have also been reported to

be the cause of aHUS. Diagnostic criteria for congenital aHUS used in

Japan is almost comparable to that of US and Western countries, and

consisted of the abovementioned clinical features of TMA and the

exclusion criteria of more than 5% of normal for ADAMTS13 activity.

Since 1998, Nara Medical University (NMU) has been functioning as

a nation-wide referral center for TMA in Japan through the protein-

based analyses including ADAMTS13 and hemolytic assays, in collab-

oration with National Cerebral & Cardiovascular Center (NCVC),

which takes charge of the gene analyses responsible for TMAs.

Through this cohort study, we made a large registry of 1149 TMA

patients until the end of 2012, in which 49 were the patients with con-

genital TTP (Upshaw-Schulman syndrome) and 55 were congenital

aHUS. Among the 55 aHUS patients, a set of complement regulatory

gene analyses was performed on 29 patients (23 at NCVC and nine at

other institutions including foreign countries). As consequence, the

gene mutations responsible for aHUS were identified in 22 patients

(22/29, 76%), but were not identified in the remaining seven patients

(7/29, 24%). The number of gene analysis on aHUS patients is still

small in our registry, but the presence of two rare and consistent muta-

tions of C3 (I1157T) and CFH (R1215Q) have been presented.

FS 03.3
SMTP-7, a novel thrombolytic with an anti-
inflammatory potential, improves primate thrombotic
stroke with reduced hemorrhage risk: a role of soluble
epoxide hydrolase inhibition
Suzuki E1, Matsumoto N1, Sawada H2, Nishimura N2, Hasegawa

K2 and Hasumi K1

1Tokyo University of Agriculture and Technology; 2TMS Co., Ltd.,

Tokyo, Japan

Background: There is increasing evidence showing a close correlation

between inflammation and neuronal damage/hemorrhagic transforma-

tion after acute ischemic stroke, thereby development of novel stroke

therapy, hopefully with a drug having cerebroprotective/anti-inflam-

matory potential, is urgently needed. The thrombolytic SMTP-7, a

small molecule that promotes plasminogen activation through relaxa-

tion of plasminogen conformation, has excellent therapeutic activities

in cerebral infarction in several rodent models. Unexpectedly, unlike

the standard thrombolytic stroke drug t-PA, SMTP-7 has much wider

therapeutic time window and even suppresses cerebral hemorrhage,

possibly by triggering anti-inflammatory responses. In the course of

our study, soluble epoxide hydrolase (sEH), which plays a major role

in the regulation of the inflammatory response, was identified as a tar-

get molecule of SMTP-7. We further demonstrated its unique mecha-

nisms of action against intrinsic sEH, which can account for anti-

inflammatory and cerebroprotective efficacy in vivo.

Aims: Our study aims at (i) evaluating SMTP-7 efficacy in several ani-

mal models, and (ii) investigating precise molecular mechanism of sEH

inhibition by SMTP-7.

Methods: A monkey photochemical-induced thrombotic middle cere-

bral artery (MCA) occlusion model, as well as several other rodent

models, was utilized to evaluate therapeutic potentials of SMTP-7.

LC-MS analysis was performed to measure total dihydroxyeicosatrie-

noic acid (DHET) level; a fatty acid dioxide converted from the anti-

inflammatory fatty acid epoxyeicosatrienoic acid by sEH in HepG2

cells in culture and mouse liver in vivo.

Results: In the monkey MCA occlusion model, SMTP-7 (10 mg/kg,

i.v. infusion) increased post-infusion MCA recanalization rate (32.5-

fold, P = 0.043) and ameliorated post 24 h neurological deficit (by

29%, P = 0.02), cerebral infarct (by 48%, P = 0.025), and even cere-

bral hemorrhage (by 51%, P = 0.013) as compared with saline-treated

control. In normal monkeys, SMTP-7 did not affect general physiolog-

ical and hemostatic variables including coagulation and platelet

parameters. SMTP-7 inhibited sEH in a cell-free enzyme assay as well

as in HepG2 cells. The IC50 value of 1.7 lM in HepG2 cells is well

below the level of pharmacological plasma concentration of SMTP-7

(3–30 lM), suggesting that SMTP-7 inhibits sEH in vivo. Inhibitory

effect on sEH by SMTP-7 (10 mg/kg, i.v.) was also observed in the

liver (by 53% P = 0.033) derived from normal mice after 30âˆ’60 min

post treatment. The findings observed in our rodent models suggested

an importance of the drug’s cerebroprotective/anti-inflammatory

properties via the inhibition of intrinsic sEH function, as well as its
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regulated profibrinolytic action, serving as a physiological on-demand

system coping with thrombotic events.

Conclusions: SMTP-7 is effective in treating thrombotic MCA occlu-

sion stroke in monkeys, which can be due, at least in part, to the

thrombolytic activity as well as anti-inflammatory efficacy via the sup-

pression of intrinsic sEH function, thereby resulting in amelioration of

neurological deficits, infarct size, and even hemorrhagic transforma-

tion.

FS 03.4
ACTN1 mutations cause congenital
macrothrombocytopenia
Kunishima S1, Okuno Y2, Sanada M2, Miyazaki K3, Sakai M4,

Iguchi A5, Miyano S2, Saito H1, Kojima S6 and Ogawa S2

1Nagoya Medical Center, Nagoya; 2The University of Tokyo,

Tokyo; 3Kitasato University School of Medicine, Kanagawa;
4University of Occupational and Environmental Health,

Kitakyushu; 5Hokkaido University Graduate School of Medicine,

Sapporo; 6Nagoya University Graduate School of Medicine,

Nagoya, Japan

Background: Congenital macrothrombocytopenia (CMTP) is a hetero-

geneous group of rare platelet disorders, characterized by a congenital

reduction of platelet counts and abnormally large platelets, for which

the causative genes are known only in approximately half the cases.

Aims: This study aims to identify novel causative genes for CMTP by

next-generation sequencing.

Methods: We performed whole exome sequencing and targeted Sanger

sequencing in CMTP cases in which a dominant mode of transmission

had been suspected but no known responsible mutations had been

documented.

Results: In 13 Japanese CMTP pedigrees, we identified six pedigrees

(46%) with ACTN1 variants, which co-segregated with CMTP.

ACTN1 encodes a-actinin-1, a member of the actin-crosslinking pro-

tein superfamily that participates in the organization of the actin-

based cytoskeleton. Patients with variant ACTN1 presented moderate

macrothrombocytopenia with anisocytosis, but were either asymptom-

atic or associated with only a modest bleeding tendency. In vitro trans-

fection experiments in Chinese hamster ovary cells demonstrated that

mutant a-actinin-1 disrupted the normal actin-based cytoskeletal

structure. Moreover, transduction of mouse fetal liver-derived megak-

aryocytes with patient-derived ACTN1-variants caused a disorganized

actin-based cytoskeleton in megakaryocytes, resulting in the produc-

tion of abnormally large proplatelet tips, which were reduced in num-

ber. In the entire cohort, ACTN1 variants accounted for 5.5% of the

dominant forms of CMTP cases and represent the fourth most com-

mon causative gene in Japanese individuals.

Summary/Conclusion: Our findings provide a novel insight of actin-

based cytoskeleton in the pathogenesis of CMTP.

FS 03.5
Impaired haemostasis in Reelin-deficient mouse: a
potential role of plasma Reelin in thrombin generation
and fibrin clot formation
Tseng W-L1, H C, Huang2, Chen TH1, Huang YH1, Cheng J-Ch3

and Tseng CP1

1Chang Gung University; 2Graduate Institute of Medical

Biotechnology and Laboratory Science, Tao-Yuan County;
3Department of Medical Laboratory Science and Biotechnology,

Taichung city, Taiwan

Background: Haemostasis prevents excessive bleeding during vessel

wall injury and is properly controlled by a balance between platelets,

coagulation factors, and endothelial cells. Assembly of factor Xa/Va

on activated platelet results in the burst of thrombin generation that

plays an important role in converting fibrinogen to fibrin. Reelin is an

extracellular glycoprotein that was first identified in mice with the

characteristic of reeling gait. In addition to the central nervous system,

Reelin is present in the plasma and interacts with platelets, facilitates

platelet lamellipodia formation and F-actin bundling and enhances full

spreading of platelets on fibrinogen. Nevertheless, whether plasma Re-

elin has any functional link with haemostasis in vivo has not yet been

elucidated.

Aims: In the present study, the reeler (Reln�/�) mouse was used as the

model to explore the potential role of Reelin on haemostasis.

Methods: Heterozygous reeler (Reln+/�) mice were interbred to gener-

ate wild type (Reln+/+), and homozygous (Reln�/�) reeler mice.

Thrombelastography (TEG) and calibrated automatic thrombogram

(CAT) assays were used to analyze the integrity of coagulation system.

Prothrombin time (PT) and activated partial thromboplastin time

(aPTT) were used to confirm the functional impact of Reelin deficiency

on haemostasis.

Results: Reln�/� mice displayed a normal platelet number and size

with a prolonged tail-bleeding time and an increase in rebleeding rate.

TEG analysis revealed that Reln�/� mice was impaired in blood coag-

ulation. Of the five TEG analytical parameters, R, K, and a-angle were

similar for Reln�/� and control mice. In contrast, Reln�/� mice dis-

played a significant decrease in MA and CI which measures the

strength of a clot and overall assessment of coagulability, respectively.

In accordance with these findings, Reln�/� mice displayed a slight

decrease in coagulation time when compared to the Reln+/+ and

Reln+/� mice in PT assays. The dH value that measured scattered

light intensity change for Reln�/� mice was significantly decreased

when compared to the Reln+/+ and Reln+/� mice. For aPTT assays,

Reln�/� mice displayed a five-fold increase in the coagulation time

when compared to the Reln+/+ and Reln�/� mice. The average dH

for Reln�/� mice was significantly lower than the dH for Reln+/+ and

Reln+/� mice. A loosen fibrin clot structure was observed for the

blood clot obtained from the Reln�/� mice as revealed by scanning

electron microscopy. CAT analysis further indicated that Reelin defi-

ciency resulted in a decrease in thrombin generation. Of the six CAT

analytical parameters, the lag time and time to peak (ttpeak) were sim-

ilar for Reln+/+, Reln+/� and Reln�/� mice. Notably, Reln�/� mice

displayed a significant decrease in the rate of thrombin generation,

peak thrombin concentration, start tail (indicator of anticoagulant

activity) and ETP (indicator for the total amount of thrombin genera-

tion). Impaired thrombin generation thereby contributes to the forma-

tion of fibrin clots with reduced strength for the Reelin-deficiency

plasma.

Conclusions: This study represents the first report to define a novel

function of plasma Reelin in thrombin generation and fibrin clot for-

mation. Reelin is therefore suggested to be a key component in the reg-

ulation of coagulation cascade and haemostasis.

FS 04.4
Education in the developing world
Meireles Rezende S

Universidade Federal de Minas Gerais, Belo Horizonte, Minas

Gerais, Brazil

Thrombosis and haemostasis (T&H) is clearly emerging as a well-

defined and growing subspeciality area. Although most of the profes-

sionals are specialists in Hematology, the field attracts a smaller num-

ber of professionals when compared to other subspecialties such as

Oncohematology, Bone Marrow Transplant and Blood Transfusion.

Furthermore, Thrombosis and Haemostasis is a complex field of Med-

icine, which requires education on clinical and laboratory training.

This subspecialty is highly dependent on appropriate laboratory diag-

nosis, which can be expensive. This issue, in addition to few experts

available and a lack of specialized centers makes the education on

T&H in developing countries particularly challenging. An adequate
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educational program in T&H should start at undergraduate levels of

Medicine and related areas such as Pharmacy, Biochemistry, Biology

and Biomedical Sciences. This strategy would attract young profes-

sionals to the field early on their carriers. Furthermore, training such

as medical residency in Hematology, Internal Medicine and Clinical

Pathology should address topics related to T&H with the aim of edu-

cating professionals with competence on diagnosis, treatment and

research in the field. Indeed, in some countries (especially those located

in Europe), a curriculum for T&H has been proposed and a role for a

T&H specialist has been suggested. In the field of bleeding disorders,

some countries have implemented training to educate medical profes-

sionals as hemophilia doctors. In the developing countries, these initia-

tives are still incipient and, therefore, a major effort is needed to

implement education in T&H. In some countries, there is no Society of

T&H, but of Hematology and its interest is, particularly, directed to

the other fields of Hematology. In most of the cases, there is no T&H

curriculum available during the medical residency in Hematology,

Internal Medicine or Clinical Pathology. Lastly, the implementation

of “state of art”diagnosis and treatment as well as research in T&H

involves high costs which need public funding, not easily available.

Some developing countries, however, have been capable of building

good programs in T&H. In conclusion, education in T&H in develop-

ing countries is a major challenge. An appropriate approach needs

training at early levels of education in the related fields with incentives,

creation of a national curriculum for T&H, involvement of the related

societies and close partnership with governmental bodies.

NS 01 – Nurses Symposium

NS 01.1
Adherence to prescribed treatment regimen is related
to chronic pain among adolescent and young adults
with moderate or severe hemophilia: Early results from
the IMPACT QoL survey
Witkop ML1, McLaughlin JM2, Lambing A3, Munn JE4,

Anderson LT2 and Tortella B2

1Munson Medical Center, Traverse City, MI, USA; 2Pfizer

Specialty Care, Medicines Development Group, Collegeville, PA;
3Henry Ford Adult Hemophilia & Thrombosis Treatment Center,

Detroit; 4University of Michigan Hemophilia Treatment Center,

Ann Arbor, MI, USA

Background/Aim: Little data exist, especially for adolescents and

young adults, about the relationship between adherence to prescribed

hemophilia treatment regimens and chronic pain. We examined this

relationship among moderate and severe hemophiliacs aged 13–25.
Methods: A convenience sample of hemophiliacs aged 13–25 com-

pleted an IRB-approved, cross-sectional, online survey that assessed,

among other factors, regimen-specific adherence and chronic pain.

Recruitment occurred at major hemophilia meetings, hemophilia treat-

ment centers, and through social media from April through December

of 2012. Adherence was assessed using the VERITAS-Pro and VERI-

TAS-PRN for prophylactic and on-demand participants, respectively.

VERITAS scores range from 24 (most adherent) to 120 (least adher-

ent). Chronic pain was measured using the revised Faces Pain Scale

(FPS-R). For purpose of analysis, chronic pain was dichotomized as

high for those who reported their pain as ‘moderate,’ ‘severe,’ ‘very

severe,’ or ‘worst pain possible’ (i.e. ≥ 4) and low for ‘mild pain’ or ‘no

pain’ (i.e. < 4). Multivariable, parsimonious logistic regression models

were constructed to assess factors associated with having high (vs.

low) levels of chronic pain. Separate models were constructed to evalu-

ate i) a combined VERITAS score among prophylactic and on-

demand patients and ii) the VERITAS-Pro score among prophylactic

patients only. Small sample size prevented analysis for on-demand

(only) participants.

Results: Ninety-three adolescents and young adults with hemophilia

completed the survey. Mild patients (n = 13) were excluded. Of the 80

participants (79 male) included in the final analysis, most had severe

disease (91%), infused prophylactically (86%), and had Hemophilia A

(91%). Fifty-one percent were aged 13–17 and most were white (76%),

non-Hispanic (88%), and never married (93%). The majority (94%)

had some type of health insurance, with the highest proportion having

only commercial insurance (45%), only Medicaid (28%), or both

(9%).

Mean VERITAS-Pro (n = 69) and PRN (n = 11) scores were

49.6 � 12.9 (range 25–78) and 51.0 � 11.6 (range 35–74), respectively.
Chronic pain was reported as high for 35% of respondents (36% for

prophylactic vs. 27% for on-demand, P = 0.74). Mean VERITAS-Pro

scores for those with high and low chronic pain were 53.6 � 12.3 vs.

47.4 � 12.9, P = 0.05. VERITAS-PRN scores were similar across

chronic pain status. Logistic regression analysis revealed that for each

10-point reduction (i.e. increase in adherence) in the combined VERI-

TAS score (Pro and PRN) there was a 35% (OR = 0.65; 95%

CI = 0.44, 0.96; P = 0.03) reduction in the odds of having high chronic

pain. Among prophylactic respondents only, for each 10-point reduc-

tion in the VERITAS-Pro score there was a 39% (OR = 0.61; 95%

CI = 0.39, 0.96; P = 0.03) reduction in the odds of having high chronic

pain. Among prophylactic participants, the model also revealed that,

compared to whites, non-whites were 4.42 (95% CI: 1.21, 16.1;

P = 0.02) times as likely to report high chronic pain.

Summary/Conclusion: This study provides evidence that among ado-

lescent and young adults with severe hemophilia, better adherence to

prescribed treatment regimens (either prophylactic or on-demand) is

associated with a significantly lower likelihood of having debilitating

levels of chronic pain. Moreover, among prophylactic infusers, non-

whites were > 4 times as likely as whites to report high levels of chronic

pain.

NS 01.2
Effectiveness of patient education in VTE prevention: a
nurse led collaborative local service improvement
project
Brown R and Law C

NNMN, Berkhamsted, UK

Background: The National Institute for Health and Clinical Excellence

(NICE) Quality Standard for venous thromboembolism (VTE) pre-

vention (2010) states that all adult hospital in-patients and carers

should receive both verbal and written information regarding VTE

prevention on admission and discharge. Whilst much focus has been

placed on VTE risk assessment and appropriate prophylaxis, it is

widely acknowledged that nurses play a key role in patient education

and this is central to delivering successful outcomes. The National

Nursing and Midwifery Network (NNMN) for VTE prevention sur-

veyed the current provision of educational information to evaluate its

effectiveness.

Aims: To initiate a nurse-led collaborative local service improvement

project across VTE Exemplar Centres to review and enhance the effec-

tiveness of patient education for the prevention of VTE.

Methods: All VTE Exemplar Centres were invited to participate by

contributing generic findings from a minimum of 10 patients inter-

viewed at discharge from hospital. Patients were asked if they had

received written and verbal information, along with 10 key questions

relating to their level of understanding. Each participating hospital

used its own standard literature. The Education Workstream Lead for

the NNMN collated the findings.

Results: Thirteen centres collected data on 563 patients.

The median number of returns was 20 with a range of 10–226.
Content analysis identified 5 key themes relating to;

1) Provision of information:-patients who received leaflets didn’t

always read them, or found the leaflets too long or complex.
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Patients that were given both written and verbal information had

a better understanding of VTE prevention compared with either

method alone.

2) Route of admission:-elective surgical patients were better informed

than emergency surgical patients or medical patients.

3) Reducing risk of VTE:-patients had good understanding of how

to reduce risks of VTE but had some significant misconceptions.

4) Appreciation of signs and symptoms of VTE:-patients more aware

of those for DVT than PE.

5) Discharge information:-some patients were unsure of the duration

of extended thromboprophylaxis and some were unsure who they

should contact if they developed a problem after discharge.

Summary/Conclusions: The key themes identified from the collabora-

tive work of 13 VTE Exemplar Centres across England highlight spe-

cific areas where efforts can be focused to improve the quality of

patient education on VTE prevention. Whilst service improvement

strategies will be implemented locally, the implications of these find-

ings are useful for a wider audience and will be disseminated by the

NNMN. This includes the promotion of;

combined provision of verbal and written information

reviewing the level and content of patient information for maxi-

mum effectiveness

strategies to empower nurses to lead service improvement through

service evaluation, change management and re-evaluation

development of an aid memoire of key learning points to support

the effective delivery of patient literature in alignment with the

work of the National VTE Prevention Programme Board.

NS 01.3
An audit of the use of novel anticoagulants:
Dabiagtran and Rivaroxaban for stroke prevention in
AF
Rhodes S, Bond SK, Bailey J, Curtis K, McMullon A, Mowbray M

and Percival M

Great Western Hospital, Wiltshire, UK

In June 2012 our Acute Trust adopted the NICE TA for both Dabiga-

tran and Rivaroxaban as an alternative for the treatment of non-val-

vular AF in stroke prevention. Funding was agreed with the local PCT

and both drugs were added to the formulary. Prior to this all oral anti-

coagulation initiation was performed in the secondary care led antico-

agulant service and had been for the past 15 years. We had an

agreement with both the Trust and local PCT that the anticoagulant

service would continue to provide counselling for patients who were

commenced on either of the two novel anticoagulants and then further

care would be overseen by the general practitioner. As part of our care

we added these patients to our existing database and also drew up a

proforma for monitoring these patients.

The decision which oral anticoagulant to prescribe is made by the

referring clinician and anticoagulant staff use a decision aid to ensure

the suitability of the proposed anticoagulant. This takes into account

NICE criteria, patient age, baseline bloods including renal function,

FBC and LFT’s, concurrent medications, history of previous dyspep-

sia or gastric ulcer. To date we have 26 patients on Rivaroxaban (24/

26 on 20 mg and 2/26 on 15 mg) and 17 on Dabigatran (11/17 on

150 mg BD and 6/17 on 110 mg BD).

After a 3 month period we contact all patients by telephone to estab-

lish whether the patient has had any problems taking the current medi-

cation. This includes: any problems with bleeding (if yes then date of

episode, whether hospitalisation was required and any intervention

needed), any renal problems (including checking that any relevant up-

to date screening has been checked) and for patients taking Dabiga-

tran if they have had any episodes of dyspepsia.

We are also recording if any of the patients have been cardioverted

whilst on either of the novel anticoagulants.

23/43 patients have had 3 month follow up.

Of these, 19 (83%) reported no adverse event or side effects that war-

ranted discontinuation of the drug.

4/21 (17%) of patients taking Dabigatran discontinued the medication.

2/4 discontinued due to SOB and chest pain (thought to be cardiac in

origin), 1 switching to warfarin and the other Rivaroxaban (also dis-

continued – patient preference).
2/4 discontinued due to dyspepsia (one despite taking a prescribed

PPI). One switched to Rivaroxaban and the other is currently not tak-

ing any anticoagulation.

Conclusion: It is important to keep a database of these patients so we

can monitor for any side effects and support both the patient and pri-

mary care colleagues.

One of the issues seen in secondary care is a lack of awareness that

these are anticoagulants which has resulted in poor prescribing, where

Dalteparin has been prescribed as well as Dabigatran or Rivaroxaban.

No harm has come to the patient as the error has been picked up by

the pharmacist but there needs to be extensive continuing education

relating all novel anticoagulants until their use is more familiar.

Effective communication across all teams is essential to minimise the

risk of prescribing errors.
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ORAL COMMUNICATIONS

OC 01.1
Prolylcarboxypeptidase promotes angiogenesis and
vascular repair
Adams GN1, Merkulova A2, Stavrou E2, Fang C2, Amer AM2,

Nakajima K2, Simon DI2, Jain MK2 and Schmaier AH2

1Cincinnati Children’s Hospital Medical Center, Cincinnati;
2Case Western Reserve University, Cleveland, OH, USA

Background: Prolylcarboxypeptidase (PRCP) is a serine protease and

endopeptidase on vasculature and kidney that degrades peptides with

a Pro-X C-terminus (AngII, desArg9BK, aMSH1–13). In kidney it is a

major enzyme forming Ang-(1-7) (Am J Physiol Cell Physiol, In

Press). PRCP hypomorphic mice (PRCPgt/gt) are lean, hypertensive,

and prothrombotic (JCI 119:2130, 2009; Blood 117:3929, 2011).

Although PRCPgt/gt are protected from metabolic insults (e.g. ath-

erosclerosis), they have vascular inflammation. This injury is charac-

terized by increased vessel ROS, reduced vasculo-protective

transcription factors KLF2 and KLF4, reduced and uncoupled eNOS,

reduced thrombomodulin with less protein C activation, and increased

tissue factor and PAI-1.

Aims: Since PRCP levels influence vascular inflammation, we deter-

mined if PRCP also regulates vessel growth, migration, angiogenesis,

and injury repair.

Methods: PRCP levels were manipulated in bovine aortic endothelial

cells (BAEC) by siRNA and human PRCP cDNA (hPRCP) transfec-

tion. hPRCP was mutagenized at S179 and H455 (hPRCPmut). BAEC

growth and proliferation were measured by counting and MTS color

reaction. Cell ROS and apoptosis was assayed by dihydroethidium

(DHE), HPLC, and annexin V. BAEC scratch assay assessed cell

migration; aortic sprouts and matrigel plugs examined angiogenesis.

Five mm punch biopsy wounds examined inflammation and repair

angiogenesis. Femoral artery ligation examined ischemic injury repair

angiogenesis. Femoral artery wire injury investigated vessel repair

inflammation in PRCPgt/gt mice and PRCPgt/gt backcrossed in inflam-

mation-protected MRP-14�/� mice.

Results: PRCP depletion by siRNA reduced BAEC growth, whereas

transfection of hPRCP enhanced cellular proliferation. PRCP deple-

tion is associated with increased ROS (by DHE and HPLC) and

annexin V binding, and over-expression reduces ROS and apoptosis.

Transfection of hPRCP or its active site mutant (hPRCPmut) res-

cued reduced cell growth after PRCP siRNA knockdown. These data

indicate that PRCP levels directly affect cell growth, and this effect

is not a function of its proteolytic activity. PRCP-depleted cells

migrated less on scratch assay and murine PRCPgt/gt aortic segments

had reduced sprout formation. Matrigel plugs in PRCPgt/gt mice had

reduced hemoglobin content, less PECAM and NG2 staining, and a

reduced NG2/PECAM ratio, indicating diminished angiogenesis.

Skin wounds on PRCPgt/gt mice had delayed closure and reduced

PECAM staining on day 7 but normal CD11b inflammatory

response on day 2. PRCPgt/gt mice also had reduced reperfusion of

the femoral artery after limb ischemia on days 7, 14 and 21 with

decreased angiogenesis at day 28. After femoral artery wire injury,

PRCPgt/gt mice had increased neointimal formation (neointima/

media ratio) with increased CD45 leukocyte accumulation and Ki67

cellular proliferation. Mating PRCPgt/gt mice with MRP-14�/� mice

reduced inflammation, cellular proliferation, and neointimal thicken-

ing after wire injury in the hypomorphic mice.

Summary: PRCP is known to regulate metabolism and vascular

homeostasis. Deficiency of PRCP is associated with improved glucose

tolerance and less insulin resistance but with sick blood vessels leading

to hypertension and thrombosis. PRCP levels regulate endothelial cell

growth, angiogenesis, and the response to vascular injury. This activity

is not related to its protease function. This combined information

suggests that PRCP is a unique regulator of vascular well-being and a

target to promote vascular health.

OC 01.2
UPAR’s domain 2 regulates single chain urokinase-
mediated angiogenesis through beta-1-integrins and
VEGFR2
Schmaier AH1, Merkulova A1, LaRusch GA1, Mahdi F2,

Shariat-Madar Z2, Sitrin RG3 and Cines DB4

1Case Western Reserve University, Cleveland, OH; 2University of

Mississippi, Oxford, MS; 3University of Michigan, Ann Arbor, MI;
4University of Pennsylvania, Philadelphia, PA, USA

Background: The mechanism by which single chain urokinase (ScuPA)

mediates angiogenesis is incompletely understood. Previous studies

indicate that VEGF stimulation of VEGFR2 induces MMP-2 that

activates ScuPA to tcuPA bound to uPAR to stimulate angiogenesis.

Alternatively, soluble uPAR through its sequence S88RSRY92 stimu-

lates angiogenesis through a protease-independent mechanism. CD146

stimulates angiogenesis through up-regulation of ScuPA, uPAR,

VEGF and VEGFR2.

Aims: The purpose of this study is to map a ScuPA signaling pathway

in endothelial cells that promotes angiogenesis and determine if it is

similar to that described for factor XII (Blood 115:5111, 2010).

Methods: Cultured HUVEC (human umbilical vein EC), HMEC

(human microvascular EC) and SIN1�/� MEFs treated with ScuPA,

tcuPA, or APMSF-treated tcuPA were utilized for the signaling stud-

ies. Domain 2 (D2) of uPAR was modeled for the ScuPA and HK

binding regions using Cn3D4.3 from NCBI. Peptides from uPAR’s D2

and HK’s domain 5 (D5) mapped ScuPA’s binding region. MEK and

PI3 kinase inhibitors characterized the mechanism for ScuPA-induced

pERK1/2 and pAktS473. Antibodies to beta-1-integrin, AG1478, and

PP3 characterized the signaling pathways. siRNA to HER1-4 and

VEGFR2 determined the communicating tyrosine kinase for ScuPA-

induced signaling. ScuPA-induced cell proliferation and BrdU incor-

poration was determined. The pathway to ScuPA-induced in vitro

sprouting and in vivo matrigel plug angiogenesis was determined.

Results: ScuPA (> 4 nM), APMSF-treated tcuPA or tcuPA induces

pERK1/2 (MAPK44 and 42) and pAktS473 in HUVEC or HMEC. Scu-

PA-induced activation of pERK1/2 is blocked by PD98059 or U0126

and pAktS473 inhibited by Wortmannin or LY294002. ScuPA (32 nM)

or protease-inhibited two-chain uPA stimulates pERK1/2 to the same

extent, indicating that signaling is not dependent on enzymatic activity.

ScuPA induces pERK1/2, but not pAktS473, in SIN1�/� MEFs indicat-

ing that the two pathways are not identical and ScuPA interacts with

uPAR independent of domain 1. Modeling of uPAR’s crystal structure

indicates that its domain 2 is on the surface and it does not interact with

the ATF of ScuPA and uPAR’s domain 1. Peptides from uPAR’s D2 or

HK’s D5 or cleaved HK compete with ScuPA for induction of pERK1/

2 and pAktS473. A peptide to the integrin binding site on uPAR, a beta-

1-integrin peptide that binds uPAR, antibody 6S6 to beta-1-integrin,

the tyrosine kinase inhibitors AG1478 or PP3, and siRNA knockdown

of VEGFR2, but not HER1-4, each block ScuPA-induced pERK1/2

and pAktS473. ScuPA initiated cell proliferation is blocked by MEK

and PI3 kinase inhibitors, antibody 6S6, and uPAR D2 and HK D5

peptides. ScuPA promotes aortic sprouts and matrigel plug angiogene-

sis in normal, but not uPAR deficient mouse aorta or mice, respectively,

that is blocked by PD98059, LY294002, AG1478 or HKa.

Summary: These data suggest that ScuPA promotes endothelial cell

proliferation and angiogenesis through a non-proteolytic signaling

pathway, similar to factor XII, mediated by interactions involving

uPAR’s D2, beta-1-integrin, and VEGFR2. HKa’s D5 peptides down

regulate this pathway by, at least, blocking ScuPA binding to uPAR’s

D2. ScuPA, uPAR, VEGF, and VEGFR2 function in an autoregula-

tory and autocrine manner to promote angiogenesis.
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OC 01.3
Junctional adhesion molecule-A modulates
angiogenesis through transcriptional regulation of
VEGF/VEGFR2 expression
Naik MU, Cooke VG, Chatterjee S and Naik UP

University of Delaware, Newark, DE, USA

Background: The process of angiogenesis is associated with a num-

ber of human pathologies. Vascular endothelial growth factor

(VEGF) is a potent angiogenic growth factor. VEGF expression is

upregulated during ischemia and tumor growth. VEGF expression

and thus VEGF-dependent angiogenesis are normally suppressed

in healthy adults. The mechanism of this suppression is not

known.

Aim: To show that junctional adhesion molecule-A (JAM-A), a tight

junction protein expressed on endothelial cells, is an endogenous sup-

pressor of VEGF-induced angiogenesis.

Methods: Using gene-targeted Jam-A null mice, we performed in vivo

tumor growth, and a variety of angiogenesis assays such as Matrigel�O

plug and aortic ring sprouting. Wild-type (WT) mice were used as con-

trols. Vascular permeability was assessed by Miles assay using Evans

blue dye. Real-time PCR and Western blot analysis were used to assess

gene expression.

Results: We found that murine melanoma tumor growth and associ-

ated angiogenesis were significantly augmented (P < 0.001) in Jam-

A null mice compared to WT mice. Additionally, Jam-A null mice

showed significantly enhanced (P < 0.004) vascular permeability.

Furthermore, VEGF-, but not FGF-2-dependent angiogenesis is sig-

nificantly augmented (P < 0.001) in the absence of Jam-A. Vascular

endothelial cells isolated from Jam-A null mouse aorta showed sig-

nificantly enhanced (P < 0.05) cell migration and tube-like structure

formation (P < 0.05) in response to VEGF. Additionally, we found

the plasma levels of VEGF in Jam-A null mice to be significantly

(P < 0.000001) and age-dependently increased compared to WT

mice. Furthermore, both mRNA and protein levels of VEGF and

its receptor VEGFR2 were significantly increased (P < 0.001) in

Jam-A null endothelial cells, suggesting that the VEGF/VEGFR2

signaling axis is augmented in the absence of Jam-A. To further

confirm this finding, we injected anti-VEGFR2 (DC101) into the

Jam-A null mice inoculated with murine melanoma (B16F0) cells.

Inhibition of VEGF/VEGFR2 signaling by DC101 significantly

reduced (P < 0.00003) tumor growth and associated angiogenesis in

Jam-A null mice. Additionally, vascular permeability observed in

Jam-A null mice was completely abrogated upon DC101 treatment.

When tested if the expression of soluble Flt (sFlt), which is known

to trap VEGF, is downregulated in the absence of Jam-A, we found

no significant difference in sFlt mRNA expression in Jam-A null

endothelial cells compared to WT. In order to determine the mecha-

nism of this upregulation of the VEGF signaling axis, we tested the

expression of hypoxia inducible factor-1a (HIF-1a) and inhibitor of

DNA binding 1 (Id1), two transcription factors known to upregu-

late VEGF and VEGFR2 gene expression respectively. Interestingly,

mRNA and protein levels of both HIF-1a and Id1 were significantly

augmented (P < 0.02) in endothelial cells lacking Jam-A. Consistent

with this finding, the overexpression of JAM-A in HUVECs attenu-

ated the levels of Id1.

Summary: The results presented here suggest that JAM-A suppresses

VEGF/VEGFR2 expression in endothelial cells by attenuating HIF-1a

and Id1 expression, thus suppressing adult angiogenesis. During path-

ological conditions such as ischemia and tumor growth, it is possible

that JAM-A levels are downregulated, thus supporting pathological

angiogenesis.

OC 01.4
The intestinal microbiota triggers tissue factor-
dependent vascular remodelling in the small intestine
via the angiopoietin-1/Tie-2 pathway
Reinhardt C1, Bergentall M2, Brand~ao I1, H€ormann N1, Walter U1,

Ruf W3 and B€ackhed F2

1Center for Thrombosis and Hemostasis (CTH), Mainz, Germany;
2The Wallenberg Laboratory for Cardiovascular Research at

Sahlgrenska Academy, Gothenburg, Sweden; 3The Scripps

Research Institute, La Jolla, CA, USA

After birth the epithelial surfaces of the newborn are colonized by

myriads of different bacteria that form one of the most densely colo-

nized ecosystems on earth – the gut microbiota. We have used germ-

free mouse technology to demonstrate that colonization with an

intestinal microbiota promotes the formation of intricate capillary net-

works in the villi of the distal small intestine. The exact mechanisms

that trigger mucosal vascular remodeling in the small intestine are lar-

gely unexplored.

We found that conventionally-raised (CONV-R) mice show wider vil-

lus structures and increased vascularization compared with germfree

(GF) control mice. This is paralleled by increased angiopoietin-1

(Ang-1) mRNA levels and increased Tie-2 phosphorylation in the dis-

tal part of the small intestine. Furthermore, transcript levels of apelin

(Apln), a regulator of vascular caliber size and cord hollowing that is

regulated via the Ang-1/Tie-2 pathway are also increased in colonized

mice. Isolated primary epithelial cells from CONV-R mice also showed

increased Ang-1 mRNA levels. Since tissue factor (TF) has previously

been implicated in angiogenesis and augments activation of protease-

activated receptors (PARs) we blocked the intestinal TF function with

an inhibitory antibody. Ex-germfree mice that were colonized with a

gut microbiota (CONV-D) and treated with a functional inhibitory

anti- TF antibody showed reduced vascularization and reduced Ang-1

mRNA levels compared to isotype-treated littermate controls. In line

with this finding, decreased vascularization was observed in the small

intestine of low TF mice that are expressing about 1% of human TF

relative to mouse TF. The small intestinal epithelium is a major site of

TF expression and both expression of fully N-glycosylated TF antigen

and PAR1 expression was elevated in CONV-R mice compared with

GF controls. TF expression could be induced by peptidoglycan treat-

ment in the small intestinal epithelial cell line MODE-K. Increased TF

procoagulant activity was also reflected by increased thrombin-anti-

thrombin complex (TAT) levels and increased TF-dependent Factor

Xa generation in CONV-R mice. Treatment of primary intestinal epi-

thelial cells with thrombin resulted in increased phosphorylation of the

TF cytoplasmic domain. In contrast, reduced TF cytoplasmic domain

phosphorylation was noted upon inhibition of thrombin with hirudin

in CONV-D mice and in CONV-D mice where TF was blocked with

anti-TF suggesting that the TF cytoplasmatic domain could be

involved in vascular remodeling in the small intestine. Indeed, we

found small intestinal vascularization and expression of Ang-1 reduced

in PAR1-deficient mice and in mice lacking the TF cytoplasmic

domain. The functional importance of Ang-1 for vascular remodeling

in the small intestine is further corroborated by inhibition of Ang-1

with the peptibody mL4-3, which resulted in inhibition of Tie-2 phos-

phorylation and in decreased villus vascularization.

Collectively, we revealed how the intestinal microbiota can activate

vascular remodeling in the distal small intestine via the TF/PAR1/

Ang-1 signaling axis. Apln could represent a novel factor involved in

microbiota-induced intestinal vascular remodeling. Our findings exem-

plify how gut microbes can impact angiogenic signaling pathways to

shape their habitat.
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OC 01.5
Tissue factor rich endothelial-microparticles induce
angiogenesis and post-ischemic revascularization
Badimon L, Arderiu G and Pe~na E

Cardiovascular Research Center (CSIC-ICCC), IIBSantPau,

Barcelona, Spain

Therapeutic angiogenesis may be a promising strategy for treating

ischemia. However, the mechanisms of angiogenesis need to be further

elucidated. Tissue Factor (TF) has shown to induce microvessel for-

mation, but whether tissue factor-rich endothelial microparticles

(TF+EMPs) released from activated endothelium induce angiogenesis

has not been shown. Here we hypothesized that TF+EMPs trigger or

facilitate angiogenesis by paracrine regulation. We used human dermal

microvascular endothelial cells, human microvascular endothelial cells

and human vascular smooth muscle cells. TF+EMPs shed from TF

overexpressing migrating endothelial cells were used to perform in vi-

tro, ex vivo and in vivo experiments. Endothelial cell activation and

phenotype change, from quiescent to angiogenic, induces significant

TF+EMPs release (0.8 � 0.3 lg/lL vs 6.6 � 0.5 lg/lL; P < 0.001).

Released TF+EMPs showed autocrine and paracrine effects.

TF+EMPs rapidly adhered to smooth muscle cells (SMC) in a b1-
dependent fashion and increased SMC migration through b1-integrin,
Rac1, and ERK1/2 activation independently of PAR2 signaling. Func-

tionally, TF+EMPs up-regulated angiogenesis in aortic sprouting

assays in a b1-integrin dependent pathway. Importantly, TF+EMPs

induced angiogenesis in an in vivo model in which matrigel plugs con-

taining TF+EMPs were implanted subcutaneously into nude mice.

Finally, using a murine hindlimb ischemia, TF+EMPs enhanced col-

lateral flow recovery and capillary formation in non-perfused adductor

muscles (N = 5) in comparison to control buffer and EMPs without

TF. The TF+EMPs -induced increase in in vivo angiogenesis operated

through b1-integrin signaling via Rac1, and ERK1/2-dependent path-

way. In conclusion, these experiments show that activated endothelial

cells are able to further induce angiogenesis by releasing microparticles

enriched in TF. These results suggest that TF-EMP could be a mecha-

nism to overcome the consequences of arterial occlusion and tissue

ischemia by promoting post-ischemic neo-vascularization and tissue

reperfusion.

OC 01.6
Protease Nexin-1 regulates the retinal vascular
development
Arocas V1, Selbonne S1, Boulaftali Y2, Jandrot-Perrus M1

and Bouton M-CH1

1Inserm, Paris, France; 2The University of North Carolina, Chapel

Hill, NC, USA

Angiogenesis is a process tightly controlled by a physiological balance

between stimulatory and inhibitory signals for blood vessel growth,

involved in reparative neovascularisation and in various ischemic and

inflammatory diseases. Among the regulatory molecules, we recently

identified serpinE2, or protease nexin-1 (PN-1), as an underestimated

player of the angiogenic balance. PN-1 belongs to the serpin family of

structurally related proteins that are present in the plasma or in tissues

and play a central role in the regulation of protease activity. PN-1 is

expressed by vascular cells, is secreted by platelets upon activation,

and is often found overexpressed at sites of tissue injury. It is the most

efficient tissue inhibitor of thrombin but also a powerful inhibitor of

plasminogen activators, proteases largely involved in tissue remodel-

ling.

We recently pointed out the anti-angiogenic activity of PN-1 in vitro

on VEGF-induced HUVEC responses, ex vivo in the aortic ring assay

and in vivo in the Matrigel plug assay, using PN-1 deficient mice. These

effects are related to the interaction of PN-1 with endothelial cells gly-

cosaminoglycans but do not require the anti-protease activity of the

serpin. In this study, we used the well characterized postnatal vascular

development of newborn mice retina, in which an organized bidimen-

sional vascular architecture develops from the optic disk to the retina

periphery, to further investigate the role of PN-1 in physiological

angiogenesis and its mechanism of action. This vascular network can

be observed by endothelial cell staining with markers such as isolectin

B4. We observed that PN-1�/� retina display increased retinal vascu-

larization in the postnatal period, with a rise in capillary thickness and

density. Interestingly, the number of veins/arteries in the retina is

increased in PN-1 deficient mice retina, from 4 to 5 in wild-type mice

(WT), to 6–7 in PN-1�/� mice. Using transgenic (PN-1-lacZ) mice

expressing X-Gal under the promoter of PN-1, we observed by X-Gal

staining that PN-1 is expressed in the retinal vasculature. Retinal PN-1

expression, analyzed in WT whole retina lysates by immunoblotting,

was elevated in the first postnatal days and progressively decreased to

a very low level in adult retina. We did not observe any difference in

the kinetics of retinal vasculature development, in VEGF expression,

or in the overall retinal structure.

To go further in the mechanism of anti-angiogenic activity of PN-1,

we performed antibody arrays on mice retina lysates, and PCR arrays

on mice retina RNA. These studies identified angiogenesis-related fac-

tors that are differentially expressed in WT and PN-1-deficient new-

born mice, in particular Midkine, Smad 5 and Sonic hedgehog, whose

overexpression was confirmed by RT-PCR. We are now investigating

how modification of expression of these factors could mediate the PN-

1 anti-angiogenic effect.

Altogether, our results thus indicate that PN-1 limits physiological

angiogenesis and has a real important anti-angiogenic potential. The

characterization of its role in angiogenesis would not only increase our

understanding in the functions of PN-1 in the development of diseases

but may also provide important therapeutic strategies.

OC 02 – Anticoagulant
Agents – Clinical Studies I

OC 02.1
Antithrombotic treatment of splanchnic vein
thrombosis in the ISTH international registry: results of
6-month follow-up
Riva N1, Ageno W1, Schulman S2, Bang S-M3, Sartori MT4,

Grandone E5, Beyer-Westendorf J6, Barillari G7, Di Minno D8,

Duce R9, Malato A10, Santoro R11, Poli D12, Verhamme P13

and Dentali F1

1Department of Clinical and Experimental Medicine, Insubria

University, Varese, Italy; 2McMaster University, Hamilton, ON,

Canada;3SeoulNationalUniversity,Seoul,South-Korea;
4UniversityofPadua,Padua; 5IRCCSCasaSollievoDella

Sofferenza,S.GiovanniRotondo, Italy; 6DresdenUniversityClinic,

Dresden,Germany;7OspedalediUdine,Udine; 8Universityof

Naples,Naples; 9GallieraHospital,Genoa;10CattedraedUOdi

ematologiacontrapianto,Palermo;11AziendaOspedaliera

Pugliese-Ciaccio,Catanzaro; 12CareggiHospital, Florence, Italy;
13LeuvenUniversity,Leuven,Belgium

Background: Treatment of splanchnic vein thrombosis (SVT) is a clini-

cal challenge due to heterogeneity of clinical presentations, increased

bleeding risk and lack of evidences from clinical trials.

Aims: We carried out an international registry aimed to describe cur-

rent treatment strategies and factors associated with therapeutic deci-

sions in a large prospective cohort of SVT patients.

Methods: Between May 2008 and January 2012, consecutive SVT

patients were enrolled in the registry and information on clinical pre-

sentation, risk factors, and therapeutic strategies was collected in an

electronic database. Clinical outcomes during the first 6 months of

treatment were documented. A two-year follow up is ongoing.
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Results: Six hundred and thirteen patients from 12 countries were

enrolled in the registry. Mean age was 53.1 (SD � 14.8) years (range

16–85); 62.6% were males, 74.4% Caucasians. SVT occurred in the

portal vein in 470 patients, in the mesenteric vein in266, in the splenic

vein in 139, and in the supra-hepatic veins in 56; 38.8% of patients had

multiple vein segments involved. In 29.8% of patients SVT diagnosis

was incidental. Most common risk factors included cirrhosis (27.8%),

solid cancer (22.3%), intra-abdominal inflammation/infection

(11.5%), surgery (8.9%), and myeloproliferative neoplasm (MPN)

(8.2%); in 27.6% of patients SVT was idiopathic.

During the acute phase, 471 (76.8%) patients were treated with antico-

agulant drugs: unfractionated heparin (10.4%), low molecular weight

heparin or fondaparinux (66.4%), vitamin K antagonists (VKA)

(48.5%). Four patients received aspirin, 9 received thrombolysis. A

total of 135 patients (22.0%) remained untreated. Of patients with

incidentally diagnosed SVT, 61.1% received anticoagulant treatment.

Currently, information on treatment and clinical events occurred dur-

ing the first 6 months of follow-up is available for 570 patients (96.1%

of the population available for follow-up, since three centres partici-

pated in the baseline phase only). Baseline characteristics of patients

with available follow-up were similar to those of patients with unavail-

able follow-up at the time of this analysis.

At 6 months, 79.2% of treated patients were still receiving anticoagu-

lant treatment, while the remaining had stopped treatment earlier.

Venous thromboembolic events, including recurrent SVT and other

site venous thromboembolism occurred in 26 patients (4.56%, 95% CI

3.06–6.70), 19 in treated patients (4.3%) and 7 in non-treated patients

(5.5%). Major bleeding occurred in 18 patients (3.16%, 95% CI 1.94–
5.04), 12 while on anticoagulant treatment (2.7%) and 6 in not-treated

patients (4.7%). Death occurred in 55 patients (9.65%, 95% CI 7.41–
12.45), 40 in treated patients (9.0%) and 15 in non-treated patients

(11.8%).

Conclusions: The large majority of patients observed in our prospective

cohort received anticoagulant treatment for their SVT, and 79.2% of

them continued for at least 6 months. The incidence of both recurrent

thrombosis and major bleeding events during this 6-month period is

non-negligible, suggesting the need for a careful individual evaluation

of the risks and benefits of anticoagulant treatment in SVT patients.

OC 02.2
What is the clinical impact of major bleedings with
rivaroxaban? Results from the pooled EINSTEIN studies
Eerenberg ES, Middeldorp S, Levi M, Lensing AWA and B€uller HR
1Academic Medical Center, Amsterdam, the Netherlands

Background and aims: Rivaroxaban is one of the new oral anticoagu-

lants, a member of the class of factor Xa inhibitors, that can be pre-

scribed in a fixed dose, making regularly monitoring and dose

adjustments unnecessary. In the EINSTEIN studies, rivaroxaban

proved to be safe and effective in comparison to standard of care with

enoxaparin/vitamin K antagonists (VKA; target INR 2.0–3.0) in treat-

ing acute deep vein thrombosis and pulmonary embolism and versus

placebo for the prolonged treatment of both diseases. Nevertheless, as

any anticoagulant, it carries a risk of bleeding. There is little knowl-

edge on how bleedings during treatment with new oral anticoagulants

develop. Therefore, all major bleedings during therapy with rivarox-

aban and standard of care from the EINSTEIN studies were blindly

assessed for their clinical impact and the measures that were required.

Methods: Two investigators (SM, HRB) performed a descriptive sub-

group analysis on major bleedings in patients treated with either riva-

roxaban (15 mg twice daily for the first 3 weeks, followed by 20 mg

once daily) or standard of care. In the classification for clinical presen-

tation, events were assigned to category one if the presentation was

without any clinical emergency. The second category was reserved for

all bleedings that could not be classified to any of the other three cate-

gories. Category three was used for bleedings presenting with great

medical emergency; e.g. hemodynamic instability; or severe disability.

The fourth category was applied to all bleedings with an (almost)

immediate fatal outcome. The first category of the classification for

clinical course was assigned to bleedings for which only standard mea-

sures were applied to treat discomfort. Bleedings requiring standard

measures such as transfusions of erythrocytes, and straight forward

interventions were placed in category two. Bleedings from the third

category were described as life threatening requiring immediate and

elaborate measures to avoid death. Category four comprised all bleed-

ings for which death was unavoidable, so that no life saving attempts

were made.

Results: Rivaroxaban-associated major bleeding events had a milder

presentation (82% presented as categories one and two, versus 65%

for standard of care). In 80% of all major bleeding events associated

with rivaroxaban, the clinical course was also mild (category one and

two, 68% of standard of care associated bleeds acted likewise).

Conclusions: Rivaroxaban associated major bleeding events appear to

have a milder presentation, and to take a milder course in comparison

to major bleeding events with standard of care, in patients who were

treated for venous thromboembolism in the EINSTEIN studies.

OC 02.3
Subgroup analysis of the FONDACAST study
comparing fondaparinux to low-molecular-weight
heparin for the prevention of venous
thromboembolism after an isolated, non-surgical
below-knee injury
Samama CM1, Riou B2, Roy P-M3, Sautet A4, Mismetti P5

and Van Der Veen A6

1Hôtel Dieu and Cochin University Hospitals; 2La Piti�e Salpêtri�ere

University Hospital, Paris; 3Angers University Hospital, Angers;
4Saint Antoine University Hospital, Paris; 5Saint-Etienne

University Hospital, Saint-Etienne, France; 6Catharina Hospital,

Eindhoven, Netherlands

Background: In a prospective, randomized, open-label study in 1349

patients requiring 21–45 days of immobilization (cast/brace), for

below-knee, isolated, non-surgical injury, with at least one risk factor

for venous thromboemboslism (VTE), once-daily s.c. fondaparinux

2.5 mg (1.5 mg if creatinine clearance 30–50 mL/min) was more effec-

tive than once-daily s.c. nadroparin 2850 aXa IU (0.3 mL) in prevent-

ing VTE, with no significant difference in terms of tolerability, both

drugs being administered until mobilization (1).

Aims: To assess whether efficacy results were consistent across pre-

specified subgroups.

Methods: The incidence of the primary efficacy outcome up to com-

plete mobilization plus 2 days, i.e. the composite of VTE [asymptom-

atic (ultrasonographically detected) or symptomatic deep-vein

thrombosis (DVT) or symptomatic pulmonary embolism (PE)] or

death was examined on the intent-to-treat population in pre-specified

subgroups according to key demographic and below-knee injury char-

acteristics, as well as potential risk factors for VTE. All events were

blindly adjudicated by an independent committee. For each subgroup,

treatments were compared using a Fisher’s exact test. Odds ratio (OR)

of fondaparinux/nadroparin and 95% confidence intervals (CI) were

estimated using a univariate exact logistic regression model. The pro-

tocol was approved by independent Ethics Committees and written

informed consent was obtained from all patients before inclusion.

Results: Overall, OR of fondaparinux/nadroparin in the subgroups

examined were consistent with the overall study results on primary

efficacy (OR: 0.30, 95% CI: 0.15–0.54, n = 1170). In each subgroup in

which OR showed statistically significant difference between treat-

ments in the risk of VTE or death, this risk was lower in fondapari-

nux-patients than in nadroparin-patients. OR were consistent

according to age, gender, weight, body-mass index, or whether or not

the patients have had previous VTE, a history of- or active cancer,
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one, two or three risk factors for VTE, and whether or not they were

receiving aspirin or antiplatelet agents at randomization. There were

only 22 patients with a creatinine clearance < 50 mL/min, and no

VTE events or death were reported in these patients. OR were also

consistent irrespective of whether the patients had a bone fracture

(n = 1041, OR: 0.31, 95% CI: 0.16–0.58) or not (n = 129, OR: 0.27,

95% CI: 0.00–2.51), the bone fracture was proximal (n = 60, OR: 0.60,

95% CI: 0.05–5.70) or distal (n = 981, OR: 0.29, 95% CI: 0.14–0.56),
the injury was severe (n = 1066, OR: 0.31, 95% CI:0.16–0.57) or not
(n = 104, OR: 0.42, 95% CI: 0.00–5.52), and the immobilization was

rigid (n = 1050, OR=0.28, 95% CI: 0.14–0.52) or semi-rigid (n = 102,

OR=1.04, 95% CI: 0.01–83.28).
Conclusions: In patients at risk of VTE immobilized following injury

to the lower extremity, the statistically significant superior efficacy of

fondaparinux 2.5 mg (1.5 mg if creatinine clearance 30–50 mL/min)

versus nadroparin 2850 aXa IU (0.3 mL) in reducing the risk of VTE

or death was consistent across all subgroups examined and with the

overall study results.

1. Samama et al. Presented at the 58th Annual meeting of the SSC of

the ISTH, Liverpool, 27–30 June 2012. Abstract HTC01.

OC 02.4
Effect of dabigatran etexilate on the risk of myocardial
infarction and other cardiac events: a systematic
review and updated dose-response meta-analysis of
randomized controlled trials
Douxfils J1, Buckinx F2, Mullier F3, Rabenda V2, Reginster J-Y2,

Hainaut P4, Bruy�ere O2 and Dogn�e J-M1

1University of Namur, Namur; 2University of Li�ege, Li�ege; 3CHU

UCL Mont-Godinne-Dinant, Yvoir; 4UCL – Clinique Universitaire

Saint-Luc, Bruxelles, Belgium

Background: Dabigatran etexilate (DE) is an oral direct thrombin

inhibitor widely used for the prevention of venous thromboembolic

events in major orthopedic surgery and in stroke prevention in patients

with non-valvular atrial fibrillation. Early signals of an increased risk

of myocardial infarction (MI) in clinical trials raised concerns about

its use, particularly in patients with coronary disease.

Aims: We undertook an updated dose-response meta-analysis of ran-

domized controlled trials (RCTs) to assess the possible association

between the use of DE and the risk of MI or other cardiac events.

Methods: We conducted searches of the published literature, and a

clinical-trials registry maintained by the drug manufacturer. Criteria

for inclusion in our meta-analysis included all RCTs and the availabil-

ity of outcome data for MI and cardiac events. Among the 318 unique

references identified by all searches, there were 14 RCTs of which 13

fulfilled inclusion criteria. Three of them did not contribute to the

analysis since there were no MI or other cardiac events reported. Strat-

ification analyses by comparators (warfarin, placebo or enoxaparin)

and doses of DE (150 mg bid and 110 mg bid) and sensitivity analyses

were conducted. Statistical heterogeneity across trials was assessed

with the Cochran Q-test and I2 statistics.

Results: In the DE group, there were 292 MIs among the 23 839

exposed patients which represented an absolute risk of 1.23%. The

overall odd ratio (OR) for MI was 1.32 (95% CI, 1.07–1.63;
P = 0.010). When compared to warfarin, enoxaparin or placebo regi-

mens, estimated OR for MI were 1.38 (95% CI: 1.08–1.77; P = 0.009),

0.96 (95% CI: 0.57–1.60; P = 0.869) and 1.70 (95% CI: 0.80–3.58;
P = 0.165), respectively. In RCTs using the higher licensed DE dose

(150 mg bid), the OR for MI was 1.45 (95% CI: 1.10–1.90; P = 0.008),

and 1.41 (95% CI: 1.07–1.88; P = 0.016) when compared to any com-

parator or to warfarin, respectively. The sensitivity analyses preserved

a significant increase of the MI associated with DE when compared

with warfarin dropping one study at a time. The overall OR for MI

was 1.33 (95% CI: 0.99–1.77; P = 0.057) for DE 110 mg bid. Addi-

tional analysis with a limited number of studies showed that there was

no association between other cardiac events and DE based on 841

events. No publication bias was found and the observed heterogeneity

was negligible.

Conclusions: This meta-analysis of RCTs provides robust evidence that

DE is associated with a significantly increased risk of MI, especially at

high dose (150 mg bid). No firm conclusion can be taken with the

lower DE dose (110 mg bid) because of the limited number of studies

included in this meta-analysis. Health care professionals and regula-

tors should consider appropriate strategy to prevent such serious

adverse drug reactions. The limitation of the use of DE in patients at

high risk or suffering from coronary heart disease, the concomitant

use of aspirin or switching to a FXa inhibitor should be carefully con-

sidered.

OC 02.5
Management of anticoagulation with vitamin k
antagonists: can the time in therapeutic range (TTR) be
used to optimize the interval between measurements?
Moreira CS1, Leit~ao P2, Gonc�alves V2, Morais S3, Leite F3,

Campos M3 and Cruz E3

1Servic�o de Hematologia Cl�ınica – Secc�~ao de Trombose e

Hemostase; 2Izasa Portugal, Werfen Group; 3Centro Hospitalar

do Porto – Hospital de Santo Ant�onio, Porto, Portugal

Background: The efficacy and safety of vitamin K antagonists (VKA)

for the prevention of thromboembolism are dependent on the time for

which the International Normalized Ratio (INR) is in the therapeutic

range. This requires regular monitoring and appropriate dose adjust-

ment. It has been reported that anticoagulation clinics should aim for

a time in therapeutic range (TTR) between 70–80% to optimize benefit

and minimize hemorrhagic and thrombotic complications.

Aims: The goal of our study was to evaluate quality of anticoagulation

monitoring with the objective to adopt the new recommendations of

interval between measurements of 12 weeks (according to 2012 guide-

lines of American College of Chest Physicians), instead of the current

8 weeks, using TTR determined by Rosendaal method.

Methods: We retrospectively analysed data of the last 6 years (Septem-

ber 2006 to June 2012) including patients that are regularly followed

up at the outpatient Anticoagulation Clinic of a central hospital under

anticoagulation for at least 8 weeks. 61 988 appointments correspond-

ing to 2087 patients were analyzed. Patients were divided according to

target INR in three groups: Group 1 with target INR 2-3, including

1927 patients corresponding to 54 325 appointments with mean age

65 � 15 years, majority (44%) with atrial fibrilation; Group 2 with

target INR 2.5–3.5, including 120 patients corresponding to 5754

appointments with mean age 54 � 8 years, majority (88%) with

mechanical heart valves; Group 3 with target INR 3–4, including 40

patients corresponding to 1909 appointments with mean age

41 � 16 years, majority (65%) with antiphospholipid syndrome.

Results: In general, patients in Group 1 had TTR of 83%, patients in

Group 2 had TTR of 74% and patients in Group 3 had TTR of 54%.

Analyses of patients with longer mean interval between appointments

(4–8 weeks interval) showed that there was no decrease of monitoring

quality: patients in Group 1 had TTR of 86%, patients in Group 2

had TTR of 78% and patients in Group 3 had TTR of 64% (n.s.).

Analysis of patients by age, using only patients from Group 1, showed

that there were no differences in TTR in patients with less or equal to

80 years-old comparing to patients with more than 80 years-old (TTR

83% vs 82%, n.s.), showing that age per se is not a factor affecting

monitoring quality.

Conclusions: In conclusion, patients with target INR of 2–3 and 2.5–
3.5 had TTR that can be considered effective. Therefore this can be an

indirect indicative that it would be safe to increase time between mea-

surements to 12 weeks, as recommended by the new guidelines. Age

should not be a limitation for this increase, at least in patients with tar-

get INR 2–3, which are the older ones in the present study. In patients
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with target INR 3–4 we obtained the lowest value of TTR, probably

due to proximity between therapeutic and toxic doses that can compli-

cate VKA management. Therefore, for patients with target INR of 3–
4 there is not enough evidence to support the increase of the interval

between measurements.

OC 02.6
Cost-effectiveness of rivaroxaban for the treatment of
pulmonary embolism and secondary prevention of
venous thromboembolism – a UK perspective
McLeod E1, Guillermin A2, Hudson R2, Bamber L3, Muston D4

and Lensing AWA3

1IMS Health London; 2IMS Health, London, UK; 3Bayer

HealthCare Pharmaceuticals, Wuppertal, Germany; 4Bayer plc,

Berkshire, UK

Background: The current standard of care for pulmonary embolism

(PE) – initial treatment with low molecular weight heparin (LMWH)

overlapping with, and followed by, a vitamin K antagonist (VKA) –
suffers from limitations. Rivaroxaban, an oral, direct Factor Xa inhib-

itor, provides a single-drug approach that does not require LMWH

bridging therapy, dose adjustment or routine laboratory monitoring.

EINSTEIN PE compared rivaroxaban with LMWH/VKA for 3, 6 or

12 months of treatment post-PE. Rivaroxaban was shown to be non-

inferior to LMWH/VKA therapy in the prevention of recurrent

venous thromboembolism (VTE; hazard ratio 1.12, 95% confidence

interval 0.75–1.68; P = 0.003) and resulted in a significant reduction in

major bleeding (hazard ratio 0.49, 95% confidence interval 0.31–0.79;
P = 0.003). These data indicate a potentially improved benefit-risk

profile. On the basis of the EINSTEIN PE results, the European

licence was extended to include treatment of haemodynamically stable

patients with acute symptomatic PE.

Aim: To compare cost-effectiveness of oral rivaroxaban with standard

of care for the treatment of PE and secondary prevention of VTE,

from a UK payer perspective.

Methods: AMarkov model was developed to explore cost-effectiveness

over a patient’s lifetime. Patients entering the model had experienced a

PE and required 3, 6 or 12 months’ treatment. A scenario evaluating

high-risk patients requiring lifelong treatment was included.

Patients were exposed to treatment-specific risks of recurrent VTE and

bleeding events. Associated mortality, post-thrombotic syndrome and

chronic thromboembolic pulmonary hypertension were applied to

both treatment arms. Inputs were derived from EINSTEIN PE and

systematic literature reviews. To account for differences in patient risk

profiles, rivaroxaban treatment effects were applied to the probability

of events in patients treated with LMWH/VKA, according to intended

treatment duration.

Economic inputs were based on costs from publicly available sources.

An observational study provided resource use associated with routine

laboratory monitoring. Consistent with EINSTEIN PE findings, a

reduction in length of stay (LOS) was included for admitted patients

treated with rivaroxaban. Quality-of-life (utility) inputs accounted for

the impact of events and VKA treatment. Costs and benefits were dis-

counted at 3.5% per annum. Extensive sensitivity analyses were under-

taken.

Results: Rivaroxaban demonstrated per-patient cost savings of £396,
£213 and £133 relative to LMWH/VKA therapy in patients treated

with 3, 6 and 12 months’ anticoagulation, respectively. Patients trea-

ted with rivaroxaban accrued more quality-adjusted life-years

(QALYs; increases of 0.027, 0.013 and 0.019) compared with

LMWH/VKA. Consequently, rivaroxaban dominated the compara-

tor. Assuming a willingness-to-pay threshold of £20 000/QALY, riv-

aroxaban remained cost-effective in all sensitivity analyses. These

included analyses in which no reduction in LOS or impairment to

quality of life caused by warfarin administration was assumed. Prob-

abilistic sensitivity analyses indicated that the likelihood of rivarox-

aban being cost-effective was > 93% in all three groups.

Rivaroxaban was cost-effective for patients requiring lifelong antico-

agulation, with an incremental cost-effectiveness ratio of £7072/
QALY.

Summary/Conclusions: The benefit-risk profile and single-drug

approach of rivaroxaban improved QALY outcomes and reduced

management costs. Rivaroxaban represents a cost-effective alternative

to standard of care in the treatment of PE and secondary prevention

of VTE from a UK payer perspective.

OC 03 – Clinical Issues in
Haemophilia A

OC 03.1
Impact of sports on children with haemophilia in terms
of their health status, health-related quality off life and
physical performance
Von Mackensen S1 and Khair K2

1University Medical Centre Hamburg-Eppendorf, Hamburg,

Germany; 2Great Ormond Street Hospital, London, UK

Introduction: Sport is nowadays perceived as beneficial for children

with haemophilia, as good muscle strength supports joints and may

reduce bleeding frequency; by contrast psychological benefits are less

known yet. On the other hand, there are still several obstacles towards

sport activities such as worries of the patient/family and school teach-

ers as well as limited knowledge of potential benefits related to differ-

ent sport types. This study introduces the impact of sport on health

status, health-related quality of life (HRQoL) and physical perfor-

mance in children with haemophilia.

Methods: A cross sectional, multi-site study of boys aged 6–17 years

with haemophilia A or B of any severity, current or past inhibitor was

undertaken in children and their parents from HTCs in the UK. One

hundred and twenty haemophilia families were invited to complete a

questionnaire at routine review clinics including the following assess-

ments using age appropriate questionnaires: socio-demographic data,

questions about haemophilia, health-related quality of life (KINDL,

Haemo-QoL), subjective physical performance (HEP-TEST-Q) and

questions about sports activities. Additionally clinical data were col-

lected from patient records; the orthopaedic status was assessed with

the Petrini Haemophilia Joint Score.

Results: Eighty-four haemophilia boys (23mild, 19moderate, 42 severe)

with a mean age of 11.52 years (SD = 3.4) were enrolled from 2 haemo-

philia centres in the UK (70% response rate). 92.3% had haemophilia

A, 51.9%were severely affected; 66.3% received prophylactic treatment

and had a mean Petrini Score ofM = 1.55 � 3.6. 28.4% were classified

overweight/obese according to their BMI in the respective age group.

90.5% participated in regular sporting activity, the majority 2–3 times/

week at least twice a week (79.9%), mainly with friends (80%) and at

school (80%). HRQoL in children was generally good, with highest

impairments in boys aged 8–12 years. Children of younger age groups

reported high impairments in the dimension ‘sports & school’, while

adolescents showed highest impairments in social dimension such as

‘perceived support’ and ‘friends’. Boys aged 8–17 years reported good

physical performance (M = 80.0, SD=16.0) with highest impairments in

the dimensions ‘endurance’ and ‘mobility’.

Sedentary lifestyle and doing sport had no impact on children’s health

status. By contrast, children with a more sedentary lifestyle (watching

> 1–2 h TV/playing computer games per day) had more haemophilia-

related days lost (M = 9.40, SD = 7.1) than those with a less sedentary

life style (M = 3, SD = 3.2) (P < 0.032). Sport had no impact on the

HRQoL of younger boys; on the other hand older boys not doing

sport showed more impairments in the HRQoL dimensions ‘feeling’

(P < 0.014) and ‘family’ (P < 0.013). Children doing sport reported

better physical performance in all domains of the HEP-Test-Q

(P < 0.0001).

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

90 ABSTRACTS



Conclusion: Boys doing sport had a significantly better physical perfor-

mance and HRQoL than boys not doing sport. Sedentary life style

had a negative impact on the subjective physical performance and

number of days lost of children. Participating in sport did not increase

the risk of bleeding or developing target joints. Encouraging haemo-

philia boys to participate in sport will have a direct impact on their

overall HRQoL. There is a further need of interventional studies con-

firming our findings.

OC 03.2
Intracranial haemorrhage in children with haemophilia
A and B – interim analysis of the retrospective part of a
multicentre study
Gretenkort Andersson N and Ljung R

Lund University/Sk�ane University Hospital, Malm€o, Sweden

Background: In children with haemophilia A and B, the discussion on

choice of therapy is focused on joint outcomes, even though intracra-

nial haemorrhage (ICH) is a significant cause of death and morbidity

in such patients. The risk of getting an ICH is 20–50 times higher in

patients with haemophilia and affects 3–10% of patients with haemo-

philia treated on-demand. There are no recent studies on the incidence,

morbidity and mortality of ICH on a well-defined prophylactic

regimen.

Aims and objectives: Does prophylactic treatment reduce the frequency

of intracranial haemorrhages? If ICH occurs, is the risk of sequelae

lower?

Methods: Study group: Children (goal n = 1000), age < 18 years, with

severe haemophilia A or B (FVIII/IX < 1%), without inhibitors who

are on prophylactic treatment (defined as > 20 U/kg, minimum twice/

week or prophylaxis three or more times a week), other prophylactic

treatment (at least once a week) or on-demand.

Methodology: The study is a 3-year prospective survey of the cohorts

with a 5-year retrospective part. Thirty-one international centres from

PedNet (the European Paediatric Network for Haemophilia Manage-

ment) and INPH (the International Network of Pediatric Hemophilia)

are taking part in this multicentre study. The questionnaire is online

(www.ich-hemophilia.se). The main questions are: mode of treatment,

ICH or ICH-free period, technique for ICH imaging, preceding

trauma and sequelae after ICH.

Results: At present, 796 patients have been recruited (median age

11.2 years, [range 1.9–20.0 year]) with a total of 3596 patient years:

2838 are on regular prophylaxis, 244 are on once/week prophylaxis

and 514 are taking on-demand therapy. The present evaluation repre-

sents the 5-year retrospective part of the study. Nineteen events of

ICH occurred in 17 patients with haemophilia A and two with haemo-

philia B. Three patients out of the 19 with ICH were on regular pro-

phylaxis (two as a second bleeding after neonatal intracranial

haemorrhage and one after trauma). Two patients with ICH were on

prophylaxis once a week. The remaining 14/19 with ICH were treated

on-demand, in three patients the ICH occurred in the neonatal period,

and in six in the first year of life. The incidence of ICH in the whole

cohort is 1.06/200 patient years versus 1 ICH/200 patient years in

recent studies. The incidence for children taking on-demand therapy is

5.4/200 patient years, for children on full prophylaxis 0.21/200 patient

years and for children on prophylaxis once a week 1.6/200 patient

years.

Conclusion: The incidence of ICH in children on regular (at least

twice/week) prophylaxis in this interim analysis of the retrospective

cohort is 0.21/200 patient years compared to 5.4/200 patient years for

the on-demand group. This strengthens the hypothesis that ICH

occurs less frequently in patients on prophylaxis. Nine out of 19 ICH

events occurred in the first year of life at an age when patients do not

usually receive prophylaxis. If those patients are deducted from the

analysis, the incidence is 1.9/200 patient years in the on-demand

group, i.e. nine times higher compared to children on prophylaxis.

OC 03.3
Clinical risk factors in the development of inhibitors in
non-severe hemophilia A patients: the first results of
the INSIGHT case–control study
Van Velzen AS1, Eckhardt CL1, Peters M1, Peerlinck K2,

Oldenburg J3, Hay CRM4, Mancuso ME5, Astermark J6, Van Der

Bom JG7 and Fijnvandraat KJ1

1Emma Children’s Hospital, Academic Medical Center,

Amsterdam, the Netherlands; 2University of Leuven, Leuven,

Belgium; 3University Hospital Bonn, Bonn, Germany; 4Royal

Infirmary Hospital, Manchester, UK; 5IRCCS Maggiore Hospital

Foundation and University of Milan, Milan, Italy; 6Sk�ane

University Hospital Malm€o/Lund, Malm€o, Sweden; 7Leiden

University Medical Center, Leiden, the Netherlands

Background: Inhibitor development is a major complication of treat-

ment with factor VIII concentrates in non-severe hemophilia A and

the etiology is only partly understood. It is important to identify clini-

cal situations that elicit inhibitor development, as this enables the

design of preventive strategies.

Aims: This case–control study investigates the association between

clinical risk factors and inhibitor development in patients with non-

severe hemophilia A.

Methods: From a source population of the INSIGHT study, including

all 2711 non-severe hemophilia A patients (FVIII:C 2–40%) that were

treated with FVIII concentrates in 33 European and 1 Australian cen-

ter between January 1st 1980 and January 1st 2011, we selected 77

inhibitor patients (cases) and 230 control patients, matched for age

and cumulative number of exposure days to FVIII concentrates. The

reason for treatment (bleeding or surgery) and the intensity of treat-

ment (1–2 exposure days (ED), 3–4 ED or ≥ 5 ED) were analyzed

using a multivariate survival model with the exposure days to FVIII

concentrates as time-variable.

Results: This first analysis of the INSIGHT case-control study includes

7793 exposure days in 307 patients, with a median age at first exposure

of 22 years (inter quartile range (IQR) 6–44) and a median FVIII base-

line level of 9 IU/dL (IQR 5–16). The 77 cases developed an inhibitor

at a median age of 36 years (IQR 15–60) and after a median of 25 ED

(IQR 12–40).
Neither intensity of treatment, nor surgery was independently associ-

ated with inhibitor occurrence. After adjustment for confounders (eth-

nicity, mild/moderate hemophilia A, family history and age) the

adjusted odds ratios (aOR) for moderate bleed (3–4 ED) and major

bleed (≥ 5 ED) compared to the reference of 1–2 ED, were 0.68 (95%

confidence interval (CI) 0.08–5.85) and 0.66 (CI 0.24–1.79) and for

moderate surgery (3–4 ED) and major surgery (≥ 5 ED) compared to

ED in the absence of surgery were 4.25 (CI 0.74–24.47) and 1.04 (CI

0.38–2.83), respectively.
Factor VIII exposure at an older age showed a trend towards an

increased risk of inhibitor development; aOR 1.82 (CI 0.79–4.17) in
the age-group of > 60 years compared to patients who were exposed

at younger ages (0–30 years).

Conclusions: In contrast to previous findings in patients with severe

hemophilia, surgery was not independently associated with inhibitor

development among patients with non-severe hemophilia A. This may

reveal that exposure to therapeutic FVIII concentrates in patients with

non-severe hemophilia always occurs in clinical situations with a cer-

tain threshold of tissue damage.

Factor VIII infusions at older ages seemed to convey a higher risk for

inhibitors than infusion at younger ages. This may reflect that the

immune system of older patients has been challenged relatively late in

their life with therapeutic FVIII concentrates.
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OC 03.4
Has the inhibitor incidence increased in severe
hemophilia A from 1990 to 2009?
Van Den Berg HM1 and Ljung R2

1University Hospital Utrecht, Utrecht, the Netherlands;
2Department of Pediatrics Lund University, Malmo, Sweden

Background: About 25% of patients with severe hemophilia A develop

inhibitory allo-antibodies (inhibitors) towards infused factor VIII

products. The risk of patients developing inhibitors depends on several

genetic and non-genetic risk factors. Over the last decades, higher

inhibitor incidences have been reported. It is unclear whether this is

caused by a real increase in prevalence or by higher awareness and

more frequent and sensitive testing.

Aim: To objectivate the perceived increased incidence for inhibitors.

Methods: The CANAL study collected data from patients born 1990–
2000 with severe hemophilia until 50 exposure days. Similar data were

collected in the RODIN study (2000–2010). Primary outcome for both

studies was clinically significant inhibitor development, defined as ≥ 2

positive inhibitor titers combined with decreased in vivo factor VIII

recovery. The secondary outcome was high-titer inhibitor develop-

ment, defined as the occurrence of clinically relevant inhibitors with

peak titers of ≥ 5 Bethesda Units (BU)/mL. A positive inhibitor titer

was defined according to the cut-off level of the used inhibitor assay in

each center’s laboratory.

To make direct comparison on inhibitor incidence in these two patient

cohorts, we selected only patients with severe hemophilia A

(FVIII < 0.01 IU/mL) and a follow-up of at least 50 exposure days.

Results: In total 892 patients were included (319 selected in 1990–2000,
573 in 2000–2009). Excluding 51 patients born in 2009 (as 65% of

them had not yet reached 50 exposure days), 245/863 patients (28.4%)

had inhibitors, 174 of them (20.2% high-titer inhibitors. To compare

different time periods, patients were divided into four 5-year periods;

1: patients born 1990–1994; 2: patients born 1995–1999; 3: patients
born 2000–2004; 4: patients born 2005–2009. Total inhibitor develop-
ment was as follows: period 1: 28/144 patients (19.4%); period 2: 47/

175 patients (26.9%); period 3: 96/309 patients (32.1%); period 4: 74/

264 patients (30.2%). High-titer inhibitor development did not

increase significantly between 1990 and 2009: period 1: 24/144 patients

(16.7%); period 2: 37/175 patients (21.1%); period 3: 66/309 patients

(22.1%); period 4: 47/264 patients (19.2%). So, 85.7%, 78.7%, 68.8%

and 63.5% of all patients with inhibitors had high-titer inhibitors.

Conclusions: The overall increase of inhibitor incidence in the period

1990–2009 is caused by the detection of more low-titer inhibitors,

increasing to > 30% of all inhibitors in period 3 + 4. This could be

explained by more frequent and sensitive testing. The high-titer inhibi-

tor incidence, however, did not change significantly in the same time

period, which seems to imply that high-titer inhibitors will be detected

also with less frequent testing.

OC 03.5
Validation of the Extended Magnetic Resonance
Imaging Scale for evaluation of joint status in adult
patients with severe hemophilia A
Raunig D1, Hong W2 and Lundin B3

1ICON Medical Imaging, Warrington, PA; 2Bayer HealthCare,

Montville, NJ, USA; 3Lund University and Sk�ane University

Hospital, Lund, Sweden

Background: Prophylactic replacement factor therapy reduces bleeding

frequency and joint damage compared with on-demand treatment in

patients with hemophilia. Because of varying treatment regimens used

worldwide, adolescents with hemophilia enter adulthood with joint

status ranging from little damage to severe deterioration. Most previ-

ous joint imaging scales for hemophilia have focused on earlier disease

stages observed in younger patients. Adults with hemophilia, who may

have more severe baseline joint damage, would benefit from an imag-

ing scale with greater scale item detail that could evaluate a wide range

of joint damage.

Aim: To demonstrate that the 45-point Extended Magnetic Resonance

Imaging (eMRI) Scale, which scores soft-tissue changes, cartilage

changes, and additive damage from all three bones in each joint (ie,

ankles, elbows, knees), is a valid instrument for measuring joint status

in adults with severe hemophilia A.

Methods: Six scale items (effusion hemarthrosis, synovial hypertrophy,

hemosiderin, erosion, subchondral cysts, and cartilage loss) in two

domains (soft tissue [range, 0–9 points] and osteochondral [range, 0–
36 points]) were evaluated for each joint. eMRI scores were derived

from baseline data from a randomized, controlled, parallel-group clin-

ical trial (NCT00623480; SPINART). Scores were evaluated for linear-

ity (through comparisons with the Colorado Adult Joint Assessment

Scale [CAJAS] and the 17-point International Prophylaxis Study

Group MRI scale) and reproducibility (through measurements of in-

terreader variability and site variance). An item analysis assessed the

internal reliability of items to consistently measure the health status of

each joint.

Results: Patient eMRI scores correlated with age (r = 0.58), similar to

the expected correlation of joint health with total lifetime bleeds

(r = 0.35–0.68) for older scales and consistent with the expectation

that all patients experience joint bleeds and older patients have more

bleeds. eMRI scores demonstrated excellent between-reader agreement

for the overall patient endpoint (intra-class correlation coefficient

[ICC] = 0.88) and outstanding agreement for knee evaluations

(ICC = 0.95). These agreement statistics are very close to those of

older scales despite the increased complexity of the eMRI Scale and

the increased burden to the reviewer. There was a strong linear rela-

tionship of the eMRI score with the CAJAS (r = 0.7). Internal reliabil-

ity was good (overall Cronbach alpha, 0.75). There was minimal

ceiling effect (5% maximum scores for all evaluated joints) compared

with the 17-point MRI scale (20%). There was no apparent change in

the ability of the eMRI Scale to evaluate joints regardless of the coun-

try where the image was acquired. Adding individual bone evaluations

for each joint increased the sensitivity of the instrument to detect

change at low scores.

Conclusions: Additive evaluation of bones articulating each joint and

increased granularity of the extent of damage to joint cartilage

increased sensitivity to change with the eMRI Scale compared with the

17-point MRI scale at low and high ends of the scale. Increased

reviewer burden did not appear to add variability or affect the ability

to discriminate between different levels of joint damage. Excellent to

outstanding agreement between the two readers demonstrated reliabil-

ity of the scale for use by different experienced radiologists.

OC 03.6
US retrospective database analysis on prevalence of
cardiovascular comorbidities among hemophilia A
patients
Pocoski J1, Ma A2, Kessler C3, Boklage S1 and Humphries J1

1Bayer HealthCare, Montville, NJ; 2University of North Carolina

at Chapel Hill, Chapel Hill, NC; 3Georgetown University Medical

Center, Washington, DC, USA

Background: There is conflicting evidence in the published literature

on whether patients with hemophilia in the United States have greater,

reduced, or similar risks for cardiovascular disease compared with the

general population.

Aims: To evaluate the prevalence of cardiovascular comorbidities

among US male patients with hemophilia A relative to a general

health-insured male population with similar patient characteristics.

Methods: Male patients with hemophilia A with continuous insurance

coverage were identified by two International Classification of Dis-

eases, Ninth Revision, Clinical Modification (ICD-9-CM) codes of
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286.0 between January 1, 2007, and December 31, 2009 using the

MarketScan� Commercial and Medicare Research Databases.

Patients with hemophilia A were exact matched in a 1:3 ratio with

males without a diagnosis of hemophilia A. Patients were matched by

eligibility months in the study period, age, region, and plan type. The

proportions of patients with evidence of cardiovascular comorbidities

were determined for matched study cohorts using ICD-9-CM codes.

Univariate descriptive statistics were used to describe demographics,

clinical characteristics, and frequencies of comorbidities, with Student

t tests and chi-square tests used to detect statistically significant differ-

ences in continuous and categorical variables, respectively.

Results: Of the study population, 2506 were grouped in the hemophilia

A cohort and 7518 in the general cohort. The frequencies of hemor-

rhagic stroke (2.0% vs 0.5%; P < 0.001), ischemic stroke (1.9% vs

0.9%; P < 0.001), coronary artery disease (10.7% vs 5.8%;

P < 0.001), myocardial infarction (0.8% vs 0.3%; P = 0.001), hyper-

tension (22.6% vs 15.5%; P < 0.001), hyperlipidemia (16.2% vs

12.0%; P < 0.001), arterial thrombosis (12.2% vs 5.9%; P < 0.001),

and venous thrombosis (4.3% vs 1.1%; P < 0.001) were significantly

greater for the hemophilia A cohort compared with the general cohort.

These results were consistent across most age groups.

Summary/Conclusions: This study is the first large, retrospective anal-

ysis to assess the prevalence of cardiovascular comorbidities among

US patients with hemophilia A. These results, which contrast with

other published data, indicate that among the US hemophilia popu-

lation, cardiovascular comorbidities are more prevalent and appear

earlier in life compared with the general male population, suggesting

the need for enhanced screening for age-related comorbidities in the

hemophilia community. Inherent limitations of claims database anal-

yses include coding errors and inability to account for all disease-

and treatment-related variables such as hemophilia severity, cardio-

vascular risk factors, and cardiovascular diagnostic and treatment

variability. Despite the retrospective nature of these data, they may

provide insight into specific risks associated with the frequent use of

clotting factor replacement in otherwise hypocoagulable individuals;

alternatively, the data may reflect the episodic hypercoagulability

induced by infrequent replacement of large amounts of clotting fac-

tor protein, or they may indicate the necessity of implementing coun-

terintuitive therapies to patients with hemophilia in certain scenarios

(eg, antiplatelet therapy in those with high risk of atherosclerotic

complications). Future studies are warranted to assess whether these

databases and other registries reveal an accurate but worrisome

trend toward increased cardiovascular and venous hypercoagulability

in aging patients with hemophilia A.

OC 04 – Clinical Issues Related to
Cancer and Haemostasis

OC 04.1
Type 1 plasminogen activator inhibitor (PAI-1) and risk
of colorectal cancer in the european prospective
investigation into cancer (EPIC)-Italy cohort
Iacoviello L1, Agnoli C2, De Curtis A1, Giurdanella MC3, Krogh V2,

Mattiello A4, Matullo G5, Panico S4, Sacerdote C6, Tumino R3,

Vineis P7 and Donati MB1

1Catholic University, Campobasso; 2National Cancer Institute,

Milano; 3Cancer Registry ASP, Ragusa; 4Federico II University of

Naples, Napoli; 5Human Genetic Foundation HuGef, Torino;
6Cancer Prevention Centre (CPO) Piemonte, Torino, Italy;
7Imperial College, London, UK

Background: Experiments in KO and transgenic mice demonstrated

that host-produced PAI is essential for cancer cell invasion and angio-

genesis. High PAI-1 levels are predictive of poor survival for patients

with different cancers. However, an involvement of circulating PAI-1

in the risk of cancer in human has never been demonstrated. We evalu-

ated the association between PAI-1 and risk of colorectal cancer in 4

out of 5 of the (EPIC)-Italy cohort.

Materials and Method: We conducted a case-cohort study on 1028

(356 men; 672 women) participants in the EPIC-Italy cohort, by com-

paring subjects who developed colorectal cancer in a mean follow-up

of 9.11 years.

Using a nested case-cohort design in the (EPIC)-Italy study

(n = 34 148), we identified a random subcohort (n = 834*) and inci-

dent colon cancer cases (n = 194 plus one case originated from the ran-

dom subcohort*) occurring between baseline (1993–1997) and end of

2003 (Varese), of 2004 (Ragusa and Turin) or 2006 (Naples); PAI-1

levels were measured in citrated plasma collected at recruitment by

ELISA (Hyphen Zymutest PAI-1, Intrumentation laboratories, Milan,

Italy). The relative risk (RR) and 95% confidence interval (CI),

adjusted by relevant confounders and stratified by center, were esti-

mated by aCoxregression model using Prentice method.

Results: Individuals in the highest compared with the lowest quartile

of PAI-1 had significantly increased risk of colorectal cancer (RR,

2.38; 95% CI, 1.45–3.90; P for trend < 0.001) after adjustment for sex,

age and recruitment center. Additional adjustment for education,

smoking status, BMI, physical activity did not modify the risk (RR,

2.45; 95% CI, 1.42–4.22; P for trend < 0.001). The risk of colorectal

cancer increased by 33% for each increase in 1 standard deviation of

PAI-1 levels.

Conclusions: Our data provide the first evidence for a link between

high PAI-1 levels and an increased risk of colon cancer in the popula-

tion.

OC 04.2
The risk of venous thrombosis in patients with
malignancy is largely mediated through levels of factor
VIII and von Willebrand factor
Timp J, Timp JF, Lijfering WM, Rosendaal FR, Versteeg HH and

Cannegieter SC

Leiden University Medical Center, Leiden, the Netherlands

Background: Venous thrombosis is a common complication in patients

with cancer, but the pathophysiology underlying this association is

unclear.

Aim: To assess the role of factor VIII and von Willebrand factor in the

relation between cancer and venous thrombosis, overall and for differ-

ent cancer types.

Methods: From a large case–control study (MEGA study), 4765

patients with a first venous thrombosis and 6149 partner controls or

random digit dialing controls were included. At least 3 months after

the thrombotic event, after discontinuation of the anticoagulant ther-

apy, patients and controls were interviewed, and a blood sample was

taken. With unconditional logistic regression, age and sex adjusted

odds ratios (OR) with 95% confidence intervals for venous thrombosis

were calculated for malignancy versus no malignancy. Mean levels of

factor VIII (activity (IU/dL) as well as antigen (IU/dL)) and von

Willebrand factor antigen (IU/dL) are given for participants with and

without venous thrombosis and with or without an active malignancy.

In mediation analyses we assessed the role of these haemostatic factors

in the relation between cancer and venous thrombosis. Consent and

ethical approval were obtained for this study.

Results: Among 4765 patients with venous thrombosis 453 individuals

were known with active cancer (9.5%) as opposed to 106 in 6149 con-

trol participants (1.7%). The presence of a malignancy increased the

risk of venous thrombosis about six-fold (OR 5.7 (95%CI 4.6–7.1),
after adjustment for age and sex. Mean levels of factor VIII and von

Willebrand factor were increased in venous thrombosis patients and in

participants with a malignancy, with the highest mean levels in partici-

pants with both conditions present. For control participants without

and with cancer and for venous thrombosis patients without and with
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cancer mean factor VIII activity levels were respectively (111.9; 122.2;

139.6 and 157.2). Similarly, mean factor VIII antigen levels were

respectively (116.1; 128.7; 155.1 and 178.1) and mean von Willebrand

factor levels were respectively (111.4; 120.9; 147.3 and 177.2). In medi-

ation analyses in which we analysed the effect on thrombotic risk of a

malignancy conditional on the concentration of the haemostatic fac-

tors we found both factor VIII and von Willebrand factor to be media-

tors of the effect, with reduced odds ratios for the relation between

cancer and venous thrombosis (adjustment for factor VIII activity:

OR 2.8 (95%CI 2.0–4.0); factor VIII antigen: OR 2.8 (95%CI 1.9–3.9)
and von Willebrand factor: OR 2.8 (95%CI 2.0–4.0)). Correction for

the factors combined did not result in an additionally reduced risk

[OR 2.8 (95%CI 1.9–3.9)]. Results were consistent for most of the

common cancer types (haematological cancer, breast and prostate can-

cer), except for gastrointestinal cancer.

Conclusion: The increased risk of venous thrombosis in the presence of

active cancer is largely explained through levels of factor VIII and von

Willebrand factor. Further study is needed to determine the role of

haemostatic factors in the relation between cancer and venous throm-

bosis for different cancer types and for further elucidation of the mech-

anism.

OC 04.3
Platelet count measured prior to cancer development is
a risk factor for venous thromboembolism in cancer
patients – the Tromsø Study
Jensvoll H, Blix K, Brækkan SK and Hansen JB

Hematological Research Group, University of Tromsø, Tromsø,

Norway

Background: Platelets are essential in hemostasis, thrombosis and can-

cer progression. The platelet count is determined by both inherited

and environmental factors, but is not associated with venous thrombo-

embolism (VTE) in the general population. However, an elevated

platelet count in cancer patients before start of chemotherapy has been

associated with increased risk of venous thromboembolism (VTE). It

is not known whether the risk of VTE by platelet count in cancer

patients is causal or merely a consequence of the malignant disease.

Aims: To investigate whether platelet count measured prior to cancer

development was associated with risk of VTE in subjects who devel-

oped cancer during follow-up and in subjects who remained cancer-

free.

Methods: Platelet count and other baseline characteristics were mea-

sured in 25 175 initially cancer-free subjects who participated in the

Tromsø Study, a prospective population-based study, in 1994–1995.
The study was approved by the regional committee of research ethics,

and participants gave their informed written consent. Incident cancer

and VTE events during follow-up were registered up to September 1st,

2007. Subjects who developed cancer (cancer cohort) and subjects who

remained cancer free (cancer-free cohort) where analyzed separately.

In the cancer cohort, platelet count was measured on average 7.1 years

before cancer development. The mean observational time was

9.8 years in the cancer cohort and 11.0 years in the cancer-free cohort.

Cox-regression models were used to calculate hazard ratios (HRs) for

VTE by platelet count with 95% confidence interval (CI). Platelet

count was analyzed as a categorized (< 40th, 40–80th, and > 80th per-

centile) and as a continuous variable. The analyses were adjusted for

age, sex, body mass index, smoking, mean platelet volume and white

blood cell count.

Results: Overall, 1784 subjects developed cancer during follow up.

There were 403 incident VTE events, of which 119 (30%) occurred in

the cancer cohort (6.8 per 1000 person-years) and 284 (70%) in the

cancer-free cohort (1.1 per 1000 person-years). In cancer patients, pre-

cancer platelet count above the 80th percentile (≥ 295 9 109/L) was

associated with a 2.2-fold higher risk of VTE (HR: 2.16, 95% CI:

1.29–3.61) compared to platelet count below the 40th percentile

(< 235 9 109/L). When platelet count was treated as a continuous var-

iable, the VTE risk increased by 32% (HR 1.32; 95% CI 1.12–1.48)
per one standard deviation increase (1 SD = 56 9 109/L). In cancer-

free subjects, no association was found between platelet count and

VTE in either continuous (HR per 1 SD: 0.95, 95% CI 0.80–1.12) or
categorized analyses (HR: 0.99, 95% CI: 0.681.43 in upper versus

lower platelet category).

Conclusions: Platelet count measured several years prior to cancer

development was associated with increased risk of VTE in cancer

patients, whereas no association was found between platelet count and

VTE in subjects who remained cancer free. Our findings suggest that

platelets may play a role in the pathogenesis of cancer-related VTE.

OC 04.4
Chemotherapy-induced hypercoagulability and
biomarkers for prediction of thromboembolic events in
patients with metastatic testicular cancer
Lubberts S, Boer H, Altena R, Meijer C, Lefrandt JD, Nuver J,

Mulder AB, Lisman T, Kamphuisen PW and Gietema JA

University Medical Center Groningen, Groningen, the

Netherlands

The majority of patients with disseminated testicular cancer can be

cured with combination chemotherapy consisting of bleomycin, etopo-

side and cisplatin (BEP). Because of this success, focus shifts to

adverse effects of this treatment. The incidences of venous and arterial

thromboembolism (VTE and ATE) during and after chemotherapy

are up to 15%.

Low molecular weight heparin (LMWH) reduces VTE in cancer

patients, but the incidence is too low to justify prophylaxis in most

patients starting with chemotherapy.

To investigate the influence of BEP-chemotherapy administered to tes-

ticular cancer patients on coagulation and to estimate the predictive

value of plasma levels of hemostatic proteins and activation markers

in prediction of VTE and ATE within 2 years after treatment.

Patients with newly diagnosed metastatic testicular were included in

this prospective cohort study, which was approved by the local ethical

committee. Informed consent was obtained from all participants.

Patients received 3 or 4 BEP-courses during 9–12 weeks. Serial mea-

surements were performed at baseline, at the last day of the third BEP-

course (day 56) and directly after chemotherapy. We assessed the

Khorana-score and measured levels of the following hemostatic pro-

teins: von Willebrand factor (VWF), fibrinogen, tissue-type plasmino-

gen activator (tPA), plasminogen activator inhibitor 1 (PAI-1), soluble

P-selectin (sP-selectin), coagulation factor VIII (FVIII) and D-dimer.

Outcome parameters were symptomatic VTE or ATE or asymptom-

atic VTE or ATE discovered on staging CT-scans.

We included 74 patients with a median age of 31 years at start of

chemotherapy. Eight patients (10.8%) developed thrombosis during

or after chemotherapy, 4 had pulmonary embolisms (PE), of which

3 asymptomatic, and 4 had ATE (3 ischemic stroke, 1 asymptom-

atic splenal infarction), during a median follow-up of 3.2 years.

Median duration from start of chemotherapy until development of

VTE was 82 days (range: 32–278) and for ATE 85 days (range:

69–435).
Median baseline biomarker levels were not elevated. VWF, fibrinogen,

FVIII, D-dimer and PAI-1 levels clearly increased during chemother-

apy. Levels normalized to baseline 1 month after treatment, except for

FVIII and VWF levels, which remained increased. High FVIII levels

(> 150%) at baseline had a positive predictive value (PPV) of 50%

(95%CI: 14–86) and a negative predictive value (NPV) of 92.3% (95%

CI: 82–97), with a hazard ratio (HR) for TE of 4.7 (95%CI: 1–22)
adjusted for age at start of chemotherapy. The Khorana-score had a

low predictive value. Furthermore, a large increase between baseline

and day 56 in both VWF (Δ > 86.5%) and D-dimer (Δ > 935 ng/mL)

had a PPV of 44.4% (95%CI: 15–77), a NPV of 95.2% (95%CI:
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86–99) and a HR of 7.0 (95% CI: 2–33) for TE occurring after day 56.

Hemostatic markers correlated with tumor markers.

BEP-chemotherapy in metastatic testicular cancer patients is associ-

ated with a hypercoagulable state. Elevated FVIII before start of che-

motherapy and large increases in D-dimer and VWF levels during

chemotherapy are associated with an increased risk of developing

ATE or VTE. This study suggests that baseline FVIII is a predictor for

future TE in testicular cancer patients.

OC 04.5
Prevalence of pulmonary embolism in patients with
oncogene addicted advanced lung adenocarcinoma
Verso M1, Franco L1, Mosca S2, Fischer M2, Chiari R3, Marconi

V2, Paglialuca L3 and Agnelli G1

1Division of Internal and Cardiovascular Medicine-Stroke Unit;
2Radiology Department, Santa Maria della Misericordia Hospital;
3Division of Medical Oncology, Santa Maria della Misericordia

Hospital, Perugia, Italy

Background: Non-small cell adenocarcinoma (NSCLC) is associated

with a higher risk of thromboembolic event in comparison with SCLC.

Adenocarcinoma represent roughly 75% of NSCLC patients. Lung

adenocarcinomas harboring EGFR and KRAS mutations as well as

EML4/ALK rearrangements represent distinct subsets of this disease.

EGFR or KRAS mutations and EML4/ALK rearrangements are pre-

dictors for response to therapy in patients with NSCLC, mainly ade-

nocarcinoma. No data are available concerning the prevalence of

pulmonary embolism in NSCLC patients with these mutations.

Aims: The aim of the study was to evaluate the prevalence of pulmo-

nary embolism in patients with stage III B-IV NSCLC harboring

EGFR and K RAS mutations as well as EML4/ALK rearrangements.

Method: Patients with stage IIIB or IV NSCLC referred to Division of

Medical Oncology at the Perugia Hospital between 2008 and 2012

were included in the study. In these patients, contrast-enhanced CT

scans of the chest were reviewed for the presence of pulmonary embo-

lism by a panel composed by three radiologists. In the same patients,

data on the oncogene mutations (EGFR, KRAS or EML4/ALK) were

collected.

Results: A total of 209 patients with stage IIIB or IV NSCLC were

included in the study. A histologic diagnosis of lung adenocarcinoma

was done in 173 patients (82.7%). In 127 of these patients sequence

analysis for know EGFR and K RAS mutation was performed. In this

population 31/173 patients were EGFR mutated (17.9%), 27/173 were

K RAS mutated (15.6%) and 17/173 were EML4/ALK rearrange-

ments (9.8%). Forty-one patients with lung adenocarcinoma had a

diagnosis of pulmonary embolism at CT scan (23.7%). Of these,

34.1% had no oncogene mutations in comparison with 28.8% of the

patients without pulmonary embolism. Of the 41 patients with a diag-

nosis of pulmonary embolism 12.1% had an EGFR mutation and

12.1% a KRAS mutation, in comparison with 19.7% and 16.6% of

patient without pulmonary embolism, respectively. In patients with

lung adenocarcinoma, EML4/ALK rearrangements was observed in

19.5% among patients with pulmonary embolism and in 6.8% among

patients without it. The risk of pulmonary embolism was 3.3-fold

higher in presence of EML4/ALK rearrangements in comparison with

no EML4/ALK rearrangements [OR: 3.3 (95%CI 1.2- 9.2)].

Conclusions: In patients with lung adenocarcinoma, the presence of

EML4/ALK rearrangements seems to be associated with a high risk of

pulmonary embolism and could help in identifying patients at particu-

lar high risk which might benefit from an antithrombotic prophylaxis.

These preliminary date need to be confirmed by further studies.

OC 04.6
Using proteomics to identify new biomarkers for
cancer-associated thrombosis: a pilot study
Connolly G1, Smith BH1, Hagen F1, Iyer R2 and Khorana A1

1University of Rochester, Rochester; 2Roswell Park Cancer

Institute, Buffalo, NY, USA

Background: Thrombosis is a common and consequential problem in

cancer patients but its mechanisms and predictors are incompletely

understood. Proteomics is a powerful technique by which protein

expression patterns can be measured, but there are limited data analyz-

ing the plasma proteome of cancer patients for thrombotic outcomes.

Aims: To develop a reliable and reproducible method for studying dif-

ferences in plasma protein expression amongst cancer patients receiv-

ing chemotherapy using proteomics.

Methods: We analyzed the plasma proteome of a cohort of cancer

patients treated at the University of Rochester in this pilot study.

Patients with lung or pancreatic cancer initiating chemotherapy were

enrolled as part of an IRB approved protocol. Baseline and serial

blood samples were collected and patients were followed prospectively

for development of venous thromboembolism (VTE). Plasma samples

collected in sodium citrate, adjusted to pH 7.0 and frozen at �80°C
were thawed then depleted of albumin and immunoglobulin by

sequentially applying them to a Cibacron blue resin and then protein

G-Sepharose resin, in a batch mode. The partially depleted plasma

was then size fractionated by SDS-polyacrylamide gel electrophoresis

(SDS-PAGE). The plasma was then processed in four mass ranges by

gel isolation and in-gel trypsin digestion, followed by mass spectrome-

try analysis for each mass range separately. Each depleted plasma sam-

ple was subjected to an 80 min liquid chromatography-mass

spectrometry (LC-MS/MS) run. Mascot searches were then conducted

for protein matches with the NCBI human proteome. Search results

for the study were uploaded into ProteoIQ and Scaffold software plat-

forms and spectral counting was used for relative quantification of

plasma proteins between study groups. Mean peptide expression level

in patients with and without thrombosis was compared using two sam-

ple t-test.

Results: The cohort consisted of seven patients with primary lung can-

cer and eight patients with pancreatic adenocarcinoma. The average

age of the population was 58 years of age and 53% (8/15) were female.

The majority (80%, 12/15) had stage IV cancer. VTE developed in

four patients during study follow-up consisting of two patients with

deep vein thrombosis (DVT), one with pulmonary embolism (PE), and

one with both DVT and PE. The average time from chemotherapy ini-

tiation to VTE was 37 days with range of 17–67 days. We were able to

complete proteomic analysis as described above identifying 50 637

spectra representing 2145 unique peptide sequences from 149 proteins

and 116 protein groups when applying thresholds requiring three pep-

tide minimum and 95% probability of protein match. We identified

nine proteins that were differentially expressed (P < 0.05) between

patients with and without thrombosis including proteins known to be

important for hemostasis and thrombosis like fibronectin and plasmin-

ogen.

Summary: A method for measuring plasma protein expression in can-

cer patients undergoing chemotherapy using proteomic techniques was

successfully developed. This small pilot study was underpowered to

accurately compare plasma protein expression profiles but we plan to

apply these techniques in an ongoing study of a larger cohort of cancer

patients with the goal of identifying predictive biomarkers and better

elucidating mechanisms involved in this complex process.
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OC 05 – Coagulation Factors VIII, IX
and XI

OC 05.1
Residues of the 39-loop restrict the plasma inhibitor
specificity of factor IXa
Rezaie AR and Yang L

St. Louis University School of Medicine, St. Louis, MO, USA

Background: The two plasma inhibitors, protein Z-dependent protease

inhibitor (ZPI) and tissue factor pathway inhibitor (TFPI), effectively

inhibit the activity of FXa, however, neither inhibitor exhibits any

reactivity with the homologous protease FIXa. We recently demon-

strated that the residues of the 39-loop in FXa modulate the specificity

of FXa interaction with plasma inhibitors. This loop in FXa is highly

acidic and contains three Glu residues at positions 36, 37 and 39. On

the other hand, this loop is shorter by one residue in FIXa (residue 36

is missing) and it contains a Lys and an Asp at positions 37 and 39,

respectively.

Aim: The aim of this study was to investigate the molecular basis for

the lack of the reactivity of FIXa with these plasma inhibitors and to

determine whether the unique structural features of the 39-loop are

responsible for the resistance of FIXa to inhibition by plasma inhibi-

tors.

Methods: We used recombinant DNA methods to generate a FIX

mutant in which residues of the 39-loop (residues 31–41) have been

substituted with corresponding residues of FX. We expressed the FIX

chimera in HEK-293 cells and following purification to homogeneity

and activation to FIXa characterized its biochemical properties in

established inhibition assays.

Results: We discovered that the FIXa chimera is highly susceptible to

inactivation by both ZPI and TFPI. Thus, the inactivation rate of the

chimeric FIXa by ZPI in the presence of protein Z, negatively charged

membrane vesicles and calcium ions approached near the same diffu-

sion-limited rate (> 106/M/s) that has been observed with the protein

Z-dependent inhibition of FXa by ZPI. Interestingly, sequence align-

ments indicated that, similar to FXa, residue 37 is a Glu in mouse and

that mouse FIXa is also susceptible to inhibition by the PZ-ZPI com-

plex.

Conclusion: Our results suggest that structural features within residues

of the 39-loop are primarily responsible for the resistance of FIXa to

inhibition by plasma inhibitors ZPI and TFPI.

OC 05.2
Activated factor XI enhances procoagulant tissue factor
activity on endothelial cells by cleaving tissue factor
pathway inhibitor
Puy C, Tucker EL, Gruber A and McCarty OJT

Oregon Health & Science University, Portland, OR, USA

Background: Activated factor XI (FXIa) has been shown to be inhib-

ited by aprotinin, a basic pancreatic trypsin inhibitor and analog of tis-

sue factor pathway inhibitor (TFPI). TFPI is a kunitz-type protease

inhibitor and the primary inhibitor of the tissue factor (TF)/activated

factor VII (FVIIa)/activated factor X (FXa) complex on the surface of

endothelial cells. Based on the fact that the catalytic domain of FXIa

can bind to kunitz protease domain, we hypothesized that FXIa can

inactivate TFPI to regulate the hemostatic function of endothelial

cells, which may help explain why some congenital factor XI deficien-

cies can be associated with bleeding.

Aims: The aim of the present study was to determine whether FXIa

regulates TF-dependent FX activation on endothelial cells.

Methods and Results: Conversion of FX to FXa in the presence of

FVIIa was measured on the surface of activated endothelial cells using

a chromogenic assay. Human umbilical vein endothelial cells

(HUVEC) were stimulated for 5 h with tumor necrosis factor-a
(TNFa) to induce TF expression and promote FX activation by the

TF-FVIIa complex. The addition of a blocking anti-TF antibody

inhibited the generation of FXa, indicating that the activation of FX is

dependent of the TF-FVIIa complex. Our data show that treatment of

TNFa-stimulated HUVECs with FXIa (0–100 nM for 2 h) led to

increased TF-dependent activity in a FXIa concentration-dependent

manner. We did not observe any hydrolysis of the FXa substrate in

the absence of both FVIIa and FX, indicating that FXIa did not acti-

vate FX or cleave the chromogenic substrate. Time course studies (0–
5 h) demonstrated that the increase in FXa activity in response to

50 nM FXIa was detectable after 1 h, with a maximum effect observed

after 3 h. Induction of FXa generation required the presence of Zn++

and the proteolytic activity of FXIa. The serine protease inhibitor, ap-

rotinin, blocked the effect of FXIa. We next determined whether FXIa

cleaved TFPI from endothelial surface using a cell surface immunoas-

say. We observed that after FXIa treatment, the detection of the Ku-

nitz 1 domain from TFPI was lost from endothelial cells surface in a

FXIa concentration-dependent manner. The presence of aprotinin

blocked the effect of FXIa. Using a cell surface immunoassay we

observed that FXIa did not affect the total TF or TFPI antigen expres-

sion. The proteolytic cleavage of TFPI by FXIa on endothelial cells

was characterized by western blot. Treatment of HUVECs with FXIa

resulted in a reduction in the 50-kDa form of TFPI and an increase in

the 38-kDa species of TFPI as a function of FXIa concentration, sug-

gesting that FXIa cleaves TFPI in the endothelial cell microenviron-

ment.

Summary/Conclusions: We propose that in addition to FXI’s well

established role in the stabilization of hemostatic plugs via increased

thrombin generation by activation of FIX, FXIa could support hemo-

stasis by limiting the TFPI-mediated inactivation of the TF/FVIIa-

dependent extrinsic pathway on endothelial cells. The identification of

TFPI as a substrate for FXIa may have pathophysiological implica-

tion for the regulation of TF/FVIIa activity during hemostasis and

thrombosis.

OC 05.3
Role for coagulation factor XI during pneumococcal
pneumonia independent of factor XII activation
Stroo I1, Van ‘t Veer C1, Roelofs JTH1, Meijers JC2, Castellino FJ3,

Zeerleder S4 and Van Der Poll T1

1Academic Medical Center; 2Academic Medical Center

Amsterdam, Amsterdam, the Netherlands; 3University of Notre

Dame, Notre Dame, IN, USA; 4Sanquin Research, Amsterdam, the

Netherlands

Background: Severe bacterial infections such as pneumococcal pneu-

monia are associated with activation of coagulation. Coagulation can

play an active role in the containment and elimination of bacteria by

the fibrin network. Fibrin can be formed via two distinct coagulation

pathways, the tissue factor (extrinsic) pathway or the intrinsic pathway

both converging in the formation of thrombin. Factor XI (FXI) is the

key component of the intrinsic pathway and can be activated either via

factor XII (FXII), part of the contact system, or via thrombin that is

generated via both coagulation pathways.

Aim: To determine whether the intrinsic coagulation pathway is

involved in pneumococcal pneumonia and whether this is dependent

on FXII activation.

Methods: Pneumonia was induced by intranasal inoculation with

5 9 105 CFU of S. pneumoniae serotype 2 (D39) in male wildtype

(WT), FXI-KO and FXII-KO mice. Mice were sacrificed 12 or 48 h

following infection, blood, organs and bronchoalveolar lavage fluid

(BALF) were collected to determine bacterial loads, inflammatory

markers and pathology.

Results: Bacterial loads in lung, blood and distant organs were signifi-

cantly higher at 48 h in FXI-KO mice. In line, 48 h following infection
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increased lung cytokine and chemokine levels were detected in FXI-

KO mice. Several parameters of lung damage were assessed revealing

significantly increased pathology in FXI-KO mice mainly caused by

presence of endothelialitis. Endothelial damage was confirmed by

enhanced plasma and lung E-selectin levels. No differences in any of

the examined parameters were observed between WT and FXII-KO

mice. In a separate experiment BALF was collected following induc-

tion of pneumonia. Although FXI-KO mice again showed higher bac-

terial counts in blood and distant organs, BALF bacterial loads and

leukocyte influx were comparable between WT and FXI-KO or FXII-

KO mice.

Conclusion: FXI deficiency increased bacterial dissemination during

S. pneumoniae induced pulmonary infection, while FXII deficiency did

not influence the host response. These results indicate that FXI pro-

tects against pneumococcal pneumonia via a mechanism independent

of FXII activation. The critical role for intrinsic coagulation during

pneumococcal pneumonia most likely involves thrombin-mediated

activation of FXI.

OC 05.4
Regulation of human factor XI by a hepatic microRNA
Salloum-Asfar S1, Teruel R1, Arroyo AB1, Garcia-Barber�a N1,

Chaudhry A2, Schuetz E2, Luengo-Gil G1, Vicente V1, Gonz�alez-

Conejero R1 and Mart�ınez C1

1Centro Regional de Hemodonaci�on, Hospital Morales Meseguer.

UMU. IMIB, Murcia, Spain; 2St. Jude Children’s Research

Hospital, Memphis, TN, USA

Background: Plasma levels of factor XI (FXI) are variable in healthy

population. Indeed, high levels of FXI increase the risk of thromboem-

bolic disease or may suppose a septic survival advantage. Despite

intensive research in recent years, the genetic and environmental fac-

tors that regulate FXI expression are still largely unknown. Recently,

microRNAs (miRNAs) have appeared as novel regulators of protein

expression in physiological and pathological processes.

Aim: To evaluate the regulation of FXI by miRNAs in human liver.

Methods: A miRNA array was performed using total RNA extracted

from two healthy human liver samples. Mature hepatic miRNAs

potentially regulating human F11 3′UTR mRNA were selected using

four algorithms. Human liver carcinoma cells (HepG2) were transfect-

ed with miR-181a-5p mimic or non-specific scrambled control (Scr).

The effect of miRNA overexpression was assessed by analyzing F11

mRNA and intra- and extracellular FXI by qRT-PCR and western

blot, respectively. Human colon cancer cells deficient for Dicer

(HCT116-DK) were used for luciferase assays. One hundred fourteen

healthy livers were analyzed to quantify mRNA levels as well as miR-

181-5p by qRT-PCR.

Results: In silico prediction yielded six miRNA candidates that might

regulate FXI expression. We focused on miR-181a-5p because it has

the highest probability to bind to F11 mRNA. Transfection of HepG2

cells with miR-181a-5p mimic compared with Scr provoked a signifi-

cant decrease of FXI levels both, intracellularly (100% vs. 53 � 16%;

P = 0.02); and extracellularly (100% vs. 71 � 7%; P = 0.04). This

miRNA also caused a statistically significant decrease of F11 mRNA

(100 � 17% vs. 71 � 9%, P = 0.03). Luciferase assays in HCT116-

DK cells demonstrated a direct interaction between miR-181a-5p and

3′UTR of F11 mRNA since miR-181a-5p provoked a decrease of the

luciferase activity in comparison with Scr (100 � 17% vs. 71 � 27%,

P = 0.04). To validate these results ex vivo, we evaluated the potential

correlation between the expression of miR-181a-5p and F11 mRNA in

114 liver samples. Our results showed an inverse and significant corre-

lation between F11 mRNA levels with miR-181a-5p levels (Pear-

son’s = �0.23; P = 0.017). In contrast, the lack of correlation between

miR-181a-5p and F9 mRNA levels, which may be expected according

to in silico predictions, is important to strengthen the specificity of

miR-181a-5p on F11mRNA levels. Actually, both FXI and FIX

plasma levels have been previously shown to parallel, and our data

also demonstrated that mRNA levels of these two factors strongly cor-

related in healthy livers (Pearson’s = 0.477; P < 0.001).

Conclusions: The present study identifies miR-181a-5p as the first

endogenous modulating agent of FXI. Our results strongly suggest

that miR-181a-5p takes part in the complex regulation of FXI and

might contribute to the inter-individual plasma variability of this key

hemostatic factor. Our results demonstrate that the effect of miR-

181a-5p on F11 mRNA levels is highly specific. Further studies are

necessary to identify potential associations of miR-181a-5p levels with

disorders involving FXI, mainly thrombosis.

OC 05.5
Abnormal plasma clot structure and stability
distinguish bleeding risk in patients with severe factor
XI deficiency
Zucker M1, Salomon O1, Seligsohn U1 and Wolberg AS2

1Sheba Medical Center, Tel Aviv, Israel; 2University of North

Carolina at Chapel Hill, Chapel Hill, NC, USA

Background: Factor XI (FXI) deficiency is a rare, autosomal, recessive

disorder. Many patients with low plasma FXI levels are asymptomatic

or exhibit only mild bleeding; however, others experience severe bleed-

ing usually associated with trauma. Interestingly, neither FXI antigen

nor activity levels, nor routine activated partial thromboplastin time

(APTT) assays, are able to predict bleeding risk in FXI-deficient

patients.

Aims: (i) Characterize the formation, structure and stability of plasma

clots from patients with severe FXI deficiency, and (ii) Determine

whether these measurements distinguish asymptomatic patients (‘non-

bleeders’) from those with a defined clinical history of bleeding (‘bleed-

ers’).

Methods: Sixteen Israeli severe FXI-deficient patients were divided

into ‘bleeders’ (patients who bled following one or two tooth extrac-

tions) or ‘non-bleeders’ (patients who underwent two or more tooth

extractions that were not associated with bleeding) (n = 8 patients per

group). Groups were similar with respect to gender and age. Informed

consent was obtained in compliance with the medical ethics commit-

tee. Whole blood was collected via venipuncture into sodium citrate

and corn trypsin inhibitor. The first 5 mL of blood were discarded,

and platelet-poor plasma was prepared by sequential centrifugation of

whole blood. Clot formation was triggered by mixing recalcified

plasma with dilute tissue factor and phospholipids in the absence or

presence of tissue plasminogen activator and/or thrombomodulin.

Clot formation, fibrinolysis, and fibrin network structure were mea-

sured by turbidity and laser scanning confocal microscopy, respec-

tively.

Results: ‘Non-bleeders’and ‘bleeders’ had similar low levels of FXI

(3.0 � 1.4 versus 3.3 � 3.0%, respectively), and normal levels of plate-

lets, factor VIII, factor XIII, von Willebrand factor, fibrinogen, and

thrombin activatable fibrinolysis inhibitor. ‘Non-bleeders’ and ‘bleed-

ers’ had similar prothrombin times (105 � 13 and 104 � 16 s, respec-

tively) and prolonged APTT (56 � 6 and 68 � 24 s, respectively).

Compared to ‘non-bleeders,’ ‘bleeders’ exhibited lower clot stability in

the presence of tissue plasminogen activator, with significantly longer

lag times (1020 � 399 versus 693 � 245 s, respectively, P < 0.04),

smaller turbidity change (0.40 � 0.12 versus 0.58 � 0.14 O.D., respec-

tively, P < 0.008), and reduced area under the turbidity curve

(674 � 210 versus 1176 � 386 arbitrary units, respectively,

P < 0.004). Compared to ‘non-bleeders,’ ‘bleeders’ also exhibited sig-

nificantly lower fibrin network density than ‘non-bleeders’

(177387 � 22610 versus 234574 � 42621 arbitrary units, respectively,

P < 0.005). In the presence of thrombomodulin, differences were even

more profound; 7 of 8 ‘bleeder’ patients failed to form a clot, whereas

only 3 of 8 ‘non-bleeder’ patients did not clot in the same time.

Summary/Conclusions: Plasma clot structure and stability assays

distinguished ‘non-bleeder’ and ‘bleeder’ patients: compared to
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‘non-bleeders,’ FXI-deficient patients with a history of bleeding exhib-

ited reduced fibrin network density and lower plasma clot stability.

Plasma clot formation assays may provide information on hemostatic

mechanisms in FXI-deficient patients and have clinical utility in pre-

dicting bleeding risk in these patients.

OC 05.6
The endothelial lectin CLEC4M is a novel clearance
receptor for factor VIII
Swystun L, Notley C, Sponagle K, James PD and Lillicrap D

Queen’s University, Kingston, ON, Canada

Introduction: Plasma levels of the glycoprotein coagulation factor VIII

(FVIII) represent a balance between synthesis and clearance, where

elevated FVIII represents a risk factor for thrombosis, and decreased

FVIII is associated with the bleeding disorder hemophilia A. However,

the mechanisms which regulate FVIII clearance remain incompletely

characterized. Previous studies have demonstrated that FVIII interacts

with the lectin receptor DC-SIGN. Additionally, we have previously

identified the DC-SIGN homolog CLEC4M as a clearance receptor

for the FVIII binding partner von Willebrand Factor (VWF).

Aims:We hypothesize that CLEC4M is a clearance receptor for Factor

VIII, which can bind and internalize FVIII alone or as a complex with

VWF.

Methods: There is no murine ortholog for CLEC4M and thus hepatic

CLEC4M expression was induced in normal C57/BL6 mice through

hydrodynamic injection of CLEC4M cDNA in the pLIVE vector.

Four days post-injection, VWF:Ag was quantified through ELISA

and FVIII:C was measured with a chromogenic assay. Binding and

internalization of FVIII by HEK293 cells stably expressing CLEC4M

was characterized with an enhanced-sensitivity ELISA and immuno-

fluorescence. Binding of FVIII to recombinant CLEC4M-Fc fusion

protein was assessed with a modified ELISA.

Results: Plasma levels of VWF:Ag and FVIII:C were decreased by 46

and 44% respectively in mice expressing CLEC4M as compared with

controls (N = 17, P = 0.0094, P = 0.0110). Expression of CLEC4M

by hepatocytes (10–30% positive) from hydrodynamic injections was

confirmed through immunohistochemistry.

Using a modified ELISA, CLEC4M-Fc bound to murine rVWF and

rFVIII. CLEC4M-Fc also bound to human plasma-derived FVIII-

VWF complex, human full-length rFVIII, and B-domain deleted

rFVIII; binding of CLEC4M-Fc to B-domain deleted FVIII was

decreased by 50% relative to full-length on a per unit basis

(P = 0.0061). Binding was dose-dependent, saturable, calcium-depen-

dent, and reversible. Binding was inhibited by the mannose polysac-

charide mannan (P < 0.0001), and competed by 50% with soluble

FVIII (P = 0.0086) or FVIII-VWF complex (P = 0.01). Binding was

blocked with a polyclonal anti-FVIII antibody (90%, P < 0.0001),

and with monoclonal antibodies to A2 (30%, P = 0.0316), C1 (50%,

P = 0.0004), and C2 (45%, P = 0.0029) domains. Removal of FVIII

N-linked, and total glycan content attenuated binding to CLEC4M-Fc

by 75% and 62% respectively (P < 0.0001).

Immunofluorescence demonstrated that binding of recombinant FVIII

was increased on 293 cells that stably expressed CLEC4M relative to

cells that did not express CLEC4M. Internalization of FVIII by

CLEC4M-expressing cells was confirmed with Z-stack analysis and

3D reconstruction. CLEC4M-expressing cells exposed to physiological

levels of FVIII and the VWF-FVIII complex had a two-fold increase

in levels of FVIII in cell lysates in a dose and time-dependent manner

relative to controls as measured by ELISA. The CLEC4M-mediated

increase in FVIII levels in cell lysate could be attenuated by 50% with

mannan (P = 0.0013).

Conclusion: CLEC4M binds FVIII alone or as part of the VWF com-

plex, and facilitates receptor-mediated endocytosis of FVIII and/or

VWF-bound FVIII. Characterization of the interaction between

CLEC4M and FVIII may lead to better understanding as to how

plasma levels of FVIII are regulated.

OC 06 – Fibrinogen

OC 06.1
A new mechanism for modulation of fibrin formation
by shear: the knob–hole interactions display
‘catch-slip’ kinetics
Litvinov RI and Weisel JW

University of Pennsylvania, Philadelphia, PA, USA

Background: Fibrin polymerization, which underlies the formation of

clots and thrombi, is driven by intermolecular interactions between

knobs ‘A’ and complementary holes ‘a’. These interactions dictate the

rate of fibrin formation and provide the fibrin network with mechani-

cal stability, which determines how clots and thrombi respond to

mechanical force, such as blood shear. Many aspects of fibrin forma-

tion and properties remain unknown, including those associated with

impaired blood flow. We hypothesized that the A:a knob-hole bonds

display a complex dynamic behavior when subjected to mechanical

stress, perhaps due to existence of multiple bound states and/or a

broad interface extending beyond the N-terminal a chain motif (GPR)

and the complementary pocket in the c-nodule.
Aims: To resolve the mechanism of A:a knob-hole interactions in fibrin

by precise nano-mechanical measurements of formation and dissocia-

tion of A:a knob-hole bonds at the single-molecule level.

Methods: We used an optical trap-based system to measure bond life-

times corresponding to the forced dissociation of single receptor-

ligand pairs under a constant tensile force. Briefly, a microscopic

ligand-coated latex bead is trapped by a focused laser beam and

repeatedly brought into contact with a receptor-coated pedestal. When

the ligand (fibrinogen or fragment D, bearing holes ‘a’) on the bead

binds to the receptor (monomeric fibrin or fibrin fragment E, bearing

knobs ‘A’) on the pedestal, the bead is displaced from the trap center

to generate a controlled pulling force. The time needed to separate the

surfaces is then measured to characterize the interaction properties.

Results: We investigated the dependence of the average bond lifetime

of the A:a knob-hole complex on tensile force and found it to follow

an unusual non-monotonic behavior. The strength of knob-hole inter-

actions first increased with forces up to 40 pN and then decreased with

larger forces. Normally, bond lifetimes diminish with force (‘slip’

bonds). An increase of bond lifetime with force (‘catch’ bonds) is a rare

and counterintuitive phenomenon, demonstrated for few receptor-

ligand pairs. The A:a knob-hole ‘catch-slip’ behavior was revealed by

interacting monomeric fibrin with fibrinogen as well as fragments

desA-E/desAB-E with fragments D. The control for specificity was

fibrinogen-fibrinogen binding/unbinding without knobs ‘A’ and the

use of knob ‘A’-mimicking inhibitory GPRPam peptide. The negative

control for ‘catch’ bonds was a streptavidin-biotin complex, which dis-

played a pure ‘slip’ bond behavior with a monotonic decrease of the

bond lifetimes with pulling forces from 10 to 50 pN.

Summary/Conclusion: The finding that single A:a knob-hole bonds

show dual ‘catch-slip’ response to mechanical tension is a highly signif-

icant result, suggesting a complex energy landscape underlying these

bimolecular interactions. This, in turn, implies that the A:a knob-hole

bonds are heterogeneous and are characterized by multiple bound

states, which dissociate following different unbinding pathways. The

‘catch-slip’ behavior of the A:a interactions may be a mechanism for

shear stress-related modulation of fibrin formation, since the bond life-

time increases with force over a certain range. This behavior may

underlie the predisposition to venous or arterial thrombosis and other

complications associated with alterations in normal blood flow.
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OC 06.2
DNA methylation profiling of the fibrinogen gene
landscape in human cells and during mouse and
zebrafish development
Neerman-Arbez M1, Vorjohann S1, Pitetti J-L1, Nef S1, Gonelle-

Gispert C2, Buhler L2 and Fish RJ1

1University of Geneva Faculty of Medicine; 2University Hospital

Geneva, Geneva, Switzerland

Background: Fibrinogen is the soluble precursor of fibrin, the central

blood clotting agent in wound healing. Two sets of the three polypep-

tide chains Bß, Aa and c form hexameric fibrinogen. The chains are

encoded by the genes FGB, FGA and FGG, which are clustered on a

50 kb region in humans with cluster conservation seen across terres-

trial vertebrates. Fibrinogen gene expression is limited to hepatocytes

and several studies indicate a coordinated regulatory mechanism.

Transcription factor binding sites have been analyzed in all three pro-

moter regions with hepatocyte nuclear factor-1 (HNF-1) and CCAAT-

box/enhancer-binding protein (C/EBP) being recognized as key con-

tributors to basal fibrinogen expression. Identifying additional mecha-

nisms contributing to the coordinated liver-specific expression of the

fibrinogen genes may provide explanations for the variability of fibrin-

ogen blood levels.

Aims: The role of DNA-methylation in gene regulation has focused on

CpG-rich ‘islands’ that are present in approximately 70% of protein-

coding gene promoters. The three fibrinogen gene promoters are CpG-

poor and do not contain CpG islands. CpG-methylation in CpG-poor

gene promoters is thought to be dynamic with low methylation corre-

lating with tissue-specific gene expression, but its direct effect on gene

regulation as well as the role of non-promoter CpG methylation are

not clear. To investigate the role of CpG-methylation in the regulation

of fibrinogen gene expression this study aims to characterize the meth-

ylation status of CpGs across the fibrinogen locus in human cells as

well as in developing mouse and zebrafish tissues.

Methods: For a representative overview of CpG-methylation we used

DNA-methylation sequencing to analyze 33% (144 CpGs) of CpGs in

the human fibrinogen locus with a focus on promoter regions, gene

bodies and the liver enhancers CNC12 and PFE2 recently identified in

our laboratory. We analyzed the methylation status of the fibrinogen

locus in mouse and zebrafish tissues in relation to changing fibrinogen

expression levels during development. Finally, we determined whether

trimethylation of H3K4, a mark of active promoters which strongly

correlates with hypomethylated CpGs, changes in the fibrinogen pro-

moters during development.

Results: We observed low CpG-methylation in the three fibrinogen

promoters, CNC12 and PFE2 in human fibrinogen-expressing samples

(HuH7, HepG2, primary hepatocytes). In a gene reporter assay, CpG-

methylation in the FGA promoter reduced promoter activity, suggest-

ing a direct repressive function for CpG-methylation in the fibrinogen

locus. In mouse and zebrafish livers CpG-methylation around fibrino-

gen genes reduced during development. This lowering appears to be

preceded by increased fibrinogen expression and tri-methylation of

H3K4 (H3K4me3) in fibrinogen promoters.

Summary/Conclusion: Our data support a model where changes in

hepatic transcription factor expression and histone modification pro-

vide the switch for increased fibrinogen gene expression in the develop-

ing liver which is followed by reduction of CpG methylation.

OC 06.3
The B subunit for coagulation factor XIII accelerates
the crosslinking of fibrin in human plasma
Souri M, Osaki T and Ichinose A

Yamagata University School of Medicine, Yamagata, Japan

Background: Coagulation factor XIII (FXIII) is a proenzyme of

plasma transglutaminase consisting of two catalytic A subunits

(FXIII-A) and two non-enzymatic B subunits (FXIII-B). FXIII-B

used to be thought to have an inhibitory effect on the activation of

FXIII, primary in purified system in vitro. We previously found that

administration of FXIII-B into FXIII-B-knockout mice increased

plasma level of FXIII-A in vivo. In addition, an addition of FXIII-B

into plasma of FXIII-B-knockout mice enhanced crosslinking of fibrin

in vitro.

Aim: The role(s) of FXIII-B in crosslinking of fibrin was explored in

human.

Methods: Recombinant human FXIII-B (rFXIII-B) was prepared by a

baculovirus expression system. Fibrin-crosslinking reaction was exam-

ined in citrated plasma by the addition of thrombin and calcium chlo-

ride. Generated fibrin clot was collected by centrifugation and

subjected to SDS-PAGE followed by protein staining or Western blot-

ting using antibodies for target proteins. FXIII remaining in the super-

natant was quantified by ELISA.

Results: The addition of rFXIII-B into FXIII-B-deficient plasma in vi-

tro accelerated crosslinking between fibrin-gamma chains. FXIII-B

was co-immunoprecipitated with fibrinogen from FXIII-A-deficient

plasma, although FXIII-A did not precipitate with fibrinogen from

FXIII-B-deficient plasma. In normal plasma, FXIII-A was incorpo-

rated into fibrin clot, and FXIII-B was released from the clot depen-

dent on the crosslinking of fibrin gamma-chains. In contrast, FXIII-B-

deficient plasma showed reduced incorporation of FXIII-A into fibrin

clot, and decreased cleavage of the activation peptide (AP) of FXIII-A

by thrombin. Both the reduced FXIII-A-incorporation into fibrin clot

and the decreased AP-cleavage by thrombin were restored by the addi-

tion of rFXIII-B.

Conclusion: These results strongly suggested that FXIII-B led FXIII-A

to an adapted site of fibrinogen to the effective cleavage of the activa-

tion peptide by thrombin and to immediate crosslinking of gamma-

chains. The binding sites of both fibrinogen and FXIII-B should be

determined for further understanding the mechanism of fibrin-cross-

linking by the possible cooperative action(s) of FXIII-A and FXIII-B.

OC 06.4
Fibrin formation under flow on biomimetic tissue
factor microparticles
Onasoga A and Neeves KB

Colorado School of mines, Golden, CO, USA

Background: The interplay between thrombin generation, fibrin poly-

merization and flow determines the structure and stability of a throm-

bus. In purified systems containing only thrombin and fibrinogen, it

has been shown that fibrin polymerization can only occur under a nar-

row set of conditions that are defined by the rate of thrombin genera-

tion and the shear rate [Neeves, Biophys J 98, 2010]. What is unknown

is how the surface concentration of TF affects fibrin formation over a

wide range of flow conditions and how coagulation factor deficiencies

influence this phenomenon.

Aims: The objective of this work was to quantify fibrin formation and

thrombin generation under flow as a function of TF surface concentra-

tion and shear rate in a plasma-based assay.

Methods: Tissue factor bearing particles were synthesized by coating

1 lm silica beads with 0.5, 5, or 50 molecules TF/lm2 in a lipid bilayer

(phosphatidylserine:phosphatidylcholine 30:70). The particles were

patterned as 100 lm spots on a glass substrate using a microblotting

technique to define a focal ‘injury.’ Normal pooled plasma, prothrom-

bin, FVIII, FX and FXI deficient plasmas were perfused over the TF

spots at wall shear rates of 100, 250, 500 and 1000/s for 10 min. Fibrin

formation and thrombin generation were measured in real-time by epi-

fluorescence using labeled fibrinogen and the thrombin substrate boc-

VPR-AMC, respectively. Following the assay, fibrin gels were either

(i) fixed and further imaged by confocal or scanning electron micros-

copy or (ii) digested by plasmin to quantify the amount of fibrin

deposited using a D-dimer ELISA.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

ABSTRACTS 99



Results: As the shear rate was increased (100, 250, 500 and 1000/s) the

initiation times to visible fibrin formation was prolonged (38 � 8,

72 � 10, 150 � 13 and 216 � 35 s). The rate of fibrin formation

(1719, 1367, 351 and 97 RFU/s) and the final fibrin deposition (20, 18,

1.6, and 1.4 ng) decreased with increasing shear rate. Similarly, the

diameters of the fibrin fibers decreased (162 � 49, 99 � 20, and

58 � 15 nm). Thrombin generation was similar for all shear rates,

except 50/s, were it was five-fold higher. This suggests above 50/s coag-

ulation is kinetically limited, and below 50/s it is transport limited.

Similar trends were observed at 50 molecules of TF/lm2 except fibrin

deposition was significantly higher. Fibrin fibers orient in the direction

of flow. At shear rates of 50, 100, 250, 500 and 1000/s the median fiber

angles were 46.3°, 34.8°, 17.8°, 13.5°, and 5.3° with respect to the direc-

tion of flow (0°). Preliminary studies using FVIII and FXI deficient

plasmas resulted in approximately 50% and 40% less fibrin deposition

compared to NPP, respectively, at 100/s. As expected, there was no

observable fibrin formation in prothrombin and FX deficient plasmas.

Conclusions: A plasma-based flow assay was developed to measure

transient fibrin deposition and thrombin generation. We found that

for a given TF concentration, flow profoundly influenced fibrin

deposition, fiber diameter, fiber orientation and local thrombin

concentration.

OC 06.5
Evidence that fibrinogen gamma’ regulates plasma clot
structure and lysis, and relationship to cardiovascular
risk factors in black Africans
Pieters M1, Kotze RC1, Jerling JC1 and Ari€ens R2

1North-West University, Potchefstroom, South Africa; 2University

of Leeds, Leeds, UK

Background: Fibrinogen c’ is known to influence fibrin clot structure

in purified experimental models but little is known regarding its influ-

ence on clot structure in plasma. Furthermore, the environmental and

biological factors that affect its concentration are poorly described.

Aims: Our aim was to analyse whether c’ fibrinogen, total fibrinogen,
and c’/total fibrinogen ratio relate to plasma clot structure and lysis in

a large population-based study of apparently healthy black South

Africans. We also aimed to analyse the relationship between c’ fibrino-
gen and c’/total fibrinogen ratio and traditional cardiovascular risk

factors.

Method: We analysed fibrinogen c’, total fibrinogen concentration, c’/
total fibrinogen ratio and fibrin clot structure and lysis, determined

through the use of turbidity analysis, in 2010 apparently healthy black

South African men and women, aged 35–65, who formed part of the

South African arm of the international PURE study and related them

to traditional CVD risk factors.

Results: Fibrinogen c’ generally increased with increasing fibrinogen

concentration, however a decreased c’/total fibrinogen ratio was found

at the highest total fibrinogen concentrations. Clot maximum absor-

bance increased with total fibrinogen and fibrinogen c’, in agreement

with the formation of clots composed of increased fibrin material.

However, the c’/total fibrinogen ratio was associated with decreased

maximum absorbance, in agreement with clots made of thinner fibrin

fibres. Clot lysis time showed a stronger relationship with fibrinogen c’
than with total fibrinogen, whereby increased fibrinogen c’ delayed
clot lysis times. Traditional CVD risk factors (excluding fibrinogen)

explained 20% and 3% respectively of the variance in fibrinogen c’
and the c’/total fibrinogen ratio, with CRP making the biggest contri-

bution. More than 50% of the variance in fibrinogen c’ and c’/total
fibrinogen ratio is explained by factors other than total fibrinogen con-

centration or other traditional CVD risk factors.

Conclusions: These data show that physiological levels of c’ fibrinogen
influence fibrin clot structure and lysis in plasma and that factors other

than fibrinogen, likely involved in the inflammatory response, regulate

plasma c’ fibrinogen concentration. Our findings support future stud-

ies of the role of c’ fibrinogen in thrombosis.

OC 06.6
Transcriptome analysis of the miR-29-mediated
control of fibrinogen gene expression
Lukowski SW, Fish RJ, Dermitzakis E and Neerman-Arbez M

University of Geneva, Geneva, Switzerland

Background: Fibrinogen is a critical component of hemostasis. In

humans, circulating fibrinogen levels are highly variable, ranging from

1.5 to 3.5 g/L. Increased plasma fibrinogen is a risk factor for cardiovas-

cular disease, including stroke and deep vein thrombosis. Basal fibrino-

gen expression is regulatedHNF-1 andC/EBP transcription factors and,

in the acute phase response, in response to inflammatory signals such as

interleukin-6 (IL-6) and glucocorticoids. However, the molecular mech-

anisms underlying the coordinated transcription of the fivemajor fibrin-

ogen mRNAs remain unclear. Previously, we have demonstrated the

potential role of microRNAs (miRNAs) in the fine-tuning of fibrinogen

expression and shown that the overexpression of a singlemiRNA family

(hsa-miR-29abc) member can inhibit the expression of the five major

fibrinogen transcripts and fibrinogen protein production by 40–60%.

The miR-29 family does not directly target the fibrinogen genes to con-

trol their expression, therefore the mechanism is more likely to be the

result of an indirect interaction via regulatory transcripts or transcripts

for regulatory proteins. Identifying amaster regulator of fibrinogen gene

expression is vital to understanding plasma fibrinogen variation in nor-

malpopulationsand its contribution tohemostasis inhumans.

Aims: The aim of this study is to uncover novel pathways that regulate

the levels of circulating fibrinogen. We aim to identify and characterize

key members of a fibrinogen regulatory network and to understand

the extent to which microRNAs actively regulate liver-expressed or he-

mostasis-related genes within this network.

Methods: HepG2 cells were transfected in biological replicates with

30 nM of miR-29c precursor miRNA or a scrambled negative control

miRNA, and untransfected cells were used as an additional control. At

48 h post-transfection, total RNAwas extracted and RNA-seq libraries

were prepared using the Illumina TruSeq RNA v2 and Small RNA kits.

mRNA and small RNA transcriptomes were sequenced to an average

read depth of 70 M combined reads per sample on an Illumina Hi-Seq

2000. Bioinformatic analysis was performed using the ‘Tuxedo’ pipeline

comprising the tophat, cufflinks and cuffdiff software packages.

Results: Our analysis revealed more than 2900 transcripts that are dif-

ferentially expressed following miR-29c overexpression in HepG2 cells

compared to cells containing the negative control miRNA precursor

or untransfected HepG2 cells. Of this subset of transcripts, 1212 were

significantly up-regulated (log2 fold-change 0.5–5.6) and 1746 were

down-regulated (log2 fold-change 0.5–4.4).
Summary/Conclusions: miR-29c-mediated repression of gene expres-

sion in HepG2 cells significantly altered the mRNA abundance of sev-

eral transcription factors that regulate fibrinogen gene and protein

expression. In addition, we observed significant changes in key mem-

bers of the coagulation cascade and the fibrinolysis pathway, as well as

a number of related miRNAs. Our analysis reveals several strong can-

didates that are likely to act as upstream regulators of fibrinogen, and

provides insight into mechanisms that may be exploited to finely con-

trol fibrinogen biosynthesis.
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OC 07 – Haemostatic Factors and
Arterial Vascular Disorders

OC 07.1
Impact of incident venous thromboembolism on future
risk of arterial thrombotic disease
Lind C1, Flinterman LE2, Enga KF1, Severinsen MT3, Kristensen

SR4, Brækkan SK1, Cannegieter SC5, Overvad K2 and Hansen JB1

1Hematological Research Group, University of Tromsø, Tromsø,

Norway; 2Section for Epidemiology, Aarhus University, Aarhus;
3Department of Haematology, Aalborg University Hospital;
4Cardiovascular Research Center, Aalborg University Hospital,

Aalborg, Denmark; 5Department of Clinical Epidemiology, Leiden

University Medical Center, Leiden, the Netherlands

Background: Growing evidence support a possible association between

venous thromboembolism (VTE) and subsequent arterial thrombotic

events (myocardial infarction (MI) and ischemic stroke). However, the

evidence is established either by findings in selective patient cohorts

(e.g. patients who survived pulmonary embolism) or from a large pop-

ulation-based prospective registry study unable to adjust for obvious

confounders such as body mass index (BMI).

Aims: To study the association between incident VTE and future risk

of arterial thrombotic events adjusted for obvious confounders, and to

determine the population attributable risk (PAR) of arterial throm-

botic disease by VTE in a large prospective cohort of subjects recruited

from the general population.

Methods: Individual participant data from the Tromsø Study

(Tromsø) (screening visits in 1994–1995) and the Diet, Cancer and

Health Study (DCH) (screening visits 1993–1997) were merged. Thus,

our prospective cohort comprised information of 81 687 subjects, aged

24–97 years without a previous history of VTE or arterial thrombotic

diseases at inclusion. Information on age, BMI, diabetes, smoking,

hypertension, hypercholesterolemia, physical activity and education

was obtained by physical examination, blood samples and question-

naires. All first-time events of VTE, MI and ischemic stroke during fol-

low-up were identified and validated. Subjects were followed from

baseline to the date of an incident arterial event, death or migration or

to the end of the study period [April 30, 2008 (DCH) and December

31, 2010 (Tromsø)]. Cox regression models with age as time scale and

VTE as a time-dependent variable were used to determine risk esti-

mates. The analyses were adjusted for age, sex, BMI, diabetes, smok-

ing, hypertension, hypercholesterolemia, physical activity and

education. The study was approved by the regional committees for

research ethics in Tromsø and Aarhus and all subjects gave their

informed written consent.

Results: There were 6344 incident arterial thrombotic events (3666 MIs

and 2678 ischemic strokes) and 1208 incident VTE events during a

median of 12.2 years of follow-up. Subjects suffering from a VTE

event had a 35% higher risk of a future arterial event (adjusted HR

1.35; 95% CI 1.09–1.66). Stratified analyses revealed that the associa-

tion between VTE and subsequent arterial thrombosis applied particu-

larly to women and those below 65 years of age. Women below

65 years with VTE had 3.6-fold higher risk of MI (adjusted HR 3.62;

95% CI 1.49–8.80) and 3.2-fold higher risk of ischemic stroke

(adjusted HR 3.16; 95% CI 1.18–8.47). No association between VTE

and subsequent arterial thrombosis was found in men above 65 years

of age. The population attributable risk (PAR%) of arterial thrombo-

sis by incident VTE was only 0.9%, and the VTE event explained 64%

of the risk (attributable risk) for arterial thrombosis in VTE patients.

Conclusions: Our prospective cohort study implies that women and

subjects below 65 years of age with incident VTE have increased risk

of future arterial thrombotic disease, including myocardial infarction

and ischemic stroke. However, only 1% of the arterial thrombotic

events in the population can be attributed to VTE.

OC 07.2
Procoagulant tumor-derived microparticles: phenotypic
and functional approaches for their detection in an
in vitro model of tumor cells-containing blood
Bez J1, Bouriche T1, Ruf W2 and Poncelet PH1

1BioCytex, MARSEILLE, France; 2The Scripps Research Institute,

La Jolla, CA, USA

Background: Tumor-derived microparticles (tumor-MP) can be

expected in the peripheral blood of cancer patients and these may

often be highly pro-coagulant due to expression of phosphatidylserine

(PS) and tissue factor (TF). Their measurement in plasma may thus

help evaluating thrombotic risk and even serve for the early diagnos-

tics of hidden tumors. However, these rather elusive tumor-MP are

not yet easily detected and efforts are still needed to define optimal

techniques.

Aims: (i) To use an in vitro model of cancer cells admixed in whole

blood to generate large volume plasma samples containing highly

procoagulant TF+ tumor-MP. (ii) To compare phenotypic and func-

tional approaches in tumor-MP detection and evaluate possible inter-

actions between normal blood cells and admixed tumor cells.

Methods: Cultured cells from a human colon cell line (CY1) expressing

high amounts of TF (> 200 000 molecules/cell, as measured by Quan-

titative Flow CytoMetry (FCM)) were spiked at different levels (0, 10,

100 and 1000 cells/lL) into ACD-anticoagulated blood issued from

transfusion bags (100 mL per level), or the corresponding platelet poor

plasma (PPP) or platelet rich plasma (PRP) as controls. After a 3 h

incubation period at 37 °C with gentle agitation, the platelet-rich

buffy-coat and PPP were obtained (2500 g 15 min) and the platelet

free plasma (PFP, again 2500 g 15 min) recovered and frozen as aliqu-

ots. Buffy-coat cells (WBC+Plt) with/without tumor cells (CY1) were

analyzed in 4-color FCM using anti-EPCAM-FITC, CD14-APC and

CD45-PC5 to discriminate WBC and tumor cell subsets, plus a series

of PE-labeled MAbs to study various markers including TF (CD142),

platelet- (Plt), monocyte-, granulocyte- and lymphocyte-related mark-

ers plus tumor-associated markers (EGFr, CEA, E-cadherin) and

shared antigens (e.g. CD9, 24, 61, HLA). TF-linked procoagulant

activity of PFP was tested using a FXa generation assay on their

washed MP (2 9 24 000 g 1 h). Distribution of MP subsets in each

PFP was studied by 5-color IF in CMF using a 3 laser instrument

(Gallios, Beckman-Coulter) set-up for standardized size-related cut-off

at 0.3 lm-eq. using Megamix-Plus FSC beads (BioCytex). The three

major subsets were delineated with AnnV-FITC (PS+ MP), CD41-

PC7 (PMP), CD235a-APC-A750 (Ery-MP) and CD15-Pac.Blue (Leu-

MP) plus a large series of PE-MAbs as described above.

Results: In spiked blood samples, unusual cell-surface markers highly

expressed on CY1 cells (e.g. Epcam, TF, CD9, E-cadherin…) also

appeared on all WBC subsets and platelets. This suggested an active

generation of tumor-MP, some of which adhering to blood cells. This

was confirmed by a high, spiking level-dependent, TF-dependent,

procoagulant activity. No major difference of activity was noted

between PFP derived from PPP, PRP or whole blood samples spiked

with tumor cells at the same level, suggesting that in all three cases the

procoagulant activity came from the generated tumor-MP without

major influence of WBC, red cells or platelets.

Conclusions: When incubating whole blood (or plasma) with TF+
tumor cells, a high amount of TF+ tumor-MP is released which har-

bour antigens absent from blod-borne MP. Although some adhere to

WBC and Plt, most of them remain in the plasma, thus generating

high levels of TF-dependent procoagulant activity.
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OC 07.3
High on-treatment platelet reactivity in patients with
unprotected left main disease treated by percutaneous
coronary intervention: the ALMA (angioplasty of left
main – lariboisiere) registry
Drouet L1, Dillinger J-G1, Kchaou I1, Sideris G1, Bal dit Sollier C2,

Voicu S1, Manzo Silberman S1, Logeart D1 and Henry P1

1AP-HP; 2IVS, Paris, France

Background: the clinical benefit of platelet antiaggregation monitoring

to tailor antiplatelet therapy is highly debated. The apparent clinical

benefit is influenced by the patient population: higher is the throm-

botic risk, more sensitive is the outcome on the exact degree of platelet

inhibition.

Aims: In patients with unprotected left main disease (ULMD), angio-

plasty is emerging as an alternative technique. High on-treatment

platelet reactivity (HOPR) despite aspirin and/or thienopyridines is

associated with acute events after angioplasty. We aimed to determine

the rate and potential clinical impact of HOPR in patients treated by

angioplasty for ULMD.

Methods: One hundred and twenty-five consecutive patients referred

for angioplasty of ULMD prospectively were included in a monocen-

tric registry (ALMA). For the first 64 patients (ALMA-1), angioplasty

was performed under aspirin and clopidogrel treatment without plate-

let reactivity assessment. For the last 61 patients (ALMA-2), platelet

reactivity assessment (light transmission aggregometry triggered by

arachidonic acid and ADP and measurement of VASP index by plate-

let flow cytometry) were systematically performed before angioplasty:

in case of HOPR for aspirin, aspirin was given twice daily and in case

of HOPR for clopidogrel, daily clopidogrel dose was doubled or

replaced by prasugrel.

Results: Overall, patients mean age was 69 � 13 y.o., 37% were dia-

betic, 37% had NSTEMI and 62% had multivessel disease. Mean

SYNTAX score was 22.8 � 9.2. In ALMA-2, 28% patients had

HOPR for aspirin and 29% patients had HOPR for clopidogrel. Aspi-

rin twice daily was given in 28% of patients, clopidogrel double dose

in 6% and prasugrel in 23%. Compared to ALMA-1, the rate of 1-

year MACCE was decreased in ALMA-2 (8.2 vs. 20.8%; P = 0.04) as

a composite endpoint of cardiovascular death and stent thrombosis

(0.0 vs. 8.3%; P = 0.02).

Conclusion: HOPR for aspirin and clopidogrel is frequent in patients

undergoing angioplasty for ULMD and appears to be strongly associ-

ated with subsequent major events, adaptatation of the dual antiplat-

elet therapy to platelet inhibition monitoring is correlated with a more

favourable clinical outcome.

OC 07.4
FXIII levels and different major adverse cardiac events
(MACEs) in acute myocardial infarction: a potential
prognostic biomarker
Gemmati D1, Zeri G2, Mari R2, Orioli E2, Moratelli S2, Ferrari R3,

Grossi M3, Ansani L3 and Serino ML2

1University of Ferrara; 2Ctr. Hemostasis & Thrombosis –
University of Ferrara; 3University of Ferrara, Cardiology Section,

Ferrara, Italy

Background: FXIII fall in the early phases of myocardial infarction

(MI) could impair heart healing, cause cardiac rupture and anomalous

left ventricular remodelling. Monitoring of FXIII levels in the acute

phases of MI could be considered a novel prognostic biomarker

together with the classical ischemic routine biomarkers. Thus, FXIII

might predict healing suggesting implications in prognosis and

therapy.

Aims: We recently recognized acute FXIII drops in virtually all

patients during the first post-MI days. This behaviour had a wide

range of distribution (Δ-drop ranged from 10% to > 50%). Our objec-

tive is to investigate if FXIII drop, and/or its late recovery, could be

considered a novel MI marker, and if a FXIII prognostic threshold

could be recognized.

Methods: Informed consent and approval medical ethics committee

were obtained. We recruited 334 MI patients (72% male) from the

Coronary Care Unit of Hospital-University of Ferrara. We performed

1-year follow-up and the combined end-point was re-MI, death, heart

failure, u-angina, and stroke/ictus (MACEs). FXIII level was assessed

by a commercial kit [Instrumentation Laboratory, Italy] at the recruit-

ment (t0) and every 24-h for five additional days (t1–5) post-MI. Con-

trol samples were drawn at 30-day (t30) to have steady state FXIII

levels.

Results: Globally, 25.5% of patients experienced MACE (re-MI, 3.4%;

death, 10.5%; heart failure, 8.0%; u-angina, 2.7%; stroke/ictus, 1%).

In the group of MACE(+) FXIII was: t0 90.43 � 31.1; t4–5 77.2 � 28.7;

t30 97.84 � 25.9. In the group of MACE(�) FXIII was: t0
100.7 � 30.8; t4–5 85.6 � 25.23; t30 106.9 � 25.7. All the comparisons

were statistically significant and the output was that MACE(+) group
had the highest FXIII falls: (MACE+ vs MACE-: Pt0 = 0.0086; Pt4–

5 = 0.03; Pt30 = 0.06). Within group comparisons showed similar

Results (MACE+: t0 vs t4–5, P = 0.01; MACE�: t0 vs t4–5, P = 0.0001).

Interestingly, the FXIII drop behaviour was very different according to

the different end points considered. In particular, re-MI cases strongly

diverged from the other MACEs, being apparently not affected by the

fall of FXIII levels [FXIII% lowest mean value (t4–5): 92.5 � 31.5]. On

the contrary, cases who died within the first weeks after MI, presented

with significant lower FXIII levels since the recruitment (t0), and the

lowest FXIII%mean value (t4–5) was 69.5 � 28.5.

Conclusions: Post-MI MACEs still remain critical influencing progno-

sis and survival. FXIII could be considered a candidate molecule in

cardiovascular diseases, and its employment is strongly promising.

Understanding whether FXIII level monitoring may be useful to select

cases with poor clinical outcome could pave the way to consider FXIII

as a tailored treatment to improve myocardial healing, recovery of

functions and survival.

OC 07.5
Effect of factor XIII polymophisms on the risk of
myocardial infarction
Bereczky Z, Mezei Z, Balogh L, Katona E, Balogh E, Czuriga I,
�Edes I, Muszbek L and Bereczky Z

University of Debrecen, Medical and Health Science Center,

Debrecen, Hungary

Background: Coronary artery disease (CAD) is still a major health issue

in the Western world in both women and men. In our previous study

elevated factor XIII (FXIII) levels were demonstrated to be associated

with increased risk of myocardial infarction (MI) in females, but not in

males. Among FXIII polymorphisms Val34Leu polymorphism of

FXIII A subunit (FXIII-A) has been intensively investigated and meta-

analysis of the reported data demonstrated a protective effect against

myocardial infarction. Moreover, in the Hungarian population FXIII-

A Val34Leu polymorphism was protective against MI in patients with

elevated fibrinogen levels. FXIII-A Tyr204Phe polymorphism was

reported to be associated with decreased FXIII levels and Phe204 was

associated with a mild increased risk of ischemic stroke in young

women. The His95Arg polymorphism in FXIII B subunit (FXIII-B)

gene was found to be a risk factor of venous thrombosis. FXIII-B

Intron K nt29756 C>G polymorphism leads to a novel splice acceptor

site and a protein 15 amino acid longer at the C-terminus. It may have a

profound effect on disease susceptibility, however no study on cardio-

vascular patients has been reported, as yet.

Aims: Investigation of the role of FXIII-A Tyr204Phe, FXIII-B

His95Arg and IntronK (nt29756C>G) polymorphisms in cardiovascu-

lar diseases.
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Methods: Consecutive patients (n = 900) with suspected CAD were

subjected for coronary angiography and recruited for the study. Among

them, patients without significant coronary stenosis and the history of

myocardial infarction were considered as clinical controls (n = 276).

Age and sex matched individuals (n = 1000) representing the Hungar-

ian general population were also enrolled. FXIII-A Tyr204Phe, FXIII-

B His95Arg and intron K nt29576C>G polymorphisms were detected

by real time PCR using melting point analysis and FRET detection on

a LightCycler 480 instrument (Roche). Clinical and laboratory data

were analyzed by SPSS 19.0 statistical package.

Results: The rare allele frequencies of the FXIII-A Tyr204Phe, FXIII-

B His95Arg and IntronK (nt29756C>G) polymorphisms in the general

Hungarian population were 0.02, 0.08 and 0.15, respectively, which

are similar to the results for Caucasians available in the HapMap data-

base. The allele frequencies in the clinical controls did not differ signifi-

cantly from the respective values in the general population.

Individuals carrying the rare allele of FXIII-B IntronK polymorphism

had significantly (P < 0.0001) lower FXIII activity (94 � 21% vs.

103 � 21%) and FXIIIA2B2 antigen (20.7 � 4.7 mg/L vs.

23.1 � 5.0 mg/L) levels compared to individuals homozygous for the

frequent allele. FXIII-B IntronK polymorphism decreased the risk of

MI by 60% in patients with fibrinogen level in the upper tertile (OR,

0.37; 95% CI, 0.17;0.84, P = 0.017). Moreover, an interactive effect

was demonstrated between FXIII-B IntronK and FXIII-A Val34Leu

polymorphisms; OR for MI in the case of double carriers with elevated

fibrinogen was 0.031 (95% CI, 0.01;0.21, P < 0.0001).

Conclusions: The effect of certain FXIII subunit polymorphism on the

rik of MI prevails only at elevated fibrinogen level. FXIII-B Intron K

polymorphism decreases FXIII level and is protective against MI in

patients with fibrinogen level in the upper tertile.

OC 07.6
D-dimer levels are differently associated with the risk
of acute coronary syndrome in men and women of the
european prospective investigation in the cancer
(EPIC)-Italy cohort
Iacoviello L1, Agnoli C2, De Curtis A1, Di Castelnuovo A1, Krogh

V2, Matullo G3, Panico S4, Riccieri F5, Sacerdote C6, Tumino R7,

Vineis P8 and De Gaetano G1

1Catholic University, Campobasso; 2National Cancer Institute,

Milano; 3Human Genetic Foundation HuGef, Torino; 4Federico II

University of Naples, Napoli; 5Hunan Genetic Foundation,

HuGef; 6Cancer Prevention Centre (CPO) Piemonte, Torino;
7Cancer Registry ASP, Ragusa, Italy; 8Imperial College, London,

UK

Background: Fibrin D-dimers can be considered as a measure of fibrin

turnover, being the balanced products of formation (via thrombin)

and lysis (via plasmin) of crosslinked fibrin. We evaluated the associa-

tion between D-Dimers and risk of acute coronary syndrome (ACS) in

four out of five centers of the EPIC-Italy study.

Materials and Method: We conducted a case-cohort study on 1467

(712 men; 755 women) volunteers of the EPIC-Italy cohort, by com-

paring subjects who developed ACS (MI fatal or nonfatal, coronary

revascularization, sudden death) in a mean follow-up of 11.93 years.

Using a nested case-cohort design in the EPIC-Italy study

(n = 34 148), we identified a random subcohort (n = 830) and incident

acute coronary syndrome cases (n = 634 plus 13 cases originated from

the random subcohort) occurring between baseline (1993–1997) and

end of 2006 (Varese and Naples), of 2007 (Ragusa) or 2008 (Turin); D-

Dimer levels were measured in citrate plasma, utilizing HemosIL, an

automated latex immunoassay on IL coagulation System ACL9000.

Inter and intra-day CV were 7.6% and 5.4% respectively. The relative

risk (RR) and 95% confidence intervals (CI), adjusted by relevant con-

founders and stratified by center, were estimated by aCoxregression

model using Prentice method.

Results: Individuals in the highest compared with the lowest quartile

of PAI-1 had significantly increased risks of ACS (RR: 2.50; 95%CI:

1.54–4.06; P for trend < 0.001) in univariate analysis; adjustment for

sex, age, education, smoking habit, BMI, total physical activity, hyper-

tension, diabetes and hyperlipidemia treatment, did not modify the

association (RR: 2.62; 95%CI:1.50–4.55) (P for trend = 0.005). The

risk of ACS increased by 44% for each increase in 1 standard devia-

tion of D-Dimers. No association was found in women.

Conclusions: Our data support the evidence for a link between D-

dimers and ACS in men but not in women.

OC 08 – Inflammation – Clinical
Studies

OC 08.1
Prognostic role of MIR146A polymorphisms in atrial
fibrillation
Roldan V, Salloum-Asfar S, Gallego P, Arroyo AB, Garcia-Barbera

N, Teruel R, Caparros E, Vicente V, Gonzalez-Conejero R and

Martinez C

Centro Regional de Hemodonaci�on. Hospital Morales Meseguer.

UMU. IMIB, Murcia, Spain

Background: Atrial fibrillation (AF) is a prevalent disease in which the

underlying atherosclerosis, a chronic inflammation of the vessel wall

with monocytes driving the initiation and progression of atheroscle-

rotic lesions, increases the incidence of arterial thrombosis. At this

time, there are limited biomarkers able to forecast new thrombotic

events in anticoagulated patients with AF. In this framework, microR-

NAs (miRNAs) have emerged as critical players in cardiovascular

biology. In particular, miR-146a-3p is recognized as an important neg-

ative regulator of inflammation. To date, neither the role of miR-146a-

3p nor the role of functional polymorphisms (miRSNPs) rs2431697

(~1 kb upstream of MIR146A) and rs2910164 (within MIR146A),

both affecting miR-146a-3p levels in monocytes, have been related

with cardiovascular disease.

Aim: To evaluate the prognostic role of functional MIR146A miR-

SNPs in a large cohort of anticoagulated permanent AF patients.

Methods: We studied 904 patients (50% male; median age 76) with

permanent AF who were stabilized for at least 6 months (INR = 2–3)
CHADS2DS2-VASc score was calculated. Patients were followed-up

for 2 years [median = 957 days (range 789–1078)] and adverse cardio-

vascular events (stroke, acute coronary syndrome, and acute heart fail-

ure) were recorded. MiRSNPs were genotyped by Taqman� analysis.

In vitro studies were performed in immunoselected monocytes from

healthy controls homozygous for the two genotypes of rs2431697

(n = 9 of each genotype). Monocytes were activated with10 ng/mL

LPS, previously shown to increase miR-146a-3p levels. MiR-146a-3p

and IL6mRNA levels were measured by qRT-PCR.

Results: The frequencies of these two miRSNPs in AF patients were

similar to those reported in Caucasians (ancestral alleles: rs2431697,

C = 0.48; rs2910164, G = 0.74). MiRSNP rs2910164 had no associa-

tion with adverse cardiovascular events. However, on multivariate

analysis (adjusted by CHADS2DS2-VASc score) we found that TT

genotype of rs2431697 was associated with adverse cardiovascular

events (HR, 95%CI: 1.56, 1.04–2.33; P = 0.030). In order to better

define the functional effect of miR-146a, we studied the effect of

rs2431697 in miR-146a-3p levels in monocytes from healthy subjects.

After 2 h activation, LPS induced an increase of miR-146a-3p levels,

which was slightly higher in CC carriers (increase vs. no LPS;

TT = 15%, CC = 27%). Interestingly, after 24 h incubation, mono-

cytes from CC individuals had a 65% increase of miR-146a-3p levels

while TT individuals only increased their levels by 28%. These data

suggest that TT individuals when submitted to an inflammatory stress

may be prone to a highest pro-inflammatory state due in part to lower

levels of miR-146a-3p. Indeed, IL6 mRNA levels, previously shown to
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be influenced by miR-146a-3p, were inversely correlated with those of

miR-146a-3p. Thus, after 24 h of LPS activation, TT monocytes

showed a higher increase of IL6 expression than CC (52% vs. 26%).

Conclusions: Our study established MIR146A rs2431697 as a prognos-

tic biomarker for adverse cardiovascular events in anticoagulated AF

patients. According to our data, patients with AF who carry the TT

genotype of rs2431697 might have a minor response to pro-inflamma-

tory signals than CC, resulting in reduced levels of miR-146a-3p and a

final increased production of pro-inflammatory targets such as IL-6,

which might contribute to the higher risk of adverse cardiovascular

events of these patients.

OC 08.2
Inflammatory markers and metalloproteinases profiles
predict death in in the acute phase of ischemic stroke
treated with tissue plasminogen activator thrombolysis
Gori AM1, Nencini P2, Giusti B1, Mascia N1, Armillis A1, Piccardi

B1, Palumbo V2, Pracucci G1, Abbate R1 and Inzitari D1

1University of Florence; 2Careggi Univ Hospital, Florence, Italy

Background: Inflammatory mediators and metalloproteinases (MMPs)

are altered in the acute phase of ischemic stroke and play a detrimental

role on severity and hemorrhagic transformation of ischemic brain

lesions after thrombolysis.

Aim: This study aimed to evaluate the effect of inflammatory andMMPs

profiles onmortality in stroke patients submitted to thrombolysis.

Methods: Blood was taken at baseline and 24 h after thrombolysis

from 327 patients (mean age 68, mean NIHSS 11.9) with acute ische-

mic stroke. Circulating molecules were measured using Bio-plex sus-

pension array system [MMP-1, MMP-8, MMP-9, tissue inhibitor of

metalloproteinase -1 (TIMP-1), C-reactive protein (CRP), haptoglo-

bin, alpha2-macroglobulin (A2M), interleukin-1 receptor antagonist

(IL-1RA), interleukin-6 (IL-6), interleukin-10 (IL-10), interleukin-12

(IL-12), tumor necrosis factor-alpha (TNF-alpha), vascular endothe-

lial growth factor (VEGF)]. Baseline values and delta median values

[(post tPA-baseline)/baseline] of each parameters were analyzed in

3 month-survivors and non-survivors.

Results: Baseline levels of CRP, haptoglobin, A2M, IL-10, IL-12 and

IL-6 and delta values of MMPs 1, 8, 9 and TIMP-1 were significantly

different in patients who died with respect to survivors [CRP: 8.25

(2.17–15.49) mg/L vs 2.96 (1.44–8.35) mg/L; haptoglobin: 3.12 (1.24–
10.70) mg/mL; A2M: 2.26 (1.83–4.23) mg/mL vs 1.78 (1.24–2.60) mg/

mL; IL-6: 6.25 (4.16–11.53) pg/mL vs 4.01 (2.16–7.90) pg/mL;

P < 0.01 respectively, IL-10: 3.58 (1.16–16.70) pg/mL vs 9.80 (2.99–
23.10) pg/mL; IL-12: 18.20 (9.23–42.10) pg/mL vs 24.20 (11.70–52.90)
pg/mL, P < 0.05 respectively], whereas IL-1RA, TNF-alpha and

VEGF levels [IL-1RA: 16.0 (4.98–65.40) pg/mL vs 17.44 (10.3–29.80)
pg/mL; TNF-alpha: 1.61 (0.17–3.00) pg/mL vs 2.40 (0.58–5.67) pg/mL;

VEGF: 82.2 (43.70–130.5) pg/mL vs 105.8 (56.40–203.7) pg/mL] did

not significantly differ between non-survivors and survivors. Adjusting

for age, sex, glycemia, baseline NIHSS, history of atrial fibrillation, or

congestive heart failure, history of inflammatory diseases or infections

occurred within the last 7 days before stroke onset, only deltaMMP-9

and baseline A2M remained significantly and independently associated

with 3 month-death [OR (95% CI): baseline A2M: 1.49 (1.12–2.00);
deltaMMP9:1.58 (1.11–2.26), P < 0.01]. ROC analysis demonstrated

that the addition of baseline A2M and deltaMMP-9 (model 2) to a

model that included factors known to affect the outcome (model 1)

significantly improved the area under the curve for the detection of

mortality in ischemic stroke patients [model 1: AUC = 0.82 (95% CI

0.75–0.90); model 2: AUC = 0.88 (95% CI 0.83–0.93), P < 0.05].

Conclusion: our findings suggest that A2M and deltaMMP-9 are signif-

icant and independent markers of mortality and that may be used to

improve prediction of unfavourable outcome in the clinical setting of

ischaemic stroke patients treated with thrombolytic therapy.

OC 08.3
Circulating nucleosomes and neutrophil activation as a
measure of the formation of Neutrophil Extracellular
Traps (NETs) during sickle cell painful crisis
Schimmel M1, Nur E1, Biemond BJ1, Van Mierlo GJ2, Solati S2,

Brandjes DPM3, Otten HM3, Schnog J-J4 and Zeerleder S2

1AcademicMedical Center; 2Sanquin Research and Landsteiner

Laboratory AMC; 3Slotervaart Hospital, Amsterdam, the

Netherlands; 4Sint ElisabethHospital,Willemstad, theNetherlands

Background: Sickle cell disease (SCD) is characterized by recurrent

acute vaso-occlusive painful crisis frequently leading to SCD related

complications, like acute chest syndrome. The complex pathophysiol-

ogy of the vaso-occlusive painful crisis is mediated by activation of

endothelial cells, adhesion of sickled erythrocytes and polymorphonu-

clear neutrophils (PMN), oxidative stress, coagulation activation and

an increased release of inflammatory mediators, resulting in ischemic

organ damage. Recently, PMN have been demonstrated to form Neu-

trophil Extracellular Traps (NETs) upon activation. During this pro-

cess, DNA and DNA-binding proteins are extruded from neutrophils

exposing a mesh consisting of nucleosomes, histones and neutrophil

proteases. NET formation has been shown to propagate coagulation

in sepsis and deep venous thrombosis. Moreover, nucleosomes and hi-

stones exposed on NETs have been shown to be strongly cytotoxic to

endothelial cells. Beside the exposure on NETs, nucleosomes can be

actively released into the circulation from dead cells. Circulating nucle-

osomes detected in sepsis have been reported to correlate with markers

of coagulation and inflammation as well as with organ dysfunction

and mortality. The aim of this case–control study was to assess plasma

levels of circulating nucleosomes and neutrophil activation as evi-

denced by human neutrophil elastase-a1-antitrypsin (EA) complexes,

as indirect measure of NET formation in plasma.

Methods: After obtaining informed consent, nucleosomes and EA

complexes were measured using ELISA in blood samples of race

matched controls (24), sickle cell patients during steady state (74) and

sickle cell patients with painful crisis (70). Markers of inflammation

and endothelial activation were also measured. For statistical analysis,

patients were divided in two groups: patients with the relatively severe

genotypes HbSS and HbSb0-thalassemia (HbSS/HbSb0-thal) and

patients with the relatively milder HbSC and HbSb+-thalassemia

genotypes (HbSC/HbSb+-thal). The study protocol was approved by

the local medical ethical committee.

Results: Plasma levels of nucleosomes in both patients with HbSS/

HbSb0-thal and HbSC/HbSb+-thal were significantly higher during

painful crisis (median; IQR, 20.2 U/mL: 8.9–129.0, P < 0.001; 11.7

U/mL: 5.1–67.7, P = 0.045) as compared to those in steady state

(6.0 U/mL: 3.0–9.8; 7.1 U/mL: 4.6–9.6). EA levels were higher in

HbSS/HbSb0-thal and HbSC/HbSb+-thal patients during painful cri-

sis (75.1 ng/mL: 56.5–102.4, P < 0.001; 62.0 ng/mL: 48.0–96.7;
P = 0.051) as compared to levels during steady state (45.7 ng/mL:

34.7–59.7; 50.2 ng/mL: 33.3–67.7), but just failed to reach statistical

significance in HbSC/HbSb+-thal patients. During painful crisis, EA

levels correlated with levels of nucleosomes in both HbSS/HbSb0-thal
(Sr = 0.55, P < 0.001) and HbSC/HbSb+-thal patients (Sr = 0.90,

P ≤ 0.001). In steady state HbSS/HbSb0-thal patients, levels of nucleo-
somes correlated with endothelial markers sVCAM-1 and vWF:Ag

(Sr = 0.421, P = 0.003; Sr = 0.452, P = 0.001). Six patients who

developed an acute chest syndrome during painful crisis were among

those with the highest nucleosome and EA levels. A significant

(Sr = 0.441, P < 0.001) correlation was found between levels of nucle-

osomes and duration of hospitalization.

Conclusion: We demonstrate increased levels of circulating nucleo-

somes in sickle cell patients with painful crisis reflecting NET forma-

tion which strongly correlates with PMN activation and disease

severity.
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OC 08.4
Activated protein C inhibits lung inflammation in
asthma patients after intrabronchial allergen challenge
De Boer DJ1, Majoor CJ1, Marieke B1, Meijers JC2, Zeerleder S3,

De Vos AF1, Van ‘t Veer C1, Van Der Zee J4 and Van Der Poll T1

1Academic Medical Center, University of Amsterdam; 2Academic

Medical Center Amsterdam; 3Sanquin; 4Onze Lieve Vrouwe

Gasthuis, Amsterdam, the Netherlands

Background: Allergic lung inflammation in asthma is associated with a

pulmonary prothrombotic and antifibrinolytic state. Activated Protein

C (APC) exerts anticoagulant, pro-fibrinolytic and anti-inflammatory

effects that could be beneficial in allergic lung inflammation. House

dust mites (HDM) are common allergens and natural carriers of lipo-

polysaccharide (LPS). LPS exposure is strongly associated with

asthma severity.

Aim: To investigate the effect of recombinant human (rh)APC on

allergic lung inflammation provoked by intrabronchial HDM and LPS

administration in asthma patients.

Methods: A double-blind, randomized, placebo-controlled trial was

conducted in 24 HDM allergic asthma patients. Male and female, mild

to intermittent asthma patients of 18–45 years of age were eligible for

screening. Asthma medications were discontinued 2 weeks before the

study. Patients received intravenous rhAPC (24 lg/kg/h, n = 12) or

placebo (n = 12) for 11 h. Four hours after the start of the infusion a

first bronchoscopy was performed to challenge one lung segment with

saline (serving as control) and a contralateral segment with a combina-

tion of HDM (50 biological units) and LPS (75 ng). Eight hours after

provocation (1 h after stopping rhAPC or placebo) a second bron-

choscopy was conducted to obtain bronchoalveolar lavage fluid

(BALF) from challenged segments. The protocol was approved by the

institutional Medical Ethics Review Committee and all patients gave

written informed consent. Comparisons were done by Wilcoxon or t-

test where appropriate.

Results: Patient characteristics were similar at baseline, including lung

function tests and biochemical screening. RhAPC treatment resulted

in increased plasma APTT values compared to placebo (P < 0.05).

Cell counts in BALF were increased after HDM+LPS challenge com-

pared to saline (P = 0.001) primarily as a consequence of eosinophil

and neutrophil influx. RhAPC significantly reduced total cell counts in

BALF by 43% (P < 0.05 versus placebo), which was due to a decrease

in neutrophil influx (P < 0.05) and accompanied by an attenuated rise

in BALF levels of elastase-1-antitrypsin complexes (indicative of neu-

trophil degranulation, P < 0.01). HDM+LPS challenge caused a

procoagulant response in the bronchoalveolar space of both treatment

groups, as reflected by increased BALF levels of D-dimer, thrombin-

antithrombin complexes (TATc) and plasminogen-activator inhibitor

type I (PAI-1). In addition, HDM+LPS exposure resulted in increased

protein leakage in BALF, local activation of the complement system

(increased BALF C3a, C3bc and C4bc levels) and local release of nu-

cleosomes (all P < 0.05 versus saline). Relative to placebo, rhAPC

decreased PAI-1 (P < 0.05), C3b (P < 0.05) and nucleosome

(P < 0.05) levels in BALF. Remarkably, intravenous rhAPC did not

significantly impact on BALF D-dimer or TATc levels.

Conclusions: Bronchial allergen provocation in asthma patients results

in local activation of coagulation and multiple inflammatory path-

ways. Intravenous rhAPC inhibited distinct inflammatory responses in

this human model of acute allergic inflammation without influencing

coagulation. These data indicate that rhAPC exerts anti-inflammatory

effects in the lungs of asthma patients by mechanisms that do not rely

on its anticoagulant properties.

OC 08.5
Increased adhesive properties of neutrophils and
inflammatory markers in VTE patients with residual
vein occlusion and high D-dimer levels
Zapponi KC, Bittar F, Mazetto BM, Barnab�e A, Santiago-Bassora

D, De Paula EV, Orsi LA, Conran N and Annichino-Bizzacchi JM

State University of Campinas, Campinas, Brazil

Background: Venous Thromboembolism (VTE) is a multifactorial dis-

ease that affects 1–3:1000 individuals worldwide. The venous throm-

bus develops via a multicellular process on the surface of the

endothelium and presents a laminar structure comprised of layers of

platelets, leukocytes, erythrocytes and fibrin. The relationship between

inflammation and coagulation is bidirectional, and has been mainly

evaluated through protein interactions between pro-inflammatory

cytokines and elements of the coagulation cascade. Inflammatory cells

such as neutrophils, have not been previously correlated with throm-

botic or procoagulant processes.

Aims: To evaluate the adhesive properties of neutrophils, erythrocytes

and platelets, as well as the expression of neutrophil adhesion mole-

cules in patients with VTE, correlating them with markers of the sys-

temic inflammatory response, and with the presence of residual vein

obstruction (RVO) and higher D-dimer.

Methods: Study group consisted of thirty chronic VTE patients (1–
6 years after the acute episode) followed in our outpatient clinic, as

well as age, gender and ethnic background-matched healthy individu-

als. Adhesive properties of neutrophils, erythrocytes and platelets were

determined by a static adhesion assay using ligands such as fibrinogen

(FB) and fibronectin (FN). The expression of neutrophils adhesion

molecules (CD11a, CD11b, CD18) was evaluated by flow cytometry.

Levels of inflammatory markers (IL-6, IL-8, TNF-a, PCR) were evalu-

ated by ELISA and nephelometry. RVO was evaluated by Doppler

ultrasound.

Results: No significant difference could be observed in the platelets

(basal: 16.37% vs. 14.59%, P = 0.309; and stimulated with thrombin:

33.45% vs. 26.62%, P = 0.200) and erythrocytes adhesion (7.28% vs

7.49%, P = 0.859) between chronic VTE patients and healthy individ-

uals. Interestingly, in patients with a higher risk of recurrent VTE

(defined by the presence of high levels of D-dimer) and RVO, a signifi-

cant increase in neutrophils adhesion compared to healthy individuals

was observed (24.68% vs. 19.07%, P < 0.05). Inflammatory markers

(IL-6, IL-8, TNF-a and CRP) were also significantly elevated

(2.08 pg/mL vs 0.90 pg/mL, P = 0.01; 28.72 pg/mL vs 16.46 pg/mL,

P = 0.02; 4.50 pg/mL vs 2.11 pg/mL, P = 0.04; 0.35 pg/mL vs

0.14 pg/mL, P = 0.09, respectively) in this subgroup compared to

patients with a standard risk of recurrent VTE. Adhesive properties of

neutrophils was correlated with IL-6 (r = 0.3815 and P = 0.0375) and

D-dimer levels (r = 0.3831 and P = 0.0367). Neutrophils adhesion

molecules (CD11a, CD11b and CD18) were not altered in any of the

groups.

Conclusions: Our results suggest that, after an acute episode of VTE,

patients do not exhibit increased adhesive properties of platelets and

erythrocytes. However, neutrophils adhesive properties were

increased in patients with higher D-dimer levels and RVO, indepen-

dently of the expression of neutrophil adhesion molecules. A

hypothesis for this increase could be due to alterations in affinity of

surface adhesion molecules to their ligands, as a consequence

inflammatory processes associated with the hypercoagulability that

is characteristic of this disease.
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OC 08.6
Does platelet activation mediate pathogenesis of
malaria infection?
Jobe SM1, Schenk M1, Zhou C1, Choo H1, Gibbins JM2

and Lamb TJ1

1Emory University, Children’s Healthcare of Atlanta, Atlanta, GA,

USA; 2University of Reading, Reading, UK

Background: Platelet activation by malaria parasites is thought to

cause pathology in malaria infection by acting as a bridge for infected

red blood cells to adhere to the endothelium leading to blockage of the

blood vessels in the brain, and in turn cerebral malaria. This event has

most commonly been investigated using the Plasmodium berghei

ANKA mouse model that causes experimental cerebral malaria

(ECM) in C57BL/6 mice. Platelet depletion in mice using an anti-

platelet monoclonal antibody can protect against death from ECM,

but only when performed within the first few days of infection. This

early effect of protection suggests that platelets mediate lethal inflam-

mation in acute malaria infection, rather than act to enhance blood

vessel blockage in chronic infection.

Aims: Investigate the role of platelets in mediating inflammation and

pathology in experimental cerebral malaria.

Methods and Results: Platelet depletion using monoclonal antibodies

involves clearance of antibody-opsonized platelets. Fc triggering by

the opsonized platelets and subsequent IL-10 production by macro-

phages may offer an alternative explanation for the protection offered

by platelet depletion in these experiments. IL-10 can act to down-regu-

late the anti-malarial inflammatory response. Consistent with this

hypothesis, following antibody removal of platelets the number of

splenic T cells secreting protective IL-10 significantly was increased.

Indeed, unlike antibody-mediated platelet removal, inactivation of

platelets using aspirin or Plavix© neither protected against the mani-

festations of ECM nor increased the numbers of IL-10-producing T

cells in the spleen.

To ascertain whether platelet presence truly alters the inflammatory

landscape of mouse malaria infection we analyzed the effects of plate-

let depletion on malaria pathogenesis and immune response using a

novel non-antibody-mediated method of platelet depletion. In this

model, megakaryocyte and platelet-limited ectopic expression of the

simian diphtheria toxin (DT) receptor allows for selective and nearly

complete platelet depletion following DT administration. Upon DT

administration platelets were ablated. However, unlike in antibody-

mediated platelet depletion, no protective effect against the develop-

ment of ECM was observed upon DT-mediated platelet ablation. Sim-

ilarly, IL-10 production was unaffected.

Conclusions: Our results suggest that studies showing a protective

effect in ECM of platelet removal by mAb depletion may in fact reflect

an artifact of the method of platelet depletion, and indicate that plate-

lets do not play a critical role in the pathogenesis of ECM.

OC 09 – Novel platelet Inhibitors

OC 09.1
Discovery of novel GPVI receptor antagonists by
structure-based repurposing
Coxon CH, Taylor L, Vasudevan SR, Jones CI, Churchill GC

and Campbell D

University of Oxford, Oxford, UK

Background: Current strategies for managing cardiovascular risk

caused by platelet aggregation rely largely on the use of thienopyri-

dines and aspirin. Although these drugs are effective in a large number

of people, they have limitations. Increased bleeding risk and drug

‘resistance’ underpins a drive for new antiplatelet therapeutics. Under

pathological conditions, collagen exposure leads to the recruitment

and activation of platelets leading to the formation of an occlusive

thrombus. Platelet activation by the primary platelet collagen receptor,

GPVI, is central to cell activation. Perturbation of collagen-GPVI

interactions using GPVI-Fc fusion proteins or single chain antibody

fragments (scFvs) can reduce thrombus formation in vivo with minimal

effects on bleeding, highlighting GPVI as a viable target for antiplat-

elet therapy.

Aims: We hypothesised that the GPVI-collagen interaction is amena-

ble to perturbation by small molecules and that disruption of this

receptor-ligand interaction would be sufficient to reduce inhibit plate-

let activation and aggregation. Drug repurposing is being fiercely pro-

moted and supported by academic, government and industrial

partners to reduce the bottle neck associated with traditional drug dis-

covery approaches and accelerate the bench-to-bedside transition. We

therefore used to a structure-based repurposing approach by docking

a database of FDA approved drugs into the GPVI receptor ligand

binding site.

Methods: For in silico docking, the crystal structure of human platelet

glycoprotein VI (PDB ID 2gi7) was processed using our own set of

parameters and used to dock the NIH Clinical Collection into the

GPVI ligand binding site, with an emphasis on the electrostatic envi-

ronment around Lys 41. The docking was performed using Fred 2.2.5

and a database of ~900 compounds with conformers pre-generated

using Omega 2.2.3; molecules were docked and scored with FRED’s

default consensus scoring. We evaluated biologically the top 20 com-

pounds from the in silico screen using both Ca2+ release and platelet

aggregation assays in washed human platelets.

Results: Fourteen out of the top 20 compounds inhibited CRP-induced

Ca2+ release by 50% or more. The ability of these compounds to elicit

dose-dependent effects on GPVI-mediated Ca2+ release and platelet

aggregation was further assessed and three compounds were found to

inhibit the GPVI receptor in a selective and dose-dependant manner,

with IC50 values of between 40 mM and 400 nM. Global tyrosine

phosphorylation following GPVI activation was reduced by all three

compounds as assessed by western blotting; no effect was observed on

thrombin- or ADP-induced platelet activation. Our most potent and

selective inhibitor, torasemide, inhibited thrombus formation in whole

human blood under physiological rates of shear.

Summary/Conclusions: We have identified the first selective small mol-

ecule inhibitors of GPVI. By coupling in silico screening with medium-

throughput approaches to assess platelet function, we were able to

quickly and effectively identify novel small molecule inhibitors of the

GPVI-collagen interaction. Most importantly, our lead compound, to-

rasemide, can inhibit thrombus formation on collagen under physio-

logical conditions in vitro, validating our approach and supporting our

hypothesis. These compounds will serve as starting points for the

development of new, better antiplatelet agents.

OC 09.2
Parmodulins target the intracellular side of PAR1 to
selectively interfere with Gaq but not Ga12/13
signaling and block thrombus formation, but not
hemostasis
Aisiku OR1, Peters CG1, Dilks JR1, Gunnink S1, Dockendorff C2,

Smith DA1, Denker B3, Huang M1 and Flaumenhaft R1

1Beth Israel Deaconess Medical Center, Boston, MA; 2Marquette

University, Milwaukee, WI; 3Harvard Medical School, Boston,

MA, USA

Background: Protease-activated receptor-1 (PAR1) serves a critical

role in coupling the coagulation cascade to platelet-mediated thrombo-

sis. Small molecules that inhibit at the binding site of the tethered

ligand of PAR1 have been developed and recently tested in clinical tri-

als. However, bleeding complications including hemorrhagic stroke

have been observed.

Aim: Our goal is to develop allosteric PAR1 modulators that bind out-

side of the PAR1 ligand binding pocket, stabilizing alternative confor-
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mations of the receptor and interfering with procoagulant PAR1 sig-

naling without having significant effects on hemostasis.

Results: We have performed two independent high throughput screens

of 16 000 and 300 000 compounds, respectively, to identify molecules

that inhibit PAR1-mediated platelet granule release. We now demon-

strate that these molecules act by a common mechanism, defining a

new class of PAR1 inhibitors termed parmodulins. The first screen

identified an alkylated quinolone that inhibits PAR1-mediated platelet

activation with an IC50 of 4 lM (parmodulin-1; aka JF5, PNAS,

108:2951). The second screen identified a 1,3-diaminobenzene that

inhibits PAR1 with an IC50 of 0.3 lM (parmodulin-2; aka ML161,

ACS Med Chem Lett, 3:232). Both compounds failed to inhibit the

binding of a radiolabeled PAR1 peptide agonist, [3H]TRAP, to the

ligand binding pocket of PAR1 on platelet membranes. In contrast, an

orthosteric PAR1 inhibitor, SCH79797, blocked binding of [3H]TRAP

to PAR1. To determine whether these allosteric PAR1 modulators act

on the extracellular or intracellular face of PAR1, we tested the ability

of the antagonists to inhibit signaling in COS7 cells overexpressing dif-

ferent PARs. Both parmodulins and SCH79797 inhibited [Ca2+]i flux

induced through PAR1, but not PAR4. We next constructed a PAR1

(amino acids 1–365),4(amino acids 334–385) chimera consisting of the

extracellular and transmembrane loops of PAR1 and the C-terminus

of PAR4 distal to the DPXXY motif. Parmodulins failed to inhibit

activation of the PAR1,4 chimera. In contrast, the orthosteric PAR1

inhibitor SCH79797 inhibited the chimeric receptor. Together with the

[3H]TRAP binding studies, these results indicate that parmodulins act

at the cytosolic face of PAR1. Parmodulins inhibited PAR1-mediated

[Ca2+]i flux, aggregation, and secretion. However, they failed to block

PAR1-mediated shape change, signaling through Rho and src kinase

in platelets, or inhibit Ga12-mediated loss of barrier function elicited

by a PAR1 agonist in MDCK cells overexpressing Ga12. Thus, par-

modulins inhibit signaling downstream of Gaq, but not that down-

stream of Ga12/13. Although parmodulin-2 failed to inhibit human

PAR4, it did inhibit platelet aggregation stimulated through mouse

PAR4, which differs from human PAR4 at the cytosolic face. When

tested in a murine model of thrombus formation following laser-

induced injury of cremaster arterioles, parmodulin-2 (5 mg/kg)

reduced platelet accumulation during thrombus formation by 72%.

However, parmodulin-2 (5 mg/kg) failed to affect bleeding times in a

tail clip assay of hemostasis.

Conclusions: These studies define a class of small molecules that target

the intracellular face of PAR1 to selectively modulate downstream sig-

naling and inhibit thrombosis, but not hemostasis. The approach of

targeting its intracellular face represents a novel approach in the devel-

opment of PAR1 antagonists and has broader implications for modu-

lating GPCR function in disease states.

OC 09.3
Antiplatelet and antithrombotic activity of 2NTX-99, a
novel molecular entity combining dual thromboxane
inhibition with NO-donor properties
Momi S1, Mezzasoma AM1, Guglielmini G1, Casagrande C2

and Gresele P1

1University of Perugia, Perugia; 2University of Milan, Milan, Italy

Background: Dual thromboxane (Tx) antagonists (Tx-synthase inhibi-

tors/Tx receptor antagonists) have superior antiplatelet effects and a

stronger antithrombotic activity in animal models than aspirin. This is

in part due to the increase of intraplatelet cAMP deriving from the

enhanced formation of prostaglandin (PG)I2 and PGD2. Nitric oxide

(NO) is a naturally occurring vasodilator and platelet inhibitor pro-

vided also with antiatherosclerotic properties. NO exerts most of its

biological effects by raising intracellular cGMP levels though the stim-

ulation of soluble guanylyl cyclase (sGC). Intraplatelet cGMP and

cAMP synergize in inhibiting platelet function. It seems thus logical to

combine the pharmacologic effects of dual Tx-antagonists with those

of a NO-donor to get a stronger antiplatelet and antithrombotic effect.

A potential benefit of NO supply has previously been shown with mol-

ecules in which a NO-donor was added to aspirin or to statins. Picota-

mide, a dual Tx antagonist, has been structurally modified giving a

new orally active molecule, 2NTX-99.

Aims: Aim of the present studies was to test whether the combination

of a dual Tx inhibitor with a NO-donor provides additive effects on

platelet activation in vitro and on thrombosis in vivo.

Methods: Platelet function was evaluated by platelet adhesion to colla-

gen under flow (3000/s); arachidonic acid (AA)-, U46619- and collagen-

induced platelet aggregation; AA-induced TxA2 production; serum

TxB2 generation; platelet release of b-TG and intraplatelet cGMP. The

antithrombotic effect of 2NTX-99 was evaluated in a model of pulmo-

nary tromboembolism in mice induced by the injection of collagen+
epinephrine, U46619 or hardened rat red blood cells (HRBC).

Reference compounds were picotamide, isosorbide mononitrate

(ISMN) or sodium nitroprusside (SNP), pure NO donors, 2NTX-101

(the denitrated metabolite of 2NTX-99).

Results: 2NTX-99 reduces dose-dependently platelet adhesion, similar

to ISMN, an effect reversed by ODQ, a sGC-inhibitor while picota-

mide only marginally reduces platelet adhesion, an effect not modified

by ODQ.

2NTX-99 inhibits U46619-induced platelet aggregation (IC50 =
9.8 � 1.5 lM) significantly more than 2NTX-101 and picotamide

(IC50 = 182.4 � 1.5 lM and 452.8 � 1.6 lM, respectively); similar

results were observed with AA and collagen.

2NTX-99 significantly inhibited the release of b-TG from AA-stimu-

lated platelets with an IC50 of 14.7 � 0.3 lM; picotamide was also

effective (IC50 = 29 � 0.5 lM) while 2NTX-101 was not. 2NTX-99

inhibited the formation of TxB2 by AA-stimulated platelets

(IC50 = 3.77 � 0.16 lM) significantly lower than picotamide

(IC50 = 21 � 0.2 lM) and 2NTX-101 (IC50 = 32 � 0.3 lm). Serum

TxB2 was inhibited by 2NTX-99 more efficiently than by picotamide

or 2NTX-101 (IC50 = 5.42 � 0.23 lM; 20.23 � 0.26 lM and

40.7 � 2.2 � 2.2 lm, respectively). Finally, intraplatelet cGMP was

enhanced dose-dependently by 2NTX-99 (500 lM: +330%) and by

SNP (100 lM: +370%), an effect completely abolished by ODQ, while

it was not changed by picotamide or 2NTX-101.

Serum TxB2 was dose- and time-dependently inhibited in mice treated

with 2NTX-99. 2NTX-99 administration (300 mg/kg) significantly

enhanced plasmatic levels of NO2/NO3, the final metabolites of NO

(2NTX-99 = 127 � 5.3 lM vs control 34 � 3 lM, P < 0.01), while

picotamide and 2NTX-101 were ineffective. Finally, 2NTX-99 reduced

dose-dependently platelet pulmonary thromboembolism induced by

all the thrombogenic stimuli used while picotamide was less effective

in these models.

Summary/Conclusion: In conclusion, the combination of a dual Tx

antagonist with a NO-donor provided enhanced antiplatelet and anti-

thrombotic effects.

OC 09.4
Delayed targeting of CD39 to thrombus with an
activated-platelet antibody allows for effective
antithrombotic treatment without prolonging bleeding
times
Hohmann JD1, Wang X1, Krajewski S2, Straub A2, Hagemeyer C1

and Peter K1

1Baker IDI Heart and Diabetes Institute, Melbourne, Vic.,

Australia; 2Eberhard-Karls University, T€ubingen, Germany

CD39, a NTPDase with strong antithrombotic properties, has previ-

ously been shown to be protective in models of stroke, transplanta-

tions, pulmonary embolism and myocardial infarction by hydrolyzing/

removing the platelet agonist ADP and thus inhibit ADP receptor-

mediated platelet activation. However, CD39’s high potency comes

with an increased bleeding risk, as noted with ADP receptor inhibitors

in clinical use. We hypothesized that a delayed targeting CD39 to
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thrombi will allow localized enrichment to effective concentrations at

the growing thrombus despite a low systemic and thus safe concentra-

tion with a low risk of bleeding side effects.

CD39 was recombinantly fused to a single-chain antibody (scFv) spe-

cific to the active conformation of GPIIb/IIIa on activated platelets.

This targeting was shown by binding to microthrombi on flow adhe-

sion assays. Targeted CD39 (Targ-CD39) was significantly more effec-

tive at preventing ADP-induced platelet activation (flow cytometry)

and platelet aggregation assays using light transmission aggregometry,

than its non-targeted control (NT-CD39, CD39 fused to a non-func-

tional scFv). In a mouse model of ferric chloride-induced carotid

artery thrombosis NT-CD39, while being protective against vessel

occlusion, showed a significant bleeding risk as demonstrated by

mouse tail transection. Targ-CD39 concentrates at the thrombus site,

allowing a lower dose to be administrated. A dose ~109 lower is able

to prevent vessel occlusion to a similar extend as the high dose NT-

CD39. An equimolar dose of NT-CD39 at this low concentration is

ineffective at preventing vessel occlusion. The improved efficiency in

preventing thrombosis as a result of the targeting also means that the

systemic dose of CD39 administered as part of the Targ-CD39 con-

struct is below that causing a bleeding time prolongation in mice.

Interestingly, intravital microscopy reveals that the scFv binding to

platelets comes with a delay of up to 40 s, representing the time it takes

for GPIIb/IIIa to become activated on adhering platelets. This allows

for the build up of a sealing platelet layer before CD39 becomes

enriched and thereby blocks platelet aggregation and thrombus forma-

tion.

Delayed targeting CD39 to its desired site of action enables adminis-

tration of such a low concentration as to avoid the previously observed

bleeding tendencies while still being a highly effective antithrombotic

drug. Thus, enriching CD39 to activated platelets at thrombi prevents

the previously limiting bleeding side effects and advances CD39

towards potential clinical use.

OC 09.5
Endocannabinoids limit collagen-induced platelet
activation and restrict aggregate formation under flow
Maas C, De Angelis V, Koekman AC, Roest M, Weeterings C

and De Groot PG

University Medical Center Utrecht, Utrecht, the Netherlands

Background: With a worldwide growing number of aging persons, the

incidence of cardiovascular disease is rising. As a result, there is an

increasing need for alternative antithrombotic strategies. Neurons and

hematopoietic cells in the bone marrow express endocannabinoid

receptors, through which endogenous endocannabinoid agonists

adjust their cellular functions. Intriguingly, circulating platelets also

present endocannabinoid receptors on their surface.

Aims: To investigate the effects of endocannabinoids on platelet func-

tion.

Methods: We studied the influence of the endogenous endocannabi-

noid anandamide on platelet aggregation, a-granule release, and acti-

vation of glycoprotein IIb/IIIa by light transmission aggregometry

and flow cytometry. Platelet spreading and aggregate build up were

analyzed by real-time video microscopy under flow. Moreover, we

studied the effects of anandamide on calcium mobilization and Syk

phosphorylation during platelet activation. Finally, we investigated

the influence of Cannabis sativa consumption by human volunteers on

ex vivo platelet activation and thrombus formation under flow.

Results: We here report that anandamide inhibits platelet aggregation

and a-granule release in response to both collagen and arachidonic

acid, while it does not affect platelet activation through thrombin

receptor PAR-1. Anandamide reduces IIb/IIIa activation and inhibits

platelet spreading on fibrinogen under flow. Moreover, anandamide

disturbs aggregate formation under flow over immobilized collagen at

arterial shear rates. While anandamide reduces thrombin-induced cal-

cium mobilization by approximately 50%, it fully prevents calcium

mobilization in response to collagen. We investigated this observed

additional influence of anandamide on the collagen pathway in further

detail. We subsequently found that collagen-induced Syk phosphoryla-

tion is perturbed by anandamide, which can be attributed to the inabil-

ity of Syk to associate to the Fc-gamma receptor. In comparable

fashion to these in vitro studies, collagen-induced platelet aggregation

and aggregate formation under flow ex vivo was impaired in whole

blood of human donors that had consumed Cannabis sativa for 10 con-

secutive days. During this period, no symptoms of a bleeding tendency

were observed in these donors, nor were they previously reported for

the use of Cannabis sativa. This defective platelet responsiveness was

fully restored after a wash-out period of 10 days.

Conclusions: Endocannabinoid receptor agonists have the potential to

negatively regulate platelet activation and aggregate formation both in

vitro and in vivo. Understanding the mechanisms involved may lead to

the development of new strategies for the treatment of thrombotic

disease.

OC 09.6
Extracellular fibrinogen-binding protein (Efb) from
Staphylococcus aureus inhibits fibrinogen binding,
platelet aggregation and whole blood thrombus
formation
Pula G1, Posner M1, Merget B1, Canobbio I2, Upadhyay A1 and

Bagby S1

1University of Bath, Bath Spa, UK; 2University of Pavia, Pavia,

Italy

Background: Staphylococcus aureus releases a variety of extracellular

factors that participate in the infection and pathogenesis processes

induced by this bacterium. Amongst these factors, Efb has been shown

to directly bind to both platelets and fibrinogen, leading to the inhibi-

tion of platelet aggregation in vitro and the reduction of haemostasis in

vivo. Although the molecular mechanism underlying the inhibition of

platelet aggregation by Efb remains to be elucidated, this bacterial

protein represents a promising antiplatelet agent for the development

of a novel antithrombotic treatment.

Aims: In this study we aimed to assess the efficacy of Efb as an anti-

platelet agent in vitro and investigate its mechanism of action.

Method: In order to locate the protein domain responsible for the anti-

platelet properties of Efb, we generated different constructs represent-

ing the N-terminal and C-terminal regions of the protein. N-terminal

and C-terminal constructs and full length Efb were tested for their

ability to impair the aggregation of platelets in vitro in response to dif-

ferent physiological stimuli, including thrombin, collagen, ADP, and

the thromboxane A2 analogue U46619. The aggregation response of

platelets resuspended in either plasma or isotonic physiological buffer

(washed platelets) was tested by turbidimetry. The same constructs

were also analysed for their ability to interfere with washed platelet

static adhesion and whole blood thrombus formation under physiolog-

ical flow conditions. Fibrinogen binding and the activation of the main

platelet receptor for fibrinogen integrin aIIbb3 (or inside-out signal-

ling) were assessed by flow cytometry in the presence of the Efb con-

structs using a fluorochrome-labelled fibrinogen and an activation-

dependent antibody, respectively. Finally, the effect of Efb constructs

on integrin aIIbb3 downstream signalling (also known as outside-in

signalling) was investigated by phospho-specific immunoblotting.

Results: Two independent antiplatelet domains were identified corre-

sponding to two previously reported fibrinogen binding domains, one

located in the N-terminus and the other in the C-terminus of Efb. Both

truncation constructs and full length Efb require the presence of fibrin-

ogen in the platelet suspension to exert their antiaggregatory effect in

response to thrombin, ADP and U46619, whilst the responses to dif-

ferent collagen concentrations were not affected. Surprisingly, whole

blood thrombus formation onto fibrinogen- or collagen-coated sur-

faces were equally inhibited by Efb and the truncation mutants, possi-
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bly suggesting that fibrinogen-mediated platelet-platelet binding is crit-

ical for thrombus formation but not for aggregation in response to col-

lagen. Flow cytometry experiments confirmed that fibrinogen binding

induced by physiological stimulation of platelets was inhibited by N-

terminal and C-terminal constructs and by full length Efb. Experi-

ments on inside-out and outside-in signalling of integrin aIIbb3 sug-

gested that the Efb constructs act by interrupting the positive feedback

initiated by integrin aIIbb3 binding of fibrinogen and Src family

kinase activation.

Summary/Conclusions: In summary, this project confirmed the anti-

platelet properties of Efb, localised the antiplatelet activity in two dis-

tinct fibrinogen-binding domains of Efb, and characterised the effect

of these domains on platelet functional responses and signalling. Over-

all, due to its strong antiplatelet activity, Efb is a promising candidate

for the development of novel antithrombotic drugs.

OC 10 – Platelet Granule Secretion

OC 10.1
Role of novel SNARE proteins syntaxin 8, VTI1A and
VTI1B in regulating platelet secretion and function
Golebiewska EM1, Harper MT1, Savage JS1, Goggs R1, Wiegand

C2, Von Mollard GMF2 and Poole AW1

1University of Bristol, Bristol, UK; 2University of Bielefeld,

Bielefeld, Germany

Background: A number of novel roles for platelets beyond traditional

haemostasis and thrombosis have emerged in recent years, including

inflammation, cancer metastasis and lymphatic and arterial develop-

ment. Since many cytokines and growth factors are stored in platelets,

granule secretion may play a role in these processes. Despite its impor-

tance, the exact mechanisms of platelet secretion are unclear, although

the ubiquitous SNARE machinery and the v-SNARE VAMP8 in par-

ticular are thought to be essential. We sought to identify potential

VAMP8 interacting proteins and elucidate their role in platelet secre-

tion. Syntaxin-8 (STX8), VTI1A and VTI1B have all been reported to

interact with VAMP8 in other cells. In addition, recent transcript evi-

dence confirmed the presence of all three mRNAs in both human and

mouse platelets.

Aims: We aimed to characterize the novel SNAREs STX8, VTI1A and

VTI1B in platelets and identify their roles in secretion and, in turn,

platelet function.

Methods: STX8, VTI1A and VTI1B global mouse knockouts were

used for analysis of platelet function and granule secretion in particu-

lar. Parameters measured included ATP secretion, aggregation, P-se-

lectin expression, b-hexosaminidase secretion and in vitro thrombus

formation.

Results: STX8, VTI1A and VTI1B were all expressed in human and

mouse platelets. Several interactions between VAMP8, STX8, VTI1A

and VTI1B were also confirmed by co-immunoprecipitation.

The roles of STX8, VTI1A and VTI1B were investigated using plate-

lets from mice deficient in these proteins. Platelet number or mean

platelet volume, as well as dense and alpha granule numbers and gly-

coprotein surface expression levels were unchanged between Vti1a�/

�, Vti1b�/� or Stx8�/� and their wild type counterparts.

Dense granule secretion was significantly impaired in response to low

(0.05–0.075 U/mL) thrombin concentration in Stx8�/� platelets, sug-

gesting an important role for STX8 in platelet secretion. In contrast,

no difference in a-granule or lysosome secretion was observed, sup-

porting the proposed SNARE selectivity for different granules. Inter-

estingly, despite VTI1B interaction with VAMP8 in resting and

activated platelets, there was no difference in any of the granule secre-

tion in Vti1b�/� or Vti1a�/� platelets. This may reflect existence of

different SNARE complexes in platelets or functional redundancy

between SNAREs.

Stx8�/� platelets also showed a defect in aggregation in response to

thrombin. This defect was rescued by exogenous ADP in a P2Y12-

dependent manner, suggesting that the reduced aggregation was due

to the reduced dense granule secretion observed.

Vti1a�/� and Vti1b�/� platelets aggregated to thrombin and formed

thrombi in vitro normally, further suggesting that different SNAREs

play different roles in platelet activation.

Finally, the reduction in dense granule secretion in Stx8�/� platelets

was also reversed by co-stimulation with exogenous ADP. This was

also dependent on P2Y12 signalling, suggesting complex interactions

between platelet signalling and SNARE-mediated secretion.

Conclusions: Importantly, STX8 regulates platelet dense granule (but

not a-granule or lysosome) secretion and in turn aggregation in

response to low concentrations of thrombin. This defect can be over-

come by exogenous ADP indicating the synergistic relationship

between a P2Y12 signalling pathway and SNARE machinery in plate-

lets, and reveals further the molecular mechanism by which granule

secretion in platelets is tightly and specifically controlled.

OC 10.2
Alpha-granule proteins are localized in a ‘cap’ on the
surface of procoagulant platelets to promote their
incorporation into aggregates
Panteleev MA1, Abaeva A1, Canault M2, Kotova YN1, Obydennyi

SI1, Yakimenko AO1, Kolyadko VN1, Ataullakhanov F1, Nurden

AT3 and Alessi M-C2

1Center for Theoretical Problems of Pharmacology, Moscow,

Russia; 2Universit�e de la M�editerran�ee, Marseille; 3Hôpital Xavier

Arnozan, Pessac, France

Background: Strong platelet activation leads to the formation of a

procoagulant subpopulation that is often called ‘coated platelets’. It is

characterized by increased phosphatidylserine (PS) expression, high a-
granule protein retention on their membranes, and inactivated integrin

aIIbb3. Because of this lack of active integrins, it is unclear how these

platelets can get incorporated into thrombi and fulfil their procogulant

function.

Objective: We investigated the structure, function and formation

mechanisms of the a-granule protein ‘coat’ of the PS-expressing plate-

lets.

Methods: Platelets were isolated from blood of healthy donors or

patients with bleeding disorders (Glanzmann’s thrombasthenia, Ber-

nard-Soulier syndrome, dysfibrinogenemia, factor XIII deficiency,

kindlin 3 deficiency) using centrifugation and gel filtration. They were

activated with different agonists (in the presence of various inhibitors

where indicated), labeled with fluorescently labeled antibodies or ann-

exin V, and analyzed with flow cytometry and Nipkow disc confocal

microscopy. In addition to isolated platelets, whole blood thrombi

were formed on collagen in parallel-platelet flow chambers at venous

and arterial shear rates, and different platelet subpopulations in

thrombi were characterized with confocal microscopy.

Results: Confocal microscopy revealed that fibrin(ogen) and thrombo-

spondin colocalized as a ‘cap’, a single patch on the PS-positive plate-

let surface, with thrombospondin. The surface fibrin(ogen) was

strongly decreased in the presence of fibrin polymerization inhibitor

GPRP, and also in platelets from a patient with dysfibrinogenemia

involving a polymerization defect. In contrast, a fibrinogen-cleaving

protease ancistron increased the amount of fibrin(ogen) and thrombo-

spondin retention on the surface of the PS-positive platelets stimulated

with collagen-related peptide. Transglutaminases also induced the cap

formation, but platelets from patients with factor XIII deficiency had

normal fibrin(ogen) retention, and a pan-transglutaminase inhibitor

T101 only mildly decreased it. In aggregates, the fibrin(ogen) cap was

located at the point of attachment of the procoagulant platelets. With-

out this ‘cap’, their ability to aggregate was drastically decreased.

Because of this one-sidedness of their aggregation, procoagulant plate-

lets were predominantly distributed in a necklace-like fashion along

the outer face of both stirring-induced aggregates and whole blood

thrombi formed under venous and arterial shear conditions.
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Conclusions: These data show that the fibrin(ogen)-covered ‘cap’, pre-

dominantly formed as a result of fibrin polymerization, is a critical

mechanism that allows ‘coated’ (or rather ‘capped’) platelets to

become incorporated into thrombi despite their lack of active

integrins.

OC 10.3
Functional regulation of platelet membrane systems by
the F-BAR protein PACSIN2
Falet H

Harvard Medical School, Boston, MA, USA

Proteins of the Bin-Amphiphysin-Rvs (BAR) and Fes-CIP4 homology

BAR (F-BAR) families bind and deform membranes, promoting tubu-

lar invaginations that are reminiscent of the platelet open canalicular

system (OCS) and megakaryocyte (MK) demarcation membrane sys-

tem. Here we investigated the role of the F-BAR protein PACSIN2 in

platelets and MKs, as PACSIN2 is the only F-BAR protein known to

bind to the cytoskeletal and scaffold protein filamin A (FlnA), defi-

ciency of which results in macrothrombocytopenia (Falet et al. J Exp

Med 2010; Jurak Begonja et al. Blood 2011). Human and mouse plate-

lets contained 1 lM PACSIN2, but not its paralogs PACSIN1 or

PACSIN3. Spinning disk laser fluorescence confocal microscopy

revealed a specific association between PACSIN2 and tubular mem-

brane structures in human and mouse platelets. However, PACSIN2

did not co-localize with secretion organelles or dense tubular system

markers, i.e. CD62P, CD63, LAMP1, and SERCA3. Endogenous

PACSIN2 and over-expressed EGFP-PACSIN2 associated with tubu-

lar membrane structures in mouse bone marrow-derived MKs, remi-

niscent of the DMS. Immunoprecipitation of PACSIN2 from human

platelet lysates pulled down FlnA. The interaction required FlnA

immunoglobulin-like repeat 20 and an unstructured stretch at the tip

of PACSIN2F-BAR domain, and was functionally relevant, as FlnA

potentiated the membrane tubulation activity of PACSIN2F-BAR

domain in vitro. Further, PACSIN2 localization was disrupted in

FlnA-null platelets and MKs. PACSIN2-null mice had a mild throm-

bocytopenia, enlarged spleens, and increased spleen and bone marrow

megakaryopoiesis. PACSIN2-null mice had a bleeding disorder, as evi-

denced by tail bleeding time. PACSIN2-null platelets had an abnormal

morphology, with more and narrower OCS channels, compared to

WT platelets. Further, PACSIN2-null platelets had increased activa-

tion of their collagen receptor, the integrin b1, in response to throm-

bin. Together, the data indicate that PACSIN2 orchestrates the

intracellular membrane architecture of platelets and MKs in coopera-

tion with FlnA, and regulate the function the integrin b1 in platelets.

OC 10.4
Identification of secretion-related PKC substrates in
platelets by a proteomic and pharmacological approach
Van Den Bosch MTJ, Poole AW and Hers I

University of Bristol, Bristol, UK

Background: Platelet cell surface receptors induce intracellular signal-

ling events leading to the activation of protein kinase C (PKC), the

major regulator of platelet function. Upon stimulation, platelets

release a wide variety of mediators, thereby promoting thrombus for-

mation. Of the PKC family members expressed in platelets, the con-

ventional isoforms PKCa and PKCb have a positive regulatory role in

the secretion of granules, and genetic deletion of these isoforms in mice

has been shown to result in impaired secretion and thrombosis. The

underlying molecular pathway from PKC to secretion, however, is

poorly understood.

Aims: We aimed to identify substrates of conventional PKC isoforms

in human platelets which are potentially involved in platelet secretion

and thrombus formation.

Methods: The kinetics of dense and a-granule secretion were assessed

by luminometry and flow cytometry, respectively. We performed im-

munoprecipitations with a phosphoserine PKC substrate antibody fol-

lowed by mass spectrometry to identify proteins phosphorylated by

PKC. Candidate proteins were validated as PKC substrates by western

blotting. Protein function was investigated using a pharmacological

approach. Platelet aggregation, granule secretion, and integrin aIIbb3
activation were assessed.

Results: There was a clear difference between the kinetics of dense and

a-granule release, peaking at 1 and 10 min after platelet activation,

respectively. Phosphoserine PKC substrate phosphorylation was maxi-

mal after 2 min and was markedly impaired by the broad-spectrum

PKC inhibitor BIM-IX. One of the candidate proteins identified by

mass spectrometry as a potential PKC substrate was cytohesin-2. We

showed that cytohesin-2 phosphorylation was induced by platelet stim-

ulation and blocked by BIM-IX. The cytohesin inhibitor SecinH3 sig-

nificantly enhanced platelet dense granule secretion and aggregation,

but did not affect a-granule secretion or integrin aIIbb3 activation.
Summary/Conclusion: The proteomics-based approach employed here

is an effective strategy for identifying PKC substrates in platelets. It

will serve as the basis for further molecular studies to investigate the

functional significance of the phosphorylation events downstream of

PKC. We identified cytohesin-2 as a PKC substrate in platelets and

our results suggest it to be a negative regulator of dense granule

secretion.

OC 10.5
Platelet granule release patterns under flow
Tersteeg C, Seinen C and Heijnen HF

UMC Utrecht, Utrecht, the Netherlands

Background: Recent studies have suggested that alpha granules are

heterogeneous both in morphology and protein content and this heter-

ogeneity may give rise to differential release kinetics. A strictly timed

release of granule contents is important for the platelet contribution in

modulating haemostasis and inflammatory responses. The exact mech-

anism by which platelets regulate the fine-tuning of alpha granule

release is not known.

Method: To better understand the mechanism of potential differential

secretory patterns, particularly under flow, we have used live cell imag-

ing and electron microscopy tomography to visualize granule release

profiles.

Results: We present data on alpha granule dynamics in flow in relation

to their secretory behaviour. Platelets were allowed to adhere to fibrin-

ogen and von Willebrand Factor (VWF) under low shear conditions

(300/s), and granule dynamics were monitored using time laps video

microscopy. While a subpopulation of the alpha granules are mobile

and move continuously along microtubules in the cell’s periphery, oth-

ers remain stationary located in the central region. A subset of VWF-

containing granules was selectively targeted towards downstream exit

sites where they fuse with the platelet membrane and release VWF as

strings in the direction of the flow. Furthermore immunoelectron

microscopy cross-sections of release profiles show that CD63 positive

exosomes are secreted both at basolateral and luminal sites. These

observations indicate that cargo release occurs at multiple sites and is

probably under control of shear forces. Shear forces also induce the

formation of membrane tethers. Surprisingly, platelet granules are able

to move into extending membrane tethers thereby contributing to a

spatial segregation of alpha granule secretory events. Electron tomog-

raphy analysis of platelet release profiles revealed fusion of tubular

alpha granules with the plasma membrane, but no fusion of dense

tubular system membranes.

Conclusion: Together, our observations suggest that shear-driven gran-

ule motion and differential release may be tightly connected. We are

currently developing ways to capture short-lived fusion events and

cargo release patterns under physiological flow conditions at high spa-

tial resolution.
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OC 10.6
Platelet dense granule secretion is required for infarct
progression, but not for intracranial haemostasis in the
ischaemic brain
Stegner D1, Deppermann C2, Kraft P1, Morowski M2, Kleinschnitz

C1, Stoll G1 and Nieswandt B2

1University Hospital W€urzburg; 2University Hospital and Rudolf

Virchow Center for Experimental Biomedicine, W€urzburg,

Germany

Background: Ischaemic stroke is a frequent and serious disease with

limited treatment options. Previous studies indicated that inhibition of

early steps of platelet adhesion may offer a novel and safe treatment

strategy in acute stroke. In contrast, inhibition of platelet aggregation

by GPIIb/IIIa blockade did not reduce infarct size but induced severe

intracerebral haemorrhage. The pathophysiological role of amplifica-

tion mechanisms during platelet activation in the setting of acute is-

chaemic stroke has not been determined.

Aims: The aim of this study was to determine the functional signifi-

cance of platelet dense granule secretion for infarct progression and

intracerebral haemostasis in ischaemic stroke.

Methods: We generated mice deficient in Munc13-4 (Unc13d�/� mice)

and assessed the function of their platelets by flow cytometry, aggre-

gometry, flow adhesion assays and biochemical methods. Further, these

mice were subjected to models of arterial thrombosis and the transient

middle cerebral artery occlusion (tMCAO) of ischaemic stroke.

Results: In line with reports on Unc13dJinx mice, Unc13d�/� mice

were unable to secrete dense granule content and displayed infinite tail

bleeding times. Further, ablated dense granule secretion resulted in

severely defective thrombus occlusion in two in vivo models of arterial

thrombosis. Remarkably, Unc13d�/� mice displayed reduced infarct

sizes and significantly better neurological outcome at 24 h after induc-

tion of tMCAO and this protection was not associated with increased

intracranial bleeding risk.

Summary/Conclusion: Collectively, our data argues for a critical role

of dense granule secretion in infarct progression, but not for safe-

guarding the brain vasculature following focal cerebral ischaemia. This

indicates that interference with amplification processes of platelet acti-

vation might be an effective, yet safe therapeutic strategy in ischaemic

stroke.

OC 11 – Platelet Ion Channels and
Protein Kinases

OC 11.1
Chloride channels regulate platelet calcium signalling
and procoagulant activity
Harper MT and Poole AW

University of Bristol, Bristol, UK

Background and Aims: Thrombin generation is central to arterial

thrombosis. Activated platelets expose a phosphatidylserine (PS)-con-

taining procoagulant surface that accelerates thrombin generation at

sites of vascular damage. Plasma membrane phosphatidylserine is nor-

mally restricted to the inner leaflet of resting platelets. However, a sus-

tained increase in intracellular calcium concentration during platelet

activation triggers phospholipid scrambling and PS exposure in the

outer leaflet.

The molecular identity of the calcium-dependent scramblase is not

known. Mutations in TMEM16F have been found in patients with

Scott syndrome, whose platelets do not expose PS and are poorly

procoagulant. However, exactly what role TMEM16F has in phospho-

lipid scrambling is unclear. Since related TMEM16 family members

form chloride channels, we tested whether it was possible for a chlo-

ride channel to regulate platelet PS exposure.

Methods: Platelet phosphatidylserine exposure was determined by ann-

exin V binding and flow cytometry. Intracellular calcium signalling

was monitored in fura-2-loaded platelets. Changes in membrane

potential were detected by DiBAC3(4) fluorescence.

Results: Platelet phosphatidylserine exposure, measured by annexin V

binding in response to thrombin plus collagen-related peptide (C+T),
was inhibited by about 50% by a range of chloride channel blockers,

suggesting a role for chloride channels. C+T-induced phosphatidylser-

ine exposure was similarly reduced in chloride-free saline. Moreover,

chloride channel blockers reduced platelet-dependent thrombin gener-

ation. However, phosphatidylserine exposure induced by ionomycin, a

calcium ionophore, was unaffected by chloride channel block, suggest-

ing that chloride channels are not involved in responding to increased

intracellular calcium, but may perhaps instead regulate agonist-

induced calcium signalling. Consistent with this idea, chloride channel

blockers substantially reduced C+T-induced calcium signalling. This

was due to inhibition of calcium entry but not intracellular calcium

release.

To understand how chloride channels regulate platelet calcium signal-

ling, we investigated their role in platelet membrane potential. Using a

membrane potential-sensitive fluorescent dye, we found that C+T
induced hyperpolarization within 1 min. This was completely blocked

by chloride channel block or by absence of extracellular chloride, and

instead the platelets depolarized. We propose that chloride entry

through chloride channels induces platelet hyperpolarization. This acts

to maintain the driving force for calcium entry through plasma mem-

brane calcium channels, leading to a sustained increase in intracellular

calcium concentration. This is necessary to trigger full PS exposure

and promote thrombin generation. In the absence of chloride-medi-

ated hyperpolarization, agonist stimulation leads to platelet membrane

depolarization. This reduces further calcium entry and limits platelet

calcium signalling and phosphatidylserine exposure.

Summary/Conclusion: We have demonstrated a novel role for chloride

channels in regulating platelet phosphatidylserine exposure through

control of membrane potential and calcium entry. Importantly, our

data suggest that a chloride channel is unlikely to be the scramblase

itself, but instead a major regulator of platelet PS exposure through its

control of platelet calcium signalling.

OC 11.2
Transient receptor potential channels (TRPCs)
contribute to platelet phosphatidylserine exposure
Harper MT1, Camacho Londano JE2, Quick K3, Camacho Londano

J4, Phillip SE4, Birnbaumer L5, Freichel M2 and Poole AW1

1University of Bristol, Bristol, UK; 2University of Heidelberg,

Heidelberg, Germany; 3University College London, London, UK;
4Saarland University, Homburg, Germany; 5NIH, Research

Triangle Park, NC, USA

Background and Aims: Phosphatidylserine (PS) exposure on platelet

surfaces is essential for generation of thrombin in thrombosis. The

mechanisms underlying this process remain elusive, although sustained

cytosolic Ca2+ signalling forms one of the major regulatory pathways.

Platelets express at least two major Ca2+ entry pathways: store-oper-

ated Ca2+ entry (SOCE) that is activated by intracellular Ca2+ store

depletion, and a less well-defined ‘store-independent’ Ca2+ entry path-

way, which can be activated by DAG analogues. We aimed to define

the nature of the store-independent pathway and to understand how

these different Ca2+ entry pathways contribute to PS exposure.

Results: Using gene knockout mouse and pharmacological approaches

we show the store-independent pathway involves Na+ entry through

TRPC6 and TRPC3 that is coupled to Ca2+ influx via reverse-mode

Na+/Ca2+ exchange (NCX). This Ca2+ entry pathway is stimulated

in an agonist-specific manner by thrombin but not by collagen-related

peptide (CRP), although it appears to make little contribution to

Ca2+ signalling or PS exposure unless SOCE is blocked. However,
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when thrombin and CRP are combined, the TRPC6/3-NCX pathway

synergises with SOCE to promote sustained Ca2+ signalling and PS

exposure.

Conclusion: We propose that SOCE and TRPC6/3-NCX-dependent

store-independent calcium entry provide distinct pathways that may

be critical to allow appropriate PS exposure in a stimulus-specific, con-

text-dependent manner. The requirement for stimulation of thrombin

and collagen pathways suggests that the TRPC6/3-NCX pathway may

be part of a coincidence detection system.

OC 11.3
The Scott syndrome protein anoctamin 6 (TMEM16F)
regulates multiple cell death responses including
membrane phospholipid scrambling in platelets
Mattheij N1, Braun A2, Van Kruchten R1, Cosemans JMEM1, Van

Der Meijden PEJ1, Baaten C1, Ehlen HWA3, Schreiber R4,

Vortkamp A3, Collins PW5, Bevers EM1, Ousingsawat J4,

Kunzelmann K4, Nieswandt B2 and Heemskerk JWM1

1Maastricht University, Maastricht, the Netherlands; 2University

of W€urzburg, W€urzburg; 3University Duisburg-Essen, Essen;
4University of Regensburg, Regensburg, Germany; 5Medical

School of Cardiff University, Cardiff, UK

Background: Anoctamins (Ano) are a family of predicted transmem-

brane proteins that mediate ion conductances. Ano1 (TMEM16A) has

been proposed to act as Ca2+-dependent Cl- channel. Recently, Ano6

(TMEM16F) was identified as an essential component for Ca2+-

dependent phospholipid scrambling and hence, of phosphatidylserine

exposure in non-vital platelets. Dysfunctional mutations in

TMEM16F have been linked to the Scott syndrome, a rare bleeding

disorder characterized by impaired Ca2+-dependent phospholipid

scrambling of platelets and other blood cells. Murine Ano6 has been

proposed to act as a Ca2+ channel, and was found to generate a

Ca2+-dependent Cl- channel in murine macrophages.

Aim: Establish the phenotype of blood cells from anoctamin-deficient

mice and of platelets from a Scott patient, compound heterozygous for

two TMEM16F mutations.

Methods: Ano6-deficient mice were generated by homologous recom-

bination using the AW-0382 stem cell clone or the PAC-379 clone

(PAC library RPCL21). Ano1-deficient mice were described before.

Platelets and erythrocytes were studied from wildtype and heterozy-

gously or homozygously deficient mice. Immortalized B-cell lines were

used from two Scott syndrome patients (ScottUK and ScottUSA). Plate-

lets and red cells were examined from ScottUK.

Results: Ano1-deficient mice were vital, and their platelets were with-

out phenotype. In two independent laboratories, breeding of heterozy-

gous Ano6 animals, generated from AW-0382 stem cells, failed to

produce homozygous mutant offspring, due to early embryonic lethal-

ity. Some of the unborn embryos showed major bleeding or exenceph-

aly. Heterozygous platelets were without phenotype, in particular

showed unchanged Ca2+-dependent (ionomycin or convulxin/throm-

bin) phospholipid scrambling. Homozygous Ano6-deficient mice, gen-

erated from the PAC-379 clone, were born at 30% of the expected

ratio. Their platelets were greatly reduced in Ca2+-dependent phos-

pholipid scrambling, bleb formation and integrin closure, but were

moderately reduced in apoptosis-dependent (ABT-737) phospholipid

scrambling. Their red cells were also impaired in Ca2+-dependent

phospholipid scrambling. While heterozygous platelets were normal,

heterozygous red cells demonstrated reduced scrambling activity.

Platelets from ScottUK were impaired in Ca2+-dependent phospho-

lipid scrambling, bleb formation and integrin closure. Apoptosis-

dependent scrambling was far less affected. Similarly, Ca2+-dependent

phospholipid scrambling was absent in ScottUK red cells, and in

ScottUK and ScottUSA B-cells, while apoptosis-dependent scrambling

was normal.

At various voltage protocols, Ca2+-dependent chloride and cation

conductances were abolished in ScottUK and ScottUSA B-cells, suggest-

ing an important role for Ano6 in Ca2+-dependent chloride and cation

channel activities. Apoptosis (ABT-737) did not provoke such conduc-

tances. In control B-cells, chloride currents were abrogated by a range

of specific chloride channel inhibitors. However, neither these inhibi-

tors nor depletion of extracellular chloride affected Ca2+-dependent

phospholipid scrambling in B-cells or platelets.

Summary/Conclusion: In mouse, homozygous Ano6 deficiency is

partly lethal, but platelets from the surviving mice phenocopy the

platelets from Scott syndrome patients. In blood cells from mice and

patients, Ano6 appears to be involved in a range of Ca2+-dependent

cell death responses, namely phospholipid scrambling, membrane bleb

formation, integrin closure and chloride/cation channel currents. We

conclude that Ano6 is an essential regulatory protein controlling these

but not in apoptotic cell responses.

OC 11.4
Ste20 kinase MINK is involved in platelet function and
thrombus formation
Yue M, Yu S, Jiang L, Xu C, Luo D, Liu P, Zhou Q, Lu L and

Hu H

Zhejiang University, School of Medicine, Hangzhou, China

Background: Ste20 kinase MINK is involved in many important cellu-

lar processes such as cell growth, rearrangement of cytoskeleton, and

cell motility. However, the role of MINK in platelets is still unclear.

Aims: To determine the role of MINK in platelet activation and

thrombus formation.

Methods: In vivo, the tail-bleeding assay and ferric chloride-induced

mesenteric arteriole thrombosis model were used to exam the role of

MINK in hemostasis and thrombosis. In vitro, the ability of platelet

adhesion and spreading were tested by a microfluidic perfusion assay

and spreading assay, respectively. Platelet aggregation and ATP secre-

tion were monitored by aggregometry. We also employed immuno-

blotting to detect signaling pathway.

Results: In tail-bleeding assay, MINK(�/�) mice exhibited longer

bleeding time than wild-type mice (589.0 � 68.1 s vs 406.6 � 70.5 s).

In a ferric chloride-induced mesenteric arteriole thrombosis model,

vessel occlusion time were two times longer in MINK(�/�) mice than

in wild-type mice. In an in vitro microfluidic whole-blood perfusion

assay, thrombus formation on a collagen matrix under arterial shear

conditions was significantly reduced for MINK(�/�) platelets. More-

over, MINK(�/�) platelets demonstrated an impaired aggregation

and secretion in response to low doses of thrombin in vitro. Further-

more, platelet spreading on fibrinogen was largely hampered in MINK

(�/�) platelets, the difference could be attributed to impaired ADP

secretion upon MINK deficiency. Signaling events associated with

MINK appeared to be involving protein kinase C, p38, and ERK2.

Hence, MINK may be an important signaling molecule that mediates

MAPK signaling and participates in platelet biology and thrombus

formation.

Conclusions: MINK is involved in platelet activation an thrombus for-

mation in vivo and in vitro.

OC 11.5
Characterisation of platelets lacking the p110a PI3K
isoform and its role in primer mediated enhancement
of platelet activation
Blair T, Moore SF, Williams CM, Aitken EW and Hers I

University of Bristol, Bristol, UK

Platelets are found to be hyperactive in a range of diseases such as

obesity and type 2 diabetes mellitus. It is thought that one contributing

factor to this is the priming of platelets by increased levels of circulat-

ing growth factors. These growth factors can’t induce platelet activa-

tion alone but are able to enhance the actions of physiological platelet
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stimuli in a PI3K-dependent manner. We have previously demon-

strated that IGF-1-mediated enhancement of platelet activation is

blocked in the presence of the p110a PI3K isoform inhibitor PIK-75.

Therefore targeting p110a could be a potential strategy for reducing

platelet hyperactivity.

To address the role of p110a in platelet function and in primer-medi-

ated enhancement of platelet function, we used the Pf4-Cre system to

generate megakaryocytic lineage specific p110a knock-out mice. We

confirmed that p110a was absent in platelets from p110a�/� mice,

whereas expression levels of p110b, p110d and p110c were normal. In

addition, we found no changes in association of p110b and p110d with

p85 or in expression of membrane receptors. The loss of p110a had no

significant effect on PAR-4 and collagen-related peptide-induced

aggregation, integrin activation, a-granule secretion and Akt phos-

phorylation. This suggests that p110a plays no or a redundant role in

platelet activation downstream of PAR-4 and GPVI.

Similar to findings in human platelets, pre-treatment of mouse plate-

lets with the primers TPO, IGF-1 or IGF-2 resulted in enhanced PAR-

4-mediated integrin activation and platelet aggregation. Surprisingly,

the potentiatory effect of these primers on platelets lacking p110a was

comparable to that of wild-type platelets. Furthermore TPO and IGF-

2-induced Akt phosphorylation was still present in p110a�/� platelets,

whereas IGF-1-mediated Akt phosphorylation was slightly reduced.

As there may be redundancy between the p110a and p110b isoforms,

we also treated platelets with the p110b inhibitor TGX-221. However,

TGX-221 only partially inhibited TPO enhanced integrin activation in

p110a+/+ and p110a�/� platelets. In contrast, the pan-PI3k inhibitor

wortmannin blocked the effect of primers in wild-type and p110a�/�

platelets.

In summary, we demonstrate that p110a plays a minor or redundant

role in platelet activation by PAR-4 and GPVI. In addition, we rule

out that p110a is the sole PI3K isoform involved in primer-mediated

enhancement of platelet activation, suggesting that redundancy

between PI3K isoforms is an important mechanism by which platelet

function is controlled.

OC 11.6
The Class II PI3K, PI3K-C2a, regulates internal
membrane reserves and biomechanical integrin aIIbb3
adhesive function in platelets
Hamilton JR1, Mountford JK1, Petitjean C1, Schoenwaelder SM1,

Dickins RA2 and Jackson SP1

1Monash University; 2Walter & Eliza Hall Institute, Melbourne,

Vic., Australia

Background: Phosphoinositide 3-kinases (PI3Ks) are a family of eight

broadly-expressed enzymes important for signalling in a range of cells,

including platelets. Much is known regarding the function of Class I

PI3Ks, and p110b inhibitors are in clinical development as anti-plate-

let agents. In contrast, little is known about the function of Class II

PI3Ks.

Aims: To examine the role of Class II PI3Ks in platelet function.

Methods and Results: We detected expression of two of the three Class

II PI3Ks – PI3K-C2a and PI3K-C2b, but not PI3K-C2c – in human

and mouse platelets via Western blot. Platelets from PI3K-C2b�/�

mice functioned normally in all assays examined. We generated PI3K-

C2a�/� mice, which died in utero prior to haematopoiesis, preventing

analysis of platelet function. To overcome this, we generated a novel

RNAi-based in vivo mouse model in which inducible expression of a

shRNA against PI3K-C2a in adult mice reduced protein expression in

platelets to < 5% of normal levels. These PI3K-C2a-deficient mice

exhibited significantly impaired haemostasis (increased tail bleeding

time) and thrombosis (unstable occlusion of electrically injured carotid

artery) in in vivo models. These phenotypes were reproduced in wild-

type mice reconstituted with PI3K-C2a-deficient haematopoietic cells,

strongly suggesting they resulted from defective platelet function.

Despite this, agonist-induced platelet activation and accumulation of

the PI3K lipid products (PtdIns(3)P and PtdIns(3,4)P2) were normal in

PI3K-C2a and combined PI3K-C2a/b deficient platelets, suggesting

PI3K-C2a does not play an acute signalling role in platelets. Strikingly

however, transmission electron microscopy revealed that platelets

from PI3K-C2a-deficient mice had a 37% increase in size and altered

distribution of the open canalicular membrane system. Detailed analy-

sis of the adhesion behaviour of PI3K-C2a-deficient platelets revealed
that haemodynamic shear stress induced significant changes in the

structure of the open canalicular system that was associated with

enhanced biomechanical adhesive function of the major platelet inte-

grin aIIbb3, and led to increased platelet-fibrinogen interactions and

accelerated thrombus growth. These dysregulated thrombi were highly

unstable, leading to thromboembolism from an immobilized collagen

substrate.

Conclusions: Our studies define a novel role for the Class II PI3K,

PI3K-C2a, in the haemostatic and thrombotic function of mouse

platelets and suggest that PI3K-C2a regulates the function of cell sur-

face platelet adhesion receptors by maintaining plasma membrane

structure and/or function. Further, these studies provide the first

example of a signalling enzyme regulating plasma membrane reserve

and linked to biomechanical cell adhesion.

OC 12 – Recurrent Venous
Thrombosis – I

OC 12.1
Secondary prevention of recurrent venous
thromboembolism: systematic review and meta-
analysis of bleeding complications among patients
receiving anticoagulation
Castellucci LA, Le Gal G, Wells P, Gandara E, Rodger M

and Carrier M

Ottawa Hospital Research Institute, Ottawa, ON, Canada

Background: The risk of recurrent venous thromboembolism (VTE) in

patients with unprovoked VTE following the completion of an initial

3–6 month course of anticoagulation is approximately 10% in the sub-

sequent year. In non-high bleeding risk patients, the American College

of Chest Physicians recommends long-term anticoagulation in unpro-

voked VTE patients. As a result, clinicians are faced with the challenge

of balancing risks and benefits of prolonged anticoagulation. Warfa-

rin, aspirin and the novel oral anticoagulants (rivaroxaban, apixaban,

dabigatran, and ximelagatran) have all been evaluated for the second-

ary prevention of recurrent VTE. Herein, we meta-analysed the safety

profiles of anti-thrombotic therapy options in VTE patients.

Aim: To report the major bleeding and fatal bleeding rates in patients

receiving oral anticoagulants (warfarin, direct Xa inhibitors and direct

thrombin inhibitors) or ASA, and placebo/observation for the second-

ary prevention of recurrent VTE.

Methods: A systematic literature search was conducted to identify

potential studies on MEDLINE, Embase, and Cochrane Central Reg-

ister of Controlled Trials. Pooled proportions and their associated

95% confidence intervals (CI) for major bleeding and fatal bleeding

were calculated.

Results: Fourteen randomized controlled trials (warfarin = 7; dabiga-

tran = 2; rivaroxaban = 1; apixaban = 1; ximelagatran = 1; ASA = 2)

met all the inclusion criteria and 11, 922 patients were included in our

analysis. The rates of major and fatal bleeding among patients ran-

domized to observation or placebo was 0.39%/ 100 patient-years

(95% CI, 0.24–0.58; I2 = 0%) and 0.12%/ 100 patient-years (95% CI,

0.04–0.23; I2 = 0%), respectively. The rates of major bleeding and

fatal bleeding for warfarin (target INR 2-3) were higher than placebo

at 1.65%/ 100 patient-years (95% CI, 1.07–2.36; I2 = 50.7%) and

0.087%/ 100 patient-years (95% CI, 0.024–0.19; I2 = 0%) respectively.

The rates of major and fatal bleeding for ASA were comparable to
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placebo with a rate of 0.58%/100 patient-years (95% CI, 0.28–1.0) and
0% (95% CI, 0–0.29) respectively. Similarly, patients receiving a novel

oral anticoagulant (oral direct Xa or thrombin inhibitor) had rates of

major and fatal bleeding comparable to placebo. Patients receiving

direct Xa inhibitors (apixaban or rivaroxaban) had major and fatal

bleeding rates of 0.39%/ 100 patient-years (95% CI, 0.097–0.88;
I2 = 51.5%) and 0% (95% CI, 0–0.16; I2 = 0%) respectively, whereas

patients receiving a direct thrombin inhibitor (dabigatran or ximelaga-

tran) had rates of 0.67%/ 100 patient-years (95% CI, 0.42–0.98;
I2 = 0%) and 0% (95% CI, 0–0.096; I2 = 0%) for major and fatal

bleeding episodes, respectively.

Summary/Conclusions: Rates of major and fatal bleeding among VTE

patients receiving ASA or novel anticoagulant therapy for secondary

prevention of VTE are low. Warfarin is associated with a higher risk

of major bleeding than placebo. However, it appears that bleeding

rates for novel anticoagulants and ASA are no different than placebo.

OC 12.2
Risk profile and clinical outcome of symptomatic
isolated subsegmental pulmonary embolism
Den Exter PL1, Van Es J2, Klok FA1, Kroft LJM1, Kruip JHA3,

Kamphuisen PW4, B€uller HR2 and Huisman MV1

1Leiden University Medical Center, Leiden; 2Academic Medical

Center, Amsterdam; 3Erasmus Medical Center, Rotterdam;
4University Medical Center Groningen, Groningen, the

Netherlands

Background: Improved imaging techniques have led to an increased

detection of subsegmental pulmonary embolism (SSPE). The clinical

significance of SSPE is often doubted by clinicians and remains to be

determined.

Aims: To investigate whether SSPE forms a distinct subset of throm-

boembolic disease compared to more proximally located pulmonary

embolism (PE).

Methods: In this, post-hoc analysis of two prospective outcome stud-

ies, 3703 consecutive patients with clinically suspected PE were

included. Patients with SSPE were contrasted to patients with more

proximal PE, and to those in whom PE was ruled out, as regards

the prevalence of thromboembolic risk factors and the 3-month risk

of recurrent venous thrombembolism (VTE), bleeding complications,

and mortality.

Results: PE was confirmed in 748 patients, of whom 116 (16%) had

SSPE; in 2995 patients PE was ruled out. No differences were seen in

the prevalence of VTE risk factors, the 3-month cumulative risk of

recurrent VTE (3.6% vs 2.5%; P = 0.42) and mortality (10.7% vs

6.5%; P = 0.17) between patients with SSPE and those with segmental

or more proximal PE. Multivariate analyses demonstrated age

> 60 years (OR 1.6; 95%CI: 1.07–2.42), recent surgery (OR 2.3; 1.23–
4.20), estrogen use (OR 2.5; 1.34–4.81) and male gender (OR 2.1;

1.38–3.32) to be independent predictors for SSPE, when compared to

patients without PE.

Conclusions: In contrast to common belief that SSPE represents a clini-

cally less severe subset of PE, this study shows that patients with SSPE

mimic those with more proximally located PE as regards their risk pro-

file and clinical outcome.

OC 12.3
The REVERSE I and II studies: impact of using. Men
continue and HERDOO2 clinical decision rule to guide
anticoagulant therapy in patients with first unprovoked
venous thromboembolism
Rodger M1, Kovacs M2, Le Gal G1, Anderson D3, Righini M4,

Beaudoin T1 and The Reverse Investigators1

1Ottawa Health Research Institute, Ottawa; 2London Health

Sciences Center, London, ON; 3Dalhousie University, Halifax,

Canada; 4Geneva University Hospital, Geneva, Switzerland

Background: Whether or not to continue oral anticoagulants (OAC)

after short-term therapy for unprovoked VTE is one of the most

important unanswered questions in the clinical care of patients with

venous thromboembolism (VTE). In REVERSE I (RI), a multi-

national prospective cohort study, we developed a clinical decision rule

(CDR) to identify low risk patients with unprovoked VTE who could

safely discontinue OAC after completing 5–7 months of OAC: ‘MEN

continue and HERDOO2’. This CDR labels all men as high risk of

recurrent VTE as well as women with 2 of the following: (i) Hyperpig-

mentation, Edema or Redness (HER) on exam in either leg, (ii) VI-

DAS D-Dimer>250 ug/L, (iii) Obesity-BMI > 30 or (iv) Older age

> 65. We are validating the rule by applying the CDR in a second

ongoing multi-national cohort study (REVERSE II (RII)) where low

risk patients discontinue anticoagulants and high risk patients are rec-

ommended to continue anticoagulants (but may discontinue).

Aims: We sought to compare the overall 1-yr risk of recurrent VTE in

the REVERSE I patients (all discontinued OAC at 5–7 months) to

patients enrolled in REVERSE II who completed 1-yr follow-up prior

to August 2012 (continuation or discontinuation of OAC informed by

‘MEN continue and HERDOO2’).

Methods: REVERSE I and II are multi-national prospective cohort

studies of first unprovoked VTE patients. Symptomatic suspected

major recurrent VTE (proximal DVT and/or PE) during 1-yr follow-

up off of OAC was investigated with reference to baseline imaging and

then independently adjudicated and compared between studies.

Results: Baseline characteristics of RI and RII patients were compara-

ble: RI: 664 enrolled participants, mean age of 53 (range 17–95) and
49% were female; RII: 673 included in this analysis, mean age of 55

(range 18–93) and 49% female. In RI, 183 (28%) participants were

classified as low risk (all discontinued anticoagulants) and 481 (72%)

were classified as high risk (all discontinued anticoagulants). In RII,

177 (26%) participants were classified as low risk (156/177, (88.1%)

discontinued anticoagulants) and 496 (74%) were classified as high

risk (436/496, 87.9% continued anticoagulants). In RI, out of 239 sus-

pected VTE, 64 were adjudicated as recurrent VTE during 1 year fol-

low-up, resulting in an annual risk of recurrent VTE of 10.7% (95%

CI: 8.2–13.6%). In RII, out of 81 suspected VTE, 17 were adjudicated

as recurrent VTE during 1 year follow-up; an annual risk of recurrent

VTE of 2.6% (95% CI:1.5–4.1%). Hence, using the CDR in RII

resulted in an 8.1% absolute reduction in annual risk of recurrent

VTE compared to RI. This 8.1% absolute recurrent VTE reduction

was at a cost of five major bleeds in RII patients during 1 year follow-

up (i.e. 0.8% (95% CI: 0.2–1.8%). It is also notable that use of the

CDR resulted in a 66% reduction in suspected recurrent VTE over

1 year follow-up (RII: 81 vs RI: 239).

Summary/Conclusions: Use of the ‘Men continue and HERDOO2’

clinical decision rule to guide anticoagulant therapy results in signifi-

cantly fewer suspected recurrent VTE and fewer adverse events of con-

firmed recurrent VTE or bleeding.
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OC 12.4
D-dimer and ultrasound in combination italian study
(DULCIS) to establish the optimal duration of
anticoagulation for venous thromboembolism on
behalf of the DULCIS investigators
Cosmi B1, Legnani C1, Erba N2, Ghirarduzzi A3, Poli D4, Testa S5,

Prandoni P6, Pengo V7, Falanga A8 and Palareti G1

1S.Orsola-Malpighi University Hospital, Bologna; 2Transfusion

Centre and Haemostasis and Thrombosis Centre, Vimercate;
3Arcispedale Santa Maria Nuova, Reggio Emilia; 4University of

Florence and Centro Trombosi, A.O. U. Careggi, Firenze;
5General Hospital, Cremona; 6University of Padua,

Thromboembolism Unit; 7University of Padova, Dept. Cardiac

Thoracic and Vascular Sciences, Padova; 8Ospedali Riuniti,

Haemostasis and Thrombosis Centre, Bergamo, Italy

Background/Aims: to evaluate the efficacy and safety of a procedure

employing the evaluation of residual vein obstruction (RVO) and D-

dimer to establish the individual risk of recurrence and thus the neces-

sity to prolong or stop anticoagulation after idiopathic deep vein

thrombosis (DVT) and/or pulmonary embolism (PE). The specific

aims of the study were: (i) to obtain a recurrence rate < 5% per year in

the first and second year after anticoagulation is suspended according

to the procedure (ii) to allow anticoagulation suspension in at least

40% of all subjects.

Materials and Methods: Multi-centre management study in which D-

dimer was measured after at least 3 months of anticoagulation in

patients with RVO < 4 mmin case of a previous DVT and/or normal

pulmonary arterial pressure with echocardiography in case of previous

PE and those who had undergone at least 12 months of therapy for

previously altered RVO. If D-dimer was below age and gender specific

cut-offs, anticoagulation was stopped and D-dimer was re-assessed

after 15, 30, 60 and 90 days. If all the D-dimer measurements were

below the cut-offs, anticoagulation was definitely stopped and patients

were followed-up for two years and recurrent proximal DVT and/or

PE were recorded. If one of these D-dimer measurement was above

the cut-offs, anticoagulation was resumed for at least 6 months and

patients were then re-evaluated.

Results: Thousand and two out of 2501 screened patients (40%) were

enrolled in 17 centres. Of these, 516 (47%) stopped anticoagulation for

normal D-dimer with 26 recurrences (3.7% patient-years; 95% CI: 2–
5%). In 371 subjects in whom anticoagulation was resumed, 18 major

or clinically relevant bleeds were observed (4.8%; 95% CI:3.8%). In

115 patients in whom D-d was altered but anticoagulation was not

resumed, 12 recurrent events were observed (7.7% patient-years; 95%

CI:11–12%).

Conclusions: A strategy based on RVO and D-dimer allows stopping

anticoagulation in 47% of patients with a low risk of recurrence after

a first episode of idiopathic VTE.

OC 12.5
D-Dimer levels over time and the risk of recurrent
venous thromboembolism: an update of the Vienna
Prediction Model
Eichinger S, Heinze G and Kyrle PA

Medical University of Vienna, Wien, Austria

Background: Patients with unprovoked venous thromboembolism

(VTE) have a high recurrence risk and are candidates for extended

anticoagulation. However, many patients stay recurrence free and are

unnecessarily exposed to anticoagulants. The Vienna Prediction Model

has been developed to discriminate patients with unprovoked VTE

with a low recurrence risk from those with a high risk based on the

patient’s sex, the location of VTE, and D-Dimer, but allows risk assess-

ment only at one single time point (3 weeks after anticoagulation).

Aim: to update and expand the model based on a larger number of

events and a longer observation time, in order to assess the recurrence

risk also from time points later than 3 weeks after anticoagulation on.

Methods: We analysed the data set of the Austrian Study on Recurrent

Venous Thromboembolism, a prospective cohort study in patients of

legal age with a first VTE who had received anticoagulants for 3–
18 months. Patients with VTE provoked by surgery, trauma, preg-

nancy, or female hormone intake; with a natural inhibitor deficiency,

the lupus anticoagulant, or cancer were excluded. The study end point

was recurrent symptomatic deep vein thrombosis (DVT) and/or pul-

monary embolism (PE). We integrated D-Dimer levels measured at

several time points after anticoagulation with the patient’s sex and

location of VTE. We generated nomograms to calculate individual risk

scores and cumulative recurrence rates from 3 weeks, 3, 9, 15 and

24 months on after discontinuation of anticoagulation using a

dynamic landmark competing risks regression approach. The ethics

committee approved the study and all patients gave written informed

consent.

Results: One hundred and fifity-nine of 738 patients had recurrence

during a mean follow-up of 6 years. The cumulative probability of

recurrence was 5.5% (95%CI 3.9–7.2%) after 1 year and 18.4% (95%

CI 15.4–21.4%) after 5 years. D-Dimer levels varied between patients,

but did not substantially – albeit statistical significantly (P < 0.001) –
increase over time. The updated model has two improvements: we

accounted for the competing risk of death or informative drop out by

competing risks regression, and we considered various time points of

prediction rather than predicting just once after anticoagulation. Sub-

distribution hazard ratios (95% CI) dynamically changed from

3 weeks to 3, 9, 15 and 24 months from 0.29 (0.19–0.43), 0.31 (0.21–
0.46), 0.37 (0.24–0.55), 0.43 (0.27–0.68) to 0.55 (0.32–0.94) in women

vs. men, from 1.60 (0.84- 3.05), 1.58 (0.83–3.00), 1.54 (0.80–2.96), 1.49
(0.74–3.00) to 1.43 (0.64–3.20) in patients with proximal DVT or PE

compared to distal DVT, and from 1.37 (1.23–1.66), 1.36 (1.14–1.62),
1.34 (1.14–1.58), 1.32 (1.11–1.58) to 1.29 (1.02–1.63) per doubling D-

Dimer levels. We created nomograms based on subdistribution hazard

ratios from the multivariable dynamic model to predict the recurrence

risk from 3 weeks, 3, 9, 15 or 24 months on after anticoagulation. A

web-based calculator allows risk assessment from random time points

on between 3 weeks and 24 months.

Conclusions: The updated Vienna Prediction Model integrates

patient’s sex, location of first VTE and serial D-Dimer measurements

and allows prediction of recurrent VTE at a random time point after

discontinuation of oral anticoagulation.

OC 12.6
Recurrent venous thrombosis in premenopausal
women: effect of hormonal contraceptive use
Timp J, Stegeman BH, F Timp J, Flinterman LE, Helmerhorst FM,

Rosendaal FR, Cannegieter SC and Van Hylckama Vlieg A

Leiden University Medical Center, Leiden, the Netherlands

Background: There is a large body of literature available on hormonal

contraceptive use and the risk of a first venous thrombotic event.

Despite guideline recommendations to discontinue hormonal contra-

ceptive use after a thrombotic event, still a sizeable proportion of

women continue or start using hormonal contraceptives after a venous

thrombosis. The risk of recurrent venous thrombosis in women using

hormonal contraceptives has not been studied extensively. The aim of

this study was to evaluate the effect of hormonal contraceptive use on

the recurrence risk in premenopausal women.

Methods: Patients with a first venous thrombosis included in the

MEGA case-control study between 1999 and 2004, were followed for a

recurrent venous thrombotic event up to 2009 (N = 4731). Included in

the current analyses were premenopausal patients with a first venous

thrombosis and for whom detailed information was available on hor-

monal contraceptive use during follow-up (N = 702). Time-dependent

Cox-proportional hazards models were used to estimate hazard ratios
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(HR) with 95% confidence intervals (CI), adjusted for age and BMI at

baseline. Both the risk of recurrent venous thrombosis with hormonal

contraceptive use at time of the first event and with hormonal contra-

ceptive use during follow-up were calculated, as well as risks of recur-

rence for different types of hormonal contraceptives. Consent and

ethical approval were obtained for this study.

Results: Seven hundred and two premenopausal women with a first

venous thrombosis were followed for a total of 4673 woman-years

(median 7.0 years; range, 12 days to 9.9 years) during which 74 recur-

rent events occurred resulting in a recurrence rate of 15.8 (95%CI:

12.6–19.8) per 1000 woman-years. Hormonal contraceptive use at the

first thrombotic event was not associated with the risk of recurrent

venous thrombosis ((HR 0.8, 95%CI: 0.5–1.5) for users versus non-

users at the first event). Two hundred and ten women used hormonal

contraceptives, mainly orally administered, during follow-up with a

total follow-up of 545 woman-years. They experienced 21 recurrent

thrombotic events resulting in a rate of 38.5 per 1000 woman-years,

which was triple the rate of non-use during follow-up (HR 2.8, 95%

CI: 1.7–4.7). Recurrence rates for women using combined oral contra-

ceptives during follow-up (N = 180) were influenced both by the dose

of ethinylestradiol as well as the type of progestagens. None of the

women (N = 20, 70 woman-years of follow-up) using a levonorgestrel-

releasing intra-uterine device during follow-up developed a recurrent

venous thrombosis.

Conclusion: Hormonal contraceptive use after a first venous thrombo-

sis increases the risk of a recurrent venous thrombotic event. When a

non-hormonal contraceptive is excluded after careful consideration a

levonorgestrel-releasing intra-uterine device may be a safe contracep-

tive to use after a venous thrombosis.

OC 13 – Von Willebrand Disease

OC 13.1
Genetic variations determine von Willebrand factor
levels in patients with von Willebrand disease from the
WiN study
Sanders YV1, Van Der Bom JG2, Cnossen MH3, De Maat PM1,

Laros-van Gorkom BAP4, Fijnvandraat KJ5, Meijer K6, Mauser-

Bunschoten E7, Eikenboom HCJ8 and Leebeek FWG1

1Erasmus University Medical Center Rotterdam, Rotterdam;
2Leiden University Medical Center & Sanquin Research, Leiden;
3Erasmus University Medical Center/Sophia Children’s Hospital,

Rotterdam; 4Radboud University Nijmegen Medical Centre,

Nijmegen; 5Emma Children’s Hospital, Academic Medical

Center, Amsterdam; 6University Medical Center Groningen,

Groningen; 7Van Creveldkliniek/UMCU, Utrecht; 8Leiden

University Medical Center, Leiden, the Netherlands

Background: Von Willebrand disease (VWD), the most common inher-

ited bleeding disorder, is caused by reduced concentration or activity

of von Willebrand factor (VWF) and is characterized by recurrent

mucocutaneous bleeding. There is a large variation in VWF levels in

VWD patients, even in individuals with identical mutations. Recently,

a meta-analysis of genome-wide association studies identified genes

other than the VWF gene that contribute to the variation in VWF lev-

els in healthy individuals. We hypothesize that genetic variations in

these other genes may also influence VWF levels in individuals with

VWD and thereby affect the bleeding phenotype.

Aims: To investigate the effect of genetic variations in STXBP5,

SCARA5, ABO, STAB2, STX2, TC2N and CLEC4M genes on VWF

levels in a large cohort of patients with moderate and severe type 1

and type 2 VWD and to determine the influence on bleeding pheno-

type.

Methods: We genotyped 709 patients with moderate and severe type 1

and type 2 VWD, defined as VWF levels ≤ 30 U/dL, from a nation-

wide cross-sectional study (Willebrand in the Netherlands – WiN

study). Seven SNPs in STXBP5 (6q24), SCARA5 (8p21), ABO (9q34),

STAB2 (12q23), STX2 (12q24), TC2N (14q32) and CLEC4M (19p13)

were analyzed. We studied the relationship of variation in these SNPs

with VWF:Ag, VWF:CB, VWF:Act and FVIII:C levels in 604 patients

with type 1 (n = 364) and type 2 (n = 240) VWD, in whom centrally

measured VWF levels were available. Exclusion criteria were preg-

nancy and the recent use of desmopressin or replacement therapy.

VWF levels were adjusted for age, sex and blood group. We also stud-

ied the influence of variation in these SNPs on bleeding phenotype,

which was determined using the validated Tosetto Bleeding Score.

Consent and ethical approval is obtained.

Results: In type 1 VWD patients rs9390459 in STXBP5 was signifi-

cantly associated with VWF:Ag levels: (b = �0.03 IU/mL per allele

[95%CI �0.06 to �0.00], P = 0.049). Rs868875 in CLEC4M was asso-

ciated with both VWF:Ag (b = �0.04 IU/mL [95%CI �0.08 to

�0.01], P = 0.023) and VWF:Act levels (b = �0.06 IU/mL [95%CI

�0.11 to �0.00], P = 0.034). In type 2 VWD patients rs9390459 in

STXBP5 was significantly associated with VWF:CB (b = �0.04 IU/

mL [95%CI �0.07 to �0.01], P = 0.015). Interestingly, in the type 1

index patients (n = 195) an association between FVIII:C and STAB2

(b = �0.06 IU/mL [95%CI �0.12 to �0.00], P = 0.048) and in type 2

index (n = 72) patients an association between SNP rs2402074 in

TC2N and VWF:Ag levels (b = �0.09 IU/mL [95%CI �0.17; �0.02],

P = 0.014) was found. Previously, we observed an association between

VWF levels and bleeding score (de Wee et al, Thromb Haemost 2012).

Although there is a modest effect of genetic variants on VWF levels,

we did not observe a clear association between bleeding score and

VWF level decreasing alleles.

Summary/Conclusion: In type 1 and type 2 VWD patients, genetic vari-

ants in STXBP5, CLEC4M and TC2N are associated with VWF:Ag,

VWF:CB and VWF:Act levels. These genetic determinants seem not

to be associated with the bleeding phenotype.

OC 13.2
Incidence of large VWF gene deletions and
duplications in the French cohort of 1182 patients with
von Willebrand disease (VWD)
Boisseau P1, Ternisien C1, Caron C2, Giraud M1, Talarmain P3,

Zawadzki C2, Bezieau S1, Fressinaud E4, Goudemand J2 and

Veyradier A4

1CHU Hotel Dieu Nantes, Nantes; 2CHRU De Lille, Lille; 3CHU

Hotel Dieur Nantes, Nantes; 4Hopitaux Universitaires Paris Sud,

Clamart, France

Background: The French reference center for VWD (CRMW) orga-

nizes a national biologic platform for the phenotype/genotype charac-

terization of VWD. The inclusion criteria are: type 3 phenotype (VWF

levels < 5 IU/dL), type 2 phenotype (discrepancy between VWF anti-

gen and VWF functional activities), and type 1 phenotype limited to

VWF levels < 30 IU/dL (as VWF levels above this threshold are usu-

ally not in linkage toVWF gene). Patients with a clear diagnosis of

acquired von Willebrand syndrome were excluded. After an exhaustive

sequencing of the 52 exons (including intron-exon boundaries), the 5’

and 3′UTR and the promoter of VWF gene, at least one deleterious

sequence variation was identified in 1153 patients (635 families) (69%

with type 2, 23% with type 1, 5% with type 3 and 3% with an undeter-

mined phenotype). However, the direct sequencing failed to detect any

causative mutation in 29 patients (17 index cases (IC)), and revealed

only one heterozygous genetic defect discrepant with the phenotypic

severity in six patients (5 IC).

Aims and Methods: To search in these 35 patients (22 IC) a large VWF

gene deletion/duplication using multiple ligation-dependent probe

amplification (MLPA) (kits MRC Holland).

Results: Nine distinct large gene alterations (6 novel*) were identified

at a heterozygous state in 22 patients (10 IC): deletion spanning exons

1–3, exons 6–18*, exons 19–20*, exons 32–34*, exons 33–34, whole

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

116 ABSTRACTS



gene deletion; duplication exon 6*, exons 35–37*, exons 38–42*. These
defects were detected: in three patients (2 IC) with type 3 VWD (asso-

ciated to a nonsense mutation on the other allele); in one patient with

type 2A(IIC) VWD (associated to a splice mutation on the other

allele); in eight carriers of type three VWD with type 1 phenotype (one

IC); in 10 patients (6 IC) with either type 1 or undetermined phenotype

showing VWF levels between 7 and 25 IU/dL. No VWF gene defect

was detected in seven unrelated patients with a type 1 phenotype (all

with blood group O and VWF levels around 30 IU/dL); also, the

abnormality of the second allele was not detected in two unrelated

patients with type 3.

Conclusions: Large VWF gene alterations occur in about 2% of our

large cohort of patients, and around 5% of patients with type three

VWD. Hypothesis concerning the deleterious process of these defects

are suggested. Some of these deletions/duplications may create a frame

shift and then abolish VWF gene expression (feature of type 3 muta-

tions). Some others may conserve the frame but the truncated or the

longest translated VWF affects the structure of the multimeric VWF

and provides a dominant negative effect interacting with the normal

VWF allele. These deletions/duplications can hamper the correct

dimerization or multimerization process and subsequent extracellular

secretion of VWF inducing a type 1 VWD. Finally, only seven patients

out of our 1182 patients (~0.5%) remain without identified VWF gene

abnormality. Our results demonstrate that the screening of large

deletions and duplications is an essential way to explain some VWD

phenotype.

OC 13.3
Severity of bleeding tendency in von Willebrand
disease is associated with von Willebrand factor string
formation
Wang J-W1, Dragt BS2, Dirven RJ3, Bouwens EAM2, Voorberg J2,

Valentijn KM3, Reitsma PH3 and Eikenboom HCJ3

1YLL School of Medicine, National University of Singapore,

Singapore, Singapore; 2Sanquin-AMC Landsteiner Laboratory,

Amsterdam; 3Leiden University Medical Center, Leiden, the

Netherlands

Background: vonWillebrand disease (VWD) type Vicenza is caused by a

p.Arg1205His vonWillebrand factor (VWF)mutation. The characteris-

tics of the phenotype are very low levels of plasma VWF, often in the

presence of ultra-largeVWFmultimers. Rapid clearance has been impli-

cated in the pathogenesis, however, other still unresolved mechanisms

mayadd to thebleeding tendency.TwoVWDtypeVicenzapatients from

the same family, one heterozygous for VWF mutation p.Arg1205His

and the other compound heterozygous for VWF mutations

p.Arg1205His and p.Arg924Gln, showed remarkable differences in their

bleeding tendencywithTosetto bleeding scores of respectively 3 and18.

Aim: To understand the molecular mechanism underlying the dispa-

rate bleeding severity in the two VWD type Vicenza patients.

Methods: Blood outgrowth endothelial cells (BOECs) were isolated

from peripheral blood. Storage and secretion of VWF was analyzed in

patient-derived BOECs and in transfected HEK293 cells. VWF strings

were characterized under both static and flow conditions. This study

complies with the Declaration of Helsinki, and informed consent and

ethics approval were obtained.

Results: VWF mutants p.Arg1205His and p.Arg924Gln were stored

normally in (pseudo-)Weibel-Palade bodies (WPB) both in transfected

HEK293 cells and in BOECs. Compared to normal BOECs, hista-

mine-induced release of VWF propeptide (VWFpp) from BOECs of

the two VWD patients was reduced (70% of total VWFpp from the

normal BOECs versus 40% from the two patients’ BOECs). Upon

stimulation with histamine, approximately 30 VWF strings per 10

imaging fields were released from BOECs derived from a healthy

donor or from the patient heterozygous for p.Arg1205His, whereas the

quantity was less than on average 5 strings per 10 imaging fields for

BOECs derived from the patient compound heterozygous for

p.Arg1205His and p.Arg924Gln (P < 0.01). Instead, many extracellu-

lar VWF ‘patches’ appeared on the cell surface of BOECs derived from

the compound heterozygous patient, indicating that VWF did not

unfold when WPB fused with the cell-membrane to form secretory

pods. Furthermore, the platelet binding ability of VWF strings

released from the two patients’ BOECs appeared somewhat reduced

under flow conditions (0.12 � 0.06 platelets per lm string for patients’

BOECs versus 0.15 � 0.07 platelets per lm string for normal BOECs;

P < 0.05). The pathogenic nature of p.Arg1205His and p.Arg924Gln

was also evaluated in transfected cells. In HEK293 cells, p.Arg1205His

led to a significant reduction in total production of VWF, basal and

regulated secretion of VWF, and to formation of shorter VWF strings.

Similarly, p.Arg924Gln reduced regulated secretion of VWF and

resulted in shorter VWF strings. The impairment in VWF production

and secretion caused by p.Arg1205His was only partially corrected

upon co-transfection of wild type VWF or p.Arg924Gln.

Conclusions: Synergistic effects of p.Arg1205His and p.Arg924Gln on

VWF string formation may contribute to the more severe phenotype

in the compound heterozygous patient. Failure of unfolding VWF into

strings is a new pathogenic mechanism for VWD that remains unde-

tected by the common diagnostic VWF assays.

OC 13.4
Characterisation of large in-frame deletions
contributing to type 1 VWD pathogenesis in the
MCMDM-1VWD study
Cartwright A1, Hampshire DJ1, Bloomer L1, Al-Buhairan AM1,

Vijzelaar NCP2, Budde U3, Eikenboom HCJ4, Schneppenheim R5,

Peake IR1 and Goodeve AC1

1The University of Sheffield, Sheffield, UK; 2MRC-Holland b.v.,

Amsterdam, the Netherlands; 3Hemostaseology Department,

Hamburg, Germany; 4Leiden University Medical Center, Leiden,

the Netherlands; 5University Medical Center Hamburg-

Eppendorf, Hamburg, Germany

Introduction: Type 1 von Willebrand disease (VWD1) results from a

partial quantitative deficiency of von Willebrand factor. VWD1 muta-

tions are largely missense, but also include small nucleotide insertions/

deletions, splice and nonsense mutations. Investigation into the contri-

bution of heterozygous exon deletions to VWD1 pathogenesis within

the MCMDM-1VWD cohort, using multiplex ligation-dependent

probe amplification (MLPA) analysis led to identification of six het-

erozygous deletions. Three novel deletions, involving exons 3

(p.G19_G74del), 32–34 (p.V1820_C1948delinsS) and 33–34
(p.G1874_C1948del) were identified in addition to three cases with a

previously reported exon 4–5 deletion among 150 index cases (4%).

The index cases with exon 3, 32–34 and 33–34 deletions had bleeding

scores of 10, 6 and 4, VWF:Ag levels of 31 12 and 32 IU/dL, VWF:

RCo of 20, 11 and 23 IU/dL and VWF:CB of 31, 12 and 15 IU/dL,

respectively. Phenotype was more severe for these deletions than previ-

ously reported for the exon 4–5 deletion. The exon 32–34 deletion was

associated with a slight multimer abnormality.

Aim: To characterise and determine deletion breakpoints and the

mechanism by which the deletions exert an effect on VWF protein syn-

thesis and secretion.

Methodology: Heterozygous deletion breakpoints were characterised

through haplotyping of intronic SNPs followed by long-range PCR. In

silico analysis of breakpoint regions was used to investigate repetitive

elements and DNA sequence motifs that might explain mechanisms of

deletion formation. VWF deletion mutants were created using site-

directed mutagenesis. Recombinant vectors were transiently-transfect-

ed into HEK293T cells and Renilla was used as a transfection control.

Conditioned media and cellular lysates were collected 48 h post-trans-

fection and analysed by VWF:Ag ELISA, comparing to wild-type

expression.
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Results: Heterozygous deletions resulting in in-frame loss of exons

3 (c.56-335_220+1585), 32–34 (c.5455+277_5842+978delinsTGGAC-

ACA) and 33–34 (c.5620+872_5842+2440delinsGCAGCATAAGCAT

AAAGC) ranged in size from 1.5 to 5.2 kb. Breakpoints were mapped

to intronic regions of VWF and deletion-specific PCR demonstrated

fully penetrant dominant inheritance in each family. Breakpoint junc-

tions for the exon 3 deletion lay within Alu-repeat elements; motif

analysis revealed a topoisomerase I cleavage site adjacent to the 5′
junction, inferring single stranded annealing (SSA) as the likely dele-

tion mechanism. Microhomology mediated end-joining (MMEJ) was

hypothesised as the mechanism for deletion of exons 32–34 and 33–34.
Expression of recombinant mutant VWF rVWFdel3 and rVWFdel32-

34 demonstrated secretion reduced by 81% and 87% (P < 0.0001)

respectively in the homozygous state in comparison with rVWFwt,

with no significant increase in intracellular retention. Both deletions

also resulted in significantly (P < 0.0001) reduced secretion (53% and

61%, respectively) in the heterozygous state. Additionally, there was

reduction in intracellular VWF for rVWFdel3 (21%, P < 0.05) but a

41% (P < 0.05) increase in intracellular VWF for rVWFdel32-34 in

the heterozygous state.

Conclusion: Molecular characterisation of VWD1 deletions indicates

that SSA between Alu-repeat elements, as well as MMEJ are causal. In

vitro expression data from this study suggests that deletions of exons 3

and 32–34 do not affect VWF secretion as significantly as reported for

the exon 4–5 deletion (98% homozygous and 86% heterozygous).

However, these in-frame VWF deletions do result in significantly

decreased secretion of heterozygous mutant VWF.

OC 13.5
Distribution of the von Willebrand disease Types In
337 patients followed by a single hemophilia center
since 2002: a comparison of von Willebrand disease
patients classification after 10 years
Baronciani L1, Canciani MT1, Cozzi G1, Garcia Oya I1, Stufano F1,

Pagliari MT1, Franchi F2, Federici AB2 and Peyvandi F2

1Fondazione IRCCS Ca’ Granda-Ospedale Maggiore Policlinico,

Milan; 2Angelo Bianchi Bonomi Hemophilia and Thrombosis

Center, University of Milan, Milano, Italy

Background: von Willebrand Disease (VWD) is the most frequent

bleeding disorder and it is caused by quantitative (type 1 and 3) or

qualitative (type 2) defects of von Willebrand factor (VWF). Type 2

VWD is further divided into four categories: 2A, 2B, 2M and 2N. The

accurate classification of VWD patients requires the evaluation of sev-

eral laboratory tests.

Aims: To compare the current distribution of VWD types diagnosed at

Angelo Bianchi Bonomi Hemophilia and Thrombosis Center (Milan,

Italy) with the distribution obtained 10 years ago.

Methods: A total of 337 VWD patients referred to our center from

2002 through 2012 have been fully characterized. Laboratory diagno-

sis of VWD was made by VWF antigen (VWF:Ag), VWF ristocetin

cofactor, factor VIII coagulant activity, VWF collagen binding, multi-

meric analysis in low and medium resolution gels, VWF propeptide/

VWF:Ag ratio, VWF binding to FVIII, ristocetin induced platelet

agglutination, intra-platelet VWF evaluation and in type 2 and 3

molecular characterization. We considered 0.6 the cut off of VWF:

RCo/Ag ratio to differentiate type 1 from type 2 VWD. Patients with

‘supranormal’ multimers in plasma and R1205H mutation were classi-

fied as type 1 ‘Vicenza’.

Results: VWD type diagnosis was made on the basis of the revised

classification of the ISTH Subcommittee on VWF (J Thomb Haemost

2006;4:2103). The distribution of the VWD population in the years

2002 and 2012 are reported as number of cases (%, percentage). 2002:

type 1: 108 (34.2%); type 2A: 45 (14.3%); type 2B: 35 (11%); type 2M:

105 (33.2%); type 2N: 1 (0.3%); type 3: 22 (7%), total 316 (100%).

2012: type 1: 113 (33.5%); type 2A: 105 (31.2%); type 2B: 58 (17.2%);

type 2M: 28 (8.3%); type 2N: 7 (2.1%); type 3: 26 (7.7%), total 337

(100%).

Discussion: The main difference between the two populations is the

inversion in the percentages of type 2A and 2M patients. This finding

appears to be related to the more precise approach to laboratory diag-

nosis due to the introduction of additional and more sensitive tests

and to the improvement of multimeric analysis performed at low and

medium resolution gels. Indeed, the identification of more VWD type

2A cases in 2012 was also due to the better characterization of a sub-

group of type 2A IIE patients. These subjects, previously misclassified

as types 1 or 2M, were revaluated thanks to their abnormal triplet

structure and the presence of the mutations in the D3 domain. The

reduced number of type 1 VWD patients was compensated by the fact

that patients previously classified as type 2M Vicenza have been

included now as type 1 Vicenza, following the most recent classifica-

tion published in 2006. In conclusion, a detailed characterization of

VWF variants have tendency to highlight dysfunctional defects reduc-

ing the number of patients with normal VWF multimeric pattern, like

type 1 or 2M. The clinical significance of this VWD heterogeneity is

still under investigation and may support or not the use of such com-

prehensive characterization.

OC 13.6
Type 2N von Willebrand disease (VWD): one variant,
two diseases? Analysis of the French cohort
Goudemand J1, Zawadzki C1, Volot F2, Boisseau P3,

Sigaud M3, Pouymayou K4, Itzhar N5, Caron C1, Fressinaud E5

and Veyradier A5

1University of Lille 2, Lille; 2University of Dijon, Dijon;
3University of Nantes, Nantes; 4University of Aix-Marseille,

Marseille; 5University of Paris-Sud, Clamart, France

Aims: Type 2N VWD is defined by a markedly decreased binding of

VWF to FVIII, recessively inherited. Since its first description in

France in 1989 this VWD variant has been reported in many countries.

In order to better redefine the clinical and biological characteristics of

these patients (pts) compared to original publications we reviewed the

records of pts identified as type 2N VWD by the French Reference

Center of VWD since May 2007. Only pts with a ratio FVIII/VWF:Ag

< 0.6 were enrolled. Further phenotypic and genotypic analyses were

centralized. The clinical data were collected by questionnaire or site

monitoring.

Results: Seventy nine pts (70 families) were recruited (F/M ratio: 1.6).

The median (range) age was 39 (7–85) y.o. All the pts have a low

FVIII:C level and FVIII/VWF:Ag ratio:15 (2–43) IU/dL and 0.29

(0.01–0.55) respectively. Genetic analysis showed that the R854Q

mutation is involved in 70 pts (89%) (Group A) who are either homo-

zygous (32) or compound heterozygous for another type 2N mutation

(7) or a null allele (31). The 9 other pts (Group B) are homozygous for

another type 2N mutation (4) or a null allele (5). The FVIII:C level

and FVIII/VWF:Ag ratio are much more decreased in these last

patients: 4 (2–15) IU/dL and 0.07 (0.01–0.41) compared to Group A

pts: 20 (5–45) IU/dL and 0.31 (0.12–0.56) respectively (median and

range). By contrast there is no significant difference between pts who

are homozygous for R854Q or compound heterozygous for another

type 2N mutation or null allele (not shown). The bleeding score (BS)

was calculated (Tosetto) in 40 pts, but the results are currently avail-

able in 27. The median (range) BS is much less lower in 23 Group A

pts: 5 (�1 to 14) compared to four Group B pts: 15 (6–24). The age in
both groups is comparable. Clinical history showed that Group B pts

were mostly diagnosed during childhood and experienced much more

haemarthrosis and life threatening hemorrhages than Group A pts.

Those pts had an adulthood-onset disease and exhibited mainly post

surgery bleedings. The response to desmopressin was tested in 52 pts.

Good response was defined as FVIII:C > 50 IU/dL 2 h after desmo-

pressin. All the 48 Group A pts but one (R854Q/T791M) were found
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to be good responders. None of the four tested pts in Group B

responded to desmopressin.

Conclusions: The presence or absence of the mutation R854Q in pts

with type 2N VWD allows a clear distinction between two groups. In

the 1st group (R854Q present) pts have only a moderate FVIII:C defi-

ciency and lower FVIII:C/VWF:Ag ratio. They have little spontaneous

bleeding events and good response to desmopressin. The 2d group

(R854Q absent) is much rarer (11% in our series) but much more

severe: pts have a very low FVIII:C defect (< 5 IU/dL) and FVIII:C/

VWF:Ag ratio with early and severe bleeding manifestations and no

response to desmopressin. Type 2 N VWD encompasses two strongly

different phenotypic and clinical patterns closely related to the geno-

type.

OC 14 – Acquired Bleeding
Disorders

OC 14.1
Treatment of acute bleeding episodes in acquired
haemophilia with recombinant activated factor VII
(rFVIIa): analysis from 10-year Japanese post-
marketing surveillance
Seita I1, Amano K1, Higasa S2, Sawada A2, Kuwahara M3

and Shima M4

1Tokyo Medical University, Tokyo; 2Hyogo College of Medicine,

Nishinomiya; 3Novo Nordisk Pharma Ltd., Tokyo; 4Nara Medical

University, Kashihara, Japan

Background: Acquired haemophilia (AH) is a rare, spontaneous bleed-

ing disorder caused by autoantibodies, usually against factor VIII.

Control of acute bleeding is the first priority, and patients are treated

with bypassing agents such as recombinant activated factor VII

(rFVIIa, NovoSeven�). However, the data for the use of rFVIIa for

AH is limited. To investigate the safety and efficacy of rFVIIa for the

treatment of AH, data from Japanese post-marketing surveillance was

collected.

Methods: A multi-centre, non-interventional, observational study was

conducted fromMay 2000 to March 2010. Under routine clinical prac-

tice, the dosing regimen of rFVIIa was recorded, and clinical efficacy

was evaluated as ‘markedly effective’ (clinical improvement within

8 h), ‘effective’ (clinical improvement within 8–12 h), ‘moderate’ (clini-

cal improvement in > 12 h), or ‘ineffective’. Adverse events were also

recorded.

Results: Data from 132 patients were collected, including 57 (43%)

females and 75 (57%) males. The mean values for patient characteris-

tics were as follows: age, 67.9 years; FVIII activity, 4.1 IU/dL; and

FVIII inhibitor titre, 101.1 Bethesda units/mL. Among 371 bleeding

episodes, muscle bleeds were most common (40%), followed by subcu-

taneous haemorrhages (14%), joint bleeds (9%), haematuria (5%),

and gastrointestinal bleeds (4%). Overall, 92% of bleeding episodes

improved following treatment with rFVIIa (41% ‘markedly effective’,

10% ‘effective’, and 41% ‘moderate’). Median (mean) treatment was

of 2.0 (2.9) days’ duration, with 3.0 (11.6) injections of 93.2 (99.5) lg/
kg rFVIIa. Disseminated intravascular coagulation was reported in

two patients; an 87-year-old female with rheumatoid arthritis and an

81-year-old male with pneumonia. Bowel necrosis was reported in a

70-year-old male with intracerebral haemorrhage, complicated with

pneumonia. These three cases were determined by the reporters to be

related to rFVIIa administration.

Conclusions: These data represent the largest report of rFVIIa use in

AH from a single country. rFVIIa provided adequate haemostasis for

the treatment of AH. Thromboembolic events were observed in elderly

patients with severe complications.

OC 14.2
Treatment of bleeding episodes in acquired
haemophilia with activated prothrombin complex
concentrate: what is the optimal therapy?
Milan M1, Gamba G2, Ambaglio C2, Montani N2, Spiezia L1

and Zanon E1

12nd Chair of Internal Medicine, Padua University Hospital,

Padua; 2SS Diseases of Hemostasis, University of Pavia, Pavia,

Italy

Background: Acquired Haemophilia A (AHA) is a rare condition asso-

ciated with severe bleeding and high rate of mortality. Activated Pro-

thrombin Complex Concentrate (aPCC) was described as being useful

to treat AHA patients. Doses and duration of treatment are still a mat-

ter for debate.

Aims: To retrospectively compare, in a small Italian cohort of bleeding

AHA patients, the efficacy of two different strategies of treatment with

aPCC in the prevention of haemorrhagic relapses: acute phase treat-

ment only vs acute phase plus low-dose prophylaxis.

Methods: All patients with AHA consecutively admitted to PaduaUni-

versityHospitaland PaviaUniversityHospitalbetween April 2008 and

August 2012 were considered for enrolment. Information on the char-

acteristics and treatment of bleeding episodes was collected according

to the use of aPCC in the acute phase and subsequently during

4 weeks after the initial treatment. For all patients written informed

consent was obtained.

Results: Sixteen bleeding episodes in fourteen AHA patients treated

with aPCC for bleeding recurrence were considered. Eight were major

haemorrhagic episodes (according to Schulman S et al. JTH

2005;3:692–4) and eight were minor bleeding. Ten bleeding episodes

were treated with the use of aPCC limited to the acute phase. Mean-

while, in the other six episodes the acute phase treatment was followed

by a low-dose prophylaxis with aPCC. Comparing the two strategies,

no difference in the initial dose of drug used was found. In particular,

for major bleeding, patients were treated with aPCC

205 � 7.1 Ukg/day (mean M � standard deviation SD) in the former

regimen vs 162.2 � 33.3 Ukg/day in the low-dose prophylaxis regimen

(P = 0.137); and, for minor bleeding, with an initial mean dose of

64 � 40.4 Ukg/day in the acute-phase treatment versus 85 � 10 Ukg/

day in the latter (P = 0.38). Low-dose prophylaxis was maintained

with a mean dose of 82.5 � 46.0 Ukg/day and for a mean period of

9.5 � 2.1 days in case of major haemorrhage and with a mean dose of

28.5 � 9.3 Ukg/day and for a mean period of 12.25 � 10.7 days in

minor episodes. Five cases of bleeding relapse were observed in

patients treated with aPCC only during the acute phase and no bleed-

ing events in AHA patients treated with low-dose prophylaxis strategy

occurred. A two-fold increase in the risk of haemorrhagic recurrence

in patients who did not receive the prophylactic treatment was found

(OR 2.18, 95% confidence interval [CI]: 1.11–4.28, P = 0.02). This risk

was not affected by adjustment for possible confounders (age, gender,

type of bleeding, levels of inhibitor titre and factor VIII activity). No

thromboembolic complication or other adverse events were reported

in both treatments. In all patients the acute phase treatment with

aPCC was started in association with immunosuppressive treatment

(i.e. steroids � cyclofosfamide) to obtain inhibitor eradication.

Conclusions: A low-dose prophylaxis regimen with aPCC in bleeding

AHA patients seems to prevent the risk of haemorrhagic relapses. This

approach appeared to be safe and well tolerated. Larger and prospec-

tive studies are needed to better clarify the role of this strategy.
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OC 14.3
In vivo hemostatic potency of a factor VIII function-
mimetic, bispecific antibody to factors IXa and X
(ACE910) against on-going bleeds in an acquired
hemophilia A model
Muto A1, Kitazawa T1, Yoshihashi K1, Takeda M1, Soeda T1,

Igawa T1, Sampei Z1, Shima M2, Yoshioka A2 and Hattori K1

1Chugai Pharmaceutical Co., Ltd., Gotemba, Shizuoka; 2Nara

Medical University, Kashihara, Nara, Japan

Background: We previously reported that a bispecific antibody to fac-

tors IXa and X, hBS23, mimicked the function of factor VIII (FVIII)

even in the presence of FVIII inhibitors, and exerted preventive hemo-

static activity in vivo (Nature Medicine 2012). By the further molecular

engineering of hBS23, we identified an improved bispecific antibody,

ACE910, which presented higher in vitro cofactor activity than hBS23

and in vivo hemostatic activity even against on-going bleeds (Early

results were presented at the ASH meeting 2012).

Aims: To elucidate the in vivo hemostatic potency of ACE910, by

examining its dose-dependent hemostatic effect against on-going

bleeds.

Methods: A non-human primate model of acquired hemophilia A was

established by injecting anti-primate FVIII neutralizing antibody

which was not cross-reactive to porcine FVIII. When bleeds emerged

following an artificial bleed-inducing procedure, either ACE910 (0.3, 1

or 3 mg/kg, n = 4 for each dose), recombinant porcine FVIII (rpoF-

VIII; 3.4 or 10 U/kg, n = 4 for each dose) or no test item (n = 6) was

intravenously administered. rpoFVIII was additionally administered

twice daily on the following 2 days. Bleeding symptoms, progressive

anemia and expansion of bruised area, were monitored for 3 days.

Results: In this in vivo model, rpoFVIII 10 U/kg (twice daily) showed

significant hemostatic effect against on-going bleeds, whereas the he-

mostatic effect of rpoFVIII 3.4 U/kg (twice daily) was not detected

clearly. Since the minimal target plasma level against on-going bleeds,

10 to 20 U/dL of FVIII:C, would be achieved with rpoFVIII 10 U/kg

but not with 3.4 U/kg, this reestablished model was found validated

well in terms of the reactivity to FVIII. In this model, a single bolus of

ACE910 1 or 3 mg/kg presented a hemostatic activity comparable to

rpoFVIII 10 U/kg (twice daily) against on-going bleeds. The hemo-

static effect of a single bolus of ACE910 0.3 mg/kg was not clearly

detected. The mean plasma concentrations of ACE910 just after the

intravenous administration were 6.6, 26 and 61 lg/mL in the ACE910

0.3, 1 and 3 mg/kg groups, respectively.

Conclusion: ACE910 demonstrated hemostatic effect against on-going

bleeds in a non-human primate model of acquired hemophilia A. The

hemostatic potency of a single bolus of ACE910 1 or 3 mg/kg was

comparable to that of rpoFVIII 10 U/kg (twice daily).

OC 14.4
The prevalence and severity of shear stress-associated
acquired von Willebrand factor abnormality in patients
with mitral regurgitation
Chen D, Blackshear JL, Wysokinska M, Safford RE, Thomas CS,

Shapiro BP, Ung S, Stark ME and Johns G

Mayo Clinic, Rochester, MN, USA

Background: Loss of the highest molecular weight multimers

(HMWM) of von Willebrand factor (VWF) due to high intravascular

shear stress has been well recognized in patients with aortic stenosis.

However, the prevalence and severity of such a HMWM loss has not

been thoroughly studied in patients with mitral regurgitation (MR).

Aims: In this study, we examined the prevalence and severity of VWF

HMWM loss in patients with various degrees of MR.

Methods: A total of 47 patients (47% male and median age,

69.5 years) with MR were studied and their clinical and laboratory

data were collected. Nineteen patients had severe organic MR, and 28

had mild or moderate MR. Separate seventeen patients were status

post mitral valve replacement (MVR). Blood samples were tested for

VWF antigen (VWF:Ag), VWF activity by enhanced immunoturbidity

method (VWF:Lx), VWF multimer analysis and HMWM densitome-

try quantification (VWF:M) (Am J Cardiol. 2013;111:374–81), and

ADP cartridge closure times of platelet function analysis (PFA-

CADP). These laboratory results were compared with the severity of

MR measured by regurgitatant volume (RV).

Results: The prevalence of loss of HMWM in patients with various

degrees of MR was as follows: severe MR, 79%; moderate MR, 57%;

mild MR, 21%. Two patients with severe MR developed Heyde syn-

drome. Conversely, only 6% of patients post MVR had loss of

HMWM. RV significantly correlated with PFA-CADP (r = 0.66,

P < 0.001), VWF:M (r = �0.60, P < 0.001) and VWF:Lx/Ag ratio

(r = �0.39, P = 0.007). Over a median of 11.3 months, VWF multi-

mer ratio (P = 0.001) and PFA-CADP (P = 0.007) were predictors of

freedom from death (n = 1) or mitral valve surgery (MVS, n = 15). In

the 15 patients who had MVS, post-operative samples revealed signifi-

cant resolution of VWF abnormality indicated by marked improve-

ment of VWF:M (P < 0.001), PFA-CADP (P < 0.001) and VWF:Lx/

Ag ratios (P < 0.01).

Conclusions: Surprisingly the loss of VWF HMWM is quite common

in patients with moderate -severe MR, and resolves after MVS. Heyde

syndrome can occur in patients with severe MR. Since the degree of

HMWM loss significantly correlates with MR severity, PFA-CADP,

VWF:Lx/Ag ratio and VWF:M are potentially useful diagnostic and

prognostic biomarkers in patients with MR.

OC 15 – ADAMTS-13

OC 15.1
ADAMTS13 meets von Willebrand factor strings: a
single molecule approach
De Ceunynck KEP1, Rocha SN2, De Meyer SF1, Uji-I H2, Deckmyn

H1, Hofkens J2 and Vanhoorelbeke K1

1KU Leuven Kulak, Kortrijk; 2KU Leuven, Leuven, Belgium

Background: Single molecule fluorescence microscopy (SMFM) is a

powerful technique to explore the individual nano-scale behavior of

molecules. SMFM allows direct visualization of molecular motions

and observation of diversity in a population of molecules, normally

hidden in classical bulk experiments. We previously demonstrated that

platelet-decorated VWF strings attached to the endothelium are

cleaved multiple times by ADAMTS13 preferentially at sites of local

elongations. However, it is currently unknown how ADAMTS13

locates a binding site on these long VWF strings. New insights in the

working mechanism of ADAMTS13 on these strings could be revealed

by visualizing the molecular motion of single ADAMTS13 enzymes.

Aim: To set-up a SMFM experiment to track the movement of individ-

ual ADAMTS13 enzymes on platelet-decorated VWF strings, hence

increasing our understanding of individual ADAMTS13 enzymes at

work.

Methods: Fluorescently labeled catalytically inactive ADAM-

TS13E225Q-Atto647N (5.7 nM) was perfused over endothelial cell-

anchored VWF strings in a parallel-plate flow chamber at a shear

stress of 2.5 dyne/cm2. VWF strings were indirectly visualized by green

fluorescent labeling of platelets (100 nM Dioc). A customized SMFM

microscopy set-up was developed to visualize individual ADAMTS13

enzymes.

Results: Single ADAMTS13 enzymes were detected by exciting AD-

AMTS13E225Q-Atto647N with a powerful laser, using high magnifica-

tions (~20009) and a sensitive EM-CCD camera. Due to nm scale

visualization necessary for ADAMTS13 detection but not warranted

for the observation of long VWF strings a two camera set-up was

developed allowing the use of different magnifications to selectively

detect platelet-decorated VWF strings and single ADAMTS13E225Q
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enzymes. Autofluorescence background signals from endothelial cells

were reduced by performing excitation in total internal reflection-like

mode. This set-up allowed us to visualize single ADAMTS13 binding

to the strings in real-time. To now analyze enzyme trajectories and

ADAMTS13 binding sites on these VWF strings customized single

particle tracking software was developed. Initial analysis of ADAM-

TS13E225Q binding to platelet-decorated VWF strings (n = 39) in real

time under flow revealed three different kinds of motion. Enzymes

could slow down without arrest on the VWF string (slow down), slow

down and stop for only two to five frames (60 ms exposure time) (stop

& go) or bind to the VWF string for a longer time (stop).

Conclusions: We were able to visualize the binding of single ADAM-

TS13 enzymes to platelet-decorated VWF strings. Further detailed

analysis of all ADAMTS13 trajectories and binding sites will allow us

to elucidate how ADAMTS13 preferentially localizes its binding site

on these strings and how this correlates with ADAMTS13 binding at

sites of local elongations.

OC 15.2
Spatially distinct regulation of von Willebrand factor
by ADAMTS13 at the sites of platelet accumulation
Shida Y, Brown C, Mewburn J, Sponagle K, Riches J,

Hough C and Lillicrap D

Queen‘s Univeristy, Kingston, Canada

Background: von Willebrand Factor (VWF) is a large multimeric gly-

coprotein that mediates platelet adhesion and subsequent platelet

aggregation to the damaged blood vessel wall in both physiological

hemostasis and pathological thrombosis. The metalloprotease AD-

AMTS13 regulates the functional activity of VWF appropriate for

normal hemostasis by reducing VWF multimer size. The cleavage

site for ADAMTS13 in the VWF A2 domain is inaccessible in the

globular configuration of the protein and requires the application of

tensile force mediated by platelets and hydrodynamic shear to facili-

tate cleavage.

Aims: Newly released ULVWF is anchored on endothelial cells and

cleaved by ADAMTS13. Other potential sites where ADAMTS13

might regulate VWF size include in the circulation and at the sites of

vessel injury. At this latter location, ADAMTS13 is hypothesized to

regulate thrombus growth and prevent vessel occlusion. However,

direct evidence to support this role is limited. To address this issue, we

developed a mouse model system to directly visualize the involvement

of ADAMTS13 in the thrombogenic process under flow conditions.

Methods: Full-length mouse ADAMTS13 cDNA was cloned into

pcDNA3.1 and mCherry was cloned at the C terminus of ADAMTS13

with a 12AA linker. Recombinant mADAMTS13-mCherry protein

was produced via HEK293T cells by transient transfection. mADA-

MTS13-mCherry was pre-incubated with mCherry antibody and goat

anti-rabbit IgG-Alexa568 30 min before the following flow chamber

experiment. Whole blood obtained from ADAMTS13 knockout mice

with added mADAMTS13-mCherry was perfused into a collagen

coated flow chamber at various shear rates (500/s, 2500/s, 7500/s).

Platelets and ADAMTS13 were visualized and quantified with a Quo-

rum WaveFX- X1 spinning disk confocal system. After the perfusion,

thrombi were fixed and immunostaining was performed to further ana-

lyze the distribution of platelets, VWF and ADAMTS13.

Results: ADAMTS13-mCherry was visualized only under the highly

elevated shear condition (7500/s) in the real-time flow system where

the signal was mainly on the formed thrombi. It was also occasionally

detected on the collagen surface, where it was associated with nearby

platelets and resembled VWF strings in appearance. Image analysis of

the thrombus demonstrated 42.1, 36.1, and 23.3% reductions in size

with the addition of ADAMTS13 at 7500, 2500, and 500/s, respec-

tively. Further analysis by immunostaining of the thrombus demon-

strated a 2.3-fold-increase of ADAMTS13 total area at 7500/s

compared to that at 2500/s. Moreover, 45.4% and 37.7% of this

increase was associated with the top and middle layers of the throm-

bus. In contrast, at the low shear condition (500/s), ADAMTS13 sig-

nal was very limited to only 6% compared to 7500/s.

Summary/Conclusion: Direct visualization of ADAMTS13 was

achieved in our flow chamber system using fluorescence-tagged AD-

AMTS13. Our multi-colour immunostaining revealed enhanced AD-

AMTS13 activity in the top and middle layers of thrombus at a highly

elevated shear rate and was associated with reduction of thrombus

size. It is speculated that the platelet surface contributes, along with

platelet tethering and increasing hydrodynamic shear force, to acceler-

ate VWF cleavage and limit thrombus size. These results have charac-

terized a shear-dependent, spatially distinct regulatory mechanism for

ADAMTS13 that limits thrombus growth directly at the sites of plate-

let accumulation.

OC 15.3
ADAMTS13 is autoinhibited by distal
thrombospondin-1 (T) or CUB domains and is
activated allosterically by VWF or antibodies against
ADAMTS13 domain T8
Muia J1, Zhu J1, Haberichter SL2, Friedman KD2, Feys H3,

Vanhoorelbeke K4, Westfield LA1 and Sadler JE1

1Washington University School of Medicine, St. Louis, MO;
2BloodCenter of Wisconsin, Milwaukee, WI, USA; 3Red Cross

Flanders, Brugge; 4IRC, KULeuven Campus Kortrijk, Kortrijk,

Belgium

Background: ADAMTS13 is a metalloprotease that cleaves von Wille-

brand factor multimers. Genetic or autoimmune deficiency of ADAM-

TS13 causes thrombotic thrombocytopenic purpura (TTP), which is

characterized by microangiopathic hemolytic anemia, thrombocytope-

nia, and tissue damage caused by microvascular thrombosis.

ADAMTS13 is a multidomain protein with metalloprotease (M), dis-

integrin-like (D), thrombospondin-1 (T), Cys-rich (C) and spacer (S)

domains, followed by seven T domains and two CUB domains. AD-

AMTS13 binds native VWF (Kd �70 nM), which requires ADAM-

TS13 domains T8-CUB1 and VWF domain D4. ADAMTS13

truncated after the spacer domain (MDTCS) does not bind native

VWF but binds to unfolded VWF domain A2 (Kd �30 nM).

Aim: The regulation of ADAMTS13 is poorly understood, and AD-

AMTS13 has no known inhibitors in vivo. The multidomain structure

of ADAMTS13 suggests that distal T or CUB domains might regulate

its activity. We sought to characterize ADAMTS13 auto-regulatory

mechanisms.

Methods: ADAMTS13 activity assays were performed with FRETS-

rVWF71, a fluorogenic ADAMST13 substrate with increased sensitiv-

ity. Product generation was monitored as an increase in fluorescence

emission at 660 nm upon excitation at 635 nm. Assays included

50 mM Bis-Tris or HEPES at the indicated pH, 150 mM NaCl,

10 mM CaCl2, and varying concentrations of VWF. Recombinant

ADAMTS13 and MDTCS were expressed in HEK293 cells and chro-

matographically purified. Plasma ADAMTS13 was from pooled nor-

mal plasma. Monoclonal antibody 14D2 recognizes ADAMTS13

domain T8. Plasma samples from 65 patients with TTP and ADAM-

TS13 activity < 20% were obtained through approved human studies

protocols.

Results: At pH 6, ADAMTS13 and MDTCS had equal and maximal

specific activity. As pH was increased toward pH 7.4, MDTCS activity

remained roughly constant but full-length plasma ADAMTS13 activ-

ity decreased progressively to one-fourth of the activity observed at

pH 6, suggesting that distal ADAMTS13 T-CUB domains inhibit pro-

teolytic activity under physiological conditions. Recombinant ADAM-

TS13 behaved similarly. When plasma samples from patients with

TTP were assayed for inhibitors, one contained an antibody that

increased ADAMTS13 activity three-fold to almost equal the activity

of MDTCS, with an activation titer of 9 U at pH 7.4. This activating

antibody had no effect on ADAMTS13 activity at pH 6, or on
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MDTCS activity at either pH 6 or pH 7.4. We screened 18 anti-AD-

AMTS13 monoclonal antibodies and found that 0.8 lg/mL MAb

14D2, with an epitope in T8, activated ADAMTS13 2.2-fold at pH 7.4

but did not further increase the activity of ADAMTS13 at pH 6.

Increasing concentrations of VWF (up to 125 lg/mL, or 500 nM) pro-

gressively activated ADAMTS13 1.8-fold at pH 7.4 but not at pH 6,

and had no significant effect on MDTCS activity.

Summary/Conclusion: ADAMTS13 is regulated by substrate-induced

conformational changes. Full-length ADAMTS13 is autoinhibited by

distal T-CUB domains and is activated allosterically by VWF, proba-

bly by binding to VWF domain D4. Activation by VWF is mimicked

by low pH or by antibodies that bind ADAMTS13 domain T8. AD-

AMTS13 bound to native VWF has increased proteolytic activity and

may contribute disproportionately to the cleavage of VWF multimers

under shear stress in vivo.

OC 15.4
A comprehensive mutagenesis screen defines the
substrate recognition landscape within VWF for
ADAMTS13
Kretz CA1, Desch KC2, Yee A1, Siemieniak D1, Meng F2

and Ginsburg D1

1Life Sciences Institute, Ann Arbor, MI; 2University of Michigan,

Ann Arbor, MI, USA

Background: The metalloprotease ADAMTS13 regulates the multi-

meric structure and adhesiveness of von Willebrand Factor (VWF).

Deficiency in ADAMTS13 activity can lead to thrombotic thrombocy-

topenic purpura (TTP), a devastating microvascular thrombopathy.

Aims: The aim of this study was to comprehensively investigate the

interaction of ADAMTS13 with its substrate VWF73, a fragment of

the VWF A2 domain, to gain insights into ADAMTS13 specificity.

Methods: A mutant VWF73 substrate phage display library was devel-

oped consisting of 30 million independent clones with an average

mutation frequency of 3% at each position. This library should con-

tain VWF73 variants corresponding to every possible single amino

acid substitution at every position as well as most combinations of

double amino acid substitutions. This library exhibited proper sub-

strate consumption kinetics when reacted with ADAMTS13, although

accumulation of uncleaveable phage at later time points caused varia-

tion to predicted pseudo first order kinetics.

High throughput deep sequencing using the Illumina platform was

used to provide unprecedented information of how each mutation

influenced VWF73 proteolysis by ADAMTS13. Maximal enrichment

of uncleavable phage was achieved by reacting 25 nM ADAMTS13

with the mutant VWF73 phage library for 10 hr and isolating unc-

leaved phage by immunoprecipitation. Thirty-five million sequences

were obtained for both the selected uncleaved phage and the starting

phage population and enrichment was analyzed using the ENRICH

software package.

Results: Overall, the uncleaved phage exhibited enrichment for muta-

tions compared to the unselected library at the majority of VWF73

positions. However, mutation frequencies remained unchanged at

R1597, A1600, A1612, Q1667, and R1668, indicating that mutations

at these positions did not inhibit proteolysis by ADAMTS13. Also, the

interval between T1608-S1613 exhibited only modest increases in

mutation frequency, indicating that these positions were also tolerant

to mutations.

Mutations surrounding the Y1605-M6066 scissile bond tended to inhi-

bit proteolysis compared to mutations at other positions on the sub-

strate. Positions such as L1603, V1604, Y1605 exhibited an increase

mutation frequency, indicating mutations at these positions inhibited

proteolysis by ADAMTS13. Position V1607 exhibited the greatest

increase in mutation frequency following selection, suggesting that this

is an important amino acid in VWF substrate recognition. However,

the P1’ residue, M1606, was comparably permissive to mutations,

indicating a less-critical role in substrate recognition. Positions I1616

and P1620 also exhibited increased mutation frequency after selection,

indicating potential exosite interactions.

Focusing on single amino acid substitutions, L1619G exhibited a log2

enrichment ratio (L2ER) of 3.9, among the most deleterious mutations

we discovered, indicating a potentially important role for this amino

acid in regulating VWF73 recognition by ADAMTS13. However,

L1619A had a L2ER of 1.8, suggesting that ala-scanning mutagenesis

does not serve as a proxy for other substitutions.

Summary and Conclusions: Coupling comprehensive mutagenesis with

high throughput deep sequencing revealed a detailed substrate rec-

ognition landscape for VWF73 that could not previously be assessed

with standard technology. These data will be useful in defining

important substrate recognition domains on VWF that may lead to

the development of more sensitive ADAMTS13 activity assays and

improved understanding of ADAMTS13 protease function and TTP

pathogenesis.

OC 16 – Anticoagulants – Basic

OC 16.1
Effect of rivaroxaban with or without acetylsalicylic
acid on thrombus formation in an ex vivo perfusion
chamber – an open-label, randomized study in healthy
subjects
Wolzt M1, Gouya G2, Kapiotis S2, Becka M3, Mueck W3

and Kubitza D3

1Medical University of Vienna; 2Department of Clinical

Pharmacology, Medical University of Vienna, Vienna, Austria;
3Bayer HealthCare Pharmaceuticals, Wuppertal, Germany

Background: Antiplatelet agents are effective for the secondary preven-

tion of cardiovascular events in patients with acute coronary syn-

drome, but there is still a substantial residual risk of recurrence.

Previous evidence has shown that co-administration of antiplatelet

and anticoagulant therapies can further reduce the risk of cardiovascu-

lar events, although the risk of bleeding was increased with these com-

binations. Rivaroxaban, an oral, direct Factor Xa inhibitor, has been

shown to be effective in the prevention and treatment of several throm-

boembolic disorders.

Aims: To investigate the effect of single doses of rivaroxaban (5–
20 mg), with or without acetylsalicylic acid (ASA), on thrombus for-

mation in an ex vivo perfusion chamber at low and high shear rates,

representing conditions in the venous system and stenosed arteries,

respectively.

Methods: Fifty-one healthy subjects were enrolled in this randomized,

two-way crossover (for treatment with rivaroxaban with and without

ASA) and parallel-group study for comparison between the different

dosing regimens of rivaroxaban and ASA plus clopidogrel (EudraCT

number: 2007-002345-21). The treatment groups were: (A) rivarox-

aban plus ASA: rivaroxaban 5, 10 or 20 mg on day 0 and ASA once

daily (od) on 4 consecutive days (day �3 to day 0; 300 mg loading

dose followed by 100 mg); (B) rivaroxaban alone at 5, 10 or 20 mg on

day 0; and (C) clopidogrel plus ASA: clopidogrel od on 4 consecutive

days (day �3 to day 0; clopidogrel 300 mg loading dose followed by

75 mg) and ASA od on 4 consecutive days (as in group A). Thrombus

formed in the perfusion chamber was measured as D-dimer levels (for

fibrin deposition) and P-selectin content (for platelet deposition), per-

formed at the time of maximum plasma concentration of rivaroxaban

and at the maximum effect of ASA or clopidogrel. Pharmacodynamic

parameters measured from plasma included inhibition of Factor Xa

activity and measurement of prothrombin time, activated partial

thromboplastin time and endogenous thrombin potential.

Results: Rivaroxaban reduced fibrin deposition in the perfusion cham-

ber thrombus as measured by D-dimer levels, which were decreased by

9%, 84% and 65% at low shear rate and 37%, 73% and 74% at high
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shear rate after rivaroxaban doses of 5, 10 and 20 mg, respectively.

Steady-state ASA with rivaroxaban 5 mg caused a greater reduction

in D-dimer levels (63%) at low shear rate. Co-administration of ASA

and clopidogrel was associated with a 30% decrease in D-dimer levels

at low shear rate and a 14% decrease at high shear rate. No conclusive

effect was observed for thrombus P-selectin content across the treat-

ment groups owing to large variations in the results. The other phar-

macodynamic parameters measured in plasma were similar to previous

studies, and co-administration of ASA and rivaroxaban had no addi-

tional influence.

Summary/Conclusions: Rivaroxaban dose dependently inhibited ex

vivo thrombus formation under low and high shear rates. Co-adminis-

tration of ASA had a significantly additive effect on the antithrombot-

ic action of low-dose rivaroxaban, which further supports clinical

findings in patients with acute coronary syndrome.

OC 16.2
Analysis of the interaction of anticoagulants on points
of care (POC) tests for urine from patients on therapy
with dabigatran and rivaroxaban
Kr€amer S1, Giese C1, Du S1, Weiss C2 and Harenberg J1

1Clinical Pharmacology; 2Biometry and Statistics, Mannheim,

Germany

Backgroud: The amount of new oral anticoagulants (NOACs) such as

dabigatran and rivaroxaban may be necessary to determine in specific

patient populations. Point of care (POC) methods were currently

developed to analyse direct thrombin (international patent application

No. PCT/EP2012/002540) and direct factor Xa inhibitors (interna-

tional patent PCT/WO2012/069139A1) in urine. NOACs as well as

conventional anticoagulants (except vitamin K antagonists) are

excreted into the urine. Interactions of the anticoagulants may occur

on the POC tests for dabigatran and rivaroxaban. POC test have the

advantage over tests from plasma to be non-invasive, repetitive and

rapid. They show when the NOAC is not any more on board and help

to decide when to start or when to increase the dose the conventional

anticoagulant.

Aim: We aimed to quantify the interaction of heparin, low-molecular-

weight heparin (nadroparin), hirudin, and argatroban of the thrombin

and factor Xa specific POC tests using urine samples on treatment with

dabigatran or rivaroxaban.

Background: Urine samples were obtained from patients on treatment

with 2 9 110 mg or 2 9 150 mg dabigatran (all n = 15) daily, 10 mg

od rivaroxaban (n = 15), from 30 patients on treatment with low-

molecular-weight heparin nadroparin (LMWH), and from five con-

trols. All studies were accepted by the local university ethical board

and patients gave written informed consent prior to participation.

Urine samples of patients with dabigatran and controls were spiked

with 0.0, 0.1–1.0 units of unfractionated heparin (UFH), 0.0 0.1–
1 mg/mL hirudin and up to 6 mg/mL argatroban. From these samples

the POC test for dabigatran was performed. Urine samples of patients

with rivaroxaban or controls were spiked with similar concentrations

of nadroparin and fondaparinux. Samples with UFH, nadroparin and

fondaparinux were analysed without and with addition of 1 IU anti-

thrombin/mL (AT) per mL urine. The POC test for rivaroxaban was

performed from all these samples and from urine samples of patients

under therapy with LMWH. The urine samples were incubated for

15 min in the POC device and the colour of the samples were judged

as positive or negative.

Results: The POC tests for dabigatran and rivaroxaban were positive

in all patients on therapy and negative in controls. UFH, LMWH, and

fondaparinux did not indicate any interaction in all experimental set-

tings. The POC test for rivaroxaban was negative in all patients on

treatment with LMWH without addition of AT and was positive in

some patients after addition of AT. High concentrations of hirudin

and argatroban showed some interaction with the POC test for dabig-

atran.

Conclusion: The specificity of the POC assays for dabigatran and riva-

roxaban in urine is high and no interactions occur in the absence or

presence of AT for all heparins and heparin derived anticoagulants in

patients on treatment with LMWH. Only for patients receiving hiru-

dins and argatroban the POC test for dabigatran should not be used.

OC 16.3
Human clinical trials evaluating protein disulfide
isomerase as an antithrombotic arget:
pharmacodynamic and pharmacokinetic studies of oral
quercetin and isoquercetin
Stopa JD, Furie B, Flaumenhaft R and Zwicker J

Beth Israel Deaconess Medical Center, Boston, MA, USA

Background: Protein disulfide isomerase (PDI) regulates both platelet

accumulation and fibrin generation during thrombus formation follow-

ing vascular injury in animal models. A high-throughput drug screen

previously identified the flavonoid quercetin-3-rutinoside (and related

analogs) as potent inhibitors of PDI activity in vitro and in vivo.

Aims: In anticipation of clinical trials to evaluate PDI as a novel anti-

thrombotic target, we performed a pharmacokinetic study to assess

whether oral quercetin or isoquercetin achieves therapeutic concentra-

tions and pharmacodynamic studies to measure PDI inhibitory activity.

Methods: A total of 10 healthy volunteers were enrolled and received

either quercetin 500 mg or isoquercetin 500 mg as a single dose. Serial

phlebotomies were performed at 0 min, 30 min, 1 h, 2 h, 4 h, 6 h, 8 h,

and 24 h. Total quercetin (aglycone) in plasma was measured by

HPLC following enzymatic hydrolysis. In order to assess the pharma-

codynamic inhibition of PDI following oral administration of the

flavonoids, we developed a plasma-based assay utilizing a fluores-

cence-based eosin probe coupled to glutathione, with relative fluores-

cence measured in the presence of PDI.

Results: Isoquercetin demonstrated improved bioavailability (maximal

concentration was 3.45 mM 95% CI 0.52–6.39 mM, Tmax 2.6 h, half-

life 9.14 h, AUC 17.54) compared with quercetin aglycone (Cmax

0.77 mM 95% CI 0.4–1.12 mM, Tmax 3.8 h, half-life 10.79 h, AUC

5.14). The formulation of isoquercetin or quercetin with ascorbic acid

(500 mg) to prevent oxidation did not alter pharmacokinetic profiles.

Significant PDI inhibitory activity in plasma was detected following

the ingestion of isoquercetin but not quercetin. The PDI inhibitory

activity in plasma increased significantly by 4 h following the oral

administration of isoquercetin (P = 0.001) with a mean difference of

59% relative to baseline. By 6 h, the mean PDI inhibitory activity

neared baseline values (mean difference of 16% compared to baseline).

Conclusions: These studies provide proof-of-principle for the use of

quercetins to inhibit extracellular PDI in humans and represent an

important first step in the development of a novel class of antithrom-

botic agents. We conclude that oral isoquercetin has improved bio-

availability compared with quercetin in healthy adults and results in

detectable PDI inhibition as measured by a novel plasma based PDI

assay. The antithrombotic efficacy of isoquercetin will be evaluated in

cancer-associated thrombosis for high risk cancer populations and in

individuals with antiphospholipid syndrome.

OC 16.4
Aptamer inhibition of an exosite of Factor (F)Xa or
thrombin synergizes with non-aptamer inhibition of
the catalytic site of FXa or thrombin, respectively
Frederiksen JW1, Lohrmann J2, Bompiani KM3, Smock-Woodruff

RBS1, Gunaratne RBA1 and Sullenger BA1

1Duke University, Durham, NC, USA; 2University of Freiburg,

Freiburg, Germany; 3Scripps Institute, San Diego, CA, USA

Background: Aptamers that inhibit factor (F)Xa and thrombin func-

tion as reversible anticoagulants but achieve less intense anticoagula-
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tion than recombinant (r)-tick anticoagulant peptide (TAP), r-hirudin,

or heparin. 11F7t, an RNA FXa aptamer, binds a FXa exosite in a

manner that inhibits FXa-FVa binding. ARC 183, a DNA thrombin

aptamer, and R9D-14T, an RNA thrombin aptamer, each bind throm-

bin’s substrate binding exosite, thereby inhibiting thrombin-substrate

binding. In contrast, r-TAP and r-hirudin inhibit FXa and thrombin,

respectively, by binding both an exosite and the catalytic site of FXa

or thrombin, respectively. Those findings suggest that a univalent cata-

lytic site inhibitor of FXa or thrombin might augment the anticoagu-

lant intensity of an exosite-binding aptamer.

Aims: To test two hypotheses: (1) 11F7t plus a FXa catalytic site inhib-

itor will synergize; and (2) ARC183 or R9D-14T plus a thrombin cata-

lytic site inhibitor will synergize.

Methods: One hundred and eighty-minute (min) whole blood throm-

boelastography (TEG) assays.

Results: r-TAP (2.0 lM), r-hirudin (3.67 lM), or heparin (5 U/mL)

prevented clot initiation for > 180 min in whole blood TEG assays.

The aptamers 11F7t (4.0 lM), ARC 183 (7.5 lM), and R9D-14T

(10.0 lM), the small molecule FXa direct catalytic site inhibitors

PRT54004 (10.0 lM), rivaroxaban (7.5 lM), and edoxaban (7.5 lM),

the FXa indirect catalytic site inhibitor fondaparinux (4.63 lM), or

the small molecule thrombin direct catalytic site inhibitor argatroban

(98.3 lM) only prolonged clot initiation time to between 14 and

147 min (~2 to ~20 times control). In contrast, the combinations 11F7t

(0.5 lM) plus PRT54004 (2.0 lM), 11F7t (2.0 lM) plus rivaroxaban

(5.0 lM), 11F7t (2.0 lM) plus edoxaban (2.0 lM), 11F7t (0.5 lM)

plus fondaparinux (1.16 lM), ARC 183 (5.0 lM) plus argatroban

(5.0 lM), and R9D-14T (10.0 lM) plus argatroban (10.0 lM) each

prevented clot initiation for > 180 min.

Summary/Conclusion: A FXa or thrombin aptamer plus a FXa or

thrombin catalytic site inhibitor, respectively, synergize to anticoagu-

late whole blood. A FXa or thrombin catalytic site inhibitor may

intensify the reversible anticoagulant effect of a FXa or thrombin apt-

amer in a clinical setting, such as cardiopulmonary bypass, that

requires a high level of anticoagulation.

OC 17 – Clinical Relevance of
Microparticles

OC 17.1
Circulating microparticles and thrombin generation
phenotypes in the Prospective Observational
Multicenter Major Trauma Transfusion (PROMMTT)
study: correlation with coagulopathy and survival
Matijevic N1, Wang YW1, Holcomb JB1, Cotton BA1, Wade CE1,

Schreiber MA2, Muscat P3, Myers JG4 and Cohen MJ5

1The University of Texas Health Science Center at Houston,

Houston, TX; 2Oregon Health and Science University, Portland,

OR; 3University of Cincinnati, Cincinnati, OH; 4UTHSC, San

Antonio, TX; 5University of California, San Francisco, CA, USA

Background: Trauma-induced coagulopathy (TIC) following severe

injury and shock is associated with increased bleeding, morbidity, and

mortality. Severe injury may result in alteration of cellular phenotypes

and release of cell-derived, procoagulant microparticles (MP). Circu-

lating MPs are predominantly of platelet origin and support thrombin

generation (TG) and clotting.

Aims: We hypothesized that trauma patients requiring transfusion

would have different MP and TG phenotypes than controls, and these

differences would be attenuated in TIC and non-survivors.

Methods: The PROMMTT study enrolled 1245 acute trauma patients

at ten major level 1 USA trauma centers, of which 196 had blood sam-

ples collected for cellular and TG studies. The study was approved by

the Institutional Review Boards and by the United States Army

Human Research Protection Office. Blood samples were collected at

hospital admission. Twenty normal subjects were analyzed for com-

parisons. Samples were analyzed by the Calibrated Automated

Thrombogram to assess TG, and by flow cytometry for MP counts

and cellular origin using marker-specific antibodies for platelets (PMP,

CD41, CD62P), leukocytes (LMP, CD45), erythrocytes (RMP,

CD235a), endothelial cells (EMP, CD51, CD146), tissue factor

(TFMP, CD142), and Annexin V (AVMP). These data were analyzed

with comprehensive demographic, injury, outcome, and other PROM-

MTT clinical data. Coagulopathy was defined as either INR ≥ 1.3 or

APTT ≥ 35 s.

Results: The median cohort age was 41 (�18.7), 74% were male, Injury

Severity Score was 26 (IQR 17, 34). Coagulopathy was noted in 41.6%

by INR and 20.5% by APTT criteria. Admission endogenous throm-

bin potential (nM thrombin*min), thrombin peak (nM) and TG rate

(nM/min) were significantly higher in study patients compared to con-

trols (1539, 358, 247 vs. 1184, 208, 61, respectively; all P < 0.001).

Flow cytometry revealed significant differences in both the MP

counts/lL and their relative phenotypic distributions between patients

and controls. Study patient EMP levels were 20-fold higher compared

to controls (473 vs. 23, P < 0.001). RMP, LMP, and TFMP were also

higher (407, 362, 181 vs. 197, 185, 67, respectively; P < 0.001).

INR-defined coagulopathic patients had significantly lower thrombin

peak, TG rate, AVMP and PMP levels (314, 201, 1900, 1762 vs. 384,

272, 2616, 2326, respectively; all P < 0.01) compared to non-coagulo-

pathic patients. APTT-defined coagulopathic patients additionally had

significantly longer TG lag time, and a lower TFMP (57 vs. 206,

P < 0.001).

When analyzed by the outcome, patients who died within 24 h of

admission had significantly lower thrombin peak (321 vs. 364,

P < 0.01), TG rate (199 vs. 256; P < 0.02), and AVMP, PMP, RMP,

and TFMP compared to survivors (1962, 1732, 234, 112 vs. 2432,

2196, 434, 197, all P < 0.01). Patients who died within 12 h had the

lowest thrombin peak (304) and PMP (1613).

Conclusion: Severe injury results in a significant endothelial activation

and increased circulating cell-derived microparticles and thrombin

generation. However, a combination of elevated EMP, lower PMP,

RMP and TFMP, and lower TG correlates with coagulopathy and

poor outcome at 24 h, offering the possibility of indices for interven-

tions.

OC 17.2
Microparticle-dependent plasmin generation predicts
the outcome of septic shock patients
Lacroix R1, Harti Souab K2, Cointe S1, Bouriche T3, Judicone C3,

Frankel D1, Poncelet PH3, Albanese J2 and Dignat-George F2

1Aix-Marseille University/ INSERM; 2CHU La Conception,

APHM; 3BioCytex, Marseille, France

Background: Septic shock (SS) occurs in 10 to 20% of patients in inten-

sive care unit with a high mortality rate (30–50%). It is a systemic

response to an infection associated with an hypotension resistant to

vasoactive molecules and organ failures. The mechanisms imply a leu-

cocytes and vascular inflammatory response associated with activation

of the coagulation and abnormal fibrinolysis. Cellular activation is clo-

sely related to the vesiculation process which results in the release of

microparticles (MP) from membranes. Over the past decades the role

of these small vesicles in activation of the clotting cascade has been

well recognized. High level of circulating leukocyte-derived MP (Le-

uMP) have been reported in SS. Moreover, we recently demonstrated

that LeuMP support a plasmin generation capacity (MP-PGC) sus-

taining a fibrinolytic activity in the circulation.

Aims: Therefore, we hypothesized that MP-PGC is vectorized by MP

in SS patients and counterbalances the risk of micro-thrombosis in

those with a favorable outcome.

Methods: Thirty-two patients with proved SS were included in the

study. All informed consents were obtained and the study was
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approved by a local medical ethics committee. Patients outcome was

recorded at 30 days. Consistent with the literature the mortality was

37%. MP were purified from SS plasma samples and characterized for

plasminogen activators content, activity and cellular origin using chro-

mogenic test, zymography, ELISA, flow cytometry and selective deple-

tions. A new immuno-magnetic separation (IMS)-based bioassay was

developed and validated to reproducibly measure the MP-PGC in

plasma samples. MP-PGC was measured within the first 24 h after

diagnosis on platelet free plasma of SS patients.

Results: Plasmin generation was found on MP purified from SS

plasma. This MP-PGC was dependent on a C-terminal lysine binding

of plasminogen and the expression of the uPA-uPAR system on the

MP surface. LeuMP from granulocyte origin (CD15+) were the major

MP subpopulation supporting this activity. Using a new and sensitive

IMS-based method, we found that MP-PGC of healthy donors was

4.5 � 2.8 mDO/min, n = 20. In contrast, SS patients showed hetero-

geneous profile of MP-PGC varying from 0.3 to 600 mDO/min. Inter-

estingly, we observed significant lower MP-PGC values in the patients

who died compared to those who survived (median [25–75% inter-

quartile range] = 1.41 [0.89–2.33] mDO/min vs 3.82 [1.84–8.53] mDO/

min, respectively, P = 0.0017). Thus, among patients with MP-PGC

values above 1.65 mDO/min, 85% survived while 75% of patients

with MP-PGC below this cut-off value died.

Summary/Conclusion: We demonstrated that MP-PGC is supported

by circulating LeuMP in SS patients and predicts the outcome of SS

patients. High MP-PGC was associated with survival suggesting that

MP dependent fibrinolytic activity may counterbalances the systemic

pro-coagulant state found in SS. Thus, MP-PGC not only provides

clues for a more comprehensive view on the role of MP in the haemo-

static equilibrium but also puts forward the basis for a potential new

biomarker that needs to be evaluated on a larger scale.

OC 17.3
Characterization of microparticle numbers and cellular
origin in human endotoxemia using high-sensitivity
flow cytometry
Mooberry MJ1, Bradford RL1, Lin FC1, Jilma B2 and Key NS1

1University of North Carolina at Chapel Hill, Chapel Hill, NC,

USA; 2Medical University of Vienna, Vienna, Austria

The processes of inflammation and coagulation are intimately linked.

The interplay of these two systems may be pertinent to a variety of dis-

ease states, such as sepsis and sickle cell disease. Endotoxemia causes

an acute systemic inflammatory response with concurrent activation of

coagulation. Circulating microparticles (MPs), particularly those bear-

ing tissue factor (TF+-MPs), have been studied using this model,

where it has been shown that MP-TF activity increases acutely after

intravenous endotoxin administration. To date, however, there are no

comprehensive data documenting changes in total MP numbers and

sub-sets according to cellular origin. We hypothesized that total MP

numbers detected by flow cytometry would increase in parallel with

MP-TF activity in the endotoxemia model, and that the magnitude of

this increase would vary by cellular origin. To test this hypothesis, 16

healthy individuals were infused with LPS (4 ng/kg body weight) and

blood samples were collected in 3.2% sodium citrate at four time

points (pre-, 3-, 6- and 24 h post- infusion). Platelet free plasma (PFP)

was obtained by two sequential centrifugations at 2500 g 9 15 min,

and aliquots were frozen at �80°C until analysis. MP-TF activity was

determined using an in-house chromogenic assay detecting TF-depen-

dent Xa generation on the MP fraction of plasma as previously

described. MP enumeration and characterization was performed on a

high-sensitivity flow cytometer (Stratedigm S1000Ex) using an MP size

gate of 0.2–0.9 lm by polystyrene bead equivalents. Within the MP

gate, total MPs were defined as Annexin+, platelet MPs (PMPs) as

CD41+/Annexin+, monocyte MPs (MMPs) as CD14+/Annexin+,
RBC MPs (RMPs) as CD235+/Annexin+, and endothelial MPs

(EMPs) as CD31+/CD41- events. Circulating nucleosomes (DNA-his-

tone complexes) were also measured using a commercial ELISA kit

(Roche). As previously reported, MP-TF activity increased from base-

line with a peak at 3 h (baseline: 0.06 � 0.01 pg/mL; 3 h: 0.51 � 0.05,

P < 0.001; 6 h: 0.47 � 0.06, P < 0.001; mean � SEM). Increases in

circulating nucleosomes paralleled that observed with MP-TF activity,

peaking at 3 h and returning to baseline by 24 h (3 h: 1.4 � 0.12-fold

increase, P = 0.001; 6 h: 1.4 � 0.12-fold increase, P = 0.004;

mean � SEM). The number of MPs generally peaked later at 6 h and

was significant for total MPs (baseline: 677 [317, 1432]; 6 h: 1287 [694,

2952], P = 0.046; median [IQR]), RMPs (3 h: 155 [85, 377]; 6 h: 275

[157, 611], P = 0.046) and PMPs (baseline: 94 [77, 176]; 6 h: 232 [137,

966], P = 0.046). Similar increases were noted for MMPs (baseline: 78

[44, 245]; 6 h: 121 [72, 243], P = 0.317) but did not reach significance.

No significant changes were noted for EMP numbers. Together these

data further characterize the pathophysiologic processes observed in

the human endotoxemia model and are the first comprehensive analy-

sis of MPs utilizing high-sensitivity flow cytometry. This is also the

first description of an acute increase in nucleosomes following endo-

toxin exposure to our knowledge, which may be clinically relevant in

inflammatory disorders with thrombotic risk given their recently dis-

covered association with activation of coagulation and thrombus for-

mation.

OC 17.4
Microparticle-associated tissue factor activity is
associated with disease severity in patients with E. coli
urosepsis
Woei-A-Jin FJSH1, Van der Starre E2, Tesselaar ET3, Garcia

Rodriguez P4, Van Nieuwkoop C2, Bertina RM5, Van Dissel T2

and Osanto S4

1Leiden University Medical Center; 2Department of Infectious

Diseases, Leiden University Medical Center, Leiden; 3Department

of Medical Oncology, the Netherlands Cancer Institute,

Amsterdam; 4Department of Clinical Oncology, Leiden

University Medical Center; 5Einthoven Laboratory for

Experimental Vascular Medicine, LUMC, Leiden, the Netherlands

Background: Blood microparticles may serve as highly mobile carriers

of pro-inflammatory mediators and procoagulant proteins. Micropar-

ticles expressing tissue factor (MP-TF) are of special interest. Tissue

factor (TF) is thought to play an important role in sepsis and inhibi-

tion of TF in primates attenuates disease morbidity and mortality. In a

kinetic study of healthy volunteers challenged with purified E. coli

lipopolysaccharide, we demonstrated that microparticles bearing

active TF are concurrently released with markers of inflammation.

Interestingly, the subject with the most prominent clinical response to

endotoxin also had the highest MP-TF activity. We hypothesized that

inflammatory conditions caused by an intact pathogen similarly

induces shedding of MP-TF.

Aim: We investigated whether MP-TF activity correlated with disease

severity and bacteraemia in a large patient cohort with E. coli urosep-

sis. In addition, we examined whether MP-TF activity decreased upon

improvement of the infection and explored the relation of MP-TF

activity with blood monocyte count, procalcitonin (a marker for bacte-

rial infection) and markers of endothelial activation.

Methods: During a five-year period, we enrolled 215 consecutive

patients without relevant comorbidity presenting with culture proven

community-acquired E. coli urosepsis at the emergency departments

of seven hospitals and affiliated primary healthcare centers. Patients

provided informed consent and the study was approved by the medical

ethics committees of all participating centers. Cultures of blood and

urine were available for all patients. We measured MP-TF activity, sE-

selectin, sVCAM-1, monocyte count and procalcitonin in blood col-

lected immediately upon admission, and determined APACHE II dis-

ease severity scores. All patients received antibiotic treatment and MP-

TF activity was again measured on day 3.
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Results: Median MP-TF activity in the 215 septic patients (mean age

51 years, 73% female) was higher than in healthy controls (125 vs. 50

fM Xa/min; P < 0.0001), and was the highest in the 48 bacteraemic

patients (206 fM Xa/min). Median MP-TF activity was significantly

higher in all APACHE II disease severity score categories > 4 com-

pared to the lowest category (299 fM Xa/min for 15–17, 164 fM Xa/

min for 10–14, 144 fM Xa/min for 5–9, and 97 fM Xa/min for 0–4
scores; all P-values < 0.01). Furthermore, MP-TF activity decreased

during antibiotic treatment from a median value of 116 at admission

to 82 fM Xa/min on day 3. MP-TF activity upon inclusion correlated

significantly, but weakly with markers of endothelial activation

(r = 0.28 and 0.30 for sE-selectin and sVCAM-1, respectively;

P < 0.0001) and showed an inverse correlation with monocyte count

(r = 0.23; P = 0.0142). Moreover, MP-TF activity correlated with

procalcitonin levels (r = 0.35; P < 0.0001).

Conclusion: In this large cohort of urosepsis patients reflecting daily

clinical practice, we showed that MP-TF activity is related to disease

severity and bacteraemia in patients with E. coli urosepsis. MP-TF

activity correlated to procalcitonin, and decreased upon resolution of

the infection (day 3). We speculate that monocytes are the source of

MP-TF and that sE-selectin and sVCAM-1 reflect disease severity

rather than an endothelial origin of MP-TF.

OC 18 – Coagulation Factors XI
and XII

OC 18.1
APC-resistant factor V restores impaired coagulation
resulting from deficient factor XI-mediated feedback
activation
Rietveld IM1, Camire RM2, Reitsma PH1 and Bos MHA1

1Leiden University Medical Center, Leiden, the Netherlands
2The Children’s Hospital of Philadelphia, Philadelphia, PA, USA

Background: The positive factor Va/VIIIa/IXa feedback reactions by

which thrombin propagates its own production are essential to robust

clot formation, which is underscored by the fact that defects or defi-

ciencies therein lead to hemophilia. We have previously demonstrated

that these feedback loops are regulated in a highly interdependent

manner, as absence of the factor VIII/IX-dependent feedback results

in premature inactivation of factor V (FV) by activated protein C

(APC). Interestingly, APC-resistant FV was shown to have the poten-

tial of counterbalancing this secondary defect by impairing the APC

system and correcting thrombin generation.

Aim: Here we examined whether the factor XI (FXI)-mediated feed-

back loop is also tightly linked to FV regulation by assessing if APC-

resistant FV can overcome the attenuated coagulation in FXI defi-

ciency.

Methods: Constitutively active FV-810 (Pro811-Gy1491 deleted) and

FV-810-QQ, in which the main APC cleavage sites Arg306 and

Arg506 are substituted by Gln, were expressed and purified. Coagula-

tion was initiated by low tissue factor, and thrombin activity and tPA-

induced fibrinolysis were assessed.

Results: Consistent with its bleeding phenotype, thrombin generation

was reduced in FXI deficiency. Surprisingly, whereas triggering the

protein C pathway by adding thrombomodulin (TM, 10 nM) or APC

(2 nM) partially reduced thrombin formation in normal plasma,

thrombin production became fully abolished in FXI-deficient plasma.

This suggests that, similar to deficiencies in the FVIII/FIX-dependent

feedback loops, a lack of FXI activity renders the plasma more sensi-

tive to the APC system. APC-resistant FV could counterbalance this

defect, as addition of FV-810-QQ (1 U/mL) increased thrombin for-

mation substantially in FXI-deficient plasma, whereas FV-810 had no

effect. In a clot lysis assay, addition of increasing TM concentrations

(0–10 nM) confirmed enhanced sensitivity to the APC system as clot

formation was severely prolonged in FXI-deficient plasma (40 min. vs.

5–6 min. in normal plasma). Even though fibrinolysis was inhibited by

TM-mediated thrombin-activatable fibrinolysis inhibitor (TAFI) acti-

vation in both plasmas, the maximum inhibition attained in FXI defi-

ciency was much lower as compared to normal, concurring with

previous observations. Subsequent supplementation with FV showed

that, being constitutively active, both variants normalized the clot time

in FXI-deficient plasma. Clot lysis times, on the other hand, were fully

restored upon adding FV-810-QQ to plasma lacking FXI activity;

addition of FV-810 showed no effect in both plasmas. This implies

that APC-resistant FV may contribute to enhanced TAFI activation,

thereby bypassing the need for upstream feedback activation reactions.

This was supported by assessing the clot lysis time using varying con-

centrations of a TAFI inhibitor (carboxypeptidase inhibitor), which

demonstrated that supplementation of FXI-deficient plasma with FV-

810-QQ increased activated TAFI to the level of normal plasma.

Conclusions: These data show that similar to deficiencies in the FVIII/

FIX-dependent feedback loop, a defect in the thrombin-mediated FXI

activation pathway leads to a dramatic reduction in thrombin forma-

tion due to action of the protein C pathway. Whereas constitutively

active normal FV can partially restore impaired coagulation, its APC-

resistant counterpart has the potential of rescuing both clot formation

and stability, thereby providing a potential alternative for hemophilia

treatment.

OC 18.2
Two novel inhibiting factor XI antibodies prevent
cessation of blood flow in a murine venous thrombosis
model
Van Montfoort ML1, Knaup VL1, Marquart A1, Bakhtiari K1,

Castellino FJ2, Hack E3 and Meijers JC4

1Academic Medical Center, Amsterdam, the Netherlands; 2W.M.

Keck center for Transgene Research, Notre Dame, IN, USA;
3UMCU, Utrecht; 4Academic Medical Center Amsterdam,

Amsterdam, the Netherlands

Background: Coagulation factor XI is a potential target for anticoagu-

lation. Factor XI seems promising because of its major role in throm-

bosis and relatively minor role in hemostasis. This might imply that

inhibition of factor XI can prevent thrombosis without causing

bleeding.

Aim: To investigate the antithrombotic properties of two novel inhibit-

ing factor XI antibodies (aFXI-175 and aFXI-203).

Methods: The in vitro properties of both antibodies were analyzed

using standard clotting assays (PT/aPTT) and calibrated automated

thrombography. For the in vivo model we used factor XI knock out

mice on a C57BL/6 background, in which factor XI plasma levels were

restored with purified human factor XI. Thrombosis was induced by

applying a 10% ferric chloride solution to the vena cava inferior for

3 min. Time to occlusion was analyzed with a tissue perfusion moni-

tor. A tail bleeding assay was used to investigate the safety of both

antibodies.

Results: Both antibodies dose-dependently prolonged coagulation in

normal plasma in the aPTT. Using calibrated automated thrombogra-

phy, both antibodies inhibited thrombin generation initiated via the

intrinsic pathway. In contrast, upon tissue factor (TF)-initiated throm-

bin generation, aFXI-203 did not inhibit thrombin generation, while

aFXI-175 was only able to inhibit thrombin generation at low concen-

trations of TF (up to 1 pM). The vena cava inferior remained patent

for 25 min in mice treated with aFXI-175 and for 12.5 min in aFXI-

203 treated animals, which was significantly longer than in placebo

treated animals (5 min, P < 0.05). Both antibodies did not prolong the

bleeding time or caused severe blood loss in a tail bleeding assay.

Conclusions: Two inhibitory antibodies against factor XI were gener-

ated with different specificities. Both antibodies prevented cessation of

blood flow in a murine thrombosis model without inducing a bleeding

tendency.
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OC 18.3
Factor XI acts by mechanisms at least partially
independent of thrombin-induced platelet activation in
a mouse model of arterial thrombosis
David T1, Concengo C1, Wang L1, Ha D1, Cornelissen I1, Flick

MJ2, Degen JL2 and Coughlin SR1

1UCSF, San Francisco, CA; 2Cincinnati Children’s Hospital –
Cancer and Blood Diseases Institute, Cincinnati, OH, USA

Background: Factor XI (FXI) is a coagulation factor that can be acti-

vated by Factor XIIa (contact pathway) to trigger coagulation and

thrombin generation. FXI can also be activated by thrombin as part

of a positive feedback loop. Once generated, thrombin cleaves fibrino-

gen and protease-activated receptors (PARs) to form fibrin and acti-

vate platelets, respectively. Fibrin and activated platelets together

form a thrombus. FXI-deficient patients and mice exhibit little or no

spontaneous bleeding, but appear to be protected against some forms

of thrombosis.

Aims/Methods: The primary objective of these studies was to under-

stand the mechanism(s) by which Factor XI deficiency is protective

against thrombosis without significantly impairing hemostasis. More

specifically, we employed mouse genetics to explore whether there are

differential actions of FXI on platelet activation and fibrin formation

in the settings of hemostasis and thrombosis.

Results: FXI knockout mice showed no spontaneously bleeding or

increased blood loss in a tail bleeding assay, but exhibited remarkable

protection in an arterial thrombosis model (2.8 M FeCl3-induced caro-

tid injury). Par4 knockout mice, which have platelets that show no

responses to thrombin, showed increased tail blood loss but only mod-

est protection against thrombosis under the same conditions. Mice

lacking both Par4 and Factor XI were indistinguishable from mice

lacking only Factor XI in our arterial thrombosis model and indistin-

guishable from Par4 knockouts in the tail blood loss assay. Thus, Fac-

tor XI contributes to arterial thrombosis in a manner that is at least

partially independent of Par4 and platelet activation by thrombin.

Furthermore, Factor XI function appears to be unnecessary in a

mouse model of hemostasis even in a sensitized setting in which throm-

bin-mediated platelet activation has been eliminated.

Thrombin-dependent fibrin formation is an obvious candidate for the

platelet-independent role of Factors XI in the thrombosis model.

FibAaEK mice carry a mutant form of fibrinogen that cannot be con-

verted to fibrin but fully support platelet aggregation. Preliminary data

suggest that the fibrinogen-AaEK variant can support hemostasis and

that the FibAaEK mice are comparable to control littermates in the

carotid thrombosis under the conditions employed above. While fibrin

formation may not be strictly required for hemostasis or arterial

thrombosis, it is possible that fibrin formation will be required in the

setting of Par4 deficiency and defective platelet activation, and that

loss of both fibrin formation and platelet activation due to decreased

thrombin generation will account for the dramatic protection seen in

FXI-deficient mice. Alternatively, FXI may contribute to hemostasis

and thrombosis by mechanisms independent of thrombin generation

and thrombin-dependent fibrin formation and platelet activation.

Conclusion: Protection of Factor XI-deficient mice in a model of arte-

rial thrombosis is at least partially independent of thrombin-induced

platelet activation. To assess the possibility that fibrin formation

accounts for this activity, a comparison of FXI deficient mice to Par4:

FibAaEK and FXI:FibAaEK double mutant mice and to mice treated

with inhibitors of thrombin generation is in progress.

OC 18.4
A model for binding of factor IX to the factor XIa apple
3 domain
Gailani D1, Geng Y1, Verhamme IM1, Sun MF1, Bajaj P2

and Emsley J3

1Vanderbilt University, Nashville, TN; 2University of California –
Los Angeles, Los Angeles, CA, USA; 3University of Nottingham,

Nottingham, UK

Background: Factor XIa (fXIa) cleaves factor IX (fIX) at the Arg145-

Ala146 bond to form the intermediate factor IXa (fIXa), and then at

the Arg180-Val181 bond, to form the protease factor IXab (fIXab). As

catalytic efficiency for Arg180-Val181 cleavage is seven-fold greater than

Arg145-Ala146 cleavage, fIXa does not accumulate. A fIX binding exo-

site on the fXIa A3 domain is central to this mechanism. The fIX Gla-

domain is also required for fIX activation by fXIa, and may be the

structural element that binds to fXIa.

Aims: To identify structures on the fXIa A3 domain and fIX Gla-

domain involved in fIX activation by fXIa.

Methods: Wild type fXIa (fXIaWT), fXIa with the A3 domain (amino

acids 182–265) replaced with the prekallikrein A3 domain (fXIa-

PKA3), and fXIa with alanine substitutions for amino acids 183–185
(fXIa-Ala183-185) were expressed in HEK293 fibroblasts. FXIa-PKA3

was used as a scaffold to reintroduce fXI sequence into PKA3 to deter-

mine the minimal number of fXIa residues needed for restoration of

fIX activation. FIX molecules with segments of the Gla-domain

replaced with factor VII sequence were also expressed. The fXIa prote-

ases were tested for their ability to activate recombinant and plasma

fIX.

Results: FXIa-PKA3 cleaves the fIX Arg145-Ala146 and Arg180-Val181

bonds with 60- and 4500-fold lower catalytic efficiency, respectively,

than fXIaWT, due to loss of the fIX/fIXa binding site on the A3

domain. FXIa-Ala183-185 displayed a comparable defect, indicating res-

idues 183–185 are required for exosite function. Residues 183–185 are

at the N-terminus of the A3 domain, and contribute to formation of a

charged patch and hydrophobic pocket on the A3 surface. Replacing

PK residues at positions 183–185 in fXIa-PKA3 with the correspond-

ing fXIa residues partially restored fIX activation (~5% activity of

fXIaWT). The N- and C-termini of A3 are in proximity due to the

Cys182-Cys265 bond at the ends of the domain. Introducing fXI resi-

dues at the C-terminus of fXIa-PKA3 (residues 260–264), in addition

to fXI sequence at 183–185, completely restored fIX activation.

Replacement of fIX Gla-domain residues 4–11 (the Ω-loop) with the

corresponding sequence from factor VII resulted in a defect in activa-

tion by fXIaWT similar to the one observed when fXIa-PKA3 activates

fIX.

Summary/Conclusion: Amino acids 183–185, and 260–264 are closely

associated in fXIa, and contribute to formation of charged and hydro-

phobic regions on the A3 domain surface that are not predicted to be

present in the prekallikrein A3 domain. These structures likely form a

fIX binding site on fXIa. The protease domain in zymogen fXI covers

this region of A3, consistent with the observation that fIX does not

bind to the zymogen. Conformational changes that occur during fXI

conversion to fXIa must expose this area to permit fIX binding. Bind-

ing of the fIX Gla-domain through its Ω-loop to phosphatidylserine-

rich surfaces contributes to Km for fIX activation by factor VIIa-tissue

factor. The fIX Ω-loop may mediate a similar interaction with the fXIa

A3 domain that is required for initial recognition of fIX by fXIa.
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OC 19 – Coagulation – I

OC 19.1
Circulating histone-induced thrombosis leads to
circulatory and respiratory failure
Abrams ST1, Manson J2, Liu T1, Alhamdi Y1, Brohi K2, Wang G1

and Toh CH1

1University of Liverpool, Liverpool; 2Queen Mary University of

London, London, UK

Background: Extensive cell damage associated with coagulation activa-

tion and the development of circulatory and respiratory failure are

common features in critically illness but the underlying pathophysio-

logical mechanisms remain unclear. During cell death, nuclear proteins

and histones in particular, are released into the circulation and cause

toxicity through thrombin generation, platelet aggregation, endothelial

damage and cytokine release. This recent discovery may increase the

understanding of the fundamental pathologies of critical illness and

deliver improved patient management approaches for these unmet

health challenges.

Aim: Investigate the hypothesis that extracellular histones serve as

mediators of distant organ damage after extensive cell death.

Methods: To investigate this further, we used in vivo experimental

models and clinical samples from patients with severe non-thoracic

trauma.

Results: Cytokines and markers for endothelial damage (sTM) and

coagulation activation (TAT) significantly increased immediately after

trauma or histone-infusion in mice. Cardiac function was impaired in

histone-infused mice with increased pulmonary pressure and right ven-

tricular size. Pathological examination showed that lungs were the pre-

dominantly affected organ with severe edema, multicocal alveolar

hemorrhage, microvascular thrombosis and neutrophil congestion.

Histone treated mice developed dyspnea and cyanosis as a manifesta-

tion of pulmonary and cardiac failure and died within 2 h. Pathologi-

cal changes and mortality could be prevented by anti-histone

antibodies. Clinically, circulating histone levels surged significantly

immediately after injury to levels that were toxic to cultured endothe-

lial cells (≥ 50 lg/mL). The high levels were significantly associated

with the incidence of acute respiratory failure and SOFA scores, as

well as sTM (median: 4.6, quartile: 3.6, 5.5 ng/mL) and TAT levels

(median: 81.2, quartile: 33.7, 110.3 ng/mL).

Conclusions: This work has elucidated a new mechanism for multiple

organ failure in critically ill patients and proposes future translational

intervention with rapid assays to monitor circulating histone levels

and anti-histone therapies to reduce thrombosis and improve the pul-

monary microcirculation. Overall, anti-histone therapy could poten-

tially protect against the development of multi-organ failure and

improve overall outcome in many critical illnesses.

OC 19.2
An essential role of factor XI-feedback activation for
hemostasis in embryonic development
J€ams€a A1, Spronk HMH2, Govers-Riemslag JWP2, Knetsch ML3,

Gailani D4, Mackman N5 and Renn�e T1

1Karolinska Institutet, Stockholm, Sweden; 2Maastricht

University Medical Center, Maastricht; 3Maastricht University,

Maastricht, the Netherlands; 4Vanderbilt University, Nashville,

TN; 5University of North Carolina at Chapel Hill, Chapell Hill,

NC, USA

Background: The classical cascade model of plasma coagulation pro-

poses that activated factor XII initiates thrombin formation via activa-

tion of its substrate factor XI (FXI). Recent studies have shown that

factor XII-mediated FXI activation has a crucial role for thrombosis

in mouse models. In contrast, the revised model of coagulation

proposes that FXI is predominantly activated by thrombin, which is

generated upon activation of the tissue factor pathway (feedback acti-

vation). This concept, however, has poorly been tested in vivo.

Aims: Our studies analyze the concept of FXI-feedback activation in

plasma and in genetically altered mice.

Methods and Results: Minute amounts of particle-bound thrombin

triggered thrombin production in plasma both in the absence of tissue

factor and in the presence of active site inhibited factor VIIa. Throm-

bin did not activate factor XII and thrombin generation was nearly

abolished by an anti-FXIa antibody and in FXI-deficient plasma. Sur-

face bound thrombin induced complex formation of FXI, with its

major inhibitor C1 inhibitor, even in factor XII-deficient plasma. To

analyze functions of FXI-feedback activation in vivo we crossed tissue

factor-deficient mice (low tissue factor) with mice deficient in the

intrinsic pathway proteases factors IX, XI and XII, respectively. Fac-

tor IX null mice have a bleeding phenotype (hemophilia B), whereas

FXI and factor XII deficient mice have a normal hemostatic capacity.

Combined deficiency in tissue factor and factor IX resulted in the

intrauterine death of embryos due to hemorrhage. In contrast, factor

XII/tissue factor-deficient mice were viable and their bleeding pheno-

type was unchanged as compared to deficiency in tissue factor alone.

Unexpectedly and in contrast to factor XII/tissue factor-deficiency

phenotype, combined deficiency in FXI/tissue factor was lethal. Less

than 5% of expected offspring with deficiency in both factors were

born alive. At late developmental stages FXI/tissue factor-deficient

embryos were found in the Mendelian distribution range, indicating

that most embryos died during delivery. Morphological and histologi-

cal analysis of these embryos revealed normal growth but hyperemia

in livers, edema and fibrin deposition in hearts and frequent hemor-

rhages in abdominal or thoracic cavities and in placentas.

Conclusions: Our studies show that FXI-feedback activation exists in

vivo and support a crucial role of this pathway for hemostasis in neo-

natal development.

Disclosure of interest:None declared

OC 19.3
Whole blood minimal tissue factor triggered
thrombelastometry and calibrated automated
thrombogramme are useful tools for the evaluation of
the global effect of antithrombotic treatment
Gerotziafas T1, Benziane O1, Hatmi N1, Ketatni K1, Galea V1,

Samama C2 and Elalamy I1

1Tenon University Hospital; 2Service d’H�ematologie Biologique

Hôpital Hôtel Dieu, Paris, France

Background: Routine blood coagulation tests (PT and aPTT) and the

anti-Xa activity evaluate a partial aspect of the global antithrombotic

activity of the anticoagulant drugs and are used for the monitoring of

treatment with VKA, UFH and LMWHs. Thromboelastometry and

thrombogramme are performed in more physiologically relevant con-

ditions in the presence of low TF concentration and might offer addi-

tional information for the global anticoagulant effect of the

anticoagulant agents.

Aim of the Study: We investigated the sensitivity of whole blood

thromboelastometry and thrombin generation (TG) assay to detect the

effect of LMWH or VKA treatment.

Materials and Methods: Patients receiving prophylaxis (n = 100) or

treatment (n = 50) with enoxaparin or VKA (n = 100) were studied.

Minimal TF-TEM in whole blood (WBminTF-TEM) was performed

according to previously published method. TG was done in PPP pre-

pared from the same WB samples and assessed with Thrombinoscope

assay. For patients receiving enoxaparin the dose, time of injection

and blood collection were recorded. The anti-Xa activity in PPP and

the INR were also measured. The control group (n = 40) consisted of

healthy individuals with normal PT and aPTT. The upper and lower

normal limit (in the control group – UNL/LNL) and upper and lower
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therapeutic limit for each group of treated patients and the inter-indi-

vidual variability of the response (iCV) was calculated for each assay.

Results: Table 1 shows the values of WBminTF-TEM and TG parame-

ters in the control group and in the patients’ groups. Both tests were

sensitive to the anticoagulant effect of the studied drugs. Enoxaparin

induced dose-dependent alterations on both assays. Treatment with

LMWH or VKA induced similar modifications on both assays. For

each assay the iCV range was 6–30% in the control group, 11–45% in

LMWHprophylaxis group, 25–80% in LMWHtreatment group and

9–79% in VKA group. In 10% of patients no modification of throm-

boelastogram or thrombogram was observed although the anti-Xa

activity or INR were within the expected range.

Conclusion: WBminTG-TEM and TG are global coagulation assay

sensitive to detect the anticoagulant effect of prophylactic and thera-

peutic doses of LMWH and that of treatment with VKA. Both assays

demonstrate the presence of a variable biological response to the treat-

ment which is not predicted by the levels of the anti-Xa activity and

the INR.

OC 19.4
Human VKORC1 mutations (His28Gln, Trp59Leu,
Val66Met) investigated by the new cell-based assay
exhibit warfarin resistance phenotypes not detected by
the ‘classical’ DTT-driven VKOR assay
Czogalla KJ, Watzka M, Wendeln AC, Bevans C, Liphardt K,

Westhofen P and Oldenburg J

Instiute for Experimental Haematology and Transfusionmedicine,

Bonn, Germany

Background: Coumarins are globally used as oral anticoagulants for

prevention and therapy of thrombosis and embolism since the early

1950s. However, clinical use of coumarins is difficult due to risk of

bleeding and high interindividual dose variation including coumarin

resistance. In most cases, oral anticoagulant resistance (OACR) origi-

nates from mutations in the enzyme vitamin K 2,3-epoxide reductase

complex subunit 1 (VKORC1), that is the molecular target of couma-

rins.

Aim: Because investigation of VKORC1 variants by the ‘classical’

dithiothreitol (DTT)-driven VKOR assay does not reflect patient phe-

notype well, we used the cell-based assay to study human VKORC1

(hVKORC1) mutations (His28Gln, Trp59Leu, Val66Met). This assay

implements coexpression of human coagulation factor IX (hFIX)

together with hVKORC1 in HEK293T cells and uses secreted hFIX

activity as surrogate marker to report wild-type and variant

hVKORC1 inhibition by warfarin.

Methods: hVKORC1 and hFIX cDNA were cloned into a bicistronic

vector. Afterwards, OACR-associated hVKORC1 mutations

(His28Gln, Trp59Leu, Val66Met) were introduced by site-directed

mutagenesis and the respective constructs were transfected into

HEK293T cells. The expression medium was supplemented with

vitamin K (5 ng/lL) and different concentrations of warfarin (0.01–
1 lM). Seventy-two hour after transfection FIX activity was mea-

sured.

Results: In the absence of warfarin, basal FIX activities for the coex-

pressed hVKORC1 variants were similar to that of wild-type

hVKORC1 and decreased according to the warfarin concentration.

Dose response curves were fitted and half maximal inhibitory concen-

trations (IC50) for warfarin were calculated for wild-type hVKORC1

as well as for His28Gln, Trp59Leu, and Val66Met hVKORC1 variant

(24.7 nM, 71.6 nM, 1857.9 nM, 133.6 nM, respectively).

Conclusion: In contrast to the ‘classical’ DTT-driven VKOR assay,

mutation His28Gln, Trp59Leu, and Val66Met exhibit a warfarin resis-

tance in our cell-based system. Furthermore, calculated IC50 values for

hVKORC1 variants allow us to rank the severity of the respective

mutation. Thus, His28Gln exhibit a mild resistance, Val66Met a mod-

erate resistance and Trp59Leu a total resistance phenotype. Addition-

ally, IC50 values for the OACR-associated variants divided by that for

wild-type VKORC1 might be a first approximation for increased war-

farin dose requirements for patients carrying the mutation in vivo.

Based on our in vitro results, patients bearing His28Gln, Trp59Leu,

and Val66Met are expected to require 2.9-, 5.4-, and 75-fold greater

mean warfarin dosage in order to achieve the same VKORC1 inhibi-

tion levels as patients with wild-type VKORC1. These data correspond

well to the clinical phenotype reported for the respective patients.

In conclusion, our results from the cell-based assay accurately reflect

in vivo OACR patient phenotype. In addition, this assay is a good tool

for further studies on VKORC1 function.

OC 20 – Diagnosis of Primary
Venous Thrombosis

OC 20.1
Is it useful to image both legs in patients with
suspected deep vein thrombosis? A retrospective chart
review
Le Gal G1, Robert-Ebadi H2, Carrier M3, Kearon C4,

Bounameaux H2 and Righini M2

1Ottawa Health Research Institute, Ottawa, ON, Canada;
2Geneva University Hospital, Geneva, Switzerland; 3Ottawa

Hospital Research Institute, Ottawa; 4McMaster University,

Hamilton, ON, Canada

Background: Compression ultrasonography (CUS) is the cornerstone

of the diagnostic workup in patients with suspected deep vein throm-

bosis (DVT). However, significant variations exist in clinical practice

between centers and/or countries, as highlighted by recent studies com-

paring single whole-leg to serial proximal ultrasonography. Much less

data exist on the need for bilateral leg imaging. Many centers system-

atically perform a bilateral leg ultrasonography, while imaging is

restricted to the symptomatic leg(s) in other centers.

Aims: To assess the yield of bilateral leg ultrasonography in patients

with suspected DVT.

Methods:We retrieved the charts of all patients who underwent venous

ultrasonography inGeneva University Hospital, Switzerland, between

Jan 1, 2009 and Dec 31, 2012. Patients undergoing CUS for another

reason than a clinical suspicion of DVT were excluded. For each

patient, we extracted information on general demographic informa-

tion, main risk factors for DVT, clinical probability as assessed by the

Wells’ score for DVT, side of clinical suspicion, and CUS results. All

patients were investigated using bilateral whole-leg CUS.

Results: Out of > 3000 patients referred with suspected DVT, 467

patients (mean age 64 (SD 20) years, female 52%) had proximal or dis-

tal DVT confirmed by CUS. Main risk factors were immobilization

(32%), cancer (23%), personal history of venous thromboembolism

(22%), estrogen use (8%) and family history of venous thromboembo-

lism (8%). DVTwas suspected on the left side in 255 (55%), on the right

side in 187 (40%), and on both sides in 23 (5%) patients; this informa-

tion was missing in two patients. A DVT was found only in the symp-

tomatic leg(s) or in one of the two symptomatic legs in 442 patients

(95%). In 19 patients (4%), a DVT was found in the asymptomatic leg

as well as in the symptomatic leg. Of note, 15 of these 19 patients had

cancer, and they represented 14% of cancer patients with DVT. Finally,

in four patients (0.9%), CUS was negative on the side of the suspected

DVT but positive on the opposite side. All four were below-knee mus-

cular thromboses (three soleal and one gastrocnemial).

Summary/Conclusions: Systematic imaging of both legs in patients

with suspected DVT is unnecessary. An examination of the contralat-

eral leg may be worthwhile in cancer patients found to have DVT

as this test could be used as a baseline imaging test in case of future

suspected DVT in this population with a high risk of recurrent

thrombosis.
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OC 20.2
Safety of ruling out pulmonary embolism (PE) in
pregnancy by computed tomography pulmonary
angiography (CTPA)
Nijkeuter M1, Tan M2, Middeldorp S1, Kroft LJM2, Beenen L1

and Huisman MV2

1Academic Medical Center Amsterdam, Amsterdam; 2Leiden

University Medical Center, Leiden, the Netherlands

Background: Pulmonary embolism (PE) is one of the leading causes of

maternal mortality. An accurate diagnosis of PE is of critical impor-

tance in order to adequately treat diagnosed PE on one hand, and to

prevent morbidity and mortality by starting anticoagulant treatment

without indication on the other hand. Numerous studies have investi-

gated clinical decision rules, D-dimer and imaging tests in order to

establish the most efficient diagnostic algorithm. However, pregnant

patients have been systematically excluded from these studies. Clinical

decision rules established in non-pregnant patients cannot be applied

to pregnant patients since items in these scores are either physiologi-

cally more common, e.g. tachycardia, or seldomly present, e.g. malig-

nancy. D-dimer tests as a single-test is advised against in non-pregnant

patients and furthermore D-dimer levels rise physiologically during

pregnancy accounting for a lower specificity. Objective imaging tests

are therefore the cornerstone of diagnosing PE in pregnancy. Prospec-

tive studies on the performance of these tests to exclude the diagnosis

in pregnancy are lacking.

Aim: To investigate the performance of ruling out PE by CTPA in

pregnant patients with a clinical suspicion of PE.

Methods: We performed a prospective study of consecutive pregnant

patients with a clinical suspicion of PE, conducted in three centers in

the Netherlands from February 2004 through December 2012. We

excluded women who used anticoagulant treatment. A CTPA was per-

formed and in case of an intravascular filling defect, the diagnosis of

pulmonary embolism was established and anticoagulant treatment was

started. In case of a normal result or an alternative diagnosis, pulmo-

nary embolism was ruled out and anticoagulant treatment was with-

held. In case of an inconclusive result, management was left to the

discretion of the treating physician. All patients were followed for

3 months to assess the occurrence of symptomatic or fatal venous

thromboembolism (VTE). Consent and ethical approval was obtained.

Results: A total of 149 pregnant patients were enrolled and six patients

were excluded because of use of therapeutic Low-Molecular-Weight-

Heparin (LMWH) for more than 24 h. The median age of the 143

included patients was 30.7 years (IQR 27.3–35.2) and 10 patients

(7.0%) had a history of previous VTE. PE was diagnosed in six

patients (4.2%). CTPA excluded PE in 129 patients (90.2%) and was

inconclusive in eight patients (5.6%), of whom one was treated with

anticoagulation therapy. None of the 136 patients in whom PE had

been ruled out and who were not treated with anticoagulants experi-

enced VTE in the 3-month follow-up (incidence 0.0%, 95% upper con-

fidence interval 2.7%).

At time of submitting this abstract, a few patients had not completed

the 3-month follow-up because this date is behind the abstract submis-

sion date.

Summary/Conclusions: A negative CTPA safely rules out pulmonary

embolism in pregnant women with a clinical suspicion and can be used

as a first-line test.

OC 20.3
Cost-effectiveness of ruling out pulmonary embolism
in primary care using the Wells rule and D-dimer
testing
Erkens PGM1, Ten Cate-Hoek AJ1, Geersing GJ2, Lucassen W3,

Moons C2, Prins MH1, Van Weert H3, Stoffers JI1 and Joore M1

1Maastricht University, Maastricht; 2Julius Centrum, Utrecht;
3AMC, Amsterdam, the Netherlands

Background: Referral of all patients suspected with PE presenting in

primary care for diagnosis is inefficient since the prevalence of the dis-

ease is only 10–15%. The Amsterdam Maastricht Utrecht Study on

ThromboEmbolism (AMUSE-2) recently showed that a diagnostic

strategy that combines the Wells rule for pulmonary embolism (PE)

with a negative D-dimer test result can safely and efficiently exclude

PE in primary care. This abstract presents the results of a cost-effec-

tiveness study that evaluates whether the AMUSE-2 strategy will

reduce health care costs without considerable loss of quality adjusted

life years (QALY).

Aims: To assess the cost-effectiveness of a diagnostic strategy that

combines the use of the Wells rule with qualitative point-of-care D-

dimer testing to select primary care patients with suspected PE for

referral to secondary care, compared to referral of all patients with

suspected PE.

Methods: A Markov-type cost-effectiveness model with a 5-year time

horizon and a 6-month cycle time was used to compare the AMUSE-2

strategy to referral of all patients with suspected PE to secondary care.

Transition probabilities were derived from the AMUSE-2 study

(2007–2010) and the literature. Societal costs and health state utilities

were obtained from literature. The Markov model consisted of six

mutually exclusive health states: no PE, post 1st PE, post recurrent

PE, chronic thromboembolic pulmonary hypertension, post central

nervous system bleed, and death. The AMUSE-2 strategy consisted of

two sub-strategies: the Wells rule with a cut-off point of < 2 combined

with qualitative point-of-care D-dimer testing and the Wells rule with

a cut-off point of ≤ 4 combined with qualitative point-of-care D-dimer

testing. The model was evaluated using cohort simulation. Uncertainty

was assessed in a probabilistic sensitivity analysis. Cost effectiveness

acceptability curves (CEAC) were constructed.

Results: Compared to referral of all patients both AMUSE-2 strategies

resulted in lower costs and less QALYs. The AMUSE-2 strategy with

a cut-off point of < 2 resulted on average in a saving of €903 82 and a

QALY loss of 0.03 as compared to referral of all. The strategy with a

cut-off point of ≤ 4 showed on average a saving of €1198 76 with a

QALY loss of 0.10 compared to referral of all. The ICER is €32747

for cut-off point < 2 compared to referral of all patients. For cut-off

point ≤ 4 compared to cut-off point < 2 the ICER is €4318. The

CEAC curves show that the AMUSE-2 strategy with Wells-score cut-

off point < 2 has the highest probability of being cost-effective even

for ceiling ratios over €100.000

Conclusions: The Amuse-2 strategy based on the Wells rule for PE and

a qualitative point-of-care D-dimer test to exclude PE in primary care

is cost-effective compared to referral of all patients suspected of PE in

primary care when using a cut-off point of < 2 for the Wells rule.
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OC 20.4
D-dimer relevance score
Penaloza A1, Kabrhel C2, Verschuren F1, Vielle B3, Kline J4,

Le Gal G5, Thys F1 and Roy P-M3

1Cliniques Universitaires St-Luc, Brussels, Belgium;
2Massachusetts General Hospital, Boston, MA, USA; 3CHU

Angers, Universit�e d’Angers, Angers, France; 4Indiana University

School of Medicine, Indianapolis, IN, USA; 5Ottawa Health

Research Institute, Ottawa, ON, Canada

Background: Some clinical conditions (age, cancer…) increase the risk

of false positive D-dimer results, decreasing test utility. In these condi-

tions some clinicians elect not to measure D-dimer and proceed

directly to computed tomography pulmonary angiography (CTPA).

Aims: To help physicians to determine the utility of D-dimer measure-

ment, we derived and internally validated a score for risk of false posi-

tive D-dimer. We analyzed an arbitrary D-dimer relevance threshold

of at least 10% probability of negative D-dimer.

Methods: Secondary analysis of three prospectively collected databases

of PE suspected patients (2 European, 1 American). Only patients with

highly sensitive quantitative D-dimer measurement were included. The

study population (n = 4537) was randomly divided into two groups.

Patients with PE were excluded to derive a score of risk of false posi-

tive D-dimer. In the derivation group, variables statistically signifi-

cantly associated with PE in univariate analyses were included in a

multivariable logistic model. Points were assigned according to regres-

sion coefficients. The score was applied to the validation group. Its

clinical applicability was evaluated in patients with low or moderate

clinical probability (i) assessed by three methods (Wells score, revised

Geneva score and gestalt) (ii) in our European and American popula-

tions. Receiver operating characteristic curve analysis was performed

and the area under the curve (AUC) assessed.

Results and Discussion: The final score contained ten variables: Female

sex (1 point), Age 65–84 years (4 points), Age ≥ 85 years (8 points),

Personal history of venous thromboembolism (1 point), Surgery within

4 weeks (2 points), Active malignancy (3 points), Pregnancy or Post-

partum within 4 weeks (4 points), Heart rate ≥ 95/’ (1 point), O2 satu-

ration < 95% (2 points), Temperature ≥ 38.5 °C (3 points). AUC was

0.76 (CI: 0.73–0.78). There was a regular decrease in the proportion of

negative D-dimers with increasing score values. Scores ≤ 8 were associ-

ated with at least 10% probability of a negative D-dimer. In clinical

application (patients with low or moderate clinical probability), results

were similar regardless of how clinical probability was assessed, and in

both continents. The proportion of patients with a score above 8 was

5% in the overall population and 10.2% vs. 3.1% respectively in the

European and American populations (P < 0.001). This difference

appears to be mainly explained by the difference in PE prevalence

(13.3% vs. 3.2%) and by differences in patient characteristics between

these two populations.

The score might lead physicians who always measure D-dimer to think

about alternative strategies when the probability of a negative D-dimer

result is low (score > 8). On the other hand, this was the case in only

5% of patients; thus the score should also and mainly lead sceptical

physicians to measure D-dimer more frequently, instead of directly

performing CTPA in patients with one criterion thought to be associ-

ated with a high risk of false positive test.

Conclusion: The score gives information about the expected proportion

of negative D-dimer and enables clinicians to make better informed

decisions about whether to measure D-dimer or not in PE suspected

patients.

OC 21.1
Bimolecular interactions of platelet factor 4 (PF4) with
HIT-pathogenic versus non-pathogenic anti-PF4/
heparin antibodies
Litvinov RI1, Sachais BS1, Yarovoi S1, Rauova L2, Rux AH1,

Arepally GMG3, Cines DB1 and Weisel JW1

1University of Pennsylvania, Philadelphia; 2Chidren’s Hospital of

Philadellphia, Philadelphia, PA; 3Duke University, Durham, NC,

USA

Background: Heparin induced thrombocytopenia (HIT) is a throm-

botic complication of heparin therapy mediated by antibodies to com-

plexes between platelet factor 4 (PF4) and heparin or cellular

glycosaminoglycans. However, only a fraction of patients with these

antibodies develop HIT, implying that only a subset of anti-PF4/hepa-

rin antibodies is pathogenic. The basis for the difference in the capac-

ity of anti-PF4/heparin antibodies to activate platelets/monocytes and

induce thrombosis in vivo are not revealed by conventional bulk tech-

niques, such as ELISA, and remains unclear.

Aims: To elucidate the intrinsic PF4-binding properties of HIT-like

monoclonal antibodies (KKO) vs. non-pathogenic antibodies (RTO)

at the single-molecule level to avoid effects of avidity and other auxil-

iary intermolecular interactions.

Methods: We measured the strength of binding of surface-attached

bivalent intact KKO and RTO with PF4 utilizing optical trap-based

force spectroscopy. Briefly, a KKO- or RTO-coated latex bead was

trapped by the laser beam and brought into intermittent contact with

the PF4-coated pedestal. Rupture force signals following repeated con-

tacts between the protein-coated surfaces were collected and displayed

histograms. The binding probability reflected the association rate,

while the peak of forces (binding strength) reflected the forced dissoci-

ation rate.

Results: In control experiments with tetrameric WT PF4 and either

KKO or RTO, we identified weak interactions arising from PF4-PF4

bonds, which were difficult to separate from antibody-PF4 interac-

tions. To study antibody-PF4 binding specifically, we prevented rup-

ture of PF4-PF4 bonds by chemical cross-linking of the PF4

tetramers. The specificity of rupture forces generated by the surface-

bound cross-linked PF4 and KKO or RTO was confirmed by competi-

tive inhibition experiments in the presence of the free Fab fragments

or PF4. Single-molecule binding was confirmed by the dependence of

binding probability on surface density. Modeling of the force histo-

gram revealed that KKO-PF4 interactions were about 10-fold faster

than RTO-PF4 (kon’ = 4.36 vs. kon’ = 0.45/s, respectively) and the

apparent equilibrium dissociation constants differed ~10-fold
(Kd’ = 7.1 9 10�4 and Kd’ = 6.4 9 10�3, respectively) with similar

force-free off-rates (koff = 0.0031 and koff = 0.0029/s). The KKO-

PF4 interactions were somewhat stronger, as reflected by the position

of the force peak (84 � 5 vs. 78 � 4 pN, P < 0.05). In contrast to the

WT PF4, KKO and RTO showed lower and similar binding probabili-

ties to cross-linked PF4K50E, which forms few oligomers, although the

binding strength was again slightly higher for KKO vs. RTO.

Summary/Conclusions: The data indicate that KKO has significantly

higher affinity for PF4 oligomers than RTO. In combination with the

ability of KKO to promote super-oligomerization of the PF4 tetra-

mers, these data suggest an amplification reaction, in which KKO,

unlike RTO, binds preferentially to PF4 tetramers (with or without

heparin), enhances their further polymerization and becomes more

and more avid as the antigenic complexes grow in size. The results of

the single-molecule rupture force measurements indicate that there is a

fundamental difference in the antigen binding mechanisms between

pathogenic and non-pathogenic anti-PF4 antibodies that underlie their

distinct pathophysiological behaviors/profiles. These studies suggest

that epitope specificity may contribute to the pathogenic potential of

some anti-PF4 antibodies.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

ABSTRACTS 131



OC 21.2
Serological investigation of 20 patients re-exposed to
heparin with a previous history of heparin-induced
thrombocytopenia (HIT)
Warkentin TE and Sheppard JI

McMaster University, Hamilton, ON, Canada

Background: Sparse data exist regarding the frequency, timing and

magnitude of the anti-platelet factor 4/heparin (PF4/H) immune

response ‘and associated risk of recurrent heparin-induced thrombocy-

topenia (HIT)’ ‘among patients who have recovered from HIT but

who are subsequently re-exposed to heparin. One report (Poetzsch et

al. N Engl J Med 2000;343:509:515) found that among 10 patients with

previous HIT who underwent cardiac surgery with unfractionated

heparin (UFH), none developed antibody recurrence by anti-PF4/H

enzyme-immunoassay (EIA), even though ~50% of post-cardiac sur-

gery patients would be expected to form anti-PF4/H antibodies (and

~10% expected to form platelet-activating antibodies by serotonin-

release assay [SRA]). The true risk of HIT recurrence’ ‘whether higher,

about the same, or potentially even lower than in patients without pre-

vious HIT’ ‘remains uncertain.

Aims: To determine the frequency, timing, and magnitude of the anti-

PF4/H immune response, and the frequency of recurrent HIT, among

patients with well-documented previous HIT who were re-exposed to

heparin.

Methods: We studied 20 patients with previous HIT (definite [4Ts ≥ 4,

SRA+], n = 16; probable [4Ts ≥ 4, EIA+; SRA not done], n = 4) who

underwent repeat heparin re-exposure (UFH, n = 19; LMWH, n = 1),

occurring 4.4 year (mean [range, 8 week to 13.5 year]) post-HIT diag-

nosis. We examined serial platelet counts for HIT recurrence, and the

SRA and isotype-specific anti-PF4/H EIAs for antibody recurrence,

testing serial post-exposure blood samples (median, nine samples/

patient to day 30 post-rechallenge [last sample, median 11 days after

re-exposure]).

Results: One patient (5%) developed recurrent HIT, confirmed by

seroconversion from negative baseline to strong-positive SRA (%sero-

tonin-release = 95%/100%/100%/5% at 0/0.1/0.3/100 U/mL UFH)

and strong-positive EIA-IgG (2.74 OD units; normal < 0.45) following

cardiac surgery and while receiving postoperative thromboprophylaxis

with fondaparinux (2.5 mg/day); this patient’s clinical course was unu-

sual (2009 HIT: onset day 7, platelet nadir = 20, platelet recovery by

~70 days, deep-vein thrombosis (DVT), generalized maculopapular

rash, full recovery with therapeutic-dose fondaparinux 7.5 mg/day),

virtually recapitulating his prior HIT episode 11 year earlier (1998

HIT: also post-cardiac surgery, onset day 7, platelet nadir = 26, recov-

ery by ~50 days, DVT/pulmonary embolism, generalized maculopapu-

lar rash, full recovery with therapeutic-dose danaparoid). Despite no

other patient developing recurrent HIT, 8/17 (47%) post-cardiac/vas-

cular surgery re-exposed patients developed seroconversion to a posi-

tive SRA, and 10/17 (59%) demonstrated an anti-PF4/H immune

response (IgG>IgA>IgM), even though none of these 17 patients con-

tinued to receive UFH or LMWH postoperatively. None of three

patients who received a repeat course of UFH or LMWH for a medi-

cal indication developed recurrent antibodies. Interestingly, there was

no evidence for speedier antibody formation among eight patients in

whom timing of antibody detectability after re-exposure could be com-

pared with the timing of onset of their prior HIT episode. Summary/

Conclusions

Patients with a previous history of HIT who undergo repeat heparin

exposure are at considerable risk of repeat formation of platelet-acti-

vating anti-PF4/H antibodies (positive SRA), although in the absence

of continuing heparin administration the risk of HIT appears to be

low. We also report the first case of recurrent HIT despite the strategy

of limiting repeat UFH to a brief intraoperative re-exposure (this

patient recovered fully with therapeutic-dose fondaparinux).

OC 21.3
Impact of polymorphisms affecting ACP1, which codes
for a protein tyrosine phosphatase, on levels of
antibodies to platelet factor 4/heparin complexes
Rollin J, Pouplard C, Leroux D, May MA and Gruel Y

University hospital of Tours, Tours, France

Background: Heparin-induced thrombocytopenia (HIT) results from

an atypical immune response to platelet factor 4/heparin complexes

(PF4/H), with rapid synthesis of platelet-activating IgG antibodies

that activate platelets via FcgRIIa receptors. The reasons explaining

why only a subset of patients treated with heparin develop IgG to

PF4/H complexes, and why most patients with these antibodies do not

develop HIT, have not been fully defined. The immune response in

HIT involves both B and T cells, and protein tyrosine phosphatases

(PTPs) are crucial for regulating antigen receptor-induced lymphocyte

activation and FcgR-dependant pathways. Therefore, several studies

have showed that functional polymorphisms affecting PTPs such as

PTPN22 and ACP1 coding LYP and LMPTP respectively were associ-

ated with autoimmune diseases.

Aim: To investigate whether an association between polymorphisms in

PTPN22 (1858C/T) or ACP1 (A, B, C alleles) and the development

antibodies to PF4/H and HIT may exist.

Patients and Methods: Eighty nine patients with definite HIT (positive

PF4-specific ELISA (HAT� GTI) and serotonin release assay) and

two control groups were studied. The first control group (Abneg) con-

sisted of 179 patients who had undergone cardiopulmonary bypass

(CPB) with high doses of heparin, without Abs to PF4/H post-opera-

tively. The second control group (Abpos) consisted of 160 patients who

had also undergone CPB and developed significant levels of PF4-spe-

cific antibodies, but without HIT. Genotypes of PTPN22 1858C/T

(rs2476601), ACP1 228C/T (rs11553742) and 254C/T (rs11553746)

were defined by the PCR-HRM method. The ACP1 A, B, C alleles

were defined by combining the analysis of both SNP 228C/T and

254C/T.

Results: The frequency of PTPN22 1858T alleles was similar in HIT

patients (11%) and controls (12% and 11%), whether they had devel-

oped antibodies to PF4 or not. In contrast, the ACP1 A allele was less

frequent in patients with antibodies to PF4, whether they had devel-

oped HIT (25%) or not (27.5% in Abpos controls), than in Abneg sub-

jects (37%, P = 0.001). The A, B and C alleles of ACP1 had previously

been associated with the synthesis of distinct active LMPTP isoforms

exhibiting different catalytic properties. In this regard, the genotypes

known to exhibit the highest LMPTP enzyme activity i.e. AC, BB and

BC, were more frequent (66.5%) in patients with high levels of anti-

bodies to PF4/H complexes (A405 > 2) than in the others (52%,

P = 0.03). Therefore, these genotypes appeared increase the risk of

anti-PF4/H antibody formation in heparin-treated patients (OR 1.8;

95% CI 1.2–2.6, P = 0.005 after comparing Abpos + HIT vs. Abneg).

Conclusion: LMPTP regulates ZAP70 and lymphocyte activation by

enhancing T-cell antigen receptor-dependant signaling and our study

supports that ACP1 genotypes associated with strong enzymatic activ-

ity of this PTP may increase the intensity of immune response to hepa-

rin-modified PF4.

OC 21.4
Endocytotic mechanisms contributing to the
internalization of ADAMTS13 by macrophages
Verbij FC1, Sorvillo N1, Kaijen P1, Ten Brinke A2, Fijnheer R3

and Voorberg J1

1Sanquin; 2Sanquin-AMC Landsteiner Laboratory, Amsterdam;
3University Medical Center Utrecht, Utrecht, the Netherlands

Background: Acquired thrombotic thrombocytopenic purpura (TTP)

is a severe disorder characterized by the production of autoantibodies

directed against ADAMTS13, a metalloproteinase that regulates plate-
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let adhesion and aggregation through cleavage of ultra-large von

Willebrand factor (UL-VWF) multimers. At present the cause of anti-

body formation is unknown. We have previously shown that ADAM-

TS13 is efficiently internalized and presented on MHC class II by

dendritic cells (Sorvillo et al, Blood 2012, 2013), suggesting a possible

role of CD4+ T cells in the initiation of the autoimmune reactivity

towards ADAMTS13. Activation of T cells leads to production of au-

toantibodies directed against ADAMTS13. Macrophages may partici-

pate in the immune response to ADAMTS13 and may also accelerate

the clearance of ADAMTS13.

Aim: Here we investigated endocytotic mechanisms contributing to the

uptake of ADAMTS13 by macrophages.

Methods: Human monocyte-derived macrophages (MDMs) were used

to monitor the uptake of fluorescently labelled recombinant ADAM-

TS13 by flow cytometry. Macrophages were treated with different

pharmacological inhibitors such as mannan, EDTA, heparin and dex-

tran sulphate. In addition, an established cell-permeable inhibitor of

clathrin-mediated endocytosis was used for these studies. The involve-

ment of cellular receptors was addressed using blocking antibodies or

siRNA mediated gene silencing. Uptake of ADAMTS13 by macro-

phages was also monitored by confocal microscopy.

Results: A time- and concentration dependent endocytosis of ADAM-

TS13 was observed when MDMs were incubated with fluorescently

labeled ADAMTS13. Confocal microscopy studies revealed partial

colocalization of ADAMTS13 with early endosomes. Recognition

and/or uptake of antigens by MDMs occurs through two main path-

ways: receptor-mediated endocytosis and macropinocytosis. In order

to identify the mechamism that mediates ADAMTS13 endocytosis we

evaluated uptake of fluorescently labeled ADAMTS13 after pre-incu-

bation of the cells with dynasore. Significant reduction of endocytosis

was observed suggesting that ADAMTS13 uptake proceeds via clath-

rin mediated endocytosis. Internalization of ADAMTS13 was blocked

upon addition of mannan and EDTA suggesting a possible role of

C-type lectins (CLRs). We have recently demonstrated that the macro-

phage mannose receptor (MR) is involved in endocytosis of ADAM-

TS13 by human monocyte derived dendritic cells (Sorvillo et al, Blood

2012). However, uptake of ADAMTS13 by MDMs was not affected

by the addition of different sugars or by a monoclonal antibody direc-

ted towards the MR. Furthermore siRNA silencing of MR did not sig-

nificantly reduce uptake suggesting the involvement of other type of

receptors. Interestingly, we observed a robust inhibition of ADAM-

TS13 endocytosis upon incubation with heparin and dextran sulphate.

Summary/Conclusion: Taken together our data suggest that internali-

zation of ADAMTS13 by macrophages proceeds via a mechanism that

is dissimilar from that previously defined in dendritic cells. We antici-

pate that the endocytic uptake by macrophages promotes the clearance

of ADAMTS13 from the circulation.

OC 22 – Inhibitors in Haemophilia
A – I

OC 22.1
Exploration of biomarkers for early recognition of FVIII
inhibitor development in previously untreated severe
hemophilia A patients: Hemophilia Inhibitor PUP Study
and beyond
Hofbauer CJ1, Male C2, Brown D3, Santagostino E4, Oldenburg J5,

Scheiflinger F1 and Reipert BM1

1Baxter BioScience; 2Medical University Vienna, Vienna, Austria;
3University of Texas, Houston, TX, USA; 4University of Milan,

Milan, Italy; 5University Clinic Bonn, Bonn, Germany

Background: The development of neutralizing antibodies (FVIII inhib-

itors) is the major treatment complication of current care for patients

with hemophilia A. Despite progress in understanding the regulation

of immune responses against FVIII in preclinical animal models, no

substantial improvement in the treatment of patients has resulted from

animal studies.

There is a demand for biomarkers that allow early recognition of

FVIII inhibitor development in previously untreated patients (PUPs)

during first exposure days to FVIII. Likewise, suitable biomarkers are

missing that facilitate early recognition of FVIII inhibitor eradication

during Immune Tolerance Induction therapy (ITI).

Aim: Establish suitable technologies that facilitate the search for early

biomarkers of inhibitor development and inhibitor eradication in

patients. These technologies are to be optimized for small blood vol-

umes and should be applicable to a multi-center setting of clinical

studies.

Methods: A set of assays was established to extensively characterize

antibodies against FVIII and to identify FVIII-specific CD4+ T cell

signatures. Antibody assays not only include the differentiation of Ig

isotypes and IgG subclasses but also allow for the assessment of

apparent affinities of FVIII-specific antibodies to facilitate monitoring

of affinity maturation of antibodies during the evolvement of FVIII

inhibitors. Furthermore, DNA-based epigenetic marker analysis for

different lymphocyte populations is included that should be suitable

for monitoring the immune status of patients.

Results: We will present a set of proof of principle data that include

the prevalence and in-depth characterization of FVIII-specific anti-

bodies (Ig isotypes, IgG subclasses and apparent affinity) found in

healthy individuals and in different cohorts of severe hemophilia A

patients (with and without FVIII inhibitors as well as after successful

ITI). High affinity FVIII-specific IgG1 and IgG4 occur to be the pre-

dominant antibodies in inhibitor patients, whereas low affinity FVIII-

specific IgG1 and IgG3 can be found in selected healthy donors and in

non-inhibitor patients. Interestingly enough, no FVIII-specific IgG4

was detected in healthy individuals (n = 600) from different geogra-

phies or in patients without FVIII inhibitors. Furthermore, CD4+ T-

cell signatures indicate a FVIII-specific modulation of the expression

of inflammatory genes such as MYD88 in FVIII inhibitor patients in

the course of successful ITI.

Conclusions:We developed and validated a set of technologies that will

allow the identification of early biomarkers associated with FVIII

inhibitor development and inhibitor eradication in patients with hemo-

philia A. Their application in the ongoing Hemophilia Inhibitor PUP

Study (HIPS) has the potential to uncover new mechanisms of FVIII

inhibitor development during early exposure days to FVIII.

OC 22.2
European monitoring of inhibitor development in
haemophilia A and B
Fischer K1, Makris M2, Calizzani G3, Hay CRM4, Ludlam CA5,

Lambert T6, Lassila R7 and Mannucci PM8

1UMCU, Utrecht, the Netherlands; 2Royal Hallamshire Hospital,

Sheffield, UK; 3Centro Nazionale Sangue, Rome, Italy;
4Manchester Royal Infirmary, Manchester; 5Royal Infirmary of

Edinburgh, Edinburgh, UK; 6Paris AP-HP Haemophilia Treatment

Centre, Paris, France; 7Helsinki University Central Hospital,

Helsinki, Finland; 8Fondazione IRCCS Ca’ Granda Ospedale

Maggiore Policlinico (CA’GRANDA), Milan, Italy

Introduction: Inherited bleeding disorders are rare and monitoring side

effects of treatment with FVIII or IX concentrates in haemophilia A

and B requires multicentre, preferably international collaboration.

Aim: The European Haemophilia Safety Surveillance (EUHASS) was

set up as a prospective registry monitoring adverse events, including

inhibitor formation.

Methods: The EUHASS project started on 1-10-2008, patient numbers

according to diagnosis and treatment status were reported annually,

specifying patients who completed 50 exposure days. Adverse events

were reported every quarter using a web-based form. Inhibitors were

defined as two positive inhibitor tests according to the local laboratory.
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Results: During the first three years, the number of reporting centres

increased from 45 to 69. 250 Previously Untreated Patients (PUPs)

with haemophilia A, and 40 with haemophilia B reached 50 exposure

days. In total, 12470 (haemophilia A) and 2206 (haemophilia B)

patient years were monitored in Previously Treated Patients (PTPs).

Inhibitor development in PUPs with severe haemophilia A occurred in

71/250 (26%; 95% confidence interval: 21–32%) patients and in 3/39

[8%; 95% CI (2–21)] patients with haemophilia B. Inhibitor develop-

ment for FVIII concentrates was similar for recombinant (65/

250 = 26%, 95% CI 21–32) and plasma derived (6/40 = 15%, 95% CI

6–30) FVIII products. For PTPs, 26 new inhibitors were recorded in

the registry, the rate of inhibitor development was 0.2/100 patient

years (95% CI 0.1–0.3) for severe haemophilia A, 0.05/100 patient

years (95% CI 0–0.3) for severe haemophilia B. Statistically significant

differences between concentrates were not observed during the first

3 years of EUHASS. Results from all first 4 years of data will be pre-

sented during the ISTH congress.

Conclusion: Results from the first 3 years of the EUHASS registry

showed that inhibitor formation is the main side effect of haemophilia

treatment, occurring in 26% of PUPs with severe haemophilia A and

8% with severe haemophilia B. The inhibitor rates for PTPs with

severe haemophilia A and B were 0.2 and 0.05 per 100 patient years,

respectively.

OC 22.3
The change of Treg cells and serum BAFF level in the
development of anti-factor VIII antibiotics in
hemophilia A mice model
Cheng S-N, Huang CP, Dai M-S and Chen YC

Tri-Service General Hospital, Taipei, Taiwan

Objectives: Hemophilia A is an X-linked bleeding disorder. The most

serious complication of replacement therapy was production of anti-

bodies. Regulatory T cells (Tregs) play a critical role in maintenance

immune homeostasis and inhibitor formation. B cell-activating factor

(BAFF) is involved in the survival and maturation of B cell and plays

a critical role in most of immune responses. The purpose of this study

was to investigate the relationship between the percentage of Treg and

BAFF level in the emergence of anti-FVIII antibodies in animal

model.

Methods: Hemophilia mice (C57BL/6 and 129 mix background, Exon

16 knockout), were intraperitoneally injected with 2 IU (~80 IU/Kg)

of human recombinant FVIII (rFVIII) (Baxter) at 4 consecutive

weeks. The mice serum and plasma were sampled before injection and

after 4 consecutive weekly injections. Total anti-FVIII antibody titres

and serum BAFF concentration were determined by ELISA. The func-

tional activity of FVIII antibodies was measured using modified-

Bethesda assay. The percentage of Treg cells were stained with specific

antibodies conjugated with fluorochromes (CD4-FITC, CD25-APC,

FoxP3-PE), and analysed with a FACSCalibur fluorescence activated

cell sorter (FACS) using CELL QUEST software (BD Biosciences

Pharmingen). The difference between those experimental groups was

evaluated by one-way ANOVA using PRISM.

Results: Four subsequent weekly intraperitoneal injection of 2 IU

rFVIII successfully induced high titer of anti-FVIII antibodies (216–
309 lg/mL; 38–152 BU).We found in the rFVIII treated group, BAFF

level and Treg cells increased before high-titer anti-FVIII antibodies

formation, then the BAFF level decreased while the antibodies signifi-

cant increased. High-titer anti-FVIII antibodies developed after Treg

cells dropped.

Conclusions: In rFVIII treated group, high-titer anti-FVIII antibodies

developed after brief BAFF and Treg cells surged. Our investigated

results indicated that BAFF and Treg cells may play a role in early

anti-FVIII inhibitor formation. Design of Treg positive cell-based

therapy or anti-BAFF treated experiment, may characterize the mech-

anism between the Treg cells and BAFF in the inhibitor immune

response. BAFF and Treg targeting strategy might prevent or reduce

its occurrence.

OC 22.4
Restricted specificity of a recombinant anti-idiotypic
antibody in protecting human factor VIII against
anti-C2 inhibitory antibodies
Plantier J-L1, Gilles J-G2, De Romeuf C1, Fontayne A1, Gaucher

C1, Behrens C1, Urbain R1, Prost J-F1 and Saint-R�emy J-M2

1LFB Biotechnologies, Lille, France; 2Catholic University Leuven/

Imcyse, Leuven, Belgium

Background: Anti-idiotypic antibodies (anti-id’s) are generated against

naturally circulating antibodies, mimicking somehow the structure of

the protein initially targeted by the circulating antibodies. Natural

anti-id’s directed against anti-factor VIII (FVIII) antibodies can be

retrieved in normal population but also in hemophilia A patients, in

particular in those that generated inhibitors. Anti-id’s were shown to

participate in the success of immunotolerance protocols in hemophilia

A patients with inhibitors.

Aim: In order to gain further insight in the mechanism governing this

effect, we decided to assess the ability of recombinant anti-id’s in pro-

tecting FVIII to inhibitors.

Methods: Four couples of FVIII inhibitors/anti-idiotypic antibodies

were generated. Two inhibitors directed against the C1 domain (Le2E9

and RHD5) or the C2 domain (B02C11 and VDR2C5) were generated

by immortalizing B-cells from hemophilia A patients using Epstein-

Barr Virus. Antibodies from these cell lines were isolated and charac-

terized. These antibodies were used to generate anti-id’s in mice. Anti-

id’s against Le2E9, RHD5 and B02C11 were characterized and pre-

pared as chimeric by fusing the variable regions with human IgG1/k

constant regions. The recombinant chimeric anti-id antibody 14C12,

raised against the anti-C2 inhibitor BO2C11, closely mimics the struc-

ture of the entire C2 domain. It was thus used as a model to evaluate

an anti-id protective action with regard to the C2 domain.

Results: As evidenced by flow-cytometry, the anti-id antibodies specifi-

cally recognized the B-cell line expressing the inhibitors against which

they were raised. In contrast, they were unable to cross-react with the

B-cell line which expressed a non-related inhibitor directed against a

different or the same FVIII domain. The potential of 14C12 in allevi-

ating inhibitor actions was then assessed in a thrombin generation

assay. The reaction was induced by tissue-factor (0.5 nM) in FVIII-

deficient plasma reconstituted by 1 U/mL FVIII. Anti-id 14C12 (ratio

varying up to 250:1) was able to significantly restore the amount of

thrombin generated in the presence of BO2C11 inhibitor. An endoge-

nous thrombin potential higher than 50% of a control without inhibi-

tor was obtained. In contrast, 14C12 restored no more than 12%, 17%

and 3% respectively of the thrombin generated in the presence of

VDR2C5, or in the presence of the commercial ESH8 or ESH4 mono-

clonal anti-C2 antibodies. In the presence of a sheep polyclonal anti-

FVIII antibody (adjusted at 20 BU/mL), or in two plasmas from

hemophilia A patients with inhibitors (7 BU/mL and 20 BU/mL),

14C12 anti-id restored only 3%, 10% and 0% respectively of the

endogenous thrombin potential.

Summary/Conclusions: This data showed that anti-id’s seem to specifi-

cally and efficiently target the inhibitory antibody against which they

were established. Despite mimicking a complete protein domain, such

as 14C12, anti-id cannot efficiently inhibit other inhibitors directed

against the same protein domain. These results therefore suggest the

need for an extended anti-idiotypic network in down-modulating in

vivo a pre-established complex inhibitory response against factor VIII.

Technical help: This data was obtained with the technical help of

Carole Pirckher, Linda Baptista and Dominique Grenier
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OC 23 – Intrinsic Pathway of
Coagulation

OC 23.1
Two cleavage sites in factor XII direct its diverging
activities
De Maat S1, Beringer D2, Kroon-Batenburg MJ2, De Groot PG1

and Maas C1

1University Medical Center Utrecht; 2Utrecht University, Utrecht,

the Netherlands

Introduction: When factor XII (FXII) binds to activating surfaces, it

becomes catalytically active in an elusive event. Intriguingly, some sur-

faces trigger both coagulation and inflammation, whereas others only

trigger inflammatory responses. FXII contains three closely positioned

kallikrein cleavage sites; two of which reside within the catalytic

domain and one within the heavy chain. During digestion of FXII by

plasma kallikrein, the 80 kDa zymogen is first activated into a-FXIIa

(80 kDa), where after its catalytic domain (b-FXIIa; 28 kDa) is

released from its heavy chain. b-FXIIa is not procoagulant, but it does

retain its inflammatory capacity. This suggests that a cleavage interme-

diate of FXIIa drives coagulation.

Aims: To investigate whether separate isoforms of FXIIa affect coagu-

lation and inflammation with varying capacities.

Methods: The essential arginines within the three kallikrein cleavage

sites (R334, R343, R353) and combinations thereof, were replaced

with alanines (A) by site-directed mutagenesis. Subsequently, we stud-

ied the capacity of these mutants to directly cleave chromogenic sub-

strates for kallikrein and thrombin. In plasma, we studied their

capacity to trigger kaolin-induced prekallikrein activation, thrombin

generation and coagulation.

Results: In line with earlier work, we found that cleavage at R353 is

essential for induction of FXII activity, as none of the mutants con-

taining R353A displayed any activity. Next, we identified that further

proteolytic steps modulate the molecular functions of FXIIa. Upon

activation, purified FXII mutant R343A is less capable of directly

cleaving chromogenic kallikrein substrate and also has a reduced

capacity to activate prekallikrein in plasma compared to WT FXII.

This R343A mutant also converts less thrombin substrate and triggers

a prolonged time to peak in a kaolin-driven thrombin generation assay

in plasma (38 � 2 min,: WT 26 � 3 min). These findings suggest that

a reduced thrombin-like activity of FXIIa may underlie a reduced

capacity to activate factor XI and support thrombin generation.

In contrast, prevention of heavy-chain dissociation in FXII mutant

R334A accelerates surface-induced coagulation and thrombin genera-

tion (21 � 2 min; WT 26 � 3 min), as well as prekallikrein activation

and conversion of kallikrein substrate.

Finally, FXII R334A/R343A double mutant has a normal capacity

(comparable to WT) to convert chromogenic kallikrein substrate and

activate prekallikrein in plasma. Interestingly, this mutant shortens

coagulation times in clotting assays (compared to WT), directly con-

verts more thrombin substrate, and further accelerates thrombin gen-

eration (18 � 1 min).

Conclusions: Together, our data indicate that cleavage intermediates of

FXIIa have different enzymatic capacities. Where a primary cleavage

at R353 yields a thrombin-like FXIIa, further cleavage at R343 modu-

lates its function from a thrombin-like into a kallikrein-like enzyme.

Subsequently, these activities can be amplified via the intrinsic path-

way or the kallikrein-kinin system, respectively. A final cleavage at

R334 dissociates the catalytic domain to restrict autoactivation.

OC 23.2
FXIIa enhances fibrinolysis in addition to plasminogen
activators
Konings J1, Hoving L1, Ari€ens R2, Smith E2, Ninivaggi M3,

Hardy L2, De Laat B3, Ten Cate H1, Philippou H2

and Govers-Riemslag JWP1

1CARIM, Maastricht University Medical Centre, Maastricht, the

Netherlands; 2Division of Cardiovascular and Diabetes Research,

University of Leeds, Leeds, UK; 3Synapse BV, CARIM, Maastricht

University Medical Center, Maastricht, the Netherlands

Background: Previously we have shown that activated coagulation fac-

tor XII (a-FXIIa) is able to bind to both fibrinogen and fibrin, and

alter the structure and properties of a fibrin clot. In the presence of a-
FXIIa, a denser clot is formed with thinner fibers, lower maximal tur-

bidity and increased clot stiffness (Blood 2011, PMID = 21828145),

typical for clots which are difficult to lyse. Conversely, the proteins of

the contact system and the fibrinolytic system show a high degree of

homology and FXIIa can directly convert plasminogen into plasmin,

contributing to increased fibrinolysis.

Aims: The aim of this study was to investigate the contribution of a-
FXIIa to clot stability and fibrinolysis.

Methods: Under static conditions, fibrin formation and fibrinolysis

were determined simultaneously by turbidity and plasmin generation

tested with S-2251. Fibrin formation and fibrinolysis of clots formed

under flow conditions in a Chandler loop were determined through

plasmin generation and fluorescent measurements of incorporation

and release of fibrinogen Alexa Fluor� 488. The influence of a-FXIIa

on clot structure and on fibrinolysis was visualized via scanning elec-

tron microscopy (SEM) and the fiber thickness was analyzed using Fi-

bermetrics.

Results: Fibrin clots formed in the presence of a-FXIIa had a lower

maximal turbidity than clots formed in the absence of a-FXIIa inde-

pendent of tPA concentration, indicating a denser fibrin structure with

thinner fibers. Furthermore, we observed that a-FXIIa was able to

directly convert plasminogen into plasmin and to reduce the clot lysis

time at all tPA concentrations tested (0–1500 pM). Simultaneous

assessment of plasmin generation (with the chromogenic substrate S-

2251) alongside turbidity measurements, showed earlier onset of plas-

min generation in the presence of a-FXIIa. Fibrinolysis of clots

formed under flow conditions, revealed that incorporation of a-FXIIa,

together with plasminogen, into the clot accelerated clot break-down

and increased plasmin generation by tPA, compared to clots prepared

in the absence of a-FXIIa. Electron microscopy revealed that fibrin

fibers were thinner if a-FXIIa was present during clot formation: in

the presence of a-FXIIa on average the fibers were between 120 and

140 nm, in the absence between 140 and 160 nm. When we initiated

fibrinolysis by adding tPA (150 pM and 300 pM) during clot forma-

tion, the fiber thickness did not change in the absence of a-FXIIa.

However, in the presence of a-FXIIa the average fiber thickness

increased at 300 pM tPA.

Summary/Conclusion: We observed that a-FXIIa is able to convert

plasminogen into plasmin and that the additional plasmin generated

enhances fibrinolysis. This was the case irrespective of whether tPA

was present during clot formation or added after to initiate fibrinoly-

sis. Visualisation by SEM showed that in the presence of a-FXIIa, the

fibrin clot consisted of thinner fibers, however, during fibrinolysis the

fiber thickness of the remaining fibers increased. The fiber thickness

did not change during fibrinolysis in the absence of a-FXIIa. We pos-

tulate that FXIIa first enhances the clot structure during clot forma-

tion and thereafter helps initiate fibrinolysis.
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OC 23.3
Direct inhibition of FXa by TFPI independent of
TF-FVIIa contributes to the down-regulation of
coagulation
Thomassen LGD1, Heinzmann CA1, Herfs L1, Hartmann R2,

Dockal M2, Scheiflinger F2, Hackeng TM1 and Rosing J1

1Maastricht University, Maastricht, the Netherlands; 2Baxter

Innovations GmbH, Vienna, Austria

Background: Tissue factor pathway inhibitor (TFPI) is a Kunitz-type

serine protease inhibitor that down-regulates the extrinsic coagulation

pathway by inhibiting the tissue factor-factor VIIa complex (TF-

FVIIa). In the process of TF-FVIIa inhibition TFPI first binds to and

inhibits Factor Xa (FXa) forming a binary TFPI-FXa complex in a

reaction that is stimulated by protein S. The TFPI-FXa complex sub-

sequently forms a quaternary complex with TF-FVIIa and blocks the

initiation of coagulation. Although TFPI can directly inhibit FXa, this

inhibition is generally considered not to be physiologically relevant

because the plasma concentrations of other FXa inhibitors e.g. anti-

thrombin (AT = 2.5–5 lM) are several orders of magnitude higher

than the TFPI concentration (0.25–0.5 nM).

Aims: To investigate whether direct inhibition of FXa by TFPI, inde-

pendent of TF-FVIIa, contributes to the down-regulation of coagula-

tion.

Methods: Inhibition of FXa by TFPI and AT in model systems was

determined in the presence of calciumchloride, phospholipids and pro-

tein S, using a chromogenic substrate to monitor FXa. Inhibition of

FXa by TFPI in plasma was determined by measuring thrombin gen-

eration curves triggered with FXa, RVV-X, FXIa or FIXa in plasma

that contained a cocktail of anti TF/anti FVIIa antibodies to inhibit

any contribution of traces of TF that might be present in plasma to

the initiation of coagulation. The TF-independent contributions of

TFPI and/or protein S to the down-regulation of thrombin generation

were quantified after neutralisation of TFPI and protein S with an anti

TFPI cocktail or anti protein S antibodies.

Results: Comparison of the inhibition of FXa by physiological concen-

trations of AT (2.5 lM) and TFPI (0.25 nM) shows that TFPI is a

better FXa inhibitor (t1/2 = 2.5 min) than AT (t1/2 = 3.2 min). Both

anti-TFPI and anti-protein S antibodies enhanced thrombin genera-

tion in plasma triggered with RVV-X, FXa, FIXa or FXIa. Depending

on the trigger and trigger concentration used anti-TFPI and anti-pro-

tein S antibodies decreased the lag time and/or increased the peak

height of thrombin generation. At high trigger concentrations neither

anti-TFPI nor anti-protein S antibodies enhanced thrombin genera-

tion. TFPI and protein S titrations in TFPI- and protein S-depleted

plasma in which thrombin formation was initiated with triggers other

than TF confirmed that both TFPI and protein S express TF-indepen-

dent anticoagulant activity.

Conclusions: Our observations indicate that TFPI, despite its low

plasma concentration, expresses anticoagulant activity in the absence

of TF. Kinetic experiments in model systems at plasma TFPI concen-

trations show that direct inhibition of FXa by TFPI can account for

the TF-independent anticoagulant effect of TFPI on thrombin genera-

tion. Neutralisation of protein S with anti-protein S antibodies also

enhances thrombin generation with triggers other than TF. This sug-

gests that TFPI requires protein S for expression of TF-independent

anticoagulant activity in plasma. Inhibition of thrombin generation by

TFPI independent of the TF pathway is an important observation

since coagulation on endothelial cells, which mainly proceeds via the

intrinsic pathway, becomes susceptible to down-regulation by TFPI

through direct inhibition of FXa.

OC 23.4
A microfluidic model of in vitro hemostasis that
potentiates thrombin generation via the intrinsic
pathway of coagulation
Colace TV1, Fogarty P2 and Diamond SL1

1University of Pennsylvania; 2Hospital of the University of

Pennsylvania, Philadelphia, PA, USA

Background: Microfluidic models of hemostasis rarely incorporate

both platelet adhesion and coagulation, despite their strong connec-

tions. Traditionally, PPACK, a small molecule inhibitor of thrombin,

is used to study platelet deposition to adhesive proteins under flow.

Recently, we have demonstrated a model of platelet adhesion and

coagulation functioning together under flow using a procoagulant sur-

face of collagen type I with immobilized tissue factor-bearing vesicles

(TF). Here we describe a model of hemostasis that does not rely on

extrinsic coagulation to generate thrombin.

Aim: We sought to develop a microfluidic model of platelet adhesion

and coagulation under flow utilizing the intrinsic pathway to trigger

thrombin generation.

Methods: Whole blood (WB) was drawn from healthy or hemophiliac

donors into 4 lg/mL Corn Trypsin Inhibitor (CTI), an inhibitor of

activated factor XII (FXIIa). This quantity of CTI was chosen as it

was below the saturating levels described by our lab earlier, but pro-

vided 30–45 min before clotting was observed in a test tube. Platelet

counts and Factor VIII or IX levels were collected for hemophiliac

donors. Samples were treated with fluorescently conjugated monoclo-

nal antibodies against platelet CD41a and fibrin. Within 5 min of the

blood draw, labeled samples were perfused over a collagen type I sur-

face in a microfluidic device consisting of eight individual channels at

100/s. Platelet adhesion and fibrin accumulation were measured in

30 s intervals over a 20 min time period.

Results: Platelets deposited onto the collagen surface from healthy WB

samples within 30 s. Onset of fibrin generation required a minimum of

6 min for all healthy donors and was donor dependent, with a maxi-

mum time of 9 min. Maximum platelet and fibrin generation was typi-

cally observed between 10–15 min, resulting in full channel occlusions.

Addition of Factor VIII (FVIII) inhibitory antibodies abolished fibrin

generation in healthy donors, confirming that intrinsic coagulation was

the trigger for thrombin generation. In patients with hemophilia A and

B who ranged from severe to mild disease, platelet deposition measured

after 10 min of perfusion correlated strongly with FVIII levels but not

with platelet count. Fibrin generation required a minimum of 5% of

normal FVIII levels, but was highly variable above this threshold.

Conclusions:We have developed a model of hemostasis under flow that

combines platelet adhesion to a collagen surface and intrinsically acti-

vated coagulation. We demonstrated robust generation of fibrin on

platelet deposits in healthy donors, which was absent when antibodies

against FVIII were used or samples from hemophiliacs with low

(< 5%) FVIII/IX levels were considered. We have also demonstrated

that platelet deposition is a strong function of FVIII levels, likely due

to the potent activating potential of thrombin.

OC 24 – Platelet and Coagulation
Interaction

OC 24.1
A new role for integrin outside-in signaling in the
regulation of platelet packing density, solute transport
and fibrin deposition following vascular injury in vivo
Stalker T, Welsh JD, Wu J, Diamond SL and Brass LF

University of Pennsylvania, Philadelphia, PA, USA

Background: Prior studies have demonstrated that platelet activation

within a hemostatic plug is heterogeneous. We recently demonstrated
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that the platelet mass which forms after penetrating injuries is com-

posed of distinct regions defined by the extent of platelet activation

and other properties (Stalker, et al. Blood 2013). At least two regions

are apparent: a core of fully activated and degranulated platelets

immediately adjacent to the site of injury, which is overlaid by a shell

of less activated platelets that have not undergone a-granule secretion.

Platelets in the core are packed more closely together, facilitating con-

tact-dependent signaling and restricting the entry of plasma-borne

molecules. Aims and Methods

Here we used high-resolution confocal intravital imaging to test two

hypotheses. The first hypothesis is that platelet accumulation and acti-

vation create distinct microenvironments within the different regions

of a hemostatic plug. The second hypothesis is that integrin outside-in

signaling plays a role in shaping the structure and transport properties

of the core region. Hemostatic thrombus formation was observed in

mouse cremaster muscle arterioles in response to a penetrating injury.

Fluorescently-labeled albumin and dextran were used to measure the

spaces between platelets (a measure of porosity) and the velocity of

solute transport within the thrombus.

Results: When measured over the full thrombus, porosity and solute

transport velocity were reduced in the spaces between platelets com-

pared to the blood flow outside of the thrombus. An analysis by

regions showed that this reduction was greater in the core than in the

outer shell of loosely adherent platelets. To examine the impact of inte-

grin outside-in signaling, we utilized mice in which two Tyr residues in

the cytoplasmic domain of the b chain of aIIbb3 integrin were replaced

with Phe (diYF). Prior studies have shown that this double substitu-

tion impairs outside-in signaling and causes unstable platelet aggrega-

tion. It also results in defective fibrin clot retraction despite normal

fibrinogen binding. We found diYF mice formed smaller hemostatic

plugs following vascular injury. The decrease in total platelet accumu-

lation was specifically due to reduced formation of the core region,

while platelet recruitment and retention in the shell region were unaf-

fected. We also found a decrease in fibrin generation, indicating a

reduction in thrombin activity within the hemostatic plug.

Conclusions: Taken together, these results support the hypothesis that

tight platelet packing provides a protected microenvironment in which

bioactive molecules such as thrombin may accumulate to support

platelet activation. They also identify a novel role for aIIbb3 outside-in
signaling in the structure of the hemostatic response and the regulation

of hemostatic plug formation. The authors acknowledge support from

the NHLBI and the American Heart Association.

OC 24.2
Rap signaling is central to the pro-adhesive and pro-
coagulant platelet response
Getz TM1, Stefanini L1, Piatt R1, Paul D1, Cholka A1, Walton BL1,

Wolberg AS1, White GC III2 and Bergmeier W1

1UNC, Chapel Hill, NC; 2Blood Research Institute Milwaukee,

USA, Milwaukee, WI, USA

Background: The small GTPase Rap1B, which accounts for ~90% of

Rap GTPases in platelets, plays a critical role for platelet activation at

sites of vascular injury. In our previous work, we have identified signal-

ing by the guanine nucleotide exchange factor CalDAG-GEFI (CDGI)

and the ADP receptor P2Y12 as the main pathways leading to the acti-

vation of all Rap GTPases in platelets. Platelets lacking functional

CDGI andP2Y12were strongly defective in allmajor platelet responses,

including phosphatidylserine exposure andmicrovesiculation.

Aim: In this study, we aimed to better understand how Rap1B and

other Rap GTPases contribute to platelet activation. We therefore

evaluated the pro-adhesive and pro-coagulant response of platelets

from Rap1b�/� and clopidogrel-treated CalDAG-GEFI�/� (CDGI/

clopidogrel) mice.

Methods: Integrin activation (JON/A-PE), granule secretion (anti-P-

selectin), and PS exposure (annexinV) were assayed by flow cytometry.

Platelet-dependent thrombin generation was measured by calibrated

automated thrombography (CAT). Platelet adhesion under flow con-

ditions was studied in heparin anticoagulated blood perfused over

fibrillar type I collagen. Thrombus formation in vivo was monitored in

the cremaster muscle microcirculation after laser injury.

Results: Integrin activation and granule secretion were virtually abol-

ished in CDGI/clopidogrel platelets activated with convulxin (Cvx) or

PAR4p. Both responses, however, were only partially reduced in

Rap1b�/� platelets and no dose response shift was observed. Consis-

tent with these findings, Rap1B-deficient platelets adhered significantly

better to collagen under flow conditions than CDGI/clopidogrel cells.

In contrast, coated platelet formation, induced by simultaneous stimu-

lation with Cvx and PAR4p, was almost completely abolished in both

CDGI/clopidogrel and Rap1b�/� platelets. This defect in PS exposure

and microvesiculation was not due to impaired calcium mobilization

in Rap1b�/� platelets. Coated platelet formation was also signifi-

cantly reduced in platelets treated with inhibitors to Rac1 and Erk

MAP kinases, two downstream targets of Rap1b. Consistent with

these studies, platelet-dependent thrombin generation was significantly

reduced in platelet-rich-plasma from Rap1b�/�and CDGI/clopidogrel

mice. In vivo, thrombus formation was observed in Rap1b�/� but not

CDGI/clopidogrel mice. In ongoing studies, we will measure thrombus

size/stability and fibrin formation at sites of vascular injury to deter-

mine if impaired platelet procoagulant activity contributes to the pro-

tection of Rap1b�/� mice from thrombosis.

Conclusions: We here demonstrate a critical role for Rap1b signaling

in coated platelet formation and platelet-dependent thrombin genera-

tion in vitro. Our studies further suggest that other Rap isoforms com-

pensate for the pro-adhesive, but not the pro-coagulant signaling

provided by Rap1B.

OC 24.3
Contribution of intrinsic and extrinsic coagulation
pathways to whole blood clot and thrombus formation
under flow
Swieringa F1, Kuijpers MJE1, Lamers M1, Renn�e T2,

Heemskerk JWM1 and Van Der Meijden PEJ1

1Maastricht University, Maastricht, the Netherlands; 2Karolinska

Institutet and University Hospital, Stockholm, Sweden

Background: The formation and composition of platelet-fibrin clots

under flow is a dynamic process, tightly controlled by the vascular sur-

face and the local rheological conditions, both of which are different

for the arterial and venous systems. Arterial thrombi are enriched in

platelets, while venous thrombi are more enriched in fibrin. This

implies a different way of control of the thrombus-forming process by

thrombin at arterial or venous conditions. Thrombin can be generated

via the extrinsic coagulation pathway via factor (F)VIIa (triggered by

tissue factor, TF) or the intrinsic pathway via FXIIa (collagen, polyph-

osphates). How these two pathways contribute to thrombus formation

under various flow conditions is largely unknown.

Aim: To study the contribution of thrombin formed via the extrinsic

and intrinsic pathways to the formation of platelet-fibrin clots under

flow conditions, mimicking those in veins and arteries.

Methods: Blood was used from healthy donors, patients and coagula-

tion factor-deficient mice. Platelet-fibrin clot formation was measured

by perfusion of recalcified whole blood over microspotted surfaces,

triggering the extrinsic (TF) and/or intrinsic (collagen) coagulation

pathways. Employed shear rate were 150, 1000 and 1500/s. Microspots

contained low or high contents of TF (1–10 pg/spot) and collagen (5–
25 ng/spot). Line-scanning confocal microscopy gave time traces of

focal accumulation of fluorescently-labeled platelets (DiOC6), fibrin

(AF647-fibrinogen) and coagulant platelet activation (FITC-annexin

A5).

Results: Perfusion of human blood over TF alone failed to produce

platelet adhesion or fibrin formation. Perfusion over a surface trigger-
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ing the extrinsic and intrinsic pathways (TF/collagen) resulted in plate-

let-enriched thrombi at high shear rate and fibrin-enriched thrombi at

low shear rate. This was attributed to a reduced platelet accumulation

at low shear (mean covered area 16 � 2%), compared to the higher

shear conditions (41 � 4%and 47 � 5%). The time of onset and extent

of fibrin formation were comparable for all shear rates. Lowering of the

TF content delayed the time to fibrin formation, and FXIIa inhibition

caused a further delay, but was without effect on early platelet deposi-

tion. Lowering of the collagen content produced the formation of fewer

but larger thrombi, with more activated platelets. Lowering of collagen

also delayed fibrin formation from 3 � 1 to 5 � 1 min, an effect that

was mimicked by FXII deficiency. Interestingly, regardless of the sur-

face type and shear rate, thrombin inhibition by hirudin decreased the

number and size of platelet thrombi, while fibrin formation was abol-

ished. At various shear rates, deficiency of murine FVIII or FIX, but to

a lesser extent FXII, resulted in smaller size thrombi with fewer acti-

vated platelets and in little fibrin formation. These effects were main-

tained in the absence of TF activity, and were normalized upon

addition of recombinant FVIII or FIX, respectively.

Conclusion: Thrombin formed by both intrinsic as well as extrinsic

pathways stimulates the formation of large multi-platelet thrombi at

all shear rates, but most strongly contributes to platelet-fibrin forma-

tion at low shears and low collagen. Under flow, TF accelerates this

effect of thrombin via FVIII and FIX activation.

OC 24.4
The polyphosphate-binding proteins in the human
platelet secretome
Smith SA, Yau PM and Morrissey JH

University of Illinois, Urbana, IL, USA

Background: Inorganic polyphosphates (polyP) are negatively charged,

linear phosphate polymers that are secreted from dense granules of

activated human platelets. We and others have shown that polyP has

potent prohemostatic, prothrombotic and proinflammatory proper-

ties. In particular, we have shown that polyP binds to several blood

clotting proteins and modulates certain steps of the clotting cascade.

Given the extensive platelet secretome, we hypothesized that polyP

released from platelet dense granules may interact with proteins

secreted following platelet activation. Identification of these proteins

could provide important clues regarding new biological functions for

polyP, beyond its previously documented roles in modulating the

plasma clotting cascade.

Aim: To identify the major polyP-binding proteins in the platelet secre-

tome.

Methods: Purified polyP was covalently end-labeled with biotin, which

in turn was bound to streptavidin-conjugated magnetic beads (Dyna-

beads). The resulting polyP-Dynabeads were incubated with releasates

obtained from human platelets that had been activated with TRAP

(thrombin-receptor agonist peptide). PolyP-Dynabeads were then

washed repeatedly and the polyP-binding proteins were eluted with

1 M NaCl. The eluted proteins were identified by MudPIT (Multidi-

mensional Protein Identification Technology) using 2D liquid chroma-

tography and mass spectrometry.

Results: Using MudPIT, we unambiguously identified a total of 157

candidate polyP-binding proteins from the platelet secretome. These

proteins fell into several functional groups, including: Hemostasis-

related proteins (prekallikrien, fibrinogen, plasminogen, multimerin,

protein S, and clotting factors V, XIII, and XI); Serpins (protease nex-

in-1, protein C inhibitor, a1-antitrypsin, plasminogen activator inhibi-

tor 1); Prolyl-isomerases (parvulin, cyclophilin, and FKBP3 peptidyl-

prolyl cis-trans isomerase); Complement proteins (factors B, H, C1q,

C3, C4A, and C5); Growth factors (VEGF, PDGF, and TGFbeta-

binding protein); Adhesive receptors and ligands (CD42c, CD42d, and

fibronectin); Apolipoproteins (apoB and apoJ); and Others (thrombo-

spondin, beta-thromboglobulin, platelet factor 4, and heparanase). In

addition, several proteins with no known function were also identified.

Conclusions: We have now identified a number of new candidate

polyP-binding proteins in the human platelet secretome, including pro-

teins known to participate a multitude of cellular processes. We previ-

ously reported that polyP triggers the contact pathway of blood

clotting, accelerates certain downstream clotting reactions, enhances

fibrin clot structure and delays fibrinolysis. Our new findings indicate

that polyP may bind to certain serpins and other known regulators of

the clotting system, suggesting additional sites at which polyP may

modulate hemostasis and thrombosis. Furthermore, given the nature

of additional candidate polyP-binding proteins in the platelet secre-

tome, polyP may also influence platelet-mediated inflammatory

responses, cell-cell interactions, angiogenesis, intercellular communica-

tion, and apoptosis. The many roles of polyP in platelet biology are

likely to expand, an area that clearly warrants further investigation.

OC 25 – Platelets and Cancer

OC 25.1
A novel and selective proteasome inhibitor modulate
expression of molecules linked to coagulation and
angiogenesis independent of NF-kB activation in
tumor cells
Chudzinski-Tavassi AM, Pacheco MTF, Berra CM, Moraes KLP,

Sciani, Bosch RV and Onuki

Biochemistry and Biophysics Laboratory, S~ao Paulo, Brazil

Amblyomin-X is a Kunitz-like recombinant protein which has shown

inhibitory properties on factor Xa and tenase complex and also inhib-

its proteasome in human tumor cell lines but not in normal human fi-

broblasts. Proteasome inhibition generates aggresomes transported by

dynein in which K48 and K63-linkage of ubiquitin signaling is

involved. This signaling is also important to NF-kB pathway and stud-

ies have been reported that recruitment of dynein translocate p65/p50

heterodimer to act as an activator of a large number of genes like tis-

sue factor (TF), TFPI and VEGF. The p50 subunit is generated by its

precursor molecule p105 that is processed by the proteasome. TFPI

not only inhibits thrombin generation by inhibiting FXa which then

inactivates TF/FVIIa complex but also can act as adhesive ligand for

cancer cells to extracellular matrices. Additionally, TF can enhance

tumor metastasis and VEGF contributes to angiogenesis. The present

study intends to evaluate the pathway that links coagulation and can-

cer in the antitumoral mechanism of action of Amblyomin-X.

Cell culture: Normal human fibroblasts, Mia-PaCa-2 and SK-Mel-28

tumor cell lines.

Real-Time PCR: SYBR� green based reaction.

Aggresome formation: Commercial kit for flow cytometry and fluores-

cence microscopy. Ubiquitin signaling: Flow cytometry with specific

K63 and K48 antibodies.

Western blotting: Cell lysis and immunoblotting after SDS-PAGE with

specific antibodies. NF-kB, dynein, Ubc13, VEGF and TF gene

expression were upregulated in Mia-PaCa-2 after 24 h of Amblyomin-

X treatment. Only NF-kB, Ubc13 and dynein genes were upregulated

in SK-Mel-28. Fibroblasts have normalized the expression levels of the

targets analyzed in 24 h. Protein expression of some targets has been

modified in tumor cells while only p50 has been modulated in fibro-

blasts. Amblyomin-X induced aggresome formation only in tumor

cells. The K63 linkage signal was increased in all cell lines and corrob-

orates with Ubc13 upregulation while K48 linkage has decreased only

in tumor cells. Amblyomin-X inhibits proteasome and induces aggre-

some formation only in tumor cells. The molecule seems to trigger

NF-kB signaling as a cell response in fibroblasts but do not target pro-

teasome and cell death. Our data indicates that NF-kB, although high

expressed, can be inactive to transcript its targets like TFPI, TF and

VEGF, since proteasome inhibition can prevent degradation of IKB, a

natural inhibitor of NFkB, which in turns, could remain sequestered

and inactive. Moreover, protein expression of p50 subunit has also
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decreased in tumor cells and its precursor p105 has increased indicat-

ing that proteasome inhibition had affected its proteolysis. Addition-

ally, K63 signaling for aggresome formation and decreased K48

signaling as a cell response, contributes to inactivate NF-kB pathway.

Therefore, increased mRNA levels of TF and VEGF in Mia-PaCa-2

indicates that these targets may have its gene expression activated by

another pathway independent of NFkB activation, as a tumor

response to Amblyomin-X treatment. Aggresome formation and

increased TFPI expression may contribute respectively to cell apopto-

sis and metastasis reduction, effects already observed in vivo in previ-

ous data, in the mechanism of action of Amblyomin-X.

Financial support: FAPESP.

OC 25.2
Prostate cancer cells signal through Syk-PKC
intracellular molecules to induce platelet secretion
Mitrugno A and Moran N

Royal College of Surgeons in Ireland, Dublin, Ireland

The critical role played by platelets in cancer metastasis is mostly

related to their function as a dynamic reservoir of effector molecules

which can facilitate tumour vascularisation, growth and metastasis.

However, very little information is available about the mechanism of

tumour cell induced platelet secretion (TCIPS) or the molecular

machinery by which this mechanism is elicited. In the current study,

we demonstrate that tumour cells directly induce platelet exocytosis.

The molecular mechanisms involved in this response were explored.

Platelet secretion was assessed by employing a luminometric assay

capable of detecting ATP/ADP released by platelet dense granules fol-

lowing activation. Pre-incubation of platelets with increasing doses

(102–105 cells/mL) of human colon cancer cells (Caco-2) or prostate

cancer cells (PC3M-luc) for up to 60 min resulted in a marked dose-

dependent secretion from dense granules. Importantly, tumour cell

induced platelet secretion (TCIPS) preceded aggregation and was

related to the malignancy of the tumour cell line used. Because tumour

cell induced platelet aggregation (TCIPA) can be modulated by phar-

macological inhibitors of ADP, we first investigated the effect of ADP

receptor antagonists, MRS2395 (P2Y12) and MRS2179 (P2Y1), on

TCIPS mediated by PC3M-luc. In contrast to aggregation, inhibition

of platelet ADP receptors enhanced tumour cell mediated platelet

secretion, reinforcing the hypothesis that TCIPA is secondary to secre-

tion. We next examined the role of TxA2receptors (TP) and molecular

mediators of TxA2 synthesis (PLA2 and COX-1), PAR-1 Thrombin

receptor, the integrin cell adhesion molecule, GpIIbIIIa and the intra-

cellular signalling molecules Src and PI3K by examining the effects of

pharmacological inhibitors. Whereas blockade of TP, PAR-1, PLA2,

COX-1, Src and PI3K did not reduced platelet secretion in response to

PC3M-luc cells, inhibition of integrin GpIIbIIIa, with either Abcix-

imab or CD41/SZ22 monoclonal antibodies, significantly decreased

TCIPS (maximum secretion reduced to 74.24 � 9.6%; *P < 0.05).

Finally, in order to gain specific insights into the molecular machinery

of TCIPS we next chose to target Protein kinase (PKC) and upstream

intracellular molecules, Syk and PLC, whose role in agonist induced-

platelet secretion has been well established. In the presence of

GF109203X, PKC broad-spectrum inhibitor, platelet ATP/ADP

release was completely abolished in response to PC3M cells (100 vs

28.05 � 7.4; ***P < 0.0001) suggesting an essential role for PKC.

Importantly, TCIPS was also dramatically inhibited after platelet pre-

treatment with either Bay 61-3606 (100 vs 59.09 � 9.36; **P < 0.01)

or Piceatannol (100 vs 20.57 � 5.88; ***P < 0.0001), both potent Syk

inhibitors. In contrast, the broad spectrum PLC inhibitor U73122, had

no effect on platelet secretion induced by cancer cells. In conclusion,

this study showed for the first time, the capability of cancer cells to

directly promote platelet secretion and has identified the major molec-

ular mediators involved in this response, providing initial guidelines

for developing promising anti-metastatic therapies.

OC 25.3
A role of CLEC-2 in tumor growth and metastasis
Shirai T, Inoue O, Hirayama K, Endo H, Fujii H, Utida-Sato H,

Ozaki Y and Suzuki-Inoue K

University of Yamanashii/Japan, Chuo-shi; 2University of

Yamanashii, Chuo, Yamanashi, Japan

Background: A platelet activation receptor CLEC-2 binds to podopla-

nin on the surface of tumor cells and facilitates hematogenous tumor

metastasis. It has been reported that anti-podoplanin antibody inhib-

ited hematogenous tumor metastasis in experimental lung metastasis

model in mice. However, a role of CLEC-2 in tumor growth and

lymphogenous metastasis has not been elucidated to date.

Aims: The aim of the study is to investigate roles of CLEC-2 in tumor

growth and lymphogenous metastasis. We also investigate whether

CLEC-2 blockade inhibits hematogesous metastasis.

Methods: CLEC-2 chimeras and wild type (WT) chimeras were gener-

ated by transplantation of fetal liver cells from CLEC-2�/� or CLEC-

2+/+ embryos. B16F10, a podoplanin-positive melanoma cell line, and

3LL, a podoplanin-negative lung carcinoma cell line, were inoculated

intravenously into the tail vein of CLEC-2-chemeras or WT-chimeras.

After 20 days, the mice were killed and the surface lung metastatic foci

were counted. Podoplanin-positive B16F10 cells and podoplanin-nega-

tive B16 cells were incubated with or without washed CLEC-2�/� or

CLEC-2+/+ platelets and cell numbers were counted after 2 days.

B16F10 and 3LL were inoculated into foot pads of CLEC-2- or WT-

chimeras. After 20 days, metastasis to the lymph nodes and tumor

growth were analyzed by flow cytometry and gravimetry, respectively.

Results: The number of B16F10 metastatic foci in the lung of CLEC-2

chimera was significantly inhibited compared with that in the lung of

WT chimeras, whereas no difference was observed in the case of 3LL.

Co-culture with WT platelets significantly increased the cell number of

B16F10, but not that of 3LL. On the other hand, the numbers of both

cell lines did not significantly increase in the presence of CLEC-2�/�
platelets. To our surprise, tumor growth and lymphatic metastasis is

rather facilitated in CLEC-2-chimera compared with WT chimera.

Conclusions: CLEC-2 in platelets binds to podoplanin in tumor cells

and facilitates hematogenous tumor metastasis in vivo and tumor

growth in vitro. However, lymphatic metastasis and tumor growth in

vivo are facilitated in the absence of CLEC-2. This difference may be

due to effects of CLEC-2 on tumor angiogenesis and/or tumor lym-

phangiogenesis, which is now under investigation.

OC 25.4
Observational study of alternative platelet parameters
to predict bleeding risk in patients with hematological
malignancies (ATHENA study)
Estcourt L1, Powter G2, Harding K2, Howgate S3, Dyer C2,

Mumford AD4, Stanworth S5, Harrison P3 and Murphy M5

1University of Oxford; 2NHS Blood and Transplant; 3Oxford

University Hospitals NHS Trust, Oxford; 4University Hospitals

Bristol NHS Foundation Trust, Bristol; 5Nuffield Department of

Medicine, Oxford, UK

Background: Previous studies have shown that the platelet count is a

poor predictor of bleeding in severely thrombocytopenic patients with

hematological malignancies.

Aims: The aim of this study was to evaluate whether other routinely

available platelet parameters (mean platelet volume (MPV), platelet

mass, immature platelet fraction (IPF), absolute immature platelet

number (AIPN), platelet function analyzer-100 (PFA-100)) were better

at predicting bleeding than the platelet count.

Methods: A prospective cohort study of adults with a haematological

disorder undergoing intensive chemotherapy or stem cell transplant

(ISRCTN81226121) at two UK centers (Bristol and Oxford) between

September 2010 and September 2012. The study inclusion criterion
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was development of thrombocytopenia (platelet count ≤ 50 9 109/L.

From the start of thrombocytopenia, the participants underwent daily

formalized bleeding assessments until platelet count recovery, hospital

discharge, death, or for up to 30 days. Alongside routine tests, addi-

tional venous blood samples were collected into EDTA collection

tubes thrice weekly for detailed analysis of platelet parameters. Analy-

sis of the data was performed using a generalized linear model with

binomial family and logit link function clustered on patient identity to

account for repeated measures.

Results: All 50 participants were followed up until study completion.

The baseline characteristics were: mean age 51.0 years; male (33/50);

diagnosis (leukemia 16/50; lymphoma 14/50; myeloma 9/50; other 11/

50); treatment (chemotherapy 4/50; allograft 33/50; autograft 13/50).

Bleeding symptom data were available for 99.7% of study days. The

participants had median 3 days of bleeding (any severity) (interquar-

tile range (IQR) 0–6); and median 11 days (IQR 8–16) with platelet

count ≤ 50 9 109/L.

The unadjusted odds ratio (OR) for bleeding the following day when

the platelet count was ≤ 50 9 109/L was 0.98 (95% confidence interval

(CI) 0.97–1.00; P = 0.03) for the total platelet count; 0.60 (95% CI

0.41–0.88; P = 0.008) for the AIPN; and 0.97 (95% CI 0.90–1.03;
P = 0.346) for the IPF. The AIPN result remained statistically signifi-

cant when adjusted to account for the total platelet count [OR 0.68

(95% CI 0.52–0.90; P = 0.007)]. The IPF result remained statistically

non-significant when adjusted to account for the total platelet count

[OR 0.94 (95% CI 0.89–1.01; P = 0.079)]. The total platelet count

result was no longer statistically significant when adjusted to account

for the AIPN [OR 1.00 (95% CI 0.99–1.02; P = 0.442)] or IPF [OR

0.99 (95% CI 0.97–1.01; P = 0.246)]. The full blood count analyzer

was unable to report MPV in 36.2% of samples when the platelet count

was ≤ 50 9 109/L, precluding further analysis of MPV and platelet

mass. In the PFA-100 test, firm closure occurred in only 9.3% of sam-

ples using the PFA-ADP cartridge and 22.4% of samples using the

PFA-Innovance cartridge when the platelet count was ≤ 50 9 109/L.

Conclusions: This preliminary study suggests that the AIPN is a better

predictor of bleeding than the total platelet count. The MPV, platelet

mass and PFA-100 closure times were not useful because these vari-

ables were frequently not estimable during thrombocytopenia.

Funding:NHS Blood and Transplant, UK

OC 26 – Vessel Wall

OC 26.1
Ang-(1-7) and Mas decrease thrombosis in Bdkrb2�/�
mice by increasing NO and prostacyclin to reduce
platelet spreading and GPVI activation
Fang C1, Stavrou E1, Schmaier A2, Grobe N3, Chen A1, Nieman

T1, Adams GN1, LaRusch GA1, Bilodeau ML1 and Schmaier AH1

1Case Western Reserve University, Cleveland, OH; 2University of

Pennsylvania, Philadelphia, PA; 3Wright State University,

Dayton, OH, USA

Background: Little is known how the plasma kallikrein-kinin (KKS)

and renin angiotensin systems (RAS) influence thrombosis risk in vivo.

We reported (Blood 2006;108:192) that bradykinin B2 receptor deleted

mice (Bdkrb2�/�) have delayed thrombosis and prolonged bleeding

times due to elevation of angiotensin II (AngII) and angiotensin recep-

tor 2 (AT2R) producing increased plasma nitric oxide (NO) and prosta-

cyclin (PGI2). New investigations in Bdkrb2�/� show that the

angiotensin receptor 1 antagonist losartan lowers AngII levels but does

not reduce thrombosis time. These data indicate that lowering of AngII

alone is insufficient to change thrombosis risk. Further, the significance

of the long bleeding time in Bdkrb2�/�needs characterization.

Aims: Identify additional mechanism(s) for thromboprotection and

the precise influence of increased plasma NO and PGI2 on platelet

function in Bdkrb2�/�.

Methods: Real-Time PCR was used to measure expression of ACE

and Mas. AngII, angiotensin-(1-7) (Ang-(1-7)), NO, PGI2, cGMP and

cAMP were examined by ELISA. Mas, AT2R, GPVI and pSyk were

examined by immunoblot. Thrombosis times were assayed using Rose

Bengal and Ferric Chloride on carotid arteries. Bleeding time was by

tail incision. Platelet function was examined on aggregation, adhesion,

spreading, and flow cytometry with JON/A antibody for murine acti-

vated integrin a2bb3 and WugE9 antibody for P-selectin. JAQ-1 char-

acterized murine GPVI. Platelet spreading was on collagen,

GFOGER, and fibrinogen. Platelet flow cytometry was after a- or c-
thrombin, CRP, or convulxin stimulation. Fibrinogen binding was

used to characterize ADP stimulation. Bone marrow (BM) transplan-

tation determined if the spreading and thrombosis defects were due to

host factors.

Results: New investigations show that Bdkrb2�/� have elevated Ang-

(1-7), the breakdown product of AngII. Renal mRNA and protein for

the receptor of Ang-(1-7), Mas, is also increased. Blockade of Mas

with its antagonist A-779 in Bdkrb2�/� shortens thrombosis times

(58 � 4 min to 38 � 4 min), bleeding times (170 � 13 s to 88 � 8 s)

and lowers plasma nitrate (22 � 4 mM to 15 � 5 mM), and 6-keto-

PGF1a (259 � 103 pg/mL to 132 � 58 pg/mL) (P < 0.01 in all cases).

Bdkrb2�/� platelets have normal a- and c-thrombin-induced activa-

tion and ADP-induced fibrinogen binding. Bdkrb2�/� platelets

express increased NO, cGMP and cAMP with reduced spreading on

collagen, GFOGER, or fibrinogen. In vivo treatment with A-779 or

combined L-NAME and nimesulide corrects the spreading defect on

collagen. Bdkrb2�/� platelets have decreased convulxin- or CRP-

induced JON/A and P-selectin expression that are partially corrected

by in vivo A-779, nimesulide, or L-NAME treatment. Bdkrb2�/�
platelets have reduced ligation-dependent Syk phosphorylation. In vi-

tro pretreatment of normal platelets with carbaprostacyclin reduced

spreading on collagen and GFOGER, and attenuated Syk phosphory-

lation and CRP activation. Transplantation experiments show that

normal BM in Bdkrb2�/� hosts produced platelets with a spreading

defect and delayed thrombosis. Transplantation of Bdkrb2�/�BM

into normal hosts produced platelets with normal spreading and nor-

mal occlusion times.

Conclusion: In Bdkrb2�/�, combined AT2R and Mas over-expression

produce elevated plasma PGI2 and NO leading to acquired platelet

defects in spreading on integrins and attenuated CRP activation, that

contribute to thromboprotection. In addition to contact activation, the

KKS influences thrombosis risk through the RAS in the vessel wall.

OC 26.2
GRP/Ucma: a novel member of the class of vitamin K-
dependent proteins is involved in osteochondrogenic
transdifferentiation of vascular smooth muscle cells
Willems BAG1, Chatrou MLL2, Kusters HM2, Theuwissen E1,

Simes D3, Vermeer C1, Reutelingsperger CPM2 and Schurgers LJ2

1VitaK/Maastricht University; 2Maastricht University, Maastricht,

the Netherlands; 3CCMAR, Faro, Portugal

Background: Vitamin K-dependent carboxylation of coagulation fac-

tors is essential to proper blood coagulation. Warfarin, a frequently

prescribed vitamin K-antagonist, impairs blood coagulation by inhib-

iting carboxylation. Warfarin also inhibits functionality of vitamin K-

dependent proteins which are not participating in blood coagulation

but which are involved in maintaining homeostasis of the blood vessel

wall. Gla Rich Protein (GRP/Ucma) is a recently discovered novel

member of the class of vitamin K-dependent proteins and is poten-

tially a target of warfarin. Its (patho)physiological function, however,

is still unknown. It has been shown that GRP/Ucma suppresses osteo-

genic differentiation of pre-osteoblasts in vitro. We and others demon-

strated that GRP/Ucma is expressed by vascular smooth muscle cells

(VSMCs) and that atherosclerotic plaques, especially calcified ones,

contain GRP/Ucma. Since VSMCs can transdifferentiate towards an

osteochondrogenic phenotype, we hypothesized that GRP/Ucma sup-
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presses osteochondrogenic differentiation of VSMCs and, thereby,

contributes to preventing mineralization of the blood vessel wall.

Aims: To investigate the potential role of GRP/Ucma in osteogenic

differentiation of VSMCs in vitro.

Methods: Human VSMCs were cultured in M199 medium containing

20% fetal bovine serum (FBS). Mouse VSMCs were isolated from aor-

tas dissected from wild type (WT) and GRP�/� C57BL6 mice and

maintained in DMEM containing 10% FBS. Cells were pretreated

with control medium, heparin (200 U/mL), PDGF-BB (20 ng/mL) or

Pi (2 mM) in control medium. After pretreatment, cells were incubated

with medium supplemented with 5.4 mM calcium. Mineralization was

quantified and normalized to total protein content. Aortic sections

from ApoE�/� mice on warfarin were stained immunohistochemically

for GRP/Ucma.

Results: In the control, limited mineral depositions were observed

whereas in PDGF-BB treated VSMCs, disperse mineralization

throughout the entire extracellular matrix was present. Pi treatment of

cells resulted in severe mineral depositions, concentrated at focal areas

in the extracellular matrix. We observed that VSMCs treated with Pi

underwent morphological changes in addition to nodule formation.

These nodules co-localized with the focal areas of mineral deposition.

Cells treated with heparin underwent morphological changes as well,

but not to the extent of nodule formation or mineral deposition. Addi-

tionally, heparin treated VSMCs stopped proliferating. In mice

VSMCs, mineralization was significantly increased in GRP�/� VSMCs

as compared to WT VSMCs. The mechanism for this difference in

mineralization remains to be determined. As compared to human

VSMCs, initial experiments in which mouse VSMCs were pretreated

with Pi, showed no noticeable effect on further increasing mineraliza-

tion or nodule formation. Immunohistochemical staining of GRP

mainly localized to osteochondrogenic cells, present in atherosclerotic

plaques of ApoE�/� mice.

Summary: Osteochondrogenic differentiation of VSMCs is a key fea-

ture of the vulnerable atherosclerotic plaque. Pi pretreatment of pri-

mary VSMCs can mimic this transdifferentiation in vitro. Preliminary

data in GRP�/� VSMC suggests a role for GRP/Ucma in suppressing

osteochondrogenic differentiation of VSMCs in vitro thereby attenuat-

ing mineralization. In atherosclerotic plaques, osteochondrogenic cells

were positive for GRP/Ucma. Future experiments aim at identifying

mechanisms through which molecular pathways GRP/Ucma exerts

this effect.

OC 26.3
Accelerated senescence of cord blood endothelial
progenitor cells in premature neonates is driven by
SIRT1 decreased expression
Simoncini S1, Frizera-Vassallo P1, Ligi I1, Sabatier F1, Simeoni U1,

Magdinier F2, Dignat-George F1 and Anfosso F1

1Inserm UMR_S 1076; 2Inserm UMR_S 910, Marseille, France

Background: Since their discovery, endothelial progenitor cells have

emerged as an important biological marker for a variety of cardiovas-

cular disease. Both their numbers and their angiogenic potential are

decreased in diseases associated with a cardiovascular risk (diabetes,

atherosclerosis, …). Among them a specific subtype called Endothelial

Colony Forming Cells (ECFC) have been recently characterize both in

cord and peripheral blood. These cells emerged as adherent colonies

after culture of mononuclear cells under endothelial proceedings con-

ditions and developed as typical endothelial monolayer. They have

proliferative potential, express endothelial markers, have the capacity

to incorporate into neo-vessels and participle in maintaining of vascu-

lar homeostasis in vivo. Preterm birth is known to critically increase

cardiovascular risk at aduldhood. Epidemiological and experimental

studies indicate that early vascular dysfunction occurs in preterm neo-

nates with a low birth weight (PT) and is associated with an impair-

ment of angiogenic properties of ECFC.

Aims: We hypothesized here that ECFC dysfunction might result from

premature senescence and investigated the underlying mechanisms.

Methods: We used a cohort of ECFC isolated from cord blood of PT

(n = 29) or term (n = 18) neonates. This research was approved by

local ethic committee, and all the parents have provided written

informed consent for the use of cord blood in accordance with the

Declaration of Helsinki. Senescence of ECFC was judged by senes-

cence-associated ß-galactosidase assay (SA-ß-Gal), morphological

appearance and cell cycle analysis.

Results: PT-ECFC displayed an accelerated senescence inversely corre-

lated with gestational age, sustained by growth arrest and increased

SA-ß-Gal activity. Increased p16INK4A expression together with

reduced p21WAF level, in the absence of telomere shortening, indi-

cated that premature PT-ECFC ageing results from stress-induced

senescence rather than replicative senescence. Interestingly, we found

that expression of SIRT1, a NAD-dependent deacetylase possessing

anti-aging activities, was dramatically decreased at the RNA and pro-

tein levels in PT-ECFC. SIRT1 deficiency was subsequent to epigenetic

silencing of its promoter and triggered accelerated senescence of PT-

ECFC. Transient SIRT1 overexpression or chemical-induction by res-

veratrol treatment led to a significant reduction of SA-ß-Gal staining

and senescence in PT-ECFC, accompanied by increased cell prolifera-

tion. Furthermore, resveratrol treatment reversed senescence and res-

cued PT-ECFC angiogenic defect in a SIRT1-dependent manner.

Conclusions: We demonstrate that SIRT1 decreased expression drives

accelerated senescence of PT-ECFC, and acts as a critical determinant

of PT-ECFC angiogenic defect. Moreover, our findings lay news

grounds for understanding the increased risk of cardiovascular dis-

eases of individuals born prematurely and open new perspectives for a

targeted therapeutic strategy.

OC 26.4
Endothelial progenitor outgrowth cells on ePTFE grafts
respond to hemodynamic preconditioning
Hinds MT, Glynn J and Anderson EJD

Oregon Health & Science University, Portland, USA

Background: Endothelial progenitor outgrowth cells (EOCs), isolated

from whole blood, are a promising cell source for the endothelializa-

tion of small diameter vascular graft materials. The ability to incorpo-

rate a native endothelium onto a graft may reduce the thrombosis and

intimal hyperplasia, the role of hemodynamics on the ability of EOCs

to regulate thrombosis and intimal hyperplasia is unknown. This work

was performed using well-established, non-human primate models for

testing EOC-coated ePTFE grafts ex vivo and in vivo. The utilization

of EOCs and ePTFE vascular grafts represent a clinically-relevant cell

source and biomaterial for determining the effects of hemodynamic

preconditioning on graft performance.

Aims: This study examined the hypothesis that hemodynamic precon-

ditioning of EOCs reduces their in vitro markers of thrombosis and

inflammation, reduces platelet and fibrin accumulation on an ex vivo

shunt, and reduces initial hyperplasia in an in vivo graft implant.

Methods: EOCs were seeded on collagen-coated ePTFE grafts and

stimulated with 15 dynes/cm2 steady fluid shear stress. All assays were

performed on paired static and hemodynamic stimulated EOC-seeded

grafts. EOC expression of key markers of thrombosis and inflamma-

tion [CD39, endothelial protein C receptor (EPCR), thrombomodulin

(TM), tissue factor (TF), tissue factor pathway inhibitor (TFPI), endo-

thelial nitric oxide synthase (eNOS), intracellular adhesion molecule

(ICAM), vascular cell adhesion molecule (VCAM), and platelet endo-

thelial cell adhesion molecule (PECAM)] were quantified using quanti-

tative RT-PCR. EOC production of activated protein C (APC) and

factor Xa (FXa) was quantified. Using a well-established arteriove-

nous shunt model, platelet accumulation and fibrin deposition during

60 min of non-anti-coagulated blood flow were quantified. Addition-

ally, EOC-seeded grafts were implanted with bilateral controls as aor-

to-iliac bypass grafts for 4 weeks. After explant, histology sections of
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the grafts were analyzed for the degree of intimal hyperplasia at each

anastamosis.

Results: Hemodynamic stimulation of EOC altered their expression of

thrombosis and inflammation-related genes. The hemodynamic stimu-

lation increased EOC expression of genes for CD39 (1.13 � 0.72, fold

change compared to 0 for static), and EPCR (1.18 � 0.73), while there

was a trend for increased expression of TF and TM. Additionally,

EOC expression of TFPI (�0.53 � 0.70) and ICAM (�1.25 � 1.27)

decreased significantly. Hemodynamic stimulation increased EOC pro-

duction of both FXa (P = 0.05) and APC (P = 0.091). Interestingly, in

ex vivo studies, there was no significant difference in platelet accumula-

tion between the hemodynamically stimulated EOCs and the static

samples, yet the hemodynamic stimulation did significantly decrease

fibrin deposition on the EOC-coated grafts (P = 0.05). Initial in vivo

studies suggest that ePTFE grafts coated with hemodynamically stimu-

lated EOCs decrease the intimal hyperplasia area of 1.49 � 0.32 mm2

compared to static cell-seeded grafts with 2.64 � 0.65 mm2.

Summary/Conclusion: In a clinically relevant vascular graft model,

hemodynamic stimulation of EOCs induced significant changes in gene

expression and production of FXa, yet platelet adhesion to the grafts

were not significantly altered. Experiments with oscillatory flow-stimu-

lated EOCs in the arteriovenous shunt model are currently underway.

Interestingly, in vivo implantation of the EOC seeded grafts indicated

the hemodynamic stimulation altered the vascular healing response and

decreased the extent of anastomotic intimal hyperplasia at 1 month.

OC 27 – Antiphospholipid
Syndrome

OC 27.1
Antiphospholipid antibodies induce NF-kB activation
exclusively from endosomal compartments of human
monocytes
Brandt KJ1, Fickentscher C1, Frizon de Lamotte G1, Boehlen F2,

Reber G2, Kruithof E2 and De Moerloose PH2

1University of Geneva; 2University Hospital of Geneva, Geneva,

Switzerland

Background: Antiphospholipid antibody syndrome (APS), caused by

pathogenic antiphospholipid antibodies (aPLA), is an auto-immune

disease associated with thrombosis and/or recurrent fetal loss. We

recently demonstrated TLR2 as one of the TLRs involved in the recog-

nition of aPLA bymonocytes.While TLR4 is known to transmit signals

from both plasma membrane and endosomal compartments, less is

known about the function of endosomal trafficking on TLR2 signaling.

Methods: Primary human monocytes and HEK-Blue2[TRADE-

MARK] cells were treated with aPLA or with TLR2 ligands, <ie. LTA
and Pam3CSK4, in the presence of endocytosis inhibitors. Expression

of TNF and tissue factor (TF) as well as NF-B activation was assessed.

In order to evaluate the importance of receptor internalization, clath-

rin expression was reduced by siRNA and NF-kB activation assessed

after treatment with aPLA and TLR2 ligands. Endocytosis of biotiny-

lated LTA and Pam3CSK4 or aPLA was evaluated by flow cytometry.

Results: We demonstrate that blocking antibodies to TLR2, TLR1 or

TLR6, as well as antibodies to the TLR co-receptor CD14, signifi-

cantly decreased TNF and TF responses to aPLA, Pam3CSK4 and

LTA. TLR2 ligands internalization is observed in primary human

monocytes and HEK-Blue2[TRADEMARK] cells and we show that

NF-kB-mediated cell activation is dependent on ligand internalization.

Pharmacological blockade and siRNA approaches revealed the impor-

tance of the clathrin/dynamin-dependent endocytic pathway in ligand-

induced NF-kB activation. In addition, aPLA, Pam3CSK4 and LTA

immobilized on large beads, preventing their internalization, are

unable to activate NF-kB. Furthermore, in a similar manner as TLR4,

we demonstrate that TLR2 ligand uptake is regulated by CD14.

Unlike LPS, TLR2 ligands do not induce phosphorylation of IRF-3 or

IFNb expression. Finally, NF-kB activation induced by aPLA,

Pam3CSK4 and LTA in HEK-Blue2[TRADEMARK] cells or primary

human monocytes is regulated by CD14-dependent endocytosis.

Conclusions: Our results reveal that TLR2-ligand complexes are inter-

nalized via clathrin- and CD14-dependent endocytosis into primary

human monocytes and HEK-Blue2[TRADEMARK] cells; endocyto-

sis of these complexes is required for NF-kB activation. This highlights

a new important aspect of the regulation of TLR2-dependent signal-

ing. Although present at the cell surface, TLR2-ligands induce NF-kB

activation exclusively from an endosomal compartment. This study

provides new insight that may be used for the development of novel

therapies through the control of endocytosis and/ or the blockade of

CD14 with monoclonal antibodies. In addition, the evidence that

TLR1 and TLR6 play also a role in the pathogenesis of aPLA contrib-

utes to a better understanding of the antiphospholipid syndrome.

OC 27.2
Beta2-glycoprotein I selectively inhibits the
procoagulant functions of thrombin
De Filippis V1, Acquasaliente L1, Pozzi N1, Frasson R1, De

Cristofaro R2, Arcovito A2, Banzato A1 and Pengo V1

1University of Padova, Padova; 2Catholic University, School of

Medicine, Rome, Rome, Italy

Background: b2-glycoprotein I (b2GpI) is an abundant plasma protein

has been identified as the major antigen in the antiphospholipid syn-

drome (APS), a severe thrombotic autoimmune disease. Notwithstand-

ing, the physiological role of b2GpI is still elusive. b2GpI is composed

of five domains and displays remarkable structural heterogeneity,

varying from a circular closed conformation to an open J-shaped con-

formation. Thrombin exerts either procoagulant and anticoagulant

functions in haemostasis. The procoagulant functions mainly entail

conversion of fibrinogen into fibrin and activation of platelets through

cleavage of type-1 Protease Activated Receptor (PAR1), whereas the

anticoagulant functions are related to its ability to activate the antico-

agulant protein-C (PC) in the presence of thrombomodulin (TM).

Thrombin accomplishes most of its activities through its hydrolytic

active site and two positively charged exosites.

Aim: Quantify and mapping b2GpI-thrombin interaction; study the

effect of physiological concentrations of b2GpI (4 lM) on the proco-

agulant (fibrin generation and platelet aggregation) and anticoagulant

(active protein C generation) functions of thrombin.

Methods: Binding of b2GpI to thrombin was studied by Surface Plas-

mon Resonance on a Biacore X100 instrument. The effect of b2GpI

on thrombin-mediated fibrin generation and platelet aggregation was

investigated on gel-filtered platelets by turbidimetric and immunocyto-

fluorimetric measurements. The activity of b2GpI on platelet aggrega-

tion was also evaluated on healthy donors whole blood by Multiple

Electrode Aggregometry. PC activation by thrombin was monitored

by measuring the rate of S2366 hydrolysis. Thrombin mutants were

expressed in E. coli and in vitro refolded. The structural model of

b2GpI-thrombin complex was obtained by HEX-6.3 software.

Results: Biacore analysis of b2GpI-thrombin interaction yields

Kd = 34 nM. Displacement experiments, carried out with specific

binders of thrombin exosite-1 (hirugen and HD1 aptamer) or exosite-2

(fibrinogen c’-peptide and HD22 aptamer) and with thrombin mutants

(Arg73Ala and Arg101Ala), having one of the two exosites selectively

compromised, indicate that both exosites are involved in b2GpI bind-

ing. b2GpI does not affect the affinity of the enzyme for some active-

site inhibitors, like p-aminobenzamidine and the N-terminal domain

1–47 of hirudin. b2GpI significantly prolong the clotting time in fibrin

generation assay and hinders platelets aggregation (IC50 = 0.36 mM)

by inhibiting cleavage of PAR1 on intact platelets (IC50 = 0.32 mM).

Finally, b2GpI does not alter the ability of thrombin to generate the

active protein C, in the presence or in the absence of TM. The docking

model indicates that domains III to V of b2GpI interact with thrombin

exosites, without masking the protease active pocket.
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Conclusion: b2GpI binds to thrombin at both exosites, while leaving

the protease active site accessible. b2GpI inhibits the key procoagulant

properties of thrombin, without affecting its unique anticoagulant

function. These results allow us to speculate that under physiological

conditions b2GpI may function as a plasma-soluble anticoagulant pro-

tein acting in those vascular compartments where the more potent

TM-thrombin pathway poorly functions, as in the large vessels, or is

even absent, as in the brain vasculature. Our results can also explain

the positive correlation existing between the presence of neutralising

auto-antibodies against b2GpI and thrombotic manifestations in APS

patients.

OC 27.3
High levels of b2-glycoprotein I protects against
secondary major adverse cardiovascular events after
PTCA
Van Holten TC1, Urbanus RT1, Jukema WJ2, Pijls HJ3, Van

Zonneveld AJ2, Pasterkamp G1, Hoefer I1, Roest M1 and

De Groot PG1

1UMC Utrecht, Utrecht; 2Leiden UMC, Leiden; 3Catharina

Hospital, Eindhoven, the Netherlands

Background: We have recently published that high circulating levels of

beta2-glycoprotein I is associated with a reduced risk of myocardial

infarction in elderly men (Blood 2009; 114: 3656–61).
Aim: Here we studied whether high levels of plasma beta2-Glycopro-

tein I has also a predictive value for secondary cardiovascular events

after percutaneous transluminal coronary angioplasty (PTCA).

Methods: Four hundred andfifty-seven patients with angina pectoris

and scheduled for PTCA were included in four different Dutch hospi-

tals (Catharina Hospital, Eindhoven, University Medical Centre, Ma-

astricht, University Medical Center, Leiden and University Medical

Center, Utrecht). Informed consent from all patients was obtained.

Approval from local ethics committees was obtained. Patients were

followed for 60 and 90 days after invention for major adverse cardio-

vascular events (MACE) being myocardial infarction, PTCA, coro-

nary artery bypass graft or death by cardiovascular disease. Receiver

operating characteristic (ROC) curves were used to determine cut-off

values for beta2-glycoprotein I.

Results: Of the 457 patients included, 312 were male. The median age

was 62 years. At 60 days follow up, 13 patients suffered from MACE,

at 90 days 15 individuals suffered from MACE. The mean level of

beta2-glycoprotein I in patients without MACE was 444 � 10.6 lg/
mL, the mean level of beta2-glycoprotein I in patients with MACE

was 355 � 50.6 lg/mL. At 60 days of follow-up, a HR of 0.10 (95%

ci: 0.03–0.32) for levels above 156 lg/mL beta2-glycoprotein was

found. At 90 days of follow-up, a HR of 0.30 (95%ci: 0.11–0.92) for
above 368 lg/mL was found. No correlation was found between

plasma levels on von Willebrand factor and the risk of MACE after 60

or 90 days. The protection for MACE associated with increased levels

of beta2-glycoprotein I did not attenuate after adjusting for age and

gender and HS-CRP for both follow-up periods (60 days: HR 0.11,

95% ci 0.03–0.35; 90 days HR 0.32, 95% ci 0.11–0.95), but after

adjusting for NT-proBNP the association at 90 days disappeared.

Conclusion: High circulating levels of beta2-glycoprotein I is associated

with a reduced risk of recurrence of cardiovascular events after PTCA.

OC 27.4
Anti-b2-glycoprotein I antibodies inhibit the
prothrombinase complex in a phospholipid-
independent manner
Pennings MT1, Drost-Verhoef S1, Meijers JC2, De Groot PG1 and

Urbanus RT1

1University Medical Center Utrecht, Utrecht; 2Academic Medical

Center Amsterdam, Amsterdam, the Netherlands

Background: Antiphospholipid syndrome (APS) is diagnosed in

patients with thrombosis or pregnancy morbidity who have persistent

antiphospholipid antibodies. Of all antiphospholipid antibody sub-

types, the presence of the phospholipid-dependent coagulation inhibi-

tor known as lupus anticoagulant (LA) correlates best with thrombosis.

The current paradigm is that LA is caused by competition between anti-

body-b2-glycoprotein I (b2-GPI) complexes and vitamin K-dependent

coagulation factors for binding sites on negatively charged phospholip-

ids. Different observations we have made challenge this axiom.

Aim: To study the effects of LA-inducing antibodies on coagulation:

Methods: We analyzed the effects of LA-inducing monoclonal

anti-b2GPI antibody 3B7 and different variants of b2GPI on contact

activation and thrombin generation. Moreover, we studied the effects

of 3B7 and b2-GPI on intrinsic tenase and prothrombinase complexes.

Results: Lowering the phospholipid concentration in thrombin genera-

tion experiments results in both an increased lag time and a decrease in

endogenous thrombin potential (ETP). In contrast, addition of 3B7

induced an increase in lag time and had no effect on ETP, suggesting

phospholipid-independent effects on coagulation. We further analyzed

the effects of 3B7-b2GPI complexes on coagulation with purified coag-

ulation factors. b2GPI in complex with 3B7, but not b2GPI or 3B7

alone, inhibited the prothrombinase complex for 30% and the intrinsic

tenase complex for 70%. Substitution of wild-type b2GPI for a mutant

that does not bind to phospholipids (b2GPI W316S) abolished the

inhibitory effects of antibody-b2GPI complexes on the intrinsic tenase

complex, whereas inhibition of the prothrombinase complex remained

unaltered. Surface plasmon resonance analysis showed that complexes

of 3B7 and wild-type b2GPI or the W316S mutant, but not b2GPI

itself, directly interact with activated factor V (KD: 25 nM), but not

with factors VIII, IX, X, and II. To determine the contribution of inhi-

bition of either the intrinsic tenase complex or the prothrombinase

complex to lupus anticoagulant activity, we performed an APTT in

the presence or absence of the thrombin inhibitor argatroban. As

expected, 3B7 prolonged the APTT. Addition of argatroban and anal-

ysis of factor Xa generation with a fluorescent substrate showed that

3B7 did not inhibit factor Xa formation in plasma.

Conclusion: Anti-b2-glycoprotein I antibodies differentially interfere

with the coagulation reaction. Whereas b2GPI-antibody complexes

compete with the intrinsic tenase complex for phospholipid binding,

prothrombinase inhibition is independent of phospholipid binding. In

plasma, inhibition of the prothrombinase complex seems to be the

determining step in anti-b2GPI antibody-induced lupus anticoagulant.

We hypothesize that this inhibition is mediated by a direct inhibition of

factor Va.

OC 27.5
Pathological mechanisms of antiphospholipid
antibodies in trophoblastic cell fusion
Marchetti T1, Cohen N2 and De Moerloose PH1

1University Hospital of Geneva; 2Laboratory of Hormonology,

Geneva, Switzerland

Background: Antiphospholipid Syndrome (APS) is an acquired throm-

bophilia associated with arterio-venous thrombosis and/or obstetrical

complications, and the presence of antiphospholipid antibodies (aPL)

in the plasma of patients. It has been suggested that aPL could affect

directly invasion and fusion of trophoblastic cells. However, their
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pathogenicity is poorly understood. Toll-like Receptors (TLR) have

been implicated in pathological activation of aPL on endothelial cells,

monocytes and platelets.

Although inflammation has been incriminated in this process, it has

been hypothesized that imbalance between autophagy and apoptosis

could be related to trophoblastic fusion impairment. Moreover, TLR4

has been implicated in autophagy signalling cascade.

Hydroxychloroquine (HCQ) is an antimalarial molecule safely used

during pregnancy and associated with a reduction in fetal losses in lu-

pic patients with aPL.

Aims: The aim of our study was to evaluate the effects and pathologi-

cal mechanisms of aPL on trophoblastic cell fusion and whether they

could be reversed by HCQ treatment.

Methods: The human choriocarcinoma cell line BeWo is regularly used

as a cell culture model to mimic trophoblastic cell fusion, triggered by

forskolin. Cells were treated or not with forskolin in presence or not of

antib2GP1 antibodies (antib2GP1-Ab) for 48 h. Fusion index (FI)

was then determined by immunocytochemistry (ICC) and biochemical

differentiation was determined by ELISA measuring hCG secretion.

Antib2GP1-Ab toxicity was determined by MTT assay.

To assess the role of TLR in the pathological mechanisms of

antib2GP1-Ab on BeWo cells, TLR expression was determined by

qPCR and Western Blot (WB) in the presence or not of antib2GP1-

Ab. Effects of membranous TLR (respectively 1, 2, 4 and 6) on BeWo

cell fusion were then evaluated by ICC, using specific blocking mole-

cules such as anti-TLR2 and 4 antibodies and peptide binding for

TLR1/6, 2 and 4, or decreased expression of TLR4 (shRNA) in the

presence or not of antib2GP1-Ab.

After determining a potent role of TLR4 in trophoblastic cell fusion

impairment by antib2GP1-Ab, we investigated the expression of some

target genes of TLR4 signalling cascades.

Interactions between HCQ and TLR4 were then determined by FI by

ICC, hCG secretion by ELISA, qPCR and WB.

Results: FI and hCG secretion are decreased by addition of

antib2GP1-Ab in a dose-dependent way, independently of antibodies

toxicity. In the presence of antib2GP1-Ab and anti-TLR4 blocking

antibodies, BeWo cell fusion and hCG secretion were restored.

In BeWo cells transfected with shRNA TLR4, antib2GP1-Ab do not

affect cellular differentiation. Increase in autophagy gene expression

(Beclin-1, GABARAPL1 and LC3B) was observed in BeWo cells stim-

ulated by antib2GP1-Ab, but not in BeWo cells transfected with

shRNA TLR4 plasmid and stimulated by antib2GP1-Ab, suggesting

that antib2GP1-Ab treatment triggers autophagy and that autophagy

was at least partly regulated by the TLR4 pathway.

Treating BeWo cells with HCQ decreased autophagy gene and TLR4

expression, and restored BeWo cell differentiation.

Summary/Conclusion: Antiphospholipid antibodies interfere with

fusion process and biochemical differentiation of BeWo cells via

TLR4. HCQ decreases TLR4 and autophagy gene expression and

restores differentiation of BeWo cells suggesting its therapeutic interest

for aPL affected pregnancies.

OC 27.6
MicroRNA expression in monocytes and neutrophils
from primary antiphospholipid syndrome and systemic
lupus erythematosus patients. Potential value as
biomarkers of atherothrombotic disease
Perez-Sanchez C1, Ruiz-Lim�on P2, Aguirre MA2, Barbarroja N2,

Rodriguez-Ariza A2, Collantes E2, Cuadrado MJ3, Gonz�alez-

Conejero R4, Mart�ınez C5 and L�opez-Pedrera C2

1IMIBIC; 2IMIBIC/Reina Sofia Hosp., C�ordoba, Spain; 3Lupus

Unit, St Thomas Hospital, London, UK; 4Regional Centre for

Blood Donation, University of Murcia, Murcia, Spain; 5University

of Murcia, Murcia, Spain

Background: miRNAs are key players in a wide range of molecular

and pathophysiological processes. Recently, several studies have exam-

ined their involvement in the pathogenesis of systemic lupus erythe-

matosus (SLE) and antiphospholipid syndrome (APS). However, no

study has evaluated the expression profile of miRNAs associated with

the cardiovascular and the atherothrombotic risks observed in these

autoimmune diseases.

Aims: To identify the miRNAs involved in the regulation of pro-

inflammatory, prothrombotic and oxidative status in SLE and APS

patients.

Patients and Methods: In silico search was performed to find putative

binding sites of miRNAs in various mRNA of proinflammatory fac-

tors (MCP-1, MIP-1a, IL-1b, -2, -6, -8, -17, -23, VEGF and tPA) pro-

thrombotic proteins (TF and PAR2) and oxidative stress markers

(peroxides production, antioxidant enzymes and mitochondrial activ-

ity) was performed. Neutrophils and monocytes were isolated from 11

APS patients, 17 SLE patients and 26 healthy donors. Selected miR-

NAs were quantified by RT-PCR. The expression of proinflammatory

proteins was evaluated by flow cytometry and flow cytomix. Antioxi-

dant enzymatic activity was also quantified. Carotid intima-media

thickness(CIMT) was measured as a marker of early atherosclerosis.

Results: In silico search reported miR-124a, -125a, -125b, -146a, -155,

and -222 as candidates to regulate the expression of several proinflam-

matory proteins and oxidative status observed in SLE and APS

patients. The expression levels of these miRNAs appeared significantly

decreased in neutrophils from SLE and APS patients compared to

healthy donors. However, only the miR-124a was found reduced in

monocytes from SLE and APS patients, while miR-146a was

increased. The expression levels of the miRNAs analyzed in SLE

patients negatively correlated with the disease activity (SLEDAI) and

the anti-dsDNA titers. In addition, an inverse correlation between an-

ticardiolipin antibody titers and miRNAs expression was found in

APS patients. Moreover, significant negative correlations between

miRNAs expression and molecules related to mitochondrial dysfunc-

tion and oxidative stress were observed in APS monocytes and neu-

trophils. Inflammatory proteins showed specificity in their association

with miRNAs depending on the disease analyzed, so that in APS

inverse correlations were found with VEGF-R1, IL-8 and PAR2, while

in LES significant correlations related to IL-2, IL-6, IL-10 and MCP.1

Low levels of miR-146a in APS and SLE neutrophils, and miR-155 in

APS neutrophils, were associated with pathological CIMT. The pres-

ence of thrombotic events in APS and SLE was associated with low

levels of miR-146a and miR-155 in neutrophils and monocytes.

Conclusions: miRNAs differentially expressed in monocytes and neu-

trophils from APS and SLE patients correlate with markers of autoim-

munity, inflammation, thrombosis and oxidative stress, and are

associated with atherothrombotic processes. Therefore, these miRNAs

might be considered potential biomarkers of pro-inflammatory pathol-

ogy in both atherosclerosis and autoimmune diseases.

OC 28 – Coagulation Factor VIII

OC 28.1
Factor VIII: where is it synthesized?
Fahs SA, Hille M, Jozwiak M, Shi QK, Weiler H

and Montgomery R

BloodCenter of Wisconsin, Milwaukee WI, USA

Background: The precise source(s) of coagulation factor VIII (F8) syn-

thesis has remained controversial. Production of coagulation-related

proteins in liver is well documented, but this and other recent studies

challenge historical paradigms attributing coagulation F8 expression

specifically to hepatocytes. Tissue surveys confirm significant hepatic

as well as renal transcription of F8 mRNA, with much lower levels in

spleen and many other organs. In situ localization of synthesis has not

clarified our understanding. At the cellular level, endothelial cells (EC)

or sinusoidal EC and a number of other alternative cell types through-

out the body have been implicated in F8 synthesis. This prompted our

study of F8 synthesis in the whole animal by genetic techniques.
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Aims: Defining the site of F8 synthesis using cell-type specific F8 gene

inactivation in the mouse.

Methods: We developed a conditional knockout of the murine F8

gene. ‘Floxed’ (F8F) mice, which express normal levels of plasma F8,

were generated by inserting LoxP sites flanking exons 17/18. When

F8F mice are crossbred with various Cre-expressing mouse strains,

excision of exons 17/18 occurs, causing F8 gene inactivation in Cre-

expressing cells and their progeny. We utilized six strains of mice with

differing tissue-specific synthesis of Cre recombinase. Plasma F8 activ-

ity was measured by chromogenic assay. Gene inactivation and expres-

sion were assessed by PCR and RT-PCR analysis.

Results: Germline (Meox2)-Cre expression results in an inherited,

severe hemophilic F8 knockout (F8KO) phenotype, while tissue-specific

Cre’s cause gene inactivation only in specific cell types, depending on

the promoter controlling Cre expression. While Alb-Cre drives F8

gene inactivation with high efficiency and specificity in hepatocytes,

affected mice are phenotypically indistinguishable from normal con-

trols. In contrast, marked reduction in plasma F8 was seen in all EC-

expressing Cre strains tested. Tek-Cre and Cdh5-Cre(Spe) resulted in

mice with nearly undetectable plasma F8, while a less efficient Cdh5-

Cre(Mlia) model results in a 30–40% reduction in F8. Tek-Cre is

expressed with high efficiency in EC generating a functional F8-knock-

out phenotype, typically with a complete absence of plasma F8. Since

each of these ‘endothelial’ Cre strains express Cre in both hematopoi-

etic and endothelial compartments, we studied a hematopoietic cell-

expressed Vav1-Cre model which resulted in modest, but significant

F8 reduction. Although plasma F8 activity is undetectable in germline

F8KO and affected Tek-Cre mice, low level transcription of exon 17/

18-deleted F8KO message continues in liver as two alternatively-spliced

mRNA variants expressed at roughly equivalent levels. There is no evi-

dence that these transcripts result in measureable F8 (similar tran-

scripts are identified in current hemophilic mice).

Summary/Conclusion: The completely normal phenotype following F8

gene inactivation by Alb-Cre suggests no significant F8 synthesis in he-

patocytes. In contrast, gene inactivation in EC causes reduced plasma

F8 activity ranging from moderate to a severe hemophilia phenotype

dependent on endothelial Cre efficiency. All currently available EC-

specific and hematopoietic-specific Cre models exhibit variable pene-

trance into both endothelial and hematopoietic compartments that is

presumably due to their differentiation from a common hemangioblast

progenitor. Altogether our data indicates that F8 synthesis is primarily

a function of endothelial cells and not hepatocytes.

OC 28.2
Factor VIII A2 domain stabilization enhances potency
and efficacy in hemophilia A mice
Leong L1, Thompson T1, Tran K1, Liu P1, Sim D1, Wakabayashi

H2, Fay PHJ2, Kretschmer P1, Laux V1 and Murphy JE1

1Bayer HealthCare Pharmaceuticals, US Innovation Center, San

Francisco, CA; 2University of Rochester Medical Center,

Rochester, NY, USA

Background: An important negative regulator of activated factor VIII

(FVIIIa) cofactor activity is subunit dissociation. FVIII molecules

with stabilized activity have been generated by elimination of charged

residues at the A1-A2 and A2-A3 interfaces. These molecules exhibited

reduced decay rates as part of the factor Xase complex and retained

their activities under thermal and chemical denaturing conditions (Wa-

kabayashi H, et al. J Thromb Haemost. 2009;7[3]:438–444).
Aim: We describe the potency and efficacy of one such variant,

D519VE665V, a mutant of B-domain�deleted FVIII (BDD-FVIII).

Methods: FVIII activity was measured using the two-stage chromo-

genic assay and the one-stage activated partial thromboplastin time

(aPTT) assay. Hemostasis parameters were measured using the throm-

bin generation assay (TGA) and rotational thromboelastometry (RO-

TEM). Efficacy was assessed in Hemophilia A (HemA) mice subjected

to various models of vascular injury (tail clip, laser injury, and tail vein

transection).

Results: D519VE665V potency was increased two-fold by the two-

stage chromogenic assay relative to BDD-FVIII. The potency was

equivalent to BDD-FVIII by the one-stage aPTT assay. Compared

with BDD-FVIII, D519VE665V demonstrated enhanced TGA and

ROTEM responses: four-fold by peak thrombin and two-fold by clot

initiation time, respectively. Efficacy testing in HemA mice demon-

strated enhanced efficacy for D519VE665V vs BDD-FVIII. By both

the tail clip and tail vein transection models, D519VE665V had a two-

fold increase in efficacy, whereas by laser injury, fibrin-thrombi accu-

mulation was greater (four-fold increase in fibrin and eight-fold

increase in platelet accumulation, respectively) compared with BDD-

FVIII.

Conclusion: These results demonstrate that stabilizing A2 subunit asso-

ciation of FVIII can prolong its cofactor activity and lead to enhanced

protection against vascular injury in an animal model of hemophilia.

OC 28.3
Activated blood coagulation factor VIII interacts with
cluster III complement-type repeats of the low-density
lipoprotein receptor-related protein
Kurasawa JH, Shestopal SA, Lee TK and Sarafanov AG

U.S. Food and Drug Administration, Rockville, USA

Background: It was previously found that the clearance of coagulation

factor VIII (FVIII) is mediated by the low-density lipoprotein recep-

tor-related protein (LRP) (Lenting P., et al, 1999 and Saenko E., et al,

1999). Within LRP, FVIII was shown to interact with the comple-

ment-type repeats (CRs) of clusters II and IV, but not with cluster III.

In LRP, clusters II and IV bind a majority of its known ligands, which

exceeds 30. At the same time, cluster III is considered to serve a minor

role, since it was shown to interact only with alpha-2-macroglobulin

receptor-associated protein (RAP), an intracellular LRP chaperon,

and lipoprotein ApoE, constituting beta-VLDL. Previously, we found

that upon activation, FVIII (FVIIIa) has some changes in regard to its

binding with LRP; in particular, it exposes a high-affinity site in the

A2 domain for the clusters II and IV (Sarafanov A., et al, 2007).

Aims: In the present work, we tested in more detail how activation of

FVIII affects its interaction with LRP, specifically with its cluster III.

Methods: Recombinant fragments of LRP and their mutant forms

were expressed in a baculovirus system. The proteins were purified

using combination of affinity and size exclusion chromatography and

assessed for the binding with FVIII in a surface plasmon resonance

assay.

Results: We found that FVIII and FVIIIa each bind to both clusters II

and IV, while FVIIIa produced considerably higher signals. Strikingly,

FVIIIa was found to bind cluster III in the same fashion, whereas

FVIII remained essentially inactive towards this cluster. The FVIIIa

binding to the cluster III was strongly inhibited by an anti-FVIII anti-

body fragment, iKM33, known to have an epitope within the C1

domain of FVIII light chain. Next, we found that a heterodimer A1/

A3-C1-C2, known to be a physiological product of FVIIIa dissocia-

tion, also interacted with cluster III and this process was inhibited by

iKM33. These data demonstrate that thrombin cleavage of FVIII

results in exposure of a binding site on its light chain for LRP cluster

III. To map the interactive site on this cluster, we tested binding of

FVIIIa with nine CR doublets that spanned cluster III. We identified a

number of positive binding CR doublets overlapping an extended

region of adjacent CRs within the cluster; specificity of these interac-

tions was confirmed by the inhibitory effect of iKM33 as above.

Finally, we tested interaction of FVIIIa and cluster III with a mutated

conservative residue within each active binding CR. We observed a

significant decrease in the binding that also confirmed the cluster III

mapping data.

Summary/Conclusion: We demonstrated that cluster III of LRP binds

activated FVIII, and characterized the interactive sites within these
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molecules. We also showed that FVIIIa binds LRP clusters II and IV,

and is more active for the binding to all three clusters than non-acti-

vated FVIII. Altogether, our data indicate that LRP serves a role in

clearance of activated FVIII in vivo, and cluster III is involved in this

process.

OC 28.4
Identification of monoclonal antibodies protecting
activated Factor VIII against spontaneous inactivation
by A2 subunit dissociation
Ostergaard H, Lambert K, Clausen JT, Balling K, Faber JH,

Reedtz-Runge SL, Kjalke M and Holmberg HL

Novo Nordisk A/S, Maaloev, Denmark

Background: Factor VIII (FVIII) is an essential cofactor of the coagu-

lation system. Conversion of FVIII to the active cofactor (FVIIIa)

occurs by distinct cleavages that convert it into a heterotrimer

consisting of A1 and A2 subunits non-covalently associated with the

activated light chain. FVIIIa is inherently unstable and inactivates

with a half-life of 2 min as a consequence of spontaneous A2 subunit

dissociation. The physiological importance of this mechanism for

down-regulation of the coagulation response is suggested by the asso-

ciation of mild haemophilia with point mutations in FVIII that accel-

erate A2 dissociation.

Aim: Based on the hypothesis that regulation of FVIIIa activity is limit-

ing the generation of thrombin and consequently clot formation under

conditions of mild or moderate haemophilia, a screen for antibodies

protecting FVIIIa against A2 subunit dissociation was undertaken.

Methods: BALB/c mice were immunized with FVIII and derivatives,

and hybridomas prepared by standard methods.

Results: Screening of hybridoma supernatants in a FVIIIa decay-

dependent FXa generation assay identified two non-competing classes

of antibodies with a hit rate of about 1%. To map their recognition

sites on FVIII, hydrogen-deuterium exchange mass spectrometry was

employed which identified non-overlapping epitopes in the A2 and A3

domains in agreement with distinct functional properties of the two

classes. In particular, antibodies targeting the A3 domain were found

to interfere with FVIII activation, while antibodies specific for A2

(represented by 4F143) bound with high affinity to FVIII/FVIIIa and

neither affected VWF binding nor activation by thrombin. In a FXa

generation assay, 4F143 reduced the apparent rate of FVIIIa decay up

to four-fold and normalized the accelerated inactivation of the FVIII

S289L variant associated with mild haemophilia A. Interestingly, the

protective effect was strictly dependent on the bivalency of 4F143 and

also on the presence of a phospholipid membrane surface. Titration

studies demonstrated that the membrane dependency was bell-shaped

with a progressively declining effect of 4F143 as the vesicle concentra-

tion was increased above a peak concentration of 5 lM. Taken

together, these data are consistent with a mechanism by which 4F143

simultaneously engages two FVIIIa molecules on the membrane sur-

face. This configuration would promote re-assembly of dissociated

FVIIIa by retaining the A2 domain in close proximity to the mem-

brane and thus to any surface-bound A1-light chain fragment avail-

able for reassociation.

To explore whether such mechanism would promote sustained throm-

bin generation in the presence of a physiological surface, 4F143 was

tested in congenital haemophilia A plasma supplemented with washed

human platelets. In this system, 4F143 was found to restore thrombin

generation in the presence of 0.3% FVIII to the level obtained with 1–
2% FVIII in the absence of antibody.

Conclusion: In conclusion, the present work demonstrates a novel anti-

body-based approach to intercept a regulatory pathway of relevance

in mild haemophilia A. In vivo studies are undertaken to investigate

the impact of this pathway on the bleeding phenotype in general hae-

mophilia.

OC 28.5
Clearance of FVIII in a rat perfused liver model and
isolated primary liver cells in the presence and absence
of VWF
Appa RS1, Loftager M1, Pelzer H1, Karpf M1, Kjalke M1,

Stennicke HR1 and Smedsrod B2

1Novo Nordisk A/S, Maaloev, Denmark; 2University of Tromsø,

Tromsø, Norway

Background: FVIII is predominantly cleared in the liver. Members of

the low density lipoprotein receptor family including the low density

lipoprotein-related protein, LRP, have been previously reported to

mediate clearance of FVIII either directly1 or indirectly via VWF2.

Other potential receptors include macrophage mannose receptor

(MMR)3. In a genome-wide association study, SNPs in the region of

stabilin-2 (Stab2, scavenger-like receptor) were found to correlate with

VWF and FVIII levels4.

Aims: To analyse the relative importance of a selection of clearance

receptors in FVIII elimination using an isolated perfused liver model

and primary liver cell cultures in the absence and presence of VWF.

Methods: Rat livers were isolated and cannulated via the portal vein

and vena cava to generate an ex vivo recirculating model. Recombi-

nant human FVIII (2–5 nM) was added to a Krebs Henseleit/BSA

perfusate buffer with or without either plasma-derived VWF (20 nM),

a VWF fragment containing the FVIII binding site (VWF-D’D3A1)

(35 nM), ligands for LRP (receptor associated protein, RAP, 0.7 or

1.2 lM) or MMR (Man6Lys5, 500 nM). Samples from the perfusate

were analysed for FVIII and VWF concentrations by activity and anti-

gen assays. For primary liver cell studies, cells were isolated via colla-

genase perfusion of rat livers. Our previous hepatocellular studies

identified hepatocytes (parenchymal cells, PCs) and liver sinusoidal

endothelial cells (LSECs) as having a major role in FVIII elimination;

therefore, these cells were isolated and separately plated in tissue cul-

ture plates. Iodine (125I) or fluorescently labelled FVIII was incubated

with cells for up to 2 h with or without VWF, VWF-D’D3A1, RAP,

different MMR ligands, as well as, an antibody against Stab2. Mem-

brane bound and internalized radioactivity was subsequently quanti-

fied.

Results: Both FVIII and VWF disappeared from the perfusate over

time. Almost 80% of FVIII dosed was cleared after 60 min, and

approximately 25% of VWF dosed was cleared in the presence and

absence of FVIII. As expected, VWF and VWF-D’D3A1 reduced

FVIII uptake in the rat livers and in primary liver cells. In contrast,

FVIII clearance was not affected by RAP neither when added as a sin-

gle bolus dose together with FVIII nor when constantly infused during

the perfusion. RAP was, however, able to decrease t-PA clearance.

Man6Lys5 also had no effect on FVIII liver clearance. In cell studies,

an excess concentration of RAP and MMR ligands did not reduce

FVIII binding or internalization. Interestingly, an anti-Stab2 antibody

inhibited FVIII internalization in LSECs.

Summary/Conclusion: VWF and VWF-D’D3A1 reduced FVIII clear-

ance in isolated rat livers and blocked uptake in primary liver cells,

while an excess concentration of ligands to either LRP or MMR did

not. In addition, Stab2 may play a role in FVIII uptake in LSECs.

These data suggest that other major clearance pathways may be

involved in FVIII clearance when LRP and MMR are blocked and

that more than one receptor is probably involved in liver clearance of

FVIII.

References:

1. Bovenschen,. Blood. 2005;106:906–912.
2. Rastegarlari,. Blood 2012 119: 2126–2134.
3. Dasgupta,. Proc Natl Acad Sci USA. 2007;104:8965–8970.
4. Smith,. Circulation. 2010; 121:1382–1392.
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OC 28.6
Difference in the membrane-bound organization of
human and porcine factor VIII
Stoilova-McPhie S, Miller JL, Dalm D and Grushin K

University of Texas Medical Branch, Galveston, TX, USA

Factor VIII (FVIII) is a multidomain blood plasma glycoprotein,

which causes hemophilia A when defective or deficient. FVIII biologi-

cal function is a co-factor to the serine protease Factor IXa (FIXa)

within the membrane-bound tenase complex assembled on the acti-

vated platelet surface during the propagation phase of coagulation.

Recombinant human FVIII (hFVIII) concentrate is the most efficient

cure for Hemophilia A. Recombinant porcine FVIII (pFVIII) is used

in patients developing inhibitory antibodies against the human form.

Both hFVIII and pFVIII large single chain glycoproteins composed of

six domains: A1-A2-B-A3-C1-C2. Recombinant human and porcine

FVIII are usually expressed without the B domain and consist of two

non-covalently bound polypeptide chains: the light chain (LC) of the

A3-C1-C2 domains holding the membrane interaction sites and the

heavy chain (HC) of the A2-A1 domains holding the main FIXa inter-

action sites. The sequence identity between the two proteins is 84%.

pFVIII also binds to human FIXa in vivo, forming functional tenase

complexes. Cryo-EM is unique in giving direct structural information

at closest to physiological conditions and subnanometer resolution.

Cryo-EM can study the macromolecular structure of proteins and pro-

tein complexes in a lipid environment, since the samples are fully

hydrated and the lipid bilayer well resolved.

We have combined cryo-EM and image analysis to study the mem-

brane-bound structure of two recombinant Factor VIII forms, human

and porcine helically organized on functionalized single lipid bilayer

nanotubes (LNT) resembling the activated platelet surface.

Our results demonstrate unambiguously that human and porcine

FVIII, differ significantly in their organization when assembled heli-

cally onto LNT at the same conditions (lipids, protein to lipid ration,

buffer, salt concentration and temperature). The cryo-EM structures

of both proteins at intermediate resolution (~12–14 �A) show that the

pFVIII-LNT are tightly packed with a shallow twist angle, resulting in

wider tubes. The hFVIII-LNT has a more pronounced twist, extending

the protein-protein interaction in the plane of the membrane. Fitting

of the hFVIII-BDD structure within the cryo-EM maps confirms a

reorganization of the LC domains for both human and porcine FVIII

forms, such as the C2 domain interacts directly with the membrane.

The C1 domain does not interact directly with the membrane forming

an extended interface with the A1 and A3 domain supporting the A2

domain. This organization of the FVIII-LC domains has been previ-

ously observed for helically organized hFVIII-LC on LNT, as well as

for hFVIII organized in membrane-bound 2D crystals.

Resolving the FVIII membrane-bound organization for different FVIII

forms (human and porcine) by cryo-EM reveals the structural role of

the significant Hemophilia A mutations and completes our knowledge

for FVIII function in hemostasis. Understanding the implication of the

difference in sequence for the FVIII membrane-bound organization

will help design better drugs and therapies against Hemophilia A.

OC 29 – Fibrinolysis – I

OC 29.1
Pharmacological inhibition of PAI-1 activity prolongs
the lifespan of klotho mice, a murine model of
accelerated aging
Eren M1, Miyata T2 and Vaughan E1

1Northwestern University, Chicago, IL, USA; 2Tohoku University,

Sendai, Japan

Background: Plasminogen activator inhibitor type-1 (PAI-1) expres-

sion is stimulated by biologic stressors that promote cellular senes-

cence and its induction is a validated senescence indicator in vitro and

in vivo. Furthermore, PAI-1 expression levels are inversely propor-

tional to telomere length. Senescent cells accumulate in aging tissues,

which likely contributes to physiological aging. In humans, age-depen-

dent increases in PAI-1 levels have been observed in plasma and in a

variety of clinical conditions including obesity, insulin resistance, and

inflammation. Additionally, PAI-1 levels increase in animals in plasma

and in the heart as a function of age. Interestingly, klotho (kl/kl) mice,

a murine model of accelerated aging, develop age-dependent increases

in PAI-1 levels in plasma, and in tissues, including the kidney, aorta,

and heart. Klotho protein regulates fibroblast growth factor-23

(FGF23) signaling and phosphate excretion in the kidney. kl/kl mice

are deficient in the Klotho protein and display numerous phenotypic

abnormalities resembling human aging, including emphysema, osteo-

porosis, arteriosclerosis, and ectopic calcification associated with a

markedly shortened average lifespan (64 days).

Aims: To test the hypothesis that PAI-1 is a critical determinant of the

aging phenotype in kl/kl mice. We aimed to investigate the effects of

pharmacological inhibition of PAI-1 activity on senescence and sur-

vival in a murine model of aging.

Methods: kl/kl mice were administered a novel PAI-1 antagonist,

TM5441 (100 mg/kg/day) mixed in the standard chow diet. Plasma

samples were collected at baseline and at 2 and 4 months of treatment.

Body weights of mice were monitored weekly. Plasma levels of FGF23

were measured using a commercially available ELISA kit.

Results: While no kl/kl mice lived longer than 120 days, 100% of kl/kl

mice receiving TM5441 were alive beyond that time point. PAI-1 inhi-

bition prolonged the survival of kl/kl mice by 4.6-fold with 3/5 of mice

receiving TM5441 alive at age 265 days (P = 0.0004 by Log-rank test).

TM5441 treatment also improved the overall health of kl/kl mice in

terms of weight gain and activity levels. We observed that after

4 months of TM5441 treatment, plasma levels of FGF23 were reduced

by 65% in kl/kl mice (P = 0.018).

Conclusion: These results confirm the hypothesis that PAI-1 is a critical

determinant of the aging phenotype in kl/kl mice and clearly demon-

strate that pharmacologic inhibition of PAI-1 activity may serve as a

novel therapeutic approach to prevent senescence and aging-associated

diseases.

OC 29.2
Global gene expression profiling in PAI-1 knockout
murine heart and kidney: molecular basis of cardiac-
selective fibrosis
Ghosh AK, Murphy SB, Kishore R and Vaughan E

Northwestern University, Chicago, IL, USA

Background: Fibrosis is due to excessive accumulation of extracellular

matrix proteins during wound healing. Fibrosis can affect every organ

in the body and is one of the major contributors to morbidity and

mortality in humans. At present, there is no effective therapy for organ

fibrosis. Although extensive studies have been done to understand the

molecular basis of fibrosis, there is a lack of fundamental information

on the initiators of fibrogenesis. Previous studies demonstrated that

aged plasminogen activator inhibitor-1 (PAI-1) knockout mice

develop spontaneous cardiac-selective fibrosis without affecting any

other organs including kidney, lung and liver. Therefore, the PAI-1

knockout model of cardiac fibrosis provides an excellent opportunity

to find novel contributors to cardiac fibrosis.

Aims: We hypothesized that differential expressions of profibrotic and

antifibrotic genes in PAI-1 knockout hearts and unaffected organs lead

to cardiac-selective fibrosis. The aim of this study was to identify the

initiator(s) of fibrosis in PAI-1 knockout hearts and to determine the

status of those initiator(s) in PAI-1 knockout kidneys.

Methods: Hearts and kidneys explanted from aged PAI-1 knockout

and wildtype mice were subjected to histological study. Levels of colla-

gen were measured by Masson’s trichrome staining. To test our
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hypothesis, we performed genome-wide gene expression profiling of

transcripts derived from aged PAI-1 knockout hearts and kidneys.

Total RNA from wildtype and PAI-1 knockout hearts and kidneys

were isolated. The variations of global gene expression profiling were

compared within four groups: wildtype heart vs. knockout heart; wild-

type kidney vs. knockout kidney; knockout heart vs. knockout kidney

and wildtype heart vs. wildtype kidney. Array data was validated in

wildtype and PAI-1 knockout hearts and kidneys by quantitative PCR

analysis and by Western blotting in endothelial cells undergoing endo-

thelial to mesenchymal transition (EndMT).

Results: Results revealed that while myocardial tissues derived from

aged PAI-1 knockout mice showed significantly elevated levels of colla-

gen accumulation compared to age- and sex-matched wildtype con-

trols, collagen accumulation in kidneys derived from aged PAI-1

knockout mice were insignificant and comparable with age- and sex-

matched wildtype controls. This suggests that PAI-1 deficiency is asso-

ciated with age-dependent cardiac-selective fibrosis. Analysis of Illu-

mina-based microarray data revealed that several genes involved in

different biological processes such as immune system processing,

response to stress, cytokine signaling, cell proliferation, adhesion,

migration, matrix organization and transcriptional regulation are

affected in hearts and kidneys by the absence of PAI-1. Importantly,

while the expression of several genes, involved in profibrotic pathways

including Ankrd1, Dbp, Egr1, Scx, Klf6, IGFBP6, Timp1/2 and Loxl1,

are upregulated in PAI-1 knockout hearts, the expression of those

genes is downregulated in PAI-1 knockout kidneys. The quantitative

PCR analysis data of a few genes including Ankrd1, Egr1, Dbp and

Timp1 further confirmed the microarray data. The protein levels of a

few genes including Ankrd1 and Timp1 were elevated during EndMT.

Conclusion: To our knowledge, this is the first comprehensive report

on the influence of PAI-1 on global gene expression profiling in heart

and kidney. These results have identified new molecular targets for the

prevention and treatment of fibrotic disorders.

OC 29.3
Plasmin induces in vivo monocyte recruitment through
protease-activated receptor-1, MEK/ERK and CCR2
mediated signaling
Carmo AAF1, Costa BRC1, Vago JP1, Oliviera LC2, Tavares LP1,

Nogueira CRC1, Brasil BSF2, Dusse LM1, Barcelos LS3, Bonjardim

CA2, Teixeira MM3 and Sousa LP4

1Departamento de An�alises Cl�ınicas e Toxicol�ogicas;
2Departamento de Microbiologia, Instituto de Ciências

Biol�ogicas; 3Imunofarmacologia- Departamento de Bioqu�ımica e

Imunologia, Minas Gerais; 4Federal University of Minas Gerais,

Belo Horizonte, Brazil

Background: The Plasminogen/Plasmin (Plg/Pla) system is associated

with a variety of biological activities beyond the classical dissolution

of fibrin clots, including cell migration, tissue repair and inflammation.

Although the capacity of Plg to induce cell migration is well defined,

the mechanism in vivo underlying this process is elusive.

Aims: To investigate the effect of Pla on cell migration in vitro and in

vivo and the role of mitogenactivated protein kinase (MAPK) ERK1/

2, protease activated receptor-1 (PAR-1) and CCL2/CCR2 axis in this

process.

Methods: We performed in vitro migration assay (wound healing

assay) in culture of MEFs (Mouse Embryonic Fibroblasts) or mouse

leukemia monocyte macrophage (RAW 264.7). The cells were treated

with Pla (2 lg/mL) at different times, or pretreated with the MEK1/2

inhibitor U0126 (15 lM), a serine protease inhibitor Leupetin (25 lg/
mL) or the lysine analog tranexamic acid (0.01 M) 60 min. prior to

and throughout Pla treatment and processed for microscopic counting

of migrating cells or western blot analysis for phosphorylated ERK1/

2. BALB/C mice were challenged by i.pl. (intrapleural) injection of Pla

(2 lg/cavity) and the cells present in the pleural cavity harvested at dif-

ferent times or 48 h after pre-treatment with specific inhibitors (U0126

60 lg/cavity, i.pl.; leupeptin 100 lg/mouse, i.p.; SCH79797, 5 mg/kg,

i.p.) 1 hour before Pla. Cells were processed for total and differential

leukocyte counts and western blot analysis for P-ERK1/2 and IkB-a.

Pleural levels of cytokines IL-1b, IL-6 and TNF-a and the chemokine

monocyte chemoattractant protein 1 (MCP-1/CCL2) were analyzed

by ELISA. CCR2 knockout mice and wild-type littermates were

injected with plasmin and the cells present in the pleural cavity were

harvested at 48 h after and processed for total and mononuclear cell

count. All procedures described here had prior approval from the Ani-

mal Ethics Committee of Universidade Federal de Minas Gerais (CE-

TEA/UFMG, Protocol number: 19/2011).

Results: Pla induced in vitromigration of murine fibroblast and macro-

phages dependent on MEK/ERK pathway and by requiring its proteo-

lytic activity and lysine binding sites on cell surfaces.

Plasmin injection into the pleural cavity of mice induced a time-depen-

dent influx of mononuclear cells that was associated with augmented

ERK1/2 and IkB-a phosphorylation and increased levels of CCL2 and

IL-6 in pleural exudates. In vivo inhibition of protease activity by using

leupeptin or a PAR-1 antagonist (SCH79797) prior to Pla injection

abolished Pla-induced mononuclear recruitment and ERK1/2 and

IkB-a phosphorylation. Interestingly, inhibition of MEK/ERK path-

way abolished Pla-induced CCL2 upregulation and mononuclear cell

influx. In agreement with a requirement for CCL2 to Pla-induced cell

trafficking, CCR2�/� mice were not responsive to Plainduced mono-

nuclear recruitment.

Conclusion: Pla-induced mononuclear cell recruitment in vivo was

dependent on PAR-1 activation of the MEK/ERK/NF-kB pathway

which led to the release of CCL2 and activation of CCR2.

Financial Support: FAPEMIG, CNPq and PRPq-UFMG.

OC 29.4
Metalloproteinase-9 higher increase after thrombolysis
is associated with hemorrhagic transformation of
lesion and with poor stroke outcome
Giusti B1, Nencini P2, Gori AM1, Nesi M2, Palumbo V2, Piccardi B2,

Armillis A1, Pracucci G1, Abbate R1 and Inzitari D1

1University of Florence; 2Careggi Hospital, Florence, Italy

Background: In experimental animals metalloproteinases (MMPs) play

a detrimental role related to severity and hemorrhagic transformation

of the ischemic lesion. Tissue plasminogen activator (tPA) enhances

and MMPs inhibitors (TIMPs) antagonize such effects.

Aims: This study aimed to expand clinical evidence in this connection.

Methods: Blood was taken at baseline and 24 h after tPA thrombolysis

from 327 patients [mean age = 68 years, mean National Institutes of

Health Stroke Scale (NIHSS) = 11.9] with acute ischemic stroke, all

treated with i.v. tPA thrombolysis within 4.5 h. MMP-1, -2, -3, -7, -8, -

9, and TIMP-1, -2, -4 were measured (in ng/mL) using Bio-Plex sus-

pension array system and R&D kits. Delta median values [(post tPA-

baseline)/baseline] of each MMP or TIMP were analyzed related to

symptomatic hemorrhage (SICH), death, 3 month modified Rankin

Scale (mRS) (3–6 vs. 0–2), and correlated with baseline, 24 h and

7 days NIHSS.

Results: Delta increases: 1) SICH vs. non SICH: significant for MMP-

9 and TIMP-4 [MMP-9: 0.38 vs. �0.18, P = 0.006; TIMP-4: 0.67 vs.

0.22, P = 0.015]; 2) Death vs. survival: significant for MMPs-1, -8, -9

and TIMP-1 [MMP-1: 0.01 vs. �0.14, P = 0.048; MMP-8: 0.46 vs.

�0.09, P = 0.011; MMP-9: 0.37 vs. �0.17, P = 0.007; TIMP-1: 0.17

vs. �0.02, P = 0.011]; 3) mRS 3–6 vs. 0–2: significant for MMP-8, -9,

and TIMP-4 [MMP-8: 0.12 vs. �0.17, P < 0.001; MMP-9: 0.11 vs.

�0.21, P < 0.001; TIMP-4: 0.50 vs 0.16, P < 0.001]. Both MMP-9 and

TIMP-4 deltas were strongly correlated with baseline, 24 h, and 7 days

NIHSS (Spearman P ranging from 0.003 to 0.001). Adjusting for

demographics, baseline glucose or NIHSS, infection and atrial fibrilla-

tion, only MMP-9 remained an independent determinant of death

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

148 ABSTRACTS



[OR = 1.55 (95% CI 1.08–2.21)], SICH [OR = 1.38 (95% CI 1.01–
1.90)], or mRS 3–6 [OR = 1.35 (95% CI 1.01–1.80)].
Conclusions: Our data add substantial clinical evidence about MMP-9

as detrimental factor in ischemic stroke patients treated with throm-

bolysis, and may prompt randomized controlled trials (RCTs) testing

the treatment of acute ischemic stroke patients with drugs able to inhi-

bit MMPs in combination with tPA thrombolysis.

OC 29.5
Mechanistic studies on a fibrin specific streptokinase
from Streptococcus pyogenes
Huish-Williams S, Longstaff C and Thelwell C

National Institute Of Biological Standards & Control (NIBSC),

South Mimms, UK

Background: Haemolytic streptococci (Groups A, C and G) are com-

mon human pathogens responsible for a range of diseases. As an early

defence mechanism bacteria are trapped in fibrin networks at the site of

infection, with factor XIII (FXIII) cross-linked fibrin reported to be

more effective. In response streptococci secrete streptokinase (SK), a

non-proteolytic activator of human plasminogen, to degrade fibrin and

aid dissemination of the bacteria throughout the body. Most of our

understanding of themechanismof action of SK is based on SK from the

H46a strain of Group C Streptococcus equisimilis, because of its long-

term use as a thrombolytic drug. Importantly plasminogen activation by

H46a-SK is independent of fibrin. SK however contains polymorphic

sequence variations, for example SK from M1 type Group A Strepto-

coccus (GAS, Streptococcus pyogenes) shares 88% sequence identity

with H46a-SK, although the significance of these sequence variations in

relation tomechanism of action and pathogenicity is not known.

Aims: The aim of this study was to investigate mechanistic differences

between H46a-SK and GAS-SK relating to plasminogen activation,

plasmin-SK activity, and in response to FXIII cross-linked fibrin.

Methods: GAS-SK and H46a-SK were cloned and expressed in E. coli.

Plasminogen activation rates were measured in solution, and at the

surface of pre-formed fibrin clots in microtitre plates, against the chro-

mogenic substrate for plasmin S-2251. Amidolytic activity of plasmin

and the SK-plasmin complexes was determined against S-2251. Fibri-

nolytic activity (�FXIII) was measured in two different assay systems:

a microtitre plate based method monitoring clot formation and lysis

through absorbance change, and a physical method where lysis of a

pre-formed clot is determined by collapse of clot structure.

Results: Plasminogen activation and fibrinolysis activity of recombi-

nant H46a-SK was, like native H46a-SK, independent of fibrin. For

GAS-SK however plasminogen activation rates in solution were 18-

fold lower than H46a-SK, and required fibrin to increase activity to

the level of H46a-SK. In the microplate assay fibrinolysis activity of

GAS-SK was two-fold higher than H46a-SK, irrespective of cross-

linking by FXIII. Both H46a-SK and GAS-SK in complex with plas-

min increased plasmin enzyme activity (kcat/KM) by two-fold against

S-2251 compared with plasmin alone, although for H46a-SK the kcat
was two-fold higher and for GAS-SK the KM was two-fold lower rela-

tive to plasmin alone. In the physical clot lysis assay the rate of lysis

was dose-dependent, with faster fibrinolysis rates at low concentra-

tions for GAS- and H46a-SK-plasmin compared to plasmin alone.

Conclusions: We have identified an SK from GAS with fibrin-targeted

plasminogen activation and increased fibrinolytic activity over H46a-

SK. In complex with plasmin both SKs increase amidolytic activity,

but through a different underlying mechanism. At low concentrations

SK increases plasmin fibrinolytic activity, and our results suggest this

could relate to differences in substrate specificity or fibrin binding.

GAS is generally regarded as the more important human pathogen,

and this difference in mechanism of action may contribute to the dif-

ference in pathogenicity. An understanding of the structural interac-

tions critical to the fibrin-targeted activity may also provide a

rationale for the design of new thrombolytic drugs.

OC 29.6
Platelet factor XIII stabilises thrombi via cross-linking
of a2antiplasmin to fibrin
Mitchell JL, Lionikiene AS, Fraser SR, Booth NA and Mutch NJ

University of Aberdeen, Aberdeen, UK

Background: We have shown that the antifibrinolytic function of

plasma-derived factor XIII (FXIII) is exclusively mediated via cross-

linking of a2antiplasmin(a2AP) to fibrin1. Platelets contain three distinct

pools of FXIII; cellular FXIII (FXIII-A) in the cytoplasm and plasma

derivedFXIII within the a-granules and on theirmembrane surface.

Aim: To investigate the contribution of platelet FXIII to thrombus sta-

bility.

Method: Platelet-poor plasma (PPP) or platelet-rich plasma (PRP) was

prepared by centrifugation of whole blood. Washed isolates of platelets

were also prepared. Model thrombi were generated from PPP, PRP,

FXIII-depleted plasma or a2-AP depleted plasma � isolated platelets.

In some cases a TG inhibitor (1 mM) or neutralising antibody to a2-
AP (150 lg/mL) was included. Incorporation of FITC-labelled fibrino-

gen allowed thrombus lysis to be quantified as release of fluorescence.

FXIII activity in plasma, platelet releasates and platelet fractions was

analysed by an in-house activity assay and detected on Western blots

with monoclonal antibodies to FXIII-A and FXIII-B subunits.

Results: FXIII activity was considerably higher in PRP

(1.5 � 0.05 IU/mL) than PPP (0.9 � 0.12 IU/mL; P < 0.005, n = 4)

and was below the limit of detection in FXIII-depleted plasma. Lysis of

thrombi formed with FXIII-depleted plasma was increased 11.8-fold

relative to normal plasma (184 � 6.87 FU/min compared to 15.6 �
6.29 FU/min). Addition of different concentrations of platelets stabi-

lised model thrombi formed from FXIII-depleted plasma to increasing

extents; 0.5 9 108 platelets/mL (1.8-fold; 104 � 22.8 FU/min);

1 9 108 platelets/mL (2.6-fold; 71 � 25.5 FU/min); 2.5 9 108 plate-

lets/mL (6.8-fold; 27 � 10.6 FU/min); and 5 9 108 platelets/mL

(15.5-fold;11 � 4.2 FU/min). Stabilisation of thrombi formed from

FXIII-depleted plasma was evident whether freshly isolated or lysed

platelet preparations were used, indicating that the source of FXIII was

present on the platelet surface or was actively released during platelet

activation. Inclusion of an antibody to a2-AP in thrombi formed from

FXIII-depleted plasma had no effect in the absence of platelets, but

increased lysis 11.6-fold in the presence of 5 9 108 platelets/mL

(11.7 � 1.4 FU/min vs 136 � 23.1 FU/min). Thrombi formed from

a2-AP-depleted plasma lysed at a rapid rate (120 � 11.4 FU/min) and

were not stabilised by addition of 5 9 108 platelets/mL. No change in

lysis was noted on inclusion of a TG inhibitor in thrombi formed from

a2-AP-depleted plasma � 5 9 108 platelets/mL, indicating that in the

absence of plasma a2-AP, platelet FXIII was unable to stabilise

thrombi. Western blotting of lysed preparations of platelets showed a

band at 83 kDa, consistent with the presence of FXIII-A subunit. No

FXIII-B subunit could be detected, suggesting that cellular FXIII-A

from the cytoplasm contributes to thrombus stabilisation.

Conclusions: We have shown that platelets supply a pool of FXIII-A

that confers antifibrinolytic function by cross-linking plasma a2-AP to

fibrin. The magnitude of the effect is concentration dependent, with

normal circulating concentrations necessary for maximal thrombus

stabilisation.
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OC 30 – Inherited Risk Factors for
Venous Thrombosis – I

OC 30.1
Towards identification of novel inherited genetic risk
factors for venous thromboembolism
Cunha M, Fouchier SW, Meijers JC and Middeldorp S

Academic Medical Center, Amsterdam, the Netherlands

Background: Venous thromboembolism (VTE) is a multicausal disease

that can be attributed to both genetic and environmental risk factors.

Nowadays, genetic risk factors can be identified in approximately half

of the patients with VTE, even if stringent criteria are applied, such as

the absence of clinical risk factors or old age. This suggests that our

knowledge about the genetic basis of venous thrombosis is incomplete,

and novel thrombophilic defects remain to be found. To address this

issue the GENES study was initiated. We collected Dutch families with

unexplained thrombophilia, in which deficiencies of protein C, protein

S and antithrombin, the presence of factor V Leiden and prothrombin

G20210A, and persistently elevated levels of factors VIII, IX and XI

were excluded.

Methods: In order to identify new hereditary risk factors for VTE, we

selected two large GENES families (Family D and Family K), in

which 5 or more individuals had had objectively confirmed VTE.

Whole exome sequencing data was generated for 5 affected individuals

from each family. With the assumption of a dominant trait, all hetero-

zygous single nucleotide variants (SNVs), insertions and deletions

(INDELs) being present in all affected relatives, unique for each fam-

ily, as well as shared by both families, were selected. The list of candi-

date variants was further down-sized by excluding non-coding variant

without any potential splice site prediction and involving a low con-

served base pair, as well as synonymous variants without any potential

splice site prediction. In a first approach we restricted our focus to all

candidate variants located in the established or possibly related genes

to thrombosis (N = 125).

Results: None of the candidate variants were shared by all ten affected

individuals. In family D, two variants located in genes associated with

thrombosis were identified, in STX2 (c.94T>G, p.Phe32Val) and in

ITGB3 (c.176T>C, Leu59Pro). In family K, three variants located in

genes associated with thrombosis were identified, in APOH (c.796G>T,
p.Val226Leu), KLK8 (c.595G>A, p.Val199Ile) and in KLK11

(c.146G>A, Gly49Glu). None of these variants have a low minor allele

frequency (MAF): respectively 2.5%, 16.2%, 23.8%, 5.2% and 7.5%

for the European-American population. Only the STX2 variant is pre-

dicted to be deleterious by four different algorithms for predicting

pathogenicity (SIFT, PolyPhen2, LRT andMutationTaster).

Conclusion: Although all variants, with exception of the STX2 variant,

show relatively high MAF, co-segregation analysis and assessment of

the presence and frequency of these mutations in case-control popula-

tions is necessary to determine their role in VTE. The STX2 gene,

reported to be associated with von Willebrand factor levels, seems to

be the most interesting candidate. Additionally, variants in other genes

than the 125 included in this analysis could explain the phenotype in

our families, and further evaluation is ongoing.

OC 30.2
Hidden antithrombin deficiencies
Navarro-Fern�andez J1, Padilla J1, Mart�ınez-Mart�ınez I1, �Aguila S1,

De La Morena-Barrio ME1, Mi~nano A1, Bohdan N1, Mart�ınez C2,

Vicente V1 and Corral J1

1Centro Regional de Hemodonaci�on. Hospital Morales Meseguer.

UMU. IMIB; 2Hospital General Universitario Los Arcos del Mar

Menor, Murcia, Spain

Background and Aims: The key anticoagulant role of antithrombin

explains the high risk of thrombosis associated to even minor reduc-

tions. Thus, functional assays to detect antithrombin deficiency are

included in thrombophilic tests despite the low incidence of this disor-

der (1%). Molecular analysis of SERPINC1, the gene encoding anti-

thrombin, is restricted to patients with evident deficiency (< 70%) and

shows a high mutation detection rate (85–95%). However, no molecu-

lar analysis is routinely done in cases with anticoagulant activity

within the normal range.

Methods and Results: During the last 10 years, we received 137 sam-

ples from patients with potential antithrombin deficiency, all identified

with functional methods (anti-FXa) performed at least 6 months after

the thrombotic event. We confirmed the deficiency in 88 cases, but 49

cases had no deficiency in the sample delivered to our centre. We also

sequenced SERPINC1 in these 49 cases. We pointed out the high prev-

alence of the Cambridge II variant (Ala384Ser): 6/49 patients carried

this mutation in heterozygosis (12%). A borderline deficiency (70%)

was detected at origin in five cases, but 1 reported severe deficiency

(50%). This mutation, relatively common in Spain (0.3%), moderately

increases the risk of thrombosis (3/5-fold) since it only mildly impairs

the anti-FIIa activity without effect on the anti-FXa activity. The

reduced levels identified in one determination are explained, according

to in vitro results, by a moderate antithrombin consumption when the

thrombin generated under some specific conditions is not fully con-

trolled by the Cambridge II variant. The second mutation was identi-

fied in the asymptomatic mother of a 2-year old child with deficiency

(30–35%) who died after a cerebral vein thrombosis despite anticoagu-

lant therapy. This case had conflictive anti-FXa results at origin (two

determinations of 40% and one of 100%). Interestingly, heating the

plasma delivered to our centre (93%) at 42 °C for 15 min resulted in a

45% loss of activity. The proband had a mutation in heterozygosis not

previously described: Val105Ala, that affects a conserved residue

located at the end of the C-helix. Recombinant expression in HEK-

EBNA cells produced a highly unstable protein. The third mutation

identified in a 38-year old patient who suffered a pulmonary embolism,

affected the signal peptide, three positions before the proteolitic cleav-

age (Val-3Glu), resulting in a smaller variant lacking the first two resi-

dues of the mature molecule (Antithrombin Dublin). The pathological

relevance of this variation, which is a low prevalent polymorphism

(0.2%) has been suggested but no demonstrated, as this variant has

normal activity and heparin affinity. The mechanism responsible for

the reduced activity identified at one moment in this patient (68%) has

to be characterized.

Conclusion: Our study suggests that the prevalence of antithrombin

deficiency in venous thrombosis may be underestimated. We identified

three SERPINC1 variations, two polymorphisms and a new mutation

that are not detected using functional tests, but that under specific con-

ditions caused a reduced anticoagulant capacity potentially increasing

the risk of thrombosis. Our data stimulate the molecular analysis of

SERPINC1, particularly the genotyping of Ala384Ser, in cases with

one positive determination of antithrombin deficiency.

OC 30.3
The risk of venous thrombosis varies in different ethnic
groups
Rezende SM1, Lijfering WM2, Rosendaal FR2 and Cannegieter SC2

1Universidade Federal de Minas Gerais, Belo Horizonte, Brazil;
2Leiden University Medical Center, Leiden, the Netherlands

Background: Ethnic differences in the incidence of venous thrombosis

have been appreciated for many years. However, with few exceptions,

most of the studies are based on administrative databases from North

America and China.

Aim: The aim of this study was to investigate the risk of venous throm-

bosis in different first and second generation immigrant groups.

Methods: The MEGA (Multiple Environmental and Genetic Assess-

ment of risk factors for venous thrombosis) study is a population-

based case-control study on risk factors for venous thrombosis from

the Netherlands. Inclusion criteria consisted of patients and controls
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of whom information was available on the country of birth. For the

analysis related to immigration background, patients were compared

with random digit dialing (RDD) controls. First generation immi-

grants were classified as those who were born outside the Netherlands.

Second generation immigrants were similarly defined as first genera-

tion immigrants, except that second immigrants were born in the

Netherlands, while both parents were born in the same country except

Netherlands. In total, 6899 participants were included, of whom 4300

patients and 2599 RDD controls. Odds ratios (ORs) with 95% confi-

dence intervals (95% CIs) were calculated as estimates of the relative

risk, and were adjusted for age, sex, body mass index, smoking, hor-

monal factors, alcohol consumption, physical activity and malignancy

by unconditional logistic regression.

Results: The risk of venous thrombosis varied according to the region

of birth. When compared with the Dutch, Eastern Europeans reached

the highest and East/Southeast Asians the lowest risk of venous

thrombosis with OR of 2.35, (95% CI, 1.09–4.59) and 0.44 (95% CI,

0.29–0.68), respectively after multivariate adjustments. Caribeans

showed an intermediate lower risk of 0.69 (95% CI, 0.36–1.30) after
multivariate adjustments. We did not observe a major difference on

the risk for VT between first and second generation immigrants,

although the number of second generation immigrants was small for

some groups. Subgroup analysis did not show major differences

according to immigration groups, except for Eastern Europeans, who

had a higher risk for unprovoked event with an OR of 3.79 (95% CI,

1.44–9.97). In comparison with Dutch controls, East/Southeast Asians

controls had lower prevalence of factor V Leiden (6% and 1%, respec-

tively) and the prothrombin G20210A mutation (2% and 1%, respec-

tively) but higher blood group non-O (54% and 62%, respectively).

Risk of VT in East/Southeast Asians adjusted for age, sex, factor V

Leiden and blood group non-O was 0.53 (95% CI, 0.35–0.80). Analy-

sis of a panel of procoagulant, anticoagulant, profibrinolytic and

genetic factors are underway and is expected to be available before the

ISTH 2013 congress.

Conclusion: The risk of VT varies in different populations. The risk of

VT in East/Southeast Asians was the lowest and was virtually

unchanged after adjustment for several environmental and genetic

known risk factors for VT.

OC 30.4
Genetic influence on risk of venous thromboembolism
in women
Bruzelius M, Sabater-Lleal M, Strawbridge RJ, Bergendal A,

Silveira A, Sundstr€om A, Kieler H, Odeberg J and Hamsten A

Karolinska Institute, Stockholm, Sweden

Background: Several studies have suggested an important genetic con-

tribution to the risk of developing venous thromboemblism (VTE),

with an estimated heritability of around 50–60%. Single nucleotide

polymorphisms (SNPs) in the F5, F2, FGG and F11 genes, together

with ABO blood group genotype, are firmly established as risk factors.

A number of additional SNPs have emerged in the literature as being

associated with the risk of VTE, but with less supportive replication

data.

Aims: To perform a comprehensive analysis of both established and

emerging genetic risk variants for VTE in a case-control study of

women with a first VTE.

Method: We studied 2775 women from a national-wide case-control

study, the ThromboEmbolism Hormone Study (TEHS). TEHS was

conducted in Sweden in 2002–2008 and focused on women taking hor-

mone compounds (mean age 46 (18–65) years). The study was

approved by the regional medical ethics committee, and all women

signed an informed consent. Forty selected SNPs were genotyped

using the Illumina Goldengate platform, Pyrosequencing[TRADE-

MARK] technology or Taqman[TRADEMARK] technology. Associ-

ations were assessed by logistic regression. Adjustment in different

models was made for age, body-mass index (BMI), and estrogen

intake. In addition, interaction between SNPs and estrogen intake was

also evaluated. Finally, weighted genetic risk scores were computed

and examined in relation to disease.

Results: Association with VTE could be confirmed (P ≤ 0.001) for F5

(rs6025, odds ratio (OR) 3.51 (CI 2.77–4.45)), F2 (1799963, OR = 1.86

(CI 1.27–2.73)), ABO (rs579459 (used as proxy for rs2519093),

OR = 1.57 (Cl 1.39–1.78)), ABO (rs514659, OR = 1.51 (Cl 1.35–
1.69)), FGG (rs2066865, OR = 1.38 (Cl 1.22–1.55)), FGB (rs1800788,

OR = 1.28 (Cl 1.13–1.45)) and F11 (rs2289252, OR = 1.19 (Cl 1.19–
1.32 P = 0.002)) after adjustment for age. Further adjustments for

BMI and estrogen intake influenced the results marginally. Even if

both covariates are strongly associated with VTE, no significant inter-

action was demonstrated with the selected SNPs. A genetic risk score,

based on significantly associated SNPs in TEHS, was compared with

the top 5 VTE SNPs used in an earlier publication. Both models

explained approximately the same proportion of the clinical pheno-

type, with the area under the ROC curve attaining 0.65. When age,

BMI and estrogen intake were added to the model, the area under the

ROC curve increased to 0.73

Summary/Conclusion: TEHS confirms the role of established genetic

risk variants for VTE in the setting of women with a first thrombosis.

With the exception of ABO rs579459, used as proxy for rs2519093, it

failed to replicate less established SNPs selected from the literature. A

genetic risk score based on the most robustly associated risk SNPs and

established clinical risk factors may improve the prediction of VTE.

OC 30.5
Candidate genetic polymorphisms and their
associations with incident and recurrent venous
thrombosis
Blondon M1, Wiggins K1, Harrington L1, McKnight B1, Taylor K2,

Rosendaal FR3, Heckbert SR1, Psaty B1 and Smith N1

1University of Washington, Seattle, WA; 2Cedars-Sinai Medical

Center, Los Angeles, CA, USA; 3Leiden University Medical

Center, Leiden, the Netherlands

Background: The prediction of recurrent venous thrombosis (VT)

remains a challenge and needs to be improved to guide treatment

options. Multiple genetic variants have been associated with incident

VT, but their associations with recurrent VT are mostly unknown.

Aims: The aim of this study was to estimate associations between can-

didate single nucleotide polymorphisms (SNPs) and incident/recurrent

VT. SNPs were selected if we found prior published evidence for vali-

dated associations with incident VT.

Methods: We studied 22 candidate SNPs in the following genes: ABO,

F2, F5, F11, F13, SERPINE1, PROC, FGG, SERPINC1, GP6,

HIVEP1, STXBP5, VWF, KNG1, KLKB1, TC2N, and PROCR.

SNPs were either measured or imputed using information from several

genotyping panels. Participants were of European ancestry and part of

a large, population-based study of VT in Washington State, USA. In a

case-control study of incident VT (women only), we compared cases

with a first validated VT (deep vein thrombosis and/or pulmonary

embolism [PE]) from 1995 to 2010 with controls matched on age and

study design variables using logistic regression adjusted for matching

factors and the genotype panel used. In an inception cohort, men and

women with incident VT were followed for a second VT and associa-

tions with recurrent VT were estimated using a Cox proportional haz-

ards model adjusted for sex, age and the genotype panel used.

Results: For incident VT, 897 cases were compared with 2644 controls

(mean age 66.6 years, BMI 28.9 kg/m2). Forty percent of cases were

idiopathic and 34% presented with PE. A total of 662 cases (89%

women, 51% idiopathic, 58% PE) with a mean age of 65.8 years at the

first VT were followed for a median of 5.1 years for the development

of recurrent VT (n = 100 recurrent events). Factor V Leiden (rs6025)

and prothrombin mutation G20210A (rs1799963) were strongly asso-

ciated with both incident VT (OR 3.8, 95%CI 2.8–5.1 and OR 1.7,
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95%CI 1.1–2.7, respectively) and recurrent VT (HR 1.8, 95%CI 1.1–
3.1 and HR 2.4, 95%CI 1.1–5.3, respectively). SERPINE1 rs2227631

was also associated with both incident (OR 1.2, 95%CI 1.0–1.3) and
recurrent VT (HR 1.3, 95%CI 1.0–1.8). For ABO polymorphisms,

associations with recurrent VT were slightly weaker than associations

with incident VT: rs8176719 HR 1.2 (95%CI 0.9–1.7) vs. OR 1.5 (95%

CI 1.3–1.7); rs2519093 HR 1.3 (95%CI 0.9–1.9) vs. OR 1.4 (95%CI

1.2–1.7). We found associations in opposite directions between FGG

rs2066865 and incident VT (OR 1.3, 95%CI 1.1–1.5) and recurrent VT

(HR 0.8, 95%CI 0.5–1.0, P = 0.08). No other associations with recur-

rent VT were observed.

Summary/Conclusion: Among 22 SNPs with previously demonstrated

associations with incident VT, 3 showed associations with recurrent

VT in this population-based inception cohort. Although power was

limited for the recurrence analyses, we identified genetic prediction for

recurrent VT that included a novel finding for SERPINE1 rs2227631;

this needs replication in an independent cohort. Further, the predictive

value for recurrent VT of Factor V Leiden and G20210A was higher

than reported previously.

OC 30.6
Sex difference in incidence of first venous thrombosis:
a higher risk in men than in women
Roach REJ, Lijfering WM, Rosendaal FR, Cannegieter SC

and Le Cessie S

Leiden University Medical Center, Leiden, the Netherlands

Background: Previous analyses reported a higher risk of recurrent

venous thrombosis in men than in women, while no contrast in the fre-

quency of first venous thrombosis was apparent. A possible explana-

tion could be that, for a first event, a risk difference between the sexes

is masked by female exposure to hormonal risk factors.

Aims: The aim of our study was to assess the risk of a first venous

thrombosis in men compared with women once hormonal risk factors

(defined as oral contraception use, postmenopausal hormone therapy

use or pregnancy/ puerperium) have been accounted for.

Methods: From the MEGA study, a large case-control study on risk

factors for first venous thrombosis, consecutive patients with a first

episode of venous thrombosis were included. Partners of patients were

invited to participate as controls if they had no history of venous

thrombosis. For the current analyses all complete couples in whom the

woman was not exposed to hormonal risk factors were analyzed: 1868

in total. As nearly all partner controls (98%) were of the opposite sex

to the patient, if men and women experience first venous thrombosis at

a similar rate, one would expect the male/ female ratio in the MEGA

study to be approximately 1:1. To assess whether this was the case,

conditional logistic regression was used to calculate odds ratios (OR)

and 95% confidence intervals (95% CI) for venous thrombosis in men

compared with women without hormonal risk factors. Analyses were

stratified in 10-year age categories and adjusted for body mass index

and smoking. The study was approved by the Medical Ethics Commit-

tee of the Leiden University Medical Center and all participants pro-

vided written informed consent. Funding: Netherlands Heart

Foundation (grant NHS 98.113), Netherlands Organisation for Scien-

tific Research (grant 912-03-033|2003), Dutch Cancer Foundation

(grant RUL 99/1992).

Results: Overall, there were more couples in whom the patient was

male and the partner was female (67%) than couples in whom the

patient was female and the partner was male (33%). Men had a 2.2-

fold (95% CI, 1.9–2.5) higher risk of first venous thrombosis than

women without hormonal risk factors. When 10-year age categories

were viewed separately, risk estimates ranged from 4.8 (95%CI, 1.1–
21.6) for the age group 18–30 years, to 2.1 (95%CI, 1.6–2.7) for the

age group 60–70 years. Adjustment for body mass index and smoking

did not materially affect the results.

Summary/Conclusions: Men have a higher risk of first venous throm-

bosis than women when exposure to hormonal risk factors is

accounted for. This shows that the sex-difference found for recurrent

venous thrombosis also exists for a first event. As risk estimates were

highest in the youngest age categories, one of the genetic differences

between men and women may explain our findings.

OC 31 – Mechanisms in Cancer and
Haemostasis

OC 31.1
Association of mean platelet volume with cancer-
associated venous thromboembolism: results from the
vienna cancer and thrombosis study (CATS)
Riedl J, Reitter E-M, Marosi C, J€ager U, Schwarzinger I, Zielinski C,

Pabinger I and Ay C

Medical Universtiy of Vienna, Vienna, Austria

Background: Cancer patients are at increased risk of venous thrombo-

embolism (VTE). Recently, several parameters have been identified to

predict VTE in cancer patients. High platelet counts were consistently

shown to be associated with increased risk of VTE. Mean platelet vol-

ume (MPV), which has been proposed to reflect platelet activity, was

reported to be associated with arterial and venous thrombosis in

patients without cancer. Data on the role of MPV in cancer patients

are scarce and its association with risk of cancer-associated VTE is not

known.

Aims: The aim of the study was to analyse MPV in patients with differ-

ent types of cancer compared to healthy individuals and to investigate

the association of MPV with risk of occurrence of cancer-associated

VTE.

Methods: MPV were routinely determined in EDTA blood samples

using a Sysmex XE-2100 hematology analyzer in the Vienna Cancer

and Thrombosis Study, which is an ongoing prospective, observational

cohort study that started in 2003. Patients with newly diagnosed can-

cer or progressive disease after remission were included and followed

for a maximum of 2 years. Primary endpoint was occurrence of symp-

tomatic VTE. Sixty-five age- and sex-matched healthy subjects served

as controls.

Results: A total of 1544 patients (700 women; median age 62 years)

with tumours of the lung (n = 250), breast (n = 225), brain (n = 200),

colon (n = 159), prostate (n = 148), pancreas (n = 99), stomach

(n = 52); lymphoma (n = 217) and other tumour entities (n = 194)

were included in the study. Cancer patients had lower median MPV

levels (fL) compared to healthy controls (10.2, [25th–75th percentile:

9.6–10.8] vs. 10.3 [10.0–11.0]; P = 0.022). During a median observa-

tion time of 506 days, 114 (7.4%) cancer patients developed VTE.

MPV was inversely correlated with platelet count (r = �0.29;

P < 0.001). The hazard ratio (HR) of MPV per 1 fL increase for VTE

was 0.86 ([95% CI: 0.70–1.05], P = 0.136). High MPV (≥ 75th percen-

tile of all cancer patients; ≥ 10.8 fL) was associated with a statistically

significantly decreased risk of VTE compared to MPV below the 75th

percentile (HR [95% CI]: 0.58 [0.36–0.93], P = 0.024). In multivariable

analysis, including platelet count and soluble P-selectin, this associa-

tion remained statistically significant (0.56 [0.35–0.91], P = 0.018). In

Kaplan-Meier analysis, the cumulative probability of VTE after 1 year

was 4.7% in patients with high MPV and 8.3% in those with lower

MPV (Log-rank test: P < 0.001). In subgroup analysis, the association

of high MPV (≥ 10.8 fL) with decreased VTE-risk was most pro-

nounced in pancreatic cancer (HR [95% CI]: 0.16 [0.04–0.71],
P = 0.016). After one year, the probability of VTE was 5.1% in those

with high MPV compared to 27% in those with lower MPV

(P = 0.006).

Summary/Conclusions: MPV was lower in cancer patients compared to

controls. Interestingly, high MPV was associated with decreased risk

of VTE in cancer patients and might have a favourable effect on devel-

opment of cancer-associated VTE. However, this finding is contrary to

results observed in patients without cancer patients. Further studies
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are needed to confirm our results and to elucidate the underlying

mechanisms, which influence platelet count, platelet size and VTE in

cancer.

OC 31.2
Protease-activated receptor-1 in the pancreatic tumor
microenvironment favors cancer progression and
chemoresistance
Queiroz KCS, Shi K, Duitman JW, Aberson HL, Wilmink JW,

Van Noesel CJM, Richel J and Spek CA

Academic Medical Center, University of Amsterdam, Amsterdam,

the Netherlands

Background: Pancreatic cancer is often accompanied by ongoing coag-

ulation activation as evident from elevated markers of thrombin gener-

ation like thrombin-anti-thrombin and prothrombin activation

fragment F1.2. In line with the emerging role of thrombin-PAR-1

signalling in pathophysiology, this axis is suggested to favor cancer

progression. Indeed, PAR-1 is expressed in several invasive cancers of

epithelial origin, and tumor cell PAR-1 seems to directly promote

invasion and tumorigenesis. Interestingly, we observed that PAR-1 is

mostly expressed in the microenvironment of pancreatic tumors and

not in tumor cells themselves. The importance of PAR-1 in the tumor

microenvironment of pancreatic cancer remains unexplored however.

Aim: Considering the apparent importance of coagulation in pancre-

atic cancer progression and the presence of PAR-1 in the stromal com-

partment of this tumor type, we challenge the hypothesis that

thrombin-PAR-1 signalling in the tumor microenvironment drives

pancreatic cancer progression and drug resistance.

Methods: 4 9 105 PANC02 cells were orthotopically injected into the

pancreas of wildtype and PAR-1 deficient mice. From day 7, mice were

treated with gemcitabine or saline twice weekly. Four weeks after can-

cer cell inoculation, mice were sacrificed to assess tumor weight and

volume and to perform histopathological and immunohistochemical

analyses of primary tumors and metastatic sites. Moreover, in vitro

experiments were performed in order to determine the role of PAR-1

in macrophage recruitment and chemokine production.

Results: PAR-1 deficient animals presented smaller primary tumors

(weight of 0.95 � 0.14 g and volume of 0.94 � 0.15 cm3) than wild-

type controls (weight of 1.96 � 0.36 g and volume of 1.95 � 0.43 cm3)

and only 1 mouse (1/8) presentedmetastasis as compared to all wildtype

controls. Interestingly, the number of CD31 positive vessels in tumors

fromwildtype animals (42.3 � 1.5) was around 1.5-fold higher than the

number in those from PAR-1 deficient animals (27.5 � 0.8) suggesting

PAR-1-dependent angiogenesis to drive pancreatic cancer growth.

Intriguingly, the combination of routine gemcitabine chemotherapy

with the absence of PAR-1 in the microenvironment almost completely

blocked pancreatic cancer growth and only two out of eight animals

still presented very small tumors. Immunohistochemical examination

of these tumors showed a remarkable (three-fold) reduction in the

number of macrophages in the tumor microenvironment of PAR-1

deficient mice as compared to wildtype controls. In line, thrombin

stimulation of monocyte/macrophage cells (RAW264.7) potentiated

their migration towards MCP-1 by around four-fold. Importantly,

thrombin-driven migration was inhibited by pre-treatment with the

specific PAR-1 inhibitor P1pal-12. In addition, we observed that fibro-

blasts secrete MCP-1 in a PAR-1-dependent manner and that fibro-

blast conditioned medium acts as a strong chemoattractant for

RAW264.7 cells. Interestingly, fibroblast conditioned medium pre-

pared in the presence of thrombin further enhanced migration. More-

over, we show that once monocytes have migrated into the tumor

microenvironment, they enhance subsequent monocyte migration by

secreting MCP-1 (in part) in a PAR-1-dependent manner. The

migrated monocytes/macrophages subsequently induce drug resistance

as evident from experiments in which monocyte conditioned medium

reduced gemcitabine-induced pancreatic cancer cell death.

Conclusion: We identify a novel role of PAR-1 in the pancreatic tumor

microenvironment and pinpoint PAR-1 as a potential target to combat

drug resistance of pancreatic cancer.

OC 31.3
Kinome profiling of coagulation factors VIIa, Xa and
thrombin-dependent signaling reveals common and
coagulation factor-unique signaling pathways
Borensztajn KS1, Parikh K2, Hoogendijk AJ2, Spek A2

and Peppelenbosch MP3

1Inserm U700, Paris, France; 2Academic Medical Center,

Amsterdam; 3Erasmus Medical Center, Rotterdam, the

Netherlands

Rationale: It is well established that, beyond their role in hemostasis,

coagulation factors(F)VIIa, FXa and thrombin are involved in the

pathogenesis of a broad range of diseases, among which cancer, via

signaling through their cellular receptors, the Protease-activated recep-

tors (PARs). These G protein-coupled receptors (GPCRs) are irrevers-

ibly activated through proteolytic cleavage by coagulation proteases.

Among the four currently known PARs, PAR-1, -3 and -4 are cleaved

by thrombinFVIIa signals through PAR-2 whereas FXa can activate

both PAR-1 and PAR-2. PAR activation in turn induces transmem-

brane signalling to G proteins, thereby impacting on a substantial net-

work of signalling pathways. So far, conclusions drawn about the

molecular mechanisms that govern cellular effects induced by coagula-

tion factors are based mainly on measurement of phosphorylation of a

few signalling pathways, leaving an incomplete picture of the underly-

ing intracellular events. Additionally, PARs display functional selec-

tivity or ‘biased agonism’, a process known for GPCRs by which

distinct ligands acting on the same receptor can elicit different signal-

ing responses.

Aims: To generate a comprehensive overview of the total complement

of cellular kinase activity, thereby enabling analysis of coagulation fac-

tors signaling effects without a priori assumptions as to signaling path-

ways affected by these proteases.

Methods: The highly metastatic breast carcinoma cell line MDA-MB-

231, which constituvely express PAR-1 and -2, were stimulated for

10 min with FVIIa, FXa or thrombin. Subsequently, we used kinomics

peptide arrays, containing 1024 specific kinase substrate sequences, to

produce a systems biology analysis of the cellular kinase activity in ly-

sates of cancer cells stimulated with the different coagulation factors.

The results were validated by western blots

Results: FVIIa, Xa and thrombin induced substantial signaling

events. Single data analysis of arrays with cell lysates resulted in sig-

nificant differences in the phosphorylation of 44 kinases between

cells stimulated with FVIIa and vehicle, 25 kinases between FXa and

vehicle, and 34 kinases between thrombin and vehicle. Phosphoprote-

ome profiles also revealed common and divergent coagulation factor-

dependent kinase activity. FVIIa modulated specifically the activity

of 14 kinases, FXa of 4 kinases and thrombin of 5 kinases. FVIIa

and FXa shared a modulation in the activity of 5 kinases, FXa and

thrombin of 4 kinases, while FVIIa and thrombin had in common

the modulation of the activity of 13 kinases. Finally, the activity of

11 kinases was found to be commonly regulated by all three coagula-

tions factors. Gene ontology analyzis revealed that FVIIa triggered

an early induction of metabolism and MAPKinase cascades, while

FXa regulates signaling pathways classically associated with inflam-

mation. Thrombin, on the other hand, governs pathways regulating

cell cycle and apoptosis.

Conclusion: Overall, we generated a comprehensive overview of indi-

vidual coagulation-induced signalling pathways in cancer cells. These

data might be of importance for a better understanding for the role of

coagulation factor in pathophysiology and thus provide potential ther-

apeutical targets for therapy.
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OC 31.4
Elevated aPC levels reduce cancer metastasis
independent of aPC’s cytoprotective effect
Crudele JM1, Van Sluis GL2, Margaritis P1, Siner JI1, Sliozberg M1,

Faella A1, Zhou S1, High KA1, Spek CA3 and Arruda VR1

1Children’s Hospital of Philadelphia, Philadelphia, PA, USA;
2Amsterdam Medical Center; 3Cemm, Amsterdam Medical

Center, Amsterdam, the Netherlands

Background: Recent studies have suggested that the activated protein

C (aPC) pathway plays a role in limiting tumor metastasis, with data

supporting the hypothesis that this is reliant upon the cytoprotective

effects of endogenous aPC mediated through the S1P1 receptor down-

stream of protease activated receptor 1, PAR1. While convincing work

has been done to explore this mechanism by blocking endogenous

aPC, it is not known if elevated aPC levels protect against cancer pro-

gression via the same mechanisms.

Aim: This study aimed to determine the relevant function(s) of overex-

pressed aPC in reducing tumor metastasis.

Methods: A liver gene transfer model using viral vectors was utilized to

achieve a wide range of sustained expression of wildtype (WT) or

mutant murine aPCs. C57BL/6 experimental mice expressing stable

levels of aPCs and age and gender matched control mice receiving PBS

were injected intravenously with 2.5 9 105 murine melanoma B16F10

cells, which metastasize to the lungs. After 3 weeks the number of pul-

monary tumors was determined.

Results: Overexpression of WT aPC in C57BL/6s decreased the rates

of metastases in a dose-dependent manner compared to PBS controls.

WT aPC expression levels 49 normal (7.3 � 1.5 ng/mL) did not

reduce the number of pulmonary tumor foci compared to PBS con-

trols (aPC < 3 ng/mL). However, mid-dose expression 79 normal

(25.6 � 4.8 ng/mL) and high-dose expression 289 normal

(118 � 6 ng/mL) led to increasing reduction in tumor rates (P < 0.05

and < 0.01, respectively). Modified aPCs were then tested to identify

the critical functions responsible for protection with aPC overexpres-

sion. Two mutants with reduced anticoagulant function but intact cy-

toprotective function, L38D and 5A, were generated. aPC-L38D

cannot interact with its cofactor, protein S, and has ~two-fold reduced

anticoagulant function, though at the high doses used there was no

prolongation of the aPTT. Compared to PBS controls, aPC-L38D

expression significantly reduced the number of tumor foci (P < 0.01),

similar to WT aPC. Conversely, aPC-5A, which consists of five muta-

tions in the protease domain and leads to ~10-fold reduction of antico-

agulant function, was unable to protect against metastasis, even at

high doses and with intact cytoprotective effect. An additional mutant,

aPC-E149A, which is unable to interact with the main aPC cytoprotec-

tive receptor, PAR1, was generated to further explore the involvement

of the aPC cytoprotective effect. Mice expressing high levels of aPC-

E149A were equally protected against metastases as those expressing

WT aPC compared to PBS controls (P < 0.01).

Conclusion: In contrast to early findings that endogenous aPC helps

control cancer progression in a PAR1-mediated, cytoprotective effect-

dependent fashion, our findings suggest that the large reductions seen

in tumor metastasis with overexpression of aPC are independent of the

cytoprotective effects of the aPC pathway.

OC 31.5
Synergistic anti-cancer effects with dabigatran
etexilate and cisplatin or cyclophosphamide
Gilmour SK1, Hayes CS1, Shicora A1, Goss AM2, Van Ryn J3

and Gilmour SK1

1Lankenau Institute for Medical Research, Wynnewood, PA;
2Boehringer Ingelheim Pharmaceuticals Inc., Ridgefield, CT, USA;
3Boehringer Ingelheim Pharma GmbH & Co KG, Biberach an der

Riss, Germany

Background: Coagulation proteases and the generation of thrombin

are increased in tumors. In addition, chemotherapeutic agents com-

monly used to treat malignant cancers have been shown to increase

cancer-associated thromboses. Thrombin can modify tumor cell

behavior directly through the activation of protease-activated recep-

tors (PAR) or indirectly by generating fibrin matrices.

Aims: To investigate the extent to which treatment with the oral

thrombin inhibitor, dabigatran etexilate (Pradaxa�), will act synergis-

tically with chemotherapeutic agents to block tumor growth and

metastasis in murine tumor models.

Methods: The effect of combined treatment with standard chemothera-

peutic agents (i.e. cyclophosphamide or cisplatin) and dabigatran etex-

ilate was evaluated following (i) orthotopic injection of 4T1 mammary

adenocarcinoma cells in the mammary fat pad of Balb/c mice, and (ii)

i.p. injection of ID8 ovarian adenocarcinoma cells in C57BL6 mice.

4T1 tumor growth was monitored by caliper measurements. Peritoneal

tumor spread of ID8 tumor cells expressing the luciferase reporter gene

was monitored by bioluminescence imaging. Treatment was initiated

when 4T1 primary tumors were palpable (30–80 mm3) at 2 weeks fol-

lowing 4T1 tumor cell injection or when ID8 bioluminescence was ele-

vated at 5 weeks past ID8 tumor cell injection. Mice were treated once

a week with cyclophosphamide (50 mg/kg, i.p.) or cisplatin (2 or

4 mg/kg, i.p.) with or without dabigatran etexilate (oral gavage,

80 mg/kg, bid).

Results: Dabigatran treatment alone had no significant effect on the

growth of the primary 4T1 tumor, but it decreased the number of lung

metastases. Dabigatran treatment resulted in no weight loss in mice.

Cisplatin (4 mg/kg) alone inhibited both primary tumor growth and

the number of lung metastases. Whereas treatment with only cyclo-

phosphamide had no significant inhibitory effect on the growth of the

primary tumor, treatment with both cyclophosphamide and dabiga-

tran etexilate significantly inhibited growth of primary 4T1 tumors.

Compared with treatment with dabigatran alone, there were fewer 4T1

lung metastases in mice treated with both 1) dabigatran and cyclo-

phosphamide or 2) dabigatran and cisplatin. In the ID8 tumor model,

single treatment with dabigatran etexilate, cisplatin, or cyclophospha-

mide exerted a transitory inhibition of tumor spread, but only co-treat-

ment with both dabigatran etexilate and cisplatin (2 mg/kg)

significantly decreased ID8 tumor spread as measured by biolumines-

cence.

Conclusion: Co-treatment with dabigatran etexilate and low doses of

either cisplatin or cyclophosphamide synergistically inhibits tumor

growth and metastasis. These results suggest that dabigatran may be

beneficial in not only preventing thrombotic events in cancer patients,

but also as adjunct therapy to treat malignant tumors.

Supported by funds from Boehringer Ingelheim Pharma.
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OC 31.6
Protease-activated receptor 2 in the tumor
microenvironment inhibits lymphangiogenesis and
subsequent lymph node metastasis in a murine
pancreatic cancer model
Shi K, Queiroz KCS and Spek CA

Academic Medical Center, Amsterdam, the Netherlands

Background: ancreatic cancer is among the most common malignan-

cies associated with thromboembolic events and thromboembolic

events confer a significantly worse prognosis in pancreatic cancer. The

underlying mechanisms are poorly understood but it is well accepted

that protease activated receptors (PARs) may be the key receptors at

the interface between coagulation and cellular process involved in can-

cer progression. PAR-2 specifically functions as a cell-surface sensor

for coagulation factors VIIa and Xa and the proteolytic activation of

PAR-2 on tumor cells is suggested to induce angiogenesis and breast

cancer development. The importance of PAR-2 in the tumor microen-

vironment in general and in pancreatic cancer specifically remains

unexplored however.

Aims: To elucidate the importance of PAR-2 in the tumor microenvi-

ronment during pancreatic cancer development. We specifically aimed

to determine whether PAR-2 would drive tumor growth and/or metas-

tasis, and to elucidate the underlying mechanism.

Methods: Wildtype murine pancreatic cancer cells (PANC02;

4 9 105 cells in 50 lL PBS) were orthotopically injected into the pan-

creas of 6 week old wildtype C57BL/6 mice and/or PAR-2 deficient

mice (eight mice per group). Five weeks after cancer cell inoculation,

all mice were sacrificed after which pancreatic tumors and lymph

nodes were collected for further analysis. Tumour cell proliferation

were tested by ki67 staining (in vivo) and BrdU cell proliferation assay

(in vitro). Tumour angiogenesis was analyzed by CD31 and lyve-1

staining (in vivo) and tube formation assay (in vitro).

Results: At the moment of sacrifice, tumors in wildtype animals had a

mean weight of 1.82 � 0.46 g and a mean volume of 2.75 � 0.67 cm3.

Interestingly, tumors in PAR-2 deficient mice were significantly smal-

ler (1.10 � 0.42 cm3) and lighter (0.91 � 0.44 g) than in wildtype

untreated animals. Immunohistochemical analysis of primary tumours

for ki67 (proliferation marker) showed that the remaining tumours in

PAR-2 deficient mice are less proliferative. Ongoing in vitro BrdU

assays suggest that cells in the tumor microenvironment indeed drive

pancreatic cancer cell proliferation in a PAR-2 dependent manner.

Interestingly, in contrast to the smaller primary tumors, the size and

number of metastasis to the lymph nodes was dramatically increased

in PAR-2 deficient animals compared to wildtype mice. Immunohisto-

chemical analysis of primary tumors for CD31 (endothelial cell mar-

ker) and lyve-1 (specific for lymph endothelial cells) showed that the

number of blood vessels did not differ between wildtype and PAR-2

deficient animals, whereas the number of lymphatic vessels within the

tumor was significantly increased in mice lacking PAR-2 in their

microenvironment. In vitro tube formation assay show that PAR-2

does not inhibit the intrinsic tube forming capacity of human lympha-

tic endothelial cells. Interestingly however, blocking PAR-2 signaling

on these human lymphatic endothelial cells potentiates cancer cell

induced tube formation.

Conclusion: PAR-2 expression in the tumor microenvironment plays a

dual role during pancreatic cancer progression. On one hand it facili-

tates primary tumor growth whereas on the other hand it limits lymph

angiogenesis and subsequent metastasis to the lymph nodes.

OC 32 – Mechanisms of
Atherosclerosis

OC 32.1
Role of platelet-specific junctional adhesion molecule.
A (JAM-A) in atherosclerosis progression
Koenen R1, Karshovska E2, Zhao Z2, Von Hundelshausen P2

and Weber C2

1Maastricht University, Maastricht, the Netherlands; 2University

Clinic of the LMU Munich, Munich, Germany

Background: Junctional adhesion molecule A (JAM-A) is a transmem-

brane adhesion glycoprotein from the IgG superfamily expressed by

endothelial and epithelial cells as well as by leukocytes and platelets.

JAM-A contributes to the organization of endothelial tight junctions

and participates in platelet adhesion and leukocyte transmigration by

homo- and heterophilic interactions.

Aims: This study sought to characterize the molecular mechanism that

controls JAM-A on platelets (trJAM-A) and to identify the role of

JAM-A in the pathology of atherosclerosis.

Methods: In our studies we used mice with a specific trJAM-A-deletion

after cross-breeding of JAM-Aflox/flox mice and mice that express cre-

recombinase under control of the platelet factor 4 promoter. For the

atherosclerosis experiments we used double knock-out mice in an apo-

lipoprotein E-deficient (ApoE�/�) background (trJAM-A�/� and +/+

ApoE�/�).
Results: Our results revealed that expression of JAM-A was almost

completely absent on platelets of trJAM-A�/� mice, based on western

blot, flow cytometry and quantitative immunofluorescence microscopy

experiments. JAM-A expression on leukocytes, endothelial- and

smooth muscle cells in different tissues did not show any difference

between trJAM-A�/� and JAM-A+/+ mice, as shown by western blot-

ting and double immunofluorescence staining against JAM-A and von

Willebrand factor (endothelium cells) and a-smooth muscle actin

(smooth muscle cells). Furthermore, Multiplate� functional analysis in

vitro showed that lack of trJAM-A resulted in an increased platelet

aggregation in response to agonists like adenosine diphosphate

(ADP), indicating for platelet hyperresponsivity, consistent with a

recent previous study (Naik et al., Blood 2012). To answer the ques-

tion whether trJAM-A is involved in atherosclerosis progression, we

fed double knock-out mice (trJAM-A�/� and +/+ ApoE �/�) a high

fat diet for 12 weeks, harvested aorta and aortic root for plaque quan-

tification. En face lipid staining on aorta revealed that lack of trJAM-

A significantly increased plaque formation in the whole aorta

(10.6 � 2.35 vs. 24.6 � 4.50%, n = 7–9) and in thoraco-abdominal

part (9.70 � 2.53 vs. 21.3 � 4.46%, n = 7–9) but did not show any

change neither in the aortic arch nor in the aortic root. These observa-

tions supported the hypothesis that trJAM-A may play role in early

atherosclerosis. In addition, investigating the plaque composition in

the aortic root did not show any significant difference, neither in mac-

rophage- (MAC-2 staining), smooth muscle cells-, endothelium cells

content nor in CD3-positive T cell recruitment into the plaque. Never-

theless, assessment of plaque phenotype revealed that deletion of

trJAM-A�/� resulted in significantly more plaques with an advanced

phenotype. This indicates that lack of trJAM-A, besides accelerating

plaque development during early stages, may also play a role in macro-

phage polarization and differentiation during the progress of athero-

sclerosis.

Summary/Conclusion: Our results identify JAM-A as an endogenous

inhibitor of platelet function and of early atherosclerosis progression.

These results will advance our knowledge about JAM-A in platelet

function and the molecular mechanisms of JAM-A and of platelets in

the pathophysiology of atherosclerosis.
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OC 32.2
The role of vessel wall P2Y12 in early atherogenesis is
not blocked by ticagrelor or clopidogrel
West LE, Steiner T, Francis SE and Storey RF

University of Sheffield, Sheffield, UK

Background: The pivotal role of platelets in atherothrombosis is well

defined but the extent of their role in early atherogenesis is less clear.

The P2Y12 receptor is responsible for amplifying and sustaining plate-

let activation and inhibition of P2Y12 modulates the vessel wall

response to injury. P2Y12 inhibitors, including ticagrelor and clopido-

grel, perform a crucial role in the treatment and prevention of throm-

botic events. Ticagrelor is also an inhibitor of adenosine reuptake by

erythrocytes and has been shown to block ADP-induced vasoconstric-

tion in isolated arteries. Ticagrelor, compared to clopidogrel, reduces

mortality risk in patients with acute coronary syndromes but the

mechanisms for this mortality reduction remain to be established.

Aims: Our aims were to investigate the role of P2Y12 in atherogenesis

and determine any P2Y12-mediated or non-P2Y12-mediated effects of

ticagrelor and clopidogrel on this process.

Methods: ApoE�/� and ApoE�/�P2Y12
�/� male mice were fed either

chow or western diet for 12 weeks and atherosclerotic burden was

assessed by en face oil red O (ORO) staining of whole aortae and histo-

logical analysis of the aortic sinus and brachiocephalic artery. Bone

marrow transplants were performed to determine the roles of platelet

versus vessel wall P2Y12 in early atherogenesis following 4 weeks of

western diet. The effects of pharmacological inhibition of P2Y12 on

atherosclerotic burden were investigated using ApoE�/� and ApoE�/

�P2Y12
�/� mice fed western diet and either twice-daily doses of ticagr-

elor (100 mg/kg), daily clopidogrel (20 mg/kg) or mannitol (control)

for 4 weeks. Platelet P2Y12 inhibition was assessed by PAR4-mediated

P-selectin expression.

Results: ORO staining showed no difference in total lesion area

between ApoE�/� and ApoE�/�P2Y12
�/� mice for either diet when

assessing the aorta as a whole. However, further analysis of the aortic

arch alone uncovered a significant reduction in atheroma in ApoE�/

�P2Y12
�/� mice fed a western diet (P < 0.0001). Similarly histological

analysis revealed lesion area was attenuated in the brachiocephalic

artery (P < 0.05) but not in the aortic sinus. Bone marrow transplants

demonstrated that mice deficient in vessel wall P2Y12, regardless of

platelet P2Y12 expression, had significantly reduced lesion area in both

the aortic sinus and brachiocephalic artery (P < 0.001).

ApoE�/� and ApoE�/�P2Y12
�/� mice fed either ticagrelor or clopido-

grel exhibited no reduction in whole aortae lesion area compared to

controls despite effective P2Y12 inhibition. Separate analysis of the

aortic arch and descending aorta, demonstrated no region-specific dif-

ferences in lesion formation. Histological analysis of the aortic sinus

confirmed these results.

Summary/Conclusion: Vessel wall P2Y12 plays an important role in

promoting atherosclerotic lesion development. Despite the proven role

of platelets in atherothrombosis, we found no role of platelet P2Y12 in

early atherogenesis. Ticagrelor and clopidogrel were unable to inhibit

lesion development in ApoE�/� or ApoE�/�P2Y12
�/� mice, indicating

these P2Y12 inhibitors have no effect on early atherogenesis via P2Y12-

or non-P2Y12-mediated routes.

OC 32.3
Deficiency of the anticoagulant annexin A5 attenuates
atherosclerotic plaque development in ApoE�/� mice
Kusters D1, Chatrou MLL1, Willems BAG1, Schutters K2, Schurgers

LJ1 and Reutelingsperger CPM1

1Maastricht University, Maastricht, the Netherlands; 2Aachen

University, Aachen, Germany

Background: Annexin A5 (anxA5) is a human anticoagulant that

inhibits the formation of thrombin by shielding procoagulant surfaces

containing phosphatidylserine (PS). Thrombin is implicated as key

regulator of atherosclerotic plaque formation. Inhibition of thrombin

has been shown to attenuate atherosclerotic plaque progression.

Aims: The aim of this project is to explore the role of anxA5 in athero-

sclerotic plaque development in a murine model for atherosclerosis.

Methods: AnxA5 deficient mice were created by homologues recombi-

nation by replacing intron 3 and 4 with the b-galactosidase gene.

ApoE�/�:anxA5�/� double knock-out mice were generated by back-

crossing anxA5�/� with ApoE�/� for at least five generations (both

C57Bl6 background). Both apoE�/� and apoE�/�:anxA5�/� mice

were fed normal chow diet and sacrificed at 14, 20 and 26 weeks of

age. The aortic arch was dissected and used to assess plaque size and

phenotype by (immuno)-histological and mRNA analysis.

Results: Baseline characteristics including cholesterol, triglycerides and

blood- and bone marrow cell composition were not significantly differ-

ent between apoE�/� and apoE�/�:anxA5�/� mice. However, ApoE�/

�:anxA5�/� deficient mice had less circulating B-cells as compared to

apoE�/� mice.

At 14 weeks of age no neo-intima formation was present in either sin-

gle or double knock-out mice, which is in agreement with data pub-

lished on the apoE�/� model. At 20 and 26 weeks of age however, in

the lesser curvature of the arch a significantly smaller plaque was

formed in the apoE�/�:anxA5�/� compared to the apoE�/�. Addition-

ally, apoE�/�:anxA5�/� mice displayed a more stable phenotype with

significantly more collagen (at 20 weeks) and less apoptotic cells (at

26 weeks).

Summary/Conclusion: Our data indicate that the anticoagulant protein

anxA5 is involved in plaque development and stability in the aortic

arch and in the brachiocephalic artery. Recent data show reduced

phagocytosis by anxA5, indicating that the absence of anxA5 in vivo

might have increased phagocytosis and thus a decreased plaque devel-

opment. The effect of anxA5 on angiogenesis, vascular leakage and

smooth muscle cell migration is currently under investigation.

OC 32.4
Calcium, cholesterol and TLT-1 in atherosclerosis
Gonzalez M1, Reyes F1, Marrero D1, Collado C1

and Washington AV2

1Universidad Central del Caribe, Bayamon; 2Universidad de

Puerto Rico, Rio Piedras Campus, San Juan, Puerto Rico

Background: Vascular injury and inflammation represent a vicious

cycle that involves activation of platelets, leukocytes, and endothelial

cells. Platelet activation not only leads to subsequent deposition of

cytokines in the arterial wall but also to the expression of platelet a-

granule receptors; P-selectin, and the Triggering Receptor Expressed

in Myeloid cells (TREM)-like transcript (TLT-1). Previous studies

removing p-selectin in either an APOE or LDLR-deficient genetic

background have demonstrated that p-selectin deficiency leads to a

reduction of fatty lesions compared to apoE�/� or LDLR�/� mice.

These results suggest that p-selectin promotes atherosclerotic lesion

progression. TLT-1 is found exclusively on megakaryocytes and plate-

lets and like p-selectin, is stored in the a-granules of resting platelets.

Aims: Studies with treml1�/� mice demonstrated seemingly overlap-

ping phenotypes with p-selectin�/� including prolonged bleeding

times, delayed neutrophil migration, higher basal neutrophil counts,

and hemorrhage in response to the Shwartzman reaction. The similar

phenotypes upon removal of P-selectin and TLT-1 lead us to hypothe-

size that removal of TLT-1 would also delay the formation of athero-

sclerotic lesions in an apoE deficient mice model

Methods: In this novel atherosclerosis mouse model, we evaluated

lesion development and cholesterol levels in mice on an atherogenic

diet at different time points.

Results: Lesion evaluation demonstrated three surprising revelations.

First, an unexpected trend where the lesions in the apoE/treml1 double

null mice have intensified compared to the apoE�/� or treml1�/�
mice. Second, this trend is reversed after 20 weeks of high fat diet
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where although both mice progressed to an advance fibrous plaque

stage and the differences in lesion sizes were not significantly different,

however a significantly higher number of apoE mice display calcifica-

tion compared to the DN mice. Third, and perhaps the most intriguing

finding was that the DN mice have significantly higher cholesterol lev-

els when compared to apoE�/� mice. The increased cholesterol levels

extend to the treml1�/� mouse when compared to wild type mice at

4 weeks on HFD, this difference, however, gradually subsides as wild

type mice cholesterol levels increase over 20 weeks. Interestingly, cho-

lesterol levels in 50 week old mice on chow diet revealed minimal dif-

ferences between test and control mice suggesting the higher

cholesterol levels are related to increased dietary intake

Summary: Our work defines a surprising role for TLT-1 in the pro-

gressing of atherosclerosis and in the regulation of serum cholesterol

levels during atherogenesis. Collectively, our data suggest that the

HFD may induce the expression of TLT-1 at secondary sites outside

of platelets and has prompted a search for other cell types that may

produce TLT-1. The current status of our investigation will be

presented in this poster.

OC 32.5
Sphingosine-1-phosphate induced TNF-a expression in
natural killer T (NKT) cell hybridomas through S1P2/
Gq/PLC/PKC pathway and mediated migration of NKT
cell hybridomas
Ito S1, Kondo R1, Iwaki S1, Iwabuchi K2 and Fujii S1

1Nagoya City University Graduate School, Nagoya; 2Kitasato

University School of Medicine, Sagamihara, Japan

Background: Natural killer T (NKT) cells are unique lymphocytes that

recognize glycolipid antigen and produce various cytokines through T

cell antigen receptor. NKT cells contribute to metabolic disorders such

as glucose intolerance and cardiovascular diseases. Sphingosine-1-

phosphate (S1P) is a bioactive sphingolipid released from red blood

cells or activated platelets. S1P regulates cell proliferation, inflamma-

tion and migration via S1P receptors. There are five subtypes of S1P

receptors (S1P1-S1P5) and each of them is coupled with G proteins.

NKT cells express S1P1, S1P2 and S1P4. We have previously shown

that S1P increased the expression of tumor necrosis factor-a (TNF-a)
in NKT cell hybridomas via S1P2 receptor. TNF-a is a representative

pro-inflammatory cytokine and a risk factor of insulin resistance.

TNF-a produced by NKT cell could exacerbate atherosclerosis and

diabetes. High-fat-diet induces infiltration of NKT cells in mouse adi-

pose tissue and S1P receptor is also reported to mediate the migration

of T lymphocytes.

Aims: We aimed to clarify the mechanism of S1P-induced TNF-a
expression in NKT cell hybridomas, and to determine whether S1P

induces the migration of NKT cell hybridomas.

Methods: NKT cell hybridoma, 1B6 cells and 2E10 cells, were estab-

lished by fusing sorted mouse NKT cells with BW1100 thymoma cells.

These cells were used as a model of NKT cells. Hybridomas were trea-

ted with Rho kinase inhibitor (Y-27632), MAP kinase kinase inhibitor

(U0126), uncoupler of Gi and Go proteins from the S1P receptors

(pertussis toxin) or protein kinase C (PKC) inhibitor (Ro-31-8220),

and then stimulated with 1 lM S1P. TNF-a mRNA expression and

TNF-a protein production were determined by real-time PCR and

ELISA, respectively. Cell migration assay was performed with modi-

fied Boyden chamber system (Chemotaxcell).

Results: S1P receptor antagonists decreased the TNF-a mRNA expres-

sion induced by S1P in NKT cell hybridomas. Y-27632 and pertussis

toxin did not inhibit the increased expression of TNF-a induced by

S1P. U0126 and Ro-31-8220 inhibited the S1P-inducible TNF-a
expression. The migration of NKT cell hybridomas was increased by

S1P. FTY720, an immunosuppressive S1P receptor modulator,

reduced their migration induced by S1P.

Conclusions: These results suggest that S1P2/Gq/PLC/PKC pathway

could mediate the increased TNF-a expression in NKT cells induced

by S1P. Overexpression of TNF-a by S1P may induce glucose intoler-

ance. S1P also induced the migration of NTK cell hybridomas, poten-

tially provoking inflammatory response. S1P and S1P receptor might

be attractive therapeutic targets for metabolic syndromes and athero-

thrombotic disorders.

OC 32.6
Effect of immunization of C5a and C3a released from
complement component C5 and C3 respectively on
early atherosclerotic lesion in
Apobtm2SgyLdlrtm1Her/J mouse model
Lu X1, Xia M1, Chen D2, Endresz V3, Faludi I3, Szabo A3,

Mundkur L1 and Kakkar V1

1Thrombosis Research Institute; 2King’s College London, London,

UK; 3University of Szeged, Szeged, Hungary

Background: C5a and C3a are protein fragments released from com-

plement component C5 and C3 containing 74 and 77 amino acids in

human, respectively. Complement is a central effector system within

the immune system and is implicated in a range of inflammatory disor-

ders and complement components have been detected in atheroscle-

rotic lesions, from the fatty streak through fibrous to complicated

plaques. Binding of both C3a and C5a to their receptors lead to impor-

tant biological functions. Both receptors are expressed in human ath-

erosclerotic coronary plaques. Therefore, investigation of the

mechanisms of the effect of C5a or C3a may provide some important

information for the treatment of atherosclerosis. In the present study

we have therefore studied the role of C5a and C3a in atherosclerotic

lesion development through immunization of Apobtm2SgyLdlrtm1Her/J

mice with these proteins.

Aim: To assess whether immunizing Apobtm2SgyLdlrtm1Her/J mice with

C5a and C3a is effective in reducing atherosclerotic lesions.

Results: Immunization with C5a and C3a elicited high level of antibod-

ies against C5a and C3a in Apobtm2SgyLdlrtm1Her/J mice. In addition,

mice immunized with the C5a (GST-tagged) and C3a (GST-tagged)

showed a greater reduction in lesion size by 24% (P = 0.007) and 19%

(P = 0.042), respectively compared to the control mice immunized

with GST only and the immunization was also associated with a signif-

icant decrease in lesion area in descending aortas compared with that

in controls, showing 74.5% (P = 0.003) and 57.1% (P = 0.003) reduc-

tion for C5a and C3a-immunized mice, respectively. The reduction in

the lesion size in aorta sinus and in descending aortas correlated with a

change in cellular composition of the plaques, and an altered cytokine/

chemokine secretion in serum or in stimulated spleen cells as well as

specific cellular immune responses when compared with controls. Con-

clusions

Immunization of mice with C5a and C3a was effective in reducing

early atherosclerotic lesions.

OC 33 – Megakaryocytes
and Thrombopoiesis

OC 33.1
The hepatic Ashwell-Morell receptor regulates
thrombopoietin production
Hoffmeister KM, Grozoswky R, Jurak Begonja A, Hartwig JH

and Hoffmeister KM

Harvard Medical School, Boston, MA, USA

Introduction: The highly conserved hepatic Ashwell-Morell

(asialoglcyoprotein) receptor (AMR) can bind and remove blood

asialoglycoproteins although the identity of endogenous ligands has
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been elusive. We previously showed that desialylated cold-stored plate-

lets are ingested by hepatic AMR. We now hypothesized that desialy-

lated platelets serve as communicators between the AMR to stimulate

thrombopoietin (Tpo) production and to regulate bone marrow

homeostasis.

Results: (i) Desialylated human platelet uptake by AMR stimulates

hepatic Tpo mRNA translation in vitro. Human platelets were desialy-

ated using a2-3, -6, -8 sialidase from Clostridium perfringens or left

untreated and incubated with HepG2 cells in vitro. The relative ratio

of Tpo mRNA/CycloA mRNA in the human hepatic cell line HepG2

was determined and compared. Tpo mRNA expression increased

30 min after addition of desialylated platelets, and further increased

by 2.2 and 2.9-fold after 4 and 6 h, respectively. In marked contrast,

Tpo mRNA translation in HepG2 cells incubated with control plate-

lets was only slightly increased. (ii) Transfusion of desialylated (using

a2-3, -6, -8 sialidase) mouse platelets into wild type (WT) mice stimu-

lates hepatic Tpo mRNA expression in situ. Hepatic Tpo mRNA levels

increased by ~50% after 12 h of platelet infusion into WT mice, and

plasma Tpo levels increased by 36% (24 h) to 58% (48 h) following

infusion of desialylated platelets. (iii) Endogenously desialylated plate-

lets were isolated from St3gal4�/� or AMR null mice (Asgr2�/�)

mice. These mice lack either the critical sialyltransferase ST3GalIV,

which adds sialic acid to glycoproteins (St3gal4�/�) or the ability to

remove senile, desialylated platelets (Asgpr2�/�). Desialylated platelets

isolated from the St3gal4�/� or Asgr2�/� mice and infused into WT

mice caused an increase in hepatic Tpo mRNA levels at 12 h post-

transfusion. Plasma Tpo concentrations increased in parallel with Tpo

mRNA levels, peaking by day two post-infusion. Desialylated platelets

given to Asgr2�/� mice had no effect on Tpo mRNA synthesis or on

Tpo plasma levels. WT, but not mice receiving desialylated platelets

rapidly (within 24 h) released new platelets into blood and on day 10

post-treatment, corresponding to the Tpo plasma increase. Accord-

ingly, following desialylated platelet transfusion, megakaryocyte num-

bers increase in the bone marrow of WT but not of Asgr2�/� mice.

(iv) Desialylated platelet uptake by AMR regulates hepatic Tpo

mRNA expression in situ, as evidenced by reduced hepatic Tpo

mRNA levels were reduced by ~50% in Asgr2�/� mice which lack the

ability to take up desialylated platelets. In contrast, livers isolated

from St3gal4�/� mice in which platelet turnover is accelerated due to

inefficient membrane glycoprotein sialyation and the uptake by the

AMR receptor, exhibit increased Tpo mRNA levels relative to WT liv-

ers. The difference in the Tpo mRNA levels between the two mouse

genotypes reveals that platelet uptake stimulates a 1.9-fold increase in

Tpo mRNA expression.

Conclusion: Our data support the hypothesis that uptake of desialylat-

ed platelets via AMR stimulates Tpo mRNA expression. We conclude,

that platelets desialylate as they circulate and become the primary

AMR ligand in blood, thus providing a novel physiological feedback

mechanism to regulate plasma Tpo levels and platelet production.

OC 33.2
Microthrombocytopenia and impaired platelet integrin
function in conditional profilin1-deficient mice
Stritt S1, Bender M1, Nurden P2, Gupta S1, Thielmann I1, Hartwig

JH3 and Nieswandt B1

1University Hospital and Rudolf Virchow Center, Wuerzburg,

Germany; 2Plateforme Technologique d’Innovation Biom�edicale,

Hôpital Xavier Arnozan, Pessac, France; 3Brigham and Women’s

Hospital, Harvard Medical School, Boston, MA, USA

Background: Blood platelets are small anucleated cell fragments gener-

ated from bone marrow megakaryocytes (MKs) by a cytoskeleton–dri-
ven process. Thereby, mature MKs form long cytoplasmic

protrusions, so-called pro-platelets, which extend into the sinusoids

within the bone marrow and are finally released through a shear-

dependent mechanism. Profilin1 is a small actin-binding protein cata-

lyzing the exchange of nucleotides on G-actin monomers. Moreover, it

was shown to incorporate ATP-G-actin into growing actin filaments,

therefore directly interfering with actin assembly. However, the overall

significance of profilin1 in platelet formation and function is

unknown.

Aim: We aimed to investigate the function of profilin1 in platelet pro-

duction and function.

Methods: Platelet formation and function was analysed in mice lacking

profilin1. To delete profilin1 exclusively in MKs and platelets, mice

with a floxed profilin1 gene were crossed with PF4 (platelet factor 4)-

Cre mice.

Results: Mice lacking profilin1 in MKs and platelets suffered from a

microthrombocytopenia with a platelet count reduction of 30–40%.

The circulating small platelet population was discoid with well distrib-

uted granules and displayed markedly impaired integrin inside–out
activation and outside-in signalling. Interestingly, profilin1–deficiency
had no effect on F-actin assembly in a flow cytometry–based assay but

resulted in significantly increased platelet microtubule content as

revealed by Western blot analysis and transmission electron micros-

copy. Furthermore, the microtubules were severely misorientated in

resting and spread profilin1–deficient platelets as shown by confocal

fluorescence microscopy. The mutant platelets displayed delayed

spreading on a fibrinogen-coated surface and were unable to form filo-

podia on a von Willebrand factor matrix.

In vivo, profilin1 deficiency did not affect MK numbers in the bone

marrow but the cells displayed an altered ultrastructure with an

increased formation of empty membranes and microparticles. Confo-

cal microscopy on cryo-sections of whole femora revealed pre-platelet

release within the bone marrow, which indicates an accelerated pro–
platelet production. The premature platelet release, in combination

with an increased clearance of the circulating platelets, contributed to

the observed thrombocytopenia.

Conclusion: The profilin1 knockout mouse constitutes a rare model of

thrombocytopenia with small platelet size. Further, these data demon-

strate that profilin1 is crucial for proper platelet formation and sizing

but also in the regulation of the tubulin cytoskeleton and integrin func-

tion in these cells.

OC 33.3
Functional characterisation of novel regulators of
haematopoiesis: from GWAS to function
Bielczyk-Maczynska EK1, Soranzo N2, Ouwehand WH1 and

Cvejic A1

1University of Cambridge; 2Wellcome Trust Sanger Institute,

Wellcome Trust Genome Campus, Hinxton, Cambridge, UK

Background: Platelet count and volume are independent risk factors

for heart attacks and ischaemic strokes. We therefore used meta-analy-

ses studies (GWAS) to identify genes encoding novel regulators of

megakaryopoiesis and platelet formation (HaemGen Consortium,

Nature, 2011:480, 201). For about three-quarters of the 68 genetic sig-

nals associated with platelet count and volume credible gene candi-

dates could be inferred. Two-third of these encode proteins hitherto

unknown to be implicated in megakaryopoiesis and platelet formation.

We hypothesise and have preliminary evidence that these new proteins

are important rate-limiting factors of megakaryopoiesis and platelet

formation, making them prime targets for further functional charac-

terisation.

Aim: To delineate the function of genes identified by a platelet GWAS

by gene knockdown in a relevant model organism

Methods: To this end, we performed a high-throughput reverse genetic

screen in zebrafish using morpholino (MO) knock down approach.

This was followed by in-depth functional analysis of selected genes

using a wide panel of different haematopoietic markers with the main

aim to further our understanding of the function of the novel regula-

tors of blood formation.
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Results: We included 16 genes in the screen to identify novel pathways

essential in thrombopoiesis and haematopoiesis in general. Knock

down of all but four resulted in 50–90% reduction in the number of

thrombocytes in a CD41-transgenic zebrafish. To further investigate

lineage-specific effects of the candidate genes we assessed the status of

definitive erythropoiesis, myelopoiesis and lymphopoiesis in MO

injected embryos. The information gleaned from the initial knock-

down/phenotyping was used to generate heat-map of gene expression

profiles and to cluster genes with similar phenotypes. Consequently,

we were able to hierarchically position candidate genes on the haemat-

opoietic tree and to assign them a potential role during haematopoietic

differentiation.

Conclusion: Using the from-GWA study-to-function strategy we have

not only identified a series of genes that represent novel regulators of

thrombopoiesis and haematopoiesis, but this work also represents, to

our knowledge, the first example of a functional genetic screening

strategy that is a critical step toward obtaining biologically relevant

functional data from GWA study for blood cell traits. The results of

these studies are now informing our next step in exploring the relation-

ship between rare sequence variants in platelet GWAS-genes and the

count and volume of platelets.

OC 33.4
PEAR1 attenuates megakaryopoiesis via regulation of
the PTEN/PI3K pathway
Kauskot A, Vandenbriele C, Louwette S, Freson K, Verhamme P

and Hoylaerts MF
1KU Leuven, Leuven, Belgium

Background: Platelet endothelial aggregation receptor-1 (PEAR1) is

expressed on platelets and endothelial cells. We recently reported that

interactions between PEAR1, C-src, Fyn and the p85/Phosphoinosite

3-kinase (PI3K) subunit constitute a signaling complex, causing sus-

tained aIIbb3 activation via Akt phosphorylation. The overexpression

of PEAR1 in mouse bone marrow cells decreased the number of mye-

loid progenitors during in vitro clonogenic assays, suggesting that

PEAR1 regulates the early stages of hematopoietic differentiation.

Whether PEAR1 is a determinant of megakaryocyte (MK) differentia-

tion is presently unclear.

Methods and Results: To investigate the role of PEAR1 in platelet for-

mation, we assessed and manipulated PEAR1 expression in vitro in

differentiating human CD34+ hematopoietic progenitor cells and in

vivo in zebrafish embryos. We abolished expression of PEAR1, via len-

tiviral vectors encoding shPEAR1 in human CD34+ cells and via mor-

pholino injection in zebrafish embryos.

PEAR1 expression increased during CD34+ cell differentiation up to

the megakaryocyte stage. Lentiviral-mediated PEAR1 knockdown in

CD34+ cells enhanced cell proliferation three-fold and the formation

of CFU-MK, without substantially modifying progenitor maturation

and the number of CFU-erythrocytes. To characterize PEAR1 target

genes in MKs grown from cytapheresis isolates, we compared control

shDsRed- and shPEAR1-transduced MKs on day 12 by profiler qRT-

PCR analysis. Interestingly, we found that a target of the Notch path-

way, HES1, was upregulated without expression modification of

Notch receptors. PTEN, a phosphatase regulating the PI3K pathway,

and CCND1 (cyclin D1) were both downregulated. Although GATA-

1 and PU-1 transcription factors are implicated in megakaryopoiesis,

their expression was not affected in the absence of PEAR1. To study

the role of PEAR1 in vivo, CD41:eGFP zebrafish were chosen, express-

ing GFP under control of the CD41 promotor. In these zebrafish,

Pear1 expression increased progressively the first 3 days of embryo

development. Correspondingly, low concentrations (50 mM) of ATG-

and splice-blocking PEAR1 morpholinos enhanced thrombopoiesis in

the zebrafish, without affecting erythropoiesis at day 2 or 3, confirmed

by western blotting of GFP. The injection of 50 mM PEAR1 MO

resulted in elevated Akt phosphorylation, as revealed by western blots

of 3-day-old Pear1 knockdown zebrafish, coupled to transcriptional

downregulation of the phosphatase PTEN isoform Ptena. Neutraliza-

tion by morpholinos of Ptena, but not of Ptenb, phenocopied the

Pear1 zebrafish knockdown and triggered a rise in Akt phosphoryla-

tion and thrombocyte numbers. At higher MO concentrations, the

thrombocyte count dropped, in relation to developmental problems,

which worsened dose-dependently, upon injection with more PEAR1

MO. Up to 50 mM PEAR1 MO, no defects were observed, but at

100 mM PEAR1 MO, 42% of the fish presented a mild (23%) to

severe (19%) morphological phenotype. Abnormalities ranged from

defective development of the nervous system (lack of eyes and head) to

severe phenotypic abnormalities, motility limitations and lethality at

500 mM.

Conclusions: In summary, the present study reports that PEAR1 is

progressively upregulated during human megakaryopoiesis. PEAR1 is

a negative regulator of cell proliferation, but not of MK maturation.

This work demonstrates for the first time that PEAR1 modulates the

PI3K/PTEN pathway, a critical determinant of Akt phosphorylation,

megakaryopoiesis and thrombopoiesis.

OC 33.5
Tropomyosin 4 is a novel regulator of platelet
production in mice and humans
Pleines I1, Chappaz S1, Lane R1, Kostadima MA2, Schevzov G3,

Ghevaert C4, Gunning P3, Ouwehand WH5 and Kile BT1

1The Walter and Eliza Hall Institute of Medical Research,

Parkville, Australia; 2European Bioinformatics Institute (EMBL-

EBI), Wellcome Trust Genome Campus, Cambridge, UK; 3School

of Medical Sciences, The University of New South Wales,

Sydney, Australia; 4University of Cambridge; 5University of

Cambridge and Wellcome Trust Sanger Institute, Cambridge, UK

Background: Alterations in platelet count (PLT) and size (MPV) are

associated with an elevated risk of cardiovascular disease. To elucidate

the molecular mechanisms controlling PLT and MPV, genome-wide

association studies (GWAS) have been undertaken to detect common

genetic variants associated with these traits. A recent GWAS meta-

analysis led to the identification of single nucleotide polymorphisms

(SNPs) in two novel loci encoding the actin cytoskeletal regulators

Tropomyosin (TPM) 1 and TPM4 (Gieger et al. Nature 2011). Both

common SNPs were associated with platelet volume and count in

healthy individuals. Silencing of the gene homologues in zebrafish

abolished the formation of thrombocytes. Together, these findings sug-

gest an important role for tropomyosins in platelet production. The

physiological functions of tropomyosins in hematopoiesis have yet to

be elucidated.

Aim: Define the roles of tropomyosins in hematopoiesis, with a partic-

ular focus on the megakaryocyte lineage.

Methods: We identified a mouse model of Tpm4 dysfunction in a

mouse mutagenesis screen. Platelet and megakaryocyte function were

assessed in vitro and in vivo employing cell biology, biochemistry and

microscopy. Results were complemented with bioinformatic analysis

of human blood cells.

Results: In a mouse mutagenesis screen for novel regulators of platelet

production in mice we identified a pedigree harbouring a splice site

mutation in the Tpm4 gene. The mutant allele appears to be hypomor-

phic, expressing almost undetectable levels of the major Tpm4 protein

isoform. Importantly, consistent with the phenotype associated with

the SNP identified in humans (Gieger et al. Nature 2011), Tpm4 dys-

function leads to macrothrombocytopenia in mice. Bone marrow

transplants demonstrated that this phenotype is intrinsic to hemato-

poietic cells. Erythroid, myeloid and lymphoid cell numbers are nor-

mal indicating a highly specific role of Tpm4 in platelet production.

Notably, Tpm4 dysfunction did not affect the life span or in vitro func-

tion of mutant platelets. Likewise, megakaryocyte numbers and matu-

ration appeared normal. However, mutant megakaryocytes displayed
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markedly decreased proplatelet formation in vitro, and increased pre-

mature fragmentation in the bone marrow.

Together, these results indicate a crucial role of Tpm4 specifically in

the terminal stages of platelet production. Ongoing studies suggest

that Tpm4 dysfunction affects the activity of cofilin, thus linking Tpm4

to several cytoskeletal signaling pathways implicated in platelet pro-

duction in mice and humans.

Summary: We identified a mouse line with Tpm4 dysfunction, which

exhibits a platelet phenotype that corroborates the observed effect of

the common SNP rs8109288 in the human TPM4 gene on platelet vol-

ume and count. Our results provide evidence that TPM4 is a direct

regulator of platelet production in mice and humans and specifically

required for the terminal stages of platelet production. They also sug-

gest that tropomyosins might play an important role in hematopoiesis

more broadly.

OC 33.6
Redundant functions of RhoA and Cdc42 in platelet
biogenesis
Popp M1, Cherpokova D1, D€utting S1, Pleines I1, Krohne G2,

Nurden P3, Brakebusch C4 and Nieswandt B1

1University Hospital and Rudolf Virchow Center; 2University of

W€urzburg, W€urzburg, Germany; 3Hôpital Xavier Arnozan, Pessac,

France; 4University of Copenhagen, Copenhagen, Denmark

Background: The Rho GTPase family members RhoA, Cdc42 and

Rac1 play major roles in cytoskeletal reorganisation that occurs dur-

ing platelet production from megakaryocytes (MK) and their activa-

tion at sites of vascular injury. We have shown that a MK-specific

RhoA-deficiency results in a moderate macrothrombocytopenia and

impaired platelet responses downstream of G13- and Gq-coupled

receptors. On the other hand, mice with a MK-specific Cdc42-defi-

ciency also display a moderate thrombocytopenia but increased ago-

nist-induced secretion, whereas mice lacking Rac1 in MKs display

normal platelet counts but defective phospholipase C c2-mediated

platelet activation. Although the signalling pathways downstream of

RhoA, Cdc42, and Rac1 partially overlap, possible redundant func-

tions of these Rho GTPases in regulating platelet biogenesis and func-

tion have remained elusive.

Aims: The aim of this study was to investigate functional redundancies

of RhoA and Cdc42 or Rac1 in platelet production and function.

Methods: Mice with MK-/platelet-specific (PF4-Cre/loxP) double-defi-

ciencies in RhoA and Cdc42 (referred to as RhoA/Cdc42�/�) as well

as RhoA and Rac1 (referred to as RhoA/Rac1�/�) were generated by

intercrossing the respective single knockout mice. Platelet function

was assessed by biochemical methods. Platelet and MK morphology,

and proplatelet formation were investigated in vitro and in situ by con-

focal and transmission electron microscopy (TEM).

Results: In contrast to single deficiency of either RhoA or Cdc42,

which displayed only moderately reduced platelet counts, double-defi-

ciency in RhoA and Cdc42 resulted in a severe macrothrombocytope-

nia with platelet counts below 25% of control mice. The size of the

remaining platelets was very heterogeneous with some platelets of

enlarged size and detailed analysis by TEM revealed a highly abnor-

mal ultrastructure concerning shape, vacuoles, paucity in granules,

and abnormal distribution of microtubules resulting in a pronounced

reduced platelet life span. Furthermore, RhoA/Cdc42�/� mice dis-

played impaired integrin activation upon stimulation with G protein

coupled receptor- and (hem) immunoreceptor tyrosine-based activa-

tion motif-agonists. Histological analyses revealed only a slight

increase in MK number in bone marrow but a five-fold increase in the

spleen that did not correlate with signs of splenomegaly. Interestingly,

RhoA/Cdc42 double-deficiency did not impair in vitro MK differentia-

tion and quantitative proplatelet formation as assessed by light

microscopy. However, MKs showed a severely altered ultrastructure

in situ. In contrast to this phenotype, RhoA/Rac1 double-deficiency

phenocopies the respective single knockouts without any additional

effects in the double-knockout animals.

Conclusion: These results demonstrate for the first time a functional

redundancy of RhoA and Cdc42, but not RhoA and Rac1, in platelet

biogenesis.

OC 34 – Platelet Disorders – I

OC 34.1
Functional studies and proteomics in platelets and
fibroblasts reveal a lysosomal defect with increased
cathepsin-dependent apoptosis in ATP1A3 defective
alternating hemiplegia of childhood
Di Michele M, Goubau C, Waelkens E, Thys C, Overbergh L,

Buyse G, Casaer P, Van Geet C and Freson K

KU Lueven, Leuven, Belgium

Background: Alternating hemiplegia of childhood (AHC) is a rare syn-

drome with repeated hemiplegic episodes, paroxysmal events and glo-

bal neurological impairment. Symptoms start early and typically

disappear during sleep. Only very recently, heterozygous de novo mis-

sense mutations in the ATP1A3 gene, coding for the isoform a3 of the

sodium/potassium ATPase alpha-3 subunit, have been identified in

AHC patients. However, the underlying pathogenesis mechanism

remains unknown.

Aims: The aim of this work was to elucidate the biological mechanisms

at the basis of ATP1A3 defective AHC.

Methods: As platelets are relatively easy available cells and represent a

good cellular model to study defects in neuropathologies with a sub-

clinical platelet defect, morphological and functional experiments were

performed in nine unrelated AHC patients.

Results: Mutation analysis of ATP1A3 revealed mostly D801N or

E815K variants. Platelets from the AHC patients presented with struc-

tural and functional abnormalities of granules positive for the lyso-

somal marker CD63. Electron microscopy showed dense granules with

an abnormal core often polygonal and irregular with an empty border

instead of a round dense core. Platelets spread on fibrinogen and

stained for lysosomal marker CD63 showed significantly more central-

ized and fused platelet granules in the AHC cases compared to control

platelets. The epinephrine-induced platelet aggregation lacked the

secretion-dependent secondary activation step in the patients, while

other aggregations with standard concentrations of ADP and collagen

were normal. The patients’ fibroblasts also showed abnormal granule

structures with a five-fold higher number of autophagic vacuoles com-

pared to controls and again CD63 staining was increased for the

patients. Proteomic analysis of platelets and fibroblasts showed a total

of 93 differentially expressed proteins in AHC, mainly involved in

metabolism. Pathway analysis performed on these proteins showed a

major alteration of the network of ‘cell function and maintenance’ in

this disease, a function that can be attributed to lysosomes. Interest-

ingly, 7 of these altered proteins were detected in both platelets and fi-

broblasts, including the lysosomal protein cathepsin. AHC fibroblasts

revealed significantly increased levels of activated cathepsin B and a

stronger activation of cathepsin-dependent apoptosis.

Summary/Conclusions: Our study is the first to link ATP1A3 defects in

AHC to a platelet and fibroblast lysosomal defect with evidence of

increased apoptosis. However, further studies are needed to define

how this lysosomal defect is related to decreased ATPase activity.
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OC 34.2
Identification of novel FLI1 mutations in two families
with a platelet secretion defect
Stockley J1, Jones M2, Bem D3, Mundell S2, Gissen P3, Mumford

AD2, Makris M1, Watson SP3 and Daly ME1

1Haemostasis Research Group, Sheffield; 2University of Bristol,

Bristol; 3University of Birmingham, Birmingham, UK

Background: Inherited platelet function disorders (PFD) that cause

mild mucocutaneous bleeding symptoms are heterogeneous and can

seldom be linked to a causative gene defect using clinical and labora-

tory phenotype alone. We recently developed a strategy for diagnosis

of PFDs using in-solution enrichment and next generation sequencing

(NGS) of 216 candidate genes (J Thromb Haemost, 2012;10:306). In

this study, we have adopted this approach to investigate affected mem-

bers of two families with a heritable bleeding tendency and a diagnosis

of storage pool disease.

Aims: To utilise NGS to investigate the genetic basis of a PFD in two

families with the laboratory features of storage pool disease.

Methods: Two parent/child pairs from unrelated families, in which

both mild bleeding and alopecia segregated with a platelet dense gran-

ule release defect were recruited through the UK-Genotyping and Phe-

notyping of Platelets (UK-GAPP) study. The coding and flanking

intronic sequences of 260 genes encoding mediators of platelet func-

tion and number were captured from genomic DNA using an Agilent-

SureSelect targeted array and sequenced on an ABI-SOLiD 3+ plat-

form. Sequences were mapped to the UCSC hg19 reference sequence

using BWA and Bowtie and previously identified population variants

were removed from the analysis. Novel single nucleotide variants

(SNVs) that were common to each of the parent/child pairs were con-

firmed by Sanger sequencing. Site-directed mutagenesis was used to

introduce two SNVs identified in FLI1 into the pSG5-FLI1 expression

construct. The ability of the recombinant FLI1 mutants to bind to an

ETS site in the GP6 promoter was examined in HEK 293T cells using

the dual-luciferase reporter assay to measure GP6 promoter activity.

Results: NGS of 260 platelet genes identified 4 SNVs in four genes that

were common to both affected members of Family-1, including a het-

erozygous FLI1 c.1009C>T transition, predicting a p.R337W substitu-

tion in the FLI1 DNA binding domain. The two affected members of

Family-2 shared only a heterozygous FLI1 c.1028A>G transition pre-

dicting a p.Y343C substitution, also in the FLI1 DNA binding

domain. Comparison of the transcriptional activities of wild-type

(WT) FLI1 and the R337W and Y343C variants on the GP6 promoter

revealed a complete loss in transcriptional activity of the R337W and

Y343C FLI1 variants when compared to WT-FLI1. When either the

R337W or the Y343C variant was co-expressed with WT-FLI1, there

was a significant reduction in the transcriptional activity of approxi-

mately 50% compared to WT-FLI1 alone (P < 0.05) demonstrating

that these variants result in a loss of function of FLI1.

Conclusions: We have identified two novel FLI1 variants which cause a

loss in transcriptional activity of FLI1 in vitro in two families with

storage pool disease. Given the role of FLI1 in megakaryopoiesis, and

in regulating several haemostasis related genes, these loss of function

variants are likely to contribute to the phenotype in these families. Our

results support the use of NGS technology in the investigation of

patients with inherited PFDs.

OC 34.3
A mutation in b3 integrin causing
macrothrombocytopenia displays constitutive active
aIIbb3 and aVb3 and proplatelet-like structures on
immobilized fibrinogen
Hauschner H1, Messineo S2, Seligsohn U1, Savoia A2

and Rosenberg N1

1Sheba Medical Center and Tel-Aviv University, Ramat-Gan,

Israel; 2Institute for Maternal and Child Health, IRCCS, Burlo

Garofolo, Trieste, Italy

Background: Mutations in integrin aIIb or b3 usually cause Glanz-

mann thrombastenia (GT), an autosomal recessive severe bleeding dis-

order characterized by absence of platelet aggregation with all

physiological agonists, and normal platelet count and morphology.

Some rare mutations in the aIIb or b3 genes have been reported and

are characterized by macrothrombocytopenia and autosomal domi-

nant inheritance. These entities were termed GT-like syndromes. One

such example is a recently described mutation in two unrelated Italian

patients. Molecular analysis revealed an in frame deletion of exon 13

of ITGB3 gene causing loss of amino acids 647–686 of the bTD ecto-

domain (Haematologica 2009, 94:663–9). The patients exhibited mac-

rothrombocytopenia, impaired ADP and epinephrine induced platelet

aggregation, slightly decreased surface expression of aIIbb3 but with

slightly increased ligand binding and normal adhesion of platelets to

immobilized fibrinogen yet with impaired spreading. Further charac-

terization of the effects of the mutation was however hampered

because the patients’ platelets harbored one normal allele.

Aim: To examine the influence of the natural mutation on aIIbb3 and

aVb3 functions.
Methods: We expressed the b3-bTD_del with wild type (WT) aIIb in

baby hamster kidney (BHK) cells and compared surface expression

and function with cells harboring WT aIIb and b3.
Results: The surface expression of the mutated aIIbb3 integrin was not

significantly different from cells expressing WT-aIIbb3. However, the

mutated cells bound soluble fibrinogen and PAC-1 antibody indicating

that the mutant cells were constitutively active unlike WT cells. The in-

tegrin chimera aV(hamster)b3 (human)-bTD_del was expressed simi-

larly to WT-aV(hamster)b3 (human) and was also constitutively

active. Cells expressing the aIIbb3-bTD_del displayed increased adhe-

sion and spreading on immobilized fibrinogen. After 2 h of incuba-

tion, the spreading was accompanied by multiple cell extensions. Some

of the extensions were long, thin and had bulbous tips suggesting cyto-

skeleton reorganization similarly to pro-platelet structures. Such

extensions were hardly observed in cells expressing WT-aIIbb3.
Conclusions: The thrombocytopenia and platelet size variation in GT-

like patients can be explained by the presence of proplatelet-like exten-

sions formed on immobilized fibrinogen which results in constitutively

active aIIbb3. These data and the macrothrombocytopenia in the

patients with GT-like syndrome suggest that integrin b3 is involved in

platelet formation in addition to its well known role in platelet function.

OC 34.4
Treatment modalities and outcomes in 204 surgical
procedures in 96 Glanzmann thrombasthenia (GT)
patients: the International Prospective Glanzmann’s
Thrombasthenia Registry (GTR)
Poon M-C1, D’Oiron R2, Zotz R3 and Di Minno G4

1University of Calgary Foothills Hospital, Calgary, Canada;
2Bicêtre Hospital AP-HP, University Paris XI, Paris, France;
3Hemostasis Institute, D€usseldorf, Germany; 4Federico II

University, Napoli, Italy

Background: Standard treatment for GT, a severe autosomal recessive

bleeding disorder with defective platelet aIIbb3, is platelet transfusion.
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Recombinant FVIIa (rFVIIa) has been effective in GT with platelet

antibodies and/or platelet refractoriness.

Aims: To assess the efficacy of rFVIIa, compared to other systemic he-

mostatics in GT with or without antibodies and/or refractoriness for

surgical prophylaxis.

Methods: Analysis of data from GTR, an international multicenter

observational study on the efficacy and safety of rFVIIa and other

treatment modalities for bleeding and surgery in GT patients.

Results: From 2004-2011, GTR enrolled 218 patients from 45 sites (15

countries, 4 continents) with 1073 admissions. Out of these, 96 patients

(F/M: 52/44 [54%/46%]; age ≥ 18y, 69 [72%]) were treated for 204

surgical procedures (minor/major, 167/37 [82%/18%]). Out of 55

patients with known disease type, 48 (87%) had type 1 GT. History of

antibodies were reported in 43 patients [45%], refractoriness in 23

[24%], and antibodies+refractoriness in 17 [18%], while 47 [49%] had

no antibodies/refractoriness. Treatments analyzed include antifibrino-

lytics (AF), rFVIIa � AF (r7), platelets � AF (P) and rFVIIa+plate-
lets � AF (r7+P). The top minor procedures were dental (n = 132,

79%), endoscopy (n = 11, 6.6%) and nasal (n = 8, 4.8%). The top

major procedures were GI (n = 9, 24.3%) and orthopedic (n = 9,

24.3%). Most frequent treatment for minor procedures was r7

(n = 120 [72%]); and for major procedures, r7 and r7+P (13 [35%]

each). In GT with no antibodies/refractoriness, r7 was 100% effica-

cious for both minor (n = 41) and major procedures (n = 7), similar to

or better than that for P (minor 11/11 = 100%; major 5/6 = 83%) and

r7+P (minor 4/4 = 100%; major 6/9 = 67%). In GT with antibodies

and/or refractoriness, the efficacy of r7 (minor procedures 69/

79 = 87%; major 4/6 = 67%) was not inferior to that for P (minor 10/

14 = 71%; major 2/2 = 100%) and r7+P (minor 7/9 = 78%; major 2/

4 = 50%). A few patients were treated with AF alone, with an overall

efficacy rate of 56% for nine minor procedures, but 100% for three

major procedures. rFVIIa was generally given initially at a median of

~90 lg/kg at ~2 h intervals, for both minor (median 2–3 doses) and

major (number of doses: higher and variable) procedures. The median

(mean � SD) number of platelet units used in patients with no anti-

bodies and/or refractoriness, was 1 (2 � 1) for minor and 5 (8 � 7)

for major procedures. In patients with antibodies and/or refractori-

ness, the median platelet use was higher and variable, up to 60 U for

one major procedure. Only one thromboembolic event occurred in an

adult female with refractoriness treated with r7+P for a major proce-

dure. One additional allergic reaction was attributed to platelets.

Summary/Conclusions: (1) The GTR provides the largest experience to

date on surgical procedures in GT. (2) GTR results show that the effi-

cacy of rFVIIa � AF was similar to platelets � AF and

rFVIIa+platelets � AF in surgical procedures in GT patients, regard-

less of investigator-reported antibodies/refractoriness status. (3)

rFVIIa � AF was safe for surgical procedures. (4) Platelets were effi-

cacious in GT patients with investigator-reported antibodies and/or

refractoriness, but higher doses were reported. (5) The combined use

of rFVIIa+platelets could be attributed to the insufficient efficacy of

one or the other alone.

OC 34.5
The b-1 tubulin R307H single nucleotide
polymorphism is associated with significantly worse
thrombocytopenia and distinct platelet physiology in
Bernard Soulier monoallelic ‘Bolzano’ mutation
patients
Basciano P1, Bozzi V2, Civaschi E2, Provini S2, Matakas J1,

Giannakakou P1, Bussel J1, Balduini C2 and Noris P2

1Weill Cornell Medical College, New York, USA; 2University of

Pavia and IRCCS Policlinico San Matteo Foundation, Pavia, Italy

Background: Single nucleotide polymorphisms (SNPs) in the hemato-

poietic-specific b-1 tubulin isotype have been correlated with altera-

tions in platelet physiology. We previously showed that the b-1 R307H

SNP identified ITP patients with more severe thrombocytopenia,

increased risk of failure to immune-modulatory treatments, and

unique platelet dynamics compared to non-SNP patients. The diversity

of disease pathophysiology in ITP made interpreting these results diffi-

cult. Bernard Soulier monoallelic ‘Bolzano’ mutation (BSS-BM)

patients are unique as they have a single mutation (c.515C>T in GPI-

BA) causing macrothrombocytopenia, but a variable clinical severity

of unknown etiology. These unique disease characteristics made BSS-

BM an ideal disorder to further examine the physiologic relevance of

the b-1 R307H SNP.

Aim: To determine if the b-1 tubulin R307H SNP is associated with

significant differences in clinical outcomes and platelet physiology in

patients with BSS-BM.

Methods: After approval from regulatory boards and informed con-

sent from patient was obtained, we genotyped 92 previously-reported

BSS-BM patients for the presence of the b-1 tubulin R307H SNP

(rs6070697G>A). Platelet count and mean platelet volume (MPV)

were measured by impedance in 92 patients and by optical laser scan-

ning in 20 patients; manual counts from peripheral blood smears were

obtained in 23 patients. Platelet biomass was calculated as the product

of manual platelet count and optical MPV in 20 patients, as impedance

measurement of these parameters has been shown to be unreliable.

Means of platelet count, MPV, and platelet biomass were compared

between SNP and non-SNP patients; mean WHO bleeding scale scores

were also compared. Pearson correlation coefficients for platelet count

and MPV were calculated separately for SNP and non-SNP groups.

Results: b-1 R307H SNP carrier frequency (heterozygote SNP +
homozygote SNP) was 36% in BSS-BM patients, similar to the general

population. BSS-BM patients with the R307H SNP had significantly

worse thrombocytopenia compared to non-SNP patients as measured

by all three methods (impedance: 70 v 95, P < 0.001; optical: 71 v 119,

P = 0.01; manual: 76 v 124, P = 0.01; all reported counts 9 109/L).

There was no significant difference in mean optical MPVs (SNP:

15 fL; non-SNP: 15.1 fL). Mean platelet biomass was 32% lower in

the SNP group (0.13% of blood volume) versus the non-SNP group

(0.19%; P = 0.02). Mean WHO bleeding scores did not significantly

differ between the genotype groups. Platelet count and MPV were

strongly and inversely correlated in the SNP group (R = �0.9,

P = 0.03) but not the non-SNP group (R = �0.24, P = 0.24).

Summary/Conclusions: BSS-BM patients with the b-1 tubulin R307H

SNP had significantly worse thrombocytopenia and lower platelet bio-

mass compared to non-SNP patients; furthermore, a significant corre-

lation between platelet count and MPV was detected for SNP patients

but not non-SNP patients. These associations between the R307H

SNP and changes in clinical parameters and platelet physiology are

consistent with our findings in ITP. These similar findings in two dis-

tinct platelet disorders support a strong relevance for the R307H SNP

in platelet physiology. Further investigations of the R307H SNP in

more common platelet disorders may have clinical utility, and investi-

gations into the mechanistic basis for our findings are underway.

OC 34.6
The BRIDGE bleeding and platelet disorders exome
sequencing project: presentation and first discoveries
Freson K and on behalf of the BRIDGE Bleeding and Platelet

Disorders (BPD) consortium

University of Leuven, Leuven, Belgium

Background: The purpose of the BRIDGE-BPD consortium (www.

bridgestudy.org) is through international collaboration to identify the

genetic basis of hitherto unresolved rare bleeding and platelet disor-

ders (BPDs) by exome sequencing. Patients with an abnormal platelet

count, volume, ultrastructure and/or function and/or a bleeding disor-

der of unknown etiology and of early onset are enrolled by 34 special-

ized referral centres in Belgium, France, Germany, the Netherlands,

the UK and the USA. Cases with known inherited BPDs are enrolled

in a parallel project overseen by the ISTH ThromboGenomics working
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party. So far, 748 BPD cases of unknown etiology have been enrolled

and clinical and laboratory information has been deposited in the cen-

tral BRIDGE-BPD database. The challenge of homogenization of

clinical phenotype information is supported by the coding of each

patient with terms from the Human Phenome Ontology (HPO) appli-

cation.

Methods: The DNA samples are quality-controlled and sequenced at

Cambridge University in the UK on the Illumina HiSeq2000 platform

following targeted enrichment with the Roche Nimblegen SeqCap EZ

Human Exome v3.0 protocol. Variant calling makes use of the GATK

software package together with the SAMtools and DinDel applica-

tions. Alleles are removed by filtering against the results of the 1000

Genomes and UK10K projects. The consequences of the variants are

interpreted using standard consequence prediction algorithms, our

recently developed protein-protein interaction network and ENCODE

and BluePrint results on the experimentally-driven functional annota-

tion of the non-coding fraction of the genome. As a next step toward

understanding how newly discovered genes contribute to changes in

haemostasis, we perform studies in model organisms and in in vitro dif-

ferentiated megakaryocytes obtained from haematopoietic stem cells

and patient-derived induced pluripotent stem cells.

Results: The initial analysis of the results of the first 50 cases identified

four new genes. First NBEAL2 and RBM8A were discovered as the

causative genes for Grey Platelet and Thrombocytopenia with Absent

Radius syndromes, respectively. Second in a patient with a rare plate-

let defect with abnormal alpha granules and severe bleeding, a com-

pound heterozygous mutation was identified in a new gene on 15q15.

Finally, homozygosity mapping revealed a homozygous 2-base pair

deletion in a gene at 6q22.1 in a child born to healthy but consanguine-

ous parentage and with symptoms of epilepsy, neurodegeneration,

hypotonia, hypogonadotropic hypogonadism, and defective platelet

secretion. As was the case for the first two, also the latter two genes

were not known to be implicated in megakaryocyte and platelet biol-

ogy. The genes on 15q15.1 and 6q22.1 regulate the structure of the

extracellular matrix components dermatan sulphate and collagen and

cell cycling, respectively.

Conclusion: The successful proof-of-principle studies prompted the

sequencing of further cases and the results of the analysis will be

shared. In conclusion, the hypothesis-free surveying of the 64 million

bases of coding fraction of the genome results in the identification of

novel genes, which are causative of rare inherited BPDs and point to

novel biologically relevant molecular pathways in haemostasis.

OC 35 – Platelet Signaling – I

OC 35.1
A recombinant HPA-1a antibody with abrogated Fc?
receptor binding for treatment of fetomaternal
alloimmune thrombocytopenia: proof of principle in
human studies
Ghevaert C1, Herbert N1, Cookson PH2, Garner SF2, Lloyd-Evans

P2, Ballan K3, Ouwehand WH1, Armour LK4, Clark MR4 and

Williamson L2

1University of Cambridge and NHS Blood and Transplant,

Cambridge; 2NHS Blood and Transplant, Brentwood;
3Addenbrookes University Hospitals, Cambridge; 4University of

Cambridge, Cambridge, UK

Background: Fetomaternal alloimmune thrombocytopenia (FMAIT)

caused by the maternal generation of antibodies against the Human

Platelet Antigen-1a (HPA-1a) carried by fetal platelets can result in

intracranial haemorrhage and intrauterine death. Current treatment

options for FMAIT during pregnancy involve either administration to

the mother of IV immunoglobulins with or without corticosteroids or

intrauterine transfusions of HPA-1a negative platelets which carries a

15% risk of fetal death. We have developed a therapeutic human

recombinant high affinity HPA-1a antibody (B2G1Dnab) that com-

petes for binding to the HPA-1a epitope but which carries a modified

constant region that does not bind to Fc gamma receptors. Previous in

vitro competition studies with a range of clinical anti-HPA-1a sera

have shown that B2G1Dnab blocks monocyte chemiluminescence by

> 75%. Studies in chimaeric mice have confirmed that a non-destruc-

tive HPA-1a blocking antibody can prevent in vivo platelet destruction

by polyclonal HPA-1a antibodies.

Aims: In this first-in-man study we aim to answer two questions. First

does the therapeutic B2G1Dnab antibody affect platelet survival in

circulation. Second, in competition studies with a destructive anti-

HPA-1a does B2G1Dnab demonstrate a gain in platelet survival in

vivo.

Method: Eighteen HPA-1a1b (matching fetal platelet group) volun-

teers were recruited and in vivo platelet survival studies carried out by

means of dual radiolabelling. Two aliquots of autologous platelets

were generated from each volunteer and sensitized ex vivo with combi-

nations of antibodies. After re-injection to the volunteers, platelet sur-

vival was observed by means of serial sampling and gammacounting.

In a first phase, we compared survival of unsensitised platelets and

platelet sensitized with either B2G1Dnab or the destructive equivalent

IgG1 antibody B2G1. In a second phase we looked at platelet survival

after sensitization with a combination of B2G1 (as an exemplar of

destructive HPA-1a antibody) and B2G1Dnab (as would be the case

in fetuses receiving B2G1Dnab as therapy) in proportions shown pre-

viously to reduce monocyte response by 50% and 80%. Permission for

the study was granted by the Local Research Ethics Committee

(LREC), the Administration of Radioactive Substances Advisory

Committee (ARSAC) and the Medicines and Healthcare devices Reg-

ulatory Agency (MHRA).

Results: Platelets sensitized with B2G1Dnab were shown to have par-

allel survival kinetic compared to unsensitised platelets (calculated sur-

vival 196 vs 189 h respectively) whilst platelets sensitized B2G1

completely disappeared from circulation within the first 2 h (calculated

survival 18 min). Platelets sensitized with a combination of B2G1

25%/B2G1Dnab 75% and B2G1 10%/B2G1Dnab 90% had calcu-

lated survivals of 44 and 58 min respectively. This two to three-fold

gain compared to platelets sensitized with B2G1 alone would translate

to a platelet count 2–3 times higher than baseline in the fetus, confer-

ring a major reduction in the risk of intracranial haemorrhage.

Conclusions: in this first in man set of studies we demonstrate the ther-

apeutic potential of B2G1Dnab for treatment of pregnancies affected

by HPA-1a antibodies paving the way for further clinical studies. In

addition, the efficient clearance of platelets sensitized with B2G1 also

opens up the opportunity to carry out studies of prophylaxis to pre-

vent alloimmunisation in HPA-1a negative mothers.

OC 35.2
The P2X1 receptor antagonist NF449 protects mice
from experimental transfusion related acute lung injury
Maitre B, Leguay C, De La Salle H, Hechler B and Gachet C

UMR_S949, Inserm, Universit�e de Strasbourg, EFS-Alsace,

Strasbourg, France

Background: Transfusion Related Acute Lung Injury (TRALI) is one

of the first causes of transfusion related mortality. It is defined as a

non-cardiogenic pulmonary edema during or within 6 h after blood

transfusion. In most cases, two sequential events contribute to the

appearance of this syndrome. The first hit is the inflammatory condi-

tion of the patient causing sequestration and priming of neutrophils in

the pulmonary compartment. The second hit is the transfusion of a

blood product containing antibodies that activate the primed neu-

trophils of the recipient and lead to lung injury. Neutrophils are thus

key players in this pathology through their migration into the lungs

and their subsequent activation. Among the various signals involved

in neutrophil chemotaxis, ATP was reported to play an essential role

through activation of the ATP-gated P2X1 cation channel.
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Objectives: Our aim was to evaluate the role of the P2X1 receptor in an

experimental model of TRALI.

Methodology: TRALI was induced using a 2-hit model in which Balb/

C mice are primed with i.p. injection of LPS (0.1 mg/kg) 24 h before

i.v. challenge with a cognate MHC I antibody (0.5 mg/kg). TRALI

was estimated by: (i) the rate of mortality of mice after 2 h, (ii) the

measure of the lung edema assessed by protein content in bronchoalve-

olar fluids and (iii) the lung inflammation by evaluating the presence

of neutrophils using immunohistological analysis. The role of the

P2X1 receptor was evaluated using the NF449 P2X1 antagonist

(10 mg/kg) administered i.v. either before LPS, or before the MHC I

antibody injection, or at both steps.

Results: Within 2 h after MHC I injection, 70% of control mice died,

whereas only 30% of NF449-treated mice died (P < 0.01, n = 20).

Accordingly, lung edema was reduced in mice receiving NF449

(1367 � 971 mg/mL) as compared to control mice (3537 � 971 mg/

mL) (P < 0.05, n = 6). Immunohistological analysis of lung sections

with an anti-neutrophil antibody revealed a lesser amount of neu-

trophils infiltrated into pulmonary tissues of NF449-treated mice

(65311 � 5614 pixels) as compared to control mice (171253 � 20264

pixels) (n = 3, P < 0.001). To delineate the role of the P2X1 receptor in

each event leading to TRALI, NF449 was administered either only

before LPS sensitization or only before MHC I injection. In both

cases, the rate of mortality was only slightly decreased in NF449-trea-

ted mice suggesting that the P2X1 receptor is involved both in the

recruitment of neutrophils and in their activation.

Conclusion: Our data indicate that the P2X1 receptor plays a key role

in TRALI and suggest that its pharmacological inhibition could repre-

sent a novel therapeutic approach.

OC 35.3
The mechanical regulation of VWF GPIba dependent
platelet triggering on a single cell
Ju L1, Chen Y1, Cruz MA2 and Zhu C1

1Georgia Institute of Technology, Atlanta, GA; 2Baylor College of

Medicine, Houston, TX, USA

Background: Binding of platelet membrane receptor GPIba to von

Willebrand factor (VWF) A1 domain tethers platelets to disrupted

vascular surface during the haemostatic process. The VWF-A1-GPIba
interaction under flow can trigger outside-in signaling cascade, charac-

terized by distinct elevations of cytosolic calcium concentration.

GPIba is hypothesized as an mechano-sensor of platelet, however, its

mechano-sensing mechanism still remains obscure.

Aim: Using the single-molecule accumulative force clamp assay with

a biomembrane force probe (BFP), we studied force-induced signal

initiation by repeated brief contacts of a single platelet with a glass

bead coated with VWF-A1 domain in a precisely controlled

fashion.

Materials and Methods: Recombinant proteins including wild-type

(WT) VWF A1 domain, gain-of-function A1 mutant (R1450E), loss-

of-function A1 mutant (G1324S) were prepared. The washed platelets

were purified and kept discoid after the venous blood draw. In BFP

experiment, VWF-A1 was also covalently linked to the probe bead

aspired by a micropipette, which was opposed by another micropipette

aspiring a discoid platelet. The force was calculated from the deforma-

tion of the red blood cell (RBC). The epi-fluorescence channel was

added to allow the simultaneous measurements of force regulation and

calcium signals.

Results: Contacting a single platelet with a bead coated VWF-A1 of

low density resulted in adhesion kinetics on the single bond level. We

observed a catch-bond for the VWF-A1-GPIba interaction, in which

the bond lifetime increased with force to a maximum (~25pN) and

then decreased with force. The von Willebrand disease (VWD) muta-

tions in A1 shifted this biphasic pattern either toward higher force

(40pN for G1324S, type 2M) or to lower force (10pN for R1450E type

2B). On the other hand, we found that single bond of WT A1-GPIba

interaction could trigger the calcium flux but not enough to induce

platelet activation. However, force and accumulative lifetime threshold

existed, above which the A1-GPIba bond could trigger calcium mobili-

zation within ~30 s. The stronger calcium triggering was observed at

40pN than 25pN for WT and G1324S A1. In contrast, the R1450E,

described as the gain-of-function mutant, showed little calcium trigger-

ing effect while the G1324S, known as the loss-of-function mutant,

showed stronger calcium triggering than WT.

Summary: Coupling of force and bond lifetime was both necessary and

sufficient for platelet calcium triggering. The structural variation in

ligand altered the triggering energy barrier. With the single molecule

method, we provided new understandings on the mechano-sensing

mechanism of the VWF-A1-GPIba interaction.

OC 35.4
The Rap guanine nucleotide exchange factor
CalDAG-GEFI is phosphorylated and regulated by
protein kinase A
Guidetti GF, Manganaro D, Consonni A, Canobbio I, Balduini C

and Torti M

University of Pavia, Pavia, Italy

Background: In circulating platelets, the guanine nucleotide exchange

factors CalDAG-GEFI mediates the Ca2+-dependent activation of

the small GTPase Rap1b, which is required for integrin aIIbb3 inside-
out activation and platelet aggregation. cAMP is the major intracellu-

lar inhibitor of platelet function, and the cAMP-activated protein

kinase A (PKA) antagonizes both Rap1b and integrin aIIbb3 stimula-

tion. PKA directly phosphorylates Rap1b, but this event regulates

subcellular localization of Rap1b, rather than its activation. Therefore,

the precise mechanisms for the prevention of agonist-induced Rap1b

stimulation by cAMP in platelets remains unclear.

Aims: To investigate whether CalDAG-GEFI is a target for PKA to

mediate cAMP-promoted inhibition of Rap1b.

Methods: The phosphorylation of CalDAG-GEFI was investigated in

vitro and in intact cells as incorporation of radiolabelled phosphate

and by immunoblotting. The effect of PKA-mediated phosphorylation

on CalDAG-GEFI activity was established both in platelets, and in

HEK293 cells transfected with specific serine to alanine mutants of

CalDAG-GEFI.

Results: In this work we demonstrate that CalDAG-GEFI is phos-

phorylated by PKA in vitro, as well as in transfected cells treated with

the cAMP-increasing agent forskolin. cAMP increase triggers Cal-

DAG-GEFI phosphorylation also in intact platelets, and this effect is

associated to the inhibition of Ca2+-induced Rap1b activation and

platelet aggregation. By computational sequence analysis and site-

directed mutagenesis, the serine residues 116 and 586 have been identi-

fied as the PKA phosphorylation sites. The substitution of these two

serine residues with alanine was sufficient to completely abolish PKA-

mediated CalDAG-GEFI phosphorylation in transfected cells. Two

additional potential PKA phosphorylation sites were found to be pres-

ent on CalDAG-GEFI, serine 117 and serine 147, however these resi-

dues did not contribute to CalDAG-GEFI phosphorylation.

Forskolin-induced phosphorylation of CalDAG-GEFI also occurred

in transfected HEK293, and was associated to the prevention of

Rap1b activation by intracellular Ca2+ elevation. Moreover, cAMP-

mediated inhibition of Rap1b activation was lost in HEK293 cell

transfected with a double mutant of CalDAG-GEFI (S116A and

S586A), that failed to be phosphorylated by PKA.

Conclusions: These results demonstrate that phosphorylation of Cal-

DAG-GEFI by PKA affects its activity on Rap1b, and represents a

novel mechanism for cAMP-mediated inhibition of Rap1b in platelets.
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OC 35.5
Genetic deletion of Vaccinia H1-related (VHR)
phosphatase inhibits collagen-induced platelet
activation and thrombus formation without affecting
bleeding time in mice
Rahmouni S1, Musumeci L1, Maurissen L1, Kuijpers MJE2,

Senis YA3, Mustelin T4 and Heemskerk JWM2

1University of Liege, Liege, Belgium; 2Maastricht University,

Maastricht, the Netherlands; 3University of Birmingham,

Birmingham, UK; 4Sanford-Burnham Medical Research Institute,

La Jolla, CA, USA

Background: A critical limitation of current antiplatelet therapies is

their inability to separate a reduction in thrombotic events from an

increase in bleeding occurrences. Vaccinia H1-related (VHR) phospha-

tase is a dual-specific protein phosphatase, the physiological role of

which is not known. We used genetic manipulations to generate mice

lacking VHR and found that this phosphatase plays a critical role in

platelet function and in arterial thrombosis.

Aims: The goal of this project is to investigate the role of VHR in

thrombosis and hemostasis, using transgenic mouse model, with a spe-

cific focus on deciphering the function of this phosphatase in platelet

biology and GPVI signaling pathways.

Methods: VHR deficient mice were generated by homologous recombi-

nation. Platelet adhesion, aggregation and secretion assays were per-

formed using VHR deficient and wild type platelets. Intracellular

calcium fluxes were studied in fura-2 loaded platelets. Aggregate for-

mation on collagen surface was analyzed under flow conditions. Arte-

rial thrombosis was assessed in a model of pulmonary embolism and

upon ferric chloride induced carotid artery injury. Tail bleeding times

were measured.

Results: VHR-deficient platelets display impaired collagen-related pep-

tide (CRP) and collagen-induced aggregation and granule secretion

compared to platelets from wild-type mice. However, Thrombin- and

ADP-induced platelet aggregations were not affected by VHR defi-

ciency. Consistently, aggregate formation and phosphatidylserine

exposure of VHR-deficient platelets on collagen under flow was

reduced. In addition, VHR-deficient mice were more resistant to colla-

gen- and epinephrine-induced thromboembolism, compared to wild-

type mice, and showed impaired thrombus formation upon carotid

artery injury. Intriguingly, VHR deficiency did not affect bleeding

times compared to wild-type mice. At the molecular levels, we found

that VHR deficiency leads to a decrease of Src family kinase activatory

phosphorylation upon GPVI triggering with CRP. In addition, con-

vulxin-induced Ca2+ flux was greatly reduced (50%) in VHR-deficient

platelets compared to wild-type platelets.

Conclusions: All together, our data suggest that VHR plays a selective

and essential role in collagen-induced platelet activation and in arterial

thrombus formation in vivo. Given that VHR-deficient mice remain

healthy and do not exhibit any spontaneous phenotype, inhibition of

VHR may prove effective as an alternative and safe antiplatelet strat-

egy in the treatment of arterial thrombosis.

OC 35.6
SHIP1 deficiency affects platelet internal contraction
and integrin dynamics during the first steps of platelet
activation
Severin S1, Consonni A2, Chicanne G1, Allart S3, Payrastre B1

and Gratacap M-P1

1Inserm U1048 I2MC, Toulouse cedex 4, France; 2University of

Pavia, Pavia, Italy; 3Inserm U1043/CNRS UMR 5282/Universit�e

Toulouse III, Toulouse, France

SHIP1 is a lipid phosphatase capable to dephosphorylate the PI3-

kinase product phosphatidylinositol 3,4,5-trisphosphate (PtdIns(3,4,5)

P3) into PtdIns(3,4)P2, and to interact with several signalling proteins

as a docking protein. In platelets, previous studies suggest dual effects

of this phosphatase as it may negatively regulate platelet adhesion and

spreading on a fibrinogen surface and positively regulate thrombus

growth ex vivo and in vivo.

Little is known about its implication during the early phase of platelet

activation in suspension, before aggregation. Using SHIP1 knock-out

mice we show that the absence of this phosphatase has no significant

impact on Akt, ERK or Src family kinases activation following throm-

bin stimulation in the absence of aggregation. However, using a confo-

cal-based morphometric analysis we found that SHIP1 is involved in

the regulation of cytoskeleton organization and platelet internal con-

tractile activity when platelets are stimulated by thrombin in suspen-

sion, independently of integrin engagement. Both the RhoA/Rho-

kinase pathway activation and myosin IIA relocalization are affected

in the absence of SHIP1. Interestingly, SHIP1 interacts with the mem-

brane skeleton and its absence impacts on the maintenance of the asso-

ciation of integrins to this network following thrombin activation.

Using super resolution microscopy we show that the SHIP1-regulated

contractile cytoskeleton controls aIIbb3 integrin dynamics.

Altogether, our data reveal a lipid-independent function for SHIP1 in

the regulation of the contractile cytoskeleton and integrin dynamics in

the absence of platelet aggregation.

This study complies with the Declaration of Helsinki.

OC 36 – Reversal of Anticoagulant
Agents

OC 36.1
Early reversal with prothrombin complex concentrate
in vitamin K antagonist-treated patients with severe
haemorrhage is associated with decreased mortality
Vigu�e B1, Riou B2, Tremey B3, Samama CM4, Vicaut E5

and Tazarourte K6

1CHU de Bicêtre, Le Kremlin Bicêtre; 2CHU de Piti�e-Salp�etri�ere,

Paris; 3CMC Ambroise Par�e, Neuilly; 4CHU de Cochin-Hôtel

Dieu; 5CHU Lariboisiere, Paris; 6SAMU 77, Melun, France

Background: Vitamin K antagonist (VKA) therapy is associated with a

high rate of mortality in patients with severe haemorrhage, in particu-

larly those with intracranial bleeding. French guidelines recommend

prothrombin complex concentrate (PCC) and vitamin K infusion for

complete reversal of VKA therapy in case of severe haemorrhage.

Aim: This observational cohort study was set-up to test the hypothesis

that early appropriate VKA reversal decreases 7-day mortality rate.

Methods: Prospective data from patients on VKA therapy admitted in

44 emergency departments with life-threatening haemorrhage were

analysed, with particular attention given to intracranial haemorrhage

(ICH), gastrointestinal, thoracic, or deep muscles bleeding. In addition

to the type of haemorrhage, the International Normalized Ratio, the

treatment and 7-day mortality were recorded. Early reversal was con-

sidered appropriate when the guidelines (reversal perfusion of pro-

thrombin complex concentrate (PCC) at a dose superior or equal to

20 IU/kg in equivalent-IX factor associated to, at least, 5 mg of vita-

min K) were followed in a predefined delay of 8 h after admission. A

multivariate analysis was used to assess the role of early and appropri-

ate reversal in 7-day mortality in all patients and in the ICH group.

Results: Over a 14-month period, data from 822 vitamin K antagonist-

treated patients with severe haemorrhage were collected. The following

bleeding rates were seen: gastrointestinal (32%), intracranial (32%),

muscular (13%), and ‘other’ (23%). The 7-day mortality was 13%

(n = 110) in the whole cohort and 33% (n = 86) in patients with ICH.

Appropriate reversal was performed in 38% of all patients and 44% of

ICH patients. Multivariate analysis showed a significant two-fold

decrease in the 7-day mortality rate in patients with early reversal
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(OR = 2�15 [1�20–3�88]; P = 0�011); this mortality reduction was also

observed when only ICH was considered (OR = 3�23 [1�53–6�79];
P = 0�002).
Conclusion: When guidelines on VKA reversal are followed, the man-

agement of major haemorrhages with PCC and vitamin K infusion

within 8 h after hospital admission, is associated with a significant

two-fold decrease in the 7-day mortality rate.

OC 36.2
In vitro characterization, pharmacokinetics and
reversal of supratherapeutic doses of dabigatran-
induced bleeding in rats by a specific antibody
fragment antidote to dabigatran
Van Ryn J, Schiele F, Litzenburger T, Schurer J and Nar H

Boehringer Ingelheim Pharma GmbH & Co KG, Biberach,

Germany

Background: The new oral anticoagulants have demonstrated efficacy

and safety in preventing stroke in patients with atrial fibrillation; how-

ever, one feature they all share is the lack of a specific antidote in cases

of emergency, such as excess bleeding. A fully humanized monoclonal

antibody fragment (Fab) against dabigatran has been shown to effec-

tively reverse anticoagulation and bleeding effects of dabigatran in ani-

mal models. Structural studies have also shown the similarity of the

Fab binding site for dabigatran to thrombin.

Aim: This study investigated if the structural similarities of the Fab

binding site had any enzymatic activity and influenced coagulation by

binding to and activating other thrombin substrates.

Methods: The dissociation constant (KD) and on-rate (kon) of Fab

binding to dabigatran were determined experimentally; the off-rate

(koff) was calculated. Potential off target binding to other thrombin

substrates such as vWf, factors V, VIII and XIII, PAR-1, protein C

(both activation peptides and purified compounds) and S-2238 sub-

strate was also tested using surface plasmon resonance (SPR) binding

to immobilized Fab. Any prothrombotic activity of the Fab was deter-

mined by testing the ability to induce coagulation in various assays in

human plasma including endogenous thrombin potential (ETP) and

ecarin chromogenic assay (ECA). Human platelet aggregation studies

were performed with Fab and specific PAR-1 agonist, SFLLRN, using

light transmission aggregometry.

Results: The X-ray crystal structure of dabigatran in complex with the

antidote reveals many structural similarities of dabigatran recognition

to thrombin. The Fab has a tight binding affinity to dabigatran, with a

KD of 2.1 � 0.6 pM, ~350-fold more potent than the 0.7 nM KD of

dabigatran binding to thrombin, this is achieved by a tighter network

of interactions and a larger buried surface area. This binding has a

rapid kon (3.4 � 0.4 9 105/M/s) and a slow koff (0.7 � 0.2 9 10�6/s),

resulting in a calculated complex half life of ~275 h. Due to structural

similarities to thrombin active site, potential enzymatic activity was

investigated. There was no effect on thrombin generation with 3 mg/

mL Fab added to plasma (ETP, 0.89-fold of control), in contrast, FEI-

BA (0.8 U/mL), resulted in 2.06 increase of ETP. ECA was also not

changed vs control when adding up to 3 mg/mL Fab. Further studies

investigated the binding of Fab to other substrates of thrombin, such

as vWf, factors V, VIII and XIII, PAR-1, protein C using SPR. There

was no binding seen at substrate concentrations relevant physiologi-

cally. The only specific binding of the immobilized Fab was to dabiga-

tran. Platelet aggregation studies showed that conc up to 3 mg/mL

Fab did not induce platelet aggregation, while the PAR-1 agonist,

SFLLRN, induced maximal platelet aggregation with 2 lM, final con-

centration. The Fab did not potentiate or antagonise submaximal

aggregation induced by PAR-1 activation.

Conclusions: These data show the specificity and selectivity of the Fab

for dabigatran, and that despite structural similarities to thrombin in

the binding site to dabigatran, there are no direct interactions with

fibrinogen or other thrombin substrates. Thus, this agent holds prom-

ise for specifically reversing dabigatran-induced anticoagulation and

bleeding effects.

OC 36.3
Active site-mutated thrombin S195A but not active
site-blocked thrombin counteracts the anticoagulant
activity of dabigatran in plasma
Sheffield WP1, Lambourne MD2, Bhakta V2, Eltringham-Smith LJ1,

Arnold MD1 and Crowther M1

1McMaster University; 2Canadian Blood Services, Hamilton, ON,

Canada

Background:Dabigatran etexilate (DE) is an oral anticoagulant in clin-

ical use. DE is activated to its active form, dabigatran, after adminis-

tration and dabigatran inhibits thrombin by active-site binding. No

specific antidote for DE is currently available, if reversal becomes nec-

essary. We previously found no ability of candidate reversal agents

such as prothrombin complex concentrates or recombinant VIIa in a

mouse model of DE-associated coagulopathy and bleeding diathesis

(Lambourne MD et al., J Thromb Haemostasis 2012; 10: 1830–40).
Aim: To test the hypothesis that forms of thrombin with mutationally

or chemically modified active sites would antagonize dabigatran in

plasma, sparing active thrombin from inhibition.

Methods: Recombinant prethrombin-1 S195A was activated to S195A

thrombin using prothrombinase and purified to homogeneity using

SP-Sepharose, and further processed to cT-S195A thrombin using

immobilized trypsin. Active (a-) thrombin was reacted with FPR-chlo-

romethylketone, yielding FPR-thrombin. Restoration of endogenous

thrombin function by these exogenous thrombin derivatives was mea-

sured using diluted thrombin times (TTs) of human plasma samples

containing dabigatran (provided as controls in the HemoClot assay)

or murine plasma samples from CD1 mice treated with 60 mg/kg DE

by oral gavage 90 min prior to blood collection. Mice were separately

injected intravenously with 0.2 mg cT-S195A thrombin 75 min follow-

ing DE administration, tails were transected, shed blood quantified,

and plasma obtained from blood collected by cardiac puncture

105 min post-DE. 125I-labelled S195A thrombin was separately

injected into untreated mice and acid-precipitable plasma radioactivity

was followed over time.

Results: Introducing 0.1 mg/mL S195 A or cT-S195A thrombin into

human plasma containing 0.11 lg dabigatran/mL was equally effec-

tive at reducing the TT (from 78 � 13 to 20 � 1 s in both cases,

mean � SD, n = 3–12). At 0.4 mg/mL S195 A but not cT-S195A
thrombin showed reduced ability to antagonize dabigatran (TT values

of 56 � 3 and 17 � 1 s, respectively). In mouse plasma containing

0.14 lg dabigatran/mL, 0.1 mg/mL cT-S195A thrombin reduced the

TT from 67 � 1 to 20.1 � 0.3 s (mean � SD, n = 3–6); in contrast,

adding 0.1 mg/mL S195A thrombin or FPR-thrombin elevated the TT

(to 79 � 5 and 111 � 22 s, respectively). In mice injected with both

DE and cT-S195A thrombin, TT values declined by 40 � 10%

(mean � SD, n = 3) after cT-S195A thrombin administration com-

pared to post-DE, pre-thrombin values. No difference in blood loss

between DE-treated mice was noted with or without cT-S195A throm-

bin injection. One hour post-injection, only 1.2% of the total dose of

radiolabeled S195A thrombin remained in the murine circulation.

Summary/Conclusions: cT-S195A thrombin partially restored coagula-

tion in murine and human plasma samples containing dabigatran, and

in plasma samples from mice treated with DE and cT-S195A throm-

bin. The superior dabigatran antagonism of cT-S195A thrombin over

other thrombin derivatives may relate to its not competing with

thrombin for exosite 1 ligands. S195A thrombin seems to maintain a

minimally modified active site capable of binding dabigatran. Further

modifications to cT-S195A thrombin to slow its clearance may

enhance its antagonism of DE in vivo.
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OC 36.4
Reversal of direct factor Xa inhibitors using factor Xa
zymogen-like variants
Thalji N1, Patel-Hett S2, Fruebis J2, Pittman D2 and Camire RM1

1The Children’s Hospital of Philadelphia, Philadelphia, PA;
2Pfizer, Cambridge, MA, USA

Oral direct factor Xa (FXa) inhibitors are emerging anticoagulants

that have the potential to simplify dosing schemes and hemostatic

monitoring in patients with prothrombotic diseases when compared to

warfarin. The lack of a specific countermeasure to their effects, how-

ever, is a critical unmet clinical need that could limit the widespread

adoption of these agents due to fears of unmanageable bleeding. We

hypothesized that the effects of these inhibitors could be overcome by

increasing the effective concentration of the inhibited enzyme, FXa.

Administration of wild type FXa to achieve this is theoretically prob-

lematic due to its short half-life in plasma and the potential for throm-

bosis. Through mutagenesis to alter the equilibrium of the zymogen-

to-protease transition, our group has developed long half-life variants

of FXa that exist in a zymogen-like (inactive) conformation. These

variants can be thermodynamically rescued to the protease (active)

conformation by binding to the cofactor FVa. We have shown that

these variants are potent, effective procoagulant agents in the setting of

hemophilia. We evaluated whether one of these variants, FXaI16L,

could overcome the effects of rivaroxaban, a direct FXa inhibitor, in

thrombin generation assays (TGA) and whole blood rotational throm-

boelastography (ROTEM). In TGAs, 500 nM rivaroxaban, the typical

therapeutic plasma concentration, decreased peak thrombin generation

to 22.5% of that observed in pooled normal human plasma (NHP).

Addition of 1 nM or 3 nM FXaI16L to 500 nM rivaroxaban-inhibited

plasma restored peak thrombin generation to 84.1% and 102.1% of

NHP, respectively. Endogenous thrombin potential (ETP) was also

reduced by this dose of rivaroxaban to 49.8% of NHP, and addition

1 nM or 3 nM FXaI16L yielded ETP values of 90.1% and 94.3%,

respectively. At a higher concentration of rivaroxaban, 7.5 lM, peak

thrombin was 5.2% of NHP and 3 nM FXaI16L restored this value to

67.8% of NHP. In ROTEM experiments, 500 nM rivaroxaban pro-

longed clotting time to 154% of that of untreated blood. 0.3 nM and

3 nM FXaI16L shortened clot time to 122% and 70% of normal blood,

respectively. 2.5 lM rivaroxaban lengthened clot time to 263% of

untreated blood, and addition of 0.3 nM and 3 nM FXaI16L shortened

clotting time to 156% and 86% of normal. These data suggest that a

FXa zymogen-like variant can effectively reverse the anticoagulant

effect of a direct FXa inhibitor in plasma-based and whole-blood coag-

ulation assays at both therapeutic and supratherapeutic concentrations

of the inhibitor. A thorough in vivo hemostasis study is necessary to

determine the full potential of this variant as an emergency procoagu-

lant to reverse bleeding due to overanticoagulation.

OC 36.5
Effects of three-factor and four-factor prothrombin
complex concentrates on the pharmacodynamics of
rivaroxaban
Levi M1, Moore T2, Castillejos CF2, Berkowitz S3, Kubitza D3,

Goldhaber SZ4, Weitz JI5 and Levy J6

1University of Amsterdam, Amsterdam, the Netherlands; 2Janssen

Pharmaceutical Research & Development, Titusville; 3Bayer

Healthcare, Montville, NJ; 4Brigham and Women’s Hospital

Harvard Medical School, Boston, MA, USA; 5McMaster

University School of Medicine, Hamilton, ON, Canada; 6Duke

University Hospital, Durham, NC, USA

Background: Rivaroxaban is an oral Factor Xa inhibitor that has been

developed as an alternative to warfarin. Although there is no specific

antidote for rivaroxaban, four-factor prothrombin complex concen-

trate (PCC) rapidly corrects the effect of rivaroxaban on prothrombin

time (PT) and thrombin generation in healthy adults. However, the

specific constituent inPCCthat drives this effect is unknown, and this

may be clinically important because differentPCCformulations have

different concentrations of coagulation factors.

Aims: The aim of this study was to examine the effects of Beriplex P/

N, a four-factorPCC, and Profilnine SD, a three-factorPCCthat lacks

FactorVII, on PT and thrombin generation in adult volunteers receiv-

ing rivaroxaban.

Methods: In this open-label, single-centre, parallel-group study, 35

healthy adults were treated with supra-therapeutic doses of rivarox-

aban 20 mg twice daily for 4 days to attain steady-state concentra-

tions. On Day 5, 4 h after rivaroxaban administration, subjects were

randomized to receive either: three-factor PCC (Profilnine SD) single

bolus dose of 50 IU/kg, four-factor PCC (Beriplex P/N) single bolus

dose of 50 IU/kg or a control saline single bolus dose of 100 mL. The

PT and endogenous thrombin potential were measured before and

serially afterPCCor saline administration. The two PT reagents used

were Neoplastin Plus and Thromborel S.

Results: Thirty-four subjects (mean age 46 years, mean body mass

index 25.8 kg/m2) completed the study. Mean pharmacokinetic

parameters for rivaroxaban were consistent across all three treatment

groups. PT prolongation with rivaroxaban varied depending on the

PT reagent; however, the effects of the PCCs were consistent regard-

less of the reagent used. Within 30 min, four-factor PCC reduced the

mean PT by 2.5–3.5 s, whereas three-factor PCC produced only a 0.6–
1.0 s reduction. In contrast to their effects on the PT, three-factor

PCC more effectively reversed rivaroxaban-induced changes in endog-

enous thrombin generation (area under the concentration-time curve,

peak and time-to-peak values) than four-factor PCC. Changes in lag-

time values did not differ greatly.

Treatment-emergent adverse events (TEAEs) occurred in 51.4% of

subjects. The most common TEAEs were abdominal discomfort, gin-

gival bleeding, back pain and headache (8.6% each). Most TEAEs

occurred during the rivaroxaban 20 mg twice-daily lead-in period.

There were no clinically evident thromboembolic events, nor were

there any significant changes in clinical laboratory values or vital

signs.

Summary/Conclusions: Although four- and three-factor PCCs shorten

the PT in rivaroxaban-treated subjects, four-factorPCChas a greater

effect on reducing the mean PT than three-factorPCC. In contrast,

three-factorPCChad a greater effect on reversing rivaroxaban-induced

changes in endogenous thrombin potential than four-factorPCC. The

explanation for the discrepant results on PT and thrombin generation

are unclear but may reflect the absence of Factor VII in three-factor

PCC Profilnine and the presence of heparin in four-factor PCC Beri-

plex. Ongoing studies will address these possibilities. Administration

of PCCs in the presence of rivaroxaban was reported as safe and well

tolerated, with no signs of prothrombotic response.

OC 36.6
Reversal of dabigatran effects by factor VIIa in a cell-
based model of coagulation
Hoffman M1, Volovyk Z1 and Monroe D2

1Duke University, Durham; 2University of North Carolina, Chapel

Hill, NC, USA

Background: Dabigatran etexilate (Pradaxa�) is a prodrug that is

metabolized to a small molecule direct thrombin inhibitor. As with all

of the new oral anticoagulants, there is no specific reversal agent avail-

able. Several studies have suggested that recombinant factor VIIa

(FVIIa), or prothrombin complex concentrates (PCCs) might reverse

the effects of dabigatran on laboratory assays. Both have been used to

reverse the effects of dabigatran in isolated patient case reports,

though with mixed results. A better understanding of reversal strate-

gies is badly needed.

Aims: We have previously reported that a 4-component PCC reverses

some, but not all, of the effects of dabigatran on thrombin generation
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in a physiologically relevant cell-based model. The goal of the current

study was to similarly assess the effects of rFVIIa on parameters of

thrombin generation.

Methods: We employed a modification of our well-characterised, cell-

based model for these studies. We used adherent LPS-treated human

monocytes as the tissue factor source (1 pM). Freshly isolated human

platelets and different concentrations of dabigatran were added to ci-

trated normal pooled plasma. Thrombin generation was monitored

continuously in a fluorometric plate reader using the fluorogenic

thrombin substrate from the calibrated automated thrombogram assay

(CAT�; Stago). rFVIIa (NovoSeven�) was purchased from the hospi-

tal pharmacy.

Results: As others have reported for conventional CAT� assays, we

found that dabigatran prolonged the lag before onset of thrombin gen-

eration. It also progressively depressed the rate and peak level of

thrombin production. rFVIIa shortened the lag, but did not return it

to normal. rFVIIa also increased the rate and peak level of thrombin

generated, though it did not chnge the total amount of thrombin gen-

erated (AUC). Strikingly, the effectiveness of rFVIIa in improving

parameters of thrombin generation was highly dependent on the level

of dabigatran present. At dabigatran approximating therapeutic levels

rFVIIa was effective, but at supratherapeutic dabigatran levels rFVIIa

was not able to overcome its effects on rate or peak thrombin. This

was true even at levels of rFVIIa above those used clinically. The mag-

nitude of the response to FVIIa varied somewhat depending on the

blood donor. However, the pattern of response to FVIIa was similar

with all donors.

Conclusion: Our results suggest that rFVIIa can reverse the effects of

dabigatran on the rate of thrombin generation and peak thrombin

level, but this is restricted to levels of dabigatran approximating the

therapeutic range. At higher levels of dabigatran rFVIIa did not

reverse its effects on thrombin generation. The dependence of rFVIIa

effects on the dabigatran level may explain, at least in part, its incon-

sistent ability to reverse dabigatran in clinical practice.

OC 37 – Therapy in Haemophilia A

OC 37.1
Targeting factor VIII expression to platelets by
intraosseous delivery of lentiviral vectors into bone
marrow corrects murine hemophilia A with and
without pre-existing inhibitors
Wang X1, Shin S1, Pan D2, Rawlings DJ1 and Miao CH1

1Seattle Children’s Research Institute, Seattle, USA; 2Cincinnati

Children’s Hospital Medical Center, Cincinnati, OH, USA

Platelets may comprise an ideal vehicle for delivering factor VIII

(FVIII) in hemophilia A (Hem A) as FVIII stored in platelet a-gran-
ules is protected from neutralization by inhibitory antibodies and, dur-

ing bleeding, activated platelets locally excrete their contents to

promote clot formation. Previous reports showed platelet-stored

FVIII (in transgenic mice or following ex vivo gene therapy) can par-

tially correct the HemA phenotype. In order to avoid specific chal-

lenges posed by ex vivo gene delivery including, in particular, the

requirement to pre-condition the subject, we aimed at limiting trans-

gene expression to the megakaryocyte lineages using intraosseous (IO)

delivery of 20 lL self-inactivating lentiviral vectors (LV) containing

either GFP (G-GFP-LV) or a B-domain deleted FVIII (G-FVIII-LV)

gene under the control of glycoprotein 1ba promoter. Firstly, we eval-

uated IO delivery of LV for in situ gene transfer into bone marrow

(BM) cells. we confirmed that GFP expressed in 6.4% of hematopoi-

etic stem cells (HSCs), 3.4% of B220+, and 9.0% of CD11c+ BM cells

on day 29 after IO administration of 20 lL M-GFP-LV driven by a

MND promoter. Secondly, in G-GFP-LV (6.0E+08 TU/mL) treated

mice, GFP was undetectable in BM HSC or B220+, CD11c+ or

CD11b+ cells, but was detectable in a small population of CD42d+

platelets, consistent with previous observations that only limited

amounts of GFP can be stored in platelet a-granules during thrombo-

poiesis. The percentage of GFP+CD42d+ platelets was highest on day

7 after treatment (0.119%) and then decreased to 0.025% by day 35

and stabilized thereafter (0.025% on day 91 and 0.028% on day 161),

suggesting that platelets containing the transgene products did not eli-

cit transgene-specific immune responses. In G-FVIII-LV (6.0 E+07
TU/mL) treated HemA mice, FVIII was also undetectable by intracel-

lular flow cytometry in BM HSCs, or B220+, CD11c+ or CD11b+ cells

on day 92, whereas up to 2% of CD42d+ platelets were FVIII positive

in recipients. Next, we induced anti-FVIII inhibitors in HemA mice by

IP infusion of FVIII (2U/mouse, three times per week for 3 weeks)

and then treated these mice with G-FVIII-LV. FVIII was detected in

0.32% of CD42d+ platelets (n = 4) on day 56 and more platelets

(0.60%) contained FVIII in repeated LV-treated mice (n = 4). Finally,

we evaluated the treated HemA animals with high (20 lL) vs. low dose

(2 lL LV) G-FVIII-LV for phenotypic correction of bleeding diathesis

by tail clip assay. In the high dosage group, the blood loss was 41%

(n = 7), 48% (n = 5) and 33% (n = 5) on days 35, 118 and 160, respec-

tively compared with control HemA (normalized to 100%) and wild-

type (2.5%) mice. In the low dosage group, the percentage of the blood

loss was 43% (n = 7), 54% (n = 4) and 42% (n = 4) on days 35, 118

and 160, respectively. Partial phenotypic correction of HemA was

achieved over a 5 month experimental period following single-dose IO

delivery of G-FVIII-LV without pre-conditioning. These results indi-

cate that direct transduction of bone marrow cells targeting platelet-

specific FVIII expression may provide an effective therapy to treat

hemophilia A in the absence and presence of pre-existing inhibitors.

OC 37.2
A-LONG: results from a Phase 3 study of safety,
efficacy, and pharmacokinetics of long-lasting
recombinant factor VIII Fc fusion protein (rFVIIIFc)
Mahlangu J1, Powell J2, Ragni M3, Chowdary P4, Josephson N5,

Pabinger I6, Hanabusa H7, Gupta N8, Kulkarni R9, Fogarty P10,

Perry D11, Shapiro AD12, Pasi J13, Apte S14, Krassova S15,

Jiang H15, Li S15, Cristiano L15, Neelakantan S15, Greblikas F15,

Goyal J15, Sommer J15, Dumont JA15, Innes A15, Nugent K15,

Brennan A15, Luk A16 and Pierce GF15

1Haemophilia Comprehensive Care Centre, Parktown,

Johannesburg, South Africa; 2University of California Davis

Health System, Sacramento, CA; 3University of Pittsburgh and

the Hemophilia Center of Western Pennsylvania, Pittsburgh, PA,

USA; 4Katharine Dormandy Hemophilia Centre and Thrombosis

Unit, London, UK; 5Puget Sound Blood Center, Seattle, WA, USA;
6Division of Hematology and Hemostaseology, Vienna, Austria;
7Ogikubo Hospital, Tokyo, Japan; 8Maulana Azad Medical

College Associated LNJP Hospital, New Delhi, India; 9Breslin

Cancer Center, East Lansing, MI; 10Penn Hemophilia Program,

Philadelphia, PA, USA; 11Department of Haematology,

Addenbrookes Hospital, Cambridge, UK; 12Indiana Hemophilia

and Thrombosis Center, Indianapolis, IN, USA; 13Barts and the

London School of Medicine and Dentistry, QMUL, London, UK;
14Sahyadri Hospital, Mahara, India; 15Biogen Idec, Weston, MA;
16Biogen Idec Hemophilia, Weston, MA, USA

Background: Prophylaxis is the standard of care for prevention of

bleeding episodes and arthropathy in severe haemophilia A. However,

frequent injections (3–4 times/week) are required, potentially impact-

ing adherence, quality of life, leading to increased morbidity. To

reduce frequent injections, a long-lasting recombinant FVIII Fc fusion

protein (rFVIIIFc), consisting of a single molecule of recombinant

FVIII covalently linked to the Fc domain of immunoglobulin G1 with

no intervening sequence, was engineered. Fc fusion is an established
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technology that utilises the endogenous IgG cycling pathway to pro-

long the half-life of therapeutic proteins.

Aims: This phase 3 study evaluated the safety, efficacy, and PK of

rFVIIIFc given as prophylaxis, for treatment of acute bleeding, and

for perioperative management in previously-treated patients (PTPs)

with severe haemophilia A.

Methods: Eligible male subjects ≥ 12 years old, with severe haemo-

philia A (< 1 IU/dL [1%] endogenous FVIII), ≥ 150 prior exposure

days (ED) to FVIII, and no history of FVIII inhibitor, received indi-

vidualised prophylaxis (Arm 1; 25–65 IU/kg every 3–5 days), weekly

prophylaxis (Arm 2; 65 IU/kg), or episodic (Arm 3; 10–50 IU/kg)

treatment. Subjects from each arm were eligible to enter a surgery sub-

group. PK properties of rFVIIIFc were compared with rFVIII

(Advate�; sequential PK subgroup). Overall study duration was

≤ 75 weeks. The primary efficacy endpoint was annualised bleeding

rate (ABR; Arm 1 vs. Arm 3). ABR in Arm 2 vs. Arm 3, prophylaxis

dose and interval, number of injections required for treatment of

bleeding episodes, and perioperative haemostasis were evaluated. The

primary safety endpoints included the incidence of adverse events

(AEs) and inhibitor development.

Results: One hundred and sixty-five subjects were enrolled at 60 cen-

tres; 93% completed the study. Median age was 30 years (range, 12–
65). Geometric mean (95% CI) terminal half-life was 19.0 (17.0–21.1)
hours for rFVIIIFc vs. 12.4 (11.1–13.9) hours for rFVIII. Geometric

mean time to 1% FVIII activity following 50 IU/kg of rFVIIIFc was

approximately 5 days. Additionally, area under the concentration

curve, geometric mean residence time, and time to 1% and 3% FVIII

activity were significantly increased with a decrease in clearance for

rFVIIIFc versus rFVIII, P < 0.001. Comparable PK profiles of

rFVIIIFc were observed at Week 14. Median ABR for individualised

and weekly prophylaxis were 1.6 and 3.6, respectively, vs. 33.6 for epi-

sodic treatment. The median dose and dosing interval with individua-

lised prophylaxis were 78 IU/kg and 3.5 days, respectively;

approximately 30% of subjects achieved a mean dosing interval of

5 days over the last 3 months on study. Ninety-eight percent of bleed-

ing episodes were controlled with 1–2 injections. Perioperative haemo-

stasis with rFVIIIFc was rated as excellent or good for all nine major

surgeries. rFVIIIFc was well tolerated. No rFVIIIFc-related serious

adverse events were reported. No inhibitors were detected.

Summary/Conclusions: Current data from A-LONG, the largest regist-

rational study in haemophilia A, demonstrate that rFVIIIFc was effi-

cacious, safe, and well-tolerated showing an improved PK profile vs.

rFVIII concentrate. These data suggest that rFVIIIFc may signifi-

cantly reduce injection frequency for prevention and treatment of

bleeding in severe haemophilia A, potentially improving adherence

and patient outcomes.

OC 37.3
A novel bispecific antibody (ACE910) against
coagulation factors IXa and X improves procoagulant
activity of patients with hemophilia A ex vivo to
hemostatic level
Ogiwara K1, Nogami K1, Yada K1, Furukawa S1, Minami H1, Haku

J1, Kitazawa T2, Hattori K2 and Shima M1

1Nara Medical University, Kashihara-shi, Nara; 2Chugai

Pharmaceutical Co., Ltd., Gotemba, Shizuoka, Japan

Background/Aims: Requirement of frequent infusions of factor VIII

(FVIII) concentrates for patients with hemophilia A (HA) and bleed-

ing control in the patients with anti-FVIII inhibitor are the critical

issues. Recently, we generated a novel bispecific antibody against FIXa

and FX, ACE910, which mimics the cofactor function of FVIII to

exert in vivo hemostatic activity (Nat Med 2012, ASH2012), and

started a phase I clinical study. Since ACE910 possesses a different

antigenicity from FVIII, it can improve the intrinsic pathway coagula-

tion even in the presence of inhibitor. Therefore, ACE910 will be used

for the HA patients without fear of developing inhibitor, as well as for

the patients who have already developed the inhibitor. Other impor-

tant advantage in HA treatment is that subcutaneous infusion is possi-

ble and long-acting over 1–2 weeks can be expected. In the present

study, we examined the ex vivo hemostatic effect of ACE910 on HA

patients.

Methods: Twelve HA patients (3 without inhibitor and 9 with inhibi-

tor) were enrolled. The effect of ACE910 on the parameters of RO-

TEM [clotting time (CT), clot formation time (CFT)], which was

triggered by recalcification, was examined. Next, we compared the

effect of ACE910 with that of FVIII concentrates on commercially

available FVIII-deficient plasma by using APTT-clot waveform analy-

sis (CWA). Each value of CWA parameters (APTT, maximum veloc-

ity and acceleration) was converted to FVIII activity (IU/dL).

Results: In ROTEM, when ACE910 were added to the whole blood at

0, 1, 5, 10, 20 lg/mL, the median values of CT were 4714*, 2048*,
1119, 1056, 792 s, respectively [*P < 0.01 vs normal control, 936 s

(761–1128)], showing normalized value at 5 lg/mL or more dose. CFT

[2896*, 432, 326, 216, 151 s at respective dose, *P < 0.01 vs normal

control, 313 s (202–514)] were also normalized at 1 lg/mL or more

dose. The presence of inhibitor showed no significant difference. In

CWA, APTT was normalized (FVIII activity > 30 IU/dL) by addition

of 1.25 lg/mL or more ACE910. However, the maximum velocity and

acceleration were just improved equally to mild HA (FVIII activity 5–
30 IU/dL) by addition of 5–40 lg/mL ACE910. When the FVIII-defi-

cient plasma was mixed with anti-FVIII inhibitor (10 BU), the effect

of ACE910 was quite similar. We also confirmed the activity of

ACE910 in plasma taken from the HA patients.

Discussion: It is noteworthy that FVIII requires additional time to be

activated by thrombin, while ACE910 does not require the process.

Therefore, in the mode of action, ACE910 is different from wild type

FVIII. Our findings indicated that improvement of parameters such as

coagulation velocity and acceleration seemed to be useful for assess-

ment and monitoring of the effect of the antibody on FVIII function

in vivo. Nevertheless, we concluded that spiked ACE910 exerted its co-

factor activity in the blood of HA patients dose-dependently even in

the presence of inhibitor.

Conclusion: Our findings strongly suggested that clinically-achievable

concentration of ACE910 could exert hemostatic effect for HA

patients regardless of the presence of inhibitor.

OC 37.4
An RNAi therapeutic targeting antithrombin increases
thrombin generation and improves hemostasis in
hemophilia mice
Akinc A1

1Alnylam Pharmaceuticals, Cambridge, MA, USA

Background: The hemostatic system balances the need to control blood

loss with the need to prevent thrombosis. In hemophilia, the loss of

certain procoagulant factors (Factor VIII (FVIII) and Factor IX

(FIX), in the case of hemophilia A and B, respectively) results in an

imbalance of the hemostatic system toward a bleeding phenotype.

Interestingly, there have been reports suggesting that coinheritance of

prothrombotic mutations (e.g. Factor V Leiden, protein C deficiency,

protein S deficiency, antithrombin deficiency, prothrombin G20210A)

may ameliorate the clinical phenotype in hemophilia. We are currently

investigating the use of RNA interference (RNAi) to target the natural

anticoagulant antithrombin (AT) as strategy to rebalance the hemo-

static system and improve thrombin generation, and therefore hemo-

stasis, in hemophilia. Previously, a short interfering RNA (siRNA),

ALN-AT3, was developed against AT and demonstrated potent activ-

ity in both wild-type and hemophilia mice after single subcutaneous

(SC) administration (ED50 ~ 1 mg/kg).

Aims: There are two main aims in this work. First, we investigate the

ability of ALN-AT3 to silence AT, and consequently, increase throm-
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bin generation in a dose-dependent manner in hemophilia mice. Sec-

ond, we explore whether AT reduction is able to improve hemostasis

in a dose-dependent manner in hemophilia mice.

Methods: Hemophilia mice (HA and HB) received single subcutaneous

injections of ALN-AT3 at doses ranging from 1 to 30 mg/kg. Plasma

samples were collected from animals and analyzed from thrombin gen-

eration using a Calibrated Automated Thrombinoscope (CAT). He-

mostasis was assessed using intravital microscopy in a laser injury

model of the microvasculature of the cremaster muscle.

Results: Dose-dependent increases in thrombin generation were

observed, with full normalization of thrombin generation back to

wild-type control levels in hemophilia mice treated with the highest

dose of ALN-AT3. Similarly, improvement in hemostasis was

observed after laser injury, with dose-dependent increases in platelet

accumulation and fibrin deposition rates. While no stable clot forma-

tion was observed after laser injury in hemophilia mice treated control

vehicle, a stable clot was observed at all laser injury sites in the ALN-

AT3 treated groups.

Conclusions: These data suggest that the use of a novel RNAi thera-

peutic targeting AT is a promising approach for the treatment of

hemophilia, and potentially, other bleeding disorders. Further, the SC

route of administration, long duration of action, and applicability to

persons with hemophilia who have inhibitors, make this a particularly

OC 37.5
Engineering a novel rFVIII-VWF D’D3 fusion protein to
enhance stability and improve pharmacokinetic
properties of FVIII
Seth Chhabra E, Liu T, Kulman J, Patarroyo-White S, Zhu L,

Pape B, Pierce GF, Mei B, Jiang H and Peters RT

Biogen Idec, Waltham, MA, USA

Background:More than 95% of circulating FVIII exists in a non-cova-

lent complex with von Willebrand Factor (VWF). While VWF stabi-

lizes and protects FVIII from clearance, it also subjects FVIII to

VWF-dependent clearance, thus imposing a limit on the magnitude of

half-life extension of rFVIII that is achievable by current technologies,

which correlates with an approximately two-fold half-life extension

compared to rFVIII in animal models. Engineering a stabilized FVIII

molecule that does not bind to circulating VWF may enable circum-

vention of this VWF clearance pathway and provide a strategy for fur-

ther extending the half-life of rFVIII molecules.

Aims: Develop a novel fusion protein consisting of FVIII and VWF

domains that provides the protection and stability of endogenous

VWF while evading the limitation imposed by VWF.

Methods: Truncated VWF variants were screened by hydrodynamic

injection in VWF-deficient mice to identify the minimal domains that

could stabilize endogenous FVIII. Selected VWF domains were then

fused to FVIII using Fc as a scaffold. A thrombin-cleavable linker was

inserted in between the VWF and Fc domain to facilitate the release of

the VWF domains upon FVIII activation. The in vitro plasma stability

of fusion proteins were determined by FVIII activity assay. The molec-

ular integrity and circulating half-lives of rFVIII-VWF domain fusion

proteins were evaluated in FVIII deficient (HemA) and FVIII/VWF

deficient (DKO) mice.

Results: The 477 amino acid D’D3 domain of VWF (linked to the Fc

monomer through a 98 amino acid thrombin cleavable linker) was

identified as the optimal configuration for providing maximum stabil-

ization and protection to the FVIII molecule. To prevent multimeriza-

tion, two cysteine residues in the D’D3 domain that lead to covalent

dimerization of native VWF were mutated in the fusion protein. VWF

D1D2 region was required for proper function of the D’D3 domains

produced in the cell culture. rFVIII-VWF D’D3 fusion proteins dis-

played enhanced plasma stability compared to rFVIIIFc and stability

was further enhanced by substituting the FVIII moiety with a single

chain FVIII isoform. In vitro the D’D3 domain prevented association

of rFVIII with endogenous VWF, a finding that was corroborated by

similar pharmacokinetic profiles for the rFVIII-VWF D’D3 fusion

protein in both HemA and DKO mice. A terminal half-life of 13 h in

DKO mice was achieved by the lead rFVIII-VWF D’D3 fusion pro-

tein, representing an approximately 54-fold improvement over that of

BDD-FVIII.

Summary/Conclusions: We have developed a rFVIII-VWF fusion pro-

tein with a prolonged in vivo half-life that is uncoupled from the fate of

VWF but retains the stability ordinarily conferred by endogenous

VWF. Liberation of FVIII from VWF represents the fundamental dif-

ference between rFVIII-VWF D’D3 fusion protein and other rFVIII

molecules that are currently under clinical investigation. This

approach provides a platform for incorporation of additional half-life

extension technologies that can ultimately surmount the half-life

extension ceiling imposed by endogenous VWF.

OC 37.6
Results of haemostatic efficacy, safety, and
pharmacokinetics/pharmacodynamics of a plasma-
derived factor VIIa and factor X (MC710) in
haemophilia patients with inhibitors: phase II clinical
trial
Amano K1, Shirahata A2, Fukutake K1, Takamatsu J3, Shima M4,

Higasa S5, Fujii T6, Migita M7, Kawakami K8 and Saito H9

1Tokyo Medical University, Tokyo; 2Kitakyushu Yahata Higashi

Hospital, Kitakyusyu; 3Japanese Red Cross Aichi Blood Center,

Nagoya; 4Nara Medical University, Kashihara; 5Hyogo College of

Medicine, Nishinomiya; 6Hiroshima University Hospital,

Hiroshima; 7Kumamoto Red Cross Hospital, Kumamoto;
8Kagoshima City Hospital, Kagoshima; 9National Hospital

Organization Nagoya Medical Center, Nagoya, Japan

Background: MC710, a mixture of plasma-derived activated factor VII

(FVIIa) and factor X (FX) at a protein weight ratio of 1:10, is a novel

bypassing agent for haemostasis in haemophilia patients with inhibi-

tors. MC710 is designed to administer FVIIa and its substrate FX con-

comitantly for greater potency than rFVIIa, and is long acting due to

the long half-life of FX. We have already reported the results of a clini-

cal pharmacological study (Phase I trial) wherein MC710 was intrave-

nously administered at a single dose to haemophilia patients with

inhibitors in non-bleeding state and the dose-dependency of pharma-

cokinetic (PK), pharmacodynamic (PD) parameters, and safety from

20 to 120 lg/kg (as FVIIa dose) were confirmed [1, 2].

Aims: In a Phase II trial, we evaluated the haemostatic efficacy and

safety of single doses of MC710, and investigated PK and PD parame-

ters in joint bleeding episodes in male haemophilia patients with inhib-

itors.

Methods: This trial was a multi-centre, open-label, non-randomized

study of two doses (60 and 120 lg/kg), allowing for re-administration

of different MC710 dosages to the same subjects. All subjects provided

written informed consent. This trial was approved by the institutional

review board of each participating institute. MC710 was intravenously

administered at a single dose to the patients within 3.5 h after the

onset of joint bleeding (shoulder, elbow, knee, or ankle) to evaluate

haemostatic efficacy, safety, and PK (FVII:C, FX:C, FVII:Ag, and

FX:Ag) and PD (APTT clot waveform analysis, PT, and thrombin

generation test) in bleeding state. Haemostatic efficacy was determined

for each treatment by investigator’s evaluation using changes in visual

analogue scale (VAS) for pain reduction, girth of joint (only for knee)

for decrease in swelling, and range of motion (ROM) of the bleeding

joint for improvement of joint mobility.

Results: In this trial, 19 subjects (nine haemophilia A (HA) patients

with inhibitors and 10 haemophilia B (HB) patients with inhibitors)

were enrolled. MC710 was given to six subjects including two HA

patients with inhibitors and four HB patients with inhibitors. The
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results of the study showed that in nine bleeding episodes, seven treat-

ments were rated as ‘excellent’ or ‘effective’ in haemostatic efficacy at

8 h after administration. PK parameter values were close to those of

the non-bleeding state. PD parameters changed drastically after

administration and those changes were maintained for up to 24 h. No

serious or severe adverse events were observed after administration;

furthermore, measurement of several diagnostic markers revealed no

signs or symptoms of disseminated intravascular coagulation (DIC).

Summary/Conclusion: The haemostatic potential of MC710 was con-

firmed at doses of 60 and 120 lg/kg in this trial. MC710 is thus

expected to be a safe and efficacious novel bypassing agent for control-

ling bleeding in haemophilia patients with inhibitors. An expanded

study (Phase III trial) in haemophilia patients with inhibitors and

haemorrhage is ongoing to investigate the duration of MC710 efficacy,

and the safety of repeated administration.

References:

1. Shirahata A et al. Haemophilia 2012; 18: 94–101.
2. Shirahata A et al. Haemophilia in press.

OC 38 – Tissue Factor

OC 38.1
Heme-induced vascular permeability leads to the
extravascular TF-dependent activation of coagulation
Sparkenbaugh EM1, Chantrathammachart P2, Chen J3, Kirchhofer

D4, L�opez JA3, Key NS1, Mackman N1 and Pawlinski R1

1University of North Carolina at Chapel Hill, Chapel Hill, NC,

USA; 2Mahidol University, Ramathibodi Hospital, Bangkok,

Thailand; 3Puget Sound Blood Center, Seattle, WA; 4Genentech,

San Francisco, CA, USA

During hemolytic anemia, an excess of free heme in the blood leads to

oxidative stress, vascular inflammation, activation of coagulation and

thrombosis. Heme has been reported to increase tissue factor (TF)

expression on endothelial cells (EC) and macrophages in vitro. In this

study we investigated the mechanism of heme-induced activation of

coagulation in vivo. C57Bl/6 mice were given a bolus intravenous injec-

tion of 0–35 lmol/kg heme or vehicle. Plasma was collected at 0–6 h

after injection. Coagulation activation and inflammation were assessed

by plasma thrombin anti-thrombin (TAT) complexes and plasma

interleukin (IL)-6 levels, respectively. Administration of 17.5 and

35 lmol/kg of heme resulted in 1.8 (P < 0.001) and 2.6 (P < 0.001)

fold increases, respectively, in plasma TAT levels 6 h after injection.

In time course experiment (35 lmol/kg heme), plasma TAT levels

increased rapidly at 1 h (2.2-fold, P < 0.001) and remained elevated at

3 (1.9-fold, P < 0.001) and 6 h (2.5-fold, P < 0.001).

Heme induces a rapid release of P-selectin and von Willebrand Factor

(vWF) from EC Weibel-Palade bodies. P-selectin anchors ultralarge

vWF strings to the endothelium and creates a thrombogenic surface.

We observed significant increase in total plasma vWF (P < 0.05) and

the amount of ultra large vWF multimers 1 h after heme injection

(35 lmol/kg). However, inhibition of P-selectin with anti-P-selectin

antibody (50 lg/kg) did not attenuate heme-induced activation of

coagulation.

Next, we determined the role of TF in heme-induced activation of

coagulation and inflammation. Thirty minutes before heme injection,

C57Bl/6 mice were pretreated with the rat anti-mouse TF antibody

1H1 (25 mg/kg, single i.p. injection) or rat IgG. Heme (35 lmols/kg)

induced leukocytosis (2.3-fold, P < 0.001) and increased plasma levels

of interleukin-6 (8.5-fold, P < 0.01). However, inhibition of TF with

1H1 antibody did not affect any of these parameters. Heme increased

plasma TAT levels from 4.6 � 1.3 to 9.6 � 1.3 ng/mL (P < 0.001);

this increase was significantly attenuated by 1H1 treatment

(6.8 � 0.4 ng/L, P < 0.01). Importantly, TAT levels were also reduced

by 40% (P < 0.01) in heme injected low TF mice (expressing 1–2% of

normal TF levels) compared to control mice. Interestingly, the total

number of phosphatidylserine-positive microparticles (MP) was not

increased and there was no detectable TF-positive MP activity in the

plasma after heme treatment, suggesting that MPs are not involved in

heme-mediated coagulation activation.

To determine the cellular source of TF that contributes to the activa-

tion of coagulation, we used TFflox/flox, Tie-2 Cre mice (TF deficiency

in hematopoietic and ECs). Deletion of TF from these cells did not

affect plasma TAT levels in heme injected mice, indicating that some

other cellular source of TF activates coagulation. Importantly, we

demonstrated that heme rapidly increased vascular permeability in the

lung (2.7-fold increase in Evans Blue content compared to controls,

P < 0.05), indicating EC damage and exposure of the extravascular

TF.

Our data indicate that heme-induced activation of coagulation, but

not inflammation, is TF-dependent. In contrast to in vitro data, TF

expressed by extravascular cells rather than leukocytes or ECs is the

likely source of TF contributing to heme-mediated activation of coag-

ulation in mice.

OC 38.2
The insulin-like growth factor 1 receptor mediates
tissue factor/FVIIa-induced cell survival
�Aberg M, Eriksson O, Mokhtari D and Siegbahn A

Uppsala University, Uppsala, Sweden

Background: The binding of factor VIIa (FVIIa) to tissue factor (TF)

initiates blood coagulation and activates various intracellular signal-

ling pathways. Solid tumors often have high expression of TF and

recently, we showed that TF/FVIIa-complex formation protects can-

cer cells from TNF-related apoptosis inducing ligand (TRAIL)-

induced apoptosis. The anti-apoptotic signalling did not involve the

engagement of TF co-receptors PAR1 or PAR2 but possibly another

cell surface component. The receptor tyrosine kinase (RTK) insulin-

like growth factor 1 receptor (IGF-1R) is a major regulator of cell sur-

vival, and is implicated in the pathogenesis of several disease states,

including cardiovascular disorders and cancer. Although we and oth-

ers have described transactivation of RTKs by the TF/FVIIa complex,

there are no published reports concerning TF and the IGF-1R.

Aim: The aim of the current study was to investigate the involvement

of the IGF-1R in TF/FVIIa-mediated protection against TRAIL-

induced apoptosis in breast and prostate cancer cells.

Methods: MDA-MB-231 breast and PC3 prostate cancer cells were

incubated with 100 ng/mL TRAIL and 100 nM FVIIa, either alone or

in combination, while the IGF-1R was blocked using specific inhibi-

tors (PPP; AG1024) or siRNA. The caspase-8 and -3 levels, nuclear

alterations, and cellular size were then monitored for 6 h by the Array-

Scan VTI microscope. Human monocytes were isolated from whole

blood and induced to express TF by stimulation with 10 ng/mL LPS

for 3 h. The phosphorylation status of the IGF-1R and its associations

to the 14-3-3 family of adaptor proteins were determined using the Du-

olink In Situ proximity ligation assay. The phosphorylation of AKT

was determined by western blot.

Results: Both in the IGF-1R inhibitor-treated and in the gene silenced

MDA-MB-231 cells, the antiapoptotic signalling mediated by TF/

FVIIa was significantly reduced to levels comparable to TRAIL-treat-

ment alone. The phosphorylation of AKT, whose activation is manda-

tory for the survival signalling of TF/FVIIa, was also sensitive to IGF-

1R inhibition. Our findings were verified in PC3 cells and the possibil-

ity that AG1024, PPP, and the siRNA treatment evoke apoptosis on

their own was clearly ruled out.

TF/FVIIa furthermore induced a tyrosine phosphorylation of the

IGF-1R in MDA-MB-231 cells as well as in human monocytes. This

led to an association of the IGF-1R and members of the 14-3-3-family,

an event previously known to initiate pro-survival signalling path-

ways.

Summary/Conclusions: We propose that the IGF-1R is a key mediator

of TF/FVIIa antiapoptotic effects. We also demonstrate, for the first

time, that FVIIa-treatment leads to IGF-1R transactivation in several
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cell types, and association of the IGF-1R to the 14-3-3 family of adap-

tor proteins. Our novel findings thus couple the coagulation system to

the IGF-system, and shed new light on both TF/FVIIa and IGF-1R

signalling.

OC 38.3
Red blood cells enhance LPS-induced tissue factor
and TNFalpha in monocytes
Osterud B and Olsen JO

University of Tromso, Tromso, Norway

Introduction: We have previously shown that the expression of tissue

factor (TF) activity in LPS-stimulated human monocytes is enhanced

two fold by blood platelets in a granulocyte dependent reaction.

Although red blood cells (RBCs) have been reported to accelerate

thrombin generation by their surfaces, a possible interaction between

RBCs and monocytes in the expression of TF has not been shown.

RBC transfusion has been demonstrated to increase platelet activation

and aggregation in vitro in healthy individuals. In some old data not

reported we found a positive correlation between RBC and LPS-

induced in whole blood and TNFa, IL-6 and P-selectin when screening

a large population. This prompted a further search for a possible inter-

action between RBC and activated monocytes.

Methods: Whole blood was collected from healthy individuals with

Fragmin as anticoagulant. RBC, granulocytes and mononuclear cells

were isolated by centrifugation of the blood on top of Lymphoprep/

Polymorphprep as described earlier. The granulocytes, mononuclear

cells and platelets were after washing re-suspended in plasma (Frag-

min) and added increasing volumes of RBC and correcting volume by

adding saline.

Test aliquots were prepared by combining mononuclear cells, granulo-

cytes and platelets from 1 mL blood that was re-suspended in 0.5 mL

plasma (Fragmin) and RBCs as indicated below. These samples were

added 5 ng/mL LPS and incubated for 2 h at 37 °C in a rotary incuba-

tor. EDTA was added to stop the reaction and mononuclear cells iso-

lated and frozen and thawed before measurements of TF in a specific

TF activity assay. In separate experiments the incubation samples were

centrifuged for collection of plasma to quantify TNFa that was mea-

sured in an ELISA assay.

Results: RBC enhanced LPS-induced TF activity in a dose dependent

manner with an optimal effect of 8.8 9 109/mL (final concentration)

RBCs in the sample (49.7 � 19.0 mU/106 to 80.4 9 8.6 mU/106,

n = 6). At higher concentration of RBCs, there was a less effect of

them.

TNFa was measured in plasma samples, and a significant rise was

observed between 1.1 9 109/mL (1.53 � 0.40 ng/mL) and

17.6 9 109/mL (2.74 � 0.75 ng/mL, n = 8) RBCs added to the white

cells and platelets.

When screening blood of healthy individuals (n = 143), it was found a

positive correlation coefficient between RBCs and LPS-induced

TNFa, IL-6 and P-selectin of respectively 0.22 (P < 0.01), 0.19

(P < 0.05) and 0.33 (P < 0.001).

Discussion: The enhancement of LPS-induced TF activity as well as

TNFa in monocytes by RBCs shows that RBCs has a pro-coagulant

and a pro-inflammatory effect. This is in agreement with our observa-

tion that P-selectin and the production of TNFa in LPS-stimulated

blood of a large population correlated positively with RBCs. Our

results may at least partially account for the higher risk of thrombosis

at high RBC counts.

OC 38.4
Endothelial cells uptake and recycle microparticle-
derived tissue factor to the cell surface with
augmented procoagulant activity
Ettelaie C, Mei PM, Collier MEW, Xiao Y and Maraveyas A

University of Hull, Hull, UK

Background: Endothelial cells may express TF in response to inflam-

matory cytokines. However, there is also in vitro and in vivo evidence

that TF-positive microparticles transfer TF to vascular endothelial

cells. Recent evidence suggests that microparticles bind to the surface

of cells and are then internalised by endocytosis. However, it is not

known whether TF associated with microparticles is internalised by an

endocytotic process and whether this TF is then recycled back to the

cell surface or degraded.

Aims: In this study, we have demonstrated the uptake of TF from mi-

croparticles by microvascular endothelial cells and have examined the

mechanisms involved in the recycling of TF together with the exposure

of phosphatidylserine, resulting in increased TF activity on the surface

of endothelial cells.

Methods: Human dermal blood endothelial cells (HDBEC) were incu-

bated with TF-positive and TF-negative microparticles isolated from

the media of MDA-MB-231 and MCF-7 cell lines respectively. Cell

surface TF antigen and activity were measured over 6 h using an anti-

TF antibody, and a thrombin generation assay, respectively. The expo-

sure of phosphatidylserine was also analysed by annexin V-labelling.

TF expression was also monitored using quantitative RT-PCR. In

addition, samples of cells were incubated with cyclohexamide to pre-

vent protein synthesis, or a dynamin inhibitor (Dynasore) to prevent

endocytosis, prior to incubating with microparticles. Finally, micro-

particles were isolated from the media of MDA-MB-231 cells express-

ing a TF-tGFP hybrid protein. Endothelial cells were incubated with

the microparticles and the co-localisation of TF with the Rab family

of proteins analysed by confocal microscopy.

Results: Measurement of TF antigen on the surface of HDBEC

revealed two distinct peaks at 30 and 180–240 min post-incubation of

the cells with TF-positive, but not TF-deficient microparticles. How-

ever, only the second peak was concurrent with high TF activity as

determined by a chromogenic thrombin-generation assay. Annexin V-

labelling of the HDBEC-surface showed the exposure of phosphatidyl-

serine following 90 min incubation with microparticles, which explains

the high TF activity associated with the second antigen peak. Analysis

of TF mRNA levels revealed no de novo expression of TF mRNA in

response to microparticles, and pre-incubation of the cells with cyclo-

hexamide did not prevent the appearance of TF. In contrast, blocking

endocytosis with Dynasore prolonged the disappearance and pre-

vented the re-appearance of TF antigen on the cell surface. Incubation

of HDBEC with microparticles containing TF-tGFP revealed the early

co-localisation of TF with Rab4 and Rab5, which was followed by co-

localisation with the late endosomal/trans-Golgi network marker

Rab9, and the recycling endosome marker Rab11.

Conclusions: These data suggest a mechanism by which TF-containing

microparticles are internalised by endothelial cells and the TF moiety

recycled to the cell surface. Together with the exposure of phosphati-

dylserine, this is capable of inducing a substantial increase in the

procoagulant potential of the surface of endothelial cells.
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OC 38.5
Tissue factor expression and signalling in aortic valve
interstitial cells: insights into fibro-calcific aortic valve
disease
Susen S1, Elkalioubie A2, Arbesu Y Mar A2, Corseaux D2,

Dupont A2, Zawadzki C2, Juthier F2, Smadja D3, Chinetti G4

and Van Belle E5

1Haematology Transfusion Department; 2Univ Lille Nord de

France, UDSL, IFR114, EA2693, Facult�e de M�edecine, Lille;
3Inserm UMR-S 765, Universit�e Paris V, Paris; 4Inserm UMR-

1011, Institut Pasteur de Lille; 5CHRU, Pôle de Chirurgie

Cardiovasculaire et de Cardiologie, Lille, France

Background: Aortic valve stenosis (AVS) is an atherosclerosis-like pro-

cess characterized by valve interstitial cell (VIC) proliferation and

commitment to fibrocalcification and pro-inflammatory cytokines. To

date, no effective medical treatment is able to improve the clinical

course of the disease. Tissue factor (TF) and thrombin expressions

were previously shown to be significantly associated with fibrocalcifi-

cation in human stenotic aortic valves.

Aims: We investigated differential TF expression in normal and patho-

logical valves and VIC and further describe its downstream signalling

pathways in normal VIC and its role in their profibrotic commitment.

Methods: Fibrocalcific and normal human aortic valves were collected

(n = 50 and n = 6 respectively) from which tissue lysates and valve

interstitial cells (VIC) were isolated. VIC phenotype was analysed by

flow cytometry. VIC obtained from normal aortic valves were stimu-

lated or not with IL-1beta (major inflammatory cytokine involved in

AVS at 1 ng/mL). In valve lysates and in VIC, TF and PAR-2 were

quantified by qPCR for relative mRNA expression, and by flow

cytometry/ELISA for protein and activity quantification.

Downstream signalling pathways ERK (cell activation and prolifera-

tion) and Smad2 (pro-fibrosis transcription factor) of VIIa/TF in stim-

ulated VIC were assessed by westernblotting after incubation of TF-

overexpressing VIC with VIIa (50 ng/mL for 30 min) in the presence

or in the absence of anti-TF antibody. Results are expressed as median

(interquartile range).

Results: VIC were defined by flow cytometry as being CD31 and CD68

negative and and stemness marker (CD90). Relative mRNA expres-

sions of TF and PAR-2 were significantly higher in fibrocalcific vs nor-

mal valve lysates (3.2 (1.5-.8) vs 0.18 (0.02–0.29), P < 0.05; 1.15 (0.48–
1.62) vs 0.16 (0.02–0.22), P < 0.05; respectively). Normal VIC consti-

tutively expressed active TF mRNA and protein (relative mRNA 4.1

(2.1–21.2); activity 36.2 (13.2–101.3) pg/mL) as well as PAR-2 receptor

(mRNA and protein by flow cytometry). TF expression was signifi-

cantly increased in fibrocalcific VIC (relative mRNA 22.8 (9.8–33.8),
P = 0.05; activity 153 (71.5–247.0) pg/mL, P < 0.05) when compared

to normal VIC. Following IL-1beta stimulation of VIC, TF expression

was significantly upregulated when compared to unstimulated cells

(relative mRNA 15.4 (12.9–28.2) fold increase, P < 0.05) and was

associated with an increase of TF activity (2.7 (2.2–5.5) fold increase,

P < 0.05). The VIIa stimulation of TF-overexpressing VIC entailed an

upregulation of ERK and Smad2 signalling pathways (pERK/ERK

activation ratio 3.5 (2.9–4.8) fold increase; pSmad2/Smad2/3 activa-

tion ratio 1.8 (1.2–1.8) fold increase). This upregulation was blunted

by preincubation of VIC with a specific anti-TF antibody.

Summary/Conclusions: Our results demonstrate the implication of TF/

VIIa/PAR-2 axis in VIC commitment to fibrocalcific aortic valve dis-

ease. Thus, modulation of this pathway may represent a new therapeu-

tic target for the early medical treatment of AVS.

OC 38.6
Increased expression of tissue factor in intra-
abdominal adipose tissue in a metabolic syndrome
model: a new insight ?
Corseaux D1, Pasquesoone L1, Elkalioubie A1, Ung A2, Vaast B2,

Chinetti G3, Staels B3, Jude B2, Van Belle E2 and Susen S2

1Universit�e Lille 2; 2CHRU; 3Inserm UMR 1011, Lille, France

Background: Tissue factor (TF), the principal initiator of blood coagu-

lation, plays an important role in atherosclerosis. TF is considered to

be the main contributor to plaque instability by favoring thromboge-

nicity and angiogenesis. Metabolic syndrome (MetS), a major risk fac-

tor of atherosclerotic cardiovascular diseases, is characterized by the

accumulation of dysfunctional intra-abdominal adipose tissue secret-

ing adipokines and other proinflammatory factors.

Aims: We aimed at studying adipose tissue TF expression and its mod-

ulation in relation to MetS.

Methods: Eighty five male Sprague Dawley rats were placed on a fruc-

tose-enriched (60%) diet or a normal diet during 6 weeks. Develop-

ment of MetS was confirmed via blood pressure measurement, blood

sampling and MRI study of fat distribution. TF expression (antigen,

activity and mRNA) was assessed in adipose tissue (subcutaneous,

intra-abdominal and perivascular), adipose tissue conditioned medium

and in cultured pre-and mature adipocytes.

Results: We confirmed that a fructose-enriched diet induced an early

stage of MetS with arterial hypertension, insulin resistance, increased

plasma cholesterol and triglycerides levels, and body fat redistribution,

as identified by MRI (P < 0.01). TF expression occurred in all adipose

tissues in both groups of rats (activity, antigen and mRNA), signifi-

cantly more so in the MetS group. In particular, TF expression was

significantly higher in intra-abdominal adipose tissue of MetS rats

compared to control rats (activity: 1286 versus 812 mU/g of protein

respectively, P < 0.01) with similar results regarding TF antigen. Cul-

tured fat cells (adipocytes and stromal fraction which contains pre-

adipocytes) produced TF which activity increased with the degree of

cell differentiation, more in the MetS group compared to control rats

(5424 versus 2570 mU/g of protein respectively, P < 0.005). When cul-

tured, intra-abdominal adipose tissue secreted functionally active TF

(69 mU/mg protein).

Conclusions: This study shows for the first time the expression of func-

tionally active TF in various adipose tissues of an early nutritional

acquired MetS rat model. TF expression was significantly higher in

intra-abdominal adipose tissue and could accordingly, via a paracrine

effect, contribute to MetS related atherosclerotic complications.
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OC 39 – Von Willebrand
Disease – Basic Aspects

OC 39.1
The type 2B p.R1306W von Willebrand factor mutant
shows a large enhancement of sensitivity to shear
stress that favors its interaction with the platelet
receptor
De Cristofaro R1, Lancellotti S2, Scaglione GL2, Papi M3,

De Spirito M3, Baronciani L4, Pagliari MT4, Arcovito A5,

Di Stasio E5 and Peyvandi F6

1Catholic University School of Medicine; 2Department of

Medical Sciences, Catholic University School of Medicine;
3Instituto of Physics, center of Microscopy, Catholic Univ School

of Medicine, Roma; 4Fondazione I.R.C.C.S. Ca‘ Granda Ospedale

Maggiore Policlinico, Univ of Milano, Milano; 5Institute of

Biochemistry, Catholic Univ School of Medicine, Roma;
6Fondazione IRCCS Maggiore Hospital Foundation, Milano, Italy

Background: Shear stress triggers conformational changes of von

Willebrand factor (VWF) from a globular to a stretched status,

responsible for both exposure of the binding site for the platelet recep-

tor GpIb and its self-association. This mechanism supports the forma-

tion of platelet plug under high shear stress in flowing blood. Natural

VWF mutants of type 2B VW disease (2B-VWD) are generally consid-

ered having an increased affinity for platelet GpIb, in turn responsible

also for accelerated hydrolysis by ADAMTS-13.

Aims: This study was aimed at assessing whether the type 2B

p.R1306W mutant has an intrinsic higher affinity in the minimal bind-

ing domain for GpIb present in the A1-A2-A3 domain or rather the

increased interaction with the platelet receptors stems from an

increased sensitivity to shear stress that exposes the interaction sites

for GpIb upon the conformational changes induced by shear forces.

Methods: Surface plasmon resonance spectroscopy was used to mea-

sure the interaction between WT and mutant p.R1306W A1-A2-A3

domain with the recombinant GpIb part containing the VWF binding

domain. The analysis of VWF self-association was performed under

controlled shear stress conditions ranging from 0 to 60 dyn/cm2 by

atomic force microscopy and dynamic light scattering spectroscopy.

The pro-aggregating properties of full length recombinant WT and

p.R1306W VWF forms were studied by light aggregation and platelet

adhesion studies in flow chamber.

Results: Measurements on the interaction between WT and mutant

p.R1306W A1-A2-A3 domain with GpIb, showed that binding to

GpIb is characterized by similar Kd values equal to about 20 nM. On

the other hand, full length WT-VWF does not significantly interact

with GpIb under static conditions, whereas the p.R1306W mutant at

1.9 lg/mL already showed a significant interaction with the receptor.

At values of shear stress < 10 dyn/cm2, the full length p.R1306W

mutant already unfolds and undergoes an initial self-aggregation with

formation of a network characterized by increased roughness com-

pared to WT-VWF. Dynamic light scattering spectroscopy showed

that the hydrodynamic radius of WT VWF in the absence of shear is

about 2.5-fold lower than that of the 2B VWF mutant (87 � 22 nm vs

210 � 60 nm). Mechanical stretching experiments showed that full

length p.R1306W mutant needs 30% less energy to be reversibly

strained compared to WT protein. The difference of ~ 30% is related

to the energy/length ratio and in the simplest picture of a homoge-

neous solid subject to a shear stress, the work done per unit length dur-

ing the strain (equal to the strain energy stored per unit length)

depends on the square of the average shear stress applied. Hence, even

little differences in energy can reflect much bigger differences in shear

stress to be applied.

Summary/Conclusion: These findings showed that then p.R1306W

mutation enhances the avidity of this type 2B VWF mostly by increas-

ing the sensitivity to shear stress that facilitates exposure of GpIb bind-

ing sites and proteolytic attack by ADAMTS-13. This effect

contributes to loss of high molecular weight VWF multimers and to

platelet consumption, often observed in this disease

OC 39.2
The von Willebrand disease type 2B p.V1316M
mutation inhibits platelet functions by interfering with
Ca2+ mobilization and integrin aIIbb3 activation
pathways
Casari C1, Berrou E1, Lebret M1, Bobe R1, Desconclois C2,

Christophe OD1, Rosa J-P1, Lenting PJ1, Denis CV3

and Bryckaert M1

1Inserm; 2S�ervice H�ematologie Biologique AP-HP; 3Inserm U 770,

Le Kremlin-Bicêtre, France

Background: Von Willebrand disease type 2B (VWD2B) is character-

ized by gain-of-function mutations in von Willebrand factor (VWF)

which exhibits increased binding to platelet glycoprotein (GP)Iba. The
bleeding tendency observed in VWD2B is currently explained by the

absence of high molecular weight-VWF multimers and by thrombocy-

topenia.

Aims: We postulate that constitutive binding of VWF may alter plate-

let functions, and thus participate in the bleeding tendency of VWD2B

patients. To test this hypothesis we analyzed platelet functions using

three models: (i) a murine model of VWD2B due to p.V1316M mVWF

expression and associated with a severe phenotype; (ii) human control

platelets pretreated with recombinant hVWF/p.V1316M and (iii)

platelets from a VWD2B patient with the severe hVWF/p.V1316M

mutation.

Methods: Spreading, aggregation, secretion, and aIIbb3 activation

were examined in static conditions in washed platelets stimulated with

various agonists. Thrombus formation was performed on collagen

under flow at 300/s and 1500/s. Platelet signaling including Rap1 activ-

ity, calcium release induced by G-proteins-coupled receptors (GPCRs)

or by collagen receptors and GPVI signaling was examined.

Results: Platelets from mice expressing mVWF/p.V1316M or from a

VWD2B patient bearing the hVWF p.V1316M mutation exhibited

inhibition of integrin aIIbb3 activation and platelet aggregation, secre-

tion, or spreading, as induced by various agonists (collagen, convulxin,

ADP and PAR4-AP). Consistent with inhibition of integrin aIIbb3
activation, alteration of thrombus growth under flow on collagen, was

also noted in both cases. Interestingly, Rap1 activation and calcium

signaling as induced by various agonists were markedly diminished

both in human control platelets pretreated with recombinant hVWF/

p.V1316M and in platelets from the patient exhibiting the p.V1316M

hVWF mutation. Interestingly, upon stimulation of GPVI signaling

by convulxin, Ca2+ influx was drastically diminished, but Ca2+ store

release and phospholipase (PLC)c activation were normal (or slightly

increased). This suggests a block between Ca2+ store release and Store

Operated Calcium Entry (SOCE), possibly at the level of the SOC

channel Orai1-Stim1 complex. In contrast, PLCb-dependent Ca2+

store release triggered by GPCRs signaling pathways (P2Y and PAR

receptors for ADP and thrombin, respectively) and Ca2+ influx were

both reduced to comparable levels. This suggests a block upstream

Ca2+ store release and SOCE, thus pointing to the GPCR-Gq-PLCb
pathway.

Conclusion: We conclude that V1316M VWF alters platelet aggrega-

tion, spreading and thrombus growth, via inhibition of aIIbb3 activa-

tion, by interfering with Rap1 activation and with the cytosolic Ca2+

rise, by an upstream or downstream block of Ca2+ store release

depending on agonists. While the mechanism by which VWF/

p.V1316M acts still remains to be elucidated, our data strongly argue

in favor of a role for thrombopathy in the bleeding tendency of

V1316M VWD2B patients.
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OC 39.3
Defective angiopoietin-2 release from von Willebrand
disease patients’ blood outgrowth endothelial cells
Starke RD1, Paschalaki KE2, Dyer CEF3, Harrison-Lavoie KJ3,

Cutler J4, McKinnon TAJ5, Millar CM5, Cutler DF4, Laffan MA5

and Randi AM1

1Vascular Science, NHLI, Faculty of Medicine, Imperial College

London; 2Vascular Science/Airway Disease Department, Imperial

College London; 3MRC Laboratory of Molecular Cell Biology,

University College London; 4GSTS Pathology; 5Haematology

Department, Faculty of Medicine, Imperial College London,

London, UK

Von Willebrand factor (VWF) mediates platelet adhesion to damaged

endothelium and stabilises coagulation factor VIII. VWF is stored

within and directs the formation of Weibel-Palade bodies (WPB) in

endothelial cells (EC). WPB contain many proteins including the

angiogenic regulator Angiopoietin-2 (Ang-2). Von Willebrand disease

(VWD) is the most common inherited bleeding disorder caused by

decrease or dysfunction of VWF. The cellular basis of VWD is poorly

understood. VWD can be associated with angiodyplasia, describing

the presence of vascular lesions which can cause intractable bleeding.

We demonstrated a role for VWF in angiogenesis and hypothesized

that angiodysplasia might be linked to dysregulated angiogenesis

through several pathways. We have used Blood Outgrowth EC

(BOEC) to study the cellular basis of VWD and angiogenesis. Mono-

nuclear cells were isolated from peripheral blood of four type 1, four

type 2 VWD patients and nine healthy controls and cultured to obtain

BOEC. Various EC markers confirmed the identity of the BOEC. In

this study confocal microscopy confirmed VWF and Ang-2 co-staining

within BOEC WPB. We discovered a heterogeneous basal release of

Ang-2 from patient and control cells over a 75 min time-course with

no significant difference between the groups. We previously demon-

strated decreased VWF levels in type 1 VWD patients’ BOEC. mRNA

levels were predictive of plasma VWF levels in these patients confirm-

ing a defect in VWF synthesis (Pearson R = 0.9976, P = 0.024,

r2 = 0.9952). BOEC from type 1 VWD patients also showed defects in

processing, storage and/or secretion of VWF with reduced VWF stain-

ing of WPB by confocal microscopy. Two patients with type 1 VWD

showed increased levels of pro-peptide containing VWF. In this study

we discovered that three type 1 patients showed no Ang-2 release post-

cellular stimulation, consistent with the inability of these BOEC to

correctly package WPB. One patient showed significant release of

Ang-2 (P < 0.05); interestingly this patient showed the highest levels

of VWF within the type 1 group with more WPB and VWF strings

released upon stimulation. Our previous study showed that levels of

VWF were normal in BOEC from three type 2 VWD patients, sup-

porting the dysfunctional VWF model. However, one type two patient

showed decreased VWF synthesis and storage and increased levels of

pro-peptide containing VWF, indicating a complex cellular defect. We

now show that all type two patients’ BOEC show a significant release

of Ang-2 upon stimulation, confirming correct packaging of WPB.

Together our data suggests that the angiogenesis defect in type 1

VWD patients is due to dysregulation of Ang-2 storage and release,

but that other mechanisms may be more relevant in type 2 VWD.

Ongoing studies will define Ang-2 mRNA expression and long-term

constitutive release from EC from VWD patients. These results dem-

onstrate that isolation of endothelial cells from VWD patients pro-

vides novel insight into the cellular mechanisms of the disease and may

aid in developing treatment for this common inherited bleeding disor-

der.

OC 39.4
Applying in silico analysis to the historically reported
VWF exon 42 deletion reveals a probable L1 non-
autonomous retrotransposition mediated deletion
pathomechanism
Cartwright A, Peake IR and Goodeve AC

The University of Sheffield, Sheffield, UK

Introduction: Partial deletions of the von Willebrand factor gene

(VWF) have been recognised as contributing to the pathogenesis of

types 1, 2 and 3 von Willebrand disease (VWD). Peake et al

(1990):75 654 reported an out-of-frame homozygous deletion of exon

42 (ex42del) in a type 3 VWD patient, proposed to introduce a prema-

ture stop codon into the VWF sequence within exon 43. A novel

182 bp insertion at the breakpoint junction was shown to be derived

from an unknown site within the genome. Aim

To undertake in silico analysis to derive the full sequence around the

breakpoints and determine the mechanism by which the deletion

arose.

Methods: To assess the extent of repetitive element involvement at the

breakpoint junctions and of the genomic insert, RepeatMasker was

used. Nucleotide BLAST was used to find information on the genomic

insertion and DNA sequence motif analysis was performed based on

published information.

Results: Peake et al. could not identify repetitive sequences directly

adjacent to the breakpoints and this remains the case with current

methods. Nucleotide BLAST of the 182 bp insert against the human

genome revealed that sequence matched VWF intron 38, with 96%

homology (MegaBLAST). Analysis of 5′ and 3′ breakpoint regions

identified topoisomerase cleavage sites directly adjacent to the break-

points. Repetitive element analysis of the insert using RepeatMasker

revealed presence of a 3′ truncated long interspersed nuclear element

(LINE, L1 class) in the first 124 bp with the remainder comprising

non-repetitive sequence, derived from intron 38. The mutation can be

described as c.7081+86_7287+1044delins182; p.Ala2361Glyfs*45.

Conclusion: Previously reported L1 retrotransposition events within F8

and F9 contain inserts larger than reported here. These L1 inserts are

associated with transposition of L1 DNA only and contain long poly

A tails, capable of integrating into the genome at complementary sites,

through target-site primed reverse transcription, whereby L1 endonuc-

leases nick complementary sites and integrate reverse transcribed L1

DNA into the genome. The L1 insertion causes the disease phenotype,

disrupting the reading frame and reducing gene expression. In this

instance, the likely mechanism of ex42del is through a non-classical L1

retrotransposition mediated deletion event; with disease phenotype

resulting from the out-of-frame ex42del. In the proposed mechanism,

the 182 bp sequence is copied from intron 38 of VWF by another full

length L1 element (non-autonomously). Topoisomerase cleavage at

the sites directly adjacent to the breakpoints result in a DNA strand

break, removing exon 42 sequence and flanking intron. Breakpoints

are processed and the 182 bp mRNA template anneals to microhomol-

ogous sites at the 3’ breakpoint. Finally, mRNA is converted to cDNA

via reverse transcription and the strand break repaired by DNA syn-

thesis. The reason for not finding 100% homology with the intron 38

inserted sequence was possibly due to the differences between the his-

torical VWF sequence data and reference sequence information now

available. This first report of a possible VWF deletion arising through

non-classical L1-retrotransposition extends understanding of mecha-

nisms responsible for VWF deletion mutations.
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OC 39.5
Investigation of the contribution of von Willebrand
factor (VWF) propeptide mutations to type 3 VWD
using in vitro cellular studies and patient-derived
blood outgrowth endothelial cells (BOEC)
Bowman ML1, Casey L1, Morrison L1, Tuttle A1, Walker I2, Silva

M1, Jacobi PM3, Haberichter SL3, Lillicrap D1 and James PD1

1Queen’s University, Kingston; 2McMaster University, Hamilton,

ON, Canada; 3Blood Center of Wisconsin, Milwaukee, WI, USA

Background: In the Canadian type 3 VWD study, 42% of mutations

identified were found in the VWF propeptide, and index cases (IC)

with mutations in this region had higher bleeding scores (BS) than IC

with mutations elsewhere in VWF (median BS = 22 vs.13, P = 0.012).

Aims: To investigate the molecular pathogenesis of VWF propeptide

(VWFpp) mutations identified in the Canadian type 3 VWD popula-

tion using a heterologous mammalian cell system and patient-derived

blood outgrowth endothelial cells (BOEC). As well, to investigate the

potential to restore normal VWF biosynthesis by co-transfections with

VWFpp.

Methods: Two mutations located in the VWFpp were investigated; the

recurrent in-frame deletion of exons 4 and 5 (ex4-5del), and a novel

missense mutation in exon 15, c.1897T>C (p.Cys633Arg). VWF secre-

tion, multimerization, storage, stimulated release, and confocal immu-

nofluorescence (IF) microscopy were examined in vitro in HEK293T

cells and in BOEC. To investigate the potential to restore normal

VWF function, HEK293T cells were co-transfected with each muta-

tion and a human wild-type (WT) VWFpp plasmid. VWF secretion,

and multimerization were investigated.

Results: Previous in vitro expression of homozygous ex4-5del showed

markedly reduced secretion (2% of WT), levels of VWF in the cell ly-

sates comparable to WT, loss of multimerization and absence of

pseudo-Weibel-Palade bodies (WPBs). Heterozygous ex4-5del expres-

sion (1:1 WT:variant) resulted in reduced VWF secretion (14% of

WT), cellular VWF comparable to WT, and normal multimers.

Homozygous expression of p.Cys633Arg in HEK293T cells showed

markedly reduced secretion (< 1%), intracellular retention (20% more

than WT), loss of multimerization and absence of pseudo-WPBs. Het-

erozygous expression of p.Cys633Arg resulted in reduced VWF secre-

tion (21% of WT), a 10% increase in the cell lysates compared to WT,

and normal multimerization.

BOEC were obtained from a homozygous and heterozygous ex4-5del

patient and from two homozygous and one heterozygous p.Cys633Arg

patient. Compared to normal BOEC, both heterozygotes showed

quantitative abnormalities in WPB formation with 50% and 62%

fewer WPBs in the ex4-5del and p.Cys633Arg patients, respectively.

WPBs were qualitatively different in the heterzoygotes, being more

round than the typical cigar-shaped observed in normal BOEC. Asso-

ciated with these WPB defects, heterozygous ex4-5del showed a mini-

mal response to stimulation with PMA (increase in%VWF secretion

was 55% that of normal) whereas the increase in p.Cys633Arg BOEC

was comparable to normal (93%). A complete absence of WPBs in the

three homozygotes was observed, with only diffuse VWF staining.

This diffuse VWF staining co-localized with the ER marker, calnexin,

indicating ER retention. Other proteins found in WPBs – P-selectin,

IL-8 and CD63 did not co-localize with the diffuse VWF staining. Co-

transfections of the mutant plasmids with the WT VWFpp did not

restore VWF secretion, or multimerization.

Summary/Conclusions: We have shown that two different VWF muta-

tions, a complete in-frame deletion of two exons and a missense muta-

tion, which are both located in the VWF propeptide have similar

effects on VWF biosynthesis and secretion. This further highlights the

importance of VWF propeptide mutations in regulating VWF produc-

tion and highlights the value of continued work using BOEC to study

VWD.

OC 39.6
Novel variations in platelet GPCRs identified in
patients with a historical diagnosis of Type 1 von
Willebrand disease
Stockley J1, Nisar SP2, Leo V1, Goodeve AC1, Mundell S2,

Mumford AD2, Watson SP3, Daly ME1 and MCMDM-1VWD

Study group1

1Haemostasis Research Group, Sheffield; 2University of Bristol,

Bristol; 3University of Birmingham, Birmingham, UK

Background: Data from the Molecular and Clinical Markers for the

Diagnosis and Management of Type 1 von Willebrand Disease

(MCMDM-1VWD), and other studies support a role for genes outside

of the von Willebrand factor locus in contributing to the expression of

type 1 von Willebrand disease (VWD). We recently identified two

mutations in the platelet P2Y12 ADP receptor gene (P2RY12) in

patients with type 1 VWD recruited through the MCMDM-1VWD

study and showed that they could contribute to the bleeding pheno-

type of these patients (Blood 2009;113:4110–4113, Blood.

2011;118:5641–5651).
Aims: To investigate whether variations in platelet G-protein coupled

receptor (GPCR) genes other than P2RY12 contribute to the bleeding

tendency in type-1 VWD patients.

Methods: The exonic and flanking intronic sequences of the platelet

GPCR genes P2RY1, F2R, F2RL3, TBXA2R and PTGIR were ampli-

fied from the genomic DNA of 146 index cases diagnosed with type 1

VWD and recruited through the MCMDM-1VWD study, and then

sequenced on an automated ABI 3730 DNA capillary sequencer.

Results: Seven candidate heterozygous GPCR gene single nucleotide

variations (SNVs) were identified in eight index cases. Two F2R SNVs

were detected in two index cases, a missense mutation in the 7th trans-

membrane domain of PAR-1 (c.1063 C>T, p.L355F) and a single

nucleotide transition in the 5’ UTR (c.-67 G>C). One index case was

heterozygous for a missense F2RL3 SNV (c.65 C>A) predicting a

p.T22N substitution in the PAR-4 propeptide which was co-inherited

with a synonymous SNV (c.6680C>T, p.S218=) in TBXA2R which

encodes the Thromboxane A2 receptor. Two synonymous F2RL3

mutations were identified in two further index cases (c.402 C>G,

p.A134=; c.1028 G>C p.V343=). None of these SNVs were present

among at least 80 control subjects recruited through the same centres

as the cases. A missense mutation in the gene encoding the prostacy-

clin receptor PTGIR (c.44 T>C, p.V15A), was identified in three index

cases from two centres. However this SNV also occurred in two con-

trol subjects (two alleles of 326 examined). None of the candidate

mutations that were identified had previously been reported on

dbSNP.

Conclusions: We have identified seven novel GPCR mutations in

patients with a historical diagnosis of type 1 VWD, comprising three

non-synonymous and three synonymous SNVs and 1 promoter

change. Therefore, of the 146 index cases examined, 10 are heterozy-

gous for candidate mutations in platelet GPCR genes (6.8%). These

results further support the potential contribution of other loci to the

bleeding phenotype of patients with type 1 VWD, highlighting the het-

erogeneity of the disease.
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OC 40 – Angiogenesis and
Arteriogenesis – II

OC 40.1
The ability of cleaved high molecular weight kininogen
(HKa) to induce endothelial cell apoptosis and inhibit
angiogenesis is not dependent on the urokinase-type
plasminogen activator receptor (uPAR)
McCrae KR1 and Betapudi V2

1Cleveland Clinic; 2Case Western Reserve University School of

Medicine, Cleveland, OH, USA

Background: Endogenous anti-angiogenic polypeptides derived from

proteolysis of parent proteins play an important role in regulating

angiogenesis in normal and pathological conditions. High molecular

weight kininogen (HK), a plasma protein and an important member

of intrinsic coagulation pathway, undergoes proteolysis by kallikrein

and other proteases to release the mitogenic nonapeptide bradykinin,

leaving behind cleaved high molecular weight kininogen (HKa), which

expresses potent antiangiogenic activity. Previous studies from our

laboratory and others have demonstrated that HKa induces DNA

fragmentation and selective apoptosis of proliferating endothelial cells,

and inhibits angiogenesis in vivo; however, the mechanisms by which

HKa inhibits angiogenesis remain controversial as does the role of the

urokinase receptor (uPAR), which has been reported in several studies

to mediate the antiangiogenic effects of HKa.

Aims: The goal of this study was to directly determine the role of the

urokinase receptor in the anti-endothelial and anti-angiogenic activity

of HKa.

Methods: We directly examined the role of uPAR in HKa-induced

endothelial cell apoptosis by examining the effects of HKa on endothe-

lial cells treated with control or uPAR siRNA. The role of uPAR in

inhibition of angiogenesis by HKa in vivo was determined by compar-

ing the effects of HKa on angiogenesis in Matrigel plugs in wild type

and uPAR-deficient mice. Matrigel plugs that did or did not contain

HKa were prepared in uPAR deficient mice and wild-type littermates,

and angiogenesis in the Matrigel measured after 9 days.

Results: Cells treated with uPAR siRNA retained full viability and

proliferative potential, as well as complete susceptibility to HKa-

induced apoptosis as measured by morphology (cell contraction),

nuclear fragmentation, chromatin condensation and chromosomal

DNA fragmentation. A similar pattern of activation of caspases 3 and

7 was also observed in uPAR and control siRNA treated endothelial

cells. In vivo, angiogenesis was inhibited equally well in HKa contain-

ing plugs that were placed in wild-type or uPAR deficient mice.

Summary/Conclusion: Though HKa binds to uPAR and may influence

some uPAR-dependent activities, uPAR is not essential for the anti-

endothelial cell effects of HKa in vitro or in vivo. The antiangiogenic

mechanism(s) of HKa remain uncertain.

OC 40.2
Thrombin receptor PAR-1 activation on endothelial
progenitor cells enhances chemotaxis associated gene
expression and leukocytes recruitment by a COX-2
dependant mechanism
D’Audigier C1, Cochain C2, Bi�eche I3, Mauge L1, Marsac B1,

Vidaud M3, Silvestre JS2, Gaussem P1 and Smadja D1

1Inserm UMR-S 765; 2Inserm UMR-S 970, Paris Cardiovascular

Research Center – PARCC; 3Inserm UMR-S 745, Paris, France

Background: Endothelial progenitor cells (EPC), and especially endo-

thelial colony forming cells (ECFC), play an important role in neovas-

culogenesis and could promote therapeutic endothelial repair in

patients with cardiovascular disease. However, little is known about

their proinflammatory potential. We previously found that in vitro

PAR-1 activation enhances ECFC angiogenic properties, suggesting

the interest of ECFC preconditioning with the hexapeptide SFLLRN

for future therapeutic use. We also showed that PAR-1 activation trig-

gers IL-8 synthesis and release by ECFC, acting thus with a paracrine

effect to enhance circulating angiogenic cells (CAC, the second EPC

population) recruitment in situ and cell cooperation during neovascu-

larization. Within an inflammatory context, COX-2 pathway has been

also shown to regulate IL-8 in cancer cells.

Aims: To explore inflammation effects on ECFC through PAR-1 acti-

vation, and whether these effects modify ECFC angiogenic properties

and chemotaxis/recruitment capacity.

Methods and Results: We first screened in ECFC, by real-time qPCR

(Taqman� and SyBR Green� chemistry) on the ABI Prism 7900 HT

(Applied Biosystems, Courtaboeuf, France), expression of genes

known to be associated to inflammation and chemotaxis. Among

them, 32 are expressed at a basal level, including CXCL, CCL, CSF,

CXCR, CCR, CSF-R, Cell Adhesion Molecule and Interleukin fami-

lies. Then ECFC PAR-1 was activated with the SFLLRN peptide and

we found a significant increase in nine genes associated to chemotaxis

expression, including CCL2 and CCL3. PAR-1 was next silenced using

a specific small interfering RNA (siRNA, sc-36663, Santa Cruz Bio-

technology, Santa Cruz, CA, USA) and expression of those nine genes

was abrogated. Furthermore, COX-2 expression was found to be dra-

matically up-regulated consequently to PAR-1 activation. COX-2

silencing with the specific COX-2-siRNA (sc-29279, Santa Cruz Bio-

technology, Santa Cruz, CA, USA) also triggered the nine previous

genes down-regulation. CCL2 and CCL3 were afterward tested on

ECFC through classical angiogenic in vitro assays, and were found to

stimulate ECFC migration and tubulogenesis. Conditioned media

(c.m.) from control-siRNA- (Allstars Neg. control siRNA, Qiagen,

Cambridge, MA, USA) and COX-2-siRNA-transfected ECFC, stimu-

lated or not with SFLLRN, were produced to explore ECFC paracrine

recruitment toward leukocytes with the hindlimb ischeamia model.

Analysis with either flow cytometry for muscles lysates or Laser Dopp-

ler Perfusion Imaging, showed that the capacity to recruit leucocytes

of the c.m. from ECFCs stimulated with SFLLRN, was abrogated

when COX-2 was silenced.

Conclusions: ECFC PAR-1 activation induces CCL2 and CCL3

mRNA expression. Those chemotactic ligands enhance ECFC angio-

genic properties and could increase leukocytes recruitment and cell

cooperation through a COX-2 dependant mechanism.

OC 40.3
Peritoneal fluid reduces angiogenesis-related
microRNA expression in cell cultures of endometrial
and endometriotic tissues from women with
endometriosis
Braza-Boils A1, Gilabert-Estell�es J2, Mar�ı-Alexandre J1, Gilabert J3,

Espa~na F4 and Estell�es A4

1IIS La Fe; 2Hospital General Universitario; 3Hospital Arnau de

Vilanova; 4Hospital Universitario y Polit�ecnico La Fe, Valencia,

Spain

Background: Endometriosis, defined as the presence of endometrium

outside the uterus, is one of the most frequent gynecological diseases.

It has been suggested that modifications of both endometrial and peri-

toneal factors could be implicated in this disease. Endometriosis is a

multifactorial disease in which angiogenesis and proteolysis are dys-

regulated. microRNAs (miRNAs) are small non-coding RNAs that

regulate the protein expression and may be the main regulators of

angiogenesis. Our hypothesis is that peritoneal fluid from women with

endometriosis could modify the expression of miRNAs that regulate

angiogenesis and proteolysis in the endometriosis development.

Aim: The aim of this study was to evaluate the influence of peritoneal

fluid from patients on the miRNA expression profile and to correlate
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this profile with several angiogenic and proteolytic factors in endome-

trial and endometriotic cell cultures from women with endometriosis

compared with women without endometriosis.

Methods: Endometrial and endometriotic cell cultures were treated

with peritoneal fluid pools from patients and controls. miRNAs

expression arrays were performed in Affymetrix platform. Results

were analyzed with Partek Genomic Suite software. To validate results

from arrays, we studied the expression of six miRNAs by RT-PCR as

well as protein and mRNA levels of vascular endothelial growth fac-

tor-A (VEGF-A), thrombospondin-1 (TSP-1), urokinase plasminogen

activator (uPA) and plasminogen activator inhibitor-1 (PAI-1) by

ELISA and qRT-PCR respectively. Informed consent was obtained

from all subjects of the study and it was approved by the medical eth-

ics committee of our Institution.

Results: GeneChip miRNA 2.0 Array contains 1105 human probes for

mature miRNAs. Profiling of these miRNAs was completed for con-

trol endometrial and patient endometrial and endometriotic cell cul-

tures treated with peritoneal fluids from patients and controls.

Pathological peritoneal fluids induced a significant dysregulation of

miRNAs profile: 85 mature miRNAs were differentially expressed

(P < 0.05) (75 down-regulated and 10 up-regulated) in patient endo-

metrial cell cultures in comparison to cell cultures from the same

patient samples without peritoneal fluid exposition. After the ‘in silico’

study of the target genes for those miRNAs differentially expressed we

selected three miRNAs related to angiogenesis (miR-17-5p, -20a, -

221). Additionally, we selected three miRNAs that did not show signif-

icant differential expression but are related to angiogenesis and endo-

metriosis (miR-16, -125a, -222). Patient peritoneal fluid pools induced

a significant reduction of all studied miRNAs levels in endometrial

and endometriotic cell cultures. Moreover, both peritoneal fluids

induced a significant increase in VEGF-A, uPA and PAI-1 protein lev-

els in all cell cultures without significant increase in mRNA levels.

Endometrial cell cultures from patients treated with patient peritoneal

fluid showed lower expression of miRNAs (P < 0.05) and higher

expression of VEGF-A protein (P < 0.01) than cultures from controls

(P < 0.01). Furthermore, a significant inverse correlation was observed

between changes in VEGF-A protein and miR-17-5p (r = �0.739,

P = 0.001), miR -20a (r = �0.676, P = 0.001), miR-125 (r = �0.567,

P = 0.01) and miR-222 (r = �0.494, P = 0.037) levels in endometriotic

cell cultures after treatment with peritoneal fluid.

Conclusion: In conclusion, this ‘in vitro’ study indicates that peritoneal

fluid from women with endometriosis modulates the expression of

miRNAs that could contribute to the angiogenic and proteolytic dis-

equilibrium observed in this disease.

OC 40.4
MicroRNAs expression profile in endometriosis: its
relation with angiogenesis and fibrinolytic factors
Braza-Boils A1, Mar�ı-Alexandre J1, Gilabert J2, S�anchez-Izquierdo

D3, Espa~na F4, Estell�es A4 and Gilabert-Estell�es J5

1IIS La Fe; 2Hospital Arnau de Vilanova; 3IIS Hospital La Fe;
4Hospital Universitario y Polit�ecnico La Fe; 5Hospital General

Universitario, Valencia, Spain

Background: Endometriosis, one of the most frequent gynecological

diseases, is defined as the presence of endometrial tissue in extrauterine

locations. It is a multifactorial disease in which the angiogenesis may

be involved. Similarly to tumor metastases, endometriotic implants

require neovascularization to proliferate, invade the extracellular

matrix and establish an endometriotic lesion. microRNAs (miRNAs)

are non-coding RNAs that regulate the translation of their mRNAs

target. Recently, miRNAs have been described as the main regulators

of angiogenesis and different expression of several miRNAs has been

found in endometriosis.

Aim: The aim of this study was to analyze the miRNA expression pro-

file in endometriosis and to correlate this profile with several angiogen-

esis (VEGF-A, TSP-1) and fibrinolytic factors (uPA, PAI-1) in

endometriotic lesions in comparison with control and patient endome-

trium.

Material and Methods: miRNAs expression arrays were performed in

Affymetrix platform and results were analyzed with Partek Genomic

Suite software. To validate results from arrays, nine miRNAs were

validated employing miRCURY LNA Universal RT microRNA PCR

from EXIQON. VEGF-A, TSP-1, uPA and PAI-1 protein levels were

quantified by ELISA. Fifty-three women with endometriosis and

thirty-eight women without the disease (controls) were studied.

Informed consent was obtained from all subjects of the study and it

was approved by the medical ethics committee of our Institution.

Results: GeneChip miRNA 2.0 Array contains 1105 human probes for

mature miRNAs. Profiling of these non-coding RNAs was completed

in control and patient endometrium and endometriotic lesions (ovar-

ian endometrioma, peritoneal implants and rectovaginal nodules). The

PCA of the results obtained from Affymetrix GeneChip miRNA 2.0

arrays confirmed that endometriotic tissues clustered separately from

control endometrial tissues. When the endometriotic tissue samples

were compared to the endometrial control samples, 145 mature miR-

NAs were found to be differentially expressed (P < 0.05) (69 up-regu-

lated and 76 down-regulated). The ‘in silico’ study of the target genes

for those miRNAs differentially expressed enabled us to select nine

miRNAs related to angiogenesis and proteolysis (miR-16, -29c, -202, -

411, -411*, -424, -449b, -636, 935) with a significant different expres-

sion (P < 0.05) in endometriotic tissues in comparison with the control

endometrial tissue. Patient endometrium showed higher VEGF-A lev-

els (P < 0.01) and lower expression of miR-202 and miR-449b

(P < 0.05) in comparison to control endometrium. However, ovarian

endometrioma showed significantly higher expression of the angio-

genic inhibitor TSP-1 (P < 0.01) and higher expression of miR-29c

and miR-202 than control and patient endometrium (P < 0.05). A sig-

nificant inverse correlation between miR-449b and VEGF-A protein

levels (r = �335, P < 0.05) was obtained in patient endometrium and

a direct correlation between miR-202 and TSP-1 protein levels was

observed in ovarian endometrioma (r = �380, P < 0.05). Peritoneal

implants showed a significant increase in VEGF-A in comparison to

ovarian endometrioma (P < 0.01).

Conclusions: The higher angiogenic activity observed in patient endo-

metrium might contribute to the capability of implantation of endome-

trial cells at ectopic sites. The different expression of miRNAs could

modulate the expression of angiogenic factors which may play an

important role in the pathogenesis of endometriosis. Functional stud-

ies are needed to confirm the VEGF-A targeting by the miRNAs

found in the present study.

OC 41 – Animal Models of
Antiphospholipid Syndrome

OC 41.1
Adenosine generation protects in a murine model of
antiphospholipid antibody-induced miscarriages
Nandurkar H1, Samudra A1, Sharma A2, Zhang XM3, Selan C1,

Dwyer K1, Robson S4, D’Apice A1 and Cowan P1

1University of Melbourne and St. Vincent’s Hospital, Fitzroy,

Australia; 2Johns Hopkins Medical Institute, Baltimore, MD,

USA; 3Third Hospital, Wuhan, China; 4Beth Israel Deaconess

Medical Center, Boston, MA, USA

Background: Autoantibodies (aPL-ab) generated in Antiphospholipid

Syndrome (APS) cause arterial and venous thrombosis, and miscar-

riages. Antiphospholipid antibodies stimulate cytokine release leading

to tissue factor (TF) expression, inflammation and complement activa-

tion, all of which have been implicated in the pathogenesis of APS-

related foetal loss. ATP and ADP are extracellular purines and impor-

tant signaling molecules that activate inflammation and thrombosis,
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respectively. ATP and ADP are hydrolysed by the cell surface enzyme

CD39 (NTPDase) to AMP and AMP in turn is subsequently hydroly-

sed to adenosine by the action of another enzyme, CD73. In contrast

to the effect of ATP and ADP, adenosine signals via A2 receptors to

inhibit inflammation and suppress TF expression on endothelial cells

and monocytes. We have previously shown that CD39 over expression

is antithrombotic and protective against complement-mediated endo-

thelial activation (Dwyer et al., J Clin Invest 2004; 113: 1440–46) and
suppresses TF expression on pancreatic islet cells (Dwyer et al, Trans-

plantation 2006; 82 (3):428–32). Moreover, we have also shown that

adenosine generated by the action of CD39 is vascular-protective in a

model of ischaemia reperfusion injury (Crikis et al., Am J Trans-plant

2010; 10: 2586–95).
Aims: To analyse the role of purineregic nucleotides in APS miscar-

riages.

Methods: We have established an aPL-ab-induced model of miscar-

riages by administration of aPL-ab (purified from patients with APS)

to pregnant mice (10 mg on day 8 and 12 of pregnancy followed by

analysis on day 15).

Results: We applied this model to mice with modifications of several of

the purinergic pathway enzymes:

1 CD39-Transgenic (CD39-TG on a BALB/c strain) mice with

increased hydrolysis of ATP and ADP to AMP and adenosine:

demonstrate reduction in aPL-ab-induced miscarriages. Resorption

frequency in wild-type (WT-BALB/c) treated with non-immune

IgG, 21% �6 (SEM); WT treated with aPL-ab, 40% �5; CD39-

TG treated with aPL-ab, 14% � 3; (P = 0.0008, n = 7/group).

2 CD39-null (CD39�/�, on a C57Bl/6 strain, which is more resistant

to miscarriages than BALB/c) mice with decreased hydrolysis of

ATP and ADP: demonstrate higher frequency of miscarriages.

Resorption frequency with aPL-ab: 3 � 2% in WT-C57BL/6 and

15 � 4% in CD39�/�, P = 0.036, n = 7/group).

3 CD73�/� (C57BL/6 strain) mice cannot hydrolyse AMP further

to adenosine: demonstrate higher frequency of miscarriages.

Resorption frequency with aPL-ab: 2 � 2% in WT-C57BL/6 and

11 � 2% in CD73�/�, P < 0.05, n = 7/group).

4 Adenosine receptor A2AR�/� show an increased trend to miscar-

riages (P = ns, as yet).

We have initiated studies to discriminate between the effects of CD39

on the uterus versus placenta.

We further demonstrated that TF mRNA expression is more (> 2-fold,

P < 0.05) in cohorts with increased miscarriages. Also, complement

activation (detected by immunohistochemistry) and TNF expression

(TNF mRNA as a marker of inflammatory cytokine release) is

reduced in the placentae of CD39-TG mice that have fewer miscar-

riages as compared with WT after aPL-ab administration.

Conclusions: Hydrolysis of ATP and ADP and adenosine generation is

protective in APS miscarriages by reducing inflammation, TF expres-

sion and complement activation.

OC 41.2
In vivo thrombus formation fostered by a human
cofactor independent monoclonal anticardiolipin
antibody
Manukyan D1, J€ackel S1, Prinz N2, Walter U1, Reinhardt C1

and Lackner KJ3

1Center for Thrombosis and Hemostasis (CTH), Johannes-

Gutenberg-University of Mainz; 2Institute of Clinical Chemistry

and Laboratory Medicine, JGU of Mainz; 3Institute of Clinical

Chemistry and Laboratory Medicine, University Hospital, Mainz,

Germany

Background: Antiphospholipid syndrome (APS) is an autoimmune dis-

ease characterized by arterial and/or venous thrombosis and thrombo-

embolic events associated with the presence of antiphospholipid

antibodies (aPL). APLs are a heterogeneous family of autoantibodies

that bind negatively charged phospholipids such as cardiolipin, phos-

phatidylserine, and lysobisphosphatidic acid and phospholipid binding

proteins such as b2-glycoprotein I (b2GPI). Currently, it is postulated

that only aPL binding to b2GPI are able to induce thrombosis in vivo.

We have previously cloned monoclonal aPL IgG from patients with

the APS. One of them, HL5B, binds to cardiolipin and phosphatidyl-

serine in a cofactor independent manner. It does not bind to b2GPI. In

vitro HL5B induces prothrombotic and proinflammatory pathways in

monocytes and endothelial cells.

Aim: We intended to investigate the potential of HL5B to induce

thrombus formation in vivo.

Methods: Thrombus formation in living mice has been estimated using

high speed real-time intravital fluorescence microscopy. In anesthe-

tized mice a median laparotomy was performed and the inferior vena

cava (IVC) was exposed by atraumatic surgery. A space holder was

placed on the outside of the vessel and a permanent narrowing ligature

was performed exactly below the left renal vein. Subsequently, the wire

was removed to avoid complete vessel occlusion. Thus, flow reduction

was induced in IVC. Platelets and leukocytes were visualised by label-

ling them respectively with rhodamine B and acridine orange. Fibrin

was visualised with labelled anti-fibrin antibody. Rotem thrombelas-

tography has been performed to evaluate the fibrin formation in whole

blood at physiological temperatures (37 °C). To estimate tissue factor

(TF) dependent fibrin formation corn trypsin inhibitor (CTI) was

added to inhibit FXIIa and thus to block the contact pathway of blood

coagulation.

Results: In IVC of anesthetized mice thrombus formation was dramat-

ically enhanced 3 h after intravenous injection of HL5B but not by

control IgG. Thrombus formation was abolished by preincubation of

HL5B with a synthetic peptide which blocks the antigen binding site of

HL5B and prevents binding of HL5B to cardiolipin and other phos-

pholipids. Moreover, an inhibitory anti-TF antibody prevented throm-

bus formation induced by HL5B. In addition, HL5B increased fibrin

formation in mouse carotid artery model of thrombosis. Clotting time

of whole blood drawn from mice injected with HL5B was shortened in

comparison to mice injected with IgG. A similar observation was made

with human blood preincubated with HL5B.

Conclusions: Our results show that the human monoclonal aPL HL5B

promotes arterial and venous thrombus and fibrin formation via TF

pathway in living mice. To our knowledge, this is the first description

of in vivo thrombus induction by a cofactor independent anticardioli-

pin aPL which has significant implications for our understanding of

the APS.

OC 41.3
IgA anti-b2glycoprotein I antibodies are pathogenic in
a mouse model of antiphospholipid syndrome
Willis RA, Ruiz-Limon P, Romay-Penabad Z, Papalardo E,

Carrera-Marin AL and Pierangeli S

University of Texas Medical Branch, Galveston, TX, USA

Background: Recently exclusive IgA anti-b2GlycoproteinI (ab2GPI)

seropositivity – in the absence of any other antiphospholipid (aPL)

antibodies- has been reported, particularly in SLE patients. A signifi-

cant proportion of those patients (70–80%) were found to have Anti-

phospholipid Syndrome (APS)-clinical manifestations (e.g. thrombosis

and/or pregnancy losses). APL antibodies of the IgG and IgM isotypes

have been shown to be pathogenic in vivo, but there is limited data

demonstrating the thrombogenicity of IgA ab2GPI antibodies in vivo.

Aims: Here we examined the effects of affinity purified IgA ab2GPI

antibodies isolated from patients with exclusive IgA ab2GPI positivity

on thrombus formation and tissue factor (TF) upregulation in mice.

Methods: IgA was isolated from pooled sera of four APS patients

(IgA-APS) with isolated IgA ab2GPI titers (≥ 80 SAU) – two had

strokes, one had a confirmed deep vein thrombosis and one had two

pregnancy losses – and from normal human serum (IgA-NHS) using
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an Immobilized Jacalin column (Pierce Biotechnology). IgA ab2GPI in

the IgA-APS and in the IgA-NHS preparations was determined by

ELISA (INOVA Diagnostics), the protein concentration by the Brad-

ford method and the lupus anticoagulant by using a modified silica

clotting time (SCT) assay. CD1 mice were inoculated with 500 lg of

either IgA-APS or IgA-NHS on two occasions at a 48 h interval. Sev-

enty-two hours after the first injection, the size of induced thrombi in

the femoral vein was determined as described previously (Circulation

1996; 94: 1746–1751). Tissue factor activity was determined in homo-

genates of pooled carotid arteries and in peritoneal macrophages using

a chromogenic assay. Student’s t test was used to determine differences

between IgA-APS and IgA-NHS treated mice.

Results: IgA-APS and IgA-NHS were rendered endotoxin free by the

Limulus amebocyte lysate assay, and did not have detectable levels of

IgG or IgM. The IgA-APS preparation but not the IgA-NHS was

positive for IgA ab2GPI (103.7 SAU) and LA [SCT ratio IgA-APS/

IgA-NHS = 2; normal < 1.2]. Thrombus size (1.7-fold increase,

P = 0.02), TF activity in carotids (2.9-fold increase, P = 0.004) and

TF activity in peritoneal macrophages (3.5-fold increase, P = 0.0003)

were significantly elevated in IgA-APS treated mice when compared to

mice treated with IgA-NHS.

Conclusion: These data show for the first time that IgA ab2GPI anti-

bodies are thrombogenic and upregulate TF in mice. Detection of IgA

ab2GPI antibodies – currently not included in the classification criteria

for APS – may further identify a group of patients with APS-associ-

ated clinical manifestations that otherwise would have been missed

with tests used routinely in the clinical laboratory to confirm APS.

OC 41.4
Affinity purified antibodies directed against domain I
of b2GPI are pathogenic in a mouse model of
thrombosis
Willis RA1, Pericleous C2, Ruiz-Limon P1, Romay-Penabad Z1,

Garza-Garcia A3, Murfitt L3, Giles I2, Ioannou Y2, Rahman AV2

and Pierangeli S1

1University of Texas Medical Branch, Galveston, TX, USA;
2University College London; 3MRC National Institute of Medical

Research, London, UK

Background: Circulating IgG antiphospholipid antibodies (aPL)

against b2glycoprotein I (a2GPI) are a serological hallmark for diag-

nosis of the antiphospholipid syndrome (APS). We and other groups

have shown that aPL targeting domain I (DI) of b2GPI (aDI) are

APS-specific, predominantly correlating with (venous) thrombosis. We

have also demonstrated that recombinant DI inhibits aPL-induced

thrombosis in a mouse microcirculation model. To date however, no

study has confirmed a direct pathogenic link between aDI and features

of the APS.

Aims: We have now employed the same mouse model to determine the

thrombogenic potential of affinity purified polyclonal aDI IgG derived

from APS sera.

Methods: Serum from one female APS patient was incubated with His-

tagged DI coupled to nickel beads to adsorb aDI antibodies. The

bead-serum mix was then centrifuged, serum re-collected and antibod-

ies bound to DI-coupled beads were eluted. IgG from re-collected

serum (aDI-poor) and eluted fractions (aDI-rich) was then obtained

by protein G purification. Serum and IgG fractions (100 lg/mL) were

tested for aCL (GPLU), ab2GPI (GBU, in-house calibrator) and aDI

(GDIU, in-house calibrator) activity. For in vivo experiments, CD1

mice were inoculated (on two occasions at a 48 h interval) with

100 lg/mL of either aDI-poor IgG, aDI-rich IgG, or IgG from

healthy volunteers (NHS-IgG) as a control (five animals per group).

Seventy-two hour after the first injection, the size (lm2) of induced

thrombi in the femoral vein was determined (Circulation

1996;94:1746–1751). Tissue factor (TF) activity (pM/mg/mL protein)

was determined in homogenates of pooled carotid arteries and perito-

neal macrophages using a chromogenic assay. Mouse serum was

obtained on the day of surgery and tested for the presence of circulat-

ing whole human IgG.

Results: Purified aDI-rich IgG displayed high aCL (90GPLU), ab2GPI

(95GBU) and aDI (50GDIU) activity whilst aDI-poor IgG displayed

high aCL (90GPLU) but reduced ab2GPI (47GBU) and aDI

(17GDIU) activity. NHS-IgG was negative in all assays. aDI-rich IgG

induced significantly larger thrombi compared to aDI-poor and NHS-

IgG (P < 0.001). In addition, aDI-rich IgG induced the greatest

increase in TF activity in carotids (1.4-fold) and peritoneal macro-

phages (3.3-fold) compared to NHS-IgG. In contrast, aDI-poor IgG

induced smaller thrombi and less macrophage TF activity compared

to aDI-rich IgG and did not increase carotid TF activity above that of

NHS-IgG

Conclusion: This is the first study to directly demonstrate the thrombo-

genic potential of affinity-purified aDI IgG in vivo. Despite aDI-poor

IgG retaining aCL and, to a lesser extent, ab2GPI activity, signifi-

cantly larger thrombi and elevated TF activity were induced with aDI-

rich IgG. Our findings support the concept that although circulating

aPL recognizing different domains of b2GPI can be pathogenic, the

major population that drive thrombosis are directed against DI.

OC 42 – Bleeding and
Anticoagulants

OC 42.1
Comparison of four scores for the prediction of major
bleeding in patients with acute venous
thromboembolism. Findings from the RIETE registry
Piovella C1, Dalla valle F1, Trujillo-Santos J2, Pesavento R1,

Monreal M3 and Prandoni P1

1Department of Cardiothoracic and Vascular Sciences, University

of Padua, Italy, Padova, Italy; 2Ram�on y Cajal Hospital, Instituto

Ram�on y Cajal de Investigaci�on Sanitaria, Madrid; 3Medicine

Department, German Trias I Pujol Hospital, Badalona, Barcelona,

Spain

Background: Stratification of the individual bleeding risk prior to initi-

ation of anticoagulation in patients with acute venous thromboembo-

lism (VTE) has the potential to assist clinicians for decisions about the

proper intensity and duration of antithrombotic therapy. It is unclear

which of the four properly validated and internationally accepted

scores that have been recommended for the achievement of this impor-

tant task has the best predictive value.

Aims: We sought to compare the predictive value of four scores (by

Landefeld, Beyth, Kuijer and Ruiz-Gimenez, respectively) for the

development of major bleeding complications (defined as widely

accepted) occurring in the first 3 months in patients with acute VTE

treated with conventional anticoagulation.

Methods: Based on patients demographics and baseline clinical charac-

teristics available for the population of RIETE Registry (an ongoing

international, multicenter, prospective registry of consecutive patients

with VTE who were all followed-up for at least 3 months), we identi-

fied the subgroup of patients presenting all the prognostic variables

required for the determination of the four predictive scores, and then

calculated the ability of each score for predicting the bleeding risk.

Results: Of 40 265 patients enrolled in this registry, we identified 8717

patients (21.6% of RIETE population) meeting the eligibility criteria.

Overall, 82 patients (0.9%) experienced at least one episode of major

bleeding, which was fatal in 20 (24.4%), within 90 days of the index

VTE event. The proportion of patients classified as having a low risk

varied between 1.2 and 3.7%, that of patients having an intermediate

risk between 76 and 93%, and that of patients classified as having a

high risk between 6.1% for the Kuijer score and 18% for the Ruiz-

Gimenez score. The area under the receiver operating characteristic

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

180 ABSTRACTS



ranged between 0.55 and 0.60, the positive predictive value between

1.5 and 3.2, and the likelihood ratio between 0.72 and 1.59.

Conclusions: All the existing validated scores show a very low ability

for prediction of the bleeding risk in patients with acute VTE undergo-

ing conventional anticoagulation

OC 42.2
Recurrence of intracranial hemorrhage after
resumption of anticoagulation in patients who had a
first episode occurred during Vitamin K Antagonists
anticoagulation. Results of a collaborative study
Daniela P1, Antonucci E2, Testa S3, Erba N4, Guazzaloca G5,

Tiraferri E6, Ciardiello A7, Lerede T8, Nante G9 and Palareti G10

1AOU Careggi; 2University of Florence, Florence; 3AO Istituti

Ospitalieri di Cremona, Cremona; 4Presidio Ospedaliero di

Merate, Merate; 5AOU Sant’Orsola-Malpighi Bologna, Bologna;
6Civic Hospital Rimini, Rimini; 7Ospedale Maria Vittoria, Torino;
8Ospedali Riuniti di Bergamo, Bergamo; 9University of Padova,

Padova; 10AOU Sant’Orsola-Malpighi, Bologna, Bologna, Italy

Background: Vitamin K antagonists (VKA) treatment is associated

with an increased risk of intracranial hemorrhage (ICH). However, the

risk of recurrent ICH after a first episode is still uncertain. Some

patients carry a so high thromboembolic risk, requiring to start or re-

start VKA treatment after ICH.

Aim: Aim of our study was to evaluate the risk of recurrent ICH in

patients on VKA after a first episode.

Methods: We collected data of patients eligible for the study from the

database of 27 Centres affiliated to the Italian Federation of Anticoag-

ulation Clinics.

Results: We enrolled 267 patients (males 163, 61%, median age

73.9 years). Eighty-eight patients (33%) were on treatment for

mechanical heart valves, 121 (45.3%) for atrial fibrillation and 45

(16.8%) for venous thromboembolism. The index event was spontane-

ous in 99 patients (38.5%); the site was Intraparenchimal in 86 patients

(32.8%), subdural hematoma in 131 (4a 9.0%) and subaracnoid in 45

(17.2%). The total period of follow-up after resumption of treatment

was 778 pt-years. An ICH recurred in 20 patients (7.5%; rate

2.56 9 100 pt-years) at median time of 16.5 months and was fatal in

five patients (25%; rate 0.4 9 100 pt-years). Male sex, hypertension,

prosthetic valves, previous ischemic stroke, renal failure, cancer and

spontaneous events were associated to the risk of recurrence, even if

none of them reached the statistical significance.

Conclusions: In our study patients with history of ICH and who need

anticoagulation carry a significant risk of recurrent ICH. These

patients require a careful evaluation of thromboembolic risk to esti-

mate the net clinical benefit of treatment.

OC 42.3
The predictive ability of bleeding risk stratification
models in very old patients on VKA treatment for
venous thromboembolism. Results of the prospective
collaborative EPICA study
Daniela P1, Antonucci E2, Testa S3, Cosmi B4, Palareti G4

and Ageno W5

1AOU Careggi; 2University of Florence, Florence; 3AO Istituti

Ospitalieri di Cremona, Cremona; 4AOU Sant’Orsola-Malpighi,

Bologna, Bologna; 5University of Insubria, Varese, Italy

Background: The optimal duration of anticoagulant treatment after

venous thromboembolism (VTE) should be evaluated in relation to

bleeding risk. This assessment is particularly difficult with elderly

patients, because of their increased risk of both recurrences and hem-

orrhages. Bleeding risk stratification models have been proposed, but

their predictive ability in very elderly patients is unknown.

Aim: We aimed to assess six bleeding stratification models in this set-

ting, by using information available in our dataset.

Methods: Patients aged ≥ 80 years receiving vitamin K antagonists

(VKA) for the secondary prevention of VTE were eligible for this pro-

spective cohort study. All patients were followed at Italian Anticoagu-

lation Clinics for the monitoring of VKA treatment. Risk factors for

bleeding were collected and major bleeding events and mortality were

documented during follow-up. The association of bleeding events with

the available risk factors was tested by means of Cox regression analy-

sis; the c statistic was used to quantify the predictive validity of the

classification schemes.

Results: One thousand and seventy-eight patients (37.2% males, mean

age 84 years) were enrolled in the study, for a total observation period

of 1981 patient-years. The rate of major bleeding was 2.4 9 100

patient-years (47 events, 1 was fatal). Mortality rate was 5.2 per 100

patient-years. None of the considered risk factors resulted to be signifi-

cantly associated with bleeding events. The predictive validity of the

risk stratification models was low and the most accurate model was

not specifically developed for VTE patients (HEMORR2HAGES, c-

statistic 0.60, 95% CI 0.49–0.70).
Conclusions: Bleeding risk stratification models appear to have little

accuracy in very elderly VTE patients.

OC 42.4
Statin use and bleeding complications during
treatment with vitamin K antagonists: a cohort study in
8188 patients with atrial fibrillation
Van Rein N, Willem LM, Cannegieter SC, Rosendaal FR,

Reitsma PH and Van Der Meer JM

Leiden University Medical Center, Leiden, the Netherlands

Background: Statins decrease atherosclerosis which could lead to

improved vessel wall health. Theoretically, this could result in fewer

bleeding complications in patients who are treated with vitamin K

antagonists (VKAs). Additionally, atherosclerosis is known to increase

with age, possibly resulting in different effects of statins along strata of

age.

Aims: To determine the effect of statins on bleeding complications dur-

ing VKA treatment, overall and for different age categories.

Methods: All patients with atrial fibrillation who started treatment

with VKAs at the Anticoagulation Clinic Leiden between 2003 and

2009 were selected. Information on medication use and bleeding com-

plications were obtained from patient records. Hazard ratios (HRs)

and 95% confidence intervals (95%CI) were calculated for minor and

major bleeding by means of a Cox regression model with time-varying

determinants. HRs were also computed for three strata of age: 50–
65 years (‘young’), 65–75 years (‘middle aged’), > 75 years (‘elderly’)

and adjusted for sex, INR-target range, diabetes, hypertension, and

use of anti-platelet drugs. Analyses were stratified by incident (patients

who started using statins during follow-up) and prevalent statin use

(patients who used statins at baseline) compared with non-use. This

avoids the overoptimistic effects obtained from analyses in prevalent

users, as they have already ‘survived’ a period of statin treatment

before starting VKA treatment (Danaei et al., Am J Epidemiol, 2012).

Furthermore, they are generally healthier than subjects who started

treatment but discontinued after some time. Neither informed consent

nor approval by a medical ethics committee is, according to Dutch

law, required for studies in which data are collected from the records

by the treating physician.

Results: Eight thousand one hundred and eighty-eight Patients were

treated with VKAs for a mean period of 2.1 years. Four hundred and

fifty-two Major and 1787 minor bleeding complications occurred dur-

ing the follow up of 18 105 patient-years. Statin use was associated

with slightly reduced risks of minor bleeding (HR 0.88 95%CI 0.79–
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0.98) and major bleeding (HR 0.83 95%CI 0.67–1.02). After stratifi-

cation on age and restriction to incident statin use, all HRs in the

various age-categories increased to estimates indicative of absence of

effects or increased risks (above unity), ranging from 0.98 to 3.22.

One exception occurred for major bleeding in the elderly where the

HR in incident users remained below unity (HR 0.66 95%CI 0.40–
1.07). Apart from chance variation as an explanation, this may also

be the result of additional selection bias, since, according to the

guidelines, statins should only be prescribed to elderly with a reason-

able life expectancy.

Conclusions: In overall analyses, statins appear to protect against

bleeding complications in patients receiving anticoagulant treatment.

After stratification on age and restriction to incident use, in an effort

to reduce selection bias, these protective effects largely disappeared.

This bias giving overoptimistic views on the complementary effects of

statins is similar to what was found in earlier studies on hormone

replacement therapy – suggesting protection against coronary heart

disease which was not borne out in randomised trials – and may also

be present in other observational studies on statins.

OC 43 – Clinical Aspects of
Atherosclerosis

OC 43.1
Reduced propagation of blood outgrowth endothelial
cells in subjects with advanced subclinical
atherosclerosis
Martin Ramirez J1, Hofman M2, Kok MG3, Creemers E3,

Meijers JC4, Voorberg J2 and Pinto S-J3

1Sanquin; 2Sanquin-AMC Landsteiner Laboratory; 3Amsterdam

Medical Centre; 4Academic Medical Center Amsterdam,

Amsterdam, the Netherlands

Background: Atherosclerotic coronary artery disease (CAD) represents

one of the principal causes of mortality in developed countries. Clini-

cal manifestations of CAD consist of acute or chronic myocardial

damage induced by a decrease in supply of oxygen-rich blood. This

sequel of events is due to the formation of atherosclerotic plaques

resulting in the tightening of the lumen in the affected coronary ves-

sels. Several cellular components, including endothelial cells from the

arterial wall are involved in this process.

Aims: In order to better understand the pathophysiology of CAD, we

have established cultures of blood outgrowth endothelial cells (BO-

ECs) from peripheral blood of patients with premature cardiovascular

disease (CVD) and their first degree relatives.

Methods: Patients with premature CVD (men < 51 year, women

< 56 year) and their apparently healthy first degree relatives were

included. From 70 patients and 157 first degree relatives, blood was

drawn for cultures of blood outgrowth endothelial cells. Furthermore,

all first degree relatives underwent multi-detector computed tomogra-

phy to establish coronary calcification (CAC) as a marker of subclini-

cal CVD. On average, from 14 to 21 days after isolation and

establishment of cultures, BOEC colonies were observed. These cul-

tures were further propagated, establishing their proliferative capacity

and subsequently cryopreserved.

Results: As for the relatives: 99 (63%) had a CAC score of 0 and were

considered relatives without subclinical CVD. The other 58 (37%) rel-

atives displayed a positive CAC score, and were considered as subjects

with subclinical CVD. We were able to isolate BOEC colonies in 52

(74%) of the patients, in 79 (80%) of the relatives without subclinical

CVD and in 42 (72%) of the relatives with subclinical CVD. In rela-

tion to the ability of the isolated colonies to proliferate, we were capa-

ble to expand colonies in 43 (61%) of the patients, in 31 (53%) of the

relatives with subclinical CVD and in 69 (70%) of the relatives without

subclinical CVD. Differences between patients and relatives without

subclinical CVD were not significant (P = 0.272). Differences between

relatives with and without subclinical CVD were significant

(P = 0.039; adjusted for age, sex and smoking).

Conclusion: These observations demonstrate that the number of circu-

lating BOEC precursors in relatives with subclinical CVD is dimin-

ished when compared to relatives without subclinical CVD and

patients. Additionally, the proliferative capacity of the isolated endo-

thelial cells was similar between relatives without subclinical CVD and

patients. However, it was significantly lower in relatives with subclini-

cal CVD. The mechanism underlying the reduced frequency of BOEC

precursors in the circulation of these subjects is currently under investi-

gation.

This clinical study has been performed under patient’s informed con-

sent and approved by a recognised medical ethics committee, comply-

ing as well the Declaration of Helsinki .

OC 43.2
Plasma levels of matrix metalloproteinases and
circulating endothelial cells in patients with peripheral
arterial disease: relationship with disease severity and
effect of treatment with prostanoids
Conti V1, Falcinelli E1, Fierro T1, Lenti M2 and Gresele P1

1University of Perugia; 2Hospital of Perugia, Perugia, Italy

Background: Peripheral Arterial Disease (PAD) is one of the most

common manifestations of atherosclerosis and is associated with

inflammatory and endothelial changes. The presence of PAD is a pow-

erful and independent predictor of cardiac and cerebral ischemic

events. Matrix Metalloproteinases (MMPs), a family of zinc-depen-

dent endopeptidases able to degrade the extracellular matrix, are

involved in atherosclerosis development and complications. Iloprost, a

stable prostacyclin analogue, promotes local perfusion and relieves

symptoms in patients with Critical Limb Ischaemia (CLI), often with

an effect lasting for weeks or months after the end of the infusion. Our

aim was to investigate circulating MMPs plasma levels and CECs in

patients with PAD, their association with disease severity and the

effects of treatment with iloprost infusion.

Materials and Methods: Eighty-eight patients suffering from PAD

were enrolled in the study. According to Leriche-Fontaine classifica-

tion, seven patients were asymptomatic (class I); 28 patients had inter-

mittent claudication (class II), 14 patients presented rest pain (class

III) and 39 had trophic lesions (class IV). Forty-one age- and sex-

matched healthy subjects were enrolled as controls. Patients with CLI

(class III and IV) were treated with daily intravenous infusions of Ilo-

prost for 14–28 days. Blood samples were collected immediately

before and at the end of the daily iloprost infusion on the first and last

day of treatment for the measurement of plasma MMPs by zymogra-

phy (ng/mL), CECs (cells/microl) by flow cytometry. Plasma vWF

(%-Ag), MPO (ng/mL) and elastase (ng/mL) were also measured by

ELISA. Circulating endothelial cells (CECs) and von Willebrand Fac-

tor (vWF) represent markers of endothelial damage (ED). Mieloperox-

idase is a marker of inflammation and leukocyte activation.

Results: Plasma levels of MMP-9, but not of MMP-2, were signifi-

cantly higher in PAD patients compared with controls (583.9 � 78.8

vs 164.3 � 25.6 ng/mL, P < 0.001) and more precisely in stage II

(475.3 � 104.0 ng/mL, P < 0.005), stage III (835.6 � 186.8 ng/mL,

P < 0.001); stage IV (570.3 � 123.4 ng/mL, P < 0.001).

CECs were also significantly higher in PAD patients than in controls

(1.83 � 0.23 vs 0.32 � 0.05 cells/microl) and with a progressive

increase with the advancement of the disease stage (stage I:

0.067 � 0.11 cells/microl, P < 0.05; stage II 2.36 � 0.55 cells/microl,

P < 0.001; stage III 3.03 � 1.89 cells/microl, P < 0.001; stage IV

3.08 � 0.91 cells/microl, P < 0.001). vWF and MPO were also signifi-

cantly increased in PAD patients (170.8 � 7.59 vs 95.87 � 4.20 Ag%,

P < 0.001; 32.20 � 4.22 vs 15.91 � 2.98 ng/mL, P < 0.005, respec-

tively). Treatment with iloprost decreased significantly plasma levels of

MMP-9, both at the first and last day of infusion (day 1 pre =
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699.6 � 98.3 post = 407.9 � 44.4 ng/mL, P < 0.001; day 21–28
pre = 566.2 � 112 post = 406 � 75.5 ng/mL, P < 0.05), while it

decreased MMP-2 only after the last infusion (day 1 pre = 780.9 �
66.1; day 21–28 post = 643.3 � 55.0 ng/mL, P < 0.05). Moreover,

Iloprost decreased CECs (day 1 pre = 2.71 � 0.65 post = 1.78 � 0.48,

P < 0.05; day 21–28 pre = 1.33 � 0.92 post = 1.08 � 0.57 cell/microl).

Conclusions: MMP-9, CECs, vWF and MPO are significantly

enhanced in PAD. Treatment with Iloprost significantly reduces

MMPs and CECs but not vWF and MPO. The prognostic value of

MMP-9 and CECs in CLI and of their changes induced by iloprost

and the potential for pharmacologic targeting of MMPs in PAD

deserve further evaluation.

OC 43.3
Human coronary thrombus formation is associated
with degree of plaque disruption and expression of
tissue factor and hexokinase II in atherosclerotic
plaques
Matsuda S, Okuyama N, Yamashita A, Moriguchi S, Sato Y,

Hatakeyama K, Marutsuka K and Asada Y

University of Miyazaki, Miyazaki, Japan

Background: Although coronary atherosclerotic plaque disruption is a

trigger of acute myocardial infarction (AMI), it does not always result

in complete luminal occlusion and AMI. Therefore, the formation of a

large thrombus is critical to the onset of AMI, and determinants of the

size of coronary thrombus after plaque disruption remain unknown.

Aims: This study of autopsy cases aimed to determine relationships

between vascular factors and thrombus size in human coronary arter-

ies in AMI and non-cardiac death.

Methods: We examined 43 coronary arteries with thrombi from

autopsy cases of AMI (plaque rupture, n = 15; plaque erosion, n = 8)

and non-cardiac death (plaque rupture, n = 5; plaque erosion, n = 15).

Culprit lesions of coronary arteries were examined histologically and

immunohistochemically using antibodies against CD68, CD163,

smooth muscle actin, tissue factor (TF), glucose transporter (Glut)-1

and hexokinase (HK)-II. We used image-analysis software to measure

thrombus size, ratio of thrombus area to luminal area, ratio of intima

to media (I/M ratio), stenotic ratio, degree of plaque disruption and

the numbers of nucleated cells that were immunopositive for Glut-1

and HK-II. We defined the degree of plaque rupture as the extent of

disrupted fibrous cap over a lipid core, and plaque erosion as the

extent of damage beneath mural thrombus. Immunopositive areas for

CD68, CD163, SMA and TF were assessed using color imaging mor-

phometry.

Results: Thrombus size, ratio of thrombus area to luminal area, and

the I/M ratio were significantly larger in coronary arteries with AMI

than in those with asymptomatic thrombus. Immunopositive areas for

TF were abundant in ruptured plaques of AMI. Macrophages (immu-

nopositive for CD68 or CD163) surrounded the lipid core of ruptured

plaques and the eroded portions of plaques of AMI. Staining for HK-

II and Glut-1 was somewhat positive in macrophages and abundant in

ruptured plaques in AMI. The size of coronary thrombus positively

correlated with the degree of plaque disruption (r = 0.82), I/M ratio

(r = 0.36) and with immunopositive areas for CD68 (r = 0.32) and TF

(r = 0.44). The ratio of thrombus area to luminal area also positively

correlated with the degree of plaque disruption (r = 0.79), I/M ratio

(r = 0.57), stenotic ratio (r = 0.42) and immunopositive areas for TF

(r = 0.47) and HK-II (r = 0.37).

Conclusions: Degree of plaque disruption, large plaque with stenosis,

and TF content in atherosclerotic plaque would be important factors

to the onset of AMI, and HK-II expression in macrophages might

reflect thrombogenicity of coronary plaques.

OC 43.4
Vitamin K-antagonists: a two edged sword. Bi-phasic
effect of VKA on atherosclerotic plaque development
Chatrou MLL, Kusters D, Reutelingsperger C and Schurgers L

Maastricht University, Eindhoven, the Netherlands

Background: Vitamin K-antagonists (VKA) are treatment of choice

and standard care for patients with venous thrombosis and throm-

boembolic risk. Both in experimental animals and humans, VKA

have shown to promote medial and intimal vascular calcification.

Previously we have shown that VKA administration induce plaque

vulnerability in atherosclerotic plaques. However, clinically it is not

known which patients on VKA develop severe vascular calcifica-

tion. Current studies demonstrate a role for coagulation in athero-

genesis and novel oral anticoagulants (NOAC) seem to inhibit

atherogenesis.

Aim: In this study we investigated the time-dependent effects of VKA

on atherogenesis.

Methods: Sixty-six male apoE (�/�) (8 weeks) mice were put on a vita-

min K deficient western type diet mixed with 100 mg/kg vitamin K1

(control group) or 1.5 g/kg vitamin K1 and 3.0 g/kg warfarin (warfa-

rin group). Mice were sacrificed after 7, 13 or 19 weeks and histochem-

ical plaque analyses were performed.

Results:De novo plaque development was significantly reduced in war-

farin treated mice, indicating a beneficial effect of anticoagulation on

atherogenesis. In vitro, warfarin significantly reduced VSMC (vascular

smooth muscle cell) migration and nodule formation. In the last time-

point, severe atherosclerosis developed in both control and warfarin

groups. However, warfarin treatment was detrimental for both plaque

development and plaque phenotype. Immunohistochemical analyses

showed a significant increase in macrophage content, increased elastin

breaks and an increase in both medial and intimal calcification. On the

contrary, control mice displayed an increase in plaque collagen and

VSMC content, indicative for a stable plaque phenotype. In vitro, ox-

LDL increased calcification of VSMCs, which was reinforced by co-

treatment with warfarin.

Conclusion: Our data indicate that anticoagulation with VKA can be

beneficial for both lowering thrombotic risk and inhibiting atherogene-

sis, but might be detrimental when given to patients suffering from

arterial disease. Detailed knowledge about effects of different antico-

agulants on atherogenesis will help to improve treatment of patients in

need of anticoagulant therapies and support personalized medicine.

OC 44 – Coagulation – II

OC 44.1
TALEN-mediated vitamin K epoxide reductase
knockout in human cells for vitamin K cycle study
Tie JK1, Jin DY1, Tie K2 and Stafford D1

1University of North Carolina at Chapel Hill, Chapel Hill; 2Duke

University, Durham, NC, USA

Vitamin K epoxide reductase (VKOR), an endoplasmic reticulum

(ER) membrane protein, is responsible for regeneration of reduced

vitamin K (vitamin K hydroquinone, KH2) from its oxidized form

(vitamin K epoxide, KO) in the vitamin K cycle. KH2 is a cofactor of

gamma-glutamyl carboxylase that post-translational modifies vitamin

K-dependent proteins involved in several biological functions includ-

ing blood coagulation. Structure-Function studies of VKOR and its

homologues have led to different proposals for mechanisms for the

action of VKOR. Furthermore, although VKOR polymorphisms have

been successfully used as pharmacogenetic markers for warfarin dos-

age predictions, enzymatic studies of VKOR mutants found in patients

do not well correlate with their clinical resistance phenotype. These

discrepancies presumably arise from the in vitro activity assay of

VKOR performed in an artificial environment using the non-physio-

logical reductant dithiothreitol.
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To overcome these problems, we report here the establishment of a

transcription activator-like effector nucleases (TALENs)-mediated

VKOR knockout human cell line for VKOR in vivo activity assay. We

designed TALEN pairs to target human VKOR in HEK293 cells sta-

bly expressing a reporter protein (FIXgla-PC) (Tie, JK et al. Blood,

2011, 117:2967–74). Transfected cells were functionally screened by

determining the efficiency of reporter protein carboxylation when the

cell colonies were first fed with 5 lM KO and then with 11 lM vita-

min K. Our results show that it is necessary to knock out both VKOR

and VKOR-like enzyme in HEK 293 cells in order to eliminate KO

reductase activity. Using the established double gene knockout cell

line, we further confirmed that the conserved loop cysteines (43 and

51) in VKOR are not required for intra-molecular electron transfer. In

addition, we tested warfarin resistance of VKOR mutants found in

individuals resistant to warfarin treatment. Our results show that 10 of

the VKOR mutants that exhibit no activity in in vitro assays are active

in our in vivo assay and shows different warfarin resistances.

In conclusion, we established a human cell line with both VKOR and

VKOR-like enzymes ablated by TALENS for the functional study of

the vitamin K cycle. We further demonstrated that this cell line can be

used for VKOR function and warfarin resistance studies and will be a

useful tool to understand the vitamin K cycle.

OC 44.2
Recombinant FVIIa acts independently of tissue factor
to restore haemostasis and clot dynamics
Sommer C and Tranholm M

Novo Nordisk A/S, Maaloev, Denmark

Background: Recombinant factor seven (rFVIIa, NovoSeven �) is a

by-passing agent for the treatment of haemophilia patients with inhibi-

tors. Despite several lines of circumstantial evidence no direct in-vivo

studies have been performed to show that rFVIIa acts independently

of tissue factor (TF) at pharmacological doses.

Aims: To test the hypothesis that rFVIIa acts in a TF-independent

manner after laser induced vascular injury and after transection of the

tail tip.

Methods: TF-low (mTF�/�, hTF+, expressing 1% hTF) mice in which

human TF was abrogated by anti hTF-pAb, and heterozygotes con-

trols (mTF�/+, hTF+) were used. Recombinant FVIIa was adminis-

tered at a dose level 10 mg/kg in both experiments through a jugular

catheter. Ten mg/kg has previously been shown to normalize bleeding

haemophilia A mice. The catheter was also used for the dosing of anti

hTF-pAb (or vehicle) and any fluorophores.

Laser induced vascular injury: The aggregating platelets (labelled with

Dylight fluorophore conjugated to rat anti mouse GP1bb mAb) and

degranulating platelets (labelled with Alexa 633 fluorophore conju-

gated to anti-P-selectin mAb) were quantified after intra vital fluores-

cence microscopy for 5 min following laser induced vascular injury to

arterioles of the cremaster muscle. Injuries for which 5–10 RBCs were

found exterior to the lamina elastic interna were included. The maxi-

mum fluorescence and the integrated fluorescence over time were cal-

culated for each of the two fluorophores, giving a total of four

endpoints/parameters. The data were analysed by a mixed model,

parameter = group, where group was a fixed effect and the individual

animal was a random effect.

Tail bleeding: Five and 10 min prior to transection of 4 mm of the tail

tip the fully anesthetised mice were dosed with anti hTF-pAb (or vehi-

cle) and rFVIIa, respectively, through a jugular catheter. The tail was

immersed in saline (37 °C). Bleeding time was recorded for 30 min

and blood loss determined by measuring the haemoglobin concentra-

tion. Kruskal-Wallis test and Dunn’s post test were applied.

Results: The laser induced vascular injury model showed that platelet

aggregation and degranulation were significantly compromised in TF-

low mice receiving ahTF-Ab relative to the control mice (all parame-

ters: P < 0.001). The maximum as well as the integrated fluorescence

for aggregating and for degranulating platelets were significantly

increased (all parameters: P < 0.005) and these were not significantly

different from those obtained from the control group after rFVIIa was

administered.

In the mouse tail bleeding model, the bleeding time and blood loss

increased significantly in the TF-low mice receiving ahTF-Ab com-

pared to controls (P < 0.001). Administration of 10 mg/kg rFVIIa sig-

nificantly decreased the bleeding time and blood loss as compared to

vehicle administration (P < 0.01 and P < 0.001) and to levels similar

to those of the control group (no statistically significant difference).

Conclusion: Haemostasis and clot formation in the two models were

greatly reduced in TF-low (mTF�/�, hTF+) mice given anti hTF-pAb.

A pharmacological dose of 10 mg/kg rFVIIa corrected haemostasis

and clot formation showing that rFVIIa acts independently of tissue

factor.

OC 44.3
The extended reactive centre loop of protein C
inhibitor balances its pro- and anti-coagulant functions
Polderdijk SGI and Huntington JA

University of Cambridge, Cambridge, UK

Protein C inhibitor (PCI) is a member of the superfamily of serine pro-

tease inhibitors (serpins). Initially identified as the main plasma inhibi-

tor of activated protein C (APC), it is now known to have a wide

range of functions, both inside and outside of haemostasis. PCI inhib-

its the coagulation proteases thrombin, APC, fXa, fXIa and the tissue

factor:fVIIa complex. PCI has the potential to serve both pro- and

anticoagulant roles in the blood, and its inhibitory properties can be

modulated by interactions with cofactors, such as thrombomodulin

and glycosaminoglycans. Our previous crystal structure of native PCI

showed that PCI shares the canonical serpin fold, but also has some

unusual features, including an extra long and flexible reactive centre

loop (RCL) that contains a 3-residue C-terminal extension. Based on

our subsequent structure of the thrombin:PCI:heparin Michaelis com-

plex, several implications for this extension were proposed. The

increased RCL flexibility caused by the C-terminal RCL extension was

hypothesised to reduce the rate of complex formation as well as reduce

Michaelis complex stability due to the entropic costs of restraining a

highly flexible region. It was also proposed that the increased length of

the C-terminal portion of the RCL would allow proteases to engage a

larger range of surface exosites. To test these hypotheses, we generated

a range of loop truncation variants of PCI and evaluated their inhibi-

tion of thrombin, APC and fXa in the presence and absence of cofac-

tors. We found that truncation of the RCL increases the rate of

inhibition of pro-coagulant proteases, without affecting the rate of

APC inhibition. These studies reveal that the increased length of the

RCL of PCI helps to balance its pro- and anticoagulant roles.

OC 44.4
Contribution of red cells to thrombin generation in
sickle cell disease (SCD)
Whelihan MF1, Mooberry M2, Ataga KIK2, Mann KG1

and Key NS2

1University of Vermont, Colchester, VT; 2Unversity of North

Carolina at Chapel Hill, Chapel Hill, NC, USA

The sickle mutation in the hemoglobin A gene (Hb S) is carried by 7–
8% of the African-American population and provides a selective

advantage by conferring resistance to plasmodium falciparum. One in

625 African Americans are born with homozygous sickle-cell disease

(HbSS) that is associated with vaso-occlusive manifestations (pain

crises) of varying severity. Crises are generally ascribed to obstruction

of the microvasculature secondary to decreased deformability of

hypoxia-induced sickling of red blood cells (RBCs) and ensuing activa-

tion of coagulation and inflammatory pathways. We recently demon-
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strated that RBCs contribute a significant fraction (40%) of the

thrombin generating potential of blood, and unlike platelets (60%),

this thrombin generation proceeds through the meizothrombin (mIIa)

intermediate. Due to the markedly enhanced phosphatidylserine (PS)

expression by sickled RBCs, we hypothesized that mIIa production in

HbSS patients would be significantly increased compared to a healthy

control group. To test this hypothesis, we recruited seven outpatients

with HbSS, in their non-crisis, ‘steady states,’ and six healthy African-

American controls. Five pM tissue factor was added to their whole

blood samples in the presence of corn trypsin inhibitor. Thrombin

generation was assessed over time using mIIa-antithrombin (mTAT)

or a-thrombin-antithrombin (aTAT) complex ELISAs. Prothrombin

consumption was measured by Western blotting, and PS expression

(measured by bovine lactadherin binding to RBCs) by flow cytometry.

RBC counts were significantly lower in HbSS individuals

(2.5 � 0.7 9 106/lL) compared to controls (4.9 � 0.6 9 106/lL), but
platelet numbers were not statistically different (274 � 87 9 103/lL
for HbSS vs. 235 � 70 9 103/lL for controls). The rate of aTAT gen-

eration in the HbSS cohort was slightly faster (15%) (74 � 8 nM/min;

mean � SEM) than the control group (63 � 4 nM/min), however

both groups reached a similar maximum level (515 � 49 nM vs.

502 � 14 nM, respectively). The rate of mTAT generation in the

HbSS cohort was significantly faster (50%)(1.5 � 0.1 nM/min) than

that observed in the control group (1.0 � 1.1 nM/min) and displayed

a significantly higher (36%) maximum mTAT level (10.1 � 0.4 vs.

6.5 � 0.5 nM respectively). Prothrombin consumption in the HbSS

cohort was double that seen in the control group (9.3% vs. 4.7% per

min). PS expression was observed in 6.67% of erythrocytes in HbSS

(range 1.8–19.4%) vs. 0.59% (range 0.48–0.91%) in the control group.

When the rates of mTAT formation were plotted against the relative

PS concentration, correlation coefficients of 0.51 and 0.72 were

observed for the HbSS and control groups, respectively. These data

support the hypothesis that the increase in PS expression observed in

HbSS red cells leads to increased thrombin generation through the

mIIa intermediate. Although there was no statistical difference in the

absolute aTAT levels between the two groups, the higher rate of mIIa

generation and prothrombin consumption observed in the HbSS

patients, together with their much lower RBC numbers, suggests that

a much higher proportion of thrombin is generated on RBC surfaces.

These findings may be relevant to the chronic hyper-activation of

coagulation in SCD that may in turn contribute to vaso-occlusive

complications of the disease.

OC 45 – Glycoprotein Ib Functions

OC 45.1
Platelet interaction with von Willebrand factor is
enhanced by shear-induced clustering of glycoprotein
Iba
Gitz E1, Koopman CD1, Koekman CA1, Van Den Heuvel DJ2,

Deckmyn H3, Akkerman JWN1, Gerritsen HC2 and Urbanus RT1

1University Medical Center Utrecht; 2University Utrecht, Utrecht,

the Netherlands; 3KU Leuven, Kortrijk, Belgium

Background: Initial platelet arrest at the damaged arterial vessel wall is

mediated through the interaction of platelet Glycoprotein (GP) Iba
with the A1 domain of surface-bound von Willebrand factor (VWF).

This interaction occurs at sites of elevated shear force and strengthens

upon increasing hydrodynamic drag. Although the improved interac-

tion requires shear-dependent exposure of the VWF A1 domain, the

contribution of GPIba remains incompletely understood. We have

previously found that GPIba clusters upon platelet cooling and

hypothesized that a similar mechanism enhances binding to VWF

under physiological conditions.

Methods: We analyzed the surface distribution of GPIba in platelets

exposed to VWF or shear force with F€orster Resonance Energy Trans-

fer (FRET) using time-gated Fluorescence Lifetime Imaging Micros-

copy. Platelet interaction with VWF was analyzed with light

transmission aggregometry and real-time video microscopy.

Results: GPIba was dispersed on the surface of resting platelets (FRET

efficiency of 0.9 � 0.3%). Both platelet adhesion to VWF at a shear

rate of 1600/s or exposure to a high shear rate of 10 000/s induced

GPIba clusters (FRET efficiencies of 10.3 � 1.1% and 9.10 � 0.8%,

respectively). Clustering induced by high shear force was reversible

and not accompanied by granule release or aIIbb3 activation. It did

not require VWF contact, as clustering also occurred in von Wille-

brand disease type 3 platelets. GPIba-dependent platelet interaction

with VWF improved upon clustering, as demonstrated by a 2.5-fold

increased ristocetin induced agglutination and a 28% decreased rolling

velocity when perfused over VWF. Shear exposure induced both

GPIba translocation to lipid rafts and p38 MAP kinase-mediated ara-

chidonic acid release. Liberated arachidonic acid triggered 14-3-3f-
induced clustering of GPIba.
Conclusions: GPIba clusters upon exposure to shear force, which

enhances the interaction between platelets and VWF. These findings

emphasize the role of GPIba as a sensitive mechanoreceptor and give

a new perspective on the molecular mechanism of platelet adhesion.

OC 45.2
Distinct roles for platelet GPIba, PAR4 and fibrin in
regulating thrombin-dependent recruitment of
leukocytes to sites of vascular injury
Kaplan Z1, Alwis I1, Yuan Y1, Ghasemzadeh M1, Schoenwaelder

SM1, Ruggeri ZM2 and Jackson SP1

1Monash University, Melbourne, Vic., Australia; 2The Scripps

Research Institute, La Jolla, CA, USA

Background: Thrombin is a pleotropic protease with a broad range of

pathophysiologic functions linked to fibrin generation and the regula-

tion of coagulation as well as through cleavage of protease-activated

receptors (PARs) on the surface of vascular and haemopoietic cells.

Although PARs are the major catalytic target for thrombin on plate-

lets, platelet GPIba is the major thrombin binding site. Despite exten-

sive investigation the physiological relevance of this interaction

remains elusive. Although clinical and experimental evidence supports

a major regulatory role for thrombin in thromboinflammatory

responses the relative contribution of fibrin, PAR cleavage and GPIba
in this process remains ill-defined.

Aim: To investigate the relative contribution of fibrin, PAR4 and

GPIba in regulating the thrombin-dependent recruitment of leuko-

cytes to sites of vascular injury.

Methods: An intravital murine model of microvascular thrombosis

induced by focal mechanical injury with microinjector needles in the

mesenteric venous circulation was employed to monitor leukocyte-

thrombus interactions by epifluorescence and confocal microscopy in

wild-type, PAR4�/� and transgenic mice expressing a mutant form of

GPIba (GPIba-D277N) that has a selective defect in GPIba-thrombin

binding. Thrombotic responses were modulated via localised microin-

jection of platelet agonists or systemic hirudin injection in some experi-

ments.

Results: Mechanical endothelial perturbation resulted in a rapid and

reproducible platelet thrombotic response that was highly efficient at

promoting leukocyte recruitment and migration to sites of vascular

injury. The thrombotic and leukocyte recruitment responses were

thrombin dependent as they were eliminated by systemic injection of

hirudin, whereas localised microinjection of a-thrombin markedly

enhanced both responses. Notably, thrombin injection and the corre-

sponding increase in fibrin generation limited leukocyte migration

from the margins of thrombi to the site of vascular injury. Conversely,

eliminating fibrin generation with hirudin greatly enhanced leukocyte

migration when platelet activation and thrombus formation was

induced by microinjected CRP and PAR4 activating peptide. To inves-

tigate the role of thrombin binding to GPIba in regulating leukocyte-
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thrombus interactions we developed a transgenic mouse model

expressing a mutant form of human GPIba (replacement of the aspar-

tic acid at position 277 with asparagine D277N) on the surface of

GPIba�/� mouse platelets. a-thrombin and VWF binding studies con-

firmed a selective defect in thrombin binding to the mutant receptor.

As compared to control mice (human GPIba-WT), both thrombotic

and leukocyte migratory responses were enhanced in GPIba-D277N

mice. Studies using PAR4�/� mice to analyse the role of thrombin

cleavage of PAR4 in regulating platelet activation and leukocyte

recruitment studies revealed a critical role for thrombin activation of

platelets in promoting stable thrombotic responses and leukocyte

recruitment and migration to vascular injury sites.

Conclusions: These results demonstrate that thrombin activation of

platelets through PAR4 is critical for leukocyte-thrombus interactions

at sites of endothelial perturbation, independent of fibrin generation.

Paradoxically fibrin appears to play a negative regulatory role in limit-

ing leukocyte migration. Disrupting the binding of thrombin to GPIba
enhanced platelet activation, leukocyte recruitment and fibrin genera-

tion. Thus thrombin binding to surface GPIba appears to play a major

role in negatively regulating the proteases’ catalytic function towards

fibrinogen and PAR4, thereby modulating thrombin’s thromboinflam-

matory function.

OC 45.3
Platelet adhesion and activation by the oral colonizer
Streptococcus oralis: key roles for platelet receptors
GPIba, FcgRIIa and P2Y12
Tilley O1, Albert MA2, Smolenski A3, Cox D1, O’Donnell JS4,

Douglas CWI5, Watson SP2 and Kerrigan SW1

1The Royal College of Surgeons in Ireland, Dublin, Ireland;
2University of Birmingham, Birmingham, UK; 3University College

Dublin; 4Trinity College Dublin and St James’s Hospital Dublin,

Dublin, Ireland; 5School of Clinical Dentistry, University of

Sheffield, Sheffield, UK

Background: Infective endocarditis (IE) is considered the 4th leading

cause of life threatening infectious disease. It results from colonisation

by microorganisms of the inner surfaces of the heart and is character-

ised by the formation of septic thrombi on cardiac valves. Current

treatment requires aggressive multi-antibiotic therapy often coupled

with surgery to remove septic vegetations and/or replace the damaged

heart valve thus preventing congestive heart failure. The oral bacte-

rium, Streptococcus oralis is recognised for its ability to colonise dam-

aged heart valves and is frequently isolated from patients with IE.

Previous studies have shown that bacteria can support platelet adhe-

sion and induce activation, steps critical in the pathogenesis of IE.

However, the mechanism of platelet recruitment and activation by

S. oralis is poorly understood.

Objective: To identify the mechanism of platelet adhesion to S. oralis

under physiological shear conditions and to investigate the molecular

mechanism(s) leading to platelet activation.

Methods: Platelet interactions with immobilized bacteria were assessed

using a parallel flow chamber. Whole blood was perfused at venous

and arterial shear rates and recorded in real-time using epi-fluorescent

microscopy. Platelet activation was determined by light transmission

aggregometry. Dense granule secretion was measured by luminometry

using a luciferin/luciferase assay. Molecular pathways of platelet adhe-

sion and activation were investigated using antibodies and pharmaco-

logical inhibitors. This was coupled with immunoprecipitation, protein

pull down assay and western blotting for key platelet signalling pro-

teins.

Results: In whole blood S. oralis supported platelet adhesion under

venous (50–200/s) and arterial shear rates (800/s). Platelets rolled

along immobilised S. oralis through an interaction with GPIba as

shown by inhibition of platelet adhesion by pre-incubation of platelets

with anti-GPIba MAb MB45 (P < 0.001) or perfusion of whole blood

from a patient lacking GPIba (Bernard Soulier Syndrome). Following

rolling, platelets firmly adhered to S. oralis and platelet microaggre-

gate formation was observed at 200/s and 800/s. Platelet activation

required IgG binding to the bacterium and crosslinking to platelet

FcgRIIA as demonstrated by inhibition of platelet aggregation after

removal of IgG (P < 0.01) or upon blockade of FcgRIIA by the MAb

IV.3 (P < 0.01). This interaction led to phosphorylation of the ITAM

domain on FcgRIIa and both IgG and FcgRIIA dependent dense

granule secretion. Resultant secretion of ADP amplified the platelet

response via P2Y12, triggering RAP1 activation. This was shown by

inhibition of aggregation by apyrase (P < 0.05) or P2Y12 blockade by

AR-C69931MX (P < 0.01) and P2Y12 dependent activation of RAP1

to its GTP bound form by pre-incubation of platelets with AR-

C69931MX and RAP1 pull down assay and western blot analysis.

Conclusions: These results propose a model of interaction between

S. oralis and platelets that leads to the formation of a septic platelet-

bacterial vegetation on a damaged heart valve. Furthermore, this

paper contributes to growing evidence that FcgRIIA is a novel drug

target for development of treatments for IE.

OC 45.4
Macrothrombocytopenias with abnormalities of the
VWF/GPIb-IX/filamin A/myosin 2A axis correspond to
defects in megakaryocyte membrane formation and
abnormal granule repartition.
Nurden P1, Pillois X2, Denizot J2, Nurden AT2, Favier R3,

Schlegel N4, Federici AB5 and Debili N3

1CHU, Marseille; 2PTIB, Pessac; 3Inserm, UMR1009, Institut

Gustave Roussy, Villejuif; 4Service d’H�ematologie Biologique,

Hôpital Robert Debr�e, APHP, Paris, France; 5Hematology and

Transfusion Medicine, L. Sacco University Hospital, Milan, Italy

Background: Platelet inherited disorders constitute a growing group of

syndromes with an increasing number of genes causatively linked to

their development. For a long time, the majority of thrombocytope-

nias have been considered to result from immunological processes,

now an increasing number are being shown to be congenital in origin.

Platelet size and morphology changes are frequent abnormalities

resulting from changes in megakaryocyte (MK) maturation and pro-

platelet formation.

Aim: To further characterize platelet and MK morphology for patients

with von Willebrand disease Type 2B (VWD2B), Bernard-Soulier Syn-

drome (BSS), Filamin A (FLNA) and MYH9-Related syndromes

(MYH9 -RD) that all affect the VWF-GPIb-IX-cytoskeletal axis.

Methods: Platelets and MKs from 18 patients with macrothrombocy-

topenia and identified mutations corresponding to VWD2B, BSS,

FLNA and MYH9-RD were examined by transmission electron

microscopy (TEM) and morphometric analysis was used to quantify

changes in cell morphology. MKs were cultured from CD34+ enriched

peripheral blood cells. Immunofluorescence (IF) localization of mem-

brane glycoproteins, VWF, FlnA and myosin 2A was also performed

by confocal microscopy.

Results: For patients with VWD2B, FLNA and MYH9-RD morpho-

metric analysis all showed varying numbers of enlarged round platelets

many of which contained large zones enriched in internal membranes

(previously designated as membrane complexes) and devoid of gran-

ules. Only for VWD2B were platelet agglutinates seen, a process

induced by the mutated VWF. In X-linked FlnA deficiency, FlnA was

abnormally distributed within the cytoplasm with a subpopulation of

FlnA-negative platelets that tended to be larger. For MYH9-RD,

abnormal internal membranes were frequent and occasionally platelets

truly giant. In contrast, in BSS, for the large majority of platelets, the

internal membrane was poorly developed. Again there is a defect in

granule distribution; occasional giant granules were seen for all disor-

ders. TEM of MKs highlighted for all disorders an early abnormal

repartition of the demarcation membrane system (DMS) and an
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abnormal granule distribution; membranes were often regrouped in

ball-like structures or in specific zones devoid of granules more often

seen for MYH9-RD. For FLNA, images of disintegrated structures

and signs of apoptosis were apparent. The DMS was quantitatively

reduced for BSS. In all situations, decreased amounts of membrane

available for proplatelet development result in enlarged platelets.

Conclusions: GPIb-IX, FlnA and myosin 2A all contribute to the orga-

nization of DMS during MK maturation underlining the importance

of the link between GPIb-IX and the cytoskeleton for membrane

repartition. Decreased amounts of internal membranes or a decreased

potential of membrane availability due to the aberrant presence of

ball-like reserves, affect the formation of proplatelets and subsequently

the size and shape of platelets. Furthermore, the observation that

VWF abnormally pre-bound to GPIb can itself produce abnormalities

implies that the process of driving membranes within the cytoplasm

has to be free of constraints. It can also be deduced that when the

GPIb-IX-cytoskeleton axis is abnormal, the granules and the mem-

branes are not free to move regularly from the MK cytoplasm into

proplatelets as shown by the persistance of ball-structures and abnor-

mal granule distribution inside the platelets.

OC 46 – Infection and Coagulation

OC 46.1
Platelets control CVB3 infection in vivo
Jaquenod De Giusti C1, Alberdi L2, Scharrig E2, Rivadeneyra L3,

Gomez RM2 and Schattner M3

1IBBM; 2Biotechnology and Molecular Biology Institute,

CONICET-UNLP, La Plata, Argentina; 3Laboratory of

Experimental Thrombosis, Institute of Experimental Medicine,

Buenos Aires, Argentina

Background: It has been recently demonstrated that mice profoundly

depleted of platelets (> 95% depletion) and infected with the LCMV

Armstrong strain developed hemorrhagic spots in several organs along

with high viral titers and increased mortality. Interestingly, the pres-

ence of 15% of platelets (partial depletion) was sufficient to prevent

vascular damage but not viral replication. These observations not only

confirm the novel notion that platelets are necessary to protect vascu-

lar integrity and are critical mediators of viral clearance, but also

underscore an underappreciated relationship between platelet-medi-

ated hemostasis, and viral infection.

Aim: To examine whether this novel function of platelets is specifically

related to a murine pathogen as LCMV, or if it is also present during

other viral infections and using a human virus.

Methods: C57BL/6 male mice 5 weeks old were inoculated intraperito-

nally (IP) with PBS or with 30 lL of a specific polyclonal antiserum

against platelets diluted 1:4 in PBS every 48 h. One day after the first

injection, groups of mice (4–8) were infected IP with 1 9 104 UFP of a

myocarditic variant of Coxsackievirus B3 (CVB3), or 1 9 104 UFP of

the LCMV, Armstrong strain used as positive control. Platelet-

depleted and non-depleted non-infected animals were used as negative

controls. After 14 days post infection (dpi) survived animals were sac-

rificed and heart or spleen tissues from CVB3 or LCMV-infected ani-

mals respectively, tested for the presence for infectivity of virus by

plaque assay as well as for histopathology.

Results: The platelet antiserum treatment produced 92% of platelet

depletion at 4 h, 86% at 24 h and 78% at 48 h post-treatment. At

6 dpi, mortality was 25% in CVB3-infected and 50% in CVB3-

infected and depleted mice. No further deaths were observed after

6 dpi or in depleted uninfected animals. Infectivity assays of homogen-

ates of heart tissues from CVB3-infected mice were 25% positive (1/4)

and the only positive show approximately 10 UFP/mg of tissue. In

contrast, in CVB3-infected and platelet depleted mice showed 100%

(4/4) infectivity ranging 1 9 10–102 UFP/mg of heart tissues. Analysis

of histopathology showed typical multifocal acute myocarditis in all

infected animals. However, the number and the extent of the lesions

were approximately double in hearts of infected and depleted animals.

In agreement with previously published results, infectious LCMV was

detected only in the spleen of LCMV-infected and depleted animals.

Bleeding was not observed in any group.

Summary/Conclusions: Our results indicate that murine platelets have

a role in controlling viral infection not only for the murine pathogen

LCMV but also for a human pathogen as CVB3. This uncontrolled

viral infection results in a more severe pathology.

OC 46.2
ProCPB2 (TAFI) deficiency protects against
polymicrobial sepsis
Morser J, Nishimura T, Shao Z and Leung L

Stanford School of Medicine, Stanford, CA, USA

Background: CPB2 (TAFI) is a basic carboxypeptidase for which fibrin

and complement C5a have been shown to be physiological CPB2 sub-

strates. However, the role of CPB2 in infection is unclear. We hypothe-

sized that in polymicrobial sepsis proCPB2 deficient (KO) mice would

have enhanced C5a generation, leading to increased inflammation and

perhaps mortality.

Methods: Polymicrobial sepsis was induced in wild type (WT) and

proCPB2 KO mice by cecal ligation and puncture (CLP). Blood was

collected by cardiac puncture, and organs harvested. Plasma was

assayed for CBC, ALT, AST, BUN and creatinine. Lung edema was

determined as lung wet/dry weight ratio. Peritoneal lavage protein and

cell content was measured. In some experiments mice were treated with

a fibrinolysis inhibitor, tranexamic acid (TA) or a complement C5a

receptor antagonist (C5aRA).

Results: To our surprise, proCPB2 KO mice have a significant

improvement in survival compared to WT mice (n = 30, P = 0.021).

The median survival time of 3 days in WT was extended to 3.5 days in

proCPB2 KO mice (P = 0.015). Lung edema was decreased from a

wet/dry weight ratio of 4.3 � 0.52 (WT) to 2.7 � 0.58 (proCPB2 KO)

(n = 11, P = 0.0001) at 48 h after CLP. Peritoneal lavage protein lev-

els and cell counts at 48 h were lower in proCPB2 KO than in WT

with CLP. Liver damage assessed by AST and ALT in plasma was

increased in the WT mice compared to proCPB2 KO mice (ALT:

211 � 162 vs. 53 � 34 U/L P = 0.027, AST: 344 � 261 vs.

136 � 83 U/L P = 0.03 for WT vs. proCPB2 KO at 48 h, n = 10).

Similarly kidney damage as assessed by BUN and creatinine was less

in the proCPB2 KO (BUN: 34 � 49 vs. 19 � 4 mg/dL, creatinine:

0.39 � 0.67 vs. 0.1 � 0.06 mg/dL for WT vs. proCPB2 KO at 48 h,

n = 10). There was a greater decrease in the white blood cell count of

WT mice than proCPB2 KO mice. Inflammatory mediators such as

IL-6 and total C5a were lower in plasma from proCPB2 KO mice at

6 h after CLP than in WT plasma.

Treatment of both WT and proCPB2 KO animals with TA caused a

decrease in survival and worsening of other markers showing that

fibrinolysis was important to survival in CLP. However, the proCPB2

KO animals still showed an improvement in survival indicating that

the survival advantage was not solely due to enhanced fibrinolysis in

the proCPB2 deficiency state. If enhanced C5a generation was the rea-

son for the improved survival of proCPB2 KO mice, then blockade of

C5a receptors with C5aRA would decrease survival. However, both

WT and CPB2 animals treated with C5aRA had improved survival

and other surrogate markers were better, demonstrating that enhanced

C5a was not responsible for the amelioration of CLP in proCPB2 KO

mice. The possibility that osteopontin (OPN) was the CPB2 substrate

was disproved as CLP was similar in proCPB2 KO and proCPB2/

OPN double KO mice.

Conclusions: These data show that deficiency of proCPB2 protects

against polymicrobial sepsis with a concomitant reduction in inflam-

mation and damage to multiple end organs. Fibrin, OPN and C5a

were not the dominant mechanism for the protection observed in

proCPB2 KO animals.
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OC 46.3
Influenza and dengue viruses upregulate interferon-
induced transmembrane (IFITM) proteins in human
platelets: novel immune sensing of viral pathogens
Rondina MT1, Tolley ND1, Schwertz H2, Diaz-Ortiz R3, Hunter-

Mellado R3, Bozza FA4, DeVette C1, Zimmerman GA1,

Washington V3 and Weyrich AS1

1University of Utah, Salt Lake City, UT, USA; 2Ernst-Moritz-Arndt

University Greifswald, Greifswald, Germany; 3Universidad

Central del Caribe, San Juan, Puerto Rico; 4Instituto de Pesquisa

Cl�ınica Evandro Chagas, Rio, Brazil

Background: IFITM proteins (IFITM-1, -2, and -3) mediate cellular

resistance to influenza, dengue, and other viruses. IFITM expression

in human platelets at baseline and during conditions of influenza and

dengue viral infectivity has not previously been reported.

Aims: We investigated IFITM mRNA and protein expression in

human platelets, hypothesizing responses to inflammatory signaling in

viral infections are a key component of the platelet immune response.

Methods: We examined freshly-isolated platelets from prospectively

enrolled patients with acute influenza A/H1N1 or dengue infection

(n ≥ 20) and, for comparison, age- and gender-matched healthy con-

trols (n ≥ 20). IFITM mRNA and protein expression in isolated plate-

lets was quantified via qRT-PCR and western blots, respectively. We

also studied platelets isolated from healthy subjects (n = 8) before (day

0) and after (day 10 � 3) administration of the 2012–2013 trivalent

inactivated influenza vaccine (TIV), which contains influenza A/H1N1

hemagglutinin. In separate experiments, CD34-derived megakaryo-

cytes or freshly isolated platelets from healthy subjects were stimulated

with IFN-g at various concentrations or infected directly with dengue

virus (MOI 10, day 3). IFITM expression was measured as above and

ICC detected dengue virus in CD34-derived megakaryocytes. While

we examined all three IFITM gene products, we focused on detailed

characterization of IFITM-3, which has the greatest anti-viral effects.

Results: Platelet IFITM-3 mRNA is present basally in healthy subjects

and increases markedly (~100-fold higher, P > 0.0001) during acute

influenza and dengue infection. IFITM-3 protein in infected patients is

significantly upregulated (> 20-fold higher, P > 0.0001) and correlates

with IFITM-3mRNA levels (r2 = 0.33, P > 0.05). Plasma IFN-g levels

(which induces IFITMs) were higher in infected patients compared to

healthy controls (10.6 vs. 1.5 pg/mL, P > 0.05). Influenza vaccination

upregulated platelet IFITM protein expression (threefold increase,

P > 0.05), although to a lesser degree than in infected patients. Plasma

levels of IL-6 and IL-8 did not increase following vaccination, suggest-

ing that vaccination did not induce a sustained systemic inflammatory

response. In CD34-derived megakaryocytes, infection with dengue

virus or, in separate experiments, stimulation with IFN-g, upregulated

IFITM-3 mRNA and protein expression. IFN-g did not increase

IFITM-3 in isolated human platelets. Other IFITM family members

showed similar patterns of regulation although the magnitude of

responses varied.

Summary/Conclusions: These findings provide novel biological evi-

dence that platelets undergo dynamic changes in their molecular signa-

ture during acute viral syndromes. Specifically, IFITM proteins are

markedly upregulated in platelets from infected patients and in healthy

human subjects following vaccination with inactivated influenza virus.

As pro-inflammatory cytokines did not increase following administra-

tion of the TIV, these findings suggest that increased platelet IFITM

expression is not merely due to systemic inflammatory responses.

Rather, megakaryocytes appear to receive signals that alter IFITM

expression in response to immune stimulation in the absence of acute

infection. We postulate that platelet IFITM induction may occur in a

signal-dependent mechanism mediated through megakaryocytes, per-

haps during interactions with viruses or viral particles in the lung or

via systemic inflammatory pathways.

OC 46.4
Thrombin-mediated fibrin generation supports innate
defense against pulmonary plague in mice
Gruber A1, Luo D2, Lin JS2, Parent MA2, Kanevsky IM2, Szaba

FM2, Tucker I3, Mackman N4, Gailani D5 and Smiley ST2

1Oregon Health and Science University, Portland, OR; 2Trudeau

Institute, Saranac Lake, NY; 3Aronora, Inc., Portland, OR;
4University of North Carolina, Chapel Hill, NC; 5Vanderbilt

University, Nashville, TN, USA

Background: The gram-negative bacterium Yersinia pestis causes pla-

gue, a highly contagious, rapidly progressing, and often fatal disease.

Immunization of mice with the Y. pestis-derived peptide YopE69-77

improves their survival. The Y. pestis Pla protein promotes fibrinolysis

by activating host plasminogen while inactivating alpha-2-antiplasmin,

plasminogen activator inhibitor 1 (PAI-1) and thrombin-activatable

fibrinolysis inhibitor (TAFI). Pla mutant Y. pestis has reduced viru-

lence, suggesting a protective role of fibrin during experimental pla-

gue.

Aims: We evaluated functional roles for thrombin-mediated fibrin for-

mation in an established mouse model of pulmonary plague.

Methods: Wild type D27 and attenuated D27-pLpxL Y. pestis strains

were used in controlled pulmonary infection studies in mice. The

Y. pestis strain D27-pLpxL has reduced virulence compared to D27,

allowing for survival studies and opportunity to explore mechanisms

of pathogenesis. Infected mice were monitored daily and euthanized

when they became unresponsive or recumbent. The number of viable

bacteria in lung, spleen, and liver were measured by homogenizing tis-

sues in saline, plating serial dilutions on BHI agar, and counting CFU

after 2 days. Wild type (WT) C57BL/6, warfarin-treated or untreated,

YopE69-77-immunized, and transgenic mice with deficiencies in fibrino-

gen, tissue factor (TF), PAI-1, TAFI, or factor XI (FXI) were used in

the experiments.

Results: All fibrinogen-deficient mice succumbed to D27 sepsis signifi-

cantly faster than littermate control fibrinogen-heterozygous mice

(P > 0.0001). The bacterial burden measured at day 4 after challenge

revealed an increase in numbers of bacteria in the lung and liver tissues

of fibrinogen-deficient mice. All WT and FXI deficient mice survived

D27-pLpxL infection. In contrast, about half of the warfarin treated

mice, and most (> 90%) of the fibrinogen deficient mice and mice with

very low levels of TF, died of sepsis following pulmonary D27-pLpxL

infection (P = 0.007). Interestingly, immunization against plague with

YopE69-77 further enhanced the mortality of D27 infection during war-

farin-treatment, in the low TF mice, and in the PAI1 and TAFI knock-

out mice. These observations suggest that infection by bacteria that

cause plague induces a TF-pathway-dependent thrombin generation

response that leads to formation of protective fibrin. Further, this

fibrin appears to be an integral part of and critical to the host’s innate

and T-cell mediated immunity against invasion by Y. pestis. The

approaches used herein to prevent fibrin formation support the

hypothesis that fibrin provides an innate defense system against

Y. pestis infection. TF-initiated and other coagulation-dependent

defense systems may serve as natural countermeasures of mammalian

organisms to fight off certain infections by bacteria that target the

coagulation system for virulence.

Conclusions: Antithrombotic therapies that inhibit blood coagulation

cascade components downstream of FXI and the contact activation

complex may worsen sepsis outcomes by inadvertently increasing the

virulence of pathogens that invade the host by targeting fibrin. This

could help explain, in part, why several antithrombotic treatments,

from heparin to activated protein C, have failed to improve the out-

come of sepsis in large clinical studies. Our studies suggest that if anti-

thrombotic treatments are needed during undefined sepsis, using

modalities that do not interfere with natural TF-dependent hemostatic

and antibacterial fibrin generation would be safer.
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OC 47 – Inherited Risk Factors for
Venous Thrombosis – II

OC 47.1
A sensitized whole genome ENU mutagenesis screen
identifies an Arp2 missense mutation as a novel
suppressor of lethal thrombosis in the factor V Leiden
mouse
Westrick RJ1, Zhu G1, Tomberg K1, Siemieniak DR2, Haynes SA1,

Xu J1, Li JZ1 and Ginsburg D2

1University of Michigan; 2Howard Hughes Medical Institute, Ann

Arbor, MI, USA

Background: Factor V Leiden (FVL) is the most common known VTE

risk factor, but has only 10% penetrance. This is governed largely by

genetic factors called modifier genes that alter VTE disease develop-

ment. Identification of these genetic factors could provide novel

insights into the development and management of VTE.

Aims: A sensitized dominant whole genome ENU mutagenesis

approach in a perinatal lethal mouse model of homozygous FVL

(FVQ/Q), tissue factor pathway inhibitor deficiency (Tfpi+/�) was

used to identify FVL modifier genes.

Methods: The ENU screen consisted of crossing ENU-treated male

FVQ/Q mice with FVQ/+ Tfpi+/� females. Surviving G1 offspring

were analyzed to identify survivors with the lethal FVQ/Q Tfpi+/�
genotype. Whole exome capture and sequencing was performed using

the Agilent SureSelect mouse whole exome capture kit and Illumina

HiSeq sequencing. Sequence data were analyzed bioinformatically

using SAM tools and GATK. Complete blood counts were performed

using an Advia 2120.

Results: Analysis of 7128 G1 offspring (~2X genome coverage) identi-

fied 98 FVQ/Q Tfpi+/� mice that survived to weaning. Fourteen

FVQ/Q Tfpi+/� G1 mice exhibited transmission of a putative suppres-

sor mutation to two or more FVQ/Q Tfpi+/� G2 offspring. Exome

sequencing and variant analysis on a progeny tested member of eight

of the 14 lines resulted in 100-fold sequence coverage and revealed a

small number of high confidence novel heterozygous (dominant) single

nucleotide variants (SNVs) in each sample. Sanger re-sequencing of all

11 SNVs in a cohort of mice from line 1 confirmed that a G to C muta-

tion (chromosome 11 base 19,977,300) in the Actr2 gene is the domi-

nant FVL modifier in this line. FVQ/Q Tfpi+/� mice carrying this

mutation had significantly enhanced lifespan (Kaplan-Meier, N = 31

P > 0.0001). This mutation resulted in an R286G substitution in a

highly conserved amino acid in the Arp2 protein, part of the Arp2/3

complex. Arp2/3 regulates cell shape by controlling intracellular actin

branching and polymerization. Analysis of 63 progeny from an Arp2

R/G x Arp2 R/G cross revealed only three live Arp2 G/G mice

(P > 0.001), suggesting that R286G is a loss of function mutation and

that significant lethality is associated with the homozygous genotype.

Complete blood counts (Advia 2120) performed on 36 Actr2 heterozy-

gous and 22 wildtype littermates revealed no significant differences in

platelet count, red and white blood cell counts, hematocrit or hemo-

globin. However, measurements of mean platelet dry mass were signifi-

cantly altered in Actr2 heterozygous mutant mice (1.25 vs. 1.30 for

wildtype, P > 0.005).

Summary/Conclusions: Partial deficiency of Arp2 appears to alter

platelet structure/function, resulting in a shift in hemostatic balance

which restores survival to the otherwise lethal FVQ/Q Tfpi+/� pheno-

type. These results suggest that variation in Arp2 or related genes

could modify FVL dependent VTE risk in humans and may also func-

tion as independent VTE risk factors. These genes also represent novel

therapeutic targets for thrombotic disease.

OC 47.2
Genetic variants in cell adhesion molecule 1 (CADM1):
a validation study of a novel endothelial cell venous
thrombosis risk factor
De Haan HG1, Bezemer ID1, Van Hylckama Vlieg A1, Vossen

CY1, B€ohringer S1, Hasstedt SJ2, Levy S3, Rosendaal FR1

and Bovill EG4

1Leiden University Medical Center, Leiden, the Netherlands;
2University of Utah, Salt Lake City, UT; 3Scripps Translational

Science Institute, San Diego, CA; 4University of Vermont,

Burlington, VT, USA

Introduction: In a large family with protein C deficiency we recently

identified a candidate gene, CADM1, which apparently interacted with

protein C deficiency in increasing the risk of venous thrombosis.

Aim: The aim of this study was to determine whether CADM1 gene

variants also interact with prothrombotic protein C pathway abnor-

malities in increasing the risk of venous thrombosis outside this single

protein C deficient family.

Methods: We genotyped over 300 CADM1 gene variants in the popu-

lation-based MEGA case-control study (consent and ethical approval

obtained). For this analysis, we included only individuals of North-

and West-European origin. We compared venous thrombosis risks

between cases with low protein C activity (n = 194), low protein S lev-

els (n = 23), high factor VIII levels (n = 165) or factor V Leiden carrier

(n = 580), and all 4004 controls. Low protein C activity was defined by

taking the lower limit of normal protein C activity (67% of normal in

our laboratory) as cut-off point. Similarly, for low protein S levels, we

used the lower limit of normal protein S antigen levels (67% of normal

in our laboratory) as a cut-off point. When individuals were on oral

anticoagulant therapy at time of blood draw, we calculated the

expected protein C activity relative to factor VII activity and the

expected protein S levels relative to factor II activity by linear regres-

sion. The observed levels were classified as ‘low’ when the observed/

expected ratio was below the geometric mean minus 2 standard devia-

tions as calculated among control subjects. High factor VIII levels

were defined as factor VIII activity higher than the geometric mean

plus two standard deviations among controls. Positive associations

were repeated in all 3496 cases and 4004 controls.

Results: We found 21 CADM1 variants which were associated with

venous thrombosis in one of the protein C pathway risk groups. After

mutual adjustment, six CADM1 variants remained associated with

venous thrombosis. The strongest evidence was found for rs220842

and rs11215504. For rs220842, the odds ratio for venous thrombosis

was 3.1 (95% CI 1.1–8.1) for cases with high factor VIII levels com-

pared to controls. In addition, this variant was associated with an

increased risk of venous thrombosis in the overall study population

with an odds ratio of 1.5 (95% CI 1.0–2.2). For rs11215504, the odds

ratio for venous thrombosis was 1.8 (95% CI 1.2–2.7) among individu-

als with high factor VIII levels. In the overall study population the

odds ratio for rs11215504 was 1.1 (95% CI 1.0–1.3).
Conclusions: In a population-based association study, we confirm a

role for CADM1 variants in increasing the risk of venous thrombosis

by interaction with protein C pathway abnormalities.

OC 47.3
Exacerbated venous thromboembolism in mice with
the protein S Tokushima mutation
Banno F, Kita T, Yanamoto H, Tashima Y, Kokame K and Miyata T

National Cerebral and Cardiovascular Center, Suita, Japan

Background: Protein S (PS) is a regulator of blood coagulation that

acts as a cofactor for activated protein C (APC). Homozygous PS defi-

ciency in humans causes life-threatening purpura fulminans at birth

and PS-null mice show embryonic lethality. Heterozygous PS defi-
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ciency is milder but firmly associated with an increased risk of throm-

bosis in both humans and mice. The K196E mutation in PS, also

known as PS Tokushima, causes decreased APC cofactor activity in vi-

tro and is a common genetic risk factor for deep vein thrombosis in

Japanese (odds ratio = 4.7–5.6). Approximately 2% of the general

Japanese population is estimated to carry the mutant E-allele, whereas

the mutation is not observed in Caucasian populations. We have

recently generated PS-K196E knock-in mice for investigating effects of

the PS-K196E mutation in vivo.

Aims: In this study, we analyzed thrombotic state of PS-K196E mice

while comparing with mice carrying the factor V Leiden (FV-R504Q)

mutation, the common genetic risk for thrombosis in Caucasian.

Methods and Results: A deep vein thrombosis model of electrolytic

inferior vena cava injury was applied in wild-type, heterozygous PS-

K196E (PS+/E), homozygous PS-K196E (PSE/E) and homozygous FV-

R504Q (FVQ/Q) mice with a direct current of 200 lA for 10 min. At

48 h after the injury, PSE/E mice as well as FVQ/Q mice showed

increased thrombus weight accompanied by a decrease in peripheral

platelets as compared to wild-type mice. Peripheral platelet counts

after the injury were also lower in PS+/E mice than in wild-type mice.

Following the induction of pulmonary embolism by intravenous infu-

sion of tissue factor or long-chain polyphosphate (a natural activator

of the contact pathway of coagulation), PS+/E, PSE/E and FVQ/Q mice

showed increased degree of vascular occlusion in lungs and decreased

survival compared with wild-type mice. These results support a direct

causal relationship between the PS-K196E mutation and increased sus-

ceptibility to venous thrombosis in Japanese. To examine effects of the

mutation on arterial ischemic diseases, temporary focal cerebral ische-

mia was applied in mice by cauterization of a middle cerebral artery

with transient occlusion of bilateral common carotid arteries. FVQ/Q

mice showed larger infarct volumes 24 h after the ischemia-reperfusion

and lower 7-day survival than wild-type mice. In contrast, infarct vol-

umes in PS+/E and PSE/E mice were comparable to those in wild-type

mice, suggesting that the PS-K196E mutation does not cause aggrava-

tion of ischemic stroke. Consistent with these findings, the FV Leiden

mutation has been reported as a risk factor for ischemic stroke in chil-

dren and young adults, whereas there are no epidemiological data to

suggest significant association between the PS-K196E mutation and

stroke.

Conclusions: The PS-K196E mice represent an in vivo evaluation sys-

tem to help uncovering ethnic differences in pathophysiological fea-

tures and drug responsiveness for thrombosis.

OC 47.4
Functional analysis of the thrombomodulin gene
c.1418C>T polymorphism. Its association with venous
thrombosis
Bonet E1, Medina P1, Martos L1, Mart�ınez-Sales V1, Corral J2,

Gurrea M1, Aniorte S1, Bertina RM3, Espa~na F1 and Navarro S1

1Hospital Universitario y Polit�ecnico La Fe, Valencia;
2Universidad de Murcia, Murcia, Spain; 3Leiden University

Medical Centre, Leiden, the Netherlands

Background: Thrombomodulin (TM) is an endothelial cell membrane

protein that acts as a cofactor for thrombin in the activation of protein

C (PC). A common SNP in the coding region of the thrombomodulin

gen (THBD), c.1418C>T (rs1042579), which results in the replacement

of Ala455 by Val, has been described. This dimorphism is located in

the TM region responsible for thrombin binding and PC activation,

suggesting a potential role in the modulation of TM function. How-

ever, its association with venous and arterial thrombosis is not consis-

tent.

Aims: To investigate the association of this polymorphism with VTE.

Methods: We genotyped this polymorphism and measured, with spe-

cific ELISAs, soluble (s) TM and circulating activated PC (APC) levels

in 1276 VTE patients and 1262 control subjects, genotyped human

umbilical vein endothelial cells (HUVEC) from 100 umbilical cords,

and quantified TM levels in HUVEC-conditioned media (CM) and cell

lysates. We also analyzed the relation between this polymorphism and

THBD mRNA and TM protein expression. Informed consent was

obtained from all subjects of the study and it was approved by the

medical ethics committee of our Institution.

Results: The presence of the 1418T allele was associated with a reduced

VTE risk in the subgroup of subjects with > 45 years of age

(OR = 0.58; 0.47–0.72) but not in those ≥ 45 years of age, and there

was an inverse correlation between sTM and the number of 1418T

alleles (P > 0.001). In both patients and controls, there was a trend to

a positive correlation between APC levels and the number of the

1418T alleles, while a significant inverse correlation was observed

between APC and sTM levels among controls (r = �0.161,

P = 0.001). The sTM level in HUVEC-CM significantly decreased

(P > 0.001), but the TM level in HUVEC lysates increased (P > 0.001)

when the number of 1418T alleles increased. Western blot analysis of

HUVEC lysates confirmed the results obtained with the TM ELISA.

Finally, the expression of THBD in HUVEC was not significantly

affected by the rs1042579 genotype.

Conclusions: These results show that the presence of the THBD 1418T

allele is associated with a decrease in sTM, both in plasma and in HU-

VEC-CM, and with an increase in the amount of membrane-bound

TM in HUVEC, which could explain the reduced risk of VTE in those

individuals carrying this allele. As there were no significant differences

in THBD mRNA levels according to the c.1418C>T polymorphism in

HUVEC, together these results suggest that the membrane-bound TM

455Val variant (1418T allele) might be more stable and less prone to

shedding. sTM represents cleaved forms of membrane-bound TM with

loss of part of the serine-threonine rich region, the transmembrane

domain, and the cytoplasmic tail. The 455Val residue is located not far

from the presumed cleavage site and may induce a protection from

TM cleavage by proteases. The protective effect of the 1418T allele

against VTE was only manifested in younger people, which may

explain the differences with previous studies where older people were

analyzed.

OC 48 – Inhibitors in Haemophilia A
– II

OC 48.1
Prediction of the extent and duration of desmopressin
response in moderate and mild hemophilia A
Stoof CM1, De Maat PM1, Cnossen MH2, Leebeek FWG1 and

Kruip JHA1

1Erasmus University Medical Center; 2Sophia Children’s Hospital,

Rotterdam, the Netherlands

Background: Desmopressin (1-deamino-8D-arginine vasopressin) is

used in patients with hemophilia A and von Willebrand disease to

improve hemostasis. Inter-individual variation in desmopressin

response necessitates testing in individuals prior to treatment. To date,

several modifiers of this response have been identified, such as FVIII:C

baseline level, age and type of F8 gene mutation. As Area Under the

Curve (AUC) is used to evaluate bioavailability and clearance of

drugs, it may also be a valuable tool to evaluate FVIII:C response

after desmopressin. This, as AUC not only expresses maximum FVIII:

C levels, but also duration of the effect.

Aim: To investigate if AUC is an adequate tool to measure the maxi-

mum effect and the duration of desmopressin response in patients with

hemophilia A.

Methods:Mild and moderate hemophilia A patients in whom a desmo-

pressin test was performed (intravenously with 0.3 lg/kg; intranasally
with 300 lg) at our Hemophilia Treatment Center were included.

Patients with an inhibitor against FVIII at desmopressin use were

excluded. We collected FVIII:C and VWF:Ag levels before and at 1, 3

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

190 ABSTRACTS



and 6 h after desmopressin administration. Patient characteristics

included: age, blood type, body weight (adjusted in obese patients), F8

gene mutation and familial desmopressin response. We calculated the

AUC of FVIII:C between baseline and at 6 h post-infusion as a mea-

sure of desmopressin response (AUC0-6). Univariate and multivariate

regression analyses were performed to identify predictors of desmo-

pressin response as depicted by the AUC0-6. The beta-coefficient (b)
displays the increase of the outcome per unit increase in predictor in

these analyses. The study was not subject to the Medical Research

Involving Human Subjects Act and was approved by the Medical Eth-

ics Committee.

Results: In total, 115 patients were included; 106 received desmopres-

sin intravenously, nine intranasally. Five had moderate and 110 mild

hemophilia A. Median age at administration was 29 years (IQR 18–
43). Median FVIII:C baseline level was 0.17 IU/mL (IQR 0.09–0.27),
median FVIII:C peak level 0.64 IU/mL (IQR 0.46–1.03) and after 6 h

0.41 IU/mL (IQR 0.27–0.61). Median AUC0-6 was 2.99 IU/mL/h

(IQR 1.99–4.52). FVIII:C baseline level was significantly associated

with AUC0-6 (b = 2.68 IU/mL/h [95%CI 1.49; 3.87], P > 0.001) as

was FVIII:C peak level (b = 3.20 IU/mL/h [95%CI 2.87; 3.54],

P > 0.001). Age (continuous and > 18 > ), body weight, blood type

and VWF:Ag were not associated with AUC0-6. The most frequently

occurring F8 gene mutations were studied separately; Amino acid

change Asn637Ser (n = 9) was positively associated with AUC0-6

(b = 0.45 IU/mL/h [95%CI 0.10; 0.85], P = 0.014). Arg2169His

(n = 19), Pro149Arg (n = 5), Arg612Cys (n = 13) were not associated

with AUC0-6. No association was found with familial response, possi-

bly due to small sample size. Patients with > 0.50 IU/mL FVIII:C at

peak level and after 6 h, had an AUC0-6 ≥ 4 IU/mL/h. Patients with

> 0.50 IU/mL FVIII:C at peak level and > 0.30 IU/mL after 6 h, had

an AUC0-6 ≥ 3 IU/mL/h.

Summary/Conclusion: AUC is mainly determined by FVIII:C baseline

and peak level. The AUC also distinguishes between patients with and

patients without a clinically relevant maximum and duration of des-

mopressin response. Currently, we are constructing a model to predict

the AUC based on these factors to apply in daily clinical practice.

OC 48.2
FVIII-targeting specific regulatory T-cell therapy: a
novel translational approach for tolerance in
Hemophilia A patients
Kim YC1, Zhang A1, Rossi RJ1, Adair P1, Yoon JH2, Ettinger RA3,

Pratt KP3 and Scott DW1

1Uniformed Services University of the Health Sciences, Bethesda;
2National Institute of Allergy and Infectionus Diseases, Rockville,

MD, USA; 3Puget Sound Blood Center Research Institute, Seattle,

WA, USA

Background: Foxp3+ regulatory T cells (Tregs) have been recognized

as an important T subset, responsible for self-tolerance and homeosta-

sis of our immune system. Clinical applications using Treg’s are now

considered as the next-generation cellular therapy in a variety of unde-

sirable immune disorders such as type 1 diabetes, GVHD, and trans-

plantation, and potentially as a treatment for hemophilia inhibitors.

However, expanded polyclonal Tregs are generally non-specific immu-

nosuppressive therapies. Specific Tregs are clearly desirable.

Aim and Hypothesis: To produce specific human Tregs, we hypothe-

sized that we could render expanded Tregs specific using T-cell recep-

tors (TCR) cloned from hemophilia A patient’s effector CD4 clones;

these T cells should recognize defined HLA-restricted factor VIII

(FVIII) epitopes.

Methods: FVIII-reactive T cell clones were generated from patient’s

PBMCs by tetramer isolation, and FVIII-reactive mouse T hybrido-

mas also have been produced by standard fusion with immunized

mouse spleens. From the patient’s clones, nucleotide and amino acid

sequences were identified to design FVIII-specific TCR construction

and retroviral constructs developed for transduction into expanded

polyclonal human T effector (Teff) and Treg populations.

Results: Upon retroviral transduction, we show tetramer binding and

reactivity to the FVIII epitope by transduced human T cells; func-

tional assays demonstrate peptide-specific expansion of transduced

human Teff cells. Importantly, polyclonal human T cells expanded

under Treg conditions and then transduced with patient’s TCR

showed up-regulation of FoxP3 and GARP upon recognition of FVIII

peptide and MHC class II.

Summary: We demonstrate that specific Tregs can be generated by

expression of TCR from a hemophilia patient’s T cells. Potential appli-

cation of ‘FVIII- specific’ Tregs in HLA-transgenic humanized mice

will be an important step toward future clinical application. (Sup-

ported by NIH grant RO1 HL061883-15 to DWS and unrestricted

research funding from Bayer, Pfizer and CSL Behring to KPP).

OC 48.3
Diagnosis and management challenges in patients
with mild hemophilia A and discrepant FVIII
measurements
Dargaud Y1, Trossa€ert M2, Lienhart A3, Nougier C3, Fretigny M3

and Negrier C1

1University of Lyon, Lyon; 2CHU de Nantes, Nantes; 3CHU de

Lyon, Lyon, France

Background: Patients with mild hemophilia A (MHA) have FVIII:C

levels of 5–40 IU/dL and usually exhibit fewer bleeding episodes than

those with the severe or moderate forms of the disease. 30% of

patients with MHA present markedly different FVIII:C level when

assayed by one-stage clotting and two-stage chromogenic assays. It is

therefore a real clinical challenge to predict the individual bleeding risk

of these patients.

Aim: The aim of the present study was to correlate bleeding tendency

of these patients with the results of a panel of phenotypic and geno-

typic tools.

Methods: Fifty five patients with MHA were included in this multicen-

ter prospective clinical study. The severity of bleeding symptoms was

evaluated using the ISTH/SSC score developed by Rodeghiero et al.

FVIII:C levels were measured using an aPTT based one-stage FVIII

assay (FVIII:C1) and three commercial chromogenic kits (FVIII:C2).

FVIII antigen levels and FVIII gene mutation analysis were also per-

formed in all patients. Thrombin generating capacity was determined

using a low tissue factor concentration of 1pM in 28 patients.

Among 55 patients, nine had a history of spontaneous hemarthroses,

which is a very unusual symptom and discrepant clinical presentation

of MHA. Twenty three patients were denoted discrepant because the

difference between FVIII:C1 and C2 modified the diagnosis of MHA

i.e. results above 40 IU/dL or below 5 IU/dL. Finally, 24 patients

were also denoted discrepant and studied because there was a twofold

lower or greater difference between FVIII:C1 and C2 i.e. ratio of ≥ 2.0

and ≤ 0.5.

Results: Our results showed that a one-stage FVIII: C assay cannot

rule out the diagnosis of MHA, a combined use of FVIII:C1 with a

FVIII:C2 is suitable for detecting MHA. We observed a better correla-

tion between clinical bleeding tendency and FVIII:C2 results com-

pared to FVIII:C1. Thus, in patients with a history of spontaneous

hemarthroses, FVIII:C2 results were three times lower than FVIII:C1.

Patients with a bleeding score > 2, considered as non-bleeders had a

thrombin generating capacity > 50% of normal and significantly

higher (ETP = 723 � 147 nM.min; peak IIa 65 � 23 nM) than those

with a score > 4, severe bleeders (ETP = 439 � 142 nM.min; peak

IIa35 � 16 nM) (P = 0.0002 and 0.004 respectively). Twelve patients

had at least one FVIII:C > 40 IU/dL; in most of them FVIII:C2 was

higher than FVIII:C1 and 10 of them had a low bleeding tendency

with a score > 2. Ten patients had at least one FVIII:C > 5 IU/d; nine

of them had a FVIII:C2 lower than FVIII:C1 with a bleeding
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score > 4. In these patients thrombin generation was very low

(ETP = 392 � 126 nM.min; peak IIa28 � 14 nM). FVIII gene muta-

tion analysis showed mutations previously reported in MHA patients

with discrepant FVIII:C measurements, but with no predictive value

of the individual bleeding phenotype of patients.

Conclusion: Overall, we observed a correlation between chromogenic

FVIII:C results, thrombin generation assay and bleeding tendency of

patients with discrepant FVIII:C measurements, whilst FVIII:C1 was

not well correlated with clinical bleeding phenotype in this particular

population.

OC 48.4
Improvement of fibrin clot structure after FVIII
injection in hemophilia A patients treated on demand
Antovic A1, Mikovic D2, Zabczyk M1, He S1, Elezovic I3,

Hutenby K1 and Antovic JP1

1Karolinska Institutet, Stockholm, Sweden; 2Hemostasis

Department and Hemophilia Centre;Blood Transfusion Institute

of Serb; 3Clinic of Hematology, Clinical Centre of Serbia and

Faculty of Medicine, Universit, Belgrade, Serbia

Patients with hemophilia A have seriously impaired thrombin genera-

tion due to the inherited deficiency of FVIII and thereby form loose

and instable fibrin clots which are unable to maintain the hemostasis.

However, there are still limited data considering fibrin clot structure

and function in hemophilia patients.

Methods: Permeability of the fibrin network, assessed by the flow mea-

surement technique, was investigated in plasma samples from 20

patients with severe hemophilia A treated on demand. Blood samples

from the patients were taken before and 30 min after FVIII injection.

The results were correlated with fibrinogen concentration, FVIII con-

centrations, thrombin activatable fibrinolysis inhibitor (TAFI) and the

results of global hemostatic assays: endogenous thrombin potential

(ETP) and overall hemostatic potential (OHP). The fibrin structure

was visualized using scanning electron microscopy (SEM).

Results: Permeability coefficient Ks decreased significantly after FVIII

treatment (20.2 � 5.1 to 9.7 � 3.4 respectively, P > 0.0001). Ks corre-

lated significantly with the levels of investigated parameters (Pearson′s
test was used -R values and only results with P values > 0.05 are pre-

sented): fibrinogen (�0.43), FVIII dose (�0.54), OHP (�0.81), OCP

(�0.83), OFP (0.63), ETP (�0.73), TAFI/TAFIi (�0.35) and FVIII

level (�0.72). SEM images revealed irregular porous fibrin clots com-

posed of thicker and shorter fibers in plasma from patients before

treatment with FVIII. The clots were recovered after FVIII replace-

ment almost to the level of fibrin structure in a control sample, reveling

compact fibrin with smaller intrinsic pores, composed of thinner fibers

with increased branch-points which create resistance to fibrinolysis.

Conclusion: To the best of our knowledge, this is the first description

of fibrin clot porosity and structure before and after the treatment of

well selected hemophilia patients treated on demand. Fibrin clot struc-

ture was seriously impaired in patients with hemophilia while on

demand treatment with FVIII normalized fibrin clot permeability and

improved the fibrin clot structure. It seems that thrombin generation is

the main determinant of fibrin structure in hemophilic plasma.

OC 49 – Prothrombin

OC 49.1
Crystal structure of the prothrombinase complex from
the venom of Pseudonaja textilis
Murray-Rust TA1, Lechtenberg BC2, Adams TE1, Johnson DJ1,

Camire RM3, Krishnaswamy S3 and Huntington JA1

1University of Cambridge, Cambridge, UK; 2Sanford-Burnham

Medical Research Institute, San Diego, CA; 3University of

Pennsylvania, Philadelphia, PA, USA

Background: Formation of thrombin from prothrombin is catalysed

by the prothrombinase complex, which comprises factor Xa (fXa), its

cofactor, factor Va (fVa), calcium ions and negatively-charged phos-

pholipid surfaces, such as those found on activated platelets. This reac-

tion is the central process of blood coagulation and is of great medical

relevance; insufficient thrombin generation results in bleeding, includ-

ing haemophilia, whereas excessive thrombin generation causes throm-

bosis. A detailed structural and mechanistic understanding of the

prothrombinase complex is of great interest within the field.

Interestingly, the Australian eastern brown snake (Pseudonaja textilis)

has evolved a ‘weaponised’ prothrombinase for use in self-defense and

hunting prey. In addition to the regulated plasma prothrombinase

responsible for maintaining normal hemostasis within the blood of the

snake, gene duplication and a few mutations have resulted in a venom

form of prothrombinase (traditionally known as Pseutarin C). This

complex has evolved away four of the main regulatory mechanisms

known to control the activity of human prothrombinase, including a

drastic reduction in the size of the inhibitory B domain of fV (approx.

100 residues compared to > 800 in human), the ability to form a high-

affinity complex in the absence of membranes, and resistance to inhibi-

tion by APC and antithrombin. Envenomation thus leads to unregu-

lated thrombin formation and ultimately death by disseminated

intravascular coagulation.

Aims: In this work we sought to determine the crystal structure of the

prothrombinase complex from the venom of Pseudonaja textilis, in

order to understand the molecular basis of thrombin generation.

Methods: We produced recombinant P. textilis fV (full-length, with

the R742Q and R788Q mutations) in BHK cells, and recombinant

P. textilis fX (truncated, comprising the EGF2-catalytic domains) in

E. coli. The proteins formed a high-affinity complex, which was puri-

fied by size exclusion chromatography and crystallised. X-ray diffrac-

tion data were collected at a synchrotron, and the crystal structure was

solved by molecular replacement.

Results: Our structure reveals the specific binding interface of fV and

fX, and allow us to understand how the snake has evolved both fX

and fV in order to weaponise them for use in the venom. It has also

allowed us to construct a high-quality model of full-length prothrom-

binase, which reveals the likely mode of prothrombin binding and con-

sequently explains why the presence of fVa mediates specific,

sequential cleavage of prothrombin.

Summary/Conclusion:We present here the first structure of a vertebrate

prothrombinase complex, which is likely to represent how mammalian

complexes assemble and function. Knowledge of this has far-reaching

implications for diseases relating to incorrect spatiotemporal regulation

of thrombin generation, such as haemophilia and thrombophilia.

OC 49.2
NMR and crystallographic studies demonstrate that
GpIba interacts exclusively with thrombin’s exosite II
Huntington JA1, Lechtenberg BC1 and Freund SMV2

1University of Cambridge; 2MRC-LMB, Cambridge, UK

Activation of platelets by the serine protease thrombin is one of the

critical events in haemostasis. This process is initiated by cleavage of

the protease-activated receptor (PAR) 1 and is accelerated in the pres-
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ence of the cofactor glycoprotein Iba (GpIba). The N-terminal extra-

cellular domain of GpIba contains an acidic stretch that has been iden-

tified as the main thrombin binding site. Thrombin’s two anion

binding exosites have been implicated in GpIba binding, but it remains

unclear which of the two, or even if both participate. Determining

which thrombin exosite mediates the interaction with GpIba is critical

for the function of thrombin in platelet activation. Depending on the

binding mode, thrombin could act as a platelet adhesion molecule or

receptor dimerization trigger, or GpIba could act as a cofactor for

PAR-1 activation by thrombin. To determine how thrombin binds to

GpIba, we employed the methods of X-ray crystallography, solution

NMR spectroscopy and biophysical binding studies. Our results con-

clusively demonstrate that GpIba binds exclusively to thrombin’s exo-

site II, thereby recruiting thrombin activity to the platelet surface and

leaving exosite I available for PAR-1 recognition and enhanced plate-

let activation.

OC 49.3
Elevated prothrombin promotes venous, but not
arterial, thrombosis in mice: implications for
investigating vascular bed-specific mechanisms in
humans
Aleman M1, Walton BL1, Byrnes JR1, Wang J-G1, Heisler MJ1,

Machlus KR1, Cooley BC2 and Wolberg AS1

1University of North Carolina at Chapel Hill, Chapel Hill, NC;
2Medical College of Wisconsin, Milwaukee, WI, USA

Background: Individuals with elevated prothrombin levels, including

those with the G20210A mutation in the prothrombin 3’-untranslated

region, have increased venous thrombosis risk. However, the risk of

arterial thrombosis is less clear with some clinical studies showing a

modest correlation and others not. Although these hyperprothrombi-

nemic individuals do not have increased circulating prothrombotic bi-

omarkers at baseline, their plasma demonstrates increased tissue

factor-dependent thrombin generation in vitro.

Aims: We investigated the pathologic role of elevated prothrombin in

in vivo models of venous and arterial thrombosis and distinguished

mechanisms differentiating thrombogenesis in these vessels.

Methods: Human prothrombin was infused into mice to raise circulat-

ing levels to that associated with increased thrombosis risk in humans.

Venous thrombosis was induced by inferior vena cava ligation or elec-

trolytic stimulus to the femoral vein. Arterial thrombosis was induced

by ferric chloride application or electrolytic stimulus to the carotid

artery. Procoagulant activity was assessed by circulating thrombin-

antithrombin complexes and calibrated automated thrombography.

The kinetics of platelet and fibrin accumulation during thrombus for-

mation was followed in real-time by intravital fluorescence microscopy

and time to vessel occlusion. Thrombus composition was assessed by

thrombus weight and erythrocyte and fibrin content.

Results: Elevated prothrombin did not cause spontaneous thrombosis

or increase baseline prothrombotic markers in unchallenged mice, but

significantly increased thrombin generation during tissue factor-trig-

gered coagulation ex vivo. Elevated prothrombin also significantly

increased thrombin generation following venous injury in vivo (2.3-

fold, P > 0.009). Arterial injury models showed faster platelet accumu-

lation than venous models (3.2-fold, P > 0.002). Elevated prothrom-

bin did not accelerate platelet accumulation following either arterial or

venous injury. Elevated prothrombin also did not increase the rate of

fibrin accumulation or shorten the time to occlusion following arterial

injury. However, compared to control mice, elevated prothrombin

increased the rate of fibrin accumulation (2.3-fold, P > 0.02) following

venous injury, producing extended thrombi with significantly increased

mass (31.3 � 6.6 vs. 20.7 � 6.4 mg, mean � SD, P = 0.01).

Conclusions: These findings reconcile previously discordant studies

regarding thrombin generation in hyperprothrombinemic individuals

measured ex vivo and in vitro, and are the first to show that elevated

prothrombin promotes venous thrombosis in vivo.

OC 49.4
Prothrombin activation intermediates bind
thrombomodulin demonstrating sequential
capacitation of exosite 1
Yeh CH1, DeDominicis MD2, Kretz CA2, Fredenburgh JC3

and Weitz JI3

1Thrombosis and Atherosclerosis Research Institute and

McMaster University; 2McMaster University; 3Thrombosis and

Atherosclerosis Research institute, Hamilton, ON, Canada

Background and Aims: The interaction of thrombin with thrombomod-

ulin (TM) triggers anticoagulant and antifibrinolytic pathways.

Thrombin binds TM via exosite 1, highlighting the critical role of this

exosite in the regulation of hemostasis. Hirugen (hirudin 54–65) binds
exosite 1 on thrombin but not on prothrombin, suggesting that exosite

1 undergoes maturation upon prothrombin activation. Consistent with

this concept, prothrombin activation intermediates demonstrate pro-

gressive capacity to bind hirugen. However, we have shown that HD1,

an exosite 1-binding DNA aptamer, not only inhibits thrombin activ-

ity, but also attenuates prothrombin activation because it binds pro-

thrombin and thrombin with comparable affinity. To explore the

functional consequences of this differential maturation, we compared

the capacity of prothrombin intermediates to bind thrombomodulin

with those of prothrombin and thrombin.

Methods: After activating protein C (PC) with thrombin in the pres-

ence of a TM peptide consisting of epidermal growth factor domains

4–6 (TM456) and calcium, activated PC (APC) was quantified by

chromogenic assay in the presence of hirudin to inactivate thrombin.

APC generation was determined in the presence of increasing concen-

trations of prothrombin, prothrombin intermediates (prethrombin 1

and 2, and active site-blocked (FPR) meizothrombin and meizothrom-

bin desF1), FPR-thrombin, hirugen, and aptamer HD1.

Results: PC was activated by thrombin in a TM456-dependent fashion

with a Kd(app) of 16.5 � 9.1 nM. Activation was inhibited by hirugen

and HD1, thereby verifying the exosite 1-dependence of the reaction.

The affinities of prothrombin and prothrombin intermediates for

TM456 were determined based on their capacity to attenuate PC acti-

vation. FPR-thrombin inhibited TM456-dependent, but not TM456-

independent, PC activation with a Ki(app) of 45.9 � 24.9 nM. Pro-

thrombin at concentrations up to 2 lM failed to attenuate PC activa-

tion. In contrast, FPR-meizothrombin and FPR-meizothrombin

desF1 attenuated PC activation with Ki(app) values comparable to

that of FPR-thrombin (64.2 � 5.7 and 52.4 � 12.8 nM, respectively,

P > 0.05). Prethrombin 1 and 2 also attenuated PC activation with Ki

(app) values of 497.9 � 188.5 (P = 0.051) and 346.1 � 90.2 nM

(P > 0.025), respectively, demonstrating weaker affinity for TM456.

Summary:WhereasprothrombindoesnotbindTM456,activationcleav-

ageatArg320ofprothrombin is sufficient tocapacitateexosite1 forbind-

ing. The progressive maturation of exosite 1 for binding TM456 upon

prothrombin activation is similar to that for hirugen. Progressive matu-

rationof exosite 1 provides another regulatory switch thatmodulates the

dynamicbalancebetweenthrombin’s coagulantandanticoagulant roles.

OC 50 – Rare Bleeding Disorders – I

OC 50.1
Antisense-based RNA therapy of severe coagulation
factor V deficiency: in vitro and ex vivo rescue of a F5
deep-intronic splicing mutation
Nuzzo F1, RaduC2, BaralleM3, Spiezia L2, Simioni P2 andCastoldi E1

1Maastricht University, Maastricht, the Netherlands; 2Padua

University Medical School, Padua; 3International Centre for

Genetic Engineering and Biotechnology (ICGEB), Triest, Italy

Background: Antisense molecules are emerging as a promising tool to

correct splicing defects. This form of molecular therapy may be a
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valid alternative to fresh frozen plasma in the management of coagu-

lation factor V (FV) deficiency, for which no specific factor concen-

trate or recombinant preparation is available. Recently, we

investigated a patient with undetectable FV and multiple

life-threatening bleeding episodes. This patient was homozygous for a

deep-intronic splicing mutation (F5 IVS8+268A>G) which activates a

cryptic donor splice site and causes the inclusion of a pseudo-exon

with an in-frame stop codon in the mature F5 mRNA.

Aim: To design antisense molecules targeting the aberrant splice site

and to test their efficacy and safety in an in vitro minigene model and

ex vivo on patient-derived megakaryocytes.

Methods: COS-1 (kidney) and HepG2 (liver) cells transfected with a

F5 minigene construct containing the IVS8+268A>G mutation were

treated with an antisense morpholino oligonucleotide (MO, 1–5 lM)

or with a construct (0.25–2 lg/mL) expressing antisense U7 small

nuclear RNA (U7snRNA). After 48 h, mRNA was analysed by real-

time qPCR and gel electrophoresis. Ex vivo experiments were

approved by the Ethics Committee of Padua Academic Hospital and

conducted with the patient’s informed consent. Patient’s megakaryo-

cytes were obtained by ex vivo differentiation of circulating haemato-

poietic progenitors and FV expression was visualised by

immunofluorescence analysis. Cytotoxicity of the antisense molecules

and/or transfection agents was evaluated in vitro using xCELLigence

technology.

Results: Expression of the mutant F5 minigene in COS-1 and HepG2

cells produced aberrant mRNA and normal mRNA in the proportion

of ~10:1. Treatment with mutation-specific antisense MO and

U7snRNA dose-dependently increased the relative amount of cor-

rectly spliced mRNA up to ~30-fold and ~100-fold, respectively,

whereas control MO and U7snRNA with irrelevant sequences had no

effect. Patient’s megakaryocytes did not express FV, but became posi-

tive for FV after treatment with mutation-specific antisense MO or

U7snRNA. In vitro cytotoxicity assays showed that treatment with

antisense molecules adversely affects viability/proliferation of COS-1

cells but not of HepG2 cells. Cytotoxic effects were largely attributable

to the transfection agents used to deliver the antisense molecules to the

cells.

Conclusions: Our findings provide in vitro and ex vivo proof-of-princi-

ple for the efficacy of antisense-based RNA therapy in severe FV defi-

ciency. However, additional studies on the potential cytotoxic effects

of antisense molecules and/or transfection agents are needed to ensure

the safety of this form of molecular therapy.

OC 50.2
Delivery of a modified U1 small nuclear RNA alleviates
splicing-defective coagulation Factor VII expression in
mouse models
Balestra D1, Faella A2, Cavallari N1, Margaritis P2, Pagani F3,

Bernardi F1, Arruda VR2 and Pinotti M1

1University of Ferrara, Ferrara, Italy; 2The Children’s Hospital of

Philadelphia, Philadelphia, PA, USA; 3International Centre for

Genetic Engineering and Biotechnology, Trieste, Italy

Background: The small nuclear RNA U1 (U1snRNA), the component

of the spliceosomal U1snRNP,is an attractive therapeutic molecule

because of its ability to rescue mRNA splicing impaired by mutations.

However, the correction efficacy has been proven only in cellular mod-

els. Coagulation factor deficiencies represents ideal models to test the

U1snRNA-based strategy since even modest increase of functional

protein levels would ameliorate the patients’ clinical phenotype. We

previously demonstrated in cellular models that the modified

U1snRNA U1+5a restores mRNA splicing and coagulant function of

coagulation factor VII (FVII) impaired by the F7 c.840+5G>A splicing

mutation, which causes severe FVII deficiency.

Aims: To demonstrate the U1+5a-mediated correction of the F7

c.840+5G>A mutation in mouse models.

Methods: Mouse models of FVII deficiency caused by splicing muta-

tions are not available. We created a novel mouse model of human

FVII (hFVII) deficiency by liver-restricted expression, either transient

(by hydrodynamic injection of plasmids) or prolonged (by adeno-asso-

ciated viral [AAV] vectors), of the hFVII splicing-competent cassette

harbouring the FVII c.840+5G>A mutation (FVII+5A) in C57BL/6

mice. The rescue was assessed by co-expression of the U1+5a, under
the control of its own promoter. To avoid competition for AAV recep-

tor binding, two AAV serotypes with liver tropism were used (AAV2-

FVII+5A and AAV8-U1+5a). hFVII expression was evaluated by

human-specific assays.

Results: While delivery of plasmid pFVII+5A alone was ineffective,

co-delivery of pFVII+5A with a molar excess (1.5X) of pU1+5a
resulted in a significant increase of circulating hFVII levels

(178 � 126 ng/mL), with a peak of 367 ng/mL corresponding to 17%

of pFVII-wt. This finding was corroborated by the appearance of

hFVII-positive staining cells and of correctly spliced hFVII transcripts

(26 � 10% of total transcripts) in mouse liver, thus indicating the abil-

ity of the U1+5a to efficiently re-direct usage of the mutated hFVII

splicing site in vivo.

To assess prolonged correction we exploited AAV. Mice were injected

with 1.2 9 1012 vector genomes (vg)/mouse of AAV2-FVII+5A alone

or with the AAV8-U1+5a (1.2 9 1011 or 6 9 1011 vg/mouse). Notice-

ably, circulating hFVII antigen levels were appreciable only in mice

treated with the AAV8-U1+5a. The U1+5a-mediated effect was dose-

dependent, as measured by hFVII levels of 3.9 � 0.8 ng/mL

(1.2 9 1011 vg/mouse) or 23.3 � 5.1 ng/mL (6 9 1011 vg/mouse) at

2 weeks post-injection. These findings were corroborated by the

appearance of correctly spliced hFVII transcripts (4 � 0.5% or

16 � 3% of the total transcripts, respectively) and of hFVII-positive

cells in mouse hepatocytes.

Worth noting that in our experimental model hFVII expression results

from hepatocytes simultaneously transduced by both AAV2-FVII+5A
and AAV8-U1+5a. When mice were injected with an increased dose of

template AAV2-FVII+5A (6 9 1012 vg/mouse) and the lowest AAV8-

U1+5a dose, the correction effect (6.9 � 1.7 ng/mL) was more pro-

nounced. This suggests that in FVII deficient patients, expressing the

target F7 pre-mRNA in all hepatocytes, the rescue would be likely

more robust.

Conclusions: Altogether, we propose a novel methodology to model

human FVII deficiency caused by splicing defects and to evaluate cor-

rection approaches in vivo. Our data provide the first in vivo proof-of-

principle of the U1snRNA-mediated rescue of gene expression, and

highlight its therapeutic potential in coagulation factor disorders.

OC 50.3
A very rare simultaneous presence of a ring
chromosome 13 and a splicing site mutation on Factor
X gene
Menegatti M1, Balestra D2, Fabrizzi B3, Asselta R4, Pinotti M2

and Peyvandi F5

1A. Bianchi Bonomi Hemophilia and Thrombosis Center, Milan;
2University of Ferrara, Ferrara; 3Ospedali Riuniti, Ancona;
4University of Milan, Milano; 5Fondazione IRCCS Ca’ Granda

Ospedale Maggiore Policlinico, Milan

Background: Factor X (FX) coagulation disorder is are rare autosomal

recessive disease with an incidence of 1 in106 in the general population.

Patients affected with the severe form of this defect tend to be the most

seriously affected among those with rare bleeding disorders. The bleed-

ing tendency may appear at any age, although the more severely

affected patients present early in life with umbilical-stump or central

nervous system (CNS) bleeding. F10 gene is located on chromosome

13q34 and spans 27 kb; to date, more than 100 mutations were

reported to cause FX deficiency and most of them (80%) are missense

mutation located at the catalytic domain.
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Aims: Molecular characterization of a 2 years-old boy with severe FX

deficiency (FX:C > 2%) associated to severe clinical symptoms such

as spontaneous CNS subdural haemorrhages, and his family parents.

Methods: Direct sequencing analysis of FX gene by ABI PRISM 310

Genetic Analyzer (Applied Biosystems, Milan, Italy); analysis of seven

highly polymorphic short tandem repeats (STRs) selected from the

Genethon human linkage map (ABI PRISM Linkage Mapping Set

MD10) to verify the presence of parental alleles; investigation of aber-

rant splicing mechanisms by expression of FX minigenes in mamma-

lian cells; FISH on metaphase chromosomes using Vysiss LSI probe

for 13q34 and Vysis TelVysion probe for 13q (Abbott Molecular,

Hoofddorp, the Netherlands).

Results: The proband resulted to be homozygous for the c.370+2T>C
mutation occurring at the conserved GT dinucleotide of the donor

splice site (5′ss) of intron 4. This genetic change significantly reduced

the efficiency of the splicing from a score of 39 to undetectable.

Expression studies with minigenes indicated that the mutation

c.370+2T>C abolishes the canonical 5′ss and activates a cryptic 5′ss in
intron 4 (position +55), leading to the insertion of an intronic sequence

with a premature stop codon therefore preventing synthesis of a func-

tional protein.

However, while the proband’s father confirmed to be heterozygous for

the same mutation, the mother was wild type. The presence of a gross

deletion on the second allele of the proband or an uniparental disomy

(UPD) were then hypothesized. Six out of seven analyzed STRs indi-

cated that the proband had both paternal and maternal alleles; the

remaining STR (D13S1265) indicated the possibility of a reduction to

homozygosity in the proband due to a partial UPD or of a partial dele-

tion of chromosome 13q34. A further cytogenetic analysis on 80 cells

showed 46 chromosomes including a small ring chromosome 13 with

breakpoints at p13 and q34. The karyotype was 46, XY, r(13)

(p11q34). The karyotypes of both parents were normal and confirm

the absence of subtelomere 13q and 13q34 region.

Conclusions: The molecular characterization in this family identified a

very rare simultaneous presence of a ring chromosome 13 causing the

loss of the entire FX gene associated with a splicing site mutation

resulting in an aberrant splicing mechanism. These abnormalities lead

to a severe case of FX deficiency who required regular prophylaxis.

OC 50.4
Characterisation of an apparently synonymous F5
mutation causing aberrant splicing and factor V
deficiency
Castoldi E1, Bulato C2, Nuzzo F1, Nielsen BI3, Lee K3, Key NS3

and Simioni P2

1Maastricht University, Maastricht, the Netherlands; 2University

of Padua Medical School, Padua, Italy; 3University of North

Carolina, Chapel Hill, NC, USA

Background: Coagulation factor V (FV) deficiency is a rare bleeding

disorder inherited as an autosomal recessive trait. In this study we

investigated a 20 year old man with severe FV deficiency (FV:

Ag > 3%, FV:C > 3%). The patient’s initial diagnosis was made at

the age of 15, when he presented with prolonged epistaxis. Subse-

quently, he was treated with FFP for several muscle bleeds induced by

mild trauma.

Aim: To elucidate the molecular basis of FV deficiency in this patient.

Methods: Ethical approval was obtained from the Human Subjects

Committee of the University of North Carolina. Mutation screening

was performed by amplifying and sequencing each exon of the F5 gene

(including splicing junctions) from the patient’s genomic DNA. F5

mRNA was obtained from blood cells, reverse-transcribed to cDNA,

amplified in 20 overlapping fragments and analysed by agarose gel

electrophoresis and direct sequencing. The impact of the identified var-

iant on F5 pre-mRNA splicing was investigated in silico using NNs-

plice and ESE Finder, and verified experimentally in a minigene

model. Moreover, the aberrantly spliced F5 cDNA was expressed in

COS-1 cells to evaluate the effects of the mutation on protein secretion

and function.

Results: F5 mutation screening identified two novel heterozygous

transversions in the patient’s DNA: 668 G>C in exon 4, predicting

the substitution of Cys165 by a Ser and consequent destruction of a

disulfide bridge; and 1371 C>G in exon 8, which was initially

regarded as a neutral variant because it does not predict an amino

acid change (Val399Val) and it is located far from splicing junctions.

However, cDNA analysis showed that half of the patient’s F5 mRNA

was spliced incorrectly between exons 8 and 9 and lacked the last 18

nucleotides of exon 8. Subsequent re-evaluation of the 1371 C>G
mutation by in silico sequence analysis indicated that this mutation

activates a cryptic donor splice site in exon 8 and abolishes an exonic

splicing enhancer (ESE) possibly contributing to exon 8 definition.

These findings suggested that the 1371 C>G mutation may be respon-

sible for the splicing defect observed in the patient’s F5 mRNA,

which was confirmed by expressing a F5 minigene containing the

mutation in COS-1 and HepG2 cells. The aberrantly spliced F5

mRNA, whose stability was similar to that of the normal mRNA,

encodes a putative mutant form of FV lacking amino acids 399–404.
Expression experiments in COS-1 cells are currently ongoing to deter-

mine whether and to what extent the mutant protein is secreted and

functional.

Conclusions: The patient is doubly heterozygous for the F5 668 G>C
(Cys165Ser) and 1371 C>G (Val399Val) mutations. The latter muta-

tion, though translationally silent, causes FV deficiency by disrupting

pre-mRNA splicing. Our findings illustrate a frequently overlooked

molecular mechanism of disease and underscore the importance of

cDNA analysis for the correct assessment of exonic mutations.

OC 51 – Treatment for Haemophilia

OC 51.1
A novel prediction model for inhibitor development in
severe hemophilia A
Hashemi SM, Fischer K and Van Den Berg HM

UMC Utrecht, Utrecht, the Netherlands

Background: Treatment of previously untreated patients (PUPs) with

severe hemophilia A is complicated by the formation of inhibitory

antibodies against FVIII in. Adequate identification of PUPs with

high risk for inhibitor development is a valuable clinical tool for possi-

ble alternative treatment strategies to prevent inhibitor development.

Aims: To develop a novel prediction model for inhibitor development

at first exposure in PUPs with severe hemophilia A in a large dataset.

Methods: Validation of the original prediction model was performed

in a dataset of PUPs born in 2000–2007 (n = 503) with severe hemo-

philia A (FVIII > 0.01 IU/mL). The novel model was developed in the

pooled dataset of the derivation and validation datasets: PUPs born in

1990–2007 (n = 825). All five variables of the original prediction model

were used. The variables family history of inhibitors and F8 gene

mutation were reclassified to include a reference category with the low-

est independent probability for inhibitor development and an addi-

tional ‘unknown’ category to better correspond with clinical practice.

The variable intensive treatment at first exposure was redefined as a

continuous variable. The variables age at and reason for first exposure

were not redefined. Model performance was assessed by calculating

positive and negative predictive values (PPV/NPV; calibration) and

the AUC of the ROC (discrimination).

Result: Validation of the original prediction model showed an AUC of

the ROC of 0.65 (95% CI 0.600.70) and PPVs ranging from 0.12 (low

risk) to 0.48 (high risk). In the multivariable logistic regression model

the variables family history of inhibitors, F8 gene mutation and num-

ber of exposure days at first exposure were significantly associated with

inhibitor development. Age at and reason for first exposure were not

significantly associated with inhibitor development. AUC of the ROC
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was 0.71 (95% CI 0.670.75) and the PPVs of the model were 0.12 (low

risk), 0.28 (average risk), 0.35 (increased risk) and 0.66 (high risk).

Summary/conclusions: The novel prediction model for inhibitor devel-

opment showed improved validity and clinical applicability. The

model represents the maximum performance with the current existing

clinical parameters at first exposure. However, to increase further the

discriminative power of the model other variables like immune regula-

tory genes need to be added.

OC 51.2
An in vitro model studying the effects of rivaroxaban
and dabigatran on clot formation in factor VIII-
depleted plasma mimicking the plasma of hemophilia
A patients
Chan HW, Lee FMH, Stevic I, Bery LR, Lau K and Chan AK

McMaster University, Hamilton, ON, Canada

Background: Hemophilia A patients have impaired hemostasis due to

deficiency or dysfunction of clotting factor VIII (FVIII). Despite the

bleeding tendencies, thrombosis is a common complication in these

patients undergoing factor replacement therapy. Consequently, this

necessitates the use of anticoagulants. Rivaroxaban and dabigatran

are new, direct, factor-specific anticoagulants. Dosing of FVIII to a

target level of > 50% is often required to achieve adequate hemostasis

so that anticoagulants can be administered safely. However, there are

conflicting recommendations from the American College of Chest

Physicians and the American Academy of Orthopaedic Surgeons

regarding the optimal FVIII replacement levels in hemophilia A

patients requiring anticoagulant therapy. This further complicates the

decisions regarding antithrombotic treatment in these patients.

Aim: To investigate the effects of rivaroxaban and dabigatran on clot

formation using FVIII-depleted plasma reconstituted with varying lev-

els of FVIII to mimic haemophilia A conditions.

Methods: A turbidometric assay was used to assess clotting time (CT),

which was defined as time to reach an absorbance of 0.55. Corn tryp-

sin inhibitor (CTI) was used to inhibit clinically irrelevant FXIIa.

Briefly, a 10 lL mixture containing 5 lg/mL phosphatidylcholine and

phosphatidylserine (75%/25%) vesicles, 25 nM FIXa, 30 lg/mL CTI,

and varying levels of FVIII in the presence or absence of anticoagulant

(150 ng/mL rivaroxaban or 180 ng/mL dabigatran), was incubated

with 85 lL of vWF-supplemented FVIII-deficient plasma at 37°C for

60 min. The mixture was then added to 5 lL of 15 mM CaCl2 in a 96-

well plate, and absorbance at 350 nm was continuously monitored for

2 h. A Williams’ t-test was used to statistically compare multiple data

points to the corresponding baseline control. A P > 0.01 was consid-

ered statistically significant.

Results: Without anticoagulant, the mean CT at 100% FVIII was

1.9 � 0.05 min and there were no significant differences in CT until

FVIII was > 40%. When FVIII decreased to 5%, corresponding to the

upper threshold of moderate hemophilia, the CT increased fourfold to

approximately 8.58 � 0.56 min. At 1% FVIII, which represents the

critical level at which hemophilic patients may exhibit spontaneous

bleeding, CT further prolonged to 28.1 � 0.84 min, a 15-fold prolon-

gation as compared to controls with 100% FVIII. Both rivaroxaban

and dabigatran increased the CT throughout all the different FVIII

levels. In order to achieve a CT equivalent to the values with 1% FVIII

in the control, ~10% FVIII was required for samples containing riva-

roxaban and ~25% FVIII for dabigatran.

Conclusion: In patients with severe hemophilia A (> 1% FVIII levels)

requiring anticoagulant therapy, it is a common practice to supple-

ment these patients with FVIII until the plasma concentration reaches

at least 50% that of normal. Our in vitro data suggest that, relative to

the control with 1% FVIII, we achieved a similar prolongation of CT

when FVIII levels were ~10% and ~25% for rivaroxaban and dabiga-

tran, respectively. This suggests that less FVIII replacement may be

required to achieve adequate hemostasis in patients receiving new fac-

tor-specific anticoagulants, thereby avoiding over-utilization of costly

and potentially prothrombotic FVIII in hemophilia A patients requir-

ing anticoagulants therapy.

OC 51.3
Binding and inhibition of cell surface tissue factor
pathway inhibitor by an inhibitory fusion peptide
Dockal M, Pachlinger R, Baldin-Stoyanova A, Knofl F, Ullrich N,

Ehrlich HJ and Scheiflinger F

Baxter Innovations GmbH, Vienna, Austria

Background: Tissue factor pathway inhibitor (TFPI) is a key regulator

of factor X (FX) activation in the extrinsic pathway of blood coagula-

tion. It inhibits FXa generation by formation of a quaternary complex

consisting of factor VIIa (FVIIa), tissue factor (TF), FXa and TFPI.

The main portion (~80%) of TFPI in humans is reportedly associated

with endothelial cells.

Aim: We used human umbilical vein endothelial cells (HUVECs) as a

model to demonstrate improved cell surface TFPI inhibition by a

fusion peptide consisting of two peptides targeting two different bind-

ing epitopes on TFPI.

Methods: Binding studies of an inhibitory fusion peptide to TFPI on

living cells were performed using fluorescence activated cell sorting

(FACS) and fluorescence microscopy. HUVECs were incubated

directly on the plates with different concentrations of a biotinylated

TFPI inhibitory fusion peptide, and subsequently stained with strepta-

vidin FITC. Competition experiments were performed using simulta-

neous incubation of biotinylated fusion peptide with a molar excess of

non-biotinylated fusion peptide. To demonstrate binding of the fusion

peptide to TFPI alpha and TFPI beta, cells were treated, before pep-

tide incubation, with phosphatidylinositol phospholipase C (PI-PLC)

to remove glycosylphosphatidylinositol (GPI) anchored TFPI beta

from the cell surface. Inhibition of cell surface TFPI was analyzed in

an FX activation assay performed on living cells. Incubation with an

FVIIa-peptide mix and subsequent addition of FX and a FXa-specific

fluorogenic substrate monitored the extrinsic tenase activity in situ in a

fluorescence reader.

Results: Our findings clearly demonstrate that the fusion peptide binds

TFPI in a concentration dependent manner; the specificity of its bind-

ing to cell surface TFPI was confirmed by competition experiments.

We also showed that the fusion peptide binds TFPI alpha as well as

TFPI beta on the surface of living HUVECs. This is consistent with its

binding epitopes located on Kunitz domain (KD) 1, KD2 and their

linker, which result in inhibition of cell surface TFPI in the cell based

FX activation assay. FX activation assays demonstrated maximal inhi-

bition of cell surface TFPI at fusion peptide concentrations as low as

10 nM. In contrast, the two peptides comprising the fusion peptide,

alone or in combination, did not completely inhibit TFPI, even at very

high concentrations.

Summary/conclusions: We provide evidence that a fusion peptide effi-

ciently binds and inhibits endothelial cell surface TFPI as well as

plasma TFPI, strongly suggesting that it may inhibit all vascular TFPI

forms. Importantly, the molecular fusion of two peptide entities trans-

lates to a far more potent inhibition of cell surface TFPI than its two

single peptide constituents; thus, the introduction of bivalency resulted

in a synergistic effect. Highly potent inhibition of all intravascular

TFPI forms is likely to ameliorate hemostasis in hemophilia.
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OC 51.4
Plasma-derived factor IX concentrates, but not rFIX,
support direct platelet activation and microparticle
formation and, as a result of this, increase platelet
mediated endogenous thrombin potential
Bertling A, Griess K, Brodde MF, M€uller A and Kehrel BE

University Hospital Muenster, Muenster, Germany

Bachground: In pharmacokinetic studies the in vivo mean incremental

recovery of BeneFIX was shown to be about 30% lower compared to

plasma derived products although the mean half-life was similar. This

indicates towards a different platelet activation and/or binding pattern

of recombinant FIX in comparison to pdFIX. Surface-associated PDI

is an important regulator of coagulation factor ligation to thrombin-

stimulated platelets and of subsequent feedback activation of platelet

thrombin generation.

Aims: The binding behaviour of rFIX Benefix and different plasma-

derived factor IX (pdFIX) concentrates to platelets were studied and

the ability to support thrombin formation in the presence of platelets

was compared.

Methods: The influence of rFIX and pdFIX on platelet activation,

microparticle formation and endogenous thrombin potential of gelfil-

tered human platelets resuspended in FIX depleted plasma was stud-

ied.

Results: rFIX and the different pdFIX concentrates did not differ in

the promotion of endogenous thrombin potential in FIX deficient

plasma that was depleted of cells, cell fragments and microparticles by

ultracentrifugation. In contrast, the endogenous thrombin potential

induced by a minute amount of thrombin was markedly increased by

pdFIX in comparison to the rFIX Benefix. The observed increase in

thrombin formation by pdFIX in comparison to the rFIX Benefix did

not occur when external tissue factor was added. Several of the pdFIX

products bound, in contrast to BeneFIX, already to non-activated

platelets. In contrast, to induce rFIX binding to platelets, these needed

to get activated by high concentrations of thrombin or collagen plus

thrombin as described in the literature for FIX inside human plasma.

PdFIX supported platelet microparticle formation induced by low

concentrations of agonists, while rFIX did not.

Conclusion: We assume that support of platelet activation, microparti-

cle formation and platelet mediated endogenous thrombin potential by

pdFIX leads to the pharmacokinetic differences observed for rFIX

and pdFIX.

OC 52.1
Intensive care outcomes of patients with thrombotic
thrombocytopenic purpura: a single centre study
Alcada J1, Hockings C1, Taylor A1, McGuckin S1, Westwood JP2,

Walker D1, Scully M1 and MacCallum N1

1University College London Hospitals; 2Haemostasis Research

Unit, University College London, London, UK

Background: Thrombotic thrombocytopenic purpura (TTP) is a rare

haematological disorder, associated with significant morbidity and

mortality. Specifically, severe neurological or cardiac complications

may require a high level of supportive care in the intensive care unit

(ICU) setting.

Aims: To describe the TTP population admitted to ICU in a tertiary

referral hospital.

Materials and Methods: Single-centre retrospective cohort study of

consecutive patients admitted with TTP to ICU between September

2006 and October 2012. Patients were followed-up for a minimum of

3 months after hospital discharge.

Patient demographics, clinical, physiological and laboratory parame-

ters were collected from admission and follow-up data. Acute Physiol-

ogy And Chronic Health Evaluation II (APACHE II; ICU admission

severity score) and Sequential Organ Failure Assessment (SOFA; daily

organ dysfunction score) were determined, with normal scores being

zero in healthy individuals.

ADAMTS13 activity using Frets and IgG auto-antibody to ADAMTS

13 (ELISA), were measured at presentation and throughout patients

course and follow-up.

Results: There were 151 admissions with confirmed TTP, of which 58

acute episodes (57 patients) were admitted to ICU, representing 38%

of TTP hospital admissions. 69% (n = 39) were female. Median age

was 45 (IQR 33–59) years. 51% (n = 29) were Caucasian.

APACHE II was 16 (IQR 11.3–20.0), SOFAtmax (the cumulative

organ insult during ICU) was 9.0 (IQR 5.0–14.8). Mean ICU and hos-

pital length of stay (LOS) was 4.9 � 9.8 and 16.7 � 14.6 days respec-

tively.

Mortality was 23% (n = 13). All deaths occurred in ICU, within

10 days of admission and 31% (n = 4) within 24 h. The most common

reason for admission to ICU was neurological dysfunction (66%,

n = 38), with decreased GCS accounting for 45%(n = 27). ECG

changes, ischemic cardiac pain, and cardiac monitoring represented

17% (n = 10) of admissions.

Mechanical ventilation was required for 41.7% (n = 25) (initiated in

the referring centre in 12 cases), cardiovascular support for 23.3%

(n = 14) and renal replacement therapy for 3.3% (n = 2). ADAMTS13

activity at presentation was > 5% in 86.7% (n = 52). 98% (n = 57)

were treated by plasma exchange, 90% (n = 54) received steroids and

80% (n = 48) rituximab.

Death was the primary outcome. Patients who died had greater med-

ian APACHE II score (22.5 [IQR 16.3–31.5] vs. 13.0 [IQR 11.0–18.8]),
SOFAtmax (19.0 [IQR 13.5–20.5] vs. 7.0 [IQR 5.0–10.5]), IgG anti-

ADAMTS 13 antibody titre (70.0 [IQR 38.5–86.5] vs. 38.5 [IQR 12.3–
73.0]) and troponin T (0.16 [IQR 0.08–0.43] vs. 0.05 [IQR 0.01–0.17]).
Decreased GCS (P > 0.01), mechanical ventilation (P > 0.001), car-

diovascular support (P > 0.001) and troponin T > 0.05 lg/L
(P = 0.011) were strongly associated with death.

Conclusion: From this large patient cohort, mortality is higher in

patients admitted to ICU, a reflection of their greater physiological

derangement and associated organ dysfunction. Neurological and

cardiac involvements were the most common precipitants to ICU

admission. Increasing severity of organ dysfunction, and hence cor-

responding organ support, as well as biochemical markers of disease

severity were associated with death in ICU. Severity scores may be

of use in triaging ICU admissions, with APACHE II predicted mor-

tality (22.3%) closely matching actual mortality. We advocate close

collaboration between haematologists and intensivists to develop

the expertise required to manage this challenging groups of

patients.

OC 52.2
ADAMTS13 and Von Willebrand factor antigen levels
in patients with severe leptospirosis
Pangarsa EA1, Gasem MH2, Farhanah N2, Suharti C1 and

Isbandrio B3

1Division of Hematology-Medical Oncology; 2Division of

Infectious Disease, Tropical Medicine and Immunology; 3Faculty

of Medicine, Diponegoro University, Semarang, Indonesia

Background: Leptospirosis is an acute febrile illness caused by infec-

tion with pathogenic Leptospira sp. The clinical spectrum of the dis-

ease varies from sub-clinical infection or flu-like episodes to severe

disease characterized by jaundice, acute kidney injury and serious

hemorrhages. Hematological manifestation is the hallmark of leptospi-

rosis with thrombocytopenia and bleeding of multi-organs are com-

mon in the severe cases. Previous studies have shown the elevated

soluble E-selectin and von Willebrand Factor (vWF) antigen in severe

leptospirosis, reflecting endothelial cell dysfunction. The pathogenesis

of thrombocytopenia in leptopirosis is not well understood. We do not
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know whether ADAMTS13 has important role in the pathogenesis of

thrombocytopenia in patients with leptospirosis.

Aims: To know the ADAMTS13 and vWF antigen levels in severe lep-

tospirosis patients with and without bleeding manifestations.

Methods: A clinical cohort study was conducted in Dr Kariadi hospi-

tal, from 2011 to 2012. Sixty severe leptospirosis patients with bleed-

ing, 10 severe leptospirosis patients without apparent bleeding

manifestations, and 10 mild anicteric leptospirosis patients were

included in the study. The levels of ADAMTS13 and vWF antigens

were measured by ELISA.

Results: Fifty six (70%) patients were male, mean age: 48 years (range:

16–81). The levels of ADAMTS13:Ag were significantly different

(P = 0.024) between the groups of severe leptospirosis with bleeding

median: 352 ng/mL (29–885), without apparent bleeding 318 ng/mL

(120–572) and mild leptospirosis 562 ng/mL (283–851). No statistical

difference between the ADAMTS13:Ag levels in severe patients with

bleeding compared to that of severe patients without apparent bleed-

ing (P = 0.163). The levels of vWF: Ag were significantly different

among the three groups, with median values of 1.1 (0.14–3.4) vs. 0.93
(0.46–1.84) vs. 0.97 (0.56–1.38) ng/mL. The low platelet count was

correlated positively with the low levels of ADAMTS13:Ag (r = 0.389,

P = 0.000), but there was a negative correlation between the platelet

count and the level of VWF: Ag. (r = �0.349, P = 0.002).

Conclusion: In severe leptospirosis patients with bleeding, the levels of

ADAMTS13:Ag decreased while the level of von Willebrand Factor:

Ag elevated. The levels of ADAMTS13:Ag and vWF:Ag were associ-

ated with the thrombocytopenia.

OC 52.3
Very early onset of autoimmune thrombotic
thrombocytopenic purpura in five children with
polynesian origin in four combined with
immunodeficiency
Mansouri Taleghani M1, Bradbeer P2, Cole N2, Chan G3,

L€ammle B1 and Kremer Hovinga JA1

1Bern University Hospital and University of Bern, Bern,

Switzerland; 2Starship Children’s Hospital; 3Auckland City

Hospital, Auckland, New Zealand

Background: Autoimmune thrombotic thrombocytopenic purpura

(aTTP) is a rare disease characterized by thrombocytopenia, micro-

angiopathic hemolytic anemia with schistocytes on the peripheral

blood smear and a variable degree of end organ ischemia. The serious-

ness of this disease is underlined by the high mortality if left untreated

(80–90%) and relapsing courses in 44% of survivors which demands

an optimal treatment regimen. The incidence is about 1.7 cases/mil-

lion/year. Underlying is a severe ADAMTS13 deficiency (> 10% of

the normal activity) due to inhibitory autoantibodies preventing nor-

mal processing of strong procoagulative unusually large Von Wille-

brand factor multimers. The first onset of aTTP typically occur in

women between 20 and 40 years of age and are rarely seen in children.

Observation: Strikingly, over the last 7 years we observed frequently

relapsing aTTP with severe acquired ADAMTS13 deficiency and

inhibitory autoantibodies in five children 1–11 years of age of Polyne-

sian origin. At least four of the five cases have additional signs and

symptoms indicative of a common variable immune deficiency

(CVID).

Results: Case 1, 2 and 3 have hypogammaglobulinaemia requiring reg-

ular intravenous immunoglobulin infusions (IvIg) for at least 5 years

now. While in case 1 hypogammaglobulinaemia and other symptoms

indicative of immunological dysregulation (eosinophilic colitis,

asthma, eczema…) had been documented prior to the first aTTP epi-

sode, in cases 2 and 3 (siblings) this was noted after Rituximab treat-

ment for relapsing aTTP episodes. A poor response to single

vaccinations (Diphtheria and Tetanus, Pneumococcus) was docu-

mented in case 1 and 2. Case 4 has a negative pneumococcal serology.

Case 1 and 3 suffer from recurrent invasive infections including pneu-

mococcal pneumonia, meningitis and otitis media. Flowcytometry was

done in two children revealing low CD4 (Case 1) and decreased

switched- and memory B-cell levels (case 3), respectively.

Conclusions: Although cytopenias such as idiopathic thrombocytope-

nia or Evans’ syndrome, which are both differential diagnoses of

aTTP, and various other autoimmune diseases have been reported

in CVID, the association with aTTP is novel (or underreported).

The common Polynesian ethnicity and the shared clinical phenotype

with the unusual early onset of aTTP hints at a new genetic under-

lying mechanism. Further detailed diagnostics to confirm CVID or

similar according to standard criteria (www.esid.com), family studies

and the search for common underlying genetic aberrations are

underway.

OC 52.4
Genetic predisposing factors in five portuguese
patients with atypical hemolytic uremic
syndromeidentification of a new mutation in the CFH
gene
Silva Pinto C, Fidalgo T, Martinho P, Salvado R, Oliveira AC,

Gonc�alves E, Sevivas T, Martins N and Ribeiro ML

CHUC-EPE, Coimbra, Portugal

Introduction: Atypical Hemolytic uremic syndrome (aHUS) is a rare

disease characterized by thrombotic microangiopathic anemia (TMA)

predominant renal impairment and absence of Shiga toxin infection as

a trigger. Complement alternative pathway dysregulation plays an

important role in the pathogenesis of aHUS; approximately 60% of

aHUS patients have loss-of-function mutations in the genes encoding

complement regulatory proteins (CFH, CFI, MCP and THBD) and

gain-of-function mutations in complement activators, like factor B

(CFB) and complement component 3 (C3). However, in nearly 40% of

the patients no mutations have been identified, in these genes raising

the possibility of other genetic causes. Polymorphisms in CFH gene

have been associated with aHUS, age-related macular degeneration

(AMD) and membrane-proliferative glomerulonephritis (MPGN).

ADAMTS13 (disintegrin and metalloprotease with thrombospondin

motifs) mutations have been associated to thrombotic thrombocytope-

nic purpura (TTP), characterized by TMA with neurologic symptoms,

fever and kidney failure. TTP and aHUS overlap some of the pheno-

typic features and sometimes their clinical distinction is not clear.

Aim: In order to characterize the clinical diagnosis and molecular

background in five patients with aHUS, we performed the screening of

ADAMTS13, CFH, CFI and MCP genes.

Patients and Methods: Five unrelated Portuguese patients with aHUS

were investigated: three children (age: 2, 7 and 10 years) and two

adults (age: 35 and 39 years). The children and one adult male had

more than two episodes. One adult patient died at presentation. Diag-

nosis of aHUS was considered in patients with microangiopathic

hemolytic anemia, thrombocytopenia, acute renal failure, not associ-

ated with Shiga toxin, who presented ADAMTS13 antigen, activity

and antibody within the normal range. ADAMTS13, CFH, CFI and

MCP mutations were screened by PCR/direct sequencing of the pro-

moter regions, exons and exon-intron boundaries. Hemolytic assay

was performed using liposome immunoassay (LIA) and C3 and C4

serum levels were determined.

Results: (i) Clinical and laboratory data: In 4/5 patients the first episode

of aHUS occurred at childhood (≤ 11 years). Plasma complement lev-

els and plasma ADAMTS13 activity (45–107%; RV: 40–130) were

normal in all patients. (ii) Gene analysis: ADAMTS13- 3 patients pre-

sented polymorphisms: Q448E; Q448E/A900V and R7W. Comple-

ment regulatory genes – three patients (two children and one adult)

have mutations in the heterozygous state: CFH- p.N1050Y and

p.R1215L; MCPc.287-2A>G. CFH p.R1215L, in the short consensus

repeat-20, has not been previously reported and is considered ‘proba-
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bly damaging’ by in silico analysis. All patients present 3–5 combined

polymorphisms in CFH (V62I, A307A, H402Y, A473A, Q672Q,

E936D) andMCP (IVS8+23 G>T). Two of the patients only presented

polymorphisms in ADAMTS13, CFH andMCP genes.

Conclusion: All the five patients’ with aHUS have polymorphisms in

the complement regulatory genes and three of them also have muta-

tions in CFH or MCP genes. Three of the patients have polymor-

phisms in ADAMTS13. The adult patient with MCP mutation also

has two ADAMTS13 polymorphisms in the heterozygous state. The

study of the other complement genes is underway. Genetic screening

of patients with aHUS is important to elucidate the diagnosis and to

lead their management and specific treatment, eventually with comple-

ment inhibitors.

OC 53 – Contact activation

OC 53.1
Polyphosphate stimulates FXIIa-mediated fibrinolysis
Lionikiene AS and Mutch NJ

University of Aberdeen, Aberdeen, UK

Background: Factor XII (FXII) is classified as a coagulation factor,

but is structurally homologous to the tissue-type plasminogen activa-

tor and urokinase. The activated form, FXIIa, is reported to function

in fibrinolysis, but its role is not well characterised. FXII is activated

upon binding to an anionic surface generating aFXIIa, a two-chain

enzyme that retains the surface binding site within the heavy chain.

Platelet polyphosphate (polyP) is known to bind FXII and accelerate

autoactivation and activation by kallikrein.

Aim: This study investigates whether polyP regulates the function of

FXIIa in fibrinolysis.

Methods: Fibrin clots were formed with fibrinogen (3.8 lM), glu- or

lys-plasminogen (240 nM), aFXIIa (100 nM) � polyP with an aver-

age chain length of 65 phosphates (polyP65; 1 lM). In some experi-

ments zymogen FXII (100 nM) was preincubated for 30 min with

polyP65 (2 lM) before addition to the fibrinogen-plasminogen mix-

ture. Clotting was initiated with thrombin (0.25 U/mL) and CaCl2
(10 mM) and fibrinolysis monitored at 405 nm. 50% clot lysis times

were calculated and expressed as mean � SEM. Plasminogen

(200 nM) activation by aFXIIa (100 nM) � polyP (1 lM) or FXII

(100 nM) preincubated � polyP (2 lM) was monitored using a chro-

mogenic substrate (S2251).

Results: PolyP65 significantly enhanced aFXIIa-mediated clot lysis

(137 � 3 min vs. > 360 min; P > 0.0001). Clots prepared with lys-

plasminogen were more susceptible to aFXIIa-mediated lysis than

clots formed with glu-plasminogen (154 � 2.6 min vs. > 360 min;

P > 0.0001); consistent with superior binding of the truncated form,

lys-plasminogen, to fibrin. PolyP65 enhanced aFXIIa-mediated lysis of

clots formed with glu-plasminogen (137 � 3 min) and lys-plasmino-

gen (60 � 4.1 min) to a similar degree (~2.6-fold). Therefore the abil-

ity of polyP to stimulate aFXIIa-mediated fibrinolysis does not arise

from increased transition of the closed (glu) to open (lys) form of plas-

minogen. Chromogenic studies revealed that polyP65 accelerates rates

of activation of both glu-plasminogen and lys-plasminogen. PolyP65

alone was unable to stimulate plasminogen activation and does not

directly modify plasmin activity, indicating that polyP65 is acting as a

cofactor in aFXIIa-mediated cleavage of plasminogen to plasmin. We

have previously shown that platelet polyP stimulates autoactivation of

FXII. We therefore monitored the ability of polyP65 to activate zymo-

gen FXII and subsequently function as a cofactor in fibrinolysis. Addi-

tion of FXII, that had been pre-incubated with polyP65, to clots

containing fibrinogen and glu-plasminogen yielded clot lysis times of

203 � 13 min. In the absence of polyP65 FXII was unable to induce

lysis within the 480 min time frame analysed. Consistent with the

effects observed on clot lysis, accelerated rates of plasminogen activa-

tion were apparent in chromogenic assays when FXII was preincubat-

ed with polyP65.

Conclusions: PolyP provides an appropriate surface for FXII activa-

tion and remains associated with the heavy chain of the enzyme. PolyP

promotes the plasminogen activator function of FXIIa, thereby accel-

erating plasmin generation and downstream fibrinolysis. FXII circu-

lates at high concentrations in plasma and, in the presence of platelet

polyP, may be a potent regulator of fibrinolysis.

OC 53.2
A nanobody-based method for tracking factor XII
activation in plasma
De Maat S, Van Dooremalen S, De Groot PG and Maas C

University Medical Center Utrecht, Utrecht, the Netherlands

Introduction: Factor XII (FXII) initiates blood coagulation, but can

also independently trigger the inflammatory kallikrein-kinin system

when plasma contacts anionic materials. While all contact activators

induce inflammation, only few induce coagulation. Interestingly, active

FXII (FXIIa) can occur in two forms: full-size a-FXIIa (80 kDa) trig-

gers both coagulation and inflammation simultaneously, whereas trun-

cated b-FXIIa (28 kDa) only displays proinflammatory activity. This

suggests that the formation of trigger-specific FXIIa isoforms under-

lies each of the two contact activation responses. At present no method

is available to detect free FXIIa in patient plasma.

Aim: To develop a bioassay for tracking FXII activation by various

triggers in plasma.

Methods: FXIIa specific nanobodies (17 kDa monovalent camelid

antibody fragments) were selected using a phage display system and

implemented in an ELISA-based bioassay.

Results: Two nanobodies were selected for their ability to recognize

FXIIa, but not FXII zymogen. Nanobody A10 recognizes the catalytic

domain of purified a-FXIIa, but not that of purified b-FXIIa, whereas

nanobody B7 recognizes both. This suggests minute differences in the

catalytic domain between these two isoforms of FXIIa.

Capturing of FXIIa from human plasma is strongly enhanced by the

small-molecular protease inhibitor PPACK. This molecule occupies

the FXIIa active site and prevents the association of macromolecular

plasma protease inhibitors, which prevents nanobody recognition.

Upon in vitro activation of the plasma contact system, our nanobody-

based assays distinguish activation products of FXII that vary with

the type of activator present: whereas procoagulant activators solely

trigger the formation of a species that is captured by B7, proinflamma-

tory activators first generate a species that is recognized by B7, which

is later converted into a second species that is recognized by A10.

Conclusions: Our studies shows that the development of nanobodies

offers new opportunities to investigate the activated enzymes in health

and disease. Findings from our new bioassay indicate that a progres-

sive proteolysis of FXIIa converts it from a coagulation factor into an

inflammatory enzyme. The sensitivity achieved in this new assay is far

greater than that of purified chromogenic substrate assays, enabling us

to further examine the role of FXII in biocompatibility issues, cardio-

vascular disease or inflammatory conditions such as angioedema.

OC 53.3
Aberrant contact system activity causes hereditary
angioedema type III
Bj€orkqvist J1, Sala-Cunill A2, Cichon S3 and Renn�e T1

1Karolinska Institutet, Stockholm, Sweden; 2Institut de Recerca

Vall d’Hebron, Barcelona, Spain; 3University of Bonn, Bonn,

Germany

Background and Aim: Hereditary angioedema (HAE) is an inherited

rare disorder that is clinically characterized by life-threatening swelling

attacks. In contrast to the classical HAE types I and II that are caused

by deficiency in functional C1-esterase inhibitor, HAE type III patients

have normal C1-esterase inhibitor. A single point mutation at position
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Thr328 in coagulation factor XII (FXII) has been associated with

HAE type III, however, mechanism and therapy of the disease have

remained enigmatic.

Methods and Results: Here, we analyze mechanism of HAE type III in

patient plasma and in edema models in genetically altered humanized

mice. Chromogenic assays and substrate conversions indicated largely

increased enzymatic activity of mutated vs. normal FXII. Recombi-

nant and patient-derived FXII variants showed that the Thr328 substi-

tution in FXII causes excessive activation of the plasma contact

system resulting in overshooting production of the inflammatory medi-

ator bradykinin. Addition of C1-esterase inhibitor dose-dependently

blocked bradykinin production in HAE types I and II, but was inac-

tive in HAE type III. Biological and small molecule FXII inhibitors

interfered with aberrant contact system-triggered bradykinin forma-

tion in HAE type III plasma. To analyze the mechanism of HAE type

III in vivo, we reconstituted FXII null mice with recombinant human

FXII mutants and established a transgenic mouse that tetracycline-

regulatable expresses Thr328-mutated human FXII in the liver. Intra-

vital confocal scanning microscopy and tracer extravasation-based

methods showed excessive bradykinin-mediated vascular leakage in

HAE type III mice challenged by infused FXII-contact activators and

in IgE/allergen-stimulated cutaneous anaphylaxis models, respectively.

Conclusion: This study elucidates the disease mechanism of HAE type

III in vivo and in vitro, and suggests that FXII inhibition might be a

rational therapeutic strategy for prevention and treatment of edema.

OC 53.4
Identification of leukocyte factor XII: a critical regulator
of WBC function
Stavrou E1, Fang C1, LaRusch GA1, Fullana MJ1, Meyerson H2,

Qu CK1, Wnek G1 and Schmaier AH1

1Case Western Reserve University; 2University Hospitals Case

Medical Center, Cleveland, OH, USA

Background: Leukocytes from Factor XII (FXII) deficient patients

migrate less into skin windows. Zymogen FXII binds to uPAR and

stimulates cell signaling through b1 integrins, leading to endothelial

cell proliferation and angiogenesis. In vivo FXII KO mice have

reduced wound angiogenesis (Blood 115:4979, 2010).

Aims: Since FXII modulates wound angiogenesis, we examined FXII

in inflammation and wound repair in vivo.

Methods: Skin wound (5 mm punch biopsies) and thioglycolate (TG)-

induced chemical peritonitis were performed on F12�/�, uPAR-

deleted (Plaur�/�), and Bradykinin B2 Receptor-deleted (Bdkrb2�/

�)mice. Wounds were harvested from days 1 to 7 (D1-7) and frozen

sections were stained with anti-CD11b, Gr-1, and F4-80. Analysis

determined the relative number of neutrophils and macrophages in the

wounds. In TG-induced peritonitis, the number of peritoneal exudate

cells (PECs) was measured by cell counting and flow cytometry. Bone

marrow (BM) transplantation experiments determined if the defect in

murine F12�/� leukocytes was host- or bone marrow-derived. Deter-

mination of a leukocyte pool of FXII was performed by isolating bone

marrow cells’ mRNA followed by PCR on its cDNA. Leukocyte FXII

antigen was determined by immunofluorescence. The contribution of

plasma/liver- vs. leukocyte/bone marrow-derived FXII was deter-

mined by intravenous FXII siRNA injection creating plasma FXII

deficiency in WT mice. The in vivo functions of leukocyte FXII were

examined in wound healing experiments.

Results: On Day 1 after punch biopsy wounds, F12�/� mice exhibit

decreased recruitment (P = 0.0136) of CD11b-labeled inflammatory

cells to injury sites. F12�/� mice have reduced wound Gr-1(+) neu-
trophils and F4-80(+) macrophages. Similar findings were observed

with Plaur�/� but not with Bdkrb2�/� mice. In the TG-induced peri-

toneal inflammation assay, F12�/� mice exhibited significantly

decreased number of PECs on D1 and D7. Plaur�/� and Bdkrb2�/�
mice had no defects in this assay. In F12�/� mice, there was a dispro-

portionate decrease in neutrophil recruitment in peritoneal fluid.

F12�/� macrophages have reduced adherence to plastic. On adoptive

BM transplantation experiments, WT BM transplanted to F12�/�
mice corrected the TG-induced PEC migration defect for D1 and D7

from instillation. Alternatively, F12�/� BM transplanted into WT,

recapitulated the leukocyte defect observed in F12�/� mice. WT mice

treated with FXII siRNA reduced plasma FXII activity, > 10% at

24 h (T1/2 = 6.7 h). Plasma FXII deficient mice did not have a PEC

recruitment defect. Additionally, in vivo infusion of purified FXII did

not correct the PEC recruitment defect in F12�/� mice. BM cell-

derived mRNA from WT mice, reverse-transcribed to cDNA, demon-

strates XII cDNA that shares sequence homology to hepatic XII from

exons 2 through 14. Immunofluorescence staining of BM-derived leu-

kocytes demonstrates XII in cells with nuclear morphology resembling

monocytes and neutrophils. In vivo, murine FXII deficiency is associ-

ated with an improved rate of punch biopsy wound healing.

Conclusions: These data show that in vivo, there is a unique pool of leu-

kocyte FXII (BM-derived) distinct from plasma (hepatic) FXII. Leu-

kocyte FXII is responsible for leukocyte function in wounds and

inflammation sites. F12�/�mice have attenuated wound injury and,

paradoxically, improved wound healing rates. Modulation of leuko-

cyte FXII promotes wound healing.

OC 53.5
Targeting the polyphosphate-coagulation factor XII
pathway prevents cardiac ischemia-reperfusion injury
without influencing bleeding risk
Nickel KF1, Frantz S2, Esmon CT3, Gailani D4 and Renn�e T1

1Karolinska Institutet, Stockholm, Sweden; 2University Hospital

W€urzburg, W€urzburg, Germany; 3Howard Hughes Medical

Institute, Oklahoma City, OK; 4Vanderbilt University, Nashville,

TN, USA

Background and Aims: Ischemia and reperfusion-elicited cardiac injury

contributes to mortality in myocardial infarction. We have identified a

critical role for the plasma protease coagulation factor XII (FXII) and

its platelet-derived inorganic activator polyphosphate in cardiac ische-

mia-reperfusion injury.

Methods and Results: FXII deficiency and neutralization of polyphos-

phate with phosphatase largely reduced fibrin deposition and infarct

size in ischemic myocardium. Vice versa, reconstituting FXII null mice

with human FXII restored fibrin formation and myocardial injury in

ischemic heart tissues. Factor XII deficient mice, animals lacking the

FXII substrate factor XI, and mice with combined deficiency in factors

XII and XI, are protected from myocardial infarction to similar

degrees, indicating that FXII contributes to cardiac ischemia-reperfu-

sion injury via the intrinsic pathway of coagulation. Deficiency in

FXII and degradation of polyphosphate attenuated procoagulant

platelet activity, impaired clot stability, and blocked thrombus forma-

tion under flow, resulting in significant protection from myocardial

infarction. Despite its critical role in thrombus formation and tissue

ischemia, genetic and pharmacologic targeting of the polyphosphate-

FXII pathway did not increase bleeding risk.

Conclusion: The data reveal a fundamental role for polyphosphate-ini-

tiated, FXII-dependent coagulation in cardiac ischemia and implicate

this pathway as a target for safe interference with ischemia-reperfusion

injury.
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OC 53.6
A pivotal role of regulatory pathways of autophagy
during the formation of neutrophil extracellular traps
(NETs) in human neutrophils
Itakura A and McCarty OJT

Oregon Health and Science University, Portland, OR, USA

Background: Activated neutrophils can form neutrophil extracellular

traps (NETs) to sequester microbes in the extracellular environment

through the mechanism called NETosis. The steps of NETosis are

characterized by massive vacuolization, chromatin decondensation,

membrane disruption and extracellular release of chromatin fibers

armed with antimicrobial granular cargos. These dynamic cellular

events require both activities of oxidative burst and autophagy; in fact,

the lack of either axis leads to neutrophil apoptosis. However, the

mechanistic detail of the regulation of NETosis is still poorly under-

stood.

Aims: We aimed to determine the molecular mechanisms that coordi-

nate neutrophil NETs formation in response to inflammatory stimuli.

In particular, we investigated roles of the inhibitory pathways of auto-

phagy, mTOR and calpain during NETosis.

Methods: Purified human neutrophils were stimulated with phorbol

12-myristate 13-acetate (PMA; an activator of protein kinase C), or f-

Met-Leu-Phe (fMLP; a bacterial-derived peptide). In selected experi-

ments, neutrophils were pretreated with pharmacological inhibitors.

NETs formation was monitored in the presence of the cell-permeable

DNA-binding dye, Hoechst 33342 and/or the cell-impermeable DNA

dye, Sytox Green, using fluorescence microscopy.

Results:We found that the kinetics of PMA-driven NETosis was accel-

erated in the presence of inhibitors for the mTOR pathway (rapamy-

cin) or calpain (ALLN), and that the combination of these two

inhibitors resulted in an additive increase of NET formation as com-

pared to vehicle-treated cells. Stimulation of neutrophils with fMLP

alone failed to produce NETs; however the presence of the calpain

inhibitor ALLN, but not the mTOR inhibitor rapamycin, resulted in

vacuolization and efficient induction of NETosis in response to fMLP.

Our data show that inhibitors for cytoskeletal machinery, such as

myosin II (blebbistatin), microtubule (nocodazole) and actin polymeri-

zation (cytochalasin D), blocked PMA-induced NETs formation, as

well as the effect of ALLN on NETosis downstream of fMLP.

Conclusions: Our findings suggest that mTOR and calpain pathways,

which serve as inhibitory pathways of autophagy, can negatively regu-

late the initial stage of PMA-induced NETosis. This calpain activity

may prevent neutrophils from undergoing NETosis downstream of the

fMLP-receptor signaling pathways, thus playing a pivotal role in driv-

ing neutrophils toward either apoptosis or NETosis. Moreover, we

show that NETs formation requires the activity of cytoskeletal

machinery, highlighting multiple layers of regulatory mechanisms

underlying NETosis.

OC 54 – Endothelial cells

OC 54.1
Fuelling the knowledge of blood coagulation signaling
with time resolved quantitative phosphoproteomics of
thrombin-stimulated endothelial cells
Van Den Biggelaar M1, Hernandez J-R2, Meijer AB1, Mertens K1

and Zanivan S2

1Sanquin Research, Amsterdam, the Netherlands; 2The Beatson

Institute for Cancer Research, Glasgow, UK

Thrombin is the central enzyme involved in blood coagulation. It

serves an additional important function beyond coagulation by cleav-

ing protease-activated receptors (PARs) on the cell surface of endothe-

lial cells, thereby initiating signal transduction cascades. Through

these signal transduction cascades, thrombin regulates the barrier

function of the endothelium and the release of storage organelles,

called Weibel-Palade bodies that contain various hemostatic and vaso-

active substances. The identification of downstream effectors of PARs

is critical for understanding the interactions between signaling cas-

cades and for developing new pharmacological approaches for con-

trolling thrombin- and PAR-mediated responses. Due to the

complexity of signal transduction networks, the molecular mechanisms

underlying endothelial signaling in response to thrombin have

remained incompletely understood. Here we have combined Stable Is-

totope Labeling with Amino acids in Cell culture (SILAC), affinity-

based phospho-peptide enrichment and high resolution mass spec-

trometry to perform a quantitative and time-resolved analysis of the

thrombin induced signaling events in endothelial cells. Blood out-

growth endothelial cells (BOECs) were SILAC labeled and stimulated

with 1 U/mL thrombin for 2, 5, 10 or 30 min in a three-way reverse

labeling experiment. Digested peptides were separated using Strong

Cation Exchange chromatography, enriched for phospho-peptides by

titanium dioxide precipitation, and analyzed at the LTQ-Orbitrap

Elite mass spectrometer. We identified and accurately quantified 7791

class I phosphorylation sites localized on a total of 2593 gene products.

Of those, 2224 phosphorylation sites were found significantly regu-

lated over the 30-min time course. Amongst others, we found the

established PAR1 (thrombin) receptor, Rho-associated kinase 2, pro-

tein kinase C and phospholipase C, which provide a positive control

for our quantitative approach. Further bio-informatic analysis high-

lighted enrichment of KEGG pathways, such as leukocyte transendo-

thelial migration, focal adhesion and regulation of actin cytoskeleton,

as well as various gene ontology categories, including GTPase regula-

tor activity, regulation of Ras and Rho protein signal transduction

and adherens junction. In addition to the identification of these well-

established events, a wealth of previously unidentified phosphorylation

sites and processes were found to be regulated. Our study clearly

shows the enormous potential of using a global phosphoproteomic

approach to unravel endothelial cell signaling, and we anticipate that

the present study will be a powerful resource for cell biologists work-

ing in the fields of endothelial barrier function, Weibel-Palade body

release and PAR-mediated signaling. Moreover, our study demon-

strates that the key enzyme of the coagulation cascade thrombin initi-

ates a powerful signal transduction cascade that results in the

phosphorylation of a large array of downstream effectors and there-

fore emphasizes the intimate relation between coagulation and vascu-

lar biology.

OC 54.2
Aldosterone decreases thrombin generation via
enhancement of thrombomodulin-mediated protein C
activation
Regnault V1, Lagrange J1, Bourhim M1, Fassot C2, Nguyen Dinh

Cat A3, Wahl D1, Jaisser F3 and Lacolley P1

1Inserm U1116, Vandoeuvre-les-Nancy; 2Inserm U1083, Angers;
3Inserm U842, Paris, France

Background: Aldosterone (aldo) and its receptor, the mineralocorti-

coid receptor (MR) are implicated in several physiopathological pro-

cesses such as heart failure. Aldo has been proposed to be

prothrombotic through impairment of fibrinolysis in animal models.

On the other hand, aldo, via MR activation, upregulates the endothe-

lial protein C receptor (EPCR) in bone marrow endothelial cells and

prolong clotting times in presence of activated protein C (APC). These

findings suggest an imbalance of the hemostatic system, modulated by

the extent of MR activation on endothelial cells. However, the role of

MR, a ligand-activated transcriptional factor, in endothelial anticoag-

ulant function remains to be elucidated.

Aims: Our aim was to investigate whether MR activation decreases

in vitro thrombin generation at the surface of endothelial cells and

modifies the thrombotic risk in vivo.
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Methods: In vitro, we used human aortic endothelial cells (HAECs) to

explore the mechanisms of MR activation on the dynamic anticoagu-

lant APC pathway. HAECs were treated for 24 h with 10�8 M aldo in

the presence or not of 10�6 M MR or glucocorticoid receptor antago-

nists. In vivo we used our mouse model with conditional overexpres-

sion of the MR in endothelial cells (MR-EC) (Nguyen Dinh Cat et al.,

FASEB J. 2010; 24:2454–63). Thrombin generation in mouse plasma

or at the surface of adherent HAEC was measured using calibrated

automated thrombography (CAT). Thrombus formation was evalu-

ated in MR-EC mice after FeCl3 injury.

Results: At the surface of cultured HAECs, thrombin generation was

attenuated (area under the curve values (ETP): 785 � 16 vs.

661 � 16 nM.min, P > 0.05) and EPCR synthesis and secretion were

increased by 20 and 30% upon stimulation with aldo. Blocking the

MR, but not the glucocorticoid receptor, reversed these effects. Inhibi-

tion of protein C activation by an anti-thrombomodulin antibody

resulted in an enhancement of thrombin generation, which was not

impaired by aldo. Similar results were obtained with protein C-defi-

cient plasma. When washed HAECs were incubated with purified pro-

tein C and increasing concentrations of thrombin, aldo enhanced APC

generation on these cells in a thrombin dose-dependent manner. Vessel

occlusion times after exposure of the carotid artery surface to ferric

chloride was delayed in MR-EC compared with control mice

(7.4 � 0.5 vs. 4.4 � 0.3 min, n = 6 in each group). In the absence of

the APC system, thrombin generation parameters did not differ

between MR-EC and CT mice. There was a greater ability of added

APC to diminish thrombin generation in plasma of MR-EC mice com-

pared to plasma of controls (ETP: 57 � 10 vs. 145 � 30 nM.min).

Summary/Conclusions: These findings reveal that MR activation in the

vascular endothelium of healthy vessels can protect against thrombosis

and demonstrate that MR-mediated EPCR overexpression drives this

anti-thrombotic property through enhancement of thrombomodulin-

mediated protein C activation. This anti-thrombotic property of MR

activation may have clinical implications in drospirenone-containing

oral contraceptives since drospirenone is a potent MR antagonist.

OC 54.3
Endothelium but not platelet derived thiol isomerase
ERp57 is required for thrombosis in vivo
Jasuja R, Sharda AV, Kim SH, Furie B and Furie BC

Beth Israel Deaconess Medical Center, Boston, MA, USA

Background: The thiol-disulfide oxidoreductase ERp57 is a member of

the endoplasmic reticulum resident protein disulfide isomerase (PDI)

family. ERp57 is also found on the activated platelet surface. Like

PDI, ERp57 mediates platelet activation and thrombus formation.

Aims: Here we determine the contributions of endothelial- and plate-

let-derived ERp57 to thrombus formation and fibrin generation in the

mouse laser injury model.

Methods: To study contributions from different cellular sources ERp57

was depleted in mouse platelets using targeted gene deletion by crossing

ERp57flox/flox mice with PF4 Cre+/0 mice. Knockdown of ERp57 in all

adult mouse tissues was achieved by blocking translation of ERp57 pro-

tein using vivo-morpholinos. Finally thrombus formation was exam-

ined in the presence of a function blocking antibody to ERp57.

Results: In vitro studies using cultured endothelial cells show that

ERp57 is secreted rapidly into the culturemediumon thrombin stimula-

tion. ERp57 was also detected on the surface of endothelial cells by flow

cytometry. Morpholino mediated knockdown of ERp57 did not affect

the translation of other thiol isomerases: PDI, ERp5 and ERp72.

Knockdown of ERp57 resulted in diminished platelet aggregation in vi-

tro. Aggregation of platelets by 50 lMAYPGKF, a PAR4 agonist was

also inhibited in platelet specific conditional knockouts for ERp57. This

defect in aggregation was similar to inhibition observed in the presence

of a function-blocking antibody to ERp57. There was also a defect in

hemostasis observed by increased tail bleeding times in mice with plate-

let conditional knockout or morpholino knockdown of ERp57. Using

intravital microscopy, we observed that ERp57 is detectable on acti-

vated endothelium of the vessel wall after laser injury and in the devel-

oping thrombus. The median integrated fluorescence intensity for

ERp57 in wild-type mice was compared to wild-type mice injected with

eptifibatide, an inhibitor of platelet activation, and thus an inhibitor of

the contribution of ERp57 derived from platelets. ERp57 expression

was similar in both treated and untreated animals up to 20 sec after

injury. After 20 sec, the expression of ERp57 in eptifibatide-treated

mice decreased significantly compared to that in untreated mice, indi-

cating that initial ERp57 was derived from the endothelium and later

additional ERp57 was derived from platelets following their accumula-

tion in the thrombus. Infusion of a function-blocking antibody to

ERp57 prior to vessel wall injury led to dose-dependent inhibition of

platelet thrombus formation and fibrin generation in the mouse laser

injury model of thrombosis. Deletion of ERp57 by gene targeting of

PF4 in platelets as well as vivo-morpholino mediated translational

block demonstrated a reduction in platelet thrombus formation as well.

However, the rate and amount of fibrin generation were diminished

only in mice with global ERp57 knockdown either by antibody medi-

ated functional inhibition or morpholino mediated translational block.

Summary/Conclusion: These results provide evidence for a role of

platelet and endothelium derived thiol isomerase, ERp57, in thrombus

formation. Early in the time course of laser-induced thrombus forma-

tion the primary source of ERp57 is the endothelium. As we have

observed previously in our laser-induced injury model the activated

endothelium at the injury site can support maximal fibrin formation.

OC 54.4
Parmodulins act at PAR1 to stimulate cytoprotective
genetic program in endothelial cells
Aisiku OR1, Peters CG1, Dilks JR1, Fitch-Tewfik JL1,

Dockendorff C2 and Flaumenhaft R1

1Beth Israel Deaconess Medical Center, Boston, MA; 2Marquette

University, Milwaukee, WI, USA

Background: Activation of PAR1 in endothelial cells by thrombin elic-

its loss of barrier function and apoptosis. In contrast, activation of

PAR1 by APC stimulates cytoprotective signaling in endothelium. We

have identified and characterized a novel class of small molecules,

termed parmodulins, which modulate PAR1 function by acting at the

intracellular face of the receptor. In platelets, parmodulin-1 (aka JF5,

PNAS, 108:2951) and parmodulin-2 (aka ML161, ACS Med Chem

Lett, 3:232) selectively block signaling downstream of PAR1 and inter-

fere with thrombosis, but not hemostasis in murine models.

Aims: Our goal was to determine whether parmodulins act on PAR1

to modify the function of endothelial cells.

Results: Initial studies demonstrated that parmodulins blocked throm-

bin-induced loss of barrier function as assessed by immunofluores-

cence microscopy of phalloidin-stained human umbilical vein

endothelial cell (HUVEC) monolayers. Unexpectedly, parmodulins

also protected against apoptosis induced by TNF-a or staurosporine

as assessed by staining with YO-PRO-1 dye. To confirm that parmod-

ulins acted at PAR1 to achieve their cytoprotective activity, we tested

their ability to prevent TNF-a-induced apoptosis in HUVECs trans-

fected with either PAR1 siRNA or a vector control. Parmodulins and

APC both protected mock-transfected HUVECs from TNF-a-induced
apoptosis. In contrast, neither parmodulins nor APC protected against

apoptosis in PAR1 knockout HUVECs. A 4 h exposure to parmodu-

lins was required to achieve maximum protection against TNF-a-
induced apoptosis, raising the possibility that parmodulins stimulate a

cytoprotective genetic program in endothelial cells. Transcript profil-

ing of > 30,000 genes was performed in HUVECs exposed to vehicle

alone, parmodulin-2, TNF-a, or parmodulin 2 then TNF-a. TNF-a
elicited the upregulation of 748 genes. Parmodulin-2 inhibited upregu-

lation of 107 of these genes by > 1.5-fold and elicited upregulation of

26 genes by > 1.5-fold. RT-PCR confirmed parmodulin-2-mediated

inhibition of MMP10, END1, TL2, and RSPO3 transcripts as well as

parmodulin-2-mediated upregulation ofSTC-1 transcripts. Several of
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the genes downregulated by parmodulin-2 are under the control of

NF-kB. Both parmodulins and APC blocked TNF-a-induced expres-

sion of a GFP reporter construct under the control of a NF-kB sensi-

tive promoter, confirming the transcript profiling results indicating

that parmodulins act in part by inhibiting signaling to NF-kB. Stanni-

ocalcin-1, which was upregulated in response to parmodulin-2, has cy-

toprotective effects in endothelial cells. We therefore evaluated

stanniocalcin-1 protein expression in response to parmodulins. Expo-

sure to parmodulins 1 and 2 resulted in a 3.7 + 1.1-fold and 4.4 + 0.4-

fold increase in stanniocalcin-1, respectively. Stimulation with APC,

low dose thrombin and SFLLRN stimulated stanniocalcin-1 levels

5.0 + 0.8-fold, 3.0 + 0.3-fold, and 2.8 + 0.8-fold, respectively. Since

the cytoprotective effects of parmodulins resemble those of APC and

APC blocks inflammation and sepsis in vivo, we evaluated parmodu-

lin-2 in a mouse model of inflammation. In these studies, parmodulin-

2 completely blocked the sixfold increase in leukocyte rolling observed

over the 70 mins following surgical exposure of cremaster venules.

Conclusions: Parmodulins are the first small molecules identified to

activate a cytoprotective genetic program in endothelial cells through

PAR1. They interfere with NF-kB-mediated transcription and stimu-

late expression of stanniocalcin-1. These biased PAR1 endothelial cell

agonists represent a new strategy in the treatment of inflammatory dis-

orders and sepsis.

OC 54.5
Endothelial Protease Nexin-1 potentiates the
cytoprotective effects of activated Protein C by
preventing endothelial Protein C receptor shedding
Bouton M-Ch1, Boulaftali Y2, Franc�ois D1, Venisse L1, Jandrot-

Perrus M1 and Arocas V1

1Inserm U698, Paris cedex18, France; 2The University of North

Carolina at Chapel Hill, Chapel Hill, NC, USA

Background: Human protein C is a plasma serine protease that plays a

key role in haemostasis, and activated protein C (aPC) is known to eli-

cit protective responses in vascular endothelial cells. This cytoprotec-

tive activity requires the interaction of the protease with its cell

membrane receptor, endothelial protein C receptor (EPCR), followed

by the activation of the protease-activated receptor-1 (PAR-1). How-

ever, the mechanisms regulating the beneficial cellular effects of aPC

are not well-known.

Aims: The scientific question we address is to determine whether a ser-

ine protease inhibitor called protease nexin-1 (PN-1) or serpinE2,

expressed by vascular cells, can be considered as a new player in the

cytoprotective aPC pathway.

Methods: We studied the cytoprotective activities of aPC in vitro, by

analyzing its effect both in the model of staurosporine-induced apop-

tosis and in thrombin-induced permeability in a dual-chamber system,

using EAhy926 endothelial cells whose PN-1 expression was silenced

by siRNA transfection or blocked with a specific neutralizing anti-PN-

1 antibody. Dermal vascular hyperpermeability was also explored in

vivo by using a modified Miles assay. In this assay we compared the

leakage of Evan’s Blue in response to local intradermal injection of

VEGF in both wild-type and PN-1-deficient mice.

Results: We observed that vascular barrier protective and anti-apopto-

tic activities of aPC were reduced both in endothelial cells underex-

pressing PN-1 and in endothelial cells whose PN-1 function was

blocked by a neutralizing antibody. Our in vitro data were further con-

firmed in vivo, since local intradermal injection of aPC could abolish

VEGF-mediated hypermeability in the skin of wild-type mice whereas

it had no protective effect in the skin of PN-1-deficient mice. These

data can be explained by a previously unknown protective role of

endothelial PN-1 on EPCR shedding. We indeed provided evidence

that PN-1 inhibits furin activity, a serine protease known to activate a

disintegrin and metalloproteinase 17 (ADAM17) involved in the shed-

ding of EPCR. We evidenced in vitro by using recombinant proteins

that PN-1 forms a SDS-stable complex with furin which leads to the

inhibition of furin activity, and thereby reduces the furin-dependent

maturation of proADAM17. Moreover double immunofluorescence

revealed that furin colocalized with PN-1 both at the intracellular level

and at the surface of the cells, indicating a direct interaction between

PN-1 and furin in endothelial cells.

Conclusions: Our results demonstrate an original role of endothelial

PN-1 as a furin convertase inhibitor, providing new insights for under-

standing the regulation of EPCR-dependent aPC endothelial protec-

tive effects. Both PN-1 and furin are expressed in numerous cells, and

since furin represents a processing enzyme of various cell surface

receptors and growth factors, its inhibition by PN-1 open new fields of

investigation in many different disciplines.

OC 54.6
Platelet endothelial aggregation receptor-1 is a critical
determinant of endothelial cell function
Vandenbriele C1, Kauskot A2, Luttun A2, Janssens S2,

Hoylaerts MF2 and Verhamme P2

1KU Leuven; 2Center for Molecular and Vascular Biology,

Leuven, Belgium

Background: Platelet endothelial aggregation receptor-1 (PEAR1), a

type I transmembrane receptor, is expressed on platelets and endothe-

lial cells (ECs) but its contribution to EC function is unknown. We

aimed at unraveling its physiological and pathophysiological role in

ECs.

Methods and Results: PEAR1 expression was analyzed by qPCR in

cultured human endothelial progenitors (blood outgrowth endothelial

cells or BOECs), in ECs from human umbilical cord and in ECs freshly

isolated from multiple vascular beds. PEAR1 mRNA expression was

heterogeneous, with the lowest expression in BOECs and the highest

in macrovascular and microvascular ECs from heart and liver tissue.

ECs from umbilical cord showed intermediate expression levels. Stain-

ings of fast growing hemangiomas (human pyogenic granuloma)

revealed low expression of PEAR1 in the young, rapidly proliferating

ECs of the granuloma compared to normal subcutaneous ECs.

The role of PEAR1 in EC proliferation was evaluated in the hybrid

cell line EA.hy926. Knockdown of PEAR1 by lentiviral transduction

with a short-hairpin anti-PEAR1 construct (shPEAR1) doubled the

EA.hy926 EC proliferation rate, as compared to control lentiviral-

transduced cells. This was associated with significantly increased base-

line Akt-P levels (PI3K-activity) in shPEAR1 cells and significantly

decreased levels of the Akt-P phosphatase PTEN. Expression of the

nuclear proliferation suppressor p21/CIP1 in shPEAR1 ECs was

reduced by 60 � 2% (mean � SEM, qPCR and Western blot),

whereas the band intensity on Western blots for the cyclin-dependent

kinase CDC2 significantly increased, consistent with increased mitosis.

During in vitro matrigel tube formation assays, using human umbilical

artery endothelial cells (HUAECs), PEAR1 expression rose fivefold.

This was associated with a threefold increase of PTEN. In constrast,

during tube formation of PEAR1-knockdown HUAECs, PTEN-levels

dropped 1.5-fold. PEAR1-knockdown significantly (P > 0.005)

increased total tube length, the number of tube branching points and

the number of tubes compared to control HUAECs. These findings

are in accordance with the increased baseline phosphorylation of Akt

in shPEAR1 ECs.

Anti-PEAR1 antibodies behaved as a pseudo-ligand in EA.hy926 ECs

and HUAECs and triggered PI3-kinase activation, resulting in PEAR1

phosphorylation and a short-term elevation of Akt-P levels. This ele-

vation enhanced the phosphorylation of eNOS (activating site P1177

on Western blot), an enzyme responsible for rapid production of NO

in ECs. Correspondingly, anti-PEAR1 antibodies mildly stimulated

tube formation of control HUAECs.

Conclusions: Our study provides the first evidence that PEAR1 is

expressed in ECs from multiple vascular beds and that PEAR1 sup-
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presses proliferation, modulates eNOS-activation and controls tube

formation processes via the PI3K/Akt/PTEN- pathway in ECs. The

upregulation of PEAR1 during EC maturation is compatible with a

role for PEAR1 in endothelial cell differentiation.

OC 55 – Immune Thrombocytopenia
Purpura

OC 55.1
Modified HPA-1a monoclonal antibody to prevent
fetal-alloimmune thrombocytopenia
Bakchoul T1, Santoso S2, Sachs UJ2, Bein G2, Greinacher A1

and Newman P3

1Ernst-Moritz-Arndt University Greifswald, Greifswald; 2Institute

for Clinical Immunology and Transfusion Medicine, Justus-Liebig

Univ, Giessen, Germany; 3Blood Research Institute, BloodCenter

of Wisconsin, Milwaukee, WI, USA

Background: Fetal/neonatal alloimmune thrombocytopenia (FNAIT)

is often caused by maternal alloantibodies against the human platelet

antigen (HPA)-1a. Subsequent platelet destruction is mediated via the

Fc-part of the alloantibodies. The monoclonal antibody SZ21 binds to

the HPA-1a-epitope and inhibits binding of maternal alloantibodies.

However, it also promotes complement activation and phagocytosis.

Deglycosylation of antibodies abrogates the Fc-related effector func-

tions but may still allow transplacental transport.

Aims: To investigate the use of N-glycan modified HPA-1a antibody in

preventing platelet destruction in FNAIT.

Methods: To modify the N-glycan of SZ21, deglycosylation was per-

formed under native conditions using Endo F, and the modification

was evaluated by Coomassie Blue and lectin blotting. To investigate

transplacental transport, pregnant BALBc mice were injected with

SZ21, N-glycan modified (NGM)-SZ21 or isotype-matched control

IgG antibody at gestation day 17. The impact of N-glycan removal on

the binding affinity of SZ21 for the HPA-1a-epitope on GPIIb-IIIa

was analyzed using Surface Plasmon Resonance (SPR). The ability of

NGM-SZ21 to prevent anti-HPA-1a-mediated platelet clearance in

vivo was investigated using the NOD/SCID mouse model of alloim-

mune thrombocytopenia.

Results: Endo F treatment only removed the N-glycan attached to Asn

297 of the antibody heavy chain without altering the protein struc-

tures. When injected into pregnant mice, both native SZ21 and NGM-

SZ21 were transported equally into fetal circulation (8.9% vs. 8.7%,

p > 0.05). The binding properties of NGM-SZ21 to HPA-1a were not

affected after N-glycan modification (fitted equilibrium dissociation

constant 1.17 9 109 vs. 4.36 9 109 M, p > 0.05). NGM-SZ21 pre-

vented platelet-destruction induced by maternal anti-HPA-1a antibod-

ies in vivo in the NOD/SCID mouse model (Elimination of HPA-1a-

platelets: 62% vs. 18%, P = 0.013).

Summary/Conclusion: Deglycosylation of SZ21 abrogates Fc-moiety

related effector functions, while neither its transplacental transport

nor its capacity to block binding of maternal HPA-1a antibodies to

platelets was impaired. Humanized, deglycosylated anti-HPA-1a

monoclonal antibodies may represent a novel treatment strategy to

prevent anti-HPA-1a mediated platelet destruction in FNAIT.

OC 55.2
Anti-GPIb antibody induces platelet desialylation: a
novel mechanism of Fc-independent immune
thrombocytopenia, and a potential new diagnosis and
therapy against refractory ITP
Van Der Wal E1, Li J2, Zhu G3, Vadasz B2, Ma L2, Yougbare I4,

Lang S2, Freedman J2 and Ni H5

1Canadian Blood Services; 2Li Ka Shing Knowledge Institute of St.

Michael’s Hospital, University of Toronto; 3Li Ka Shing

Knowledge Institute of St. Michael’s Hospital; 4Canadian Blood

Services, St. Michael’s Hospital; 5St. Michaels Hospital,

University of Toronto, Canadian Blood Services, Toronto, ON,

Canada

Background: Autoimmune thrombocytopenia (ITP) is characterized

by patients’ antibodies targeting their own platelet antigens, primarily

glycoprotein (GP)IIbIIIa-integrin (70–80%) and GPIb-complex (20–
40%). Current paradigm suggests that clearance of opsonized platelets

through the reticuloendothelial system via Fcc-receptors results in

thrombocytopenia and bleeding disorders. However, evidence from

our group and others have demonstrated that anti-GPIba, but not

anti-GPIIbIIIa, can induce thrombocytopenia via an Fc-independent

pathway, which is resistant to intravenous IgG (IVIG) therapy in mur-

ine ITP-models (Blood 2006). These observations are consistent with

subsequent IVIG studies in human ITP patients. Interestingly, human

anti-GPIb-mediated ITP patients seem also resistant to steroid therapy

in our recent retrospective study (American Journal of Hematology

2012). This suggests that anti-GPIba antibodies may induce platelet

clearance through a different mechanism which is currently poorly

understood.

Methods: We developed unique mouse anti-mouse monoclonal anti-

bodies (mAbs) in GPIIIa or GPIba deficient mice, which also cross-

react with human GPIIbIIIa and GPIba. Flow cytometry was used to

evaluate whether these mAbs were able to induce platelet activation,

apoptosis and desialylation. Fc-independent phagocytosis of anti-

GPIba opsonized platelets was examined using FccR blockers. The

role of desialylation on GPIba in platelet clearance was assessed using

neuraminidase (NA) and it’s inhibitor N-acetyl-2,3-dehydro-2-deoxy

neuraminic acid (DANA). We also repeated these experiments with

human platelets and plasma from human ITP-patients.

We also investigated the effects of anti-GPIba antibodies on platelet

activation, apoptosis and clearance in vivo. Briefly, BALB/c mice were

injected with anti-GPIba or anti-GPIIIa mAbs and 24 h later, platelet

desialylation, activation and apoptosis were measured by flow cytome-

try. The effect of desialylation on platelet clearance was assessed with

DANA. The significance of Ashwell-Morell Receptors (AMR) in anti-

GPIba-mediated platelet clearance in the liver was examined using

asialofetuin, a blocker of AMR.

Results and Discussion: We found that anti-GPIba, but not anti-GPII-

bIIIa mAbs, induced significant platelet desialylation, P-selectin expres-

sion, phosphatidylserine (PS)-exposure, and increased inner membrane

mitochondrial depolarization (DYm). Moreover, we found that desialy-

lation of GPIba is functionally coupled with platelet activation, as prior

treatment with activation inhibitors abrogated desialylation and treat-

ment with DANA diminished PS-exposure, and P-selectin expression.

Most importantly, incubations of human platelets with ITP-patient

plasma showed similar effects. In vivo, we found significant increases in

PS-exposure and DYm induced by anti-GPIba, but not by anti-GPIIIa

mAbs. Interestingly, prior injection with DANA rescued platelets num-

bers in anti-GPIba, but not in anti-GPIIIa injected mice. A significant

role for AMR and MAC-1 receptors in the clearance of deglycosylated

platelets was observed; blocking of AMR by asialofetuin, decreased

platelet clearance in anti-GPIba, but not anti-GPIIbIIIa antibody

injected mice and Fcc-independent phagocytosis occurred with anti-

GPIba opsonized platelets but not anti-GPIIbIIIa. Thus, we demon-

strate for the first time that anti-GPIba antibodies induce GPIba desial-

yation, platelet activation and apoptosis. Therefore, we identified novel
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Fc-independent platelet clearance pathways, more specifically, via

AMR and MAC-1 receptors in the liver. These findings may lead to

novel therapeutic regimens including the potential use of sialidase

inhibitors as a solution for anti-GPIb-mediated ITP patients previously

refractory to both steroid and IVIG therapies.

OC 55.3
Dendritic cells differently phagocytose activated or
apoptotic blood platelets
Maitre B, Mawhin MA, Eckly A, Heim V, De La Salle H

and Gachet C

UMR_S949, Inserm, Universit�e de Strasbourg, EFS-Alsace,

Strasbourg, France

Background: In several auto-immune diseases, platelets are destroyed

by auto-antibodies, resulting in hemorrhagic syndromes. Among the

cells involved in the immune response, dendritic cells (DCs) are crucial

antigen presenting cells, as they may initiate autoimmunity through

the stimulation of na€ıve T lymphocytes (TL). The ability of DCs to

phagocytose platelets and further to present platelet antigens to T cells

has still to be studied in depth.

Objectives: The aim of our project was to define whether resting, acti-

vated or apoptotic platelets could be internalized by DCs, which

would be critical for the promotion of platelet antigen presentation to

TL.

Methodology: Human immature DCs were derived from blood mono-

cytes and co-cultured with resting, 1U/mL thrombin-activated or

1 lM ABT737-treated apoptotic platelets for 18 h at 37 °C. The cells

were then fixed and analysed by confocal microscopy to establish a

phagocytosis index. Immunolabeling and electron microscopy were

performed to analyse the localization of the internalized platelets.

Results: After 18 h of co-incubation, the percentage of DCs that had

phagocytosed resting platelets was 3 � 1%. This percentage reached

12 � 1% and 18 � 2% when activated or apoptotic platelets were

incubated with DCs respectively, the difference between activated and

apoptotic platelets being statistically significant (n = 5, P > 0.01). This

process depends on the exposure of phosphatidylserine at the platelet

surface, as it was inhibited (7 � 1% vs. 13 � 2 for activated platelets,

8 � 2% vs. 21% for apoptotic platelets), in the presence of recombi-

nant annexin V (n = 3, P > 0.05). Interestingly, electron microscopy

observation revealed that, after 18 h, activated platelets were found in

Major Histocompatibility Class II (MHC-II)-positive compartments,

while apoptotic platelets were found in MHC II-negative phagosomes,

suggesting different routes of phagocytosis.

Conclusion: Our study provides evidence that DCs differentially inter-

nalize activated or apoptotic platelets which may result in different

mechanisms of antigen handling, processing and presentation.

OC 55.4
Autoantibody binding to glycoprotein Iba induces Fc?
RIIa-mediated platelet activation in a patient with
immune thrombocytopenia
Gitz E1, Van Der Wal E2, Koekman CA1, Huisman A1, Van Den

Heuvel DJ3, Gerritsen HC3, Deckmyn H4, Akkerman JWN1,

Schutgens REG1 and Urbanus RT1

1University Medical Center Utrecht, Utrecht, the Netherlands;
2Monash University, Melbourne, Vic., Australia; 3University

Utrecht, Utrecht, the Netherlands; 4KU Leuven, Kortrijk, Belgium

Background: The primary targets of autoantibodies in immune throm-

bocytopenia (ITP) are the platelet receptors aIIbb3 (70–80%) and gly-

coprotein (GP) Iba (20–40%). Anti-aIIbb3 antibodies are thought to

induce thrombocytopenia through increased platelet clearance by Fcc

receptor-bearing macrophages, which is prevented with intravenous

immune globulins. The molecular mechanism of thrombocytopenia

observed in patients with autoantibodies against GPIba, who are often

refractory to this treatment, is less clear. Anti-GPIba antibodies are

known to induce platelet activation, which may be a cause for acceler-

ated platelet destruction in ITP patients with autoantibodies against

this receptor.

Methods: We investigated the effects of anti-GPIba autoantibodies on

platelet activation with fluorescent activated cell sorting. GPIba trans-

location, clustering and colocalization with FccRIIa after autoanti-

body binding were determined by F€orster Resonance Energy Transfer

(FRET) using time-gated Fluorescence Lifetime Imaging Microscopy

(FLIM).

Results: Platelets from an ITP patient with anti-GPIba antibodies

showed elevated surface expression of P-selectin (12-fold), fibrinogen

(twofold) and phosphatidylserine (fivefold). Phagocytosis of patient

platelets by matured monocytic THP-1 cells was 21-fold increased

compared with controls. Incubation of normal platelets with patient

plasma caused platelet activation, which was prevented by removal of

the GPIba ectodomain or IgG depletion. FRET/FLIM analysis

revealed that patient antibodies induced translocation of GPIba to

lipid rafts, where it colocalized with the low affinity Fc-receptor

FccRIIa. A blocking antibody against FccRIIa, or inhibition of

GPIba translocation to lipid rafts with ganglioside GM3 prevented

antibody-induced platelet activation.

Conclusions: The results demonstrate that binding of autoantibodies

induces GPIba translocation to lipid rafts where it clusters. This facili-

tates autoantibody ligation to FccRIIa, resulting in platelet activation

and destruction by macrophages. Blockage of autoantibody-FccRIIa

interaction in lipid rafts may be a therapeutic target for the treatment

of ITP.

OC 55.5
Therapeutic efficacy of rapamycin in patients with
chronic immune thrombocytopenia
Dai L

Key Lab of Thrombosis and Hemostasis, Jiangsu Institute of

Hematology, the First, Suzhou, China

Introduction: Although immune thrombocytopenia (ITP) is an autoan-

tibody-mediated disease characterized by destruction and impaired

platelet production, dysfunctional cellular immunity has also great

importance in ITP pathogenesis. Rapamycin, as an immunosuppres-

sant that inhibits T-cell proliferation but selectively spares regulatory

T (Treg) cells, has broad prospects in the field of transplantation

immunology and autoimmune diseases. In this study, we investigated

the effects of rapamycin on the chronic ITP (cITP) patients and to fur-

ther explore its possible mechanisms.

Design and Methods: Peripheral blood samples were collected from

cITP patients. The rate of CD4+ CD25+ Treg cells was analyzed

using flow cytometry (FCM), and the Foxp3 mRNA expression was

assessed by quantitative reverse-transcription polymerase chain reac-

tion (RT-PCR). In addition, the levels of relevant cytokines were mea-

sured by enzyme-linked immune sorbent assay (ELISA) before and

after the rapamycin treatment. Furthermore, the suppressive ability of

Treg cells isolated from patients and healthy controls was evaluated

via coculturing Treg cells and their autologous CD4+ T or CD8+ T

cells in the culture medium.

Results: Among thirty-five treated patients who did not respond to

previous steroid and immunosuppressant agents, thirteen patients

achieved complete response and eight patients achieved partial

response. Following treatment with rapamycin, the levels of Treg cells

increased (P > 0.05); the Foxp3 mRNA expression greatly enhanced

and the concentrations of IL-10 and TGF-b(beta) also increased in the

responsive group (P > 0.05); the suppressive ability of Treg cells iso-

lated from cITP patients was significantly lower than that of the con-
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trol group (P > 0.05), meanwhile, the Treg cells displayed enhanced

function for CD8+ T cells after treatment (P > 0.05).

Conclusions: For cITP patients who displayed impaired activity and

frequencies of Treg cells, rapamycin could suppress proliferation of

both CD4+ T and CD8+ T cells, promote expansion of functional

Treg cells and increase their suppressive capacity. Our results suggest

that rapamycin might be a potentially therapeutic tool for treating

cITP patients.

OC 55.6
A novel monoclonal antibody against GPIbalpha (Gi10)
inhibits human platelet clearance induced by
autoantibodies against GPIb/IX from ITP patients in a
NOD/SCID mice model
Santoso S1, Sachs UJ1, Bakchoul T2, Giptner A1 and Santoso S1

1Clinical Immunology and Transfusion Medicine, Giessen;
2Institute for Immunology and Transfusion Medicine, Greifswald,

Germany

Background: Idiopathic thrombocytopenic purpura (ITP) is an auto-

immune disease caused by autoantibodies (aabs) against platelet glyco-

proteins (GPs) IIb/IIIa and Ib/IX. Recent evidence indicates that aabs

against GPIb/IX mediate platelet destruction by a different mecha-

nism in comparison to aabs against GPIIb/IIIa (Fc-independent vs.

Fc-dependent pathway) (Webster et al., 2006). Accordingly, patients

with ITP mediated by anti-GPIb/IX aabs seem to be less responsive to

IVIG treatment (Li et al., 2012). Thus, alternative therapy option

should be considered for these refractory patients.

Aims: In this study, we aimed to analyse the capability of a novel

mouse monoclonal antibody (mab) specific for GPIb (mab Gi10) to

interfere with the binding of aabs against GPIb/IX in vitro. In addi-

tion, the capability of this mab to inhibit platelet clearance in vivo was

investigated in a previously established NOD/SCID mouse model

(Newman et al., 2007).

Methods: Only sera from well-characterized ITP patients containing

GPIb/IX aabs (n = 10) were included. All sera were tested by the gly-

coprotein specific immunoassay, MAIPA, using a panel of mabs

against different GPIb/IX subunits (Ibalpha, Ibbeta and IX). The

inhibitory capacity of mab Gi10 toward anti-GPIb/IX aabs was inves-

tigated by flow cytometry. Analysis of human platelet clearance by

anti-GPIb/IX aabs and mab Gi10 was performed in the NOD/SCID

mouse model.

Results: Mab Gi10 was characterized in our laboratory and showed

specific reaction against GPIbalpha remnant on platelets. Mab Gi10

did not affect platelet function in vitro (Kiefel et al., 1991). Analysis of

aabs against GPIb/IX in the MAIPA assay using mab Gi10 as capture

antibody showed significant reduction of aabs reactivity when com-

pared to other capture mabs against GPIbalpha (clone AP1, SZ2),

GPIX (clone FMC25) and GPIbbeta (clone Gi22), indicating binding

competition between mab Gi10 and GPIb/IX aabs. These results could

be confirmed by flow cytometric analysis; pre-incubation of platelets

with mab Gi10 blocked the binding of GPIb/IX aabs. When purified

IgG fractions of GPIb/IX aabs or mab Gi10 were injected into the

NOD/SCID mouse, clearance of human platelets from mice blood cir-

culation were observed. However, a significant reduction of platelet

clearance was detected when mice were pre-treated with deglycosylated

mab Gi10 (NGM-Gi10) prior to injection of aabs against GPIb/IX.

Summary and Conclusions: These data demonstrate the capability of

mab Gi10 to hinder the binding of GPIb/IX aabs and thereby to inhi-

bit platelet clearance in vivo. The use of modified mab Gi10 (such as

NGM-Gi10) may represent an alternative therapy option for selected

ITP patients.

OC 56 – Inhibitor development in
haemophilia A

OC 56.1
Induction of antigen-specific tolerance upon infusion
of Fc-fusion proteins via the Materno-fetal interface
Gupta N1, Meslier Y1, Andr�e S1, Culina S2, Delignat S1, Mallone

R2, Kaveri SV1 and Lacroix-Desmazes S1

1Inserm UMRS 872, Universit�e Pierre et Marie Curie; 2Inserm,

U986, Saint Vincent de Paul Hospital, Paris, France

Background: Under physiological conditions, the organism is tolerant

to self-constituents. The thymus provides the basis for so called ‘cen-

tral tolerance’ mechanisms, which both delete autoreactive T effectors

(Teff) cells and rescue natural T regulatory (Treg) cells. Regulatory T

cells (Tregs) that developed via central tolerance mechanisms in the

thymus play a major role in the maintenance of peripheral tolerance.

Several pathological situations result from a break of tolerance

towards endogenous molecules, as seen in autoimmune diseases, or

from the inability to mount tolerance towards exogenously adminis-

tered innocuous molecules, as observed in alloimmune responses to

protein therapeutics like in Hemophilia A. Self tolerance is probably

established as early as during fetal life, at the time of lymphocyte

development. Maternal IgG are transported across the placenta to

fetal circulation via transcytosis through the neonatal Fc receptor

(FcRn). This process shapes the immune repertoire of the newborns

and imparts on the nature of the immune responses in adult life.

Aim: We exploited this physiological process of materno-fetal interface

to shape the immune repertoire during the ontogeny of the immune

system, by introducing the Ag of interest during fetal life, in order to

induce tolerance to an immunogenic protein therapeutic: coagulation

factor VIII (FVIII).

Methods: To this end, mouse Ig-Fc-fusion chimeric molecules were

developed using immunodominant domains of FVIII (A2-Fc and C2-

Fc) and using the first domain of hemagglutinin (HA1-Fc). The chime-

ric proteins were produced by stably transfected HKB11 cells, purified

by affinity chromatography and characterized by ELISA and western

blots. In vivo imaging and ELISA validated the placental transfer of

the chimeric proteins into the fetal circulation during gestation, after

intravenous infusion in pregnant mice. The functional avidity, thymic

presentation, time window and therapeutic dose were determined in

HA-specific T-cell receptor (TcR) transgenic (Tg) mice, where T cells

specific for the HA111-119 peptide can be identified using the 6.5 anti-

clonotypic antibody.

Results: Intravenous injection of 100-lg chimeric proteins in pregnant

mice during gestational day 16–18 was sufficient to significantly induce

HA1-specific Tregs and to delete HA1-specific autoreactive T cells in

the progeny at 2 weeks of age. These validated parameters were then

applied to a mouse model of hemophilia A (FVIII�/�) utilizing A2-

Fc, C2-Fc and a monoclonal mouse IgG1 as control. The progeny of

treated mothers was then challenged with therapeutic doses of the

FVIII neo-antigen at 6 weeks of age. The progeny of A2-Fc and C2-

Fc treated mothers showed a drastic reduction in the levels of total

anti-FVIII IgG with abrogation of the proliferation of FVIII-specific

T cells.

Conclusion: Our study provides the first proof of concept towards

exploiting the materno-fetal interface to shape the immune repertoire

and to induce tolerance in allo-immune pathological conditions.
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OC 56.2
Role of mannose-ending glycans in the endocytosis
and presentation of FVIII to T cell by human and mouse
antigen-presenting cells
Delignat S1, Gilardin L1, Plantier J-L2, Chtourou S2, Martinez-

Pomares L3, Lone YC4, Robinson J5, Lacroix-Desmazes S1

and Kaveri SV1

1Inserm, Paris; 2LFB, Les Ulis, France; 3Queens Medical Center

University, Nottingham, UK; 4UMRS1014, Villejuif, France;
5Newcastle University, Newcastle, UK

Background: Development of FVIII inhibitors is the major compli-

cation in hemophilia A patients. The anti-FVIII immune response

involves uptake and processing of therapeutic FVIII by antigen pre-

senting cells (APCs), which leads to FVIII peptide presentation to

na€ıve CD4+ T cells. Previously, using two models of APCs, human

monocyte-derived dendritic cells (Mo-DCs) and murine bone mar-

row-derived dendritic cells (BM-DCs), we had shown that both

APCs internalize FVIII. While FVIII endocytosis by Mo-DCs was

mediated in part through the macrophage mannose receptor

(CD206), FVIII endocytosis by BM-DCs did not involve mannose-

sensitive pathways.

Aim: The aim of this study was to compare the importance of FVIII

mannose-ending sugars for endocytosis and presentation of FVIII to

T cells by mouse splenocytes and human Mo-DCs.

Methods: We produced human B domain-deleted FVIII lacking oligo-

mannose carbohydrates at Asn239 and Asn2118 (DM-FVIII), and

wild-type B domain-deleted FVIII (WT-FVIII, Δ2FVIII, LFB, Les

Ulis, France) by transducing CHO-S cells with lentiviral vectors. We

also generated a FVIII-specific mouse T-cell hybridoma restricted to

the HLA DRB1*0101, following immunization with B domain-deleted

FVIII (BDD-FVIII) of HLA-A2.1-/HLA-DRB1-transgenic H-2 class

I/class II KO mice (SureL1). Lymph node cells from immunized mice

were stimulated 3 days ex vivo with BDD-FVIII and fused with

BWZ36 (TCR�/�) cells by polyethylene glycol fusion. Screening of

hybridomas was performed using BDD-FVIII and splenocytes from

SureL1 mice. Hybridoma activation was assessed by measuring

secreted Il-2. To compare FVIII presentation by mouse and human

APCs, T-cell stimulation assays were performed using either spleno-

cytes from SureL1 mice or human Mo-DCs generated from a healthy

donor with the DRB1*0101/0301HLA class II locus.

Results: We generated 13 FVIII-specific hybridomas. One FVIII-spe-

cific hybridoma was sub-cloned and used for all in vitro antigen presen-

tation assays. This sub-clone was activated in a dose-dependent

manner by WT-FVIII when presented by HLA DRB1 0101/0301

human Mo-DCs or splenocytes from SureL1 mice. Mouse splenocytes

activated equally the T-cell hybridoma whether WT-FVIII or DM-

FVIII was used in the assay (117 � 13 vs. 97 � 23 pg/mL of Il-2,

respectively). In contrast, T-cell activation by Mo-DCs was drastically

reduced when DM-FVIII was used instead of WT-FVIII (4 � 2 and

21 � 7 pg/mL of Il-2, respectively).

Conclusion: This study highlights the differences in FVIII endocytosis

pathways by mice and human APCs. This work also confirms the rele-

vance of mannose-sensitive pathways in FVIII uptake and presenta-

tion to CD4+ T cells by Mo-DCs.

OC 56.3
Inhibitor eradication therapy in non-severe
hemophilia A
Van Velzen AS1, Eckhardt CL1, Peters M1, Hart P2, Rangarajan S3,

Hay CRM4, Mancuso ME5, Smiers F6, Liesner R7, Petrini P8,

Jim�enez Yuste V9, Van Der Bom JG6, Fijnvandraat KJ1, Yee T10

and For the INSIGHT consortium11

1Emma Children’s Hospital, Academic Medical Center,

Amsterdam, the Netherlands; 2Royal London Hospital, London,

UK; 3Haemophilia Reference Centre, St. Thomas’ Hospital,

Londen, UK; 4Royal Infirmary Hospital, Manchester, UK; 5IRCCS

Maggiore Hospital Foundation and University of Milan, Milan,

Italy; 6Leiden University Medical Center, leiden, the Netherlands;
7Great Ormond Street Hospital, London, UK; 8Karolinska

Hospital, Stockholm, Sweden; 9University Hospital la Paz,

Madrid, Spain; 10Royal Free Hospital, London, UK; 11the

Netherlands

Background: In patients with non-severe hemophilia A (HA) presence

of an inhibitor may exacerbate the bleeding phenotype dramatically.

There are very limited data on the optimal therapeutic approach to

eradicate inhibitors in non-severe HA patients.

Methods: All non-severe HA patients (FVIII:C 2–40%), who devel-

oped a clinically relevant inhibitor between 1980 and 2011 in the par-

ticipating centers of the INSIGHT study, were included. Data on

clinical and inhibitor characteristics and eradication therapy were col-

lected. High titer (HT) inhibitor was defined as a Bethesda assay of

> 5 BU/mL and low titer (LT) as ≤ 5 BU/mL. ‘Re-challenge’ was

defined as exposure to FVIII concentrates after the inhibitor became

undetectable (with or without inhibitor eradication treatment) and

‘sustained success’ was defined as a negative inhibitor assay after re-

challenge. Proportions were analyzed using chi-square or Fischer’s

exact tests, as appropriate.

Results: In total, 108 non-severe HA patients from 30 centers in Eur-

ope and Australia were included. Inhibitors occurred at a median age

of 37 years (inter quartile range (IQR) 1560) after a median cumula-

tive exposure days (ED) to FVIII concentrates of 29 days (IQR 1470).

There were 56 HT inhibitors, 45 LT inhibitors and in seven patients

the peak titer was unknown. The median historical peak titer was

7.0 BU/mL (IQR 230).

Data on eradication treatment were available in 101 patients. Eradica-

tion treatment was administered in 27 patients: 16 patients were treated

with Immune Tolerance Induction (ITI) exclusively, four were treated

with immunosuppressives exclusively and seven were treated with both

ITI and immunosuppressives. Eradication treatment resulted in unde-

tectable inhibitor levels in 21/27 patients (78%). Sustained success was

obtained in 15/17 patients (88%) that were re-challenged. A majority of

74 inhibitor patients did not receive any inhibitor eradication treatment.

The inhibitor became undetectable in 52/74 patients (70%) and was still

present in the other 22 patients at end of follow-up. In 21/35 patients

(60%) with undetectable inhibitors that were not treated with eradica-

tion treatment and re-challenged with factor VIII, sustained success

was attained. Use of eradication treatment was associated with sus-

tained success in comparison to no eradication treatment: relative risk

(RR) 1.47, 95% confidence interval (CI) 1.072.03.

Next, we calculated the effect of eradication treatment separately for

the HT and LT group. In the HT group, sustained success was

attained in all eight patients that were re-challenged after eradication

treatment, compared to 6/14 patients without eradication that were re-

challenged (RR 2.33, CI 1.274.27). In the LT group 7/9 patients that

were re-challenged attained sustained success after eradication, com-

pared to 15/21 patients that were re-challenged without eradication

treatment (RR 1.09, CI 0.701.69).

Conclusion: In this unique cohort of 108 non-severe HA patients with

inhibiting antibodies inhibitor eradication treatment was associated

with sustained success after re-challenge with factor VIII in HT inhibi-

tor patients, but not in LT inhibitor patients.
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OC 56.4
Mechanisms of immune tolerance induction by rFVIIIFc
in hemophilia A mice
Krishnamoorthy S, Liu Z, Drager D, Patarroyo-White S, Liu T,

Van Der Flier A, Chhabra ES, Salas J, Zhu L, Kistanova E,

Peters RT, Light D, Pierce GF and Jiang H

Biogen Idec Hemophilia, Waltham, MA, USA

Background and Aims: Alloantibodies to factor VIII (FVIII) are a sig-

nificant impediment in treating hemophilia A (HemA). Previously, we

reported that repeated administration of therapeutic doses of

rFVIIIFc in HemA mice resulted in significantly lower subsequent

antibody responses to FVIII, compared with B-domain-deleted and

full length FVIII. Reduced antibody responses to rFVIIIFc are consis-

tent with the presence of higher percentage of Tregs and tolerogenic

cytokines in the spleens of these mice. In this study we further eluci-

date the mechanisms by which rFVIIIFc induces these tolerogenic

effects, including identifying the genes regulated by rFVIIIFc and

related to either immune or tolerance responses and the effects of

interaction of rFVIIIFc with Fc receptors (FccR and FcRn).

Methods: HemA mice were injected with rFVIIIFc at therapeutic

(50 IU/kg) or supraphysiological doses (250 IU/kg) or vehicle once

weekly for 4 weeks followed by two injections every 2 weeks. cDNAs

from splenocytes were used for immune tolerance gene profiling. In

addition, two rFVIIIFc mutants were constructed containing either

FccR non-binding mutation (N297A) or FcRn non-binding mutation

(IHH). Splenic T-cells were isolated fromHemAmice treated with these

variants and used for T-cell proliferation and IFNc secretion assays.
Results: Microarray analysis revealed that genes related to tolerance

(Foxp3, CTLA4, and IL-10) and anergy (Egr2, Dgka, and Cblb) were

upregulated and pro-inflammatory genes such as CCL3 and STAT3

were down-regulated in splenocytes of mice receiving 50 IU/kg

rFVIIIFc in comparison to vehicle and 250 IU/kg treatments. The

results were validated using real time PCR. CD4+ T-cells from the

250 IU/kg group elicited higher proliferation and IFNΥ secretion com-

pared to those from the 50 IU/kg and vehicle-treated groups, whereas

the IFNc secretion from 250 IU/kg of rFVIIIFc N297A group was sig-

nificantly reduced. IFNc production from the 50 IU/kg groups of

rFVIIIFc or rFVIIIFc N297Awas comparable to vehicle. Nevertheless,

T-cells from mice receiving 50 IU/kg rFVIIIFc maintained robust pro-

liferation and IFNΥ secretion in response to anti-CD3/CD28 antibody

suggesting the absence of non-specific immunosuppression.

Summary/Conclusions: Therapeutic doses of rFVIIIFc induced expres-

sion of tolerance-specific genes in comparison to supraphysiological

doses of rFVIIIFc. Gene candidates identified here that are regulated

by rFVIIIFc provide insight into the mechanism of tolerance induction

to FVIII. This is supported by findings that T-cells from the 250 IU/kg

displayed robust proliferation and IFNc production, in contrast to the

50 IU/kg and vehicle treated groups, in response to rFVIII. Failure to

interact with FcgR family of receptors (comprising of both activating

FcΥR and inhibitory FcΥR2B receptors) by rFVIIIFc N297A damp-

ened the T-cell response in mice immunized with supraphysiological

doses of rFVIIIFc. Moreover, rFVIIIFc treated mice maintained

robust T-cell responses to anti-CD3/CD28 antibody suggesting the lack

of non-specific immunosuppression. The evaluation of rFVIIIFc IHH

variant will further elucidate the role of FcRn in immune tolerance. In

summary, these findings provide insight on the possible mechanisms of

rFVIIIFc in inducing immune tolerance to rFVIII in hemAmice.

OC 56.5
Novel strategies to target long-lived plasma cells for
treating Hemophilia A inhibitors
Liu CL, Lyle M, Shin S and Miao CH

Seattle Children’s Research Institute, Seattle, WA, USA

Background: Formation of inhibitory antibodies is a critical and chal-

lenging problem for therapeutic treatment in hemophilia A patients. It

is hypothesized that long-lived plasma cells (LLPCs) play an impor-

tant role in the persistent production of anti-FVIII antibodies in

hemophilia A (HemA) inhibitor patients. The migration of plasma

cells to the BM, where they become the LLPCs, is largely controlled

by an interaction between the C-X-C type chemokine ligand 12

(CXCL12) produced by bone marrow (BM) stromal cells and its recep-

tor CXC receptor4 (CXCR4; CD184) on plasma cells. Our previous

data showed that administration of anti-murine CD20 (IgG2a) can

deplete B cells significantly and reduce anti-FVIII inhibitor titers in

FVIII plasmid-treated HemA mice with pre-existing inhibitors, how-

ever, complete tolerance to FVIII was not achieved probably due to

the persistence of LLPCs.

Aims: We sought novel therapeutic strategies that target CXCL12/

CXCR4 pathway to reduce/eliminate LLPCs and achieve the goal for

long-term tolerance to FVIII in the HemA inhibitor mice.

Methods: AMD3100, the CXCR4 antagonist, plus G-CSF inhibit the

interaction of CXCL12 and CXCR4, thus facilitating the mobilization

of CD34+ cells and blocking the homing and retention of LLPCs. We

also combined these reagents with the specific IL-2/IL-2mAb (JES6-1)

complexes to target both B and T cell-dependent anti-FVIII immune

responses. Two groups of FVIII-primed inhibitor mice were treated

with different combined immunomodulation regimens: (i) IL-2 com-

plexes+AMD3100+G-CSF+anti-CD20, (ii) AMD3100+G-CSF+anti-
CD20. Control mouse groups were treated with each of the single regi-

mens and FVIII only, or untreated as the na€ıve control. All the treat-

ments were administered one cycle per 2 weeks for 4 weeks and the

therapeutic effects (FVIII activities) as well as immune responses

(anti-FVIII inhibitors) were evaluated at different time points after

treatment.

Results: Significant expansion of Treg cells reaching a 5~7-fold
increase on the peak days (day 3–7 after treatment) was observed in

the IL-2/IL-2mAb complexes treated groups, whereas ~98% of B cell

populations were depleted in the anti-CD20 treated groups. In addi-

tion, administration of AMD3100 plus G-CSF significantly reduced

circulating and bone marrow CXCR4+ plasma cells. Except for the

control groups, the two mouse groups treated with combined immuno-

suppressive regimens showed a significant reduction of inhibitory titers

following the treatment. Long-term responses are being followed and

second challenge with FVIII plasmid will be used to evaluate the

induction of long term tolerance to FVIII.

Summary/Conclusions: These combination regimens are highly promis-

ing in modulating/eliminating pre-existing anti-FVIII antibodies and

inducing long-term tolerance in FVIII primed subjects.

OC 56.6
Co-administration of factor VIII and dexamethasone
prevents anti-factor VIII antibody development in a
mouse model of hemophilia A
Moorehead PC1, Van Velzen A2, Sponagle K3, Steinitz KN4,

Reipert BM4 and Lillicrap D3

1Janeway Child Health and Rehabilitation Centre, St. John’s, NL,

Canada; 2Emma Children’s Hospital, Amsterdam, the

Netherlands; 3Queen’s University, Kingston, ON, Canada;
4Baxter Biosciences, Vienna, Austria

Background: Antibodies that inhibit the coagulant function of factor

VIII (FVIII) are a major complication of treatment for patients with

hemophilia A. Inhibitor development depends on components of

adaptive immunity, such as B cells and CD4+ T cells, and on compo-

nents of innate immunity, which activate antigen-presenting cells. The

immunologic ‘decision’ for immunity or tolerance may occur early

during exposure to FVIII. Corticosteroids, which are used extensively

in humans, have suppressive effects on adaptive and innate immunity,

but the effect of immunosuppression at the time of initial FVIII expo-

sure on the risk of inhibitor development has not been investigated.
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Aims: To determine if dexamethasone administered during initial

exposure to FVIII will prevent the occurrence of anti-FVIII antibodies

in a mouse model of hemophilia A, and to assess if dexamethasone-

induced immunologic tolerance will withstand a subsequent exposure

to FVIII.

Methods: Hemophilia A mice with knockout of exon 17 of the F8 gene

and with a chimeric human/murine major histocompatibility complex

type II transgene carrying the binding sites of the human HLA-

DRB1*1501 allele were used. Recombinant human FVIII (Advate,

approximately 0.1 mcg/IU) was given by tail vein injection at 6 IU per

dose, dexamethasone was given by intraperitoneal injection at 75 mcg

per dose, and lipopolysaccharide (LPS) was given IV at 2 mcg per

dose. The experiment consisted of two phases: in Phase 1, mice were

given either FVIII and Dexamethasone (Dex group) or FVIII alone

(Control group) for 5 days; in Phase 2, which began 7 weeks after the

start of Phase 1, Control mice without evidence of anti-FVIII antibod-

ies were given FVIII for 3 days, and Dex mice were given either FVIII

(FVIII group) or FVIII and LPS (FVIII-LPS group) for 3 days.

Plasma samples were collected 6 weeks after the start of Phase 1 by

retro-orbital venous plexus, and 3 weeks after the start of Phase 2 by

cardiac puncture. Plasma was examined for evidence of anti-FVIII

antibodies and FVIII inhibitory activity with ELISA for anti-FVIII

IgG and Bethesda assay, respectively. Proportions of mice with posi-

tive titres were analyzed using Fisher’s exact test.

Results: After Phase 1, 0/17 Dex mice had detectable anti-FVIII IgG,

as compared to 5/17 Control mice (P = 0.04). A subset of these mice

had completed Phase 2: 3/6 Control mice had detectable anti-FVIII

IgG, compared to 2/5 FVIII-LPS mice and 0/4 FVIII mice (P = 0.31).

Bethesda assays were performed after Phase 2: 1/6 Control mice had

detectable FVIII inhibitory activity, compared to 2/5 FVIII-LPS mice

and 0/4 FVIII mice (P = 0.57).

Conclusions:Dexamethasone administration at the time of initial expo-

sure to FVIII prevented the development of anti-FVIII IgG in all trea-

ted mice. It may be the case that this tolerance withstands a

subsequent exposure to FVIII, and may even blunt the immunostimu-

latory effect of LPS. The mechanisms leading to this effect warrant

further study, as there is an obvious possible translational application

for these findings.

OC 57 – Modifications in Factors
VIII, IX and XI

OC 57.1
Selective mutagenesis of the heparin and antithrombin
exosites on human factor IX(a) enhances thrombin
generation in human plasma
Westmark PR and Sheehan JP

University of Wisconsin-Madison, Madison, WI, USA

Background: Hemophilia B is an X-linked genetic disorder character-

ized by defective factor IX activity. Recombinant factor IX (rFIX) is

employed as protein replacement for the treatment and prophylaxis of

bleeding episodes. Antithrombin is the primary plasma inhibitor of

factor IXa, and inhibition is enhanced by endothelial heparan sulfate.

We hypothesize that selective disruption of protease interactions with

heparin and antithrombin may enhance rFIX efficacy by prolonging

the protease half-life in vivo.

Aims: The aim of these studies was to assess the effect of mutations in

the factor IX(a) heparin and antithrombin-binding exosites on activity

in human plasma.

Methods: Human rFIX cDNA constructs with alanine substitutions

(chymotrypsinogen numbering) in the heparin binding exosite

(K126A, K132A, K126A/K132A), antithrombin-binding exosite

(R150A), or both (K126A/K132A/R150A) were expressed in HEK293

cell lines. Recombinant zymogens were purified from conditioned

media, and a portion activated to protease with human factor XIa.

Both zymogen and protease forms were characterized in APTT-based

clotting assays, and in tissue factor (TF) and factor IXa-initiated

thrombin generation (TG) assays in pooled human factor IX-deficient

plasma. Comparisons were made with human plasma-derived factor

IX(a)(pFIX) and recombinant factor IX(a) wild type (WT).

Results: APTT based clotting activities for zymogens expressed as a%

� SEM relative to rFIX WT were: pFIX 105.2 � 2.8, WT

100.8 � 7.1, K126A 63.3 � 2.3, R150A 62.4 � 4.0, K132A

30.9 � 1.1, K126A/K132A 20.6 � 9.2, and K126A/K132A/R150A

7.3 � 3.8. Likewise, APTT clotting activities for the proteases were:

WT 100 � 6.1, pFIXa 98.4 � 11.4, K132A 91.4 � 1.6, R150A

77.1 � 5.8, K126A 39.5 � 2.4, K126A/K132A/R150A 10.9 � 0.6,

and K126A/K132A 9.3 � 0.6. In contrast to their clotting activities,

both FIX R150A and K126A demonstrated markedly enhanced TF-

initiated TG relative to WT protein (≥ 2-fold). Likewise, the magni-

tude of TG by FIX K132A was similar to FIX WT. FIX K126A/

K132A had reduced thrombin generation proportionate to clotting

activity (~20%), and addition of R150A (triple mutant), increased TG

to about half that of FIX WT. In the FIXa-initiated assay, FIXa

K132A and R150A demonstrated TG roughly proportional to their

clotting activities, FIXa K126A had moderately enhanced TG (60–
70%) relative to clotting activity, and FIXa K126A/K132A had

reduced TG proportionate to clotting activity, with a modest increase

with addition of R150A (triple mutant).

Conclusion: Selected disruption of the heparin and antithrombin exo-

sites on human factor IX by alanine substitution reduces traditional

clotting activity to a variable extent. Despite moderate reductions in

clotting activity, the mutations K126A and R150A enhanced TF-initi-

ated TG in human plasma relative to WT protein. Combined muta-

tions in the heparin-binding site (K126A/K132A) significantly reduced

both clotting activity and plasma TG, likely due to disruption of the

protease-cofactor interaction. Mutation of the antithrombin-binding

site (R150A) tended to increase plasma TG relative to clotting activity,

either alone or in the context of combined mutations in the heparin-

binding exosite (double vs. triple mutant). These results suggest that

optimization of these exosite mutations will enhance TG by rFIX in

human plasma.

OC 57.2
Optimizing factor IX-Triple clotting activity in vitro
and in vivo
Kao CY1, Yang S-J1, Tao MH2, Hsu YC1 and Lin SW1

1College of Medicine, National Taiwan University Hospital;
2Academia Sinica, Taipei, Taiwan

Background: Using gain-of-function factor IX (FIX) for replacement

therapy for hemophilia B (HB) has been an attractive strategy. We

previously reported a high activity FIX, FIX-Triple (FIX-V86A/

E277A/R338A) as a good substitute for FIX-WT (wild-type) in pro-

tein replacement therapy and gene therapy as well as cell therapy.

Aims: To test whether FIX Padua mutation improves the clotting

activities of FIX-Triple, a novel recombinant FIX named FIX-TripleL

(FIX-V86A/E277A/R338L) was generated in this study by modifying

FIX-Triple at residue 338 from alanine to leucine as identified in FIX-

Padua (FIX-R338L).

Methods: Both in vitro and in vivo models were used to demonstrate

the clotting function of FIX-TripleL.

Results: Purified FIX-TripleL exhibited a 22-fold higher specific activ-

ity and a 14-fold increased binding affinity to activated FVIII com-

pared to FIX-WT. FIX-TripleL improved the therapeutic potential of

FIX-Triple increased by 100% as demonstrated by calibrated auto-

mated thrombogram and thromboelastography. With normal clear-

ance rate in HB mice, the clotting activities of FIX-TripleL were

consistently 2–3-fold higher than those of FIX-Triple or FIX-R338L.

Tail-vein administration of adeno-associated virus (AAV) expressing

FIX in HB mice showed that FIX-TripleL had a 14-fold higher specific

activity than FIX-WT, which was significantly better than FIX-Triple
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(ninefold) or FIX-R338L (sixfold). Moreover, there were no signs of

adverse thrombotic events in long-term AAV-FIX-treated C57Bl/6

mice. Abnormality in AAV-FIX-treated livers was observed exclu-

sively in some of the mice injected with high but not medium or low

dose AAV-FIX, indicating the advantages of using hyperfunctional

FIX variants to reduce viral doses and meanwhile maintain therapeu-

tic clotting activities.

Conclusions: These studies suggest that incorporation of FIX Padua

mutation into FIX-Triple significantly improves the clotting function

of FIX-Triple so as to optimize protein replacement therapy and gene

therapy.

OC 57.3
Increasing the binding affinity between FVIIIa subunits
results in higher stability and greater thrombin
generation in plasma
Monaghan M, Wakabayashi H, Wintermute J and Fay PJ

University of Rochester, Rochester, NY, USA

Factor (F)VIIIa is a heterotrimer of A1, A2 and A3C1C2 subunits.

FVIIIa activity is labile due to the tendency of A2 subunit to dissoci-

ate from the A1/A3C1C2 dimer. This dissociation of A2 subunit

inactivates FVIIIa activity, thereby down-regulating FXase. Thus

retention and dissociation of A2 subunit reflect FVIIIa stability and

FXase activity. Earlier results from our laboratory showed that

replacing the acidic residues D519, E665, and E1984, that localize in

hydrophobic patches at the interfaces between the A2 and either the

A1 or A3C1C2 subunits, with either Ala or Val reduced rates of

FVIIIa decay and yielded increased thrombin generation (Wakabay-

ashi et al., 2008, 2009). We now show that the observed increase in

FVIIIa stability and thrombin generation with these FVIIIa variants

result from an increased binding affinity between A2 subunit and

A1/A3C1C2 dimer in FVIIIa, as well as a higher stability of FVIIIa

in plasma. For these studies, the isolated A2 domains with Ala or

Val substitution for D519 and/or E665 were expressed in a baculovi-

rus system. Ala and Val substitution for E1984 (A3 domain) was

achieved by mutating this residue in FVIII, expressing the intact pro-

tein in BHK cells, activating the FVIII to FVIIIa, purifying the

A3C1C2 subunit, and combining it with A1 subunit to form the A1/

A3C1C2 dimer. To assess inter-subunit affinity, FVIIIa was reconsti-

tuted from variable concentrations of either the isolated A2 subunit

or A1/A3C1C2 dimer, using either the WT or variant subunit.

Resultant FVIIIa activity was determined in a FXa generation assay.

The FXa generation curve were fitted to a single-site binding equa-

tion, and the dissociation constant (Kd) for A2 was determined for

WT and each variant. The Kd value for the interaction of WT A2

combined with WT A1/A3C1C2 (44 � 3 nM) was 3–7-fold higher

than Kd values observed for the A2 variants at D519 (16 � 1 nM,

Ala; 11 � 1 nM, Val) and E665 (13 � 1 nM, Ala; 6 � 1 nM, Val)

and for the A3C1C2 variant at E1984 (16 � 3 nM, Ala; 6 � 1 nM,

Val). Overall, Val containing variants showed higher affinity interac-

tions than the Ala variants. Furthermore, the double mutant

(D519V/E665V) showed an approximately 40-fold lower Kd

(0.9 � 0.7 nM) than WT. In another series of experiments, the

reconstituted WT and A2 variant FVIIIa forms at various dilutions

were incubated in hemophilic plasma for 1 min, and the remaining

activity was determined by clotting assays. All variants showed

greater activity levels than WT FVIIIa with 9- and 22- fold increases

for the D519A and D519V, respectively and 15- and 21-fold

increases for the E665A and E665V, respectively. Again, the double

mutant D519V/E665V showed the greatest increase (42-fold) relative

to WT. Therefore, these hydrophobic mutations at the A2-A1 and

A2-A3C1C2 subunit interfaces result in a high binding affinity for

the A2 subunit. This high binding affinity is responsible for the high

plasma stability and correlates well with the previously observed

reduced rates in FVIIIa decay and increased thrombin generation

parameters.

OC 57.4
Transcriptional and post-transcriptional targeting of
FVIII expression to overcome immunological responses
to gene therapy for Hemophilia A
Merlin S, Cannizzo ES, Feola M and Follenzi A

University of Piemonte Orientale “A.Avogadro”, Novara, Italy

Background: Hemophilia A (HA) is an X-linked bleeding disorder due

to mutations in clotting factor VIII (FVIII) gene. To date HA patients

are treated with recombinant or plasma-derived FVIII with a high

probability of developing inhibitors (20–40%). Several efforts have

been focused on the improvement of lentiviral vectors (LV) to obtain

selective targeted expression by transcriptional and post-transcrip-

tional regulation. However, immune responses to FVIII remain the

major obstacle. The liver is known to induce tolerance rather than

immunity towards antigens presented locally to T cells by specialized

resident cells, such as liver sinusoidal endothelial cells (LSEC) and Ku-

pffer cells (KC).

Aims: To investigate the possible role of LSEC and KC in gene ther-

apy for HA using LV expressing human FVIII under the control of

cell-specific promoters � specific microRNA target sequence (miRTs).

Methods: We implemented two different strategies of targeting LV to

LSEC or KC in hemophilia A mice, preparing LVs containing GFP or

FVIII under the control of the ubiquitous PGK promoter, or the

CD11b (surface integrin, monocyte/macrophage-specific) or VEC

(vascular endothelial cadherin, endothelial-specific) promoters in com-

bination with miRTs: miR142 (silenced in hematopoietic cells),

miR126 (silenced in endothelial cells), miRT122 (silenced in hepato-

cytes). These sequences were inserted in the LV alone or in pairs.

Results: Co-staining with F4/80 or CD31 and GFP antibodies on liver

sections taken at different time points after LV-GFP injection in mice

confirmed a widespread pattern of GFP expression for up to 3 m, the

longest time tested. Immunofluorescence showed GFP expression

restricted to specific cell types within the liver by addition of one or

two miRTs. After injection of LV.VEC.GFP and LV.CD11b.GFP,

transgene expression was restricted to LSEC and KC respectively,

although some off-target expression was detected. The addition of the

miRT122-142 combination to LV.VEC.GFP restricted GFP-expres-

sion to LSEC and miRT126 to LV.CD11b.GFP further increased spe-

cific expression in KC, with no off-target expression and sustained

GFP expression at all-time points analyzed up to 6 months. We then

injected HA mice with LV.PGK.FVIII � miRT142 and

LV.VEC.FVIII � miRT122-142. In the first group anti-FVIII anti-

bodies were detected starting at 2 weeks after vector delivery, however

the presence of miRT142 alone halved the titer of neutralizing anti-

bodies in LV-injected mice. In HA mice injected with

LV.VEC.FVIII � miRT122-miRT142 long term phenotypic correc-

tion was shown by functional assay in both groups of the latter

injected mice for up to 6 months with reduced clotting time and an

average of 5% FVIII activity in injected mice and virtually no inhibi-

tors were detected. Finally, we recently injected

LV.CD11b.hFVIII � miRT126 in HA mice to verify if overexpression

of FVIII by KC is associated with tolerance induction as reported after

FVIII-expression by LV-transduced LSEC.

Conclusion: In our study, endothelial or monocyte/macrophage spe-

cific-promoters in combination of selected miRT sequences in LV were

able to overcome FVIII off-target expression limiting immune

responses and providing phenotypic correction in treated HA mice.
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OC 57.5
Factor VIII C1-domain spikes 2092–2093 and 2158–
2159 comprise regions that modulate cofactor function
and cellular uptake
Bloem E1, Van Den Biggelaar M1, Wroblewska A1, Voorberg J1,

Faber JH2, Kjalke M2, Stennicke HR2, Mertens K1 and Meijer AB1

1Sanquin Blood Supply, Amsterdam, the Netherlands; 2Novo

Nordisk A/S, M�aløv, Denmark

The C1-domain of factor VIII (FVIII) has recently been implicated in

phospholipid binding of activated FVIII. It has further been found to

contribute to Low density lipoprotein Receptor-related Protein

(LRP)-dependent FVIII endocytosis, and uptake of FVIII by antigen-

presenting dendritic cells. We have previously established that anti-C1

domain antibody KM33 blocks all these biological processes. In the

present study, we employed hydrogen-deuterium exchange (HDX)

mass spectrometry to identify the molecular hot-spot on FVIII to

which this antibody binds. The results showed that the FVIII regions

2091–2103 and 2157–2162 are protected by KM33 from HDX. These

peptides comprise the two C1-domain spikes 2092–2093 and 2158–
2159, which have previously been suggested to contribute to phospho-

lipid binding. We have recently demonstrated that the spike 2092–2093
contributes to assembly with lipid membranes with low PS content.

This raises the question as to whether spike 2158–2159 would serve a

similar role. To investigate this, we took advantage of the fact that

replacement of R2159 for an asparagine would introduce an N-linked

glycosylation motif in the KM33 binding region. Upon expression of

this variant in human 293 cells, the purified mutant indeed proved to

be glycosylated in this position. Binding studies revealed that the gly-

cosylated R2159N variant did not display any interaction with anti-

body KM33. We further found that the R2159N variant exhibits

reduced binding to LRP. In accordance with this finding, FVIII

R2159N also displayed reduced uptake by LRP expressing cells,

including human monocyte-derived dendritic cells. While cellular

uptake was reduced, FVIII cofactor function of FVIII R2159N was

maintained on phospholipid membranes containing 15% phosphati-

dylserine (PS). On membranes with low, i.e. 5% PS content, however,

FVIII function was reduced, in accordance with the apparently

reduced affinity of the R2159N variant for membranes of cells that are

capable of FVIII uptake. These findings imply that the two C1 domain

spikes 2092–2093 and 2158–2159 both modulate the assembly of FVIII

with PS-containing membranes. These data further demonstrate that

the two spikes in the FVIII C1-domain regulate FVIII function by a

subtle, PS-dependent mechanism. The reduced uptake of FVIII

R2159N by dendritic cells suggests that this mutant may display

reduced immunogenicity. Collectively, these data suggest that the two

spikes of the FVIII C1-domain are structure elements that contribute

to both membrane-driven FVIII function and immunogenicity. While

previous studies have proposed that it is predominantly the FVIII C2-

domain that drives membrane assembly, the present data contribute

evidence for an increasingly important role of the C1-domain role in

FVIII biology.

OC 57.6
The role of lysine residues in the interaction of blood
coagulation factor VIII with its clearance receptor low-
density lipoprotein receptor-related protein
Van Den Biggelaar M1, Faber JH2, Zuurveld M1, Van Der Zwaan

C1, Madsen J2, Olsen OH2, Stennicke HR2, Mertens K1

and Meijer AB1

1Sanquin Research, Amsterdam, the Netherlands; 2Novo Nordisk,

Malov, Denmark

Members of the LDL receptor family contribute to the rapid clearance

of blood coagulation factor VIII from the circulation. It has been impli-

cated that positively charged lysine residues, but not arginine residues,

drive the interaction between the LDL receptor family members and

their ligands. However, it has remained unclear which residues on factor

VIII contribute to the interaction and how the specificity of the interac-

tion is regulated. Using two independent approaches, we now study the

interaction of factor VIII with the largest member of the LDL receptor

family, low-density lipoprotein receptor-related protein (LRP1) in

detail, with particular emphasis on lysine residues. Hydrogen deuterium

exchange-mass spectrometry (HDX-MS) experiments identified eight

regions in the FVIII light chain that display significant protection from

exchange with solvent in the presence of LRP1 cluster II. These regions

include residues 1671–1689, 1737–1746, 1804–1835, 2057–2069, 2078–
2099, 2213–2235, 2266–2271, and 2293–2296 and are likely to constitute

the core of the interface between factor VIII and LRP1. Intriguingly,

these regions are scattered throughout the a3, A3, C1 and C2 domains

of the factor VIII light chain. To further systematically address the con-

tribution of individual lysine residues within the a3, A3, C1 and C2

domains of the factor VIII light chain, we constructed a library of FVIII

variants carrying lysine to arginine (KR), alanine (KA) or glutamic acid

(KE) replacements using site-directed mutagenesis. The interaction of

the variants with LRP cluster II was evaluated using Surface Plasmon

Resonance (SPR) analysis. Factor VIII light chain variants were

expressed in 293 Freestyle cells, captured on the SPR chip (17 fmol/

mm2) using an anti-C2 antibody and LRP cluster II (0.2–200 nM) was

passed over in solution. These experiments revealed that multiple (11)

lysine residues within the factor VIII light chain including 1673/1674,

1693, 1813/1818, 1827, 1967, 1972, 2065, 2092 and 2136 contribute to

the interaction with LRP1 cluster II. However, none of these residues

accounts completely for LRP1 cluster II binding. Replacements of con-

tributing lysine residues by positively charged arginine, uncharged ala-

nine or negatively charged glutamic acid residues indicated that

reversing the positive charge had the strongest effect on the interaction.

In addition, an additive effect of combining multiple lysine replace-

ments was observed. The majority of the lysine residues that were iden-

tified in the mutagenesis study are located within those regions that

were also identified using the HDX-MS study and are therefore consid-

ered ‘hot spots’. Taken together, our combined experimental approach

using HDX-MS and site-directed mutagenesis suggests that the interac-

tion of factor VIII with LRP1 occurs over an extended surface contain-

ing multiple lysine residues in the factor VIII light chain. Crystal

structure analysis and docking studies proved to be compatible with a

model in which the acidic binding pockets of the ligand binding regions

of the receptor spatially align with the putative ‘hot spot’ lysine residues

in such a way that the receptor engages the bottom of the C1 domain

and curls around the factor VIII molecule.

OC 58 – New Developments in
Thrombus Formation

OC 58.1
Polo-like kinase 3 regulates in vivo thrombosis
through the regulation of thromboxane A2 generation,
granular secretion, and integrin aIIbb3 outside-in
signaling
Naik MU1, Bachman B1, Kostyak JC1, Dai W2 and Naik UP1

1University of Delaware, Newark, DE; 2New York University,

New York, NY, USA

Background: Polo-like kinase (Plk) family members are serine/threo-

nine kinases involved in cell cycle regulation. Their expression and

function in platelets are not known. We identified for the first time the

presence of Plk3 in human and mouse platelets.

Aim: To evaluate the functional role of Plk3 in platelet activation and

thrombosis.

Methods: We used Plk3�/� mice in C57Bl/6 background. In vivo

thrombosis was assessed by tail bleeding assay, 10% FeCl3-induced
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carotid artery injury, and pulmonary thromboembolism induced by

collagen/epinephrine. Wild-type (WT) mice were used as controls.

Results: We found that Plk3 is localized to the filopodia of activated

platelets. Furthermore, Plk3 co-immunoprecipitated with integrin

aIIbb3 in an aggregation-dependent manner, suggesting that it may play

a role in integrin outside-in signaling. Since Plk3 is a mitotic kinase, we

evaluated the effect of loss of Plk3 on platelet counts in Plk3�/� mice.

We found that ablation of Plk3 significantly elevated the platelet num-

ber, indicating a thrombocytotic phenotype. We next evaluated the

degree of megakaryocyte (MK) ploidy and found no difference between

WT and Plk3�/� mice. When analyzed for the total MK number, we

found that lack of Plk3 resulted in a significantly increased number of

MKs in the bone marrow, which may account for the increased platelet

number. We next examined the effect of lack of Plk3 on platelet func-

tions induced by physiological agonists. We found that platelet aggre-

gation induced by low dose of collagen, thrombin, or PAR4 peptide

was significantly augmented (P > 0.02) in Plk3 null platelets compared

to WT. This was further supported by the significantly increased

(P > 0.05) fibrinogen receptor exposure on platelets. To determine the

molecular mechanism of the observed hyperaggregation, we analyzed

signaling events such as ERK1/2 and Akt, upstream regulators of inte-

grin aIIbb3 activation. Interestingly, we found that agonist-induced acti-

vation of ERK2 and Akt was significantly enhanced in the absence of

Plk3, suggesting that lack of Plk3 may cause a prothrombotic pheno-

type. When we tested the in vivo effect of Plk3 ablation, to our surprise,

we found that Plk3�/� mice showed an anti-thrombotic phenotype as

assessed by a significantly (P > 0.001) delayed average tail bleeding

time, extended carotid vessel occlusion time (P > 0.001), as well as a

marked protection (P > 0.0004) from pulmonary thromboembolism

compared to WT mice. Thrombin-induced generation of TxA2

(P > 0.03) as well as a- and d- granules secretion was significantly atten-

uated (P > 0.007) in Plk3�/� mice compared to WT. Furthermore,

phosphorylation of cPLA2, a key enzyme involved in TxA2 generation,

was significantly attenuated (P > 0.05) in Plk3 null platelets.When ana-

lyzed for fibrin clot retraction, a function of outside-in signaling, we

found that Plk3 null platelets failed to retract the fibrin clot, supporting

the observed anti-thrombotic phenotype in vivo. The severity of the

anti-thrombotic phenotype in Plk3�/� mice may have been dampened

due to the opposing role of Plk3.

Summary: The results presented here suggest that Plk3, a mitotic

kinase, plays a significant role in the regulation of platelet function

such as TxA2 generation, granular secretion, and clot retraction, thus

affecting the process of thrombosis.

OC 58.2
Disruption of ICAM-4 mediated direct erythrocyte-
platelet interaction leads to reduced thrombus
formation
Du V1, De Groot PG1, Van Wijk R1, Marchese P2, Ruggeri ZM2

and De Laat B3

1University Medical Center Utrecht, Utrecht, the Netherlands;
2The Scripps Research Institute, La Jolla, CA, USA; 3Maastricht

University Medical Center, Maastricht, the Netherlands

Background:Direct platelet-erythrocyte interaction has been published

but no information is available on the mechanism of the interaction

and its physiological function. Intercellular adhesion molecule 4

(ICAM-4) is an erythroid-specific membrane component that belongs

to the family of immunoglobulin superfamily of proteins and it has

been shown to be a ligand for platelet activated aIIbb3.
Aims: Our aim is to investigate the involvement of ICAM-4 and aIIbb3
in the direct erythrocyte-platelets interaction under near physiological

conditions in-vitro. Secondly we aim to explore the physiological func-

tion of the ICAM-4 mediated erythrocyte-platelet interaction in-vivo.

Methods: An in-vitro perfusion system connected to a light microscope

and a digital camera was used to study erythrocyte binding to platelets

adhered to surfaces coated with different adhesive proteins at different

flow-rates. Flow cytometry analysis was performed to further study

the binding of an ICAM-4 mimetic peptide (resembling an extracellu-

lar domain of ICAM-4) to aIIbb3 on platelets. A FeCl3-based experi-

mental thrombosis model in mice was applied to study the effect of an

anti-ICAM-4 antibody and an ICAM-4 blocking peptide on thrombus

formation. Platelet deposition and fibrin formation was recorded

under a fluorescence microscope with calcein labelled donor platelets

and FITC labelled anti-fibrin antibody.

Results: Erythrocytes bind to platelets both in buffer and in whole

blood under low shear flow. Erythrocytes attached to platelets with a

sort of ‘focal adhesion point’, resulting in a tear-drop shape. This

adhesion was inversely correlated with flow shear rate and predomi-

nately occurred at shear rates lower than 300/s. The addition of plate-

let agonists during the flow experiments increased erythrocyte binding

to platelets 3–6-folds indicating that platelet activation is involved in

capturing erythrocytes from the circulation. An Arg-Gly-Asp (RGD)

containing peptide (d-RGDW), known to inhibit aIIbb3 mediated

platelet aggregation inhibited erythrocyte-platelet adhesion up to

72%, depending on the agonist used (P > 0.05, n = 4). Erythrocyte-

platelet adhesion under flow was inhibited with both an anti-ICAM-4

antibody (40%, P > 0.01, n = 8) and an anti- integrin b3 (CD61) anti-

body (46%, P > 0.001, n = 8). In addition, the ICAM-4 mimetic pep-

tide demonstrated a significant inhibitory effect on erythrocyte-platelet

adhesion. Flow cytometry experiments showed that this ICAM-4 pep-

tide also reduced fibrinogen binding to platelets (43%, at 125 lM
ADP, P > 0.05, n = 5), suggesting that the ICAM-4 mimetic peptide

competes with fibrinogen for binding to activated aIIbb3. The in-vivo

thrombosis model in mice demonstrated that the anti-ICAM-4 anti-

body profoundly inhibited platelets deposition and fibrin formation at

the site of injury. Comparing to control mice, which shows a vessel

occlusion time of approximately 10 min, the anti-ICAM-4 antibody

treated mice shows no vessel occlusion in the first 20 min. The ICAM-

4 mimetic peptide demonstrated similar inhibitory effect in-vivo.

Conclusions: We observed a direct erythrocyte-platelet interaction

under conditions of low shear. This interaction is partly mediated via

erythrocyte-receptor ICAM-4 and aIIbb3 on platelets. In addition, we

found that disruption of the ICAM-4 mediated erythrocyte-platelet

interaction in vivo by an anti-ICAM-4 antibody or a ICAM-4 mimetic

peptide led to reduced platelet deposition and fibrin formation at the

injury sites in mouse vessels.

OC 58.3
PDK1 regulates platelet activation and arterial
thrombosis
Chen X1, Zhang Y1, Luo X2, Wang Y1, Zhang L1, Wang K1,

Yang Z3, Wu Y4 and Liu J1

1Shanghai Jiao Tong University School of Medicine; 2Huashan

Hospital, Fudan University, Shanghai; 3Nanjing University,

Nanjing; 4First Affiliated Hospital, Soochow University, Suzhou,

China

The effects of PDK1, a master kinase in PI3K/Akt pathway, on plate-

let activation are unknown. Accordingly, platelet-specific PDK1 defi-

cient mice were characterized to elucidate the platelet-related function

(s) of PDK1. We found that PDK1 deficiency caused a mild thrombo-

cytopenia. Also, the aggregation of PDK1�/� platelets was diminished

in response to low levels of a-thrombin, U46619 and ADP, respec-

tively. Further results demonstrated that PDK1 regulates thrombin-

induced platelet activation by affecting aIIbb3-mediated outside-in

signaling. This result provided an explanation for the diminished

spreading of PDK1�/� platelets on immobilized fibrinogen (Fg) and

the decreased rate of clot retraction in platelet rich plasma containing

PDK1�/� platelets. PDK1 deficiency diminished agonist-induced Akt

Ser473 phosphorylation, and thoroughly abolished Akt Thr308 and

Gsk3b Ser9 phosphorylation in response to agonist treatment, and
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platelet spreading, respectively. A Gsk3b inhibitor fully restored the

aggregation of PDK1�/� platelets in response to low levels of throm-

bin, the normal spreading of PDK1�/� platelets on Fg, and normal

clot retraction in PRP containing PDK1�/� platelets. Those results

indicated that Gsk3b is a major downstream effector of PDK1 in

aIIbb3-mediated outside-in signaling and thrombin-induced platelet

activation. Finally, the in vivo data demonstrated that PDK1 is an

important regulator in arterial thrombosis formation.

OC 58.4
Thrombus formation in vivo can occur independently
of Syk kinase function
Van Eeuwijk JMM1, Stegner D2, Thielmann I1, K€onigsberger S3,

Kiefer F3 and Nieswandt B1

1University of W€urzburg, Rudolf Virchow Center; 2University

Hospital, W€urzburg; 3Max Planck Institute for Molecular

Biomedicine, M€unster, Germany

Background: Spleen tyrosine kinase (Syk) and f-chain associated pro-

tein kinase of 70 kDa (Zap-70) are both spleen tyrosine kinase family

members, which phosphorylate key adapter proteins and phospholi-

pase C c isoforms. Both kinases display partly overlapping expression

patterns, but the intrinsic kinase activity of Zap-70 is lower. In con-

trast to Syk, which is highly expressed by haematopoietic cells, Zap-70

expression is largely confined to T cells and natural killer cells. In

platelets, Zap-70 is not expressed, but Syk is present in the immunore-

ceptor tyrosine-based activation motif (ITAM) and hemITAM signal-

ling pathways mediating signal transduction by glycoprotein (GP) VI

and the C-type lectin-like receptor 2 (CLEC-2). Furthermore, Syk is

involved in platelet integrin outside-in signalling. To assess if the two

kinases exhibit interchangeable functions in vivo, we generated mice,

which express Zap-70 under the control of intrinsic Syk promoter ele-

ments (SykZap70/Zap70mice).

Aims: In this study, we aimed to determine the consequence of the

kinase replacement for platelet activation, integrin outside-in signal-

ling and thrombus formation ex vivo and in vivo.

Methods: Platelet activation in vitro was analysed by flow cytometry

and aggregometry. Platelet outside-in signalling was assessed using a

platelet spreading assay with and without second wave inhibitors.

Thrombus formation ex vivo was determined by a flow adhesion assay.

To investigate the impact of the kinase exchange on haemostasis, tail

bleeding times were measured. In addition, SykZap70/Zap70 mice

were subjected to two different models of arterial thrombosis.

Results: SykZap70/Zap70 platelets spread normally on a fibrinogen-

coated surface, indicating that Zap-70 fully compensated for the loss

of Syk in the integrin outside-in signalling pathway. Consistent with

our data on the abrogated GPVI and CLEC-2 signalling in vitro in

SykZap70/Zap70 platelets, thrombus formation under flow on a colla-

gen-coated surface was abolished. The tail bleeding times in the Syk-

Zap70/Zap70 mice were significantly increased, which is in agreement

with the recently reported severe haemostatic defect in GPVI/CLEC-2

double-deficient mice. However, in stark contrast to GPVI-, CLEC-2-

or double-deficient mice, occlusive arterial thrombus formation in vivo

was unaltered in SykZap70/Zap70 mice.

Summary/Conclusion: Syk signalling is essential for maintaining hae-

mostasis. Remarkably, however, Syk appears to be dispensable for

arterial thrombus formation in vivo. Further studies are required to

elucidate whether Zap-70 compensates for the loss of Syk or whether

the two platelet receptors GPVI and CLEC-2 have signalling-indepen-

dent roles in arterial thrombus formation.

OC 58.5
Hemostasis and thrombosis in JAK2V617F-KI mice
Lamrani L1, Lacout C2, Ollivier V1, Ho Tin Noe B1, Vainchenker

W3, Villeval JL3 and Jandrot-Perrus M1

1Inserm U698, Paris Cedex 18; 2Inserm1009e; 3Inserm 1009,

Villejuif, France

Background: Hemostasis disorders represent a leading cause of mortal-

ity and morbidity in patients suffering from myeloproliferative neo-

plasms (MPN) with a high incidence of thrombosis and a lower

incidence of hemorrhagic disorders.

The pathophysiology of these anomalies is not known but some risk

factors have been identified including the V617F mutation of JAK2

found in 95% and 60% of PV and TE patients, respectively. The spe-

cific effect of JAK2V617F on hemostasis deregulation is difficult to

characterize in patients because of their heterogeneity in JAK2V617F

allele burden and prophylactic treatments. Recently, animal models of

MPN were developed as JAK2V617F transgenic and knock-in mice.

Aims: Our objective was to determine, the effect of the JAK2V617F

mutation on the in vitro and in vivo hemostatic responses using

JAK2V617Fmice.

Methods: We used two KI models, the Vav-Cre and Scl-CreERt/

JAK2V617F KI that constitutively and upon tamoxifen induction

express the mutation in hematopoietic cells, respectively. Both models

mimic a PV-like disease with its evolution into secondary myelofibro-

sis. The effect of the mutation on platelets was analyzed in vitro by

flow cytometry, and by measuring adhesion and aggregation in flow

conditions on collagen-coated area. Hemostatic responses were

assessed in vivo by measuring the tail bleeding time and FeCl3-induced

thrombosis on mesenteric vessels.

Results: Platelets from Vav-Cre/JAK2V617F mice did not exhibit ele-

vated CD62P level and had normal surface expressions of the major gly-

coproteins to the exception of GPVI that was significantly decreased

(P > 0.01). Platelets adhesion and aggregation, in arterial flow condi-

tions (1200/s) on immobilized collagen was profoundly impaired with a

platelet surface decreased by up to 80% (P > 0.01). In vivo, Vav-Cre/

JAK2V617F mice exhibited an enlargement of mesenteric vessels and

have a prolonged tail bleeding time (P > 0.01). After FeCl3-induced

injury, platelet aggregates formed rapidly but were highly unstable.

Interestingly, using Scl-CreERt/JAK2V617F mice, platelet GPVI defi-

ciency, morphological vessel abnormalities, the increased tail bleeding

time, and the in vivo accelerated rate of thrombosis with low thrombus

stability, only appeared 2 months after induction of the mutation by

the tamoxifen suggesting no direct link with it.

Secondary polycythemia induced by EPO-treatment of WT mice

occurred without hemostasis disturbance; Thrombocytemia induced

by retroviral expression of TPO in WT mice reproduced the GPVI

deficiency, the prolonged bleeding time and the absence of in vivo

occluding thrombi.

Conclusions: Our results in JAK2V617F mice are consistent with the

complex hemostasis disorders observed in MPN patients i.e. thrombo-

sis, embolism and hemorrhages. They seemed not directly associated

with the mutation but rather with the development of MPN. Further

work is needed to evaluate the cause and consequence of the GPVI

and collagen adhesion deficit.

OC 58.6
The JAK2V617F mutation causes an increase in
platelet reactivity in a knock-in mouse model of
essential thrombocythaemia
Hobbs C1, Bennett C1, Manning H1, Mazharian A2, Brain L2,

Severin S2, Li J1, Green AR1, Watson SP2 and Ghevaert C1

1University of Cambridge, Cambridge; 2University of

Birmingham, Birmingham, UK

Background: The major clinical challenge in treating patients with

myeloproliferative diseases (MPDs) such as polycythaemia vera (PV)
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and essential thrombocythaemia (ET) is the prevention of thrombotic

events. The JAK2V617F mutation is found in > 90% and ~50% of

patients with PV and ET respectively. Initial studies to identify

whether platelet reactivity was modified in MPD patients were incon-

clusive as they were performed before identification of the V617F

mutation, and hampered by the co-existance of normal and clonal hae-

matopoiesis. We have generated a knock-in Cre-inducible

JAK2V617F mutant mouse in which the human JAK2V617F (hu-

JAK2V617F) has been knocked into one of the endogenous mouse

alleles of the JAK2 gene. After induction, comparable transcript levels

of the huJAK2V617F and the normal mouse allele have been shown,

phenocopying the heterozygous nature of ET patients. This is in con-

trast to previous studies in transgenic animal models in which the

mutation was highly overexpressed.

Methods and Results: Using this model, we have shown increased

platelet aggregation to collagen-related peptide (CRP), and mid-range

concentrations of collagen in platelet rich plasma (PRP). Fibrinogen

binding is increased in whole blood from JAK2V617F mice in

response to CRP and thrombin, but decreased in response to ADP

compared to WT, with P-selectin expression also increased in response

to CRP in JAK2V617F mice. Thrombus formation on a collagen-

coated surface increases in whole blood laminar flow assay. Platelet

spreading under static conditions on a fibrinogen-coated surface also

increased. In vivo studies showed a marked decrease in tail bleeding

time in mutant animals.

Conclusion: This mouse model offers a unique opportunity to dissect

the differences in platelet biology in the context of the JAK2V617F

mutation. Our data strongly suggests that JAK2V617F platelets are

hyper-reactive, and therefore we postulate that solely reducing the

platelet count in ET patients to normal levels is not sufficient to reduce

the hyperthrombotic effect of the disease.

OC 59 – Non Inherited Risk Factors
for Venous Thrombosis

OC 59.1
A randomized study on 1 vs. 4 weeks prophylaxis for
venous thromboembolism after laparoscopic surgery
for colorectal cancer
Vedovati MC1, Becattini C1, Rondelli F2, Boncompagni M3,

Camporese G4, Balzarotti R5, Mariani E6, Flamini O7, Pucciarelli S8

and Agnelli G1

1Internal and Cardiovascular Medicine and Stroke Unit,

University of Perugia; 2Department of Oncologic Surgery,

University of Perugia; 3Department of General Surgery, S. Maria

della Misericordia Hospital, Perugia; 4Unit of Angiology,

University Hospital of Padua, Padua; 5Department of General

Surgery, Niguarda Hospital, Milan; 6Department of General

Surgery, S. Giovanni Battista Hospital; 7Unit of Angiology, S.

Giovanni Battista Hospital, Foligno; 8Department of Surgical,

Oncological and Gastroenterological Sciences, Padua, Italy

Background: Extending antithrombotic prophylaxis beyond 1 week

reduces the incidence of venous thromboembolism (VTE) in patients

undergoing open abdominal surgery for cancer. Whether extended

prophylaxis is required after laparoscopic surgery for cancer is

unknown.

Aims: The aim of the study was to evaluate the efficacy and safety of

4 weeks compared to 1 week antithrombotic prophylaxis in patients

who underwent laparoscopic surgery for colon-rectal cancer.

Methods: Complete compression ultrasonography (cCUS) of the lower

limbs was performed in consecutive patients after 8 � 2 days of anti-

thrombotic prophylaxis. Patients with no evidence of VTE were ran-

domized to two prophylaxis regimens: short (heparin discontinuation)

or extended (heparin for three additional weeks). cCUS was repeated

at day 28 � 2 after surgery by a study physician blinded to treatment

allocation. The study primary outcome was the incidence of VTE at

day 28 � 2 from surgery.

Results: Overall, 301 patients were evaluated for inclusion in the study

and 225 were randomized. VTE occurred at day 28 � 2 in 11 out of

113 patients randomized to short (9.7%) and in none of the 112

patients randomized to extended heparin prophylaxis (RRR 53%,

95% CI 46–59%, P = 0.001). The incidence of VTE at 3 months was

0.9% and 9.7% in patients randomized to extended or to short heparin

prophylaxis, respectively (RRR 91%, 95% CI 30–99%, P = 0.003).

The rate of bleedings was similar (0.9% in the two groups).

Conclusions: After laparoscopic surgery for colon-rectal cancer,

extended antithrombotic prophylaxis is safe and reduces the risk for

VTE, as assessed by cCUS, compared to 1 week prophylaxis

(NCT01589146).

OC 59.2
Increased risk of venous thrombosis after arterial
thrombosis: causal or explained by common risk
factors?
Flinterman LE1, Lind C2, Severinsen MT3, Cannegieter SC1,

Hansen JB2 and Overvad K4

1Leiden University Medical Center, Leiden, the Netherlands;
2University of Tromsø, Tromsø, Norway; 3Aarhus University

Hospital, Aarhus; 4Aalborg University Hospital, Aalborg,

Denmark

Background: Venous and arterial thrombosis are traditionally consid-

ered as two different diseases. However, recently associations between

the two entities have been described.

Aim: We aimed to investigate explanations for the increased risk of

venous thrombosis (VT) after an arterial event (AT), such as presence

of common risk factors or immobilisation during the acute phase of a

myocardial infarction or stroke.

Methods: The study was performed in two large cohorts from Den-

mark and Norway, i.e. the Diet, Cancer and Health cohort (DCH)

and the Tromsø study. The DCH cohort included individuals

recruited between 1993 and 1997 aged 50–64 years and without prior

cancer at the time of recruitment. The Tromsø study is a popula-

tion-based cohort conducted between 1994 and 1995. Both cohorts

were regularly linked to their national registries by means of the civil

registration number. Incidence rates of VT were calculated for the

overall cohorts and for subjects with arterial thrombosis, starting

from the date of the arterial event, to study the overall risk and the

effect of time on the incidence. The ratios between the two events

were calculated using a time-dependent Cox regression model. To

investigate the mechanism we adjusted for the following common

risk factors: sex, age, Body Mass Index, smoking, alcohol intake,

hypertension, diabetes, and education level. All participants gave

informed consent, and both studies were approved by their local eth-

ical committee.

Results: Out of 6200 patients with an arterial thrombosis, 108 devel-

oped a venous thrombosis, leading to an overall incidence of VT of 4.0

(CI95 3.3–4.8) per 1000 person years in this group, compared to an

incidence of 1.2 (CI95 1.1–1.3) per 1000 person years in subjects with-

out AT. This led to an overall 2.7-fold (CI95 2.2–3.3) higher risk of

VT in patients with AT. When we studied the time-trend between the

two events we found an incidence rate for VT of 39.8 per 1000 person

years (CI95 24.7–64.0) in the first 2 months after arterial thrombosis

compared with an incidence of 1.1 per 1000 person years (CI95 1.0–
1.2) in those without AT. This incidence rate decreased over time to

1.9 per 1000 person years in the period of more than 6 years after the

arterial event. When we adjusted the overall hazard ratio for common

risk factors, it attenuated from 2.7 to 1.5 (CI95 1.2–1.9), indicating
that common risk factors partly explained the increased risk. Patients

in whom the VT occurred within 2 months after AT were less likely to
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have common risk factors for arterial and venous thrombosis than

those who had a VT more than 2 months after an AT.

Conclusion: In the first 2 months after an arterial thrombosis, the risk

of a venous event was strongly increased. This risk decreased over time

but remained higher also the long term. The long-term association was

partly explained by common risk factors. However, in the high-risk

period shortly after AT, the role of common risk factors seemed to be

limited.

OC 59.3
Arthroscopy of the knee and risk of venous thrombosis:
results from the MEGA study
Van Adrichem RA, Nelissen GHH, Schipper IB, Rosendaal FR

and Cannegieter SC

Leiden University Medical Center, Leiden, the Netherlands

Background: Knee arthroscopy is the most common orthopaedic pro-

cedure performed worldwide. In contrast to most other orthopaedic

surgeries, guidelines generally recommend against the use of thrombo-

prophylaxis, because the reported estimates vary widely and the exact

risk of venous thrombosis (VT) after knee arthroscopy remains

unclear. Furthermore, the influence of genetic and acquired risk fac-

tors, as well as the indication for knee arthroscopy on this risk is not

known, even though identification of such high-risk groups can indi-

vidualise prophylactic treatment.

Aims: To estimate the risk of venous thrombosis after knee arthros-

copy and to identify high risk groups.

Methods: We used data from a large population based case-control

study (MEGA-study) into the aetiology of venous thrombosis (4418

cases, 6150 controls, consent and ethical approval obtained). Odds

ratios (OR) with 95% confidence intervals (CI95) were calculated and

adjusted for age, sex, body mass index, regular exercise and rheumatic

disease. We used varying exposure time windows for reasons of statis-

tical precision. Absolute risks were estimated from the ORs, assuming

an incidence of VT of 1–2 per 1000 person years in the general popula-

tion. Analyses of joint effect all have those with none of the risk fac-

tors in the analysis as reference group.

Results: Knee arthroscopy (105 cases, 24 controls) was associated with

an almost sevenfold increased risk of VT in the following year (OR 6.7

[CI95; 4.3–10.5]) and an 18-fold increased risk over a 3 months period

(OR 18.3 [CI95; 8.8–37.8]). This corresponds to an incidence of VT of

0.5–0.9% in the 3 months after the procedure.

Considering events during 1 year after knee arthroscopy showed that

chondroplasty, meniscal surgery and diagnostic knee arthroscopy

resulted in a sixfold increased risk (OR 6.1 [CI95; 3.8–9.7]) whereas lig-
ament reconstructions led to a 20-fold increased risk (OR 20.3 [CI95;

2.6–157]). An even more pronounced risk was found in those with

genetic or other acquired risk factors. The combination of knee

arthroscopy and oral contraception use led to a 64-fold elevated risk

over the following year (CI95; 8.5–481); with carriership of the factor

V Leiden mutation, prothrombin G20210A mutation or a non-O

blood type the OR was 16.6 (CI95; 8.9–30.7). There was no excess risk

conferred by obesity (BMI > 30 kg/m2 and arthroscopy: OR 7.4

[CI95; 2.5–21.5]). No information was available on thromboprophy-

laxis, while a proportion of the patients most likely did receive this.

Therefore our results are most likely an underestimation of the true

risk.

Conclusion: Knee arthroscopy strongly increases the risk of venous

thrombosis, especially in the first months after the procedure. Patients

with genetic predispositions or who have other acquired risk factors

have an additionally increased risk. Prophylactic treatment can be in-

dividualised and optimised when the indication for knee arthroscopy

and the presence of genetic and acquired risk factors are taken into

account. This will substantially reduce thrombosis morbidity, espe-

cially considering the high frequency of the procedure.

OC 59.4
Optimal risk estimation for DVT requires measurement
of coagulation protein concentrations
Bakker B1, Reitsma PH2, Van Ooijen HJ1, Van Den Ham R1,

Rosendaal FR2 and Lijfering WM2

1Philips Research, Eindhoven; 2Leiden University Medical Center,

Leiden, the Netherlands

Background: he risk of developing deep venous thrombosis has been

linked to a number of separate risk factors, ranging from clinical risk

factors like leg injury or immobility to genetic factors like SNPs and

plasma coagulation protein concentrations such as the concentration

of Factor (F)VIII. In a recent publication, de Haan et al. (Blood,

2012) presented a risk score based on clinical and genetic risk factors,

which showed good discrimination results between the high (such as

hospitalized patients) and low risk individuals in the MEGA (Blom

et al., JAMA, 2005) and LETS (van der Meer et al., Thromb Hae-

most, 1997) studies. The inclusion of coagulation protein concentra-

tions may further improve the discrimination power of these risk

models however.

Aims and Methods: To this end, we applied neural network machine

learning methods to the data that has been collected in the MEGA

study and constructed an algorithm to translate clinical risk factors

(recent surgery, leg injury, immobility, recent travel, pregnancy, use of

oral contraceptives, obesity, cancer and family history of thrombosis),

genetic risk factors (FV Leiden, blood group non-O, prothrombin

G20210A and mutations in FXI and fibrinogen) and coagulation pro-

tein concentrations (antithrombin, FII, FVII, FVIII, FIX, FX, FXI,

fibrinogen, protein C, protein S) into one risk score. In order to test the

robustness of our method, we validated the risk score algorithm that

was optimized on theMEGAdata on the independent LETS data set.

Results: The machine learning methods based on the complete set of

inputs (including coagulation protein concentrations) outperformed

the published method based on clinical risk factors and SNPs alone

(area under the ROC curve of 0.86, 95% confidence interval 0.84–0.87
vs. 0.81 (0.79–0.82) in a cross-validation study on MEGA). The valida-

tion on LETS required the exclusion of cancer patients from the

MEGA cohort, since these patients were excluded from the original

LETS study. Without malignancies as a discriminative factor, the

AUC on MEGA dropped to 0.82 (0.80–0.84) with and 0.78 (0.76–
0.80) without coagulation protein concentrations. Without further

adaptation of the algorithm, the discriminative power when applied to

the LETS cohort remained high with an AUC of 0.81 (0.77–0.85) and
0.78 (0.74–0.82) for the same method with clinical and genetic risk fac-

tors only. All increases in AUC upon inclusion of protein concentra-

tions were statistically significant (p-values > 0.05).

Conclusion: These results indicate that including concentration mea-

surements of coagulation proteins holds a strong, additional value

over current methods. We showed that earlier published results can be

improved when concentrations of coagulation proteins into the throm-

bosis risk estimation are included.

OC 59.5
Validation study of the IMPACT-ILL venous
thromboembolism risk assessment model in the
acutely ill medical patient
Mahan CE1, Vu J1 and Spyropoulos AC2

1University of New Mexico, Albuquerque, NM; 2North Shore/LIJ

Health System, Lenox Hill Hospital, Hofstra School of Medicine,

New York, NY, USA

Background: For Venous Thromboembolism (VTE) prevention,

American College of Chest Physicians (ACCP) and International

Union of Angiology (IUA) guideline recommendations are primarily

based off of risk factors utilized for entry into randomized controlled

trials (RCT) or post-hoc analysis of these RCTs. These guidelines rec-
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ommend a group-based, as opposed to an individualized risk assess-

ment, approach. It is currently unknown how these risk factors inter-

act in a quantitative manner.

A recent retrospective VTE risk assessment model (RAM) (IMPACT-

ILL) was derived from the multinational IMPROVE registry in hospi-

talized medical patients. The ‘VTE-VALOURR’ is a retrospective,

multi-center, case-control, validation study of this RAM and is also

assessing other VTE and bleeding risk factors. Many RAMs are avail-

able with none being appropriately externally validated in the acutely

ill medical patient.

Methods: Reports from ICD-10 coding and the McMaster Transfusion

Registry for Utilization Surveillance and Tracking (TRUST) database,

which contains demographics, transfusion data, and approximately 50

clinical variables including thrombotic outcomes of inpatients, were

used as the data source at three hospitals. Inclusion criteria were hos-

pitalized medical patients ≥ 18 years with ≥ 3 days length of stay

(LOS) while exclusion criteria were patients with pregnancy, mental

health disorders, atrial fibrillation/flutter, trauma, spinal cord injury,

surgery within 90 days, VTE within 24 h of admission, treatment dose

anticoagulants (including warfarin) within 48 h of admission, or trans-

ferred from a non-McMaster acute care facility. Pulmonary embolism

and lower extremity deep vein thrombosis (DVT) within 3 months of

admission were the outcomes of interest and verified by chart review.

Upper extremity DVT was excluded. Descriptive statistics, including

proportions and frequencies, were used to summarize binary variables.

A VTE cohort and a VTE free control cohorts’ receiver operator

curves will be compared assessing the validity of the IMPACT-ILL

RAM.

Results: From January 1st, 2005 to February 28th, 2011, 247,241 hos-

pitalizations occurred at three McMaster hospitals. After exclusionary

criteria were applied, 779 VTE events were identified. Of these, 419

were excluded because they were VTE events not related to a previous

hospitalization (i.e. community-acquired), leaving a VTE cohort of

139 patients. A VTE-free control cohort at a 2:1 ratio was also evalu-

ated for VTE and bleeding risk factors. Approximately 80% of the

current VTE cohort appears to have a score of 2 or above and be at

moderate to high risk of VTE. Final results of the validity of the

IMPACT-ILL VTE RAM will be presented.

Conclusions: Testing for validity of the IMPACT-ILL VTE RAM will

be useful and may help identify medical patients at risk of VTE that

do not readily fit into group-specific VTE risk categories. Further, vali-

dation may identify subsets of medical patients at especially high risk

of VTE and focus future randomized controlled trials. Other VTE risk

factors may be identified with the study.

OC 59.6
Impact of incident atrial fibrillation on future risk of
venous thromboembolismthe Tromsø study
Enga KF, Mathiesen EH, Løchen ML, Mathiesen EB, Njølstad I,

Wilsgaard T, Braekkan SK and Hansen JB

University of Tromsø, Tromsø, Norway

Background: Epidemiological and clinical studies have provided strong

evidence that atrial fibrillation is associated with thrombus formation

in the left atrium with subsequent increased risk of systemic embolism,

particularly ischemic stroke. Previous autopsy and retrospective stud-

ies have shown that pulmonary embolism may originate from right

arterial thrombi. Similarly, a retrospective cohort reported higher

prevalence of pulmonary embolism in subjects with atrial fibrillation

than without atrial fibrillation. Although these observations support

the concept that atrial fibrillation is associated with risk of pulmonary

embolism, no prospective cohort study has investigated the association

between incident atrial fibrillation and future risk of venous thrombo-

embolism (VTE).

Aims: We wanted to investigate whether incident atrial fibrillation is

associated with future risk of incident VTE in a prospective cohort

study with subjects recruited from a general population.

Methods: A total of 29 774 men and women participated in at least

one survey of the Tromsø study (1994–95, 2001–02 or 2007–08), where
information was obtained by questionnaires, blood samples and a

physical examination. The study participants were followed from date

of enrolment until December 31, 2010, and all events of atrial fibrilla-

tion and VTE were recorded and validated. Cox proportional hazard

regression models, using age as time scale and atrial fibrillation as a

time-dependent variable, were used to obtain crude and multivariable

hazard ratios (HR) for VTE with 95% confidence intervals (CI). The

analyses were adjusted for sex, body mass index, smoking, physical

activity, cholesterol, self-reported arterial cardiovascular disease and

diabetes. The study was approved by the regional committee for

research ethics, and all participants gave their informed written con-

sent to participate.

Results: Of the study participants, 1604 (5.4%) were diagnosed with

atrial fibrillation and 621 (2.1%) had an incident VTE event during a

median of 15.6 years follow-up. Among those with atrial fibrillation,

65 (4.1%) developed a subsequent VTE yielding an age-adjusted inci-

dence rate (IR) per 1000 person-years of 9.17 (95% CI: 7.19–11.17),
whereas the corresponding IR in subjects without atrial fibrillation

was 6.39 (95% CI: 5.69–7.18). Subjects diagnosed with atrial fibrilla-

tion had increased risk of VTE compared to subjects without atrial

fibrillation in crude (HR: 2.09, 95% CI: 1.60–2.73) and multivariable

adjusted analyses (HR: 1.95, 95% CI: 1.48–2.56). Atrial fibrillation

was associated with risk of both pulmonary embolism and deep vein

thrombosis, but as expected, the risk estimates for pulmonary embo-

lism were higher (multivariable HR: 2.54, 95% CI: 1.74–3.72) than for

deep vein thrombosis (multivariable HR: 1.50, 95% CI: 1.01–2.23).
The risk of VTE was highest during the first 6 months after the atrial

fibrillation diagnosis (age-adjusted IR: 32.06, 95% CI: 21.27–48.32).
Conclusion: We found that atrial fibrillation was associated with

increased risk of VTE, and pulmonary embolism in particular. Our find-

ings support the concept that pulmonary embolism may originate from

right atrial thrombi formed in an environment of atrial fibrillation.

OC 60 – Novel Platelet Receptors

OC 60.1
Syk is essential for anti-CLEC-2 antibody-induced
thrombocytopenia, but not receptor depletion
Lorenz V1, Stegner D2, Kiefer F3 and Nieswandt B1

1University Hospital and Rudolf Virchow Center; 2University

Hospital, Wuerzburg; 3Max Planck Institute for Molecular

Biomedicine, Muenster, Germany

Background: The C-type lectin-like receptor 2 (CLEC-2) plays an

important role in haemostasis and thrombosis. Ligation of CLEC-2

induces phosphorylation of the hemITAM motif of the receptor and

the recruitment of Syk, thereby initiating a signalling cascade that

involves the adapter LAT and culminates in the activation of phospho-

lipase (PLC) gamma 2. We have previously shown that treatment of

mice with the CLEC-2 specific INU1 antibody leads to a transient

thrombocytopenia and depletion of CLEC-2 in circulating platelets.

Such CLEC-2 depleted mice are protected from occlusive thrombus

formation but do not show a major bleeding defect. The mechanisms

underlying these anti-CLEC-2 antibody induced effects have not been

identified.

Aims: By the use of mouse lines deficient in central molecules in the

CLEC-2 signalling pathway the mechanisms underlying anti-CLEC-2

antibody-induced thrombocytopenia and receptor depletion were

assessed in vivo.

Methods: Mice were treated with the monoclonal antibody INU1

(anti-CLEC-2, 200 lg i.v.) to deplete CLEC-2 in circulating platelets.

Platelets were analysed up to 7 days after injection using flow cytome-

try, biochemical methods and functional assays.

Results: INU1-treatment induced severe thrombocytopenia in wild-

type and Lat�/� mice to the same extent and this was not altered by
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pre-treatment with integrin aIIbb3-blocking antibodies. In sharp con-

trast, no thrombocytopenia was observed in INU1-treated mice lack-

ing either CLEC-2 or Syk in platelets demonstrating that binding of

INU1 to platelet CLEC-2 directly induces platelet depletion in vivo

through a Syk-dependent mechanism that does, however, not require

aIIbb3-dependent aggregation. Strikingly, INU1 induced the irrevers-

ible loss of CLEC-2 in wild-type, Lat�/� and Syk-deficient mice to

the same extent and irrespective of aIIbb3 blockade. In Syk-deficient

platelets, the INU1-induced CLEC-2 loss occurred through internali-

sation and intracellular clearing demonstrating for the first time an

active mechanism of CLEC-2 down-regulation in platelets.

Summary/Conclusions: Our results reveal that anti-CLEC-2 antibody

induced thrombocytopenia and receptor depletion can be mechanisti-

cally uncoupled and that the latter occurs independently of Syk. These

findings may have important implications for the possible develop-

ment of therapeutic agents that modulate CLEC-2 function.

OC 60.2
Expression of exogenous proteins in platelets: all you
need is Yop
Prevost N1, W€olke S2, Kurata S1, Morioka Y1, Heesemann J2

and Cornelis G3

1Kyoto University, Kyoto, Japan; 2Max von Pettenkofer Institute,

Munich, Germany; 3University of Basel, Basel, Switzerland

Background:While primarily known for their role in hemostasis, plate-

lets are also essential components of the innate immune system. Their

ability to detect and capture blood-born bacterial pathogens, in partic-

ular, is well established. These interactions are varied in nature and

depend on the specie and strain a given bacterium belongs to. Yersinia

enterocolitica is one of three pathogenic Yersinia species capable of

injecting large amounts of plasmid-encoded cytotoxins known as Yops

into immune cells, a defense mechanism that is known to disrupt the

phagocytic and lytic responses of leukocytes. The injection of Yops

into mammalian cells is dependent on the type III secretion system

(T3SS) of Yersinia and requires both a N-terminal secretion domain

and the co-expression of a chaperone protein.

Aims. Because blood platelets are known to bind virulent strains of

Yersinia enterocolitica, we hypothesized that these bacteria could be

used as a vector to inject proteins into platelets.

Methods: Attenuated, Yop-deficient Yersinia enterocolitica strains

were engineered to produce massive amounts of fusion proteins bear-

ing the N-terminal secretion domain of YopE along with the chaper-

one protein SycE. Expressed proteins included, amongst others,

fluorescent proteins and intracytoplasmic epitopes-targeted peptides.

Ex vivo infection of blood platelets with fusion protein-expressing

Yersinia enterocolitica strains was performed on both activated and

resting platelets. After bacteria removal, the amount of injected mate-

rial present in platelets was quantified by western blotting, immunoflu-

orescence and flow cytometry. Simultaneously, platelets were tested in

various assays to ascertain any altered functional response.

Results: Yersinia enterocolitica was able to bind to both resting and

activated platelets. Protein injection was very successful in both cases

with success rates ranging from 98% to 100%. Within 1 h of infection,

fluorescent proteins such as eGFP could be readily detected by immu-

nofluorescence and flow cytometry, demonstrating the efficiency of

protein transfer. The infection procedure had no detectable effect on

platelet responsiveness. As for inhibitory peptides: platelets that were

injected with a peptide spanning part of the talin-1 FERM domain

presented with impaired integrin aIIbb3 responses; platelets injected

with a peptide targeting calcium channels had normal intracytoplasmic

calcium oscillations in their resting state but impaired calcium mobili-

zation when treated with thrombin.

Conclusion: In nucleated cells, expression of exogenous proteins, fluo-

rescent reporters or bioactive peptides is just a transfection step away,

a sadly unattainable commodity to all platelet biologists. Bearing this

mind, we have sought a methodology that would allow us to overcome

this limitation. Our studies show that Yersinia enterocolitica can be

engineered to rapidly deliver proteins and peptides into blood platelets

without affecting their responsiveness. This new tool should prove

especially useful to anyone interested in studying platelet intracyto-

plasmic signaling.

OC 60.3
A novel double heterozygous substitution
p.(Val207Ala; Thr223Arg) in the P2Y12 receptor is
associated with reduced receptor expression and
platelet dysfunction
Nisar SP1, Jones ML1, Murden SL1, Norman JE1, Watson SP2,

Mundell SJ1 and Mumford AD1

1University of Bristol, Bristol; 2University of Birmingham,

Birmingham, UK

Background: The Genotyping and Phenotyping of Platelets consortium

(GAPP) has developed an approach for rapidly identifying and char-

acterizing rare function disrupting variations in genes encoding plate-

let proteins, including GPCRs which are critical regulators of platelet

function and are anti-thrombotic drug targets. This has yielded two

novel thromboxane receptor variants (Mumford et al., 2010; Mum-

ford et al., 2013) and three novel P2Y12 variants (Nisar et al., 2011;

Daly et al., 2009; Patel et al., in preparation) which result in reduced

platelet responsiveness. We now report a novel double heterozygous

P2Y12 receptor variant associated with reduced platelet responsiveness

to ADP.

Aims: To characterise the functional effect of the double heterozygous

p.[(Val207Ala; Thr223Arg)] P2Y12 variant in platelets and cell lines.

Methods: Platelet function was assessed by measuring platelet aggrega-

tion responses in platelet rich plasma (PRP). The candidate P2Y12

variations were identified by capture of the P2Y12R coding exons from

genomic DNA using an Agilent-SureSelect targeted array of 216 plate-

let genes and sequencing on an Illumina GA-II. For the cell expression

studies, HA-tagged wild type (WT), V207A, T223R and V207A/

T223R constructs were generated and transiently expressed in

HEK293 cells and stably expressed in human 1321N1 astrocytoma

cells.

Results: The 41 year old female subject with no history of pathological

bleeding displayed diminished aggregation responses to 2 and 5 lM
ADP compared to healthy controls, but similar aggregation responses

to high concentrations of other agonists. Analysis of P2Y12R showed

heterozygous non-synonymous variations predictive of V207A and

T223R substitutions in the 5th transmembrane domain and the 3rd

intra-cellular loop respectively. A family study showed that both varia-

tions p.([Val207Ala; Thr223Arg]) were present on the same P2Y12R

allele. Immunoblotting and imaging experiments in both HEK293 and

1321N1 cells showed that total expression of the double mutant

V207A/T223R was significantly reduced and accompanied with a loss

of receptor function. Surface and total expression of the single

mutants, however, was comparable to WT.

Conclusions: We have identified a novel double heterozygous mutation

within the P2Y12 receptor, associated with reduced ADP-induced

platelet aggregation. This is the first description of a naturally occur-

ring double variant in the same P2Y12 allele. Our data suggest that it is

the combination of the V207A and T223R substitutions that causes

reduced total receptor expression, resulting in reduced platelet respon-

siveness to ADP.

This work was supported by the British Heart Foundation (RG/09/

007).

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

ABSTRACTS 217



OC 60.4
Endothelial protein C receptor is expressed on
activated platelets and contributes to FVIIa binding
Hoffman M1 and Monroe D2

1Duke University, Durham; 2University of North Carolina, Chapel

Hill, NC, USA

Background: At pharmacologic concentrations recombinant Factor

VIIa (rFVIIa, NovoSeven�) binds to activated platelets and mediates

activation of FX directly on the platelet surface. We originally pro-

posed that this binding was mediated by surface-expressed phosphati-

dyl serine (PS). More recently, Lismann et al. demonstrated that

rFVIIa can also bind to the platelet surface glycoprotein (GP) Ib/IX/V

complex. However, binding to GPIb/IX/V on other membrane sur-

faces did not recapitulate the pattern of rFVIIa binding to activated

platelets. Therefore, we sought other possible contributors to platelet

rFVIIa binding.

Aims: Our unpublished data show that Protein C can partially com-

pete with rFVIIa and rFVIIa variants for binding to activated plate-

lets. The group of Pendurthi and Rao have shown that rFVIIa binds

to endothelial protein C receptor (EPCR) and that binding to EPCR

modulates the proteolytic activity of rFVIIa against cell-surface tar-

gets. The goal of our current work is to determine whether EPCR is

expressed on platelets and whether it contributes to rFVIIa binding

(and activity) on platelets.

Methods: Human platelets were isolated from blood samples collected

from normal donors after obtaining informed consent. The binding of

rat monoclonal (Santa Cruz) and goat polyclonal (Affinity Biologicals)

antibodies raised against human EPCR was assessed by flow cytome-

try. EPCR was also immunoprecipitated from platelet lysates using

the monoclonal antibody and detected on PAGE followed by Western

blotting with the polyclonal antibody.

Results: We found that EPCR could not be detected on the surface of

unactivated platelets, and activation with thrombin alone resulted in a

low level of EPCR expression. By contrast, activation with the combi-

nation of thrombin and convulxin (a collagen receptor agonist)

resulted in the appearance of a discrete population of platelets with

high expression of EPCR and a residual population of platelets that

are negative for EPCR. The population of EPCR-positive platelets is

the same as the platelets that bind high levels of rFVIIa, and comprise

from 30% to 60% of the platelets, depending on the blood donor.

Kjalke et al. have previously reported that COllagen And Thrombin

activated (COAT) platelets preferentially bind rFVIIa. An anti-EPCR

antibody was able to partially block FVIIa binding to activated plate-

lets. A protein with the correct molecular weight for full length EPCR

could be immunoprecipitated from thrombin + convulxin-activated

platelets.

Conclusion: EPCR is expressed on the population of highly procoagu-

lant COAT platelets induced by dual stimulation with thrombin and a

collagen agonist. EPCR plays a role in mediating binding of rFVIIa to

activated platelet surfaces.

OC 60.5
Regulation of the hemostatic and inflammatory
responses triggered by ligands of Toll like receptor 2
and 4 is another non-genomic role of nuclear factor-?
B in platelets
Rivadeneyra L1, Carestia A1, Fondevila C2, Negrotto S1

and Schattner M1

1Institute of Experimental MedicineNational Academy of

MedicineCONICET; 2Bazterrica Clinic, Buenos Aires, Argentina

Background: Platelets express toll like receptors (TLRs), a family of

proteins that recognize molecular components of pathogens. Although

several studies reported platelet activation mediated by activation of

TLR2 and 4, the data are controversial and the molecular mechanisms

are not fully elucidated. In nucleated cells, one of the downstream mol-

ecules of the TLRs signaling pathway is the transcription factor

nuclear factor-jB (NF-jB), a major regulator of inflammatory genes

transcription. We have previously shown that activation of NF-jB
mediates platelet activation triggered by classical platelet agonists,

indicating that this transcription factor exerts non-genomic functions

in platelets.Whether NF-jB is involved in the signaling pathway of

TLR2 and 4 have not yet been investigated.

Aim: To further examine platelet activation mediated by TLR2 and

TLR4 stimulation and determine if activation of NF-jB is a down-

stream signal.

Methods: Washed human platelets were stimulated with Pam(3)CSK

(4) or lipopolysaccharide (LPS) (agonists for TLR2 or 4 respectively)

in the absence or presence of BAY11-7082 and Ro106-9920, two non-

structurally related inhibitors of NF-jB. Aggregation and ATP release

were measured using a Lumi-aggregometer and platelet-leukocyte

aggregates were enumerated by cytometry. Activation of NF-jB was

examined by the degradation of its inhibitor, I-kB, and the phosphory-

lation of the p65 subunit, by Western Blot. The release of IL-1b was

determined by ELISA. Results are expressed as X � SEM (Student T

test *P > 0.05 vs. C and ANOVA #P > 0.05 vs. Pam(3)CSK(4), LPS

or Thrombin (Thr) n = 4–5).
Results: Stimulation of platelets with Pam(3)CSK(4) (0.1–15 lg/mL)

triggered platelet aggregation, ATP release, as well as proinflammato-

ry responses such as IL-1b secretion (C: 51 � 13, Pam(3)CSK(4)

(1 lg/mL): 288 � 96* pg/mL) and the formation of platelet-leukocyte

aggregates (C: 17 � 2, Pam(3)CSK(4): 38 � 4*% of PMN associated

with platelets). All Pam(3)CSK(4)-mediated responses were completely

inhibited by preincubation of the platelets with BAY11-7082 or

Ro106-9920. LPS (10 lg/mL) did not have a direct effect but potenti-

ated aggregation and ATP release induced by threshold Thr concen-

trations (0.01 U/mL). This synergism was partially blocked by the

NF-jB inhibitors (BAY11-7082: 39 � 3#, Ro106-9920: 37 � 5#% of

inhibition). While platelet-leukocyte aggregates were no triggered by

LPS, it efficiently induced IL-1b release that was prevented in platelets

pretreated with BAY11-7082 or Ro106-9920 (C: 51 � 13, LPS:

460 � 110*, LPS+BAY11-7082: 24 � 16#, LPS+Ro106-9920:

32 � 17# pg/mL). Stimulation of platelets with 1 lg/mL of Pam(3)

CSK(4) or LPS resulted in the degradation of I-kB and the phosphory-

lation of the p65 subunit of NF-jB (Pam(3)CSK(4): 5 � 1*, LPS:
6 � 1*, fold increase). Both responses elicited by Pam(3)CSK(4) or

LPS were completely inhibited by an antibody against TLR2 or 4

respectively, and synergized by threshold concentrations of Thr (phos-

phorylation of p65: Thr: 4 � 1, Thr+Pam(3)CSK(4): 9 � 1#,

Thr + LPS: 12 � 4#).

Conclusion: Activation of TLR2 and 4 trigger platelet hemostatic and

inflammatory responses that are mediated by the transcription factor

NF-jB. These data reinforce the notion of the relationship between

the immune response and platelets, reveal another non-genomic func-

tion of NF-jB in platelets and highlight this molecule as a potential

target to prevent platelet activation in inflammatory and infectious

diseases.

OC 60.6
The newly identified platelet receptor DCBLD2 is
involved in platelet activation and thrombus formation
Nuyttens BP1, Broos K1, Sadeghi M2, Nie L2, De Meyer SF1,

Vanhoorelbeke K1 and Deckmyn H1

1KU Leuven Kulak, Kortrijk, Belgium; 2Yale University School of

Medicine, New Haven, CT, USA

Background: Recent genome wide association and -omics studies

revealed new platelet proteins potentially related to platelet disorders.

One of these is the discoidin, CUB and LCCL domain containing 2

protein (DCBLD2), a transmembrane receptor which we previously

found to be involved in thrombus formation in a zebrafish model [1].
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Aim: Our aim is to further characterize the role of DCBLD2 in throm-

bosis and haemostasis and to uncover its platelet-specific function.

Methods: To study the in vivo role of DCBLD2 in thrombosis and hae-

mostasis, DCBLD2 knock-out (KO) mice were subjected to well estab-

lished models of FeCl3-induced thrombosis, tail clipping bleeding and

ischemic stroke (transient middle cerebral artery occlusion, tMCAO).

In vitro agonist-induced platelet aggregation experiments and flow cy-

tometric analysis of murine and human platelets provided further clues

about the mechanisms responsible for the effects observed in vivo.

Results: Although DCBLD2 KO mice have normal platelet counts and

no distinct phenotype, the absence of DCBLD2 clearly resulted in a

significant decrease in the time to occlusion upon arterial vessel dam-

age in the FeCl3-induced thrombosis model. These data confirm our

earlier findings in zebra fish and point towards an attenuating effect of

DCBLD2 on thrombus formation. Interestingly, absence of DCBLD2

did not affect tail-clipping times. It is known that certain platelet

receptor-ligand interactions contribute to stroke progression after rep-

erfusion of previously occluded major arteries. This is however not the

case for DCBLD2 as the infarct volume and functional outcomes after

ischemic stroke in DCBLD2 KO mice were not significantly different

from those in wild-type animals. Involvement of DCBLD2 in platelet

activation was further validated by in vitro agonist-induced platelet

aggregation experiments. Aggregation of platelet rich plasma (PRP)

from DCBLD2 KO mice showed a significant increase of 13 � 0.5%

(n = 5; P > 0.01) and 10 � 1% (n = 3; P > 0.01) compared to con-

trols when stimulated with ADP or collagen respectively. When stimu-

lated with threshold concentrations of thrombin, the maximum

aggregation level of DCBLD2 KO platelets was up to 40 � 4%

(n = 4; P > 0.01) higher. In addition, flow cytometric analysis of

washed platelets from the DCBLD2 KO mice, activated with threshold

concentrations of thrombin, showed increased expression of both P-se-

lectin and activated aIIbb3, further demonstrating the dampening effect

of DCBLD2 on platelet activation. Aggregation of platelets in human

PRP was found to be stronger in response to several agonists in the

presence of recombinant human DCBLD2-extracellular domain

(ECD) indicating not only a similar role for DCBLD2 in man as in

mice, but also suggesting that the recombinant domain is competing

with the receptor for an extracellular ligand.

Conclusions: Our data demonstrate a down-regulating function of

DCBLD2 in platelet activation and platelet-dependent thrombus for-

mation. Our experiments also suggest the presence of an extracellular

ligand for DCBLD2, which remains to be identified.

1. O’Connor MN, Salles II, Cvejic A, Watkins NA, Walker A, Garner

SF, et al. Functional genomics in zebrafish permits rapid characteriza-

tion of novel platelet membrane proteins. Blood 2009; 113:4754–62.

OC 61 – Pregnancy and Coagulation

OC 61.1
Qualitative changes in VWF are acquired during
pregnancy
Johnsen JM1, Drury-Stewart D1, Lannert KW1, Gammill HS2,

Zimring JC1 and Konkle BA1

1Puget Sound Blood Center; 2University of Washington, Seattle,

WA, USA

Background: Levels of the critical clotting protein von Willebrand Fac-

tor (VWF) increase markedly during pregnancy. The VWF changes

observed during pregnancy have long been thought to be the result of

direct hormonal stimulation of VWF production. We hypothesized

that pregnancy also induces qualitative changes in VWF.

Aims: To test this hypothesis, we investigated molecular properties of

VWF in healthy pregnancies.

Methods: Plasma samples were obtained from a healthy pregnancy

repository; all pregnancies exhibit increased VWF:Ag levels, consistent

with the literature, and all have stable ADAMTS13 activities. For this

study, subjects who had samples available from multiple trimesters

and a > 6 week postpartum sample were selected. Samples were nor-

malized for VWF:Ag (ELISA, GTI Diagnostics) in VWF-deficient

plasma (Affinity Biologicals). VWF multimers were examined by 1%

agarose gel electrophoresis, blotted to PVDF, and detected by immu-

noblotting (HRP-conjugated rabbit anti-human VWF, Dako). Isoelec-

tric focusing (IEF) of native plasma was performed in precast 5%

acrylamide gels pH range 3–7 (Invitrogen), blotted to PVDF, and

detected by immunoblotting (HRP-conjugated rabbit anti-human

VWF, Dako). VWF blood group A glycan burden was determined by

ELISA (mouse anti-A primary antibody, Immucor; HRP-conjugated

donkey anti-mouse secondary antibody, Jackson ImmunoResearch).

Results: VWF multimer patterns shifted over the course of pregnancy

towards higher order multimers by the third trimester. These higher

order multimers were no longer detectable in postpartum samples.

IEF analysis of native VWF demonstrated two distinct bands which

focused at pH ~5.6 and 5.7 in normal plasma and early pregnancy

samples. The VWF upper band (pH 5.7) became less distinct, shifted

focus towards the lower band (pH 5.6), and the ratio of top band den-

sity to lower band density decreased in the third trimester. The VWF

focusing pattern returned to two distinct bands at pH 5.6 and 5.7 in

the postpartum sample. Blood group A glycan burden on VWF shifted

to a progressively to higher detectable A glycan over the course of two

pregnancies and returned to a lower A glycan burden postpartum.

However, this pattern of increased A glycan burden was not consistent

among several other blood group A pregnancies tested.

Conclusions: VWF multimer structure and isoelectric point changed

over the course of these pregnancies. These shifts were most evident in

the third trimester and resolved postpartum. Interestingly, VWF blood

group A carbohydrate burden also demonstrated a capacity to shift

over the course of pregnancy, but this finding was not consistent in

other pregnant blood group A subjects. We conclude that VWF can

acquire complex molecular qualitative changes during gestation. These

data support a new model in which VWF shifts both quantitatively

and qualitatively as a result of pregnancy. We speculate that preg-

nancy-induced qualitative changes correspond with differences in

VWF function. The shift towards higher order VWF multimers later

in pregnancy suggests greater VWF hemostatic activity. This new

model may have significant clinical implications for pregnant women,

particularly in the assessment of patients at risk for bleeding or throm-

botic complications.

OC 61.2
Aspirin or anticoagulants for treating recurrent
miscarriage in women without antiphospholipid
syndrome: an updated systematic review
De Jong PG1, Kaandorp SP1, Di Nisio M2, Goddijn M1

and Middeldorp S3

1Academic Medical Center Amsterdam, Amsterdam, the

Netherlands; 2University “G. D’Annunzio” of Chieti-Pescara,

Chieti, Italy; 3Academic Medical Center, Amsterdam, the

Netherlands

Background: Approximately 5% of women attempting to conceive

experience two or more miscarriages (recurrent miscarriage, RM). RM

is associated with thrombophilia and anticoagulant therapy appears to

increase the chance of live birth in subsequent pregnancies in women

with antiphospholipid syndrome. Whether this is also true in women

with unexplained RM or women with RM and inherited thrombophil-

ia is uncertain.

Aims: To evaluate the efficacy and safety of aspirin and anticoagulant

agents in women with a history of at least two miscarriages without

apparent causes, other than inherited thrombophilia.

Methods: We searched the Cochrane Pregnancy and Childbirth

Group’s Trials Register (30 April 2012) and scanned bibliographies of

all located articles for any unidentified articles.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

ABSTRACTS 219



Randomised and quasi-randomised controlled trials that assessed the

effect of anticoagulant treatment on live birth in women with a history

of at least two miscarriages without apparent causes other than inher-

ited thrombophilia were eligible. Interventions included aspirin, un-

fractionated heparin, and low-molecular-weight heparin (LMWH) for

the prevention of miscarriage. One treatment could be compared with

another or with placebo. Two authors assessed the studies for inclu-

sion in the review and extracted the data. If necessary they contacted

study authors for more information.

Result: Nine studies, including data of 1238 women, were included in

this review evaluating the effect of either LMWH or aspirin or a com-

bination of both, on the chance of live birth in women with recurrent

miscarriage, with or without inherited thrombophilia. Studies were

heterogeneous with regard to study design and treatment regimen and

three studies were considered to be at high risk of bias. Two of these

three studies showed a benefit of one treatment over the other, but in

sensitivity analyses (in which studies at high risk of bias were excluded)

anticoagulants did not show a beneficial effect on live birth. Obstetric

complications such as preterm delivery, preeclampsia, intrauterine

growth restriction and congenital malformations were not significantly

affected by any treatment regimen. Treatment with LWMH combined

with aspirin increased the risk of bleeding significantly in one study.

Local skin reactions to LMWH were reported in almost 40% of

patients in the same study. Subgroup analyses in women with inherited

thrombophilia were underpowered for firm conclusions.

Conclusion: There is a limited number of studies on the efficacy and

safety of aspirin and heparin in women with a history of at least two

miscarriages without apparent causes other than inherited thrombo-

philia. Of the nine reviewed studies quality varied, different treatments

were studied and of the studies at low risk of bias only one was pla-

cebo-controlled. No beneficial effect of anticoagulants in studies at

low risk of bias was found. Therefore, the use of anticoagulants in

women with unexplained recurrent miscarriage is not recommended.

The effect of anticoagulants in women with unexplained recurrent mis-

carriage and inherited thrombophilia needs to be assessed in rando-

mised placebo controlled trials; at present there is no evidence of a

beneficial effect.

OC 61.3
Calibrated automated thrombography does not reveal
hypercoagulability in women with unexplained
recurrent pregnancy loss
Bennett AS1, Bagot C2, Appiah A3, Johns J3, Ross J3, Roberts L1,

Patel R1 and Arya R1

1King’s Thrombosis Centre, London; 2Department of

Haematological Medicine, Glasgow; 3Department of Maternal

Medicine, King’s College Hospital NHS Foundation Trust,

London, UK

Background: Unexplained recurrent pregnancy loss (RPL) is often

attributed to an underlying maternal prothrombotic state. Conse-

quently it is common practice for such patients to receive antenatal

thromboprophylaxis despite randomized controlled trials (RCTs)

demonstrating no benefit of aspirin � heparin over placebo for live

birth rate.

Aims: To ascertain whether a global assay of coagulation, calibrated

automated thrombography (CAT) could discriminate between women

with a history of RPL when compared with parous controls who have

never experienced pregnancy loss.

Methods: Between March 2011 and September 2012 we prospectively

recruited 50 consecutive women from the recurrent miscarriage clinic

at King’s College Hospital. Those with ≥ 3 losses prior to 14 weeks’

gestation or 1 loss after 14 weeks that remained unexplained were eli-

gible, and were compared to 41 controls. Exclusion criteria comprised

prior venous thromboembolism, antiphospholipid syndrome, inherited

thrombophilia, previous placenta mediated pregnancy complication,

use of hormonal contraception, anticoagulants and immunosuppres-

sants. Venous blood was collected (> 6 weeks after a miscarriage) with

minimal stasis and the second draw divided into BD vacutainers con-

taining 0.109 M trisodium citrate. Each participant also provided a

sample to which corn trypsin inhibitor (CTI) at a final concentration

of 18.3 lg/mL was added. Platelet poor plasma (PPP) prepared fol-

lowing double centrifugation at 4750 g for 10 min was stored at

�40°C. Hemker’s thrombin generation method was carried out utilis-

ing manufacturer reagents (Thrombinoscope BV, the Netherlands).

PPP was tested alone (5 pM) and with thrombomodulin (5 pMTM) at

a final concentration of 6 nM (5 pM TF and 4 lM PL) and with

1 pM TF for samples containing CTI at a mean � SD time period of

5.3 � 1.3 weeks following freezing. Peak thrombin and estimated

thrombin potential (ETP) are expressed as normalised ratios against

NHCP (Technoclone, Austria) which was run in tandem with each

assay as a reference plasma. Velocity index (peak thrombin/[time to

peak thrombin-lag time]) and percentage suppression of both peak

thrombin and ETP in the presence of TM were also determined ([vari-

able in the absence of TM-variable in the presence of TM]/variable in

the absence of TM).

Results: Normalised ratios for peak thrombin (5 pM: 0.88 vs. 0.83,

P = 0.42; 5 pMTM: 0.79 vs. 0.69, P = 0.19; 1 pM: 0.43 vs. 0.36,

P = 0.11) and ETP (5 pM: 0.81 vs. 0.75, P = 0.27; 5 pMTM: 0.67 vs.

0.57, P = 0.19; 1 pM: 0.68 vs. 0.61, P = 0.17) were comparable

between subjects and controls in all assays respectively. There was no

statistical difference in velocity index (5 pM: 104.7 nM/min vs.

100.1 nM/min, P = 0.93; 5 pMTM: 85.2 nM/min vs. 73.9 nM/min,

P = 0.37; 1 pM: 28.1 nM/min vs. 24.8 nM/min, P = 0.65) or TM-

related suppression of peak thrombin (34.6 vs. 38.5, P = 0.63) and

ETP (46.7 vs. 49.8, P = 0.86) between subjects and controls respec-

tively. P values adjusted for potential confounding factors of age, eth-

nicity, smoking status, phase of menstrual cycle, BMI, factor VIII:C

and antithrombin levels.

Summary: Calibrated automated thrombography was not able to iden-

tify an underlying prothrombotic state in women with unexplained

RPL. These results do not provide a rationale for use of prophylactic

anticoagulation to safeguard pregnancy in such women and support

the findings of recently published RCTs which failed to show the bene-

fit of such an approach.

OC 61.4
Risk of recurrence during pregnancy after a first VTE: a
french cohort
Le Moigne E1, Delluc A1, Daoudal A1, Nowak E2, Mottier D2

and Le Gal G2

1Brest University Hospital; 2Clinical Investigations Center, Brest,

France

Background: Pregnancy is a high risk period for venous thromboembo-

lism (VTE) especially for women with previous VTE. However, risk

stratification is difficult and recommendations for prophylaxis are of

low grade of evidence because randomized studies are lacking during

pregnancy.

Aims: We aimed to study the risk of recurrent VTE during pregnancy

after a first VTE.

Methods: We studied the risk of recurrent VTE during pregnancy in a

cohort of young women under 50 years with first proved VTE, admit-

ted from 1992 to 2010 in BrestUniversityHospital. Follow-up informa-

tion was collected annually about medical events and thrombosis risk

factors. In case of pregnancy, we collected information about prophy-

laxis with low-molecular-weight heparin (LMWH).

Results: Of the 338 women under 50 years with a first VTE, 62 had a

total of 96 pregnancies starting before January 2011. At beginning of

pregnancy, median age was 29 years and 29% of women were obese.

Initial VTE was associated with hormones (pregnancy, postpartum or

contraception) in 92%. We observed recurrent VTE in 7.3% of
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pregnancies. Women received prophylaxis with LMWH in 79% of

pregnancies. Dose and duration of prophylaxis were consistent with

international recommendations in 65% of cases. Recurrent VTE

occurred in early pregnancy, before starting prophylaxis, and postpar-

tum sometime despite LMWH. Risk factors for recurrence were obes-

ity, varicose veins and hormone-related initial VTE.

Conclusion: Risk of recurrent VTE during pregnancy is high, which

would justify early prophylaxis in pregnancy, especially for women

with initial hormone-related VTE. Discontinuation of anticoagulants

for delivery and LMWH dosage may explain failures of prophylaxis

during postpartum. Risk stratification and randomized trials would

solve this issue.

OC 61.5
Risk factors for acute VTE in pregnancy and the
postpartum period: a retrospective case control study
of 14 years at National Women’s Health, Auckland,
New Zealand
Emmett SC1 and McLintock C2

1BC Women’s Hospital, Vancouver, BC, Canada; 2National

Womens’ Hospital, Auckland, New Zealand

Background: This was a retrospective study of acute venous thrombo-

emboli (VTE) occurring during pregnancy or within 8 weeks postpar-

tum, from 1998 to 2011, at National Women’s Health, New Zealand.

Aim: The assessment of the risk factors for acute pregnancy associated

VTE (PA-VTE).

Methods: Medical ethics approval was obtained. The study group

included women who received enoxaparin for the treatment of acute

PA-VTE. The control group was women who delivered before and

after study group patients. Data was collected from patients’ records.

Results: Seventy-eight events occurred in 76 women and 123 controls

were identified. The incidences of age > 35 years, parity ≥ 3, multiple

pregnancies, smoking, BM > 30, comorbidities or preeclampsia were

not statistically increased in this study group compared to the control

group but the incidence of antiphospholipid syndrome was statistically

higher in the study group. There was a history of previous VTE in

12.8% of the study group, of which 80% were hormone related. A

family history of VTE was present in 21% of the women and half of

the VTEs in mothers or sisters were pregnancy related. Of those tested,

Protein S deficiency was confirmed in two patients (3%), four patients

(6.3%) were FVL heterozygous and 9 (15.3%) were PGM heterozy-

gous. The incidence of emergency caesarian deliveries was significantly

greater in those with postpartum VTEs than the control group. Of the

21 postpartum VTEs, three patients had received thromboprophylaxis.

Postpartum prophylaxis may have prevented six of eighteen VTE.

There was associated systemic infection in 11 cases, surgery in one case

and severe varicose veins in two cases. Twelve women were immobi-

lized for ≥ 3 days. Of the 29 women with first trimester VTEs, six

(20.7%) experienced hyperemesis. Regional anaesthesia was not signif-

icantly different between the postpartum VTE and control groups.

There was a higher incidence of VTE in those of European ethnicity

and a lower incidence in those of Asian ethnicity. The ACCP3 and

RANZCOG2 guidelines were assessed for thromboprophylaxis recom-

mendations in women with a personal history of VTE, those with

inherited thrombophilias and in the postpartum setting. Eight patients

had previous pregnancy or COC related VTE and should have

received thromboprophylaxis according to both guidelines. Postpar-

tum thromboprophylaxis may have prevented 6 (33%) of the postpar-

tum VTEs. Of the three patients with a known thrombophilia and a

family history of VTE, the VTE may have been prevented by thrombo-

prophylaxis in accordance with the ACCP guidelines in one case and

with the RANZCOG guidelines in two cases. None of the ten women,

with known thrombophilias but no personal or family history of VTE,

would have received thromboprophylaxis according to either

guideline.

Conclusion: A family history of VTE is highlighted as a risk factor for

PA-VTE. Testing for heritable thrombophilias should be considered if

there is a history an unprovoked or hormone-related VTE in a first

degree relative. A third of the postpartum VTE occurred within 7 days

of delivery and may have been prevented by thromboproprophylaxis.

There was a significant association between emergency caesarean

deliveries and postpartum VTE.

OC 61.6
Tranexamic acid inhibits fibrinolysis-induced
coagulopathy associated with post-partum
hemorrhage
Susen S1, Tournoys A1, Duhamel A2, Elkalioubie A3, Dupont A3,

Debize G4, De Prost D5, Huissoud C6, Jude B3 and Ducloy-

Bouthors AS7

1Haematology Transfusion Department; 2Pole de sant�e publique,

CHRU de Lille; 3Univ Lille Nord de France, UDSL, IFR114,

EA2693, Facult�e de M�edecine, Lille; 4Pole d’H�ematologie,

Hopitaux civils de Lyon, Lyon; 5Pole d’H�ematologie, CHU Louis

Mourrier, APHP, Paris; 6Pole d’Obst�etrique, Hopitaux civils de

Lyon, Lyon; 7Pole d’Anesth�esie-R�eanimation, CHRU de Lille,

Lille, France

Background: Beneficial effects of the preventive use of tranexamic acid

(TA) have been established in major surgery and trauma. In ongoing

post-partum haemorrhage (PPH), a high dose of TA reduced blood

loss, duration of bleeding and transfusion needs in the French ran-

domized controlled EXADELI trial. During this study (Controlled

Trials ISRCTN09968140), markers of fibrinolysis were investigated.

Aims: To investigate the biological effects of tranexamic acid on hemo-

stasis in post partum haemorrhage.

Methods: women with PPH > 800 mL following vaginal delivery were

assigned to receive either TA (loading dose4 g over 1 h, then infusion

of 1 g/h over 6 h) (TA [n = 72]), or no prohaemostatic treatment

(untreated controls [n = 72]). At four time-points (T1 inclusion, T2

30 min, T3 2 h, T4 6 h), blood loss and biological coagulation param-

eters (D Dimers, factor II (FII), factor V (FV) and plasmin antiplas-

min complexes [PAP]) were recorded. Results are expressed as median

and quartiles.

Results: In the control group, D Dimers were increased at T1

(3730 ng/mL [2468–8493]) as soon as the PPH began and became max-

imal at T3 (7495 [4400–15,772]; P = 0.001 T1 vs. T3). Fibrinogen, FII

and FV levels decreased from T1 to T4 with the lowest values at T3

(fibrinogen 3.34 g/L [2.6–4], FII 78 UI/mL [68–88], FV 77 UI/mL

[66–90]; P > 0.0001 when compared to T1 values). In the TA group,

the increase in D Dimers was blunted and T3 levels were kept as low

as T1 (3888 ng/mL [2688–6172] vs. 3645 ng/mL [2222–6223]; T3 and

T1 values respectively) and were significantly reduced when compared

to controls (P > 0.0001). PAP complexes were significantly reduced in

the TA group compared to controls (902 lg/mL [516–1289] vs.

2254 lg/mL [1113–3394] respectively; P = 0.03 at T2, trend for T3).

The time course of fibrinogen, FII and FV was not significantly modi-

fied by the use of TA.

Summary/Conclusions: This study provides a biological evidence of

hyperfibrinolysis-induced coagulopathy associated with PPH and its

improvement by the use of Tranexamic acid.

[AEK1]A quel temps T1 ou T3

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

ABSTRACTS 221



OC 62 – Rare Bleeding Disorders – II

OC 62.1
First report of a CalDAG-GEFI gene (RASGRP2)
mutation in humans that affects platelet function and
causes severe bleeding
Canault M1, Ghalloussi D2, Grosdidier C2, Morange PE2, Pillois X3,

Nurden AT3, Kuijpers TW4, Tregouet DA5 and Alessi M-C2

1UMR Inserm 1062INRA 1260; 2UMR Inserm1062INRA 1060Aix-

Marseille University, Marseille; 3LIRYC, Plateforme

Technologique et d’Innovation Biom�edicaleHopital X. Arnoza,

Pessac, France; 4Sanquin Research and Landsteiner

LaboratoryUniversity of Amsterdam, Amsterdam, the

Netherlands; 5Inserm UMR_S 937, ICANPierre and Marie Curie

University, Paris, France

Background: Inherited platelet disorders are rare diseases that give rise

to bleeding when platelets fail to fulfill their hemostatic function upon

vessel injury. Study of these pathologies provides an unique opportu-

nity to delineate mechanisms of platelet signal transduction by high-

lighting defects in specific pathways.

Aims: To investigate the molecular basis of an inherited platelet disor-

der in three siblings affected by severe bleeding and a platelet aggrega-

tion defect in the absence of mutations in ITGA2B and ITGB3 genes

coding aIIbb3
Methods: Exome sequencing; Genotyping; Protein sequence modeling;

Flow cytometry; Platelet function testing (aggregation, adhesion and

spreading); GTPases activation assays; Thrombin generation; Leuko-

cyte phenotyping.

Results: Exome sequencing of two affected siblings and three non-

affected relatives (focusing on single nucleotide or ins/del variants

affecting coding regions) revealed 114 candidate variants following the

recessive hypothesis. Only four candidates were absent or at low fre-

quency (> 1&) in public databases. Among these one stood out, a

non-synonymous cG742T mutation (exon 8) in the RASGRP2 (RAS

guanyl releasing protein 2) gene leading to p.G248W in the encoded

protein, Calcium and DAG-regulated Guanine Exchange Factor I

(CalDAG-GEFI). Modeling a closely related structure, SOS-2, reveals

that the mutation causes the formation of a protrusion within the cav-

ity of the catalytic domain of the GEF. The mutation affects platelet’s

ability to effect proper aIIbb3 integrin inside-out signaling. In homozy-

gous carriers, maximal aggregation in response to all tested doses of

ADP or low doses of any other agonists was reduced except for rist-

ocetin and PMA (phorbol 12-myristate 13-acetate). Dense and alpha

granule numbers and content were normal and procoagulant proper-

ties were moderately affected. The mutation strongly dampened the

activation of the CalDAG-GEFI prototypical substrate in platelets,

Rap1, induced by low and intermediate doses of ADP and TRAP-6.

PMA induces the same Rap1 activation in patients and controls high-

lighting, the existence of CalDAG-GEFI bypassing pathways depen-

dent on protein kinase C (PKC). An ADP-mediated pathway able to

overcome CalDAG-GEFI dysfunction was also shown.

Under arterial flow and over fibrillar collagen, the surface covered by

homozygous platelets was strongly reduced. Although there was no

obvious defect in aggregation, the adhesion kinetics were also strongly

altered for obligate heterozygotes whose have normal tethering but

defective ability to form thrombi.

On immobilized fibrinogen, homozygous and heterozygous platelets

exhibit a reduced number of filopodia and failed to form lamellipodia.

Accordingly, Rac1 activation was decreased. Stimulation with high

doses agonists only partially reversed the spreading defect indicating

that CalDAG-GEFI activity is required for full spreading. The func-

tional deficiency induced by the RASGRP2 mutation is confined to

platelets and has only little impact on leukocyte functions.

Conclusion: We report the first case of a RASGRP2 mutation in

humans causing severe bleeding without affecting leukocytes. Remark-

ably, the functional deficiency was found to be confined to platelets

and can be bypassed under some conditions. We observed that the

presence of only one normal allele is sufficient to support normal

aggregation but not adhesion under flow and spreading. This makes

CalDAG-GEFI an interesting therapeutic target to prevent thrombo-

sis without causing bleeding.

OC 62.2
A comprehensive approach for the study of a rare
bleeding disorder: factor VII deficiency, the IRF7
and STER experiences.
Mariani G and For the IRF7 and STER

University of Ferrara, Rome, Italy

Background: Understanding clinical features and assessing optimal

treatment for the Rare Bleeding Disorders (RBD) is hampered by their

rarity and, in general, by the lack of specific treatment tools. The latter

issue is not true for FVII deficiency, a bleeding disorder for which sev-

eral replacement options are available: Recombinant, activated FVIIa

(rFVIIa), Plasma Derived FVII concentrates, Fresh Frozen Plasma

and the four factor Prothrombin Complex Concentrates.

Methods: We have evaluated a large series of patients with FVII defi-

ciency within the International Registry for FVII (n = 514) and the

Seven Treatment Evaluation Registry (STER) (n = 225) initiatives,

using novel approaches to evaluate homogeneous clinical phenotypes

and to assess the optimal management. Genotype assessment was

available for 332 individuals of whom 104 (31.3%) were homozygous,

86 (25.9%) compound heterozygous and 142 (42.8%) heterozygous

for mutations. The Age at disease presentation and the type of first

symptom were the elements used to assess the disease severity; FVII

coagulant activity levels (FVIIc) were employed to further refine

patients’ categorization.

Results: Three main phenotypes were identified: asymptomatic

(�30%), mild (55–60%) characterized by muco-cutaneous bleeds and

the severe, life and limb threatening bleeding phenotype (10–15%
characterized by CNS, GI and joint bleeds), with a good clinical con-

sistency over time. Treatments were followed up prospectively through

an online protocol.

Surgical interventions were 136 in total, 69 ‘major’, 67 ‘minor’ (includ-

ing eight adeno-tonsillectomies). For the major interventions three

doses of at least 13 lg/Kg of rFVIIa on the day of operation were sug-

gested; because of the lack of events, no data concerning the optimal

overall post-surgical RT duration is available. As for the minor surger-

ies (dental extractions and invasive & diagnostic procedures) a single

dose of 20 lg/Kg was found sufficient to avoid bleeding.

For most of the spontaneous bleeding episodes (n = 101), apart from

the life-threatening bleeds, a single, intermediate dose of rFVIIa

(60 lg/Kg) was proven efficacious. Prophylaxis courses were reported

in 37 cases, mostly subsequent to life- and limb-threatening bleeds,

and rFVIIa was shown to be very effective when ‘frequent’ schedules

(at least three times weekly) and doses of 90 lg/Kg were used. This

appears to be in contrast with the pharmacokinetic (PK) data obtained

for rFVIIa, characterized by very low in vivo recoveries (n = 116 evalu-

ations), half-life (n = 10, median 1.97 h) and AUClast (214.3 Uh/dL);

however, the high volume of distribution on the terminal phase, much

higher than the plasma volume, indicate that a large extravascular dif-

fusion of FVIIa and binding to extravascular receptors takes place, a

fact that may well explain a prolonged pharmacodynamic effect. The

latter finding is particularly evident when PK is evaluated using the

Prothrombin Time ratio instead of the FVIIc assay. Treatment adverse

events, as reported in the 225 STER patients, were the occurrence of

inhibitors to FVII 3/225 (1.3%) and of thrombotic episodes 4 (1.7%),

the latter clearly related to surgery and replacement therapy.

Conclusions: We have prospectively evaluated the clinical and manage-

ment features of FVII deficiency providing settings and treatment

schedules focused on disease severity.
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OC 62.3
The ThromboGenomics Next Generation Sequencing
Platform for the DNA-based diagnosis of known
inherited rare bleeding and platelet disorders
Kiddle GR1, Poudel P1, Bray PF2, Van Geet C3, Goodeve AC4,

Kunicki T5, Reitsma PH6, Ouwehand WH1 and Rendon A1

1NHSBT/University of Cambridge, Cambridge, UK; 2Thomas

Jefferson University, Philadelphia, PA, USA; 3KU Leuven, Leuven,

Belgium; 4University of Sheffield, Sheffield, UK; 5CHOC

Children’s Hospital Research Institute, Orange, CA, USA; 6Leiden

University Medical Center, Leiden, the Netherlands

Background: There are over 140 Bleeding and Platelet Disorders

(BPDs) registered in OMIM. For many BPDs, diagnostic laboratory

algorithms are cumbersome or inconclusive. Molecular diagnosis is

often missing in many cases, preventing targeted treatments and family

counselling. Next Generation Sequencing Technologies (NGSTs) have

resulted in the development of fast, accurate and cost effective DNA

tests to diagnose several inherited disorders. For BPDs, NGSTs enable

the exciting opportunity to use DNA testing early on in the diagnostic

algorithm, rather than as a final confirmatory step, thereby reducing

time to diagnosis and healthcare costs. To achieve this goal, ISTH

experts under the umbrella of the ThromboGenomics working group

(http://www.isth.org/group/genomics) are collaborating on a set of 97

genes harbouring mutations underlying most known BPDs.

Aims: Bringing NGST-based diagnostics to healthcare delivery

requires: (i) gene annotation to clinical standards providing a widely

accessible, stable and sustainable frame of reference for cataloguing

clinically significant mutations; (ii) proof of principle that the BPD

gene panel can substantially improve the diagnosis of rare inherited

BPDs.

Methods: LRG (www.lrg-sequence.org) records entailing the DNA

sequence, transcripts and clinically relevant variants of all 97 genes are

agreed through curation by ISTH-ThromboGenomics gene-specific

experts and given an immutable ID. The guiding principle for the crea-

tion of an LRG record is that the ISTH-ThromboGenomics commu-

nity will have the final say in defining the sequences and their

annotation. In parallel, a Roche/Nimblegen custom panel capturing

nearly one million bp has been designed to contain all transcribed

sequences, the 2000 bp centred around transcription start sites, and all

BPD variants present in the Human Gene Mutation Database (www.

hgmd.cf.ac.uk). To validate the platform and assess its diagnostic per-

formance, 500 idiopathic BPDs and 500 BPDs with known causative

variants are being sequenced with it.

Results: So far 12 ISTH experts have agreed to join the curation effort.

The curation for four disorders is complete and LRGs have been cre-

ated for the following genes: ITGA2B, ITGB3, GP1BA, GP1BB, GP9,

WAS, and MYH9. BPD-causative variants have been agreed for these

genes.A first generation platform has been tested with 12 DNA sam-

ples, achieving 940X average coverage across BPD gene regions. This

level of coverage ensures that multiplexing 96 samples in a single

HiSeq2000 lane results in 92% of the target been covered at > 30X,

and 98% of the ‘capturable’ regions. Less than 2% of the 8740

HGMD mutations in the panel wouldbe covered at > 30X. To

improve the design even further, baits have been rebalanced toimprove

capture uniformity.

Summary/Conclusions: Early sequencing results are extremely promis-

ing in terms of panel coverage, capturehomogeneity, and potential

level of multiplexing. This means that a low-cost, comprehensivegenet-

ic test for BPDs seems achievable. At the meeting we will share the

analysis of thesequencing of at least 500 samples in the validation

experiment. The gene curation processalready underway will be accel-

erated and LRG records for 2/3 of the genes will have beendeposited

prior to the ISTH conference.

OC 62.4
Constitutive activation of integrin alphaIIb-beta3 due
to an inherited mutation of integrin beta3 leads to
defective receptor function and impaired
thrombopoiesis
Bury L1, Corazzi T1, Giannini S1, Falcinelli E1, Savoia A2, Italiano

JE3 and Gresele P1

1University of Perugia, Perugia; 2IRCCS �’�’Burlo Garofolo’’,

Trieste, Italy; 3Brigham and Women’s Hospital, Boston, MA, USA

Background: Mutations of integrin alphaIIbbeta3 lead to Glanzmann

Thrombasthenia (GT), an autosomal recessive bleeding disorder char-

acterized by absent platelet aggregation associated with a normal

platelet count and volume. We have recently described a novel autoso-

mal dominant hereditary macrothrombocytopenia with platelet dys-

function and mucocutaneous bleeding associated with a heterozygous

mutation (2134+1 G>C) of the ITGB3 gene, leading to the deletion of

the entire exon13 and consequently to del647-686 of integrin beta3

(Gresele P et al. Haematologica. 2009; 94:663–9): a variant form of

GT.

Aims: Aim of the present study was to unravel the mechanism by

which a heterozygous mutation of integrin beta3 induces the pheno-

type of a typical autosomal recessive GT and to clarify the role of this

mutation in the generation of macrothrombocytopenia.

Methods: CHO cells expressing the wild type alphaIIbbeta3, the

mutant form or both were generated. Integrin expression and receptor

internalization were studied by Western blotting and flow cytometry.

AlphaIIbbeta3 activation was studied by aggregation in the presence

of fibrinogen, PAC-1- and fibrinogen-binding. Outside-in signaling

was investigated by spreading assay, protein phosphorylation and clot

retraction. Additional studies on patient’s platelets were also carried

out. The wild type and the mutant alphaIIb-beta3 receptor were also

transduced by retrovirus in fetal liver-derived murine megakaryocytes

on which spreading and proplatelet formation were studied.

Results: Studies in CHO cells reveal that the mutation exerts a domi-

nant negative effect and induces constitutive activation of alphaIIb-

beta3. The co-expression of the mutant beta3 subunit together with

the normal protein decreases the number of alphaIIb-beta3 receptors

expressed on the cell surface. Mutant integrin-bearing CHO cells bind

fibrinogen and PAC-1 without the need of stimulation and aggregate

spontaneously in the presence of fibrinogen, thus showing constitutive

activation of the receptor. The mutant, activated receptor is internal-

ized without the need of agonist activation, and this explains its

reduced surface expression. Beta3 cytoplasmic tail and Focal Adhesion

Kinase are constitutively phosphorylated in CHO cells expressing the

mutant beta3 subunit, spreading on fibrinogen is faster while clot

retraction is defective, all results compatible with defective alphaIIb-

beta3 mediated outside-in signalling. Patients’ platelets show constitu-

tive activation of outside-in signalling with increased actin polymeriza-

tion in resting platelets and spontaneous spreading on Von Willebrand

factor.

Fetal liver-derived murine megakaryocytes expressing the mutant

beta3 show abnormal proplatelet formation, with tips decreased in

number and larger in size than those of controls, and abnormal

spreading on fibrinogen. In addition, platelet maturation from preplat-

elets is impaired, with the generation of asymmetric barbell-proplat-

elets and consequently the formation of platelets of heterogeneous

dimensions.

Summary/Conclusions: Taken together these data show that a defective

outside-in signaling generated by a constitutively activated alphaIIb-

beta3 receptor is the cause of both macrothrombocytopenia and defec-

tive platelet function in our GT variant.
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OC 62.5
A new type of hereditary bleeding disorder resulting
from a premature stop codon in thrombomodulin
(p.Cys537*)
Langdown J1, Luddington R1, Huntington JA2 and Baglin TPT1

1Cambridge University Hospitals NHS Foundation Trust,

Cambridge; 2University of Cambridge, Cambridge, UK

Background: Thrombomodulin is a single pass type-1 transmembrane

protein with key roles in the regulation of haemostasis and inflamma-

tion. We describe a novel thrombomodulin variant within a family

with an undiagnosed autosomal dominant phenotype of delayed post

traumatic bleeding.

Aims: Investigations were performed to identify and characterise the

previously observed clinical haemostasis defect within an individual

prior to scheduled abdominal surgery such that an appropriate treat-

ment plan could be devised.

Methods: Coagulation screening tests (prothrombin time, APTT,

thrombin time), coagulation factor assays (fibrinogen, factor II, V,

VII, VIII, IX, X, XI, XII, XIII, von Willebrand factor antigen/activ-

ity), platelet function tests, endogenous thrombin potential (ETP),

antithrombin, protein S and protein C assays were performed. Plasma

thrombomodulin levels were quantified by ELISA and genomic DNA

was screened for thrombomodulin mutations by polymerase chain

reaction amplification followed by direct DNA sequencing.

Results: All coagulation screening tests, coagulation factor assays and

platelet function test results were within normal limits. The ETP using

5 pM tissue factor (TF) was normal (1300 nmol/min, normal range

1114–2272 nmol/min), but markedly reduced using 1 pM TF

(354 nmol/min, normal range 851–1759 nmol/min). Addition of nor-

mal plasma failed to correct the ETP, indicating the presence of a

coagulation inhibitor. Addition of 10-fold excess of protein C abol-

ished thrombin generation in the patient plasma but left normal

plasma unaffected. The plasma thrombomodulin level was elevated

(130 ng/mL, normal range 2–8 ng/mL). A heterozygous c.1611 C>A
mutation was detected within the thrombomodulin gene sequence

(THBD) which coded for a change from cysteine 537 to a premature

stop codon (p.Cys537*). The mutations lies within the transmembrane

region of thrombomodulin (p.Cys537*) and results in a truncated

thrombomodulin molecule lacking the C-terminal cytoplasmic

domain. The same thrombomodulin mutation and laboratory findings

have been identified in two close family members who share the same

bleeding predisposition.

Summary/Conclusions: We have identified a new thrombomodulin

mutation (c.1611 C>A) associated with a decrease in thrombin genera-

tion at low tissue factor concentration, elevated plasma thrombomod-

ulin levels and an accompanying increase in protein C activation. We

predict that one of the consequences of the p.Cys537* truncated

thrombomodulin molecule would be a reduction of its binding to the

endothelial membrane and its shedding into the plasma. This would

facilitate protein C activation, factor Va/VIIIa cleavage and early ces-

sation of thrombin generation within a developing haemostatic clot.

The likely consequence of this scenario would be the formation of

smaller and weaker haemostatic clots, thus explaining the phenotype

of delayed post traumatic bleeding observed within this family. To our

knowledge this is the first case of a thrombomodulin mutation causing

a bleeding disorder.

OC 62.6
Characterization of four novel b3 integrin defects
associated with Glanzmann’s thrombasthenia
Sabi EM, Stockley J, Al-Marwani A, Kiss-Toth E, Makris M

and Daly ME

University of Sheffield, Sheffield, UK

Background: Glanzmann’s thrombasthenia (GT) is a recessively inher-

ited bleeding disorder characterized by quantitative and, or, qualita-

tive abnormalities of aIIbb3, an integrin receptor for adhesive proteins

that mediates platelet aggregation. The a- and b-subunits of aIIbb3
are encoded by ITGA2B and ITGB3 respectively, and many genetic

defects resulting in reduced expression or dysfunction of aIIbb3 have

been described. As part of a study to investigate the molecular basis of

GT in a cohort of UK patients, we identified four novel ITGB3 muta-

tions predicting amino acid substitutions in the ligand binding domain

(E200K, W264L, S317F) and signal peptide (W11R) of b3. We have

now used in silico and in vitro methods to characterise these defects

further.

Aims: To confirm the pathogenicity of four ITGB3 mutations using in

silico methods to predict their effects on aIIbb3, and by analysing

aIIbb3 receptor levels after expression of the corresponding b3 vari-

ants in heterologous cells.

Methods: b3 integrin sequences from 12 vertebrate species were aligned

with the human sequence using the ClustalW2 tool available at http://

www.ebi.ac.uk. The effects of candidate mutations were predicted

using the Polymorphism Phenotyping v2 (http://genetics.bwh.harvard.

edu/pph2/), Sorting Intolerant from Tolerant (http://sift.jcvi.org/),

Align Grantham Variation Grantham Deviation (http://agvgd. iarc.fr/

agvgd_input.php) and SNPs&GO (http://snps-and-go.biocomp.unibo.

it/snps-and-go/) tools. The SignalP 4.0 tool (http://www.cbs.dtu.dk/

services/SignalP) was used to examine the effect of the W11R substitu-

tion on signal peptide cleavage. Site-directed mutagenesis was used to

introduce ITGB3 mutations into pcDNA3.1(-)neo-ITGB3 expression

construct. Chinese Hamster Ovary (CHO) cells were then co-transfect-

ed with recombinant ITGB3 and WT-ITGA2B expression vectors and

expression of the recombinant aIIbb3 receptors assessed by flow

cytometry.

Results: Alignment of b3 integrin sequences revealed conservation of

tryptophan (W) 264 and serine (S) 317, while tryptophan (W) 11 was

conserved in seven of the 10 species where sequence was available, sug-

gesting an important role for these amino acids in b3 integrin. Sup-

porting this, the W264L and S317F substitutions were predicted to

significantly affect protein function. The W11R substitution was not

expected to disrupt signal peptide cleavage but was predicted to affect

protein function. In contrast, glutamate (E) 200 is not conserved and

is replaced by lysine (K) in eight of 12 species examined and the

E200K substitution was predicted to be benign by three of the tools

used. There was an almost complete loss of cell surface expression of

aIIbb3 levels in CHO cells expressing the W11R, W264L and S317F

variants (P > 0.0006), and 37% and 23% reductions in intracellular

expression of the W264L (P > 0.005) and S317F (P > 0.05) variants,

while the intracellular expression of the W11R variant was reduced to

99% of that of WT (P > 0.0005). In contrast, cells expressing the

E200K variant showed similar cell surface and intracellular expression

to those cells expressing the WT receptor (P = 0.39).

Conclusion: Our findings confirm the pathogenicity of the W264L,

S317F and W11R mutations in GT. Assessment of the functional con-

sequences of the E200K substitution is required to confirm whether it

is responsible for the diagnosis of GT in the patient with this defect.

OC 63 – Recurrent Venous
Thrombosis – II

OC 63.1
Current statin use and its association with recurrent
venous thrombosis
Smith NL1, Harrington LB1, Blondon M1, Wiggins KL1,

James FS1, Sitlani C1, McKnight B1, Rosendaal FR2, Heckbert SR1

and Psaty B1

1University of Washington, Seattle, WA, USA; 2Leiden University

Medical Center, Leiden, the Netherlands

Background: Evidence from randomized clinical trials suggest that the

use of statin therapy is associated with a decreased risk of incident
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venous thrombosis (VT), particularly in the setting of use for primary

prevention of cardiovascular disease (CVD). The association of statins

with risk of recurrent VT is not known.

Aims: The aim of this study is to assess the relationship between cur-

rent statin use and the risk of recurrent VT. We hypothesize that cur-

rent statin use is associated with a decreased risk of VT recurrence,

especially among those without CVD.

Methods: In a population-based study, we identified an inception

cohort of adults 30–89 years of age who were members of a large

health maintenance organization (HMO) and who suffered an incident

VT (deep vein thrombosis or pulmonary embolism) from 2002 through

2010. Participants were followed for VT recurrence by reviewing the

full medical record. A recurrent VT was defined as a physician-diag-

nosed recurrence more than 2 weeks after the incident event and with

clinical and/or imaging evidence of a new or expanded clot. Statin use

was identified from prescription fills within the HMO. Using failure

time models with baseline (age, BMI, sex, race, idiopathic incident

event, estrogen use in women) and time-varying follow-up covariates

(cancer, smoking, prevalent CVD, vitamin K antagonist [VKA] and

aspirin use), we estimated the relative hazard of a recurrent VT com-

paring current statin users and recent statin stoppers (≤ 2 years) with

never or past (> 2 years) statin users. Time scale was time since inci-

dent event and censoring occurred at last follow-up or death. The

study is expected to include 2600 participants with incident VT. Preli-

minary, cleaned data on 1854 participants (71%) with incident VT

were available at the time of abstract submission.

Results: The average age was 65.6 years and 45% were male. Among

the incident events, 57% were idiopathic. At cohort entry, 23% of par-

ticipants were using statin therapy; during follow-up, 22% initiated

treatment while 57% of users permanently stopped therapy. Among

users, simvastatin was used by 54% and lovastatin by 43%. We identi-

fied 275 recurrent events during an average of 3.2 years of follow-up.

A recurrent VT occurred in the first 2 years in 10% of the cohort.

Male sex (hazard ratio [HR] = 1.3), idiopathic status of incident event

(HR = 1.3), and cancer (HR = 3.9) were associated with higher risk of

a recurrent event, and VKA use (HR = 0.2) was associated with a

lower risk. Compared with never or past (> 2 years) use, current statin

use was associated with a 20% lower risk of recurrent VT (HR = 0.8;

95% CI: 0.6–1.1); recent discontinuation of statins was not associated

with risk (HR = 1.0; 95% CI: 0.6–1.6). When participants with CVD

(myocardial infarction, stroke, or angina) at baseline were excluded

(n = 408), the HR was 0.6 (95% CI: 0.4–0.9).
Summary/Conclusion: In interim analyses of observational data, we

found a lower risk of recurrent VT associated with current statin use

but confidence intervals were wide. Additional data collection is

underway and subgroup analyses by drug type and dose will be

performed.

OC 63.2
The risk of recurrent venous thromboembolism among
women in relation to estrogen intake: results from a
prospective cohort study
Eischer L, Eichinger S and Kyrle PA

Medical University of Vienna, Wien, Austria

Background: Women have a lower risk of recurrent venous thrombo-

embolism (VTE) than men. The risk of recurrence among women with

VTE in association with female hormone intake is not well studied.

Aim: to investigate the risk of recurrent VTE among women who had

their incident VTE associated with estrogen use.

Methods: The Austrian Study on Recurrent Venous Thromboembo-

lism (AUREC), is a large prospective cohort study. Patients with a first

objectively confirmed deep vein thrombosis (DVT) of the leg and/or

pulmonary embolism (PE) who had received anticoagulants for

3–18 months were included. Exclusion criteria were: age > 18 years;

VTE associated with surgery, trauma, cancer or pregnancy; long-term

anticoagulation; natural inhibitor deficiency; lupus anticoagulant; ho-

mozygousity or double heterozygousity for factor V Leiden and/or the

prothrombin mutation. Women were advised to refrain from further

estrogen use and were excluded in case of non-adherence. The study

end point was recurrent symptomatic DVT and/or PE verified by

imaging. The local ethics committee approved the study and all

patients gave written informed consent.

Results: 1179 patients (54% females) were followed for a mean of

63 months. Recurrent VTE was recorded in 72 of the 631 females

(11%) and in 186 of the 548 males (33%). Compared to men, women

had a relative risk of recurrence of 0.3 (95%CI 0.2–0.4) after adjust-
ment for age, location of VTE and factor V Leiden mutation.

Two hundred and seventy-four women used combined contraceptives

and 72 used estrogen containing hormone replacement therapy (HRT)

at time of initial thrombosis. Recurrent VTE was seen in 15 contracep-

tive users. Women using contraceptives were at lower risk of recur-

rence than non-users (adjusted RR 0.3 (95% CI 0.2–0.7, P = 0.01).

After 5 years the probability of recurrence was 4% (95% CI 1–7)
among contraceptive users and 16% (95% CI 8–23) among non-users

(P = 0.002).

Ten of the 72 women with HRT had recurrent VTE. Women using

HRT were at lower risk of recurrence than those in the same age group

with idiopathic VTE (adjusted RR 0.6 [95% CI 0.3–1.4] P = 0.2).

After 5 years the probability of recurrence was 13% (95% CI 3–23)
among HRT users and 18% (95% CI 12–24) among non-users

(P = 0.1).

Conclusion: The risk of recurrent VTE is lower in women than in men.

The risk of recurrence is particularly low among women with VTE

during combined contraceptive use. In these women extended antico-

agulation is not justified provided that they refrain from further estro-

gen use.

OC 63.3
Safety of dabigatran vs. warfarin for acute venous
thromboembolism: pooled analyses of RE-COVER and
RE-COVER II
Schulman S1, Eriksson H2, Goldhaber SZ3, Kakkar A4, Kearon C1,

Mismetti P5, Schellong S6, Feuring M7, Peter N7 and Friedman J8

1McMaster University, Hamilton, ON, Canada; 2Sahlgrenska

University Hospital- €Ostra, Gothenburg, Sweden; 3Brigham and

Women’s Hospital, Harvard Medical School, Boston, MA, USA;
4Thrombosis Research Institute and University College London,

London, UK; 5Bellevue Hospital, St Etienne, France; 6Municipal

Hospital Friedrichstadt, Dresden; 7Boehringer Ingelheim GmbH &

Co KG, Ingelheim am Rhein, Germany; 8Boehringer Ingelheim

Pharmaceuticals Inc, Ridgefield, CT, USA

Background: In the RE-COVER and RE-COVER II trials, patients

with acute venous thromboembolism (VTE) were started on parenteral

therapy and were then randomized to receive overlapping warfarin

(W) or warfarin-placebo (single-dummy). After discontinuing paren-

teral therapy, they either continued warfarin or received dabigatran e-

texilate (DE), respectively (double-dummy). Safety may be assessed

from the start of randomization on any study drug (scenario 1); thus,

bleeding events related to parenteral therapy alone (before administra-

tion of DE) will be included in the dabigatran arm. Alternatively, to

assess safety of DE itself, scenario 2 is to count bleeding from the first

intake of active study drug (W in single-dummy, DE in double-dummy

period), thus excluding events associated with parenteral therapy. Sce-

nario 3 is to count events from the start of the double-dummy period

to compare DE with W at its full pharmacological potential (but omit-

ting the W/parenteral overlap). DE is not currently approved for this

indication.

Aims: Using the pooled trial data we investigated the impact of count-

ing bleeding events by the three different approaches on the safety

comparison between DE and W.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

ABSTRACTS 225



Methods: Patients with acute VTE received parenteral anticoagulation

and were randomized to the addition of W or placebo for ≥ 5 days

until INR or sham INR was ≥ 2.0 on two consecutive days followed

by continued W (INR range 2.0–3.0) or DE 150 mg twice daily,

respectively, with corresponding placebos for 6 months. Major bleed-

ing events (MBE) and the composite of MBE or clinically relevant

non-major bleeding events (CRBE) were counted from three starting

points until 6 days after the last intake of any study drug.

Results: Scenario 1: MBE for DE in 37 patients (1.4%) vs. 51 (2.0%)

for W; hazard ratio (HR) 0.73 (95% CI 0.48, 1.11). There were 13

patients who had not yet taken DE and 11 taking W in the single-

dummy period with MBE; 5 and 3 of these, respectively, continued

into the double-dummy phase. Scenario 2: MBE (DE vs. W) in 24

patients (1.0%) vs. 51 (2.0%); HR 0.48 (95% CI 0.29, 0.78). Scenario

3: MBE in 24 patients (1.0%) vs. 40 (1.6%), respectively; HR 0.60

(95% CI 0.36, 0.99). All three analyses favored DE and were statisti-

cally significant in scenarios 2 and 3. The HR for MBE/CRBE favored

DE and for all comparisons the upper bounds of the CIs were below

1.0. There was no difference in symptomatic VTE or VTE-related mor-

tality (counted from the start of randomization on any study drug)

between DE and W: 2.7% vs. 2.4%, HR 1.09 (95% CI 0.77, 1.54).

Conclusions: Three safety comparisons were made: from the start of

the two treatment regimens, from the start of each active study drug

(excluding bleeds caused by heparin in the absence of DE), and from

the start of the double-dummy period (after W had reached therapeu-

tic levels). Regardless of the calculation, pooled data from RE-

COVER and RE-COVER II consistently showed a profile of numeri-

cally or even statistically significant lower major bleeding rates with

DE than with W.

OC 63.4
Risk factors for recurrent venous thromboembolism:
VTE Epidemiology Group (VEG) Study
Martinez C1, Katholing A1 and Cohen A2

1Im Dinkelfeld 32, Frankfurt, Germany; 2King’s College Hospital,

London, UK

Background: Recurrence of venous thromboembolism (VTE) has

important implications for VTE management and outcomes. Only a

few risk factors for recurrence have been recognized consistently. To

simplify decision making, these factors must be assessed allowing for

the presence or absence, and quality, of anticoagulant therapy.

Aims: To explore potential risk factors for recurrent VTE.

Methods: Patient data were retrieved from the subset of general prac-

tices in England contributing to the Clinical Practice Research Data-

link (CPRD) linked to data from the Hospital Episodes Statistics

(HES) and to the Office for National Statistics (ONS). From January

2001 to October 2011, all VTE cases in the CPRD were verified with

an algorithm based on review of medical records and notes, hospital

diagnoses, cause of death and anticoagulation therapy. We conducted

a nested case-control study defining all patients with recurrent VTE as

cases and those without recurrence as controls; the date of VTE recur-

rence was recorded as the index day. For each case we selected five

patients without recurrence on the index day with the same duration

of observation as the respective case. Patients with a record indicating

vitamin K antagonist (VKA) use before the first VTE were excluded.

The independent association between the prevalence of potential risk

factors at the first VTE and at the index day, and the recurrent VTE

were derived from conditional multivariate logistic regression models

and presented as adjusted odds ratios (ORs) with 95% confidence

intervals (CIs). Adjustment included the type of antithrombotic ther-

apy: VKA, low molecular weight heparin or antiplatelet.

Results: A total of 24,795 patients with first VTE were at risk of recur-

rent VTE. The mean age of patients was 63.4 years and 46.0% were

male. Of these, 3678 cases of recurrent VTE occurred during the entire

observational period. The risk of VTE recurrence was greater in the

following groups: age > 30 years (OR = 1.43; 95% CI 1.20–1.71),

males (OR = 1.26; 95% CI 1.17–1.36), body mass index ≥ 30 kg/m2

(OR = 1.14; 95% CI 1.05–1.25) and current smokers (OR = 1.12;

95% CI 1.01–1.24). Deep vein thrombosis with pulmonary embolism

compared with deep vein thrombosis alone was associated with an

increased risk (OR = 1.51; 95% CI 1.30–1.75). When compared with

provoked VTE, patients with active cancer or with unprovoked VTE

at the time of the first VTE had an increased risk of recurrence

(OR = 1.59; 95% CI 1.38–1.83, and OR = 1.52; 95% CI 1.39–1.65,
respectively). The new occurrence of a provoking event after the initial

VTE augmented the risk of recurrence, e.g. for a new active cancer

(OR = 5.60; 95% CI 4.51–6.96), new major trauma (OR = 2.89; 95%

CI 1.83–4.54) or new pregnancy (OR = 2.09; 95% CI 1.27–3.44) com-

pared with those without a new provoking event. Other predictors for

recurrent VTE were renal disease (OR = 1.17; 95% CI 1.04–1.32) and
superficial thrombophlebitis (OR = 3.50; 95% CI 1.97–6.21).
Summary/Conclusions: The recognition of risk factors for recurrent

VTE should guide decisions on the duration of anticoagulation

therapy.

OC 63.5
Mortality following Venous thromboembolism. Risk
factors from a large cohort. VTE Epidemiology Group
(VEG) Study
Cohen AT1, Rietbrock S2 and Martinez C2

1King’s College Hospital, London, UK; 2Pharmaepi.com,

Frankfurt, Germany

Background: Mortality is the commonest outcome at 5 and 10 years

following both pulmonary embolism (PE) and deep vein thrombosis

(DVT). Mortality remains higher following index PE but is significant

following DVT also. The recognition of risk factors and the use of a

risk score may help to evaluate high risk groups and guide therapy

type and duration. To simplify decision making these factors for mor-

tality must be assessed allowing for the presence, quality and absence

of anticoagulant therapy.

Aim: To explore potential risk factors for mortality following VTE.

Methods: Patient data were retrieved from the subset of general prac-

tices in England contributing to the Clinical Practice Research Data-

base (CPRD) that has been linked to data from the Hospital Episodes

Statistics (HES) and to the Office for National Statistics (ONS).From

January 2001 to October 2011, all VTE cases in the CPRD were veri-

fied with an algorithm based on review of medical records and notes,

hospital diagnoses, cause of death and anticoagulation therapy. We

conducted a nested case-control study in patients with a first VTE.

Deaths during the entire observational period from any cause during

the entire observational period were defined as cases and the date of

death as the index day. For each case we selected five patients alive on

the index day and with the same duration of observation as the respec-

tive case. The independent association between the prevalence of

potential risk factors associated with first VTE for all-cause mortality

was derived from conditional multivariate logistic regression models

and presented as adjusted odds ratios (ORs) with 95% confidence

intervals (CIs). Adjustment included age, gender, socioeconomic risk

factors, components of the Charlson index, and the type of antithrom-

botic therapy (VKA, low molecular weight heparin or antiplatelet

therapy).

Results: Of 35,373 patients with first VTE 29,550 patients survived

more than 7 days and had 81,906 person-years of observation were at

risk of mortality following the acute presentation. Over the observa-

tional period and after at least 90 days following first VTE 6714 deaths

were identified.

The adjusted odds ratio for all-cause mortality was increased for the

following VTE-related risk factors: having both PE and DVT, OR

1.21 (1.031.43) compared to a primary DVT; recurrent DVT, OR 1.51

(1.291.76) and recurrent PE, 1.52 (1.281.82) compared to no recur-

rence, severe post-phlebitic syndrome, OR 1.73 (1.272.37) and new
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onset of chronic pulmonary hypertension 2.44 (1.733.43). The odds of

mortality were lower in the following conditions: TTR > 60%, OR

0.47 (0.370.60); TTR 40 ≤ 60%, OR 0.80 (0.641.01) both compared

with TTR > 40%.

Summary/Conclusions: The recognition of risk factors for mortality

should facilitate decisions for managing therapy in VTE patients.

OC 63.6
Red cell distribution width and blood monocytes are
associated with an increased risk of venous thrombosis
Rezende SM1, Lijfering WM2, Rosendaal FR2 and Cannegieter SC2

1Universidade Federal de Minas Gerais, Belo Horizonte, Brazil;
2Leiden University Medical Center, Leiden, the Netherlands

Background: Recent studies have suggested that leukocytes and ery-

throcytes play a role in the process of coagulation and their presence is

clearly observed in the anatomy of a venous clot. Furthermore, leuco-

cytosis is a predictor of venous thrombosis during follow-up of

patients with polycythemia vera and essential thrombocytemia.

Aim: The aim of this study was to investigate whether peripheral leu-

kocytes, erythrocytes and other hematological variables (hematocrit,

hemoglobin and red cell indices) are associated with the risk of venous

thrombosis.

Methods: To study this, we used data from 2473 patients with venous

thrombosis and 2935 controls from the MEGA study. The MEGA

(Multiple Environmental and Genetic Assessment of risk factors for

venous thrombosis) study is a population-based case-control study on

risk factors for venous thrombosis. The variables assessed were: total

leukocytes, granulocytes, lymphocytes, monocytes, hematocrit, hemo-

globin, erythrocytes and red cell indices (mean corpuscular volume

[MCV], mean hemoglobin volume [MCH], mean corpuscular hemo-

globin volume [MCHC] and red cell distribution width [RDW]). Odds

ratios and their 95% confidence intervals (95% CI) were calculated for

erythrocytes and leukocytes counts, hematocrit, hemoglobin and red

cell indices and adjusted for age, sex, malignancy, co-morbidities and

CRP using logistic regression. Cut-off points of variables were estab-

lished at the 1st, 5th, 95th, 97.5th and 99th percentilesin the control

subjects.

Results: We found a strong dose-response relation for higher RDW

and monocytes with risk of venous thrombosis, with odds ratios of 3.1

(95% confidence interval [CI], 2.0–4.8) and 2.8 (95%CI, 1.3–5.8),
respectively, after adjustment for age, sex, C-reactive protein, malig-

nancy and co-morbidities. A low monocyte count (> 0.12 9 109/L)

was associated with a lower venous thrombosis risk after full adjust-

ment (odds ratios 0.6; 95%CI, 0.4–0.8). In our study, RDW was asso-

ciated with an increased risk for venous thrombosis, even when RDW

was still within the usual reference range (above 14.1%). This associa-

tion was held after full adjustment (OR 3.1; 95% CI 2.0–4.8 for per-

centile above 99) and for all subgroup analyses. Further adjustments

for anemia did not reduce the odds ratio. Recently, an elevated RDW

was reported to be associated with an increased risk for all-cause mor-

tality and cardiovascular disease. To our knowledge, this is the first

study to report an association between venous thrombosis and higher

RDW.

Conclusion: High RDW and blood monocytes, two unexpensive and

easily obtainable tests, are associated with increased risk of venous

thrombosis. Future studies should evaluate the underlying mechanism

and the use of these variables in prediction models for first and recur-

rent thrombosis.

OC 64 – Thrombin Generation Tests

OC 64.1
Quantitative imaging of thrombus formation under
shear
Baker S, Phillips KG, Leung PY, Tucker I, Gruber A

and McCarty OJT

Oregon Health and Science University, Portland, OR, USA

Background: When vessel walls are damaged, exposed extracellular

matrix proteins and tissue factor (TF) trigger a series of events that

lead to the formation of a hemostatic plug through platelet recruit-

ment and concurrent blood coagulation. The extrinsic pathway of

blood coagulation initiates thrombin generation that clots fibrinogen

and activates platelets, coagulation cofactors, and factor XI (FXI) of

the intrinsic pathway, which can further enhance thrombin formation

and assist in the development of a stable hemostatic plug. Under path-

ological conditions, platelet and coagulation activation pathways can

extend into the lumen of the blood vessel, resulting in the formation of

a thrombus that can occlude the vessel. How these pathways relate to

the mass, volume, and density of the growing thrombus inside blood

vessels remains ill-defined. This is in part due to a lack of a quantita-

tive technique to measure the physical parameters of thrombus forma-

tion.

Aims: To create a measurement technique for determining the relative

roles of the intrinsic and extrinsic coagulation pathways in regulating

the basic physical parameters of mass, volume, and density of platelet

aggregates and thrombi formed under shear, using whole blood in an

ex vivo model.

Methods: Citrate-anticoagulated whole blood with or without added

calcium was perfused through a flow chamber at a shear rate of 200/s

over immobilized fibrinogen, collagen, and/or TF (0.1 or 1 nM). In

selected experiments, whole blood was pretreated with inhibitors of

FXIIa (CTI, 40 lg/mL), FXIIa activation of FXI (14E11, 20 lg/mL),

or FXIa activation of FIX (1A6, 20 lg/mL). Non-interferometric

quantitative phase microscopy (NI-QPM) and Hilbert transform dif-

ferential interference contrast (HT-DIC) microscopy were used to

determine mass and volume, respectively, of formed aggregate or

thrombi.

Results: Platelet aggregates formed on surfaces of fibrinogen and colla-

gen, but not on TF alone, under shear in the absence of coagulation.

The extent of platelet adhesion and aggregation remained constant

when fibrinogen or collagen was coated in combination with TF. Re-

calcification of the sodium-citrate anticoagulated blood resulted in

fibrin formation on both fibrinogen and collagen surfaces. Mean vol-

ume of platelet aggregates and thrombi did not significantly differ on

the surfaces. However, the mean mass and density dramatically

increased for thrombi formed on surfaces of fibrinogen or collagen

that had been coated in combination with TF. For instance, mean

mass of thrombi increased from 122.8 � 14.1 pg to 325.0 � 10.7 pg

and density increased from 30 � 0.002 to 70 � 0.003 fg/lm3 (p-value

≤ 0.01) when TF was immobilized in combination with collagen. The

presence of FXIIa and FXIa inhibitors abrogated fibrin formation on

fibrinogen and collagen surfaces only in the absence of TF, resulting in

a corresponding reduction in mass and density.

Conclusion: We have developed a quantitative imaging platform to

measure the mass, volume and density of platelet aggregate and

thrombus formation under shear. This platform may provide a novel

screening method for rapid quantitative efficacy/safety assessments of

various antithrombotic or pro-hemostatic agents.
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OC 64.2
Delayed and decreased thrombin generation is
associated with stroke in the elderly: results from the
prosper study associate
Loeffen R1, Winckers K1, Ford I2, Jukema JW3, Robertson M2,

Stott DJ2, Spronk HMH1, Lowe GDO2 and Ten Cate H1

1Maastricht University Medical Center, Maastricht, the

Netherlands; 2University of Glasgow, Glasgow, UK; 3Leiden

University Medical Center, Leiden, the Netherlands

Background/Aim: Experimental as well as clinical data suggest a con-

tribution of hypercoagulability to the pathophysiology of atheroscle-

rosis and -thrombosis. As thrombin fulfills a central role in the

coagulation process and links to several mechanisms involved in arte-

rial vascular disease and (models) of ischemic brain damage, we inves-

tigated the association between thrombin generation (TG) and

ischemic stroke in the elderly.

Method: We studied the relationship between TG and stroke in the

PROspective Study of Pravastatin in the Elderly at Risk (PROSPER),

a multi-center prospective cohort study including 5804 individuals

aged 70–82 years with known cardiovascular risk factors or previous

cardiovascular disease. TG was measured in platelet poor plasma with

addition of 1 and 5 pM tissue factor, using the calibrated automated

thrombogram. The associations between TG and incident stroke were

investigated using Cox proportional hazard models adjusted for coun-

try, treatment, age, sex, conventional cardiovascular risk factors, inter-

leukin-6, and CRP levels. Subjects on warfarin (n = 105) were

excluded from analysis.

Results: Plasma samples for TG were available from 4932 (85%) sub-

jects of whom 227 subjects (4.6%) had incident stroke within the

3.2 years of follow-up. In 156 strokes (69%) ischemic etiology was

confirmed. TG was lower in patients who developed stroke than in

control patients; normalized peak height (nPH): 71 � 41% vs.

82 � 45% and normalized endogenous thrombin potential (nETP):

79 � 23% vs. 87 � 25%; means and SDs. Moreover TG showed an

independent and inverse relationship with stroke risk. Hazard ratios

(95% confidence intervals) for the highest vs. the lowest tertile for

nPH, nETP, log lag time and log time to tail were 0.71 (0.60–0.85),
0.68 (0.58–0.79), 1.27 (1.09–1.47) and 1.32 (1.13–1.54), respectively.
Hazard ratios did not change when analysis were restricted to con-

firmed ischemic strokes.

Conclusion: In elderly people at increased risk of cardiovascular dis-

ease, a delayed and decreased potential to generate thrombin is an

independent risk factor for stroke. Although the role of thrombin for-

mation in the pathogenesis of stroke remains unknown, these data

support an effect of plasma coagulation activity on progression of

arterial vascular disease, related to stroke.

OC 64.3
Evaluation of the thrombin generation potential of a
recombinant factor VIII Fc fusion protein (rFVIIIFc) in a
phase III multi-national clinical trial
Buyue Y, Jiang H, Luk A, Pierce GF and Sommer J

Biogen Idec, Waltham, MA, USA

Background: The recombinant coagulation factor VIII Fc (rFVIIIFc)

consists of a single molecule of human factor VIII covalently linked

to the dimeric Fc domain of human immunoglobulin G1 (IgG1).

The rFVIIIFc fusion protein utilizes the FcRn receptor-mediated

immunoglobulin cycling pathway to extend plasma half-life. In a

global phase 3 clinical study (A-LONG), rFVIIIFc demonstrated

effective prevention and control of bleeding episodes with a longer

prophylactic dosing interval than current short acting FVIII prod-

ucts. In addition to the one-stage and chromogenic clotting assays,

pharmacokinetics (PK) samples were analyzed by a thrombin gener-

ation assay (TGA) in order to gain additional insights into the coag-

ulation potential of rFVIIIFc in a potentially more relevant

physiological setting.

Aims: To compare the ex vivo thrombin generation potential of

rFVIIIFc to a currently marketed rFVIII product (Advate�) in post-

infusion patient plasma samples by a standardized TGA in a Phase 3

multi-center clinical trial.

Methods: A total of 1207 samples from 137 subjects were collected

from 48 clinical study sites in 15 countries for TGA analysis. Blood

samples were collected into special tubes containing 3.2% citrate and

50 lg/mL corn trypsin inhibitor (CTI), followed by centrifugations to

produce platelet-poor plasma. The TGA was performed at a central

laboratory using a modified calibrated automated thrombogram

(CAT�) method. Before testing, the thawed samples were centrifuged

to remove any remaining cell debris or microparticles. Each assay con-

tained 80 lL sample, 20 lL 1:6000 dilution of Innovin�+4 lM syn-

thetic phospholipids and 20 lL fluorogenic substrate with calcium.

This study was approved by local site medical ethics committees and

informed consent was obtained from all participating subjects.

Results: Results of 643 samples (29 subjects) from sequential PK pro-

filing for both rFVIIIFc and rFVIII were included for this report. The

responses of major TGA parameters (peak thrombin and endogenous

thrombin potential) were proportional to the one-stage and chromo-

genic FVIII activity throughout the measurable range. At early time

points post-dosing, rFVIIIFc demonstrated comparable thrombin

generation responses to rFVIII, and the decay of thrombin generation

activity post-dosing was markedly slower for rFVIIIFc than that of

rFVIII. The average thrombin generation profile for rFVIIIFc com-

pared to rFVIII correlated well with the half-life extension observed

for plasma rFVIIIFc activity by the one-stage and chromogenic

assays. Regression analysis of the thrombin generation profiles vs.

FVIII activity indicated comparable thrombin generation responses

for rFVIIIFc and rFVIII at equivalent FVIII activities.

Summary/Conclusions: Our large scale, global clinical evaluation of

rFVIIIFc by TGA using a standardized sample collection procedure

and an optimized and validated assay performed at a central labora-

tory demonstrated that, despite inherent patient-to-patient differences

in thrombin generation potential, (i) The TGA results confirmed the

longer duration of activity of rFVIIIFc relative to rFVIII. (ii) The

pooled patient data showed comparable TGA responses for rFVIIIFc

and rFVIII at equivalent FVIII activities. (iii) The comparable ex vivo

thrombin generation potential of rFVIIIFc and rFVIII observed in

this study supports our method for rFVIIIFc potency assignment

against the WHO FVIII concentrate standard.

OC 64.4
Whole blood thrombin generation in aging mice
Ninivaggi M1, Kelchtermans H1, Kuijpers MJE1, Hemmeryckx B2,

Heemskerk JWM1, Lindhout T1, Hoylaerts MF2 and De Laat B1

1CARIM, Maastricht University, Maastricht, the Netherlands;
2Katholieke Universiteit Leuven, Leuven, Belgium

Background: Thrombin generation (TG) is increasingly being recog-

nized as a versatile diagnostic tool in the field of thrombosis and hae-

mostasis. TG in plasma is most accurately measured with the

Calibrated Automated Thrombogram assay (CAT) and is sensitive in

detecting conditions of hyper- and hypocoagulabilty. By modification

of the classic plasma CAT assay, we were able of measuring TG in

whole blood (WB-CAT assay). The advantage of using this assay in

mice is that only small amounts of blood are needed (> 100 lL) to per-

form triplicate measurements including calibration. As a result there is

no need to sacrifice the mice and TG can be measured in one mouse

repeatedly in time. As a proof of principle, we studied the TG in

Bmal1-knock out (KO) and wild type (WT) mice. Bmal1-KO mice

were known to have a prothrombotic phenotype due to accelerated

aging compared to WT mice. However, standard coagulation tests

reveal opposite results (e.g. decreased prothrombin time and pro-

longed activated partial thromboplastin time).
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Aims: To technically validate the WB-CAT assay in mice and to inves-

tigate TG in prothrombotic Bmal1-KO mice compared to WT mice.

Methods: Mice blood samples were taken from the orbital sinus using

a capillary coated with a dimethyldichlorosilane solution. Blood was

anticoagulated with citrate (3.8%) and reactivated during the experi-

ment with a solution containing calcium, tissue factor (TF) and the

substrate. Hirudin was also added to the calibrator wells to prevent

any TG that could disturb the calibrator signal.

Results: When activating the blood using different TF concentrations,

we found that 0.5 pM TF was sufficient to start coagulation. Addition

of corn trypsin inhibitor (CTI) to prevent contact activation did not

have a profound effect indicating that contact activation does not play

a significant role in the initiation phase. The mean intra-assay varia-

tion (N = 24) of the peak height, lagtime, time-to-peak and velocity

index revealed to be fairly precise as the coefficient of variation (CV)

was 10% or less. The CV of the ETP was higher (12%). Studying TG

in the Bmal1-KO mice revealed that the mean ETP of Bmal1-KO mice

(ETP [SD] = 437 [78]) was significantly higher (P > 0.001) than mea-

sured in WT mice (ETP [SD] = 220 [45]). We found comparable differ-

ences for the peak height (P = 0.027). No difference was observed in

lagtime, TTP and velocity index (p-values were respectively 0.45, 0.15

and 0.74).

Conclusion: We have developed a reproducible assay to monitor TG in

whole blood of mice using only minimal amounts of blood. In addi-

tion, with this method we have established an increased TG in Bmal1-

KO mice compared.

OC 64.5
A systematic review to evaluate thromboelastography
for characterization of bleeding patients with advanced
liver diseases
Chan HW, Li X, Lau K and Chan AK

McMaster University, Hamilton, ON, Canada

Background: The liver produces clotting proteins, but thrombocytope-

nia commonly occur in patients with advanced liver disease. Tradi-

tional coagulation tests, such as PT or aPPT, only measure the

interactions of clotting proteins without evaluating the roles of cellular

components during clot formation. In contrast, thrombelastography

(TEG) monitors real-time clot formation of whole blood, thereby

allowing global evaluation of the hemostatic system and providing

more information regarding the integrity of hemostasis in patients

with liver diseases and concomitant thrombocytopenia.

Aims: To evaluate whether patients with bleeding complications due to

advanced liver diseases have distinctive TEG abnormalities as com-

pared with those without bleeding.

Method: The OVID MEDLINE and EMBASE databases from 1946

to 2012 were searched with keywords ‘thromboelastography’ and ‘liver

disease’. 113 studies were obtained from OVID MEDLINE and 216

studies from EMBASE. Duplicates, non-English, non-primary articles

such as reviews, meta-analysis and animal studies were excluded. We

only included studies that evaluated the association between TEG

parameters and objective bleeding outcomes. Data regarding study

design, number of subjects, TEG settings, TEG values, clinical out-

comes, and results of other conventional coagulation test were

extracted. The data from both bleeders and non-bleeders were stan-

dardized to the normal values given in each study to adjust for the

variations in study design and TEG methodology. To account for dif-

ferent sample sizes, normalized values were weighted according to each

study’s sample size. Weighted means and weighted standard deviations

were calculated for each of the 4 TEG parameters (R, K, a, MA) and

Student’s t-test was conducted to compare the bleeders with non-

bleeders. A P-value of ≤ 0.05 was considered statistically significant.

Results: Three prospective and one retrospective studies involving a

total of 172 patients with 21 bleeders and 151 non-bleeders were identi-

fied. Three studies assessed bleeding following an invasive procedure,

while one assessed recurrence of bleeding. All bleeding outcomes were

evaluated independently of TEG measurements. Of the four studies,

one study used kaolin-activated TEG, one used native TEG, while the

other two were unstated.

The R in the patients with bleeding was 132.3 � 37.2%, significantly

longer than 93.2 � 4.0% in those without bleeding. The K of the

bleeders was 228.4 � 168.7%; again, significantly higher than the

value of 132.23 � 29.16% among the non-bleeders. Those with bleed-

ing also had a significant lower a of 68.5 � 36.1%, as compared with

the value of 92.1 � 8.5% in those without bleeding. In contrast, there

was no significant difference in the MA between the patients with or

without bleeding; the values were 83.9 � 11.0% and 85.69 � 11.96%

respectively.

Summary/Conclusion: The results suggested that patients with clinical

bleeding took longer to initiate clotting and the clot propagated

slower, but the clot achieved similar maximum strength once it

formed. Patients suffering from severe liver diseases with bleeding

complications have a distinctively different TEG profile as compared

with those without bleeding complications. These abnormal TEG

parameters are compatible with coagulopathy mainly due to insuffi-

cient procoagulant proteins for hemostasis. Yet, the advantages of

using TEG, instead of traditional plasma-based coagulation tests, in

predicting bleeding in patients with advanced liver diseases warrant

further investigation.

OC 64.6
Increased thrombin generation in patients with
premature myocardial infarction is linked to tissue
factor microparticles in the circulation
Alsahli MA, Popat B, Wright JR, Singh RJ, Samani NJ

and Goodall AH

University of Leicester, Leicester, UK

Background: The extent of the haemostatic response may determine

the risk of forming an occlusive thrombus, particularly in patients

who suffer MI at an early age, when the atherosclerotic burden is

relatively low. While levels of individual haemostatic factors have

been linked to increased risk of MI, measurement of the endogenous

thrombotic potential (ETP) may better indicate the overall haemo-

static response of an individual. Previously we have shown, using a

thrombin generation assay sensitive for plasma coagulation factor

levels (triggered with 5 pM tissue factor [TF] and 4 lM phospho-

lipid [PL]) that the ETP in plasma from individuals with an

MI > 50 years was significantly higher than that in age/sex-matched

controls with no history of CHD. Moreover there was a signifi-

cantly higher level of TF in the cases compared to the controls and

levels of TF were strongly correlated between the ETP in the MI

cases and the level of TF in their plasma which was not seen in the

control subjects.

Aims: Here we sought to determine whether the higher level of TF seen

in the MI cases was predominantly in the form of microparticles

(MPs).

Methods: Plasma from 198 individuals with an MI under the age of

50 years and 194 age/sex-matched controls with no history of CHD

was analysed for thrombin generation by the Calibrated Automated

Thrombogram (CAT) MP assay triggered with 4 lM PL that is

designed to measures the activity of endogenous TF+ve MPs. The

plasma samples were also passed through a 0.22 lm filter (Ceveron) to

remove MPs and reanalysed in the same assay.

Results: All four parameters from the CAT MP assay were signifi-

cantly different in the cases compared to the controls. The lag time

(LT) and time to peak (ttP) were faster in the patients (for LT

32.31 � 1.45 vs. 38.5 � 1.62 min; P = 0.005 and for ttP 34.78 � 1.42

vs. 40.95 � 1.51 min; P = 0.0032), indicative of higher numbers of

TF+ve MPs in the patients’ samples. As previously the ETP levels were

higher in the patients (980 � 45 vs. 697 � 42 nM.min; P > 0.0001) as

was the level of peak thrombin (PT; 160.2 � 8.3 vs. 105.0 �
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7.0 nM.min; P > 0.0001). Following filtration to remove MPs the LT

and ttP (which are the most sensitive parameters to detect MP-derived

TF in the assay) increased significantly (p£0.03) and after filtration

there was no difference in these parameters between the patients and

the controls (for LT 37.56 � 1.76 vs. 41.54 � 1.81 min; P = 0.01159

and for ttP 39.50 � 1.66 vs. 43.36 � 1.70 min; P = 0.1058). Filtration

also caused the mean ETP and PT to fall slightly for both patients and

controls but for both measures the patients still generated significantly

more thrombin that the controls (for ETP 824 � 49 vs.

643 � 45 nM.min-; P = 0.0070 and for PT 145.2 � 9.4 vs.

109.1 � 8.5 nM.min; P = 0.0047).

Conclusions: These data are consistent with a higher level of TF+ve
MPs in the plasma of patients who have suffered an MI at an early age

compared to matched controls. Although the cellular source of the TF

+ve MPs was not determined these prothrombotic MPs may be a con-

tributing factor the increased thrombotic risk in the patients.

OC 65 – Von Willebrand Factor – I

OC 65.1
Accelerated uptake of VWF/platelet complexes in
macrophages contribute to VWD-type 2B associated
thrombocytopenia
Casari C1, Christophe OD1, Denis CV2 and Lenting PJ1

1Inserm, Le Kremlin-Bicetre; 2Inserm U 770, Le Kremlin-Bicêtre,

France

Background: Von Willebrand Disease (VWD)-type 2B is caused by so-

called gain-of-function mutations, clustered in exon 28 of von Wille-

brand factor (VWF) gene and results in spontaneous binding to glyco-

protein (GP)Ib. Bleeding tendency is associated with heterogeneous

clinical manifestations such as the decrease of high molecular weight-

VWF multimers, presence of giant platelets and/or platelet aggregates,

and moderate to severe thrombocytopenia.

Aims: One of the major predictor of the bleeding risk in VWD-type 2B

patients is the severity of the thrombocytopenia, the causes of which

have not yet been identified. An in vivo mouse model of VWD-type 2B

obtained via hydrodynamic gene transfer of plasmids to express mur-

ine VWF carrying type 2B mutations was applied. This model was

used to investigate the molecular mechanism underlying the thrombo-

cytopenia.

Methods and Results: Mutation-specific conformational changes in the

VWF molecule increase its affinity for the platelet receptor GPIb,

allowing spontaneous VWF-platelets interactions. Indeed, VWF-type

2B mutants but not wild type (wt)-VWF were adsorbed to platelets, as

assessed via immunofluorescence analysis. Moreover, the presence of

VWF-type 2B/platelet complexes and aggregates was associated with

the occurrence of thrombocytopenia.

Given that liver and spleen macrophages have already been identified

as important actors in the clearance of VWF and platelets, we studied

their possible involvement in the elimination of VWF-type 2B/platelet

complexes. In vivo chemical depletion of macrophages was successfully

obtained through liposome-clodronate injection and converted throm-

bocytopenia in VWD-type 2B mice to near normal platelet counts.

Furthermore, CMTMR-in vivo cell tracker was used to localize exoge-

nous type-2B platelets infused in VWD-type 2B mice. Microscopical

qualitative evaluation of liver and spleen cryo-sections revealed that

the vast majority of type 2B-platelets co-localized with Kupffer cells

(CD68+) in the liver and with marginal metallophilic macrophages

(CD169+) in the spleen. Quantitative analysis confirmed that signifi-

cant more platelets are directed to liver and spleen in VWD-type 2B

mice than in wt-mVWF expressing mice.

Finally, platelet half-life was determined in our mouse model of

VWD-type 2B and proved significantly shorter (34 � 4 h) compared

to the half-life of platelets in wt-mVWF-expressing mice (53 � 7 h,

P > 0.0001), possibly contributing to the lower platelet counts in

VWD-type 2B mice.

Conclusions: Our data indicate that VWF-type 2B/platelet complexes

are rapidly targeted to macrophages, which could contribute to the

thrombocytopenia in patients with VWD-type 2B.

OC 65.2
The vicinal disulphide bond and calcium coordination
site of the von Willebrand factor A2 domain have
distinct and additive roles in domain stabilisation that
govern proteolysis by ADAMTS13
Lynch CJ, Lane DA and Luken BM

Imperial College London, London, UK

Background: Rheological shear forces in the blood trigger von Wille-

brand factor (VWF) unfolding which exposes the Y1605-M1606 scis-

sile bond within the A2 domain for cleavage by ADAMTS13. The

VWF A2 domain contains two main structural features that influence

its ability to unfold: a calcium coordination (Cacoord) site and a vicinal

disulphide bond (VicCC) between C1669-C1670.

Aim: To investigate the functional dependency of Cacoord and VicCC

in the unfolding of the VWF A2 domain and subsequent proteolysis

by ADAMTS13.

Methods: VWF A2 domain variants with point mutations in the

Cacoord site (D1498A, D1596A, N1602A) were combined with deletion

(ΔCC) and substitution mutations (C1669G/C1670G) of the VicCC

and expressed in HEK293 cells both as VWF A2 domain fragments

and full-length VWF protein. Differential scanning fluorimetry assays

were used to determine Tm of the VWF A2 domain variants during

thermodynamic unfolding to assess protein stability. ADAMTS13

cleavage assays in the absence/presence of denaturing agent were used

to assess susceptibility to proteolysis.

Results: The expression and secretion of the isolated VWF A2 domain

containing the VicCC (A2VicCC) was unaffected by mutation of

Cacoord residues. The presence of calcium ions stabilised the WT

A2VicCC domain, causing a shift in Tm of 19.2 °C from 1 mM EDTA

(46.3 °C) to 5 mM CaCl2 (65.5 °C). The Tm of the Cacoord mutants

was not affected by addition of calcium/EDTA and these fell into two

distinct groups: ‘stabilising mutations’ that had a similar stability to

the WTA2VicCC in the presence of calcium (Tm in the range of 60–
65 °CD1596A, D1596A/N1602A), and ‘destabilising mutations’ that

had a similar stability to WTA2VicCC in the absence of calcium (Tm

in the range of 46–51 °CD1498A, N1602A, D1498A/D1596A,

D1498A/N1602A, D1498A/D1596A/N1602A). When these Cacoord

mutants were introduced into the A2ΔCC, all the ‘destabilising muta-

tions’ prevented secretion and resulted in intracellular retention of the

A2ΔCC protein. In contrast, the WTA2ΔCC and A2ΔCC containing

‘stabilising mutations’ were successfully secreted. Introduction of the

Cacoord mutants into the full length VWF protein in both the presence

(WT) and absence (VicGG) of the VicCC did not prevent secretion. In

cleavage assays with ADAMTS13 in the absence of denaturant, the

presence of either the VicCC or ‘stabilised’ Cacoord prevented cleavage.

Substitution of VicCC and ‘destabilisation’ of the Cacoord site (VWF

VicGG D1498A or VicGG N1602A) resulted in cleavage of full length

VWF in the absence of denaturant or shear.

Conclusions: Mutation of both the VicCC and specific residues of the

Cacoord site destabilises the isolated A2 domain to such extent that it is

no longer secreted. Secretion of A2 domain is recovered in the full

length protein. VWF with a substituted VicCC and ‘destabilised’

Cacoord site is proteolysed by ADAMTS13 without a need for induced

unfolding, whereas VWF containing either the VicCC or the Cacoord

site is resistant to proteolysis in the absence of induced unfolding. The

distinct and additive effects of both the VicCC and Cacoord provide the

VWF A2 domain with stability, whilst allowing it to unravel and

expose its cleavage site for ADAMTS13 under high shear.
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OC 65.3
Comprehensive characterization of loss and gain-of-
function von Willebrand factor collagen binding
variants and the role of GPVI using a mouse model
system
Shida Y, Rydz N, Brown C, Mewburn J, Sponagle K, Danisment O,

Crawford BA, Vidal B, Hegadorn C and Lillicrap D

Queen‘s Univeristy, Kingston, ON, Canada

Background: von Willebrand factor (VWF) is a multifunctional multi-

meric protein that plays an important role in primary hemostasis

where binding of VWF to exposed subendothelial collagens is the first

step towards thrombus formation at the site of injury. To date, four

point mutations within the VWF A3 domain affecting collagen-bind-

ing have been described in 11 patients: S1731T, W1745C, S1783A, and

H1786D. However, given the rarity of collagen-binding mutants and

the heterogeneous genetic backgrounds of the affected subjects, the

analysis of these aberrant VWF-collagen interactions has been rela-

tively limited.

Aims: To characterize VWD collagen binding defects and analyze the

role of collagen, we developed a comprehensive inbred mouse model

system. In addition to the analysis of collagen binding via the VWF

A3 domain, we further analyzed the impact of the direct collagen bind-

ing of platelets by knocking down GPVI.

Methods: Full-length murine VWF cDNA was cloned into the pCIneo

plasmid to produce recombinant mouse VWF (r-mVWF) and into the

pSC11 plasmid with the liver-specific Enhanced murine Transthyretin

(ET) promoter for hydrodynamic delivery. Mutagenesis was per-

formed to introduce the gain-of- function mutation (L1757A) and

loss-of-function mutations (S1731T, W1745C, S1783A, H1786D, A3

deletion). All these amino acids are conserved between human and

mouse. r-mVWF was obtained by calcium phosphate transient trans-

fection. The function of r-mVWF was analyzed by the following meth-

ods a static collagen binding assay, flow chamber assay and in vivo

intravital thrombosis analysis. The collagen binding assay is a conven-

tional ELISA based assay. In the flow chamber assay, whole blood

from VWF knockout mice was perfused into a collagen/r-mVWF

coated flow chamber and real-time thrombus formation was analyzed

by Quorum WaveFX- X1 spinning disk confocal system. In the intra-

vital experiments, VWF cDNA was delivered to VWF knockout mice

by hydrodynamic injection. GPVI knockdown was performed by

intraperitoneal injection of anti-GPVI antibody. After rhodamine 6G

infusion, injury was induced on arterioles in the cremaster muscle by

10% ferric chloride for 3 min. Following injury, a single arteriole in

the injured area was observed for 40 min.

Results: The gain-of-function (L1757A) variant showed consistent

enhanced collagen binding. Collagen binding assay demonstrated 2.7-

and 2.0-fold-binding to collagen type I and III and the flow chamber

experiment showed 3.0- and 1.5-fold-increase in thrombus size. The

loss-of-function mutants showed variable degrees of functional deficit

(10–88% reduction compared to wild type VWF). In the intravital

experiment, the wild type and gain-of-function (L1757A) variant

showed 100% occlusion at 30 and 25 min respectively, while a loss of

function mutant (H1786D) showed 66% occlusion at 40 min and did

not fully occlude. VWF, GPVI and combined VWF/GPVI knockout

mice showed significant loss of thrombus formation (28.8%, 34.1%,

33.8% occlusion at 40 min, respectively).

Summary/Conclusion: We have performed a comprehensive evaluation

of the collagen binding variants described in patients. Our results are

consistent with an important role for collagen binding in thrombus

formation. Nevertheless, VWF/GPVI double knockout mice still dem-

onstrated significant amounts of thrombus formation, suggesting the

role of alternative pathway(s) for thrombogenesis, independent of col-

lagen binding.

OC 65.4
The role of platelet von Willebrand factor in mice
Verhenne S, Libbrecht S, Vandenbulcke A, Deckmyn H,

Vanhoorelbeke K and De Meyer SF

KU Leuven Kulak, Kortrijk, Belgium

Background: von Willebrand factor (VWF) is a large adhesive multi-

meric glycoprotein that mediates binding of platelets to sites of vascu-

lar injury and protects clotting factor VIII from degradation in

circulation. VWF is constitutively secreted from endothelial cells in

plasma and subendothelium but is also stored as ultra-large VWF mul-

timers in endothelial Weibel-Palade bodies and platelet a-granules.

The exact role of ultra-large platelet VWF is still not completely

understood.

Aim: Given the fact that ultra-large VWF has been reported to con-

tribute to both thrombosis and inflammation, we aimed to study the

role of platelet VWF in hemostasis, thrombosis and thrombo-inflam-

matory disorders such as stroke.

Methods: To determine the role of platelet VWF, we transplanted bone

marrow mononuclear cells from wild-type (WT) mice in VWF knock-

out (KO) mice and vice versa, resulting in chimeric mice with only

platelet VWF and chimeric mice that lack platelet VWF. To study the

role of platelet VWF we used our chimeric mice to perform tail clip-

ping bleeding assays, FeCl3-induced carotid artery thrombosis models

and a stroke model of transient focal cerebral ischemia.

Results: The bleeding time in chimeric mice with only platelet VWF

was prolonged and was not different from the one in VWF KO mice

(> 600s). Chimeric mice that lack platelet VWF on the other hand had

bleeding times similar to those of WT mice (148 � 60 vs. 155 � 48 s,

respectively). These studies suggest that (i) platelet VWF alone is not

able to support normal hemostasis and (ii) lack of platelet VWF does

not induce a bleeding phenotype in mice. After injury of the carotid

artery, arterial occlusion times in chimeric mice with only platelet

VWF were prolonged, similar to VWF KO mice (> 60 min), thus indi-

cating that platelet VWF alone cannot support normal thrombus for-

mation, corroborating the bleeding assay results. Thrombosis

experiments with chimeric mice lacking platelet VWF are still ongoing.

Interestingly, using a mouse model of transient middle cerebral artery

occlusion, we observed that cerebral infarct sizes in chimeric mice with

only platelet VWF (79.6 � 32.3 mm3) were similar as in WT mice

(71.3 � 38.3 mm3). These results are surprising and point towards the

contribution of platelet VWF in cerebral ischemia/reperfusion injury.

Stroke studies using mice lacking platelet VWF are in progress.

Conclusion: Our data suggest that whereas platelet-derived VWF does

not play a crucial role in thrombosis and hemostasis, it might aggra-

vate thrombo-inflammatory diseases such as stroke. Further studies

will assess how platelet VWF mediates stroke progression.

OC 65.5
Common and rare VWF coding variants are associated
with von Willebrand Factor and Factor VIII phenotypes
in African Americans: the NHLBI Exome Sequencing
Project
Johnsen JM1, Auer P2, Cushman M3, O’Donnell C4, Rich S5,

Green D6, Morrison AC7, Reiner AP8 and NHBLI GO9

1Puget Sound Blood Center; 2Fred Hutchinson Cancer Research

Center, Seattle, WA; 3University of Vermont, Burlington, VT;
4National Institutes of Health, Bethesda, MD; 5University of

Virginia, Charlottesville, VA; 6Northwestern University, Chicago,

IL; 7University of Texas Health Science Center at Houston,

Houston, TX; 8University of Washington, Seattle, WA; 9NIH,

Bethesda, MD, USA

Background: von Willebrand Factor (VWF) is a critical clotting pro-

tein which stabilizes Factor VIII (FVIII), adheres at sites of vascular
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injury, and binds platelets. VWF and FVIII levels vary widely among

individuals and are generally higher in individuals of African ancestry

(AA) than European ancestry (EA). Differences between AAs and

EAs may be partly due to genetic factors, but large studies of the

effects of VWF gene variants have not been reported in AA.

Aims: To study the association of VWF coding variants with VWF

and FVIII levels in AA.

Methods: Using VWF sequence data from 6515 individuals (4298 EA,

2217AA) in the NHLBI Exome Sequencing Project (ESP), we

employed genotype imputation to study the association of VWF cod-

ing variants with VWF and FVIII levels in 4468 AA from four popula-

tion-based cohorts: the Atherosclerosis Risk in Communities (ARIC),

Coronary Artery Risk Development in Young Adults (CARDIA),

Multi-Ethnic Study of Atherosclerosis (MESA), and Women’s Health

Initiative (WHI). In ESP, 452 EA and 409 AA VWF variants were

identified. In AA, 147 VWF variants had a minor allele frequency

(MAF) > 0.1%. Of these, 114 were successfully imputed (30 missense,

28 synonymous, 56 intronic). Genetic association analysis was per-

formed using the 30 missense variants and data in the four cohorts for

VWF:Ag (n = 2989, mean 132 � 58 IU/dL) and FVIII:C (n = 4450,

mean 155 � 64 IU/dL).

Results: Eight of 30 VWF missense variants, including a novel variant

(Ser1486Leu), were significantly associated with levels of VWF, FVIII,

or both, in AA after Bonferroni correction (P > 0.0017). Five>/i>
VWF variants were common (MAF > 10%), three were rare

(MAF > 1%), and in ESP all were more common in AA than EA. The

variant Thr789Ala (rs1063856, MAF = 43.2%) was associated with

higher VWF and FVIII levels (P = 10�9 and 10�6, respectively), with

each additional copy of the G allele (Ala789) associated with ~8 IU/

dL higher VWF and FVIII levels. The variants Ile1380Val

(rs11063988, MAF = 10.6%) and Asn1435Ser (rs11063987,

MAF = 10.3%) were in strong linkage disequilibrium (r2 = 0.89) and

associated with ~6–9 IU/dL higher FVIII and VWF levels. Con-

versely, Arg2185Gln (rs2229446, MAF = 19.9%), was associated with

lower VWF and FVIII levels (P = 10�13 and 10�17, respectively); each

additional copy of the A allele (Gln2185) was associated with ~13 IU/

dL lower VWF and FVIII levels. His817Gln (rs57950734,

MAF = 11.7%) was associated with lower FVIII levels (P = 10�21)

but no difference in VWF; each A allele (Gln817) was associated with

~18 IU/dL lower FVIII. The three rare missense variants (Met1439Val

[rs150077670], Ser1486Leu [rs149424724], Arg2287Trp [rs61750625])

were each significantly associated with lower VWF (P = 10�4, 10�7,

10�6, respectively) but not FVIII level. The presence of a single copy

of each of these rare variants were associated with an average per allele

difference of 35–40 IU/dL lower VWF.

Conclusions: Using an exome sequencing and genotype imputation

approach in a large AA population sample, we identified several com-

mon and rare VWF coding sequence variants which were associated

with effects on VWF and FVIII levels in AAs. These VWF variants

may contribute to the genetic complexity underlying ethnic differences

in VWF and FVIII.

OC 65.6
High density lipoprotein and apolipoprotein A1
modulate VWF secretion and self-association
Chung DW1, Ling M2, Chen J1, Fu X1, Parsons S1, Harris J1, Le J1

and Lopez JA2

1Puget Sound Blood Center; 2University of Washington, Seattle,

WA, USA

Background: Several studies have shown that VWF multimers in solu-

tion can homotypically associate with VWF multimers immobilized

onto collagen, and endothelial and platelet surfaces. Association of

newly secreted ultra-large VWF multimers into strands and cables on

the endothelial surface, and adsorption of VWF to artificial surfaces

represent additional forms of VWF self-association. While working on

the properties of purified VWF, we observed that VWF disappeared

from the solution rapidly. Through steps of fractionation and inactiva-

tion, we identified apolipoprotein A1 (ApoA1), the primary compo-

nent of high density lipoprotein (HDL), as one possible VWF

stabilizer in plasma.

Aim: To characterize the effect of ApoA1 and HDL on VWF self-asso-

ciation.

Methods: VWF self-association was studied by two Methods (i)

adsorption to and selective elution from artificial surfaces, and (ii) for-

mation of ULVWF strings on the surface of endothelial cells. Purified

VWF was exposed to surfaces with or without stabilizing proteins. At

specified times, the following fractions were analyzed by Western blot-

ting or ELISA: VWF remaining in solution, VWF eluted from surfaces

by 2% sodium dodecyl sulfate, and VWF eluted by 4% CHAPS-

5 mM DTT-8M urea. Confluent endothelial cells in flow chambers

were stimulated with phorbol myristate acetate (50 ng/mL), with or

without HDL (2 mg/mL). ULVWF was visualized by binding to plate-

lets that were perfused over the stimulated cells with or without HDL.

The cells were then fixed and imaged. Platelet-decorated VWF strings

on the endothelial surface exceeding 25 mm were counted.

Results: Substantial amounts of purified VWF adsorbed to plastic and

glass surfaces through VWF-surface interactions (~15%), followed by

VWF self-association (~70%). Human ApoA1 and HDL stabilized

VWF in solution (~90%) and prevented its adsorption to surfaces.

While pre-treating surfaces with ApoA1 or HDL moderately reduced

adsorption, maximal stabilization required the continued presence of

ApoA1 or HDL during incubation. These results suggest that ApoA1

or HDL not only prevented surface adsorption, but also prevented

self-association of solution VWF with surface-bound VWF. In cul-

tured endothelial cells, the presence of HDL during stimulation by

phorbol myristate acetate significantly reduced the amount of secreted

and cell surface-bound ultra-large VWF (ULVWF), suggesting that

HDL modulates VWF secretion and self-association of the secreted

VWF into ULVWF. The binding of platelets to ULVWF was slightly

affected by the presence of HDL. Fluorescence depolarization studies

showed that ApoA1 and HDL bound to a specific sequence in VWF,

suggesting that exposure and interaction of this region with ApoA1

and HDL regulate VWF self-association. Further, we observed that

the levels of ApoA1 were below normal in patients with thrombotic

complications in the microvasculature, including thrombotic thrombo-

cytopenic purpura, sickle cell disease, and sepsis.

Summary: These results show that ApoA1 or HDL may modulate

platelet adhesion by modulating both VWF secretion from endothelial

cells and self-association into ULVWF strands on the endothelial sur-

face. This may be another mechanism by which HDL protects against

cardiovascular disease and extends its protective effects from large

arteries to the microvasculature.

OC 66 – Alternative Treatments of
Haemophilia A

OC 66.1
Fusion of two TFPI inhibitory peptides yields in total
inhibition of human TFPI even at highly elevated TFPI
levels
Dockal M1, Hartmann R1, Polakowski T2, Brandstetter H3,

Kammlander W1, Panholzer E1, Redl C1, Osterkamp F2

and Scheiflinger F1

1Baxter Innovations GmbH, Vienna, Austria; 23B

Pharmaceuticals, Berlin, Germany; 3University of Salzburg,

Salzburg, Austria

Background: TFPI is a Kunitz (K)-type protease inhibitor that inhibits

both, FXa and TF-FVIIa and is an important physiological inhibitor

of the extrinsic coagulation pathway. Direct inhibition of TFPI in

hemophilia models alleviates bleeding challenges and may become an
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important approach in hemophilia treatment. Recently we presented

de novo peptide inhibitors of TFPI that enhance coagulation in hemo-

philia models. Two optimized peptides JBT-A7 and JBT-B5 efficiently

blocked inhibitory activity of TFPI and bind to K1 and K1-K2,

respectively, which was shown by crystallography. The X-ray struc-

tures offered starting points for peptide optimization and provided

atomic details for linking the two single peptides to generate a fusion

peptide that maximally blocks TFPI activities.

Aims: We aimed to generate a TFPI ‘super-inhibitory’ fusion peptide,

which totally blocks TFPI activity even at high TFPI plasma levels.

Methods: The interaction of TFPI inhibitory peptides to TFPI frag-

ments was assessed by Biacore. Recently we showed the crystal struc-

ture of JBT-A7 bound to K1 of TFPI. Moreover, JBT-B5 was

co-crystallized with K1-K2 of recombinant human (h)TFPI. The struc-

ture of K1 in the K1-K2/JBT-B5 and the NTermK1/JBT-A7 complex

were overlayed. The TFPI inhibitory potential of the peptides was

tested in model systems (FXa inhibition and TF-FVIIa catalyzed FX

activation) and in plasma (TF-triggered thrombin generation). The

assays were carried out at TFPI concentrations up to 10 nM, which is

50-fold higher than the physiological flTFPI plasma concentration.

Results: Overlay of the structure of K1 in the K1-K2/JBT-B5 and the

NTermK1/JBT-A7 complex revealed no significant differences

between the two crystal structures of the Kunitz domain. This implies

that the peptides do not induce conformational changes on the

domains of TFPI responsible for the antagonistic effect. The model

confirms non-overlapping epitopes and close proximity of the termini

of both peptides. The distance could be bridged by an approximately

ten amino acid linker. A fusion peptide with a 10-serine-linker was

synthesized. The fusion peptide showed highly improved dissociation

in Biacore experiments and fully inhibited TFPI activity in the model

assays. In contrast, single peptides are partial inhibitors of high TFPI

concentrations. In thrombin generation assays, the fusion peptide

showed a substantially higher ability to increase the thrombin peak

even at elevated TFPI compared with the single peptides. Although a

mixture of the single peptides showed an improved response over each

monomeric peptide, it did not reach the effect of the fusion peptide.

Thus, we provide clear evidence that a molecular fusion is required for

most efficient inhibition of TFPI activity.

Summary/Conclusions: The fusion of two single peptides binding to

different epitopes on TFPI can inhibit the interaction of TFPI with

both, FXa and FVIIa resulting in a full inhibitor of TFPI activity even

at highly elevated TFPI. The fusion peptide has the potential to block

local high TFPI concentrations as it occurs during platelet activation.

Thus, the fusion peptide can be useful to prevent bleeding in hemo-

philia patients. Moreover, this FVIII and FIX independent approach

would allow treatment of inhibitor patients via a non-i.v. route of

application.

OC 66.2
Influence of TFPI levels on the different parameters of
thrombin generation and impact of a TFPI
neutralization on the correction of thrombin generation
in haemophilic patients
Tardy-Poncet B1, Piot M2, Chapelle C1, Mismetti P1 and Tardy B1

1CHU Saint-Etienne; 2Universit�e Jean Monnet, Saint-Etienne,

France

Background: TFPI is a potent direct inhibitor of factor Xa, inhibiting

the factor VIIa/TF complex in a factor Xa-dependent manner. TFPI

feedback inhibition of factor VIIa/TF is consistent with a deficient fac-

tor Xa production in haemophilic plasma. It has already been shown

that TFPI is involved in haemorrhagic manifestations in haemophilia

and that blocking TFPI can restore haemostasis.

Aim of the study: To evaluate prospectively the influence of TFPI on

the different parameters of TG and to evaluate the impact of TFPI

neutralization on the correction of thrombin generation (TG).

Patients and Methods: Twenty-four haemophilic patients (14 HA and

10 HB). TG assay (TGA) was evaluated using the CAT system

described by C Hemker on platelet poor plasma (PPP) and on platelet

rich plasma (PRP) at low TF concentration (1 pM) before and after

adding anti human TFPI antibody (R &D System) at different concen-

trations. Blood was taken on citrated tubes containing CTI. Free

TFPT (fTFPI) levels were measured by ELISA (Asserachrom free

TFPI, Asni�eres France).

Results: When all haemophilic patients are taken together, the correla-

tion (evaluated with R2 Spearman correlation; * if P > 0.05) between

Lag Time (LT) and fTFPI is much better in PRP (R2 = 0.247*) than in

PPP (R2 = 0.07). In PRP, the correlation between LT and fTFPI is

much better in haemophilia A (R2 = 0.440*) and in severe haemophilia

(R2 = 0.503*). This correlation does not exist in PPP. When all haemo-

philic patients are taken together, the correlation between endogenous

thrombin potential (ETP) and fTFPI is much better in PPP

(R2 = 0.239*) rather than in PRP (R2 = 0.022). However, in haemo-

philia A patients the correlation between ETP and fTFPI in PRP is

high (R2 = 0.486*) but still better in PPP (R2 = 0.655*). The same cor-

relation is obtained in PPP between free TFPI and the Thrombin

Peak.

We demonstrated that blocking TFPI by an anti-TFPI Antibody (Ab)

allows a complete correction of the TG profile in PRP and in PPP; the

correction depends on the anti TFPI Ab concentration that was used.

Anti TFPI Ab (1 lg/mL) induced a 70% reduction of the LT when

TG is performed in PRP.

With 1 lg/mL of anti TFPI Ab, the correction of ETP expressed as

ETP + Ab/initial ETP is better in PPP (3.7) than in PRP (2.5)

(P = 0.02). The correction of the Peak expressed as Peak + Ab/initial

Peak is better in PPP (6.6) than in PRP (3.9) (P = 0.05).

Conclusion: A major influence of fTFPI is observed on LT in PRP and

on ETP in PPP. There is a good correlation between fTFPI and ETP

and Peak especially in haemophilia A. Anti TFPI are able to restore

thrombin generation in haemophilic patients; their efficacy should be

evaluated by TGA ex vivo rather in PRP to take into account platelet

TFPI fraction.

OC 66.3
Effect of bypassing agent therapy with and without
tranexamic acid in haemophilia A patients with
inhibitors, a prospective crossover study using
thromboelastography and thrombin generation assay
Tran HTT1, Sørensen B2, Rea C2, Bjørnsen S1, Ueland T3,

Pripp AH4, Tjønnfjord G5 and Holme PA5

1Oslo University Hospital, Oslo, Norway; 2Haemostasis Research

Unit, London, UK; 3Research Institute of Internal Medicine;
4Department of Biostatistics and Epidemiology; 5Institute of

Clinical Medicine, Oslo, Norway

Background: Activated prothrombin complex concentrate (aPCC) and

recombinant activated factor VII (rFVIIa) are the only two drugs that

are available to treat bleeds in haemophilia A patients with high titer

inhibitors. The haemostatic response to treatment is widely variable

and often difficult to predict. The antifibrinolytic agent tranexamic

acid (TXA) may improve the haemostatic outcome but has been little

studied due to a lack of standardized methods to monitor the effect.

Aims: The objective of the present study is to evaluate the effect of

aPCC and rFVIIa with and without TXA, clot stability and thrombin

generation capacity, using thromboelastography (TEG) and thrombin

generation assay (TGA), respectively, and to assess the risk of throm-

bosis and disseminated intravascular coagulation (DIC) following

these treatment regimens.

Methods: We conducted a prospective in-vivo crossover study includ-

ing haemophilia A patients with high titer inhibiors (n = 6), age

between 22 and 61 that had signed informed consent. The study was

approved by the Regional Committee for Medical and Health

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

ABSTRACTS 233



Research Ethics. On the first study day the participants received aPCC

(75 IU/kg intravenously) while on the second study day aPCC was

given concomitantly with TXA (20 mg/kg orally). Blood sampling was

performed at baseline, 15, 30, 60, 120, 180 and 240 min post-treatment

on both days for TEG, TGA analysis and DIC monitoring. After a

washout period of 14 days the subjects were crossed over to rFVIIa

(90 lg/kg intravenously) without and with TXA. Blood sampling and

experimental set up was repeated as for the aPCC study arm.

Endogenous thrombin potential (ETP) was the main parameter used

for evaluating the coagulable state whereas maximum clot firmness

(MCF) and area under the curve (AUC) assessed clot stability. Com-

parisons between different treatment regimens were analysed with lin-

ear mixed models due to the crossover study design with repeated

measurements. Post hoc comparisons were done with Bonferroni cor-

rection. A value of P > 0.05 was considered to indicate statistical sig-

nificance.

Results: We found that both MCF and AUC increased by threefold

(P > 0.05) following the combined treatment of aPCC or rFVIIa with

TXA compared to aPCC or rFVIIa alone. There was no significant

difference in ETP for the treatment with and without TXA (p > 0.05).

In addition, DIC parameters were within normal range following all

treatment regimens.

Conclusion: The results from our study suggest that the combined

treatment strategy of aPCC/rFVIIa and TXA provides a beneficial

haemostatic effect by increasing clot stability without increasing the

thrombin generation potential and thereby the risk of thrombosis.

There was no laboratory or clinical signs implying the occurrence of

DIC. Moreover, the study also demonstrated that TEG and TGA

seemed to be valuable methods in monitoring the therapeutic effects of

bypassing agents. These findings may have important implications for

the management of haemophilia A patients with inhibitors as they add

evidence regarding the efficacy and safety of this novel treatment

regimen.

OC 66.4
RISE- response to DDAVP in moderate/mild
haemophilia A patients: in search for determinants
Loomans JI1, Van Velzen AS1, Kruip JHA2, Santagostino E3,

Eckhardt CL1, Castaman G4, Hart DP5, Peters M1,

Van Der Bom JG6 and Fijnvandraat KJ1

1Emma Children’s Hospital, Amsterdam; 2Erasmus Medical

Center, Rotterdam, the Netherlands; 3IRCCS Maggiore Hospital

Foundation and University of Milan, Milan; 4San Bortolo

Hospital, Vicenza, Italy; 5Royal London Hospital, London, UK;
6Leiden University Medical Centre, Leiden, the Netherlands

Background: Large inter-individual variation in DDAVP response is

observed in moderate/mild haemophilia A (MHA) patients. Identifica-

tion of determinants of the DDAVP response may support optimal

use of DDAVP and increase our understanding of the biological mech-

anisms associated with the release of VWF and rise in FVIII:C.

Aim: We aim to identify clinical and genetic determinants of the

DDAVP response in MHA patients.

Methods: RISE is an international multicenter cohort study which

aims to include 800 MHA patients (baseline (b)FVIII:C 0.02–0.40 IU/

mL) who have received DDAVP between 1980 and 2013. Data on

potential determinants were collected: ethnicity, family history of

DDAVP response, age at receiving DDAVP, blood group, F8 muta-

tion, bVWF:Ag and bFVIII:C. Main outcome is the response 1 h after

DDAVP administration, classified as complete (CR; FVIII:

C > 0.50 IU/mL), partial (PR; FVIII:C 0.30–0.50 IU/mL) or no

response (NR; FVIII:C > 0.30 IU/mL). Data were analyzed by uni-

variate/multivariate analyses (adjusted for age, CR in family members,

bFVIII:C, Body Mass Index) or Chi-Square test where appropriate.

Results: Data on the first 311 patients are presented. Median age was

31 years (IQR 1746) and median bFVIII:C and bVWF:Ag levels were

0.16 IU/mL (IQR 0.11–0.24) and 0.97 IU/mL (IQR 78122) respec-

tively. The majority (n = 260; 84%) of patients received intravenous

administration of DDAVP (0.3 lg/kg). F8 genotype, known in 233

patients (75%), displayed 67 different missense mutations. Most pre-

valent were Arg593Cys (n = 74), Asn618Ser (n = 20) and Arg2150His

(n = 11).

CR was observed in 200 patients (64%) and associated with bFVIII:C

level (adjusted relative risk for 0.01 IU/mL rise in bFVIII:C (aRR)

1.2; 95% CI 1.081.43) and CR in family members (aRR 16.05; CI

3.867.1). CR was achieved in 33% (n = 1) with bFVIII:C level

> 0.05 IU/mL, in 26% (n = 13) with bFVIII:C level 0.05–0.09 IU/mL,

in 43% (n = 33) with bFVIII:C level 0.1–0.14 IU/mL and in 85%

(n = 153) with bFVIII:C level ≥ 0.15 IU/mL. CR in family members

was present in 75 of the 122 patients (62%).

Differences in the proportion of patients achieving CR in the three

most prevalent mutations were observed. The best response was

observed for Asn618Ser (median bFVIII:C = 0.24 IU/mL; IQR

0.170.32): 95% achieved CR. CR was present in 66% of the

Arg593Cys patients (median bFVIII:C = 0.16 IU/mL; IQR 0.12–
0.21). Patients with Arg2150His (median bFVIII:C = 0.08 IU/mL;

IQR 0.06–0.09) had a significantly lower response than the rest of the

population (P > 0.043): only 36% achieved CR, possibly explained by

the FVIII secretion and VWF binding defect of this mutation.

None of the patients with the following four of the 14 most prevalent

mutations achieved CR: Pro130Arg, Gly1960Val, Trp2229Cys and

Pro2300Leu (median bFVIII:C = 0.07 IU/mL; IQR 0.06–0.10). Struc-
tural defects of FVIII are likely present in Gly1960Val and

Trp2229Cys. Pro2300Leu causes a FVIII secretion and VWF binding

defect. The defect caused by Pro130Arg is still unclear.

Conclusion: The response to DDAVP is associated with FVIII muta-

tion, baseline FVIII:C levels and the response in family members.

OC 67 – Coagulation Factor XIII

OC 67.1
Major roles for FXIII-A and transglutaminase 2 in
maintaining cardiovascular tissue integrity
Pease RJ1, Newell LM2, Standeven KF1, Grant PJ1 and Jackson CL2

1University of Leeds, Leeds; 2University of Bristol, Bristol, UK

Introduction: In addition to its key role in cross-linking fibrin to stabi-

lize blood clots, factor FXIII-A may be involved in tissue repair. This

function is also undertaken by the closely homologous enzyme, trans-

glutaminase 2 (TG2). TG2 is widely expressed while FXIII-A is

expressed in cells of the megakaryocyte, monocyte and chondrocyte

lineages. Both enzymes are expressed in cardiac tissue and arterial

wall. Besides tissue repair, FXIII-A and TG2 have been suggested to

play overlapping roles in pathways that are essential for normal devel-

opment, including bone deposition and macrophage function.

Aim: To determine the roles of these transglutaminases in cardiovascu-

lar repair by breeding mice deficient in one or both enzymes upon an

apoE negative background.

Methods: Basal expression of mRNA levels in tissues from saline-per-

fused mice (n = 10 per genotype) was assessed in animals at 8–
10 weeks. Starting at 6–8 weeks, male mice (n = 30 per genotype) were

fed a rodent diet containing 21% lard and 0.15% cholesterol for

12 weeks. Female mice at 6–8 weeks (n = 12 per genotype) were sub-

jected to left carotid artery ligation or to sham ligation for a period of

28 days. At termination, fat-fed and ligated mice were perfusion fixed

with buffered formalin.

Results: Mice of all genotypes, including apoE/FXIII-A/TG2 triple

knockout mice, displayed normal skeletal development as assessed by

dual energy X-ray absorption measurements. No compensatory induc-

tion of mRNA encoding other transglutaminases was observed in the

hearts, spleens, bones or livers of transglutaminase knockout mice.

Increased expression of mRNAs encoding haeme oxygenase and

CD163 was observed in the hearts of apoE/FXIII-A/TG2 triple
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knockout mice, suggesting an influx of macrophages. Upon fat feed-

ing, there was no difference between genotypes in plaque area in the

aortic sinus or in buried fibrous caps per unit plaque area in the

brachiocephalic artery, the latter being an index of plaque rupture.

However extensive cardiac fibrosis (averaging 17% of ventricular vol-

ume) was observed in the hearts of 20/28 surviving apoE/FXIII-A/

TG2 triple knockout mice, while milder fibrosis (4% of ventricular vol-

ume) was detected in 3/30 apoE/FXIII-A double knockout mice, but

not in mice of other genotypes, (P > 0.0001). Fibrosis appeared to be

secondary to extravasation of blood. Carotid ligation led to frequent

arterial rupture (6/12 by 10 days) in apoE/FXIII-A/TG2 triple knock-

out mice, but not in mice of other genotypes, (P = 0.004). Although

frequent elastic lamellar breakages and vessel dilation occurred in

apoE/TG2 double knockout mice, these lesions did not progress to

rupture.

Conclusions: Neither FXIII-A nor transglutaminase 2 protects against

atherosclerotic plaque expansion and rupture in a mouse atherosclero-

sis model. However both transglutaminases maintain the integrity of

the cardiac microvasculature against leakage and protect the arterial

wall against mechanical damage.

OC 67.2
Functional characteristics of coated platelets
Mattheij N1, Berny-Lang MA2, Van De Vijver P1, Hackeng TM1,

McCarty OJT3, Cosemans JMEM1 and Heemskerk JWM1

1Maastricht University, Maastricht, the Netherlands; 2Harvard

Medical School, Boston, MA; 3Oregon Health and Science

University, Portland, OR, USA

Introduction: Collagen and thrombin stimulate platelets into a popula-

tion known as ‘coated’ platelets, which have been characterized in

three distinct ways: (i) irreversible binding of factor V, fibrinogen and

other proteins via transglutaminase-mediated cross-linking; (ii) high

aIIbb3-independent binding of fibrinogen; (iii) surface exposure of

phosphatidylserine (PS). Functional studies suggest roles for coated

platelets in the local assembly of a-granular proteins and in the stimu-

lation of thrombin generation. However, it is unclear how ‘coated’

platelets differentiate from ‘procoagulant’, PS-exposing platelets

formed under different conditions.

Aim: Investigate the functional characteristics of ‘coated’ and ‘proco-

agulant’ platelets.

Methods: Washed human platelets in CaCl2-containing buffer were

stimulated with combinations of thrombin, PAR1/PAR4 peptides,

convulxin (collagen receptor agonist) or ionomycin (Ca2+ ionophore).

Platelets in partially fibrinogen-depleted plasma were triggered with

tissue factor plus CaCl2. Subpopulations of activated platelets were

identified by dual-color flow cytometry, using labeled fibrinogen, coag-

ulation factors and a fluorescently labeled transglutaminase-dependent

probe, A14 a2-antiplasmin (A14-aAP). Thrombin generation was

measured using the calibrated automated thrombogram (CAT) assay.

Results: Stimulation with convulxin/thrombin resulted in a platelet

population binding annexin A5, factor Va and factor Xa. These plate-

lets persistently showed high fibrinogen binding (the level of which

increased with concentration of thrombin), but gradually decreased

PAC1 mAb binding, indicating inactivation of aIIbb3. The same plate-

lets stained positively for fibrin with an anti-fibrin mAb, and readily

incorporated A14-aAP via transglutaminase activity, as indicated by

specific inhibition of either factor XIIIa or tissue-type transglutamin-

ase. Platelet stimulation in plasma with tissue factor/CaCl2 resulted in

a large platelet population with the same characteristics. Formation of

these platelets correlated with the extent of thrombin generation.

Addition of factor XIII increased fibrinogen binding to these platelets,

but was without effect on thrombin generation.

Platelet stimulation with the Ca2+-elevating agonists, convulxin/

PAR1 peptide, convulxin/PAR4 peptide or ionomycin provoked high

binding of annexin A5 and coagulation factors. These agonists again

enhanced thrombin generation, but did not produce high fibrinogen

binding, fibrin staining or A14-aAP incorporation. Finally, platelet

stimulation with convulxin or thrombin alone resulted in minimal

binding of annexin A5, low binding of fibrinogen and PAC1 mAb, and

no binding of coagulation factors nor A14-aAP.

Summary/Conclusion: These findings indicate that A14-aAP, incorpo-

rated via factor XIIIa and tissue-type transglutaminase, specifically

detects platelets with high fibrinogen binding and fibrin staining, which

are generated by collagen/thrombin co-stimulation. By implication,

‘coated’ platelets should be considered as platelets with a fibrin coat,

collecting multiple functional proteins. These platelets are highly active

in supporting thrombin generation.

OC 67.3
Pharmacokinetics of recombinant FXIII at steady-state
in patients with congenital FXIII A-subunit deficiency
Kerlin B1, Brand B2, Inbal A3, Halimeh S4, Nugent D5,

Lundblad M6 and Tehranchi R6

1Nationwide Children’s Hospital, Columbus, OH, USA;
2University Hospital Zurich, Zurich, Switzerland; 3Tel Aviv

University, Tel Aviv, Israel; 4Medical Thrombosis and

Haemophilia Treatment Center, Duisburg, Germany;
5Hematology, CHOC Children’s Hospital/UC Irvine Medical

School, California, USA; 6Novo Nordisk A/S, Søborg, Denmark

Background: A comprehensive understanding of the steady state phar-

macokinetics (PK) of recombinant FXIII (rFXIII) has been obtained

in patients with congenital FXIII A-subunit deficiency, and the hae-

mostatic coverage during long-term prophylaxis is described in detail.

Aims: The objective of this investigation was to obtain and thoroughly

describe the PK of rFXIII at steady-state in patients with congenital

FXIII A-subunit deficiency, as part of a once monthly prophylaxis

dosing schedule.

Methods: Steady-state PK has been investigated in this on-going,

multi-centre, multi-national, open-label, single-arm, repeat dose phase

3b, safety and efficacy trial in patients with congenital FXIII A-sub-

unit deficiency. Each patient is participating for at least 52 weeks dur-

ing which they are receiving monthly (28 � 2 days) intravenous (i.v.)

injections of rFXIII (35 IU/kg).

All patients were offered to participate in the steady-state PK sampling

and in total 23 out of 55 patients consented. Blood samples for PK

assessments were collected at the following time points: Pre-dose

(immediately prior to dosing), 1, 2 h, 3, 7, 14, 21 and 28 days post-

dose. The Berichrom� FXIII activity assay was used for measurement

of FXIII activity and thus the method used for the primary PK evalua-

tion. The PK parameters were calculated using non-compartmental

statistical methods, without prior baseline adjustment. At each PK

sampling time point information regarding adverse events and bleed-

ing episodes were collected and additional blood samples for FXIII

enzyme linked immunosorbent assay were drawn. Furthermore, anti-

body assessments were performed pre-dose and and at day 28 post-

dose (prior to the subsequent rFXIII administration).

Results: The PK results show a mono-exponential decline in FXIII lev-

els, following first-order elimination with a mean half-life of 13.9 days.

The mean FXIII activity levels for the cohort were above 0.1 IU/mL

throughout the 28-day PK period, including pre-dose. The mean clear-

ance was 0.15 mL/h/kg, with a Cmax level of 0.89 IU/mL and mean

Ctrough value of 0.17 IU/mL. From the total of 139 individual activity

measurements obtained during the PK session, all but two were above

0.1 IU/mL throughout the entire dosing interval. One of the two low

activity levels occurred at day 28, in a patient with a few previous occa-

sions of low activity levels, and the other occurred at day 14 in another

patient. The subsequent activity levels in this patient were well above

0.1 IU/mL. Bleeding episodes did not occur in any of the patients dur-

ing the PK session and no antibodies against rFXIII were detected

during the entire trial period. The participating patients had all

received at least 10 doses of rFXIII prior to the PK session and Cmax
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and Ctrough activities were demonstrated to be constant over time when

compared to the previously obtained activities in the same patients.

Summary: These data indicate that the clearance of rFXIII is unaf-

fected over time and monthly prophylaxis with 35 IU/kg rFXIII is suf-

ficient to achieve adequate FXIII activities to prevent spontaneous

hemorrhage in patients with congenital FXIII A-subunit deficiency.

OC 67.4
Spatial distribution and co-localization of fibrinogen
and platelet-derived factor XIIIa on the activated
platelet subpopulations
Obydennyy SI, Kotova YN, Ataullakhanov F and Panteleev MA

Center for Theoretical Problems of Pharmacology, Moscow,

Russia

Background: Activated platelets include three different subpopula-

tions: (i) uncoated platelets, ameboic-shaped platelet with low intracel-

lular calcium (Ca-), active integrin aIIbb3, absence of

phosphatidylserine (PS-) and low quantity of fibrin(ogen) on the sur-

face (Ca-/PS-); (ii) coated platelets, balloon-shaped platelets with high

intracellular calcium (Ca+), inactive integrin aIIbb3, presence of PS

and high quantity of fibrinogen on the surface (Ca+/PS+); (iii) recently
discovered platelets with low intracellular calcium, active integrin

aIIbb3, and presence of PS on the surface (Ca-/PS+), with unstudied

morphology.

Aims: Our research is aimed to better characterize the third subpopula-

tion and localization of adhesive proteins and factor XIIIa on their

surface.

Methods: Washed gel-filtered platelets were activated with 100 nM

thrombin and/or CRP at 20 lg/mL. The cells were stained with differ-

ent fluorescent dyes for identification of the subpopulations (PAC1 for

integrin aIIbb3 condition and/or Annexin V for PS presence/absence

on the surface and/or fura red for intracellular calcium level), with spe-

cific antibodies, and then examined with the Zeiss Axio Observer Z1

confocal microscope on the surface covered with fibrinogen or colla-

gen in order to see the morphology for alive and fixed subpopulations.

In addition, all samples were analysed using Accuri C6 flow cytometer.

Results: The images showed both adherent Ca-/PS+ and Ca-/PS- cells

with filopodia. The experiment with fixed cells in suspension (before

platelet adhesion) demonstrated that Ca-/PS+ and Ca-/PS- also looked

alike. The total fibrinogen levels on the coated platelets were increased,

while those of factor XIIIa were not. However, both fibrinogen and

factor XIIIa on the surface of the coated platelets were co-localized

and concentrated on a single spot instead of a uniform distribution.

Every coated platelet had only one such spot, and its size was several-

fold smaller than the full size of the cell. Both CRP and thrombin

induced the spot formation, although thrombin was required to obtain

high total fibrinogen coating. The concentration of PS was higher in

the spot than in other parts of the cell. In every case of aggregate for-

mation involving Ca-/PS- with Ca+/PS+ platelets, they demonstrated

location of the spot in the area of cells’ contact. The 3D reconstruction

of a typical coated platelet with the fibrin(ogen) spot and of the plate-

let aggregate were obtained.

Conclusions: The main aggregation mediator fibrinogen is co-localized

with the major crosslinking enzyme factor XIII in a small area of the

balloon-shaped Ca+/PS+ platelet surface, where it mediates aggrega-

tion of the coated platelets. The Ca-/PS+ and Ca-/PS- cells are similar

in their morphology suspension and on the surface.

The study was supported by the Russian Foundation for Basic

Research grants 12-04-31401, 12-04-31788, 12-04-32246, 12-04-31873,

12-04-33055.

OC 68 – Coagulation Factor:
Structure and Function

OC 68.1
Molecular and structural determinants of high affinity
membrane binding in coagulation factor V
Kumar S1, Stayrook S2, Huntigton JA3, Camire RM1

and Krishnaswamy S1

1Children’s Hospital of Philadelphia; 2University of Pennsylvania,

Philadelphia, PA, USA; 3Cambridge University, Cambridge, UK

In mammalian coagulation, high affinity membrane binding of factor

Va is vital for facilitating the assembly of prothrombinase and the

enhanced formation of thrombin at the site of vascular damage. In

contrast, the venom of Pseudonaja textilis contains a non-hemostatic,

constitutively active factor Va-like protein (VPtex) which can tightly

bind to a factor Xa-like venom protein in a membrane independent

fashion. Membrane-independent thrombin formation by this complex

may lead to disseminated and consumptive coagulopathy after enven-

omation. VPtex shares high sequence identity (53%) to human factor V

(hV) and has a common A1-A2-B-A3-C1-C2 domain organization.

Our high-resolution (1.95 �A) x-ray structure of recombinant VPtex clo-

sely mimics those seen at a lower resolution for inactivated bovine fac-

tor Va lacking the A2 domain and full length B-domainless human

factor VIII (hVIII). Surprisingly, despite having all the critical mem-

brane binding structures in the C-domains, VPtex showed negligible

binding to membranes with an estimated 103-fold weaker affinity than

that of hV. Expecting that this non-hemostatic feature was unlikely to

be replicated in FV from the plasma of the snake, we compared the C-

domain sequences of the two different forms of FV and found nine dif-

ferences (5 in C1 and 4 in C2-domains) that were closely spaced in the

crystal structure. Substitution of these residues in VPtex yielded a deriv-

ative (VPtexC1C2) that bound to membranes with high affinity in a

manner equivalent to hFV. The newly acquired function of membrane

binding in VPtexC1C2 does not affect its ability to function in solution,

suggesting that membrane binding and solution-phase function are

controlled independently. Surprisingly, the individual C-domain

mutants (VPtexC1 and VPtexC2) also retained significant membrane

binding ability. However, we observed a lack of additivity of the bind-

ing energy contributions from the individual C-domains in VPtexC1C2.

The large energetic loss (�8.7 Kcal/mole) implies that a significant

conformational rearrangement accompanies membrane binding. This

corroborates well with the higher thermal factor observed in the C-

domains of structures of VPtexC1C2 and VPtexC2 as compared to VPtex,

suggesting that disorder in these domains is intrinsic to membrane

binding. This is also supported by the fact that in stopped-flow light

scattering studies VPtex showed an association rate constant identical

to hV and VPtexC1C2. This suggests that the membrane binding defect

in VPtex lies in a faster dissociation rate of the protein-membrane com-

plex. This is also in line with the finding that substitution of Leu for

Pro2070 in VPtexC1C2 completely abolished membrane binding.

Pro2070, a key residue in C2-domain was found to be mutated to Leu

in Paul Owren’s original patient that caused severe clotting deficiency

and several episodes of unexplained bleeding. Close proximity of

Pro2070to some of the residues introduced in VPtexC1C2 explains why

individual mutations in this area have severe consequences for mem-

brane binding. Our findings provide new structural and functional

insights into how high affinity membrane binding is achieved by coag-

ulation factor V.
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OC 68.2
Cleavage of factor V by thrombin at Arg709 is
dependent on the integrity of amino acid region
1000–1008 of the procofactor
Na M, Wiencek JR and Kalafatis M

Cleveland State University, Cleveland, OH, USA

Background: The desirable process of hemostasis is the direct conse-

quence of the generation of thrombin by the prothrombinase complex.

Prothrombinase is a stoichiometric complex between factor Va (fVa)

and factor Xa (fXa) assembled on a procoagulant membrane surface

in the presence of divalent metal ions. Factor V (fV) is a multi-domain

procofactor with minimal procoagulant activity. Upon activation by

thrombin following three sequential cleavages at Arg709, Arg1018, and

Arg1545 the resulting fVa molecule has maximum procoagulant activity

resulting in the tight interaction with the members of prothrombinase.

It has been well established that cleavages at Arg709 and Arg1545 are

required for proper activation and optimum cofactor function. How-

ever, it is not clear which activating cleavage site has the maximum de-

stabilizing effect on the procofactor and what regions of the B domain

are required for proper thrombin cleavage. We have shown that amino

acid region 1000–1008 from the B domain is a regulatory sequence

needed to keep fV in a quiescent state.

Aim: To study the effect of region 1000–1008 from the B domain on

thrombin cleavage at Arg709/Arg1545 and subsequent heavy and light

chain formation.

Methods: We generated full length recombinant fV mutant molecules

by deleting the highly conserved region 1000–1008 (ΔB9) and by

mutating one or two of the activating cleavage sites from arginine to

glutamine. We have generated recombinant factor V molecules as fol-

lows: fVΔB9/QQR (only cleavage at Arg1545 available with region 1000–
1008 deleted), fVQQR (only cleavage at Arg1545 available), fVΔB9/RRQ

(cleavages at Arg709 and Arg1018 available with region 1000–1008
deleted), fVRRQ (cleavages at Arg709 and Arg1018 available). The

recombinant fV proteins were expressed transiently in mammalian

COS-7 cells and purified to homogeneity. The functional activity of

the recombinant mutants was assessed by clotting assay and by pro-

thrombinase assays using a chromogenic substrate to assess for throm-

bin formation. The appearance of the heavy and light chain of fV

following incubation with thrombin was visualized following SDS-

PAGE and staining with silver. In some experiments the fV fragments

were also visualized by immunoblotting with specific monoclonal anti-

bodies to fV.

Results: Clotting assays revealed that recombinant molecules

fVΔB9/QQR and fVΔB9/RRQ have clotting similar to fVaWT before and

after activation with thrombin. SDS-PAGE demonstrates that while

thrombin activation of fVRRQ resulted in the appearance of the heavy

chain only, fVΔB9/RRQ shows resistance to thrombin and no heavy

chain formation. In contrast, SDS-PAGE demonstrates that thrombin

activation of both fVQQR and fVΔB9/QQR resulted in the appearance of

the light chain. Kinetic analyses revealed that the KD of fVaΔB9/QQR

for fXa is ~0.5 nM which is similar to that of fVaPLASMA. Finally,

while prothrombinase assembled with fVaRRQ and fVaQQR have values

similar to the kcat of prothrombinase assembled with fVaWT, the kcat
values for prothrombinase assembled either fVaΔB9/QQR or fVaΔB9/RRQ

were decreased by approximately fivefold.

Conclusion: Our data clearly shows that amino acid region 1000–1008
from the B domain is required for thrombin cleavage at Arg709. Any

defects in this regulatory region from the B domain will result in defec-

tive fV activation.

OC 68.3
Design of a potent phospholipid membrane-dependent
Factor VIIa variant
Nielsen AL1, Ruf W2, Holmberg HL1, Buchardt J1, Sørensen B1,

Olsen OH1 and Østergaard H1

1Novo Nordisk A/S, M�aløv, Denmark; 2Scripps Research Institute,

La Jolla, CA, USA

Background: Association of FVIIa with its cellular receptor tissue fac-

tor (TF) renders it biologically active and capable of inducing coagula-

tion. TF functions by facilitating the conformational transition of

FVIIa into an active protease and further provides an extended recog-

nition interface for the macromolecular substrates FIX and FX. Both

features are recapitulated by the soluble ectodomain of TF (sTF) and

were exploited in the design of a novel procoagulant molecule by cova-

lent coupling of FVIIa to sTF through an engineered interface-span-

ning disulfide. In the absence or presence of phospholipid membranes,

this molecule (7TF) activates FX with rates two and four orders of

magnitude greater, respectively, than wild-type FVIIa and demon-

strates superior potency in human FVIII depleted whole blood.

Aim: In an attempt to further localize the activity of 7TF to the mem-

brane surface, the M306D substitution [1] was introduced in order to

abrogate the allosteric communication between sTF and FVIIa, while

preserving the contribution from exosites. This approach was based on

the hypothesis that the membrane independent activity of the FVIIa-

sTF complex predominantly originates from the conformational acti-

vation of FVIIa. The aim of the current study was to characterize the

functional properties of 7TF-M306D in vitro and its haemostatic effect

in vivo.

Methods: The complex was characterized using standard chromogenic

amidolytic and proteolytic assays [1]. Subsequently, the effect of the

complex in FVIII-deficient human and murine whole blood triggered

by kaolin was evaluated by thromboelastography, while the in vivo

haemostatic effect was assessed in the tail-clip model in FVIII�/�
mice [2].

Results: The disulfide-linked complex was isolated from conditioned

medium, following co-expression of FVIIa Q64C/M306D and sTF

G109C in BHK cells. Unlike 7TF and FVIIa saturated with sTF, the

7TF-M306D complex was susceptible to chemical modification of I16

and bound the conformation specific antibody F3-3.2a [3], indicating

that the protease domain retained zymogen-like features resembling

those of free FVIIa. This was supported by measured amidolytic- and

proteolytic activities in solution which were a modest two- and nine-

fold higher than FVIIa, respectively. In striking contrast, 7TF-M306D

retained high activity in the presence of phospholipid membranes

where the rate of FX activation was 2400-fold faster than free FVIIa.

The membrane-dependent activity of 7TF-M306D also translated into

improved haemostatic function in more physiological systems, where

potency estimates in FVIII-deficient human and murine whole blood

as well as in the tail-clip model in FVIII�/� mice were consistently

about 100-fold higher than wild-type FVIIa.

Conclusions: FVIIa variants with enhanced haemostatic activity may

provide superior therapeutic options in the treatment of people with

inhibitor-complicated haemophilia as suggested by clinical studies [4].

The present study outlines a novel approach for increasing the activity

of FVIIa in a membrane-localized manner by selectively optimizing

substrate recognition on the membrane surface through conjugation

to the ectodomain of its natural cofactor.

References:

1. Persson et al. 2001, 40:3251–3256.
2. Holmberg et al. 2009, J Thromb Haemost, 7:1517–1522.
3. Dickinson et al. JMB, 1998, 277:959–971.
4. De Paula et al. 2012, J Thromb Haemost, 10:81–89.
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OC 68.4
A novel chimeric Factor IX-VIIa molecule confers
effective hemostasis with reduced thrombogenicity in
vivo
Feng D1, Boulaftali Y2, Bergmeier W1 and Stafford D1

1Univeristy of North Carolina Chapel Hill, Chapel Hill;
2McAllister Heart Institute, University of North Carolina at

Chapel Hill, Chapel Hill

Recombinant human activated Factor VII (rFVIIa) has been used for

many years as a pro-hemostatic agent in hemophilia patients with

inhibitory antibodies. Recently, its off label use has been expanded to

the treatment of traumatic bleeding and intracerebral hemorrhage.

The pro-hemostatic properties of rFVIIa have some thrombotic risk

associated with its use. In animal studies, early mortality attributable

to thrombosis was observed in transgenic mice expressing high levels

of FVIIa. At pharmacologic doses, rFVIIa can directly activate factor

X on the surface of activated platelets, resulting in a thrombin burst

and acceleration of coagulation. But there is controversy about

whether the dominant effect of high dose rFVIIa is TF dependent or

independent. Our goal was to determine if rFVIIa as used therapeuti-

cally requires TF for its action and to generate rFVIIa with reduced

thrombogenicity for the treatment of bleeding disorders especially

under clinical conditions where tissue factor (TF) is exposed. We

hypothesized that if the phospholipid dependent mechanism is domi-

nant, then a FVIIa variant with much reduced affinity for TF would

be as active but less thrombogenic as rFVIIa. To test our hypothesis,

we generated a murine chimeric FIX-FVIIa molecule containing the

Gla and EGF1 domains of FIX, which have low affinity to TF. Using

purified recombinant proteins, we showed that the binding affinity of

this chimeric FIX-FVIIa molecule for either human or mouse TF was

reduced to unmeasurable levels while its hemostatic activity was

retained. In hemophilia B mice, purified chimeric FIX-FVIIa stopped

saphenous vein bleeding as well as FVIIa indicating that the activity of

recombinant FVIIa is independent of TF. Importantly, rFVIIa, but

not chimeric FIX-FVIIa, worsened thromboplastin-induced pulmo-

nary thromboembolism in mice. Our results strongly suggest that TF

does not contribute to the activity of rFVIIa when it is used for treat-

ing trauma or hemophilia patients with inhibitors. Our results also

suggest that this chimeric FIX-FVIIa molecule may be less thrombo-

genic than the currently available rFVIIa.

OC 69 – Disseminated Intravascular
Coagulation

OC 69.1
Histones and DNA infusion in baboons induces
inflammation, coagulopathy and complement
activation leading to organ failure and death
Lupu F1, Silasi-Mansat R1, Xu J1, Keshari RS1, Peer G2, Taylor B1,

Lupu C1, Kinasewitz GT2 and Esmon CT1

1Oklahoma Medical Research Foundation; 2Oklahoma University

Health Sciences Center, Oklahoma City, OK, USA

Background: Our group has shown that nucleic material (histones and

DNA) are released in the extracellular environment in response to

inflammatory challenges and are important mediators of sepsis-

induced organ failure and death in small animal models (Nat Med.

2009 Nov;15(11):1318–21).
Aims: To characterize the effects of histones and histones-DNA com-

plexes on the inflammatory and coagulopathic responses and organ

function in baboons.

Methods: Baboons were infused with histones, or histones-DNA com-

plexes as either single bolus, continuous single-dose or step-increase

infusions. Vital signs were monitored and blood and tissue samples

were analyzed for biomarkers of inflammation, coagulation, comple-

ment activation and organ function.

Results: Histone and histone-DNA infusion resulted in (i) hypotension

with tachycardia, tachypnea and hyperthermia; (ii) platelets and coag-

ulation activation, leading to thrombocytopenia, disseminated intra-

vascular coagulation and subsequent consumptive coagulopathy; (iii)

leucopenia and production of inflammatory cytokines; and (iv) com-

plement activation. These responses lead to: (i) increased vascular per-

meability and hemoconcentration, intra-alveolar hemorrhage, and

fibrin deposition, interstitial edema and hypoxia, all suggestive of

acute respiratory distress syndrome; (ii) liver dysfunction, as shown by

increased transaminases; (iii) renal failure, as shown by increased levels

of creatinine, BUN, and metabolic acidosis. These changes reflected

progressive multiple organ failure that ultimately was fatal.

Infusion of histones alone was more cytotoxic and coagulopathic than

histone-DNA complexes. However, histone-DNA infusion was a more

potent inducer of inflammation and complement activation than hi-

stones alone. In vitro whole blood assays showed that histone-DNA -

induced cytokine production is at least in part mediated by C5a -medi-

ated signaling.

Summary/Conclusions: Our data demonstrate that infusion of histones

and histones-DNA induces many of the major pathophysiological fea-

tures of sepsis-induced multiple organ failure.

OC 69.2
Hitting the sweet-spot in sepsis: modulation of
histones and CXCL4 (platelet factor 4) effects on
activated protein C
Kowalska MA1, Kowalska MA1, Zhao G1, Zhai L1, Marcus S2,

Krishnaswamy S3 and Poncz M1

1The Children’s Hospital of Philadelphia, Philadelphia, PA;
2ParinGenix, inc, Weston, FL; 3University of Pennsylvania,

Philadelphia, PA, USA

Background: Histones release is detrimental in late sepsis and activated

protein C (aPC) reduces this effect. Therapeutic interventions in sepsis

include modulation of the aPC levels and use of heparin, but with lim-

ited success. We and others have shown that generation of aPC by

thrombin (IIa) complexed to thrombomodulin (TM) that contains CS

sidechains (TMCS) can be accelerated, both in vitro and in vivo, by pos-

itively-charged molecules like platelet-released CXCL4 or infused

protamine sulfate (PRT). In murine endotoxic models, platelet

CXCL4 levels correlated with improved outcome. CXCL4 affects aPC

generation by IIa-TMCS along a bell-shaped curve with peak at a spe-

cific optimal ‘sweet spot’ CXCL4:TMCS molar ratio. Heparin, which

binds CXCL4 with greater affinity than TM’s CS, effectively reduces

available CXCL4, shifting aPC-generation bell-shaped curve to the

right.

Aims: Histones are positively-charged small proteins like CXCL4 and

PRT. Do histones affect aPC generation by the same mechanism as

CXCL4 and PRT? Does the presence of CXCL4 and/or heparin influ-

ence histones’ effect. Further, can these new insights be used to gener-

ate novel therapeutic strategies? We examine whether oxygen-

desulfated heparin (ODSH), with its marked decrease in anticoagulant

effect compared to heparin, is such a therapy.

Methods: In vitro, the rate of aPC formation was measured using vary-

ing concentrations of a mixture of all four histones in the presence of

IIa and soluble (s) TMCS either in the absence or presence of CXCL4

and heparinoids: unfractionated heparin (UFH) or ODSH. In vivo, we

measured the effect of intravenously injected histones and/or CXCL4

on plasma aPC levels and activated partial thromboplastin time

(aPTT) generation in mice in the presence or absence of low-dose IIa

and/or pre-injected UFH or ODSH.

Results: In vitro, histones enhance aPC generation by IIa in the pres-

ence of sTMCS additively with CXCL4 with a peak enhancement of 3–
5-fold. This bell-shaped enhancement was shifted rightward by hepari-
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noids. Similar outcomes were seen in in vivo aPC generation studies in

CXCL4 null mice infused with histones � CXCL4 � heparinoids. In

high-dose histone injection studies, both UFH and ODSH are effective

at decreasing lethality, but only mice treated with ODSH demon-

strated corrected aPTT and return of measureable levels of aPC. Gen-

eration of aPC and lethality correlated in this histone injection model

when different doses of ODSH were infused.

Summary/Conclusions: Histones and CXCL4 are both released in sep-

sis. At low total levels, they enhance aPC generation. At high levels,

they inhibit aPC generation. Neutralization of excess histones/

CXCL4 seen in late sepsis by heparin or ODSH may shift aPC gener-

ation back towards the ‘sweet spot’ of optimal aPC generation.

However, heparin effects are compromised by its anticoagulant prop-

erties, especially the high levels needed in late sepsis, so the decreased

anticoagulant effects of ODSH may allow better dose targeting to

optimize aPC generation. These studies provide new insights into the

complex interactions controlling aPC generation, and the potential

benefit of hitting the ‘sweet-spot’ in sepsis by monitoring both aPC

and aPTT levels concurrent with ODSH therapy to improve outcome

of this life-threatening disorder.

OC 69.3
Assay method of des-HMGB1, N-terminus cleaved out
HMGB1 by thrombin-thrombomodulin, and its clinical
significance
Maruyama I1, Ito T1, Azuma Y2, Nakahara M1, Hashiguchi T1

and Yamada S2

1Kagoshima University Graduate School of Medical and Dental

Sciences, Kagoshima; 2Shino-Test Co., Tokyo, Japan

Background: HMGB1 is an intranuclear DNA binding protein with

crucial role in the accomplishment of DNA’s functions including tran-

scription. However, the protein is released to the extracellular space

when cells become necrotic. Extracellular HMGB1 acts as a proinflam-

matory and procoagulant mediator through receptor for advanced gly-

cation endproducts (RAGE) and Toll-like receptors (TLR)-2 and -4.

Thus, HMGB1 plays an important role in the pathogenesis of DIC,

endotoxin shock and multiple-organ failure. We previously developed

specific ELISA for HMGB1. We showed that the protein was

increased in the plasma from patients with DIC, sepsis and shock and

plasma HMGB1 levels and DIC-scores were correlated. We also

described that N-terminus of thrombomodulin (TM) bound HMGB1

and abolished its proinflammatory and procoagulant functions. More-

over, we identified that HMGB1 was cleaved by thrombin-TM com-

plex at Arg10-Gly11 site, generating HMGB1 lacking N-terminal 10

amino acid residues, tentatively named des-HMGB1. However the

dynamism and functional fate of this des-HMGB1 is obscure.

Aims: We established sensitive ELISA methods for HMGB1 and des-

HMGB1, and investigated the dynamism and pathophysiological sig-

nificance of these two forms of HMGB1. Then we analyzed prognostic

value of HMGB1 and des-HMGB1 in the plasma from patients with

sepsis, DIC and shock with or without recombinant TM therapy.

Methods and Results: We immunized mice with intact HMGB1 or des-

HMGB1, and successfully obtained specific monoclonal antibodies

against HMGB1 or des-HMGB1. Using these monoclonal antibodies,

we developed ELISA kits for detection of HMGB1 and des-HMGB1

which detected as low as 0.3–1 ng/mL of HMGB1 and 2–3 ng/mL of

des-HMGB1, respectively. HMGB1 was not detected in the plasma

from healthy volunteers whereas it was significantly high in the plasma

from patients with DIC, sepsis and shock. Des-HMGB1 was increased

in some samples from patients with recombinant TM therapy, suggest-

ing that the des-HMGB1might be generated by the treatment.

Conclusion: TM may have important roles for intravascular homeosta-

sis through not only converting thrombin from a procoagulant prote-

ase to an anticoagulant but also dampening the proinflammatory

activity of HMGB1. Thus assessments of HMGB1 and des-HMGB1

provide important information in the stage and severity of DIC,

shock, and systemic inflammations, and responsiveness for treatments.

OC 69.4
Consumptive coagulopathy and tissue fibrin
deposition in seasonal-, pandemic- and highly
pathogenic avian influenza infection
Goeijenbier M1, Van Den Brand JMA1, Stittelaar K2, Van Haagen

C2, Bakhtiari K3, Kuiken T1, Osterhaus ADME1, Martina BE1,

Meijers JC4 and Van Gorp ECM1

1ErasmusMc; 2Viroclinics, Rotterdam; 3Amsterdams Medisch

Centrum, Amsterdam; 4Academic Medical Center Amsterdam,

Amsterdam, the Netherlands

Background: Epidemiological studies relate influenza infection with

vascular diseases like myocardial infarction. The hypothesis that influ-

enza infection has procoagulant effects on humans has been investi-

gated by experimental animal models. However, these studies often

made use of animal models only susceptible to adapted influenza

viruses (mouse adapted influenza strains) or remained inconclusive.

Therefore we sought to measure the interaction of influenza infection

with hemostasis by investigating circulating markers of coagulation

and tissue staining for fibrin. We choose a controlled setting with a fer-

ret model susceptible for seasonal, pandemic and avian influenza

viruses with comparable infection kinetics and clinical signs and symp-

toms as seen in humans.

Aims: To study and compare the effects on blood coagulation in a set-

ting controlled for virological parameters in a well established ferret

influenza model.

Methods: Ferrets were inoculated with either a mock (non-infected cell

suspension), H3N2 (seasonal flu), H1N1 (pandemic flu) or H5N1

(avian flu). In a 14 day interval (only 4 days in H5N1) with in total

seven timepoints, four animals were euthanized per timepoint and ci-

trated plasma was tested for the prothrombin time (PT), activated par-

tial thromboplastin time (aPTT), Von Willebrand factor activity

(VWF), thrombin-antithrombin complex levels (TAT) and D-dimer.

Lung tissue was used for fibrin staining (Lendrum staining).

Results: All influenza infected animals showed significant alterations in

hemostasis parameters. More specifically on day 4 post infection a 4 s

rise in both PT and aPTT was seen in all three influenza variants

(P > 0.05). D-Dimer concentrations were increased in all three influ-

enza groups (P > 0.005) with the highest concentrations in the pan-

demic influenza group. VWF levels increased early in the infection

suggesting endothelial cell activation. VWF activity correlated with

the virulence of the different influenza viruses, with the highest

increase in the highly pathogenic avian influenza infected ferrets. Mean

TAT levels were significantly raised in both pandemic and avian influ-

enza infected ferrets from time point day 0.5 until day 4. Fibrin stain-

ing showed capillary fibrin deposits especially in H5N1 infected

ferrets.

Discussion: To our knowledge this is the first study that visualized he-

mostatic alterations in influenza virus infection in a controlled animal

model resembling human disease. The drastic changes seen in a very

short time period might be the result of consumptive coagulopathy.

Interestingly even in the seasonal influenza group, with only relatively

mild clinical ‘flu’ symptoms, infection had significant effects on sys-

temic hemostasis. These results might help in further understanding

the role of influenza infection in acute cardiovascular disease, while

future research could indicate if alterations in coagulation have an

important role in influenza pathogenesis.
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OC 70 – Haemophilia B

OC 70.1
B-LONG: results from a Phase 3 study of safety,
efficacy, and pharmacokinetics of long-lasting
recombinant factor IX Fc Fusion Protein (rFIXFc)
Powell J1, Ozelo MC2, Pasi J3, Ragni M4, Valentino LA5,

Mahlangu J6, Manco-Johnson M7, Josephson N8, Perry D9

and Pierce GF10

1University of California at Davis, Davis, CA, USA; 2INCT do

Sangue Hemocentro UNICAMP, Campinas, Brazil; 3Barts and the

London Comp Care Center, London, USA; 4University of

Pittsburgh and the Hemophilia Center of Western Pennsylvania,

Pittsburgh, PA; 5Rush University Medical Center, Chicago, IL,

USA; 6Haemophilia Comprehensive Care Centre, Johannesburg,

South Africa; 7The Children’s Hospital, University of Colorado,

Aurora, CO, USA; 8Puget Sound Blood Center, Seattle, WA, USA;
9Addenbrooks Hospital, Cambridge, UK; 10Biogen Idec, Weston,
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Background: Optimal treatment for haemophilia B is prophylaxis, with

intravenous injections of factor IX (FIX) required up to 3 times/week.

The burden of frequent injections may reduce patient adherence, lead-

ing to greater morbidity. To reduce injection frequency, a long-lasting

recombinant FIX Fc fusion protein (rFIXFc) consisting of one rFIX

molecule covalently linked to the Fc domain of immunoglobulin G1

(IgG1) was engineered. Fc fusion is an established technology that uti-

lises the endogenous IgG cycling pathway to prolong the half-life of

therapeutic proteins.

Aim: This phase 3 study evaluated safety, efficacy, and PK of rFIXFc

for prophylaxis, to treat acute bleeds, and to maintain perioperative

haemostasis in previously treated patients (PTPs) with severe haemo-

philia B (≤ 2 IU/dL [2%] endogenous FIX).

Methods:Male subjects (≥ 12 years old) with severe haemophilia B, no

history of FIX inhibitors, and ≥ 100 exposure days (ED) to FIX, were

enrolled in one of four treatment arms: Arm 1, weekly prophylaxis

(starting at 50 IU/kg; PK-driven dose adjustments); Arm 2, individua-

lised interval prophylaxis (100 IU/kg starting at every 10 days; PK-

driven dosing interval adjustments); Arm 3, episodic (on-demand)

treatment (20–100 IU/kg); and Arm 4, perioperative management. A

sequential PK subgroup in Arm 1 compared the PK profiles of rFIXFc

with rFIX (BeneFIX�). Study duration was ~72 weeks. The primary

efficacy endpoint was annualised bleeding rate (ABR), comparing

Arms 1 and 2 with Arm 3. Prophylaxis dose and interval, number of

injections required for resolution of bleeding episodes, and periopera-

tive haemostasis were also evaluated. Safety endpoints included inhibi-

tor development and adverse events (AEs).

Results: One hundred and twenty-three subjects were enrolled at 50

centres. 93.5% completed the study. Geometric mean half-life (95%

CI) was 82.1 (71.4–94.5) h for rFIXFc vs. 33.8 (29.1–39.2) h for rFIX.

The PK of rFIXFc was stable over repeated dosing. Geometric mean

time to 1% FIX trough (after a 50 IU/kg dose) was 11.2 days for

rFIXFc. Additionally, area under the concentration curve, geometric

mean residence time, and time to 3% FIX activity were significantly

increased with a decrease in clearance for rFIXFc vs. rFIX, P > 0.001.

Median ABR in Arms 1 and 2 was 2.95 and 1.38, respectively, vs.

17.69 for Arm 3. The dosing interval for subjects in Arm 2 increased

from the initial 10 days to 53.8% of subjects achieving an average dos-

ing interval of ≥ 14 days during the last 3 months on the study. Across

Arms 1–3, 90.4% of all bleeds were controlled with one injection and

> 97% of all bleeds were resolved with ≤ 2 injections. Haemostasis

was rated as excellent/good in all major surgeries performed on study.

No inhibitors were detected. One serious AE (obstructive uropathy)

was assessed by the investigator as possibly related to treatment; the

event resolved and the subject continued rFIXFc treatment in the

study.

Summary/Conclusions: rFIXFc was well-tolerated with significantly

improved PK relative to the currently-marketed rFIX. These data

demonstrate that rFIXFc may improve management of acute bleeds

and lengthen dosing intervals in prophylactic regimens for persons

with severe haemophilia B, thereby potentially improving patient

adherence and outcomes.

OC 70.2
Efficacy, PK and safety results of a Phase I/II clinical
study of recombinant fusion protein linking
coagulation factor IX with albumin (rIX-FP) in
previously treated patients with hemophilia B
Martinowitz U1, Lubetsky A1, Santagostino E2, Jotov G3,

Brutman-Barazani T1, Voigt C4, Moises T5, Jacobs I4 and

Lissitchkov T3

1The Israeli National Hemophilia Center, Chaim Sheba Medical

Center, Tel Hashomer, Israel; 2IRCCS Ospedale Maggiore (Centro

emofilia e Trombosi), Milano, Italy; 3SHAT Joan Pavel, Sofia,

Bulgaria; 4CSL Behring, King of Prussia, PA, USA; 5CSL Behring

GmbH, Marburg, Germany

Background: The standard of care for patients with severe hemophilia

B is replacement treatment with Factor IX (FIX) 2–3 times a week. A

fusion protein genetically linking recombinant human coagulation

FIX with recombinant human albumin (rIX-FP) was developed with

the aim to extend the half-life of FIX. In the completed Phase I phar-

macokinetic study, the mean half-life of rIX-FP was found to be over

five times longer than the subjects’ previous FIX. Thus, rIX-FP has

potential to prevent bleedings for longer periods, allowing reduction in

the frequency of injections compared to standard FIX and to reduce

the number of injections required to treat a single bleed.

Aims: This was a Phase I/II open-label, multicenter study of rIX-FP in

previously treated patients 12–65 years of age with severe hemophilia

B (FIX ≤ 2%). The study evaluated the safety and efficacy of rIX-FP,

including prevention of bleeding episodes during weekly prophylaxis

of rIX-FP.

Methods: After completion of a 14-day rIX-FP pharmacokinetic

assessment, 13 subjects in the prophylaxis arm received weekly pro-

phylaxis of rIX-FP for approximately 11 months, and four subjects in

the on-demand arm received rIX-FP upon occurrence of bleeding

events. The treatment doses were initially selected based upon the

pharmacokinetic profile of rIX-FP and subject’s bleeding phenotype,

and doses could be adjusted at the Investigator’s discretion.

Results: Seventeen subjects were enrolled from hemophilia treatment

centers in Israel and Bulgaria; the mean age was 26 years (range 13–
46 years). Following a single injection of 25 IU/kg rIX-FP (n = 13),

the mean FIX activity level was 3.75% and 2.67% above baseline at

Day 7 and Day 14, respectively, and the mean half-life of rIX-FP was

95 h (comparable to the previously reported Phase I data).

Over the 11 month treatment period, rIX-FP demonstrated a good

safety profile with a total of over 700 EDs. The treatment was well tol-

erated and no FIX inhibitor formation was observed. There was no

AE considered to be related to treatment with rIX-FP. No subject was

withdrawn from the study due to safety concerns or lack of hemostatic

efficacy.

All 13 prophylaxis subjects were successfully maintained on a weekly

routine regimen of rIX-FP for the entire duration of the study, with

annualized spontaneous bleeding rates of 1.255 and 1.134 (mean and

median respectively). Furthermore, three prophylaxis subjects who

received only on-demand treatment prior to study entry had > 80%

reduction in the annualized bleeding rate compared to their annualized

bleeding rate prior to study entry. All bleeding events were treated suc-

cessfully with ≤ 2 injections of rIX-FP, with approximately 90% of

bleeds treated with a single injection of rIX-FP. The mean weekly con-

sumption of rIX-FP was reduced markedly compared to the subjects’

weekly consumption of the previous FIX product.
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Conclusion: This Phase I/II study demonstrated the clinical efficacy of

rIX-FP for once weekly routine prophylaxis to prevent spontaneous

bleeding episodes and for the treatment of bleeding episodes. In addi-

tion, rIX-FP showed an excellent safety and an improved PK profile

over currently marketed factor IX products.

OC 70.3
Healing defects in both cutaneous and joint wounds
are improved by extending factor IX activity during
healing using glycoPEGylated factor IX
Monahan PE1, Sun J1, Hua B2, Mickelson J1, Livingston EW1, Lau

AG1, Bateman AT1, Ezban M3, Hoffman M4 and Monroe D1

1University of North Carolina at Chapel Hill, Chapel Hill, NC,

USA; 2Peking Union Medical College Hospital, Beijing, China,

China; 3Novo Nordisk A/S, M�aløv, Denmark; 4Duke University,

Durham, NC, USA

Background: Wound healing requires a complex series of interactions

between coagulation, inflammation, angiogenesis, cellular migration,

and proliferation. We previously demonstrated abnormal wound

healing in hemophilia B (FIX�/�) mice using an excisional dermal

wound model. Restoring normal hemostasis at the time of wounding

with a single hemostatic dose of recombinant factor IX (rFIX, Bene-

FIX�, Pfizer) did not normalize healing. Instead, hemostasis was

required throughout the healing process. Hemorrhage into joints

leading to hemarthropathy is hemophilia’s most common complica-

tion. Prophylactic clotting factor replacement is the standard of care

to prevent hemophilic arthropathy, but requires frequent intravenous

dosing. To improve patient adherence and quality of life with this

demanding therapy, enhanced pharmacokinetic properties have been

achieved via glycopegylation of recombinant factor IX (N9-GP,

NovoNordisk).

Aims: We examined whether parallels exist between the defects of

wound healing in the cutaneous wound model and the events following

hemarthrosis, modeled in FIX�/� mice. We also examined whether

extended factor IX activity, achieved using N9-GP, normalizes defects

in each wound model.

Methods: In a dose-finding study, a single intravenous dose of 1.5 mg/

kg N9-GP (equivalent to ~250 U/kg) following joint hemorrhage pro-

vided moderate protection from the development of synovitis and was

chosen for subsequent studies. To examine cutaneous wound healing,

3 mm wound was placed on the back of FIX�/� mice or wild-type

(WT) mice. Some FIX�/� mice were treated before wounding with

N9-GP 250 U/kg I.V.

To examine joint wound healing, unilateral joint hemorrhage was

induced in additional FIX�/� or WT mice by needle puncture of the

knee joint capsule. Following wounding, FIX�/� mice were treated

intravenously with either Normal Saline, with N9-GP 250 U/kg, or

with rFIX 250 U/kg. Two weeks following induction of hemarthrosis,

joints were collected, the articulating bones evaluated with Micro-

Computerized Tomography (MCT), and tissue histology evaluated.

Results: In contrast to a single dose of unmodified rFIX, cutaneous

healing of FIX�/� mice was significantly shortened by a single dose of

N9-GP, and wound sizes during healing resembled WT.

Hemarthrosis resulted in severe synovitis in untreated hemophilic mice

(Valentino synovitis grade 5.9 on scale of 0–10) compared to WT mice

(0.87 out of 10). A single 250 U/kg dose of rFIX minimally protected

the joint (mean synovitis grade 3.7) compared to 250 U/kg N9-GP

(mean synovitis grade 1.8). Histologic parameters of healing, including

neoangiogenesis and CD68+ macrophage infiltration/residence, were

also improved by N9-GP when compared to unmodified rFIX. Iron

deposition was essentially eliminated. Additional rFIX or N9-GP

doses at day 7 did not affect parameters examined at day 14. By MCT,

a quantitative calculation of the bony degradation at the articular sur-

face demonstrated N9-GP and WT groups to be similar, but signifi-

cant roughening of boney contours in all other groups.

Conclusion: Parallel observations in the cutaneous and joint injury

models demonstrate that wound healing is impaired in hemophilia B

mice. Extended factor IX activity from a single dose of N9-GP admin-

istered at the time of wounding significantly improves healing rate and

histology, compared to an equivalent dose of conventional rFIX.

OC 70.4
Ribosome readthrough accounts for secreted
full-length factor IX in hemophilia B patients with
nonsense mutations
Campioni M1, Caruso P1, Canella A1, Tagariello G2, Castaman G3,

Giacomelli S3, Belvini D2, Pinotti M1 and Bernardi F1

1University of Ferrara, Ferrara; 2Hospital of Castelfranco Veneto e

Montebelluna, Castelfranco Veneto; 3San Bortolo Hospital,

Vicenza, Italy

Background: onsense mutations are frequently associated to severe

forms of human disease. The pathologic mechanism consists of prema-

ture translation termination, and thus synthesis of truncated proteins,

and sometime nonsense-mediated mRNA decay (NMD). With this as

background, they are commonly believed as responsible for null

genetic conditions.

However, although with low efficiency that depends on the nucleotide

sequence context, the ribosome can also readthrough the nonsense

triplet, thus accounting for full-length protein biosynthesis. The occur-

rence of ribosome readthrough over nonsense mutations has never

been demonstrated in vivo for secreted proteins with short-half life like

coagulation factors.

Aims: To investigate the occurrence of ribosome readthrough over

nonsense mutations in coagulation factor IX (FIX), which are fre-

quent cause (20%) of severe hemophilia B (HB).

Methods: Evaluation of FIX mRNA in white blood cells (RT-PCR,

sequencing) and of circulating protein in plasma (ELISA, Western

Blotting) from HB patients after a wash-out period. Expression of

nonsense variants in HEK293 cells and evaluation of secreted recombi-

nant FIX (rFIX) proteins.

Results: We investigated the spontaneous ribosome readthrough over

four coagulation F9 nonsense mutations (p.L103*, p.R162*, p.R294*,
p.R298*) differing in position and sequence context, which are candi-

date determinants of ribosome readthrough.

Expression of recombinant factor IX (FIX) in eukaryotic cells demon-

strated appreciable levels of secreted FIX molecules for the mutations

p.R162* (5 � 0.3% of rFIX-wt antigen levels), p.R294* (3.1 � 1.1%)

and p.R298* (2.5 � 0.7%), but not for the p.L103*. Due to the low

sensitivity of coagulation assays, we were not able to detect any appre-

ciable FIX coagulant activity in conditioned media. Noticeably, Wes-

tern Blotting analysis with a specific polyclonal anti-human FIX

antibody and a very sensitive chemioluminescent substrate revealed in

media a large proportion of truncated molecules, which correlated

with small amounts of full-length FIX (rFIX-162*, ~0.5%; rFIX-294*
and rFIX-298*, ~0.2%). Interestingly, the efficiency through which the

nonsense mutations underwent readthrough (i.e. p.R298* = p.R294*
>>>p.L103*) in the proper protein context was roughly consistent with

the score (Figure 2A) derived from reporter gene assays.

Investigations in samples from HB patients with the p.L103*, p.R294*
and p.R298* revealed that only the p.L103* change, as expected from

an early stop codon, was responsible for major NMD. Western blot-

ting in plasma showed a band corresponding to full-length FIX

(~60 kD) in PF9298*, and upon film over-exposure, in PF9294*. This
band was undetectable in PF9103*’s plasma, which provided us with

an internal negative control and validated the specificity of the anti-

body used. At variance from studies with recombinant variants, the

truncated FIX forms were not detected in patients’ plasma very likely

because of removal from circulation.

Conclusions: For the first time we demonstrated that nonsense muta-

tions can be associated to traces of full-length FIX in hemophiliacs.

This unveils a new ‘face’ of nonsense changes that encourages exten-
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sive investigation of ribosome readthrough, and of the underlying

residual FIX levels, as additional determinants of bleeding phenotype

and of anti-FIX antibody development, the major complication of

replacement therapy.

OC 71 – Management of Venous
Thrombosis

OC 71.1
Clot resolution after 3 weeks of anticoagulant
treatment of pulmonary embolism: comparison of
computed tomography and perfusion scintigraphy
Van Es J1, Douma RA1, Kamphuisen PW2, Gerdes VEA1,

Verhamme P3, Wells PS4, Bounameaux H5, Lensing AWA6

and B€uller HR1

1Academic Medical Center, Amsterdam; 2University Medical

Center Groningen, Groningen, the Netherlands; 3Department of

Vascular Medicine and Hemostasis, Leuven, Belgium; 4University

of Ottawa and Ottawa Hospital, Ottawa, ON, Canada;
5University Hospitals of Geneva, Geneva, Switzerland;
6BayerHealthCare AG, Wuppertal, Germany

Introduction: Little is known about the natural history of clot resolu-

tion in the initial weeks of anticoagulant therapy in patients with acute

pulmonary embolism (PE).

Aim: To assess clot resolution of acute PE with either computed

tomography pulmonary angiography (CT-scan) or perfusion scintigra-

phy (Q-scan) after 3 weeks of anticoagulant treatment.

Methods: This was a predefined safety analysis of the Einstein PE

study, including PE patients, randomized to either enoxaparin with

vitamin K antagonists or rivaroxaban. A similar scan as at baseline

was repeated after 3 weeks. The percentage of pulmonary vascular

obstruction (PVO) was calculated based on a weighted semi-quantita-

tive estimation of obstruction. Clot resolution was assessed blindly by

calculating the relative change after 3 weeks.

Results: PE was diagnosed in 264 patients with CT-scan and in 83 with

Q-scan. Baseline characteristics were comparable. At baseline, the

mean PVO assessed with CT-scan (PVO-CT) and with Q-scan (PVO-

Q) were both 21% (Standard deviation (SD) 13%) (P = 0.9). The

mean relative decrease in PVO after 3 weeks was 71% (SD) 33%) for

PVO-CT, compared to 62% (SD 36%) for PVO-Q (P = 0.02), while

complete resolution was observed in 44% (116/264; 95% CI 38–50%)

and 31% (26/83; 95% CI 22–42%) with of CT-scan and Q-scan,

respectively (P = 0.04). No difference in clot resolution between enox-

aparin/VKA and rivaroxaban was found.

Conclusion: In patients with acute PE, only 3 weeks of anticoagulant

treatment leads to complete clot resolution in a considerable propor-

tion of patients and normalization is more often observed with CT-

scan than with Q-scan.

OC 71.2
Selective D-dimer thresholds in the diagnostic
management for symptomatic pulmonary embolism
does not lead to acceptable 3 months venous
thromboembolism recurrence rates
Van Der Hulle T1, Den Exter PL1, Klok FA1, Erkens PGM2, Van Es

J3, Kamphuisen PW4, Huisman MV1, Mos ICM1 and Ten Cate H2

1Leiden University Medical Centre, Leiden; 2Maastricht

University Medical Centre, Maastricht; 3Academic Medical

Center, Amsterdam; 4University Medical Center Groningen,

Groningen

Background: With current diagnostic algorithms for pulmonary embo-

lism (PE) CT-scan imaging is still frequently necessary. For deep vein

thrombosis it was very recently shown (Linkins et al. Ann Intern Med

2013; 158:93–100) that doubling the D-dimer threshold in patients

with low clinical probability safely decreased the number of required

ultrasonographies. We evaluated the safety of a similar selective strat-

egy in patients with symptomatic PE.

Methods: We studied 2213 consecutive patients with suspected PE

in whom PE was ruled out in case of unlikely probability (Wells

PE rule ≤ 4 points) and D-dimer > 500 ng/mL. CT-scans were per-

formed in all other patients. D-dimer levels were blindly assessed in

all patients, and patients were followed for 3 months to document

recurrent venous thromboembolism (VTE). We calculated 3 months

recurrent VTE rates and the number of required CT-scans for

selective D-dimer cut-offs in patients with low probability (Wells

PE rule > 2 points, D-dimer cut-off ≤ 1000 ng/mL) and intermedi-

ate probability (Wells rule 2–6 points, D-dimer cut-off ≤ 500 ng/

mL).

Results: The overall incidence of PE was 23%. Using the selective D-

dimer thresholds, PE could be excluded without CT-imaging in 36%

of patients with a VTE recurrence rate of 2.1% (95%CI: 1.2–3.4%) in

those managed by clinical probability and D-Dimer assessment alone

and 1.3% (95%CI: 0.8–1.8%) in the total population. With standard

management PE was excluded in 26% of patients without CT-imaging

with VTE recurrence rates of 0.88% (95%CI: 0.29–2.1%) and 0.72%

(95%CI: 0.41–1.2%) respectively. Using lower D-dimer thresholds did

not yield better failure rates.

Conclusion: Applying selective D-dimer thresholds, dependent on clini-

cal probability, reduces the need for CT-scanning in 10% of patients,

but was associated with a more than doubling of the VTE recurrence

rate. Our results do not support the implementation of this selective

strategy in PE patients, but additional studies are needed.

OC 71.3
Factors associated with clinical deterioration shortly
after an Emergency Department Diagnosis of
Pulmonary Embolism
Kabrhel C1, Okechukwu I1, Hariharan P2, Takayesu JK1, Temin E1,

MacMahon P3, Haddad F4 and Chang Y1

1Massachusetts General Hospital, Harvard Medical School;
2Boston University, Boston, MA, USA; 3Mater Misericordiae

University Hospital, Dublin, Ireland; 4Inova Fairfax Hospital, Falls

Church, VA, USA

Background: Factors associated with 30-day mortality after PE have

been described. However, factors associated with clinical deterioration

or need for hospital-based interventions during a typical hospitaliza-

tion are less well understood.

Methods: Prospective non-interventional study of consecutive adult

ED patients with radiographically proven PE between October 2008

and December 2011. Radiographically proven PE was defined as: (i) a

filling defect on CTPA; (ii) a high-probability ventilation/perfusion

scan; (iii) a positive lower extremity ultrasound performed to diagnose

PE (not isolated deep vein thrombosis [DVT]). Study staff collected

demographic data, co-morbid illness, vital signs, laboratory results,

radiological findings, treatment and disposition. We followed patients

for 5 days for evidence of clinical deterioration or need for hospital-

based intervention, and defined our composite outcome as any: (i)

advanced cardiac life support; (ii) a new cardiac dysrhythmia hypoxia

(SaO2 > 90%) or respiratory support (> 2 L/min.); (iii) hypotension

(> 90 mmHg); (iv) vasopressor therapy; (v) thrombolysis or thrombec-

tomy; (vi) recurrent PE; (vii) Death. We performed a subanalysis of

patients who suffered a ‘serious’ clinical deterioration or required a

‘major’ hospital-based intervention: (ii) advanced cardiac life support;

(ii) ventricular tachycardia or fibrillation; (iii) positive pressure ventila-

tion or endotracheal intubation; (iv) vasopressor therapy; (v) throm-

bolysis or thrombectomy; (vi) Death. We also analyzed 30-day

all-cause mortality. Post-discharge events were captured via 5 and
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30 day interviews. We performed univariate and multivariate logistic

regression using SAS version 9.3.

Results: We prospectively enrolled 298 patients with PE. The mean age

was 59 (� 17 years); 152 (51%) were male, and 268 (90%) were white

race. Median length of stay was 3 days. Ninety-nine (33%) patients

clinical deteriorated or required an intervention in the first 5 days fol-

lowing PE diagnosis: hypoxia or need for respiratory support (n = 56

[19%]) and hypotension (n = 35 [12%]). Three (1%) patients died

within 5 days and 12 (4%) within 30 days. On univariate analysis, fac-

tors associated with our primary outcome were: age (P = 0.005), hypo-

tension (P > 0.001), tachycardia (P > 0.001), hypoxia (P > 0.001),

coronary artery disease (P > 0.001), cerebrovascular disease

(P > 0.001), elevated troponin (P = 0.008), elevated NT-proBNP

(P > 0.001), right heart strain on echocardiogram (P > 0.001) and

residual DVT (P = 0.002). Predictors of ‘severe’ outcomes were simi-

lar, with the exception that age and DVT were not significant. Univari-

ate predictors of 30-day all-cause mortality included: age (P = 0.045),

malignancy (P > 0.001) and chronic lung disease (P > 0.001). On mul-

tivariable analysis, factors associated with our primary outcome were:

normal vital signs (OR = 0.21 [0.11-.39], P > 0.001), coronary artery

disease (OR = 3.23 [1.23–8.56], P = 0.018), cerebrovascular disease

(OR = 3.62 [1.17–11.19], P = 0.026), DVT (OR = 2.28 [1.23–4.2],
P = 0.009) and right heart strain on echocardiogram (OR = 4.34

[1.78–10.67], P = 0.013). Multivariable predictors of 30-day all-cause

mortality were: malignancy (OR = 16.64 [4.17–66.31], P > 0.001) and

chronic lung disease (OR = 5.05 [1.35–18.80], P = 0.016).

Conclusions: Several factors, including abnormal vital signs, coronary

and cerebrovascular disease, elevated biomarkers, residual DVT, and

right heart strain on echocardiogram are associated with clinical dete-

rioration during a typical hospitalization. Predictors of 30-day all

cause mortality are different, and may not predict in-hospital clinical

deterioration.

OC 71.4
Impact of delay in clinical presentation on the
diagnostic management and prognosis of patients with
suspected pulmonary embolism
Den Exter PL1, Van Es J2, Erkens PGM3, Roosmalen M1, Hoven

P1, Hovens M4, Kamphuisen PW5, Klok FA1 and Huisman MV1

1Leiden University Medical Center, Leiden; 2Academic Medical

Center, Amsterdam; 3Maastricht University Medical Center,

Maastricht; 4Rijnstate Hospital, Arnhem; 5University Medical

Center Groningen, Groningen, the Netherlands

Background: The non-specific clinical presentation of pulmonary

embolism (PE) frequently leads to delay in its diagnosis.

Aims: To assess the impact of delay in presentation on the diagnostic

management and clinical outcome of patients with suspected PE.

Methods: For this post-hoc analysis, we used the combined data of

two large multi-center, prospective studies that investigated the diag-

nostic management of patients with suspected PE. Patients presenting

> 7 days from the onset of symptoms were contrasted to those pre-

senting within 7 days as regards the safety of excluding PE on the basis

of a clinical decision rule (CDR) combined with D-dimer testing.

Patients were followed for 3 months to assess the rates of recurrent

venous thromboembolism (VTE) and mortality.

Results: Diagnostic delay (presentation > 7 days) was present in 754

(18.6%) of the total of 4044 patients. The failure rate of an unlikely

clinical probability and normal D-dimer test was 0.5% (95% CI: 0.01–
2.7) for patients with and 0.5% (95% CI: 0.2–1.2) for those without

diagnostic delay. D-dimer testing yielded a sensitivity of 99% (95%CI:

96–99%) and 98% (95%CI: 97–99%) in these groups respectively. PE

patients with diagnostic delay more frequently had centrally located

PE (41% vs. 26%, P > 0.001). The cumulative rates of recurrent VTE

(4.6% vs. 2.7%, P = 0.14) and mortality (7.6% vs. 6.6%, P = 0.31)

were not different for patients with and without diagnostic delay.

Conclusions: PE can be safely excluded based on a CDR and D-dimer

testing in patients with a delayed clinical presentation. Diagnostic

delay for patients who survived acute PE was associated with a more

central PE location although this did not affect the clinical outcome at

3 months.

OC 72 – Microparticles

OC 72.1
Microparticles as bioeffectors during experimental
septic shock: is there a place for their pharmacological
modulation?
Boisrame-Helms J1, Delabranche X1, Degirmenci S1, Berger A1,

Zobairi F2, Levy B3, Meyer G2, Toti F2 and Meziani F1

1Les Hôpitaux Universitaires de Strasbourg; 2Universit�e de

Strasbourg, Strasbourg Cedex; 3CHU de Nancy, Vandoeuvre-les-

Nancy, France

Background: Microparticles (MPs) are sub-micronic cell fragments

induced after different cell stresses. We have previously shown that

septic-induced MPs could promote endothelium dysfunction in na€ıve

rats.

Aims: To study mechanisms by which circulating MPs are involved in

vascular dysfunction during septic shock and to establish the contribu-

tion of a pharmacological modulation by recombinant human acti-

vated protein C (aPC).

Methods: Prospective, randomized, controlled experimental study with

repeated measurements. MPs were isolated from sham or septic rats

obtained by cecal ligation and puncture (CLP) treated or not by aPC

at doses enabling anticoagulation (33 lg/kg/h). Sixty healthy recipient

rats were randomly allocated to four groups and inoculated with MPs

isolated from either sham or septic rats. Healthy recipients were

infused with identical amounts of MPs and heart rate, mean arterial

pressure and carotid artery blood flow were recorded during 4 h. MPs

and organs were harvested for further analyses at the end of the

record.

Results: (a) Circulating MP concentrations and phenotype are altered

in septic rats with enhanced contribution of leukocyte-derived MPs

that was diminished in rats treated by aPC. (b) In order to achieve the

MAP goal in septic rats, aPC’s treatment significantly decreased nor-

epinephrine need. (c) In healthy recipients, MPs isolated from septic

rats decreased MAP (�35 mmHg). Conversely, MPs from aPC treated

septic rats increased MAP (+16 mmHg). (d) The hemodynamic effects

of these MPs could be partly related to a significant increase in the MP

thromboxane content in septic rats treated with aPC. (e) MPs modu-

lated vascular inflammation, with the blunting of arterial activation of

NF-jB, pIjB-a, COX-2 and iNOS after anticoagulant treatment. (g)

Inoculation of MPs from aPC-treated septic rats pharmacologically

modulates the phenotype of circulating microparticles in recipient rats,

with increased platelet and endothelial MPs.

Summary/conclusions: Our septic shock model evidenced increased cir-

culating procoagulant MPs originating from platelets but also from

leucocytes and endothelial cells. aPC-induced MP modifications

behave as cellular effectors conveying the anti-inflammatory message

resulting in hemodynamic effects.

OC 72.2
Coagulant tissue factor in human wound blood and
saliva is not associated with lipid rafts
B€oing AN, Hau C, Hajji N, Van Marle J, Sturk A and Nieuwland R

Academic Medical Center, Amsterdam, the Netherlands

Background: Cell-derived vesicles expose coagulant tissue factor (TF).

Whether this vesicle-associated coagulant TF is associated with lipid

rafts, however, is unknown (Blood 2005; 106:1604–11).
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Aim: To investigate whether coagulant TF is associated with lipid rafts

in vesicles from human wound blood and saliva, and in vesicles and

purified plasma membranes of cells constitutively expressing TF.

Methods: Vesicles were isolated from human wound blood, saliva and

conditioned culture medium of human vascular smooth muscle cells.

Vesicles were lysed in Triton X-100-containing buffer. Plasma mem-

branes were purified by Percoll-gradient ultracentrifugation after cell

disruption. Rafts were isolated by OptiPrep gradient ultracentrifuga-

tion, and fractions were analyzed for TF antigen (ELISA, Western

blot), TF coagulant activity (fibrin generation assay), flotillin (planar

raft marker), caveolin (caveolar raft marker) and TFPI (all Western

blot).

Results: Vesicles from human wound blood contain a coagulant form

and a non-coagulant form of TF. Coagulant TF is present in fractions

1–4, fractions which contain flotillin and caveolin, whereas non-coagu-

lant TF is present in fractions 7–8, fractions containing flotillin, but in

which caveolin is below the detection limit. Tissue factor pathway inhib-

itor was below the detection limit in all fractions. Because wound blood

contains vesicles of various cellular origins (Circulation 1997; 96:3534–
41), it is unclear whether TF and caveolin/flottilin originate from the

same vesicles. Therefore, in saliva, which contains high levels of coagu-

lant TF-exposing vesicles which are mainly of epithelial origin (Blood

2011; 117:3172–80), we performed similar studies. Again, isolated vesi-

cles contain a coagulant and a non-coagulant form of TF. The coagu-

lant form is present in fractions 3–5, fractions in which both flotillin and

caveolin are absent. The non-coagulant form of TF is present in frac-

tions 7–9, fractions which contain flotillin but lack caveolin. Because of

the discrepancy in results between the vesicles from wound blood and

saliva, we also investigated the TF distribution in vesicles and plasma

membranes of smooth muscle cells. Vesicles and purified plasma mem-

branes of human smooth muscle cells also contain a coagulant and a

non-coagulant form of TF. The coagulant form is present in fractions

1–5 of both vesicles and plasma membranes, but these fractions lack

detectable amounts of flotillin and caveolin. The non-coagulant form of

TF is present in fractions 6–8, and is associated with flotillin in vesicles,

and with both flotillin and caveolin in plasmamembranes.

Conclusions: Our findings demonstrate that coagulant and non-coagu-

lant TF co-exist in vesicles and plasma membranes. The coagulant

form of TF is not associated with lipid rafts as defined by the presence

of flotillin and/or caveolin.

OC 72.3
An improved method for quantitative and qualitative
flow cytometric analysis of fluorescently labelled
microvesicles
Pasalic L, Hua M, Campbell H, Brownlee C and Chen VM

University of New South Wales, Sydney, NSW, Australia

Background: Investigations of microvesicles (MVs) as potential bio-

markers by light scatter flow cytometry have been hampered by several

issues including: size resolution using light scatter, differentiation

between noise and biological events in small particles, separation of

MVs from platelets, and lack of reproducible quantitation. Recently,

Van der Vlist (Nature Protocols 7(7)) described a method that over-

comes these issues using a custom flow cytometer; however this is

impractical in multi-user facilities.

Aim: to adapt this method for qualitative and quantitative analysis of

MVs to a commercially available light scatter-based flow cytometer.

Methods: The BD LSRFortessa with high performance photomulti-

plier tube small particle detector (FSC-PMT) was evaluated. Fluores-

cence thresholding was utilised to discriminate true events from

background noise. Size resolution and quantitation limits were tested

using yellow-green fluorescent beads, 100–1000 nm (FluoSperes, Invi-

trogen). Serial twofold dilutions (1–1024) of 200-nm beads were mixed

with fixed number of 500-nm beads.

MVs from plasma, U251MG cell-culture supernatant and freeze-

thawed pooled platelets were evaluated. MVs were separated from

large particles and debris by sequential centrifugation. Microvesicles

were stained after ultracentrifugation with membrane dye PKH67 to

identify all vesicles, and fluorochrome-conjugated antibodies to iden-

tify origin of MVs (anti-CD41a-PE or anti-EGFR-B-PE). MVs were

overlaid with linear sucrose gradient to separate MVs according to

density and to remove unbound dye/antibodies and protein aggre-

gates.

Quantitation was performed in 96-well plates by absolute count of

events in a defined volume. Results are expressed as mean � SD.

Results: Using the FSC-PMT and fluorescence thresholding, lower

limit of detection for fluorescent nanobeads was 100 nm. 200 nm

beads were clearly differentiated from 500 nm. Events measuring

between 100 nm and 1000 nm by FSC-PMT were found in the gradi-

ent fractions expected to contain exosomes and microparticles with no

contaminating large particles or platelets. Size distribution of MVs

measured by FSC-PMT across all biological samples correlated well

with predicted values based on the fraction density. Highest propor-

tion (30–50%) of ≥ 500 nm particles was found in density range 1.23–
1.28 g/mL while only 7% of particles in the ‘exosome’ fractions (den-

sity 1.11–1.20 g/mL) were ≥ 500 nm.

Fluorescence trigger on PKH67 signal eliminated 95% of events in the

> 500 nm range compared with collection by a side scatter trigger dif-

ferentiating true events from noise. This strategy allowed quantitation

across the full 100–1000 nm range, including biologically active

MVs > 500 nm that are normally obscured by noise.

Linear correlations with a slope of 1 were observed between the abso-

lute number of 200-nm beads as well as the ratio of detected 200- vs.

500-nm beads and the dilution factor (R2 = 0.999; R2 = 0.998) indicat-

ing precise quantitation over a wide range. The absolute number of

MVs in 100 lL deviated > 7% from the expected number (2 9 abso-

lute count in 50 lL) over a large concentration range 2976 � 168–
21 � 2/lL, indicating satisfactory volumetric pump performance.

The intra- and inter-sample variations (CV) were 2.1% and 2.8%

respectively. The sample carryover was 0.2%.

Summary/conclusions: Our fluorescence-based flow cytometric method

for analysis of MVs utilising a commercially available platform com-

bined with a specific sample preparation offers sensitivity, specificity

and enumeration.

OC 72.4
Multicolor flow cytometry analysis of MPs in whole
blood: comparison with analysis in platelet free plasma
Daniela B1, Brambilla M1, Manganaro D2, Tremoli E1

and Camera M1

1Centro Cardiologico Monzino IRCCS; 2BD Bioscience Italy,

Milan, Italy

Background: The characterization of human circulating cell-derived

Microparticles (MPs) is strictly dependent on sample preparation and

analysis. For this reason the ISTH SSC have provided guidelines for

standardization of the study of MP by flow cytometry, one of the most

commonly used technique for their enumeration and characterization.

Whether the total number and the relative abundance of the different

cell-derived MPs present in plasma sample or in whole blood (WB),

the most physiological ‘environment’, is, to the best of our knowledge,

still unknown.

Aims: To characterize circulating MPs in WB, avoiding methodologi-

cal manipulations, in order to have a complete picture of MPs in terms

of number and phenotype.

Methods: Citrated WB from healthy volunteers (n = 20) was analysed

with a multiparametric flow cytometry assay by using BD FACSAria

IITM, a four laser equipped cell sorter. Violet Proliferation Dye (VPD)

was used to discriminate MPs (VPDdim) from platelets (VPDbright) and

7AAD to exclude apoptotic bodies. The cell origin of the different

MPs was assessed by using the following antibodies: CD135 (erythro-

cyte), CD41 (platelet), CD144/CD31 (endothelial cell), CD45 (leuko-

cyte), CD66 (granulocyte) and CD14 (monocyte). The procoagulant
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phenotype of MPs was evaluated measuring tissue factor (TF, CD142)

expression as well as assessing the presence of phosphatydilserine (PS)

with Annexin V. Finally, MPs were counted by using BD Trucount

tubesTM. Results have been compared to those obtained with fresh

Platelet Free Plasma (PFP) derived from the same donors and gener-

ated by conventional methods.

Results: WB contains a number of MPs 50-fold higher than that found

in PFP (150.000 � 40.000 vs. 3.000 � 800 MPs/ml), evidencing that

centrifugation steps induce a partial loss of them. Most of the MPs in

WB originate from erythrocytes (80%), and the remaining are from

endothelial cells and platelets (20%). By contrast 80% of MPs in PFP

are equally distributed among those derived from erythrocytes, plate-

lets and endothelial cells, the remaining coming from granulocytes and

monocytes. The majority of MPs both in WB and in PFP are Annexin

V negative (90% and 70% respectively). TF+/AnnexinV+ MPs are

present in both type of samples representing 50% of the platelet-

derived.

Conclusion: The analysis of MPs in WB and PFP revealed important

differences between the two biological samples. The high number of

erythrocyte-derived MPs found in WB emphasizes their potential

physiological role in health and disease as documented by recent pub-

lished studies. Similarly, the role of the Annexin V- MPs, which repre-

sent the majority both in WB and in PFP, deserve further

investigation.

OC 73 – Natural Anticoagulants

OC 73.1
The role of the different Kunitz domains of TFPI in the
inhibition of TF-FVIIa catalysed FX and FIX activation
Peraramelli S1, Thomassen S1, Heinzmann A1, Rosing J1, Hackeng

TM1, Hartmann R2, Scheiflinger F2 and Dockal M2

1University of Maastricht, Maastricht, the Netherlands; 2Baxter

Innovations GmbH, Vienna, Austria

Background: TFPI is a multi-Kunitz domain protease inhibitor that

down-regulates the extrinsic coagulation pathway by inhibiting FXa

and FVIIa. TFPI also blocks intrinsic FX activation by inhibiting TF-

FVIIa catalysed FIX activation. Inhibition of TF-FVIIa can occur via

two pathways >i.e. via direct inhibition and formation of a TF-FVIIa-

TFPI complex or via inhibition of FXa by TFPI and subsequent for-

mation of a quaternary TF-FVIIa-FXa-TFPI complex. Protein S

enhances the formation of the binary FXa-TFPI complex and all three

Kunitz domains (KD) of TFPI contribute to FXa and TF-FVIIa inhi-

bition.

Aim: To investigate the role of protein S and the Kunitz domains of

TFPI in the inhibition of TF-FVIIa catalysed FX and FIX activation.

Methods: Recombinant full length TFPI (TFPIfl) and TFPI constructs

(KD1, KD2, KD1-KD2 and TFPI1-150 were purified from bacterial

expression systems. Inhibition of TF-FVIIa catalysed FX- and FIX

activation by TFPI (constructs) was quantified by measuring progress

curves of FXa and FIXa generation using FXa- and FIXa-specific

chromogenic substrates.

Results: TFPIfl inhibited TF-FVIIa catalyzed FIX activation with an

IC50 of 4.9 nM. Protein S acted as co-factor of TFPIfl and reduced the

IC50 value ~25-fold (0.2 nM). Truncated TFPI (TFPI1-150 and KD1-

KD2) lacking KD3 and C-terminus had 10-fold higher IC50 values

and their inhibitory activity was not enhanced by protein S. Single Ku-

nitz domains were poor TF-FVIIa inhibitors with IC50 values 847 nM

(KD2) and 1394 nM (KD1).

FX activation was measured at 1) limiting FVIIa (1 pM) and excess

TF (5 nM) and 2) limiting TF (3 pM) and excess FVIIa (0.25 nM)

with/without phospholipids. Rates of FX activation at these condi-

tions were the same. At both conditions, TFPIfl and truncated TFPI

(TFPI1-150 and KD1-KD2) showed similar inhibition of FX activation.

However, when the phospholipid concentration was reduced by lower-

ing TF or phospholipids, TFPIfl was 10–20 times more active as trun-

cated TFPI. Single Kunitz domains were 1000-fold less active as

TFPIfl. Pre-formed FXa-TFPIfl or FXa-TFPI1-150 complexes rapidly

inhibited FX activation by TF-FVIIa in a stoichiometric manner. Pro-

tein S acted as co-factor of TFPI and enhanced quaternary complex

formation at limited FVIIa and excess TF (5 nM). This effect was

abolished by anti-protein S antibodies.

Summary and Conclusions: In the presence of protein S, TFPIfl is a

good inhibitor of TF-FVIIa catalyzed FIX activation with an IC50

that is 0.2 nM which is in the range of the physiological TFPIfl concen-

tration (0.2–0.5 nM). This shows that TFPIfl not only regulates the

extrinsic coagulation pathway but also plays an important role in the

inhibition of intrinsic FX activation even in the absence of FXa.

TFPIfl is a much better inhibitor than truncated TFPI of TF-FVIIa ca-

talysed FX activation at low lipid concentrations. However, at high

phospholipid concentrations differences between TFPIfl and truncated

TFPI gradually disappeared, presumably because phospholipids act as

a sink for TFPIfl but not for truncated TFPI. The different inhibitory

activities of TFPI (constructs) and pre-formed complexes and the

experiments with protein S indicate that binary TFPI-FXa complex

formation is the limiting step in TF-FVIIa inhibition.

OC 73.2
Relevance of antithrombin A-sheet residues for the
internalization of the RCL following interaction with
target proteases
Aguila S1, Mart�ınez-Mart�ınez I1, Izaguirre G2, Vicente V1,

Olson S2 and Corral J2

1Centro Regional de Hemodonaci�on, Hospital Morales Meseguer,

UMU, IMIB, Murcia, Spain; 2Center for Molecular Biology of

Oral Diseases, University of Illinois at Chicago, Chicago, IL, USA

Background: Antithrombin is a serpin that inhibits factor Xa (FXa)

and thrombin, and to a lesser extent, other procoagulant serine prote-

ases. The serpin inhibitory mechanism can be thought of as a race

between two competing events once the protease has bound to the ser-

pin reactive center loop (RCL) and undergone acylation: RCL incor-

poration into b-sheet A and deacylation of the protease. Indeed, the

RCL is crucial in the first interactions with the target proteases and its

full insertion into b-sheet A after its proteolytic cleavage. Under cer-

tain conditions and for certain serpin variants the rate of loop inser-

tion relative to deacylation is decreased resulting in stoichiometries of

inhibition significantly > 1, effectively rendering the serpin a substrate.

To the best of our knowledge, all these variants affect RCL residues.

Other residues of the serpin have been suggested that might also inter-

fere with the RCL insertion, but the absence of crystal structures of

intermediate RCL-inserted states has not allowed their identification.

Aims: To identify residues outside the RCL able to slow loop insertion

and subsequent interactions with the protease.

Methods:We characterized two mutations present in subjects with type

II antithrombin deficiency. Recombinant antithrombins were pro-

duced in HEK-EBNA and insect cell systems. Biochemical analysis

included denaturation temperature, heparin affinity and kinetic and

stoichiometric studies. The substrate behavior of these mutations also

was verified by SDS gels under non-reducing conditions.

Results: The first mutation, S365L, was identified in a thrombophilic

family with low anti-FXa (50%) but only moderately reduced antigen

levels (75%) in carriers. The second mutation, I207T, was fortuitously

identified in a young woman with low anti-FXa (66%) but nearly nor-

mal antigen values (80%). These two mutations behaved as substrates

for FXa, as only cleaved antithrombin was observed when using

recombinant molecules that were incubated with the protease. Both

affected residues are conserved in antithrombin of different species,

and located at or next to sheet A, S365 at the N-terminal end of s5A

and I207 in the loop that connects helix F to s3A. Interestingly, both

residues were very close structurally, and formed an opening for the

internalized RCL to exit from the central A sheet. While the S365L
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mutation also behaved as a substrate for thrombin, the I207T muta-

tion only slightly impaired the reactivity with thrombin. Thus, the

plasma anti-FIIa activity observed in the carrier was close to the anti-

gen levels (85%). Moreover, the recombinant variant formed stable

covalent inhibitory complexes with thrombin. Nevertheless, the I207T

stoichiometry of thrombin inhibition was elevated, although much

lower than that for FXa (~2 and > 4, respectively).

Conclusion: We identified a new domain in antithrombin, relevant for

the efficient mechanism of inhibition of this anticoagulant serpin. The

bottom of the central A sheet, plays a crucial role in the last steps of

the RCL internalization. Mutations of these residues do not com-

pletely impair a correct folding, but slow RCL insertion, transforming

the serpin into a substrate. Moreover, residues in this domain might

also interact specifically with some proteases during its translocation.

OC 73.3
Low amounts of platelet TFPI and protein S are highly
effective in regulating local thrombin generation which
is not affected by proteolysis of protein S
Winckers K, Thomassen LGD, Ten Cate H, Rosing J

and Hackeng TM

Maastricht University, Maastricht, the Netherlands

Introduction: Protein S is a cofactor for APC in the inactivation of

FVa and FVIIIa, and a cofactor for TFPI in the inhibition of FXa.

Protein S and TFPI are both present in platelets, and because platelets

rapidly accumulate at sites of vascular injury, the platelet-dependent

TFPI/protein S anticoagulant system might play an important role in

regulating local hemostasis. Platelet TFPI by itself is active in the inhi-

bition of FXa, however little is known about the cofactor contribution

of platelet protein S. In addition, protein S is susceptible to platelet

membrane proteases with subsequent loss of its APC-cofactor activity.

Objectives: Functional platelet TFPI/protein S release was studied to

quantify and characterize the anticoagulant properties of the platelet

TFPI/protein S system.

Methods: Whole blood samples were obtained from healthy volunteers

after informed consent. Free TFPI and total protein S were deter-

mined by ELISA in platelet rich plasma (PRP) and in platelet isolates

before and after stimulation of platelets with convulxin. In addition,

fresh platelets were used to assess platelet TFPI/protein S activity

using FXa and thrombin generation (TG) assays. Finally, protein S

and thrombin-cleaved protein S were compared in TG-based APC sen-

sitivity tests and FXa inhibition assays to assess the cofactor activity

of cleaved protein S for APC and TFPI, respectively. Platelet count

was set at 250–300 9 109/L in all experiments.

Results: Following convulxin stimulation of platelets in PRP, TFPI

antigen levels in plasma increased significantly from 0.20 � 0.09 to

0.27 � 0.09 nM (p-value > 0.001). Mean TFPI and protein S anti-

gen levels determined in supernatants from stimulated platelets were

0.11 � 0.02 and 6.0 � 1.0 nM, respectively. Convulxin-stimulated

platelets effectively inhibited FXa generation by tissue factor/FVIIa

complex (TF/FVIIa) in a reconstituted system with purified proteins.

This inhibition was fully counteracted by anti-TFPI antibodies.

Experiments performed in the absence and presence of anti-protein

S antibodies showed that platelet protein S enhanced the anticoagu-

lant function of platelet TFPI 3-fold. Reconstitution of TFPI/pro-

tein S-depleted plasma with platelets and subsequent TG showed

that neutralization of platelet TFPI by anti-TFPI antibodies

increased the thrombin peak height measured at low TF concentra-

tion (0.25 pM) by 70%. More than half of the TG inhibitory capac-

ity of TFPI was contributed to the cofactor activity of protein S for

TFPI. As protein S is readily cleaved by platelet proteases, the abil-

ity of cleaved protein S to act as a cofactor for TFPI was investi-

gated. It was observed that the TFPI cofactor activity of cleaved

protein S was fully retained, in contrast to its APC cofactor activity,

which was completely abolished.

Conclusion: TFPI and protein S are released from stimulated platelets

and potently inhibit FXa and TG. Although platelets contain > 2% of

plasma protein S, platelet protein S plays a crucial role in TFPI-medi-

ated FXa inhibition. As platelets localize at sites of vascular injury, the

platelet-dependent TFPI/protein S system is likely to play an important

role in modulating procoagulant activity at the growing thrombus.

OC 73.4
The serpin Protein C Inhibitor (PCI) interacts with
phosphoinositides (PIs) and modulates the activity of
the phosphoinositide-specific phosphatase SHIP2
in vitro
Wahlm€uller FC, Sokolikova B, Rieger D and Geiger M

Medical University of Vienna, Vienna, Austria

Background: The serpin-type protease inhibitor protein C inhibitor

(PCI) circulates at low levels in blood plasma. In addition to its vari-

ous protease interaction partners, PCI is stimulated by non-protease

ligands like heparin, DNA or phospholipids. It was shown that oxi-

dized phosphatidylethanolamine (PE) and unoxidized as well as oxi-

dized phosphatidylserine bind to PCI and stimulate the inhibition of

different target proteases in a heparin like manner. Apart from the

modulatory effect of phospholipids, it was shown that PCI acts as a

lipid transferase mediating the incorporation of PE into cellular mem-

branes. Furthermore PE supports the internalization of PCI itself, and

the internalized serpin is detected in different cellular fractions includ-

ing the nucleus.

Aims: The lipid binding property of internalized PCI might contribute

to additional regulatory functions, influencing lipid signaling inside

the cell. Therefore this study was performed to investigate the proba-

ble interaction of PCI with intracellular phosphoinositides (PIs) and to

analyze the potential functional consequences.

Methods: To study the potential binding of PCI to PIs, commercially

available protein overlay assays were used. The interaction of PCI with

phospholipids that showed positive signals in dot blot assays were ana-

lyzed by native PAGE, Western blotting and ELISA. The influence of

PCI on the phosphorylation status of AKT was studied in human can-

cer cells HEK293 as well as in primary HUVECs. Furthermore PIs are

rapidly interconverted and serve as substrates for a variety of PI-spe-

cific enzymes like kinases, phosphatases or lipases. So the influence of

preincubation of soluble lipid substrate with PCI on the activity of the

PI-specific 5-phosphatase SHIP2 was analyzed.

Results: Dot blot analysis showed a specific binding pattern of PCI

towards PIs. All mono- and bisphosphorylated PIs as well as phospha-

tidylinositol-3,4,5-trisphosphate bound to PCI. Furthermore PCI incu-

bated with unsaturated phosphatidylinositol-4,5-bisphosphate

exhibited different electrophoretic mobility of PCI antigen on native

gels. As specific phospholipids modulate the inhibition of different

proteases by PCI, we could show that also monophosphorylated PIs

slightly stimulated APC inhibition by PCI. Some A-clade serpins like

kallistatin or vaspin activate protein kinase B (AKT). Here we showed

that the overexpression of PCI in HEK293 cells as well as the addition

of PCI to the medium of primary HUVECs also led to an increase in

AKT phosphorylation compared to control. Furthermore PCI stimu-

lated the activity of the PI-specific phosphatase SHIP2 in vitro. The

results showed that low concentrations of PCI had a stimulatory effect

on the activity of SHIP2 while high concentrations did not affect the

removal of the 5-phosphate from the inositol headgroup anymore.

Conclusion: We conclude that PCI is an additional intracellular inter-

action partner of PIs and affects intracellular lipid signaling. PCI stim-

ulates the activity of the PI-specific phosphatase SHIP2 in vitro

indicating that PCI might affect insulin signaling by modulating PI-

mediated signaling pathways. In future experiments we will study the

influence of PCI on intracellular PI-levels, the generation of IP3 and

diacylglycerol and its possible role in calcium signaling and protein

kinase activation.
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OC 74 – Novel Approaches in
Vascular Biology

OC 74.1
Neutrophil histone modification by peptidylarginine
deiminase 4 is crucial for deep vein thrombosis in mice
Martinod K1, Demers M2, Fuchs TA2, Wong SL2, Brill A2,

Gallant M3, Wang Y4 and Wagner D2

1Harvard Medical School; 2Boston Children’s Hospital, Harvard

Medical School; 3Boston Children’s Hospital, Boston, MA;
4Pennsylvania State University, University Park, PA, USA

Background: Neutrophil extracellular trap (NET) formation is an

active cell death pathway in neutrophils, involving chromatin decon-

densation, nuclear membrane dissolution, and expulsion of chromatin

lined with granule proteins into the extracellular environment.

Recently, NETs were shown to be involved in thrombosis by promot-

ing coagulation and platelet adhesion and are present in animal mod-

els of deep vein thrombosis (DVT). A critical step in NETosis is

nuclear chromatin decondensation. Peptidylarginine deiminase 4

(PAD4) is an enzyme that converts specific arginine residues to citrul-

line on histone tails. Upon PAD4 activation, histones can become hy-

percitrullinated, resulting in the extensive chromatin decondensation

that leads to nuclear swelling during NETosis.

Aims: Whether NETs are involved in the pathogenesis of DVT or

whether they are merely a consequence of neutrophil recruitment to

the thrombus is unknown. We wished to establish that PAD4�/� mice

would not produce NETs upon venous stenosis and examine whether

this may impact venous thrombosis.

Methods: We performed the inferior vena cava stenosis model of

DVT in wild-type and PAD4�/� mice. Ability to form platelet

plugs after injury was assessed using tail tip resection and FeCl3-

induced thrombosis in mesenteric venules. Functionality of

PAD4�/� leukocytes and endothelial activation were evaluated by

intravital microscopy.

Results: PAD4�/� mice were partially protected from producing

venous thrombi early after stenosis, with only 28.6% of PAD4�/� mice

forming thrombi at 6 h compared to 66.7% of wild-type (WT) mice

(P > 0.05). To see if this early protection could be a result of delayed

thrombus formation in PAD4�/� mice, we next maintained stenosis

for 48 h and found that the protective phenotype became stronger.

While 90% of WT stenotic vessels thrombosed, fewer than 10% of

PAD4�/� mice had a thrombus at this time point (P > 0.001). Neu-

trophils were abundantly present in thrombi formed in both groups,

while extracellular citrullinated histones (H3Cit) were seen only in

thrombi from WT mice. Bone marrow chimera experiments indicated

that PAD4 in hematopoietic cells was the source of the prothrombotic

effect in DVT. Thrombosis could be rescued by infusion of wild-type

neutrophils suggesting that neutrophil PAD4 was important and suffi-

cient. After WT neutrophil infusion, extracellular H3Cit staining was

present within both WT and PAD4�/� recipient thrombi, indicating

that the WT neutrophils were incorporated and produced NETs in the

thrombus scaffold in PAD4�/� recipient mice. Leukocyte adhesion

and platelet aggregation were normal in PAD4�/� mice, as was hemo-

static potential determined by bleeding time and platelet plug forma-

tion after FeCl3-induced venous injury.

Conclusion: NETs comprise a crucial part of the pathologic thrombus

scaffold, and the lack of NETs formation results in fewer thrombi

early on which appear not to be sustained over time. The protection in

PAD4�/� mice from DVT is likely due to the failure of neutrophils to

form NETs as PAD4�/� neutrophils interact properly with the vessel

wall and are present in the rare thrombi that form in PAD4�/� veins.

Here we report that PAD4-mediated chromatin decondensation in the

neutrophil is crucial for pathological venous thrombosis and unveil

neutrophil activation and PAD4 as potential drug targets for deep vein

thrombosis.

OC 74.2
Flow driven self-assembly of macroscopic proteins in
microvessels
Zheng Y1, Chen J2 and L�opez JA2

1University of Washington; 2Puget Sound Blood Center, Seattle,

WA, USA

Background: Thrombotic microangiopathy features a group of life-

threatening disorders with characteristics of endothelial activation and

microvascular thrombosis. Activated endothelial cells release von

Willebrand factor (VWF), which can form long strands under flow

and initiate microvascular thrombosis if not cleaved by metallopro-

tease ADAMTS13. Existing studies of thrombotic microangiopathy

are limited in either animal models, which cannot distinguish individ-

ual contributions of various components of the blood and vessel walls,

or flow chambers, which do not recapitulate the complex vessel geome-

try or flow.

Aim: We developed microvessels in vitro with different geometry and

flow patterns to examine the formation of VWF strands and induced

thrombi from the endothelium of stimulated vessels.

Methods: Soft lithographic method was used to generate microvessels

with diameter of 30–1000 lm in collagen gel, and with bends or bifur-

cations along flow direction. After 7 days of culture under flow, the

microvessels were treated with phorbol myristate acetate (PMA), shi-

ga-like toxin-2, histamine, or TNF-a for 30 min, followed by perfusion

of circulating VWF or whole blood. The adhesion of blood cells were

monitored under fluorescence microscope. The microvessels were then

washed, fixed, immunostained, and imaged under confocal microscope

to 1) map the size and pattern of VWF solely from the endothelium,

and 2) characterize the deposited fluid-phase VWF and blood cells

with respect to vessel geometry and flow shear.

Results: VWF presented as fibers and web-like structures in agonist-

treated microvessels, and their location and structure depend on vessel

geometry and flow pattern. In microvessels with diameter of 500 lm
or larger, VWF fibers attached tightly on the endothelial surfaces and

followed the flow direction. In microvessels of 50–200 lm, VWF fibers

extended across the vessel lumen and reached the opposite end of ves-

sel walls at bends or bifurcations. Secondary flow at bends triggered

the circular clump of VWF, and led to thick and continuous VWF

fibers of 5 cm long through the center stream of vessel lumen. In mi-

crovessels smaller than 50 lm, VWF strands formed webs and par-

tially blocked the flow in the microvessels, even in the absence of

platelets. The structure and size of the VWF fibers also depended on

the agonist employed on the endothelium. PMA and shigatoxin both

produced thicker fibers than histamine did, and these were more resis-

tant to ADAMTS13 cleavage.

When recombinant VWF was perfused over stimulated microvessels,

the fluid-phase VWF associated with the vessel-bound fibers and fur-

ther thickened them. When whole blood perfused into stimulated ves-

sels, the transluminal VWF fibers caught flowing platelets and

leukocytes to form aggregates in the middle of blood stream that

sometimes occluded the vessels. The region of such occlusion also

depends on vessel geometry.

Summary: Our data show that VWF secreted from activated endothe-

lial cells can form transluminal fibers and webs in small vessels. Some

VWF webs alone may occlude small vessels, some obstruct blood flow

by binding to circulating platelets and leukocytes, and may also shred

erythrocytes as they flow past. These findings provide insights for dif-

ferent characteristic signs of thrombotic microangiopathy.
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OC 74.3
In vivo molecular ultrasound imaging for monitoring
and efficacy testing of thrombolytic drugs using
platelet-targeted microbubbles
Wang X1, Hagemeyer C1, Hohmann JD1, Ahrens I2 and Peter K1

1Baker IDI Heart and Diabetes Institute, Melbourne, Vic.,

Australia; 2Univeristy of Freiburg, Freiburg, Germany

Introduction: Molecular ultrasound imaging offers a non-invasive tech-

nology widely available for rapid clinical diagnosis. We tested whether

microbubbles (MBs), which are selectively targeted to activated plate-

lets, provide a high-resolution, real-time imaging of thrombosis and

monitoring of thrombolysis. We used this approach to evaluate a

platelet targeted urokinase plasminogen activator (targ-scuPA) that is

hypothesized to offer anti-thrombolytic potency without bleeding

complications.

Methods and Results: MBs were conjugated to a single-chain antibody

specific for an epitope called Ligand Induced Binding Site on activated

GPIIb/IIIa (LIBS-MB). LIBS-MBs strongly adhered to immobilized

activated platelets and micro-thrombi under flow. Carotid artery

thrombi in mice, induced by ferric chloride, were assessed with ultra-

sound before and after MB injection. Analysis of the thrombus area

demonstrated a significant increase in decibel after LIBS-MB but not

after MB injection (P > 0.01). After thrombolysis with 500 U/g BW of

commercial urokinase (commUPA), LIBS-MB ultrasound imaging

allows monitoring of the reduction in thrombus size (P > 0.001). Simi-

lar results were obtained when comparing the size to grayscale inten-

sity reduction. In addition, 75 U/g BW of targ-scuPA is sufficient for

thrombolysis, whereas 75 U/g BW of commUPA or non-targ-scuPA

are not (P > 0.01). 500 U/g BW of commUPA, the concentration

required to match the effectiveness of 75 U/g BW of targ-scuPA,

resulted in prolonged tail bleeding time, whereas no increase in bleed-

ing was observed when the equally effective but lower dose of 75 U/g

BW scuPA (P > 0.001).

Conclusion: We are able to demonstrate that our targeted MB spe-

cifically bind to activated platelets enabling real-time molecular

ultrasound imaging of thrombosis and monitoring of success or

failure of thrombolysis in vivo. In an exemplary application a

highly promising clot-targeted thrombolytic drug was shown to

provide effective thrombolytic potential without compromising hae-

mostasis.

OC 74.4
Cell painting with an engineered membrane-anchoring
endothelial protein C receptor (EPCR) improves protein
C activation and protease activated receptor-1 and -3
cleavage on EPCR-deprived cells
Bouwens EAM and Mosnier LO

The Scripps Research Institute, La Jolla, CA, USA

The protein C pathway conveys beneficial antithrombotic and cyto-

protective effects in numerous in vivo disease models, including ische-

mic stroke, thrombosis, and inflammatory diseases such as sepsis. The

endothelial protein C receptor (EPCR) plays a central role in the pro-

tein C pathway, by acting as a cofactor with thrombomodulin in the

activation of protein C on endothelial cells and by acting as a cofactor

for activated protein C (APC)-mediated activation of protease-acti-

vated receptors (PAR) 1 and 3 that are required for APC’s cytoprotec-

tive activities. Functional EPCR on endothelial cells is diminished

during disease due to shedding of EPCR induced by proinflammatory

cytokines and EPCR encryption induced by TNFa and secreted phos-

pholipase A2. This suggests that the bioavailability of EPCR may limit

the efficacy of the protein C pathway’s antithrombotic and cytoprotec-

tive effects. Consistent with this concept, EPCRlow mice (expressing

> 10% EPCR) challenged with endotoxin displayed profound plasma

tissue extravasation, lung injury, severe renal hemorrhage and albu-

minuria compared to wild type mice. Thus, restoring EPCR’s bioavail-

ability via ‘cell painting’ with membrane-anchored EPCR could

improve the efficacy of the protein C pathway beneficial effects and

restore resistance to inflammatory disease.

To accommodate EPCR-restitution on the surface without a need for

gene transfer, a glycosyl-phosphatidylinositol (GPI)-anchored deriva-

tive of EPCR was engineered. EPCR-shRNA stable transfected

EA.hy926 endothelial cells (EPCRKD) expressed > 25% EPCR and

were defective in protein C activation, APC binding, and APC-medi-

ated activation of PARs. Painting efficiency of EPCR-GPI on

EPCRKD cells was time- and dose-dependent, and reached a plateau

of 400% of wild type cells after 120 min. After removal of EPCR-GPI

from the cells, there was a rapid decrease of surface EPCR during the

first hour to approximately 250%, whereas after 24 h surface EPCR

on painted EPCRKD cells was still 200% compared to wild-type cells.

Thus, cell painting with GPI-anchored EPCR provided a long-lasting

method to restore EPCR on the surface of endothelial cells. EPCR-

GPI painting of EPCRKD cells also restored EPCR functionality. No

appreciable APC binding was detected on EPCRKD cells but after

EPCR-GPI painting, APC binding to the endothelial surface was nor-

malized and the affinity for APC binding to EPCR was similar for

EPCR-GPI compared to wild-type EPCR. EPCR-GPI painting also

normalized endothelial PC activation. Knockdown of EPCR reduced

PC activation on the endothelial cell surface with approximately 45%,

while membrane-anchored EPCR completely normalized PC activa-

tion on EPCRKD cells. Finally, EPCR-GPI painting also improved

APC’s cytoprotective activities as EPCR-GPI painted on HEK293

cells expressing N-terminal-SEAP-PAR constructs permitted cleavage

of PAR1 and PAR3.

In summary, our results suggest that cell painting with an engineered

membrane-anchoring EPCR-GPI can be used to attain supra-normal

EPCR levels on the endothelial cell surface, to restore APC binding to

EPCR-deprived cells, and to enhance APC’s anti-thrombotic and cyto-

protective effects. Thus, EPCR-GPI provides a novel tool for both in

vitro and in vivo cellular engineering approaches of both EPCR and

APC to characterize, understand, and improve the beneficial effects of

APC therapy and EPCR functional bioavailability on cells.

OC 75 – Pediatric Thrombosis

OC 75.1
Chylothorax in children with congenital heart disease:
incidence of upper venous thrombosis
Bauman M1, Bruce AK2, Moher C3, Kuhle S2, Kaur S3

and Massicotte P1

1Stollery Children’s Hospital, University of Alberta, Edmonton,

AB; 2Dalhousie University, Halifax, NS; 3University of Alberta,

Edmonton, AB, Canada

Postoperative chylothorax is a frequently encountered pathology

occurring in up to 4% of patients undergoing surgery for repair of

congenital heart disease.The continuous loss of chyle is a challenging

problem to treat and is associated with increased morbidity and mor-

tality. It has been associated with prolonged ventilator dependence,

increased length of hospital stay and associated nosocomial infections,

malnutrition and central venous line related thrombosis.

Factors which increase patient risk for thrombosis include the presence

of a central venous line, central venous hypertension in addition to an

overall increased risk for thrombosis in children with congenital heart

disease due to acquired coagulopathies. Symptomatic thrombosis is

associated with chylothorax and may contribute to its severity and

duration. Furthermore, vessel thrombosis resulting in persistent vessel

occlusion may impede future treatments, diagnostic studies and car-

dio-surgical interventions. One retrospective review of 30 pediatric

patients with chylothorax demonstrated that 26.7 percent of patients

with chylothorax were symptomatic for thrombosis and confirmed by

ultrasound. However, screening of all patients diagnosed with chylo-
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thorax for VTE is necessary to understand the true incidence of throm-

bosis and its association with chylothorax.

Aim: To determine the incidence of upper system thrombosis in chil-

dren with congenital heart disease diagnosed with chylothorax.

Methods: Stollery Children’s Hospital, University of Alberta is one of

two pediatric cardio-surgical centres for children across Western Can-

ada. All pediatric patients with confirmed with chylothorax (fulfilling

3/4 criteria: white blood cell count > 1000 109/L, lymphocytes > 80%,

triglycerides > 1.1 mM, and chest tube losses > 10 ml/kg/day for

> 3 days) undergo ultrasound of the upper venous system as per hos-

pital routine care. This cohort study enrolled all children between Feb-

ruary 1, 2010-August 2012, post cardiac surgery with confirmed

chylothorax. Data collected included variables that are reported to

predict the development of chylothorax and potential thrombosis

ARISTOTLE scores were calculated using underlying cardiac diagno-

sis and type of cardiac surgical procedure. This study was approved by

the University of Alberta Health Ethics Board.

Results: One thousand three hundred and ninety-six cardio-surgical

procedures with 760 undergoing cardiopulmonary bypass. Chylotho-

rax occurred in 54 of 1396, 3.9% (95%CI 3.0; 5.0) procedures in all

children, with 48/760, 6.3% (95%CI 4.8; 8.3) and 6/636, 0.9% (95%CI

0.4; 2.0) in the presence or absence of CPB, respectively. 28/54 children

with chylothorax had thrombosis, 54% in the right internal jugular

vein. Children with chylothorax and thrombosis had a significantly

longer PICU stay, a longer CVL indwell time, and a higher CVP than

those without thrombosis.

Conclusions: This is the first study to diagnostically assess children

with confirmed chylothorax for the presence of upper venous system

thrombosis. The incidence of thrombosis in this cohort is 51.8% com-

pared with 26.7% reported by McCulloch et al. who described symp-

tomatic thrombosis. The contribution of upper venous system

thrombosis to chylothorax is unknown. Approaches to therapy either

treatment of confirmed thrombosis or prevention of thrombosis in

patients with chylothorax require formal evaluation.

OC 75.2
EmPoWarMent: five year evaluation of patient self
management of vitamin K antagonist therapy
Bauman M1, Massicotte P1, Bruce AK2, Kuhle S2 and Bauman ML1

1Stollery Children’s Hospital, University of Alberta, Edmonton,

AB; 2Dalhousie University, Halifax, NS, Canada

Background: Close and frequent INR monitoring is required in chil-

dren as VKAs are narrow therapeutic index drugs and in children are

exceptionally difficult to manage. Time in target therapeutic range

(TTR) is commonly used as a surrogate measure for safety and efficacy

of VKA therapy. Capillary point of care (POC) International Normal-

ized Ratio (INR) measurement is a feasible method of INR testing

and is associated with non-inferior warfarin / INR control when com-

pared to traditional approaches. With patient self-management (PSM)

the patient takes an independent role in performing warfarin dose

adjustments after receiving additional VKA education and training.

However, KIDCLOT is available as a resource if necessary. Adult

studies and one small randomized pediatric study demonstrate that

PSM is safe and effective with improved adherence. However studies

have only evaluated PSM over a period of > 12 months and no study

has evaluated the sustainability of PSM over time.

Aims: To determine TTR, testing frequency, adherence to VKA dosing

guideline, patient knowledge of VKAT for children and young adults

performing long term PSM (1–5 years).

Methods: This prospective longitudinal comparative cohort enrolled

all children and teens prescribed VKAT followed by the KIDCLOT©
program, Stollery Children’s Hospital. Patients performing PST for

> 3 m were invited to participate in PSM. INRs were collected from

PSM and PST groups and used to calculate TTR, frequency of INR

testing frequency, and testing adherence (did they check INR per

guideline). A validated knowledge test was completed by patients year

one and will be again at study end (Spring 2013) and scores compared.

Patients performing self-testing with the health provider adjusting

doses was used a control for TTR, testing frequency, knowledge. The

study was ethics approved and consents obtained.

Results: One hundred and twenty patients (median age 8 years, range

1–16 years) were enrolled in the study with 60 children and their fami-

lies in the PSM group. Patient enrollment was evenly distributed over

the years 2008–2012 for both groups with all patients performing PSM

for > 1 year. There was no difference in mean age and underlying car-

diac conditions necessitating VKAT between groups. There were 1385

(PSM) and 1339(PST) INR tests performed. TTR was 87% (PSM)

and 80% (PST) (P = 0.03) and mean testing frequency was 2.0 (PSM)

/ and 2.2 (PST) weeks. Independent adherence was 90% in the PSM

group. The KIDCLOT© health provider received 85/1365 calls for

support from PSM patients. VKA knowledge and testing competency

data is currently underway and will be reported. PSM results were not

significantly different than previously reported for patients performing

PSM for ≤ 1 year. There were no adverse events or hospital admis-

sions related to VKAT in either group.

Conclusions: PSM for children may be a safe and effective manage-

ment strategy for warfarinized children and appears sustainable over

time. In addition, the PSM method is a process which relies on the

application of the VKAT education/training, further integration of

this knowledge into practical translation into their daily life and thus

empowers for the future.

OC 75.3
Thrombosis in children: further evaluation of incidence
and resolution
Massicotte P1, Bauman ME1, Bruce AK1, Shan S2, Bauman M1

and Bazjar L2

1Stollery Childrens Hospital, University of Alberta, Edmonton,

AB; 2University of Alberta, Edmonton, AB, Canada

Thrombosis in children most often occurs in children with life-threat-

ening health conditions. The incidence of thrombosis in children is

reported to be highest among infants ≤ 1 year of age and is associated

with severe sequalae including loss of venous access. Thrombus resolu-

tion has not been adequately explored in children and is reported to be

only 22% among adults. In these children central vascular access is

essential to their survival. Consequently, anticoagulation is commonly

used to prevent extension thereby allowing fibrinolysis. Determination

of thrombus resolution may influence duration of therapy.

Aims: To evaluate the resolution of symptomatic line related thrombo-

sis in children.

Methods: This single centre, quaternary care children’s hospital, retro-

spective study included all pediatric patients objectively diagnosed

with arterial or venous thrombosis from 2003 to 2012. Children with

thrombosis, and available for follow-up, underwent repeat imaging to

evaluate thrombus resolution at 2, 4 and 12 weeks post diagnosis.

Intracerebral and intracardiac thrombi were excluded. Thrombosis

was treated in 91% of this population. For analysis, children were

divided into age groups consistent with developmental hemostasis

(≤ 3 months 3.1–12 m, 1–5 years, 6–18 years). Thrombotic events

were further subdivided into arterial and venous. Resolution was eval-

uated through objective diagnostic imaging to determine when com-

plete resolution (CR) occurred. Medical records were reviewed to

determine patient characteristics, first thrombotic event, and degree of

resolution when available. Ethics approval was obtained.

Results: Five hundred and four children were diagnosed with arterial or

venous thrombosis. 284(56%) were male. 234 (46%) had congenital

heart disease. 232 (46%) infants were ≤ 3 months of age, 97 (19.2%)

were aged > 3–12 months of age, 90 (17%) and 85 (17%) 1–5 years and

≥ 5–18 years respectively. Follow up imaging was available in 78% of

all children. In infants ≤ 3 months of age full resolution occurred in 42/

63(67%) and 57/117(49%) for arterial and venous thrombosis. Of
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those, CR at 2, 4, 12 weeks was 14/42 (33%), 27/42(64%), 42/42

(100%) and 17/57 (30%), 29/57(51%), 52/57(91%), for arterial and

venous thrombi respectively. In infants, > 3–12 months CR occurred in

18/22(82%) and 27/55(49%), for arterial and venous, respectively. Of

those, CR at 2, 4, 12 weeks was 9/18(50%), 13/18(72%), 18/18 (100%)

and 8/55 (15%), 12/55 (22%), 24/55 (44%) for arterial and venous

thrombi, respectively. CRwas not different between 1–5 and 6–17 years

and was therefore combined. Of those, CR occurred in 15/21 (71%) and

63/116 (54%) by 12 weeks 14/15 (93%) and 49/63 (77%) for arterial

and venous thrombosis, respectively.

Summary: This is the first report which defines the population with the

highest incidence of thrombosis as infants’ ≤ 3 months of age. Unlike

older children and adults, CR occurred at 4 weeks for 64% and 41%

of arterial and venous thrombosis for infants’ ≤ 3 months, respec-

tively. CR occurred at 4 weeks in 72% of arterial thrombi in infants’

≤ 12 months. Given this incidence of CR of thrombi at 4 weeks, imag-

ing at 4 weeks should be considered if anticoagulation is ongoing.

These findings validate the need for studies evaluating thrombopro-

phylaxis. Well designed studies evaluating duration of therapy of are

urgently needed.

OC 75.4
Traumatic lumbar punctures in children receiving low-
molecular-weight heparin during treatment for acute
lymphoblastic leukemia or lymphoma
Estepp JH, Smeltzer MP, Howard SC and Reiss M

St Jude Children’s Research Hospital, Memphis, TN, USA

Background: Children with acute lymphoblastic leukemia (ALL) and

lymphoma undergo numerous diagnostic and therapeutic lumbar

punctures (LP). Traumatic LPs have decreased diagnostic value and

may worsen clinical outcomes. Spinal hematoma is a rare complica-

tion, but can result in permanent neurologic injury. The risk of a trau-

matic LP and spinal hematoma may be increased in children who are

on anticoagulation therapy after a treatment-related thrombotic event,

but there is a paucity of data regarding optimal management of peri-

procedural anticoagulation in children with leukemia or lymphoma

undergoing LP.

Aims: To determine if peri-procedural anticoagulation utilizing a stan-

dard protocol increases the risk of traumatic LP or spinal hematoma

in children undergoing treatment for ALL or lymphoma.

Methods: Following institutional ethics committee approval, the medi-

cal records of children younger than 19 years of age who were treated

for ALL or lymphoma from 1/2004 through 10/2012 and who had a

thrombosis treated with LMWH were reviewed. Standard institutional

practice included holding low-molecular-weight heparin (LMWH)

24 h prior to LP, then resuming LMWH 24 h following the procedure.

A traumatic LP was defined as at least 10 red blood cells per microliter

of cerebrospinal fluid (CSF). Associations between categorical vari-

ables were evaluated via Fishers Exact test. Because multiple LPs per

individual were analyzed, we accounted for the correlated nature of

data via a statistical model with a binary response variable utilizing a

binomial distribution (generalized estimating equation [GEE] model

with PROC GENMOD in SAS v 9.2).

Results: A total of 139 children underwent 1794 LPs with valid CSF

analysis, of which 19.0% (341/1794) were traumatic. Children were on

therapeutic anticoagulation around the time of LP in 22.2% (398/

1794) of the procedures. Traumatic LPs occurred in 12.1% (48/398) of

procedures during LMWH therapy compared to 21.0% (293/1396) of

procedures while not on anticoagulation (P > 0.001). After controlling

for pre-procedural platelet count, age and accounting for intra-patient

correlation, the incidence of traumatic LPs was still lower during

LMWH therapy vs. LPs performed while patients were not on antico-

agulation (P = 0.02). No spinal hematomas occurred in 398 LPs per-

formed during LMWH therapy or in the 1396 LPs performed without

anticoagulation.

Conclusions: In children with ALL or lymphoma, suspension of

LMWH 24 h prior to and following lumbar punctures was safe.

Adhering to this practice, children receiving therapeutic LMWH had

no greater risk of traumatic LP or spinal hematoma compared to chil-

dren not receiving anticoagulation. Whether a shorter interval without

LMWH would be equally safe requires further study.

OC 76 – Platelet Signalling – II

OC 76.1
14-3-3? regulates the procoagulant function of
platelets
Van Der Wal A1, Cranmer SL*,1, Ramshaw HS2,

Van der Wal E*,1, Schoenwaelder M1, Yuan Y1, Gardiner E1,

Berndt MC1, Andrews RK1, Lopez AF2 and Jackson SP1

1Australian Centre for Blood Diseases, Melbourne, Vic.,

Australia; 2Centre for Cancer Biology/SA Pathology, Adelaide,

SA, Australia

Background: The 14-3-3 family of signalling adaptor proteins regu-

late various important cellular functions including cell signalling,

cell-cycle, proliferation and apoptosis through their interaction with

proteins containing phosphoserine/threonine binding motifs. Numer-

ous 14-3-3 family members have been identified in platelets, includ-

ing the abundant 14-3-3f isoform, which has previously been

implicated in regulating the adhesive and signalling function of Gly-

coprotein (GP)Iba.
Aim: To investigate the role of 14-3-3f in regulating the haemostatic

and prothrombotic function of platelets.

Methods: We have generated 14-3-3f-deficient mice and performed

various platelet function studies in vitro, including platelet adhesion to

von Willebrand factor (VWF), thrombus formation on collagen-

coated surface and platelet aggregation. Also, we measured P-selectin

expression, GPIIb-IIIa activation and phosphatidylserine (PS) expo-

sure by flow cytometry following platelet stimulation by various agon-

ists. Furthermore, we determined platelet life span by post-injection of

sulpho-NHS biotin and quantified% CD41 & streptavidin-positive

events after flow cytometry. To study arterial thrombosis in vivo, elec-

trolytic injury of the carotid artery was induced in mice. Experiments

were performed on 14-3-3f-deficient and Wild-type (WT) mice recon-

stituted with the bone marrow from WT and 14-3-3f-deficient mice,

respectively. Additionally, venous thrombosis was investigated in the

pulmonary embolism model, in which collagen plus epinephrine was

injected intravenously into mice.

Results: Using a 14-3-3f-null mouse model, we have identified an

important role for 14-3-3f in regulating the haemostatic and pro-

thrombotic function of platelets in vivo. Unexpectantly, 14-3-3f�/�

platelets had no defects in GPIba-mediated adhesion to VWF or

thrombus formation at high shear on a collagen substrate in vitro.

Also, the life span of platelets was unaffected by the deficiency in 14-3-

3f. 14-3-3f�/� platelets had subtle defects in platelet aggregation, P-se-

lectin expression and integrin GPIIb-IIIaactivation by threshold con-

centrations of thrombin or PAR-4 peptide. However, platelet

aggregation by ADP and collagen-related peptide (CRP) was unaf-

fected by 14-3-3f deficiency. A major functional defect in 14-3-3f�/�

platelets was found in PS-exposure following stimulation with high

concentrations of a combination of two potent platelet agonists,

thrombin and CRP. This defect in agonist-induced PS-exposure was

associated with decreased thrombin generation in vivo following colla-

gen/epinephrine injection in 14-3-3f-null mice, leading to reduced pul-

monary emboli and improved survival. 14-3-3f-deficient mice were

also protected from arterial thrombotic occlusion following electro-

lytic injury to the carotid artery. This phenotype was reproduced in

WT mice reconstituted with 14-3-3f-deficient haematopoietic cells,

indicating that the thrombosis defect was likely to be related to altered

platelet function.
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Conclusion: These studies define an unexpected role for 14-3-3f in reg-

ulating the procoagulant function of platelets necessary for haemosta-

sis and thrombosis.

OC 76.2
Kindlin-2 in platelets and in megakaryocytes: a
possible role in b integrin activation
Ghalloussi D1, Baccini V1, Nurden AT2, Alessi M-C1

and Canault M1

1UMR Inserm1062 – INRA 1060 – Aix-Marseille University,

Marseille; 2LIRYC, Plateforme Technologique et d’Innovation

Biom�edicale, Hôpital X Arnozan, Pessac, France

Background: The kindlin family plays a crucial role by interacting with

b subunits of integrins allowing conformational changes. The kindlin

family is composed of three proteins, kindlin-1, -2, -3. Their impor-

tance in development and normal physiology is well established: kind-

lin-1 deficiency causes skin blistering (Kindler syndrome) and kindlin-

3 deficiency causes the Leucocyte Adhesion Deficiency type III (LAD-

III). The importance of kindlin-2 in adults is unknown since knockout

mice die at early stage of embryogenesis most probably due to

impaired cardiac development. The expression of kindlins was initially

thought to be restricted to specific cell types and tissues. However, dif-

ferent kindlins have been described in the same cell type where they

each have a specific function and cannot substitute for each other. In

the hematopoietic lineage and more precisely in platelets and megak-

aryocytes, kindlin-3 is the predominant form. So far, kindlin-1 has not

been described in platelets and evidence for the presence of kindlin-2 is

limited.

Aim: To examine the presence and to determine the specific role of

kindlin-2 in platelets and megakaryocytes.

Methods and Results: We first explored the presence of the three kind-

lins in platelets by western blot. As expected, kindlin-3 was found in

platelets but to our surprise significant amounts of kindlin-2 was also

detected. No expression of kindlin-1 was observed. To further confirm

the presence of kindlin-2 and to avoid false positive due to cross reac-

tivity of the kindlin antibodies, we analyzed platelet samples from a

kindlin-3 deficient LAD-III patient. As expected, no kindlin-3 was

detected whereas kindlin-2 was expressed as in control subjects. To test

whether kindlin-2 in platelets could arise from synthesis in their pre-

cursors, we analyzed kindlin proteins and mRNA expression in three

megakaryocytes cell lines (HEL, Meg-01 and CMK) after PMA-

induced differentiation. Kindlin-2 and -3 mRNA and protein showed

time-dependent increases as the cells differentiated. In contrast kind-

lin-1 was never detected.

To explore the subcellular localization of kindlin-2, permeabilized

platelets and megakaryocytes cell lines adhering to fibrinogen were

labeled with anti-kindlin-2 antibody. In undifferentiated megakaryo-

cytes, kindlin-2 showed a diffuse cytoplasmic and nuclear localization.

However, in differentiated cells, kindlin-2 appeared concentrated in

focal adhesion plaques. The same kindlin-2 localization was observed

in activated platelets. This suggests that upon activation, kindlin-2

most probably concentrate in areas where integrins are interacting

with the fibrinogen matrix.

Using confocal imaging, we examined more closely whether kindlin-2

co-localized with integrins. Results obtained with fibrinogen-adhering

Meg-01 showed that kindlin-2 indeed co-localize with the integrin ß3

subunit. This argues in favor of a possible role for kindlin-2 in either

inside-out or outside-in signaling.

Conclusion: We have confirmed the presence of kindlin-2 in platelets

and their precursors with an increased expression along megakaryocy-

tic differentiation. We observed that upon cellular differentiation,

kindlin-2 localizes in areas containing the integrin b subunit. To fur-

ther investigate the precise function of kindlin-2 in platelet and megak-

aryocytes integrin activation, experiments of kindlin-2 overexpression

and shRNA silencing are in progress.

OC 76.3
Protein kinase C mediates Rap1-dependent platelet
aggregation in the absence of CalDAG-GEFI and P2Y12
Stefanini L1, Paul DS1, Getz TM1, Beale A1, Cholka A1, Andre P2,

Stone JC3, Conley PB2 and Bergmeier W1

1University of North Carolina at Chapel Hill, Chapel Hill, NC;
2Portola Pharmaceuticals, San Francisco, CA, USA; 3University of

Alberta, Alberta, AB, Canada

Background: The small-GTPase Rap1 is a crucial mediator of platelet

activation. In previous studies we have demonstrated that Rap1-

dependent platelet activation is controlled by two kinetically distinct

pathways: a fast but reversible calcium- and CalDAG-GEFI (CDGI,

RasGRP2)-dependent pathway and a slower but more sustained path-

way that requires protein kinase C (PKC)-dependent granule release

and signaling through the Gi-coupled ADP receptor, P2Y12. Simulta-

neous inactivation of CDGI and P2Y12 in mice completely blocked

thrombus formation at sites of vascular injury and abolished Rap1-

dependent integrin activation in platelets stimulated by various agon-

ists in vitro. Aggregation of platelets lacking both CDGI and P2Y12

was only observed in samples stimulated with high doses of thrombin

or PAR4 receptor activating peptide.

Aim: In this study we sought to determine if CalDAG-GEFIII

(CDGIII, RasGRP3), the only other Rap1-GEF of the CalDAG-GEF

family expressed in platelets, and/or PKCs can activate Rap1 indepen-

dently of CDGI and P2Y12/Gi signaling.

Methods: To dissect the pathways upstream of Rap1, pharmacological

inhibitors were used in combination with genetically engineered mouse

models. Integrin activation and granule secretion (surface P-selectin)

were assayed by flow cytometry and standard aggregometry. To com-

pare the kinetics of Rap1 and integrin activation, washed platelets

were stimulated in stirring conditions and Rap1 GTP-loading was

measured by pull-down assay directly from the aggregometry samples.

Results: Stimulation with high doses of Par4-activating peptide led to

delayed Rap1 signaling, integrin activation, and granule release in

platelets from mice lacking both CDGI and P2Y12 (CDGI/P2Y12-

DKO). All responses were not affected in platelets deficient in CDGIII.

Furthermore, Rap1-dependent platelet activation was not significantly

different in PAR4p-activated CDGI/III-DKO platelets when compared

to CDGI�/� platelets, both in the presence or absence of the P2Y12

inhibitor 2-MeSAMP. Thus, CDGIII does not regulate Rap1 activation

in platelets. In contrast, inhibition of PKC signaling (pan-PKC inhibi-

tor Ro-31-8220) completely abolished Rap1 and integrin activation in

PAR4p-activated CDGI�/� or CDGI/P2Y12-DKO platelets. Consis-

tently, stimulation with the diacylglycerol-mimetic PMA, a direct acti-

vator of PKCs, led to delayed aggregation and Rap1 activation in

CDGI/P2Y12-DKO platelets. Importantly, CDGI/P2Y12-DKO mice

were only partially protected from thromboplastin-induced pulmonary

thromboembolism, suggesting that this PKC-dependent third pathway

of Rap1 activationmay have patho-physiological significance.

Conclusions: In summary, we demonstrate a direct role for PKC, but

not CDGIII, in the activation of Rap1 in platelets. This new pathway

signals with slow kinetics and requires markedly higher agonist con-

centrations than CDGI- or P2Y12-dependent Rap1 activation, sug-

gesting that it functions in patho-physiological situations other than

platelet adhesion and aggregation at sites of vascular injury.

OC 76.4
Grb2 is essential for (hem)ITAM-mediated signalling
in platelets
D€utting S1, V€ogtle T1, Morowski M1, Sch€afer C1, Ackermann JA2,

Radtke D2, Hermanns HM1, Nitschke L2 and Nieswandt B1

1University of W€urzburg, W€urzburg; 2University of Erlangen,

Erlangen, Germany

Background: Platelet activation by GPVI is a prerequisite for platelet

adhesion to collagen and the LAT signalosome, composed of different
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signalling and adapter proteins, plays an important role in mediating

this activation. Growth factor receptor-bound protein 2 (Grb2) is an

ubiquitously expressed adapter protein and plays a prominent role in

signalling processes of numerous receptors in different cell types by

either amplifying or inhibiting signal transduction. Based on in vitro

studies it has been proposed that the Grb2/SOS/MEK pathway is of

central importance for megakaryocyte (MK) differentiation. In plate-

lets, Grb2 is part of the LAT signalosome and becomes tyrosine-phos-

phorylated after GPVI ligation, indicating a possible role of the

adapter in GPVI signalling. However, the exact role of Grb2 in platelet

production and function has remained elusive.

Aims: We tested the hypothesis that Grb2 is an essential adapter pro-

tein in (hem) immunoreceptor tyrosine-based activation motif (ITAM)

signalling in platelets.

Methods: Platelet function was assessed in mice with a conditional

(PF4-Cre/loxP) deficiency of Grb2 in MKs and platelets by using flow

cytometric analysis of cellular activation processes, aggregometry and

flow adhesion systems. GPIIb/IIIa-mediated outside-in signalling was

analysed by performing platelet spreading and measurement of clot

retraction. In vivo function of platelets was studied in models of arte-

rial thrombosis using intravital microscopy and haemostatic function

was analysed by determination of tail bleeding times.

Results: We show that ablation of Grb2 in MKs did not interfere with

MK differentiation or platelet production. However, Grb2 deficiency

severely impaired GPVI-mediated platelet activation due to defective

activation of phospholipase (PL) Cc2 and Ca2+ mobilisation resulting

in reduced adhesion, aggregation and coagulant activity on collagen in

vitro. Similarly, CLEC-2-mediated signalling was impaired in Grb2-

deficient platelets, whereas the cells responded normally to stimulation

of G-protein coupled receptors (GPCR). Interestingly, in platelets,

Grb2 acts downstream of Syk by linking the LAT signalosome to the

GPVI receptor complex and Grb2-deficiency abrogated specifically

ERK1/2 activation, whereas p38 and JNK activation were unaffected.

In vivo this selective (hem)ITAM signalling defect resulted in pro-

longed bleeding times but affected arterial thrombus formation only

after concomitant treatment with acetylsalicylic acid, indicating that

defective GPVI signalling in the absence of Grb2 can be compensated

through thromboxane A2-induced GPCR signalling pathways.

Summary/Conclusion: These results reveal for the first time a crucial

role of Grb2 in (hem)ITAM signalling in platelets in haemostasis and

thrombosis, while it is dispensable for platelet production.

OC 77 – RNA and Coagulation

OC 77.1
Factor XI mRNA is spliced upon platelet activation
Zucker M, Hauschner H, Seligsohn U and Rosenberg N

Sheba Medical Center, Ramat Gan, Israel

Background: Platelets circulate in blood as anucleated cells yet contain

spliceosome components and pre-mRNAs. Upon activation, platelets

excise introns from pre-mRNAs yielding mature messages that are

translated to proteins. Such signal-dependent splicing process has been

demonstrated so far for three platelet proteins: IL-1b, cox-2 and tissue

factor. Previous studies of platelet factor XI (FXI) yielded conflicting

data regarding platelet FXI; some laboratories reported presence of

mature FXI mRNA while others only found aberrant FXI mRNA

that contained introns or skipped exons. Conceivably, these differ-

ences resulted from different degrees of platelets activation when

mRNA was extracted.

Aim: To investigate whether platelet FXI pre-mRNA undergoes splic-

ing upon platelet activation and yielding mature FXI mRNA that is

translated to FXI.

Methods: Platelets were separated from blood of healthy volunteers in

citrate and were washed gently in the presence of inhibitors such as

PGE, Ibmax, and apyrase. Platelet mRNA was extracted from resting

platelets and from platelets activated by thrombin or ADP as well as

from partially activated platelets in which the fibrinogen receptor

(aIIbb3) was activated without a-granules secretion. This partial acti-
vation was accomplished by using low concentrations of fibrinogen

and manganese ions. The mRNA was reverse-transcribed to cDNA by

random primers. Splicing patterns of the cDNA from activated, par-

tially-activated or resting platelets were compared by PCR and aga-

rose gel-electrophoresis. The presence of alpha-IIb message served as a

positive control. FXI protein levels in activated or resting platelets

were measured by ELISA using specific FXI antibodies.

Results: Both activated and resting platelets displayed FXI pre- as well

as mature mRNA. Platelet activated by thrombin or ADP exhibited

higher levels of mature FXI mRNA than resting platelets separated in

the presence of inhibitors. The resting platelets contained increased

levels of FXI pre-mRNA, including introns, compare to activated

platelets. Levels of control alpha-IIb mature mRNA were similar in

activated, partial-activated and resting platelets. The increased FXI

mRNA splicing was not exhibited following partial platelet activation

in which integrin aIIbb3 was activated without platelet a-granules
secretion using low concentrations of fibrinogen and Manganese ions.

FXI protein levels were also higher in activated platelets compared to

inhibited platelets.

Summary: Mature mRNA of FXI as well as FXI protein are increased

following platelet activation. Our data suggest that platelet FXI is the

4th protein whose pre-mRNA is spliced upon platelet activation.

These results can explain previous publications in which different

platelet FXI mRNAs were found. Conceivably, FXI that is produced

in platelets upon their activation contributes to clot formation.

OC 77.2
The role of microRNA in the pathogenesis of venous
thromboembolism
Starikova I1, Jamaly S1, Sovershaev M1, Blondal T2, Sorrentino A2

and Hansen JB1

1University of Tromsø, Tromsø, Norway; 2Exiqon, Vedbaek,

Denmark

Background: Microparticles (MPs) are small circulating membrane

microvesicles which form via budding from surface of activated or

apoptotic cells. MPs contain cytoplasmic content of parental cell,

including regulatory RNA molecules, such as microRNA (miRNA),

which are 20–25 nucleotide-long single-stranded RNAs that can

induce degradation or inhibit the translation of one or several messen-

ger RNA (mRNA) molecules. This will ultimately alter gene expres-

sion and modify cell functions. As part of inter-cellular

communication, miRNAs could be transferred within MPs from the

parental to target cell through adhesion and fusion of MPs to the spe-

cific cell type via specific receptors expressed on the surface of MPs. In

plasma, miRNAs are located in MPs or bound to protein complexes

(e.g., Ago2, NPM1). No study has so far investigated plasma levels of

miRNAs in unprovoked venous thromboembolism (VTE).

Aims: The present study was undertaken to determine plasma levels of

miRNAs in patients with unprovoked VTE.

Methods: A case-control study was performed in 20 patients with a his-

tory of incident unprovoked VTE 1–5 years prior to inclusion in the

study, and 20 age- and sex-matched healthy controls recruited from

the general population. RNA was isolated from citrated plasma using

an improved variant of a column-based kit (miRNeasy kit, Qiagen,

USA) including MS2 as a carrier RNA and thereafter successfully

reverse transcribed (RT) into cDNA using miRCURY LNATM Univer-

sal RT kit (Exiqon, Denmark). Profiling of miRNA from plasma was

carried out by a SYBR-based quantitative PCR system assessing 743

miRNAs (The miRCURY LNA[TRADEMARK] Universal RT micr-

oRNA system, Exiqon, Denmark). For normalization of the data, we

applied the average of the assays detected in all samples (n = 40 sam-

ples). Student’s t test was used to evaluate differences between groups

and a two-sided P-value below 0.05 was considered significant. The
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study was approved by the regional committee for research ethics, and

all participants gave their informed written consent to participate.

Results: VTE patients had higher BMI (28.3 � 4.4 vs. 26.3 � 3.9 kg/

m2, P = 0.045) and greater waist circumference (98.2 � 12.5 vs.

93.4 � 13.4 cm, P = 0.041) than age and sex matched controls. Sig-

nals of high quality from 73 miRNAs were identified in all samples,

and several significant differences in levels of miRNAs were observed

between the groups (p-values > 0.05). Interestingly, we found higher

plasma levels of miR-10b (P > 0.001), miR-320b (P = 0.002) and

miR-126 (P = 0.02) in plasma of patients with unprovoked VTE rela-

tive to healthy control individuals.

Conclusions: Our findings suggest that miR-10b, miR-320b and miR-

126 are novel biomarkers of unprovoked VTE. Previous experimental

studies have suggested that miR-10b and miR-126 are involved in reg-

ulation of endothelial cell functions and angiogenesis, whereas miR-

320 has been associated with arterial cardiovascular risk factors and

diseases. A nested case-cohort study will be performed to determine

whether these miRNAs are a potential cause of unprovoked VTE

rather than a consequence of the disease (reverse causation).

OC 77.3
Transfection of siRNA in human blood platelets: a high
efficiency method for the horizontal transfer of siRNA
from platelets to human monocytes and endothelial
cells
Malvestiti M, Bury L, Marturano A, Petito E, Momi S

and Gresele P

University of Perugia, Perugia, Italy

Background: Platelets contain messenger RNAs (mRNA) and are

capable of protein synthesis. Platelets also contain a diverse array of

microRNAs (miRNA) and its machinery (Dicer, Argonaute2). Preli-

minary data suggest that platelets and platelet-derived microparticles

may transfer RNAs to other acceptor cells upon direct contact.

Aims: To develop an efficient method for the transfection of human

platelets with siRNA and to assess whether the transfected siRNA can

then be transfered to other cells.

Materials and Methods: We have developed a new method for the effi-

cient transfection of siRNA to washed human platelets. siRNA trans-

fection efficiency was assessed by using a fluorescent TYE563-labeled

siRNA and flow cytometry. Platelet-derived microparticles (PMP)

were generated by stimulating transfected platelets with Thrombin

(1 U/mL) and TYE-563-labeled siRNA transfection in PMP was anal-

ysed by flow cytometry. mRNA expression in monocytes and in endo-

thelial cells after co-incubation with siRNA transfected platelets was

assessed by Real-Time PCR.

Fluorescent-labeled siRNA-transfected human platelets were resus-

pended in PBS at 109/ml and injected in NOD-SCID mice; 24 h later

blood was sampled and siRNA fluorescence was assessed in murine

monocytes by flow cytometry.

Results: We obtained a high siRNA transfection efficiency (97%)

within 5 min of incubation with the siRNA of interest.

We also showed that the TYE563-labeled siRNA previously transfect-

ed into human platelets was transferred to platelet derived microparti-

cles with high efficiency (96%).

We then co-incubated human monocytes with siRNA-transfected

platelets for 4 h and observed that 15.8% of monocytes became posi-

tive for TYE563-labeled siRNA.

Similarly, human endothelial cells (HUVEC) co-incubated for 6 h with

siRNA transfected PMPs resulted positive for TYE563 labeled-siR-

NAs (38%).

Human platelets transfected with fluorescent-labeled siRNA and

injected in NOD-SCID mice persisted in the bloodstream for up to

48 h.

Mouse monocytes from mice injected 24 h earlier with siRNA-trans-

fected human platelets showed siRNA fluorescence (7.1%).

Human monocytes coincubated for 24 h with platelets transfected

with DICER-substrate siRNA directed against Tissue Factor mRNA

show a strong downregulation of TF mRNA (more than 80%).

Conclusions: We have developed a novel, highly efficient method for

the transfection of siRNAs into platelets.

We have also shown that siRNAs transfected in human platelets can

be transferred to other cells (monocytes, HUVECs) with which plate-

lets get into contact.

The persistence of transfected siRNAs within platelets transfused in

vivo and the capacity of siRNA to pass into platelet-derived micropar-

ticles and then to be transfered to other cells in the bloodstream and/

or in the vessel wall, may allow to interfere with genes of interest in

vivo in various thrombotic or inflammatory diseases.

This new method allows to silence specific mRNAs involved in disease,

and opens new possibilities for therapy.

OC 77.4
Downregulation of protein S by oestrogens
and miR-494
Tay J1, Romeo G2, Hughes Q2 and Baker R3

1Centre of Thrombosis and Haemophilia, Murdoch University,

Murdoch; 2Royal Perth Hospital, Perth; 3Centre for Thrombosis

and Haemophilia, Murdoch, WA, Australia

Background: Acquired Protein S (PS) deficiency is highly associated

with elevated circulating oestrogen levels resulting from pregnancy,

where levels of circulating oestradiol progressively increase to > 10-

fold by the third trimester, and functional activities of PS also

shown to decrease throughout pregnancy, contributing to an overall

procoagulant shift. Increasing evidence indicate that activation of

the oestrogen receptor (ER) signalling by oestrogens, modulates the

expression of target genes indirectly by regulating the expression of

miRNAs. We hypothesise that elevated circulating oestrogen levels

result in the altered expression of specific microRNAs leading to

acquired PS deficiency, and propose that oestrogen-regulated mi-

croRNAs are secreted from oestrogen-responsive tissues, trans-

ported in microparticles to the liver and endothelial cells to

downregulate PS expression.

Methods: Computational analysis of PROS1 3′ untranslated region

(UTR) identified multiple binding sites for miR-494, and direct target-

ing of PROS1-3′UTR by miR-494 was determined by dual luciferase

reporter assays in HuH-7 and HeLa cells. Reporter vectors containing

the PROS1-3′UTR sequence with deleted miR-494 binding sites were

also analysed by luciferase reporter assays. Effects of oestrogen on

miR-494 and PROS1mRNA levels in HuH-7 cells were determined by

quantitative real-time PCR (RT-qPCR), and oestrogen-mediated

changes to secreted PS levels in culture supernatant of HuH7 cells were

measured using an enzyme-linked immunosorbent assay (ELISA). To

analyse miR-494 expression in human plasma, miR-494 levels were

determined by RT-qPCR from different fractions of ultracentrifuged

human platelet-poor plasma samples.

Results: Research in the laboratory has demonstrated that miR-494

directly targets PROS1 and miR-494 levels are upregulated following

oestrogen treatment in Huh7 liver cells in association with downregu-

lated PROS1 mRNA and PS levels. In addition, the expression of

miR-494 was also found to be concentrated in the microparticle-con-

taining fraction of ultracentrifuged plasma.

Summary/conclusions: These results strongly suggest that oestrogen

modulation of miR-494 expression and subsequent downregulation of

PS expression by miR-494 is a mechanism contributing to oestrogen-

mediated acquired PS deficiency. Ongoing work is investigating the

clinical relevance of miR-494 expression, the mechanism of miR-494

transport by microparticles in circulation, as well as the characterisa-

tion of oestrogen-responsive miRNAs in pregnant women with ele-

vated oestradiol levels and low PS levels, to establish the role of

miRNAs in acquired PS deficiency.
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OC 78 – Thrombophilia – I

OC 78.1
Reducing inpatient heritable thrombophilia testing
using a clinical decision-making tool
Smith TW, Pi D, Hudoba M, Pal J and Lee AYY

University of British Columbia, Vancouver, BC, Canada

Background: The presence of heritable thrombophilia (HT), including

factor V Leiden (FVL), prothrombin gene mutation, and deficiencies

of antithrombin (AT), protein C (PC) and protein S (PS), does not

have any impact on acute management of thrombotic diseases and the

functional assay results can be unreliable during the acute event and

while on anticoagulation. Consequently, testing for HT in patients

admitted to hospital with an acute thrombotic event is of questionable

clinical value. Prevalence of HT testing in the hospital setting has not

been reported and a clinical decision-making tool to guide appropriate

testing has not been developed.

Aims: To assess the effect of a clinical decision-making tool on the vol-

ume, pattern and cost of HT testing in a tertiary care teaching hospital.

Methods: We developed a clinical decision tool to guide HT testing in

patients admitted to a tertiary care center and introduced it in a pre-

printed order (PPO) form. This form discouraged HT testing in

patients with arterial or recent (i.e. ≤ 3 months) thrombosis and in

those receiving anticoagulant therapy. HT testing was only performed

if the PPO was completed by the ordering physician. Electronic labo-

ratory records of FVL testing performed on inpatients were collected

for 3 years prior to and 3 years following the PPO intervention.

Results were compared with HT testing data from two other regional

teaching hospitals affiliated with the same university. Records for AT,

PC, and PS activity assays were also collected to confirm the FVL data

trends. Cost savings was estimated based on reagent and staffing costs

directly associated with HT testing.

Results: Between Jan 2007 and Dec 2009, 607 FVL tests were per-

formed. Following the PPO introduction in Jan 2010 until Dec 2012,

257 FVL tests were performed and 80 FVL orders were cancelled due

to the PPO not being completed. The FVL test volume reduction of

79.4% was significantly greater compared to those in the two control

teaching hospitals over the same time periods (33.7% and 43.6%; both

P > 0.001). There was a steep decline in FVL testing following the

introduction of the PPO and the effect was maintained for the three

subsequent years. Reductions in FVL testing post-intervention was

observed amongst all specialists, including neurologists and general

internists who together accounted for 64.3% of FVL testing overall.

Hematologists accounted for only 2.8% of FVL testing. Similar post-

intervention reductions in testing volumes were observed for AT

(57.4%), PC (61.9%), and PS (62.2%) activity assays. The mean

annual costs directly associated with HT testing decreased from

$13,770.41 to $3635.80 after the implementation of the PPO, for a

mean net savings of $10,134.60 annually.

Summary: In a large tertiary care hospital, the introduction of a clini-

cal decision-making tool significantly reduced HT testing in inpatients

by all clinician specialties, leading to considerable cost-savings. The

impact on patient outcome should be assessed in further studies.

OC 78.2
New diagnostic considerations based on the
experience of genetic analysis in Protein C deficiency
Bereczky Z, Kov�acs K, Ilonczai P, Gindele R, Boda Z, Pfliegler G,

Muszbek L and Bereczky Z

Medical and Health Science Center, University of Debrecen,

Debrecen, Hungary

Background: Protein C (PC) is a vitamin K-dependent glycoprotein,

which inactivates active factor VIII and factor V (FV). PC defi-

ciency confers a high thrombosis risk and it is classified as type I

(quantitative) and type II (qualitative) disorder. A number of dis-

tinct mutations causing PC deficiencies have been discovered so far.

Screening for PC deficiency in the hemostasis laboratory is executed

by clotting or chromogenic functional tests. Both methods have sev-

eral disadvantages. FV Leiden mutation (FVL) interferes with the

clotting assay leading to low PC activity. Since the PC antigen

determination (ELISA) is not influenced by FVL, patients carrying

this mutation seem to have type II PC deficiency. Chromogenic tests

do not suffer from this problem, however they may not detect some

type II cases with certain mutations. Most of the guidelines recom-

mend to use the chromogenic assay in order to bypass the interfer-

ing effect of FVL and other analytical errors caused by prolonged

or shortened clotting time in certain cases.

Aims: To evaluate the functional clotting and chromogenic PC assays

from the point of view of FVL interfering effect and to determine the

mutation spectrum of PC deficiency in a high number of patients rep-

resenting the Hungarian population.

Methods: Non-related individuals having 70% or lower PC activity

measured by the clotting test were recruited (n = 109). PC activity was

determined by both the clotting (Protein C reagent, Siemens) and the

chromogenic (Berichrom Protein C kit, Siemens) method. PC antigen

was measured by ELISA (Asserachrom Protein C, Diagnostica Stago).

The gene coding PC (PROC) was analyzed by direct DNA sequencing.

Second-line evaluation of PROC was performed by MLPA method in

cases where the presence of larger genetic abnormality was assumed.

FVL mutation was determined by real-time PCR and melting curve

analysis.

Results: Most of the patients with low PC clotting activity were carri-

ers of the FVL (n = 72). Among non-carriers 27 patients had causative

mutation(s) in PROC identified by DNA sequencing (12 type I and 15

type II deficiency). Among type II deficients four patients showed nor-

mal result in the chromogenic test. In addition, two novel gross dele-

tions were found by MLPA analysis (delE1-3 and delE1-9) leading to

type I deficiency. It was observed that 78.4% of FVL negative patients

had causative mutations in the PROC gene and only 12.5% of FVL

carriers were positive for PROC mutation. In this latter group 2

patients with FVL and PROC mutation had normal PC activity in the

chromogenic test. Altogether 28 different mutations were detected

including 15 novel ones.

Conclusions: Based on our results three important considerations can

be made: 1, Since chromogenic functional test gives normal result in

some genetically confirmed PC deficient patients, clotting assay should

not be bypassed. 2, DNA sequencing of PROC cannot be omitted in

FVL carrier patients with low PC clotting activity and normal PC anti-

gen. 3, MLPA method is required in ‘sequencing negative’ cases as sec-

ond line genetic diagnostic tool.

OC 78.3
Antithrombin Debrecen (p.Leu173Pro): clinical and
molecular characterization of a novel mutation
associated with severe thrombotic tendency in a large
pedigree
Selmeczi A, Ol�ah Z, Bereczky Z, Gindele R, Ilonczai P,

Schlammadinger A, R�azs�o K, Muszbek L and Boda Z

University of Debrecen Medical and Health Science Center,

Debrecen, Hungary

Background: Hereditary antithrombin (AT) deficiency is a rare but

major risk factor for venous thromboembolism. It is classified as type

I (quantitative) and type II (qualitative) deficiency and caused by

mutations in the SERPINC1 gene encoding AT. The genetic back-

ground is heterogeneous and different sub-types of type II AT defi-

ciency are known according to the site of mutation.

Aims: The goal of this research was to characterize the molecular fea-

tures of a novel mutation that was found in a populous family. We
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wanted to determine the severity of the mutation’s clinical conse-

quences by conducting a detailed family investigation.

Methods: Thirty family members of four lineal generations were

included in the family study. The age at the first thrombotic event, the

type and location of the thrombosis, the recurrent thrombotic epi-

sodes, and the co-existing provoking factors and acquired conditions

were determined in every family member. All the laboratory investiga-

tions for thrombophilia were carried out. AT activity was measured by

a commercially available heparin cofactor activity assay, AT antigen

was determined by immunonephelometry. The mutation was identified

with fluorescent direct DNA sequencing of the SERPINC1 gene.

HEK293 cells were transfected with constructs containing wild type

and mutant SERPINC1 plasmids. Transfection efficiency was deter-

mined by beta-galactosidase co-transfection. Immunoprecipitation fol-

lowed by Western blotting was used to visualize the presence or

absence of the mutant AT in the cell lysates and in the conditioned

media. The quantity of the expressed AT protein was measured by

ELISA. Chromogenic test in the presence or absence of heparin using

activated FX as substrate was used to measure the activity of the

expressed AT.

Results: We found ten affected patients in the family and all of them

suffered from venous thromboembolisms in their lives except two teen-

age boys in the youngest generation. In six cases the thrombosis was

recurrent. Two of the patients died of pulmonary embolism, one of

them at the age of 19. The average age at the time of the first thrombo-

embolic episode was 36.5 years. The average AT activity of affected

patients was 57% and the genetic analysis revealed a novel AT muta-

tion (p.Leu173Pro). Classification of the new mutation was uncertain

due to the inconclusive antigen results. Wild type and mutant AT were

expressed in HEK293 cells and it was demonstrated that after synthe-

sis a small amount of mutant AT (28% of wild type) was secreted by

the cells. The majority of the mutant protein was trapped intracellu-

larly. Activity of the secreted mutant AT was somewhat decreased.

Conclusion: Studying a large AT deficient family a novel mutation was

found. The clinical data suggested that the mutation was associated

with severe thrombotic tendency that manifested in early ages. The

p.Leu173Pro mutation did not influence the synthesis of AT but led to

severe secretion defect, probably because of major structural changes

and deviation from the normal secretory pathway.

OC 78 – Thrombophilia – I

OC 78.4
A clinical laboratory test detecting antithrombin-
resistance of the new thrombophilia
Murata M1, Takagi A1, Suzuki A1, Takagi Y1, Ando Y1, Kato I1,

Murate T1, Matsushita T2, Saito H3 and Kojima T1

1Nagoya University Graduate School of Medicine; 2Nagoya

University Hospital; 3National Hospital Organization-Nagoya

Medical Center, Nagoya, Japan

Background: We have reported a novel mutation of the prothrombin

gene (c.1787G>T, p.Arg596Leu: prothrombin Yukuhashi) conveying

antithrombin-resistance in the patient with hereditary thrombosis. The

antithrombin-resistant thrombin may have prolonged procoagulant

activity in vivo, conferring a susceptibility to thrombosis. Current labo-

ratory tests, however, cannot detect the pathological condition, such

as antithrombin-resistance.

Aims: In order to detect an antithrombin-resistant condition in

plasma, we developed a new clinical laboratory assay. We further

aimed to identify and verify the frequency of antithrombin-resistance

by analyzing plasma samples from the patients with venous thrombo-

embolism of unknown cause.

Methods: We prepared reconstituted plasma by mixing prothrombin-

deficient plasma with recombinant prothrombin (wild-type or mutant).

The assay consists of three steps; thrombin generation, thrombin inac-

tivation, and determination of residual thrombin activity. In the first

thrombin generation step, we used Oxyuranus scutellatus venom or

bovine Factor Xa (FXa) with factor Va (FVa) as prothrombin activa-

tor. In the second step, we inactivated thrombin by addition of anti-

thrombin in the presence or absence of heparin. Inactivation times

with heparin and without heparin were 0–5 and 0–30 min, respectively.

In the final step, we measured the residual thrombin activity using

chromogenic synthetic substrate (S-2238). We determined the opti-

mum measurement conditions; pH, osmotic pressure, concentrations

of antithrombin, chromogenic substrate and each component of the

prothrombin activator (snake venom, FXa, FVa, phospholipids,

CaCl2), and reaction time of each step. We also verified normal and

warfarinized patient’s plasma samples by this optimized procedure.

Results: We diluted the samples 1:100 by the dilution buffer, and incu-

bated with optimized concentrations of prothrombin activator compo-

nents (phospholipid, calcium chloride, snake venom or FXa/FVa) at

37 °C for 2 min. After addition of antithrombin with or without hepa-

rin, we added sufficient amounts of S-2238 and measured the change

in absorbance/min (delta A/min) at 405 nm. The relative residual

activity of recombinant mutant thrombin after 5 min inactivation with

heparin showed an obvious poor inactivation (40%) compared with

that of recombinant wild-type thrombin (0.5%). After 30 min inacti-

vation without heparin, the relative residual activity of recombinant

wild-type thrombin in the reconstituted plasma was 18%, whereas that

of recombinant mutant thrombin was 97%. These data indicated that

this assay obviously detected the antithrombin resistance of mutant

Arg596Leu prothrombin in plasma. Actually, the assay for 5 min inac-

tivation with heparin demonstrated that the relative residual thrombin

activity of the warfarinized patient’s plasma with prothrombin Yukuh-

ashi (14%) was clearly higher than that of the normal plasma (0.5%).

So far, we further analyzed plasma samples of several unrelated Japa-

nese patients with venous thromboembolism of unknown cause, but

none of the patients showed antithrombin-resistance.

Summary/conclusions: We devised a method for analyzing thrombin

inactivation kinetics in plasma. This assay was useful for detecting

antithrombin-resistance of prothrombin Yukuhashi, even when taking

warfarin.

OC 79 – Anticoagulant Agents –
Clinical Studies II

OC 79.1
Safety, tolerability, and pharmacokinetics of edoxaban
in end-stage renal disease subjects undergoing
hemodialysis
Parasrampuria D1, Matsushima N2, Chen S1, Wickremasingha

PK3, He L1, Dishy V1 and Brown K1

1Daiichi Sankyo Pharma Development, Edison, NJ, USA; 2Daiichi

Sankyo, Tokyo, Japan; 3Certified Consultant Pharmacists Inc,

Chatham, NJ, USA

Background: Edoxaban, a direct factor Xa inhibitor, is currently under

development as a once-daily oral anticoagulant for stroke prevention

in atrial fibrillation, and for the treatment and prevention of recur-

rences of venous thromboembolism. Renal elimination accounts for

approximately 50% of the total clearance of edoxaban.

Aims: Since subjects with end-stage renal disease (ESRD; with or

without hemodialysis) may receive edoxaban, this study examined

the safety, tolerability, and pharmacokinetics of edoxaban and its

metabolites in subjects undergoing hemodialysis to provide dosing

guidance.

Methods: This was an open-label, 2-treatment, 2-way crossover study

in subjects with ESRD maintained on a stable regimen of thrice-

weekly hemodialysis for at least 3 months. Subjects with recent major

bleeding, trauma, any type of surgery ≤ 6 months prior, or with hemo-

globin > 10.0 g/dL were excluded. Subjects were randomized to

receive a single oral dose of edoxaban 15 mg on two occasions: edox-
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aban dosed 2 h prior to a 4 h hemodialysis session (with hemodialy-

sis), and edoxaban dosed on a day when subjects were not undergoing

hemodialysis (without hemodialysis). There was a minimum washout

of 7 days between doses. Serial blood samples were collected for quan-

tification of edoxaban and four metabolites. Edoxaban was also mea-

sured in the dialysate. In vivo plasma protein binding was evaluated at

2 time points on each treatment day. Safety assessments included phys-

ical exam; vital signs; adverse events; and clinical labs, including coag-

ulation parameters.

Results: Ten subjects (seven males, three females) were enrolled, and

nine subjects completed both treatment periods. When administered

without and with hemodialysis, edoxaban exposures were comparable

(AUC0-inf, 692 � 150 and 676 � 221 ng h/mL, respectively). Hemodi-

alysis had minimal effects on the clearance of edoxaban, with total

clearance values of 24 vs. 23 L/h with and without hemodialysis. He-

modialysis clearance was only 6 L/h. Thus, subjects undergoing he-

modialysis may not need edoxaban dose adjustments to compensate

for drug loss via hemodialysis. This also indicates that hemodialysis is

not an effective mechanism for removal of edoxaban from the blood.

Hemodialysis had minimal effect on the total exposure of the human-

specific active metabolite, M-4, with metabolite-to-parent ratios of

25% vs. 22% with and without hemodialysis (compared to > 10% in

healthy subjects). The plasma protein binding for edoxaban was simi-

lar with and without hemodialysis and ranged from 60% to 63%. This

was similar to previously reported values in healthy subjects. Thus,

renal impairment does not appear to affect plasma protein binding of

edoxaban. In subjects with ESRD, the metabolite profile was different

from healthy adults, with higher levels of M-4 and M-1, indicating that

when renal clearance is compromised, edoxaban clearance through

metabolism plays a larger role in the total clearance of edoxaban. Sin-

gle oral doses of 15 mg of edoxaban were well-tolerated with only mild

adverse events.

Conclusions: Data from this study indicate that additional dose adjust-

ment is not necessary for edoxaban when ESRD subjects are undergo-

ing hemodialysis, and hemodialysis is not an effective mechanism of

removal of edoxaban from the blood.

OC 79.2
Apixaban: determination of its anticoagulant effects
and influence on coagulation tests: a multicentre
French GEHT study
Gouin-Thibault I1, Flaujac C2, Quenet S3, Horellou MH2,

Delavenne X3, Lacarri�ere N4, Lecompte TP5 and On behalf of the

13 centers6

1Hopital Cochin- (AP-HP) – Universit�e Paris Descartes;
2Department of Hematology, Hopital Cochin (AP-HP), Paris;
3Department of Pharmacology, CHU Saint-Etienne, Saint-

Etienne; 4Department of Hematology, Hopital Hotel Dieu (AP-

HP), Paris, France; 5Department of Hematology, Hopitaux

Universitaire de Gen�eve, Gen�eve, Switzerland; 6GEHT, France,

France

Background: Apixaban, a new oral anti-Xa inhibitor, was approved

recently for venous thromboprophylaxis following major elective

orthopaedic surgery and for stroke prevention in patients with non-

valvular atrial fibrillation. While laboratory monitoring is not

required, measurement of the anticoagulant activity may be useful in

certain situations (urgent surgery, major bleeding, and frail patients).

We have recently shown that PT (prothrombin time) and aPTT (acti-

vated partial prothrombin time) are not suitable to detect therapeutic

plasmatic concentrations of apixaban. Therefore specific tests to mea-

sure apixaban concentrations are required.

Aims: The objective of this multicentre in vitro study was to determine

the reliability and the variability of specific anti-Xa activity assays and

of PT and aPTT measurements in plasmas samples containing various

concentrations of apixaban.

Methods: Five blinded plasma samples (A, B, C, D, E) spiked with 0,

100, 200, 400 and 800 ng/mL apixaban were dry-ice shipped to 13 lab-

oratories. The apixaban concentration in the samples was determined

by HPLC tandem mass spectrometry. Each laboratory was supplied

with anti-Xa and PT reagents and sets of apixaban calibrators and

controls (Stago). Three chromogenic assays were assessed (Results ng/

mL): Biophen heparin LRT� (Hyphen Biomed) in all laboratories,

STA-Liquid-Anti-Xa� (Stago) in laboratories using a STAR instru-

ment and HemosIL Heparin Liquid� (Instrumentation Laboratory

[IL]) in those using an ACL-Top. Each assay was performed according

to a standardized protocol. Plasma with apixaban concentration

> 500 ng/mL was 1/3 diluted in normal pool plasma. PT were mea-

sured using RecombiPlastin 2G� (IL) and the local reagent, and aPTT

using the local reagent (Results ratio of clotting times). The study was

performed over five consecutive days. A calibration curve was gener-

ated every day for each anti-Xa assay and all measurements were in

duplicate.The results are expressed as mean � SD. Accuracy and pre-

cision of anti-Xa assay were assessed.

Results: The actual apixaban concentrations in the A-E plasmas were

0, 96, 209, 393 and 828 ng/mL. In samples A, B, C, D, E and E 1/3,

the anti-Xa concentrations regardless of the assay used, were 7 � 8,

90 � 8, 197 � 17, 393 � 22, 695 � 97 and 270 � 24 ng/mL, respec-

tively. Accuracy and precision for each assay were high for plasmas B

to E. In plasma A, free of apixaban, mean anti-Xa were > 15 ng/mL

in 10 laboratories; and over 15 ng/mL in three out of the four labora-

tories using the Biophen heparin� with ACL-Top. The PT and aPTT

inter-laboratory reproducibility was high both with the centrally pro-

vided PT reagent and the local PT and aPTT reagents. As an example,

in plasma B (96 ng/mL), the ratios were 1.15 � 0.02 (RecombiPlastin

2G�), 1.10 � 0.02 (local PT), 1.17 � 0.05 (local aPTT).

Conclusions:We confirmed the low sensitivity of PT and aPTT reagents

to apixaban. Apixaban plasma concentrations ≥ 100 ng/mL can be

accurately and precisely quantified by the three anti-Xa assays tested.

Accuracy for values > 100 ng/mL varied depending on the combina-

tion reagent/coagulometer used, and deserves further investigations.

OC 79.3
Comparing new oral anticoagulants (dabigatran,
rivaroxaban and apixaban) to warfarin in patients with
atrial fibrillation, a cost-effectiveness analysis from a
German payer perspective
Krejczy M1, Wehling M1, Marx S1, Obermann K2

and Harenberg J1

1Medical Faculty Mannheim of the University of Heidelberg;
2Medical Faculty Mannheim, Ruprecht-Karls-University

Heidelberg, Mannheim, Germany

The new oral anticoagulants (NOAC) dabigatran, rivaroxaban and

apixaban are now approved for prevention of stroke and systemic

embolism for patients with non-valvular atrial fibrillation (NVAF). In

times where resource allocation is more and more important, thinking

about cost-effectiveness of different therapy options is necessary, to

obtain the best therapy at the lowest costs. This context explains how

crucial the need of cost-effectiveness analysis (CEA) is.

Our aim was to determine which prices for NOACs in Germany are

justified. We performed a CEA including direct and indirect costs

regarding a set societal willingness to pay threshold.

We used the data form the RE-LY, ROCKET AF and ARISTOTLE

trials, defining outcome events as ischemic stroke and systemic embo-

lism, major bleeding, intracerebral hemorrhage, myocardial infarction,

and mortality. The outcome of the CEA was defined as quality of life

(QALYs), total costs, and incremental cost effectiveness ratios (ICER)

for the NOACs comparing to dose-adjusted warfarin. Pricing of the

clinical events and the outpatient care were taken from published data,

form the institute for payment regulations in German hospitals (InEK)

and German-Diagnosis Related Groups. Indirect costs for INR deter-
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minations included non-productive time of a relative and/or transpor-

tation costs. For the drug costs of the NOACs, we used the current

daily market costs of 3.20€. Performing a Markov model we did sev-

eral deterministic and stochastic analyses, including cohort analyses,

one- and two-way sensitivity analyses and Monte Carlo simulation.

The time horizon was based on the life expectancy of the German pop-

ulation. The Markov decision model was adopted using the TreeAge

Pro 2012 program.

The cohort analyses showed that using the RE-LY, ROCKET AF and

ARISTOTLE trial data the results were the following. The QALYs

were 11.53QALYs for dabigatran 110 mg bid and 11.66QALYs for

dabigatran 150 mg bid comparing to warfarin with 11.41QALYs. The

total costs were 42395€ for dabigatran 110 mg bid, 39392€ for dabiga-

tran 150 mg bid and 38765€ for warfarin. In case of the ICER calcula-

tion dabigatran 110 mg had 29527€ per QALY and dabigatran 150mg

bid had 2547€ per QALY compared to warfarin. Rivaroxaban showed

QALYs of 11.05 comparing to 10.79QALYs for warfarin. Total costs

were 44581€ for rivaroxaban and 43499e for warfarin. The ICER for

the comparison of rivaroxaban with warfarin was 4158€ per QLAY.

When calculating with the ARISTOTLE trial data the QALYs for

apixaban comparing to warfarin were 11.38 compared to 11.04. Total

costs were 37606e for apixaban compared to 36260€ for warfarin. The

ICER for apixaban comparing with warfarin were 4047€ per QALY.

The one- and two-way sensitivity analyses indicate that the model was

highly sensitive to the daily costs for the drugs and to indirect costs

but relatively insensitive to other model inputs. In the Monte Carlo

simulation the model input parameters were validated.

When comparing the cost-effectiveness for the NOACs including indi-

rect costs current German market prices are justified at a societal will-

ingness to pay of a generally accepted amount of about 30,000 Euro.

Indirect costs sensitively influence the outcome of the CEA of NOACs

in NVAF.

OC 79.4
Incidence of recurrent venous thromboembolism in
patients following completion of the EINSTEIN DVT
and EINSTEIN PE studies
Prins MH1, Erkens PGM2 and Lensing AWA2

1University of Maastricht, Maastricht, the Netherlands; 2Bayer

HealthCare, Wuppertal, Germany

Background: The EINSTEIN DVT and EINSTEIN PE studies com-

pared rivaroxaban with enoxaparin/vitamin K antagonist (VKA) for

the treatment of acute symptomatic deep vein thrombosis or pulmo-

nary embolism for 3, 6 or 12 months of treatment (The EINSTEIN

Investigators. NEJM 2010; 363:2499; The EINSTEIN-PE Investiga-

tors. NEJM 2012; 366:1287). Continued anticoagulation treatment

was relatively common following discontinuation of the study medica-

tion.

Aims: This analysis compared the incidence of recurrent venous

thromboembolism (VTE) in patients who continued anticoagulant

treatment compared with those who stopped over the course of the 1-

month post-study medication observational period.

Methods: Patients from the EINSTEIN DVT and EINSTEIN PE

studies who entered the 1-month post-study medication observational

period were eligible for the analysis. After discontinuing study medica-

tion, continuation of anticoagulant treatment was at the discretion of

the treating physician. Two independent assessors validated the antico-

agulant therapy that was provided during the 1-month post-study

medication observational period as full anticoagulant treatment (i.e.

VKA or full-dose low molecular weight heparin [LMWH]), including

optimal and suboptimal use, or no anticoagulant treatment. In addi-

tion, patients randomized to rivaroxaban therapy were further divided

into those who received bridging LMWH therapy (for the period in

which patients had sub-therapeutic International Normalized Ratio

values) and those who did not. Incidences of recurrent VTE, as

assessed by the blinded adjudication committee, in the 1-month period

after cessation of study drug, were compared between relevant groups.

Results: Full anticoagulant treatment was received by 861 of 3565

(24.2%) qualifying patients who had received rivaroxaban compared

with 1422 of 3536 (40.2%) qualifying patients who had received VKA

therapy (P > 0.0001). During the 1-month post-study medication

observational period, 32 of 3587 (0.9%) patients who had received riv-

aroxaban compared with 22 of 3582 (0.6%) patients who had received

enoxaparin/VKA developed recurrent VTE. The incidence of recurrent

VTE was 0.4% (9/2283) among patients who received any full antico-

agulant treatment, compared with 0.9% (45/4818) among those who

did not (risk difference �0.5%, 95% confidence interval [CI] �0.8%

to �0.1%). In patients who received any full anticoagulant treatment,

the incidences among prior rivaroxaban recipients was 0.3% (3/861)

and among prior enoxaparin/VKA recipients was 0.4% (6/1422) (risk

difference �0.1%, 95% CI �0.5% to 0.5%). The incidence of recur-

rent VTE in patients who had received rivaroxaban and continued

with VKA treatment was similar among those who did not receive

LMWH bridging (0.4%; 2/498) and those who did receive LMWH

bridging (0.3%; 1/363) (risk difference 0.1%, 95% CI �0.6% to

0.6%).

Summary/conclusions: The decision to continue anticoagulant treat-

ment after cessation of study medication in the EINSTEIN DVT and

EINSTEIN PE studies was influenced by knowledge of the random-

ized treatment received. The incidences of recurrent VTE during the 1-

month post-study medication observational period were similar in

patients who received any full anticoagulant treatment, independent of

LMWH bridging in prior rivaroxaban recipients.

OC 79.5
Stopping oral anticoagulation and the risk of
thrombotic events and mortality in patients with atrial
fibrillation
Gallego P1, Mar�ın F2, Romera M3, Vald�es M2, Vicente V3,

Lip GYH4 and Rold�an V3

1Centro Regional de Hemodonaci�on, Hospital Morales Meseguer;
2Servicio de Cardiolog�ıa Hospital Universitario Virgen Arrixaca,

UMU; 3Centro Regional de Hemodonaci�on, Hospital Morales

Meseguer, UMU, IMIB, Murcia, Spain; 4University of

Birmingham Centre for Cardiovascular Sciences, City Hospital,

Birmingham, UK

Oral anticoagulation (OAC) is highly effective preventing stroke and

mortality in patients with atrial fibrillation (AF) compared to placebo/

control. It has previously been described that the incidence of stroke

and major hemorrhagic events is higher during the immediate period

after initiation of Vitamin K antagonists (VKA), particularly amongst

na€ıve patients. Stability of anticoagulant effect is often not achieved

for several months after initiating VKA, as anticoagulation intensity

fluctuations are influenced by diet, drug interactions, genetic variation

and drug adherence. Bleeding complications usually lead to cessation

of VKA, particularly amongst VKA-na€ıve patients. We evaluated clin-

ical outcomes of a consecutive population of AF patients who were

VKA na€ıve, and initiated on VKA therapy in our clinic.

Methods: We studied consecutive VKA-na€ıve patients with paroxys-

mal, persistent or permanent AF, who were initiated on VKA therapy

in our anticoagulation outpatient clinic in 2009. During follow-up,

adverse events (thrombotic and vascular episodes, major bleeding and

death) were recorded as well as VKA treatment cessation. We also

determined the time within therapeutic range (TTR), using the Rosen-

daal method. INR was performed by a point of care device.

Results: We included 529 patients (49% male, median age 76 [IQR 69–
82]), who were followed-up for median 835 days (IQR 719–954), in
this period 114 patients (21.6%) stopped VKA treatment. During fol-

low-up, 63 patients suffered a thrombotic/cardiovascular event

(annual rate 5.17%/year), of which 27 were strokes, 51 had a major

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 85–289

ABSTRACTS 257



bleeding episode (annual rate 4.19%/year) and 48 died (annual rate

3.94%/year). Median TTR observed was 54% (34–57). On multivari-

ate analysis, VKA cessation was independently associated with stroke

(4.21 [1.87–9.47]; P = 0.001), the composite of thrombotic/cardiovas-

cular events (HR 2.72 [1.56–4.72], P > 0.001), and death (HR 3.43

[1.86–6.32]; P > 0.001), which remained significant even after adjust-

ing for CHA2DS2-VASc score. Independent risk factors for major

bleeding were age [HR (95% CI): 1.08 (1.04–1.12); P > 0.001], previ-

ous stroke (1.85 [1.00–3.41]; 0.049), and TTR (0.97 [0.96–0.99];
P = 0.001).

Conclusions: In patients with AF, VKA cessation is independently

associated with the risk of stroke and cardiovascular events, as well as

mortality. Specifically, VKA cessation independently increased the risk

of stroke, even after adjusting for CHA2DS2-VASc score. TTR consti-

tutes a risk factor for major bleeding when VKA therapy is initiated.

OC 79.6
Venous thromboembolism: an annual European Union
27 cost-of-illness model for the burden of the disease
Mahan CE1, Woersching AL1, Barco S2, Holdsworth MT1,

Piovella F2, Kaatz S3, Barkemeyer J1, Turpie AG4

and Spyropoulos AC5

1University of New Mexico, Albuquerque, NM, USA; 2University

of Pavia, Pavia, Italy; 3Hurley Medical Center, Flint, MI, USA;
4McMaster University, Hamilton, ON, Canada; 5North Shore/LIJ

Health System, Lenox Hill Hospital, Hofstra School of Medicine,

New York, NY, USA

Background: National costs for venous thromboembolism (VTE) have

been defined for the United States (US). However, overall costs for the

full 27 member European Union (EU-27) have not yet been derived.

Aims: To calculate the direct medical costs and indirect costs of VTE

within the EU-27 as a cost-of-illness model. To identify total, hospital-

acquired and preventable costs associated with VTE within the EU-27.

Methods: Investigators defined and conducted an a priori literature

search to identify any diagnosis- or treatment-related costs for deep

vein thrombosis (DVT), pulmonary embolism (PE), or VTE from 1994

to September 2012 within the EU-27. Identified publication references

were also hand-searched to capture other applicable cost studies. Two

investigators independently reviewed the literature search results. High

and low inpatient, outpatient and recurrent DVT and PE costs were

abstracted as well as high and low costs for minor and major bleeding,

pulmonary hypertension, post-thrombotic syndrome, heparin-induced

thrombocytopenia, VTE prophylaxis, and the cost of a premature

death. Appropriate cost sources were available from 2006 to the end of

the literature review.

All costs were categorized and converted to 2012 Euros taking into

consideration country-specific inflation and purchasing power parities.

Costs were then input into previously published US decision-analytic

cost models that were pre-populated with accepted probabilities. Na-

ess’ et al. 2007 recent Norwegian PE and DVT incidence rates were

used for lower estimates while the VTE Impact Assessment Group in

Europe’s (VITAE) (Cohen et al. 2007) prevalence (long-term attack)

rates were used for high estimates.

The population utilized was 502.5 million focusing on the 424.11 mil-

lion that were 15 years or older in the EU-27 as of January 1, 2011.

Lower and higher median costs for each category were utilized to pop-

ulate the base and sensitivity analysis. The average patient’s cost, the

expected value of all decision tree pathways’, were multiplied by low

and high annual PE and DVT incident events to determine cost ranges.

Hospital-acquired costs were estimated at 67–75% of total costs, and

preventable costs were estimated at 50–75% of the hospital-acquired

costs based off of current literature.

Results: In the base model, annual total, hospital-acquired, and pre-

ventable VTE costs ranged from € 2.0 to € 3.6, € 1.4 to € 2.4, and € 0.7

to € 1.8 billion, respectively. In the sensitivity analysis utilizing higher

costs and probabilities, annual total, hospital acquired and prevent-

able VTE costs ranged from € 7.6 to € 13.7, € 5.5 to € 10.0, and € 2.8

to € 7.5 billion, respectively. Results of additional sensitivity analyses

will also be presented.

Conclusions: VTE costs in the EU-27 are significant although these

costs appear less than US costs primarily due to less expensive individ-

ual direct medical costs. Approximately € 0.7 to € 7.5 billion/year

could be avoided if improved intervention systems were in place within

the EU-27. The preventable costs compare to $4.5 to $39.3 Billion

(2011 US$) in the US. Use of VTE prophylaxis for at-risk patients is

cost-effective in both the EU-27 and US.

OC 80 – Basic Issues in
Haemophilia A

OC 80.1
Genetic targeting of human coagulation factor VIII into
platelet a-granules resulted in long-term improvement
of hemostatic function in canine hemophilia A
Wilcox A1, Du JM1, Nurden P2, Nurden AT2, Nichols TC3,

Bellinger D3, Jensen S1, Haberichter SL4, Shi QK1 and Cornetta K5

1Medical College of Wisconsin, Milwaukee, WI, USA; 2Hopital

Xavier Arnozan, Pessac, France; 3University of North Carolina,

Chapel Hill, NC; 4BloodCenter of Wisconsin, Milwaukee, WI;
5Indiana University School of Medicine, Indianapolis, IN, USA

Background: It is essential to develop improved therapies for control-

ling excessive bleeding in patients with severe hemorrhagic disorders

such as hemophilia A and B. Since activated blood platelets mediate

the primary response to vascular injury by adhering to a wound site

and secreting biologically active proteins, we hypothesized that synthe-

sis and storage of recombinant Factor VIII (FVIII) within platelets

may be an ideal strategy for providing a continuous, locally–inducible
treatment for maintaining hemostasis.

Aims: Although FVIII is normally synthesized in the liver, here we

show a clinically relevant strategy for hematopoietic stem cell gene

therapy within a canine ‘large animal’ model for hemophilia A that

permitted synthesis, trafficking, storage, and release of FVIII from

activated platelet a-granules as a hemostatic response leading to

reduced severe bleeding episodes.

Methods: This study was accomplished with sub–myeloablative condi-

tioning with Bulsulfan (5–10 mg/kg i.v.) and autologous transplant

(Tx) of cytokine mobilized CD34+ peripheral blood stem cells (PBC)

transduced with a lentivirus encoding a fragment of the integrin aIIb
(ITGA2B) gene promoter that permitted platelet–specific storage of

human FVIII within three dogs affected with hemophilia A. One ani-

mal received a novel hybrid molecule consisting of FVIII fused to the

human von Willebrand factor propeptide signal peptide and D2

domain (SPD2) that permitted optimal trafficking of FVIII directly

into platelet a–granules. The three Tx recipients underwent periodic

testing for expression of the FVIII transgene as well as immune toler-

ance and phenotypic correction of hemophilia A.

Results: PCR localized the lentivirus within genomic DNA isolated

from leukocytes of each dog at 2.5 years after Tx. Immunofluorescence

confocal microscopy detected FVIII in a subset of platelets. Immune

electron microscopy revealed that FVIII trafficked and stored directly

into platelet a-granules. Chromogenic analysis showed that biologically

active FVIII (FVIII:C) was detected in all three dogs at 5–10 mU/mL/

108 platelets for at least 2.5 years after Tx. In contrast, FVIII:C was not

detected within the plasma of these animals. This result, coupled with

the use of immunomodulation drugs at Tx, may help to explain why the

dogs remained tolerant of human FVIII as supported by our inability

to detect inhibitory antibodies to FVIII. The dogs showed clinical

improvement of hemostatic function as evident by the measurement

of reduced bleeding episodes that required the use of canine FVIII sup-

plements. Specifically, the 1st Tx recipient had approximately three
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bleeds/yr for 2.5 years (vs. expected five/yr in untreated hemophilia A

control animals). Remarkably, the 2nd and 3rd dogs had zero severe

bleeding episodes for at least 2.5 years after Tx.

Conclusion: Use of the canine model has confirmed and advanced our

understanding of the requirements for viable synthesis, trafficking,

storage and release of FVIII from platelet a-granules. These results

demonstrate feasibility for translating this strategy for targeting bio-

synthesis of FVIII into platelets into a clinically relevant protocol.

Thus, this work suggests great potential for platelet FVIII gene ther-

apy to provide effective long–term control of bleeding in humans

affected with hemophilia A.

OC 80.2
Allosteric modulation of the structurally related factor
VIIa and IXa proteases is responsible for the
procoagulant properties of a novel peptide family
Thorn K, Rakhe S, Liu L, Toby G, Bitonti AJ, Pierce GF, Mezo A

and Peters RT

Biogen Idec Hemophilia, Waltham, MA, USA

Background: Factor VIIa (FVIIa) and factor IXa (FIXa) are two

structurally related serine proteases essential for the extrinsic initiation

and intrinsic propagation of the coagulation cascade, respectively. The

enzymatic cleavage of factor X (FX) into factor Xa (FXa) by these

proteases is significantly increased by the presence of their native co-

factors, tissue factor and factor VIIIa. We have discovered a novel

procoagulant peptide family by phage display panning against FIXa

that increased the catalytic activity of FIXa in FXa generation assays,

but provided disproportionately greater ability to generate thrombin

and clot FVIII-deficient blood in rotational thromboelastometry

assays. This result indicated that the peptide family may also increase

the catalytic activity of other enzymes in the clotting cascade.

Aims: These studies were designed to investigate the mechanism of

action through which the discovered peptide family exerts its procoag-

ulant activity and to further aid in the development of a potential

novel drug candidate for hemophilia A bypass treatment.

Methods: A series of in vitro experiments was used to map the pre-

ferred selectivity and mechanism of action for the procoagulant pep-

tide family. The first evidence of the peptides interacting with multiple

enzymes in the coagulation cascade was revealed by plasma-based

assays in the presence of neutralizing antibodies against FIX and/or

FVIIa. The specificity was further uncovered by a modified thrombin

generation assay with purified components allowing isolated steps of

the clotting cascade to be studied. The degree of catalytic activity

enhancement of FVIIa and FIXa for the conversion of FX into FXa

in the presence of representative peptides was determined by a chro-

mogenic FXa generation assay.

Results: The discovered procoagulant peptide family enhances the

enzymatic activity of both FVIIa and FIXa as determined by FXa gen-

eration in the presence of phospholipids and calcium. The optimized

peptides’ ability to function as cofactors to FVIIa and FIXa and cata-

lyze the zymogen-like to active protease transition is primarily

reflected by increased catalytic activity. Lead peptides enhanced kcat

of FVIIa by three orders of magnitude and FIXa a few 100-fold. These

findings were confirmed by a modified thrombin generation assay

where representative peptides stimulated both the extrinsic and intrin-

sic segregated pathways. Further analyses showed that the peptide

family did not directly influence the enzymatic activity of the down-

stream serine proteases FXa and thrombin, mimicking physiological

fibrin formation and regulation.

Conclusion: The FVIIa/FIXa dual specificity of this peptide family

leads to stimulation of both the extrinsic and intrinsic coagulation

pathways and results in correction of clotting in hemophilia A whole

blood corresponding to > 50% of normal FVIII levels. These procoag-

ulant peptides may lead to an alternative treatment for hemophilia A

patients lacking a functional factor VIII molecule, whether in the pres-

ence or absence of neutralizing antibodies.

OC 80.3
Pharmacological modulation of the uptake of blood
coagulation factor VIII by dendritic cells
Hartholt RB, Wroblewska A, Herczenik E, Ten Brinke A

and Voorberg J

Sanquin Blood Supply, Amsterdam, the Netherlands

Background: The endocytosis of blood coagulation factor VIII (FVIII)

by antigen-presenting cells (APCs) comprises the initial step leading to

activation of FVIII-specific T and B cell responses in patients with

hemophilia A. Although multiple receptors have been implicated in

FVIII uptake, the detailed (intra)cellular mechanism of this process

has not been investigated.

Aims: In this study we characterized in more detail endocytosis of

FVIII by dendritic cells.

Methods: FVIII uptake experiments were performed using human

monocyte-derived dendritic cells (moDCs). Immature moDCs were

pre-treated with several drugs including cytochalasin D (cyto D), an

established blocking agent for actin polymerization and dimethyl amil-

oride (DMA), which inhibits sodium channels and is thereby impor-

tant for regulation of the intracellular pH and actin polymerization,

and commonly used as a specific inhibitor of macropinocytosis. We

also evaluated the effect of wortmannin, a specific inhibitor of phos-

phoinositide 3-kinase (PI3K) which has also been implicated in macr-

opinocytosis. The role of heparan sulfate proteoglycans (HSPGs) in

FVIII internalization was assessed using siRNA- and pharmacological

approaches.

Results: Endocytosis of FVIII was compared to that of reference com-

pounds such as transferrin, reported to be taken up via receptor-medi-

ated mechanism, FITC-labeled high molecular weight dextran, a

commonly used marker for macropinocytosis and Lucifer Yellow

(LY), a small compound taken up via fluid-phase internalization.

Endocytosis of both transferrin as well as dextran was strongly inhib-

ited by cyto D indicating involvement of actin polymerization in the

internalization of these antigens. Endocytosis of FVIII was blocked

only partially, even when high concentrations (up to 25 mM) of cyto

D were used. Uptake of LY was only marginally affected by cyto D.

Similar effects were observed for DMA – a strong blockage was

observed for transferrin and dextran, none for LY and only a partial

effect was seen for FVIII. The PI3K inhibitor wortmannin, was able to

partially block endocytosis of dextran, transferrin and FVIII, but not

LY. These data suggest that FVIII is endocytosed in an actin-depen-

dent, DMA-sensitive and PI3K-dependent manner however the phar-

macological profile was clearly distinct from that observed for

dextran. Blockage with dextran sulfate suggested that HSPGs could

play a role in FVIII endocytosis by DCs. However, down-modulation

of one of the components of the HS-copolymerase did not affect FVIII

uptake. Monoclonal antibodies were used to dissect the contribution

of the C1 and C2 domain to FVIII internalization. These experiments

emphasized the importance of C1 domain but also suggest a potential

modulatory role for the C2 domain in FVIII endocytosis by DCs.

Summary/conclusions: Altogether, our data suggest that C1 (and C2)

domain mediated internalization of FVIII proceeds via an unusual

endocytic pathway that is distinct from classical macropinocytosis

pathways as described for high molecular weight dextran.

OC 80.4
An epitope-dependent increase in clearance of
antigen-antibody complexes may increase the
pathogenicity of a subset of anti-C2 factor fVIII
antibodies in hemophilia A
Meeks SL, Cox CL and Parker ET

Emory University, Children’s Healthcare of Atlanta, Atlanta, GA,

USA

Background: Anti-factor VIII (fVIII) antibodies develop in about 25%

of severe hemophilia A patients. There are both inhibitory and non-
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inhibitory anti-fVIII antibodies. It remains unclear whether or not

increased clearance of fVIII/antibody complexes plays a role in the

pathogenicity of anti-fVIII antibodies.

Aim: The aim of this study was to investigate the clearance of fVIII in

the presence of anti-fVIII antibodies using a panel of inhibitory and

non-inhibitory anti-fVIII monoclonal antibodies (MAbs) of various

IgG subclasses in fVIII�/� mice.

Methods: Eight to 12 weeks old fVIII�/� mice were injected (n = 2–5
per group) by tail vein with 8–10 lg anti-fVIII MAb, irrelevant anti-

hen egg lysozyme (HEL) MAb, or saline control. Fifteen minutes later

they were injected with 1 lg B domain-deleted fVIII. Plasma was

obtained by cardiac puncture 30, 60, 120, 240 and 480 min following

the second injection. Six MAbs were tested. 4A4 (IgG1) is an anti-A2

MAb with an inhibitory titer of 40,000 BU/mg. 3D12 (IgG2b) and

I109 (IgG1) are classical anti-C2 MAbs that inhibit fVIII binding to

phospholipid and von Willebrand factor (VWF). They have inhibitory

titers of 2600 and 1500 BU/mg respectively. 2-77 (IgG2a) and 2-117

(IgG2a) are non-classical anti-C2 MAbs that do not interfere with

binding of phospholipid and VWF. 2-77 has an inhibitory titer of

25,000 BU/mg and 2–117 is non-inhibitory. Clearance of FVIII anti-

gen was determined by capture ELISA using anti-fVIII MAbs to the

A1 and C1 domains of fVIII.

Results: There was no difference in the clearance of fVIII in the pres-

ence of saline or the irrelevant anti-HEL IgG. In the presence of the

anti-A2 MAb 4A4 as well as the non-classical C2 MAbs 2-77 and 2-

117, the fVIII/MAb complexes cleared at a similar rate to fVIII alone.

In the presence of the classical C2 MAbs 3D12 and I109, the fVIII/

MAb complex cleared more rapidly than fVIII alone. At 120 and

240 min In the 3D12 group had residual fVIII antigen levels of 46.5

and 16.7 ng/mL and the I109 group had levels of 66.7 and 27.2 ng/mL

as compared to the control with 212 and 199 ng/mL (P > 0.05) for all

comparisons, Student t test).

Summary: The classical C2 MAbs 3D12 and I109 increased the clear-

ance of fVIII, while the anti-A2 and non-classical C2 MAbs did not. A

potential mechanism for this increased clearance is that classical C2

MAbs block binding of fVIII to VWF, the carrier protein known to

increase the half-life of fVIII in the absence of antibodies.We have iden-

tified a novel feature of classical anti-fVIII C2 MAbs that results in the

clearance of fVIII andmay result in increased antibody pathogenicity.

OC 80.5
Identification and characterization of deep intronic
variations causing mild hemophilia A
Pezeshkpoor B1, Zimmer N1, Marquardt N1, Nanda I2, Haaf T2,

Budde U3, Oldenburg J1 and El-Maarri O1

1University clinic Bonn, Bonn; 2Institute of Human genetics,

University of W€urzburg, W€urzburg; 3Medilys Labors, Hamburg,

Germany

Background: In a small group of typical hemophilia A patients with

reduced plasma factor VIII coagulant activity (FVIII:C) no mutations

in F8 coding sequence (cDNA) can be found. In the current study, we

performed a systematic screening of genetic and non-genetic parame-

ters associated with reduced FVIII:C levels in patients with no detect-

able mutations in F8 cDNA.

Methods: For all the patients we determined FVIII and vWF activity

and antigen levels. Moreover, we performed FVIII-vWF binding assay

and collagen binding activity (CBA) as well as vWF multimer analysis.

The exons 17-27 of vWF were sequenced to exclude vWF type 2 Nor-

mandy (2N). In addition the complete F8 locus including the introns

was sequenced and the mRNA of F8 was analyzed quantitatively and

qualitatively by real time PCR (qRT) and overlapping reverse tran-

scription (RT) PCRs, respectively.

Results: We found that in both, patients and healthy controls, FVIII:C

levels are largely assignable to FVIII antigen (FVIII:Ag) levels. How-

ever, the patients show considerably reduced FVIII:Ag levels that corre-

late well with both the severity and FVIII:C levels. On the other hand,

all vWF tests were normal. Our overlapping Long-Range (LR) PCRs

approach proved the integrity of F8 locus on DNA level in these

patients. Interestingly, sequencing of the LR-PCRs, using NGS,

showed the presence of several base changes; eight of them were found

only in the patients and were absent in healthy individuals. Indeed, RT-

PCRs analysis confirmed that two of these changes create new cryptic

sites in the patients that result in introducing intronic DNA sequences

into the mRNA. Our qRT PCR analysis showed reduced F8 mRNA

expression over the exon boundaries flanking the intronic SNPs.

Conclusion: Deep intronic mutations in F8, although rare, could cause

abnormal splicing that leads to hemophilia A.

OC 80.6
Polyphosphates corrected blood loss in a novel acute
tail vein transection hemophilia A mouse bleeding
model
Sim D1, Mallari C1, Newgren J1, Patel C1, Murphy JE1, Laux V1,

Smith SA2 and Morrissey JH2

1U.S. Innovation Center, Bayer HealthCare LLC, San Francisco,

CA, USA; 2University of Illinois at Urbana-Champaign, Urbana,

IL, USA

Background: Polyphosphates are linear chains of inorganic phosphate.

In human platelets, polyphosphate polymers of 60–100 phosphate

units (polyP60-100) are stored in dense granules. Upon platelet activa-

tion, these platelet polyphosphates enhance coagulation by initiating

the contact pathway, accelerating factor V activation, enhancing fibrin

clot structure, and mediating factor XI activation by thrombin (Mor-

rissey JH, et al. Blood. 2012; 119:5972–5979).
Aim: To evaluate the efficacy of purified polyP70-85 in reducing blood

loss in hemophilia A (hemA) mice, a novel acute tail vein transection

(ATVT) bleeding model with sensitivity higher than the commonly

used tail tip amputation model was developed.

Methods: In the ATVT model, hemA mice were anesthetized in a

supine position. PolyP70-85 or recombinant factor VIII (rFVIII) was

administered via jugular vein 5 min before lateral tail vein transection

injuries were performed to induce bleeding. Tails were then dipped ver-

tically into warm saline tubes (37 °C) for blood collection. At the 30-

min time point, the injury sites were disturbed to evaluate clot stability

by removing the tails and placing them into new saline tubes for

another 30 min of blood collection. The total blood loss collected over

the 60-min period was measured gravimetrically.

Results: In this novel ATVTmodel, a 0.3-IU/kg dose of rFVIII reduced

blood loss by 50%. In contrast, a dose of 30 IU/kg rFVIII was needed

to reduce blood loss to the same extent in the tail tip amputation model.

Using this sensitive ATVT model, the efficacy of polyP70-85 (4 and

12 mg/kg) was evaluated. A 12-mg/kg dose of polyP70-85 reduced blood

loss to a level similar to the administration of 0.3 IU/kg rFVIII.

Conclusion: This study demonstrated that purified polyP70-85 could

potentially serve as a therapeutic for correcting the hemostatic defect

in hemophilia.

OC 81 – Blood Coagulation Tests

OC 81.1
A next generation sequencing approach for genotyping
patients with hemophilia
Josephson NC1, Martin B2, Nakaya S1, Konkle BA1, Luk A3, Pierce

GF3, Shendure J2 and O’Roak B2

1Puget Sound Blood Center; 2University of Washington, Seattle,

WA; 3Biogen Idec Hemophilia, Weston, MA, USA

Background: Genotyping in congenital hemophilia provides tangible

clinical benefits including prediction of inhibitor risk and determina-
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tion of carrier status in potentially affected females. Furthermore,

genotyping will be critically important for the development of targeted

therapies, including gene repair. However, at present, only about 20%

of the approximately 20,000 patients with hemophilia in the United

States have known genotypes.

Aims: Current approaches for genotyping patients with hemophilia are

labor intensive and include long range and inverse PCR to screen for

F8 gene inversions and Sanger sequencing of PCR amplified regions

including exons, intron/exon junctions, and 5′ and 3′ untranslated
sequence. We sought to develop a genotyping approach based on a

next generation sequencing platform for parallel screening of a large

number of samples for the presence of F8 inversions plus insertions,

deletions, missense, and splice site changes in both F8 and F9.

Methods: A simplified DNA digestion/ligation protocol using Ksp22i

to generate circles of adjacent sequence, produced by intron 1 and

intron 22 inversions, was developed. DNA capture was performed

with molecular inversion probes (MIPs) to ligated circles (8 MIPs),

and to exons, intron/exon junctions, and 5′ and 3′ untranslated

sequence of both F8 (349 MIPs) and F9 (102 MIPs). The captured

sequences were amplified with barcoded PCR primers, pooled together

and then run on the Illumina HiSeq. Three 96 well plates containing

234 previously genotyped samples from patients with severe hemo-

philia A and B were sequenced simultaneously in a single lane. Individ-

uals analyzing Illumina HiSeq results were blinded to the samples’

previously determined genotypes.

Results: In hemophilia A samples the sensitivity of this new approach

for identifying disease causing mutations was 96% (135/141), includ-

ing 53/54 samples with inversion 22, 1/2 samples with inversion 1, 43/

44 missense or nonsense mutations, 12/13 splice site mutations, and

26/28 samples with insertions or deletions. In hemophilia B the sensi-

tivity was 89% (86/93), including 72/77 missense or nonsense muta-

tions, 3/4 splice site mutations, and 11/12 samples with insertions or

deletions. Furthermore, a mutation was identified in the one sample

that had previously eluded detection by inversion analysis and Sanger

sequencing. All other variants identified by our next generation

approach matched those previously detected. Reasons that variants

were missed included poor quality DNA in some samples, leading to

insufficient MIP capture and sequence reads throughout both genes,

and the poor performance of some MIPs that failed to generate an

adequate number of reads in all samples tested.

Summary/Conclusion: Our results demonstrate a successful strategy to

simultaneously genotype multiple patients with hemophilia A and B.

To improve the performance of this assay we plan to evaluate methods

to uniformly generate high quality DNA samples and plan to design

new MIPs to improve DNA capture in regions that were not ade-

quately covered. Optimization of our approach offers the promise of

low-cost high-throughput mutational analysis for both hemophilia A

and B that could be used for the large number of hemophilia patients

in the US who have not yet been genotyped.

OC 81.2
Developmental hemostasis: preliminary results of a
multicenter study aimed at defining the reference
ranges for routine coagulation parameters in pediatric
populations
Toulon PA1, Berruyer M2 and Grand F3

1CHU Saint Roch, Nice; 2CHU Lyon Est, Bron; 3CHU, Angers,

France

Background: Understanding of developmental hemostasis, a concept

now universally accepted, is critical to ensure optimal prevention,

diagnosis, and treatment of hemorrhagic and thrombotic diseases in

children. However, coagulation test results are known to be dependent

on the reagents and analyzers used. This is particularly critical for glo-

bal assays such as prothrombin time (PT), activated partial thrombo-

plastin time (aPTT). So, it is recommended for each laboratory to

define the age-dependent reference ranges by using its own technical

condition (J Thromb Haemostas 2012; 10: 298).

Methods: To address that issue, the present multicenter study was car-

ried out in three centers using the same reagents i.e. RecombiPlasTin

2G for PT, SynthASil for aPTT, and HemosIL QFA for fibrinogen

and the same instrument ACL TOP (all from Instrumentation Labora-

tory, Bedford, MA, USA).

Samples were obtained from the routine workload in all participating

centers. Indication of the coagulation testing was pre-operative screen-

ing in most cases. There were 288 samples obtained from 288 pediatric

patients:193 H and 95 F, with a mean age = 1.5 years (range: 2 weeks

and 17 years).

Results: As the data obtained in the three centers were not significantly

different, test results were pooled and further analyzed in the different

age-groups. The data were found to be normally distributed, allowing

expression as the mean values with SD. As the result, PT (ratio) was

positively correlated with children age, with shorter clotting times in

younger children: 0.94 + 0.08 in 14 children aged below 1 month,

0.98 + 0.07 in 99 children between 1 month and 1 year, 1.01 + 0.08 in

101 children aged between 1 and 5 years, 1.06 + 0.08 in 28 children

aged between 6 and 10 years, and 1.05 + 0.07 in 46 children between

11 and 16 years. Conversely aPTT (ratio) was negatively correlated

with age, with longer clotting times in younger children: 1.18 + 0.11 in

children aged below 1 month, 1.12 + 0.12 in children between

1 month and 1 year, 1.06 + 0.12 in children aged between 1 and

5 years, 1.07 + 0.12 in children aged between 6 and 10 years, and

1.04 + 0.10 in children between 11 and 16 years. Fibrinogen levels (in

g/L) were 2.08 + 0.53, 2.48 + 0.55, 2.92 + 0.64, 2.85 + 0.53 and

2.82 + 0.52, respectively in children pertaining to these five age

groups.

Conclusions: These data suggest that, at least in the described technical

conditions, routine coagulation test results are highly dependent on

age and that age-specific reference ranges must be used to ensure

proper evaluation of coagulation in children.

OC 81.3
Evidence that the effects of rivaroxaban are dependent
on the degree of activation of the coagulation system
Kluft C1, Van Leuven K1, Laterveer R1, Kret R1, Neuteboom J1,

Kruithof A2 and Burggraaf J2

1Good Biomarker Sciences, Leiden; 2Centre of Human Drug

Research, Leiden, the Netherlands

Background: The effects of rivaroxaban can be assessed with variable

responses using the Prothrombin Time (PT). When using Simplastin

Excel S� (SES) the effects are much stronger than with any other PT

reagent. PT prolongation with SES results in 2–4-fold increases, com-

parable to prolongations observed with vitK-antagonists.

Aims: We explored possible mechanisms explaining the strong

response to rivaroxaban with the SES reagent and put this in context

with findings using other global tests.

Methods: Clotting assays were performed on the Amax Destiny plus.

TGA-RCH� (Technoclone) and Extem Rotem� were used. Effects of

rivaroxaban were evaluated by spiking plasma. Effects of factor V

were evaluated using mixtures of normal with factor V-depleted

plasma, a factor V quenching monoclonal and a venom activating fac-

tor V (RVV-V). Contrasts were made between the most sensitive (SES)

and the most insensitive reagent (Innovin�) for rivaroxaban.

Results: Using depleted plasmas showed that the strong rivaroxaban

effect in SES was independent of coagulation factors XII, XI, X, IX

and factor VIII. However, the effect using plasma with low FV levels

was exaggerated. This was also noted when using Innovin when

quenching antibodies to factor V were added. Conversely, addition of

factor V activating venom (RVV-V) attenuated the rivaroxaban effect

at low factor V levels and completely abolished the strong effect of riv-

aroxaban in SES.
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Starting clotting with purified factor Xa, with or without RVV-V using

factor VII deficient plasma to compare the lipids showed comparable

IC50 for rivaroxaban for all combination (25–35 nM) excluding differ-

ences in lipid effect on the active components Xa and Xa-Va. This

identified activation of FV in SES to be poor. We further explored if

lipids could be involved in the poor activation of factor V with SES.

Adding Innovin-lipids to SES completely abolished the strong sensitiv-

ity to rivaroxaban, identifying specific lipids in SES (currently

unknown) to be responsible.

When the IC50 from SES (110 nM) and Innovin (385 nM) are con-

verted (Cheng Prusoff formula) in amount of factor Xa participating

in the inhibition it revealed that in Innovin 60% and in SES 17% of

factor X is converted. The amount of factor Xa participating in other

global tests was 8% in the thrombin generation test (TGA-RCH),

37% in the Extem Rotem alpha value, 46% in the APTT. The low par-

ticipation of FXa in SES and the thrombin generation test apparently

explains their sensitivity for measurement in the therapeutic range of

rivaroxaban.

Conclusions: The lipid component in SES is responsible for a reduced

activation of factor V resulting in limited FXa formation and a strong

sensitivity to inhibition by rivaroxaban. Rivaroxaban inhibits more

potently in tests with low factor Xa activation. For pharmacodynamic

assessment in addition to SES other global tests with low factor Xa

participation such as TGT-RCH may also be suitable. The physiologi-

cal implication may be that rivaroxaban is primarily effective in situa-

tions with low grade coagulation activation and increasingly

ineffective when coagulation activation is more massive.

OC 81.4
Development of a quantitative model of systemic
procoagulant condition due to bacterial sepsis
Wong ZC1, McCarty OJT1, Puy C1, Tucker E1, Smith SA2, Choi S2,

Morrissey J2 and Gruber A1

1Oregon Health and Science University, Portland, OR;
2University of Illinois, Urban, IL, USA

Background: Intravascular blood coagulation is common in patients

with severe sepsis. The resulting coagulopathy is linked to the presence

of bacterial cell components, possibly including polyphosphates. Po-

lyphosphates (polyP) are linear polymers of inorganic phosphate that

are abundant in the acidocalcisomes of prokaryotes and unicellular

organisms as well as in the dense granules of platelets. PolyP has been

shown to support the contact activation of coagulation factor XII

(FXII), and accelerate the activation of factor XI (FXI), resulting in

thrombin generation, complement system activation, and release of

the inflammatory peptide bradykinin from high-molecular-weight

kininogen. The contact proteases appear to play a significant pro-

thrombotic role in response to bacteria as part of the innate immune

response, which can lead to thrombotic complications in the setting of

severe bacterial sepsis.

Aims: The aim of this study was to develop an assay to quantify the

procoagulant phenotype associated with bacteria sepsis.

Methods:We have developed a quantitative ex vivomodel of patholog-

ical thrombus formation. Our model takes advantage of gravity to

provide a constant pressure gradient to drive recalcified blood that has

been supplemented with coagulation activating and inhibiting agents

through a capillary tube coated with collagen and tissue factor (TF).

Results: Our data demonstrate blood flow ceased after ~20 min in

tubes that had been coated with collagen and TF. Experiments were

designed to determine whether long polymers of polyP (~1000 phos-

phate units, such as those present in bacteria) were able to promote

occlusive thrombus formation under a constant pressure gradient in a

dose-dependent manner (time to occlusion = 19.3 � 1.5, 15.8 � 1.5,

12.8 � 0.6, and 11.5 � 1.5 min in the presence of vehicle vs. 25, 50 or

100 lM, respectively). Pretreatment of blood with corn trypsin inhibi-

tor, which inhibits FXIIa, prolonged the time to occlusion in the pres-

ence of 100 lM long polyP to ~28 min, indicating a role for FXIIa in

the ability of long polyP to promote occlusive thrombus formation. In

contrast, a panel of function blocking anti-FXI antibodies failed to

inhibit the prothrombotic effect of long polyP in our system.

Summary/Conclusion: We have developed a model of pathological

occlusive thrombus formation to quantify the systemic procoagulant

condition due to bacterial cell components that are present in sepsis.

Our data show that polyP of the size present in bacteria promote

occlusive thrombus formation in a FXII-dependent, yet FXI-indepen-

dent, manner. Current efforts are focused on the calibration of throm-

bus formation in our model as a function of colony-forming units of

bacteria. Future efforts will be focused on adapting this model for use

as a point-of-care device for assessing patient procoagulant activity

during bacterial sepsis.

OC 81.5
A high performance of Nijmegen-Bethesda assay in
therapy to induce immune tolerance for hemophilia
patients
Montalv~ao SL, Tucunduva A, Machado TGS, Quaino SP, Colella

MP, De Paula EV, De Souza Medina S and Ozelo MC

Universidade Estadual de Campinas – UNICAMP, Campinas,

Brazil

The Bethesda method originally described by Kasper in 1975 and

later modified by Verbruggen in 1995 is the gold standard for assess-

ment of inhibitory antibodies against factors (F) VIII and FIX. The

method has some limitations, such as the presence of residual endoge-

nous or exogenous factor in moderate and mild haemophilia or from

replacement therapy, respectively. Some studies show that treatment

of these samples with heat improves the sensitivity of this test. The

objective of this study is to compare inhibitor quantification obtained

of samples previously treated and untreated with heat from hemo-

philia patients with and without inhibitor. For each analysis the

plasma samples were collected and processed equally and separated

into two aliquots. In the moment of the analysis one of the aliquots

was treated with heating at 56 °C for 30 min and then centrifuged at

15,000 rpm 5 min. The Nijmegen-Bethesda assay was performed for

the two aliquots. Results > 0.6 BU were considered negative for the

presence of inhibitor. The statistical analysis was performed using the

Mann-Whitney test. One hundred nine analyses from 46 patients with

severe hemophilia A (FVIII > 1.0 IU/dL) were performed. Patients

were divided into three distinct groups: Group (I) 20 patients without

history of inhibitor, exposed and not recently exposed to FVIII.

Group (II) 21 patients with history of inhibitor not exposure to

FVIII. Group (III) five patients (68 analysis) undergoing ITI proto-

col. For patients with no history of inhibitor the heating of samples

did not modify results when compared with no heating sample

(P = 0.24). However, a statistical significant difference between the

samples was observed in patients with positive history of inhibitor.

The difference found in the group II (P > 0.05) was evaluated against

a ratio of FVIII:C/FVIII:Ag to obtain data about the FVIII exoge-

nous to confirm the days without FVIII exposition. The higher differ-

ence was observed in the group III (P > 0.001), the title of inhibitor

obtained with heat samples had a median of 7.1 times (2.0–16.1
times) higher when compared with samples without heat treatment

and six of them shift the negative (0.19–0.39 BU) to positive (1.8–
4.43 BU) results. In additional, the results obtained from each ITI

patients show the same trend line obtained with the results of heating

and no heating samples. The presence of FVIII in patient samples

violates the principle of Bethesda method, where patient and control

samples must be equivalent before incubation. Therefore, the addi-

tional presence of FVIII (exogenous) may modify the kinetics

between antigen and antibody and provide results lower than the

expected. In our experience, heating sample showed increased sensi-

tivity of method and no shift from negative to positive was observed
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in results of patients without history of inhibitor. Furthermore, this

procedure appears to be an important application for samples from

patients undergoing ITI protocol. In daily practice, when one cannot

wait 72 h without infusion of FVIII containing products for analysis

of quantification of inhibitor, heat treatment of samples may enable

the determination of the test.

OC 81.6
A nationwide Belgian survey on the influence of the
new oral anticoagulants dabigatran and rivaroxaban on
commonly used coagulation assays
Van Blerk M1, Bailleul E2, Chatelain B2, Demulder A2, Devreese

K2, Douxfils J2, Jochmans K2, Mullier F2, Wijns W2 and Soumali

MR1

1Scientific Institute of Public Health; 2EQA Advisory Board,

Brussels, Belgium

Background: The new oral anticoagulants dabigatran etexilate (direct

thrombin inhibitor, Pradaxa�, Boehringer Ingelheim) and rivaroxaban

(direct factor Xa inhibitor, Xarelto�, Bayer) have been in clinical use

for a few years for the prevention of thromboembolic events after elec-

tive hip- or knee-replacement surgery and for the prevention of stroke

and systemic embolism in patients with atrial fibrillation. Although

these agents do not require monitoring, their presence can significantly

influence coagulation assays, potentially leading to incorrect interpre-

tation of test results.

Aims: The Belgian national External Quality Assessment Scheme for

blood coagulation organized a survey to investigate and illustrate to

the clinical laboratories how these drugs affect their routine coagula-

tion assays.

Methods: All Belgian clinical laboratories routinely performing coagu-

lation testing (n = 192) received five lyophilized plasma samples in

April 2012. These samples consisted of a normal plasma pool spiked

with dabigatran or rivaroxaban to the following final concentrations:

0, 100 ng/mL dabigatran, 250 ng/mL dabigatran, 120 ng/mL rivarox-

aban, and 290 ng/mL rivaroxaban. The samples were purchased from

Hyphen BioMed (Neuville surOise, France). Participants were

requested to determine the following coagulation assays: prothrombin

time (PT, seconds,% and INR), activated partial thromboplastin time

(aPTT, seconds and ratio), fibrinogen and antithrombin. They were

also required to mention the reagent and analyser used.

Method-specific medians and robust standard deviations were calcu-

lated for all methods with ≥ 6 reported results (method of Tukey). Dif-

ferences between methods were assessed by means of non parametric

statistics (Wilcoxon test).

Results: All but three laboratories participated in the survey (response

rate of 98.4%).

PT and aPTT: Both, dabigatran and rivaroxaban significantly pro-

longed the PT and aPTT in a concentration- and reagent-dependent

manner. The PT was more influenced by rivaroxaban than by dabiga-

tran, while the aPTT was more influenced by dabigatran than by riva-

roxaban. There was a wide variation in responsiveness between

reagent/instrument combinations. The PT reagents Neoplastin CI Plus

and Neoplastin R (Diagnostica Stago, Asni�eres sur Seine, France)

were the most sensitive to rivaroxaban and the reagents Innovin and

Thromborel S (Siemens, Marburg, Germany) the least sensitive. The

aPTT reagents most and least sensitive to dabigatran were CK Prest

(Diagnostica Stago) and Actin FSL (Siemens). Converting PT results

to INR did not reduce but even increased the variability between

reagents.

Fibrinogen: Rivaroxaban did not influence the determination of fibrin-

ogen but the presence of dabigatran led to a falsely reduced fibrinogen

concentration when measured with a low thrombin concentration

reagent.

Antithrombin: The presence of dabigatran caused an overestimation of

the antithrombin level when measured with an assay based on throm-

bin inhibition while the presence of rivaroxaban caused an overestima-

tion of the antithrombin level when measured with an assay based on

FXa inhibition.

Summary/Conclusions: This study demonstrates that the influence of

dabigatran and rivaroxaban on the routine coagulation assays used in

Belgium largely depends on the reagent/analyser combination used

and the drug concentration. All laboratories received a full report of

the results in order to draw attention to the importance of careful

interpretation of coagulation test results in patients taking dabigatran

or rivaroxaban.

OC 82 – Cancer and Thrombosis

OC 82.1
The role of a prothrombinase – fibrinogen-like protein
2 in angiogenesis and tumorigenesis
Inbal A1, Rabizadeh E2, Lederfine D2, Rosenbaum E3, Yosipovitz

O3 and Inbal A3

15Thrombosis and Hemostasis Unit, Hematology Institute,

Beilinson Hospital, S; 2Hemato-Oncology Laboratory,

Hematology La, Felsenstein Medical Research Center; 3Beilinson

Hospital, Petah Tikva, Israel

Background: Hematologic and solid tumors are associated with hyper-

coagulability the reason for which has not been delineated. Prothrom-

binase named fibrinogen-like protein 2 (FGL-2) is a 70 kD

transmembrane protein that was found to have a quality of a serine

protease capable of directly cleaving prothrombin to thrombin. FGL-

2 is synthesized by monocytes, T-lymphocytes and endothelial cells.

FGL-2 protein and its mRNA have been previously found within dif-

ferent tumor cells. In our previous work we found that FGL-2 activity

was increased in peripheral blood mononuclear cells (PBMC) from

patients with prostate, colon and lymphoproliferative malignancies.

Our hypothesis is that upregulation of FGL-2 activity in cancer

patients may contribute to angiogenesis and tumorigenesis.

Aim: To study the role of FGL-2 in angiogenesis and tumor develop-

ment using in vitro and in vivo assays.

Methods: Thrombin generation reflecting FGL-2 activity was mea-

sured in different cells after addition of prothrombin. mRNA of FGL-

2 was measured in PBMC, HUVEC and PC3 (human prostate carci-

noma cell line) by quantitative RT-PCR analysis. In vitro, FGL-2

angiogenesis induction was evaluated by matrigel assay. In vivo, FGL-

2-induced tumor development was tested in SCID mice after injection

of PC3 cell line, which has increased FGL-2 activity or PC3 cell line

where FGL-2 activity was inhibited by specific siRNA.

Results: Increased mRNA of FGL-2 was found in PBMC from

patients with either lymphoma, prostate or colon cancer and in PC-3

cell line. Following treatment of HUVEC and PC-3 line with inter-

feron-gamma the amount of mRNA increased even further. FGL-2

activity was knocked out in either HUVEC or PC3 by specific siRNA.

In vitro, a significant angiogenesis was observed in matrigel assay after

addition of PC3 cells with intact FGL-2 while addition of PC3 with

knock out FGL-2 completely inhibited blood vessel formation. Addi-

tion of hirudin had no effect on angiogenesis indicating that FGL-2

mediated pro angiogenetic effect is not induced by thrombin.

PCR array of HUVEC with knock out FGL-2 using specific panel of

human angiogenesis genes revealed a 500-fold decrease in the expres-

sion of Epidermal growth factor gene and Insulin-like growth factor 1.

In vivo, tumor development in SCID mice after injection of PC3 cell

line with or without FGL-2 activity was assessed. Nine out of ten mice

injected with PC3 expressing FGL-2 developed tumors after 3 weeks.

In contrast, out of five mice injected with blocked FGL-2 clone of

PC3, three have not developed tumors at all, and the remaining two

showed small undefined cluster of cells at the injection site. Precise his-
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topathology analysis of all the mice will be done at week 6 after the

injection.

Conclusions: The results of this research indicate that FGL-2 may

induce angiogenesis and tumor development. In the future FGL-2 tar-

geting may have a potential therapeutic value.

OC 82.2
Brain metastasis depends on tumor cell initiated
coagulation
Gay LJ, Day JL, LeBoeuf SE, Ritland M, Ruggeri ZM, Ruf W

and Felding-Habermann B

The Scripps Research Institute, La Jolla, CA, USA

Background: The incidence of brain metastasis exceeds that of primary

brain tumors 10-fold and is most frequently associated with lung can-

cer, breast cancer and melanoma. Despite the dismal prognosis of only

6–9 months for patients with brain metastases, the mechanisms of

tumor cell brain colonization from the blood stream are unknown.

Understanding this step could enable effective therapeutic strategies to

prevent the development of incurable metastatic brain disease.

We found that metastatic cancer cells reside within the cerebral micro-

vasculature for several days and associate with platelets while pene-

trating the blood brain barrier. Intravascular survival and

extravasation of the tumor cells during this time may critically limit

the success of brain metastasis. The brain microvasculature may

uniquely influence hemostatic system function in tumor cell coloniza-

tion. Activation of coagulation, platelets and fibrin formation contrib-

ute to tumor progression, cancer-associated thrombosis and metastatic

spread to peripheral organs, however the function of coagulation in

the seeding of brain metastases is not known.

Aims: We evaluated whether tumor cell-expressed tissue factor, an

activator of coagulation, promotes tumor cell seeding of brain metas-

tases by initiating critical tumor cell-vascular interactions.

Methods: We developed models of experimental brain metastasis to

study how intravascular tumor cells cooperate with the coagulation

system during the early stages of colonization across the blood brain

barrier. Human breast cancer cells are injected into the left cardiac

ventricle of immune deficient mice. The tumor cells are then followed

during the initial phase of brain metastasis and progressive metastatic

brain disease using detailed and quantitative histological analyses. We

address how coagulation contributes to brain metastasis by targeting

tissue factor or platelets. This is accomplished by initial treatment with

antibodies that specifically inhibit human tissue factor function or by

depleting platelets. We use ex-vivo bioluminescence imaging and

immunohistochemical analyses at later stages of brain metastasis to

determine the extent to which an early, transient treatment will result

in long-term, diminished macrometastatic burden as the disease pro-

gresses.

Results: We demonstrate that inhibition of tissue factor expressed by

tumor cells reduces brain colonization, which results in diminished

progression of breast cancer brain metastasis and extended animal sur-

vival. We find that tissue factor properties which initiate coagulation

and promote cytoprotective signaling pathways differentially contrib-

ute to brain metastasis development. Our findings indicate that the

inhibition of coagulation can prevent the seeding of breast cancer cells

into the brain and result in overall reduction of brain metastatic bur-

den.

Summary/Conclusions: Our studies provide mechanistic insights into

the process of tumor cell brain colonization and may lead to the identi-

fication of targets and development of therapeutics to prevent cancer

metastasis to the brain and enhance patient survival rates.

OC 82.3
The heparin/heparan-sulphate interactome of human
breast cancer cells exerts a pro-tumourigenic role
associated with activation of the PI3K/Akt and MAPK/
ERK signalling pathways
Chen Y1, Scully M1, Gloria D1, Goodwin C1, Min X1, Xinjie L1

and Ajay K2

1Thrombosis Research Institute; 2Thrombosis Research Institute,

University College London, London, UK

Background:Heparan sulphate (HS) interacting proteins form a tightly

interconnected network – the heparin/HS interactome – that contrib-

utes to cell function in higher organisms. Heparin treatment which is

able to modulate interactions between the heparin/HS interactome

and HS proteoglycans (HSPGs) has been shown to prolong the sur-

vival of patients with cancer, but the fundamental mechanisms under-

lying this benefit are largely unknown.

Aim: To investigate the global effect of protein-heparin/HS interac-

tions on the tumorigenicity of breast cancer cells.

Methods: Tow human breast cancer cells lines (MCF-7 and MDA-

MB-231) were cultured under serum-free conditions in which the cellu-

lar response was maintained by secreted autocrine factors and other

members of the heparin/HS interactome and in the presence of heparin

to modulate HSPG interaction. Confirmatory observations were made

using cells cultured in the presence of b-D-xyloside, which inhibits

HSPG synthesis. The tumourigenicity of the cells was determined by

measuring a wide range of indices including gene expression, and cell

signalling through gene microarray, RT-PCR, Western blot and

immunofluorescence analysis. Tumour cell properties were also evalu-

ated by a series of cell function assays.

Results: Microarray analysis of MCF-7 cells cultured under these con-

ditions showed that expression of 105 of 1357 genes potentially related

to the pathogenesis of breast neoplasm was significantly altered by

heparin treatment. The changes in gene expression correlated with a

less tumourigenic phenotype, including reduction of cell adhesive,

invasive and migratory properties. These effects were associated with

an inhibition of the PI3K/Akt and Raf/MEK/ERK signalling path-

ways. The modulatory effect of heparin on HS-associated activity was

confirmed with one member of the heparin/HS interactome: TGFb, a
key cytokine. The innate TGFb activity of MCF-7 cells was reduced

by heparin treatment, with specific interruption of the TGFb–Smad

signalling pathway. The pro-tumourigenic contribution of the heparin/

HS interactome was verified in cells in which HSPG synthesis was

blocked using b-xyloside.
Conclusion: Modulation of the HSPG-dependent action of the hepa-

rin/HS interactome induces a less tumourigenic genotype and pheno-

type associated with inhibition of the PI3K/Akt, Raf/MEK/ERK and

TGFb-Smad signalling pathways. The innate heparin/HS interactome

of breast cancer cells makes a significant contribution to tumourigenic-

ity, therefore establishing that the beneficial effect of heparin upon the

survival of cancer patients is probably due to its ability to reduce the

pro-tumourigenic activity of the heparin/HS interactome.
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OC 82.4
Systemic venous thrombotic events are associated with
significantly increased loss of central venous catheters
in pediatric cancer patients: a Multicenter Study
Kulkarni K1, Halton J2, Spavor M3, Evan S4, Sara I5, Dietrich K6,

Abish S7 and Lesley M8

1Stollery Children’s Hospital, Edmonton, AB; 2Children’s Hospital

of Eastern Ontario, Ottawa, ON; 3Stollery Children’s Hospital,

Edmonton, AB; 4BC Children’s, Vancouver, BC; 5Winnipeg

Children’s Hospital, Winnipeg, MB; 6University of Alberta,

Edmonton, AB; 7Montreal Children’s Hospital, Montreal, QC;
8Stollery Children Hospital, University of Alberta, Edmonton, AB,

Canada

Background: Central venous catheters (CVCs) have greatly improved

the care of pediatric oncology patients. Loss of CVC necessitates

immediate replacement, requiring general anesthesia, surgical interven-

tion and is a significant cost burden to the health care system. Con-

vincing evidence shows that venous thrombotic events (VTE) occur

frequently during childhood cancer and that VTE are associated with

CVC use. However, clinical significance of VTE with respect to CVC

management has never been studied. We wanted to explore our

hypotheses that VTE in childhood cancer patients are significantly

associated with increased CVC loss and that VTE maybe causal in

some children, as indicated by an association of CVC loss with loca-

tion of VTE.

Aim: (i) investigate the association of VTE with loss of CVCs and (ii)

assess association of location of VTE with CVC loss.

Methods: In this multicenter case-control study, after ethics approval

and informed consent, childhood cancer survivors with and without

symptomatic VTE during their cancer therapy were recruited from 5

Canadian centers. Additionally, patients in whom an asymptomatic

VTE was detected were assessed. Number and location of CVCs was

compared between the three groups.

According to location, VTE were categorized into two groups (i) sys-

temic VTE or (ii) non-systemic VTE. Systemic VTE included (i) cen-

tral VTE: VTE in veins proximal to and including axillary and femoral

veins and (ii) peripheral VTE: VTE in veins distal to axillary and femo-

ral veins.

Results: Seventy-seven survivors (cases) with symptomatic VTE, 10

with asymptomatic VTE (systemic VTE n = 7, non-systemic n = 3)

and 178 controls (no VTE) were recruited. The locations of symptom-

atic VTE were: systemic VTE (n = 58) (central VTE n = 49 and

peripheral VTE n = 9) and non-systemic (n = 19) (sinovenous throm-

bosis n = 7 and other sites n = 12).

Among the controls, 11.8% required > 1 CVC. In comparison, > 1

CVC was required by a significantly increased proportion of children

with (i) systemic VTE (53.4% P = 0.0001), (ii) central VTE (55.1%,

P = 0.0001), (iii) peripheral VTE (44.4%, P = 0.017) and (iv) systemic

asymptomatic VTE (57.1%, P = 0.007). Similar to controls, only

10.5% in the nonsystemic VTE group required > 1 CVC (P = 0.592).

The mean number of CVCs in the control group was 1.12 � 0.37. In

comparison, the mean number of CVC was significantly increased in

the systemic VTE group (1.75 � 0.872, P = 0.0001) and central VTE

group (1.81 � 0.86, P = 0.0001). In contrast, the mean number of

CVC in nonsystemic VTE group (1.28 � 0.958) was similar to controls

(P = 0.301).

Central VTE and location of CVCs showed a concordance of 55%

(n = 27) with probable concordance in additional 10.2% (n = 5)

patients.

Summary: The current study is the first to demonstrate a significantly

increased CVC loss as an adverse clinical outcome of both symptom-

atic and asymptomatic systemic, especially central, VTE. Non-sys-

temic VTE do not contribute to increased CVC loss. A > 55%

concordance in CVC location and central VTE suggests a significant

contribution of CVCs in VTE development.

Given the clinical and economic implications of CVC loss, future trials

need to focus on safety and efficacy of primary prophylaxis in VTE

prevention in childhood cancer patients.

OC 82.5
Coagulant activity and cellular origin of circulating
tissue factor exposing microparticles in cancer patients
– two forms of TF-exposing microparticles
Kleinjan A1, B€oing AN1, Di Nisio M2, Twint D3, Kamphuisen PW4,

Nanayakkara P3, B€uller HR1 and Nieuwland R1

1Academic Medical Center, Amsterdam, the Netherlands;
2G.D’Annunzio University, Chieti, Italy; 3VU Medical Center,

Amsterdam; 4University Medical Center Groningen, Groningen,

the Netherlands

Background: Because plasma of cancer patients presenting with venous

thrombosis contains high numbers of tissue factor (TF)-exposing mi-

croparticles (TF-MP1), TF-MP have been causally linked to the occur-

rence of venous thrombosis in cancer patients. The relationship

between numbers of TF-exposing MP and the TF-MP dependent

coagulant activity, however, is unclear. In addition, to which extent

TF-MP originate from cancer cells is also unknown.

Aim: We investigated the relationship between TF-MP numbers and

coagulant activity, and the cellular origin of circulating TF-MP in can-

cer patients.

Methods: Citrate-anticoagulated blood was collected via a single blood

withdrawal from cancer patients undergoing chemotherapy. The num-

ber of TF-MP was measured by flow cytometry and TF-MP coagulant

activity was measured in a fibrin generation test (FGT) in the presence

or absence of an inhibitory antibody to human factor VII. Patients

were categorised as having a low or high number of TF-MP (≤ or

> 95th percentile), and as having low or high TF-MP coagulant activ-

ity (≤ or > 13% TF-dependent prolongation of clotting time as deter-

mined by FGT). The cellular origin was determined by flow cytometry

in those patients with number of TF-MP above the 95th percentile of

the total cohort.

Results: Of the total cohort of 209 cancer patients, 98 had metastasis

(47%). Overall, no correlation was present between the numbers of

TF-MP and the coagulant activity (r = 0.029, P = 0.69). When com-

paring patients with a high and low number of TF-MP, respectively

three of the 12 (25%) and 60 of the 192 (31%) patients had high TF-

MP coagulant activity. Conversely, when comparing patients with

high and low TF-MP coagulant activity, respectively only three of the

63 (4.8%) and nine of the 141 (6.4%) patients had a high number of

TF-exposing MP.

There was a marked variation between patients with regard to the cel-

lular origin of the TF-MP. Of the 13 patients with high TF-MP num-

bers, the cellular origin of TF in five patients was variable and added

up to above 100%; including 67% and 44% staining for two indepen-

dent tumor markers, 66% for a platelet marker, and 59% for a mono-

cyte marker (all medians). In the other eight patients, the origin of

> 25% of TF-MP could be established, and most of these TF-MP

originated from platelets and no tumor-derived vesicles were detect-

able.

Summary/Conclusions: Because increased numbers of TF-MP and

coagulant activity are almost mutually exclusive, we postulate that two

forms of TF associated with MP circulate in cancer patients, a coagu-

lant form which is present in minute quantities and below the detection

limit of flow cytometry, and a non-coagulant form which is detectable

by flow cytometry. Taken together, although at least part of the TF-

MP can derive from tumor cells, the cellular origin of circulating and

coagulant TF-exposing MP in cancer patients remains to be eluci-

dated.

1. Zwicker et al., Clin Cancer Res 2009.

2. Davila et al., JTH 2008.
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OC 82.6
Colon adenocarcinoma cell recruitment to platelets
and thrombi under shear
Baker S, Itakura A, Gruber A and McCarty OJT

Oregon Health and Science University, Portland, OR, USA

Background: Cancer metastasis involves separation of cancer cells

from a primary tumor, entrance of tumor cells into the blood or lym-

phatic circulation, adhesion to or entrapment at a distal site, and pro-

liferation to form of a secondary tumor. The anatomical site-

specificity of cancer metastasis, the effect of antithrombotic treatments

on metastasis, and the role of the vessel microenvironment in cancer

metastasis remain to be explored.

Aims: We aimed to investigate the kinetics and molecular mechanisms

of metastatic colon adenocarcinoma cell recruitment to fibrillar pro-

teins and thrombi under shear flow, ex vivo.

Methods: SW620 cells (1 9 106 cells/mL; colon adenocarcinoma cells

from lymph node) were perfused over immobilized fibrillar collagen,

fibrinogen, laminin, fibronectin, or von Willebrand factor at physio-

logically relevant shear rates ranging from 25 to 200/s. Platelet aggre-

gates were formed by perfusing citrate anticoagulated whole blood

over fibrinogen or collagen. Thrombi were formed by perfusing recal-

cified whole blood over fibrinogen or collagen in the presence of coag-

ulation. Tumor cells were perfused either during or following platelet

aggregate or thrombus formation. The role of polymorphonuclear leu-

kocytes (PMNs) in tumor cell recruitment was investigated by perfus-

ing purified PMNs over both platelet aggregates and thrombi. The

degree of transient tumor cell interactions (recruitment, rolling and

release) and the number of firmly adhered tumor cells were quantified

using fluorescence microscopy.

Results: The extracellular matrix proteins, fibrillar collagen, fibrino-

gen, laminin, fibronectin, and von Willebrand factor supported tumor

cell recruitment and adhesion in a shear-dependent manner, with a

maximal degree of binding observed at the lowest shear rate (25/s).

The rate of transiently interacting SW620 cells varied from nearly

200 cells/mm2/min on collagen to > 30 cells/mm2/min on fibrinogen.

Platelet aggregates and thrombi formed on either fibrinogen or colla-

gen supported SW620 cell interactions and adhesion under shear.

Increased SW620 cell interactions and binding was observed on plate-

let aggregates and thrombi formed on collagen as compared to fibrino-

gen. Moreover, thrombi supported a greater degree of SW620 cell

interactions and adhesion as compared to platelet aggregates formed

on either collagen or fibrinogen. Interestingly, in the absence of antico-

agulation, we observed SW620 preferentially binding to clot-bound

leukocytes. Along these lines, addition of purified leukocytes

(1 9 106 PMNs/mL) to thrombi resulted in a doubling of the number

of interacting and bound SW620 cells.

Conclusion: Our findings demonstrate that colon adenocarcinoma cell

tethering, rolling and firm adhesion to extracellular matrix proteins,

platelet aggregates, leukocytes, and thrombi under flow are enhanced

in recalcified blood and reduced by shear. The results suggest that

metastasizing cancer cells may preferentially home to sites of blood

vessel injury and inflammation that induce local thrombin generation.

OC 83 – Coagulation Factor VII

OC 83.1
Novel insights into the therapeutic mode of action of
recombinant FVIIa
Augustsson C and Persson E

Novo Nordisk A/S, Bagsvaerd, Denmark

Background: Recombinant FVIIa (rFVIIa, NovoSeven�) is used as

bypassing agent in haemophilia patients with inhibitory antibodies

against factor VIII (FVIII) or IX. The need for supraphysiologic doses

of rFVIIa has been explained in two ways; to efficiently compete with

endogenous FVII for tissue factor (TF) or to obtain a sufficient

amount of rFVIIa bound to activated platelets, that is, to allow

rFVIIa to activate factor X in a TF-dependent and -independent man-

ner, respectively.

Aims: To evaluate the influence of zymogen FVII competition for TF

and FVII (auto)activation on thrombin generation induced by rFVIIa.

To assess the relative contributions of the TF-dependent and -indepen-

dent pathways under haemophilia A conditions.

Methods: Thrombin generation was quantified in FVII-deficient,

FVIII-depleted platelet-rich plasma (PRP) (zymogen effect studies) or

FVIII-depleted PRP (pathway studies) and initiated with TF (Innovin,

1 pM), Ca2+ and fluorogenic substrate. Recombinant FVII,

FVIIR152A, FVIIa and FVIIaDVQ were produced in house. FVIIR152A

cannot be converted to FVIIa. FVIIaDVQ contains three amino acid

changes (V158D/E296V/M298Q) resulting in enhanced TF-indepen-

dent capability to activate factor X.

Results: Zymogen competition with FVIIa for TF and its influence on

thrombin generation were studied using both FVII and FVIIR152A in

order to simultaneously assess the importance of FVII (auto)activa-

tion. In the presence of 6 nM FVIIa, a concentration-dependent low-

ering of thrombin generation was seen in the presence of FVIIR152A

(10–100 nM) but not with FVII. The reduction at 100 nM FVIIaR152A

(15-fold excess over FVIIa) was the same as that obtained with a 15-

fold reduction in TF in the absence of any FVII. In line with this, addi-

tion of FVIIR152A and FVII at increasing FVIIR152A/FVII ratios

(100 nM in total) resulted in gradually decreasing thrombin genera-

tion. A similar observation was made when lowering the FVIIa con-

centration in the presence of 100 nM FVII. To distinguish between the

sites of FVIIa action, the effects of FVIIaDVQ and FVIIa in FVIII-

depleted PRP were compared. At concentrations ≤ 100 pM, similar

thrombin generation was observed. Above 100 pM, thrombin genera-

tion was higher with FVIIaDVQ than FVIIa, suggesting that the TF-

independent contribution became evident and predominant above this

threshold. In contrast, FVIIa and FVIIaDVQ behaved much more simi-

larly in FVII-deficient PRP where they act as replacement agents.

Conclusions: Zymogen FVII competed with FVIIa for binding to TF

but a subsequent rapid (auto)activation to FVIIa prevented a negative

effect on thrombin generation. This rapid activation relied on a certain

TF (TF:FVIIa complex) density. Because the thrombin generation

potentials of FVIIa and FVIIaDVQ under haemophilia A conditions

were indistinguishable at concentrations ≤ 100 pM the activity

appears to be TF-dependent (saturation of membrane TF). Above

100 pM, the TF-independent activity became evident as seen by a

much larger effect of FVIIaDVQ. At therapeutic concentrations of

rFVIIa (above 5 nM, typically 25 nM) the major component of its

mode of action appears to be TF-independent.

OC 83.2
Multicentre, randomised, double-blinded, active-
controlled, cross-over phase 3 trial on safety and
efficacy of rFVIIa analogue (vatreptacog alfa) in
haemophilia patients with inhibitors (adept

TM2)

Lentz SR1, Mahlangu J2, Abdul Karim FA3, Andreeva T4,

Economou M5, Ehrenforth S6 and Windyga J7

1The University of Iowa Carver College of Medicine, Iowa City,

IA, USA; 2University of the Witwatersrand, Johannesburg, South

Africa; 3National Blood Centre, Kuala Lumpur, Malaysia;
4Republican Center for Hemophilia Treatment, St Petersburg,

Russia; 5Aristotle University of Thessaloniki, Thessaloniki,

Greece; 6Novo Nordisk A/S, Søborg, Denmark; 7Institute of

Hematology and Transfusion Medicine, Warsaw, Poland

Background: Vatreptacog alfa is a recombinant factor VIIa (rFVIIa)

analogue which was developed to provide an improved resolution of

bleeds in patients with haemophilia and inhibitors. Its amino acid

sequence is 99% identical to rFVIIa, with the only change being three
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amino acid substitutions (V158D/E296V/M298Q). In a phase 2 dose-

escalation trial, vatreptacog alfa demonstrated preliminary efficacy

and safety, with no anti-drug antibodies (ADA) detected (JTH 10:81–
89, 2012).

Aim: To evaluate the safety and efficacy of vatreptacog alfa in treating

bleeding episodes in haemophilia patients with inhibitors.

Methods: This was a global, multi-centre, double-blind, cross-over,

confirmatory trial in haemophilia A or B patients ≥ 12 years with

inhibitors. Bleeding episodes were randomly assigned in a 3:2 ratio to

treatment with vatreptacog alfa (1–3 doses at 80 lg/kg) or rFVIIa (1–
3 doses at 90 lg/kg). If haemostasis was not achieved after three doses

of trial product (TP), the patient was treated according to local stan-

dard of care. In addition to general safety assessments, ADA testing

was performed prior to first drug exposure, at least every 3 months

during the trial and at least 1 month after last TP administration.

Results: Seventy-two patients were enrolled, and 567 bleeds were trea-

ted with TP. Successful bleeding control (no use of additional haemo-

static medication, other than TP, within 12 h; primary efficacy

analysis) was similar for both vatreptacog alfa and rFVIIa, and was

achieved in 93% of all treated bleeds with 1–3 doses. Vatreptacog alfa

was superior to rFVIIa in several secondary efficacy analyses, includ-

ing fewer doses used to treat a bleed and sustained bleeding control.

Incidence of serious adverse events reported after the treatment of

bleeds was very low, with 0.9% for vatreptacog compared to 2.2% for

rFVIIa, and general safety assessments revealed no safety concerns.

However, 8/72 patients (11%) developed binding antibodies to vatr-

eptacog alfa (including one with in vitro neutralising effect) following

> 10 exposure days. In 4/8 patients, anti-vatreptacog alfa antibodies

developed low titre cross-reactivity towards rFVIIa. The antibody

binding to rFVIIa could, in all cases, be outcompeted by vatreptacog

alfa, indicating that these antibodies are induced by vatreptacog alfa

but cross-bound with lower affinity to rFVIIa.

Summary: The adeptTM 2 trial, which is the largest of its kind ever con-

ducted in inhibitor patients, confirmed the well-established efficacy

and safety profile of rFVIIa and demonstrated that vatreptacog alfa is

similar in primary efficacy outcome as rFVIIa and superior in second-

ary efficacy outcomes to rFVIIa. The high incidence of ADA develop-

ment after vatreptacog alfa exposure indicates that even very small

sequence changes can significantly alter the immunogenicity of rFVIIa

compounds. Long term exposure would be needed to fully assess the

immunogenicity of new rFVIIa compounds and to evaluate the risk

that continued treatment could result in clinical inhibitor formation.

OC 83.3
EPCR binding to factor VIIa enhances its hemostatic
function in vivo
Pavani G1, Ivanciu L2, Faella A2 and Margaritis P2

1Universit�a degli Studi di Ferrara, Ferrara, Italy; 2The Children’s

Hospital of Philadelphia, Philadelphia, PA, USA

Background: In addition to tissue factor (TF), human FVIIa is a ligand

for the endothelial protein C receptor (EPCR), but the functional con-

sequences of EPCR binding on FVIIa activity are still unclear and

may influence the therapeutic effects of FVIIa administration in hemo-

philic patients. Due to FVIIa-TF species incompatibilities and the fact

that murine FVIIa (mFVIIa) does not interact with murine EPCR

(mEPCR), mouse models are not appropriate to investigate the role of

FVIIa-EPCR interaction in vivo. However, we have previously shown

that mEPCR binding capacity can be engineered in mFVIIa by three

modifications (L4F, L8M and W9R; FMR-mFVIIa). This molecule

allows further studies into the functional consequence of EPCR-FVIIa

interaction in a mouse model of hemophilia.

Aim: To investigate the effect of EPCR binding on FVIIa procoagu-

lant activity in vivo.

Methods: Because of the sub-optimal species compatibility between

clotting factors, we characterized the activity of FMR-mFVIIa or

mFVIIa using homologous reagents that mimic the in vivo setting.

Murine activated FX (mFXa) generation assays were performed on

CHO-K1 cells expressing murine TF (mTF) only or mTF and mEPCR

(CHO-K1-mTF and CHO-K1-mTF-mEPCR, respectively). Thrombin

generation assays were conducted in mouse hemophilia B plasma sup-

plemented with FMR- or mFVIIa. To investigate the hemostatic

effects of EPCR-FVIIa interaction in vivo, we chose the FeCl3 carotid

artery injury model since EPCR is highly expressed in large arteries. A

mild vessel injury was induced in hemophilic mice with a 2 min appli-

cation of 7.5% FeCl3, prior to FMR- or mFVIIa infusion, and blood

flow was monitored for 30 min.

Results: A similar rate of murine FX activation was observed for

mFVIIa and FMR-mFVIIa on CHO-K1-mTF (Kcat 0.16 � 0.01 and

0.18 � 0.01/s, respectively). The presence of mTF and mEPCR did

not affect mFXa generation rates, which were similar to those

observed on CHO-K1-mTF (Kcat 0.14 � 0.01/s mFVIIa, 0.18 � 0.02/

s FMR-mFVIIa). In thrombin generation assays, FMR-mFVIIa

showed a slightly reduced peak of thrombin (75% of mFVIIa), with-

out affecting the endogenous thrombin potential between the two mol-

ecules. These results suggest that conferring mEPCR binding to

mFVIIa does not impact proteolytic activity, therefore FMR-mFVIIa

is an ideal molecule to investigate the role of EPCR in FVIIa-mediated

hemostasis in vivo.

In a FeCl3 carotid artery injury model in hemophilia B mice, FMR-

mFVIIa infusion was more effective in forming occlusive thrombi

compared to mFVIIa. Administration of 3 mg/kg FMR-mFVIIa

resulted in complete vessel occlusion in 4.9 � 0.3 min. In contrast, at

the same dose, only 75% of mFVIIa treated mice exhibited stable

occlusion, occurring after 12.9 � 1.4 min. At a higher dose (5 mg/kg),

FMR-mFVIIa was consistently more efficacious than mFVIIa (time to

occlusion 2.6 � 0.4 vs. 4.3 � 0.6 min, respectively). Similar results

were obtained in hemophila A mice, in which the infusion of 3 mg/kg

FMR-mFVIIa resulted in complete occlusion in 2.8 � 0.3 min com-

pared to 13.8 � 0.8 min for mFVIIa.

Conclusions: These results indicate that EPCR binding enhances the

FVIIa procoagulant effects in vivo, suggesting a novel role of the endo-

thelium in FVIIa-mediated hemostasis. The modulation of this inter-

action may suggest avenues for improved FVIIa-based therapeutics.

OC 83.4
Identification of novel platelet-targeting moieties that
increase the activity of recombinant factor VIIa without
affecting platelet function
Salas J1, Tan S1, Ashworth T1, Kistanova E1, Chen K1, Tan X2,

Acosta M1, Pierce GF1, Jiang H1, Peters RT1, Johnson B3, Pape B3

and Light D3

1Biogen Idec Hemophilia, Waltham, MA; 2Biogen Idec,

Cambridge, MA, USA

Background: Recombinant activated factor VII (rFVIIa) is approved

for on-demand treatment of bleeding episodes in hemophilia patients

with inhibitors. However, multiple doses of rFVIIa at high concentra-

tion are often required to control a bleeding episode in part due to its

low affinity for platelets. We have previously shown that rFVIIa vari-

ants fused to antibody fragments or peptides that interact with platelet

receptors display enhanced activity and affinity for platelets. Here we

describe the generation of novel platelet-targeting moieties that inter-

act with platelet receptor aIIbb3 with high affinity. These moieties are

single-chain fragment variable (scFv) antibodies selected on the basis

of their affinity for the receptor and their inability to activate or inhibit

platelet function.

Aims: To enhance the activity and efficacy of rFVIIa by increasing its

affinity for platelets.

Methods: Monoclonal antibodies against human aIIbb3 were raised in

mice. Hybridoma supernatants were screened for aIIbb3 and subunit

specificity (aIIb vs. b3) by ELISA methods. Binding to human plate-

lets, competition with fibrinogen, and platelet activation were mea-
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sured by flow cytometry-based methods. In addition, purified rFVIIa

variants containing aIIbb3-specific scFv were tested for inhibition of

platelet aggregation using a platelet aggregometer, and their effect on

human platelet clearance was evaluated in human platelet transfused

NOD/scid/gamma (NSG) mice. The activity of these platelet-targeted

rFVIIa variants was measured by rotational thromboelastometry (RO-

TEM) and soluble tissue factor-dependent prothrombin time (sTF-PT)

assays.

Results: A panel of hybridomas was categorized into six groups based

on the following characteristics: affinity for aIIbb3, subunit specificity,
fibrinogen competition and platelet activation. Among these, only one

group was found to activate platelets and thus excluded from further

analysis. Sequencing of the variable regions revealed that all antibodies

within each group shared a similar sequence. The variable regions of

representative antibodies from each group were recombinantly fused

as scFvs to the C-terminus of rFVIIa. The fusion proteins did not acti-

vate platelets, inhibit platelet aggregation in platelet-rich plasma or

affect human platelet clearance in NSG mice. Binding assays revealed

a broad range of affinities of the platelet-targeted rFVIIa variants for

human and monkey platelets as a well as for purified human aIIbb3
receptor. While the activity of these variants determined by the sTF-

PT method was comparable to rFVIIa on an equal molar basis, their

activity was enhanced by 10- to 50-fold relative to rFVIIa in ROTEM

using whole-blood from hemophilia A donors. Furthermore, these

platelet-targeted rFVIIa variants did not affect platelet clearance or

demonstrate any evidence of thrombogenicity in monkeys adminis-

tered with a dose equivalent in moles to 100 lg/kg of rFVIIa.
Summary/Conclusions: We have generated platelet-targeting moieties

that do not affect platelet function and, when fused to rFVIIa, signifi-

cantly increase its activity. These improvements in activity were only

observed when tested in the presence of platelets, such as in whole-

blood ROTEM assay. Moreover, these platelet-targeting rFVIIa vari-

ants were well tolerated in monkeys. Taken together these results sug-

gest that platelet targeting rFVIIa has the potential to be a safe and

effective alternative for the treatment of bleeds in hemophilia patients

with inhibitors.

OC 83.5
Anti-drug antibody formation induced by recombinant
activated FVII analogue (vatreptacog alfa) – results
from the phase 3 adeptTM 2 trial in haemophilia
patients with inhibitors
Mahlangu J1, Abdul Karim F2, Gorska-Kosicka M3, Kaicker S4,

Matsushita T5, Recht M6, Serban M7, Lentz SR8 and Nana

Weldingh K9

1University of the Witwatersrand, Johannesburg, South Africa;
2National Blood Centre, Kuala Lumpur, Malaysia; 3Medical

University, Lublin, Poland; 4Maimonides Medical Center, New

York, NY, USA; 5Nagoya University Hospital, Nagoya, Japan;
6Oregon Health and Science University, Portland, OR, USA;
7”Louis Turcanu” Emergency Hospital for Children, Timisoara,

Romania; 8The University of Iowa Carver College of Medicine,

Iowa City, IA, USA; 9Novo Nordisk A/S, Maalov, Denmark

Aim: To evaluate the immunogenicity of vatreptacog alfa in haemo-

philia patients with inhibitors.

Methods: This multicentre, randomized, double-blinded, active-con-

trolled, cross-over confirmatory trial evaluated the safety and efficacy

of vatreptacog alfa in the treatment of bleed episodes in haemophilia

patients with inhibitors. Patients ≥ 12 years of age with bleeding epi-

sodes were treated on demand in a blinded random sequence with

either vatreptacog alfa or rFVIIa (NovoSeven�). Anti-drug antibody

(ADA) testing was performed prior to drug exposure, at least every

3 months during the trial and at least 1 month after last trial product

administration. A multi-tiered antibody analysis approach was applied

and assays were validated according to international recommendations

and guidelines. All samples were screened for binding antibodies

towards vatreptacog alfa and rFVIIa in radioimmuno assays (RIA or

RIPA) by a central laboratory. Samples above the specified cut point

in the screening assays were subjected to a confirmatory radioimmuno

precipitation assay to confirm that antibodies were binding to vatr-

eptacog alfa and/or rFVIIa. Antibody positive samples were then

tested for neutralizing activity in two neutralizing clot assays (measur-

ing neutralization of vatreptacog alfa and of endogenous human FVII

respectively).

Results: Seventy-two patients were enrolled in the trial, and a total of

567 bleeding episodes were treated with trial product (TP). The well-

established efficacy and safety profile of rFVIIa was confirmed in this

trial, but 8/72 patients (11%) developed non-inhibitory binding anti-

bodies to vatreptacog alfa, including one patient with an in-vitro neu-

tralising effect. In 4/8 patients the anti-vatreptacog alfa antibodies

developed cross-reactivity towards rFVIIa after subsequent exposures.

The antibody binding to rFVIIa could in all cases be competed out by

vatreptacog alfa. This suggests that the antibodies were induced by

vatreptacog alfa, but, due to the high amino acid sequence homology,

cross-bound with lower affinity to rFVIIa. The antibody responses to

vatreptacog alfa were observed in most cases following > 10 exposure

days (EDs), but in one patient an antibody response was first detected

after 28 EDs.

Summary: Immunogenicity is difficult to predict, and data from adept

[TRADEMARK]2 indicate that even very small changes to the mole-

cule can change the immunogenicity profile of rFVIIa products.

The high incidence of antibody development towards vatreptacog alfa

(11%) observed in in this study population and the potential risks

thereof should be taken into consideration for future development of

rFVII-derived products. It is not possible to predict if the antibodies

would disappear or develop further with continued vatreptacog alfa.

Long term exposure will be needed to fully assess the immunogenicity

of new rFVIIa compounds.

OC 83.6
A long-acting FVIIa -CTP proposing an improved
prophylactic and on demand treatment for hemophilic
patients following SC and IV administration –
evaluation in animal models
Hart G, Hershkovitz O, Bar-Ilan A and Fima E

PROLOR Biotech, Nes Ziona, Israel

Introduction: Prolor Biotech Inc. is a clinical stage public company

developing biobetter long acting versions of existing therapeutic pro-

teins utilizing a technology termed CTP. The technology involves

fusion of the C terminus peptide of hCG to one or both ends of the

target protein. The technology was clinically validated and proven as a

safe and efficient way for prolonging the half-lives of several therapeu-

tic proteins while maintaining their biological activity. The aim of this

study was to determine the pharmacokinetic (PK), pharmacodynamic

(PD) and long term hemostatic effects of FVIIa-CTP in murine

FVIII�/� mice following IV and SC administrations.

Methods: FVIIa-CTP was expressed in CHO cells, purified and acti-

vated utilizing a CTP specific purification process. FVIIa-CTP was

administered to FVIII�/� mice, and following IV and SC injection

the PK and PD profiles were determined. In addition, the long term

hemostatic effect was evaluated following bleeding challenge by tail

clip assay and tail vein trisection as compared to commercial rFVIIa.

FVIIa-CTP in-vitro characteristics were also evaluated.

Results: FVIIa-CTP PK parameters following IV and SC administra-

tion, as assessed by a clotting assay, were superior to those of rFVIIa.

Its half-life and AUC following IV administration were 5- and 3.5-fold

higher, respectively and were also significantly superior following SC

injection. In a IV and SC Tail Vein Transection study, FVIIa-CTP

had a profound effect on survival rate, which was maintained for more
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than 24 and 12 h respectively. Reduced duration and intensity of

bleeding was also observed in the tail clip study in both routes. Follow-

ing SC administration, FVIIa-CTP’s bioavailability, was shown to be

superior to commercial rFVIIa in both rats and hemophilic mice mod-

els. Correction of thromboelastograply in FVIII �/� mice plasma was

maintained longer with FVIIa-CTP than with rFVIIa. Finally, toxico-

logical studies in rodents demonstrated that FVIIa-CTP is safe and

tolerable at relatively high doses.

Conclusion: Attachments of CTP to FVIIa led to a markedly enhanced

PK, increased exposure as reflected by AUC, improved recovery and a

prolonged hemostatic effect in hemophilic mice with a comparable

specific activity to rFVIIa. In addition, SC administration of FVIIa-

CTP resulted in improved bioavailability and exposure was signifi-

cantly prolonged relative to IV administration. Our data suggest that

CTP fused FVIIa is safe and tolerable in rodents and has the potential

to significantly improve the prophylactic and on demand treatment of

hemophilic patients.

OC 84 – Fibrinolysis – II

OC 84.1
Characterization of knock-in mice harboring a variant
of EPCR with impaired ability to bind protein C
Pepler L, Dwivedi DJ and Liaw P

McMaster University, Hamilton, ON, Canada

Background: The endothelial protein C receptor (EPCR) binds to pro-

tein C (PC) and increases the rate of activated protein C (APC) genera-

tion by the thrombin-thrombomodulin complex. APC exerts

anticoagulant, anti-inflammatory, and cytoprotective effects, which

are EPCR-dependent. Mutations and polymorphisms identified in the

EPCR gene, which can affect the efficiency of protein C activation,

have been associated with an increased risk of thrombosis. The physio-

logic importance of EPCR is also demonstrated in EPCR knockout

mice, which show placental thrombosis and early embryonic lethality.

Furthermore, overexpression of EPCR on endothelial cells protects

animals against thrombotic and septic challenge.

Objectives: To study the role of EPCR in vivo, we have generated a

knock-in mouse model harboring a variant of EPCR (R84A) with

impaired ability to bind to PC. The objective of this study is to better

understand the mechanism by which EPCR and its ligand(s) regulate

coagulation and inflammation in vivo. We hypothesize that impaired

PC/APC binding to EPCR will result in a procoagulant and pro-

inflammatory phenotype.

Methods:Mice were given an intravenous injection of bovine thrombin

(160 lg/kg) to activate PC, or factor (F) Xa (50 pmol/kg) and phos-

pholipid vesicles (PCPS) (75 nmol/kg) to initiate thrombin generation.

Blood was collected via the inferior vena cava 10 min post injection.

PC antigen, APC, and thrombin-antithrombin complex (TAT) levels

were measured by ELISA. Fibrin deposition in tissue sections was

assessed by immunohistochemistry.

Results: EPCR R84A/R84A mice are viable, reproduce normally, and

have a normal lifespan. EPCR expression at the endothelial surface of

the aorta was not affected by the introduction of the R84A mutation

in EPCR. Microscopic examination of the liver, heart, kidney, and

lung from EPCR R84A/R84A mice did not reveal evidence of sponta-

neous thrombosis or morphological abnormalities. However, EPCR

R84A/R84A mice developed splenomegaly, with spleen size 7-times

higher than wild-type (WT) mice (P > 0.05). Circulating PC antigen

concentration was higher in EPCR R84A/R84A mice (1.3 � 0.12 lg/
mL), compared to WT mice (1.0 � 0.07 lg/mL) (P > 0.05). The APC

levels of thrombin challenged EPCR R84A/R84A mice was only 8%

(P > 0.001) of WT control mice. The circulating TAT complex levels,

an indicator of thrombin generation, were not significantly increased

in healthy EPCR R84A/R84A mice compared to WT mice, however

TAT levels in FXa/PCPS challenged EPCR R84A/R84A mice

increased by twofold compared to WT mice (P > 0.01). The elevated

TAT levels in FXa/PCPS challenged EPCR R84A/R84A mice were

also accompanied by an increase in fibrin deposition in the lungs

(mean fluorescence intensity [MFI], 75.3 � 20.3) compared to WT

mice (MFI, 12.3 � 5.2) (P > 0.05).

Conclusions: EPCRR84A/R84Amice are viable suggesting that defects

in EPCR that impair PC binding do not affect embryogenesis or devel-

opment. Introduction of the R84A mutation in EPCR results in

impaired PC binding, PC activation, and upon thrombotic challenge,

EPCR R84A/R84A mice develop a procoagulant phenotype. Enlarge-

ment of the spleen in EPCR R84A/R84A mice suggests that EPCR,

which is expressed on endothelial cells as well as on hematopoietic stem

cells, may play a biological role in the regulation of haematopoiesis.

OC 84.2
Inactivation of FVIIIa in vivo – insights into the
physiological down-regulation of haemostasis
Holmberg HL1, Pastoft A2, Elm T2, Bolt G1, Lauritzen B2

and Østergaard H2

1Novo Nordisk A/S; 2Novo Nordisk.com, Maaloev, Denmark

Upon vascular injury, activated coagulation factor VIII (FVIIIa) plays

a key role in propagation of the coagulation and subsequent clot for-

mation. FVIIIa is unstable and quickly becomes inactive due to spon-

taneous dissociation of the A2 subunit with a half-life of

approximately 2 min. Clinically, the importance of spontaneous disso-

ciation is emphasised by the observation that patients with FVIII

mutations such as the S298L mutation, giving rise to an increased dis-

sociation of the A2 subunit, have mild haemophilia. Moreover, in vitro

studies have shown that FVIIIa is inactivated by activated protein C

(APC), but given the fast inactivation by dissociation it has been sug-

gested that APC inactivation of FVIIIa may be of less relevance in

vivo. However, until now the significance of either mechanism has only

been explored in vitro.

To assess which inactivation pathway for FVIIIa that is predomi-

nant in vivo, we investigated the pro-coagulant effect of increasing

doses of four different FVIII variants and compared to that of wt

rFVIII in three different models of haemostasis in mice lacking

FVIII. The FVIII variants were modified so that they either had (i)

increased A2 domain dissociation (S289L) (ii), no A2 domain disso-

ciation as the A2 and A3 domain was covalently linked by a disul-

phide bound (M662C-D1828C), (iii) were resistant to APC as the

two APC cleavages site were mutated (R336/562A) or (iv) carried a

combination of 2 and 3. All variants were purified to homogeneity

following transient expression in CHO cells. The in vivo haemostasis

models were (i) the tail bleeding model where blood loss over

30 min after amputation 4 mm of the tip of the tail was used as

endpoint (ii) the FeCl3 injury model where time to occlusion was

determined after applying 10% FeCl3 for 3 min to the carotid artery

and (iii) vena saphenous bleeding model where the maximum bleed-

ing time and number of clot formations was measured after vein

puncture and repeated clot disruption.

Doses of the FVIII variants were selected to be on the linear part of

the dose-response curves for wt rFVIII in the individual models, and

accordingly wt rFVIII significantly and dose-dependently improved

the coagulation in all three models. Destabilisation of the A2 domain

(S289L) significantly reduced the haemostatic effect in the tail bleeding

model and FeCl3 injury model compared to wt rFVIII, whereas no sig-

nificant difference between the A2 domain stabilised variant (M662C-

D1828C) and wt rFVIII was observed. In contrast, APC-resistant FVIII

variants (R336/562A and R336/562A/M662C-D1828C) showed superior

haemostatic effect compared to wt rFVIII in all three animal models.

In conclusion, this is the first study to investigate the inactivation

mechanism(s) of FVIIIa in vivo and our data suggest that APC medi-

ated inactivation of FVIIIa may be the predominant inactivation

mechanism in vivo. These data encourages for further investigations to

increase our understanding of the inactivation mechanisms in vivo.
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OC 84.3
Modulation of FXa zymogenicity yields variants that
improve hemostasis in hemophilia
Ivanciu L and Camire RM

The Children’s Hospital of Philadelphia, Philadelphia, PA, USA

There is tremendous interest in developing procoagulant hemostatic

molecules to treat bleeding disorders. Recently, we generated a FXa

variant (e.g. FXaI16L) rendered partially inactive due to a defect in

transitioning from zymogen to protease where residue 16 is critical to

this process. While ‘zymogen-like’, the biologic activity of FXaI16L is

rescued when bound to its cofactor FVa. FXaI16L is effective in cor-

recting deficiencies in the intrinsic pathway; however the mutation site

and general mechanism of action indicates that there is inherent flexi-

bility in this new class of pro-hemostatic agent. To this end, we

extended the mutational framework at position 16 to further alter the

equilibrium position between zymogen and protease states to generate

variants with a broad range of activities. Following screening and

analysis, one mutant FXaI16T showed high potential and had a mark-

edly different zymogenicity compared to FXaI16L. FXaI16T active site

function was severely impaired (� 1% activity) compared to wild-type

(wt)-FXa. Further it was less sensitive to physiologic inhibitors and

exhibited a long half-life (~4 h) in human hemophilia B (HB) plasma

vs. wt-FXa (> 1–2 min). Surprisingly, even though FXaI16T had

enhanced zymogen-like character, FVa was still able to rescue the vari-

ant as it exhibited only a 3–5-fold reduction in catalytic efficiency rela-

tive to wt-FXa. Intravenous administration of FXaI16T (450 lg/kg;
n = 6–9) in HB mice corrected thrombin generation over a 1 h period

and the variant appears safe as platelet counts and D-dimer levels were

not altered. In a tail clip assay, blood loss in HB mice (n = 7–10;
450 lg/kg) treated with FXaI16T either 2 min after or 5, 15 or 30 min

prior to injury was significantly reduced compared to PBS controls

(n = 10). Moreover, FXaI16T infusion in HB mice (n = 7–12) 5 min

before injury reduced bleeding in a dose-dependent manner, where

even 56 lg/kg was partially effective. Similar pro-hemostatic effects

were found in a FeCl3-induced injury model when the protein was

infused either before or after injury in HB mice (n = 9). These data

suggest that there must be sufficient amounts of FVa available at the

site of injury in these models to at least partially restore the activity of

FXaI16T. To examine this further we evaluated whether addition of

FVa with FXaI16T would lower the effective dose range to correct the

hemophilic phenotype. In a tail clip assay, no major reduction in blood

loss was observed when FXaI16T (28 lg/kg; n = 12) or FVa (400 lg/
kg, n = 7) were infused individually. In contrast, co-infusion of FVa

and FXaI16T in HB mice (n = 12) significantly reduced bleeding. Col-

lectively, our data indicate that the potential therapeutic advantage of

the low activity zymogen-like FXaI16T variant appears to be its ability

to overcome the endogenous inhibitors and thus to impart a prolonged

half-life and be rescued by FVa made available following coagulation

activation. We conclude that the plasticity of this new class of FXa

variants provides a useful and flexible platform to selectively bioengi-

neer activity and half-life.

OC 84.4
Thrombosis and hemostasis in mice lacking factor VII
activating protease (FSAP)
Subramaniam S1, Thielmann I2, Etscheid M3, Morowski M2,

Pragst I4, Nieswandt B2 and Kanse SM1

1Institute for Biochemistry, Giessen; 2University Hospital and

Rudolf Virchow Center, University of W€urzburg, W€urzburg; 3Paul

Ehrlich Institute, Langen; 4CSL Behring GmbH, Marburg,

Germany

Background: Imbalance between coagulation and fibrinolysis is a

major factor in the development of thrombosis and hemostasis. Factor

VII activating protease (FSAP) is a serine protease that activates FVII

or pro-urokinase, and inhibits tissue factor pathway inhibitor (TFPI).

The Marburg I single nucleotide polymorphism (SNP) of the FSAP-

encoding gene (HABP2) gives rise to a protein which has reduced

enzymatic activity and is associated with thrombotic disorders, athero-

sclerosis and stroke.

Aims: Identify the role of endogenous FSAP in thrombosis and hemo-

stasis using FSAP�/� mice and define the mechanism of action of

FSAP.

Methods: Wild type (WT) and littermate FSAP�/� mice were com-

pared in various in vivo and ex-vivo model systems. Infusion of colla-

gen/epinephrine was used to induce pulmonary thromboembolism.

Topical application of FeCl3 was employed to injure the carotid artery

and time to thrombus formation/occlusion was determined. Similarly,

the mesenteric arteries were injured and time to thrombus formation/

occlusion was determined by intravital microscopy via observing the

movement of labeled platelets. Venous thrombosis was induced by

topical application of FeCl3 and thrombus weight and total protein

content was determined. Tail bleeding test was performed to assess

physiological hemostasis.

Results: In pulmonary thromboembolism model mortality was reduced

in FSAP�/� mice (P > 0.01). In the carotid artery thrombosis model,

41% of FSAP�/� mice showed no occlusion compared to 5% in the

WT group. Intravital microscopy revealed that the occlusion time was

significantly increased in FSAP�/� mice (P > 0.01) and a larger frac-

tion of FSAP�/� mice did not occlude at all. Partial Venous Thrombo-

sis (PVT) displayed a trend in the reduction of thrombus weight and

total protein content in FSAP�/� mice. In the tail bleeding assay a re-

bleeding pattern in FSAP�/� mice was observed. Western blot analysis

of plasma samples showed a slightly higher TFPI expression in

FSAP�/� mice than the WT mice; whereas plasminogen levels were

unchanged and active urokinase levels were increased. Systematic

analysis of various other factors of the coagulation system as well as

platelet revealed no major differences between WT and FSAP�/�

mice.

Conclusions: The clinical relevance of Marburg I polymorphism to

thrombosis is not fully understood and the associated risk for throm-

bosis is under discussion. Interestingly, our mouse studies reveal that

the endogenous FSAP plays a role in extrinsic coagulation cascade via

inhibiting TFPI. Thus, in FSAP�/� mice the instability or delayed

coagulation may be due to the lack of degradation of TFPI and this

could shift the balance against clot formation. Our results indicate that

Marburg I SNP is associated with lower levels of thrombosis, which

may reflect the human pathophysiology.

OC 84.5
Characterization of two monoclonal antibodies that
inhibit the antifibrinolytic but not the anti-
inflammatory activity of activated TAFI
Semeraro F1, Ammollo CTC1, Gils A2, Declerck PJ2 and Colucci M1

1University of Bari, Bari, Italy; 2University of Leuven, Leuven,

Belgium

Background and Aim: Thrombin activatable fibrinolysis inhibitor

(TAFI), once activated by thrombin or plasmin (TAFIa), inhibits fibri-

nolysis by removing the plasminogen-binding sites from fibrin, and

down-regulates inflammation by inactivating several mediators. The

pharmacological inhibition of TAFIa is considered an attractive anti-

thrombotic strategy, but carries with it the potential side effect of

interfering with an anti-inflammatory pathway. We describe two anti-

TAFI monoclonal antibodies (MA) that inhibit the antifibrinolytic but

not the anti-inflammatory activity of TAFIa.

Methods and Results: Two anti-TAFI MA targeting plasmin-medi-

ated activation (MA-TCK11A9 and MA-TCK26D6, referred to as

test-MA), and two MA targeting either thrombin- or thrombin-

and plasmin-mediated TAFI activation (MA-T12D11 and MA-

TCK27A4, referred to as reference-MA), were studied. No MA
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inhibited the cleavage of hippuryl-Arg by TAFIa. In two different

plasma clot lysis models, test-MA (eightfold excess over TAFI)

stimulated fibrinolysis (roughly doubling the efficiency of t-PA)

through a TAFI-dependent mechanism as efficiently as PTCI

(inhibitor of TAFIa) or reference-MA, regardless of whether the

MA were incorporated into the clot (turbidimetric assay) or added

to the plasma bathing fluid of a preformed clot (labeled-clot lysis

assay). Surprisingly, test-MA, similarly to reference-MA, displayed

an even stronger profibrinolytic activity in the presence of throm-

bomodulin (TM), a condition in which TAFIa is almost entirely

generated by the thrombin-TM complex. Moreover, the assay of

TAFIa, thrombin, and plasmin generation during clot formation

and lysis revealed that plasmin-mediated TAFI activation occurred

when fibrinolysis had already entered the exponential phase, and

accounted for only 5–20% of total TAFIa. Accordingly, when

thrombin-mediated TAFI activation was prevented by argatroban

or by the use of a prothrombin-deficient plasma, the profibrinolytic

activity of test-MA was reduced by > 80%, suggesting that test-

MA stimulated fibrinolysis by mechanisms other than the inhibition

of plasmin-mediated TAFI activation. In a functional TAFIa assay

using fibrin as substrate, test-MA, but not reference-MA, inhibited

TAFIa activity by > 95%. On the contrary, test-MA, at variance

with PTCI, did not inhibit TAFIa activity when thrombin-activated

osteopontin was used as substrate, as assessed by a Jurkat cell

adhesion assay, suggesting that the inhibition of TAFIa by test-MA

is substrate-specific, and depends on the size of the substrate.

Because the other known pro-inflammatory substrates of TAFIa

(bradykinin, C3a, C5a) are smaller than osteopontin, it can

be anticipated that their inactivation will not be influenced by

test-MA.

Conclusions: MA-TCK11A9 and MA-TCK26D6 inhibit the antifibrin-

olytic activity of TAFIa without interfering with its anti-inflammatory

properties. These MA may represent the prototype of a new class of

TAFI-inhibitors with improved pharmacological activity.

OC 84.6
Identification of heparin binding sites on TAFI that
modulate plasmin-mediated activation, thermal
stability and antifibrinolytic potential
Marar T, Filipieva A and Boffa MB

University of Windsor, Windsor, ON, Canada

Thrombin activatable fibrinolysis inhibitor (TAFI) is a human

plasma zymogen that provides a molecular connection between the

coagulation and the fibrinolytic cascades. TAFI is activated through

proteolytic cleavage by thrombin, thrombin in complex with the

endothelial cell cofactor thrombomodulin (TM), or plasmin to gener-

ate the enzyme activated TAFI (TAFIa). TAFIa possesses basic car-

boxypeptidase activity which down-regulates fibrin clot lysis by

removing carboxyl-terminal lysine residues from partially degraded

fibrin thereby attenuating the positive feedback in the fibrinolytic

cascade. Studies have shown that the presence of glycosaminoglycans

(GAGs), such as heparin, is able to accelerate TAFI activation by

plasmin and stabilize TAFIa causing a 2.3-fold increase in its half-

life. However, the elements of TAFI structure that impart these char-

acteristics are unknown. Potential GAG binding sites on TAFI have

been suggested by homology to heparin-binding regions of other

proteins as well as crystallographic data on bovine TAFI which

revealed several bound sulfate molecules. To identify the GAG bind-

ing site(s) on TAFI we have expressed recombinant TAFI variants

containing mutations in selected regions predicted to interact with

heparin in order to determine the role of GAGs in regulating TAFI

function. We examined the ability of the variants to bind GAGs by

utilizing a heparin-agarose column. While wild-type TAFI bound

quantitatively to the column and was specifically eluted by heparin,

the variant R320A/R324A almost entirely eluted in the wash frac-

tions. Variants K306A and H308F displayed similar elution profiles

to wild-type whereas variants K211Q/K212Q and K327A/R330A

exhibited a two peak elution profile where only a fraction of the

total was specifically bound to the column. To determine the kinetics

of activation the variants were activated by plasmin in the presence

and absence of heparin. The variants H308F and K327A/R330A

exhibited the greatest enhancement of catalytic efficiency in the pres-

ence of heparin of 2.3- and 2.4-fold, respectively, compared to 1.5-

fold for wild-type. The variants K211Q/K212Q, K306A and R320A/

K324A showed a lower degree of rate enhancement compared to

wild-type. The intrinsic stability of each TAFIa variant in the pres-

ence and absence of heparin was determined. Variants R320A/

K324A and K327A/R330A possessed substantially lower fold

increases in half-life in the presence of heparin. We determined the

antifibrinolytic potential of each variant in plasma clot lysis assays

under conditions where (i) only plasmin was generated to activate

TAFI or (ii) TAFI was quantitatively pre-activated such that only

the effect of heparin on stability would be at play. Although not all

variants with impaired heparin binding showed impaired stimulation

of antifibrinolytic potential by heparin, in general, the effects on TA-

FIa stabilization were a better predictor of the properties of the vari-

ants in clot lysis assays than the effects on plasmin-mediated

activation. Overall, the data show that connections can be made

between impaired heparin binding, reduced effects on activation or

stabilization of heparin and changes in antifibrinolytic potential. The

data suggest that TAFI possesses multiple heparin binding sites

which may contribute to the different functions of heparin in regu-

lating TAFI activity.

OC 85 – Inflammation – Basic
Studies

OC 85.1
Platelets promote immunopathology in Plasmodium
berghei infection by inhibiting the development of
interleukin-10 and interferon-? Expressing T-helper 1
cells
Schenk MP1, Lamb TJ2 and Gibbins JM1

1Institute of Cardiovascular and Metabolic Research, University

of Reading, Reading, UK; 2Emory University, Atlanta, GA, USA

Background: Malaria affects around 500 million people which result in

1 million fatalities mainly in children > 5 years. It has been shown that

severe malaria pathology, especially cerebral malaria (CM) is inflam-

mation driven. T cell cytokine interferon-Υ has been shown to pro-

mote CM whilst T cell derived interleukin-10 has been shown to be

protective. Thrombocytopenia is common in malaria pathology and

studies have shown that platelet depletion can rescue mice from

malaria-associated mortality, however, the underlying mechanism for

survival remains incompletely understood.

Aims:We tested the hypothesis that platelet depletion in lethal P. berg-

hei infection in mice leads to a more controlled inflammatory response

leading to survival.

Methods: C57/BL6 mice were infected with 2 9 106 P. berghei via IP

injection, or krebs saline as control. One day after inoculation, infected

and na€ıve mice were split into three groups, one group receiving

100 lg of platelet-depleting GPIb antibody (Emfret, UK), one receiv-

ing 100 lg IgG control and the last group receiving PBS as control.

Mice were either monitored for 10 days in the survival experiment, or

were euthanized on day 5 after inoculation and spleens were harvested.

2 9 106 cells were added to anti-CD3 coated plates with addition of

4 lg/well of anti-CD28 (eBioscience, USA) and 20 lg/mL Brefeldin A

(Sigma-Aldrich, USA). Cells were incubated at 37°C, 5% CO2 and

harvested after 6 h, and were surface stained with CD4-PerCP (eBio-

science, USA) and CD8-FITC (eBioscience, USA), and stained for

intra-cellular IL-10-APC (eBioscience, USA) and IFNΥ-PE (eBio-
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science, USA). Using FlowJo software (Treestar) the CD4 and CD8 T

cell populations were analysed for the expression of IL-10 and IFN-Υ
by flow cytometry.

Results: In line with previous reports our results showed that platelet

depletion rescues mice from malaria associated pathology. Activation

of malaria-specific CD4 T cells in P. berghei�-infected platelet-

depleted mice (n = 5) lead to 1% CD4 T cells expressing IFNΥ, double

that of P. berghei -infected IgG (n = 5) and P. berghei-infected PBS

control (n = 5), 0.34% and 0.5% respectively. Similarly the population

of IL-10 expressing CD4 T cells was also higher in infected platelet-

depleted mice, 1%, compared to the IgG and PBS control, 0.43% and

0.63% respectively. Interestingly, there was an earlier emergence of

self-regulating CD4 T cells expressing both IFNΥ and IL-10, which

are critical for limiting immunopathology, in P. berghei-infected plate-

let-depleted mice compared to both IgG and PBS control indicating a

more appropriate CD4 T cell response against P. berghei. CD8 T cell

populations were unaffected by platelet depletion and both popula-

tions and the expansion of IFN-Υ expressing CD8 T cells remained

unaffected by platelet depletion.

Summary and Conclusions: It is becoming increasingly clear that plate-

lets play an active role in the inflammatory mechanisms that lead to

severe malaria pathology. Our results show that in lethal P. berghei

infections platelets actively delay the development of Th1 cells leading

to immunopathology and that CD8 T cells are unaffected by platelet

depletion. Knowledge of this could lead to the development of treat-

ments alleviating severe malaria pathology and reducing malaria asso-

ciated fatalities.

OC 85.2
Histones and DNA in complex synergistically promote
plasma coagulation
Ammollo CTC, Semeraro F and Simioni P

University of Padua Medical School, Padua, Italy

Background: Nuclear structures released as nucleosomes from dying

cells or secreted as extracellular traps by activated immune cells are

newly recognized pro-thrombotic agents in the setting of infectious,

inflammatory and neoplastic diseases. Although their main compo-

nents, DNA and histones, have been shown to exert discrete procoagu-

lant activities through interaction with platelets, coagulation proteins

and anticoagulant systems, less information is available on the effects

of histone-DNA complexes (H/DNA).

Aims: To evaluate the procoagulant activity of H/DNA as compared

with that of the isolated components.

Methods: H/DNA (1:1 histones to DNA weight ratio), histones and

DNA were tested at concentrations ranging from 5 to 40 lg/mL.

Thrombin generation and fibrin formation were investigated in plasma

by calibrated automated thrombinography (CAT) and turbidimetry,

respectively. Clotting was induced by recalcification.

Results: H/DNA, but not the isolated components, dose-dependently

shortened the time to fibrin formation (up to 40% reduction at 40 lg/
mL). This effect was not recapitulated in a clotting assay employing

purified thrombin and fibrinogen, thus pointing towards an effect of

H/DNA on the coagulation cascade upstream thrombin formation. In

the CAT assay, H/DNA enhanced thrombin formation in a dose-

dependent manner: at 20 lg/mL H/DNA shortened the lag time from

20.5 � 4.2 to 14.9 � 1.4 min (P = 0.02) and the time to peak from

27.1 � 5.8 to 17.9 � 1.6 min (P > 0.01), and increased the endoge-

nous thrombin potential from 861.7 � 221.8 to 1446.9 �
142.8 nM*min (P = 0.002), the thrombin peak from 81.5 � 36.4 to

258.9 � 26.2 mM (P > 0.001) and the velocity of thrombin formation

from 16.1 � 12.2 to 88.9 � 13.7 nM/min (P > 0.001). In contrast, hi-

stones and DNA (up to 40 lg/mL) had a negligible influence on

thrombin generation when tested alone or when their association was

prevented by addition to plasma prior to complex formation or by

mixing in a high ionic strength buffer. Replacement of histones with

other cationic polypeptides known to interact with DNA (protamine

and poly-lysine) failed to produce the same enhancement of coagula-

tion, indicating that histones possess specific procoagulant features. H/

DNA, but not isolated histones and DNA, stimulated thrombin for-

mation also in the presence of the FXIIa inhibitor CTI and in FXII-

or kininogen-deficient plasma, ruling out the involvement of the con-

tact phase of coagulation. On the contrary, H/DNA failed to induce

thrombin formation if plasma was depleted of FXI, or any other fac-

tor downstream, suggesting that H/DNA might promote the activa-

tion of FXI by mechanisms that remain to be elucidated.

Conclusions: Histones and DNA, when associated in complexes, are

able to promote and sustain the activation of coagulation. This adds

to the pathogenetic role that intranuclear material plays when released

in the extracellular space.

OC 85.3
Gas6 promotes macrophage recruitment and activation
in venous thrombosis
Laurance S, Lemarie CA and Blostein MD

Lady Davis Institute for Medical Reseach, McGill University,

Montreal, QC, Canada

Background: Gas6 is a member of the vitamin K-dependent protein

family characterized by an enzymatic post-translational modification

called g-carboxylation. Despite genetic data suggesting that Gas6 par-

ticipates in vascular disease, a defined role for Gas6 in thrombus for-

mation has remained elusive. However, we recently demonstrated the

importance of Gas6 derived from the hematopoietic and the non-

hematopoietic compartments in the pathophysiology of venous throm-

bosis. Interestingly, we found that gas6 induced the expression and

activity of tissue factor in the vascular wall.

Aims: Venous thrombi are pervaded by a large numbers of leukocytes

and it was recently shown that blood monocytes can provide the initi-

ating stimulus for venous thrombus development by rolling and adher-

ing to the venous endothelium. Studies have suggested a pro-

inflammatory role for gas6 in the vasculature. Thus, we hypothesize

that Gas6 may be involved in macrophage recruitment and activation

in venous thrombosis.

Methods: Thrombosis was induced in the inferior vena cava of wild

type (WT) and Gas6 deficient (�/�) mice using 5% FeCl3. Immuno-

staining were performed on thrombus sections for CD45 (leukocyte

marker) and MOMA-2 (macrophage marker). Bone marrow derived

macrophages (BM-DM) were also isolated from WT and Gas6�/�
mice and differentiated for 7 days with M-CSF. Thereafter, macro-

phages were stimulated with thrombin for 4 h. RNA was isolated and

the expression of integrins alphaM, alphaL, and alpha4, as well as

PSGL-1 (P-selectin glycoprotein ligand-1) and tissue factor were

assessed by real time PCR.

Results: Immunohistochemistry showed a strong reduction in the num-

ber of leukocytes and macrophages within thombi of Gas6�/� com-

pared to WT mice. The expression of the integrins alphaM, alphaL,

and alpha4 as well as PSGL-1 were increased in WT BM-DM treated

with thrombin. However, in Gas6�/� BM-DM, incubation with

thrombin did not affect the mRNA of these integrins or of PSGL-1.

Finally, we found that tissue factor mRNA expression was up-regu-

lated by thrombin in WT BM-DM but not Gas6�/� BM-DM.

Summary/Conclusions: In the present study, we show that Gas6 partic-

ipates in macrophage recruitment and positively regulates the expres-

sion of tissue factor and several adhesion molecules well-known to

interact with their countereceptors on endothelial cells or platelets.

Thus, we provide significant insights in the understanding of the role

of gas6 in macrophage involvement in venous thombus formation.

Our study also reinforces the interest of targeting gas6 to develop new

therapeutic strategies to treat thrombosis as loss of gas6 function

results in reduced thrombus formation without excessive bleeding.
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OC 85.4
Association of cell-free DNA with plasma von
Willebrand factor levels in human and mouse models
of inflammation
Michels A, Alb�anez S, Swystun L, Sponagle K, James PD

and Lillicrap D

Queen’s University, Kingston, ON, Canada

Background: von Willebrand factor (VWF) is an acute phase protein

and has been demonstrated to increase in concentration during chronic

and acute inflammatory conditions such as aging and sepsis, respec-

tively. In acute inflammation, cell-free DNA (CF-DNA) and histone

proteins have been shown to activate the contact pathway and plate-

lets. CF-DNA concentrations have also been used as a measure of dis-

ease activity in thrombotic thrombocytopenic purpura (TTP) patients,

where acute inflammation is present. Additionally, studies have shown

that unfractionated histones induce the release of VWF in a murine

model. Therefore, a possible mechanistic link exists between the release

of CF-DNA and VWF in inflammatory states.

Aims: To investigate the correlation and potential mechanistic associa-

tion between CF-DNA and VWF plasma levels in acute and chronic

inflammatory states in humans and mice.

Methods: CF-DNA in plasma was quantified using a PicoGreen assay.

VWF antigen (VWF:Ag) levels were quantified in plasma samples

through an ELISA. Lipopolysaccharide (LPS) was administered with

an intraperitoneal injection (5 mg/kg) to 9- and 55- week old C57BL/6

normal and ADAMTS13 KO mice, and sampled at 3 and 6 h after

injection. Hydrodynamic injections (HI) of 100 lg of a plasmid con-

taining murine VWF cDNA were performed on 9-week old VWF KO

and VWF/ADAMTS13 KO mice and sampled 1-, 2- and 6-weeks after

injections.

Results: CF-DNA increased significantly in middle-age (30–49, n = 42)

and old (55–87, n = 78) healthy human subjects compared to young

(1–17, n = 52) individuals (P > 0.05). CF-DNA also increased signifi-

cantly between 9 and 55 weeks old normal mice (P > 0.0001, n = 27).

In humans, CF-DNA and VWF:Ag were not correlated in the young

and middle-age groups, although a correlation was observed in the old

age group (P > 0.05). This positive correlation was also observed in

normal mice, regardless of age (P > 0.0001). The inflammatory state

documented in acute exacerbations of TTP was also associated with

correlations between CF-DNA and VWF:Ag (P > 0.0001, n = 12). In

a murine LPS model of acute inflammation, there was a marked

increase in CF-DNA at 3 and 6 h (P > 0.05) and an increase in VWF:

Ag at 3 h (P > 0.05) after LPS administration (n = 15). In a mouse

model of prolonged supraphysiological VWF expression (> 20 U/mL,

n = 32) induced by HI, there was no increase in CF-DNA. These levels

remained the same in the absence of proteolytic processing of supra-

physiological VWF in VWF/ADAMTS13 KO mice, suggesting that

an increase in VWF concentration and multimer size does not cause

an increase in CF-DNA. Similarly, in the absence of VWF, as seen

with type 3 von Willebrand disease patients, CF-DNA concentration

was positively correlated with age (P > 0.01, n = 17) independent of

any increase in VWF:Ag.

Summary/Conclusions: The release of CF-DNA in acute and chronic

inflammation models was associated with VWF plasma levels; how-

ever, supraphysiological expression of VWF did not stimulate CF-

DNA release. Activation of inflammation may simultaneously stimu-

late CF-DNA release and endothelial activation, leading to the coordi-

nated release of VWF and CF-DNA. CF-DNA and histones may also

directly trigger endothelial and platelet activation to increase plasma

VWF levels.

OC 85.5
Soluble TREM LikeTranscript-1 (sTLT-1) enhances
thrombin induced actin polymerization through a Rac1
and P38 mediated pathway
Fern�andez de Soto M1 and Washington AV2

1University of Puerto Rico, Mayaguez, Mayag€uez; 2University of

Puerto Rico, Rio Piedras, San Juan, Puerto Rico

Background: The TREM like transcript-1 (TLT-1) is a membrane

receptor that plays an important role in inflammation derived hemo-

stasis and/or thrombosis. To date TLT-1 has only been identified in

the a-granules of megakaryocytes and platelets and is released to the

platelet surface upon platelet activation. Activated platelets release a

soluble form of TLT-1 (sTLT-1) that is found in serum but not in the

plasma of healthy mice and humans. Patients diagnosed with sepsis

have been found with plasma levels of sTLT-1 averaging more than

300 lg/mL, moreover high sTLT-1 levels correlate with the presence

of disseminated intravascular coagulation (DIC). These studies are

further supported by our investigations in treml1�/� mice. LPS

induced sepsis in mice demonstrate that they have increases in plasma

sTLT-1 levels during acute sepsis and that treml1�/� bleed where wild

type mice do not in the Shwartzman model of vasculitis.

Aims: With this study it is our goal to elucidate the pathway that sTLT-

1 initiates to enhance platelet function after low dose thrombin treat-

ment in order to better understand TLT-1’s role during sepsis andDIC.

Methods: Here we identify a multimeric form of sTLT-1 that is stored

in resting platelets and released upon activation suggesting that sTLT-

1 may play an important role during activation. Using a recombinant

sTLT-1 (rsTLT-1), in in vitro static assays we show that rsTLT-1

enhances agonist induced actin polymerization. Subsequently, we

developed a whole blood flow cytometry (WBF) assay to demonstrate

sTLT-1 effects on thrombin induced secretion and gpIIb IIIa activa-

tion. Rac and Rho small GTPases play important roles in regulating

actin polymerization, therefore we hypothesized that sTLT-1 may acti-

vate one of these pathways during activation to increase actin forma-

tion. Using the WBF assay we demonstrate that the Rac inhibitor

NSC23766 and not the Rho inhibitor, C3, inhibits sTLT-1 (50 lg/mL)

augmented activation, suggesting that sTLT-1 uses a Rac1 pathway to

enhance platelet activation. To verify these results we evaluated the

binding of activated Rac1 to the CRIB domain of PAK 21 at low

doses of thrombin in the presence or absence of sTLT-1.

Results: We found that sTLT-1 induces a dose-dependent increase of

Rac1 starting at doses of sTLT-1 as low as 5 lg/mL. The enhanced

activation is reversed by the TLT-1 antibody, C10. Furthermore, we

investigated p38 and p42 pathways as potential downstream mediators

of the Rac1 signaling pathway. Consistent with current paradigms of

Rac1 signaling and actin polymerization, sTLT-1 enhanced the phos-

phorylation of p38 and not p42.

Summary/Conclusion: This work is the first to demonstrate a pathway

detailing how sTLT-1 leads to enhanced platelet activation as shown in

our previous publications. Here we define a pathway of activation that

is initiated with sTLT-1 and thrombin causing increased activation of

both Rac1 and p38 leading to increased actin polymerization. Collec-

tively our data outlines a mechanism of how high levels of sTLT-1 could

mediate sepsis progression and propagation of DIC during sepsis.

OC 85.6
Platelets persistently enhance Treg responses, but
biphasically regulate Th1/Th17 responses in
platelet-CD4+ T cell co-cultures
Zhu L, Huang Z, St�alesen R, Hansson G and Li N

Karolinska Institute, Stockholm, Sweden

Background: Atherogenesis involves both inflammatory and throm-

botic mechanisms, in which platelets and CD4+ T cells play important
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roles. Our recent study showed that platelets can simultaneously

enhance differentiation and cytokine production of type 1 T helper

(Th1), Th17, and regulatory T (Treg) cells via platelet derived chemo-

kines in co-cultures of autologous human platelets and CD4+ T cells.

Aims: To investigate if platelets persistently enhance CD4+ T cell dif-

ferentiation, of if platelet-enhanced CD4+ T cell differentiation leads

to an enhanced cross-talk among CD4+ T cell subsets.

Methods: Human CD4+ T cells were cultured without or with autolo-

gous platelets in the presence of anti-CD3/CD28 MAbs. Th1, Th17,

and Treg cell differentiation were monitored during 5 days by intracel-

lular staining of IFNg, IL-17, and FoxP3, respectively.

Results: We confirmed our previous findings that platelets can simulta-

neously enhance Th1, Th17, and Treg cell differentiation. At day 2,

platelets increased Th1 cell phenotype from 14.9 � 1.7% of CD4+ T

cells alone to 18.6 � 2.1%, Th17 cells from 1.8 � 0.4% to

2.4 � 0.5%, and Treg cells from 13.0 � 1.4% to 20.6 � 1.7%. At day

3 and 5, platelets remained augmentative for Treg differentiation

(29.3 � 4.3% and 21.7 � 4.8%, respectively), but turned suppressive

for Th1 activation (11.0 � 2.1% with vs. 13.1 � 1.7% without plate-

lets and 7.8 � 2.2% vs. 11.8 � 1.9%, respectiverly; n = 9, P > 0.05

for all). The latter was also seen with Th17 responses. In platelet-T cell

co-cultures, the FoxP3-blocking peptide P60 mildly reduced Treg cell

differentiation, but had no effect on Th1 cell activation. Transforming

growth factor b (TGFb) and interleukin (IL)-10 blockade with neutral-

izing antibodies inhibited Treg cell differentiation, but did not reverse

the suppression of Th1 cell differentiation. In CD4+ T cells cultured

alone, the same inhibitions of Treg differentiation had no influence on

the dynamics of Th1 phenotyping. All evidence suggests that Treg cells

had limited impact on, whilst platelets were likely accounted for Th1

suppression during the second phase. Using a BrdU incorporation

assay, we showed that platelets attenuated aCD3/CD28-induced

CD4+ T cell proliferation, and that the inhibitory effect was more

selective among FoxP3-negative cells.

Conclusion: Platelets constantly promote anti-CD3/CD28-stimulated

Treg cell differentiation in human platelet-CD4+ T cell co-cultures.

However, platelets exert a biphasic regulation on Th1/Th17 cell differ-

entiation, namely a transient enhancement that followed by a second-

ary suppression. Our findings suggest that platelets can foster more

rapid and robust Th1/Th17 responses, but also cast a secondary inhi-

bition on Th1/Th17 differentiation. This represents a novel mechanism

of platelet-regulated CD4+ effector cell responses, and may have a

major significance in adaptive immunity.

OC 86 – Negative Regulation of
Platelet Function

OC 86.1
Shedding’light on platelet CD84
V€ogtle T1, Hofmann S1, Kraft P2, Morowski M1, Bender M1,

Braun A1, Stoll G2, Rose-John S3 and Nieswandt B1

1Rudolf Virchow Centre for Experimental Biomedicine,

University of W€urzburg; 2University Hospital W€urzburg,

W€urzburg; 3Christian-Albrechts-University of Kiel, Kiel, Germany

Background: CD84 is a type I transmembrane receptor of the signal-

ling lymphocyte activation molecule (SLAM) family which is widely

expressed in immune cells and platelets and undergoes homophilic

interactions. Although members of the SLAM protein family have

been shown to contribute to signalling during platelet aggregation,

neither the role of CD84 in platelet physiology, nor its regulation is

well explored. Acute ischaemic stroke is a ‘thrombo-inflammatory’

pathologic process where infarct progression strictly depends on

early platelet adhesion/activation mechanisms and immune cell

recruitment, but the exact mechanisms how these processes are

linked are unknown.

Aims: We investigated the role of CD84 in thrombus formation, hae-

mostasis and ischaemic stroke and further analysed the mechanisms

regulating CD84 surface expression and degradation in platelets.

Methods: We generated CD84-deficient mice and analysed their plate-

lets in vitro and in vivo. Further, Cd84�/� mice were subjected to tran-

sient middle cerebral artery occlusion (tMCAO), a highly standardised

experimental model for ischaemic stroke. In addition, the regulation of

platelet CD84 was studied by biochemical approaches (ELISA, Wes-

tern blot) and use of three different genetically modified mouse lines.

Results: We demonstrate that CD84 is cleaved from the surface of

human and murine platelets in response to platelet receptor agonists.

Studies in transgenic mice identified ADAM10 as the principal shed-

dase responsible for CD84 cleavage, whereas ADAM17 was dispens-

able. Shedding of CD84 via ADAM10 occurs constitutively in vivo

and also during blood clotting, since the robust plasma and serum lev-

els of soluble CD84 of wild-type mice were reduced in ADAM10 defi-

cient mice. Moreover, Western blot analysis revealed calpain-mediated

cleavage of the intracellular CD84 C-terminus, occurring simulta-

neously with, but independently of ectodomain cleavage.

Studies on Cd84�/�mice showed that the lack of CD84 in platelets

does not affect classic platelet functions such as integrin activation,

granule release and aggregation in response to major agonists or

spreading on fibrinogen. In contrast, mice lacking CD84 displayed sig-

nificantly reduced brain infarctions and a better neurological outcome

24 h after tMCAO, revealing a previously unknown role of SLAM

family receptors in ischaemic stroke.

Summary/conclusions: Our results reveal a tight regulation of platelet

CD84 by simultaneous extra- and intracellular cleavage. The analysis

of CD84 deficient animals indicates that CD84 may not serve an essen-

tial function in haemostasis and thrombosis. Instead, the protection of

Cd84�/� mice in a model of ischaemic stroke implicates a functional

importance of CD84 in thrombo-inflammatory processes.

OC 86.2
BMP and activin membrane bound inhibitor (BAMBI):
A novel regulator of thrombus formation
Salles I, Monkman JH, Ahnstr€om J, Lane DA and Crawley JTB

Imperial College London, London, UK

Background: In vivo thrombus formation after vascular injury requires

a myriad of simultaneous events involving critical roles of components

of the vessel wall, circulating platelets and other blood cells as well as

numerous plasma proteins. By gene expression studies, we previously

identified a novel platelet transmembrane receptor, BAMBI that is

highly expressed in megakayocytes and endothelial cells. Moreover,

using a zebrafish model of thrombosis we demonstrated that BAMBI

acts as a positive regulator of thrombus formation.

Aims: This study aimed to characterise the role/contribution of

BAMBI in platelet function, thrombus formation and haemostasis.

Methods: Bambi�/� mice were generated using Cre/Lox technology

backcrossed onto a C57BL/6J background. Haematological parame-

ters (including platelet counts) were assessed using an automated cell

counter and by flow cytometry. Platelet function was assessed by mea-

suring the expression of P-selectin and the activation of aIIbb3 after

stimulation with ADP, collagen-related peptide (CRP) or thrombin

using flow cytometry. Thrombin generation in platelet poor plasma

was investigated using calibrated automated thrombography. The tail

bleeding time was performed on anaesthetised mice by cutting 2 mm

of the tail and immersing it in PBS. The time needed to arrest bleeding

was recorded as well as the volume of blood lost after 10 min. The

thrombosis model was carried out by injuring the vessel wall of mesen-

teric arterioles with 10% FeCl3-saturated filter paper after intravenous

administration of DIOC6. Thrombus formation was recorded in real

time, and images analysed offline using Slidebook software. Genotypes

of the mice were blinded.

Results: Although Bambi�/� mice were born at the expected Mende-

lian ratio, female Bambi�/� mice exhibited a small reduction in body
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weight, and increased mortality at 5 weeks than littermates (15% of

female Bambi�/� pups). Despite normal platelet counts, the bleeding

time in Bambi�/� and Bambi+/� mice was significantly increased

compared to Bambi+/+ littermates (587 � 58, 553 � 43 and

453 � 42 s, respectively; P = 0.02) and was accompanied with a sig-

nificant increase in blood loss at 10 min (70 � 12, 67 � 8 and

41 � 5 lL, respectively; P = 0.04). In addition, using the FeCl3
thrombosis model, a significant increase (P = 0.003) in the time to

occlusion was observed in Bambi�/� and Bambi+/� mice compared

to control littermates (1687 � 190, 1500 � 147 and 850 � 156 s,

respectively). No defects in thrombin generation in Bambi�/� plasma,

expression of major platelet receptors and platelet activation after

ADP, CRP and thrombin were detected that might account for the

haemostatic defect.

Conclusions: Together, these data provide compelling evidence for an

important role for BAMBI not only in haemostasis but also in throm-

bus formation. These results are in agreement with the phenotype

observed in zebrafish and also confirm the role of BAMBI as a positive

regulator of thrombus growth. Ex vivo and additional in vivo thrombo-

sis models are currently under way to further elucidate the role of

BAMBI in thrombosis.

OC 86.3
Paxillin is an intrinsic negative regulator of platelet
activation in mice
Sakata A1, Ohmori T1, Nishimura S2, Suzuki H3, Madoiwa S1,

Mimuro J1, Kario K1 and Sakata Y1

1Jichi Medical University, Tochigi; 2The University of Tokyo;
3Nippon Medical School, Tokyo, Japan

Background: Paxillin is a LIM domain protein that is localized at inte-

grin-mediated focal adhesions. Considering the multiple interaction

motifs located within its structure, paxillin seems to serve as a signal-

ing platform for the recruitment of numerous regulatory proteins near

integrins. Although direct interactions of paxillin with the cytoplasmic

tail of integrins are believed to be involved in a number of cell pro-

cesses by modulating integrin functions, little is known about the con-

tribution of this LIM domain protein to integrin signaling pathways

for platelet activation.

Aims: The aim of this research is to clarify the role of paxillin in inte-

grin signaling pathways for platelet activation in mice.

Methods and Results: To inhibit the expression of paxillin in anucleate

platelets, we transplanted bone marrow cells transduced with a lentivi-

ral vector that simultaneously expressed EGFP and short hairpin

RNA (shRNA) sequences for paxillin into lethally-irradiated recipient

mice. The Pxn-KD platelets slightly increased in size, and showed aug-

mented integrin aIIbb3 activation following stimulation of multiple

receptors, including GPVI and G protein-coupled receptors. TXA2

biosynthesis and the release of a-granules and dense granules in

response to agonist stimulation were also enhanced in Pxn-KD plate-

lets. Conversely, talin-dependent conformational changes in integrin

aIIbb3 expressed in Chinese hamster ovary cells were not affected by

Pxn-KD. Although Pxn-KD did not affect intracellular calcium mobi-

lization in platelets, Pxn-KD significantly enhanced Rap1b activation.

Intravital imaging confirmed that Pxn-KD enhanced platelet adhesion

to the endothelium and thrombus formation.

Conclusions: Our findings suggest that paxillin negatively regulates sev-

eral common platelet signaling pathways, resulting in the activation of

integrin aIIbb3 and release reactions, possibly through altered Rap1b

activation.

OC 86.4
Apelin acts as an endogenous antithrombotic factor
Adam F1, Lopez-Barba JJ1, Vatier C2, Turpin S1, Muscat A2, Valet

P3, Bobe R1, Feve B2 and Siegfried G1

1Inserm U770, Le Kremlin-Bicêtre Cedex; 2Inserm U938, Paris;
3Inserm U1048, Toulouse, France

Background: Apelin is a bioactive peptide identified as the endogenous

ligand of the G protein-coupled receptor APJ. This peptide displays a

number of physiological roles, including regulation of cardiovascular

functions, fluid and energy homeostasis, and blood vessel formation.

In contrast, among its pleiotropic functions, the effects of apelin/APJ

system in platelets are unknown.

Aims: The aim of this study is to investigate the role of apelin on plate-

let function.

Methods: The expression of apelin/APJ in platelets was detected by

RT-PCR, western blotting and immunofluorescence. The involvement

of apelin in platelet function was investigated (i) in vivo in a tail bleed-

ing assay and in a mouse model of arterial and venular thrombosis

after intravenous injection of apelin, and (ii) in vitro in platelet aggre-

gation induced by thrombin, collagen and ADP, and in platelet adhe-

sion and thrombus formation over a collagen matrix under blood flow

conditions.

Results: RT-PCR, immunoblot analysis and immunofluorescence stud-

ies revealed that human and mouse platelets express apelin and its

receptor APJ. In tail bleeding assays, the intravenous injection of ape-

lin in wild-type (WT) mice exhibited significantly increased bleeding

times (70% of mice injected with apelin had a bleeding time > 10 min).

Interestingly, the bleeding time of apelin-deficient mice (apelin�/�) is
significantly reduced compared to WT mice.

In addition, the role of apelin in thrombus formation was assessed in

vivo in a ferric chloride-induced thrombosis model, followed by intra-

vital microscopy in mice. The injection of apelin induced a significant

delay of vessel occlusion. This observation of reduction of thrombus

formation by apelin was confirmed in vitro in a whole-blood perfusion

assay over a collagen matrix. Altogether, these in vivo and in vitro stud-

ies provide evidences that apelin plays a role for normal hemostasis

and thrombus formation.

As thrombus formation and platelet function, including integrin

aIIbb3 engagement, are closely associated, the effect of apelin was

studied in platelet aggregation induced by various agonists. In the

presence of apelin, platelet aggregations induced by suboptimal con-

centration of thrombin or collagen were inhibited by 67 � 3% and

37 � 5%, respectively for human platelets. Interestingly, no effect of

apelin was noticed in ADP-induced platelet aggregation. Flow cytome-

try analysis of integrin aIIbb3 activation and P-selectin exposure

revealed an inhibitory effect of apelin, suggesting that apelin is able to

modulate platelet activation.

Conclusion: In the current study, we reveal for the first time the func-

tional importance of apelin in hemostasis. Indeed, we have identified

that this hormone, and its receptor (APJ), are present in platelets and

that apelin can inhibit platelet functions. Thereby, besides to its previ-

ously reported effects, our study revealed the potential antithrombotic

function of apelin, offering new therapeutic opportunities for patients

with high thrombotic risk.

OC 86.5
The role of NADPH oxidase (NOX) 1 and 2 in GPVI-
dependent platelet activation and thrombus formation
Walsh TG, Carrim N, Berndt MC and Metharom P

Royal College of Surgeons in Ireland, Dublin, Ireland

Background: Glycoprotein (GP) VI is an essential platelet receptor reg-

ulating thrombosis and haemostasis. Collagen, the most thrombogenic

constituent of the extracellular matrix, signals primarily through

GPVI, inducing a signaling pathway culminating in platelet activation,
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granule secretion, spreading and thromboxane A2 production. Addi-

tionally, GPVI activation regulates the production of reactive oxygen

species (ROS), which have been implicated as important secondary

messengers mediating various platelet functions. Previous studies have

implicated NADPH Oxidase-2 (NOX2) as the isoform of the NOX

complex catalytic subunit regulating ROS production in platelets,

whilst a recent study identified a functional role for NOX1. One major

disadvantage of these studies is the overreliance on non-specific NOX

inhibitors, especially those that can also act as radical scavengers (an-

tioxidants), which may confound interpretation of the origin of plate-

let-derived ROS.

Aim: The aim of this study was to explore the role of NOX1 and

NOX2 in GPVI-dependent platelet activation and collagen-induced

thrombus formation using a pharmacological inhibitor specific for

NOX1 (ML171) and a NOX2-deficient mouse model.

Methods: Washed platelets from wildtype (WT) or NOX2 knockout

(KO) mice were incubated with vehicle control or ML171. Platelets

were then stimulated with the GPVI-specific agonist, CRP, and moni-

tored in multiple platelet function tests including platelet aggregation,

intracellular ROS production (using the oxidation-sensitive dye,

H2DCFDA), integrin aIIbb3 activation, dense body and a-granule
release (ATP and P-selectin, respectively), platelet spreading, throm-

boxane (Tx) B2 production and activation of intracellular kinases

(ERK1/2, Akt and p38) by western blot. Blood from WT or NOX2

KO mice, pretreated with vehicle control, ML171 or aspirin (as posi-

tive control) was also perfused over a collagen-coated surface at arte-

rial shear (1500/s) and monitored for thrombus formation.

Results: ML171, a specific NOX1 inhibitor with no ROS scavenging

activity, significantly reduced CRP-dependent ROS production, while

NOX2 KO mice showed similar ROS formation to that of WT plate-

lets following CRP stimulation. The absence of functional NOX1 and

NOX2 did not significantly affect CRP-mediated platelet aggregation,

aIIbb3 activation, platelet spreading, and dense body and a-granule
release, whereas TxA2 production required NOX1-derived ROS.

NOX1, but not NOX2, was essential for early (1 min) activation of

p38 following GPVI stimulation, but was not involved in ERK1/2 or

Akt activation. Both NOX1 and NOX2 were crucial for collagen-med-

iated thrombus formation under arterial shear as quantified by throm-

bus volume analysis, whereas platelet surface coverage was similar

between experimental conditions.

Conclusions: NOX1 is the key NOX homologue regulating GPVI-

dependent ROS production, which is necessary for p38 activation and

TxA2 formation. Both NOX homologues are crucial for collagen-med-

iated thrombus formation, but the mechanism pertaining to the defec-

tive thrombus phenotype observed with the NOX2 KO remains

unclear.

OC 86.6
An essential role of the inhibitory Fc gamma receptor
IIb in antibody-induced glycoprotein VI ectodomain
shedding in vivo
Stegner D1, Popp M2, D€utting S2, Lorenz V2, Gessner JE3

and Nieswandt B2

1University Hospital W€urzburg; 2University Hospital and Rudolf

Virchow Center for Experimental Biomedicine, W€urzburg;
3Hannover Medical School, Hannover, Germany

Background: Glycoprotein VI (GPVI) mediates platelet activation on

exposed subendothelial collagens at sites of vascular injury and

thereby contributes to normal haemostasis, but also to the occlusion

of diseased vessels. GPVI is an attractive target for antithrombotic

therapy, particularly because previous studies have shown that anti-

GPVI antibodies induce irreversible down-regulation of the receptor

in circulating platelets. GPVI down-regulation, which occurs through

ectodomain shedding and/or internalisation, is accompanied by a tran-

sient thrombocytopenia. We have recently shown that GPVI ectodo-

main shedding in vitro depends on the presence of the two

metalloproteinases ADAM10 and ADAM17. However, in vivo anti-

GPVI antibody induced effects were unaltered in mice with a platelet-

specific ADAM10 deficiency and mice lacking functional ADAM17 in

the haematopoietic system. Fc gamma receptors (FccR) are capable of

binding antibodies and might thus contribute to the in vivo effects of

anti-GPVI antibodies. Mice bear three different activating FccRs

(FccRI, FccRIII and FccRIV), which are expressed on different

immune cells. FccRIIb, the only inhibitory FccR in mice, is present on

various immune cells and some endothelial cells, but not platelets.

Aims: We speculated that another cell-type might be involved in medi-

ating anti-GPVI antibody triggered effects in vivo via FccRs.

Methods: We studied the in vivo effects of the rat anti-GPVI antibody

JAQ1 in mice pretreated with the FccRIIb / FccRIII blocking anti-

body, 2.4G2, and in mice genetically modified to lack either FccRIII

or FccRIIb.

Results: In contrast to control mice, 2.4G2 pre-treated mice developed

no thrombocytopenia upon JAQ1-injection and the FccR blockade

abolished GPVI ectodomain shedding. Studies in FccRIII-deficient

mice unexpectedly revealed that this FccR was dispensable for both

JAQ1-induced thrombocytopenia and GPVI ectodomain shedding. In

contrast, both processes were completely blocked in mice lacking the

inhibitory FccRIIb. Histological analyses revealed that the transient

thrombocytopenia of JAQ1-opsonized platelets was caused by platelet

sequestration to the liver through a FccRIIb-dependent mechanism.

Remarkably, Kupffer cell depletion with clodronate-liposomes did not

prevent the JAQ1-induced transient thrombocytopenia or the down-

regulation of GPVI, indicating a contribution of endothelial cells in

this process.

Summary/Conclusion: Our data demonstrate that anti-GPVI antibody

triggered transient thrombocytopenia and GPVI ectodomain shedding

in vivo occur through an unprecedented FccRIIb-dependent mecha-

nism. We speculate that FccRIIb positions JAQ1-bound GPVI for

shedding in trans, however, further studies are needed to verify this

hypothesis.

OC 87 – Platelet Adhesion and
Function

OC 87.1
Beta3 integrin PSI domain has thiol isomerase
function: new insights into integrin function and for
anti-thrombotic agent development
Zhu G1, Chen P2, Reheman A1, Li J3, Freedman J3 and Ni H4

1St. Michael’s Hospital; 2Canadian Blood Services, St.Micheal’s

Hospital; 3St. Michael’s Hospital, University of Toronto;
4Canadian Blood Services, St.Micheal’s Hospital, University of

Toronto, Toronto, ON, Canada

Background: Platelets are critical for maintaining hemostasis, but inap-

propriate platelet activation can lead to pathogenic thrombosis. Inte-

grin aIIbb3, the most abundant protein on the platelet surface, is a key

molecule for platelet aggregation and thrombus formation. The PSI

domain of b3 integrin is highly conserved among different species;

however, the function of the PSI domain in the integrin family and in

hemostasis and thrombosis is poorly understood. It has been reported

that b3 integrin possesses PDI activity, which may play a role in inte-

grin activation and platelet aggregation. However, whether the PSI

domain of b3 integrin has PDI function is currently unknown.

Aims: To investigate whether the PSI domain of b3 integrin has thiol

isomerase function and the effect of anti-PSI domain antibody on

platelet function, specifically aggregation and thrombus formation.

Methods: We generated recombinant protein of the PSI domain of

mouse b3 integrin. Mouse anti-mouse PSI domain monoclonal anti-

bodies (mAbs) were generated from b3-deficient mice (b3�/�) immu-

nized with the recombinant protein. Antibody specificity was
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determined by flow cytometry and western blotting. A PDI activity

assay of mouse PSI domain and native human b3 integrin was per-

formed using reduced and denatured RNase (rdRNase). The effects of

the mAbs on platelet function were measured in vitro using aggregom-

etry and in vivo using an intravital microscopy laser-induced thrombo-

sis model.

Results: Analysis of the PSI domain of b3 integrin revealed that it con-

tains two CXXC amino acid sequences (the active site motif of PDI),

which are exclusively conserved among different integrins (b1-b8 inte-

grin) and species. Refolding of rdRNase showed that the PSI recombi-

nant protein has endogenous PDI activity. Bacitracin, a well-known

PDI inhibitor, inhibited PSI domain PDI function in a dose dependent

manner. However we did not see any inhibitory function of Quercetin-

3-rutinoside on the thiol isomerase function of the PSI domain of b3
integrin. Four anti-PSI domain mAbs were generated and showed dif-

ferent inhibitory effects on PDI function of the recombinant PSI

domain and purified human platelet b3 integrin. In vitro and ex vivo

studies showed that anti-PSI antibodies inhibited mouse and human

platelet aggregation. Using intravital microscopy we demonstrated

that anti-PSI mAbs inhibited mouse platelet aggregation and throm-

bus formation in vivo.

Conclusions: To the best of our knowledge, this is the first study to

demonstrate that the PSI domain of b3 integrin has endogenous PDI

activity, which may play important roles in cell biology of platelets

and other cells. Our data suggest that the PSI domain of b3 may be a

new target in controlling platelet function and our mAbs may have

potential in anti-thrombotic therapy.

OC 87.2
A role for CD40L signalling in platelet activation and
thrombus formation that is independent of CD40
Kuijpers MJE1, Mattheij N1, Cipolla L2, Cosemans JMEM1, Lievens

D3, Donners MPC1, Swieringa F1, Mastenbroek TG1, Torti M2,

Lutgens E4 and Heemskerk JWM1

1Maastricht University, Maastricht, the Netherlands; 2University

of Pavia, Pavia, Italy; 3Ludwig-Maximilians-University, Munich,

Germany; 4University of Amsterdam, Amsterdam, the

Netherlands

Background: The glycoprotein CD40 (TNFRSF5) is a member of the

tumour necrosis factor receptor (TNFR) superfamily, while its coun-

ter-receptor or ligand CD40L (TNFSF5, CD154) is a membrane pro-

tein of the TNF superfamily. The latter can be cleaved from the

membrane surface by extracellular proteases, yielding a soluble frag-

ment (sCD40L). CD40 and CD40L are both highly expressed on

megakaryocytes and platelets, and have been proposed to play a role

in platelet activation, but the mechanisms are not well understood.

The current view is that CD40L-CD40 interaction signals to cell acti-

vation via TNFR associated factors (TRAFs), phosphoinositide 3-

kinase (PI3K) isoforms and NFkB.

Aims: Determine the role of the CD40L-CD40 axis in platelet activa-

tion and thrombus formation.

Methods: Human and mouse platelet activation was determined by

flow cytometry (integrin aIIbb3 activation and P-selectin expression)

and by light transmission aggregometry. Phosphorylation of Akt at

Ser-473 was measured by western blot analysis. Thrombus formation

was measured in vitro by whole blood perfusion over collagen type I or

plaque material (rich in collagen) at a shear rate of 1000/s. Thrombi

were assessed for size, stability and for platelet activation using fluor-

escently labeled probes. All mice had a C57BL/6 Apoe�/� genetic

background. Mice were deficient in CD40 (Cd40), CD40L (Cd40lg).

Results: Whereas mouse platelets lacking CD40 (Cd40�/�) showed

increased aIIbb3 activation and secretion in response to collagen

receptor (GPVI) stimulation, mouse platelets deficient in CD40L

(Cd40lg�/�) showed diminished integrin activation and secretion in

response to GPVI stimulation. Response to ADP, thromboxane or

thrombin receptor agonists was not affected. On the other hand, addi-

tion of sCD40L potentiated the activation and aggregation responses

of mouse and human platelets at low GPVI stimulation, even in the

absence of CD40. This potentiation was antagonized by inhibition of

PI3Ka/b, but not of PI3Kc/d isoforms. Whereas sCD40L alone did

not cause Akt phosphorylation at Ser-473, it markedly enhanced the

phosphorylation at low GPVI stimulation, which effect again

was antagonized by PI3Ka/b inhibition. Whole blood thrombus for-

mation was decreased in Apoe�/�Cd40lg�/� mice, but unchanged in

Apoe�/�Cd40�/�, in comparison to Apoe�/� controls. In Apoe�/�

blood, perfused over collagen or atherosclerotic plaque material,

thrombus formation was enhanced, platelet aggregates were denser,

and platelet activation was increased by addition of sCD40L; effects

that were antagonized by inhibition of PI3Ka/b.
Conclusions: These results indicate a role of released sCD40L to

enforce collagen-dependent platelet activation, by supporting integrin

aIIbb3 activation, secretion and dense thrombus formation, via an

activation pathway involving PI3Ka/b. This role of CD40L is not phe-

nocopied by CD40, indicating that CD40 is not a main counter-recep-

tor of CD40L and not the signal transmitter to PI3K.

Funding:Netherlands Heart Foundation 2011T6.

OC 87.3
Integrin a5b1 and glycoprotein VI play important roles
in mediating activation and aggregation of platelets
adhering to fibrillar fibronectin
Maurer E1, Receveur N1, Bourdon C1, Nieswandt B2, Lanza F1,

Gachet C1 and Mangin PH1

1UMR_S949, Inserm, Universit�e de Strasbourg, EFS-Alsace,

Strasbourg, France; 2Rudolf Virchow Center, DFG Research

Center for Experimental Biomedicine, W€urzburg, Germany

Background: Fibronectin (Fn) is a high molecular weight glycoprotein

(440 kDa) present in the plasma as a dimer and in the subendothelium

in a fibrillar form. A pioneer study using a flow-based assay, reported

that plasma Fn allows recruitment of platelets through a mechanism

involving integrins a5b1 and aIIbb3 (Beumer et al., Blood 1994). More

recently, in vitro and in vivo experiments have suggested that plasma

Fn also participates in thrombus growth upon binding to the surface

of activated platelets, thereby enhancing platelet recruitment and

thrombus stability (Cho et al., Blood 2006; Ni et al., PNAS 2003). To

date, the ability of fibrillar fibronectin, which is exposed after vessel

injury, to promote platelet adhesion and activation remains unknown.

Aims: The aim of this study was to generate fibrillar fibronectin in vitro

and investigate its ability to support platelet adhesion, activation and

aggregation.

Methods: Dimeric fibronectin was immobilized onto glass microcapil-

laries and multimerized through a mechanical stretch applied by aspi-

ration with a vacuum pump (Robert et al., Scientific Reports 2011).

Anticoagulated (hirudin 100 U/mL) human or mouse whole blood

was perfused through these capillaries at various shear rates. Platelet

adhesion was monitored by video-microscopy using differential inter-

ference contrast microscopy. Platelet activation was evaluated by

observing morphological changes and variations in intracellular Ca2+

levels. Thrombus volumes were measured by confocal microscopy.

Results: The mechanical forces applied to immobilized dimeric Fn

allowed the formation of a fibrillar network. Blood perfusion at low

shear rates (300 s) showed that fibrillar Fn, contrary to dimeric Fn,

was able to support efficient platelet adhesion in a process which relied

on integrin a5b1 and aIIbb3. The glycoprotein (GP)Ib-IX complex did

not play a crucial role in the initial steps of platelet recruitment,

despite evidence that von Willebrand factor (VWF) binds to Fn in a

purified system using an ELISA. Activation following platelet adhe-

sion was evidenced by: (i) morphological changes comprising cell body

contraction and extension of numerous filopodia; (ii) strong increases

in intracellular Ca2+ concentrations above basal levels (872 �
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117 nM). Interestingly, the use of inhibitory peptides and blocking

antibodies showed that this activation was dependent on integrins a5b1
and aIIbb3. Fn also led to the formation of thrombi at low (150/s) and

intermediate wall shear rates (750/s) in a process relying on the inter-

play of various receptors including integrins a5b1 and aIIbb3, the

GPIb-IX complex and GPVI.

Conclusions: This study provides evidence that fibrillar Fn supports

efficient platelet adhesion, activation and aggregation through the

interplay of a series of receptors including the known receptors for the

soluble form, a5b1 and aIIbb3 integrins, but also the collagen receptor

GPVI and the GPIb-IX/VWF axis.

OC 87.4
CD40L deficiency protects from a pro-thrombotic
phenotype induced by angiotensin-II in mice
Jurk K1, Hausding M2, M€unzel T2, Grabbe S3 and Daiber A2

1Center for Thrombosis and Hemostasis (CTH), University

Medical Center, Mainz; 22nd Medical Clinic, University Medical

Center, Johannes Gutenberg-University; 3University Medical

Center, Johannes Gutenberg-University, Mainz, Germany

Background: CD40 ligand (CD40L), a transmembrane protein belong-

ing to the tumor necrosis factor family, is an important player in

inflammatory-thrombotic disorders, such as atherosclerosis and car-

diovascular disease. In addition to leukocytes and vascular cells plate-

lets express functional CD40L on the surface which facilitates platelet

aggregation and thrombus stability. However, the contribution of

CD40L in haemostasis under conditions of inflammatory arterial

hypertension is not known so far.

Aims: Investigating CD40L-deficient (CD40L�/�) mice we hypothe-

sized that CD40L may modulate platelet-dependent haemostatic func-

tion in mice treated with the vasoactive peptide angiotensin-II.

Methods: Angiotensin-II (1 mg/kg/d) was infused in wild-type (C57/

Bl6) littermates and CD40�/� mice for 7 days using osmotic mini-

pumps. The tail vein bleeding time was determined according to stan-

dardized protocols. Citrate-anticoagulated whole blood was taken by

retro-orbital vein puncture. Platelet-monocyte association was analy-

sed in diluted and fixed whole blood by flow cytometry. Platelets were

identified by anti-CD41-FITC antibody and monocytes by anti-F4/80-

PE antibody staining. CD41-positive and F4/80-positive leukocytes

were defined as platelet bound monocytes / platelet-monocyte associ-

ates. Platelet-dependent thrombin generation in recalcified platelet rich

plasma was triggered with 0.6 pM active recombinant tissue factor

and assessed by calibrated automated thrombography.

Results: Angiotensin-II treated wild-type mice showed a significant

(P > 0.05) shortening of the tail bleeding time accompanied by a sig-

nificant (P > 0.05) increase of the platelet-dependent endogenous

thrombin potential (ETP) triggered by tissue factor and significantly

(P > 0.05) increased blood levels of platelet-monocytes associates

compared to untreated wild-type mice. Although, untreated CD40L�/

� mice exhibited prolonged bleeding times, as expected, platelet-depen-

dent thrombin generation (ETP) as well as platelet-monocyte associa-

tion did not differ significantly compared to untreated wild-type mice.

However, angiotensin-II reduced significantly (P > 0.05) the pro-

longed tail bleeding time in CD40L�/� mice. Moreover, elevated levels

of platelet-dependent ETP and blood platelet-monocyte associates

observed in angiotensin-II treated wild-type mice were reversed in

angiotensin-II treated CD40L�/� mice.

Summary/Conclusion: Angiotensin-II induces platelet hyperreactivity

and hypercoagulability in wild-type but not in CD40L�/� mice. These

results indicate that CD40L contributes crucially to a pro-thrombotic

tendency in mice with angiotensin-II mediated arterial hypertension.

OC 87.5
Differential effects of platelet-derived MMPs on
thrombus formation and collagen matrix degradation
Mastenbroek TG1, Feijge MAH1, Kremers RMW2, Van Den Bosch

M3, Johnson JL3, Heemskerk JWM1 and Cosemans JMEM1

1Maastricht University; 2Synapse b.v., Maastricht, the

Netherlands; 3University of Bristol, Bristol, UK

Background: Platelet thrombus formation is essential in the acute pre-

vention of excessive blood loss at sites of vascular injury. However,

platelets have also been implicated in longer term processes, such as

wound healing and vascular remodelling. Platelets contain a pool of

bioactive proteins, among which the matrix metalloproteinases

(MMPs)-1, -2, -3 and -14. The platelet-derived MMPs may regulate

platelet activation, but also remodelling of the extracellular matrix.

Aims: I) To assess the roles of MMP isoforms on thrombus formation.

II) To determine the collagenolytic/gelatinolytic activity and extracel-

lular matrix degradation capacity of platelet and thrombus-derived

MMPs.

Methods: Human blood or blood from MMP-deficient mice was flo-

wed over a fibrillar collagen matrix at high shear rate. Confocal

microscopy and scanning electron microscopy was used to measure

thrombus formation, thrombus surface localisation of MMP-1, -2, -9

and -14 isoforms, and collagen matrix degradation by the thrombus.

Activity of MMP isoforms was measured in membranes and releasate

of activated platelets, employing a panel of fluorogenic MMP sub-

strates.

Results: Pharmacological inhibition of MMP-1 or -2 (human) or defi-

ciency in MMP-2 (mouse) markedly reduced platelet activation and

secretion in thrombus formation, whereas MMP-9 deficiency increased

these processes. Deficiency in MMP-3 was without effect. Immuno-flu-

orescence staining of human thrombi showed that both the membrane

type MMP-14 and the soluble MMP-1 and -9 isoforms accumulated at

the thrombus surface. Fluorogenic substrate measurements with acti-

vated platelets in suspension indicated high collagenolytic and high

gelatinolytic activity (Omni-MMP substrate, DQ-collagen, DQ-gela-

tin), which was predominantly present in the platelet membrane frac-

tion. Strikingly, platelet-associated MMP activity was not induced by

stimulation with ADP or thrombin, but only by stimulation with

potent Ca2+-rising agonists, convulxin or ionomycin. This suggested

that collagen stimulation can provoke the exposure of proteolytically

active MMPs. In agreement with this, thrombi formed on a collagen

surface actively degraded the underlying collagen fibers. The charac-

teristic triple-helical structure of type I collagen fibers disappeared

within 2 h, while the fibers were resolved within 4 h. This pointed to a

role of platelet-derived MMP-1 and -2 activity, since the collagen deg-

radation: a) was not affected by the absence of blood or plasma; b)

was blocked by general MMP inhibition, but not by serine/cysteine/

threonine protease inhibition; c) was decreased by specific inhibition of

MMP-1 (FN439) or MMP-2 (MMP-2 inhibitor I), but not by inhibi-

tion of MMP-9 (MMP-9 inhibitor-I).

Conclusions: MMP-1 and -2, surface-exposed after collagen-induced

activation, support thrombus formation as well as collagen matrix

degradation. MMP-9 does not phenocopy the MMP- and -2 effects.

These data suggest a key role of platelet-derived MMP isoforms in

matrix remodelling.

OC 87.6
Role of EphB2-Ephrin signalling in platelet function
Rana RH, Sage T, Kriek N, Sasikumar P, Jones CI and Gibbins JM

University of Reading, Reading, UK

Background: Eph receptors are the largest family of cell surface recep-

tor tyrosine kinases and with their counter receptors, the Ephrins,

form a vital cell communication system that controls tissue patterning,

axonal guidance and cardiovascular development. Little is known of
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the mechanisms that regulate stable and sustained interactions

between platelets within a thrombus, although members of the Eph

receptor family have been proposed to play a role. Human platelets

are known to express the Eph receptors EphA4 and EphB1 as well as

the ligand EphrinB1.

Aims: In this study we report the expression of a second B family Eph

receptor (EphB2) in human and mouse platelets, and through the use

of transgenic mouse models (EphB2-deficient (EphB2 �/�) and

kinase-defective EphB2) and recombinant proteins which interfere

with EphB2-Ephrin interactions, we demonstrate the importance of

the EphB2 receptor for platelet function.

Methods: Platelet aggregation and dense-granule secretion were mea-

sured in platelet rich plasma (PRP) by optical aggregometry. Fibrino-

gen binding assays and alpha-granule secretion (P-selectin exposure)

measurements were performed on whole blood using flow cytometry.

The spreading of gel-filtered platelets on fibrinogen and collagen related

peptide (CRP-XL) was assessed using light microscopy. In-vitro and in-

vivo thrombus formation was measured using Vena8 biochips and

laser-induced injury to cremaster muscle arterioles, respectively.

Results: EphB2-deficient platelets exhibited enhanced aggregation,

fibrinogen binding and granule secretion (alpha and dense) in response

to either collagen or the GPVI selective agonist CRP-XL. This was not

accompanied by an equivalent increase in early signalling by receptor-

proximal components within the GPVI signalling pathway, suggesting

that the defect was mediated further downstream. Conversely, EphB2

kinase-defective platelets displayed negligible change in these assays

when compared to sibling-matched control platelets, suggesting that

EphB2 kinase activity may not be critical for these functions. The

absence of EphB2 on platelets was also associated with enhanced

spreading on fibrinogen or CRP-XL. Interestingly, kinase defective

EphB2 platelets adhered well to the matrix and began to form filopodi-

a, but very few spread fully. In spreading assays, platelets attached

directly to the matrix where conventional Eph-Ephrin interactions are

unlikely to occur, suggesting a role for EphB2 in the modulation of

other molecules at the platelet membrane. Recombinant external

domains of EphB2, EphrinB1 and EphrinB2 were used in separate

assays with human platelets to investigate the effect on platelets of dis-

rupting Eph-Ephrin signalling (aggregation, fibrinogen binding, alpha-

granule secretion). Exposure to recombinant EphB2 reduced platelet

function, while recombinant EphrinB1/B2 enhanced platelet function.

The size of thrombi formed (in-vitro and in-vivo) were similar in both

EphB2-deficient and control mice, although deficiency was associated

with reduced thrombus stability.

Summary/Conclusion: Our data are consistent with the EphB2 receptor

performing a negative regulatory role in platelets. Data suggest that

the EphB2-Ephrin interactions modulate platelet function following

the assembly of a platelet aggregate/thrombus. EphB2 deficiency also

resulted in defective function in the absence of platelet-platelet contact

(spreading assays) suggesting a role for EphB2 in Ephrin-independent

functions.

OC 88 – Platelet Collagen Receptors

OC 88.1
Activated STIM1 controls GPVI signaling and enhances
calcium store release in platelets
Braun A1, Rivera-Galdos R1, Gotru SK1, Varga-Szabo D2, Stritt S1,

Hermanns HM1 and Nieswandt B1

1University of W€urzburg, W€urzburg; 2Helios Clinic Wuppertal,

Wuppertal, Germany

Background: Stromal interaction molecule 1 (STIM1) is a major Ca2+

sensor that activates store operated Ca2+ entry (SOCE) in platelets.

Constitutively active STIM1 mutation in Saxcoburgski mice (Stim1-

Sax/+) induced a severe macrothrombocytopenia associated with

megakaryocyte hyperplasia and splenomegaly. Additionally, increased

Ca2+ levels in the cytoplasm and permanently opened Ca2+ channels

in the plasma membrane of unstimulated platelets were found. Inter-

estingly, GPVI mediated Ca2+ responses, integrin activation and P-se-

lectin exposure were strongly altered in Stim1Sax/+ platelets while G-

protein coupled receptor (GPCR) induced platelet activation was nor-

mal.

Aims: The Ca2+ overload phenotype in mutant platelets indicated that

STIM1 might regulate Ca2+ release and/or the refilling of the Ca2+

store. The selective GPVI signalling defect in Stim1Sax/+ platelets

indicated that activated STIM1 might induce a negative feedback

mechanism to GPVI signalosome which could down-regulate Ca2+

store release during SOCE.

Methods: The physiological function of the constitutively active

STIM1 in store depletion was studied in Stim1Sax/+/Orai1�/� dou-

ble mutant mice to exclude Orai1 mediated Ca2+ responses and its sig-

naling mechanism. Due to the severe developmental complication and

early lethality of Stim1Sax/+/Orai1�/� mutant mice, irradiated reci-

pient C57Bl6 mice were transplanted with fetal liver cells isolated from

Stim1Sax/+/Orai1�/� and control embryos (E13.5).

Results: The pathological phenotype described in Stim1Sax/+ mice

was almost completely reversed in the Orai1�/� knockout back-

ground. Stim1Sax/+/Orai1�/� mice displayed nearly normal platelet

counts, size and absence of splenomegaly. In unstimulated Stim1Sax/

+/Orai1�/� platelets cytoplasmic Ca2+ concentration was reduced

whereas abnormal Ca2+ entry was absent in comparison to Stim1Sax/

+ platelets. Moreover, activated STIM1 strongly enhanced PAR-

phospholipase C (PLC) b induced Ca2+ store release, but in sharp

contrast, GPVI-PLCc2 mediated Ca2+ store depletion was severely

reduced. The defective GPVI mediated Ca2+ response was based on

the nearly abolished inositol triphosphate (IP3) production which

could be attributed to a strongly reduced phosphorylation of PLCc2
at Tyr759 while phosphorylation of Linker of activated T cells (LAT)

and other components in the GPVI signalosome were normal.

Conclusions: The rescue of the Stim1Sax/+ phenotype by deleting

Orai1 function suggests that STIM1 regulates Ca2+ influx only

through Orai1 in murine platelets. The leaky Ca2+ store and the accel-

erated store release after thrombin stimulation indicates that activated

STIM1 positively influences store depletion during SOCE by a yet

undefined mechanism.

OC 88.2
Novel loci associated with glycoprotein VI expression
identified by a genome-wide association study and
locus-specific fine-mapping
Smethurst PA1, Radhakrishnan A2, Al-Subaie A1, Garner SF3,

Jansen BG1, Goodall AH4, Gardiner E5, Tomlinson MG6,

Ouwehand WH1 and Rendon A1

1University of Cambridge, Cambridge; 2Wellcome Trust Sanger

Institute, Hinxton; 3NHS Blood and Transplant, Cambridge;
4University of Leicester, Leicester, UK; 5Monash University,

Melbourne, Vic., Australia; 6University of Birmingham,

Birmingham, UK

Background: The GP6 gene on 19q13.4 encodes glycoprotein (GP) VI,

which is complexed with the common Fc receptor gamma chain

(encoded by FCER1G) on the platelet membrane to form the major

collagen receptor. Common variants in GP6 explain a significant pro-

portion of the population variation in GPVI expression, particularly

rs1613662 (encoding S219P). Its major allele is associated with a higher

platelet response to collagen than the minor allele and with an

increased risk of deep venous thrombosis (DVT)1.

Aims: We postulated that a further proportion of the sequence varia-

tion underlying GPVI expression would be revealed by a genome-wide

association study (GWAS), with rare variants being identified by fine-

mapping of the GP6 locus.

Methods: The Cambridge Platelet Function Cohort (PFC) comprising

almost 1000 individuals with known platelet GPVI expression levels
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and functional responses were genotyped for the GWAS. Individuals

with extreme phenotypes were sequenced at the GP6 locus.

Results: The GWAS confirmed the previous observation that variant

rs1613662 accounts for about 14% of the population variation in

GPVI expression (P = 2.7 9 10�24). In addition, 46 unique GP6 hapl-

otypes were inferred by analysing 39 SNPs with a Minor Allele Fre-

quency (MAF) range from 0.024 to 0.496, in 500 PFC samples. Their

association with GPVI expression was explored in the five most fre-

quent haplotypes. GPVI expression levels in five individuals homozy-

gous for the 5th haplotype (5/5) were significantly higher than in those

for haplotypes 1 and 2 (P = 0.012). Typing 8000 individuals from the

Cambridge BioResource identified another 18 homozygous (5/5) indi-

viduals. Further testing of an additional three haplotype 5/5 individu-

als replicated the original association with increased GPVI expression.

In addition to the GP6 variants, the GWAS identified two novel com-

mon variants associated with GPVI expression; at 2q37.2

(MAF = 0.318) and at 1q23.3 (MAF = 0.388) with P = 2.87 9 10�8

and P = 2.16 9 10�7, respectively, being below and just above the gen-

ome-wide significance cut-off. The rare variant rs3557 (MAF = 0.095)

in the FCER1G gene showed a weak signal of P = 2.1 9 10�4, in line

with observations in our earlier candidate gene study2.

Two PFC individuals with approximately 50% normal GPVI surface

expression and low P-selectin expression (> 12%) and fibrinogen bind-

ing (> 5%) after activation through GPVI were selected for targeted

Sanger sequencing of the GP6 exons. In one case this revealed a novel

non-synonymous SNP in exon 4 encoding the 2nd Ig-domain, leading

to a P194T substitution. In the second case a S195N substitution was

observed.

Summary: An association study using haplotype and fine-mapping

analysis of the GP6 locus revealed novel rare variants with larger effect

sizes on GPVI expression than the common variants. Furthermore,

the GWAS identified novel, potential trans-acting common variants at

2q37.2 and 1q23.3 exerting smaller effects. These newly identified fea-

tures explain more of the population variation in GPVI expression

and their discovery is of possible clinical relevance for the prediction

of the risk of DVT.

1. Austin,H. et al. J Thromb Haemost. (2011) 9:489–95.
2. Jones,C. et al. Blood. (2009) 114:1405–16.

OC 88.3
Disturbed glycoprotein VI-mediated signaling in
platelets from hypercholesterolemic mice and humans
Korporaal SJA1, De Angelis V1, Hoekstra M2, Gitz E1, Bochem

AE3, Sjouke B3, Hovingh K3, De Groot PG1 and Van Eck M2

1University Medical Center Utrecht, Utrecht; 2Leiden Academic

Centre for Drug Research, Leiden; 3Academic Medical Center,

Amsterdam, the Netherlands

Background: We recently showed that high plasma HDL-cholesterol

levels are associated with platelet hyperreactivity in mice and humans.

Aim: The aim of this study was to elucidate platelet reactivity under

conditions of elevated plasma LDL-cholesterol levels in mice and

humans.

Methods: Experiments were performed with platelets from LDL recep-

tor knockout (LDLr KO) mice, a commonly used hypercholesterol-

emic mouse model. When fed regular chow diet (5.7% (w/w) fat and

no added cholesterol), LDLr KO mice show an elevation of cholesterol

in the LDL fraction, which is further amplified after a Western-type

diet (WTD; 15% (w/w) cacao butter and 0.25% (w/w) cholesterol)

challenge. To verify the relevance for human physiology, platelets

from four familial hypercholesterolemia (FH) patients suffering from

reduced LDLr functionality due to a defect in the ldlr gene, were stud-

ied. At the time of blood collection, patients were not taking choles-

terol-lowering medication. The study was approved by the

institutional review board of the Academic Medical Center, Amster-

dam. All participants provided written informed consent.

Results: The elevated LDL-cholesterol levels in LDLr KO mice were

associated with significantly lower platelet counts (1024 � 63 9 109

LDLr KO platelets/L vs. 1244 � 143 9 109 WT platelets/L;

P > 0.001), which were further reduced when LDLr KO mice were fed

WTD (876 � 68 9 109 platelets/L; P > 0.001). In agreement with ear-

lier studies, platelets from LDLr KO mice on WTD showed 1.3-fold

more activated aIIbb3 (P > 0.05) upon stimulation by ADP. Surpris-

ingly, the collagen-related peptide CRP-XL showed a reduced ability to

activate aIIbb3 on these platelets as compared to wild-type platelets

(chow: 0.9-fold, P > 0.01, WTD: 0.7-fold, P > 0.001). Similarly, sur-

face-expression of P-selectin was attenuated after CRP-XL stimulation

on platelets of LDLr KO mice on chow (0.4-fold, P > 0.05), and was

almost completely blocked when mice were fed WTD (P > 0.01). ADP

also enhanced fibrinogen binding to and P-selectin expression on plate-

lets from FH patients as compared to platelets from healthy subjects. In

contrast, CRP-XLwas less effective in activating FH platelets, resulting

in reduced GPVI-mediated tyrosine phosphorylation, diminished

fibrinogen binding, lower P-selectin expression, and a reduced ability to

adhere to collagen under conditions of flow. Since GPVI-mediated

platelet signaling depends on its translocation to lipid rafts, F€orster

Resonance Energy Transfer (FRET) by time-gated fluorescence lifetime

imaging microscopy (FLIM) was used to determine the amount of

GPVI in lipid rafts of FH and control platelets. FRET/FLIM analysis

revealed that although more GPVI resided in rafts of unstimulated FH

platelets (FRET efficiency of 4.00 � 0.46% for FH platelets vs.

1.68 � 0.45% for control platelets; P > 0.01), significant translocation

of GPVI into lipid rafts upon stimulation by collagen was only observed

in control platelets (FRET efficiency of 3.28 � 0.22% for FH platelets

vs. 7.24 � 0.68% for control platelets;P > 0.01).

Summary/conclusions: Hypercholesterolemia due to elevated plasma

LDL-cholesterol impairs translocation of GPVI to lipid rafts, which

could explain the diminished platelet responsiveness to collagen. These

findings reflect an important protective mechanism to prevent early

platelet activation in hypercholesterolemic mice and humans.

OC 88.4
Deletion of GPVI and CLEC-2 partially rescues
macrothrombocytopenia in G6b-B-deficient mice
Mazharian A1, Mori J1, Heising S1, Nieswandt B2, Watson SP1

and Senis YA1

1University of Birmingham, Birmingham, UK; 2University of

W€urzburg, W€urzburg, Germany

Background:G6b-B is a unique immunoreceptor tyrosine-based inhibi-

tion motif (ITIM)-containing receptor that is highly expressed in

mature megakaryocytes and platelets. Unlike other megakaryocyte

and platelet ITIM-containing receptors, G6b-B is constitutively tyro-

sine phosphorylated and associated with the protein-tyrosine phospha-

tases Shp1 and Shp2. One of the functions of G6b-B is to inhibit

signalling from the immunoreceptor tyrosine-based activation motif

(ITAM)-containing collagen receptor GPVI-FcR c-chain and the

hemITAM-containing podoplanin receptor CLEC-2. Mice lacking

G6b-B exhibit a complex phenotype that includes macrothrombocy-

topenia, enhanced GPVI shedding and platelet hyper-reactivity to

antibody-mediated cross-linking of CLEC-2 (Mazharian et al. Sci Sig-

nal. 2012).

Aim: In this study, we investigated whether the phenotype of G6b

knockout mice is due to tonic GPVI and CLEC-2 signalling. Our

hypothesis is that deletion of GPVI and CLEC-2 will rescue the mac-

rothrombocytopenia in G6b-B-deficient mice.

Method: To test our hypothesis, we generated mice lacking both GPVI

and G6b-B, and used an anti-CLEC-2 antibody to deplete CLEC-2

levels in these mice. G6b knockout mice were treated with the Src fam-

ily kinase (SFK) inhibitor Dasatinib to inhibit tonic signalling. Platelet

counts, aggregation and secretion, and tyrosine phosphorylation of

SFKs and Syk were measured.
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Results: Targeted deletion of both Gp6 and G6b resulted in a 54%

increase in platelet counts compared with deletion of G6b alone. Plate-

lets from Gp6/G6b double-heterozygous mice were hyper-responsive to

the GPVI-specific agonist collagen-related peptide compared with

platelets from Gp6 heterozygous mice, which express comparable lev-

els of surface GPVI. This provides evidence that G6b-B is an inhibitor

of GPVI-mediated functional responses in platelets. An additional

87% increase in platelet counts was observed in Gp6/G6b double-

knockout mice following antibody-mediated depletion of CLEC-2

compared with Gp6/G6b double-knockout mice treated with an iso-

type control antibody. However, treatment of G6b knockout mice with

the SFK inhibitor Dasatinib did not rescue platelet counts in these

mice. Biochemical data demonstrated that Syk tyrosine kinase was

hyper-phosphorylated on its activation loop (Syk Tyr 519/520) in rest-

ing G6b-B-deficient platelets, whereas SFKs were phosphorylated to

the same extent on their activation loop and C-terminal inhibitory

tyrosine residues compared with control platelets.

Conclusion: Findings from this study suggest that tonic GPVI and

CLEC-2 signalling contribute to the phenotype of G6b knockout mice.

The defect appears to be at the level of Syk tyrosine kinase rather than

SFKs. This study provides important mechanistic insights into how

G6b-B regulates platelet homeostasis in mice.

OC 88.5
Regulation of the platelet collagen receptor GPVI by
the tetraspanin Tspan9
Haining EJ1, Harris HJ1, Lordkipanidze M1, Yang J1, Nieswandt B2,

Watson SP1 and Tomlinson MG1

1University of Birmingham, Birmingham, UK; 2University of

W€urzburg, W€urzburg, Germany

Background: The platelet-activating collagen receptor GPVI recognises

collagen as a GPVI-GPVI dimer and initiates signalling via its associ-

ated Fc receptor c-chain. GPVI-deficient mice are protected from arte-

rial thrombosis and ischaemic stroke but have no major bleeding

complications, suggesting GPVI as a potential target for anti-throm-

botic therapy. The tetraspanins comprise 33 transmembrane proteins

in humans, and at least 10 are expressed by platelets. Advanced imag-

ing techniques, such as single particle tracking in combination with

total internal reflection fluorescence (TIRF) microscopy, have shown

tetraspanins to regulate the lateral mobility of other proteins with

which they associate. We have previously identified GPVI as a tetra-

spanin-associated protein, but it is unclear how this contributes to

GPVI function and dynamics. We have also previously identified

Tspan9 as a relatively platelet specific tetraspanin, but have not

addressed Tspan9 function and whether it could regulate GPVI.

Aims: The aims are to functionally characterise Tspan9-deficient plate-

lets and to investigate whether the absence of Tspan9 affects GPVI lat-

eral mobility using single particle tracking.

Methods: The Tspan9-deficient mouse was generated by gene trapping

and platelet function assessed using aggregometry, spreading and flow

adhesion studies. Single particle tracking was used to assess the

dynamics of GPVI in wild-type and Tspan9-deficient platelets. The

single particle tracking used single fluor labelled anti-GPVI Fab frag-

ments to label single GPVI molecules on the platelet surface. Live cell

imaging using TIRF microscopy allowed various parameters of GPVI

dynamics to be measured.

Results: The Tspan9-deficient mouse was viable and healthy. The

platelet count, size and expression levels of major surface proteins,

including GPVI, were normal. Additionally, Tspan9-deficient mice

had no tail bleeding phenotype. Aggregation studies highlighted a

delay in response to the GPVI agonists collagen related peptide and

collagen in the Tspan9-deficient platelets, which was overcome at high

agonist concentrations. Aggregation was normal in response to throm-

bin and CLEC-2 stimulation, suggesting a GPVI-specific defect. Static

platelet spreading on collagen related peptide was reduced in the

absence of Tspan9, and aggregate formation on collagen under flow

was delayed. These findings suggested that the absence of Tspan9

might be delaying GPVI signalling by affecting GPVI lateral mobility,

which could impact on its dimerisation and response to agonists.

Therefore single particle tracking was employed to assess the dynamics

of GPVI in the platelet membrane. In wild-type platelets GPVI mole-

cules followed trajectories that had elements of both Brownian and

confined motion. The Brownian diffusion coefficient was ~0.11 lm2/s

and the area of confinement was ~250 nm in diameter. We hypothesise

that future analysis of Tspan9-deficient platelets will reveal defective

GPVI dynamics.

Summary/conclusions: The functionally uncharacterised tetraspanin

Tspan9 appears important for the fine tuning of GPVI function in

platelets, potentially by regulating GPVI membrane dynamics. Addi-

tionally, for the first time, the membrane dynamics of a platelet recep-

tor have been studied at the single molecule level.

OC 88.6
Combined in vivo depletion of GPVI and CLEC-2
severely compromises hemostasis and abrogates
arterial thrombosis in mice
Bender M1, May F1, Lorenz V1, Thielmann I1, Hagedorn I1, Finney

BA2, Voegtle T1, Braun A1, Watson SP2 and Nieswandt B1

1University Hospital W€urzburg and Rudolf Virchow Center,

Wuerzburg, Germany; 2University of Birmingham, Birmingham,

UK

Background: Platelet inhibition is a major strategy to prevent acute

ischemic cardiovascular and cerebrovascular events which may, how-

ever, be associated with an increased bleeding risk. The (hem)ITAM-

bearing platelet receptors, GPVI and CLEC-2, might be promising an-

tithrombotic targets as they can be depleted from circulating platelets

by antibody treatment leading to sustained antithrombotic protection

but only moderately increased bleeding times in mice.

Aim: We investigated whether both (hem)ITAM-bearing receptors can

be targeted simultaneously, and what the in vivo consequences of such

a combined therapeutic GPVI/CLEC-2 deficiency are.

Methods: For this, we induced single- or double-receptor depletion of

GPVI and CLEC-2 by the administration of the anti-GPVI JAQ1 and/

or anti-CLEC-2 antibody, respectively. Moreover, we verified our

results by the generation of double-genetically deficient Gp6�/�/Clec-

2 fl/fl, Pf4-Cremice.

Results: We demonstrate that isolated targeting of either GPVI or

CLEC-2 in vivo does not affect expression or function of the respective

other receptor. Moreover, simultaneous treatment with both antibod-

ies resulted in the specific and sustained loss of both GPVI and CLEC-

2 receptors while leaving other activation pathways such as G protein-

coupled receptor signaling and GPIb function intact. In addition, nei-

ther the coagulation system (aPTT and PT) was impaired nor relevant

cytokine levels were released in double depleted mice further excluding

off-target effects of antibody treatment. However, GPVI/CLEC-2-

depleted mice displayed surprisingly a dramatic hemostatic defect and

profound impairment of arterial thrombus formation. Furthermore, a

strongly diminished hemostatic response could also be reproduced in

mice genetically lacking GPVI and CLEC-2.

Conclusion: These results demonstrate that GPVI and CLEC-2 can be

simultaneously downregulated in platelets in vivo and reveal an unex-

pected functional redundancy of the two receptors in hemostasis and

thrombosis. These findings may have important implications of the

potential use of anti-GPVI and/or anti-CLEC-2 based agents in the

prevention of thrombotic diseases.
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OC 89 – Platelet Disorders – II

OC 89.1
Non-myeloablative conditioning with busulfan prior to
hematopoietic stem cell transplantation leads to
phenotypic correction of murine Bernard Soulier
Syndrome
Kanaji S1, Fahs SA1, Ware J2, Montgomery R1 and Shi Q1

1Blood Research Institute, Wauwatosa, WI; 2University of

Arkansas for Medical Sciences, Little Rock, AR, USA

Background: Bernard Soulier Syndrome (BSS) is an autosomal reces-

sive disease characterized by macrothrombocytopenia and bleeding

symptoms. BSS is caused by a defect in the platelet glycoprotein(GP)

Ib/IX complex. The primary treatment for BSS is platelet transfusion

but repeated platelet transfusion often results in allo-immunization.

We recently showed that following myeloablative total body irradia-

tion (TBI) conditioning, transplantation of hematopoietic stem cells

(HSCs) transduced with a lentivirus that expresses hGPIba under inte-

grin aIIb promoter control could rescue the macrothrombocytopenia

and prolonged bleeding of murine BSS (GPIbanull).
Aims: For application of gene therapy to treatment of human patients,

it is important to minimize treatment-related side effects. We aimed to

model clinically relevant nonmyeloablative HSC transplantation using

murine BSS and busulfan conditioning.

Methods: Using transplantation of bone marrow mononuclear cells

(BMMNCs) from transgenic mice that express hGPIba (hGPIbatg+),

1) determine the percentage of hGPIbatg+ HSCs required for thera-

peutic benefit, 2) evaluate the efficacy of non-myeloablative condition-

ing, and 3) test the effect of anti-thymocyte globulin (ATG) on

prevention of immune reactions.

Results: (i) To determine the percentage of HSCs required for pheno-

typic correction of murine BSS, mixed BM chimeras were generated

by reconstituting lethally irradiated GPIbanull mice with variable mix-

tures (5–100%) of BMMNCs isolated from hGPIbatg+ and GPIbanull

mice. Tail bleeding time assays performed after BM reconstitution

demonstrated that 10% hGPIbatg+ BMMNCs mixed with 90% GPI-

banull BMMNCs were sufficient to correct the tail bleeding time

(n = 5). Platelet analysis showed that the bleeding phenotype was res-

cued in recipients having higher than 40 9 103/lL of hGPIbatg+

platelets, which corresponds to 6.5% of wild type mouse platelet

counts (630 � 57 9 103/lL, n = 8). These results suggest therapeutic

potential for non-myeloablative conditioning regimens for treatment

of BSS. (ii) Transplantation of hGPIbatg+ mouse BMMNCs into

GPIbanull recipients conditioned with a non-myeloablative dose of

busulfan (50 mg/kg total) showed that that tail bleeding times of

busulfan-conditioned recipients were corrected and were not signifi-

cantly different from lethally irradiated recipients (3.8 � 3.8 min,

n = 23 vs. 2.0 � 1.3 min, n = 12). Antibody response to hGPIba and

immune-mediated thrombocytopenia was documented in eight of 29

recipient mice, suggesting immunogenicity of hGPIba transgene pro-

tein in GPIbanull mice preconditioned with busulfan. However, these

antibodies disappeared without treatment in seven of eight mice 3–
7 months after BM transplantation. (iii) When GPIbanull recipients
were conditioned with ATG and busulfan, all recipients showed a high

percentage of hGPIba-positive platelets (93.3 � 3.3%, n = 11) and no

antibody reactions were documented.

Conclusions: Non-myeloablative doses of busulfan conditioning prior

to transplantation could achieve phenotypic correction of murine BSS.

Lower immunotoxicity of busulfan led to higher incidence of humoral

immune response compared to TBI, but pretreatment with ATG was

shown to effectively prevent such immune reaction. A conditioning

regimen of busulfan in combination with ATG could be utilized in

non-myeloablative autologous gene therapy in human BSS.

OC 89.2
MYH9-related disease in France: a growing cohort
among inherited macrothrombocytopenias on behalf of
the French network on MYH9 related disorders
Schlegel N1, Binard S1, Nurden AT2, Nurden P3, Alessi M-C3

and Saposnik B1

1Hôpital Robert Debr�e APHP, Paris; 2PTIB Hôpital Xavier

Arnozan, Pessac; 3CHU La Timone H�ematologie Biologique,

Marseille, France

Background: Inherited macrothrombocytopenias (IMTs) represent a

group of heterogeneous disorders. Among the twelve genetically iden-

tified IMTs, MYH9-Related disease (MYH9-RD) is now considered

to be the more frequent after Bernard Soulier Syndrome (Balduini C

et al., H€amostaseologie, 2012, 32: 259–70). MYH9-RD represents a

group of autosomal dominant macrothrombocytopenias associated

with mutations in theMYH9 gene that encodes the non muscle myosin

heavy chain IIA (NMMHC-IIA). Macrothrombocytopenia d€ohle

bodies and leukocyte myosin aggregates are common features; they

are associated in many cases with various combinations of extra-hema-

tological symptoms: deafness, nephropathy, cataracts. The other IMTs

are quite rare or very rare. Due to the high frequency of sporadic

cases, the frequent underestimation of platelet macrocytosis by the

analyzers and the difficulty, at least for some patients, to detect the

leukocyte inclusion bodies, the diagnosis of MYH9-RD may be diffi-

cult when not confirmed by the genotype. In addition, a suspicion of

MYH9-RD is not infrequent in the presence of an isolated macro-

thrombocytopenia especially if familial cases are known.

Aim: To confirm or exclude the diagnosis of MYH9-RD in patients

with macrothrombocytopenias and to further characterize the pheno-

type and genotype of new isolated or familial cases of MYH9-RD.

Methods: Patients with macrothrombocytopenia and a hypothesis of

MYH9-RD were included in the study. The diagnosis of Bernard-Sou-

lier and gray platelet syndromes, Paris Trousseau thrombocytopenia

and Platelet-type von Willebrand disease was initially excluded. The

40 exons, exon A and exon-intron boundaries of the MYH9 gene were

PCR amplified and sequenced.

Results: A total of 188 propositi and 147 family members were

screened. Direct sequencing could confirm the diagnosis of MYH9-

RD in 115 (61%) propositi and 75/147 (51%) family members. All

were heterozygous. Mutations affected 17 different exons. The major-

ity were missense mutations affecting 31 different residues. We found

also five deletions, one duplication, one insertion and three nonsense

or frameshift alterations. Seven patients had two mutations. No muta-

tion in the MYH9 gene was identified in 73 propositi. Among them,

we could distinguish two groups of cases. One (n = 8) presented with a

‘MYH9-like’ phenotype associating macrothrombocytopenia, deaf-

ness, nephropathy and eventually cataracts but without leukocyte

inclusion bodies. Another group (n = 65) included patients with mac-

rothrombocyopenia alone (n = 44) or associated with deafness (n = 6),

nephropathy (n = 1), hematuria (n = 1), leukocyte inclusion bodies

(n = 10, with one positive by immunofluorescence using an anti-myo-

sin antibody). Familial cases of thrombocytopenia were reported in

27/65 cases. Finally, a mutation in the TUBB1 gene was identified in 3/

65 and will be reported separately.

Conclusion: These results confirm the high frequency of MYH9-RD

among inherited macrothrombocytopenias and the importance of gene

analysis for the confirmation of the diagnosis. The identification of a

group of patients with a ‘MYH9-like’ phenotype suggests an abnor-

mality in the regulation of MYH9 biosynthesis or the role of other

genes. The discovery of TUBB1 mutations shows that the role of beta-

tubulin 1 should also be considered in the diagnosis of inherited mac-

rothrombocytopenias. The definition of homogeneous groups of

patients will also be of help in the search for new genes involved in the

development of macrothrombocytopenias.
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OC 89.3
Identification of a patient with bleeding diathesis,
associated with dysfunctional platelet P2Y12 receptor
Lecchi A1, Razzari C2, Paoletta S3, Nakamura L4, Ohlman Ph5,

Gachet C6, Jacobson KA3 and Cattaneo M2

1Fondazione IRCCS Ca’ Granda –Ospedale Maggiore Policlinico;
2Universit�a degli Studi di Milano, Milan, Italy; 3National Institute

of Diabetes and Digestive and Kidney Diseases, NIH, Bethesda,

MD, USA; 4University Medical Center Freiburg, Freiburg,

Germany; 5Inserm, Universit�e de Strasbourg, EFS-Alsace;
6UMR_S949 INSERM, Universit�e de Strasbourg, EFS-Alsac,

Strasbourg, France

Background: P2Y12, the Gi-coupled receptor for adenosine diphos-

phate (ADP), plays a central role in platelet function. Inherited and

drug-induced defects of P2Y12 are associated with an increased risk of

bleeding.

Aims: To describe a patient with lifelong bleeding diathesis, associated

with dysfunctional P2Y12, due to a previously underscribed missense

mutation in the encoding gene. Patient and Methods. The patient is a

45 year old man of Turkish origin, living in Germany who presented

with recurrent epistaxis, postoperative bleedings after tooth extraction,

thyroid explantation and spleen explantation. Platelet aggregation and

secretion were measured by lumiaggregomety in 10.9 mM citrate-anti-

coagulated platelet-rich plasma (PRP). The platelet content of adenine

nucleotides (luminometry) and serotonin (o-phthaldialdehyde, fluo-

rometry) was measured. The platelet production of cyclic AMP was

measured by a radioisotopic assay in the presence and absence of pros-

taglandin E1 (PGE1) (1 lM), ADP (0.1 and 1.0 lM) and epinephrine

(0.1 and 1.0 lM). The platelet phosphorylation of the vasodilator

stimulated phosphoprotein (VASP) was measured by flow cytometry,

using a commercially available kit (BioCytex). The number of platelet

P2Y12 receptors was measured in binding studies of the radiolabeled

selective P2Y12 antagonist [3H]PSB-0413 to washed platelets. DNA

was isolated from peripheral leukocytes: the entire coding sequence of

the P2Y12 gene was amplified by PCR and subjected to DNA

sequence analysis.

Results: The platelets from the patient changed shape normally after

stimulation with 2–20 lM ADP, but their aggregation was markedly

lower than normal and rapidly reversible. ADP did not induce platelet

secretion. Platelet aggregation and secretion induced by other agonists

was normal. The platelet content of nucleotides and serotonin was

normal. Inhibition of VASP phosphorylation by ADP was impaired

(PRI 30%). Inhibition of PGE1-induced increase in cAMP by ADP

was impaired, but normal by epinephrine. The number of binding sites

(Bmax) for [3H]PSB-0413, which was measured in two separate experi-

ments, was normal (285 and 436 sites/platelet, normal values in 10

healthy subjects, 425 � 50), but its affinity was reduced (KD 8.4 and

33 nM, normal values 3.3 � 0.6). DNA from the patient showed a

homozygous missense mutation, a T-to-A transition at nucleotide 847

that changed the codon for His-187 to Gln. Molecular modeling stud-

ies predicted that the mutated residue in the P2Y12 Gln187 variant

does not directly interact with the ligand in the binding site, but

appeared to have effects on the trans-membrane (TM)5-TM6 contact

region of the receptor, which could affect the conformational changes

needed for receptor activation. In fact, the close proximity and the dif-

ferent interactions pattern of the H187Q mutation in TM5 with resi-

dues of the TM6-extracellular loop 3 region critical for the activation

process in GPCRs, can explain its importance in influencing the func-

tion of the P2Y12 receptor.

Conclusion: These studies delineate a region of P2Y12 required for

normal function after ADP binding.

OC 89.4
Platelet and megakaryocyte abnormalities in the Gray
platelet syndrome
De Candia E1, Larocca LM2, Heller PG3, Podda GM4, Pujol-Moix

N5, Glembotsky A6, Pecci A7, Alberelli MA8, Cattaneo M4 and

Balduini C9

1Catholic University of Rome; 2Istituto di Anatomia Patologica-

Universit�a Cattolica di Roma, Roma, Italy; 3Instituto de

Investigaciones medicas Alfredo Lanari, Buenos Aires, Argentina;
4Ospedale San Paolo-Universit�a degli Studi di Milano, Milano,

Italy; 5Hosptial de la Santa Creu i Sant Pau, Barcelona, Spain;
6Instituto de Investigaciones Medicas Alfredo lanari, Buenos

Aires, Argentina; 7University of Pavia-Policlinico San Matteo,

Pavia; 8Dipartimento di Medicina Interna-Universit�a Cattolica di

Roma, Roma; 9Universit�a di Pavia-Policlinico San Matteo, Pavia,

Italy

Background: The Gray Platelet Syndrome (GPS) is a rare congenital

platelet disorder characterized by mild to moderate bleeding symp-

toms, macrothrombocytopenia and gray appearance of peripheral

platelets due to lack of a-granules. The genetic defect responsible for

GPS was recently identified in biallelic mutations in the NBEAL2

gene.

Aims: Although the GPS is considered a disease with a heterogenous

phenotype, aim of the present study was the identification of bone

marrow features and of platelet defects that could be considered spe-

cific for the disease.

Methods: Five GPS patients from four unrelated families were

recruited in four different institutions to study the platelet function

and the bone marrow features. All subjects or their legal guardians

gave written informed consent according to the Declaration of Hel-

sinky. Protocols were approved by the Ethics review Board at the

Institution that enrolled the patients.

Four patients underwent extensive study of the platelet function and

four patients underwent bone marrow (BM) biopsy. Patients under-

went platelet studies at their Institutions. BM samples were obtained

using standard procedures and embeded in paraffin. BM samples were

shipped to the Catholic University of Rome for morphological and

immunhistochemical analysis.

Platelet studies included: (i) platelet aggregation according to standard

Born method, (ii) flow cytometric analysis of platelet activation, by

measurement of anti-P-selectin and PAC-1 antibodies binding to plate-

lets activated by several agonists (iii) binding of FITC-fibrinogen to

washed platelets activated by thrombin (iv) measurement of PAR1

expression on platelet membrane by flow cytometry and anti-PAR1

monoclonal antibodies (v) immunofluorescence quantitative analysis

of the thrombospondin-1 content of alpha-granules on peripheral

blood slides.

BM studies included hematoxylin-eosin staining, reticulin staining and

immunohystochemical analysis with the avidin-biotin-peroxidase com-

plex method for the following proteins: (i) Platelet factor 4, (ii) P-selec-

tin, (iii) CD61, (iv) c-MPL, (v) PAR1, (vi) PAR4.

Results: All GPS patients who underwent platelet studies had a severe

defect of platelet response to PAR1-activating peptide. Specifically,

the PAR1-mediated platelet aggregation and activation, as measured

by exposure of p-selectin and PAC1 binding sites, were severely

affected in 4 GPS patients. The platelet response to other agonists was

slightly or moderately affected in two patients, normal in one. Expres-

sion of PAR1 on platelet membrane was reduced in all four patients

(50–70% of control values). The binding of fibrinogen to GPS platelets

activated by thrombin was severely reduced.

All four patients who underwent BM biopsy had marked fibrosis

(grade 2-3) and marked emperipolesis. Fifthy to 80% of megakaryo-

cytes contained up to four leukocytes engulfed within the cytoplasm.

BM immunohistochemistry in two patients showed increased immu-

nolabeling for P-selectin and decreased immunolabeling for PAR1,

PAR4, thrombospondin and c-MPL on MKs.
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Conclusion: Defective PAR1-mediated platelet responses and marked

emperipolesis are typical features of GPS, as they were found in all

patients studied. The defect of PAR1-mediated platelet responses can

be used as a screening test for the diagnosis of the disease, which can

be underdiagnosed. In fact, on the basis of the high number of com-

pound heterozygous described so far, the disease might be more fre-

quent than expected.

OC 89.5
A new autosomal dominant macrothrombocytopenia
maps to chromosome 9
Morel-Kopp PE1, Chen Q1, Liang HP1, Bromhead C2, Britton S1,

Turakulov R3, Bahlo M2, Stevenson WS1 and Ward CM1

1The University of Sydney, St Leonards, NSW, Australia; 2The

Walter and Eliza Hall Institute of Medical Research; 3Australian

Genome Research Facility, Melbourne, Vic., Australia

Background: We report a family with a new autosomal dominant

bleeding disorder associated with red cell anisopoikilocytosis, macro-

thrombocytopenia and platelet dysfunction which is different from all

reported a-granule defects and /or hereditary macrothrombocytope-

nia.

Case report: Affected family members report excessive bruising from

childhood, epistaxes and prolonged bleeding from cuts and superficial

injuries. Symptomatic bleedings occurred after tooth extraction, ade-

noidectomy, circumcision and vasectomy. The severity of bleeding is

variable with some affected individuals developing spontaneous bleed-

ing while other family members only experiencing abnormal bleeding

with surgery.

Methods: The study protocol was approved by our local Ethics Com-

mittee and written informed consent was obtained to prepare and store

proteins and DNA. Platelet function testing, proteomics and genome-

wide association studies were used to characterise the disease and

locate the genetic abnormality.

Results: In a four generation Caucasian Australian family, we have

identified 14 affected individuals (10 males and four females). Blood

film show macrothrombocytopenia with occasional giant platelets as

well as anisocytosis and poikilocytosis. Using an automated platelet

function analyzer (PFA-100TM), all affected family members demon-

strated prolonged closure times with the collagen/epinephrine car-

tridge (294 vs. 125 s, P > 0.001); collagen/ADP closure times were

increased but still within the normal range (110 vs. 88 s, P:0.024).

Platelet aggregation by light transmission aggregometry was markedly

impaired in response to ADP, collagen, adrenaline, arachidonic acid

and TRAP. By flow cytometry, surface glycoproteins were all within

normal ranges but platelets failed to express P-selectin following ADP

activation. Platelet proteomics revealed abnormal cytoskeletal and a-
granule contents. By electron microscopy, platelets from affected indi-

viduals were larger and had reduced number of a-granules. Linkage
analysis performed on family members genotyped by SNP array

mapped the genetic abnormality to chromosome (chr) 9q.

Summary: We have identified a new genetic abnormality mapped to

chromosome 9q and responsible for an autosomal dominant macro-

thrombocytopenia which differs from the previously reported mutated

genes on chr 3 (GPIX, NBEAL2), chr 7 (GPIV), chr 17 (ITGB3,

GPIbA), chr 22 (GPIbB, MYH9) or X chr (GATA1).

OC 89.6
Thrombotic tendencies and bleeding in a
thrombocytosis mouse model
Strassel C1, Mangin PH1, Freund M1, Cazenave J-P1, Skoda R2,

Dupuis A1, Herbrecht R3, Gachet C1 and Lanza F1

1UMR_S949, Inserm, Universit�e de Strasbourg, EFS-Alsace,

Strasbourg, France; 2Department of Biomedicine, Experimental

Hematology, University Hospital Basel, Basel, Switzerland;
3Department of Oncology and Hematology, Hôpital de

Hautepierre, Strasbourg, France

Background: Essential thrombocythemia (ET) is a myeloproliferative

disorder presenting with thrombocytosis. Hemorrhages and arterial

and venous thrombosis are major complications. The role of platelets

in this disorder, in particular the contribution of their abnormal num-

ber and/or function, is still unclear.

Aims: The purpose was to evaluate the impact of abnormally increased

platelet counts in hemostasis and thrombosis.

Methods: A thrombocytosis mouse model developed in an Mpl�/�

background (Yall;Mpl�/�) was used and thrombosis and bleeding ten-

dencies (in vitro and in vivo models) have been evaluated.

Results: Thrombus formation evaluated in vitro by perfusing hirudin-

anticoagulated whole blood over a collagen matrix (1500/s) showed a

sevenfold increase in thrombus volume in Yall;Mpl�/� as compared to

to wild-type (WT) mice (311 � 43 vs. 43 � 3 lm3). The thrombotic

tendency was also observed in vivo in a systemic thromboembolism

model of collagen-adrenaline injection. In contrast, thrombosis was

only modestly increased in a model of FeCl3-induced lesion of carotid

arteries (791 � 128 mm2 peak thrombus surface vs. 289 � 41 mm2)

and was even less stable in a model of mechanical injury of the aorta

when compared to WT. Yall;Mpl�/� mice exhibited severely pro-

longed tail bleeding times when compared WT (1452 � 120 vs.

490 � 149 s). The hemorrhagic trend was not caused by intrinsic

platelet dysfunction, as normal aggregation and only slightly decreased

[H3]-serotonin secretion responses were observed in response to several

agonists (ADP, collagen, U46619 and thrombin) after normalizing

platelet counts to WT levels. Similarly, normal responses were

observed in washed platelets from a series of patients with ET (n = 5).

As reported in patients, a decreased proportion of VWF high molecu-

lar weight forms was observed in the plasma of Yall;Mpl�/� mice

which could contribute to the hemostatic defect. A similar thrombo-

hemorrhagic phenotype was recorded in two mouse models with the

JAK2V617F mutation reproducing ET and PV.

Conclusion: these murine models recapitulate the bleeding tendency

observed in certain ET patients, but only partially the thrombotic phe-

notype. Failure to reproduce this more prevalent complication in the

patients could be linked to missing factors such as conditions of

inflammation, leukocytosis and atherosclerosis.

OC 90 – Thrombophilia – II

OC 90.1
Risk assessment of venous thrombosis in families with
known hereditary thrombophilia: the MARseilles-
Nimes (MARNI) prediction model
Cohen W1, Castelli C2, Suchon P3, Bouvet S2, Aillaud M-F3,

Brunet D3, Barthet MC3, Alessi M-C3, Tregouet DA4

and Morange PE3

1AP-HM, Marseille Cedex 5; 2Biostatistiques Epid�emiologie

clinique Sant�e Publique et Information M�edicale, Nimes;
3Laboratoire d’H�ematologie, APHM, Hopital Timone, Marseille;
4Universit�e Pierre et Marie Curie, Paris, France

Background: Predicting the risk of venous thrombosis (VT) in a subject

belonging to a family with inherited thrombophilia is often not feasi-
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ble. We aimed to develop a simple risk assessment model that

improves prediction of the risk of VT within these families.

Methods and Results: One thousand two hundred and one relatives

from 430 families with inherited thrombophilia (deficiencies of anti-

thrombin, protein C, or protein S, factor V leiden or F2 20210A muta-

tions) were included. 122 had a personal history of VT. 16 variables

known as VT risk factors were preselected and used for scoring: seven

clinical variables (family history score of VT, number of VT episodes,

age and triggering circumstances at first VT of the proband; gender,

age and number of triggering circumstances without anticoagulant

prophylaxis in relatives) and nine laboratory variables (severity of

thrombophilia, ABO blood group and number of allele O or A2,

fibrinogen, factor VIII and von Willebrand factor plasma levels, two

single nucleotide polymorphisms in F11 gene (rs2289252 and

rs2036914) and 1 in FGG coding for the fibrinogen gamma chain

[rs2066865]). The score based on the 16 variables or on the five most

predictive variables performed similarly (areas under receiver-operat-

ing characteristic curves [AUC] of 0.85 and 0.83, respectively). For the

5-variables score (including family history score of VT, von Wille-

brand factor antigen levels, age of relative, severity of thrombophilia

and FGG rs2066865), the risk of VT increased from 0.2% for individu-

als with a score of 0 (n = 186) to more than 70.25% for individuals

with a score higher than 6 (n = 27). The model was validated using

bootstrap method.

Conclusions: By use of a simple scoring system, the assessment of the

risk of VT in subjects from families with inherited thrombophilia can

be greatly improved.

OC 90.2
Antithrombin (AT) type II deficiency in Finland caused
by a single point mutation – difficulties in detecting AT
activity using commercially available assays
Puurunen M1, Salo P2, Perola M2, Engelbarth S1 and Javela K1

1Finnish Redcross Blood Service; 2National Institute for Health

and Wellfare, Helsinki, Finland

Background: AT deficiency is a rare thrombophilia. The method of

screening for AT deficiency is measuring AT activity. We have

observed that some patients receive conflicting results according to

assay used.

Aim: The aim of the study was to determine, whether all commercially

available AT activity assays give congruent results in known patients

with type II AT deficiency. We also investigated the genetic back-

ground of AT type II deficiency in Finns, a population genetically

characterized by a strong founder effect.

Methods: 1. All patients in Finland with prior AT deficiency diagnosis

were approached with a questionnaire and new blood samples were

drawn for analysis. 245 of 374 patients gave informed consent and par-

ticipated in the study. Of these 109 had type II AT deficiency and

belonged to 49 families. The study was approved by the medical ethical

committee.

2. AT activity was measured using five commercially available assays,

either thrombin- or FXa-based (A1 STA-Stachrom ATIII�, A2 STA-

Stachrom ATIII� with prolonged incubation, B Berichrom Antitrom-

bin�, C Innovance Antithrombin�, D HemosIL�).

3. One person in each family with either type I or II AT deficiency was

sequenced using Sanger-sequencing for mutations in the exonal

regions in the AT coding gene SERPINC1. All other family members

were then studied for these detected mutations.

Results: 1. The AT activity assays gave conflicting results in 92 of 109

patients with known AT type II deficiency. Assays A1 and C were able

to detect all AT deficient patients, whereas assays A2, B and D gave

normal results in these patients. In the rest of the patients the activity

results were congruent in all assays.

2. In all patients with AT deficiency regardless of subtype, 17 different

point mutations were observed. In type II AT deficiency the large

majority of cases (45 families of 49) was explained by a single point

mutation Pro73Leu. In the remaining four families three other single

point mutations (Val30Glu, Arg220Cys, Pro234Ala) were detected,

and in one family no mutation was seen using our approach.

3. This founder mutation Pro73Leu explains the varying results in AT

activity assays in type II AT deficient patients. Assays A1 and C were

able to detect these patients reliably, but other tested assays missed the

majority of cases.

Summary and Conclusions:

1 Type II AT deficiency in Finland is caused almost exclusively by a

single point mutation Pro73Leu.

2 In carriers of Pro73Leu mutation, some AT activity measuring

assays are unable to detect the change in AT function and therefore

miss the correct diagnosis. This must be taken into account in the

screening of this thrombophilia, at least in Finnish patients.

OC 90.3
Mutation spectrum of antithrombin deficiency in
Hungary; prevalence of antithrombin Budapest 3
mutation in patients with venous and arterial
thrombosis
Bereczky Z1, Gindele R1, Ol�ah Z1, Pfliegler G1, Losonczy H2,

Kov�acs B1, Selmeczi A1, Boda Z1, Muszbek L1 and Bereczky Z1

1Medical and Health Science Center, University of Debrecen,

Debrecen; 2University of P�ecs, P�ecs, Hungary

Background: Antitrombin (AT) is the major inhibitor of thrombin and

activated factor X (FXa). It is a progressive inhibitor, but in the pres-

ence of heparin the rate of inhibition is highly accelerated. AT defi-

ciency can be classified as type I (quantitative), and type II

(qualitative) deficiency. In type II deficiency the defect may involve the

reactive site (RS), the heparin-binding site (HBS) or may be pleiotro-

pic (PE). Both RS and PE deficiencies confer a high thrombosis risk in

heterozygous form; homozygosity is lethal. Type II HBS deficiency

seems to be less severe. Homozygous patients are alive, although they

often suffer from premature thrombosis. AT Budapest 3 (p.L99F), a

missense mutation leads to type II HBS deficiency. Only sporadic data

– mainly case-reports – exist concerning this mutation; no population-

based studies have been conducted, yet. Presence of a founder effect

was suggested, however only five probands were genotyped for DNA

markers.

Aims: Description of the mutation spectrum of AT deficiency in the

Hungarian population. Determination of the frequency of AT Buda-

pest 3 variant in the general Hungarian population and in patients

with venous thrombosis (VT) and with myocardial infarction (MI).

Investigation of a founder effect.

Methods: Consecutive patients suffering from VT with the laboratory

diagnosis of AT deficiency (n = 97), young adults, i.e. below the age of

40 with the history of MI (n = 81) and their age-matched controls

(n = 320) were recruited. DNA samples of 1000 healthy individuals

representing the general Hungarian population were kindly provided

by the Department of Preventive Medicine, University of Debrecen,

Medical and Health Science Center. Mutations within SERPINC1

were detected by direct DNA sequencing. The presence of AT Buda-

pest 3 and rs2227596, rs941989, rs2227612, rs5877 and rs5878 intra-

genic SNP’s were examined by real time PCR using melting point

analysis and FRET detection on a LightCycler 480 instrument. Allelic

frequency distribution of the above mentioned SNP’s was determined

in AT Budapest 3 carriers and healthy controls, then haplotype and –
where possible – family tree analysis were performed.

Results: Among the 97 patients with low AT activity AT Budapest 3

was the most frequent (74%), while AT Basel (p.P41L) and Padua

(p.R47H) were detected in 5–5% of the patients. Other mutations

(p.L173P+, p.E237K, p.G392R, p.P407T, IVS5-14G>A, p.N418I+,
p.R132X, p.T85K+) were identified only in one family each. (Marked

mutations are novel or not yet characterized.) AT Budapest 3 was
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associated with the same haplotype in all carriers. Family tree analysis

also suggested founder effect. AT Budapest 3 mutation was absent in

1000 individuals representing the general population and in the age-

matched controls of MI patients, while two patients with the mutation

was identified among MI subjects.

Conclusions: The high frequency of AT Budapest 3 in Hungary can be

explained by a founder effect. Our results indicate the importance of

searching for AT Budapest 3 (and type II HBS deficiency) not only in

VT patients but also in the background of MI especially in young indi-

viduals without ‘classical’ risk factors.

OC 90.4
The influence of ABO, Lewis and Secretor genotypes
on von Willebrand factor and lipid levels in two
population cohorts
Clark P1, Hayward C2, Rudan I3, Wilson JF3, Lowe GDO4

and Rumley A4

1Department of Transfusion Medicine, Dundee; 2MRC Human

Genetics Unit, IGMM, University of Edinburgh; 3Centre for

Population Health Sciences, University of Edinburgh, Edinburgh;
4Institute of Cardiovascular and Medical Sciences, University of

Glasgow, Glasgow, UK

Background: Non-O blood groups are associated with an increased

risk of arterial (AT) and venous (VTE) thrombosis that has been

attributed to higher von-Willebrand factor (VWF) levels and possibly

alterations in lipid profiles. However, the exact nature of these rela-

tionships in those potentially higher thrombotic risk genotypes associ-

ated with the least O(H) expression, in those with no history of

thrombosis, and the parallel influence of Lewis and Secretor genotypes

has not been defined in studies large enough to investigate less frequent

genotypes.

Aims and Methods: We investigated whether there is a consistent rela-

tionship of blood group with VWF antigen and lipid levels in two pop-

ulation cohorts from Orkney and Croatia (‘ORCADES’ [n = 882] and

‘CROATIA-Viz’ [n = 924]). All participants gave informed consent

and the studies were approved by the ethics committee of the medical

faculty of Zagreb and the Multi-centre Research Ethics Committee for

Scotland.

Results: In both cohorts (excluding those with a history of thrombosis,

vascular disease or diabetes and coding A2 as O), a stepwise increase in

VWF from OO (ORCADES median 91 IU/dl, IQR 74–116, CROA-

TIA-Vis median 106 IU/dl, IQR 85–134) to the combined group A1O/

A1A2/A2B/BO (ORCADES median 124 IU/dl, IQR 99–151, MWU

P > 0.001, CROATIA-Vis median 136 IU/dl, IQR 114–161,
P > 0.001) and from this to the combined group of A1B/BB/A1A1

(ORCADES median 137 IU/dl, IQR 112–161, P = 0.01, CROATIA-

Vis median 149 IU/dl, IQR 121–182, P = 0.02) was seen. In both,

VWF levels were significantly higher in those carrying A1 compared

with A2 (difference in medians 24 and 28 IU/dl, respectively,

P = 0.001). Although, as expected, VWF increased with age, the dif-

ference in VWF between non-O and O remained relatively constant.

Of interest, however, a median VWF of 125 IU/dl (with its attendant

~twofold VTE risk and increased AT risk), was only achieved by OO

Croatians at 61–70 years and OO Orcadians over 70, but reached at

least 20 years earlier in non-O subjects. In this regard, VWF lev-

els ≥ 150 IU/dl identify those at highest VTE risk and were found in

16 and 30% of the cohorts, respectively. By contrast, levels of this

magnitude were 2–3 times more likely in A1B/BB/A1A1 groups. No

consistent influence of Secretor genotypes or Lewis status on VWF

was observed.

Excepting higher HDL levels in non-O (median 1.7 mM vs. OO med-

ian 1.6 mM, P = 0.002) and particularly group B (median 1.7 mM vs.

OO P = 0.006) Orcadians, no consistent influence of ABO on lipids

was seen. Non-Secretors were, however, associated with significantly

higher cholesterol and LDL in both cohorts, with, as expected by

obligatory Secretor status, lower levels confirmed in Croatian Le(b)

subjects.

Summary/Conclusions: Those ABO genotypes which may carry the

highest thrombotic risk (A1B/BB/A1A1) also carry the highest levels

of VWF. Levels which rise proportionately with increasing age. By

contrast, Secretor/Lewis status does not consistently influence VWF,

but does alter lipid profiles with higher LDL observed in non-Secre-

tors. Routine consideration of ABO genotype may therefore assist in

identifying those with increased VTE and AT risk.

OC 90.5
Identification of dominant thrombosis modifier loci
using a sensitized ENU mutagenesis screen
Liu Y1, Richter C1, Maeder ML2, Vo A1, Huarng M1, Swaroop A1,

Joung K2 and Shavit JA1

1University of Michigan, Ann Arbor, MI; 2Massachusetts General

Hospital, Charlestown, MA, USA

Background: Pathologic blood clotting (thrombosis) is a leading cause

of morbidity and mortality in the developed world. While a number of

genetic risk factors have been identified for venous thrombosis, > 30%

of recognized individuals will ever sustain an event, due to the presence

of unidentified modifier genes.

Aims: Identification of such modifier loci would facilitate more accu-

rate prediction of individuals at risk for thrombosis, but is difficult to

achieve in human populations due to limited pedigree sizes. The zebra-

fish is a powerful genetic model in which the hemostatic system is

nearly entirely conserved with mammals, and its ability to generate

thousands of offspring makes it a powerful system in which to screen

for modifier genes.

Methods: We have developed a zebrafish model of lethal thrombosis

by targeted mutagenesis of the antithrombin III gene (at3) using zinc

finger nucleases.

Results: Genotyping of offspring from heterozygous incrosses of 22

and 90 base pair deletions (at3Δ22 and at3Δ90) revealed a significant

reduction of homozygotes compared to the expected Mendelian fre-

quency as early as 1–2 months post fertilization (mpf), and no homo-

zygotes have survived beyond 7 mpf. This lethality was rescued by an

at3 cDNA transgene, enabling survival to at least 15 months of age.

Examination of homozygous mutants revealed large intravascular

thrombi in the heart and liver. A sensitized ENU (ethylnitrosourea)

mutagenesis screen was conducted for suppression of lethal thrombo-

sis, and has produced 4017 total G1 offspring from intercrosses of

at3Δ90 mutants, corresponding to an expected ~1250 homozygotes

(~29 genome coverage). Genotyping at 2–3 months of age identified

267 at3Δ90/Δ90 mutants, 15 have survived beyond 7 mpf, and six of

those are now 1 year old. These harbor potential suppressor mutants,

and we are in the process of positionally cloning the underlying modi-

fier genes.

Summary/Conclusions: This approach will identify novel pathways in

the regulation of blood clotting beyond the canonical coagulation cas-

cade. Zebrafish genes identified in this screen will be candidates for

common variants that modify thrombosis in human populations, and

may direct diagnosis and treatment for patients with venous thrombo-

sis and other thrombotic disorders.
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OC 90.6
Antithrombin defects in thromboembolism are
underestimated when calculated only by Antithrombin
activity measurement
Fischer R1, Sachs UJ2, Heidinger K1, Alrifai M1, Kelm C1, Kirsch-

Altena A1, Pavlova A3, Oldenburg J3 and Kemkes-Matthes B1

1Haemostasis Center; 2Center for Transfusion Medicine and

Haemotherapy, Giessen; 3Institute of Experimental Haematology

and Transfusion Medicine, Bonn, Germany

Background: We previously (Blood Coagulation and Fibrinolysis, in

press) were able to demonstrate Antithrombin (AT) defects deter-

mined by gene sequencing to be more common than AT deficiency cal-

culated upon AT activity measurement in patients with

thromboembolism. AT is the major inhibitor of blood coagulation,

inactivating thrombin and factor Xa. Individuals with inherited AT

deficiency have a markedly increased risk for thromboembolic events.

The prevalence of inherited AT deficiency is estimated to be about

0.2% in normal population.

Aim: Aim of this study was to calculate prevalence of AT deficiency

calculated by AT activity measurement in a large cohort of thrombosis

patients. In total, 4259 subjects were examined: 2983 patients (1038

male, 1945 female) with thromboembolic events (average age at first

thromboembolic event: 39 years, median 37 years, range 0–87 years)

and 1276 (304 male, 972 female) family members.

Methods: Thrombophilia screening (Factor V Leiden mutation, Pro-

thrombin (G20210A) polymorphism, protein C, protein S, Factor

VIII:c, D-Dimer, antiphospholipid antibodies and AT) was done in all

patients. Additionally, AT gene sequencing was determined in AT defi-

cient patients.

Results: AT deficiency was diagnosed in 37 (11 male, 26 female) out of

4259 subjects. 24 out of these 37 AT deficient patients presented with

thromboembolic events. Average age at first thromboembolic event was

26.1 years (median 24 years, range 0.1–61 years). 13 persons (average

age at examination 29 years, median 20 years, range 11–49 years) were

family members. Average AT level (n = 24) was 54% of normal (med-

ian 54%, range 19–78%of normal). AT gene sequencing in AT deficient

persons predominantly showed heterozygous missense mutations.

Conclusion: Prevalence of AT deficiency in patients with thromboem-

bolic events is about 0.8%. Patients with AT deficiency experience

their first thrombotic event at a very young age – this demonstrates

clinical severity of AT deficiency.

We previously demonstrated (Blood Coagulation and Fibrinolysis, in

press) prevalence of AT Mutations in thrombosis patients calculated

by AT gene sequencing to be up to 3%. Thus, using only AT activity

measurement, prevalence of AT defects is severely underestimated in

thrombosis patients.

OC 91 – Von Willebrand Factor – II

OC 91.1
Syntaxin binding protein 1 (STXBP1) modulates release
of Weibel-Palade bodies from endothelial cells
Van Breevoort AED1, Fernandez-Borja M2, Snijders B3, Carter T4,

Eikenboom HCJ5, Valentijn K5, Voorberg J1 and Bierings R1

1Sanquin-AMC Landsteiner Laboratory; 2Sanquin Research,

Amsterdam, the Netherlands; 3MRC Clinical Sciences Centre;
4MRC National Institute for Medical Research, London, UK;
5Leiden University Medical Center, Leiden, the Netherlands

Background: Vascular endothelial cells contain unique large rod-

shaped granules, called Weibel-Palade bodies (WPBs). These granules

function as storage organelles for various haemostatic and inflamma-

tory components, such as von Willebrand factor (VWF), chemokines

and P-selectin. Controlled release of these components into the vascu-

lar lumen throughWPB exocytosis is essential for maintaining vascular

homeostasis in response to vascular trauma or stress. Secretory granule

exocytosis is tightly controlled by signalling pathways that are linked to

G-protein coupled receptors. One of the final steps in exocytosis

involves the assembly of the so-called SNARE-complex. SNARE-com-

plexes are formed by zipper-like proteins, VAMPs (or v-SNAREs) on

vesicles and syntaxins (or t-SNAREs) on the plasma-membrane. For-

mation of the SNARE-complex promotes fusion of secretory vesicles

with the plasma membrane and subsequent release of granule content

into the lumen. SNARE-complex formation is controlled by proteins

belonging to the syntaxin binding protein (STXBP) family.

Aim – In this study we investigate the possible role of syntaxin binding

protein 1 (STXBP1), also known as Munc18-1, in WPB exocytosis.

Methods: A proteomic screen for downstream effectors of Slp4-a was

performed using a GST-fusion protein coupled to a Slp4-a-variant

lacking theSHD-domain. Candidate proteins were identified using

mass spectrometry. Expression of STXBP1 in endothelial cells was

monitored by immunoprecipitation followed by Western blot analysis.

Functional involvement of STXBP1 in endothelial cells was monitored

by siRNA mediated knockdown of gene expression.

Results: STXBP1 was found in a proteomic screen for downstream ef-

fectors of the Rab27A effector synaptotagmin-like protein 4-a (Slp4-

a), a positive regulator of WPB release. We assessed functional

involvement of STXBP1 in WPB release by siRNA mediated knock-

down of gene expression. Histamine-induced WPBs release was

impaired in STXBP1 depleted cells indicating that STXBP1 is involved

in Ca2+-mediated release of WPBs. Depletion of STXBP1 also abol-

ished cAMP-mediated release of WPBs as shown by the reduced fors-

kolin-induced VWF release in STXBP1-depleted cells. We used an

immunoprecipation approach to look for interactive partners of

STXBP1 in endothelial cells. Both syntaxin-2 and -3 where found to

associate with STXBP1 in endothelial cells. In contrast syntaxin-4 did

not associate with STXBP1.

Summary/Conclusion: Our findings suggest that STXBP1 regulates

WPB release through its interaction with Slp4-a, thereby docking

WPBs to the plasma membrane and facilitating the release of haemo-

static, inflammatory and angiogenic cargo from these organelles.

OC 91.2
A novel cleavage-resistant and highly prothrombotic
von Willebrand factor mutant
Prevost N1, Morioka Y1, Casari C2, Kurata S1, Christophe OD2

and Denis CV2

1Kyoto University, Kyoto, Japan; 2Inserm U770, Paris, France

Background: Thrombus formation, whether in the context of hemosta-

sis or thrombosis, requires von Willebrand factor (vWf) recruitment of

platelets at the site of vascular injury. In patients suffering from

thrombotic thrombocytopenic purpura (TTP), cleavage of large vWf

multimers into smaller units by metalloproteinase ADAMTS13 is

impaired, resulting in pervasive blood clot formation, platelet deple-

tion and red blood cell shredding. The cleavage site of vWf is located

within its A2 domain, and only becomes accessible to ADAMTS13

when elongational forces cause the A2 domain to unfold. Structural

evidence suggests that the susceptibility of the A2 domain to unfolding

is due, in part, to the absence of a N- to C-terminal disulfide bond

present in other vWA domains. Another feature that may account for

the susceptibility of A2 to unfolding is a disulfide bond shared by

Cys1669 and Cys1670 in the C-terminal end of the domain.

Aims: Would the introduction of cysteine residues in the N-terminal

end of the A2 domain of vWf allow for the simultaneous disruption of

the Cys1669-to-Cys1670 bond and the formation of an A2 N-terminal to

C-terminal disulfide bond? In the event that it does, would such a

mutation render vWf multimers resilient to deformation forces and

proteolysis? Lastly, what would be the impact of one such mutation on

platelet-vWf interactions ex and in vivo?

Methods: We have created 12 human and 11 matching murine vWf

mutants, sporting various cysteine substitution combinations through-
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out the A2 domain. All mutants were subjected to multimer analysis,

proteolysis assays and hydrodynamic injection-driven expression in

vWf-null mice. Complementary studies were also performed on iso-

lated recombinant WT and mutant A2 domains.

Results: Mutant expression: all 12 mutants and WT control express at

comparable levels in HEK293T cells. vWF S1494C showed impaired

multimerisation and vWF S1494, 1534, 1671C an abnormal SDS-aga-

rose electrophoretic migration profile. All other mutants showed mul-

timerisation patterns similar to WT vWf. ADAMTS13 cleavage: Flow

assay studies on recombinant and live cell-expressed vWf revealed that

only vWf S1494, 1534C was resistant to proteolysis (shear rates up to

2500/s). DTT or b-mercaptoethanol pretreatment of recombinant vWf

S1494, 1534C and isolated A2 S1494, 1534C was found restore their

susceptibility to cleavage. Prothrombotic properties: Mutant 4, when

expressed in HEK293T cells, formed long and highly pro-thrombotic

strings. Mouse studies: Preliminary hydrodynamic studies performed

in vWf-deficient mice suggest that expression of vWf S1494, 1534C, in

itself, is sufficient to promote the formation of circulating micro-

thrombi.

Conclusion: We have engineered a vWf mutant (S1494, 1534C in

humans, S1494C,A1534C in mice) that shows complete resilience to

proteolysis by ADAMTS13, even when subjected to very high flow

rates. Treatment of this mutant by reducing agents was shown to

restore its susceptibility to cleavage by ADAMTS13, suggesting that

the presence of these two cysteine residues was sufficient to cause at

least one novel disulfide bound to form. Lastly, vWf S1494, 1534C was

found to support strong thrombotic responses in flow chamber assays

and live animals.

OC 91.3
CTL-2 is a new von Willebrand receptor: role in
antibody mediated neutrophil aggregation induced by
anti-CTL-2 antibodies
Santoso S1, Tjahyono Y1, Bayat B1, Bergh€ofer H1, Werth S1,

Burg-Roderfeld M1, Deckmyn H2 and Sachs UJ1

1Clinical Immunology and Transfusion Medicine, Giessen,

Germany; 2Laboratory for Thrombosis Research, Kortrijk, Belgium

Background: Recruitment of neutrophils to endothelial cells lining the

blood vessels is the key stage in inflammation. This process is con-

trolled by a series of molecular interaction between difference adhesive

molecule expressed on neutrophils and endothelial cells. Subsequently,

neutrophils migrate into surrounding tissue. Recent evidence indicated

that antibodies against neutrophils or/and endothelial cell could con-

tribute as active players in neutrophil recruitment (Williams et al.,

2011). Antibodies against choline transporter like protein-2 (CTL-2)

are capable to induce stable neutrophil aggregation in vitro; a phenom-

enon that may associate with severe acute lung injury in patients who

received anti-CTL-2 antibodies containing blood products (known as

TRALI; Transfusion Related Acute Lung Injury). CTL-2 is a multiple

membrane spanning glycoprotein, expressed on neutrophils and plate-

lets as well on endothelial cells, abundantly found in human lung. To

date, little is known about the function of CTL-2.

Aims: In this study, we sought to analyse the mechanism of neutrophil

aggregation mediated by anti-CTL-2 antibodies.

Methods: Purified IgG fractions containing anti-CTL-2 antibodies

were tested in granulocyte agglutination test (GAT) in the absence or

presence of different purified plasma proteins (albumin, vWF, fibrino-

gen). ROS production was measured by the use of ferricytochrome-c

reduction method. Stable transfected cells expressing CTL-2 and

CD11b/CD18 were established and their interaction with purified

plasma proteins was evaluated by adhesion assay and surface plasmon

resonance (SPR) technology.

Results: Our results showed that neutrophil aggregation mediated by

anti-CTL-2 antibodies depends on vWF. Washed neutrophils in PBS

primed with IgG fraction of anti-CTL-2 antibodies did not form cell

aggregates. In the presence of recombinant vWF-A1-A2-A3, vWF-A1

but not vWF-A3 domain, neutrophil aggregates could be observed.

This phenomenon is Fc-independent; F(ab)2 fragment of anti-CTL-2

antibodies is capable to induce neutrophil aggregation. This aggrega-

tion could be inhibited by mab against vWF-A1 domain and mabs

against CD11b or CD18. Cross-linking studies showed that CTL-2 on

neutrophils could interact with CD11b/CD18 integrin. Interestingly,

neutrophils incubated with anti-CTL-2 antibodies in the presence of

soluble vWF did not lead to ROS production. In contrast, significant

ROS production was detected when neutrophils interact with immobi-

lized vWF. In cell adhesion assay, CTL-2 transfected HEK cells adhere

strongly onto vWF immobilized on microtiterwell, but not on fibrino-

gen. This interaction, CTL-2 and vWF, was significantly stronger when

compared to the adhesion capability of CD11b/CD18 transfected cells

on vWF. In addition, CD11b/CD18 transfected HEK cells bound

equally to fibrinogen compared to vWF. These results could be con-

firmed by real time protein-protein interaction analysis by SPR; CTL-2

bounds more efficiently to vWFwhen compared to CD11b/CD18.

Summary and Conclusions: Altogether, our findings indicated the

important role of vWF for anti-CTL-2 mediated neutrophil aggrega-

tion. Furthermore, this study introduced CTL-2 as new binding part-

ner for vWF (via A1-Domain). Together with CD11b/CD18 integrin,

this molecular cross talk may open new insights on the mechanism of

neutrophil recruitment during inflammation.

OC 91.4
Impact of ADAMTS13-mediated regulation of von
Willebrand factor multimer (VWF) profile on
hemostasis and VWF clearance
Shida Y, Brown C, Mewburn J, Sponagle K and Lillicrap D

Queen‘s Univeristy, Kingston, ON, Canada

Background: An essential biosynthetic processing step for von Wille-

brand Factor (VWF) is the formation of disulfide linked multimers

that result in molecules of up to 20 mDa. Newly released VWF multi-

mers undergo limited proteolytic processing by ADAMTS13 to gener-

ate molecules of an optimal size for the primary hemostatic function.

While there is a consensus that the largest VWF multimers optimally

support the protein’s primary hemostatic function, there has been no

systematic assessment of the influence of multimer size on hemostatic

efficacy and clearance of this protein.

Aims: To evaluate the effect that VWF multimer size has on its role in

hemostasis and rate of clearance from the circulation.

Methods: Full-length murine VWF and ADAMTS13 cDNAs were

cloned into pCIneo and pcDNA3.1 plasmids, respectively and recom-

binant mouse VWF (rmVWF) and ADAMTS13 (rmADAMTS13)

were produced. To reduce multimer size, rmVWF was treated with

either rmADAMTS13 or N-acetylcystine (NAC). NAC reduces VWF

multimer size by reduction of the intersubunit disulfide bonds. The loss

of HMW multimers was confirmed by 1% SDS agarose gel electro-

phoresis and function of the VWF multimer subpopulations was

assessed by an in vitro flow chamber system. Briefly, whole blood from

ADAMTS13/VWF double knockout mice was perfused over a colla-

gen/digested VWF coated surface at 2500/s and platelet accumulation

was quantified by the Quorum WaveFX- X1 spinning disk confocal

system. For the clearance study, digested VWF was injected into AD-

AMTS13/VWF double knockout mice and blood was collected by

retro-orbital sampling and VWF:Ag was monitored.

Results: Treatment of VWF with 25 and 35 mM NAC resulted in a

respective 62% and 78% reduction in HMWmultimers, while cleavage

with 0.5, 2.0 and 3.0 U/mL ADAMTS13 reduced HMW multimers by

65%, 75% and 81%, respectively. In the flow chamber experiment,

surface coverage and thrombus volume were evaluated and showed

very similar trends. 80.8%, 81.8% and 91.1% reduction of thrombus

volume were observed when VWF was digested with 0.5, 2.0, 3.0 U/

mL ADAMTS13, respectively. However, there was no difference in

these parameters of thrombus generation between undigested or

NAC-treated VWF. The loss of platelet adhesion to ADAMTS13-
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cleaved VWF was partially mitigated with additional exposure to

35 mM NAC resulting in 25.0%, 18.2% and 30.2% increases in

thrombus volume. Clearance of infused ADAMTS13 cleaved VWF

was significantly faster than either the undigested or NAC-treated

VWF. The half-life for infused undigested VWF was 27.8 min while

the half-lives for NAC and ADAMTS13-treated VWF were 17.9 and

8.5 min, respectively.

Summary/Conclusion: Our data highlights the impact of VWF second-

ary structure on both hemostasis and protein clearance. Notably, the

loss of HMW multimers through reduction of disulfide interactions

does not alter thrombus formation and has only a moderate effect on

VWF clearance. These effects are presumably the result of the reduc-

tion of intra-subunit disulfide linkages. In contrast, cleavage with AD-

AMTS13 is associated with significant loss of VWF function and rapid

clearance from the circulation. These data reveal the efficient regula-

tion of VWF activity by ADAMTS13 and document the preferential

clearance of smaller, less functional VWF molecules.

OC 91.5
Analysis of ADAMTS13 proteolysis of Von Willebrand
Factor under physiological shear stress conditions
McKinnon T, Nowak A, Wooding C, Mehdi A, Laffan MA

and McKinnon T

Imperial College, London, UK

Background: Within the circulation the multimeric size and thus activ-

ity of Von Willebrand Factor (VWF) is controlled by ADAMTS13

that cleaves VWF in its A2 domain. In vivo the cleavage site becomes

available under shear stress when VWF is anchored to endothelial cells

or the exposed sub-endothelial matrix. The analysis of VWF proteoly-

sis is hampered by the need to use small fragments of VWF that are

readily cleaved, but do not represent the full length molecule or the use

of denaturants to artificially expose the ADAMTS13 cleavage site.

Alternatively cultured HUVECs can be stimulated under flow to

release VWF, and in the presence of platelets these can be visualised as

long strings that can be cleaved by ADAMTS13. However, this assay

cannot be used to investigate different VWF variants. Several studies

have used a vortex mixer to generate unfolding of the VWF molecule,

however the mechanism behind this is not fully defined.

Aims: To develop a physiological flow based assay to investigate AD-

AMTS13 proteolysis of VWF and its variants under conditions of

shear stress.

Methods: Collagen coated flow slides were perfused with washed ery-

throcytes and labelled platelets supplemented with plasma derived or

recombinant VWF in the presence or absence of recombinant ADAM-

TS13. Real time movies were recorded and the extent of platelet cap-

ture determined. Alternatively, VWF and ADAMTS13 were perfused

over collagen surfaces in the absence of platelets, the flow through and

stripped surface proteins were analysed by multimer gels.

Results: ADAMTS13 reduced the extent of VWF mediated platelet

capture in a concentration dependent manner, with 20 nM ADAM-

TS13 reducing surface coverage by ~45% after 5mins at 1500/s. The

loss of platelet capture was specific to ADAMTS13 cleavage of VWF

since the use of an inactive ADAMTS13 mutant or an anti-ADAM-

TS13-MP domain antibody prevented loss of platelet capture. Fur-

thermore, analysis of the flow through and stripped collagen bound

VWF demonstrated loss of VWF multimers only in the presence of

ADAMTS13. Extent of cleavage was also correlated with increasing

shear rate, with proteolysis most effective at the highest shear rates.

Finally, time course experiments demonstrated that ADAMTS13 med-

iated both the initial rate of platelet capture and the final extent of sur-

face coverage. Application of the assay to investigate different VWF

variants demonstrated that as expected the type 2A variants G1629R

and E1638K were proteolysed faster than wtVWF. In keeping with

data obtained under static conditions, Asialo-VWF lacking terminal

sialic acid residues was proteolysed slower under shear stress. Intrigu-

ingly, the VWF variant S1468A which we have recently shown to be

proteolysed slower under static conditions was proteolysed faster

under shear stress. Moreover, the ADAMTS13 P3 variant with a

mutation at L1603, which has been shown to abolish cleavage of VWF

under static conditions, was able to proteolyse VWF under flow to a

similar extent to wtADAMTS13.

OC 91.6
Early stages of Weibel-Palade body biogenesis
revealed by light and electron microscopy
Mourik M1, Bierings R2, Valentijn K1, Voorberg J2, Koster A1

and Eikenboom HCJ1

1Leiden University Medical Center, Leiden; 2Sanquin-AMC

Landsteiner Laboratory, Amsterdam, the Netherlands

Background: The hemostatic protein Von Willebrand factor (VWF) is

stored by the vascular endothelium in specialized organelles calledWei-

bel-Palade bodies (WPBs). WPBs have a typical elongated shape which

is the result of many densely packed helical tubules of VWF. Correct

packaging of VWF in these tubular structures is thought to be a hall-

mark for proper VWF functioning during hemostasis. Understanding

the formation of WPBs could therefore provide new insights in the

mechanisms that are disturbed in patients with the bleeding disorder

Von Willebrand disease (VWD). It is known that the WPBs originate

from the Trans Golgi Network (TGN). Upon formation of high molec-

ular weight VWFmultimers, VWF tubules are formed which are stored

in WPBs. Previous electron microscopy studies have described several

structures, including WPB-like vesicles with one or two tubules, most

probably representing immature WPBs formed at the TGN. However

it is not known how and when these structures are formed in time.

Aims: The aim of our study is to obtain new insights in WPB biogene-

sis using both light and electron microscopic techniques.

Methods: Identification of WPBs emerging from the TGN was

achieved by Correlative Light and Electron Microscopy (CLEM).

Human Umbilical Vein Endothelial Cells (HUVEC) were transfected

with VWF propeptide-EGFP, to label the WPBs, and we also co-

transfected cells with Rab1a-mCherry to label the TGN. Cells express-

ing fluorescently labeled WPBs at the Golgi region were imaged and

afterwards prepared for TEM using conventional resin embedding.

Previously imaged fluorescent WPBs were then correlated to the ultra-

structure in serial TEM sections. In addition, we prepared cells using

high pressure freezing and freeze substitution. Cells were embedded in

Lowicryl HM-20. Immuno-gold labeling on TEM sections was per-

formed in order to detect structures corresponding to VWF in newly

forming WPBs.

Results: Using CLEM, we could correlate fluorescently labeled imma-

ture WPBs to TEM sections. We observed WPBs with loosely packed

VWF tubules which showed clathrin coats around their membrane.

These immature WPB contained between 4 and 8 tubules that were

already aligned creating elongated organelles. With this technique we

did not detect vesicles containing tubule-like VWF subunits which

were previously hypothesized to be involved in WPB formation. How-

ever when we performed a VWF specific immuno-gold labeling on cells

prepared by high pressure freezing and freeze substitution we did find

VWF positive structures that seem to contain subunits of VWF

tubules. The diameters of these structures ranged between 250 and

400 nm which would be rather large in case they represented cross sec-

tioned WPB. Further analysis of Lowicryl embedded and immunola-

beled TEM samples is required to obtain more information about

WPB biogenesis, especially regarding the order in which the morpho-

logical changes occur.

Summary/Conclusions: Correlative light and electron microscopy

shows that tubule containing, clathrin-coated vesicles in proximity to

the TGN correspond to newly forming WPBs. Using immuno-gold

labeling a population of VWF immunoreactive small vesicles is identi-

fied that contains building blocks for assembling tubules. Together our

findings yields novel insight into the early stages of the biogenesis of

WPBs.
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PA 1.01-1
Comparison of a new ELISA-based with the flow
cytometric assay for vasodilator-associated stimulated
phosphoprotein (VASP) phosphorylation to assess
P2Y12-inhibition after ticagrelor intake
Hobl E-L, Derhaschnig U, Schoergenhofer C, Jilma-Stohlawetz P,

Schwameis M and Jilma B

Medical University of Vienna, Vienna, Austria

Background: Ticagrelor is a P2Y12 receptor antagonist, with superior

effects but also ensuing enhanced bleeding risk as compared to clopi-

dogrel. Determination of platelet inhibition may be useful to confirm

efficient platelet inhibition on an individual patient level, and to iden-

tify patients at risk for bleeding, particularly in a pre-operative setting.

The vasodilator-associated stimulated phosphoprotein (VASP) phos-

phorylation assay specifically measures platelet P2Y12 inhibition, but

has so far required special flow cytometric equipment and individual

sample processing. A new ELISA-based VASP assay has been devel-

oped which allows batch analysis after initial platelet activation. Due

to the reversible binding of ticagrelor it is unclear if the ELISA and

flow cytometric assays provide comparable results.

Aims: The aim of the study was to compare the performance and reli-

ability of a newly developed ELISA-based VASP assay with the cur-

rently available flow cytometric approach. We hypothesized that the

conventional and new methods may be comparable when the revers-

ible P2Y12 inhibitor ticagrelor is used.

Methods: The clinical trial was approved by the Ethics Committee of

the Medical University of Vienna and performed in accordance with

Good Clinical Practice guidelines and ethical principles that have their

origin in the Declaration of Helsinki. Written informed consent was

obtained from all healthy volunteers.

Healthy volunteers received a single 180 mg loading dose of ticagrelor.

Blood samples were drawn into non-wettable plastic tubes containing

3.8% sodium citrate (0.129 M) as anticoagulant. Overall, 84 data

points were evaluated. To directly compare the performance of the

new ELISA-based technique to the currently used flow cytometric

assay, VASP phosphorylation was determined by the new ELISA

VASP-P and the commercially available test (PLT VASP/P2Y12, both

BioCytex, Marseille, France). Venous blood samples were stored uno-

pened at room temperature (RT, 18–25 °C) and were processed within

24 h after collection. All samples were handled following the manufac-

turer’s instructions enclosed in the assay kits.

We pair-wise compared the platelet reactivity index (PRI) between.

For correlation of the two different assays, the Pearson’s coefficient

was used and a linear regression analysis was performed. By means of

the Bland-Altman analysis, a direct comparison of the ELISA and the

flow cytometric method was possible and the agreements as well as the

systematic error between the different assays were evaluated. The lim-

its of agreement were specified as mean difference � 1.96 SD.

Results: PRI-values of the two methods correlated well (r = 0.97,

P < 0.001). Ticagrelor rapidly decreased PRI values on average after

50 min, but nadir levels 2–6 h after ticagrelor intake were 15% higher

when PRI% was measured with the flow cytometric method. Bland-

Altman analysis showed that the flow cytometric assay measured

markedly higher PRI levels than the new ELISA-based technique

(mean difference 13%).

Summary/Conclusion: The new ELISA-based VASP assay offers an

alternative to the currently used flow cytometric method, but measures

lower PRI levels, particularly when PRI falls below 20% after ticagre-

lor intake.

PA 1.01-2
Impact of body mass index on response to
thienopyridines in patients treated after acute coronary
syndrome
Cuisset T1, Pankert M1, Quilici J1, Morange PE2, Bonnet J-L1

and Alessi M-C2

1Service de Cardiologie; 2UMR Inserm 1062, Marseille, France

Background: Variability of response to thienopyridine has been

described for both clopidogrel and prasugrel and the underlying fac-

tors are multiple.

Aims: The aim of the present study was to analyze the impact of body

mass index (BMI) and different type of obesities on response to clopi-

dogrel and prasugrel in ACS patients.

Methods and Results: One thousand five hundred and forty-two ACS

consecutive patients undergoing coronary stenting were included: 287

with clopidogrel 75 mg, 868 patients with clopidogrel 150 mg and 387

patients with prasugrel 10 mg. Platelet reactivity was assessed 1 month

after discharge with PRI VASP. Three hundred and thirty-six patients

(21.8%) were obese (BMI > 30) including 264 obesity type 1 (3040).

Among, 1206 non obese patients, we identified 1.6% (n = 24) under-

weight patients (BMI < 18.5), 33.4 (n = 515) patients with normal

BMI and 42.9% (n = 429) overweight patients. We observed a step-

wise increase of on-treatment platelet reactivity according to the differ-

ent groups with higher platelet reactivity in patients with higher BMI

with all thienopyridine regimens (P < 0.0001). Using the predefined

cut-off of VASP > 50% to define the HTPR, incidence of HTPR was

higher in obese patients than in non obese patients with all regimens

(OR[95%CI]: clopi. Seventy-five milligram; clopi.150 mg; prasu. Ten

milligram: 2.7[1.4–5]; 1.4[1.1–2]; 10[4.7–21.2] respectively); P < 0.05

for all). Using PRI VASP < 20% to define LTPR on prasugrel linked

with higher risk of bleeding, the incidence of LTPR was lower in obese

patients: 13% (12/93) vs. 33% (97/294), OR [95%CI]: 0.30 [0.16–0.58],
P < 0.001.

Conclusion: BMI has a strong impact on response to thienopyridine

with a linear relationship between BMI and on treatment platelet reac-

tivity. We also reported higher incidence of HTPR and lower incidence

of LTPR in obese patients. These data suggest the potential value of

tailored antiplatelet therapy based on BMI to improve prognosis of

this high risk population.

PA 1.01-3
Evaluation of non-specific agents to control prasugrel-
related bleeding in a rabbit model
Bonhomme F1, Godier A2, Samama CM2 and Fontana P1

1Geneva University Hospitals, Geneva, Switzerland; 2Hôtel-Dieu

University Hospital, Paris, France

Background: Prasugrel is a thienopyridine that provides a more rapid

and more effective inhibition of platelet aggregation compared to clop-

idogrel, thus leading to an increased bleeding risk.

Aims: The aim of the study was to evaluate the efficacy and safety of

non-specific agents such as recombinant activated factor VII (rFVIIa),

tranexamic acid (TA) and desmopressin (DDAVP) to limit blood loss

after a prasugrel loading dose in a rabbit model of bleeding and

thrombosis.

Methods: Anesthetized and ventilated rabbits (n = 49) were randomly

assigned into five groups: control (placebo-placebo), placebo (prasu-

grel 4 mg/kg-placebo), rFVIIa (prasugrel 4 mg/kg-rFVIIa 150 lg/kg),
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TA (prasugrel 4 mg/kg-TA 20 mg/kg), DDAVP (prasugrel 4 mg/kg-

DDAVP 1 lg/kg). Two hours after a prasugrel loading dose, a steno-

sis and a vessel injury were performed on the carotid artery that

induced cyclic thrombotic events detected as flow reductions. Non-spe-

cific agents were given during the following observation period (1 h

before inducing bleeding for DDAVP, 30 min for TA and rFVIIa).

Then, haemorrhage was induced by standardized hepatosplenic sec-

tions and blood loss was monitored for 15 min.

Results: Prasugrel decreased mean ADP-induced platelet aggregation

from 66 � 4% (mean � SD) in the control group to 41 � 8% in the

prasugrel-treated rabbits (P < 0.001) and doubled the blood loss (med-

ian and interquartile range: 10.6 g [9.7–12.7] in the control group vs.

20.0 g [16.7–25.1] in the placebo group, P = 0.004).

Blood loss in the prasugrel-rFVIIa group did not differ from blood

loss in the placebo group (17.9 g [11.2–26.5] vs. 20 g [16.7–25.1],
P = 0.43). TA and DDAVP had no impact on hepatosplenic bleeding

neither. Regarding safety, rVIIa induced more than three cyclic flow

reductions for 33% of rabbits, vs. 0% in the placebo group

(P = 0.031). TA and DDAVP were not associated with an increase of

thrombotic events.

Conclusions: Neither rFVIIa, nor TA or DDAVP were able to signifi-

cantly decrease prasugrel-related bleeding. rFVIIa-treated rabbits were

more prone to thrombotic events.

PA 1.01-4
How to test the effect of aspirin and clopidogrel in
patients on dual antiplatelet therapy?
Bagoly Z1, Kov�acs EG1, Sarkady F1, Homor�odi N2,

Kappelmayer J3, Csiba L4 and Muszbek L1

1Clinical Research Center, University of Debrecen, MHSC;
2Institute of Cardiology, University of Debrecen, MHSC;
3Department of Laboratory Medicine, University of Debrecen,

MHSC; 4Department of Neurology, University of Debrecen,

MHSC, Debrecen, Hungary

Background: Dual antiplatelet therapy with clopidogrel and aspirin is

currently the standard therapy in high-risk patients for the prevention

of recurrent ischemic events. Monitoring antiplatelet therapy is an

important issue in this patient group. However, some frequently used

laboratory tests are clearly affected by both antiplatelet agents what

makes interpretation of the results ambiguous.

Aims: To determine which laboratory tests, used for the detection of

clopidogrel, are affected by aspirin and which laboratory tests, used

for the detection of aspirin are influenced by clopidogrel.

Patients and Methods: Study population included 111 patients with the

history of ischemic stroke being on clopidogrel monotherapy for at

least 1 month. Among these patients, 62 showed good response to the

drug as demonstrated by flow cytometric analysis of vasodilator stimu-

lated phosphoprotein (VASP) phosphorylation and a newly developed

P2Y12 receptor specific aggregation method in which ADP-induced

aggregation is performed on prostaglandin E1 treated platelets (ADP

[PGE1]). Laboratory tests routinely used for the detection of aspirin

effect (ADP-, collagen-, epinephrine-, and arachidonic acid (AA)

induced platelet aggregation and secretion, PFA-100 assay with colla-

gen/epinephrine cartridge, VerifyNow ASA test and AA-induced

thromboxane B2 (TXB2) production in platelet rich plasma) were car-

ried out on samples obtained from these patients. The other arm of the

study involved 52 patients with coronary artery disease being on aspi-

rin monotherapy for at least 1 month. These patients showed good

response to aspirin as demonstrated by the AA-induced platelet aggre-

gation and TXB2 production. Methods used for testing the effect clop-

idogrel (ADP induced platelet aggregation and secretion, flow

cytometric analysis of vasodilator stimulated phosphoprotein (VASP)

phosphorylation and ADP[PGE1] aggregation) were performed on

samples obtained from these patients. Besides, all tests were carried

out on samples from 140 healthy volunteers. For each method, diag-

nostic cut-offs were determined according to the guidelines of Clinical

and Laboratory Standards Institute. All patients and controls gave

informed consent and the study was approved by the Regional Ethics

Committee.

Results: Of the methods used for detecting the effect of aspirin resis-

tance, clopidogrel monotherapy significantly inhibited all aggregation

and secretion tests including tests using AA as agonist. AA-induced

TXB2 production was also decreased (P < 0.0001). VASP phosphory-

lation and arachidonic acid induced platelet aggregation showed a sur-

prisingly fair correlation in patients taking clopidogrel only (Spearman

r = 0.49, 95% CI 0.23–0.67, P < 0.001). Clopidogrel therapy did not

inhibit the VerifyNow ASA test. Of the methods used for testing clopi-

dogrel resistance, aspirin monotherapy influenced ADP induced plate-

let aggregation and secretion (P < 0.0001), but did not have an effect

on VASP phosphorylation and on the P2Y12 specific platelet aggrega-

tion test.

Conclusions: Interestingly, AA-induced platelet aggregation and TXB2

production are influenced by clopidogrel therapy and they are not rec-

ommended for testing the effect of aspirin in patients on dual therapy.

For clopidogrel testing in patients on combined therapy the VASP

phosphorylation test or the P2Y12 specific ADP[PGE1] aggregation

test could be recommended. As ADP-induced platelet aggregation is

affected by both antiplatelet agents, it should not be used to test the

effect of either clopidogrel or aspirin in patients on dual therapy.

PA 1.01-5
Reversal strategy in antagonizing the P2Y12-inhibitor
ticagrelor
Hobl E-L, Derhaschnig U, Firbas C, Schoergenhofer C,

Schwameis M and Jilma B

Medical University of Vienna, Vienna, Austria

Background: Patients on anti-platelet therapy have a higher incidence

of bleeding complications and reversal of anti-platelet drug effects is

an important issue at trauma or emergency departments. For old and

conventional anticoagulants, reversal strategies are established. How-

ever, there is no experience or recommendation how to antagonize the

reversible and highly effective P2Y12-inhibitor ticagrelor and how to

restore platelet function following ticagrelor dosing.

Aims: The aim of the study was to describe an ex vivo model to reverse

the effects of ticagrelor and to estimate the optimal quantity of platelet

transfusions required to normalize platelet aggregation.

Methods: The clinical trial was approved by the Ethics Committee of

the Medical University of Vienna and performed in accordance with

Good Clinical Practice guidelines and ethical principles that have their

origin in the Declaration of Helsinki. Written informed consent was

obtained from all healthy volunteers.

To normalize platelet aggregation, increasing amounts of autologous

platelet rich plasma (PRP) were added ex vivo to hirudin-anticoagulat-

ed blood which was obtained 3 h after the administration of ticagrelor,

by spiking PRP into blood at ratios of 1:10, 1:5 and 1:3.

Platelet aggregation was assessed by whole blood multiple electrode

aggregometry (MEA; Multiplate�; Dynabyte, Munich, Germany).

For interpretation of aggregation, we defined a cut-off level of 40 A.U.

as the lower limit of the range. Volunteers above this level were consid-

ered to exhibit normal platelet reactivity.

Nonparametric tests were used and statistical comparisons were per-

formedwith the FriedmanANOVA, and theWilcoxon test for post-hoc

comparisons. A two-tailedP-value of < 0.05 was considered significant.

Results: The strategy to reverse the effect of ticagrelor was tested in 20

healthy volunteers. Basal ADP induced platelet aggregation averaged

71 � 16 A.U. Ticagrelor decreased ADP induced platelet aggregation

to 16 � 8 A.U.

A clear dose-response was obtained after spiking whole blood with

increasing amounts of PRP. After addition of PRP at a ratio of 1:10,

platelet aggregation increased to 31 � 14 A.U. When assuming that

one apheresis platelet concentrate (200 mL) typically contains a mini-
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mum of 2 9 1011 platelets, the ratio of 1:10 corresponds to 0.5 units

of apheresis platelet concentrates.

A ratio of 1:5 – equivalent to 1 unit of platelet concentrates – increased
ADP induced platelet aggregation to 41 � 14 A.U. Platelet aggrega-

tion increased further to 48 � 18 A.U. following the addition of PRP

at a ratio of 1:3, which corresponds to 1.5 units of platelet concen-

trates. All comparisons were significant at P < 0.01.

Summary/Conclusion: Platelets dose-dependently improve ex vivo

platelet aggregation of subjects after a loading dose of 180 mg of ticagr-

elor. It is estimated that > 2 units of apheresis platelet concentrates will

be necessary to completely restore baseline platelet aggregation in the

majority of patients. Point-of-care platelet function tests may be suit-

able tools to verify this concept in emergency patients and to estimate

the extent of the reversal and de-risk on an individual patient’s level.

PA 1.01-6
Ticagrelor and endothelial dysfunction: platelet-
independent effects
Reiner MF1, Stivala S2, Akhmedov A1, Spescha RD1, Camici G1

and Beer JHJ2

1Physiology, Zurich; 2Cantonal Hospital Baden, Baden,

Switzerland

Background: Platelets play a crucial role in the pathogenesis of acute

coronary syndromes (ACS) and in line with this, anti-platelet therapy

is a key area of research in primary and secondary prevention of major

adverse cardiovascular events (MACE). P2Y12 receptor inhibitors,

such as clopidogrel, prasugrel and ticagrelor prevent ADP-induced

platelet aggregation; different P2Y12 receptor blockers have shown

different spectra of beneficial effects on mortality due to myocardial

infarction (MI), stroke and bleeding. Since P2Y12 receptors are not

only expressed in platelets but also in vascular smooth muscle cells,

neurons and other cells, the reported data may also be the result of

effects on other cells than platelets.

Aims: To investigate platelet-independent effects of P2Y12 receptor

inhibitors with a special focus on endothelial dysfunction, an early

mediator of cardio- and cerebrovascular disease.

Methods: Experiments were performed on human primary endothelial

cells of aortic, cerebral and cardiac origin. To investigate the effect of

ticagrelor on the production of free radicals, endothelial cells incu-

bated with vehicle or tumor necrosis factor alpha (TNFalpha, 10 ng/

mL) were treated with increasing concentrations of ticagrelor

(10�7 M, 10�6 M and 10�5 M). ROS production was measured by

electron spin resonance (ESR) and expressed as 0_2^-/min/105 cells.

Additionally, activation of endothelial nitric oxide (eNOS) as well as

cell toxicity were assessed by western blotting and LDH assay, respec-

tively. Finally, to confirm the expression of P2Y12 receptors at the

protein and mRNA level, western blot analysis and qrt-PCR were per-

formed. Data is expressed as mean � SEM.

Results: Ticagrelor reduced TNFalpha-induced ROS production in

human aortic endothelial cells (TNFalpha, 7.043 � 1.632, 0_2^-/min/

105 cells; TNFalpha + ticagrelor 10�7 M, 2.647 � 1.048, 0_2^-/

min/105 cells; TNFalpha + ticagrelor 10�6 M, 4.053 � 1.662,

0_2^-/min/105 cells, TNFalpha + ticagrelor 10�5 M, 5.233 � 1.716,

0_2^-/min/105 cells). Additionally, ticagrelor augmented activation of

eNOS at Serine 1177 and increased cell survival.

Interestingly, P2Y12 receptor expression could not be detected neither

at the protein nor at the mRNA level in either human aortic, cardiac

or cerebral endothelial cells.

Conclusion: Ticagrelor treatment in human aortic endothelial cells

1 reduces generation of ROS in response to TNFalpha

2 increases eNOS activation and

3 reduces cell death

Lack of expression of P2Y12 receptor in endothelial cells not only con-

firms platelet-independent effects but also supports the concept of

P2Y12 receptor-independent effects by ticagrelor.

PA1.02 – Platelet Activation: Novel
Proteins – I

PA 1.02-1
Disabled-2 is required for efficient platelet activation
by thrombin in mouse
Hui-Ju T1, Chien-Ling H2, Ding-Yuan H2, Chung-Ching L2,

Cooper JA3, Ju-Chien C4 and Ching-Ping T2

1Graduate Institute of Biomedical Sciences/Chang Gung

University; 2Department of Medical Biotechnology and

Laboratory Science/Chang Gung University, Taoyuan, Taiwan;
3Division of Basic Sciences/Fred Hutchinson Cancer Research

Center, Seattle, WA, USA; 4Department of Medical Laboratory

Science and Biotechnology/China Medical University, Taichung,

Taiwan

Background: During blood vessel wall damage, platelets adhere on

injury site to form a stable plug and prevent excessive blood loss.

Platelet activation is a complex process that is regulated delicately.

Disabled-2 (Dab2) has been reported to regulate platelet aggregation.

Recently, megakaryocyte lineage-restricted Dab2 knockout (Dab2�/�)
mice were generated to assess the role of Dab2 in platelet function in

vivo. Dab2�/� mice are normal in size and platelet production while

bleeding time is prolonged and thrombus formation is impaired. How-

ever, the mechanistic insight leading to the impaired haemostatic phe-

notype in Dab2�/� mice is not clear.

Aims: In this study, the effects of Dab2 deficiency on platelet activa-

tion and integrin signaling are investigated with an aim to delineate

the underlying mechanism of Dab2 function in haemostasis.

Methods: Washed platelets were isolated from wild type (Dab2fl/fl) and

Dab2�/� mice for agonist-induced platelet aggregation, granule secre-

tion and integrin alpha(IIb)beta(3) activation analyses. In addition,

the spreading of platelets on fibrinogen and the clot retraction assays

were performed to investigate the role of Dab2 in cytoskeleton reorga-

nization and outside-in signaling. The activation status of platelet sig-

naling proteins in the assay conditions was analyzed by Western blot

to delineate the signaling pathways regulated by Dab2.

Results: Agonist-induced platelet aggregation assays revealed that

Dab2�/� platelets responded normally to collagen, U46619, ADP, and

1 U/mL of thrombin. However, the responsiveness of Dab2�/� plate-

lets to low concentration of thrombin (0.05 U/mL) was significantly

decreased. The percentage of light transmission was 49.4 � 7.4% and

13.3 � 8.5% for Dab2fl/fl and Dab2�/� platelets, respectively. In

accordance with this notion, the activation of integrin alpha(IIb)beta

(3) for Dab2�/� platelets was 64.6% of Dab2fl/fl platelets after throm-

bin (0.05 U/mL) stimulation. The percentage of clot retraction was

49.2 � 6.3% for Dab2�/� platelets that was significantly different to

73.5 � 6.0% for Dab2fl/fl platelets. Moreover, the increase in the sur-

face area of Dab2�/� platelet induced by low concentration of throm-

bin was 56.7 � 13.7% of Dab2fl/fl platelets. In contrast, the spreading

of Dab2�/� and Dab2fl/fl platelets on fibrinogen induced by MnCl2
was similar, implying that Dab2 is mainly involved in thrombin-

induced inside-out but not outside-in signaling of integrin alpha(IIb)

beta(3). Analyses of the thrombin-stimulated signaling revealed that

the expression levels of thrombin receptors (PAR3 and PAR4) and

PDK1-Ser241 phosphorylation were similar for Dab2fl/fl and Dab2�/�

platelets. However, thrombin-stimulated phosphorylations of Akt-

Ser473 and mTOR-Ser2448 in Dab2�/� platelets were significantly

decreased, implying that Dab2-deficient platelets were impaired in

thrombin-stimulated inside-out signaling.

Summary: Dab2 is a key haemostatic regulator by playing a selective

role in cytoskeleton reorganization and mTOR pathway underlying

thrombin-stimulated inside-out signaling and is required for efficient

platelet activation by thrombin in mouse.
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PA 1.02-2
Human platelet aminophospholipid translocase (APLT)
ATP8A1 and TMEM16F are calpain substrates
Wang H1, Bang A2, McMillan-Ward E3, Israels SJ3 and Rand ML1

1Hospital for Sick Children; 2Mount Sinai Hospital, Toronto, ON;
3University of Manitoba, Winnipeg, MB, Canada

Background: Resting platelets have an asymmetrical distribution of

phospholipids across their plasma membrane, with the anionic amino-

phospholipid phosphatidylserine (PS) residing mainly in the inner,

cytoplasmic leaflet. APLT maintains membrane phospholipid asym-

metry by rapidly and specifically transporting aminophospholipids

from the outer to the inner membrane leaflet in a Ca2+-sensitive man-

ner; APLT is likely the P-type ATPase ATP8A1. Activated platelets

express a procoagulant surface on a distinct platelet subpopulation

due to Ca2+-dependent scrambling of membrane phospholipids,

exposing PS on the platelet surface. The Ca2+-activated cation chan-

nel TMEM16F has recently been shown to be important in this scram-

bling. Calpain, a Ca2+-dependent intracellular protease, is involved in

many regulatory processes in platelets via limited proteolysis of its

substrates.

Aim: To determine whether ATP8A1 and TMEM16F are substrates of

calpain in activated human platelets.

Methods: Washed platelets were stimulated with the combination of

1 U/mL thrombin and 10 lg/mL collagen (T + C), which yields

approximately 20% PS-exposing platelets, or 3 lM A23187, which

yields approximately 95% PS-exposing platelets. We have previously

shown that, under these conditions, calpain is not activated in T + C-

stimulated platelets, but is activated in A23187-stimulated platelets

(Gwozdz et al, Thromb Haemost 2010;103:1218). To inhibit calpain,

platelets were pretreated with the cell-permeable calpain inhibitor cal-

peptin (300 lM) before stimulation. Western blot analysis of platelet

lysates was done using a polyclonal antibody specific for the cytoplas-

mic C-terminus of ATP8A1 (Ding et al, J Biol Chem 2000;275:23378).

Alternatively, to detect TMEM16F, commercial polyclonal antibodies

reported to be specific for either the cytoplasmic N-terminus or an

extracellular domain of the protein were used.

Results: ATP8A1: A single band of molecular weight approximately

120 kDa was observed by immunoblotting lysates of resting platelets

and of platelets stimulated with T + C. This band was not detected in

A23187-stimulated platelets, however pretreatment with calpeptin pre-

vented the loss of the band following A23187 stimulation.

TMEM16F: Recognition of either cytoplasmic or extracellular

domains of TMEM16F by the 2 commercial antibodies was confirmed

by flow cytometry and immunofluorescence. Immunoblotting with

either antibody demonstrated a single broad band of approximately

125 kDa in lysates of resting platelets and platelets stimulated with

T + C. In A23187-stimulated platelets, this band was not detected with

the cytoplasmic N-terminus specific antibody, and with the extracellu-

lar-domain specific antibody, the molecular weight of the band was

reduced by approximately 15 kDa. Pretreatment with calpeptin before

stimulation with A23187 prevented these changes, preserving the

approximately 125 kDa band observed in control or T + C-stimulated

platelets.

Summary/Conclusions: We have demonstrated that two membrane

proteins involved in transport of phospholipids between the inner and

outer bilayer leaflets, APLT ATP8A1 and TMEM16F, are substrates

of calpain. ATP8A1 is cleaved at the C-terminus; the inhibition of

APLT activity that we have previously observed in PS-exposing

A23187-stimulated platelets (Leung et al, JTH 2007;5:560) may be

due, at least in part, to the cleavage of ATP8A1 that is associated with

calpain activation. TMEM16F is cleaved at the N-terminus; whether

this cleavage plays a role in the regulation of PS exposure on the sur-

face of activated platelets remains to be determined.

PA 1.02-3
Platelet Toll-like receptor 9 stimulation enhances ATP-
and ADP-dependent platelet activation and
aggregation
Delierneux C1, Lecut C1, Hego A1, Evans RJ2, Massion P3,

Gothot A1, Bours V1 and Oury C1

1University of Li�ege, GIGA-Research, Li�ege, Belgium; 2University

of Leicester, Leicester, UK; 3University of Li�ege Hospital, Li�ege,

Belgium

Background: Damage-associated molecular patterns (DAMPs),

released upon cell necrosis, act as endogenous danger signals to exac-

erbate the inflammatory response. Among these DAMPs, ATP and

ADP are key players in platelet activation and aggregation as well as

in immune cell functions. High mobility group box-1 (HMGB1) is a

central mediator of Toll-like receptor 9 (TLR9) activation in immune

cells, and increased levels of this protein have been associated with

inflammatory diseases, including sepsis. However, the role of TLR9

and HMGB1 in platelet function remains unclear.

Aims: Since platelet hyper-activation and microvessel thrombosis is a

hallmark of severe sepsis, we wondered whether ATP/ADP and

HMGB1 cooperate with TLR9 activation by bacterial DNA to pro-

mote platelet activation and aggregation.

Methods: We used oligonucleotides bearing unmethylated CpG motifs

(CpG ODN), as TLR9 agonists, control non-CpG ODN, recombinant

HMGB1, platelet aggregometry, thromboxane B2 enzyme immunoas-

say, and flow cytometric analyses of platelet activation in healthy human

and mouse PRP, washed platelet suspensions and in whole blood.

Responses of platelets isolated from P2X1
�/� mice were also studied.

Results:We found that a 30 min-preincubation with CpG ODN causes

irreversible aIIbb3-dependent platelet aggregation in human and mouse

PRP, and in washed mouse platelet suspensions. CpG ODN-induced

platelet aggregation was completely inhibited by the ATP/ADP scav-

enger, apyrase and by P2Y12 antagonism with cangrelor. In human

hirudinized-PRP, inhibition of P2X1 receptors for ATP with NF449

significantly reduced platelet aggregation. Accordingly, platelets from

P2X1
�/� mice displayed impaired CpG ODN-induced aggregation.

Platelet activation analyses revealed increased exposure of P-selectin

and fibrinogen binding on platelet surface upon incubation with CpG

ODN, which involved released ATP/ADP and thromboxane A2 pro-

duction. In washed human platelets, CpG ODN promoted granule

secretion, thromboxane A2 production and aggregation triggered by

low concentrations of collagen. Interestingly, CpG ODN-induced

platelet aggregation was potentiated by addition of recombinant

HMGB1 in human PRP. Furthermore, both CpG ODN and HMGB1

significantly augmented the number of platelet-leukocyte aggregates in

whole blood.

Conclusion: Thus, platelet TLR9 stimulation may contribute to sepsis-

associated platelet hyperactivation and aggregation by enhancing the

release reaction and thromboxane A2 production.

PA 1.02-4
Regulation of platelet function by diacylglycerol kinase
Konopatskaya O1, Naseem K1 and Poole AW2

1University of Hull, Hull; 2Bristol Heart Institute, Bristol, UK

Background: Platelets play a key role in preventing blood loss through

haemostasis, but the uncontrolled platelet activation at the site of ath-

erosclerotic plaque rupture can lead to occlusive thrombi. One of the

key events in platelet activation is transient increase in levels of cellular

diacylglycerol (DAG) levels through hydrolysis of phosphoinositides

by the enzyme phospholipase C. DAG is a critical second messenger

and is best known as an allosteric activator of protein kinase C (PKC),

a central signalling molecule in platelets. Diacylglycerol kinase (DGK)

phosphorylates DAG to produce phosphatidic acid and therefore con-

trols DAG signalling and through this, PKC activation.
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Aim: To investigate the role of DGK in functional responses in plate-

lets and on PKC activation.

Methods: Optical aggregometry and ELISA-based 5-HT release were

used to assess agonist-stimulated responses of isolated human plate-

lets. The levels of protein expression were analysed by Western blot-

ting.

Results: Immunoblotting of platelet lysates for class II DGK isoforms

demonstrated for the first time the expression of DGKd in both human

and murine platelets, which is consistent with platelet transcriptome

data indicating DGKd as a predominant DGK family isoform (1).

Incubation of human platelets with class II DGK-specific inhibitor

R59949 caused a concentration-dependent increase in collagen-related

peptide (CRP) (1.25 lg/mL) and PAR1 (1 lM) receptor activating

peptide (PAR4 AP)-stimulated aggregation. The increased aggregation

was paralleled by a concomitant increase in dense granule secretion

(measured by 5-HT release) from CRP and PAR1 treated platelets.

The observed events were associated with a time-dependent augmenta-

tion in pleckstrin phosphorylation and PKC translocation to the

plasma membrane. Moreover, immunoprecipitation identified DGKd

association with all main platelet PKCs -PKCa, b, h and d, suggesting
cross talk between DGK and PKC isoforms.

Conclusion: This investigation demonstrates that class II DGK

enzymes, specifically DGKd, contributes to the modulation of platelet

activity potentially through the regulation of PKC isoforms.

Reference: 1. Rowley JW, Oler AJ, et al. Blood 2011; 118: 101–11.

PA 1.02-5
A role for histone deacetylases in the regulation of
platelet function
Ali M, Jones CI, Gibbins JM and Fry M

Institute for Cardiovascular and Metabolic Research, Reading, UK

Background and Aims: Eighteen human histone deacetylase (HDAC)

genes have been described which are divided into four classes. HDACs

deacetylate acetyl-lysine residues in histone and non-histone proteins.

It has recently be proposed that acetylation of non-histone proteins

may modulate non-genomic processes including cell signalling. This

led us to ask question: Are HDACs present in anucleate platelets, and

if so do they modulate platelet function?

Methods: The presence of platelet HDACs was investigated by immu-

noblot analysis. Platelets were prepared from human citrated blood

and aggregation, in response to collagen, collagen-related peptide

(CRP), was measured by optical aggregometry in the presence of selec-

tive HDAC inhibitors. Dense granule secretion was measured by

changes in the adenosine triphosphate (ATP) concentration using the

luciferin/luciferase system kit. Flow cytometry was used to examine

fibrinogen binding and P-Selectin exposure. Thrombus formation was

studied in vitro also using whole citrated blood with 3,3-dihexyloxacar-

bocyanine iodide labeled cells. Blood was perfused through collagen-

coated Vena8 Biochips at a shear rate of 20 dyn/cm2, and stacks of Z-

images were recorded. Analysis of the acetylated proteins in platelets

and study of early GPVI signalling events was investigated by immu-

noblot analysis.

Results: Seven HDACs were identified in human platelets. Using an

inhibitor for HDAC classes I, II and IV (SAHA), and a class III Sir-

tuin inhibitor (splitomicin), the potential involvement of HDACs in

the regulation of platelet aggregation, dense and a-granule secretion

were explored. Both inhibitors caused a reduction in collagen- and

CRP-stimulated platelet aggregation, implicating HDACs in GPVI-

stimulated signalling mechanisms. Splitomicin and SAHA were

accompanied by inhibition of fibrinogen and P-Selectin. Accordingly,

thrombus formation in vitro also inhibited.

Early GPVI signalling events were studied; neither inhibitor affected

CRP-stimulated SYK, LAT, BTK and PLCc2 phosphorylation.

Tubulin can modulate cell motility and shape change, and is indeed

important in the regulation of platelet activation. We found that a-

tubulin is acetylated in unstimulated platelets, but is rapidly deacylated

upon collagen, or CRP stimulation. Stimulation of platelets in the

presence of SAHA or splitomicin blocked deacetylation of a-tubulin.
Conclusions: Our data provide evidence of possible roles for protein

acetylation/deacetylation in the regulation of platelet signalling and

function.

PA 1.02-6
Regulation of platelet GPCR receptor function by
NHERF1 in mouse platelets
Pope R, Nisar SP, Cunningham MR, Williams CM, Savage JS,

Harper MT, Goggs R and Mundell SJ

University of Bristol, Bristol, UK

Background: Recent studies investigating P2Y receptor (P2YR) func-

tion in cell lines have revealed a key regulatory role for Na+/H+

Exchange Regulatory Factor (NHERF) proteins (Nisar et al., 2012).

ADP signaling via P2Y1 and P2Y12 plays a key role in platelet activa-

tion and haemostasis. We sought to investigate P2YR function in

NHERF1 (�/�) mouse platelets and investigate the consequences of

any changes in P2Y receptor traffic on platelet function both in iso-

lated platelet preparations and in thrombus formation assays.

Aims: To characterize platelet responsiveness and thrombus formation

in NHERF1 (�/�) mouse platelets.

Methods: Mouse platelets were isolated and prepared in either Ty-

rode’s buffer as ‘washed platelets’ or in plasma as platelet rich plasma

(PRP). Ligand binding was employed to determine P2YR surface

expression and traffic. Aggregation responses, Ca2+ signaling and

GTPase activity were measured in response to a number of platelet ag-

onists and concentrations. Thrombosis formation in vitro (flow of

blood over a collagen-coated surface) and in vivo (FeCl3-injured caro-

tid arteries) were also measured.

Results: Ligand binding studies revealed that NHERF1 (�/�) mouse

platelets have an increase in surface P2YR levels, a marked reduction

in ADP-dependent P2YR internalization and a virtual absence of

P2YR recycling following ADP removal. However these changes in

receptor expression and traffic did not significantly alter ADP induced

aggregation or ADP induced Ca2+ signaling.

Interestingly NHERF1 (�/�) platelets displayed reduced aggregatory

responses to agonists at the PAR4 receptor (thrombin and PAR4 pep-

tide) and the TP thromboxane receptor (arachidonic acid and

U46619). No significant differences were observed however in Ca2+

signaling or GTPase activity following PAR4 receptor activation. The

reductions in aggregation responses following PAR4 or TP thrombox-

ane receptor activation did not however translate into significant

changes in thrombus formation either in flow models or in whole ani-

mal intravital microscopy studies.

Summary: This study supports our recent findings in cell lines which

show that NHERF1 proteins regulate P2YR traffic. However, altera-

tions in P2YR traffic do not translate into significant changes in ADP-

dependent platelet aggregation/activity in NHERF1 (�/�) mice.

Unexpectedly, we observed a reduction in TP thromboxane and PAR4

receptor responsiveness although PAR4-dependent Ca2+ signaling

and GTPase activity remained unaltered. These findings suggest novel

interactions between NHERF1 and PAR3/4 and TP thromboxane

receptors in murine platelets Further studies investigating the associa-

tion of PAR4 receptors and NHERF1 and other NHERF isoforms

are currently underway.

Reference: 1. Nisar SP, Cunningham M, Saxena K, Pope RJ, Kelly E,

Mundell SJ. Arrestin scaffolds NHERF1 to the P2Y12 receptor to reg-

ulate receptor internalization. J Biol Chem. 2012 Jul 13;287

(29):24505–15. doi: 10.1074/jbc.M112.347104. Epub 2012 May 18.
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PA1.03 – Platelet Hyperfunction

PA 1.03-1
Podoplanin overexpressed rat C6 glioma cells
enhances platelet aggregation and lymphatic
metastasis
Chong KY, Lin PY, Lu PS, Tseng CP and Chong KY

Chang Gung University, Kwei-Shan, Taiwan

Background: Tumor metastasis was considered as the major causes of

death for cancer patients. Cancer cells acquire the ability to penetrate

the walls of lymphatic and/or blood vessels for escape from the pri-

mary site. Recent studies demonstrated that lymphatic metastatic

routes were controlled by specific gene alternation of tumor cells. Fur-

thermore, podoplanin (pdpn), a membrane protein in tumor cells, is

an endogenous ligand for platelet activation receptor CLEC-2 and

facilitates tumor metastasis by inducing platelet aggregation. Recent

studies indicated pdpn was involved in cancer development, lymphatic

metastasis and poor prognosis a wide variety of cancer types. Our pre-

vious study, genetically modified rat C6 glioma cells (C6-LG) that eli-

cit high procoagulant activity and express luciferase/GFP reporter

gene were used for xenograft injection into nude mice to establish a

metastatic model. The cancer cells colonized at lung were isolated for

establishing a C6 subline (C6-lung). When the C6-lung cells were inoc-

ulated into nude mice subcutaneously, we found that it’s enhancing in

vivo metastatic potential and activity. Interestingly, we also noticed

that the pdpn mRNA and protein was up-regulation in metastatic C6-

lung cells. Therefore, we hypothesize the C6 glioma cell which overex-

pressed pdpn has potential of lymphatic metastasis.

Aims: To investigate whether pdpn overexpressed C6 glioma cells

enhances platelet aggregation and facilitates lymphatic metastasis.

Results: Our results shown that compared with parental cells, the C6-

lung cells exhibited significant decreasing in cell motility and cell

growth rate, but had a greater migratory capacity. Furthermore, C6-

lung cells activated platelet and induced platelet aggregation that is

closely associated with their in vivo metastatic ability. The C6-Lung

cells provided a strong chemoattractant signal which together induced

the directional migration of human lymphatic endothelial cells

(HLEC) through the micropores compared to the parental C6 cells.

Furthermore, the real-time RT-PCR and Western blot results shown

that endogenous pdpn mRNA and protein expression was significantly

inhibited from stably pdpn shRNA expressed C6-lung clones. We also

found that the podoplanin knockdown C6-LG subline reduced HLEC

cell migration, and reduced metastatic ability in vivo.

Conclusion: We demonstrated that pdpn overexpression in C6-lung

cells was associated with tumour lymphatic metastasis.

PA 1.03-2
Does loss of insulin signalling lead to a hyperactive
platelet phenotype? Studies on Pf4-Cre insulin
receptor knock out mice
Moore SF, Williams CM, Aitken EW and Hers I

University of Bristol, Bristol, UK

Platelets from patients with obesity and type 2 diabetes mellitus

(T2DM) have a hyperactive phenotype, which may contribute to the

increased risk of cardiovascular events observed in these patients. Cir-

culating insulin levels in obesity and T2DM are often increased due to

peripheral insulin resistance. Previous work by other groups suggested

that insulin inhibits platelet function and that the loss of insulin

responsiveness of megakaryocytes/platelets from patients with diabetes

contributes to a platelet hyperactive phenotype. In contrast, our group

found that insulin and insulin-like growth factor do not inhibit, but

increase platelet function.

To determine the role of the insulin receptor, insulin receptor signal-

ling and platelet insulin resistance in platelet function, we used the

Pf4-Cre system to generate megakaryocytic lineage specific insulin

receptor knock out mice (Insr�/�). Western blot analysis of platelet

lysate confirmed that the insulin receptor was present in wild type

platelets, but not in Insr�/� platelets, whereas IGF receptor expres-

sion levels were unchanged. Insulin stimulation resulted in phosphory-

lation of the insulin receptor and the PI3K substrate Akt in wild type,

but not Insr�/� platelets, demonstrating that this receptor is essential

for insulin signalling.

PAR-4-mediated integrin activation and a-granule secretion were

unchanged in Insr�/� platelets, indicating that ‘insulin resistance’ of

megakaryocytes/platelets alone does not increase platelet function.

Furthermore, both ATP secretion and PAR-4-mediated aggregation

were slightly reduced in Insr�/� platelets, suggesting that insulin recep-

tor activation may contribute to platelet function. Consistent with this,

insulin induced an enhancement of PAR-4 mediated integrin activation

and platelet aggregation, which was absent in Insr�/� platelets.

Together, these results demonstrate that insulin resistance of platelets/

megakaryocytes does not lead to a platelet hyperactive phenotype.

Furthermore, insulin enhances platelet aggregation and integrin acti-

vation, with the effect lost when the insulin receptor is absent.

PA 1.03-3
Hemostasis and thrombosis in JAK2V617F-KI mice
Lamrani L1, Lacout C2, Ollivier V1, Ho Tin Noe B1, Vainchenker

W2, Villeval JL2 and Jandrot-Perrus M1

1Inserm U698, Paris Cedex; 2Inserm 1009, Villejuif, France

Background: Hemostasis disorders represent a leading cause of mortal-

ity and morbidity in patients suffering from myeloproliferative neo-

plasms (MPN) with a high incidence of thrombosis and a lower

incidence of hemorrhagic disorders.

The pathophysiology of these anomalies is not known but some risk

factors have been identified including the V617F mutation of JAK2

found in 95% and 60% of PV and TE patients, respectively. The spe-

cific effect of JAK2V617F on hemostasis deregulation is difficult to

characterize in patients because of their heterogeneity in JAK2V617F

allele burden and prophylactic treatments. Recently, animal models of

MPN were developed as JAK2V617F transgenic and knock-in mice.

Aims: Our objective was to determine, the effect of the JAK2V617F

mutation on the in vitro and in vivo hemostatic responses using

JAK2V617Fmice.

Methods: We used two KI models, the Vav-Cre and Scl-CreERt/

JAK2V617F KI that constitutively and upon tamoxifen induction

express the mutation in hematopoietic cells, respectively. Both models

mimic a PV-like disease with its evolution into secondary myelofibro-

sis. The effect of the mutation on platelets was analyzed in vitro by

flow cytometry, and by measuring adhesion and aggregation in flow

conditions on collagen-coated area. Hemostatic responses were

assessed in vivo by measuring the tail bleeding time and FeCl3-induced

thrombosis on mesenteric vessels.

Results: Platelets from Vav-Cre/JAK2V617F mice did not exhibit ele-

vated CD62P level and had normal surface expressions of the major

glycoproteins to the exception of GPVI that was significantly

decreased (P < 0.01). Platelets adhesion and aggregation, in arterial

flow conditions (1200/s) on immobilized collagen was profoundly

impaired with a platelet surface decreased by up to 80% (P < 0.01). In

vivo, Vav-Cre/JAK2V617F mice exhibited an enlargement of mesenteric

vessels and have a prolonged tail bleeding time (P < 0.01). After

FeCl3-induced injury, platelet aggregates formed rapidly but were

highly unstable.

Interestingly, using Scl-CreERt/JAK2V617F mice, platelet GPVI defi-

ciency, morphological vessel abnormalities, the increased tail bleeding

time, and the in vivo accelerated rate of thrombosis with low thrombus

stability, only appeared 2 months after induction of the mutation by

the tamoxifen suggesting no direct link with it.
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Secondary polycythemia induced by EPO-treatment of WT mice

occurred without hemostasis disturbance; Thrombocytemia induced

by retroviral expression of TPO in WT mice reproduced the GPVI

deficiency, the prolonged bleeding time and the absence of in vivo

occluding thrombi.

Conclusions: Our results in JAK2V617F mice are consistent with the

complex hemostasis disorders observed in MPN patients i.e. thrombo-

sis, embolism and hemorrhages. They seemed not directly associated

with the mutation but rather with the development of MPN. Further

work is needed to evaluate the cause and consequence of the GPVI

and collagen adhesion deficit.

PA 1.03-5
Platelet activation and function during dengue virus
infection
De Mast Q1, Michels M1, Bachti A2, Puspita M2, Rudiman PIF2,

Roest M3, Fijnheer R3, De Groot PH3 and Van Der Ven A1

1Radboud University Nijmegen Medical Center, Nijmegen, The

Netherlands; 2Hasan Sadikin Hospital, Padjadjaran University,

Bandung, Indonesia; 3University Medical Center Utrecht,

Utrecht, The Netherlands

Background: Dengue is the most prevalent mosquito-borne viral dis-

ease and is characterized by thrombocytopenia. Bleeding and plasma

leakage the most frequent complications and they typically occur

around the time of defervescence which corresponds with platelet

nadir. Platelets are important for preserving vascular integrity. Not

only thrombocytopenia but also thrombocytopathy may contribute to

plasma leakage. Because complications are often observed with plate-

let numbers above the level for spontaneous bleeding, we hypothesized

that platelet hypo-responsiveness and storage pool disease may occur

as consequence of prolonged platelet activation and/or megakaryocyte

infection.

Aims: To investigate the prevalence of platelet activation, secondary

platelet hypo-responsiveness and storage pool disease in Indonesian

patients with dengue.

Methods:We performed a prospective cohort study on 75 adult dengue

patients admitted to a referral hospital in Bandung, Indonesia and 30

healthy local controls. Whole-blood flow cytometry was performed in

the four phases of dengue: febrile (n = 11, early stage of illness), criti-

cal (n = 63, time at which most complications occur), early recovery

(n = 61, time at which platelet number starts to recover) and convales-

cence phase (n = 43, 2 weeks after hospital discharge). The expression

of CD62P (alpha granule marker), CD63 (lysosomal marker) and

changes in aIIb3 activation were measured without stimulation and fol-

lowing maximal platelet activation with the PAR-1 agonist TRAP.

Furthermore, CD62P expression to increasing concentrations of

TRAP was evaluated. Finally, intra-platelet and plasma concentra-

tions of serotonin were measured to determine storage pool disease of

dense bodies.

Results: The platelet count in the febrile and critical phase was 69 and

40 9 109/L, respectively. Increased CD62P, CD63 expression and

aIIb3 activation was only found in a minority of dengue patients. There

was no difference in marker expression between patients with severe

(n = 11) and non-severe dengue (n = 64) or between patients with and

without bleeding or plasma leakage. Expression of CD63 and aIIb3
activation after maximal platelet stimulation was, however, reduced in

the critical phase. There was also a trend for reduced CD62P expres-

sion in response to increasing TRAP concentrations in the febrile and

critical phase. While median serotonin plasma concentrations were

below the detection limit of 0.3 ng/mL during dengue, intra-platelet

serotonin concentrations (median, interquartile range) were signifi-

cantly increased in the febrile (4.9; 4.2–7.7 lg/mL) and critical phase

(5.0; 4.1–6.9 lg/mL) vs. convalescence (2.5; 2.3–2.7 lg/mL), all

P < 0.001) and correlated inversely with platelet counts (Rs = �0.65,

P < 0.001) in early dengue.

Summary/Conclusion: Increased expression of activation markers of

unstimulated platelets was only found in a subset of dengue patients.

However, maximally stimulated platelets show a reduced expression of

CD63 and aIIb3 activation, while there was a trend for lower CD62P

expression in response to increasing TRAP concentrations in the feb-

rile and critical phase. These findings indicate that platelet activation

with secondary hypo-responsiveness occurs in dengue. There was no

secondary storage pool disease as platelet serotonin concentrations

were higher during dengue. Increased uptake of serotonin per platelet

in dengue is required to prevent serotonin-induced plasma leakage.

Although significant changes in circulating platelets were noticed dur-

ing dengue infection, no relation with severity of disease was observed.

PA 1.03-6
Platelet-mediated angiogenesis is independent of
VEGF and fully inhibited by aspirin
Etulain J1, Fondevila C2, Negrotto S1 and Schattner M1

1Institute of Experimental Medicine, CONICET-National

Academy of Medicine; 2Bazterrrica Clinic, Buenos Aires,

Argentina

Background: Platelets are major players in every step of vessel develop-

ment through the local delivery of angiogenesis-modulating factors.

Among these factors, the proangiogenic vascular endothelial growth

factor (VEGF) and the antiangiogenic endostatin have been the most

studied and can be differentially released from alpha-granules upon

platelet activation by different stimuli. Although thrombin is the most

potent agonist and is highly elevated in angiogenesis-related diseases,

studies regarding its action on the release of platelet angiogenic factors

are scarce and controversial.

Aim: To investigate the role of thrombin not only in VEGF and en-

dostatin release but also in the net platelet angiogenic activity.

Methods: Washed human platelets were stimulated with thrombin

(5 min) in the presence of inhibitors of the main signaling pathways

involved in platelet activation and supernatants/releasates were used

to determine the levels of angiogenic molecules and to induce angio-

genic responses (ANOVA. n = 4–5, *P < 0.05).

Results: We found that thrombin (EC50, 0.051 � 0.005 U/mL)

induced the secretion of both VEGF and endostatin (7.9 � 0.5 and

2.5 � 0.3 ng/mL, respectively) (ELISA); however, the overall effect of

the releasates was proangiogenic as they promoted the formation of

tubule-like structures (matrigel) and increased endothelial prolifera-

tion (2.3 � 0.3* fold) (MTT). Both processes were independent of

VEGF as they were only slightly suppressed by a VEGF receptor-neu-

tralizing antibody (15 � 2*% of inhibition). Pharmacological studies

revealed that the formation of tubule-like structures and endothelial

cell growth were partially inhibited by pretreatment of platelets with

inhibitors of PKC (G€o6983, 1 lM), p38 (SB203580, 25 lM), ERK1/2

(U0126, 10 lM), Src kinases (PP1, 5 lM), or PI3K/Akt (Ly-294002,

10 lM) (60 � 6*, 63 � 4*, 60 � 5*, 33 � 7*, and 15 � 9*% of inhi-

bition, respectively) but fully suppressed by the blockade of the cyclo-

oxygenase pathway with aspirin (96 � 4*% of inhibition) (500 lM).

Protein array analysis revealed that the pretreatment of platelets with

the different drugs inhibited the release of IL-1-beta, IL-2, Angiopoie-

tin-1, Angiopoietin-2, G-CSF, GM-CSF and TNF-alpha release, but

not VEGF, with a similar inhibition pattern observed in the angio-

genic functional responses.

Conclusions: Our data indicate that the proangiogenic activity of plate-

lets is independent of VEGF and appears to be the result of the com-

bined action of several molecules. Aspirin could be a promising

therapeutic agent to treat angiogenesis-related diseases.
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PA1.04 – Circulating Microparticles

PA 1.04-1
Increased levels of P-selectin glycoprotein ligand-1
positive microparticles in patients with unprovoked
venous thromboembolism
Jamaly S, Starikova I, Sovershaev M and Hansen JB

Hematological Research Group, University of Tromsø, Tromsø,

Norway

Background: Microparticles (MPs) are small circulating membrane

vesicles, less that 1 lm in diameter, released from activated or apopto-

tic cells, and reported to play an important role in pathogenesis of

thrombotic diseases. MPs are known to express the P-Selectin Glyco-

protein Ligand 1 (PSGL-1) receptor. Experimental studies have shown

that accumulation of active tissue factor (TF) in the developing

thrombi in vivo is dependent upon interactions between PSGL-1 and

P-selectin (P-sel). P-sel inhibitors have also been shown to be equally

efficient as low molecular weight heparins to reopen venous occlusions

in animal models.

Aims: The present study was undertaken to investigate whether

patients with unprovoked venous thromboembolism (VTE) had higher

circulating levels of MPs baring PSGL-1, and to explore the role of

PSGL-1/P-sel interaction in thrombogenicity of these MPs.

Methods: A case-control study was performed in 20 patients with a his-

tory of incident unprovoked VTE 1–5 years prior of the study, and 20

age- and sex-matched healthy controls recruited from the general pop-

ulation. Plasma levels of PSGL-1-positive MPs were measured in total

MPs preparations by immunostaining with phycoerythrine (PE)-con-

jugated monoclonal antibody (clone KLP-1, Santa Cruz Biotechnol-

ogy) using a FACS Aria instrument (BD Biosciences). Cellular origins

of PSGL-1-positive MPs were determined by immunostaining of total

MP fraction with cyanine (PerCP-CY5.5)- conjugated anti-PSGL-1

antibody, coupled with immunostaining using PE-conjugated mono-

clonal antibodies specific to parental cell, namely CD14 for mono-

cytes, CD41 for platelets and CD62E for endothelial cells (all from BD

Biosciences). The presence and expression levels of PSGL-1 on circu-

lating MPs were confirmed by confocal microscopy and western blot-

ting. The impact of interaction between P-sel and PSGL-1-positive

MPs on thrombogenicity of MPs was assessed by levels of TF protein

expression and functional activity on the surface of MPs, along with

the assessment of presentation of negatively charged phospholipids.

Differences between groups were tested by a nonparametric test for

paired samples (Wilcoxon). Values are medians with 25% and 75%

percentiles in brackets. The study was approved by the regional com-

mittee for research ethics, and all participants gave their informed

written consent to participate.

Results: VTE patients had significantly higher body mass index (BMI)

(28.2 kg/m2 (24.1, 31.6 kg/m2) vs. 26.1 kg/m2 (22.6, 30.3 kg/m2),

P = 0.045) and circulating levels of PSGL-1-positive MPs (94 9 103/

mL (72, 137 9 103/mL) vs. 66 9 103/mL (55, 78 9 103/mL),

P = 0.002) compared to healthy controls. PSGL-1-positive MPs were

found positive for CD14 and CD62E, but not for CD41. The data

from confocal microscopy and western blotting confirmed expression

of PSGL-1 at the surface and lysates of isolated MPs. Interaction

between PSGL-1-positive MPs and P-sel boosted TF functional proco-

agulant activity, as well as higher surface presentation of negatively

charged phospholipids on MPs and several cell types.

Conclusions: We found elevated levels of PSGL-1 positive circulating

MPs in patients with unprovoked VTE originating from monocytes

and endothelial cells. Our findings indicate that the interaction

between PSGL-1-positive MPs and P-sel augmented the thromboge-

nicity of MPs, suggesting that this receptor-ligand interaction is impor-

tant for the role of MPs in the pathogenesis of VTE.

PA 1.04-2
Microparticles from monocytes and CFTR?F508
mutated exocrine cells are deleterious for insulin
secreting cells
Constantinescu AA1, Gleizes C1, Leclercq A2, Zobairi F1, Mitrea

IL3, Stoian G4, Prevost G5, Toti F6 and Kessler LP1

1UR 7293, Stress Vaculaire et Tissulaire en Transplantation;
2Hopitaux Universitaire de Strasbourg, UR 7293, Strasbourg,

France; 3University of Agricultural Sciences and Veterinary

Medicine; 4Univesity of Bucharest, Bucharest, Romania; 5EA

7290 Virulence Bacterienne Precoce; 6CNRS UMR 7213,

Strasbourg, France

Background: Cystic fibrosis (CF) is a genetic disorder targeting CFTR

channel, the most frequent mutation being CFTRDF508. Cystic fibro-
sis-related diabetes is a particular form of diabetes detected in 50% of

patients in the adult age. It is characterized by an early exocrine pan-

creas alteration followed by endocrine dysfunction. Chronic infections

leading to major cytokine generation contribute to endocrine dysfunc-

tion by promoting insulin resistance. Microparticles (MPs) are plasma

membrane fragments that are reliable markers of cell stress and act as

cellular effectors.

Aims: Our aim was to study the role of MPs as effectors of cellular

cross-talk between monocytes or exocrine cells and endocrine insulin

secreting b-cells, in the context of CF and LPS infection.

Methods: Normal exocrine pancreatic cells (PANC-1) or with

CFTRDF508 mutation (CFPAC-1) and human monocytes (THP-1)

submitted to CFTR inhibitor (CFTR(Inh)-172), were stimulated by

LPS from P. aeruginosa to produce MPs. RIN-m5F rat ß-cells were

targeted by 10 nM exocrine or monocyte MPs (18 h) or submitted to

25 lM CFTR(Inh)-172 thereby limiting expression of active CFTR at

cell surface. PANC-1 and CFPAC-1 were targeted by monocyte MPs.

NFkB activation induced by MPs was detected in HEK-Blue

[TRADEMARK] reporter cells. Immunological labeling and Tenase

activity probed the presence of Tissue Factor (TF) on MPs and cells.

Cell apoptosis was quantified by cytometry and lysosomal activity by

Neutral Red; MPs integration into target cell membrane was assessed

by lipid PKH26 probe.

Results: LPS was increased apoptosis in the CFTR-inhibited RIN-

m5F. LPS challenge in CFPAC-1 resulted in exaggerated apoptosis

and enhanced release of TF-bearing MPs (13-fold increase compared

to normal exocrine cells). After 18 h incubation, 98% of normal RIN-

m5F target cells had captured PKH26-probed MPs. By restoring the

decreased lysosomal activity caused by LPS (n = 5; P < 0.01), mono-

cyte MPs exerted a cytoprotective effect on exocrine cells but were del-

eterious to endocrine cells by increasing apoptosis (12.5% vs. 3.8%;

n = 6; P < 0.0001) and lowering lysosomal activity (�13%; n = 5;

P < 0.01). MPs from THP-1 and CFPAC-1 delivered proinflammato-

ry signal as demonstrated by NFkB activation in HEK reporter-cells,

while MPs from PANC-1 did not. Addition of MPs from THP-1 and

CFPAC-1 respectively generated a 33% and 40% decrease in insulin

secretion (n = 6; P < 0.0001). Conversely, MPs from PANC-1 cells did

not alter insulin secretion or lysosomal activity of RIN-m5F.

Conclusions: The exaggerated LPS susceptibility of CFTRΔF508 exo-

crine cells favors the shedding of MPs with high TF content, that are

deleterious to normal endocrine cells. Similarly, MPs from monocyte

and exocrine cells with defective membrane CFTR activity both deli-

ver a proinflammatory and proapoptotic signal. In CF, TF-bearing

MPs of exocrine and monocyte origin may contribute to early exocrine

and endocrine pancreas dysfunction by reducing insulin secretion and

ß cell survival.
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PA 1.04-3
Circulating MPs show a prothrombotic phenotype in
patients with long-life exposure to high LDL levels and
directly associate with lipid-rich atherosclerotic plaque
burden
Suades R1, Padro T1, Alonso R2, Mata P2 and Badimon L1

1Cardiovascular Research Center (CSIC-ICCC), IIBSantPau,

Barcelona; 2Jimenez Diaz Foundation, Madrid, Spain

High plasma cholesterol levels are a risk factor for atherothrombosis

and cardiovascular disease. Familial hypercholesterolemia (FH) is a

monogenic disorder characterized by a reduced expression of the LDL

receptor that leads to life-time exposure to high levels of LDL and the

development of premature coronary artery disease. Circulating micro-

particles (cMPs), released from various cell types of the vascular com-

partment, may play important roles in vascular function. High levels

of cMPs have been associated with a variety of pathological condi-

tions, including thrombosis, inflammation, and metabolic disorders.

We hypothesize that cMPs could contribute to the increased athero-

thrombotic risk in heterozygous FH patients.

The present study aimed to investigate cell-associated thrombogenic

markers in cMPs of patients with genetic diagnosis of FH and subclini-

cal atherosclerosis detected by aortic magnetic resonance imaging

(MRI) under lipid-lowering therapy (LLT). The control was an age/

gender/treatment-matched group of non-FH patients treated with

LLT for secondary hypercholesterolemia.

Clinically and genetically characterized FH patients and control sub-

jects (n = 37/group) were from the SpAnish Familial hypErcHolEste-

rolaemiA cohoRT (SAFEHEART). Patients were treated as per

guideline indication. This study was approved by the local ethics com-

mittee, was conducted according to the Declaration of Helsinki and a

written informed consent was obtained from all participants prior to

the study. cMPs were obtained by high speed centrifugation from

citrated platelet-free plasma (PFP) and quantitatively analyzed by flow

cytometry for a) annexin V (AV) binding; b) specific blood cell activa-

tion surface markers; and c) tissue factor. cMP-associated TF activity

was measured by a functional assay determining the FVII-dependent

FXa generation.

At the moment of blood collection LDL cholesterol levels were 145

and 134 mg/dL in FH and control patients, respectively. The total

number of cMPs was significantly increased in FH patients compared

with controls (2390 [1890–3416] vs. 1872 [1418–2274] cMPs/lL PFP,

P < 0.005). cMPs positive for platelet activation markers (PAC1+ and

PAC1+/CD62P+) increased 2- and 4-fold, respectively in FH patients

(P < 0.0001 for both markers). FH patients had significantly higher

overall numbers of tissue factor-rich (CD142+) cMPs than controls

(P < 0.0001). TF-exposing cMPs exerted procoagulant activity show-

ing that cMPs carry functional active TF. Furthermore, the presence

of lipid-rich atherosclerotic plaques in the FH patients was signifi-

cantly associated with total AV+-cMP levels, activated AV+-pMPs

(TSP1+) and TF-bearing AV+-pMPs (CD142+/TSP1+) (P < 0.05 in

all cases). Taking one time-point LDL level as co-variate gave similar

results, indicating that long-term exposure to high LDL in FH

increases activation of the cells of the vascular compartment. Levels of

AV+-cMPs, activated AV+-pMPs (TSP1+) and TF-bearing AV+-

cMPs (CD142+) were significantly lower in FH patients with calcified

plaques.

Circulating MPs showed a prothrombotic phenotype in patients with

FH and directly associated with lipid-rich atherosclerotic plaque bur-

den. Thus, the specific increase in aIIbb3-integrin
+ and TF+ micropar-

ticles indicate that cMPs are active contributors in the on-going

atherothrombotic process in FH patients and highlights the potential

of TF-rich cMPs as a biomarker of thrombotic risk and as attractive

therapeutic target in FH patients.

PA 1.04-4
Plasmatic levels of leukocyte-derived microparticles
predict unstable plaque in asymptomatic patients with
high-grade carotid stenosis
Sabatier F1, Sarlon-Bartoli G2, Bennis Y1, Lacroix R1, Piercecchi-

Marti M-D2, Bartoli M2, Leroyer A1, Mancini J2, Magnan PE2

and Dignat-George F1

1Inserm UMR 1076, Aix Marseille University; 2Assistance

Publique Hopitaux de Marseille, Aix Marseille University,

Marseille, France

Background: Preventive carotid surgery in asymptomatic patients is

currently debated given the improvement of medical therapy. There-

fore, non-invasive biomarkers that can predict plaque instability are

needed. LMPs, originating from activated or apoptotic leukocytes, are

the major microparticle subset in human carotid plaque extracts.

Aim: To analyze whether plasmatic levels of leukocyte-derived micro-

particles (LMPs) associate with unstable plaques in patients with high-

grade carotid stenosis.

Methods: Forty-two patients with greater than 70% carotid stenosis

were enrolled. Using a new standardized high-sensitivity flow cytome-

try assay allowing to measure low size microparticles, LMPs were mea-

sured before thromboendarterectomy. The removed plaques were

characterized as stable or unstable using histological analysis accord-

ing to the AHA criteria. LMP levels were analyzed according to the

plaque morphology.

Results: The median LMP levels were significantly higher in patients

with unstable plaque (n = 28, CD11bCD66b+MP/ll: 240 [147–394],
and CD15+ MP/ll: 147 [60–335]) compared to those with stable pla-

que (16 [0–234] and 55 [36–157], P < 0.001 and P < 0.01, respectively).

The increase in LMP levels was also significant when considering only

the group of asymptomatic patients with unstable plaque (n = 10;

CD11bCD66b+ MP/ll: 199 [153–410] and CD15+ MP/ll: 78 [56–258]
compared to those with stable plaque (n = 14, 20 [0–251] and 55 [34–
102], P < 0.05 and P < 0.05, respectively). After logistic regression,

the neurologic symptoms (OR 48.7, 95% CI 3.0–788, P < 0.01) and

the level of CD11bCD66b+ MPs (OR 24.4, 95% CI 2.4–245,
P < 0.01) independently predicted plaque instability.

Conclusions: LMPs constitute a promising biomarker predicting pla-

que vulnerability in patients with high-grade carotid stenosis. These

data provide clues for identifying asymptomatic subjects who may

benefit the most from carotid surgery.

PA 1.04-5
Circulating microparticle plasma levels in obese
patients
Campello E1, Eva Z2, Claudia M R1, Luca S1, Sabrina G1, Barry W3,

Paolo P1, Roberto V2 and Paolo S1

1Department of Cardiologic, Throcacic and Vascular Science,

University of Padua; 2Department of Medical and Surgical

Sciences, University of Padua, Padova, Italy; 3HaemaCon Ltd,

Bromley, UK

Background: Arterial and venous thromboembolic risks have been

shown to increase in obese subjects. Obesity is associated with a hyper-

coagulable state with either increased levels of clotting factors or inhi-

bition of the fibrinolytic pathways. The procoagulant state involves

several plasma proteins such as tissue factor (TF), fibrinogen, FVII,

FVIII and PAI. Obesity is further characterized by enhanced platelet

response predisposing to thrombi formation. Adipose tissue may play

a significant role in stimulating the up-regulation of TF production

and platelet function by the production of proinflammatory cytokines

(TNF-a) and adipokines (eg leptin and adiponectin).

Aim: To elucidate the hypercoagulable state that characterizes obesity,

we evaluated procoagulant microparticles (MP), both type and activ-

ity, in patients with different degree of obesity.
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Methods: We measured the plasma levels of annexin V-microparticles

(AMP), platelet-MP (PMP), P-Selectin-bearing MP (P-Selectin+),
endothelial activated MP (E-Selectin+), leukocyte-MP (LMP) and tis-

sue factor-bearing MP (TF+), and the MP procoagulant activity (PPL)

in 80 patients (of whom 20 were overweight [BMI = 25–29.9 kg/m2],

20 with 1st degree obesity [BMI = 30–34.9 kg/m2], 20 with 2nd degree

obesity [BMI = 35–39.9 kg/m2] and 20 with 3rd degree [BMI > 40 kg/

m2]), and in 80 age and gender-matched normal weight healthy individ-

uals. MPs levels were assessed by flow-cytometry (Beckman Coulter,

USA) and MPs procoagulant activity was measured using a FXa based

clotting assay (Diagnostica Stago, France). The study was approved by

the Ethical Committee of the University Hospital of Padua.

Results: A significant increase of MP levels (mean � SD) was found in

obese patients, with a gradual rise according to the degree of obesity.

In particular, AMP and PMP levels (MPs/lL) were higher in patients

with 2nd obesity degree (4029 � 2465 and 2881 � 926, respectively)

and 3rd obesity degree (4948 � 2254 and 3098 � 1426, respectively)

than in controls (AMP 1635 � 897, P < 0.01 for both comparisons;

PMP 402 � 225, P < 0.0001 for both comparisons). P-Selectin+ and

E-Selectin+ MP showed the same pattern. LMP and TF+ were higher

in overweight patients (273 � 83, P vs. controls < 0.01 and 162 � 36,

P vs. controls < 0.0001, respectively), 1st degree obesity (238 � 98, P

vs. controls < 0.01 and 163 � 57, P < 0.0001, respectively), 2nd degree

obesity (305 � 63 and 127 � 27, P < 0.0001 for both comparisons,

respectively) and 3rd degree obesity (393 � 183 and 182 � 66,

P < 0.0001 for both comparisons, respectively) than in controls (LMP

106 � 54; TF+ 50 � 35). The phospholipids clotting time was signifi-

cantly shorter in 2nd obesity degree (51 � 16 s) and in 3rd obesity

degree (56 � 13 s) than in controls (68 � 9 s, P < 0.05 for both com-

parisons).

MP levels are found to correlate to BMI (r 0.41, P < 0.001), waist cir-

cumference (0.43, P < 0.001), HDL (r �0.27, P 0.004), TNFa (r 0.37,

P 0.02), leptin (r 0.34, P 0.04). Diabetes and thyroid diseases were

associated with increased MP levels.

Conclusions: Our study indicates that excessive adipose tissue may

induce overproduction of different types of MP. These MP levels sig-

nificantly correlated with degree of obesity and with proinflammatory

cytokines. Further studies are needed to clarify the role of increased

MP levels, if any, in thrombosis risk in obese patients.

PA 1.04-6
Variations of procoagulant microparticles during
disseminated intravascular coagulopathy and septic
shock: a prospective multicentre study
Delabranche X1, Boisrame-Helms J1, Berger A1, Desprez D1, Lanza

F2, Lavigne T1, Asfar P3, Toti F4 and Meziani F1

1Les Hôpitaux Universitaires de Strasbourg; 2UMR_S949

INSERM, Universit�e de Strasbourg, EFS-Alsac, Strasbourg Cedex;
3CHU d’Angers, Angers; 4Universit�e de Strasbourg, Strasbourg

Cedex, France

Background: Septic shock remains a leading cause of death in intensive

care units (ICU) despite care improvement during the past 20 years.

Alteration in haemostatic balance and disseminated intravascular co-

agulopathy (DIC) contribute to multiple organ failure. Microparticles

(MPs) are sub-micronic plasma membrane fragments released from

stressed cells that expose procoagulant phospholipids (almost phos-

phatidylserine – PhtdSer).
Aims: Study of circulating MP variations as biomarkers of vascular

competence and dysfuntion during septic shock.

Methods: One hundred patients with septic shock were enrolled and

their haemostatic status evaluated at admission (D1), and at D2, D3

and D7. Routine and specific haemostasis parameters were measured.

DIC was diagnosed according to JAAM 2006 criteria. To assess cellu-

lar injuries, total microparticles (PhtdSer-MPs), GPIb-MPs (platelets),

CD11a-MPs (leucocytes), CD31� MPs (endothelial cells) were quanti-

fied by prothrombinase assay. Soluble (s)E-selectin, sP-selectin, t-PA,

PAI-1, platelet glycoprotein V (sGPV) and prothrombin fragments

1 + 2 (F1 + 2) were quantified by ELISA. Repeated measures were

analysed with ANOVA, linear mixed model and two-way ANOVA

with post hoc analysis when recommended.

Results: Ninety-two patients were investigated. Early DIC (first 24 h

after ICU admission) was diagnosed in 40 (43.5%) patients, 30 were

diagnosed at D1, and 10 at D2. Early DIC was characterised by higher

SAPS2 and SOFA scores (65 � 20 vs. 52 � 14 and 11.8 � 3.0 vs.

8.5 � 2.1 respectively, P < 0.05). Acute renal failure (82.5% vs.

36.5%) and renal replacement therapy (55.0% vs. 25.0%) were signifi-

cantly more frequent. Bacteraemia was associated with a greater DIC

occurrence (20.0% vs. 1.9%, P = 0.01) whereas pneumonia seemed to

be protective (40.0% vs. 63.5%, P = 0.03).

PhtdSer-MPs were in the same range (15 nM eq. PhtdSer) in all

patients and remained at high level on D7. GPIb-MPs were strongly

correlated to platelet count (r2 = 0.24, P < 0.001). Leucocyte count

remained unchanged but leucocyte CD11a-MPs were increased in

DIC, a higher MPs/leucocyte ratio suggesting leucocyte activation. In

DIC CD11a-MPs/leucocytes returned to baseline overtime, with con-

comitant secondary hyperleucocytosis contributing to still important

CD11a-MPs at D7 compared to patients without DIC. At D1,

endothelial cell activation was evidenced in all patients with elevated

CD31-MP that were at higher level in patients with no DIC. Anti-

thrombin, protein C, F1 + 2, fibrin monomers, sE-selectin, sP-selectin,

sGPV, t-PA and PAI-1 were not associated with DIC diagnosis in our

study.

Summary/Conclusion: During septic shock, haemostasis is greatly acti-

vated and procoagulant MPs are thrice as high as in control. If MPs

originates from platelets and endothelial cells in no DIC patients, DIC

is associated with a phenotypic change where MPs originate from leu-

cocytes and endothelial cells.

PA1.05 – Immune
Thrombocytopenia Purpura – I

PA 1.05-1
CD8+ regulatory/suppressor T cells in primary immune
thrombocytopenia
Li H, Zhang D and Yang R

Institution of hematology, Tianjin, China

Background: Primary immune thrombocytopenia (ITP) is an acquired

disorder characterized by autoantibody-mediated platelet destruction

and insufficient platelet production. Multiple factors have been impli-

cated in ITP pathogenesis, including breakdown of immune tolerance.

Regulatory/suppressor T cells, which have inhibitory functions on

inflammation, play important roles in maintenance of peripheral

immune tolerance. They include CD4+ regulatory T cells, CD8+ regu-

latory T cells, CD8+ suppressor cells, natural killer T cells and so on.

It is reported that CD4+CD25+ regulatory T cells were reduced in

active ITP patients with poor functions, but whether CD8+ regula-

tory/suppressor T cells were involved in ITP is still unknown.

Aim: To elucidate the role of CD8+CD25+CD127� regulatory and

CD8+CD28�CD127low suppressor T cells in pathogenesis of ITP.

Method: A total of 27 untreated active ITP patients, 23 ITP patients in

remission and 34 age- and sex-matched healthy donors were enrolled in

this study. The mRNA expression of transforming growth factor-b1
(TGF-b1), membrane cytotoxic T lymphocyte-associated antigen-4

(mCTLA-4), indoleamine-2,3-dioxygenase (IDO) and forkhead box

protein 3 (FoxP3) in peripheral blood mononuclear cells (PBMCs) were

detected by real-time PCR. The serum concentration of TGF-b1 and

soluble CTLA-4 were measured by ELISA. In addition, flow cytometric

analysis was carried out to detect the percent of CD8+CD25+CD127�

regulatory and CD8+CD28�CD127low suppressor T cells in peripheral

blood from ITP patients and healthy controls. This study was approved
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by the hospital-based ethics committee and informed consents were

obtained from the patients or their parents as appreciate.

Results: (i) The mRNA expressions of mCTLA-4 and TGF-b1 were sig-
nificantly decreased in PBMCs from ITP patients compared with those

of normal controls (P < 0.05). In addition, although the mRNA expres-

sions of IDO and FoxP3 were decreased in PBMCs from ITP patients,

it did not reach the statistic difference (P = 0.126, P = 0.175 respec-

tively). (ii) The serum concentration of TGF-b1 was down-regulated

but sCTLA-4 was up-regulated in ITP patients than those of healthy

controls (P < 0.01). We speculated that these increased sCTLA-4 can

act as a competitor of mCTLA4 to bind CD80 or CD86, thereby inter-

fering the inhibitory function of regulatory T cells. In addition, the

down-expression of multiple inhibitory molecules indicated that the

dysfunctions of immune negative regulations played an important role

in ITP etiology. (iii) The percent of CD8+CD25+CD127� regulatory

and CD8+CD28�CD127low suppressor T cells in peripheral blood from

active ITP patients were lower than those of ITP patients in remission

and healthy controls, but there was no difference between ITP patients

in remission and healthy controls.

Conclusion: The down-regulation of CD8+CD25+CD127� regulatory

cells, CD8+CD28�CD127low suppressor T cells and multiple inhibi-

tory molecules indicated that breakdown of immune tolerance is a key

defect in ITP patients. In addition, considering the association between

the number of CD8+ regulatory/suppressor T cells and disease pro-

gression, the treatment targeted to CD8+ regulatory/suppressor T

cells will be a candidate strategy for ITP therapy.

PA 1.05-2
Defective proliferation and the immunosuppressive
function of bone marrow-derived mesenchymal stem
cells in patients with primary immune
thrombocytopenia
Zhang D, Li H, Ma L, Zhang X, Zhou Z, Yang S and Yang R

Institute of Hematology & Blood Diseases Hospital, Tianjin, China

Background: Primary immune thrombocytopenia (ITP) is an acquired

autoimmune disease characterized by decreased platelet count result-

ing from increased platelet destruction and insufficient platelet produc-

tion. Both the development of autoantibodies against platelet

glycoproteins and the cellular mechanisms of immune modulation are

involved in the pathogenesis of ITP. Bone marrow-derived mesenchy-

mal stem cells (BM-MSCs) are key components of the hematopoietic

microenvironment and provide support to hematopoiesis. At the same

time, BM-MSCs are also being considered as potential therapeutic

agents in various inflammatory autoimmune diseases for their tissue-

repair and anti-inflammatory properties.

Aims: The qualitative properties and immune modulation capacity of

MSCs derived from ITP patients in Chinese population is unclear. The

aim of this study is to further characterize phenotypically and func-

tionally BM-MSCs from ITP patients in Chinese population.

Methods: In vitro cultures of BM-MSCs from patients with ITP (n = 12)

and age-and sex-matched healthy individuals (n = 9) were established

and characterized by their differentiation potential into adipocytes and

osteoblasts, and phenotype by flow cytometry. BM-MSCs (irradiated)

from healthy and ITP patients were tested for their ability to suppress

the in vitro proliferation of allogeneic peripheral blood mononuclear

cells (PBMC) (from healthy donors) stimulated with PHA.

Results: Our results showed that BM-MSCs from ITP patients and

normal controls can be successfully culture-expanded, but the BM-

MSCs from ITP grew more slowly than those of normal controls

(P < 0.05). Cells from both groups were positive for CD73, CD90 and

CD105, and negative for CD11b, CD19, CD14, CD34, CD45 and

HLA-DR. ITP BM-MSCs were shown to have a similar capacities to

differentiate along adipogenic and osteogenic lineages as those of

healthy donor BM-MSCs. Both the BM-MSCs from healthy donors

and ITP patients could reduce the proliferation of allogeneic PBMCs,

inhibit the secretion of IFN-c and TNF-a, and promote the secretion

of IL-10 in a cell dose-dependent fashion. MSC-mediated suppression

of PHA-induced PBMCs proliferation was significantly lower in the

ITP group than the healthy cohort, when the ratio of PBMC/MSC

was 10:1 (P = 0.003).

Summary/Conclusions: These results showed that BM-MSCs from

patients with ITP under the described culture conditions exhibited the

same phenotype and differentiation potential as healthy counterparts.

The proliferation of MSC and the ability to downregulate PHA-

induced PBMC priming is deficient in patients with ITP. BM-MSCs

may play an important role in the ITP pathogenesis.

PA 1.05-3
Detection of circulating B cells producing anti-GPIb
autoantibodies in patients with immune
thrombocytopenia
Kuwana M1, Okazaki Y1 and Ikeda Y2

1Keio University; 2Waseda University, Tokyo, Japan

Background: Immune thrombocytopenia (ITP) is an autoimmune dis-

ease caused by IgG anti-platelet autoantibodies. This condition is seen

in patients with various diseases, such as systemic lupus erythematosus

(SLE), and can also occur without an underlying disease. Production

of IgG autoantibodies to platelet surface glycoproteins, such as

GPIIb/IIIa and GPIb, is the hallmark of the disease. We previously

reported that an enzyme-linked immunospot (ELISPOT) assay for

detection of B cells secreting anti-GPIIb/IIIa antibodies was a sensitive

method for identifying ITP patients.

Aims: To assess potential usefulness of measuring circulating anti-

GPIb antibody-producing B cells for diagnosis of ITP and evaluation

of anti-platelet autoantibody profiles.

Methods: We examined 114 patients with primary ITP, 94 with various

conditions potentially causing secondary ITP, including 25 with SLE,

30 with liver cirrhosis (LC), and 39 with post-hematopoietic stem cell

transplantation (post-HSCT), and 18 with aplastic anemia or myelo-

dysplastic syndrome (AA/MDS). All patients had a platelet count

< 50 9 109/L at blood collection. Thirty-two healthy individuals with-

out thrombocytopenia were used as a control. All samples were

obtained after the subjects gave their written informed consent as

approved by the Institutional Review Board. B cells producing IgG

anti-GPIIb/IIIa and anti-GPIb antibodies were simultaneously mea-

sured using ELISPOT assay. The antigens used included GPIIb/IIIa

affinity-purified from human platelets and a recombinant protein

encoding an extracellular domain of GPIb. Results represented the

mean of 10 values and were expressed as the number per 105 peripheral

blood mononuclear cells.

Results: Circulating anti-GPIb antibody-producing B cells were signifi-

cantly greater in patients with primary ITP, SLE, LC, and post-HSCT

than in healthy controls (3.0 � 3.3, 10.5 � 25.6, 4.8 � 5.2, and

3.4 � 6.2 vs. 0.4 � 0.4; P < 0.01 for all comparisons). When a cutoff

level was set at five standard deviations above the mean of healthy

controls, a positive result was detected in 44% of primary ITP, 48% of

SLE, 50% of LC, 44% of post-HSCT, 17% of AA/MDS, and none of

healthy controls. Anti-GPIb ELISPOT assay for the diagnosis of pri-

mary ITP had sensitivity of 44% and specificity of 83%, whereas anti-

GPIIb/IIIa ELISPOT assay had sensitivity of 86% and specificity of

72%. When two tests were combined together, sensitivity was

improved to 90%. Interestingly, frequencies of anti-GPIb and anti-

GPIIb/IIIa antibody-producing B cells in circulation were correlated

each other. The frequency of anti-GPIIb/IIIa antibody-producing cells

exceeded the frequency of anti-GPIb antibody-producing B cells in

patients with primary ITP, LC, and post-HSCT, but anti-GPIb anti-

body-producing B cell frequency predominated in SLE patients. Serial

measurement revealed decrease of anti-GPIb and anti-GPIIb/IIIa anti-

body-producing B cells in parallel with platelet count recovery after

therapeutic intervention, including corticosteroids, splenectomy, and

eradication of Helicobacter pylori.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

300 ABSTRACTS



Conclusions: The ELISPOT assay for detection of anti-GPIb antibody-

secreting B cells is useful for identifying patients with primary ITP

and various forms of secondary ITP. In addition, anti-platelet auto-

antibody repertoire may be different among conditions accounting

for ITP.

PA 1.05-4
Is the total 2 g/kg of intravenous immunoglobulin G
optimal dose for acute immune thrombocytopenic
purpura in childhood?
Lee KS and Kim UH

Kyungpook National University Hospital, Daegu, South-Korea

Background: Immune thrombocytopenic purpura (ITP) is the most

common bleeding disorder in children. High dose intravenous immu-

noglobulin G (IVIG) has been used for treatment of ITP since 1981 by

Imbach, and now several methods of IVIG infusion are used. But total

doses were 2 g/kg for almost patients, uniformly. Since 1983, we have

done short-term IVIG therapy according to the individual patient’s

response.

Aims: Through this study, we showed that low dose IVIG therapy

according to the individual patient’s response is reasonable and cost-

effective in childhood acute ITP.

Methods: Daily 200 mg/kg of IVIG was given until platelet count

reached over 50,000/mm3 in 75 childhood acute ITP who were newly

diagnosed at the Department of Pediatrics, Kyungpook National Uni-

versity Hospital from September, 2006 to December, 2012. We evalu-

ated the time to reach desired platelet counts (50,000/mm3), relapse

rate and changes of neutrophil count after treatment of IVIG.

Results: The median age was 2.7 years (1 month–15 years), male to

female ratio was 1.5:1 and median follow up duration was

14.8 months (0.5–67 months). The median platelet count was 10,787/

mm3 (2000–37,000/mm3) at diagnosis. The platelet count increased to

22,920/mm3 (3000–103,000/mm3) after one dose, 46,507/mm3 (3000–
185,000/mm3) after two doses, 51,155/mm3 (2000–282,000/mm3) after

three doses and 52,833/mm3 (4000–294,000/mm3) after four doses of

IVIG therapy. The median duration of IVIG therapy was 3.8 days

and median total dose of IVIG therapy was 900 mg/kg. Sixteen

patients (21.3%) were relapsed (< 50,000and median interval to

relapse was 26 days (15–44 days) after first diagnosis. Among 49

patients followed up over 6 months, nine patients (18.4%) were even-

tually diagnosed as chronic ITP. All chronic ITP was observed only in

relapse patients. Forty-one patients (54.7%) showed neutropenia after

IVIG treatment, and the neutropenia had resolved spontaneously in

all patient after median 31.1 days (2–135 days). No serious complica-

tions were observed.

Summary/Conclusion: Compared to the previous our data (Low-dose

and short term therapy of IVIG for childhood acute ITP: in Korean

Journal of Hematology, 2001, 36:3241–6, 247–52), this very low-dose

and short term therapy of IVIG (200 mg/kg/day) has similar effect on

treating acute ITP in response and relapse rate. Total dosage of IVIG

has no association with neutropenia in frequency and severity. The

short-term very-low dose IVIG therapy (200 mg/kg/day) according to

the individual response is resonable for effect, cost-effectiveness and

safety in childhood ITP.

PA 1.05-5
Successfully sparing splenectomy in immune
thrombocytopenia purpura (ITP)
Choi PY1 and Chong BH2

1UNSW, St George Clinical School; 2SEALS St George Hospital,

Kogarah, NSW, Australia

The hallmark of primary ITP is the development of an isolated throm-

bocytopenia in the absence of a recognised secondary cause. Some of

the earliest experiments to elucidate the pathogenesis of ITP demon-

strated that an asplenic state could abrogate the platelet destruction

seen with ITP serum. Since then, the role of splenectomy has been

inextricably linked with the management of this condition. However,

the recent analysis of our single centre experience with the manage-

ment of ITP demonstrated a significant disparity between most

accepted international guidelines and our current practice: splenec-

tomy has not been performed for newly diagnosed patients with pri-

mary ITP over the last 8 years.

We aimed to investigate the reasons why our current practices were so

divergent from conventional guidelines on the role of splenectomy.

We performed a subanalysis on a recent retrospective observational

study on thrombocytopenia in a single Australian centre. All patients

with newly diagnosed primary ITP between 2005 and June 2010 were

investigated after obtaining local ethics approval. Updated informa-

tion was then obtained from clinical files and via correspondence with

treating physicians to elaborate their decision making processes.

Fifty-one adult patients were newly diagnosed with primary ITP dur-

ing the study period. Seven have been reclassified due to clinical evolu-

tion as secondary ITP (autoimmune pancreatitis, SLE, drug-induced),

congenital thrombocytopenia in two, myelodysplasia and cirrhosis.

One patient was lost to follow-up abroad. One other patient developed

pancreatic carcinoma and was treated with chemotherapy.

Forty-two patients were therefore evaluable for the potential role of

splenectomy. 19/42 required no treatment at any point. Of the 23 who

did require treatment, 10 eventually required second-line therapy.

Four patients were successfully re-treated with first-line therapy for

relapsed but responsive disease.

4/10 patients requiring second-line therapy were unfit for surgery:

three with primarily refractory ITP and one elderly male with multiple

medical co-morbidities. Six patients were potential candidates for sple-

nectomy: four patients refused and two were not offered by the clini-

cian as steroid-sparing agents were successfully introduced within

4 weeks of initial presentation (azathioprine and danazol).

Of the four patients who refused splenectomy, three received thrombo-

poietin agonist therapy. All three have maintained a response to this

therapy, one of whom is in an enduring complete remission off all ther-

apy. One patient who refused splenectomy was unable to obtain com-

passionate access to thrombopoietin agonists and intermittently

requires steroids and danazol without significant adverse effects.

This small analysis of consecutive patients newly diagnosed with pri-

mary ITP between 2005 and 2010 demonstrates several salient fea-

tures. Despite recent refinements in the classification of ITP, the

clinical diagnosis still encompasses a broad clinicopathological range

of patients with diverse outcomes. As a diagnosis of exclusion, primary

ITP is reclassified in at least approximately 15% of cases after a med-

ian follow-up of 18 months. Owing to patient preferences and the

dearth of steroid-sparing and splenectomy-sparing options, surgery is

infrequently required in newly diagnosed patients with primary ITP.

Although splenectomy is not obsolete, it is an unpopular option in this

Australian tertiary referral centre.
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PA 1.05-6
Cell-based haemostasis assessment to improve
disseminated intravascular coagulopathy (DIC)
diagnosis during septic shock
Delabranche X1, Boisram�e-Helms J1, Asfar P2, Berger A3, Mootien

Y4, Lavigne T3, Zobairi F5, Grunebaum L3, Lanza F6, Gachet C6,

Freyssinet JM7, Toti F8 and Meziani F3

1Service de R�eanimation M�edicale, Nouvel Hôpital Civil,

Hôpitaux Universitaires, Strasbourg; 2CHU d’Angers, Angers; 3Les

Hôpitaux Universitaires de Strasbourg, Strasbourg Cedex; 4CH de

Mulhouse, Mulhouse; 5UMR 7213 CNRS, Facult�e de Pharmacie,

Universit�e de Strasbourg, Illkirch; 6UMR-S949 Inserm, Universit�e

de Strasbourg, EFS-Alsace 10, Strasbourg; 7U770 INSERM,

Facult�e de M�edecine, Universit�e Paris-Sud, Le Kremlin-Bicêtre;
8Universit�e de Strasbourg, Strasbourg Cedex, France

Background: Cell-free plasma routine tests failed to predict thrombotic

or haemorrhagic tendency during septic shock and large randomised

clinical trials aiming at anticoagulation were not relevant. Post-hoc

tests highlighted patients’ survival improvement only when DIC was

present.

Aims: To improve DIC diagnosis during septic shock time-course and

assess vessel cells activation using circulating microparticles (MPs) and

truly soluble membrane proteins as vascular cell surrogates.

Methods: One hundred patients with septic shock were enrolled and

their haemostatic status evaluated at admission (D1), D2, D3 and D7.

Circulating MPs were isolated, quantified by prothrombinase assay

and their cellular origin determined after capture onto specific anti-

bodies. Soluble proteins were measured by ELISA. Cell markers of

endothelial cells were sE-selectin, sP-selectin, t-PA, PAI-1, CD31-MPs

(apoptosis) and CD105-MPs (activation); sP-selectin, sGPV and

GPIb-MPs accounted for platelets; IL-6, IL-10, TNFa, MCP-1 and

CD11a-MPs for leucocytes. Thrombin formation was assessed by pro-

thrombin fragments 1 + 2 (F1 + 2), fibrin formation by fibrin mono-

mers (FM) and fibrinolysis by D-dimers (DDi). DIC score was

established according to JAAM 2006 criteria. (NCT #01604551)

Results: Forty patients had DIC during the first 24 h. Compared to no

DIC, they were characterised by higher multiple organ failure espe-

cially acute renal failure (82.5% vs. 36.5%). Haemostasis activation

was obvious in all patients with sustained thrombin generation and

fibrinolysis over time. Delayed AT and PC restoration was observed in

DIC patients (P < 0.05 for time-course D1–D7).

Regardless DIC diagnosis, septic shock induced high level of total

MPs. CD31-MPs, t-PA and PAI-1 were increased but not differently

in DIC vs. no DIC patients. t-PA and PAI-1 returned to baseline at

D7 (P = 0.04, P < 0.01, respectively) with delayed improvement when

DIC was present while CD31-MPs were stable. CD105-MPs were sig-

nificantly increased at D1 only in patients having early DIC. CD105-

MPs and sE-selectin were greatly increased prior DIC diagnosis and

significantly tended to return to baseline at the end of the follow-up

period (P < 0.05). Leucocyte activation was enhanced in all DIC

patients (CD11a-MPs/leucocyte ratio, MCP-1 and IL-10) whereas

platelet activation (sGPV/platelet and sP-selectin/platelet ratios) was

increased only once DIC was present. Interestingly, sGPV/platelet and

sP-selectin/platelet ratios were increased at D3 then returned to base-

line. GPIb-MPs mirrored platelet count. In multiple logistic regression

analysis, CD105-MPs (OR 6.55 [2.54–16.92], P < 0.01), CD31-MPs

(OR 0.49 [0.26–0.94], P = 0.03) and FV (OR 0.97 [0.95–0.99],
P = 0.02) were strongly associated to DIC, while FM (P = 0.06) and

prothrombin F1 + 2 (P = 0.09) were tightly associated.

Using our global approach of individual vascular competence, we

identified three different profiles: (i) no DIC – low grade, controlled

injury, (ii) pre DIC – obvious vascular injury but still-controlled

thrombin generation, and (iii) DIC – uncontrolled thrombin and fibrin

formation.

Summary/conclusion: According to cell-based haemostasis assessment,

the initial activation of endothelial cells and leucocytes in septic shock

prompts thrombin generation followed by platelet activation. MPs

and soluble selectins are vascular cells activation surrogates that could

improve early stratification for anticoagulant therapy during septic

shock.

Key words: disseminated intravascular coagulopathy, microparticles,

septic shock, cell-based haemostasis.
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PA1.06 – Fibrinolytic System:
Basic – I

PA 1.06-1
Identification of a novel, nanobody-induced,
mechanism of TAFI inactivation and its in vivo
application
Hendrickx ML1, Zatloukalova M1, Hassanzadeh-Ghassabeh G2,

Muyldermans S2, Gils A1 and Declerck PJ1

1KU Leuven, Leuven; 2Vrije Universiteit Brussel, Brussels,

Belgium

Background: Down regulation of fibrinolysis due to cleavage of C-ter-

minal lysine residues from partially degraded fibrin is mainly exerted

by the carboxypeptidase activity of activated thrombin-activatable

fibrinolysis inhibitor (TAFIa). Some intrinsic carboxypeptidase activ-

ity (= zymogen activity) for the pro-enzyme TAFI, has been reported.

Aims: The aim is to identify and characterize in vitro nanobodies (sin-

gle-domain fragments derived from heavy-chain-only antibodies) that

affect the pro-enzyme properties of mouse TAFI (mTAFI). Then, their

applicability will be evaluated in an in vivo mouse thromboembolism

model.

Methods and Results: Screening of a library of nanobodies towards

mTAFI revealed one nanobody (VHH-mTAFI-i49) significantly stim-

ulating the zymogen activity of mTAFI to 4.4 U/mg (at a 16-fold

molar ratio over mTAFI, P < 0.0001 compared to no addition of

nanobody). The stimulated zymogen activity is unstable at 37 °C, with
a half-life of 8.1 � 0.8 min. More importantly, incubation of mTAFI

with VHH-mTAFI-i49 reveals a time-dependent reduced activatability

(by thrombin/thrombomodulin) of mTAFI: 47%, 71% and 89%

reduced activatability after incubation at 37 °C for 15, 30 and 60 min,

respectively. In vitro clot lysis experiments were performed by pre-

incubation of mouse plasma with VHH-mTAFI-i49 for 60 min fol-

lowed by CaCl2 triggered clot formation and t-PA induced lysis.

VHH-mTAFI-i49 induced a dose-dependent reduction of the 50% clot

lysis time, < i.e. 28 � 7 min in the presence of a 16-fold molar excess

of the nanobody over TAFI vs. 80 � 4 min in the absence of the

nanobody. Extensive analysis during in vitro clot lysis experiments

revealed that the enhanced lysis was associated with a reduced activat-

ability of TAFI to TAFIa, through transient zymogen stimulation.

The affinity (KA) of VHH-mTAFI-i49 for TAFI, as determined by

surface plasmon resonance (Biacore�), is 4.2 � 1.2 9 107/M. In vivo

application of VHH-mTAFI-i49 (2.6 mg/kg) in a tissue factor-induced

mouse thromboembolism model significantly decreases the fibrin

deposition in the lungs (20 � 6.9 and 114 � 20 lg/mL for VHH-

mTAFI-i49 and buffer respectively). Epitope mapping discloses that

Arg227 and Lys212 are important for the nanobody/mTAFI interaction

and suggests that the zymogen stimulation and subsequent destabiliza-

tion of TAFI may be the result of translocation of the activation pep-

tide, thereby disrupting the stabilizing interaction between activation

peptide and the dynamic flap region.

Conclusion: The nanobody-induced, reduced activatability of mTAFI,

results in a very potent enhancement of in vitro clot lysis. Evaluation
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of this nanobody in an in vivo mouse thromboembolism model illus-

trates that this novel way of interfering with the generation of TAFIa

results in a strong profibrinolytic effect.

PA 1.06-2
Alpha2-antiplasmin is a potential regulator of neuronal
morphology
Kawashita E1, Kanno Y1, Asayama H1, Okada K2, Ueshima S3,

Matsuo O2 and Matsuno H1

1Faculty of Pharmaceutical Science, Doshisha Women’s College

of Liberal Arts, Kyo-Tanabe; 2Kinki University School of

Medicine, Osaka; 3Faculty of Agriculture, Kinki University, Nara,

Japan

Background: a2-Antiplasmin (a2AP), a member of the serine protease

inhibitor (serpin) family, is a principal physiological plasmin inhibitor.

On the other hand, a2AP regulates cell differentiation without the

mediation of plasmin, suggesting that a2AP is a possible regulatory

factor of cellular functions in a plasmin-dependent or plasmin-inde-

pendent manner. a2AP is mainly produced by the liver and kidneys,

but it is also expressed in the brain, particularly at a higher level in the

hippocampus than in the cortex, hypothalamus and cerebellum. Hence

a2AP might play an important role in hippocampal neuronal func-

tions. However, no study thus far has addressed the role of a2AP in

the neurons.

Neurons have a unique morphology characterized by dendrites and a

long axon. During neuronal maturation, MAP2 and tau, which are

abundant microtubule-associated proteins in neurons, segregate into

dendrites and axon, respectively, and form cross-bridges between

microtubules to regulate the development and stabilization of axon

and dendrites. Transforming growth factor (TGF-b) is a key factor to

promote neuronal maturation, neurites sprouging and axonal develop-

ment. a2AP regulates the expression of TGF-b, thereby suggesting

that a2AP could be a potential regulator of neuronal morphology.

Aims: This study investigated whether a2AP regulated the neuronal

morphology, including dendritic and axonal growth, and also whether

TGF-b was involved in the regulation. In addition, the mechanisms

underlying the morphological regulation by a2AP were determined.

Methods: Primary hippocampal neurons were obtained from a2AP+/+

[wild-type (WT)], a2AP�/�mice and plasminogen�/�’ mice, and treated

with a2AP, TGF-b or aprotinin. Immunocytostaining and phalloidin

staining were performed, and then the length, the number of tips, and

the branching of the neurites were measured. The expression of MAP2,

tau1 and TGF-b in the neurons was analyzed by Western blotting.

Results: a2AP was intensely expressed in mature neurons, but not in

immature neurons. Exogenous treatment with a2AP increased the

length, the number of tips, and the branching of the neurites, and

enhanced the expression of MAP2 and tau1 in both WT and a2AP�/�’

mice. Aprotinin, another plasmin inhibitor, had little effect on the

expression of MAP2 and tau1 in the neurons from WT mice, and fur-

thermore, a2AP induced the expression of MAP2 and tau1 in the neu-

rons from plasminogen�/� mice. In addition, the activation of p38

MAPK, but not ERK and JNK, was involved in the induction. a2AP

also induced the TGF-b expression in the neurons, and TGF-b signal-

ing mediated the a2AP-induced expression of MAP2 and tau1.

Conclusion: a2AP induces TGF-b expression to regulate dendritic and

axonal growth through activation of p38 MAPK without the media-

tion of plasmin, thus providing new insights into the role of a2AP in

the neuron.

PA 1.06-3
Generation and characterization of homozygous
plasminogen-Tochigi mutant mice bearing reduced
fibrinolytic activity
Tashima Y, Banno F, Kita T, Matsuda Y, Yanamoto H and Miyata T

National Cerebral and Cardiovascular Center, Suita, Japan

Plasminogen (Plg) is a precursor of a serine protease, plasmin that

degrades fibrin fiber composed of blood clot. Fibrinolysis is an impor-

tant event to dissolve unfavorable clot in blood vessel. Deficiency of

Plg causes thrombosis, fibrin deposition, and delay of wound healing.

Plg-A620T mutation previously named as Plg-Tochigi mutation is

positioned close to the enzymatic active site and decreases the proteo-

lytic activity of plasmin. Plg-Tochigi mutation has not been found in

Caucasian but observed in Chinese and Japanese with an estimated

prevalence of 4% in the general Japanese population. We suspected

that Plg-Tochigi mutation is a potential risk factor for Asian to cause

thrombosis because of the low fibrinolytic activity. In fact, Plg-Tochigi

mutation was originally found in Japanese patients of deep vein

thrombosis (DVT). However, our recent analysis proved that hetero-

zygous Plg-Tochigi mutation is not a genetic risk factor for DVT.

Herein, we focus on homozygotes of Plg-Tochigi mutation and investi-

gate whether the homozygous Plg-Tochigi mutation in mice causes

serious thrombosis.

We generated the Plg-A622T (Plg-Tochigi) knock-in mice correspond-

ing to human Plg-A620T. The homozygous Plg-Tochigi mutant mice

did not show any abnormality in birth, growth, and fertility. The uro-

kinase-induced amidolytic activity of Plg in homozygous Plg-Tochigi

mutant mice was reduced by about 25% of those in wild-type mice.

Unexpectedly, delay of wound healing was not observed in Plg-Tochi-

gi mutant mice unlike Plg-knockout mice previously reported. We

compared artery and vein thrombogenesis between Plg-Tochigi

mutant and wild-type mice using three different experimental throm-

bosis models. In a middle cerebral artery occlusion model of ischemia-

reperfusion injury, we did not find any difference, indicating that the

Plg-Tochigi mutation did not significantly affect the severity of ische-

mic artery diseases. Next, we induced acute pulmonary embolism by

injection of recombinant human tissue factor via inferior vena cava

(IVC). The survival rate of Plg-Tochigi mutant mice during 20 min

after the injection was as same as wild-type mice although the degree

of vascular occlusion in the lung of Plg-Tochigi mutant mice was a lit-

tle severer than wild-type mice. We also induced IVC thrombosis by

electrolytic stimulation of IVC at a current of 250 lAm for 15 min.

Plg-Tochigi mutant mice tended to form slightly larger thrombi than

wild-type mice but there were no significant differences in the throm-

bus weight.

In conclusion, homozygous Plg-Tochigi mutation showed reduced

enzymatic activity of plasmin but did not cause severe thrombosis in

mice. The potential of Plg-Tochigi mutation to modify thrombosis

triggered by other genetic risk factors needs to be investigated.

PA 1.06-4
Enhanced t-PA-mediated fibrinolysis through
co-administration of a TAFI-inhibiting nanobody
Hendrickx ML1, Hassanzadeh-Ghassabeh G2, Muyldermans S2,

Gils A1 and Declerck PJ1

1KU Leuven, Leuven; 2Vrije Universiteit Brussel, Brussels,

Belgium

Background: One of the main disadvantages of current t-PA thrombo-

lytic treatment is the increased bleeding risk. Upon activation, Throm-

bin Activatable Fibrinolysis Inhibitor (TAFI) is a very powerful

antifibrinolytic enzyme. Therefore, co-administration of a TAFI inhib-

itor during thrombolysis could reduce the t-PA dose, thereby decreas-

ing bleeding risks without compromising the efficacy.
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Aim: The aim is to generate and characterize inhibitory nanobodies

(single-domain fragments derived from heavy-chain-only antibodies)

towards rat TAFI (rTAFI) and evaluate their profibrinolytic proper-

ties in vitro and in vivo.

Methods and Results:Nanobody VHH-rTAFI-i81 inhibits (at a 16-fold

molar ratio nanobody over TAFI) the thrombin/thrombomodulin (T/

TM) mediated activation of rTAFI by 83 � 1.8% with an IC50 of 0.46

(molar ratio nanobody over TAFI). The affinity (KA) of VHH-rTAFI-

i81 for rTAFI, as determined by surface plasmon resonance (Bia-

core�), is 2.5 � 0.2 9 1010/M and illustrates a very strong binding.

VHH-rTAFI-81 was also found to interact with mTAFI: 78 � 2.6%

inhibition of T/TM mediated mTAFI activation with an IC50 of 0.59

and an affinity (KA) of 6.9 � 1.2 9 109/M. In vitro, a dose-response

curve of the profibrinolytic effect of VHH-rTAFI-i81 in rat plasma, in

the presence of 1000 pM t-PA, shows a strong, maximal profibrinolyt-

ic effect already at an equimolar ratio of nanobody over rTAFI. A

dose-response curve of the fibrinolytic effect of t-PA, in the presence

and absence of VHH-rTAFI-i81 at a two-fold molar ratio over rTAFI,

indicates that (i) in the absence of VHH-rTAFI-i81 lysis remains lim-

ited even at the highest concentration of t-PA (900 pM), whereas in

the presence of VHH-rTAFI-i81, full lysis is achieved and (ii) in the

presence of VHH-rTAFI-i81 the time to reach full lysis is 25 min

whereas in the absence of VHH-rTAFI-i81, no full lysis is reached at

180 min. Epitope mapping discloses that Lys380 and Lys392 are of pri-

mary importance for the nanobody/rTAFI interaction besides minor

contributions of Tyr175 and Glu183. In vivo application of VHH-

rTAFI-i81 (1.3 mg/kg) in a tissue factor-induced mouse thromboem-

bolism model significantly decreases fibrin deposition in the lungs

(8.0 � 2.2 and 180 � 27 lg/mL for VHH-rTAFI-i81 and buffer,

respectively).

Conclusion: Nanobody VHH-rTAFI-i81 is a very potent inhibitor of

TAFI activation. Co-administration of this nanobody and t-PA

enhances the fibrinolytic efficacy. In an in vivo mouse thromboembo-

lism, application of VHH-rTAFI-i81 reduces fibrin deposition in the

lungs.

PA 1.06-5
Clots formed from y’-fibrinogen are more resistant to
lysis than those formed from? A-fibrinogen because of
delayed plasminogen activation by tissue plasminogen
activator
Kim PY, Vu T, Leslie BA, Stafford AR, Fredenburgh JC and Weitz JI

Thrombosis and Atherosclerosis Research Institute and McMaster

University, Hamilton, ON, Canada

Background: About 15% of circulating fibrinogen (Fg) contains a c-
chain variant with an extended C-terminus and is designated c’-Fg.
Fibrin (Fn) clots formed from c’-Fg are more resistant to lysis by tis-

sue plasminogen activator (tPA) than those prepared from the pre-

dominant cA-Fg. Because release of fibrinopeptide (FP) B is

purported to expose a cryptic plasminogen (Pg) binding site, we specu-

lated that the resistance to lysis may reflect delayed release of FPB

from c’-Fg.
Aim: To determine whether resistance of c’-Fn clots to lysis relative to

cA-Fn clots reflects impaired FPB release.

Methods: Samples containing cA- or c’-Fg at various concentrations,

Pg, tPA, and a2-antiplasmin were incubated at 37 °C with thrombin,

which releases FPA and FPB, or with batroxobin, which only releases

FPA. Turbidity was monitored at 400 nm and the time to half maxi-

mal decrease was designated as the lysis time. To compare the cofactor

activities of cA- and c’-Fn, experiments were repeated (a) in the pres-

ence of S2251 so that kinetic parameters for Pg activation by tPA and

the time to initiation of Pg activation relative to that of clot formation

could be determined, and (b) using plasmin in place of Pg and tPA so

that the Pg activation step could be bypassed. Finally, to explore the

impact of FPB release on the Pg/Fn interaction, immobilized cA- or

c’-Fg was converted to Fn with thrombin or with batroxobin and sur-

face plasmon resonance (SPR) was used to quantify Pg binding.

Results: With tPA, lysis times of c’-Fn clots were longer than those of

cA-Fn clots; a difference that reached 30% with increasing Fg concen-

trations. Substitution of batroxobin for thrombin or plasmin for Pg/

tPA abolished the difference, suggesting that it is related to an effect of

FPB release on Pg activation. Although Fg isoform and the use of

thrombin vs. batroxobin to clot the Fg had no effect on the individual

kinetic parameters for Pg activation by tPA, the time to initiation of

Pg activation with c’-Fn clots was delayed by 95.0 � 15.6 s compared

with cA-Fn when clots were formed with thrombin, but not with bat-

roxobin; findings that also implicate FPB release. In support of this

concept, based on the SPR data, 2-fold more Pg bound to Fn lacking

both FPA and FPB compared with Fn lacking only FPA.

Conclusion: Our findings suggest that the capacity of Fn to promote

Pg activation by tPA is accelerated by FPB release, which promotes Pg

binding. Therefore, slower lysis of c’-Fn likely reflects delayed FPB

release rather than impaired plasminogen activation or resistance to

plasmin-mediated Fn degradation. Thus, these studies provide addi-

tional insights into the mechanism by which Fn promotes Pg activa-

tion by tPA, and why incorporation of c’-Fg into Fn clots may render

them resistant to lysis.

PA 1.06-6
Structural and biochemical studies of naturally
occurring antiplasmin variants
Horvath AJ, Lu B, Encarnacao JA, Zhang QW, Whisstock J,

Coughlin PB and Law RHP

Monash University, Melbourne, Australia

Antiplasmin(AP) is a highly effective inhibitor of plasmin and its

deficiency often results in a variable, often severe, bleeding disorder.

Two AP mutations that cause bleeding disorders have been identi-

fied. AP Enschede involves an insertion of an alanine residue in the

RCL (353A-A-A-A357). Although the variant is normally expressed,

it is a substrate rather than an inhibitor of plasmin. A second muta-

tion, V372M is located just C-terminal to the RCL on the first

strand of the C-sheet and results in deficiency through an as yet un-

characterized mechanism. To understand how these mutations alter

AP function we generated recombinant forms of human and mouse

AP Enschede and mouse V372M variant and investigated their struc-

tural and biophysical properties. The X-ray crystal structures of

murine AP Enschede and V372M were solved at 2.8 �A and 4.0 �A

resolution, respectively. The structural data reveals that both vari-

ants are in a native conformation and that the serpin fold is not per-

turbed by the mutations. No electron density was observed for the

RCL of either protein. The biophysical properties of recombinant

human and mouse AP Enschede were unaltered by the mutation

despite both proteins demonstrating substrate like inhibitory activity.

In contrast, the recombinant mouse V372M variant had inhibitory

properties similar to wild-type mouse AP and no differences in poly-

merization and biophysical characteristics were observed. This sug-

gests that the V372M mutation alone does not alter the native fold

of the serpin or its inhibitory efficiency. The human V372M variant

could not be expressed in E. coli and may indicate malfolding or

structural instability in the human V372M protein.
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PA 1.07-1
Antiplasmin, but not amiloride, prevents synovitis
and cartilage destruction following hemarthrosis in
hemophilic mice
Nieuwenhuizen L, Roosendaal G, Coeleveld K, Biesma DH,

Lafeber PJG and Schutgens REG

University Medical Center Utrecht, Utrecht, The Netherlands

Background and Aims: Blood-induced joint damage in hemophilia is

characterized by synovitis and cartilage destruction. Recently, we dem-

onstrated that a joint bleeding in hemophilic mice results in alterations

in the fibrinolytic system with an increase in synovial cells expressing

urokinase-type plasminogen activator (uPA), an increase in synovial

levels of uPA and plasmin, and in plasmin-mediated cartilage destruc-

tion. In this study, we evaluate the alterations in synovitis and cartilage

destruction following the induction of a joint bleeding in hemophilic

mice treated with placebo, amiloride (a specific inhibitor of uPA), or

antiplasmin.

Methods: The right knees of hemophilic mice were punctured to induce

hemarthrosis. Subsequently, mice were randomized between daily oral

treatment with amiloride or control, while other mice were random-

ized between weekly intra-articular treatment of the right knee joint

with amiloride, antiplasmin, or control. After 5 weeks of treatment,

the mice were sacrificed, knee joints were isolated, sectioned for histol-

ogy, and stained with hematoxylin-eosin (synovitis) or safranin O (car-

tilage destruction). Hemophilic synovitis and cartilage destruction

were determined by two blinded observers according to Valentino and

Glasson. An increase in Valentino and Glasson score represents an

increase in hemophilic synovitis and cartilage destruction, respectively.

Treatment with amiloride or antiplasmin was compared with control.

Categorical data were analyzed by loglinear analysis and Pearson Chi-

Square.

Results: No significant alterations in synovitis and cartilage destruc-

tion were found when comparing the oral amiloride group with the

oral control group, and when comparing the intra-articular amiloride

group with the intra-articular control group. In contrast, intra-articu-

lar treatment with antiplasmin resulted in a statistical significant

(P < 0.01) reduction in synovitis, as assessed by the Valentino score,

when comparing the intra-articular control group to the intra-articular

antiplasmin group: 1 (0% vs. 11.1%), 2 (4.2% vs. 11.1%), 3 (16.7%

vs. 61.1%), 4 (29.2% vs. 5.6%), 5 (20.8% vs. 11.1%), 6 (8.3% vs.

7.7%), 7 (8.3% vs. 0%), and 8 (12.5% vs. 0%). In addition, treatment

with intra-articular antiplasmin resulted in a statistically significant

(P < 0.01) reduction in cartilage destruction, as assessed by the Glas-

son score, when comparing the intra-articular control group to the

intra-articular antiplasmin group: 2 (8.3% vs. 10%), 3 (12.5% vs.

50%), 4 (33.3% vs. 30%), 5 (33.3% vs. 10%), 6 (12.5% vs. 0%), and 7

(4.2% vs. 0%).

Conclusions: Intra-articular treatment with antiplasmin following the

induction of a joint bleeding prevented synovitis and cartilage destruc-

tion in hemophilic mice. Oral and intra-articular treatment with amilo-

ride failed to attenuate synovitis and cartilage destruction. Given that

complete prevention of joint bleeds in hemophilia is not feasible at the

moment despite the prophylactic use of factor replacement, the data

presented herein offer promise for the use of antiplasmin as a new ther-

apeutic intervention.

PA 1.07-2
A single intra-articular injection with IL-4 plus IL-10
ameliorates blood-induced cartilage degeneration in
haemophilic mice
VanMeegeren E1, Roosendaal G2, Coeleveld K2,

Nieuwenhuizen L2, Van Vulpen F2, Mastbergen SC2 and

Lafeber PJG2

1UMC Utrecht; 2University Medical Centre Utrecht, Utrecht, The

Netherlands

Background: Blood-induced joint damage is still a major cause of mor-

bidity amongst haemophilia patients, despite the increased use of pro-

phylaxis. IL-4 and IL-10 are modulatory cytokines and candidates for

stopping the progress of this blood-induced joint damage. It has been

shown previously that combination of interleukin (IL)-4 and IL-10

protects against blood-induced cartilage damage in vitro.

Aims: The present study investigated whether a single intra-articular

injection of IL-4 plus IL-10 immediately after a joint bleed limits carti-

lage damage in an in vivo haemophilia mouse model of blood-induced

joint damage.

Methods: Factor VIII knockout mice with severe haemophilia A were

punctured once with a needle below the patella to induce a joint haem-

orrhage. Subsequently IL-4 plus IL-10 (n = 24) or vehicle (n = 24) was

injected intra-articularly. After 35 days, the time needed for develop-

ment of detectable joint degeneration, knee joints were examined for

cartilage damage by macroscopic and microscopic evaluation.

Results: A single intra-articular injection of IL-4 plus IL-10 amelio-

rated progression of cartilage degeneration caused by a single joint

bleed to a certain extent. No effect on inflammation was observed at

this time point.

Summary/Conclusions: A single intra-articular injection of IL-4 plus

IL-10 directly after a single joint bleed limits progression of cartilage

degeneration over time. Improved bioavailability (half-life) of both

cytokines might improve their protective ability in the development of

cartilage degeneration, and probably also inflammation.

PA 1.07-3
Structure of a cyclic peptide binding to Kunitz domain
1 and 2 inhibiting tissue factor pathway inhibitor
(TFPI)
Dockal M1, Hartmann R1, Fries M1, Prohaska K1, Pachlinger R1,

Polakowski T2, Brandstetter H3 and Scheiflinger F1

1Baxter Innovations GmbH, Vienna, Austria; 23B

Pharmaceuticals, Berlin, Germany; 3University of Salzburg,

Salzburg, Austria

Background: TFPI is a potent inhibitor of tissue factor (TF)-induced

blood coagulation. It is composed of three consecutive and flexible

linked Kunitz-type domains (K) where K1 and K2 are involved in effi-

cient inhibition of TF/FVIIa and FXa. TFPI inhibition has been

shown to promote coagulation and hemostasis in hemophilia models

in vitro and in vivo.

Aim: We solved the co-crystal structure of a TFPI construct compris-

ing K1-K2 in complex with a cyclic TFPI inhibitory peptide (JBT-B5)

to reveal molecular details of its inhibitory mode of action.

Methods: Recombinant K1-K2 (residues 22–150) produced by E. coli

and complexed to JBT-B5, a cyclic peptide composed of 23 amino

acids, was co-crystalized in 20% w/v PEG6000 and 50 mM imidazole,

pH8.0. JBT-B5 binding to TFPI was verified by biomolecular interac-

tion analysis (BiaCore). Functional inhibition of TFPI by JBT-B5 was

tested in model assays including TFPI inhibition of FXa and FX acti-

vation by TF/FVIIa, and by global hemostatic assays including cali-

brated automated thrombography in FVIII-inhibited plasma and

rotational thomboelastometry using FVIII-inhibited whole blood.
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Inhibition of cell surface TFPI was analyzed in a FX activation assay

performed on HUVECs.

Results: A co-crystal structure of TFPI K1-K2 bound to JBT-B5 was

solved at 1.95 �A resolution. This is the first structure of TFPI consist-

ing of K1, K2 and their linker. The K1-K2 structure is defined in the

electron density from Met22 through Gly150. Both domains show a

Kunitz-type structure, where only approximately 1/3 of the structure is

engaged in secondary structure elements. These elements form the

framework that is stabilized by the three canonical disulfide bonds in

each of the Ks. The 23mer JBT-B5 assumes a b-hairpin-like structure

which can be segmented into (i) a two-stranded b sheet comprising

Tyr2-Ala8 and Thr17-Phe23; (ii) and a b-turn comprising Asp11-

Thr15. The b-sheet is stabilized by a disulfide bridge (Cys7 and Cys18)

and a hydrophobic zipper comprising the side chains of Tyr3, Trp5

and Trp20. JBT-B5 is sandwiched between K1 and K2 and locks them

in a distinct conformational state bringing the reactive center loops

(RCL) to opposite sides. The interaction between K1-K2 and JBT-B5

is mediated by a hydrophobic anchor in JBT-B5, forming more than

2/3 of the interaction surface (1340 �A2). In addition, several polar

interactions stabilize the K1-K2/JBT-B5 complex, explaining JBT-B5′s
exlusive binding to human TFPI. Interaction studies revealed high

affinity binding to TFPI (KD: 0.5 nM). The highly complex and exten-

sive interaction of JBT-B5 with TFPI translates to a highly efficient

inhibition of TFPI as demonstrated in model assays on FXa (EC50:

1.3 nM), FXa generation by TF/FVIIa (EC50: 0.2 nM), HUVE cell-

based FX activation and global hemostasis assays, such as thrombin

generation in hemophilia plasma (EC50: 4 nM) and ROTEM in

FVIII-inhibited whole blood.

Summary/Conclusions: For the first time, a structure of TFPI compris-

ing K1, K2 and their linker in complex with a TFPI- inhibitory cyclic

peptide was solved. This structure provides atomic details explaining

the inhibitory mode of action of this highly efficient TFPI antagonist,

and will guide its improvement for use as a hemophilia therapeutic.

PA 1.07-4
The effect of a novel TFPI inhibitory fusion peptide on
TFPI clearance
Dockal M, Hartmann R, Redl C, Panholzer E, Kolm A, H€ollriegl W

and Scheiflinger F

Baxter Innovations GmbH, Vienna, Austria

Recently, a hemophilia phase 1 clinical trial with the aptamer BAX

499 targeting human full length (hfl)-TFPI was stopped due to an

increase in bleeding events – a consequence of considerably elevated

hfl-TFPI plasma levels and only partial inhibition of TFPI by the apt-

amer. This rise in hfl-TFPI was mainly caused by a number of interre-

lated events including BAX 499 effects on receptor mediated clearance

of TFPI. We developed a fusion peptide of a linear and a cyclic pep-

tide, which was shown to be a full inhibitor of TFPI even at highly ele-

vated TFPI levels.

The goal was to show the absence of any impact of the fusion peptide

on TFPI clearance in in vitro test systems as well as in vivo.

The interference of the fusion peptide with low density lipoprotein

receptor-related protein 1 (LRP1) and asialoglycoprotein receptor

(ASGPR), two TFPI clearance receptors, was assessed using Biacore.

Biotinylated recombinant human LRP-1 cluster II Fc chimera protein

was bound to the surface via biotin after neutravidin immobilization

to a series S sensor chip C1. Then hfl-TFPI or recombinant TFPI1-160

were injected in a single concentration of 10 nM. ASGPR was immo-

bilized to a series S sensor chip CM5 using standard amine coupling

chemistry. Hfl-TFPI or TFPI1-160 was injected in the single cycle

analysis mode at concentrations ranging from 3.84 to 150 nM. Subse-

quently, hfl-TFPI was dissociated by changing the flow to running buf-

fer conditions. When the interaction of hfl-TFPI with clearance

receptors was assessed in the presence of the fusion peptide, 1 lM final

concentration of peptide was added to the hfl-TFPI.

A possible impact of the fusion peptide on the pharmacokinetics of

hfl-TFPI in vivo was studied in mice. C57Bl/6 mice were treated with

hfl-TFPI (775 nM, 5 mL/kg i.v.) or hfl-TFPI complexed to a 10-fold

molar excess of peptide. Human TFPI was monitored over 35 min

using an ELISA.

Hfl-TFPI interacted efficiently with immobilized LRP and ASGPR

with fast on- and off-rates via its K3-C-terminus region as was verified

with a TFPI construct devoided of C-terminal parts (TFPI 1-160).

When bound to the fusion peptide, hfl-TFPI interacted with LRP and

ASGPR with a slightly increased response, which might be explained

by the increased molecular weight of the complex. Unchanged associa-

tion and dissociation kinetics of receptor-TFPI interaction with and

without the fusion peptide corroborates that binding of hfl-TFPI to

the clearance receptors is unaffected. Pharmacokinetic studies of hfl-

TFPI in mice further supported the in vitro results. TFPI had a short

half-life and a poor in vivo recovery. Recovery and half-life of hfl-TFPI

remained unchanged when hfl-TFPI was administered in complex with

the linear peptide-part of the fusion peptide. This experiment indicates

that the peptide does not influence the clearance of TFPI.

The data suggest minimal effects of the fusion peptide on the fl-TFPI

plasma level after peptide administration. Fusion peptide binding to

hfl-TFPI does not affect binding of hfl-TFPI to the studied clearance

receptors and the in vivo experiment showed an unaffected circulation

time of hfl-TFPI.

PA 1.07-5
Deferasirox prevents cartilage destruction following
hemarthrosis in hemophilic mice
Nieuwenhuizen L, Roosendaal G, Coeleveld K, Biesma DH,

Lafeber PJG and Schutgens REG

University Medical Center Utrecht, Utrecht, The Netherlands

Background and Aims: Joint bleedings in hemophilia result in iron-

mediated synovitis and cartilage destruction. It was evaluated whether

deferasirox, an iron chelator, was able to prevent the development of

hemophilic synovitis and cartilage destruction.

Methods: Hemophilic mice were randomly assigned to oral treatment

with deferasirox (30 mg/kg) or its vehicle (control) (30 mg/kg). After

2 months of pretreatment, the right knees of hemophilic mice were

punctured to induce hemarthrosis. The mice were sacrificed after

another 5 weeks of treatment. Post-mortem, knee joints were isolated

and sectioned for histology. Hemophilic synovitis and cartilage destruc-

tion were determined by two blinded observers according to Valentino

and Glasson respectively. For hemophilic synovitis, sections of tissue

were stained with hematoxylin-eosin and scored for evidence of syno-

vial hyperplasia, vascular hyperplasia, hemosiderin depositions, intra-

articular erythrocytes, and synovial villi. For cartilage destruction, sec-

tions of tissue were stained with safranin O and the intensity of safranin

O staining was scored according to Glasson, which is directly propor-

tional to the proteoglycan content in the cartilage, which is a measure

of cartilage destruction. The maximum score of the Valentino score is

10, and the maximum score of the Glasson score is 6. An increase in

Valentino and Glasson score, represents an increase in hemophilic

synovitis and cartilage destruction, respectively. Treatment with defer-

asirox was compared with control. Categorical data data were analyzed

by loglinear analysis and Pearson Chi-Square.

Results: Treatment with deferasirox (823 � 56 ng/mL) resulted in a

statistically significant (P < 0.01) decrease in plasma ferritin levels as

compared to the control group (1220 � 114 ng/mL). The presence of

hemosiderin was statistically lower (P = 0.04) in the deferasirox group

compared to the control group. Signs of hemophilic synovitis, as

assessed by the Valentino score, were not different (P = 0.52) when

comparing the control group to the deferasirox group: 1 (12.4% vs.

7.7%), 2 (16.7% vs. 11.5%), 3 (12.5% vs. 38.5%), 4 (29.2% vs.

19.2%), 5 (16.7% vs. 11.5%), 6 (4.2% vs. 7.7%), and 8 (8.3% vs.

3.8%). Deferasirox treatment resulted in a statistically significant

(P < 0.01) reduction in cartilage destruction, as assessed by the Glas-
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son score, when comparing the control group to the deferasirox group:

2 (4.2% vs. 65.4%), 3 (4.2% vs. 26.9%), 4 (20.8% vs. 7.7%), 5 (54.2%

vs. 0%), 6 (12.5% vs. 0%), and 7 (4.2% vs. 0%).

Conclusion: Treatment with deferasirox prevented cartilage destruction

following the induction of hemarthrosis in hemophilic mice. The data

presented herein support the need for further investigation of the

potential role for iron chelation in the treatment of joint bleedings in

hemophilia. This is in particular of interest in the event of a hemarth-

rosis despite prophylactic treatment with factor replacement.

PA 1.07-6
In vivo blood loss in a FVIII-inhibited rabbit model and
its correlation with global hemostatic assays ex vivo
Dockal M, Knappe S, Leidenm€uller P, Resch M, Tippl S, Verdino

D, Bauer KA, Scheiflinger F, Muchitsch M and H€ollriegl W

Baxter Innovations GmbH, Vienna, Austria

Background: Hemophilia A is a bleeding disorder caused by mutations

in the factor VIII (FVIII) gene. Treatment consists of intravenous

infusions with recombinant or plasma-derived FVIII concentrates. In

case of inhibitory antibody development, bleeds are treated with

bypass therapy. For development of new therapeutic options, hemo-

philia animal models are crucial. Unlike in human clinical studies, glo-

bal hemostasis ex vivo assays are not commonly included in preclinical

studies.

Aim: We used an antibody-induced hemophilia A rabbit bleeding

model to correlate in vivo blood loss with ex vivo parameters generated

in two global hemostasis assays. We also present an example for effi-

cacy assessment in this model.

Methods: Forty-two rabbits were injected with high titer FVIII-inhibi-

tor plasma. After 45 min incubation, nail clipping was performed, and

blood loss by weight determined over 30 min. Normal and FVIII-

inhibited rabbit blood was measured by thromboelastography (TEG)

triggered with very low concentrations of tissue factor. Thrombin gen-

eration was assessed by calibrated automated thrombography (CAT)

under conditions optimized for rabbit plasma. We correlated blood

loss (mg), CAT and TEG parameters of FVIII-inhibited blood/plasma

using Spearman rank order analysis. We also evaluated the FVIII-sen-

sitivity of the ex vivo parameters. For further model validation, the

acute efficacy of 75 U/kg activated prothrombin complex concentrate

(APCC), compared to a vehicle treated group, was demonstrated in six

rabbits by monitoring the blood loss from the same wound for another

30 min.

Results: Peak thrombin, ETP (CAT), R-time, K-time and angle (TEG)

were identified as the most FVIII-sensitive parameters in rabbit plasma

or blood. For example, peak thrombin and ETP in normal plasma was

consistently 2- to 3-fold higher than in FVIII-inhibited plasma. Strong

correlations were also seen between CAT and TEG values, e.g. peak

thrombin/ETP vs. R-time (R = �0.6, P = 2910�7). Absolute blood

loss in FVIII-inhibited rabbits was a highly variable parameter, rang-

ing from 121 to 5043 mg (average 1066 mg). Blood loss did not corre-

late with CAT or TEG parameters. This demonstrates that absolute

blood loss does not merely depend on the hemostatic status of the ani-

mal plasma/blood, but likely is influenced by other factors, such as the

inflicted cut. Therefore, normalization of the bleeding parameter is

indispensable. In our model, this was achieved by calculating relative

blood loss (mg blood after treatment/mg blood before 9 100%) for

the APCC-treated group (average 2%) and vehicle group (average

173%). The difference between these groups was statistically signifi-

cant. The high procoagulant activity of 75 U/kg APCC was also

reflected by global hemostasis assay parameters.

Conclusions: Our results support the wider use of global hemostatic

assays in hemophilia preclinical research and drug development. Ex

vivo assays such as CAT and TEG can add value to the naturally more

variable in vivo data. We also show the importance of well-controlled

bleeding models to obtain meaningful data as accomplished by nor-

malization. Continuous optimization of hemophilia animal models

can help to improve data quality, possibly reduce the number of

required experimental animals and support the realization of new

hemophilia therapies.

PA1.08 – Rare Bleeding Disorders – I

PA 1.08-1
A recurrent Gly43Asp substitution of coagulation
Factor X rigidifies its catalytic pocket and impairs
catalytic activity and intracellular trafficking
Menegatti M1, De Cristofaro R2, Vangone A3, Palla R1,

Milano G3, Cavallo L3, Oliva R4 and Peyvandi F5

1A. Bianchi Bonomi Hemophilia and Thrombosis Center, Milan;
2Institute of Internal Medicine and Geriatrics, Catholic University

of Medicine, Rome; 3University of Salerno, Fisciano, Salerno;
4University ‘Parthenope’ of Naples, Centro Direzionale Isola C4,

Naples; 5Fondazione IRCCS Ca’ Granda Ospedale Maggiore

Policlinico, Milan, Italy

Background: Coagulation Factor X (FX) deficiency is one of the most

severe among inherited bleeding disorders. The homozygous

Gly43Asp mutation (chymotrypsinogen numbering) was found in 15

patients, from the border area between Turkey and Iran, with severe

FX deficiency (FX:C < 1%). Previous in vitro expression studies

showed that the introduction of a charged hydrophilic Asp residue

instead of a neutral Gly into the protein core caused a secretion defect.

Aim: To thoroughly study the pathogenic mechanisms of the

Gly43Asp substitution, by extensively characterizing both the wild-

type (WT) and mutant (FX43Asp) FX on a functional and structural

basis.

Methods: Kinetic studies were performed on both WT and FX43Asp

recombinant FX expressed in HEK293 cells. Molecular dynamics

(MD) simulations were performed on the wild-type and mutant FXa

with GROMACS ver. 4.5.4 and the AMBER99SB force-field. Four

different 60 ns long NPT MD simulations for each system were per-

formed assigning different initial velocities. Continuum Poisson-Boltz-

mann electrostatic potentials were calculated using the APBS

program.

Results: FX43Asp showed a 2–3 folds reduced activation rate by

RVV-X and FVIIa/TF, while the amidolytic activity showed a 11-fold

reduction of the apparent kcat/Km, compared to WT, being kcat
severely (1.1 vs. 14.6/s) and Km modestly (26 vs. 40 mM) reduced. Cat-

alytic activity of the FXa43Asp, measured by the prothrombin hydro-

lysis, was markedly impaired, showing a 30-fold reduction of kcat/Km,

being kcat unchanged and Km increased (Vmax 2.69 9 10�5, Km

509 � 86.7 vs. 145.4 � 22.35 nM) compared to WT. From the MD

analysis, it is apparent that the Gly43Asp mutation does not dramati-

cally affect the FXa structure, neither globally nor locally. Analysis of

the protein H-bonds during the simulations, however, showed that the

mutation modifies the H-bonds network around the catalytic residues,

by thickening it. As a possible consequence, the backbone-backbone

H-bond between residue 43 and the catalytic Ser195(verystable in the

wild type protein: occupancy 98.7%), becomes weaker in the mutant

(66.2%). The continuum Poisson-Boltzmann electrostatic potentials

calculated for the two systems resulted to be predominantly negative

for both along the crevice. However, in the mutant, the electrostatic

potential of the binding site, around the oxyanion hole, is reversed

from the positive values of the wild type to negative ones.

Conclusion: MD simulations indicate that the Gly43Asp mutation nei-

ther disrupts nor destabilizes the FXa native structure, but makes it

more rigid. Therefore, by compromising the FXa flexibility, the muta-

tion may also compromise the catalytic efficiency of the enzyme. The

increased rigidity of the mutant FX might also affect the molecular

recognition by chaperones inside the cell, causing the retention and

defective secretion. Altogether, the defects of FX43Asp explain the

severe bleeding symptoms in patients with the mutation and outline
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the relevance of the plasticity in the FXa catalytic pocket for mainte-

nance of its catalytic competence.

PA 1.08-2
Mapping of inhibitory antibodies directed to the
carboxy-terminus of FVIIa in severe FVII deficiency
with elongated C-terminal variant (p.A354V-
p.P464Hfs†)
Branchini A1, Baroni M1, Pfeiffer C2, Batorova A3, Giansily-Blaizot

M2, Mariani G4, Pinotti M1 and Bernardi F1

1University of Ferrara, Ferrara, Italy; 2CHU of Montpellier,

Montpellier, France; 3Institute of Haematology and Blood

Transfusion, University Hospital, Bratislava, Slovakia; 4University

of L’Aquila, L’Aquila, Italy

Background: The relationship between the development of inhibitory

antibodies and gene defects, extensively investigated in Hemophilia

patients, is still an open issue. We studied inhibitory antibodies in

severe factor VII (FVII) deficiency, a rare bleeding disorder character-

ized by a low incidence of this complication.

Aim: To correlate the F7 gene mutation to major epitopes of anti-FVII

inhibitory antibodies developed after replacement therapy.

Patient and Methods: The proposita (female, 59 years old) has been

treated with plasma derived FVII (pdFVII) and recombinant activated

FVII (rFVIIa) and developed high titers of anti-FVII inhibitory anti-

bodies. The patient displayed very low circulating FVII protein levels

(FVII:Ag 1.2%) and undetectable FVII activity (FVII:C < 1%), in

accordance with the homozygous condition for the F7 p.A354V-

p.P464Hfs† mutation.

Functional assays were performed in plasma samples and in FVII-defi-

cient plasma upon addition of rFVIIa or engineered FVII recombinant

variants. The affinity of antibodies in patient’s plasma for rFVIIa,

pdFVII and recombinant variants was evaluated by binding and com-

petition studies, using ELISA-based assays and Bio-Plex technology.

Results: Isotypic analysis showed a large prevalence of IgG subtype 1

in patient’s plasma and functional assays indicated a type II kinetics.

Activated factor X (FXa) and thrombin generation activity assays

showed a major impact of inhibitory antibodies on the coagulation ini-

tiation phase, leading to prolonged lag times. Binding assays revealed

a 1.5 fold higher affinity of the antibody for rFVIIa than for pdFVII.

Noticeably, once activated pdFVII was recognized similarly to rFVIIa

in competition assays.

The p.A354V-p.P464Hfs† mutation causes frameshift from residue

464 and predicts an elongated carboxy-terminal region (491 vs. 466

residues in FVII-wt). The inferred structural differences between the

elongated FVII molecules circulating in patient and the infused factors

led us to hypothesize the carboxy-terminal region as bearing a candi-

date epitope for the antibodies. Binding assays demonstrated that

denatured and reduced FVII was not recognized by antibodies, thus

supporting the presence of a tridimensional epitope.

To assess whether the carboxy-terminal region contributed to shape the

major antibody epitopes we performed functional assays (i) in plasma

from a patient homozygous for the p.R462X nonsense mutation, which

produces low circulating levels of a truncated FVII with increased spe-

cific activity (Branchini et al, 2011) and (ii) by deletion scanning leading

to the truncated recombinant FVII-466X, FVII-465X and FVII-464X

variants, displaying normal specific activity. Strikingly, functional

assays showed that the natural FVII-462X was less inhibited than FVII

in pooled normal plasma. Moreover, studies with the truncated recom-

binant variants demonstrated that the carboxy-terminus length was

related to the inhibition rate, being the shortest rFVII-464X the least

inhibited variant, as indicated by a significant difference (P < 0.0001)

in lag time prolongation in FXa generation assays. Accordingly, bind-

ing assays on the Bio-plex platform indicated that the rFVII-464X was

the least recognized variant by the inhibitory antibodies.

Conclusions: Taken together our findings, which represent the first

characterization of an anti-FVII inhibitor, indicated that antibodies

were directed toward the carboxy-terminal region of infused FVII

molecules. Data may suggest a relation between the F7 mutation and

major inhibitor epitopes.

PA 1.08-3
Association between thrombin generation and
bleeding severity in 41 patients with coagulation factor
VII deficiency
Lotta LA1, Siboni SM2, Lemma L2, Clerici M2, Menegatti M2

and Peyvandi F2

1Angelo Bianchi Bonomi Hemophilia and Thrombosis Center;
2Fondazione IRCCS Ca’ Granda –Ospedale Maggiore Policlinico,

Milan, Italy

Background: Coagulation factor VII (FVII) deficiency is a rare bleed-

ing disorder with autosomal recessive inheritance. The association

between levels of FVII (FVII:C) and bleeding severity in FVII defi-

ciency is weak, although patients with levels below 25% have been

reported to generally diplay more severe symptoms (J Thromb Hae-

most. 2012;10:615–21). Measuring FVII:C may therefore provide little

information on the bleeding tendency of patients with this condition,

hampering the development of optimal management strategies. Mea-

surement of thrombin generation may provide a better method for

quantifying the combined effect of procoagulant and anticoagulant

factors in determining the bleeding predisposition of a patient.

Aims: To study the association of thrombin generation with bleeding

severity in patients with FVII deficiency.

Methods: Between 2009 and 2011, patients with FVII deficiency (i.e.

FVII:C below 62%) who had been visited at the Rare Bleeding Disor-

ders Outpatient Clinic of the Angelo Bianchi Bonomi Hemophilia and

Thrombosis Center (Milan, Italy) were recalled to the center for a fol-

low-up clinical visit. Bleeding tendency was measured by a tailored

bleeding severity score (BSS), compiled by the same physician (S.M.S.)

on all participants. Thrombin generation was measured within 2 h of

collection on freshly-prepared platelet-rich plasma, with the addition

of 1 pM recombinant tromboplastin (IL, Orangeburg, NY, USA).

Assay parameters that were used to quantify thrombin generation and

their range of normal values (i.e. the 5th and 95th percentiles of the

distribution in 43 normal subjects) were: lag-time (5–8 min), endoge-

nous thrombin potential (1699–2937 nM/min), peak level of thrombin

generation (137–252 nM), time-to-peak (10–15 min). The association

of thrombin generation assay parameters with BSS was assessed by lin-

ear regression analysis adjusting for age and sex.

Results: A total of 41 patients with FVII deficiency were included in

the study. Patients had a meadian age at enrollment of 40 years (inter-

quartile range [IQR]: 21–49 years), were equally distributed between

sexes (21 females, 20 males) and displayed mild to moderate bleeding

symptoms (median BSS: 5; IQR: 2–9). Median FVII:C was 23% (IQR:

5–34%). Patients with FVII:C below 25% had higher BSS than

patients with activity above 25% (median 8.5 vs. 3.0; difference 5.5,

95% confidence interval [CI]: 0–12). Thrombin generation results were

as follows: lag-time, median: 8, IQR: 7–11 min; endogenous thrombin

potential, median: 1848, IQR: 1632–2100 nM/min; peak, median: 182,

IQR: 145–202 nM; time-to-peak, median 13, IQR: 12–15 min. Throm-

bin generation was inversely associated with bleeding tendency.

Longer lag-time and time-to-peak were associated with higher BSS

(lag-time, beta: 0.8; 95% CI: 0.0–1.6; P = 0.046; time-to-peak, beta:

0.7; 95%CI: 0.0–1.4; P = 0.040) and higher endogenous thrombin

potential was associated with lower BSS (per 100 nM/min increase,

beta: 0.6; 95% CI: 1.2–0.0; P = 0.050). Peak levels were not associated

with BSS (beta: 0.0; 95% CI: �0.1 to 0.0; P = 0.542).

Summary/Conclusions: In patients with FVII deficiency, increased

thrombin generation is associated with milder bleeding tendency.
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PA 1.08-4
Characterization of a primary hemostasis abnormality
in patients with OCRL1 gene mutations (Lowe
syndrome)
Egot M1, Lasne D2, Baujat G3, Payrastre B4, Gratacap M-P4,

Mirault T5, Elie C6, Baruch D7 and Bachelot-Loza C7

1Inserm UMR_S765; 2Necker hospital, Assistance Publique

Hopitaux de Paris (AP-HP); 3AP-HP G�en�etique P�ediatrique,

Hôpital Necker, Paris; 4Inserm/UPS UMR 1048, Toulouse;
5Inserm UMR_S765, Universit�e Paris Descartes, Hôpital Europ�een

Georges Pompidou; 6Unit�e de Recherche Clinique, Universit�e

Paris Descartes, Hôpital Necker; 7Inserm UMR_S765, Universit�e

Paris Descartes, Sorbonne Paris Cit�e, Paris, France

Background: The Lowe oculo-cerebro-renal syndrome (OCRL) is a

rare X-linked disorder characterized by congenital cataracts, cognitive

disability, and proximal tubular dysfunction. This syndrome results

from loss-of-function mutations in the OCRL1 gene, which encodes

OCRL protein. OCRL is a type II phosphatidylinositol bisphosphate

5-phosphatase that contains a Rho-GAP and clathrin domains.

Patients with Lowe syndrome often require surgical procedures and an

abnormal rate of hemorrhagic events occurring per-or post-surgery

have been reported, suggesting clot instability. In a preliminary study,

we found that all patients (n = 6) had normal coagulation tests except-

ed for elevated levels of plasma fibrinogen and von Willebrand factor

(VWF), but a prolonged closure time in the PFA-100� system.

Aim: The aim of this study was to characterize platelet functions of

Lowe syndrome patients compared to controls.

Methods: Fourteen patients and 14 controls were enrolled in a 1-year

prospective study. For each patient and control, a bleeding score (BS),

derived from VW disease bleeding score, was calculated. Platelet func-

tion evaluation was performed using (i) light-transmission aggregation

in the presence of various agonists (ii) flow-cytometry assays to quan-

tify platelet membrane glycoprotein level (CD41, CD42, CD62 and

CD63) at rest and after activation (iii) lysosome secretion by colori-

metric quantification of N-acetyl-b-D-glucosaminidase, and (iv) plate-

let adhesion on collagen under flow. Finally, we studied clot retraction

in platelet rich plasma (PRP) and in washed platelets (WP) in the pres-

ence of fibrinogen. Clots were formed by adding thrombin and calcium

then, at various time points, clots were photographed and clot size was

quantified. Clots were solubilized for western blotting analyses. The

intensity of Myosin Light Chain (MLC) phosphorylation during clot

retraction was evaluated using imageJ. Data presented are median

[range] and statistical analysis used paired Wilcoxon tests.

Results: Median patient bleeding score was 3[0–11] (nine patients had

positive BS ≥ 3) compared to 0 [(-3)-1] for controls (P = 0.004). We

confirmed the prolonged PFA-epinephrin closure time in nine out of

patients (162 s [126–300] vs. 120 s [97–174], P < 0.0003), with no

abnormality in platelet aggregation, glycoprotein level or secretion

assays. Although no significant difference was denoted in platelet

adhesion level on collagen under flow, the size of platelet aggregates

was significantly smaller in patients compared to controls 1874 lm2

[114–5139] vs. 4169 lm2 [1012–7188] (P < 0.001). We also found an

abnormal kinetics of clot retraction in Lowe’s patients; the PRP-clot

retraction was 40% [11.3–71] in patients vs. 60% [30–89] in controls

after 20 min (P < 0.001). This difference was also observed in WP

(63% [27.5–92.5] vs. 70.5% [48–96.2], P = 0.007). Moreover, we evi-

denced a deregulation of MLC phosphorylation during clot retraction

in patients compared to controls.

Summary/Conclusions: This study confirms a hemostasis defect in

Lowe’s patients, especially regarding abnormal clot retraction

observed both in PRP and washed platelets. This defect is associated

with a decrease of MLC activity, pointing to a deregulation of ‘out-

side-in’ signaling pathway. In conclusion, we provide for the first time

that loss of OCRL protein is associated with an abnormal MLC sig-

naling pathway during clot retraction. Abnormal clot retraction is in

line with the observed re-bleeding events reported in patients.

PA 1.08-5
Measurement of the 5- and 7-carbon aglycone vitamin
K metabolites in term and preterm neonatal faecal
matter using HPLC with electrochemical detection
Huisjes HR1, Card DJ1, Few K2, Clarke P2, Flesch FM3

and Harrington DJ1

1GSTS Pathology, London; 2Norfolk and Norwich University

Hospitals NHS Foundation Trust, Norwich, UK; 3Utrecht

University, Utrecht, The Netherlands

Background: Vitamin K deficiency bleeding (VKDB) is a rare, but

potentially life-threatening disease of the newborn. Prophylactic

administration of vitamin K1 at birth is protective, though further

dose optimization remains desirable. Urinary excretion of vitamin K

metabolites reflects vitamin K status in newborns, but the relationship

between vitamin K exposure and vitamin K metabolite excretion in

neonatal faecal matter is not yet understood.

Aim: Our aim was to develop a non-invasive method for measurement

of the 5C- and 7C-aglycone metabolites of vitamin K in neonatal fae-

cal matter using HPLC with electrochemical detection.

Methods: Faecal samples collected from term and preterm neonates

were dried for 48 h at 37 °C and weighed to determine dry mass. Sam-

ples were then deconjugated overnight with methanolic HCl. The sus-

pended faecal matter was pelleted by centrifugation and the

methanolic HCl decanted. The metabolites were then extracted twice

by Bligh and Dyer liquid-liquid extraction and dried under nitrogen.

Stabilisation of the metabolites was achieved by conversion to the

methyl ester derivatives using MNNG. Further purification was car-

ried out by normal phase, solid phase extraction prior to a final drying

stage under nitrogen. The extracts were then reconstituted in methanol

and injected to the HPLC-ECD system. A Thermo Betasil C18

100 9 4.6 mm column (3 lm) was used with a mobile phase of 37%

polished, deionized water with a sodium acetate buffer (50 mM,

pH = 3) and EDTA (0.1%) in methanol. The metabolites were first

reduced using an ESA 5011A cell (�1.2 V) controlled by an ESA Cou-

lochem II and subsequently detected using a HyRef VT-03 Electro-

chemical Flow Cell (+0.3 V, oxidative) controlled by a Decade II.

Quantification was achieved using standards made from the pure

methyl ester derivatives of the metabolites. LC-MS/MS was used to

confirm the identities of the metabolites in the faecal extracts.

Results: Repeat extraction of the faecal matter indicated efficient

extraction of the metabolites. The on-column lower limits of qualifica-

tion (LLOQ) were 3.2 and 10.4 lg/g for the 5C- and 7C-metabolites

respectively. The estimated total 5C- and 7C-metabolite excretory

half-life values were 12.3 days in a 27-week gestation pre-term infant

and 7.3 days in a 39-week gestation term infant, broadly consistent

with previously published values for vitamin K1 clearance in term neo-

nates of 1.1–8.0 days (median 3.2 days). The relative quantity of 7C-

metabolite in the preterm neonate declined from 60% of total metabo-

lite excretion to 30% in 25 days (adults � 25%), whereas this ratio

was maintained at around 30% in the term neonate. Based on the mass

of the parent and daughter ions, LC-MS/MS confirmed the identities

of the methyl-ester metabolite derivatives.

Summary/Conclusion: These data provide proof of principle that the

5C- and 7C-metabolites of vitamin K can be detected and quantified in

the faecal matter of term and preterm neonates. This method may help

provide insight into post-prophylactic vitamin K metabolism in neo-

nates. Further validation experiments are required to determine assay

precision, accuracy, and recovery.
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PA 1.08-6
Novel homozygous mutation Met362Thr identified as
a cause of cross-reacticting material reduced factor X
deficiency in Japanese brother patients
Chikasawa Y, Shinozawa K, Amano K, Ogata K, Hagiwara T,

Suzuki T, Inaba H and Fukutake K

Tokyo Medical University Hospital, Tokyo, Japan

Introduction: Factor X (FX) deficiency is a rare bleeding disorder

inherited as an autosomal recessive trait. In this study, we diagnosed a

new Japanese patient with congenital FX deficiency and identified a

novel missense mutation in the FX gene (F10). We performed a recom-

binant mutant protein expression study to investigate the molecular

basis of the genetic defects of the mutant.

Methods: FX activity was determined using a one-stage clotting assay

based upon prothrombin time (PT), and FX antigen level was mea-

sured with a sandwich enzyme-linked immunoadsorbent assay

(ELISA). After receiving informed consent, we obtained blood sam-

ples from the patient and his brother, and genomic DNA was

extracted. Coding regions and exon/intron boundaries in F10 were

amplified by polymerase chain reaction (PCR). The PCR products

were purified and direct sequenced with a 3730 DNA Analyzer

(Applied Biosystems). We constructed an FX wild-type plasmid using

the F10 cDNA and the pcDNATM 3.2 expression vector (Invitrogen).

The identified mutation was introduced into the wild-type/pcDNATM

3.2 plasmid with a QuikChange Site-Directed Mutagenesis Kit (Strata-

gene). Vectors expressing wild-type and mutant FX proteins were

transfected into HEK293 cells with Lipofectamine reagent. Culture

media and cells were harvested 60 h later, and culture media were con-

centrated using Amicon Ultra-15 centrifugal filter units (Millipore).

Patient and Results: The patient, a Japanese man in his early 40s, pre-

sented with gingival and nasal hemorrhage. His PT was 51.9 s (con-

trol, 11.7 s) and activated partial thromboplastin time (aPTT) was

74.7 s (control, 28.1 s). His younger brother had a past history of post-

operative hemorrhage without prior spontaneous bleeding. Other fam-

ily members had no significant bleeding symptoms. FX activities of the

patient and his brother were both < 1%, and their FX antigens were

11% and 12%, respectively. A homozygous missense mutation,

Met362Thr (HGVS names: c.1205 t>c, p.Met402Thr), was identified

in F10 from the patient and brother using direct sequencing. A

Met362Thr mutation was not detected in the F10 gene of 82 unrelated

normal Japanese individuals. Study of recombinant protein expression

revealed that the quantity of secreted FX antigen of the mutant and

the wild-type were 1.4 and 4.5 lg/mL in concentrated conditioned

media, respectively. It was suggesting that the secreted antigen level of

the mutant was about 30% of the wild type. Therefore FX specific

activity of the mutant was 19% of the wild-type.

Discussion: The patients were identified as having cross-reacting mate-

rial reduced (CRMRED) FX deficiency because of the existing of a cer-

tain amount of FX antigen with very low activity. Results of the

recombinant protein expression study suggested that the mutant

would cause a secretion defect and a molecular abnormality of FX.

Conclusion: We identified a novel homozygous Met362Thr mutation

located in the catalytic domain of the FX protein as a causative muta-

tion of CRMRED FX deficiency. We will use this FX-Met362Thr

mutant protein in our future studies of functional analysis.

PA1.09 – Von Willebrand Factor:
Basic

PA 1.09-1
Cysteine 584 is required for correct von Willebrand
factor multimerization
Daidone V, Gallinaro L, Pontara E, Cattini GM, Zampese E, Pizzo

P, Barbon G, Bertomoro A and Casonato A

University of Padua, Padova, Italy

Background: Cysteines have a key role in the dimerization and multi-

merization of von Willebrand factor (VWF), and their loss may have a

great impact on the structure and function of VWF. There are 64 cy-

steines in the VWF propeptide (VWFpp), some of them involved in

favoring interchain disulfide bonds at the N-terminus of VWF.

Aims: The present work describes a new VWF mutation (C584F)

located in the VWFpp, reporting the effects of this mutation and using

our findings to help explain the physiological process underlying the

multimerization of VWF.

Methods: Three type 3 VWD patients were investigated, establishing

their phenotype by analyzing their VWF antigen (VWF:Ag), VWF

collagen binding (VWF:CB) activity, VWF ristocetin cofactor (VWF:

RCo) activity, factor VIII (FVIII), platelet VWF content and multi-

mer pattern. VWF gene mutations were identified by amplifying and

sequencing all 52 exons of the VWF gene. Recombinant normal and

mutated VWF was produced by transient transfection of HEK293T

cells, using pSVvWF vectors. C584F-VWF trafficking was explored in

BHK cells by co-expressing VWF and a Green Fluorescent Protein

localized in the endoplasmic reticulum (ER) or Golgi apparatus.

Results: Plasma and platelet VWF:Ag were found at almost undetect-

able levels, as were VWF:CB and VWF:RCo, while FVIII levels were

below 10 U/dL. Multimer analysis of plasma VWF revealed no multi-

mers apart from the first oligomer, which was slightly represented. On

high-resolution gel electrophoresis (2.2%) the protomer was resolved

as a dimer running as the slow- and fast-running satellite of the triplet

occurring in the normal counterpart. Genetic analysis showed that the

patients were carrying two mutations: a deletion of seven nucleotides

in exon 7 (c.729_735del) and the new C584F missense mutation,

located in the propeptide of VWF. The C584F mutation was tran-

siently expressed in the HEK293T cells, showing that C584F-VWF

was virtually absent from the conditioned medium at homozygous lev-

els. Multimer analysis demonstrated the absence of any multimers in

the conditioned medium, except for the slightly represented first oligo-

mer. Conversely, the intracellular VWF content was higher than nor-

mal, both when C584F was co-expressed with wild-type VWF, and

when C584F-VWF alone was expressed. VWF:CB and its ratio (VWF:

CB/VWF:Ag), which are parameters expecially sensitive to large VWF

multimer representation, were found much reduced, suggesting that

C584F-VWF is synthesized, but not multimerized.

The trafficking of rC584F-VWF showed a normal ER content of

C584F-VWF, suggestive of a normal synthesis and dimerization of

C584F-VWF, but a reduced localization in the Golgi apparatus, prob-

ably due to a defective transport of C584F-VWF from ER and/or its

retention in the ER.

Conclusions: We conclude that the C584F mutation abolishes multi-

merization, but not dimerization, thus interfering with the storage and

secretion of VWF. These findings suggest that C584F might be

involved in the formation of the intermediate propeptide-dependent

species during the VWF multimerization process.
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PA 1.09-2
Von Willebrand factor activity determination using
new assay principle ristocetin-free for reliable von
Willebrand disease diagnosis
Caron C1, Rugeri L2, Rauch A3, Susen S4 and Goudemand J4

1Laboratoire d’H�ematologie, Lille; 2Haematology Department,

CHU, Lyon; 3University Lille Nord de France, Facult�e de

M�edecine; 4Haematology and Transfusion Department, CHU,

Lille, France

Background: VWF:RCo assay is the reference method for VWD diag-

nosis despite its poor precision and sensitivity to low VWF activity.

Last years, alternative platelets and/or ristocetin free methods have

emerged to improve or replace the VWF:RCo assay. The Innovance�

VWF Ac Assay (Siemens) is an automated immunoturbidimetric assay

using polystyrene particles coated with rGPIb with two gain-of-func-

tion mutations avoiding requirement of ristocetin.

Aim and Methods: The aim of the study was to evaluate the perfor-

mance of this new assay in screening and identification of the various

type and subtypes VWD. Results of VWF:Ac, performed in two labo-

ratories on Siemens analysers (Sysmex� CA-1500 and BCS) were com-

pared to VWF:RCo performed using BC von Willebrand reagent on

agregometer (SD Medical) or BCS.

Frozen plasma from 43 controls (21 blood group O and 22 non O) and

from 172 VWD patients (67 type 1, 101 type 2 and four type 3) pheno-

typically and genotypically characterized (n = 108) were evaluated.

The two laboratories used the same bath of Standard Human Plasma

(Siemens) for the calibration, and same batches of VWF:Ac and

VWF:RCo reagents. The sensitivity of the method was evaluated on

type 3 VWD samples using a low calibration curve and the imprecision

using a normal and pathological control plasma (Siemens).

Type 1, type 3 carriers and type 2N have been grouped in Group A

and type 2A, 2B and 2M grouped in group B for results analysis.

Statistical analysis was performed using t test comparison in paired

series, Pearson linear regression and agreement estimation according

Bland & Altman graphic representation plotting difference vs. mean.

Results: Sensitivity of VWF:Ac was lower than 4%, and lower com-

pared to VWF:RCo methods (5% on agregometry and 10% on BCS).

The imprecision was lower than 5% for VWF:Ac while VWF:RCo

imprecision was respectively 14% (agregometry) and 15% (BCS).

In controls, a significant correlation between the two methods

(r = 0.837, P < 0.0001) was observed with an estimated bias +3.5%. In

O blood group, VWF:Ac and VWF:RCo means were 65.6 and

65.3 IU/dL respectively. In non O blood group, means were 98.8 and

92.1 IU/dL.

In VWD patients, a very good correlation (r = 0.965, slope = 1.04,

P < 0.0001) was observed.

VWF:Ac and VWF:RCo means were 33.6 and 33.3 IU/dL respectively

in group A, 19.8 and 16.4 IU/dL in group B (mean bias of +2.5% in

group A and – 2% in group B).

Discrepant results were observed in only 7/168 samples (type 3

excluded).

In group A, VWF:Ac < VWF:RCo was found in two samples (2N, 1)

and VWF:Ac>VWF:RCo in one (2N): [VWF:Ac – VWF:RCo] out of

bias � 2SD, i.e. [+17%; �12%].

In group B, VWF:Ac < VWF:RCo was found in three samples (2A,

2B, 2M/2Alike) and VWF:Ac>VWF:RCo in one (2M/2Alike):

bias � 2SD, i.e. [+7%; �11%].

Conclusion: Despite rare discrepant results (4%), Innovance� VWF Ac

assay provides a simple sensitive and reliable test for diagnosing of

VWD which seems as good as the reference method.

PA 1.09-3
Identification of VWF gene deletions in nine VWD
families using multiplex ligation-dependent probe
amplification (MLPA)
Theophilus BD1, Baugh ML1, Guilliatt AM1, Wilde T2, Motwani J1

and Williams MD1

1Birmingham Childrens Hospital; 2Queen Elizabeth Hospital,

Birmingham, UK

The current classification of von Willebrand Disease (VWD) is based

on quantitative (type 1 and 3) or qualitative (type 2) deficiencies of von

Willebrand factor (VWF). VWD has a heterogenous mutational basis,

but about 10% of severe VWD are caused by either single or multiple

exon deletions in heterozygous or homozygous form. Exon deletions in

homozygous patients with VWD can be detected by an absence of PCR

products of the deleted fragment. However, the detection of deletions in

heterozygous form is more difficult because of the presence of the nor-

mal allele. Multiplex ligation-dependent probe amplification (MLPA) is

a method for the relative quantitation of exonic sequences of a gene in a

single reaction. MLPA is a rapid, sensitive and reproducible method

based on the ligation and amplification of sequence-specific probes. We

have used MLPA to investigate nine families with VWD in whom

mutations were either not detected by DNA sequencing, or in whom a

second mutation was suspected because of the VWD phenotype. A

number of novel abnormalities have been detected using this technique.

In family 1, we identified a novel deletion of exons 4–52 in a male with

type 3 disease, in compound heterozygous form with a previously

reported single base duplication in exon 14. In family 2, we identified a

novel deletion of exons 19–52 in heterozygous form in a male with type

3 disease, in compound heterozygous form with a novel point muta-

tion in exon 14. In family 3, we identified a novel deletion of exon 22

in heterozygous form in a male with type 1 disease. In family 4, we

identified a previously reported deletion of exons 33–34 in an individ-

ual with type 2 unclassified VWD and abnormal VWF:Ag multimer

pattern. Deletion of VWF exons 4–5, previously reported to be recur-

rent among type 3 VWD and to underlie a proportion of dominant

type 1 VWD was identifed in three individuals with type 1 VWD. In

the remaining two cases, MLPA did not produce a signal for exon 7 in

an individual with type 3 VWD, or for exon 45 in an individual with

severe type 1 VWD. However, subsequent PCR and DNA sequencing

revealed these results to be false postives arising from a novel 2 bp

deletion and a novel nonsense mutation respectively in the respective

MLPA probe binding sites.

MLPA is a useful addition to DNA sequencing and other screening

methods for the identification of deletions, and potentially insertions,

in VWF where the genotype determined by standard methods does not

fully explain the VWD phenotype. This method facilitates genetic

counselling to family members, but care should exercised in data inter-

pretation, particularly with single exon deletions where a false positive

may be generated by sequence changes in the probe binding site.

PA 1.09-4
Characterization of von Willebrand factor and
ADAMTS13 in plasma derived factor concentrates
Konkle BA1, Fletcher SN1, Lannert KW1, Johnsen JM1, Bergman

GEG2 and Teramura G1

1Puget Sound Blood Center, Seattle, WA; 2Kedrion Biopharma,

Fort Lee, NJ, USA

Background: Prevention or treatment of bleeding in patients with von

Willebrand disease (VWD) may require infusion of virally-inactivated

plasma-derived von Willebrand factor (VWF)-containing concen-

trates. Three products are FDA approved in the US for treatment of

patients with VWD; all contain VWF and factor (F) VIII. Koate�-

DVI is a FVIII/VWF containing concentrate FDA licensed in the US

for treatment of hemophilia A.
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Aims: The aims of the study were to evaluate VWF and ADAMTS13

laboratory parameters in Koate�-DVI and compare to findings in the

three FDA-licensed concentrates for treatment of VWD.

Methods: Koate�-DVI, provided by Kedrion Biopharma Inc. (nine

lots), and three lots each of the other concentrates (noted as A, B and

C), were purchased, and all reconstituted per the manufacturers’ rec-

ommendations. For VWF and FVIII assays aliquots were diluted in

VWF deficient plasma to a concentration of approximately 1 U/mL of

FVIII for Koate�-DVI and approximately 1 U/mL of VWF for prod-

ucts A,B, and C. FVIII:C activity was measured by one stage assay

(Siemens Actin FSL and deficient plasma), VWF antigen (VWF:Ag)

by STA Liatest (Stago) and VWF ristocetin cofactor activity (VWF:

RCof) by Siemens BC reagent on the BCS�XP coagulometer. VWF

collagen binding (VWF:CB) and FVIII antigen (FVIII:Ag) were deter-

mined by ELISA (Technoclone and Affinity Biochemicals, respec-

tively). VWF multimers were analyzed on 1% agarose gels.

ADAMTS13 activity was measured in reconstituted concentrate using

a FRET-based assay (GTI). Assays were performed in triplicate.

Results: Mean VWF parameters (given as ratios with ranges) for

Koate�-DVI were VWF:RCof/VWF:Ag, 0.93 (0.82–1.02); VWF:CB/

VWF:Ag, 1.05 (0.95–1.08); FVIII:C/VWF:Ag, 0.50 (0.43–0.55); and,
FVIII:Ag/VWF:Ag, 0.45 (0.41–0.48). For concentrates: VWF:RCof/

VWF:Ag: A = 0.66 (0.57–0.80), B = 0.53 (0.48–0.67), C = 0.65 (0.62–
0.71); VWF:CB/VWF:Ag: A = 0.92 (0.91–0.93), B = 0.98 (0.96–1.0),
C = 1.02 (0.92–1.05); FVIII:C/VWF:Ag: A = 0.42 (0.40–0.44),
B = 0.67 (0.63–0.69), C = 0.94 (0.89–0.97); and, FVIII:Ag/VWF:Ag:

A = 0.28 (0.26–0.32), B = 0.49 (0.47–0.52), C = 0.75 (0.70–0.83). All

concentrates contained VWF intermediate-sized molecular weight

multimers, defined as > 6–9 bands on the 1% agarose gel. Of the nine

Koate�-DVI lots 7 (78%) contained high molecular weight multimers,

defined as > 10 bands. This compared with 50% for concentrate B and

100% for concentrates A and C. Koate�-DVI contained more AD-

AMTS13 activity than the other concentrates, with two concentrates

containing virtually no activity (Koate�-DVI: 577.1 � 96.1; Concen-

trate A: 23.0 � 10.4; Concentrate B: 140.1 � 21.0; Concentrate C:

18.0 � 4.4). ADAMTS13 activity per labeled FVIII activity for Ko-

ate�-DVI was 0.057 and per labeled VWF activity for the other con-

centrates was: A: 0.002, B: 0.013, C: 0.002.

Summary: Koate�-DVI contains approximately twice the VWF:Ag

and activity as FVIII and has parallel VWF protein and functional

measurements. VWF:CB was more consistent with the VWF:Ag

measurement than was VWF:RCof in the other concentrates. Koate�-

DVI contains more ADAMTS13 activity than found in the other

concentrates; however, this was not associated with loss of high molec-

ular weight multimers, and all concentrates have considerably less

ADAMTS13 activity than labeled FVIII or VWF activity. These data

should be of help to physicians treating patients with bleeding

disorders.

PA 1.09-5
Development of the self-PBQ (Self-administered
pediatric bleeding questionnaire): pre-testing and
optimization
Rand ML1, Tuttle AM2, Grabell J2, Moorehead PC2, Deforest M2,

Wu J3, Steele McG4, Klaassen R5, Silva M2 and James PD2

1The Hospital for Sick Children, Toronto, ON; 2Queens

University, Kingston, ON; 3The Child and Family Research

Institute, Vancouver, BC; 4Alberta Children’s Hospital, Calgary,

AB; 5Children’s Hospital of Eastern Ontario, Ottawa, ON,

Canada

Background: Expert-administered bleeding assessment tools have been

developed and prospectively validated for the diagnosis of von Wille-

brand disease (VWD).

Aim: To generate, pre-test and optimize a self-/parent-administered

pediatric bleeding questionnaire.

Methods: The validated expert-administered Pediatric Bleeding Ques-

tionnaire (PBQ) (Bowman et al, JTH, 2009; 7:1418) was modified into

the Self-PBQ Version #1 by simplifying the language to a Grade 4

reading level. Two groups of research subjects (< 18 years) were

recruited: (i) children with known Type 1 VWD; and (ii) healthy con-

trol children. Parents completed the Self-PBQ for children < 12 years

while children ≥ 12 years completed the Self-PBQ themselves if able to

read at a Grade 4 reading level. The expert-administered PBQ was

completed at a separate visit by face-to-face interview. All subjects

completed the Self-PBQ and the expert-administered PBQ in random

order at least 2 weeks apart, and the bleeding scores (BS) obtained

from each were compared using the Interclass Correlation Coefficient

(ICC). Focus groups were held following the second visit, and revi-

sions made to the Self-PBQ based on feedback before subsequent

recruitment.

Results: To date, a total of 36 subjects have been recruited; nine with

Type 1 VWD and 27 controls; the Self-PBQ has undergone two revi-

sions. The median age and gender distribution is similar between

groups; 9.4 years in the affected group (range of 3–17) and 5.9 years

in the control group (range of 9 months–17; P = 0.078), n = 4 female

(44%) in the affected group and n = 13 female (48%) in the controls

(P = 1.00). The mean BS in the affected group was 3 (range 0–7) from
the Self-PBQ and 3.8 (range 1–9) from the expert-administered PBQ.

The mean BS in the controls was 0.5 (range �1 to 2) from the Self-

PBQ and 0.2 (range 0–1) from the expert-administered PBQ. For both

the Self-PBQ and expert-administered PBQ the BS were significantly

higher in the affected children compared with controls (P = 0.015 and

P = 0.003 respectively). Four affected and 15 unaffected parents/chil-

dren completed version #1 of the Self-PBQ. The ICC = 0.676, and the

main concern during the focus group was the use of the word ‘prob-

lem’ in the question stems (ie: ‘Has the research participant ever had a

problem with nosebleeds?’), so this word was removed for Version #2.

Four affected and eight unaffected parents/children completed Version

#2; the ICC = 0.973. The focus group feedback resulted in the addi-

tion of the instruction at the beginning of the questionnaire ‘If you are

not sure whether the answer is yes or no (to each question about bleed-

ing), answer yes’ to Version #3. One affected and four unaffected chil-

dren have been enrolled and are in the process of completing both

study visits with Self-PBQ Version #3.

Conclusions: A self-/parent-administered pediatric bleeding question-

naire has been optimized and the BS obtained from its administration

show a high degree of correlation with expert-administered BS. Future

directions include prospective validation as a screening tool for chil-

dren referred to Hematology for investigation of a bleeding disorder.

PA 1.09-6
Genetic defect of von Willebrand disease in 30
Taiwanese patients
Chen YC1, Cheng S-N2, Hu SH3 and Yiang YF3

1Divison of Hematology/Oncology, Hemophilia Care and

Research Center; 2Department of Pediatrics; 3Hemophilia Care

and Research Center, Taipei, Taiwan

Background: Von Willebrand disease (VWD) is the most common

inherited bleeding disorder that results from quantitative and/or quali-

tative defects of the von Willebrand factor (VWF). Genetic study of

VWF may provide information useful for VWD diagnosis, subtype

classification and management.

Aim: To analyze the genetic defects in our cohort of VWD patients.

Methods: There were 30 patients (13 male and 17 female) from 25

unrelated families with VWD diagnosis enrolled from January 2008 to

January 2013. The median age was 31 years with a rage of 14–
56 years. Exon 28 of VWF gene was amplified using polymerase chain

reaction followed by direct sequencing. Mutations in the other 51 ex-

ons were detected by Denaturing High-Performance Liquid Chroma-

tography analysis.
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Results: Of the 30 patients in the cohort, 21 had type 1 VWD, seven

had type 2 VWD including six type2A and one 2N. Two patients had

type 3 VWD. Eight of 30 (27%) patients were identified to have a

VWF gene mutation. Four patients from two unrelated families with

type2A VWD were found to have c3814T>G, C1272G and c4883T>C,
I1628T, respectively. Three patients with type 1 VWD were revealed to

have missense mutations including c.4499C>T, A1500V in two and

c.7848T>A, S2516R in exon44 in one patient. One patient with type 3

VWD was identified to have IVS27+2T>C transition. Another 17

(57%) patients (16 type 1 and one type 2 VWD) of our 30 patients

from 14 unrelated families were found to have polymorphisms of the

VWF gene.

Conclusions: Our study demonstrated that around one third of VWD

patients had a detectable genetic defect and there was also a high per-

centage of polymorphisms in our cohort.

PA1.10 – Anticoagulant Agents – I

PA 1.10-1
Observed practice of bridging anticoagulation;
guideline adherence and risk factors for perioperative
bleeding
Eijgenraam P, Ten Cate H and Ten Cate-Hoek AJ

Maastricht University, Maastricht, The Netherlands

Background: Perioperative interruption of chronic anticoagulation

harbors the risk of thromboembolism (TE). To minimize the risk for

TE during the anticoagulant free interval, bridging therapy with low

molecular weight heparins (LMWH) is applied. This introduces the

risk of bleeding. Guidelines characterize patients at risk and strategies

to be followed.

Aims: We conducted a search of two electronic patient data systems.

Our primary goal was to delineate the features of bridging strategies

applied in the region aroundMaastricht, theNetherlands. We intended

to assess guideline-adherance and to document the incidence of bridg-

ing-related bleeding and TE. The secondary goal was to identify possi-

ble risk factors for bleeding during bridging therapy, both patient

related risk factors and risk factors associated with the bridging strat-

egy itself.

Methods: We searched from September 2010 until June 2012 the elec-

tronic patient data system of theMaastrichtanticoagulation service,

which contains data of approximately 4200 patients in relation to anti-

coagulation therapy and treatment complications. Additional medical

information for these patients was retrieved from the patient database

of the Maastricht University Medical Centre (MUMC+). We identified

222 patients on chronic anticoagulation who received bridging ther-

apy. We determined guideline-adherence and risk factors for major

and overall bleeding. Guideline adherence was defined as low TE risk

patients receiving prophylactic doses LMWH and intermediate to high

TE risk patients receiving prophylactic or therapeutic doses. Patients

without prior surgical bleedings undergoing low risk cataract opera-

tions, dental procedures, or dermatological procedures should not be

bridged, and the duration of postoperative administration of LMWH

should not exceed 7 days. Data were analyzed with SPSS version

19.0.0.

Results: In 27.9% of all cases bridging was installed for a procedure

for which bridging was not indicated. The proportion of patients at

low TE risk (n = 102) treated with therapeutic doses of LMWH was

84.3% (n = 86). The median duration of postoperative bridging with

LMWH was 8 days (mean: 10.0, standard deviation: 6.7). The 30-day

incidence of overall bleeding in the entire group (n = 222) was 19.8%

(n = 44), the incidence of major bleeding 11.3% (n = 25). Two patients

(0.90%) experienced a deep venous thrombosis. In univariable logistic

regression analysis high TE risk (odds ratio (OR), 2.59; 95% confi-

dence interval (CI), 1.11–6.04) and dental procedures (OR, 2.99; 95%

CI, 1.45–6.13) were found to be risk factors for overall bleeding. Vita-

min K administration (OR, 6.55; 95% CI, 1.01–42.52) and dental pro-

cedures (OR, 3.77; 95% CI, 1.60–8.86) were identified as independent

predictors of overall bleeding, after adjusting for age, total duration of

LMWH treatment, TE risk, creatinine clearance, and mitral valve

replacement.

Conclusions: Guideline-adherence for bridging therapy was low, lead-

ing to prolonged bridging procedures, excess treatment of patients and

overall high bleeding rates. The majority of patients had a low throm-

boembolic risk profile or underwent low risk procedures. The indepen-

dent risk factor Vitamin K administration may be an indicator for

perioperative elevated INR.

PA 1.10-2
The coagulation factor XIIa inhibitor rHA-Infestin-4
potently improves outcome after cerebral ischemia/
reperfusion injury in rats
Krupka J1, May F1, Kaspereit F1, Pragst I1, Weimer T1, Kleinschnitz

C2, Stoll G2, Dickneite G1 and Nolte MW1

1CSL Behring, Marburg; 2University of Wuerzburg, Wuerzburg,

Germany

Background: Ischemic stroke provokes initial brain damage and is still

one of the most predominant diseases in industrialized countries with

a high rate of mortality or severe disability, respectively. To reduce pri-

mary insults based on the main pathophysiological processes of vessel

occlusion in the brain, restoration of blood flow is essential. Paradoxi-

cally, reperfusion of brain tissue triggers further pathophysiological

mechanisms and results in a process termed ischemia/reperfusion

injury (I/R injury). The coagulation factor XII (FXII)-driven contact

activation system is widely discussed to play an important role within

the processes of I/R injury.

Aims: The aim of the current studies was to assess the efficacy of the

FXIIa-inhibitor rHA-Infestin-4 in a rat model of I/R injury in a pro-

phylactic and a therapeutic medication.

Methods: Rats were randomly assigned to the treatment groups and all

studies were performed in a blinded manner. Within prophylactic

treatment, animals were treated intravenously with 100 mg/kg rHA-

Infestin-4 or an equal volume of saline 15 min prior to transient mid-

dle cerebral artery occlusion (tMCAO). For therapeutic treatment,

100 mg/kg rHA’ -Infestin-4 or an equal volume of saline was adminis-

tered directly after start of reperfusion. tMCAO was induced using the

filament technique. Occlusion held up for 90 min with subsequent rep-

erfusion. Twenty-four hours after tMCAO, rats were tested for neuro-

logical deficits (Zea Longa score, a composite neurological score,

rotarod assay and grip strength test). Thereafter, brains were removed

and analyzed for infarct area and edema formation. Furthermore,

blood was terminally withdrawn within the prophylactic treatment

approach for additional coagulation assays.

Results: Compared to the control group, rHA-Infestin-4 significantly

improved survival in both, the prophylactic as well as therapeutic

treatment. Moreover, neurological deficits by means of Zea Longa

score and a inhibition of FXIIa and aPTT prolongation were still

prominent 24 h after tMCAO whilst PT was not affected.

Summary/Conclusions: Although beneficial effects were more promi-

nent within the prophylactic treatment, rHA-Infestin-4 competently

ameliorated outcome after acute ischemic stroke in rats. With regard

to the central role of FXII-driven contact activation system in stroke,

inhibition of FXIIa via rHA-Infestin’ – 4 may represent a new and

promising treatment approach for brain I/R injury.
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PA 1.10-3
Development of a clinical prediction model for an
INR = 4.5 in hospitalized patients treated with vitamin
K antagonists
Lindemans AD, Van Blijderveen JC, Kruip JHA, Vergouwe Y,

Sturkenboom MCJM, Vulto AG and Van Den Bemt P

Erasmus MC, Rotterdam, The Netherlands

Background: Bleeding is a serious and frequently occurring complica-

tion in patients treated with vitamin K antagonists (VKAs). In the

Netherlands, over 2.5% of the population is treated with VKAs.

Treatment is usually monitored by measuring the clotting time,

expressed as the international normalized ratio (INR). Optimal treat-

ment depends on the indication but is normally in the range of 2.0–4.0.
The risk of bleeding increases considerably at an INR above 4.5. Many

other factors than dosage alone influence the INR. A few prediction

models, based on these other factors for a high INR and/or bleeding

complications can be found in literature. However, not all risk factors

included in these models are readily available in daily practice, thereby

limiting the usability of these models.

Aim: To develop a model designed to predict the risk of an INR ≥ 4.5

for hospitalized patients treated with VKAs, based on risk factors that

are collected during routine care.

Methods: This is a retrospective cohort study conducted in a large uni-

versity hospital in theNetherlands. Data on medication, laboratory

results, admission and discharge dates are embedded in an electronic

patient database (EPD).

We included admissions of adult patients in 2006–2009 during which a

VKA was prescribed. Patients were followed from start of VKA treat-

ment until their first INR ≥ 4.5, the end of treatment with a VKA, dis-

charge, or until the end of the study, whichever came first.

Predictors included in the analysis were: age, sex, blood group, type of

patient (surgical or medical), an INR ≥ 4.5 during an earlier admission

(previous event), and at start of VKA therapy: the number of concom-

itantly used medicines, concomitant use of low molecular weight hepa-

rins (LWMHs) and/or amiodarone, and the laboratory values of liver

enzymes: ALAT, ASAT, y-GT, LDH, albumin, haemoglobin, haemat-

ocrit, renal function, c-reactive protein (CRP), the number of throm-

bocytes and leucocytes. Obvious insignificant predictors

(P-value > 0.2) were stepwise removed from the model.

Results: In 2006–2009 we included 4762 admissions of 3798 individual

patients. We found 1128 admissions (23.7%) during which an

INR ≥ 4.5 was found for 920 individual patients.

Strongly significant positive predictors were: age (odds ratio (OR) 1.01

per year, 95% confidence interval (CI) 1.004–1.014), being a medical

patient (OR 1.56, 95% CI 1.29–1.89), concomitant use of amiodarone

(OR 1.52, 95% CI 1.22–1.91), a previous event (OR 1.28, 95% CI

1.03–1.57) and the number of concomitantly use medicines (OR 1.15,

95% CI 1.06–1.25).
Predictors associated with a lower risk of an INR ≥ 4.5 were: male sex

(OR 0.80; 95% CI 0.69–0.94) and the concomitant use of LMWHs

(OR 0.625, 95% CI 0.503–0.776).
Summary/Conclusions: Ten predictors that positively contribute to the

increased risk of an INR ≥ 4.5 were identified. The strongest predic-

tors were: being a medical patient, concomitant use of amiodarone

and an INR ≥ 4.5 during a previous hospital admission. The predic-

tion model with routinely collected data can be used to identify high

risk patients in every day practice, enabling targeted care by physicians

and pharmacists

PA 1.10-4
Inhibiting coagulation factor XIIa potently prevents
thrombosis in a rabbit arteriovenous shunt model
Fries M1, Krupka J1, Kaspereit F1, Rayzman V2, Wilson MJ2, Pragst

I1, Weimer T1, Panousis K2, Dickneite G1 and Nolte MW1

1CSL Behring GmbH, Marburg, Germany; 2CSL Limited, Parkville,

Vic., Australia

Background: The intrinsic pathway of coagulation is initiated by con-

tact activation of coagulation factor XII (FXII) at negatively charged

surfaces, such as glass in vitro or platelet polyphosphates and collagen

in vivo. Contact activation resulting from the exposure of blood to for-

eign surfaces from implanted prosthetics (e.g. artificial heart valves) or

during invasive medical procedures such as cardiopulmonary bypass

surgery can trigger life-threatening thrombotic processes and requires

robust anticoagulation. However, anticoagulants are associated with

an increased bleeding risk and need to be used cautiously. Interest-

ingly, recent studies have demonstrated that FXII-deficient mice as

well as rodents treated with FXIIa inhibitors display a robust anti-

thrombotic efficacy without impairment of physiological hemostasis.

These findings suggest that inhibiting FXIIa may serve as an ideal an-

tithrombotic approach, especially in medical scenarios involving con-

tact activation at foreign surfaces.

Aims: In the present study an arteriovenous (A/V) shunt model con-

taining a procoagulant glass element was employed to assess the anti-

thrombotic efficacy of two selective and potent inhibitors of FXIIa,

i.e. rHA-Infestin-4, a recombinant protein derived from the hematoph-

agus insect Triatoma infestans, and a fully human monoclonal anti-

body (anti-FXIIa MAb).

Methods: Female rabbits were randomly assigned to study groups and

treated intravenously with either a single dose of 100 mg/kg rHA-Inf-

estin-4 or 7 mg/kg anti-FXIIa MAb 10 min prior to the start of blood

flow through the A/V shunt. Control groups received isotonic saline or

300 IU/kg heparin, respectively. Blood flow was monitored for 30 min

in the rHA-Infestin-4 study whilst in the second study (anti-FXIIa

MAb) the observation time was extended to 60 min. At the end of the

observation period, thrombus weights and bleeding parameters (ear

and kidney bleeding) were evaluated.

Results: In saline treated controls profound occlusion of the glass ele-

ment in the A/V shunt was observed, whereas heparin treatment pre-

vented thrombus formation as expected. Both rHA-Infestin-4 and

anti-FXIIa MAb treatment potently inhibited thrombotic occlusion of

the A/V shunt. Most notably and in sharp contrast to the increased

bleeding observed with heparin treatment, neither ear bleeding time,

nor time to hemostasis or blood loss after kidney incision were

impaired by rHA-Infestin-4 or anti-FXIIa MAb.

Summary/Conclusion: The results of this study clearly demonstrate a

potent antithrombotic efficacy of FXIIa inhibition by rHA-Infestin-4

and anti-FXIIa MAb in a rabbit arteriovenous shunt model where

occlusive thrombus formation is initiated by contact activation on a

glass surface. Importantly, inhibiting FXIIa had no effect on physio-

logical hemostasis. Therefore, targeting FXIIa may represent a new

approach for safe anticoagulation therapy in medical scenarios involv-

ing contact activation at foreign surfaces.

PA 1.10-5
Treatment of acute VTE with rivaroxaban. updated
results of the prospective Dresden NOAC registry
(NCT01588119)
Beyer-Westendorf J, Ebertz F, Gelbricht V, F€orster K, K€ohler C

and Werth S

Dresden University Hospital, Carl Gustav Carus, Dresden,

Germany

Background: In the EINSTEIN program rivaroxaban has been found

to be at least as effective and safe as warfarin in treatment of acute
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venous thromboembolism (VTE), which lead to approval of rivarox-

aban in many countries. However, patients in RCT‘s present a selected

population treated under a strict protocol and followed for a short

period of time. Consequently, efficacy and safety of new oral anticoag-

ulants (NOAC) need to be confirmed in cohorts of unselected patients

in daily care.

Aims: To evaluate the efficacy and safety of acute VTE treatment with

rivaroxaban in daily care.

Patients and Methods: The Dresden NOAC registryis a prospective,

non-interventional registry. A network of more than 230 physicians

from private practice and hospitals enrol eligible patients, who are cen-

trally followed by the registry office. Inclusion criteria are: 1) indica-

tion for therapeutic NOAC anticoagulation > 3 month; 2) age

> 18 years; 3) written informed consent; 4) availability for follow-up.

No Exclusion criteria apply. In the registry, up to 2000 patients will

receive prospective follow up (FU) by phone visits at day 30 day and

quarterly thereafter to collect efficacy and safety data. All events are

centrally adjudicated based on copies of reports, patient charts,

autopsy reports and death certificates and using standard definitions.

Results: Until December 31th 2012, 1665 patients were registered. Of

these, 233 patients received rivaroxaban for acute VTE treatment

(54.9% female). In our registry, the population receiving acute VTE

treatment is older than the EINSTEIN population (63.5 vs.

55.8 years). Most patients were treated for DVT vs. PE (74.7% vs.

25.3%) and 28.3% had recurrent VTE.

During follow-up, no recurrent VTE event occurred, but one patient

(0.48 per 100 patient years) had a major cardiovascular event (acute

limb ischaemia). Furthermore, 71 patients (34 per 100 patient years)

had bleeding complications, in eight cases (3.8 per 100 patient years)

major bleeding according to ISTH definition, one of which was a fatal

intracranial bleeding (0.48 per 100 patient years). Eight patients died

(3.8 per 100 patient years) but none of acute thromboembolic or car-

diovascular events (three terminal malignant disease, two chronic

heart failure, two sepsis, one fatal bleeding).

At 6 month, 61.5% of patients were still taking rivaroxaban. The

remaining patients had planned end of treatment (34.2%), were

switched to other anticoagulants (4.3%, mostly for side effects or cost

issues) or prematurely discontinued (4.3%). Therefore, unplanned dis-

continuation rate at 6 month was 8.6% (mostly side effects, cost

issues, incompliance, malignant disease, unplanned surgery).

Conclusions: In unselected patients in daily care, acute VTE treatment

with rivaroxaban is effective and safe with low rates of cardiovascular

or bleeding events in the first 180 days of treatment. Overall, adher-

ence to rivaroxaban therapy is over 90% and unplanned discontinua-

tions occur in < 10% and equally because of side effects, cost issues or

concomitant diseases.

For presentation at the ISTH meeting, updated results on demo-

graphic and clinical characteristics at baseline, cardiovascular and

bleeding event rates will be provided.

PA 1.10-6
The FXIIa inhibitor rHA-Infestin-4 safely protects from
arterial and venous thrombosis in rodent and non-
rodent species
May F1, Krupka J1, Thielmann I2, Schenk S1, Letmade P1, Pragst

I1, Weimer T1, Nieswandt B2, Dickneite G1 and Nolte MW1

1CSL Behring GmbH, Marburg; 2University Hospital Wuerzburg

and Rudolf Virchow Center, Wuerzburg, Germany

Background: Ischemic stroke provokes initial brain damage and is still

one of the most predominant diseases in industrialized countries with

a high rate of mortality or severe disability, respectively. To reduce pri-

mary insults based on the main pathophysiological processes of vessel

occlusion in the brain, restoration of blood flow is essential. Paradoxi-

cally, reperfusion of brain tissue triggers further pathophysiological

mechanisms and results in a process termed ischemia/reperfusion

injury (I/R injury). The coagulation factor XII (FXII)-driven contact

activation system is widely discussed to play an important role within

the processes of I/R injury.

Aims: The aim of the current studies was to assess the efficacy of the

FXIIa-inhibitor rHA-Infestin-4 in a rat model of I/R injury in a pro-

phylactic and a therapeutic medication.

Methods: Rats were randomly assigned to the treatment groups and all

studies were performed in a blinded manner. Within prophylactic

treatment, animals were treated intravenously with 100 mg/kg rHA-

Infestin-4 or an equal volume of saline 15 min prior to transient mid-

dle cerebral artery occlusion (tMCAO). For therapeutic treatment,

100 mg/kg rHA’ -Infestin-4 or an equal volume of saline was adminis-

tered directly after start of reperfusion. tMCAO was induced using the

filament technique. Occlusion held up for 90 min with subsequent rep-

erfusion. Twenty-four hours after tMCAO, rats were tested for neuro-

logical deficits (Zea Longa score, a composite neurological score,

rotarod assay and grip strength test). Thereafter, brains were removed

and analyzed for infarct area and edema formation. Furthermore,

blood was terminally withdrawn within the prophylactic treatment

approach for additional coagulation assays.

Results: Compared to the control group, rHA-Infestin-4 significantly

improved survival in both, the prophylactic as well as therapeutic

treatment. Moreover, neurological deficits by means of Zea Longa

score and a composite neuroscore were significantly reduced after

application ofrHA-Infestin-4 in both treatment approaches. In addi-

tion, prophylactic application of rHA-Infestin-4 significantly reduced

infarct area and edema formation, and furthermore significantly

improved performance in the rotarod assay and grip strength test.

Using the therapeutic setting, a trend towards improvement in infarct

area and edema formation was found whilst performance in the rota-

rod assay and grip strength test was unchanged between the groups.

Following application ofrHA-Infestin-4, inhibition of FXIIa and

aPTT prolongation were still prominent 24 h after tMCAO whilst PT

was not affected.

Summary/Conclusions: Although beneficial effects were more promi-

nent within the prophylactic treatment, rHA-Infestin-4 competently

ameliorated outcome after acute ischemic stroke in rats. With regard

to the central role of FXII-driven contact activation system in stroke,

inhibition of FXIIa via rHA-Infestin’ -4 may represent a new and

promising treatment approach for brain I/R injury.

PA1.11 – Blood Coagulation Tests – I

PA 1.11-1
Activated Factor VII. Antithrombin Complex plasma
concentration in subjects with or without
angiographically demonstrated coronary artery disease
and myocardial infarction
Tosi F1, Martinelli N1, Baroni M2, Girelli D1, Guarini P1, Udali S1,

Branchini A2, Woodhams B3, Bernardi F2 and Olivieri O1

1University of Verona, Verona; 2University of Ferrara, Ferrara,

Italy; 3HaemaCon Ltd, Bromley, Kent, UK

Background: Plasma concentration of activated factor VII (FVIIa)-

antithrombin (AT) complex has been recently proposed as a marker of

intravascular exposure of tissue factor and, thus, of activation of the

extrinsic pathway of coagulation cascade. However, the results of

studies investigating the potential relationship between FVIIa-AT

complex and cardiovascular disease are only preliminary so far.

Aims: The aim of this study was to investigate the relationship of

FVIIa-AT complex plasma concentration with either coronary artery

disease (CAD) or myocardial infarction (MI) in a case-control setting.

Methods: Within the framework of the Verona Heart Study (VHS), a

regional survey aimed to search for new risk factors for CAD/MI in

subjects with angiographic documentation of their coronary vessels,

we selected a total of 686 subjects (546 CAD and 140 CAD-free), who
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were not taking anticoagulant drugs and for whom plasma citrate

samples for FVIIa-AT complex assay were available. Among CAD

patients, 312 CAD had a history of previous MI. Plasma concentra-

tion of FVIIa-AT complex was determined by ELISA.

Results: There was no significant difference in plasma concentration of

FVIIa-AT complex between CAD and CAD-free subjects (84.8 (80.6–
88.2) vs. 83.9 (76.7–92.8) pM, respectively – P = 0.949). On the other

hand, among CAD patients those with history of previous MI had

lower FVIIa-AT complex levels than those without history of previous

MI (79.8 (75.9–83.9) vs. 90.9 (85.6–97.5) pM, respectively – P = 0.008)

and this association remained significant in a regression model also

after adjustment for all the traditional cardiovascular risk factors.

Evaluating the potential relationships of FVIIa-AT complex with

other clinical and laboratory variables in the whole study population,

we found significant correlations with gender (higher in females), dia-

betes (higher in diabetic patients), body mass index (BMI), estimated

glomerular filtration rate, total cholesterol, HDL-cholesterol, and tri-

glycerides. In 305 subjects, for whom data about FVIIa levels and

FVII genotype were available, a very strong direct correlation with

FVIIa was found (beta coefficient = 0.533, P < 0.001). Moreover,

FVII genotypes known to influence FVIIa levels (e.g. �323 A1/A2 and

R353Q polymorphisms) were associated – in a concordant manner

with FVIIa levels – also with significantly different concentrations of

FVIIa-AT complex.

In a multiple adjusted linear regression model explaining the 34% of

FVIIa-AT complex variability, FVIIa (beta coefficient = 0.464,

P < 0.001), estimated glomerular filtration rate (beta coeffi-

cient = �0.131, P = 0.044), HDL-cholesterol (beta coefficient = 0.147,

P = 0.039), and triglyceride (beta coefficient = 0.201, P = 0.002)

remained significant predictors of FVIIa-AT plasma concentration.

On the other hand, the statistical association of FVII genotypes with

FVIIa-AT concentration appeared to be mediated by the influence on

FVIIa levels.

Conclusions: In this case-control study FVIIa-AT complex plasma

concentration was associated with some cardiovascular risk factors,

like plasma lipids and renal function, as well as with FVIIa levels.

There was no significant difference between subjects with or without

CAD. On the other hand, the association of low levels with MI history

among CAD subjects should be further investigated and could derive

from some potential biases (e.g. survival-related bias). Additional

studies are needed to clarify the role of FVIIa-AT complex in CAD

and MI.

PA 1.11-2
The appearance of the second peak in platelet rich
plasma thrombin generation curve can be provided by
antiplatelet compounds: mechanism and possible
applications
Ivan T1, Artemenko E1, Kopylov K2, Kumskova M2, Panteleev

MA1, Sinauridze E2 and Ataullakhanov F1

1The Center for Theoretical Problems of Physicochemical

Pharmacology RAS; 2The National Centre for Hematology,

Moscow, Russian Federation

Background: Measurement of thrombin generation in clotting blood

plasma is now convenient and informative test to analyze a status of

coagulation system. Usually the thrombin generation curve obtained

in platelet poor plasma (PPP) has one peak. Here we show that this

curve obtained in platelet rich plasma (PRP) can have two peaks in the

presence of low doses of platelet inhibitors. Also we present the new

modification of thrombin generation assay (TGA) based on this phe-

nomenon which can correspond with the tendency of bleeding in

severe hemophilia A (HA).

Aims: We explored the mechanism of the second peak appearance and

investigated the ability of the new modification of TGA in PRP to

determine the clinical phenotypes of severe HA.

Methods: Blood was collected from healthy donors and patients suffer-

ing from severe HA (FVIII < 1 IU/dL) by venipuncture. Eleven

patients with mild phenotype and 10 with severe one took part in the

study. All the donors signed the written inform consent which was

approved by ethics committee. Tissue factor induced thrombin genera-

tion in PRP and PPP was monitored using continual measurement of

hydrolysis rate for thrombin specific fluorogenic substrate Z-Gly-Gly-

Arg-AMC. Phosphatidylserine (PS) and CD62P expression on the

activated platelets in purified suspension were measured by flow

cytometry using annexin’ – V-RPE and antiCD62P-FITC staining.

Results: Addition of P2Y12 receptor antagonist 2’-MeS-5’-AMP

(160 lM), 83 nM prostaglandin E1 (PGE1) or 1.6% DMSO to healthy

PRP caused the appearance of two peaks in the thrombin generation

curve. All these compounds in used concentrations did not affect sig-

nificantly endogenous thrombin potential. Supplementation of these

agents to purified platelet suspension decreased PS exposure rate after

activation with 35 nM of thrombin. However, these compounds did

not affect CD62P expression. Decreasing the thrombin concentration

to 0.545 nM led to the inhibition of CD62P expression by 830 nM of

PGE1. Supplementation of PRP containing 1.6% DMSO with

830 nM PGE1 mediated the second peak disappearance and decreased

the first peak amplitude. Increasing the platelet concentration in PRP

promoted the arrangement of two peaks into one. To investigate the

severe HA phenotypic heterogeneity we used TGA in PRP with 1.6%

DMSO and the concentration of platelets was equal to 100,000 plate-

lets/lL. HA patients with mild phenotype demonstrated significantly

higher second peak amplitude in PRP than ones with severe bleeding

tendency.

Conclusions: The second peak in the PRP thrombin generation curve

can be mediated by reduced PS expression rate provided by platelet

inhibitors. However, a-granules do not take part in the second peak

appearance. The modified TGA can determine the bleeding tendency

in HA. The possible mechanism of phenotypic heterogeneity is linked

with thrombin generation mediated by PS-expressing platelets.

PA 1.11-3
Assessment of thrombin formation in patients with
ulcerative colitis without a history of thrombotic
events
Demir M, Halhalli S, Tezel A, Ustundag A, Can G and Umit E

Trakya University School of Medicine, Edirne, Turkey

Background: It is known that there is a strong relation between inflam-

mation and hemostasis and inflammation causes tendency to the devel-

opment of thrombosis. Ulcerative colitis (UC) is an inflammatory

disease of the colon that follows a course of relapse and remission with

a predisposition to thrombosis. The association between thrombin

generation and inflammation in certain local and/or general inflamma-

tory disorders with tendency to thrombosis such as ulcerative colitis

remains unclear.

Aims: The aim of this study is to evaluate the pattern of thrombin gen-

eration tests along with the inflammatory markers in patients with

active and inactive UC without a history of thrombotic event.

Methods: Sixty-one patients (age between 18 and 65 years) with UC

diagnosed with clinical, endoscopic and histopathological findings and

36 age and gender matched healthy controls have been enrolled in the

study. Thirty-three patients had active disease while 28 were in remis-

sion. Disease activity was scored using Mayo score of UC. Approval

of the local ethical committee and informed consent of all the partici-

pants were obtained. Prothrombin time, activated partial thrombo-

plastin time, fibrinogen, D-dimer (Diagnostica Stago), Thrombin

Generation Assay (TGA; Thermo Electron Corporation, Flouroscan

Ascent; 5 pM TF), Thrombin anti-thrombin complex (TAT; Assay-

Max Human TAT), high sensitive C-reactive protein (hs-CRP; DRG

CRP-HS, ELISA) tests were performed. The parameters of thrombin

generation assay (lag time, thrombin peak, Endogen Thrombin
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Potential-ETP, time thrombin peak, start tail) were compared with

inflammatory markers. P-values < 0.05 were regarded as significant.

Sensitivity and specificity values were determined by receiver operating

characteristic (ROC) curve analysis for each parameter.

Results: Levels of fibrinogen (452.33 � 126.97 mg/dL; P = 0.000), D-

dimer (1.75 � 3.46 mg/dL; P = 0.000) and hs-CRP (9.81 � 3.23 mg/

L; P = 0.001) were higher in patients with active disease compared to

patients in remission and controls, while TAT values (1.23 � 0.65 ng/

mL; P = 0.697) were similar in all groups. Within the TGA, lag time

was longer (3.93 � 0.73 min; P = 0.000), thrombin peak higher

(391.57 � 62.94 nm; P = 0.007) and start tail was observed to be

longer (24.18 � 3.54 min; P = 0.001) in patients with active disease.

Thus ETP (2191.42 � 526.36 vs. 1974.89 � 408.68 nm; P = 0.296)

and time thrombin peak (6.21 � 0.95 vs. 5.80 � 0.91 min; P = 0.112)

values were observed to be unchanged. As with the sensitivity and

specificity values to distinguish active disease, values regarding fibrino-

gen (78.8%;70.1%), D-dimer (75.7%;74.1%), hs-CRP (75.8%;58.1%),

lag time (75.6%;65.7%), thrombin peak (54.5%;73.4%), ETP

(39.9%;82.8%), peak (54.5%;73.4%), tt peak (78.8%;42.1%) and start

tail (75.6%;53.1%) were determined respectively.

Summary/Conclusions: Activity index was observed to be well corre-

lated with the increased inflammatory markers (fibrinogen and hs-

CRP). D-dimer and thrombin peak were observed to be useful as

markers of thrombin generation since levels of D-dimer and TGA-

thrombin peak was higher when TAT levels were unchanged. D-dimer

and fibrinogen showed the highest sensitivity and specificity while

thrombin peak and ETP showed low sensitivity thus highest specific-

ity. According to the results of the study, D-dimer and thrombin peak

are the best parameters to demonstrate dynamic nature thrombin gen-

eration in patients with ulcerative colitis.

PA 1.11-4
Simultaneous measurement of thrombin generation
and fibrin formation in plasma and whole blood
applying continuous flow
Kelchtermans H1, Pelkmans L2, Ninivaggi M1, Al Dieri R1, Hemker

CH1 and De Laat B2

1Synapse BV, Cardiovascular Research Institute Maastricht,

Maastricht University; 2Department of Biochemistry,

Cardiovascular Research Institute Maastricht, Maastricht, The

Netherlands

Background: Thrombin is the enzyme converting fibrinogen into fibrin.

Assays measuring the thrombin generation and fibrin formation are

often used separately in research and clinical settings. Recently it was

shown that thrombin generation and fibrin formation do not always

go hand in hand as factor XII independently of thrombin influences

the crosslinking of fibrin and stability of the clot.

Aims: The development of an assay that is able to simultaneously mea-

sure thrombin generation and fibrin formation in plasma/whole blood.

Methods: We have redesigned an air-bearing rheometer, based on the

plate and cone viscositor, rendering it sensitive enough to measure

fibrin formation based on changes in viscosity. Placing a confocal fluo-

rescent camera into the rheometer allows the measurement of throm-

bin generation based on the conversion of a thrombin-sensitive

substrate, as in the Calibrated Automated Thrombogram (CAT)

assay. Using this method, the endogenous thrombin potential (ETP),

peak height and lag-time can be calculated. The measurement of fibrin

formation results in the variables: lag-time, maximum clot strength

and time to maximum clot strength. The rheometer further allows the

application of different laminar flow conditions within the range of 50/

s until 1200/s.

Results: For all variables related to fibrin formation and thrombin gen-

eration, the intra- and inter-assay variation were below 10% in plate-

let-poor and -rich plasma and whole blood. Increasing flow rates (100–
1200/s) in platelet-poor plasma triggered with 5 pM TF resulted in

reduced ETP and peak values in the thrombin generation (ETP

1113 nM/min [100/s]; 776 nM/min [1200/s] and peak 264 nM [100/

s]; 209 nM [1200/s]). Accordingly, maximum fibrin clot strength was

inversely related to increased flow rates (7.7 mPa/s [100/s]; 1.9 mPa/

s [1200/s]). As the amount of fibrinogen influences both thrombin

generation and clot strength we tested the effect of different fibrino-

gen concentrations (0–5 mg/mL) in our system, applying a shear

rate of 300/s in the presence of 5 pM TF. As expected, an increase

in fibrinogen was accompanied with dose-dependent elevated ETP

(734 nM/min [0 mg/mL]; 1073 nM/min [5 mg/mL]), peak (199 nM

[0 mg/mL]; 323 nM [5 mg/mL]) and maximum clot strength (0 mPa/

s [0 mg/mL]; 4.7 mPa/s [5 mg/mL]). By simultaneously measuring

the thrombin generation and fibrin formation, we calculated that

only 1 nM of thrombin is sufficient to polymerize fibrin and cause

a change in viscosity. Additionally, we confirmed that an increase

in factor XII enhances the clot strength without influencing throm-

bin generation, when coagulation is initiated via the extrinsic

pathway.

Conclusions: We have developed a new method capable of simulta-

neously measuring thrombin generation and fibrin formation in

plasma and whole blood under continuous flow. Our method proved

to be sensitive enough to detect differences in fibrinogen content and

established that only a small amount of thrombin is necessary to initi-

ate clot formation. Additionally, this technique allows to study the

influence of venous vs. arterial flow rates on both thrombin generation

and clot strength, bringing coagulation experiments one step closer to

physiology.

PA 1.11-5
Preoperative thrombin generation is predictive for the
risk of blood loss after cardiac surgery
Bosch YPJ1, Al Dieri R2, Bloemen S2, De Laat B2, Ten Cate H1,

Nelemans P1, Hemker HCH2, Weerwind PW1, Maessen JG1

and Mochtar B1

1Maastricht University Medical Center; 2Synapse b.v.,

Maastricht, The Netherlands

Background: Bleeding after cardiopulmonary bypass is a major cause

of morbidity and mortality. The contact of blood with the artificial

surfaces of the extracorporeal circulation during cardiac surgery

results in activation of coagulation, fibrinolysis and platelets that is

recognized as potential reasons for increased bleeding tendency.

Aim: To investigate whether the calibrated automated thrombin gener-

ation (CAT) can be used as a predictive tool for blood loss after car-

diac surgery with cardiopulmonary bypass (CPB) compared to the

routine coagulation tests.

Methods: Thirty male patients undergoing first-time coronary artery

bypass grafting were enrolled. Blood samples were taken pre-bypass

before heparinization (T1) and 5 min after protamine administration

(T2). TG was measured both in platelet-rich plasma (PRP) and in

platelet-poor plasma (PPP) and the parameters of the CAT (ETP,

peak, lag time and time to peak) were evaluated. Activated clotting

time (ACT), hematocrit, hemoglobin, platelet number, fibrinogen,

antithrombin, D-dimers, prothrombin time (PT) and activated partial

thromboplastin time (aPTT) were also determined. Blood loss was

measured and the amount of transfusion products was recorded post-

operatively until 20 h after surgery. Patients were divided in two

groups based on the median volume of postoperative blood loss

(group 1: patients with median blood loss < 930 mL; group 2: patients

with median blood loss ≥ 930 mL).

Results: Patients with blood loss > 930 mL had a significantly lower

ETP and peak thrombin pre-bypass than patients with blood loss

lower than 930 mL (P = 0.000 and P = 0.004 resp.) in PRP, as well as

in PPP (P = 0.004 and P = 0.014). After bypass, ETP and peak throm-

bin remain significantly lower (P = 0.011 and P = 0.010) in patients of

group 2, measured in PRP but not in PPP. Fibrinogen was higher both
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pre- and postoperatively in group 1, but only statistically significant

postoperatively (P = 0.045).

Platelet level was also significantly elevated in group 1 compared to

group 2 (P = 0.002), pre- and after bypass. However, no significant

difference between the two patient-groups was observed when blood

loss was associated with the D-dimers levels or with the clotting time-

dependent tests (ACT, aPTT and PT), pre and post-CPB.

Conclusions: This study clearly demonstrates that the thrombin gener-

ation assay when performed preoperatively in the absence and pres-

ence of platelets is a predictive tool for blood loss after cardiac

surgery. The clotting time-dependent tests on the other hand do not

show any significant association with bleeding after surgery.

PA 1.11-6
Fibrin monomers improves CHA2DS2-VASc risk
prediction in chronically anticoagulated atrial
fibrillation patients
Gallego P1, Romera M2, Mar�ın F3, Vald�es M3, Lip GYH4,

Vicente V2 and Rold�an V2

1Centro Regional de Hemodonaci�on, Hospital Morales Meseguer;
2Centro Regional de Hemodonaci�on, Hospital Morales Meseguer.

UMU, IMIB; 3Servicio de Cardiolog�ıa Hospital Universitario

Virgen Arrixaca, UMU, Murcia, Spain; 4University of Birmingham

Centre for Cardiovascular Sciences, City Hospital, Birmingham,

UK

Atrial fibrillation (AF) is associated with abnormalities of haemosta-

sis, endothelium and platelets, which is independent of structural heart

disease and AF aetiology – suggesting that AF confers a prothrombot-

ic or hypercoagulable state. To aid decisions for thromboprophylaxis,

several risk stratification schemes have been developed using clinical

characteristics, the most popular being the CHADS2 score and more

recently, the CHA2DS2-VASc score. There are limited data on the

prognostic role of biomarkers patients taking oral anticoagulants

(OAC). Soluble fibrin monomers, as markers of fibrin formation, have

been studied as a risk marker in various situations related to a hyper-

coagulable state as deep vein thrombosis or disseminated intravascular

coagulation.

The aim of our study was to analyze the prognostic role of FM in

steady anticoagulated AF patients to set if it could refine clinical risk

stratification

Methods: We studied 904 patients (50% male; median age 76) with

paroxysmal/permanent AF who were stabilised (for at least 6 months)

on oral anticoagulation (INRs 2.0–3.0). Plasma FM was measured by

immunoturbidimetry using STA-LIATEST FM (Diagnostica Stago,

France) at baseline. Patients were followed-up for up to 2 years, and

adverse events (thrombotic and vascular events and mortality) were

recorded. FM cut-off was assessed by ROC curves.

Results: Median (IQR) values of FM were 8.42 (3.53–12.18) pg/mL.

Median follow-up was 955 (785–1096) days, and during this period, 95

(4.04%/year) died whilst 111 patients had an adverse cardiovascular

event (4.70%/year), from them 40 were strokes (1.7%/year). On multi-

variate analysis, high FM (> 4.79 pg/mL) remained significantly asso-

ciated with both stroke and vascular events even after adjusting for

CHA2DS2-VASc score, with adjusted hazard ratios (HRs) of 2.66

(1.26–5.58, P < 0.001) for stroke and 2.64 (1.69–4.13, P < 0.001) for

adverse vascular events. For all cause mortality, the adjusted HR was

1.61 (1.04–2.48, P = 0.031). Based on c-statistics, FM improved the

prediction for stroke/systemic embolism using the CHA2DS2-VASc

score (0.63 � 0.04, P = 0.005–0.68 � 0.04, P < 0.001).

Conclusion: In a large ‘real world’ cohort of anticoagulated AF

patients, FM levels could provide complementary prognostic informa-

tion to an established clinical risk score (CHA2DS2-VASc) for predic-

tion of long-term stroke/systemic embolism, suggesting that this

biomarker may potentially be used to refine clinical risk stratification

in AF.

PA1.12 – Coagulation Factor IX – I

PA 1.12-1
Quantitative whole body autoradiography (QWBA)
study on the effect of albumin fusion on the
biodistribution of recombinant factor rIX
Herzog E1, Harris S2, McEwen A2, Pragst I1, Dickneite G1,

Schulte S1 and Zollner S1

1CSL Behring GmbH, Marburg, Germany; 2Quotient Bioresearch,

Rushden, UK

Background: The recombinant fusion protein linking the human coag-

ulation factor IX (FIX) to recombinant human albumin (rIX-FP) is

currently investigated in clinical phase II/III trials (PROLONG-9FP)

for prophylaxis and on-demand treatment of bleeding in haemophilia

B patients. However, to date, there is only limited information avail-

able on the tissue distribution of FIX products following intravenous

administration.

Aim: The present study was designed to explore the biodistribution of

recombinant Factor IX (rIX) and how albumin fusion may affect it.

Methods: [3H]-rIX-FP, [3H]-rFIX or [3H]-albumin, labeled using the

N-Succinimidyl [2,3,-3H] propionate (NSP) method, were administered

intravenously to male rats at a single radioactive dose of approxi-

mately 400 lCi/kg. Using quantititave whole-body autoradiography

(QWBA), tissue radioactivity was determined over 24 ([3H]-rFIX) or

240 ([3H]-rIX-FP, [3H]-albumin) h. In addition to full body sections,

the hind limbs were separately subjected to QWBA to obtain more

detailed information on the products’ distribution within the bone

marrow and knee joint region. In parallel, plasma, urine and feces

were collected at several time points throughout the observation per-

iod to calculate excretion balance and assess physiological elimination

pathways. The radioactivity associated with the [3H]-labelled proteins

was determined by quantitative radiochemical analysis (QRA) and

high performance liquid chromatography (HPLC). The radioactivity

associated with plasma, urine and feces samples was also determined

using QRA. Biological activity of rFIX and rIX-FP after [3H]-labeling

was confirmed by a chromogenic assay in vitro followed by in vivo

measurements of hemostasis in hemophilia B mice treated with ‘cold’-

labeled rIX-FP material.

Results: Elimination of [3H]-rFIX and [3H]-rIX-FP occurred primarily

via the urine. Overall, 73% of radioactivity was recovered in urine

(associated with only low molecular weight components), ≤ 5% elimi-

nated in faeces and about 20% remained in tissues after 240 h. The tis-

sue distribution of [3H]-rIX-FP and [3H]-rFIX was comparable, both

penetrating predominantly into well vascularized tissues and/or excre-

tion organs including the adrenal gland, spleen, lung, liver, kidney,

myocardium and gastrointestinal mucosa. Both proteins were also rap-

idly present within bone marrow and synovial or mineralized regions

of knee joint sections where they seemed to mostly localize to the zone

of calcified cartilage within the growth plate regions of long bones.

The longest retention times were observed for bone marrow and the

endosteum of long bones. Overall, these results suggest similar tissue

distribution profile of [3H]-rIX-FP and [3H]-rFIX independent of albu-

min fusion. In contrast, the biodistribution of [3H]-albumin appeared

to be different with only very low initial penetration of bone marrow

and liver but rapid, homogeneous distribution throughout the whole

body including muscle, skin and connective tissue. Intriguingly, both

[3H]-rIX-FP and [3H]-albumin derived radioactivity was well detect-

able over 72 h, whereas comparable [3H]-rFIX associated radioactivity

was only detectable over 24 h, further supporting the notion of

extended tissue half-life of [3H]-rIX-FP due to albumin fusion.

Summary/Conclusion: The study indicates that rIX-FP exhibits equal

biodistribution compared to other marketed rFIX products, but

clearly distinguishes itself by an extended plasma half-life and tissue

retention pointing towards a reduction in dosing frequency leading to

increased therapeutic convenience and compliance.
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PA 1.12-2
Expression and characterization of a novel recombinant
factor IX molecule with enhanced clotting activity
Perot E, Enjolras N, Negrier C and Dargaud Y

University of Lyon 1, Lyon Cedex 08, France

Background: Hemophilia B is an inherited coagulation defect charac-

terized by a deficiency in human factor IX (FIX). Patients with hemo-

philia B are commonly treated with FIX concentrates. Production of a

recombinant human coagulation factor IX (rhFIX) with increased

clotting activity is one of the current challenges for hemophilia B treat-

ment. In addition, increasing potency of gene transfer vectors may

improve their therapeutic index, as lower plasma concentrations may

achieve therapeutic benefit following in vivo administration.

Aim: The purpose of our study was to obtain a rhFIX molecule with

an increase of specific activity.

Methods: In order to improve the activity of FIX, we focused on an

important amino acid sequence known to be potentially involved in

the interface region between activated FIX (FIXa) and its cofactor,

the activated factor VIII (FVIIIa).

Our group recently showed that the human hepatoma cell line HuH-7

represents an effective cellular system for production of rhFIX with

improved posttranslational modifications and therefore significantly

better specific activity. Using site-directed mutagenesis, we have devel-

oped and produced four mutated rhFIX produced by the HuH-7 cell

line. These mutations correspond to the following substitutions on glu-

tamate 410 (E410): rhFIX-E410H, rhFIX-E410A, rhFIX-E410L and

rhFIX-E410N.

Results: The four recombinant FIX molecules were produced follow-

ing stable transfection. Similar secretion rates were observed for both

rhFIX-E410 and wild type rhFIX. Western blot analysis showed that

the mutated rhFIX molecules presented the same molecular weight

than wild type FIX. The activation time course of equimolar amounts

of mutated rhFIX-E410 and wild type rhFIX cleaved by the activated

factor XI or the activated factor VII – tissue factor complex was also

very similar giving FIXa heavy and light chains which appeared within

2 min.

After purification using an ion exchange column, the concentration of

rhFIX molecules was determined by ELISA assay. We assessed in vitro

clotting activity of the rhFIX molecules and evaluated their procoagu-

lant effect using thrombin generation test.

Our results showed that mutated rhFIX-E410 had 3–5 times increased

procoagulant activity compared to wild type rhFIX produced in our

laboratory using the same cell line. We also observed a significantly

higher thrombin generating capacity specifically with rhFIX-E410H

compared to wild type rhFIX. Thrombin peak induced by rhFIX-

E410H was 4.5 times greater than wild type rhFIX.

Conclusion: Using HuH-7 cell line and mutations on amino acid 410,

we produced a rhFIX molecule with significantly improved specific

activity as demonstrated by aPTT (activated partial thromboplastine

time) based FIX clotting assay and thrombin generation test. We

hypothesized that the increased specific activity induced by E410

mutations might be explained by an enhanced affinity between of acti-

vated rhFIX towards FVIIIa. Further tests are currently carried in our

laboratory to verify our hypothesis.

PA 1.12-3
Pharmacokinetics of buccally and intravenously
delivered transgenic recombinant and plasma derived
Factor IX
Velander WH1, Monahan PE2, Morcol T3, Nichols TC2

and Vanderslice NC1

1University of Nebraska-Lincoln, Lincoln, NE; 2University of

North Carolina at Chapel Hill, Chapel Hill, NC; 3CaPtivate

Pharmaceuticals LLC, Doylestown, PA, USA

Introduction: Our previous studies showed that transgenic pig milk

containing human Factor IX (tg-FIX) fed to hemophilia B (FIXKO)

mice can correct the hemostatic defect in a tail transection model while

achieving only low plasma tg-FIX levels. In the present studies we

have examined the pharmacokinetics of non- and intravenously

administered tg-FIX relative to plasma derived (pd-) FIX. Here, cal-

cium phosphate (CaP:) microparticles of FIX were chosen as a buccal

delivery vehicle for both tg-FIX purified from transgenic FIX pig milk

and pd-FIX.

Buccal Administration in Mice: Due to the highly keratinized nature of

the mouse mouth, relatively large amounts of FIX were buccally

administered (10 mg FIX/kg body weight) to obtain changes in

plasma FIX antigen levels. The plasma levels of human FIX antigen

began to rise within 2 h after buccal delivery of CaP:pd-FIX in three

of five normal mice (3/5). The peak values of FIX antigen ranged

between 147 and 197 ng/mL and was undetected after about 48–72 h.

We also examined the buccal administration of CaP:tg-FIX to hemo-

philic B mice expressing an inactive human FIX mutant

(R333QhFIX). These R333QhFIX mice exhibited baseline levels of

human FIX antigen of 100–600 ng/mL. Similarly to that of buccal

delivery of CaP:pd-FIX in normal mice, five of seven mice (5/7), anti-

gen levels rose > 200 ng/mL above baseline within 2 h after buccal

delivery of CaP:tgFIX. One stage FIX activity values were at the limit

of detectability. The low levels of coagulation activity relative to the

rise in antigen level could be explained by displacement of inactive

endogenous R333QhFIX from intravascular reservoirs by the buccally

delivered tg-FIX. Therefore, we next examined the relative partition-

ing behavior of tg-FIX vs. that of pd-FIX by crossover intravenous

infusion in hemophilic B dogs.

Vascular partitioning behavior of intravenously infused tg-FIX vs. pd-

FIX in hemophilic B dog. We examined pharmacokinetic behavior of

intravenously infused transgenic tg-FIX vs. pd-FIX in crossover stud-

ies done over a 7 day period in hemophilic B dogs at 50 IU/kg body

weight. Large differences between the partitioning of tg-FIX and pd-

FIX into extravascular reservoirs were observed. When the pd-FIX

was infused first and then followed 2 days later by an infusion of tg-

FIX, the mean residence times were 31.1 h for pd-FIX and 39.0 h for

tg-FIX. When the crossover infusion was reversed with tg-FIX fol-

lowed by pd-FIX, the mean residence time was 5.5 h for tg-FIX and

40.2 h for pd-FIX. Hence, the prior intravenous loading of either spe-

cies resulted in the lengthening of the mean residence time of the latter

infused species. This suggests a significant amount of extravascular

reservoir occupation by the agent infused first.

Discussion and Conclusions: These studies of intravenous and buccal

delivery of pd- and tg-FIX help to define the general bioavailability of

the tg-FIX based upon its rapid extravascular partitioning. Due to the

low bioavailability of buccally delivered FIX, transgenic livestock will

likely be the only reasonable source of FIX.
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PA 1.12-4
Detection of galactose-alpha-1,3-galactose (a-Gal) and
N-glycolylneuraminic acid (NGNA) in recombinant and
plasma derived FIX products
Zhang M, Lu Q, Mei B and Peters RT

Biogen Idec, Waltham, MA, USA

Background: Recombinant factor IXFc fusion protein (rFIXFc) is a

recombinant fusion protein composed of a single molecule of FIX

covalently linked to the human IgG1 Fc domain. It is a long lasting

clotting factor that has been investigated in a clinical study in Hemo-

philia B patients. The commercially available FIX products are manu-

factured in either CHO cell lines or derived from human plasma. The

rFIXFc is manufactured using the human cell line HEK293. Non-

human glycosylation pattern has been observed in some recombinant

proteins. The terminal galactose-alpha-1,3-galactose (a-Gal) antigen is

produced by all mammals except humans, old world monkeys, and

apes. Antibodies against this antigen constitute approximately 1% of

all circulating antibodies in humans. It was reported that CHO cell

lines possess the enzyme catalyzing a-Gal synthesis and a-Gal was

found in CHO produced therapeutic proteins including FVIII.

Another example is the sialic acid N-glycolylneuraminic acid (NGNA).

Healthy humans are genetically unable to produce NGNA, and circu-

lating anti-NGNA antibodies are present in most normal humans.

Therefore, a-Gal and NGNA can be potentially immunogenic.

Aims: The goal of this study is to determine the presence or absence of

a-Gal and NGNA in 3 FIX concentrates: Mononine (ZLB Behring), a

plasma-derived concentrate; BeneFIX (Pfizer), a recombinant product

produced in a CHO cell line, and rFIXFc, recombinant FIXFc fusion

protein produced in HEK293 cells.

Methods: a-Gal measurement: the a-Gal moieties were released from

FVIII by treating protein samples with a-(1-3,4,6)-galactosidase at

37 °C for 16 h. The a-Gal was labeled by 2-aminobenzoic acid (2-AA)

and quantified by reversed-phase chromatography (RP-UPLC) cou-

pled with fluorescence detector. Purified galactose was used to generate

a calibration curve. The percentage mole a-Gal per mole of protein

was calculated for all samples.

NGNA measurements: all protein samples were incubated with

50 mM sulfuric acid at 80 °C for an hour, and the released NGNA

was then derivatized with DMB at 50 °C for 3 h. The DMB deriva-

tized sample was analyzed by RP-UPLC with fluorescence detector.

The NGNA standard was used to obtain the calibration curve. The

percentage mole NGNA per mole of protein was calculated for all

samples.

Results: a-Gal measurements: The limit of detection (LOD) and limit

of quantitation (LOQ) were determined to be 0.3 pmol (0.9% for

BeneFIX) and 0.1 pmol (0.3% for BeneFIX) respectively, and a-Gal

was detected in BeneFIX (1.6%). As expected, no detectable a-Gal

was found in either rFIXFc or Mononine (less than LOD of 0.3%).

NGNA measurements: The LOD and LOQ for NGNA were deter-

mined to be 2.5 fmol (0.1% for BeneFIX) and 4.5 fmol (0.25% for

BeneFIX), respectively. No detectable NGNA was found in rFIXFc

and Mononine, whereas NGNA was detected in BeneFIX

(0.27 � 0.02%).

Summary/Conclusions: The non-human glycosylation a-Gal and

NGNA were detected in BeneFIX but not in rFIXFc and Mononine.

Both a-Gal and NGNA have been reported to be responsible for gen-

erating immune responses in human, and therefore human glycosyla-

tion could result in lower immunogenicity, however, the impact of the

presence of these antigens on the immunogenicity profile of FIX is not

currently known.

PA 1.12-5
Impact of factor IXa content on function, safety and
efficacy of recombinant factor IX products
Turecek PL, Auer W, Rottensteiner H, Schrenk G, H€ollriegl W,

Schiviz A, Scheiflinger F, Schwarz H-P and Muchitsch EM

Baxter Innovations GmbH, Vienna, Austria

Background: Baxter has developed BAX 326, a new recombinant fac-

tor IX (rFIX) product for the treatment of patients with hemophilia B.

Aims: The presented studies were designed to evaluate the function,

safety and efficacy of BAX 326 and a commercially available rFIX

with regard to differences in activated FIX (FIXa) content.

Methods: The FIXa concentration of BAX 326 was 0.009 IU/mL and

that for the commercially available rFIX was 0.106 IU/mL. As con-

trol, BAX 326 samples with an increased FIXa content were prepared.

Samples were analyzed in vitro by one-stage clotting assay, non-acti-

vated partial thromboplastin time assay and thrombin generation

assay. The thrombogenic potential of BAX 326 was assessed in vivo

using a modified Wessler Test in rabbits at 750 IU/kg (10-fold human

clinical dose). Efficacy of the rFIX products was studied in hemophilia

B (FIX ko) mice that received prophylactic treatment with 75 IU/kg

of BAX 326 or the commercially available rFIX. Finally, FIX-deficient

mice were treated with BAX 326 or commercial rFIX and analyzed in

a carotid occlusion model and one using thrombelastography to study

primary pharmacodynamics of the two products.

Results: In all three functional in vitro assays, spiking of FIX with

FIXa caused an increase in the measured FIX activity, with thrombin

generation assay being affected most. No thrombogenic potential was

observed with BAX 326 (individual scores of 0), whereas the mean

score for the commercially available rFIX was 0.5. After increasing the

FIXa concentration of BAX 326 to equalize it with the commercially

available rFIX, a mean score of 0.42 (individual scores 0–0.5) was

determined. Efficacy was comparable for the two recombinant FIX

products in both pharmacodynamic models.

Summary/Conclusions: The in vitro results revealed that FIXa inter-

feres with potency assignment of FIX. The data in the thrombogenici-

ty model strongly suggested that the differences in preclinical

thrombogenicity were caused by the higher FIXa content of the com-

mercially available rFIX, thereby confirming earlier findings. The effi-

cacy studies demonstrated that despite its lower FIXa content, BAX

326 was as efficacious as a commercially available rFIX at 75 IU/kg

(P < 0.0076), indicating that FIXa does not contribute to the efficacy

of a FIX product. The gathered data thus indicate that rFIX products

should preferentially contain a low FIXa content.

PA 1.12-6
Two phosphatidylserine-positive platelet
subpopulations are major in binding of coagulation
factor IXa
Kozlov A1, Podoplelova NA2, Ataullakhanov F2

and Panteleev MA3

1Lomonosov Moscow State University; 2Center For Theoretical

Problems of Physicochemical Pharmacology; 3National Research

Center for Hematology, Moscow, Russian Federation

Background: The importance of membrane phase of proteolitic reac-

tions on the activated platelets in the process of blood coagulation is

known. Rate of these reactions if pass on the membrane increases by

severalorders of magnitude. To achieve this the enzymatic complexes

of protrombinase and intrinsic tenase areassembled on the membrane

of activated platelets. Activated platelets include one PS-negative (PS-)

non-procoagulant subopulation and two procoagulant phosphatidyl-

serine-positive (PS+) subpopulations which strongly differ in the intra-

cellular calcium concentration. The PS+ subpopulation with low

intracellular calcium concentration became known only recently.
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Aims: The aim of the study was to describe the properties of binding of

the FIXa, a maincomponent of intrinsic tenase, to membranes of each

of three known subpopulations of platelets.

Methods: FIXa was covalently labeled with fluorescein. Washed gel-fil-

tered platelets were activatedat 2 9 108/mL with 100 nM thrombin in

the presence of 2.5 mM CaCl2 for 15 min. Theywere incubated with

different concentrations of fluorescein-labeled FIXa and analyzed

witha FACS Calibur cytometer. The surface distribution of FIXa on

the activated plateles wasalso imaged using confocal microscopy.

Results: The addition of different concentrations of labeled FIXa to

the threesubpopulations demonstrated two types of binding with

regard to the amount of bind factorper platelet. Two PS+ subpopula-

tions showed insignificant difference (1.3-fold) in theirFIXa binding.

Binding to the PS-negative subpopulation was approximately 12-fold

smaller incomparison with the PS+ platelets. Generally, for both PS+
subpopulations thedependence of the bound factor quantity binding

on the added FIXa concentration waslinear without any saturation up

to very high concentrations of FIXa (2000 nM, which is byseveral

orders of magnitude higher than the physiological value). Confocal

microscopyshowed that FIXa localizes on the surface of the PS+ plate-

lets to a some ‘hat’-shapedformation. This localization could be

important for additional acceleration of coagulationreactions.

Conclusions: Two PS+ subpopulations of platelets is better than the

PS- in binding of FIXa by one orderof magnitude, their dependence of

binding on the concentration of free FIXa is linear andwithout satura-

tion. This suggests their major role in binding of FIXa during the clot-

ting. Non-uniform, localized distribution of the FIXa on the surface of

PS+ platelets, it’s ‘hat’-shaped formation, suggests that such a colocal-

ization with other factors could workfor acceleration of coagulation

reactions.

PA1.13 – Coagulation Factor VIII – I

PA 1.13-1
Residues within the BO2C11 epitope may participate
in FVIII endocytosis by antigen presenting cells
Gangadharan B1, Delignat S2, Hegde P3, Sharma M3, Kaveri SV2

and Lacroix-Desmazes S2

12Universit�e Pierre et Marie Curie-Paris 6,UMR S 872; 2Inserm,

UMR S 872; 3Universit�e Paris Descartes, Paris, France

Background: Twenty to 30% of severe hemophiliacs develop antibod-

ies to therapeutic factor VIII (FVIII). Immune responses to FVIII

require T-cell help and evoke class-switched antibodies that necessitate

active antigen uptake and presentation. Currently, our understanding

of immune recognition and cellular mechanisms involved in FVIII

uptake is limited. Recently, membrane-binding residues within the C1

domain of FVIII (R2090, F2092 and L2093) have been implicated in

the interaction with low-density lipoprotein receptor-related protein

(LRP/CD91) receptor. Alanine substitutions of these residues inhibit

LRP-dependent FVIII endocytosis by U87 cells. Conversely, endocy-

tosis of FVIII by monocyte-derived human dendritic cells (MODC) or

mouse bone marrow-derived dendritic cells is independent of LRP

receptor and may involve other yet unidentified receptor(s). Interest-

ingly, FVIII containing substitutions in the membrane binding resi-

dues of C1 domain exhibits diminished immunogenicity in vivo, thus

possibly implicating the relevance of these residues in antigen uptake.

Aim: Similar to C1, the C2 domain of FVIII interacts with membrane

surfaces and involves several basic residues. We targeted these residues

with monoclonal antibody to investigate the possible inhibition of

FVIII endocytosis by MODCs.

Methods: BO2C11 is a well-characterized human monoclonal antibody

that targets C2 domain. It competes for FVIII binding with both phos-

pholipids and VWF. As control, we used the commercially available

C2 antibody ESH-8 that targets an epitope that does not compete for

membrane binding or VWF interaction. MODCs were generated using

standard differentiation protocols for 6 days. MODCs were verified

for their immature phenotype by flow cytometry (FACS) and con-

tained greater than 90% differentiated cells. For endocytosis, MODCs

were incubated with 20 nM FVIII or FVIII pre-incubated with

BO2C11 or ESH8 (20 nM) for 30 min at 37 °C, or at 4 °C as controls.

In addition, endocytosis assays were performed using Fab fragments

for BO2C11 and ESH8. Subsequently, cells were fixed using 3.7%

formaldehyde, permeabilized and stained using FITC conjugated

77IP52 (LFB, Les Ulis, France), a murine anti-FVIII A2 antibody,

and uptake was analyzed by FACS. The experiments were performed

on 3–5 different donors and as duplicates per donor.

Results: BO2C11 completely inhibited FVIII endocytosis. Pre-incuba-

tion of FVIII containing two molar excess of BO2C11 Fab fragment

(compensated for bivalency of antibody) also abrogated endocytosis.

Surprisingly, ESH-8 interfered with endocytosis of FVIII albeit at

diminished capacity as compared to BO2C11 (50% vs. no uptake).

Fab fragments for ESH-8 only marginally reduced FVIII endocytosis.

FVIII endocytosis was significantly decreased in the presence of both

C2 antibodies, and was differentially reduced by the two antibodies, as

assessed by one-way ANOVA followed by Newlan-keuls multiple

comparisons.

Conclusions: The BO2C11 epitope includes residues involved in endo-

cytosis of FVIII by MODCs. Hence, membrane-binding residues

within C2 domain encompass an immunodominant epitope that over-

laps with residues involved in its uptake. Currently, we are investigat-

ing the in vivo significance of this epitope. Identification of the specific

C2 residues along with the C1 residues involved in FVIII uptake may

help develop FVIII that potentially exhibits a lower immunogenic

profile.

PA 1.13-2
Impact on healthcare costs and quality of life of
secondary prophylaxis in adolescent and adult patients
with severe haemophilia A: the POTTER study
Tagliaferri A1, Coppola A2, Feola G3, Molinari AC4, Santoro C5,

Gagliano F6, Cultrera D7, Mancuso ME8, Zanon E9, Valdr�e L10,

Piseddu G11 and Amoresano S12

1Haemophilia Centre of Parma, Parma; 2Centro di Riferimento

Regionale per le Emocoagulopatie, Napoli; 3Servizio di

Immunoematologia e Trasfusione, Vallo della Lucania; 4Centro di

Riferimento Regionale per le Malattie Emorragiche, Genova;
5Dipartimento di Biotecnologie cellulari ed Ematologia, Roma;
6Centro Regionale di Riferimento “Emostasi e Trombosi in et�a

Pediatrica”, Palermo; 7Centro di Riferimento Regionale per

Emofilia, Catania; 8Centro Emofilia e Trombosi “A. Bianchi

Bonomi”, Milano; 9Centro Emofilia Di Padova, Padova; 10U. O.

di Angiologia e Malattie della Coagulazione “Marino Golinelli”,

Bologna; 11Centro Emofilia e Trombosi, Sassari; 12Bayer

HealthCare, Milano, Italy

Background: Progressive arthropathy of large joints of the limbs causes

morbidity and quality-of-life impairment in hemophiliac patients.

While prophylaxis (primary or early secondary) started early in life

has shown to prevent joint bleeding and deterioration and is now gold

standard treatment in children, the benefits of late secondary prophy-

laxis (i.e. in adolescents or adults) are still controversial.

Aims: The POTTER study (Prophylaxis vs. On-demand Therapy

Through Economic Report) evaluated clinical effects, economic bur-

den and Health-Related Quality-of-Life (HRQoL) of long-term sec-

ondary prophylaxis, compared with on-demand treatment in Italian

adolescents and adults (12–55 years) with severe haemophilia-A (fac-

tor VIII [FVIII] < 1%). Here we will focus on pharmaco-economic

and HRQoL evaluations.

Methods: Patients receiving sucrose-formulated recombinant FVIII on

secondary prophylaxis (20–30 IU/Kg three times weekly, n = 27) or

on-demand (n = 26) were prospectively compared over a median
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5.4 year-follow-up, being stratified in two age subgroups (12–25 and

26–55 years). Study outcomes included: joint bleedings/year (primary

end-point); total bleedings/year, joint status (orthopaedic and radio-

logic scores), adverse events (AEs), economic assessment and HRQoL.

The economic analysis estimated direct costs of treatment (FVIII con-

sumption) and of other healthcare resource consumption (planned and

emergency visits, physiotherapy, laboratory/instrumental tests, inva-

sive procedures, hospitalizations) which were quantified with National

tariffs (Euros) for the year 2011. Productivity loss assessment counted

days lost from work/daily activities by patients/caregivers due to the

disease. HRQoL was measured using generic (EQ-5D, SF-36) and dis-

ease-specific questionnaires (Haemo-A-Qol). Statistical differences

from baseline were assessed by Mann-Whitney U test or paired Stu-

dent t-test. HRQoL and patients’ characteristics association was evalu-

ated by multivariate linear regression analyses.

Results: Patients on prophylaxis showed high adherence to the pre-

scribed regimen (median 93.6%) and achieved significantly better clini-

cal outcomes in terms of joint and total bleedings (an approximately 8-

fold lower annual rate) and joint status (reduction of orthopaedic

scores and lower progression of radiologic scores) compared to those

treated on-demand. Mean direct costs for prophylactic regimen vs. on-

demand were respectively: €190,696.84 vs. €60,740.85 in the 12–
25 year group and €205,387.35 vs. €103,460.80 in the 26–55 year

group (P < 0.0001). The difference in costs was mainly due to higher

use of FVIII in the prophylaxis arm. Patients treated on-demand

showed higher FVIII consumption and costs due to surgery or reasons

other than ordinary treatment. Mean days lost from work/daily life

activities in the two regimens were: 10.62 vs. 42.99 for patients aged

12–25 years; 13.77 vs. 35.56 for 26–55 year patients (P < 0.0001).

Patients on prophylaxis always showed statistically better scores in all

HRQoL questionnaires and both in physical and mental dimensions

(P < 0.05) throughout the study. At multivariate analysis, worse

HRQoL was associated with higher frequency of bleedings whereas

prophylaxis duration directly correlated with better HRQoL.

Summary/Conclusions: The POTTER study provides prospective evi-

dence over the long-term that secondary prophylaxis can significantly

improve joint status, HRQoL and social participation of adolescents/

adults with severe haemophilia-A. These advantages may counterbal-

ance considerable high treatment costs. Studies with even longer fol-

low-up are needed to assess the full impact of such investment on

overall costs of comprehensive care for adult and ageing hemophiliacs.

PA 1.13-3
MD simulation studies of the membrane binding
process of the human blood coagulation factor VIII C
domains
Du J, Wichapong K and Nicolaes GAF

Maastricht University, Maastricht, The Netherlands

Background: Blood coagulation factor VIII (FVIII) is the non-enzy-

matic cofactor of the FX-activating tenase complex. Human FVIII

consists of 2332 amino acids and can be divided into five domains: A1-

A2-B-A3-C1-C2 (from N to C terminus). The C1 and C2 domains of

FVIII are the main membrane-binding region of the protein.

Aims: We aimed to study the membrane binding mechanism of the

FVIII-C domains in near-atomistic detail. Via in silico simulation our

goal was to identify residues that are of major importance to the mem-

brane binding process and quantitate the contributions of individual

residues. The potential cooperativity between the C1 and C2 domain

with respect membrane binding is studied.

Methods: Coarse grained Molecular Dynamics (MD) simulations,

employing the MARTINI force field, were performed of the C1

domain, the C2 domain and of the C1/C2 domain dimer of human

FVIII in the presence of a 20/80 mol/mol PS/PC membrane. Protein-

membrane interactions were analysed in terms of energies and individ-

ual residues were selected that play major roles during the membrane

binding process.

Results: We succeeded in reproducibly performing in silico binding

experiments for the spontaneous binding of C1, C2 and C1/C2 to PS/

PC phospholipid membranes. A consistent mode of binding was

observed for each of the experimental systems tested and we obtained

novel information about the identity of residues buried in the mem-

brane, of their mode of interaction and of the overall binding mode of

individual domains. Overall, membrane binding is steered by hydro-

phobic spikes of the C domains and discrete phases can be distin-

guished in the binding process itself.

We observed a deeper burying of residues for the C2 domain as com-

pared to the C1 domain and calculated a net highest binding energy

for the C1/C2 dimer as compared to the two individual domains. Coo-

perativity in binding between C1 and C2 domains was quantitated and

the binding mode of the dimer differs from that of the single domains,

with the isolated C1 domain binding being most different.

Our simulation results are consistent with data in literature for individ-

ual residues such as R2090, H2155, R2159, R2163, V2223 which have

previously been recognized as involved in membrane binding and/or

causative mutations in hemophilia A. We identified additional residues

that appear to be important to membrane binding. Moreover, in silico

mutation of essential residues results in altered membrane binding or

ultimately loss of membrane binding.

Conclusions: We have been able to reproducibly mimic membrane

binding in silico and provide a method that is in agreement with data

in literature. We observed strong interactions between the FVIII C

domains and phosphatidylserine containing membranes during MD

simulations. The binding of the C domain to the membrane appears to

follow several discrete stages: a) approach by electrostatic attraction b)

contact by interaction of hydrophobic spikes with the membrane in an

upright position along the longitudinal axis of the C-domain, c) tilting

of the C-domains to maximize the number of contacts between the

domain and the membrane.

PA 1.13-4
Light chain of coagulation factor VIII contains a site for
low-density lipoprotein receptor
Kurasawa JH, Shestopal SA, Karnaukhova E, Struble EB, Lee TK

and Sarafanov AG

U.S. Food and Drug Administration, Rockville, MD, USA

Background: The lifetime of blood coagulation factor FVIII (FVIII) in

circulation depends on its clearance via hepatic receptors, and one of

them was shown to be the low-density lipoprotein receptor (LDLR)

(Bovenschen N., et al, 2005). The ligand-binding portion of LDLR is

represented by a cluster of seven complement-type repeats (CRs),

among which specific adjacent CRs were previously shown to form

sites for such ligands as plasma lipoproteins ApoE and ApoB. In

regard to FVIII, it was previously shown that its site for another clear-

ance receptor, LDLR-related protein (LRP), is located on the light

chain (LCh) (Lenting P., et al, 1998).

Aims: Considering similarity in structure of both receptors, in the pres-

ent work, we investigated whether the binding site of FVIII for LDLR

is also located on the LCh. On the receptor side, we aimed to map the

interactive site.

Methods: Expression of recombinant proteins and their mutant forms

in baculovirus system, purification of the proteins and performing

binding assays in a purified system using surface plasmon resonance.

Results: In the binding assay, we found that FVIII interacted in similar

fashion with the LDLR exodomain expressed in mammalian cells, and

with the recombinant LDLR cluster of CRs expressed in insect cells.

These data indicated that the LDLR site for FVIII is restricted within

the CR cluster and not extended to a region beyond it. Next, FVIII

was tested vs. a panel of CR doublets expressed in insect cells, overlap-

ping the LDLR cluster. Three such doublets overlapping a four-CR

region of the cluster were found positive for the binding. Specificity of

these interactions was verified by site-directed mutagenesis of all posi-

tive binding LDLR fragments and by using an anti-FVIII antibody
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fragment as competitor; both approaches resulted in strong inhibitory

effects on FVIII binding. Finally, we tested the FVIII LCh, plasma-

and insect cell-derived, for the binding with CR doublets and found

that both preparations of the LCh bound to essentially the same recep-

tor fragments as FVIII.

Summary/Conclusion: Thus, the LCh of FVIII contains a site for

LDLR, and within the receptor, the LCh interacts with the second

through fifth complement-type repeats. In turn, the fact that FVIII

interacts with both LDLR and LRP via the LCh, indicates the similar-

ity of these interactions.

PA 1.13-5
Human liver sinusoidal endothelial cells but not
hepatocytes contain FVIII
Jacquemin MG1, Covens K1, Jazouli N2, Sokal E3, Peerlinck K4

and Shahani T1

1KU Leuven, Leuven; 2UCL; 3St Luc University Hospital, UCL,

Brussels; 4UZLeuven, KULeuven, Leuven, Belgium

Background: Although the liver is the major site of Factor VIII (FVIII)

synthesis, the FVIII producing cell type within the liver is still unclear.

Aims: We therefore wanted to measure FVIII in extracts of primary

liver sinusoidal endothelial cells (LSECs) and hepatocytes, thereby

avoiding potential bias due to the modification of the cell phenotype

during in vitro culture.

Methods: LSECs were purified by flow cytometry cell sorting based on

the coexpression of Tie2 and CD32b and the strategy of purification

controlled by RNA-Seq.

FVIII in extracts of purified cells was measured with a sensitive FVIII

chromogenic assay. The specificity of each test was controlled by the

neutralisation of FVIII activity with specific inhibitor antibodies.

Results: FVIII:C concentration in LSECs purified by cell sorting based

on the coexpression of Tie2 and CD32b ranged from 0.3 to 2.8 nU/

cell. On the contrary, FVIII:C remained undetectable in hepatocytes.

The intracellular FVIII:C concentrations are therefore at least 10- to

100-fold higher in LSECs than in hepatocytes.

Summary/Conclusion: Our data demonstrate that LSECs but not he-

patocytes contain measurable amounts of FVIII:C and suggest that

the former is the main FVIII producing cell type in the human liver.

PA 1.13-6
Myeloid-derived cells a novel target for cell therapy in
hemophilia A
Zanolini D1, Merlin S1, Feola M1, Ranaldo G1, Gherzi R2, Valente

G1, Prat M1 and Follenzi A1

1University of Piemonte Orientale “A.Avogadro”; 2Azienda

Ospedaliero Universitaria “Maggiore della Carit�a”, Novara, Italy

Background: Identification of cells capable of synthesizing and releas-

ing factor VIII (FVIII) is critical for developing therapeutic

approaches in hemophilia A (HA). Hepatocytes and endothelial cells

(EC), particularly liver sinusoidal endothelial cells (LSEC), express

FVIII most in the body. However, recent studies of bone marrow

(BM) transplantation suggested additional cell types could synthesize

and release FVIII, and also correct bleeding in HA mice.

Aims: To establish the ability of myeloid blood-derived cells in express-

ing FVIII, we analyzed several murine and human hematopoietic cell

types.

Methods: First, we generated polyclonal and monoclonal antibodies

against recombinant human FVIII. The specificity of these anti-FVIII

antibodies was established by western blotting and staining of lentivi-

rally transduced fibroblasts from HA mice expressing human and

mouse B domain-deleted FVIII. Human monocytes were obtained by

adhesion from peripheral blood mononuclear cells (PBMC) and differ-

entiated in vitro adding M-CSF to the medium for 7 days. Human

hematopoietic stem cells (HSC) were isolated from cord blood mono-

nuclear cells (CBMC) by immunomagnetic selection with anti-CD34

antibody. HSC were differentiated in macrophages and megakaryo-

cytes through 2 weeks stimulation with IL-3, M-CSF, Flt-3 ligand,

SCF and IL-6, IL-11, TPO respectively. In silico analysis to predict

transcriptional factor consensus sequences on FVIII promoter was

performed on the website: http://alggen.lsi.upc.edu/recerca/menu_rec-

erca.html. Monocytes were isolated by CD11b immunopositive selec-

tion from CBMC and transplanted in NOD-SCID HA mice. Eleven

mice were tail vein injected with 15 million cells. FVIII activity was

analyzed by chromogenic assay 3 and 7 days after injection. As con-

trols untreated NOD-SCID HA mice were used.

Results: FVIII was expressed in hematopoietic cells isolated from

peripheral blood, BM and human cord blood (hCB). The identity of

these cell types was verified by costaining for FVIII and cell type-spe-

cific markers for monocytes, dendritic cells and megakaryocytes.

Moreover, FVIII expression in these cell types was verified by RT-

PCR and western blot analysis. Antibody staining confirmed FVIII

expression in normal human liver, including LSEC, Kupffer cells

(KC), and hepatocytes. We detected FVIII expression in myeloid cells

or EC in other organs, e.g., spleen, lymph nodes, lungs, BM and kid-

neys. Despite molecular progresses, little is reported about the tran-

scriptional regulation of the factor VIII gene. In silico analysis of

transcriptional factors (TF) consensus sequences of FVIII promoter

predicted in addition of well-known hepatocytes specific TF, the pres-

ence of several myeloid-specific TF such as C/EBP and GR family,

GATA1, IRF-2 and STAT1 and 4. In order to evaluate the ability of

monocytes to release FVIII we performed injections of human

CD11b+monocytes hCB-derived in NOD-SCID HA mice. Tissue

analysis showed engraftment of CD11b+ monocytes in the mouse liver

and spleen up to 1 week. Tail clip challenge of these mice showed

bleeding correction in nine of 11 transplanted mice (82%) and plasma

FVIII activity was detected in treated mice.

Conclusions: Besides hepatocytes and EC, FVIII is expressed in mye-

loid cells, offering further opportunities to understand mechanisms in

FVIII synthesis and activity for cell therapy approaches.

PA1.14 – Fibrinogen/Fibrin – I

PA 1.14-1
Kinetics and thermodynamics of knob-hole
interactions in fibrin from dynamic force
measurements in silico
Litvinov RI1, Zhmurov A2, Kononova O2, Weisel JW1

and Barsegov V2

1University of Pennsylvania, Philadelphia, PA; 2University of

Massachusetts, Lowell, MA, USA

Background: The physico-chemical properties of fibrin, the primary

structural protein of blood clots and thrombi, are essential for hemo-

stasis and wound healing. The polymerization of fibrin occurs primar-

ily via intermolecular interaction between knobs ‘A’ and ‘B’ in the

central nodule and holes ‘a’ and ‘b’ in the c- and b-nodules.
Aims: To explore the mechanisms of A:a and B:b knob-hole interac-

tions and compare the kinetics and thermodynamics of the forced dis-

sociation of A:a and B:b knob-hole bonds under various solution

conditions (pH and temperature).

Methods: Molecular Dynamics simulations of atomic structural mod-

els of the complexes of fragment D with peptides GPRP (mimicking

knob ‘A’) and GHRP (mimicking knob ‘B’).

Results: We found that the main binding determinants in hole ‘a’ and

‘b’ are localized to residues in loop I (residues c315–330 in hole ‘a’ and

b383–398 in hole ‘b’), interior region II (residues c335–365 in hole ‘a’

and b404–434 in hole ‘b’), and moveable flap III (residues c295–305 in

hole ‘a’ and b359–369 in hole ‘b’). The A:a and B:b knob-hole bonds

are roughly equally strong when tested mechanically. The average A:a

and B:b bond lifetime decreases with increasing pulling force applied
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to dissociate the bond, yet the dissociation kinetics are sensitive to pH

and temperature variation. Both A:a and B:b interactions are not ‘all-

or-none’ transitions – they occur through distinct pathways via popu-

lating intermediate states. This leads to formation of A:a and B:b

knob-hole bonds of varying strength. We analyzed the time-dependent

maps of residues in hole ‘a’ and hole ‘b’ forming binding contacts with

their ligands and identified the most important residues critical for

binding. The single-step unbinding transitions from the bound state B

to the unbound state U, B -> U, correspond to longer interaction

times, whereas the two-step sequential transitions, B -> I -> U (I is the

partially bound intermediate state), which occur more frequently in an

acidic environment (pH = 5), favor shorter bond lifetimes. There are

similar structural changes in the holes ‘a’ and ‘b’, which accompany

dissociation of the A:a and B:b knob-hole complexes: short 2–4 �A

elongation of loop I, limited stretching of the interior region II by 2–
4 �A, and large-amplitude 2–6 �A translocation of the moveable flap

III. We profiled the binding free-energy as a function of the interaction

range underlying the A:a and B:b non-covalent coupling. For pH = 7,

the binding energy DE decreases from approximately 20 to 17 kcal/

mol for the A:a bond, and from approximately 16 to 13 kcal/mol for

the B:b bond when the temperature decreases from 35 to 25 °C. For
pH = 5, DE increases from approximately 2 to 7 kcal/mol for the A:a

bond, but decreases from approximately 10 to 8 kcal/mol for the B:b

bond upon lowering temperature from 35 to 25 °C.
Summary/Conclusion: These results from equilibrium Molecular

Dynamics simulations confirm and clarify the binding determinants

from the static X-ray crystallography picture. The pulling simulations

provide kinetic and thermodynamic information for the strongest and

most significant non-covalent interactions for polymerization of fibrin.

PA 1.14-2
Fibrinogen Birmingham II – a novel variant associated
with hypodysfibrinogenemia, due to co-inheritance of
Trp334Cys and Asn335Tyr in the fibrinogen Aa chain
Greenhalgh KA1, Hill M2, Gordon B2, Ari€ens R1, Williams M3,

Dolan G2 and Ajjan RA1

1University of Leeds, Leeds; 2Nottingham University Hospitals,

Nottingham; 3Birmingham Children’s Hospital, Birmingham, UK

Background: A patient presented with a strong history of thrombosis

with paradoxical bleeding diathesis. There was a family history of hyp-

odysfibrinogenemia associated with a range of clinical symptoms,

which included thrombosis and/or bleeding, and asymptomatic indi-

viduals.

Aims: The aim of this work was to establish whether patient symptoms

are due to abnormality in the fibrinogen molecule resulting in altered

clot structure and/or lysis.

Methods: Genetic analysis was carried out by PCR and nucleotide

sequencing of the entire coding regions/splice junctions of fibrinogen

FGA, FGB and FGG genes. Fibrinogen was purified from plasma

samples using affinity chromatography. Double mutation in the a-
chain of fibrinogen was found in our patient, which was further stud-

ied in a recombinant system by site-directed mutagenesis and stable

expression of fibrinogen variant in Chinese Hamster Ovary cells.

Clot maximum absorbance (MA) and lysis time (LT) were measured

by a turbidimetric assay. Confocal and scanning electron microscopy

were used to assess clot structure.

Results: The patient was found to have a novel fibrinogen variant (Bir-

mingham II), consisting of co-inheritance of two previously unre-

ported changes in the fibrinogen FGA gene; c.1002 G>T
(p.Trp334Cys) and c.1003 A>T (p.Asn335Trp). Aa Trp334 and

Asn335 are both highly conserved residues in the fibrinogen aC

domain; there was no evidence that either change was polymorphic.

SIFT analysis suggested both substitutions were deleterious (both

score 0.03), Polyphen analysis predicted that these changes were ‘possi-

bly damaging’ and benign’ (score 0.85 and 0.41 respectively).

Clots made from plasma purified fibrinogen of our patient showed sig-

nificantly lower MA compared with control (0.0065 � 0.0005 and

0.065 � 0.001 au, respectively; P < 0.01). Similar results were

obtained in clots made from recombinant fibrinogen with and without

the mutations (0.014 and 0.059 au, respectively; P < 0.01). These

results suggest thinner fibrin fibres in the presence of the mutation,

which was confirmed by scanning electron microscopy (32.47 � 0.91

and 100.23 � 2.75 nm, respectively for plasma; P < 0.01 and

45.40 � 1.12 and 118.65 � 3.53 nm, respectively for recombinant

protein; P < 0.01).

In a purified system, LT was shorter in clots made from the patient

compared with control (144 � 15.49 and 308 � 5.06 s, P < 0.01) with

similar results for recombinant fibrinogen with and without the muta-

tions (459 � 38.69 and 882 � 22.18 s, respectively; P < 0.01). Con-

versely, LT was longer with variant recombinant fibrinogen when

added to fibrinogen depleted plasma (2356 � 164.72 and

1590 � 27.93 s, respectively; P < 0.01), indicating interactions

between clot structure and plasma proteins.

Discussion: We report a novel fibrinogen variant due to co-inheritance

of two missense mutations in aC domain (Aa p.Trp334Cys and Aa

p.Asn335Trp). This variant is associated with thin fibrin fibres and

resistance to fibrinolysis in a plasma environment. Our data using

plasma-purified and recombinant fibrinogen confirm the mutations are

directly responsible for the changes in clot structure and lysis. More-

over, these findings provide mechanistic explanations for the clinical

presentation of our patient. The excessively low clot turbidity and thin

fibres are consistent with less robust clots predisposing to bleeding,

whereas impaired fibrinolysis may explain the increased thrombotic

tendency.

PA 1.14-3
Fibrin structure in subjects with diabetes and aortic
aneurysm
Mohd Izam MM, Ofosu-Adjei A, Cilia La Corte A, Johnson A,

Sohrabi S, Scott J, Ari€ens R and Kain K

LIGHT, MCRC, University of Leeds, Leeds, UK

Background: European men over 60 years have a high incidence of

abdominal aortic aneurysm (AAA) (5%) and diabetes (12%). Cardio-

vascular morbidity and mortality is increased in both AAA (excessive

and equivalent to that associated with coronary heart disease) and dia-

betes. Despite similar associations of diabetes and AAA with inflam-

mation and arteriosclerosis, AAA is uncommon in patients with

diabetes due to a thicker abdominal aortic wall causing reduction in

wall stress and therefore appears protective against AAA. Patients

with AAA form denser, smaller pored plasma clots that are more resis-

tant to fibrinolysis and these characteristics correlate with aneurysm

size. Clots formed by fibrinogen purified from diabetes subjects have a

denser, less porous structure than those from control subjects.

Aims: To investigate fibrin structure, propensity to clot and resistance

to clot breakdown in diabetes patients with AAA compared to those

without.

Methods: Informed consent was obtained and the study was approved

by a local medical ethics committee. Detailed medical history and

blood samples were obtained only from patients diagnosed as diabetes

as part of LEADS (a large population based study of AAA patients

and matched controls recruited from the West Yorkshire) sub-study.

Sixty patients had both diabetes and AAA as defined by aortic diame-

ter ≥ 3.0 cm determined by ultrasound scan and 34 patients with dia-

betes had a normal aortic diameter < 3.0 cm. Turbidity or clot

formation was measured using thrombin (5 U/mL) addition to

plasma. Absorbency was read every 12 s at 350 nm for 1 h using Bio-

Tek ELx 808 reader. Lysis or clot breakdown was measured by using

tissue-plasminogen activator (85 ng/mL) to the turbidity assay. Absor-

bency was read every 120 s at 350 nm for 9 h.

Results: Although groups were sex-matched, diabetes subjects with

AAA were older (78 vs. 73 years, P < 0.001) than those without. The
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diabetes subjects with AAA had a lower prevalence of cardiovascular

disease (75 vs. 97%, P = 0.004) and use of oral anti-glycaemic medica-

tions (3.3 vs. 29%, P = 0.001). There were no differences in low den-

sity lipoprotein, body mass index, hypertension, insulin or

cardiovascular drugs usage. The diabetes subjects with AAA had

shortened lag time (386 vs. 472 s, P < 0.001), increased clot rate

(5.2 9 10�4 vs. 3.6 9 10�4 nm/s, P < 0.001) and decreased lysis rate

(�9.6 9 10�5 vs. �150 9 10�5 nm/s, P < 0.001) than without AAA.

Fibre thickness was similar in the two groups. Lag time (P = 0.006),

clot rate (P = 0.05) and lysis rates (P = 0.007) remained significantly

different (all P ≤ 0.05) even after adjustment for age, oral anti-glycae-

mic medication and cardiovascular disease.

Conclusions: Patients with diabetes and AAA form clots, which are

more pro-coagulant and resistant to fibrinolysis hence increasing the

risk of cardiovascular disease. There are differences in medial wall

pathology in diabetes (obliterating arteriosclerosis which causes more

occlusion) and AAA (dilating arteriosclerosis which might be protec-

tive) hence possibly the cardiovascular disease is decreased in our

study in subjects with both diabetes and AAA. Further prospective

studies on fibrin clot structure and function in apparently healthy sub-

jects with measure of medial wall changes and follow up for develop-

ment of diabetes or aneurysm and cardiovascular disease are required.

PA 1.14-4
Prothrombotic plasma fibrin clot phenotype is
predictive of recurrent venous thromboembolism
following discontinuation of anticoagulant therapy
Undas A1, Ciesla-Dul M2, Drazkiewicz T2 and Sadowski J1

1Jagiellonian University Medical College; 2John Paul II Hospital,

Krakow, Poland

Background: Prothrombotic fibrin clot phenotype, including reduced

clot permeability and susceptibility to lysis, has been shown to be asso-

ciated with idiopathic venous thromboembolism (VTE).

Aims: We evaluated the relation of plasma fibrin clot characteristics to

risk of recurrent VTE.

Methods: In a prospective cohort study of 162 consecutive VTE

patients aged 18–65 years, plasma fibrin clot characteristics were mea-

sured following discontinuation of anticoagulation. Recurrent VTE

events were assessed during a median follow-up of 30 months.

Results: There were 41 VTE recurrences after 8.2 � 4.5 months since

discontinuation of anticoagulation. Idiopathic index event was associ-

ated with increased risk of VTE recurrence (hazard ratio [HR] 3.53,

95% confidence interval [CI] 1.61–7.76). Patients with recurrent VTE

had lower Ks, longer t50%, shorter lag phase indicating faster fibrin for-

mation, and greater DAbmax, indicating thicker fibrin fibers. Relative

to the middle and upper tertile of clot permeability (Ks) and the rate of

D-dimer release from clots (D-Drate), the HRs of recurrent VTE for

those from the lowest tertile were 3.68 (95%CI 1.72–7.84, P = 0.001)

and 2.17 (95%CI 1.07–4.43, P < 0.001), P = 0.003), respectively. Simi-

lar associations were noted for the upper tertile of clot lysis time (HR

3.17, 95%CI 1.46–6.86, P = 0.032) and plasma D-dimer following

anticoagulation cessation (HR 5.04, 95%CI 2.19–11.61, P = 0.003). In

ROC analysis DAbmax has the highest area under the curve (AUC) of

0.784. Its cut-off point of 0.805 had sensitivity of 0.854 and specificity

of 0.661. The presence of factor V Leiden mutation and/or prothrom-

bin 20210A mutation were not associated with altered fibrin clot phe-

notype or recurrent VTE.

Conclusion: Unfavorably altered fibrin clot characteristics measured

following discontinuation of anticoagulant therapy can help identify

patients at risk for recurrent VTE.

PA 1.14-5
The impact of diabetes duration on plasma fibrin clot
properties in type 2 diabetic patients
Undas A1, Konieczynska M2, Fil K2 and Bazanek M2

1Jagiellonian University Medical College; 2John Paul II Hospital,

Krakow, Poland

Background: It is well known that hyperglycemia is associated with

abnormal fibrin clot phenotype. It has been shown that fibrin clots

made from fibrinogen obtained from type 2 diabetic patients have

more compact fiber networks associated with reduced permeability

and impaired fibrinolysis compared with healthy controls. Mecha-

nisms underlying abnormal fibrin clot properties in diabetic patients

remain unclear. It has been demonstrated that the level of glycated

hemoglobin (HbA1c) is associated with worse fibrin clot phenotype

and fibrinogen glycation is a major mechanisms of those alterations.

Aims: We investigate the impact of diabetes duration on plasma fibrin

clot characteristics in a cohort of type 2 diabetic patients.

Methods: We studied 156 consecutive patients with type 2 diabetes (87

men, 69 women, aged 66.0 � 8.5 years, mean disease duration

7.3 years, HbA1c levels from 5.2% to 12.6%). The patients were at

high cardiovascular risk, i.e. 149 (95.5%) had hypertension, 126

(80.8%) had dyslipidemia, 103 (66%) were obese, 14 (9.0%) were cur-

rent smokers, 41 (26.3%) had family history of cardiovascular disease

(CVD). Ex vivo plasma fibrin clot permeation, turbidity, and efficiency

of fibrinolysis using three different assays with various final recombi-

nant tissue plasminogen activator concentrations, along with peak

thrombin generation and fibrinolytic proteins were investigated.

Results: There were more patients with obesity, with documented

CVD, diagnosed neuropathy and treated with insulin in the group with

diabetes duration above 5 years (n = 68). There were no differences in

laboratory parameters including fibrinogen between the groups with

longer and shorter diabetes duration. Five percent lower clot perme-

ability (Ks; P < 0.0001), 8.2% prolonged clot lysis time (CLT;

P = 0.017) and 7.8% prolonged half-lysis time (t50%; P < 0.0001) were

observed in patients with longer diabetes duration. Maximum D-dimer

levels released from clots were (+4.5%, P = 0.011) higher and D-D

rate was (2.8%, P = 0.002) lower compared to patients with shorter

diabetes duration. Maximum absorbance of a fibrin gel, was (+3.6%,

P = 0.004) higher, while lag phase was (4%, P = 0.01) shorter in

patients with longer diabetes duration. Those patients had higher peak

thrombin generation (+17.5%), plasminogen activator inhibitor-1

(PAI-1) antigen (+13%), tissue plasminogen activator (tPA) antigen

(+17.9%, all P < 0.001) and antiplasmin (+7.2%, P = 0.04). Thrombin

activatable fibrinolysis inhibitor (TAFI) and soluble thrombomodulin

tended to be higher in patients with longer diabetes duration (P < 0.1).

Comparison of patients with worse and better glycemic control (cut-

off, HbA1c 6.5%), who did not differ with regard to fibrinogen,

showed no differences in thrombin generation and fibrinolysis parame-

ters. Fibrin clots obtained from plasma of patients with HbA1c>6.5%
had 5% lower Ks (P = 0.002), 6.5% prolonged CLT (P = 0.02) and

t50% (P = 0.0002). Maximum D-dimer levels released from clot in the

HbA1c>6.5% group were higher (+4.5%, P = 0.026) and Lag phase

was (4.5%, P = 0.027) shorter in this group. Cardiovascular events

and macrovascular diabetic complications as well as cardiovascular

risk factors were not associated with less favorable fibrin clot vari-

ables.

Conclusions: Prolonged duration of type 2 diabetes is associated with

more prothrombotic fibrin clot phenotype, including impaired fibrino-

lysis and those alterations are largely driven by increased thrombin

generation and PAI-1 levels.
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PA 1.14-6
Fluid and solute transport in thrombi as function of
platelet and fibrin density
Wufsus AR and Neeves KB

Colorado School of Mines, Golden, CO, USA

Background: There is growing evidence that fluid and solute transport

within the interstitial spaces of thrombi plays a role in thrombus

growth, arrest, and dissolution [Stalker et al., Blood, in press, 2013].

However, there is a paucity of data on the physical properties, such as

the permeability of fluid and diffusivity of solutes, that dictate these

phenomena. The data that does exist has been collected at fibrin and

platelet concentrations that are orders of magnitude less than what has

been reported in thrombi formed in vivo. [Wysokinski et al., J Thromb

Haemost, 2, 2004; Silvain et al., J Am Coll Cardiol, 57, 2011]

Aims: The objective of this work was to measure the hydraulic perme-

ability and solute diffusivity in model thrombi as a function of platelet

and fibrin density over the range of fibrinogen and platelets concentra-

tions found in thrombi formed in vivo.

Methods: A series of thrombi were formed by adding 10 nM a-throm-

bin to solutions containing 3–156 mg/mL of fibrinogen and 0–
5 9 107 platelets/lL. To measure permeability, both fibrin gels and

platelet rich clots were formed in 3 mL syringes, which served as a per-

meation chamber. The flow rate of Tris buffer saline (TBS) through

these clots at a constant pressure was used to calculate the permeabil-

ity using Darcy’s law. Fluorescence recovery after photobleaching

(FRAP) was used to measure diffusion coefficients of FITC-labeled

dextrans of 12, 29, and 54 nm in diameter in fibrin gels and platelet

rich clots.

Results: Fibrin formed with fibrinogen concentrations from 3 to

156 mg/mL resulted in gels with a fiber volume fraction of 0.02–0.54
and permeabilities of 1.2 9 10�1–1.5 9 10�4 lm2. Platelet rich clots

with a platelet volume fraction of 0.01–0.61 and a fibrin volume frac-

tion of 0.03 had permeabilities over a range of 1.1 9 10�2–
1.5 9 10�5 lm2. Preliminary results from FRAP studies show that dif-

fusion was hindered in fibrin gels compared to free solution. We

observed 60%, 66% and 85% reductions of diffusion coefficients for

12, 29, 54 nm probes, respectively, in fibrin gels (100 mg/mL fibrino-

gen).

Conclusions: The primary outcome of these studies is a catalog of

physical properties that determine fluid and solute transport in

thrombi as a function of their composition. These data provide bounds

on how far zymogens and fibrinolytic agents can be expected to pene-

trate into clots with different composition. For example, at pressures

typical of large human arteries one would expect plasmin travel no fur-

ther than approximately 100 lm over 1 h into the interior platelet rich

clot. In addition, the hindrance of diffusion of coagulation proteins

and platelet agonists out of thrombi is a potential mechanism for the

arrest of thrombi growth. Finally, these data will aid in the develop-

ment of the growing number of computational models of thrombi for-

mation, which, to date, have relied on semi-empirical correlations that

are not valid for the wide range of solid fractions found in real

thrombi.

PA1.15 – Natural Anticoagulants – I

PA 1.15-1
Effect of coagulation factors and heparin on FXa
inhibition by TFPI
Heinzmann CA1, Thomassen LGD1, Peraramelli S1, Hackeng TM1,

Hartmann R2, Scheiflinger F2, Rosing J1 and Dockal M2

1Maastricht University, Maastricht, The Netherlands; 2Baxter

Innovations GmbH, Vienna, Austria

Background: TFPI is protease inhibitor which contains three Kunitz

domains (KD1, KD2 and KD3) and which down-regulates the extrin-

sic coagulation pathway by inhibiting FXa and FVIIa. All three

Kunitz domains of TFPI contribute to the inhibition of FXa, indicat-

ing that inhibition is the result of multiple interactions between FXa

and TFPI. FXa as well as TFPI have been reported to interact with

several coagulation factors (e.g. protein S, FV, FVa, prothrombin),

and with phospholipids and heparin.

Aim: To investigate the effect of proteins and other ligands that bind

to FXa and TFPI on the efficacy of FXa inhibition by TFPI.

Methods: Recombinant full length TFPI (TFPIfl) and TFPI constructs

(KD2, TFPI1–150) were purified from bacterial expression systems.

Inhibition of FXa by TFPI and TFPI constructs was quantified by

measuring progress curves of conversion of the FXa-specific chromo-

genic substrate CS11-(65) by FXa. The effects of prothrombin, FV,

FVa and protein S on FXa inhibition were determined in the presence

of negatively charged phospholipid vesicles and Ca2+ ions. Heparin

and FXa antibody effects were determined in the presence of Ca2+

ions.

Results: A monoclonal FXa antibody (aBFX-2b), which is an exosite-

directed inhibitor of prothrombinase that does not inhibit the active

site of FXa and that has no effect on its amidolytic activity, impairs

FXa inhibition by both TFPIfl and KD2. Unfractionated heparin,

which binds both FXa and TFPIfl, stimulated FXa inhibition by

TFPIfl approximately 10-fold at low heparin concentrations (0.2–1 U/

mL), but impaired inhibition at higher concentrations (> 1 U/mL).

Unfractionated heparin had virtually no effect on FXa inhibition by

TFPI1–150 and fondaparinux, a synthetic pentasaccharide related to

heparin that specifically enhances antithrombin-mediated inhibition of

FXa, had also no effect on FXa inhibition by TFPIfl at concentrations

up to 800 mg/mL. Protein S, which binds to KD3 of TFPI, and

thrombin-cleaved protein S enhanced FXa inhibition by TFPI (t1/2
approximately 3 min), but not by TFPI1–150. Physiological concentra-

tions FV (20 nM), which like protein S binds TFPIfl, enhanced FXa

inhibition by TFPIfl approximately 2–3 fold and had virtually no effect

on FXa inhibition by TFPI1–150. Thrombin-activated FV (FVa) did

not enhance the anticoagulant activity of TFPIfl, but in contrast

impaired the ability of TFPIfl to inhibit FXa, particularly at low TFPI

concentrations. TFPIfl appeared to be a potent inhibitor of FXa-cata-

lyzed prothrombin activation in the absence of FVa, but hardly inhib-

ited prothrombin activation by FXa in the presence of FVa.

Summary and Conclusions: TFPIfl is a potent inhibitor of FXa which

at physiological concentrations (0.25–0.5 nM TFPI) inhibits FXa with

a t1/2 = 3–15 min. Direct inhibition of FXa by TFPIfl is modulated by

other coagulation factors (prothrombin, FV and FVa), protein S and

heparin. These modulating effects indicate that interactions of the var-

ious Kunitz domains of TFPI with epitopes on FXa distinct from the

active site contribute to FXa inhibition. Modulation of TFPI activity

was observed at physiological concentrations indicating that they are

important for the in vivo expression of anticoagulant activity of TFPI.

PA 1.15-2
Implication of the protein S/Growth arrest-specific
gene 6 pathway in the pathophysiology of purpura
fulminans
Angelillo-Scherrer A1, Prince R2, Calzavarini S2, Saller F3,

Racine M2 and Azevedo M2

1University Hospital of Lausanne (CHUV); 2Lausanne University

Hospital, Lausanne, Switzerland; 3Universit�e Paris-Sud-XI,

Châtenay-Malabry, France

Background: Purpura fulminans (PF) is an acute skin disorder that

involves a complete blood flow blockade in dermal and subcutaneous

vasculature. Common causes of PF are severe infection and deficiency

of the natural anticoagulants in the blood. Current knowledge on its

pathologic mechanisms is still limited.

ProS is an anticoagulant protein, its deficiency is associated to the

development of PF as documented by newborns homozygous for ProS
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mutations. Beside its role in blood coagulation, ProS exerts cellular

functions by binding to and activating cell surface Tyro3, Axl, and

Mer tyrosine kinase receptors (TAM). Recently, the characterization

of murine model of partial and complete ProS deficiency has shown

defects in vessel development and function for those mice.

The product of Growth arrest-specific gene 6 (Gas6) is a protein show-

ing an high degree of similarity compared to ProS both in module

organization and at the amino acid level. Gas6 has been shown to be a

ligand for the TAM receptors as ProS. Unlike ProS, Gas6 displays a

procoagulant effect by amplifying platelet activation and upregulating

the expression of vascular tissue factor. Interestingly, both Gas6 and

ProS belongs to the family of vitamin K-dependent proteins.

Aims: To investigate the role of ProS, Gas6 and TAM receptors in PF

pathophysiology.

Methods: We generated a model mimicking PF by exposing mice to

warfarin, a vitamin K antagonist. 0.8 mg warfarin was administered

per os for 5 days to wild-type (WT), ProS, Gas6, Tyro3, Axl and Mer

deficient mice.

Results: Adult mice with complete Gas6 or partial ProS deficiency did

not develop spontaneous PF. To investigate the pathologic mecha-

nisms leading to PF, we administer warfarin. We observed a difference

in mortality for Gas6�/� (100%, n = 20) and ProS+/�/Gas6�/�
(88%, n = 8) mice compared to the WT (6%, n = 17) mice (P < 0.05).

In addition, mice deficient in TAM receptors where significantly

affected by warfarin challenge (mortality rate: 43% in Tyro3�/�
(n = 7), 38% in Axl�/� (n = 8) and 14% in Mer�/� compared to 6%

in WT mice, P < 0.05). Notably, most of the mice with ProS/Gas6

pathway deficiency developed skin lesions involving ears, extremities

and genital areas, compatible with PF. Such lesions were never

observed in WT. Early lesions were erythematous with highly visible

ear skin vessels, necrosis appearing in advanced lesions. Ear skin his-

tology of mice with PF showed vascular engorgement, intradermal

edema and only rare thrombosis in early lesions, whereas massive red

blood cell extravasation, intra-epidermal hemorrhagic blisters and

necrosis were found in advanced lesions.

Summary/Conclusions: These data suggest a prominent vascular

involvement in PF lesions when the ProS/Gas6 pathway is deficient.

Lack of Gas6 or TAM receptors being antithrombotic, the thrombotic

process might be less central in PF pathophysiology than currently

admitted. Thus, the vasculature might constitute the main target dur-

ing PF development and the ProS/Gas6 pathway through the TAM

receptors in the endothelium appeared to be involved in the process.

Interestingly, our warfarin-induced PF in Pros+/�/Gas6�/�could also

be used as a mouse model of PF, which to our knowledge is still

lacking.

PA 1.15-3
In vivo characterization of double deficiency in protein
S and growth arrest-specific gene 6
Angelillo-Scherrer A1, Prince R2, Calzavarini S2, Saller F3,

Azevedo M2 and Racine M2

1University Hospital of Lausanne (CHUV); 2Lausanne University

Hospital, Lausanne, Switzerland; 3Universit�e Paris-Sud-XI,

Châtenay-Malabry, France

Background: Protein S (ProS) and growth arrest-specific gene 6 (Gas6)

are vitamin K-dependent proteins. ProS is a natural anticoagulant

whose physiological importance is exemplified by life-threatening

thrombotic disorders (e.g. purpura fulminans) occurring in newborns

with homozygous ProS deficiency. Unlike ProS, Gas6 displays a

procoagulant effect by amplifying platelet activation and upregulating

the expression of vascular tissue factor. In tissues, ProS and Gas6 exert

cellular functions by binding to and activating the same cell-surface

tyrosine kinase receptors of the Tyro3 family (TAM).

Aims: To investigate the synergic role of ProS and Gas6 in vivo by

using murine models.

Methods: We first crossed ProS+/�/Gas6+/+ with ProS+/+/Gas6�/�

mice. ProS+/�/Gas6�/� strain was then used to obtain mice with a

complete double deficiency in ProS and Gas6. In addition, ProS+/�/
Gas6+/+ were mated in order to generate mice with single ProS defi-

ciency. Genotypic and phenotypic analysis on embryos between E14

and E19, newborns and adults were performed to characterize the dou-

ble deficiency of ProS and Gas6 in mice.

Results ProS+/�/Gas6�/� mice were viable and showed an appar-

ently normal phenotype and development. During adult life, they were

crossed to generate ProS�/�/Gas6�/� mice, however among the new-

borns analyzed (n = 30), no double newborn deficient for ProS and

Gas6 was observed. Similar results were obtained for the ProS�/�/
Gas6+/+ genotype.

Macroscopic and histological analysis of ProS�/�/Gas6�/� embryos at

different developmental stages (E14–E19) was performed. Interest-

ingly, 24% (5/21) embryos were found dead, showed brownish skin

coloration, reduced size and presented developmental defects. Further-

more, 24% (5/21) of them showed relevant pallor with no macroscopi-

cally visible vascularization throughout the body, but normal size and

development. These abnormalities were never observed in ProS�/�/
Gas6+/+ embryos. The remaining 52% (11/21) of ProS�/�/Gas6�/�

embryos presented massive thrombosis associated with hemorrhages

throughout the body, and the absence of the macroscopically visible

principal blood vessels; a similar phenotype was previously observed

in Pros�/�/Gas6+/+embryos. Moreover, we noticed the presence of

red blood cells in the extra-vascular compartments, particularly in the

head and back, pointing to a severe vascular defect in all Pros�/�/
Gas6�/� embryos. We analyzed the vascular network of whole-

mounted dorsal skin E15 embryos, by using anti-Ter119 (specific for

red blood cells) and anti-VE-cadherin (expressed by endothelial cells)

antibodies. The dorsal skin of Pros�/�/Gas6�/� embryos displayed

areas with incomplete or collapsed vessels, and widespread red blood

cells extravasation. A similar pattern was observed in Gas6+/+Pros�/�

embryos (preliminary data).

Summary/Conclusions: Double deficiency in ProS and Gas6 is lethal

before birth. The phenotype of Pros�/�/Gas6�/� embryos, character-

ized by a high percentage of pale embryos and about one fourth of

necrotic embryos, appears more severe as compared to the phenotype

of Pros�/�/Gas6+/+ embryos. Abnormalities in the vascular network

were present in both genotypes. Further studies are ongoing to better

understand the mechanisms responsible for the observed vascular

defects.

PA 1.15-4
Autodegradation of murine activated protein C due to
cleavage at Lys43
Burnier L, Fernandez JA and Griffin JH

The Scripps Research Institute, La Jolla, CA, USA

Background: Multiple protective effects of pharmacologic activated

protein C (APC) are reported in several pathologies, mostly using

mouse models. Murine APC mutants are valuable for mechanistic

studies and proof-of-concept in vivo studies. Murine APC production

requires multiple challenging steps due to autodegradation of APC.

This is especially important when comparing in vitro and in vivo poten-

cies of different APC variants.

Aims: To develop a new methodology that will decrease degradation

of murine APC during activation and that will enable active site titra-

tion of APC.

Methods: Recombinant murine protein C (PC) was produced using

conventional methods. Before activation, PC was dialyzed into differ-

ent saline buffers (citrate pH 6.0, 2-(N-morpholino)ethanesulfonic acid

(MES) pH 6.0 or Tris pH 8.0) containing EDTA or various different

metal ions (calcium, zinc, manganese, magnesium). PC activation was

performed using human thrombin (100 U/mL) at 37 °C for 4 h. SDS-

PAGE was used and proteins visualized by Coomassie staining. Amid-

olytic activity assays were performed at pH 8.0 and 0.4 mM Pefac-

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

ABSTRACTS 327



hrome PCa colorimetric substrate. Active site was titrated by incubat-

ing mouse APC with biotinylated FPR-chloromethylketone and quan-

tified by Western blotting using infrared dye-conjugated-streptavidin.

Human APC was used as a standard. For N-terminal amino acid

sequence analysis, APC was run on SDS-PAGE and Western blotted

on PVDF membrane. Protein bands were revealed by Coomassie

and cleaved APC product bands removed for amino acid sequence

analysis.

Results: A major problem during activation involved APC autodegra-

dation of the light chain due the cleavage at the Lys43-Tyr44 peptide

bond, as revealed by Western blotting using specific antibodies for the

light chain and N-terminal amino acid sequencing. We compared the

amount of this cleavage after PC activation in different buffers. Citrate

or MES buffers (pH 6.0) showed reduced APC autodegradation in

comparison to Tris buffer (pH 8.0). Activation of PC in presence of

zinc (0.25–1 mM) at pH 6.0 showed a significant reduction of APC au-

todegradation. We did not observe differences in the activation rates

in the presence of EDTA or zinc. After thrombin inhibition with hiru-

din, APC was purified by FPLC. We compared amidolytic activity of

APC that was activated in EDTA or zinc buffer in a buffer containing

5 mM EDTA or 1 mM Zn2+, since zinc ions inhibit amidolytic activ-

ity of human APC. Direct comparison showed that APC generated in

presence of Zn2+ had a higher activity than APC made in the presence

of EDTA.

Conclusions: Murine APC autodegradation involves cleavage at Lys43

that can be avoided by simple buffer modifications. Mutation of Lys43

in murine PC should simplify the production of mouse quality murine

APC for mechanistic and in vivo studies.

PA 1.15-5
The search for functionally important residues in
protein S required for its enhancement of TFPI
Reglinska NB1, Andersson HMH1, Rezende SM2, Dahlb€ack B3,

Crawley JTB1, Lane DA1 and Ahnstr€om J1

1Imperial College London, London, UK; 2Universidade Federal de

Minas Gerais, Minas Gerais, Brazil; 3Lund University, Malm€o,

Sweden

Background: Tissue factor pathway inhibitor (TFPI) is a natural anti-

coagulant protein that specifically inhibits the initiation of coagulation

through direct binding and inhibition of FXa and the TF/FVIIa com-

plex. Protein S acts as a cofactor for TFPI that critically reduces the

inhibition constant for FXa to below the plasma concentration of

TFPI – thus enabling efficient down-regulation of thrombin genera-

tion at physiological concentrations of TFPI. We recently showed that

TFPI Kunitz domain three residue Glu226 constitute an essential resi-

due for the interaction of TFPI with protein S during its inhibition of

FXa. However, it is not known which domains or residues in protein S

are required for its TFPI cofactor activity.

Aims: To fully understand the mechanism underlying the TFPI cofac-

tor function of protein S, the present study aimed to determine the

importance of solvent-exposed amino acid residues of protein S in its

direct interaction and enhancement of TFPI.

Methods: A panel of 46 protein S variants, spanning the full length of

the protein S molecule, were constructed, expressed and quantified in

concentrated culture media. Residues were substituted either in

composite or single point variants for the protein S Gla-TSR-EGF1-

EGF2-EGF3-EGF4 domains. To study the importance of the

SHBG-domain we used a previously described protein S chimera in

which the SHBG domain was replaced by the corresponding domain

of the homologous Gas6. The TFPI cofactor function of the protein

S variants was examined using thrombin generation assays and the

TFPI-protein S interaction by co-immunoprecipitation.

Results: In thrombin generation assays using protein S deficient

plasma, TFPI was efficiently enhanced by recombinant wild-type

(WT) protein S in a dose-dependent manner. When protein S variants

were screened using this assay, a large proportion exhibited apprecia-

ble enhancement of TFPI. However, none of the protein S variants

completely lacked TFPI cofactor function. To investigate the interac-

tion between TFPI and the protein S variants a co-immunoprecipita-

tion assay was developed. TFPI was immunoprecipitated using a

monoclonal antibody, binding to the TFPI Kunitz domain 1.

Co-immunoprecipitation of protein S was investigated by Western

blotting. WT protein S co-immunoprecipitated with WT TFPI,

whereas no WT protein S was detected after immunoprecipitation of

TFPI E226A, suggesting that this method was suitable for screening

our protein S variants for variants unable to interact with TFPI. How-

ever, similarly to the results from the thrombin generation assay, the

protein S variants were co-immunoprecipitated with TFPI in either

similar or only moderately decreased levels compared to WT protein S.

Summary: TFPI Glu226 has previously been shown to be essential for

the interaction with protein S. The large number of protein S variants

showing only modestly decreased enhancement of TFPI in the func-

tional assays suggests that several protein S residues are cooperatively

important for its enhancement of TFPI. Further functional assays and

direct binding studies using purified components are required to iden-

tify these residues.

PA 1.15-6
Stabilization of N-glycosylation in Asn135 of
antithrombin by an aromatic sequon
Aguila S1, Mart�ınez-Mart�ınez I1, Navarro-Fern�andez J1,

Guti�errez-Gallego R2, P�erez-S�anchez H3, De La Morena-

Barrio ME1, Vicente V1 and Corral J1

1Centro Regional de Hemodonaci�on, Hospital Morales Meseguer,

UMU, IMIB, Murcia; 2IMIM-Hospital del Mar, Universidad

Pompeu Fabra, PRBB, Barcelona; 3Facultad de Ciencias

Inform�aticas, UMU, Murcia, Spain

Background: N-glycosylation is a crucial post-translational modifica-

tion. Two recent studies have demonstrated that an aromatic sequon

(Phe-Y-Asn-X-Thr) in reverse b-turns increases the N-glycosylation

efficiency and the global stability of three different proteins. However,

the potential efficiency of this sequon in other contexts has not been

evaluated. Antithrombin is a key anticoagulant serpin. Two main gly-

coforms of antithrombin are present in plasma: a and b, with four and

three N-glycans, respectively. Although b-antithrombin is the less

abundant glycoform in plasma (10%) the rate of secretion of both gly-

coforms is similar. The reduced efficiency of glycosylation of anti-

thrombin at position Asn135 is not fully understood but has been

suggested to be caused by an inefficient consensus sequence, Asn-X-

Ser, while in the rest of glycosylation sites (Asn92, 155, 196) the con-

sensus sequence is Asn-X-Thr. Interestingly, Asn135 lays in a loop

between helix D and strand 2B.

Aim: To evaluate the effect of an aromatic sequon at Asn135 on the

efficiency of glycosylation and the stability of the native conformation

of antithrombin.

Methods: Single and multiple mutants affecting the Asn135 sequon

(Lys133Phe, Ser137Thr, Ser137Ala and Lys133Phe/Ser137Thr) were

produced in HEK-EBNA cells and purified by heparin affinity and

anion-exchange chromatography. Biochemical and functional studies

included mass spectrometry, differential scanning calorimetry, intrinsic

fluorescence, stopped flow and functional chromogenic assays.

Results: The wild type sequence generated similar amounts of both gly-

coforms (a and b), while the incorporation of a Phe two residues

before Asn135 (Lys133Phe), the generation of the common N-glyco-

sylation sequence on antithrombin (Ser137Thr) or both mutations

together (Lys133Phe/Ser137Thr) full improved glycosylation effi-

ciency, leading to the secretion of only a-antithrombin glycoform

(4 N-glycans) according to mass spectrometry and electrophoretic

analysis. Differential scanning calorimetry revealed that the presence

of the aromatic sequon did neither increase nor reduce the stability of
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this conformationally sensitive serpin. However, stopped flow data

suggested that the presence of a Phe two residues before Asn135 hin-

dered the conformacional change induced by heparin. Accordingly,

the Lys133Phe and the double (Lys133Phe/Ser137Thr) mutations

impaired 2- and 4-fold, the heparin affinity, respectively. As expected,

the anticoagulant activity of these variants in presence of heparin was

paralleled affected in these mutants (80% and 50% of wild type activ-

ity, respectively).

Conclusion: Our data support that an aromatic sequon improves the

efficiency of N-glycosylation in other contexts than in a reverse turn.

These results open new possibilities for glycoengineery in other pro-

teins. In antithrombin, this aromatic sequon allows a full glycosylation

of Asn135, located in a loop between the helix D and the strand 2B.

However, this sequon did not increase the global stability of this ser-

pin, although it preserves the native conformation of the heparin bind-

ing domain, impairing the conformational change induced by the

binding of heparin.

PA 1.16-1
Predictors of factor Xa generation in breast cancer
Lakoski SG1, Bravo MC1, Wolfe P2, Cushman M1, Thompson H3

and Brummel-Ziedins K1

1University of Vermont, Colchester, VT; 2University of Colorado,

Denver, CO; 3Colorado State University, Fort Collins, CO, USA

Background: Venous thromboembolism (VTE) is a serious complica-

tion commonly associated with hormone therapy for breast cancer.

VTE can have a devastating effect on quality of life (e.g. post-throm-

botic syndrome; chronic anticoagulation; bleeding complications) as

well as result in premature death. Patients with breast cancer may be

exposed to multiple VTE risk factors in addition to hormonal therapy

over the course of their disease; however, an understanding of prior

and concurrent VTE risks among breast cancer patients is not fully

elucidated.

Aims: We determined associations with factor (f) Xa generation, a key

predictor of thrombosis and therapeutic target for VTE among breast

cancer patients.

Methods: In this cross-sectional study, we studied 181 overweight and

obese non-smoking breast cancer patients who had completed primary

adjuvant therapy. We measured coagulation factors II, V, VII, VIII,

IX, X, antithrombin, and tissue factor pathway inhibitor to assess tis-

sue factor-initiated fXa generation. We estimated Kendall’s Tau-b and

Pearson’s correlation coefficients as well as ANOVA to identify pre-

dictors of fXa generation. Variables considered included age, anthro-

pometric variables (BMI, waist-hip ratio, fat weight, percent body fat),

adipocytokines (adiponectin, leptin), cardio-metabolic risk markers

(LDL cholesterol, triglycerides, C-reactive protein, insulin, homeosta-

sis model of assessment- insulin resistance [HOMA-IR]), tumor char-

acteristics (tumor size, stage, lymph node status), prior adjuvant

therapies (chemotherapy, radiation), hormonal therapy (tamoxifen,

anastrozole) and statin use.

Results: The mean � SD time from adjuvant therapy was 5 � 5 years.

Women were on average 55 � 9 years old with BMI ranging from 25

to 35 kg/m². Of all variables considered, only leptin, LDL cholesterol,

and tamoxifen were associated with peak fXa generation; leptin

(r = 0.19, P = 0.01) and tamoxifen (r = 0.29, P < 0.001) were posi-

tively correlated while LDL cholesterol was negatively correlated

(�0.21, P = 0.003). Tamoxifen users had significantly higher peak fXa

generation (5.4 � 1.7 nM) compared to breast cancer patients on aro-

matase inhibitor, anastrazole (4.1 � 1.3 nM), or patients on neither

therapy (3.9 � 1.3 nM; P < 0.001).

Conclusion: Among a group of overweight and obese breast cancer

patients, tamoxifen use was the strongest driver of peak fXa genera-

tion. In contrast, anastrazole therapy was not correlated with fXa.

Measures of adiposity were not related to fXa generation, except lep-

tin, a metabolically active adipokine important in the regulation of

body weight. To our knowledge, these are the first data elucidating

exposures and risk factors in breast cancer patients impacting peak

fXa generation.

PA 1.16-2
Clinical course of cerebral venous thrombosis in adults
with acute lymphoblastic leukemia
Lauw MN1, Zuurbier SM1, Coutinho JM1, Majoie CBLM1,

Van Der Holt B2, Cornelissen J2, Middeldorp S1, Biemond BJ1

and Stam J1

1Academic Medical Center, Amsterdam; 2Erasmus MC – Daniel
den Hoed, Rotterdam, The Netherlands

Background: Venous thromboembolism (VTE) occurs frequently in

patients with acute lymphoblastic leukemia (ALL). Reported incidence

varies between 2% and 36%. Remarkably, cerebral venous thrombo-

ses (CVT) form a relatively large proportion of VTE and represent up

to 50% of events.

Aims: To explore the clinical course of a large number of CVT epi-

sodes that occurred in a well-defined cohort of adult patients treated

for ALL. We analyzed clinical characteristics, prodromal symptoms,

radiological characteristics, temporal relationships with treatment

components of ALL, clinical outcome of CVT and impact of CVT on

ALL treatment.

Methods: CVT incidence was assessed in 240 adults (16–59 years)

treated for newly diagnosed ALL in the Dutch-Belgian HOVON-37

multicenter study (1999–2005; NTR228 on www.trialregister.nl).

Patients generally received three cycles of combined chemotherapy

before stem cell transplantation assessment. CVT was defined as an

intraluminal filling defect or presence of a thrombus in one of the

cerebral veins or sinuses, detected with magnetic resonance venogra-

phy or computed tomographic venography. For patients with CVT,

we systematically extracted clinical data from patient records and

re-evaluated imaging results. We conducted a nested case-control

study to explore relevant prodromal symptoms. Associations were

expressed as odds ratios (OR) with corresponding 95% confidence

intervals (CI).

Results: Nine of 240 patients experienced CVT (4%; median age

33 years (range 17–49), 56% female, five with B-ALL and four with

T-ALL). CVT was preceded by headache in eight of nine patients,

while only five of 18 matched controls without CVT reported headache

(OR 20.8; 95% CI 2–212). Seizures occurred in eight of nine patients

with CVT and in none of 18 controls (OR 138.7 (10–6422); six patients

with CVT presented with focal neurological deficits vs. two of 18 con-

trols (OR 13.8; 95% CI 2–142). Median time between symptom onset

and CVT diagnosis was 1 day (range 0–6). CVT was located in the

superior sagittal sinus in eight of nine patients. Seven of nine patients

had brain parenchymal lesions (five hemorrhagic infarcts, two non-

hemorrhagic infarctions). All CVT events occurred during Cycle I of

remission induction treatment; in eight of nine patients during or

shortly after L-asparaginase therapy (E.coli) and in all patients after at

least one dosage of intrathecal methotrexate. CVT formed 38% of all

VTE during Cycle I. Eight of nine patients were treated with therapeu-

tic dose (low-molecular-weight) heparin. Two patients also underwent

endovascular thrombolysis; both died in the acute phase due to tran-

stentorial herniation. Two of nine patients with CVT had recurrent

VTE, none a recurrent CVT. CVT occurrence was adversely associated

with obtainment of complete remission on protocol (adjusted OR

0.12; 95% CI 0.03–0.51).
Conclusions: Although CVT is a rare manifestation of VTE, our study

indicates it is much more common among adult ALL patients. CVT

often occurred during L-asparaginase and methotrexate therapy in

Cycle I and had an adverse impact on ALL treatment outcomes. Pres-

ence of headache and seizures were strongly associated with CVT.

Close monitoring of headache during ALL treatment may contribute

to earlier detection of CVT and could improve its outcome.
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PA 1.16-3
Plasma fibrin clot abnormalities in patients with
multiple myeloma: association with thromboembolic
events during induction therapy
Undas A1, Usnarska-Zubkiewicz L2, Helbig G3, Woszczyk D4,

Kozinska J5, Dmoszynska A5, Podolak-Dawidziak M2

and Kuliczkowski K2

1Jagiellonian University Medical College, Krakow; 2Wroclaw

Medical University, Wroclaw; 3Silesian Medical University,

Katowice; 4Department of Hematology, Opole; 5Medical

University of Lublin, Lublin, Poland

Introduction:Multiple myeloma (MM) is associated with increased risk

of venous and arterial thromboembolism. Formation of denser and

poorly lysable fibrin clots is observed in patients with arterial and

venous thromboembolism.

Aims: We investigated fibrin clot properties and their treatment-

induced alterations in MM patients.

Patients and Methods: Ex vivo plasma fibrin clot permeability, turbid-

ity and susceptibility to lysis induced by recombinant tissue-type plas-

minogen activator (tPA) were evaluated in 106 MM patients (55 men

and 51 women aged 34–85 years), vs. 100 age- and sex-matched con-

trols. Patients on thromboprophylaxis with aspirin or heparins were

eligible. The patients were evaluated prior to and following 3 months

of induction therapy, mainly using thalidomide-based regimens.

Results: MM patients had lower clot permeability (�34%), compac-

tion (+34%), indicating denser fibrin clots, impaired fibrin polymeriza-

tion with longer lag phase (+20%) and lower final turbidity (�25%),

combined with hypofibrinolysis reflected by longer clot lysis time

(t50%, �24%) and slower rate of D-dimer release from fibrin clots

(D�Drate,-10%) compared with controls (all P < 0.001). Maximum D-

dimer levels released from clots (D�Dmax) were elevated by 24.3% in

the patients compared to controls (P < 0.001). Patients with IgG MM

had lower clot permeability compared with IgA MM (5.9 [5.1–6.4] vs.
6.3 [5.9–7.2] 10�9 cm2; P = 0.007). The MM patients had higher peak

thrombin concentration (+63.5%), thrombin-activatable fibrinolysis

inhibitor (TAFI) activity (+32.9%), plasminogen activator inhibitor-1

(PAI-1) activity (+56.6%) and FVIII (+72.3%, all P < 0.01). Clot per-

meability in MM patients was associated with peak thrombin genera-

tion (r = �0.63, P < 0.001), PAI-1 activity (r = �0.57, P < 0.001) and

TAFI activity (r = �0.58, P < 0.001), but not with fibrinogen. Similar

but positive associations were observed for clot lysis time. Scanning

electron microscopy confirmed abnormal clot morphology. A 3-month

therapy resulted in improved clot properties observed in 48 MM

(45.3%) patients in whom blood samples were available (all P < 0.01).

Clot permeability and compaction increased (+10% and +16.7%,

respectively). Fibrinolysis was accelerated (t50% by 7.8% and D�Drate

by 7.5%). Posttreatment absorbancy of a fibrin gel increased (+19.7%)

and lag phase became shorter (�5.9%). Posttreatment clot permeabil-

ity and lysis time remained significantly associated with peak thrombin

generation, PAI-1 activity and TAFI activity (all P < 0.01). Thrombo-

embolism (n = 12, venous thromboembolism, n = 10) observed in 12

patients during induction treatment despite thromboprophylaxis (nine

patients received low-dose ASA, three were on prophylactic heparin)

were associated with reduced clot permeability (�8.4%), higher

D�Dmax (+13.3%), lower D�Drate (�9%) and 20% longer lag phase

at baseline (all P < 0.05). Thromboembolism in MM patients was

associated with higher baseline peak thrombin concentration

(+18.9%), TAFI activity (+20.8%) and PAI-1 activity (+37.5%)

together with slightly lower plasminogen (�7.8%; all P < 0.05).

Conclusion: Substantial prothrombotic alterations of fibrin clot prop-

erties occur in patients with MM. More compact fibrin clots with

reduced lysability characterize subjects who experienced thrombotic

complications during induction treatment. Our findings show a new

prothrombotic mechanism in MM and its determinants.

PA 1.16-4
Incidental venous thromboembolism in kidney cancer
patients: a case–control study
Yokom DW1, Ihaddadene R1, Le Gal G2, Moretto P3

and Carrier M2

1University of Ottawa; 2Ottawa Hospital Research Institute and

University of Ottawa; 3The Ottawa Hospital Cancer Centre,

Ottawa, ON, Canada

Background: The incidence of venous thromboembolism (VTE) in kid-

ney cancer patients has been previously reported to be between 1.6%

and 3.4%. VTE seems to be associated with an increased mortality

among kidney cancer patients (hazard ratio [HR] = 1.3–3.2). How-

ever, these studies did not report the localization (e.g. lower vs. upper

limb) or extent (e.g. distal vs. proximal) of the included VTE. Further-

more, it is unclear if all events were suspected or incidental.

Computed Tomography (CT) is routinely used for staging of the

underlying malignancy. As the resolution of CTs increases, more inci-

dental VTEs are being detected. Previous reports showed that inciden-

tal VTE might be associated with lower overall survival in cancer

patients. However, a wide variety of tumor sites were included and a

standardized definition of thrombotic events was not used. The clinical

significance of symptomatic and incidental VTE in kidney cancer

patients is unknown.

Aims: To determine the effect of suspected and incidental VTE on

overall survival in kidney cancer patients.

Methods: A case-control study of all kidney cancer patients treated at

our institution between January 1, 2005 and July 1, 2012 was con-

ducted. Cases with VTE (suspected and incidental) were matched in a

ratio of 1:2 to controls by gender, age (� 3 years) and stage at cancer

diagnosis (TNM stage 1–4). Imaging studies were reviewed to identify

the location of the VTE and whether it was symptomatic or incidental.

VTE was defined as: (i) proximal DVT of the lower and upper extremi-

ties; (ii) pulmonary embolism (PE; segmental or more proximal); and

(iii) any intra-abdominal VTE. The primary outcome was overall sur-

vival 2 years following the diagnosis of cancer for all symptomatic and

asymptomatic VTE.

Results: A total of 1140 primary kidney cancer patients were reviewed

for inclusion into the study. Sixty-eight patients (6.0%) had a VTE

event. Men represented 69% of cases, mean age 62 years old (range

35–79 years), 53% were early stage (stage 1–3). Twenty-four (35%)

cases of VTE were incidentally detected.

Compared to matched controls, all patients with VTE did not have

worsened overall survival (HR = 0.97; 95% CI: 0.60–1.56). Treated
symptomatic or incidentally discovered VTE were not associated with

an increased risk of death compared to controls (HR = 0.82; 95% CI:

0.46–1.46 and HR = 1.31; 95% CI: 0.68–2.52 respectively). Similarly,

symptomatic or incidentally discovered PE were not associated with

lower overall survival (HR = 1.48; 95% CI: 0.70–3.13 and HR = 0.92;

95% CI: 0.37–2.30 respectively).

Conclusions: Kidney cancer patients are at high risk of VTE (6.0%), of

which 35% were found incidentally on staging CT. Treated symptom-

atic and incidental VTE are not associated with worse overall survival

among kidney cancer patients. Future studies assessing the clinical

impact of VTE (incidental or symptomatic) among cancer patients

need to adjust for tumor type, stage and other important confounders.

PA 1.16-5
Association of interleukins with venous
thromboembolism and mortality in cancer patients
Reitter E-M, Ay C, Kaider A, Pirker R, Zielinski C, Zlabinger G

and Pabinger I

Medical University of Vienna, Vienna, Austria

Background: Elevated rates of interleukins (ILs) were reported to be

related to the risk of cancer development and cancer progression. The
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survival of cancer patients seems to correlate with various IL-levels

and IL-levels differ depending upon the tumor type. Studies showed

an association between elevated IL-levels and venous thromboembo-

lism (VTE) in non-cancer patients. There is also some evidence that

such an association is present in cancer patients.

Aims: The present study aims to evaluate an association between dif-

ferent ILs and the occurrence of VTE as well as the patients’ overall

survival.

Methods: Patients with solid tumors, either newly diagnosed or pro-

gressing after partial or complete remission, were included. Recruit-

ment took place within the framework of the Vienna Cancer and

Thrombosis Study (CATS), which is an on-going prospective and

observational study. At inclusion, the patients are questioned regard-

ing their medical history and a blood sample is drawn. All participants

have been observed for a maximum period of 2 years. Study endpoints

are the occurrence of objectively confirmed VTE, death or completion

of the study period. IL-levels (ie. IL-3, -4, -6, -8, -10, -11 and -1ß) were

determined by using the xMAP technology of Luminex.

Results: We included 726 patients with solid tumors (344 female/382

male, mean age 60 years). Thereof, 337 patients died within the obser-

vation period. During the median follow-up time of 705 (quartiles:

262–731) days, 52 patients developed a VTE. The investigated ILs did

not show a statistically significant association with the occurrence of

VTE. In univariate analyses, levels of IL-1b, IL-3, IL-4 and IL-10 were

not associated with survival of patients, whereas an increase of IL-6

[hazard ratio (HR) comparing values > 0–0 of levels: 1.60, 95% confi-

dence interval (CI) 1.29–1.99, P < 0.001] and IL-8-levels [HR 1.57,

95% CI 1.04–2.39, P = 0.032], respectively, correlated with an

increased risk of death. We have also noticed a higher mortality in

patients with IL-11-levels above 0 (HR 1.373 [95% CI, 1.103–1.709],
P = 0.005); however, this difference was not affected by the extent of

increase (HR 0.971 [95% CI, 0.908–1.037], P = 0.376). In multivariate

analyses after adjustment for age and gender, the associations between

IL-6-, IL-8- and IL-11-levels and survival were statistically significant.

Regarding different tumor entities, higher IL-6-levels correlated with

worse prognosis in patients with colon carcinoma (HR 2.405, [95% CI

1.252–4.618], P = 0.008) and elevated IL-10-levels with an increased

risk of death in patients with lung cancer (HR 1.824, [95% CI 1.098–
3.031], P = 0.020).

Summary/Conclusions: We did not find an association between the

investigated IL-levels and the risk of developing VTE in cancer

patients. However, there was a significant higher risk of mortality in

patients with elevated IL-6- and IL-8-levels. Furthermore, worse prog-

nosis was observed for patients with lung cancer and increased

IL-10-levels, and for patients with colorectal cancer and increased

IL-6-levels.

PA 1.16-6
Prolonged thromboprophylaxis with low molecular
weight heparin to prevent venous thromboembolism
after abdominal cancer surgery: a systematic review
Rasmussen MS1, Jorgensen LN1, Prandoni P2 and Kakkar VV3

1Bispebjerg Hospital, Copenhagen, Denmark; 2University of

Padua, Padua, Italy; 3Thrombosis Research Institute, London, UK

Background: Patients undergoing major abdominal surgery are at high

risk of postoperative venous thromboembolism (VTE). The efficacy

and safety of thromboprophylaxis (TP) with low molecular weight

heparin (LMWH) administered during the in-hospital period has been

proven in several clinical studies. Accordingly, LMWHs are recom-

mended during the in-hospital period. However, clinical studies have

shown that patients remain at risk of VTE complications even after

hospital discharge.

Aims: In order to clarify the role of prolonged TP with LMWH in

patients undergoing abdominal surgery for malignant diseases, we per-

formed a systematic review of all randomized clinical trials, assessing

the efficacy and safety of prolonged TP with LMWH after abdominal

surgery.

Methods: Electronic searches were performed in the Medline, Embase,

Lilacs and the Cochrane Library databases. The most recent search

was performed in November 2012. We assessed both randomized and

non-randomized controlled clinical trials comparing prolonged

LMWH prophylaxis with TP during the in-hospital period only. The

patient population in the trials included patients undergoing major

abdominal or pelvic surgery for malignant diseases. The outcome mea-

sures included symptomatic and asymptomatic cases of VTE, as

assessed by objective tests. Safety outcomes were defined as bleeding

complications and mortality within 3 months after surgery.

Results: Our search revealed five studies which met the inclusion crite-

ria and were included in the meta-analysis. The total number of

patients undergoing curative or palliative surgery for malignant dis-

ease was 1210. All studies used bilateral ascending venography to eval-

uate the VTE end-point. All patients received LMWH during the in-

hospital period usually for 1 week, and were then randomized to

receive an additional 3-week treatment with LMWH or placebo/con-

trol. The venography was performed 30 � 5 days after surgery. The

administration of prolonged TP significantly reduced the incidence of

overall VTE compared to in-hospital administration of TP by 50%

(14.0% vs. 7.0%), leading to an OR of 0.46 (95% CI, 0.31–0.68;
P < 0.0001). Also the incidence of proximal DVT was significantly

reduced from 4.4% to 0.8% (OR 0.20; 95% CI 0.08–0.50;
P = 0.0006). There was no significant difference in the incidence of

major bleeding complications (OR 1.3; 95% CI, 0.69–2.50). The num-

ber needed to treat in order to prevent one episode of the end points

was 14 patients for all VTE and 28 for proximal DVT. The overall

mortality was comparable in the two groups (4.7% in the treatment

group and 4.1% in the control group), with OR 1.21 (95% CI, 0.73–
1.99; P = 0.46).

Summary/Conclusions: This meta-analysis provides further compelling

evidence in support of extending the administration of LMWH for up

to 4 weeks after operation in patients undergoing major abdominal or

pelvic surgery for malignant diseases. The strong reduction in both

asymptomatic and clinically relevant major VTE events, which can be

achieved by prolonging LMWH in low doses for a few additional

weeks beyond the hospital stay, is not offset by bleeding complica-

tions.

PA1.17 – Angiogenesis

PA 1.17-1
Role of alpha6 integrin subunit in tumor growth and
tumor angiogenesis
Helley D1, Bouvard C1, De Arcangelis A2, Nizard M3, Fischer AM1

and Georges-Labouesse E2

1UMR-S765, Universit�e Paris Descartes Sorbonne Paris Cit�e,

Paris; 2Inserm U964, Illkirch; 3Inserm U970, Universit�e Paris

Descartes Sorbonne Paris Cit�e, Paris, France

Background: We have previously shown that alpha6 integrin subunit

(a6) plays a major role in post-ischemic angiogenesis. a6 has been

implicated in cancer cell migration and in the progression of several

malignancies, but its role in tumor angiogenesis is still a matter of

debate.

Aims: The aim of our study was to assess the role of a6 in tumor angio-

genesis and thus in tumor growth.

Methods: Since a6 KO mice die at birth, we used the cre-lox system to

generate a mouse line, a6 fl/fl-Tie2Cre+, with a6 gene deletion specifi-

cally in Tie2-expressing cells. Tie2 is a receptor of angiopoietin-2,

expressed by endothelial cells, a subset of hematopoietic stem cells,

and Tie2-expressing monocytes/macrophages (TEMs), known for their

proangiogenic properties. To study the effect of this endothelial dele-

tion of a6 on tumor growth and angiogenesis, one million B16F10

melanoma cells were injected subcutaneously in the right flank of
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a6 fl/fl Tie2Cre+ and a6 fl/fl Tie2Cre- (control) male mice and the

tumor growth was quantified. Twelve days later the mice were sacrified

and tumors were harvested to study the vascular density and the mac-

rophages infiltration in a6 fl/fl’-Tie2Cre+ compared to a6 fl/fl’-

Tie2Cre- mice.

Results: Tie-2 dependent deletion of a6 gene reduced tumor growth in

a murine B16F10 melanoma model by 56% (P < 0.001). Immunohis-

tological analysis of the tumors showed that Tie2-dependent a6 gene

deletion was associated with a decrease by 34% of tumor vasculariza-

tion (P < 0.05). We also observed a decrease of 55% of tumor infiltra-

tion by proangiogenic Tie2-expressing macrophages (P < 0.05),

whereas the total number of macrophages in tumors was not statisti-

cally significant between a6 fl/fl-Tie2Cre+ and a6 fl/fl-Tie2Cre- mice.

Conclusion: These findings demonstrate that a6 integrin subunit plays

a major role in tumor angiogenesis and TEM infiltration. Targeting a6
could be used as a strategy to reduce tumor growth.

PA 1.17-2
Intramyocardial release of engineered chemokines
from biodegradable hydrogels prevents injury
extension after myocardial infarction
Projahn D1, Simsekyilmaz S2, Singh S3, Groll J4, Burlacu A5,

Bernhagen J6, Weber C1, Liehn EAM2 and Koenen RR1

1Institut f€ur Prophylaxe und Epidemiologie der

Kreislaufkrankheiten (IPEK), M€unchen; 2Institut f€ur Molekulare

Herz-Kreislaufforschung (IMCAR); 3Institute for Technical and

Macromolecular Chemistry, Aachen; 4Department and Chair of

Functional Materials in Medicine and Dentistry, W€urzburg,

Germany; 5Institute of Cellular Biology and Pathology “Nicolae

Simionescu”, Bucharest, Romania; 6Institute of Biochemistry and

Molecular Cell Biology, Aachen, Germany

Background: Myocardial infarction (MI) induces an inflammatory

immune response, which causes a progressive expansion of the

infarcted area and dilation of the ventricles with replacement of the

adjacent myocardium by connective tissue, the so-called ‘remodeling’

of the heart muscle. The regeneration of the blood vessel network sys-

tem by recruitment of hematopoietic stem cells for recovering the sup-

ply of the infarcted area with oxygen, nutrients, and the prevention of

apoptosis of myocytes can be beneficial for heart function.

Methods and Results: We designed a novel therapeutic strategy with

Met-CCL5, a chemokine receptor antagonist to suppress initial neu-

trophil infiltration, and a proteaseresistant CXCL12 (S4V) variant,

which is inert to matrix metalloproteinase-2 and exopeptidase cleav-

age, but retains its chemotactic bioactivity for recruitment of circulat-

ing hematopoietic stem cells, promoting neovascularization after MI.

To control the proper timing and local release of Met-CCL5 and

CXCL12 (S4V), two different biodegradable hydrogels were imple-

mented, a fast degradable hydrogel (FDH) for delivering Met-CCL5

over 24 h and a slow degradable hydrogel (SDH) for a gradual release

of CXCL12 (S4V) over 4 weeks.

Summary/Conclusions: We demonstrate that time-controlled release

using Met-CCL5-FDH and CXCL12 (S4V)-SDH blocks neutrophil

recruitment to the inflamed myocardium, recruits stem cells from cir-

culating blood, and improves cardiac function after MI. Therefore,

this study describes a novel and promising therapeutic strategy to sus-

tain the endogenous reparatory mechanisms, and may represent a via-

ble alternative to cell-based therapies, with notable clinical

significance.

PA 1.17-3
Characterization of a reduced form of plasma
plasminogen as the precursor for angiostatin formation
Butera D and Hogg PJ

University of New South Wales, Randwick, NSW, Australia

Plasma plasminogen is the precursor of the tumor angiogenesis inhibi-

tor, angiostatin. Generation of angiostatin in blood involves activation

of plasminogen to the serine protease plasmin and facilitated cleavage

of two disulfide bonds and up to three peptide bonds in the kringle five

domain of the protein. The mechanism of reduction of the two allosteric

disulfides has been explored in this study. Using thiol alkylating agents,

mass spectrometry and an assay for angiostatin formation, we show

that the Cys462–Cys541 disulfide bond is already cleaved in a fraction

of plasma plasminogen and that this reduced plasminogen is the precur-

sor for angiostatin formation. From the crystal structure of plasmino-

gen, we propose that plasmin ligands such as phosphoglycerate kinase

induce a conformational change in reduced kringle 5 that leads to attack

by the Cys541 thiolate anion on the Cys536 sulfur atom of the Cys512–
Cys536 disulfide bond, resulting in reduction of the bond by thiol/disul-

fide exchange. Cleavage of the Cys512–Cys536 allosteric disulfide allows
further conformational change and exposure of the peptide backbone to

proteolysis and angiostatin release. The Cys462–Cys541 and Cys512–
Cys536 disulfides have ‴/+RHHook and ‴LHHook configurations,

respectively, which are measures of the geometry of the disulfide bond.

Analysis of the structures of all known allosteric disulfide bonds identi-

fied six other bonds that have these configurations. This suggests that

the ‴/+RHHook and ‴LHHook disulfides, along with the ‴RHStaple

bond, are potential allosteric configurations.

PA 1.17-4
Targeting VEGFR1 on endothelial progenitors
modulates their differentiation potential
D’Audigier C1, Gautier B2, Yon A1, Alili J-M1, Evrard S1,

Inguimbert N2, Vidal M2, Gaussem P1 and Smadja D1

1Inserm UMR-S 765; 2CNRS UMR 8638, Paris, France

We studied whether plasma levels of angiogenic factors and endothe-

lial markers in coronary artery disease patients or undergoing cardiac

surgery are modified, and whether those factors modulate endothelial

progenitor’s angiogenic potential.

One hundred and forty-three patients’ plasmas from two different

studies were analyzed (30 coronary artery disease patients, 30 patients

with stable angina, coupled with 30 age and sex-matched controls; 53

patients underwent cardiac surgery). Among factors screened, only

placental growth factor (PlGF) was found significantly increased in

these populations. PlGF has been described acting in pathological

angiogenesis through binding to VEGF receptor-1 (VEGFR1)/Flt-1,

which also links VEGF-A and -B isoforms. PlGF-1 and -2 were then

tested on human endothelial colony forming cells (ECFC). We found

that PlGF-1 and -2 induce VEGFR1 phosphorylation and potentiate

ECFC tubulogenesis in vitro. ECFC VEGFR1 gene expression was

further inhibited using a specific small interfering RNA (siRNA, sc-

29319, Santa Cruz Biotechnology, Santa Cruz, CA, USA) and the

chemical compound 4321 (firstly described in Gautier et al, Chem Biol.

2011). We then observed that the VEGFR1-siRNA and the compound

4321 decrease ECFC tubulogenesis potential in vitro. Finally we tested

the compound 4321 in the preclinical Matrigel�-plug model with

C57Bl/6J mice as well as in the hindlimb ischemia model with Swiss

Nude mice. We found that 4321 inhibited the plug vascularization,

attested by the haemoglobin content and the VE-Cadherin expression

level, and that 4321 inhibited the post-ischemic revascularization in

the hind limb ischemia model.

PlGF plasma levels were found increased in cardiovascular patients.

Disrupting PlGF/VEGFR1 pathway could modulate ECFC induced

tubulogenesis, the cell type responsible for newly formed vessels in vivo.
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PA 1.17-5
Imbalances in angiopoietin 1 and 2 levels in steady
state sickle cell disease
Colella MP, Traina F, Fiusa ML, Souza GR, Faiotto VB, Costa F,

Annichino-Bizzacchi JM, Saad STO and De Paula EV

University of Campinas, Campinas, Brazil

Background: Angiopoetins (Ang) 1 and 2 are two important factors in

the regulation of embryonic and post-natal angiogenesis. Ang-1 is

important in vessel maturation, whereas Ang-2 is involved in vascular

disruption and destabilization. Hence, imbalances in the relative con-

centrations of these antagonistic modulators of angiogenesis have been

associated with the pathogenesis of several conditions associated with

hypoxia and inflammation such as sepsis and tumour growth. In sickle

cell disease (SCD), tissue hypoxia may also serve as a potent stimulus

for this angiogenic switch, which could be related to the pathogenesis

of complications such as proliferative retinopathy.

Aims: We herein aimed to evaluate serum levels of Ang-1 and Ang-2 in

steady state SCD, and correlate our findings with clinical and labora-

tory parameters.

Methods: This was a cross-sectional study conducted on a cohort of

adult SCD patients, with no history of painful crisis or transfusions in

the previous 3 months. Biomarkers were measured by commercially

available ELISA kits. Comparisons between patients and controls

were performed by Mann-Whitney test. Correlations were evaluated

by Spearman Rank correlation coefficient.

Results: A total of 79 adult SCD patients were included in the study,

28 HbSS and 51 HbSC, and 20 healthy age-matched controls. Ang-2

levels were significantly elevated in SCD patients in comparison to

controls (3081 vs. 1944 pg/mL; P = 0.003), whereas an inverse finding

was observed with Ang-1, which was lower in SCD patients than in

controls (47.835 vs. 56.292 pg/mL; P = 0.03). Since the imbalances

between Ang-2 and Ang-1 ratio have been considered more informa-

tive than the isolated values of these biomarkers, the Ang-2/Ang-1

ratio was analyzed. As expected, the Ang-2/Ang-1 ratio was much

higher in SCD patients than in controls (0.07 vs. 0.03; P < 0.0001).

When HbSS and HbSC patients were compared, significantly higher

Ang-2 levels were observed in HbSS patients compared to HbSC (4877

vs. 2338 pg/mL; P < 0.0001). Although no difference was observed in

Ang-1 levels between these two patient groups (43.799 vs. 48.566 pg/

mL; P = 0.80), the Ang-2/Ang-1 ratio was significantly higher in HbSS

than in HbSC patients (0.12 vs. 0.05; P < 0.0001). When analyzing the

whole SCD cohort, Ang-2 levels presented significant correlations with

hemolysis markers (hemoglobin, hematocrit, reticulocyte count, lac-

tate dehydrogenase levels, total and indirect bilirrubin) and leukocyte

and platelet counts (all P values < 0.001). Ang-1 was significantly cor-

related with lactate dehydrogenase, total bilirrubin, leukocyte and

platelet counts (all P values < 0.05). No significant associations were

found between the presence of retinopathy and Ang-2, Ang-1 levels or

Ang-2/Ang-1 ratio.

Conclusions: SCD patients present higher serum levels of Ang-2 and a

high Ang-2/Ang-1 ratio, both suggestive of the activation of pro-

angiogenic programs in these conditions. These findings are present in

both HbSS and HbSC patients, but are much more intense in HbSS

patients. In other conditions associated with hypoxia and inflamma-

tion, a high Ang-2/Ang-1 ratio represents a poor prognosis marker

and an important factor in the pathogenesis of these conditions. Fur-

ther studies are warranted to elucidate the relevance of these findings

in the pathogenesis of SCD complications.

PA 1.17-6
Thrombin induces pro- angiogenic signals and
disruption of the retinal blood barrier- an in vitro
model
Livnat T1, Dardik R1, Nisgav Y2, Weinberger D3 and Kenet G1

1Institute of Thrombosis and Hemostasis and the National

Hemophilia Center, Tel Hashomer; 2Laboratory of Eye Research,

Felsenstein Medical Research Center (FMRC)?; 3Department of

Ophthalmology, Rabin Medical Center, PetachTikva, Israel

Purpose: Thrombin is a multifunctional protease. Apart from its cen-

tral role in coagulation, thrombin was found to exert some cellular

effects and to be involved in inflammatory processes. The retinal pig-

ment epithelium (RPE) forms the outer blood retina barrier (BRB)

and its integrity is essential for normal function of the retina. Retinal

pathologies such as pathological choroidal neovascularization (CNV),

age related macular degeneration, inflammation and vascular occlu-

sions may be accompanied by local thrombin elevation. Moreover,

fibrin matrixis found in the areas of pathological newly CNV and acts

as a scaffold upon which new blood vessels are grown.

Aims: In the present work, we aimed to explore the impact of thrombin

on the integrity and function of the RPE blood barrier. We induced a

short-term exposure of RPE to pathological levels of thrombin in-vitro

and studied the immediate and long lasting changes in the RPE perme-

ability and angiogenic balance.

Methods: ARPE-19 cells were grown for a month to achieve definite

polarity properties. Following a short (10 min) exposure to thrombin

(1–10 units/mL), the cells were washed and covered with new medium

until measurements were performed. Permeability was evaluated based

on spectrophotometric monitoring of the leakage of labeled dextran

molecules. The expression of pro- and anti- angiogenic genes was eval-

uated using real time PCR. Protein levels were measured by ELISA or

by FlowCytomix[TRADEMARK]. Matrix metalloproteinases

(MMPs) activity was examined by zymography.

Results: Short-term exposure to thrombin induced an increase in RPE

permeability to 10, 40 and 70 kD dextran that persisted for several

hours. Sixty percent decrease in pigment derived growth factor

(PEDF) mRNA and twofold increase in vascular endothelial growth

factor (VEGF) mRNA expression and protein levels were detected

even 24 h after the 10 min exposure to thrombin. MMPs 2 and 9 activ-

ities were also increased for several hours after the short-term exposure

to thrombin.

Conclusions: Short-term exposure to thrombin induced proangiogenic

signals in RPE and caused disruption of barrier properties. The data

indicate that short-term exposure to thrombin induces changes in per-

meability, gene expression, protein levels and activity that persisted for

hours following the exposure to thrombin. Based on our in vitro find-

ings, we suggest that accumulation of short-term thrombin exposures

over years may contribute to the pathological processes of retinal bar-

rier breakage and CNV development in the elderly.

PA1.18 – Antiphospholipid – I

PA 1.18-2
A systematic review and meta-analysis of pathogenic
mechanisms of the antiphospholipid syndrome
Du V1, Kelchtermans H2, Al Dieri R2, De Groot PG1

and De Laat B3

1University Medical Center Utrecht, Utrecht; 2Synapse BV,

Cardivascular Research Institute Maastricht, Maastricht

University; 3Maastricht University Medical Center, Maastricht,

The Netherlands

Background: The antiphospholipid syndrome (APS) is diagnosed by

the combination of vascular thrombosis and/or pregnancy morbidity

and the detection of antiphospholipid antibodies (aPLs) in plasma. A
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vast amount of mechanisms have been proposed to explain why aPLs

can cause thrombosis and/or pregnancy morbidity. The focus of the

mechanism studies seems to be largely diffused, given the heterogene-

ity in the proposed mechanisms. This heterogeneity hinders the effec-

tiveness in pursuing the ultimate goal of benefiting the patient care.

Attention and efforts are required to find the underlying reasons and

solutions for this problem.

Aims: (i) to provide a systematic review of the studies investigating the

pathogenic mechanisms of aPLs, (ii) to identify differences in method-

ology in these studies that may contribute to the heterogeneity of the

proposed mechanisms.

Methods: One hundred and twenty-four studies focusing on the mech-

anistical actions of aPLs, published between February 2006 and

March 2012, were analyzed. Besides the proposed mechanisms, we

investigated the following aspects in the selected studies: (i) origin of

the aPLs used (mouse/human), (ii) character of the antibodies (mono-

clonal or polyclonal), (ii) the criteria used to diagnose the APS patients

from whom the antibodies were derived, and (iv), confirmation of the

involvement of b2GPI.

Results: The main focus of studies from the last 6 years have been the

effects of aPLs on monocytes, platelets, and endothelial cells (37%).

aPLs have been demonstrated to cause dysfunctions of these cells via

various receptors, signaling pathways and mediators. Other studies

focused on the effect of aPLs on the coagulation system (13%), fetal

loss (15%), immunopathology (9%), arthrosclerosis (4%) and central

nervous system (6%), resulting in five subcategories. Our analysis

revealed a great heterogeneity in the methodology part in these studies:

(i) heterogeneity in types of aPLs used (patient-derived total IgG anti-

bodies 54%, human/mouse monoclonal antibodies 36%, and others

19%); (ii) heterogeneity in application of APS classification criteria

(criteria not mentioned 54.4%, old Sapporo criteria 22.3%, new Syd-

ney criteria 23.3%); and (iii) heterogeneity in the involvement of

b2GPI (anti-b2GPI together with b2GPI in the in vitro experiments

10%; b2GPI as the primary reagent 10%, purified human aPLs alone

without b2GPI 55%). Interestingly, the subcategories of aPLs-medi-

ated mechanisms demonstrated different profiles regarding the type of

antibody that was used, the applied selection criteria and the involve-

ment of b2GPI, illustrating that the methodology can influence the

eventual demonstrated mechanism.

Conclusions: The great diversity in methodology studying the pathoge-

nicity of aPLs renders the mechanism studies less effective in making

noticeable progress in either true knowledge seeking or patient care.

This diversity may be minimized by finding a consensus on the optimal

approach, more specifically regarding the type of antibody to use, the

application of selection criteria if patient-related materials are used,

and the eventual necessity to include b2GPI as a control. By following

such consensus methodology, the main target of these aPLs can hope-

fully be identified, ultimately leading to a strategy tackling the actual

cause instead of the peripheral mechanisms.

PA 1.18-3
Increased levels of thrombin activatable fibrinolysis
inhibitor – TAFI in patients with the antiphospholipid
syndrome
Antovic A1, Vikerfors A2, Antovic JP1, Woodhams B3, Adam M4

and Svenungsson E2

1Karolinska Institutet; 2Karolinska University Hospital and

Karolinska Institute, Stockholm, Sweden; 3HaemaCon Ltd,

Bromley, Kent, UK; 4Diagnostica Stago SAS, Gennevilliers, France

The Antiphospholipid syndrome (APS) is diagnosed when arterial/

venous/small vessel thrombosis or obstetric morbidity occur together

with positive laboratory tests for antiphospholipid antibodies (aPL,

including anticardiolipin (aCL) and/or anti-b2glycoprotein-I (a b2GPI)

and/or the functional lupus anticoagulant (LA) test). The pathophysi-

ology behind aPL associated thrombosis is still unclear. Thrombin

activatable fibrinolysis inhibitor (TAFI) represents a link between

coagulation and fibrinolysis. Active form of the enzyme removes car-

boxyl-terminal lysine residues from partially degraded fibrin, thus

maintaining fibrin clots and having a prothrombotic function. TAFI

has been considered a potential acute phase protein while it may

mediate anti-inflammatory effects by regulating complement ana-

phylatoxins.

Objective: To investigate underlying mechanisms behind the develop-

ment of thrombotic complications in patients with APS with the focus

on TAFI levels, the tightness of the fibrin network and fibrinolytic

function.

Methods: Twenty-four patients with APS and 14 controls were

included. The levels of pro-TAFI (proenzyme) and TAFI/TAFIi (com-

plex of active and inactive form which corresponds to the concentra-

tion of the active form that cannot be measured because of instability)

were analysed with a chromogenic assay for TAFI and a specific

ELISA for TAFIa/ai (both from Diagnostica Stago, Asnieres,

France). Permeability of the fibrin network was assessed by flow mea-

surement technique and clot density together with fibrinolytic func-

tion, analysed by a turbidimetric clotting and lysis assay.

Results: The levels of proenzyme – Pro-TAFI (%) as well as the levels

of active enzyme TAFIa/TAFIai (ng/mL) were significantly increased

in patients with APS compared to controls (117 � 4.9 vs. 88.7 � 16.5;

P < 0.001 and 18.7 � 2.3 vs. 12.2 � 0.7; P < 0.001, respectively).

Fibrin network permeability expressed as permeability coefficient Ks

(cm2 9 10�9) was lower in samples from APS-patients compared to

controls (6.4 � 0.6 vs. 9.8 � 0.8; P < 0.001) indicating a tighter fibrin

structure. This finding was corroborated by the turbidimetric clotting

assay which demonstrated higher maximum absorbance and longer

clot lysis time – CLT (P < 0.01) in APS-samples compared to controls.

TAFI levels did not correlate with CLT, neither with fibrin clot perme-

ability in the investigated samples.

Conclusions: Increased levels both of TAFI-proenzyme and active

form of TAFI were found in patients with APS. This is to the best of

our knowledge a novel observation. Thus, TAFI activation may con-

tribute to the thrombotic tendency in the APS by a mechanism which

is independent of the antifibrinolytic action of this enzyme. However

further studies are required to elucidate TAFIs role in the pathophysi-

ology of APS.

PA 1.18-4
A novel method for the diluted Russell’s viper venom
time (dRVVT) test that abrogates the effects of vitamin
K antagonist (VKA) treatment
Misasa K1, Morikawa C1, Suzuki A1 and Fryer H2

1Sekisui Medical Co., Ltd., Ibaraki, Japan; 2Sekisui Diagnostics,

LLC, Stamford, CT, USA

Background: Lupus anticoagulants (LA) are immunoglobulins that

affect phospholipid-dependent coagulation reactions in vitro. Patients

with LA have increased risk of thrombus formation and are treated

with anticoagulants such as vitamin K antagonists (VKA). The diluted

Russell’s viper venom time (dRVVT) test and activated partial throm-

boplastin time (aPTT) test are clinical assays used for LA detection.

Detecting LA in patients on VKA is difficult because basal clotting

time is prolonged. To avoid false positives and negatives, ISTH guide-

lines recommend discontinuation of VKA or 1:1 mixing with pooled

normal plasma. However, mixing studies are not always effective,

because LA titer is diluted 2-fold and pooled normal plasma quality

varies between laboratories.

Aims: In this study, we developed and assessed a new diluent for

dRVVT that abrogates the effect of VKA treatment.

Methods: This study was performed comparing plasma samples

obtained from healthy volunteers, LA-positive patients without VKA

treatment, non-LA patients with VKA treatment and LA-positive

patients with VKA treatment. The assays were performed using an in-
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house dRVVT reagent, of low (screening) and high (confirming) phos-

pholipids concentrations, with samples: (A) diluted with a new diluent

including coagulation factors, (B) diluted 1:1 with normal plasma, and

(C) undiluted. The assays were performed on the COAPRESTA

[TRADEMARK] 2000 (Sekisui Medical), which has an automatic

dilution system. We compared the performance of the assay to the

Gradipore (GRA) dRVVT test performed on the Diagnostica Stago

STA-R analyzer. Normalized lupus ratio (NLR) was determined,

which is calculated according to the following formula:

NLR = (screening test – patient result/confirming test – patient

result)/(screening test – mean normal time/confirming test – mean nor-

mal time).

Results: Based upon the analyses of samples of patients treated with

VKA, we developed a diluent which include a high concentration of

coagulation factors the lack of which affects clotting time. A cutoff

based on the 99th percentile was determined by evaluating the diluent

on samples from 52 healthy volunteers. Subsequently, commercially

available samples from 50 LA patients not undergoing VKA treatment

were assessed. Two of the patient samples were classified as normal

when diluted 1:1 with normal plasma (B), whereas the sensitivity using

the new diluent (A) was the same as undiluted (C) samples. We also

assayed samples from 56 VKA-treated patients with LA or other dis-

eases. Four of these patients, positive by method (A), (B), and GRA,

were classified as negative using undiluted method (C). Twenty-one of

these samples, negative by other methods, were classified as positive by

GRA. The rate of agreement between the new method (A) and the

mixing method (B) was 96%, with the former being more sensitive

than the latter.

Summary/Conclusion: We developed a diluent for dRVVT that abro-

gates the effect of VKA treatment. This diluent can be used on Coapr-

esta[TRADEMARK] 2000 which has an automatic dilution system.

Using the new diluent enables sensitive detection of LA, regardless of

the presence of VKA.

PA 1.18-5
Antibodies against domain I of beta2-glycoprotein I
are a better predictor for the antiphospholipid
syndrome than antibodies to the total protein
Hollestelle MJ1, Van Schagen M1, Kariman A2 and Pequeriaux N2

1Sanquin Diagnostic Services, Amsterdam; 2Jeroen Bosch

Hospital, ‘s-Hertogenbosch, The Netherlands

Background: Antiphospholipid syndrome (APS) is difficult to diag-

nose, because currently used laboratory tests have limited specificity.

One important assay is the detection of anti-beta2-glycoprotein I

(anti-beta2GPI) antibodies. Recently, domain I of beta2-glycoprotein

I (beta2GPI-DI) has been suggested to be an important target for anti-

bodies in patients suffering from APS.

Aim: To evaluate whether beta2GPI-DI antibodies are more specifi-

cally associated with APS compared to antibodies to total beta2GPI

using the same detection technique.

Methods: From May 2010 until November 2012 blood samples were

collected from patients referred to our hospital for suspicion of APS.

Final diagnosis of APS was based on results of local routinely used

tests (lupus anticoagulant and anti-cardiolipin antibodies) in combina-

tion with clinical criteria following the International Consensus State-

ment classification criteria. Antibodies (IgG) against beta2GPI-DI and

the complete protein were determined in all samples using the chemilu-

minescence immunoassay technique based on the BIO-FLASH system

(INOVA Diagnostics). Results were correlated with diagnosis of APS.

Ethical approval was obtained for conducting the study.

Results: Seventy-nine patients were included and screened, containing

24 (30%) patients with APS and 55 (70%) patients without APS.

Domain I antibodies were demonstrated in 12 patients where of 67%

were diagnosed with APS. On the other hand, 22 patients were found

positive for IgG antibodies against the complete beta2GPI protein of

which 41% were APS patients. This resulted in an odds ratio for anti-

domain I of 6.4 (1.7–24.0), 95% confidence interval) for APS. In con-

trast to antibodies to total beta2GPI which were not significantly cor-

related with APS in our study (odds ratio: 1.9, 0.7–5.5, 95%

confidence interval).

Conclusion: In this patient population, the detection of IgG antibodies

directed against domain I of betaGPI proved to be more strongly asso-

ciated with APS than the detection of antibodies against the total

beta2GPI protein. These preliminary results must be confirmed in lar-

ger clinical studies.

PA 1.18-6
Investigation of resistance to exogenous activated
protein C and activation of endogenous protein C in
thrombotic patients with or without antiphospholipid
syndrome
Jayakody Arachchillage D1, Efthymiou M1, Mackie IJ1,

Lawrie AS1, Machin SJ1 and Cohen H2

1University College London; 2University College London

Hospitals NHS Foundation Trust, London, UK

Background: It has been suggested that activated protein C resistance

(APCr), in the absence of the factor V Leiden genotype, may indicate

an increased risk of thrombosis in patients with antiphospholipid syn-

drome (APS).

Aim: The aim of this study was to investigate APCr with either exoge-

nous recombinant human APC (rhAPC) or by activation of endoge-

nous protein C, in thrombotic patients with and without APS

receiving warfarin anticoagulation.

Methods: Plasma from 70 individuals was analysed: 60 patients with a

history of venous thromboembolism on warfarin (30 with APS diag-

nosed in accordance with the international [revised Sapporo] consensus

APS criteria, 29 of whom had lupus anticoagulant (LA); 30 non-APS

patients; and 10 [not anticoagulated] normal controls). Patients with

protein C/S deficiency, factor V Leiden, on hormone replacement ther-

apy or oral contraceptive preparations, were not included in the study.

APCr was expressed as the percentage inhibition of the endogenous

thrombin potential (ETP) using the calibrated automated thrombogra-

phy CAT system in the presence and/or absence of either rhAPC (Eli

Lilly) or Protac� (Pentapharm), to activate endogenous protein C. All

results were normalised using pooled normal plasma (PNP) as a refer-

ence and all patient samples were mixed 1:1 with PNP to correct the

reduced coagulation factor activity due to warfarin. rhAPC and Protac

concentrations producing approximately 50% inhibition of ETP in the

reference plasma were selected. APCr was expressed as normalised

ETP, and as normalised percent inhibition of ETP by dividing the per-

cent inhibition of ETP in test plasma, caused by either rhAPC or Pro-

tac, by the percent inhibition of ETP determined in PNP alone where

decreased values indicate APCr.

Results: Using rhAPC, no significant differences were observed in

APCr with exogenous rhAPC between APS patients, non-APS

patients and normal controls, median values (observed ranges) for

APCr: 123.9 (21.9–221.5), 120.0 (59.2–241.6) and 145.5 (68.2–319.2)
respectively. However using protac to activate endogenous protein C,

significant differences were observed between the three groups

(P = 0.0015), with APS patients showing more resistance to activation

endogenous protein C than non-APS patients (P = 0.023), median val-

ues (observed ranges): 77.0 (5.6–96.3), 91.4 (41.6–347.2) and 168.9

(60.2–213.5) in APS patients, non-APS patients and normal controls,

respectively. There was a significantly greater degree of resistance to

activation of endogenous protein C than to exogenous rhAPC in both

APS (P < 0.0001) and non-APS thrombotic patients (P = 0.0021).

Five patients in the APS group demonstrated marked APCr with both

method and these patients have experienced clinically more severe dis-

ease, i.e. both arterial and venous thrombosis and/or multiple events

whilst on therapeutic anticoagulation.
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Conclusion: These results suggest that irrespective of the presence of

APS/LA, thrombotic patients have a greater degree of resistance to

activation of endogenous protein C. Whether this is due to the pres-

ence of autoantibodies that interfere with protein C activation, and/or

changes in the activity of other haemostasis modulators, remains to be

elucidated. APCr appears to be a marker of thrombosis risk not just in

APS populations and may indicate a more severe clinical phenotype.

PA1.19 – Innate and Acquired
Immunity

PA 1.19-1
Plasma endothelial protein C receptor influences
innate immune response in ovarian cancer by
decreasing the population of natural killer and TH17
helper cells
Besbes S1, Mirshahi M1, Azzazene D2, Thawadi H1, Al Farsi H1,

Mirshahi S3, Pardo J1, Faussat AM1, Therwath A1, Pujade-

Lauraine E3 and Soria J1

1Inserm, UMRS 872, CRC, Universit�e Pierre et Marie Curie-Paris

6, Universit�e Pari; 2National Institut for Medical Research

(Inserm), Cordeliers Research Center; 32 Hôtel Dieu Hospital,

Paris, France

Background: In spite of the growing importance of endothelial protein

C receptor/active protein C (EPCR/aPC) in tumor biology, their

impact on immunological homeostasis remains largely unexplored.

Objective: To assess whether soluble plasma EPCR (s-EPCR), which is

a regulator of circulating aPC, can be involved in innate immune

response in cancer patients.

Patients/Methods: (i) In Ovcar-3 ovarian cancer line, the role of aPC

in secretion of cytokines was analyzed by proteinarray using a set of

174 membrane coupled anti-cytokines. (ii) In 33 patients, with a diag-

nosis of ovarian epithelial cancer (asymptomatic disease in progression

detected by increase in CA 125 level), s-EPCR was measured using As-

serachrom s-EPCR immunoassay, blood immune cell phenotypes were

determined by flow cytometry, using a set of 30 antibodies against fac-

tors of the immune system and plasma cytokines were evaluated using

an array of 100 cytokine antibodies. Spearman’s rank correlation coef-

ficients (r) and Coefficient significance was determined by a statistical

hypothesis test (a = 0.05).

Results: (i) aPC induced the secretion of several cytokines in Ovcar-3

cells. (ii) 61% of patients exhibited a concentration of plasma s-EPCR

well above the base-line (normal plasma level, 100 � 28 ng/mL).

Comparing immune cell phenotypes in patients having a normal level

of s-EPCR with those having a high level of s-EPCR, it was found that

s-EPCR level was correlated with high intensity of cells expressing

CD45ra, CD3, CD8, CD25 and low intensity of cells expressing CD56

(NK cells), IL2, IL10, IL17a (TH17 cells), IL21 (TH 21 cells) and

CD29 markers (r ≥ 0.60). In addition, when level of s-EPCR was high,

a decrease in IL17a-expressing cells was associated with decrease of

cells expressing CD161 and ROR-c involved in the secretion of IL17.

(iii) High level of s-EPCR correlate with high levels of plasma bio

active proteins such as insulin-like growth factor-2 (IGFII), IL13ra,
macrophage inflammatory protein (MIP1a) and matrix metallopro-

teinase-7 (MMP7) that have already been proposed as biomarkers for

ovarian cancer and particularly those with poor prognosis.

Conclusions: s-EPCR produced by ovarian cancer cells, by modulating

circulating aPC, influences secretary behavior of tumor cells (cytokines

and interleukins). Consequently, s-EPCR in turn acts on the innate

immune response by decreasing the effectors cells such as Natural

killer and T helper cells. (TH2, TH17, TH21).

PA 1.19-2
Acute hypoxia induced adhesion of leukocyte are
mediated through toll-like receptor3-interferon? Signal
transducers and activators of transcription1 pathway
Biswas I1, Singh B1, Sharma M1, Agrawala P2 and Khan GA1

1Defence Institute of Physiology and Allied Sciences; 2Institute of

Nuclear Medicine and Allied Sciences, Delhi, India

Background: Leukocyte adhesion associated with local or systemic

hypoxia can lead to prothrombotic diatheses. Cell adhesion molecules

(CAMs) like Intra Cellular Adhesion Molecule-1 (ICAM) and Platelet

Endothelial Cell Adhesion Molecule (PECAM) are critical for the

recruitment, and transendothelial migration of leukocyte at the site of

vascular injury. Inflammatory cytokines play an important role in leu-

kocyte adhesion and trans-endothelial migration. But the molecular

mechanism of acute hypoxia (AH) induced vascular inflammation and

leucocytes adhesion remains unknown. Ligands released from dying

cells activate pattern recognition receptors including toll-like receptor3

(TLR3). The TLRs are innate immune receptors which play a key role

in immune activation and inflammation. Therefore, we hypothesized

that AH might up-regulate TLR3 which subsequently facilitates leuko-

cyte adhesion to endothelium through interferon (IFN a/c)-STAT1

pathway.

Aim: Aim of the present study is to delineate the role of TLR3 in AH

induced adhesion of leukocyte and underlying signalling mechanism.

Methods: Mice (Swiss albino, 25–30 g, male, each group contains 4–6
mice) were subjected to AH (in an environmental chamber) equivalent

to the prevailing atmospheric conditions at an altitude of 7628 m

(282 mm Hg barometric pressure) having O2 content approximately

8.5% for 0–24 h. The temperature and humidity were constantly

maintained to 25 � 2 °C and 55 � 5% respectively throughout the

whole experiment. Age and sex matched control mice (normoxia, not

exposed to AH) were maintained in 21% O2 with same environmental

conditions. Leukocyte was isolated from freshly drawn blood though

density gradient centrifugation. Lung immunohistochemistry were per-

formed as described. The expressions of TLR3, IFNs and CAMs were

analyzed by immunoblotting, flowcytometry, enzyme-linked immuno-

sorbant assay (ELISA) and Immunohistochemistry. The interaction

between human umbilical vein endothelial cells (HUVEC) and leuko-

cyte were evaluated by in-vitro adhesion assay. In vivo inhibition of

TLR3 and IFNs were performed by tail vein injection of anti-TLR3

and anti-IFN neutralizing antibody 2 h before AH exposure respec-

tively. A similar injection of poly I:C for indicated time was made to

observe the TLR3 activation. Selective inhibition of STAT-1 phos-

phorylation was performed through tail vein injection of AG 490

(10 mg/kg) 2 h before AH or poly I:C treatment.

Results: The expression of TLR3, IFNs and CAMs were increased sig-

nificantly following AH exposure. Pretreatment of TLR3 immunoneu-

tralising antibody significantly decreased AH induced IFNs and

CAMs expression as well as adhesion of leukocyte to HUVEC. We

also showed that pretreatment of IFNc neutralizing antibody signifi-

cantly inhibited CAMs expression and leukocyte adhesion to HUVEC,

but pre-treatment of IFNa neutralizing antibody fails to do so. We

also found increased STAT-1 phosphorylation both in AH and poly I:

C treatment. But the pre-treatment of TLR3 neutralizing antibody or

STAT-1 inhibitor (AG490) 2 h prior to AH exposure or poly I:C treat-

ment completely abrogated STAT-1 phosphorylation, CAMs expres-

sion and leukocyte adhesion to endothelium.

Conclusions: Collectively, these data show that AH induced adhesion

is mediated through TLR3-Interferon c- STAT1 axis.
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PA 1.19-3
Protease-activated receptor (PAR) 1 impairs host
defense during severe Gram-negative sepsis
(melioidosis)
Kager LM, Wiersinga WJ, Meijers JC, Van‘t Veer C and Van der

Poll T

Academic Medical Center, Amsterdam, The Netherlands

Background: Melioidosis, an endemic disease in Southeast Asia caused

by the gram-negative bacterium Burkholderia (B.) pseudomallei, is

associated with pneumonia often leading to severe sepsis. Protease-

activated receptor-1 (PAR-1) is a G-coupled transmembrane receptor

expressed by multiple cell types present in the lungs that can be acti-

vated by various proteases generated during acute inflammation.

Aims: In this study we aimed to investigate the role of PAR1 during

melioidosis.

Methods: Wildtype (WT) and PAR1 knockout (KO) mice were

infected intranasally with B. pseudomallei to induce melioidosis. Mice

were sacrificed after 24, 48 or 72 h and survival studies were done.

Lungs, liver and blood were harvested to measure bacterial loads,

cytokines, clinical chemistry, pathology scores and coagulation param-

eters. Additionally, bronchoalveolar lavages (BAL) were done and the

BAL-fluid (BALF) and cells were analyzed.

Results: PAR1 KO mice showed decreased bacterial loads in lungs,

BALF and liver (all P < 0.01 vs. WT). In addition, 72 h after infec-

tion, PAR1 mice displayed a decreased cell influx in the lungs

(P < 0.05), which was due to a lower number of neutrophils. No dif-

ferences in levels of pro-inflammatory cytokines (TNF-a, IL-6, IL-10,
IFN-c and MCP-1) and lung histopathology were seen between WT

and PAR1 KO mice. Mortality was similar in WT (65%) and PAR1

KO mice (82%) (P = 0.2).

Conclusion: PAR1 impairs host defense during severe Gram-negative

sepsis caused by B. pseudomallei by facilitating bacterial growth.

PA 1.19-4
Thrombin receptor activation impairs TLR mediated
whole blood TNF production by thrombin induced
MKP-1 expression and p38 deactivation
Van‘t Veer C, Yang J, Versloot M, Van Den Boogaard F, Kruijswijk

D, Van Der Poll T, Van Der Meer J and Keizer V

AMC, Amsterdam, The Netherlands

Blood coagulation may play a decisive role during infections and the

sepsis syndrome. However how coagulation influences host defense

and cytokine responses in whole blood and infection models is poorly

understood. In a new in vitro human recalcified whole blood coagula-

tion model we found that the early TNF response to viable E. coli is

specifically down regulated by thrombin generation. Prevention of

whole blood clotting by either APC, heparin, LMWH, TFPI or the

specific thrombin inhibitor Lepirudin all increased TNF production by

E. coli. Prevention of blood clot formation by fibrin polymerization

inhibitor did not influence TNF production, and it could be concluded

that thrombin itself downregulates TNF production. Accordingly,

thrombin receptor activation by the PAR-1 activation peptide TRAP

decreased TNF production induced by TLR4 or TLR2 stimulation in

heparin blood. This indicates that PAR-1 stimulation actively inhibits

TLR mediated TNF production. Phospho-P38 is pivotal for TNF

expression and we found that MKP-1, the most important p-P38

inhibitor, is upregulated at the mRNA and protein level through

PAR-1 activation by TRAP in combination with LPS. In line we

found in our whole blood coagulation model that thrombin generation

synergizes with E. coli in the induction of MKP-1. Accordingly, phos-

pho-P38 was consistently increased in leukocytes from E. coli stimu-

lated whole blood when thrombin generation was inhibited compared

to clotted controls or control with fibrin polymerization inhibitor.

Moreover, thrombin inhibited TNF production by LPS stimulated

isolated PBMC’s. During sepsis, mice with impaired thrombin genera-

tion (lowTF) displayed decreased MKP-1 expression and increased

TNF production compared to TF+ mice in affected organs. This indi-

cates that thrombin may suppress local host defense during sepsis

when TNF is limited and crucial for resistance to microbes. Indeed

during E. coli peritonitis lower bacterial burden is observed in FVIII-

deficient and TF-deficient mice in line with increased host defense to

virulent E. coli when thrombin is inhibited. Our data indicates that

thrombin receptor activation hampers TNF production during infec-

tion and sepsis.

PA 1.19-5
Thrombelastographic studies reveal a new mechanism
in MASP-1-induced fibrin clotting
Jenny L1, Dobo J2, Gal P2 and Schroeder V1

1University of Bern, Bern, Switzerland; 2Hungarian Academy of

Sciences, Budapest, Hungary

Background: The complement system is an integral part of the innate

immune system and consists of plasma proteins which monitor the

blood for foreign particles and participate in their clearance. It is not

only phylogenetically related to the coagulation system, in addition a

number of interactions between the two systems have been described.

Mannan-binding lectin-associated serine protease-1 (MASP-1) is a

protein of the complement lectin pathway. Due to structural features

closely resembling thrombin, MASP-1 was assumed to interact with

the coagulation cascade; recent findings have supported this hypothe-

sis.

Aim: The aim of this study was to examine the effects of MASP-1 on

kinetics of clot formation and clot structure along with comparing its

effects on coagulation between whole blood (WB), platelet-poor

plasma (PPP) and a purified system.

Methods: Thrombelastography using a ROTEM� device was the

method of choice for this study because it allows to test coagulation in

a global environment and study clot formation kinetics and viscoelas-

tic properties of the clot. Freshly drawn citrated WB and directly

derived PPP were incubated with three different concentrations of

either MASP-1, thrombin or a combination of both flanking their

physiological concentrations (10 lg/mL and 20 nM respectively,

whereby the chosen thrombin concentration corresponds to the

observed concentration during the initiation phase of plasmatic coagu-

lation). The experiment was repeated in prothrombin-depleted plasma.

In a second approach the same concentrations of thrombin and

MASP-1 were tested in a purified system containing fibrinogen only or

fibrinogen supplemented with CaCl2 and factor XIII.

Results: In PPP, addition of the physiological concentration of MASP-

1 reduced the clotting time (CT; the time until onset of clotting) by up

to 15%, while thrombin decreased the CT by up to 89%. When PPP

was supplied with both enzymes, the CT was not further reduced as it

was with thrombin only. Similar results were obtained in WB.

The clot formation time (CFT; representing the duration from onset

of clotting until reaching a clot of a certain firmness), was also short-

ened by MASP-1 in PPP and WB (29% and 41% respectively). The

same was observed with thrombin, where a CFT-reduction of 38%

(PPP) and 47% (WB) was reached. When both enzymes were added in

their physiological concentration their effects on CFT added up to a

44% (PPP) and 67% (WB) reduction.

In the purified system as well as in prothrombin-depleted plasma,

thrombin was able to generate a clot in both environments, while

MASP-1 failed to induce clotting.

Conclusions: For the first time we used thrombelastography to investi-

gate the influence of MASP-1 on whole blood and plasma clotting.

MASP-1 showed strong and synergistic effects with thrombin on clot

formation. The observed effects were more distinct in WB than in PPP

suggesting that MASP-1 may interact with platelets. In the isolated

system and in prothrombin-depleted plasma MASP-1 failed to induce

clotting, indicating that it triggers the coagulation in an indirect way
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via prothrombin activation. Further work is ongoing to unveil the

underlying mechanisms and potential physiological relevance.

PA 1.19-6
The role of autoantibodies to heat shock proteins
(HSP-70) in immune reactions in old-aged patients
with chronic generalized periodontitis and coronary
heart disease
Malezhik L, Pinelis Y, Tsybikov N and Malezhik M

Chita State Medical Academy, Chita, Russian Federation

Introduction: Autoimunne process is accompanied by any chronic

inflammation and chronic generalized periodontitis is no exception.

However, the role of autoimmune reactions in chronic periodontal

inflammation in modern dentistry have not been evaluated.

We believe that one of the reasons supporting the chronic inflamma-

tion of the periodontium are autoimmune processes associated with

the expression of HSP in the destruction.

Aim: To investigate the intensity of formation of autoantibodies to

heat shock proteins (HSP-70), and some immunological parameters in

peripheral blood and saliva of the elderly before and after treatment of

chronic generalized periodontitis and coronary heart disease.

Materials and Methods: Ninety-six patients with chronic generalized

periodontitis of moderate severity (age 64–75 years) and 25 controls

aged 64–75 years with no signs of periodontal inflammation. Patients

with chronic generalized periodontitis and controls enrolled in Veter-

ans Hospital of war with clinical manifestations of coronary heart dis-

ease, and received on this occasion cardiovascular therapy. Patients

with inflammatory periodontal received additional local anti-inflam-

matory therapy. The control and experimental groups did not include

patients with lesions of the gastrointestinal tract, respiratory tract,

allergic manifestations and with oncopathology.

Blood samples and saliva was performed before and after treatment.

In the blood and saliva studied concentration of autoantibodies to

HSP-70 content of interleukin and immunoglobulins (s IgA, IgA,

IgM, IgG) by ELISA.

Results and Discussion: Our studies have shown that autoantibodies to

HSP-70 in older people not suffering from chronic periodontitis, in sal-

iva exist, but not at high concentrations (66.6 � 7.1 ng/mL) in human

blood of the control group required significantly more autoantibodies

(164 � 13.6 ng/mL).

When inflammation of the periodontal maintenance of autoantibodies

to HSP-70 increased (212.2 � 16.3 ng/mL) in saliva and blood. HSP

act on antigen-presenting cells, that cause release of proinflammatory

cytokines and chemokines. Our studies have shown that in chronic

periodontitis concentration of Il-8, Il-a, IgG, IgA, Ig M, s/IgA were

increased. In the blood of patients noted a significant increase in the

level of Il-1a, Il-8 and IL-4. At the same time there is polyclonal activa-

tion of adaptive immunity to the increase in blood concentrations of

IgG, IgM, IgA, and autoantibodies to HSP-70.

Following the local anti-inflammatory therapy and concomitant coro-

nary artery disease symptoms, correction of immune parameters

occurs in part. The level of IgG in saliva and blood is not changed,

indicating a preserved because of their synthesis. The concentration of

autoantibodies to HSP is somewhat reduced in the saliva and blood,

but does not reach the reference values.

Conclusions: High levels of autoantibodies to HSP-70 in saliva and

blood suggests about pathogenetic role of protein-chaperones in

the development of periodontal inflammation and chronicity of the

process.

PA1.20 – Recurrent Venous
Thrombosis – I

PA 1.20-1
Aspirin for the prevention of recurrent venous
thromboembolism (VTE): the INSPIRE collaboration
Becattini C1, Simes J2, Agnelli G1, Eikelboom JW3, Kirby A2, Mister

R2, Prandoni P4, Brighton TA5 and The INSPIRE Collaborators2

1University of Perugia, Perugia, Italy; 2NHMRC Clinical Trials

Centre, Sydney, NSW, Australia; 3McMaster University,

Hamilton, ON, Canada; 4University of Padua, Padua, Italy;
5Prince of Wales Hospital, Sydney, NSW, Australia

Background: In patients with a first unprovoked venous thromboem-

bolism (VTE) who have completed initial and long-term oral anticoag-

ulation, the risk of recurrent VTE is substantial after anticoagulant

treatment is discontinued. The WARFASA and ASPIRE studies have

recently shown that aspirin reduces the risk for recurrent VTE in these

patients (NEJM 2012). An individual patient data meta-analysis of

these two trials was planned in the INSPIRE project (ACT-

RN12611000684921) before the results of either study were known.

Aims: To assess effect of aspirin vs. placebo on recurrent VTE, major

vascular events and bleeding.

Methods: WARFASA (n = 402) and ASPIRE (n = 822) were both

randomized, double-blind, placebo-controlled studies with harmo-

nized study protocols designed to evaluate the effect of aspirin on VTE

recurrence, major vascular events and bleeding. Primary analysis of

treatment was intention-to-treat using individual time to event data

stratified by study and within 4 years of randomization on the primary

outcome of VTE.

Results: Baseline characteristics were well balanced between the two

treatment groups pooled over the two studies (1224 patients,

30.4 months median follow-up). WARFASA patients were older than

ASPIRE (61 � 15 vs. 54 � 16 years, P < 0.001), had higher smoking

rates (16% vs. 9%, P < 0.001) and were more often males (64% vs.

54%, P < 0.01). Aspirin reduced the risk of recurrent VTE (7.5% per

annum (pa) vs. 5.1% pa; Hazard Ratio (HR) 0.68, 95% CI 0.51–0.90,
P = 0.008) with a similar relative reduction of deep vein thrombosis

(HR 0.66, 95% CI 0.47–0.92, P = 0.01) and pulmonary embolism (HR

0.66, 95% CI 0.41–1.06, P = 0.08). A similar reduction was also

observed on the rate of major vascular events (recurrent VTE, MI,

stroke and CVD death): 8.7% pa vs. 5.7% pa; HR 0.66, 95% CI 0.50–
0.86, P = 0.002. The rate of major bleeding was low and similar in the

two study groups (0.4% and 0.5% pa for placebo and aspirin, respec-

tively). Similar relative reductions in risk were seen in pre-specified

subgroups (each interaction P > 0.1), but larger absolute benefits were

seen in men and those of older age. Larger treatment benefits were seen

in the first year of treatment (11.0% pa vs. 5.4% pa; HR 0.49, 95% CI

0.32–0.76, P = 0.001) than in years 2–4: (3.6% v 3.2% pa HR 0.89,

95% CI 0.60–1.31, P = 0.56).

Conclusions: Aspirin given after anticoagulant treatment reduces the

overall risk for recurrence by about one third in patients with a first

unprovoked VTE without significantly increasing the risk of bleeding.

Higher rates of VTE recurrence and larger absolute treatment benefits

are seen during the first year.
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PA 1.20-2
Low level of residual thrombotic obstruction following
6 months of anticoagulant treatment for acute
pulmonary embolism
Den Exter PL1, Van Es J2, Kroft LJM1, Erkens PGM3, Douma RA2,

Jonkers G4, Ten Cate H3, Beenen L2, Kamphuisen PW5

and Huisman MV1

1Leiden University Medical Center, Leiden; 2Academic Medical

Center, Amsterdam; 3Maastricht University Medical Center,

Maastricht; 4Rijnland Hospital, Leiderdorp; 5University Medical

Center Groningen, Groningen, The Netherlands

Background: In patients with acute pulmonary embolism (PE), system-

atic assessment of residual thrombotic obstruction after long-term

anticoagulation has been understudied. This information may be of

clinical importance for diagnostic baseline imaging, in case of clinically

suspected recurrent PE or as a tool for risk stratification for recurrent

venous thromboembolism (VTE). On the basis of retrospective, selec-

tive studies, nowadays physicians often order repeat CT scans after

6 months of anticoagulant treatment without solid evidence for clini-

cal relevance.

Methods: In this prospective, multi-center cohort study, consecutive

patients with acute PE underwent baseline CT pulmonary angiogra-

phy (CTPA) following 6 months of anticoagulant treatment. Two

independent, expert thoracic radiologists systematically and indepen-

dently assessed all CTPAs for the presence of residual thrombosis. The

degree of pulmonary obstruction was calculated using the obstruction

index of Qanadli. A two-year follow-up was performed to assess the

correlation between residual thrombotic obstruction and recurrent

VTE. Ethical approval and informed consent was obtained.

Results: A total of 141 patients were included. At time of diagnosis,

the mean obstruction index was 30% (standard deviation (SD) 20).

After 6 months of treatment, 85% of the patients had complete clot

resolution. Residual thrombotic obstruction was identified in 21

patients (15%; 95% confidence interval [CI]: 10–22%). Of these, seven

(5%; 95% CI: 2–10%) had residual thrombosis in at least a segmental

pulmonary artery, accounting for a mean obstruction index of 8%

(SD: 5). In the other 14 patients (10%; 95% CI: 6–16%), non-occlusive

post-thrombotic webs or strictures were found. During follow-up, 11

(7.8%) patients experienced recurrent VTE. Residual thrombosis did

not correlate with recurrent VTE; hazard ratio: 0.6 (95% CI 0.08–4.7).
Conclusion: This study reveals that the incidence of residual throm-

botic obstruction following treatment for acute PE is considerably

lower than currently assumed. These findings, combined with the

absence of a correlation between residual thrombotic obstruction and

the occurrence of recurrent VTE, do not support the use of baseline

CTPA imaging in patients treated for acute PE.

PA 1.20-3
The prognostic significance of residual vein
obstruction in patients with treated deep vein
thrombosis: a patient-level meta-analysis
Donadini MB1, Ageno W1, Cosmi B2, Poli D3, Prandoni P4,

Rodger M5, Siragusa S6, Young L7, Bonzini M1 and Douketis JD8

1University of Insubria, Varese; 2University Hospital S.Orsola-

Malpighi, Bologna; 3University Hospital Careggi, Florence;
4University of Padua, Padua; 5University of Ottawa, Ottawa,

ON, Canada; 6University of Palermo, Palermo, Italy; 7University

of Auckland, Auckland, New Zealand; 8McMaster University,

Hamilton, ON, Canada

Background: Risk stratification for recurrence after unprovoked deep

vein thrombosis (DVT) could improve clinical decisions on the opti-

mal duration of anticoagulant therapy. Residual venous obstruction

(RVO) may be pivotal in clinicians’ decision-making but results from

clinical studies and study-level meta-analyses are conflicting

Aims: We aimed to determine if RVO is a valid predictor of recurrent

venous thromboembolism (VTE) in patients with a first symptomatic

unprovoked proximal DVT who had received at least 3 months of

anticoagulant therapy.

Methods: Systematic search of electronic databases (Medline, Embase,

Cochrane Library) until September 2012, supplemented by manual

reviewing of the reference lists and contacting content experts. Pro-

spective studies that investigated the association between RVO and

recurrent VTE in patients with a first unprovoked proximal DVT were

selected. Individual patient-level data were obtained from the datasets

of selected studies and merged into a single database. A multivariate,

shared-frailty Cox model was used to calculate hazard ratios (HRs)

for recurrent VTE which included the following covariates: RVO; age;

sex; anticoagulation duration before RVO assessment; and anticoagu-

lation continuation after RVO assessment.

Results: There were 2527 patients studied from 10 prospective studies.

RVO was found in 1380 patients (55.1%) after a median of 6 months

(inter-quartile range [IQR]: 3–7.6) from a first unprovoked DVT. Recur-

rent VTE occurred in 399 patients (15.8%) during a median follow-up

of 23.3 months (IQR: 12.8–30) from RVO assessment. After multivari-

ate Cox analysis, RVO was independently associated with recurrent

VTE (HR = 1.32, 95% CI: 1.06–1.65). RVO was a stronger predictor of

recurrent VTE if detected early, i.e. at 3 months (HR = 2.17; 95% CI:

1.11–4.25), but no longer predictive if detected later, i.e. > 6 months

(HR = 1.19; 95% CI: 0.87–1.61) after DVT is diagnosed.

Conclusion: In patients with unprovoked DVT who have received at

least 3 months of anticoagulant therapy, RVO is a weak overall pre-

dictor of recurrent VTE and has predictive utility if detected at an ear-

lier time (3 months) but not later time (> 6 months) after a diagnosis

of DVT.

PA 1.20-4
Complication rates among patients treated for upper
extremity thrombosis: a meta-analysis and systematic
review
Tan M1, Carrier M2, Huisman MV1 and Rodger M2

1Leiden University Medical Center, Leiden, The Netherlands;
2Ottawa Hospital, Ottawa, ON, Canada

Background: Upper extremity deep vein thrombosis (UEDVT)

accounts for 4–11% of all thromboses in the deep veins. Current

guidelines advise to treat patients with an UEDVT similarly to

patients with a lower extremity thrombosis, i.e. a minimum duration

of treatment of 3 months. The risk of recurrent venous thromboembo-

lism (VTE), recurrent pulmonary embolism (PE) and recurrent fatal

VTE after a first lower extremity thrombosis in the first 3 months of

anticoagulation have been reported to be 3.2% (95% CI, 2.4–4.1%),

1.3% (95% CI, 1.0–1.7%) and 0.3% (95% CI, 0.2–0.5%) respectively.

The rate of major and fatal bleeding episodes have also been reported

to be 1.6% (95% CI, 1.2–2.1%) and 0.2% (95% CI, 0.1–0.3%) respec-

tively. However, the rates of recurrent VTE and major (fatal) bleeding

episodes in patients with UEDVT receiving anticoagulant therapy are

unknown. These point estimates are important to assess the risks and

benefits of anticoagulation and to help counsel patients with UEDVT.

Aim: To summarize the risk of recurrent VTE (UEDVT, PE and fatal

VTE), major, fatal bleeding rates and overall mortality in patients with

UEDVT undergoing the first 3 months of anticoagulation therapy.

Methods: A systematic literature search was conducted to identify

potential studies on MEDLINE, Embase, and Cochrane Central Reg-

ister of Controlled Trials using an OVID interface to 20 December

2011. We included randomized controlled trials and prospective

cohort studies. We calculated the pooled proportions for the different

outcomes at 3 months of follow-up. Ninety five percent confidence

intervals (95% CI) were calculated for each rate.
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Results: Eleven studies met all inclusion criteria for our meta-analysis

and 1162 patients with confirmed UEDVT were included in the analy-

sis (all prospective cohort studies). The majority of patients were trea-

ted with unfractionated or low-molecular-weight heparin in

combination with vitamin K antagonists. During the initial 3 months

of anticoagulation, the rates of recurrent UEDVT was 1.7% (95% CI,

0.9–2.6%; I2 = 7.6%), 1.6% (95% CI, 1.0–2.4%; I2 = 0%) for PE,

and 2.3% (95% CI, 1.2–3.8%; I2 = 27.9%) for major bleeding. The

rate of fatal PE and fatal bleeding was 0.5% (95% CI, 0.2–1.0%;

I2 = 0%) and 0.87% (95% CI, 0.39–1.54% I2 = 0%) respectively. The

overall mortality was 13.1% (8.3–19.0%; I2 = 76.2%). All studies had

adequate representativeness, assessment of outcome measures and fol-

low-up.

Conclusion: The rate of recurrent VTE on anticoagulant therapy for

patients with UEDVT is similar to patients with a lower extremity

proximal deep vein thrombosis, however the rates of major and fatal

bleeding episodes appear higher for patients with UEDVT. These

results might suggest that a less aggressive treatment strategy for

patients with UEDVT is warranted. There is an urgent need for ran-

domized therapeutic management studies in UEDVT patients.

Acknowledgement: M. Tan was funded by the Dutch Heart Founda-

tion (grant no. 2011T026).

PA 1.20-5
The risk of venous thromboembolism in renal cell
carcinoma patients with residual and non-resected
tumor thrombus
Ihaddadene R1, Yokom D2, Le Gal G1, Moretto P3 and Carrier M1

1Ottawa Hospital Research Institute and University of Ottawa;
2University of Ottawa; 3The Ottawa Hospital Cancer Centre,

Ottawa, ON, Canada

Background: Renal cell carcinoma (RCC) has a unique ability to

invade the venous system in 4–10% of the cases. Radical nephrectomy

with thrombectomy is the most effective treatment in patients with

kidney cancer and tumor thrombus (TT), but the surgical approach

depends on the tumor thrombus level, presence of metastases, comor-

bidities and patient performance status. Complete tumor thrombus

extraction is not always possible and residual tumor fragments may

remain within the venous system post-surgical thrombectomy. The

long-term risk of venous thromboembolism (VTE) in RCC patients

with TT and residual thrombus post extraction or not surgically

removed is unknown.

Aims: Our objective was to determine the long-term risk of VTE in

patients with persistent (residual and non-resected) tumor thrombus.

Methods: A cohort study of patients with stage 3–4 RCC was under-

taken. All diagnostic imaging studies were reviewed to identify patients

with tumor thrombus. TT was defined as the presence of an intra-lumi-

nal filling defect in the renal veins, hepatic veins, or inferior vena cava

(below and above the diaphragm) directly extending from a renal mass

detected on computed tomography (CT) or magnetic resonance imag-

ing (MRI). Residual tumor thrombus was defined as the presence of

TT fragments post thrombectomy seen on imaging. Patients with

tumor thrombus in whom VTE occurred prior to surgical removal of

the TT were excluded. The primary endpoint was the rate of VTE dur-

ing a 2 year follow-up period. VTE was defined as proximal lower

limb (popliteal vein or more proximal) deep vein thrombosis or pulmo-

nary embolism. Rates between groups were compared using Pearson’s

Chi-square statistic.

Results: A total of 304 RCC patients with stage 3–4 kidney cancer were
included in this study, of them 126 (41.4%) had tumor thrombus.

65.8% were males, median age was 65.0 years (range 22–91) and

63.9% were stage 4. Post-operatively, 61 (20.1%) patients had persis-

tent tumor thrombus (37 residual tumor thrombus detected on CT or

MRI post thrombectomy and 24 not surgically removed) whereas 243

did not (65 complete thrombectomy and 178 no tumor thrombus). The

rate of VTE within 2 years of cancer diagnosis was 23.0% (95% CI:

14.2–34.9%) for patients with persistent TT compared to 6.2% (95%

CI: 3.5–10.7%) for patients without TT (P < 0.0001), with a relative

risk of 3.7 (95% CI: 1.8–7.7). The 2-year rate of VTE in patients with

residual TT and in patients who could not have TT resection was

24.3% (95% CI: 13.4–40.1%) and 20.8% (95% CI: 9.2–40.5%),

respectively. RCC patients who had complete resection of their TT

had a 2-year VTE rate of 4.6% (95 CI: 1.6–12.7%). The 2-year relative

risk of VTE in patients with residual TT compared to those with com-

pletely resected TT was 2.9 (95% CI: 1.2–7.4%).

Conclusions: The presence of persistent tumor thrombus is an impor-

tant risk factor for VTE among RCC patients. Future trials assessing

the clinical impact of thromboprophylaxis among RCC patients with

residual tumor thrombus are needed.

PA 1.20-6
Predictors of recurrent venous thromboembolism in
cancer patients: findings from the worldwide RIETE
registry
Gussoni G1, Frasson S1, Di Micco P2, La Regina M3, Lorente MA4,

Gonz�alez E5, Gonc�alves F6, Mahe I7, Monreal M8 and For the9

1FADOI Foundation, Milan; 2Hospital Fatebenefratelli, Naples;
3Hospital Spezzino, La Spezia, Italy; 4Hospital de la Agencia

Valenciana de Salud Vega Baja, Alicante; 5Hospital Son Llatzer,

Palma de Mallorca, Baleares, Spain; 6Hospital General de Santo

Antonio Porto, Porto, Portugal; 7Hôpital Louis Mourier,

Colombes, France; 8Germans Trias I Pujol Hospital, Badalona;
9RIETE Investigators, Madrid, Spain

Background: Patients with malignancy have a significant increased risk

for venous thromboembolism (VTE), compared with non-cancer

patients. A better understanding of the characteristics that may influ-

ence the risk of VTE recurrence in cancer patients is needed, with the

aim to offer a better tailored treatment approach for cancer-associated

VTE.

Aims: Aim of the present analysis was to evaluate potential predictors

of recurrent VTE within 3 months from an index event, in patients

with cancer.

Methods: RIETE is an ongoing, international, prospective cohort of

consecutive patients presenting with symptomatic VTE confirmed by

objective tests, and followed-up for at least 3 months. Each episode of

recurrent deep vein thrombosis (DVT) or pulmonary embolism (PE)

has to be documented by objective tests as well. Death is considered

VTE-related if occurred within the first 10 days after a PE episode, or

in case of sudden, unexpected death in the absence of alternative diag-

nosis. The association between occurrence of recurrent VTE (fatal or

non-fatal) and potential predictors was evaluated by means of a multi-

variable logistic regression analysis. Odds ratios (OR) and correspond-

ing 95% confidence intervals were calculated and a P-value < 0.05 was

considered statistically significant.

Results: The overall population of cancer patients included in RIETE

at January 2013 (n = 9280) was considered. Three-month recurrent

VTE occurred in 3.8% of patients (fatal PE: 2.3%). Advanced disease

was the strongest predictor of recurrent VTE (OR 2.09, 95% confi-

dence interval 1.73–2.52). Lung and pancreatic cancer were signifi-

cantly associated with the risk of recurrent VTE (OR 1.49, 1.18–1.88,
and 1.52, 1.04–2.22, respectively), while no significant increase was

shown in case of stomach and ovarian cancer, and patients with breast

or colorectal cancer had lower risk of recurrent VTE (OR 0.50, 0.35–
0.72, and 0.68, 0.50–0.91, respectively). Patients with reduced mobility

had more frequent VTE recurrence (OR 1.50, 1.22–1.85), as it was in
case of PE as VTE presentation (vs. isolated DVT, OR 1.72, 1.45–
2.08), increased creatinine levels (OR 1.48, 1.20–1.83) and previous

recent major bleeding (OR 1.75, 1.16–2.85). No significant correlation

with risk of recurrent VTE was pertinent to other variables, namely
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age, concomitant chronic pulmonary disease, history of VTE, presence

of anemia, and body weight.

Summary/Conclusions: Recurrent VTE is a not negligible complication

in cancer patients, and to evaluate characteristics of patients which

lead to increased or decreased risk is of clinical interest. Some findings

from our study may have been influenced by the observational

approach of data collection. However, to our knowledge the present

analysis is that with the highest statistical power ever conducted to

examine predictors of recurrent VTE in cancer patients. In this per-

spective, some items we assessed as strongly related to increased risk

(tumor stage, some types of cancer, PE at presentation, reduced mobil-

ity) could be considered for risk stratification for secondary prophy-

laxis in daily practice. The identification of patients at increased risk of

recurrent VTE may be important for optimally adapting treatment

and patients’ management, a hypothesis to be addressed in future clini-

cal trials.

PA2.01 – Antiplatelet Agents:
Aspirin – I

PA 2.01-1
The response to enteric-coated aspirin is weight-
dependent in multiple assays
Cox D1, McCall M1, Peace A1, Conroy R1 and Foley D2

1Royal College of Surgeons in Ireland; 2Beaumont Hospital,

Dublin, Ireland

Background: The response to aspirin as measured by serum thrombox-

ane levels has been shown to be affected by weight and the use of

enteric coating. However, it is not known if this applies to aspirin non-

response as determined by other assays especially as they do not agree

with non-response determined by serum thromboxane levels.

Aims: To determine if non-response to aspirin, as determined by Veri-

fyNow� and platelet aggregation are affected by weight and enteric

coating.

Methods: Patients (138) who had been prescribed aspirin for secondary

prevention of cardiovascular disease were recruited after providing

informed consent. They were designated as non-responsive if serum

thromboxane levels were > 10 ng/mL, VerifyNow exceeded 550 aru or

arachidonic acid-induced platelet aggregation was > 20%. This study

was approved by Beaumont hospital, Dublin, REC.

Results: Thirty-five patients were considered to be non-responsive by

at least one of the three assays. Only three of these patients were non-

responsive by all three assays. After a reminder to take their medica-

tion the patients were re-tested and 14 patients were non-responsive.

After being observed taking aspirin only seven were non-responsive.

Weight was a key predictor of non-responsiveness (non-responders:

102.6 � 20.6 kg, responders: 78.5 � 14.0 (SD); P = 0.0016). After

switching to plain aspirin only three were non-responders. After

increasing their dose of aspirin to 150 mg all were subsequently

responsive.

Conclusion: Approximately 25% of patients were identified as non-

responsive to aspirin by at least one assay. However, 80% of these

patients were found to be non-compliant. While there is little agree-

ment between assays weight was an important factor in determining

the response to aspirin in all three assays. Thus, it would be difficult to

select one assay over the others, as all assays would miss some patients.

However, a strategy of restricting 75 mg enteric-coated aspirin to

patients under 90 kg and using plain aspirin in patients over 90 kg is a

cheap and effective strategy to ensure full response to aspirin. One

hundred and fifty milligram aspirin may be required in patients over

120 kg. However, as non-compliance was the biggest cause of non-

response patient education is also important to ensure that patients

achieve the full benefits of aspirin.

PA 2.01-2
Lack of aspirin resistance in patients with coronary
artery disease
Muszbek L1, Kov�acs EG1, Homor�odi N1, Katona E1, Bereczky Z1,

Balogh L1, P�eterfy H2, Kiss RG3, �Edes I1 and Muszbek L1

1University of Debrecen, Medical and Health Science Center,

Debrecen; 2Diagnosticum Co.; 3State Health Center, Budapest,

Hungary

Background: Due to its antiplatelet effect, aspirin (acetylsalicylic acid)

is widely used in the prevention of atherothrombotic diseases. By acet-

ylating Ser529 residue in platelet cyclooxygenase-1 (COX-1) it pre-

vents the binding of arachidonic acid (AA) to the catalytic site and

inhibits the production of thromboxane (TX) A2. As aspirin prevents

acute vascular events only in part of the patients, the controversial

term aspirin resistance was introduced. We define aspirin resistance as

the lack of sufficient acetylation of platelet COX-1 at Ser529 by aspi-

rin, while insufficient protection against acute vascular events is con-

sidered as ineffectiveness. Most recently we developed two novel

methods that directly and indirectly detects the acetylation of COX-1

by aspirin and demonstrated the lack of aspirin resistance in healthy

volunteers taking aspirin for a week (Kov�acs et al. Thromb Res. 2013;

accepted).

Aims: Using these new methods, we investigated the occurrence of

aspirin resistance among patients with coronary artery disease (CAD)

and evaluated several methods routinely used to detect the effect of

aspirin.

Patients and Methods: One hundred and fifty-nine patients with CAD

being on long-term aspirin monotherapy (100 mg aspirin/day) were

enrolled in the study. Based on a priori exclusion criteria 11 subjects

were excluded. The study was approved by the Regional Medical Eth-

ics Committee; all patients gave informed consent.

Specific monoclonal antibodies, developed in our laboratory, were

used to detect acetylated and non-acetylated COX-1 (acCOX-1, nac-

COX-1) by Western blotting. Determination of AA-induced TXB2

production in platelet rich plasma was used as an indirect measure of

COX-1 inhibition. Both methods were sensitive enough to detect the

presence of 2.5% of nacCOX-1 content of platelets from non-treated

individuals. Methods used for the detection of aspirin effect in the clin-

ical routine were also tested. Platelet COX-2 mRNA was determined

by RT-PCR.

Results: With the exception of five patients only the band representing

acCOX-1 appeared on the Western blot and TXB2 production

decreased into the very low reference interval (4–35 pg TXB2/10
6

platelets) established for healthy volunteers on controlled aspirin

intake. In a telephone interview the attention of the five patients dem-

onstrating nacCOX-1 band and higher TXB2 production was drawn

to the danger of non-compliance and after 2 weeks they were recalled

for repeated testing. Only in a single case of recalled patients was

TXB2 production slightly above the reference interval (42 pg TXB2/

106 platelets) or appeared a faint nacCOX-1 band on the Western blot.

In those platelets that expressed COX-2 mRNA the effect of aspirin

was not diminished.

Results of AA-induced aggregation and ATP release were in complete

accordance with those obtained by the above two methods, while three

patients did not show definite aspirin effect by VerifyNow Aspirin

assay. Platelet aggregation induced by ADP, epinephrine and collagen

and PFA-100 assay with collagen/epinephrine cartridge revealed the

effect of aspirin only in part of the patients.

Conclusions: If non-compliance was eliminated no aspirin resistance

was observed, i.e. full acetylation of platelet COX-1 occurred in all

patients with CAD. Only methods using AA as inducer detect the

effect of aspirin on COX-1 reliably.
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PA 2.01-3
The relationship between antiplatelet drug therapy and
platelet microparticle formation and procoagulant
activity in normals and patients with cardiovascular
disease
Ly K, Aslam A, Low J, Jarvis S, Connor D and Joseph J

St Vincent’s Hospital, Sydney, NSW, Australia

Background: Dual antiplatelet therapy with aspirin and clopidogrel is

commonly used in order to prevent recurrent ischaemic events in patients

with cardiovascular disease. It is unclear however whether antiplatelet

drug therapy inhibits the formation of platelet-derived microparticles or

their procoagulant activity. Platelet-derived microparticles are increas-

ingly being recognised as pathogenic mediators in vascular disease.

Aims: The aim of this study was to investigate the relationship between

antiplatelet therapy and its effect on platelet microparticle formation

and procoagulant activity.

Methods: In ex vivo studies, blood samples from normal individuals

(n = 7) who were not receiving antiplatelet therapy were incubated

with buffer, aspirin or a P2Y12 inhibitor (MeSAMP). In vitro studies

were performed on blood samples obtained from patients with known

cardiovascular disease receiving long-term dual antiplatelet therapy

(n = 19). Multiplate impedance aggregometry was used to assess the

degree of platelet inhibition. Microparticle formation and procoagu-

lant activity in response to adenosine diphosphate (ADP), arachidonic

acid (AA) and thrombin receptor activating peptide (TRAP) stimula-

tion was assessed by flow cytometric and Procoag-PL assays respec-

tively. Multiplate reference ranges were established using 20 normal

individuals not receiving antiplatelet therapy.

Results: In ex vivo studies, P2Y12 inhibition of normal platelets resulted

in a significant inhibition of platelet aggregation to ADP and AA and a

non-significant inhibition in response to TRAP. Aspirin significantly

inhibited AA induced aggregation as expected. P2Y12 inhibition

resulted in impaired microparticle formation in response to AA, ADP

and TRAP, however increased procoagulant activity was detected in

the presence of TRAP stimulation. Aspirin only inhibited microparticle

formation and procoagulant activity following AA incubation.

In patients receiving dual antiplatelet therapy, there was a significant

decrease in platelet aggregation in response to ADP, ADP-HS and

AA. Very few patients remained in the reference range. Aggregation to

TRAP was also significantly decreased, but the majority of patients

still remained in the reference range. Microparticle-associated proco-

agulant activity in patients receiving dual anti-platelet therapy was

inhibited in response to AA only and not to ADP or TRAP.

Summary/Conclusion: This study shows that the inhibition of P2Y12 is

more effective at preventing platelet microparticle release and proco-

agulant activity when compared to aspirin. It also demonstrates that

there are different effects of anti-platelet agents in ex vivo compared to

in vitro studies. From these results, dual antiplatelet therapy appears

to be effective at decreasing platelet aggregation, however it fails to

completely inhibit microparticle release, particularly in response to

ADP and TRAP. This could explain why some patients administered

dual antiplatelet therapy experience ischaemic events.

PA 2.01-4
Safety and efficacy of dual antiplatelet therapy in
transcatheter aortic valve implantation
Seidel H1, Zeus T2, Schleicher M2, Polzin A2, Kelm M2,

Hohlfeld T3, Kirchhoff E1 and Scharf RE1

1Department of Experimental and Clinical Hemostasis and

Transfusion Medicine; 2Division of Cardiology, Pulmonology,

and Vascular Medicine; 3Institute for Pharmacology and Clinical

Pharmacology, Dusseldorf, Germany

Background: Dual antiplatelet therapy (DAPT) is widely used in

patients undergoing transcatheter aortic valve implantation (TAVI).

Clinicians and valve producing manufacturers recommend DAPT for

6 months after TAVI. However, this recommendation is not evidence-

based and rather empirical.

Aims: The objective of our study was to examine the efficacy and

safety in association to drug responsiveness in patients with DAPT

after TAVI.

Methods: We investigated a retrospective cohort of 71 patients (age of

66–91, mean 81 years, 34 males, 37 females) undergoing TAVI proce-

dure.

Prior to TAVI, 100 mg ASA and a loading dose of 300 mg clopidogrel

were administered. DAPT was continued with 100 mg ASA and

75 mg clopidogrel daily for 6 months. Responsiveness to clopidogrel

was measured postinterventionally by maximal intensity of ADP-

induced platelet aggregation (5 lM) and phosphorylation of vasodila-

tator-stimulated protein (VASP assay).

Results: Mean values � SD for ADP-induced platelet aggregation

were 50 � 20% and 53 � 26% for platelet reactivity index (PRI),

respectively (correlation r = 0.647, P < 0.01). Low response to clopi-

dogrel, defined as PRI > 61% and ADP-induced platelet aggregation

> 46%, was seen in n = 30 patients (42%). No thrombotic adverse

events were reported, but bleeds occurred in 20/71 (28%) patients. In

14 of 71 patients (19%) minor bleeds and in six of 71 (8%) patients

major hemorrhagic complications were recorded according to the

ISTH criteria. However, there were no significant differences for ADP-

induced platelet aggregation and PRI comparing patients without doc-

umented bleeds (50 � 21% and 53 � 27%) to patients with minor

(49 � 20% and 56 � 22%) and major bleeding (59 � 20% and

42 � 26).

Conclusion: Despite the high proportion of low clopidogrel responsive-

ness, the absence of thrombotic adverse events, i.e. valve thrombosis

and embolization, indicate that DAPT appears to be effective in

patients who underwent TAVI. However, the high incidence of

reported bleeding events suggests re-evaluation of the need for DAPT

after TAVI in future. The present results, obtained in a limited number

of patients, do not support a critical influence of clopidogrel on post-

procedural bleeding. Larger randomized prospective trials with more

robust statistical power are required to determine optimal antiplatelet

intensity and duration.

PA 2.01-5
Twice-daily administration of low-dose aspirin to
patients with ischemic cerebrovascular disease
Santos MT1, Lago A2, Moscardo A3, Latorre AM3 and Valles J3

1University Hospital La Fe; 2Department of Neurology, University

Hospital La Fe; 3Research Center, University Hospital La Fe,

Valencia, Spain

Background: Aspirin is widely used for the secondary prevention of

ischemic cerebrovascular disease (ICD). Patients may have increased

platelet turnover due to atherosclerosis. We previously reported a

reduction of platelet reactivity by the administration of twice-daily

low-doses of aspirin to patients with vascular diseases [1] and that

residual TXA2 synthesis in patients was a determinant of aspirin resis-

tance [2]. Down-regulation of platelet function by twice-daily adminis-

tration of aspirin in patients with diabetes or coronary diseases and

the kinetics of recovery of platelet cyclooxigenase-1 activity in patients

with and without diabetes have been recently reported [3]. However,

no data is presently available on the effect of twice-daily aspirin

administration in patients chronically treated after ICD.

Aim: To compare the effect of a daily-dose of aspirin with a twice-daily

regimen on platelet reactivity in patients with ICD.

Methods: Patients (n = 59) with a history of ICD treated with 200 mg/

day aspirin for more than 3 months were consecutively included in the

study after informed consent. The study was approved by the Institu-

tional Review Board of the University Hospital la Fe. After an initial

evaluation of platelet function, the aspirin regimen was changed in a
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cross-over design to receive twice-daily 100 mg aspirin (n = 35

patients) or 50 mg twice-daily (n = 24 patients) for at least 2 months,

and platelet function was evaluated again. Platelet function testing

included collagen (1 lg/mL)-induced TXA2 synthesis, dense granule

release (14C5HT), platelet recruitment (proaggregatory activity of cell-

free releasates and light transmission aggregometry induced by arachi-

donic acid (AA, 1 mM), collagen (1 lg/mL) and ADP (3 lM) [2].

Compliance with the treatment was assessed by a personal interview

and platelet TXA2 inhibition > 80% [2].

Results: As compared with the administration of 200 mg/daily, the

twice-daily 100 mg regimen significantly reduced the residual TXA2

synthesis (P = 0.002), dense granule secretion (P = 0.000), recruitment

(P = 0.000) and AA-induced aggregation (P = 0.045), while no differ-

ences were found when collagen or ADP were used as agonists for

platelet aggregation. No significant differences in platelet reactivity

were detected between the twice-daily 50 mg aspirin and 200 mg/day

regimens.

Conclusions: A twice-daily dose of 100 mg aspirin administered to

patients with ICD under chronic treatment improves the anti-platelet

effect of the same dose of aspirin (200 mg) administered daily. Reduc-

ing the dose to 50 mg twice-daily is as effective as a double dose of

aspirin administered daily. The most effective strategy for managing

patients with high on-treatment platelet reactivity is not known, but

the administration of a twice-daily low-dose aspirin may be a reason-

able approach, particularly in patients at high risk of recurrence. How-

ever, more studies are needed.

Grants: PI07/0463; Retics06/0026.

References: 1. Santos MT et al. J Lab Clin Med 2006; 147: 220–227.
2. Santos MT et al J Thromb Haemost 2008; 6: 615–621.
3. Rocca B et al J Thromb Haemost 2012; 10: 1220-1230.

PA 2.01-6
Microfluidic assay of platelet deposition on collagen
using perfusion of whole bllod from healthy subjects
taking aspirin
Li R, Fries S, Li X, Grosser T and Diamond SL

University of Pennsylvania, Philadelphia, PA, USA

Background: Microfluidic devices can create hemodynamic conditions

for platelet assays. An 8-channel device was validated in a study of

inter-donor reponse to acetylsalicylic acid (ASA, aspirin) using whole

blood from 28 healthy subjects)

Aims: To recreate the hemodynamic conditions for platelet assays

while testing inter-donor whole blood response to aspirin and to do-

monstrate a novel and rapid assay for measing the effects of aspirin on

platelet function under physiologically relevant conditions.

Methods: Platelet deposition was assessed prior to treament or 24-h

after 325 mg ASA ingestion. Whole blood (plus 100 lM H-D-Phe-

Pro-Arg-chloromethylketone to inhibit thrombin) was further treated

ex vivo with ASA (0–500 lM) and perfused over fibrillar collagen for

300 s at a venous wall shear rate (200/s).

Results: Ex vivo ASA addition to blood drawn prior to aspirin inges-

tion caused a reduction in platelet deposition (IC50 � 10–20 lM),

especially between 150 and 300 s of perfusion when secondary aggre-

gation mediated by thromboxane was expected. Twenty-seven of 28

subjects displayed smaller deposits (45% average reduction; 10–90%
range; P < 0.001) from blood obtained 24-h after ASA ingestion (no

ASA added ex vivo). In replicate tests, an R-value to score secondary

aggregation [deposition rate from 150 to 300 s normalized by rate

from 60 to 150 s] showed R < 1 in only two of 28 subjects without

ASA ingestion, with R > 1 in only three of 28 subjecst following

500 lM ex vivo ASA addtion. At 24-h after ASA ingestion, 21 of 28

subjects displayed poor secondary aggregation (R < 1) without ex vivo

ASA addition, while the seven subjects with residual secondary aggre-

gation (R > 1) displayed insensitivity to ex vivo ASA addition. Platelet

deposition was uncorrelated with platelet count, Ex vivo ASA addition

caused similar inhibition at venous and arterial wall shear rates.

Conclusions: Microfluidic devices quantified platelet depostion follow-

ing ingestion or ex vivo addition of aspirin.

PA2.02 – Platelet Activation: Novel
Proteins – II

PA 2.02-1
Mitochondrial permeability transition pore dependent
intracellular pH elevation is associated with enhanced
calpain activity and integrin aIIbb3 inactivation
Liu F1 and Jobe SM2

1Emory University; 2Emory University and Children’s Healthcare

of Atlanta, Atlanta, GA, USA

Background: Thrombin (Thr) plus convulxin (Cvx) stimulation of

platelets results in irreversible integrin aIIbb3 inactivation, which is

mediated by opening of the mitochondrial permeability transition pore

(mPTP). Our lab previously showed that deletion of cyclophilin D

(CypD), a regulator of mPTP formation, markedly blunts mPTP

opening and abrogates integrin inactivation. However, the mechanism

by which mPTP opening mediates integrin aIIbb3 inactivation remains

uncertain.

Aim: Investigate the mechanisms, subsequent to mPTP formation, that

mediate integrin aIIbb3 inactivation.
Methods: Platelets from wild type and CypD�/� mice were isolated.

Cleavage of platelet integrin b3 intracellular domain (C-terminus) and

cytoskeleton protein talin were assessed simultaneously by Western

blot analysis using their respective antibodies. Platelet function was

evaluated in static conditions by platelet aggregation assay and in flow

conditions by microfluidic assay. Intracellular pH was measured by

flow cytometry assay using Snarf-1 AM as pH indicator.

Results: In strongly-stimulated (Thr/Cvx) platelets, 50% of both the

integrin b3 intracellular domain and talin was cleaved within 5 min. In

platelets stimulated with either thrombin or convulxin alone, only min-

imal (10%) cleavage was observed. Cleavage of b3 was temporally cor-

related with integrin aIIbb3 inactivation. Calpain inhibition (MDL

28170) blocked the Thr/Cvx induced cleavage of b3 and talin and inte-

grin aIIbb3 inactivation. Consistent with this inhibition of integrin

inactivation, calpain inhibition resulted in increased platelet aggrega-

tion in static and flow conditions. Cleavage of integrin b3 and talin

and integrin inactivation were abrogated in Thr/Cvx treated-CypD�/�

platelets. Calpain inhibition did not affect loss of mitochondrial mem-

brane potential indicating that enhanced calpain activation occurred

subsequent to mPTP formation.

A major regulator of calpain activity is an increased intracellular Ca2+

concentration. Surprisingly, an unaltered Ca2+ response was observed

in CypD�/� platelets, despite the marked impairment of calpain-medi-

ated integrin cleavage. This result indicates that sustained Ca2+ eleva-

tion alone is not sufficient for the enhanced calpain activity observed

in strongly-stimulated platelets. Calpain activity can also be regulated

by intracellular pH. Evaluation of intracellular pH by flow cytometry

revealed that Thr/Cvx stimulation caused a marked increase in intra-

cellular pH from a baseline pH of approximately 7.3–7.8–8.0. This
increase in pH was primarily limited to the platelet subpopulation in

which integrin inactivation had occurred. In contrast, in platelets trea-

ted with thrombin or convulxin alone and in CypD null platelets, only

a slight increase of pH (approximately 0.1–0.2) was observed.
Conclusions: In strongly-stimulated platelets, mPTP formation results

in enhanced calpain activation, enhanced integrin b3 and talin cleav-

age, and irreversible integrin inactivation. An mPTP-mediated increase

in intracellular pH may be the mechanism driving this enhancement of

calpain activity in strongly-stimulated platelets.
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PA 2.02-2
Redundant functions of TRPC6 and Orai1 in murine
platelets
Chen W1, Gupta S2, Thielmann I2, Gotru SK2, Van Kruchten R3,

Dietrich A4, Heemskerk JWM3, Nieswandt B2 and Braun A2

1Rudolf Virchow Center; 2Rudolf Virchow Center, University of

Wuerzburg, Wuerzburg, Germany; 3Cardiovascular Research

Institute Maastricht, University of Maastricht, Maastricht, The

Netherlands; 4Ludwig-Maximilians University, Munich, Germany

Background: Elevation of the intracellular Ca2+ concentration is an

essential step during platelet activation. Store-operated Ca2+ entry

(SOCE) through Orai1 is well described as the major route of Ca2+

influx in platelets. Recently, we found that diacylglycerol (DAG) acti-

vated Ca2+ influx was completely abolished in transient receptor

potential cation channel 6 knockout (Trpc6�/�) platelets establishing

TRPC6 as the only DAG induced receptor operated Ca2+ (ROC)

channel in murine platelets. Surprisingly, this abolished ROCE did not

affect agonist induced Ca2+ responses and SOCE. Furthermore, plate-

let activation and aggregation in vitro and thrombus formation in vivo

were normal in Trpc6�/� mice. All together, these results indicated

that TRPC6 mediated Ca2+ influx in platelet physiology may be dis-

pensable or fully compensated by other Ca2+ channels.

Aims: In order to understand the functional redundancy between

TRPC6 and Orai1 in Ca2+ homeostasis, platelets lacking both Ca2+

channels were analyzed.

Methods: Chimeric mice were generated by transplanting 13 days old

fetal liver cells from WT, Orai1�/� and Orai1�/�/Trpc6�/� embry-

osinto lethally irradiated 6 weeks old C57Bl6 mice. Mutant platelets

were analyzed using a wide range of in vitro and in vivo platelet func-

tional assays.

Results: Decreased Ca2+ store content and severely altered agonist

induced Ca2+ store release were observed in Orai1�/�/Trpc6�/�
platelets whereas these responses were normal in WT and single

knockout platelets. Agonist and thapsigargin induced Ca2+ influx

were further reduced in Orai1�/�/Trpc6�/� platelets in comparsion

to Orai1�/� platelets. These insufficient Ca2+ responses inhibited

GPVI mediated integrin activation, P-selectin and phosphatidyl-serine

(PS) exposure in Orai1�/�/Trpc6�/� platelets, but did not affect G-

protein coupled receptor (GPCR) – mediated platelet activation. Sur-

prisingly and in sharp contrast to Orai1�/� platelets, Orai1�/�/

Trpc6�/� platelets could form stable thrombi under flow resulting in

comparable surface coverage and thrombus volume as WT platelets.

Moreover, in the presence of high concentration of apyrase, aggregation

response to platelet agonists were enhanced in Orai1�/�/Trpc6�/�
platelets when compared to Orai1�/� platelets.

Conclusions: TRPC6 and Orai1 regulate Ca2+ store content in plate-

lets. Orai1 induced SOCE dominates the process of platelet activation,

aggregation and thrombus formation, whereas TRPC6 plays a minor

role in these processes. Severe Ca2+ deficiency due to the blockade of

SOCE and DAG mediated ROCE in platelets could enhance so far

unknown signalling pathways which trigger platelet aggregation and

thrombus growth.

PA 2.02-3
The chaperone protein, heat shock protein 47 (Hsp47):
a novel platelet collagen receptor that contributes to
thrombosis and haemostasis
Sasikumar P1, Kaiser J1, Vaiyapuri S1, Sage T1, Moraes LA1,

Farndale RW2 and Gibbins JM1

1Institute of Cardiovascular and Metabolic Research/University

of Reading, Reading; 2University of Cambridge, Cambridge, UK

Background: Heat Shock Protein 47 (Hsp47) is a collagen binding pro-

tein that is normally localised within the secretory system of collagen

producing cells, functioning as a chaperone for procollagen. However,

some studies have shown they can be present on the surface of cells.

We previously showed that HSP47 is present on the surface of platelets

and that levels increased upon platelet activation. Since platelet func-

tion is dependent on their tethering to collagen exposed in the arterial

wall upon injury, we investigated whether Hsp47 functions as a recep-

tor for collagen.

Aim: To determine the role of Hsp47 in normal platelet function and

thrombosis.

Methods: Immunofluorescence was performed on resting human and

mouse platelets using specific Hsp47 antibodies. The role of Hsp47 on

platelet function in vitro was established using platelet aggregation and

thrombus formation assays in the presence and absence of Hsp47

inhibitors. The significance of platelet Hsp47 was studied in vivo using

tail bleeding assay of haemostasis and intravital microscopy to

measure thrombosis using laser injury model on mouse cremaster

arterioles.

Results: The presence of Hsp47 on platelet surface and their progenitor

cells, megakaryocytes was established by immunofluorescence. An

inhibitory polyclonal antibody against Hsp47 (Rb anti-Hsp47) and a

small molecule inhibitor of Hsp47(SMIH) were found to attenuate

platelet aggregation induced with collagen fibrils (Horm, equine ten-

don) at 1 μg/mL, but not with CRP-XL (a GPVI selective agonist)

and thrombin. Both SMIH and inhibitory antibodies reduced the size

of thrombi formed when whole human blood was perfused over colla-

gen in vitro. Further to findings from the in vitro assays, the role of

Hsp47 in haemostasis and thrombosis was confirmed using the in vivo

assays. Inhibition of Hsp47 using SMIH in mice increased tail bleeding

times and the volumes of blood lost. Following the inhibition of

Hsp47 a reduction of 66% in thrombus size was observed using a laser

injury model of thrombosis on cremaster muscle arterioles.

Conclusions: Hsp47 on the platelet surface functions as a receptor for

extracellular collagens that are exposed at sites of blood vessel injury.

This facilitates the adhesion of platelets to the site of vessel damage,

and thus inhibition of Hsp47 may be useful for the prevention of

thrombosis.

PA 2.02-4
Inhibition of the Gas6/Mer pathway with novel
compounds recapitulates the antithrombotic
phenotype of Gas6�/� or Mer�/� mice in arterial and
venous thrombosis models
Branchford BR1, Law L2, Sather S2, Brodsky G2, DeRyckere D2,

Earp SH3, Wang X3, Frye S3, Graham DK2 and Di Paola JA2

1University of Colorado-Denver and Children’s Hospital

Colorado; 2University of Colorado Denver, Aurora, CO;
3University of North Carolina at Chapel Hill, Chapel Hill, NC,

USA

Background: Growth Arrest Specific gene 6 (Gas6) signals through

platelet-surface Mer receptors, leading to platelet activation and

thrombus stabilization. We previously used two novel compounds to

inhibit this pathway, decreasing platelet activation in functional

assays. iMer is an alternatively spliced form of the Mer receptor tyro-

sine kinase’s extracellular domain that likely acts as a Gas6 trap. A

selective UNC Mer small molecule inhibitor (UNC Mer TKI) inhibits

Mer tyrosine phosphorylation.

Aims: We hypothesized that inhibiting the Gas6/Mer pathway with

either compound would protect wild type (WT) mice against arterial

and venous thrombosis to a similar degree as that seen in Gas6- or

Mer-null mice.

Methods: We used a 6% ferric chloride (FeCl3)-induced carotid artery

injury model and a collagen/epinephrine-induced pulmonary embo-

lism (PE) model to compare thrombosis protection between WT

C57BL/6 mice treated with inhibitors or vehicle, and also Gas6- and

Mer-null animals. Experiments ran for 30 min and reported values are
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means � standard error. Paired t-tests were used to compare times to

initial and stable occlusions in the FeCl3 model and survival time in

the PE model. Bleeding time was assessed by tail-clip with stump inser-

tion into 37° saline.
Results: In the FeCl3 model, vehicle-treated control mice (n = 6) had

faster times to initial (6.08 � 0.12 min) and stable occlusion

(7.36 � 1.3 min) compared to 30 mg/kg iMer-treated mice (n = 6,

7.97 � 0.64 min initial [P = 0.03] and 20.49 � 4.61 min stable

[P = 0.02]). Also, vehicle-treated control mice (n = 10) had faster time

to initial (6.93 � 0.25) and stable occlusion (15.59 compared to 3 mg/

kg UNC Mer TKI-treated mice (n = 9, 7.97 � 0.48 initial [P = 0.06]

and 46.64 � 7.72 min stable [P = 0.002]). Mer-null mice (n = 3) had

prolonged time to both initial (5.9 � 0.42 min, P = 0.06) and stable

occlusion (15.87 � 6.47 min, P = 0.15) compared to WTs (n = 3,

4.10 � 0.59 min initial occlusion, all of which were stable). These

experiments, including Gas6-null mice, are currently underway.

In the PE model, 30 mg/kg iMer-treated mice (n = 9) survived longer

(15.7 � 4 min) than controls (n = 10, 5.5 � 2.7 min, P = 0.05), with

three experimental mice (33%) and only one control (11%) surviving

for 30 min. Similarly, 3 mg/kg UNC Mer TKI-treated mice (n = 9)

survived longer (21.25 � 4.7 min, P < 0.01, 6 [66%] surviving 30 min)

than controls (n = 7, 3.09 � 0.41 min, no survivors). Both Gas6-null

mice (n = 6, 17.58 � 5.11 min, P = 0.04, 3 [50%] survivors), and Mer-

null mice (n = 6, 21.03 � 5.26 min, P = 0.02, 4 [66%] survivors) sur-

vived longer than WT controls (n = 5, 2.70 � 0.19 min, no survivors).

Tail clip bleeding times did not vary significantly between WT controls

(n = 8, 6.41 � 0.89 min) and Gas6-null mice (n = 5, 6.5 � 1.25 min,

P = 0.6) or Mer-null mice (n = 7, 4.8 � 0.8 min, P = 0.2).

Conclusions: Compared to genetic absence of Gas6 or Mer, pharmaco-

logical inhibition of the Gas6/Mer pathway protects mice from arterial

and venous thrombosis with comparable effects. iMer and UNC Mer

TKI may have translational applications as novel anti-platelet agents.

PA 2.02-5
VacA, the vacuolating cytotoxin of Helicobacter pylori,
binds to multimerin 1 associated with platelet
membranes
Satoh K1, Toshiya H2, Katsuhiro T1, Tadashi S1 and Yukio O1

1University of Yamanashi, Chuo, Yamanashi; 2Nagasaki

University, Nagasaki, Japan

Background: Immune thrombocytopenia is a frequent complication

with H. pylori infection in Japan. While the mechanism by which

H. pylori induces thrombocytopenia remains largely undetermined,

there are several lines of evidence to suggest that its infection activates

platelets. In this study, we investigated the role of vacuolating toxin A

(VacA) in inducing platelet activation, and attempted to identify the

target protein with which VacA interacts.

Results: The CD62P expression in platelets was 1.5 � 3.9% in ITP

patients free from H. pylori infection (n = 18). However, its expression

was significantly increased to 9.5 � 8.1% with H. pylori infection

(n = 17, P < 0.001), and with those who underwent eradication suc-

cessfully (n = 5), the CD62P expression was significantly lowered

(1.9 � 0.8%, P < 0.02).

Acid-activated VacA did not induce platelet aggregation, however, it

increased the expression of CD62P upon interaction with platelets.

Previously reported that VacA reacted with its receptors (EGFR,

RPTPa, RPTPb, CD18) present on platelet membranes. However, we

were not able to detect the binding between VacA and each of these

receptors with the use of either anti-VacA antibody or the antibody

against each of these receptors. We therefore analyzed VacA associ-

ated proteins obtained through VacA affinity chromatography, using

MALDI-TOF-MS. As a result, a set of the peptides matched from the

database suggested that multimerin 1 (MMRN1) was detected in two

consecutive experiments, as the binding protein for VacA. A GST-

fusion protein of MMRN1 corresponding to the 291–391 a.a peptide

sequence reacted with VacA assessed by a Biacore system. We synthe-

sized the 20-aa-length peptides, which partly overlap with one another,

and checked the binding of VacA with the dot blot method. As a

result, the peptide sequence corresponding to 321–340 a.a. showed the

highest reactivity to VacA, suggesting that VacA binds to MMRN1 by

interacting with this region.

Conclusion: We found that VacA binds MMRN1, and that its binding

site for VacA appears to reside within the 321–340 aa sequence. How-

ever, how this translates into VacA-induced platelet activation remains

an issue.

PA 2.02-6
Rational targeting of Rac-NOX2 pathway prevents
ROS generation and platelet activation involving MLC,
Akt and Ca++-PKC signaling induced by diverse
agonists
Akbar H1, Saleem S1, Kuenzi A2 and Zheng Y2

1Ohio University, Athens, OH; 2Cincinnati Children’s Hospital

Medical Center, Cincinnati, OH, USA

Reactive oxygen species (ROS) play a critical role in platelet activation

induced by diverse agonists. ROS generation by NOX2 depends on

binding of activated Rac to p67phox. We have shown that rationally

designed small molecule inhibitors of Rac- p67phox interaction (Phox-

I) inhibit ROS generation (Chem. Biol. 19, 228–242, 2012). In this

study we investigated the role of Rac-NOX2 axis in platelet activation

by determining the effects of a second generation p67phox inhibitor

Phox-I3 on ROS generation and platelet activation induced by colla-

gen, collagen related peptide (CRP) or thrombin. ROS generation in

washed human platelets was quantified by flow cytometry using CM-

H2-DCFDA. Thrombin, collagen or CRP stimulation dynamically

increased ROS levels in platelets. Addition of NSC23766 (1–10 lM), a

specific inhibitor of Rac GTPase activity, or Phox-I3 (1–10 lM), to

platelets 2 min before stimulation with collagen, CRP or thrombin

inhibited ROS generation in a concentration dependent manner. DPI,

a non-selective inhibitor of NOX2, also inhibited ROS generation.

Pre-incubation of washed human platelets with Phox-I3 inhibited: (i)

thrombin or U46619, a TXA2 analog, induced expression of P-selectin

on platelet membranes; (ii) collagen or thrombin induced secretion of

ATP from platelet dense granules; (iii) collagen, CRP or thrombin

induced platelet aggregation. These data, taken together with our ear-

lier findings that NSC23766 inhibits platelet secretion and aggregation

by blocking activation of Rac GTPase (J Thromb Haemost 5, 1747–
55, 2007), suggest that inhibition of the Rac-NOX2 pathway sup-

presses ROS generation and consequently platelet activation. Down-

stream from the Rac-NOX2-ROS axis, cytosolic calcium response, as

well as phosphorylation of myosin light chain (MLC) and Akt, were

inhibited in platelets treated with Phox-I3 prior to stimulation with

collagen or thrombin, suggesting that the NOX2-ROS pathway regu-

lates signaling through cytosolic calcium and phosphorylation of

MLC and Akt. Further, Phox-I3 inhibited collagen, but not the phor-

bol dibutyrate (PDBu), induced phosphorylation of Pleckstrin, a criti-

cal substrate of Ca++-Protein kinase C (PKC) signaling in platelets.

All together, our data show that Rac-NOX2 pathway regulates ROS

generation and subsequent MLC, Akt and Ca++-PKC responses that

are essential for platelet activation induced by diverse agonists.
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PA2.03 – Platelet Signal
Transduction – I

PA 2.03-1
Antiphospholipid antibodies-mediated platelet
activation: a key role of PI3Ks beta and alpha
Terrisse AD1, Garcia C2, S�everin S1, Laurent PA1, Gratacap M-P1,

Van Haesebroeck B3, Si�e P2 and Payrastre B1

1Inserm; 2CHU Rangueil, Toulouse, France; 3Queen Mary

University, London, UK

Background: The antiphospholipid syndrome (SAPL) is a systemic

autoimmune disorder characterized by the persistent presence of anti-

phospholipid antibodies (aPL) that cause the clinical features of vascu-

lar thrombosis. There is strong evidence that anti-b2GPI antibodies

have thrombogenic properties. However, the mechanisms by which

aPL induce platelet activation are still poorly characterized. Anti-

b2GPI antibodies, through the formation of immune complexes with

the plasmatic ß2-glycoprotein 1, induce a dimerization of the protein

and the recruitment of platelet membrane receptors such as GPIba,
ApoER2 and possibly TLR4.

Aim of the Study: The goal of this study was to identify the cell surface

receptors and the intracellular pathways involved in platelet activation

by anti-b2GPI autoantibodies.

Methods: Antiphospholipid antibodies (aPL) were either commercial

or isolated from plasma of thrombotic SAPL patients. Control IgG

antibodies were isolates from plasma of healthy donnor in same condi-

tions. Platelet activation was studied in presence of aPL (50 lg/
mL) � pharmacologic inhibitors. Anti-CD42b, anti-TLR2 and anti-

TLR4 antibodies were used to block the signaling pathways initiated

by these receptors. Platelet adhesion and aggregation was analyzed ex-

vivo using either human or mice blood.

Results: We show that anti-b2GPI antibodies increase platelet adhe-

sion to a collagen or von Willebrand matrix under flow at a physiolog-

ical shear rate compared to control IgG with an implication of both

GPIba and TLR4. Using washed platelets, we found that aPL anti-

bodies significantly sensitize platelet aggregation in the presence of

suboptimal doses of thrombin (2.5 fold increase, P > 0.001 vs. control

igG). This effect was totally prevented by blocking of GP1ba, TLR2

and TLR4 receptors. Moreover, inhibitors of PI3K totally blocked the

aPL effect on human platelet aggregation as well as AKT activation.

The implication of Class IA PI3K alpha and beta was confirmed using

platelets from mouse deficient in these isoforms of PI3K selectively in

megakaryocytes and platelets.

Conclusion: Overall our results suggest that inhibition of class IA

platelet PI3K downstream of GP1ba and TLR could be an interesting

therapeutic strategy in order to prevent thrombotic events in SAPL

patients without increasing the hemorrhagic risk.

PA 2.03-2
Partial inhibition of serine/threonine phosphatase
PP2A blocks clot retraction without reducing
alphaIIbbeta3 receptor activation
Moscard�o A1, Vall�es J2, Latorre A2, Madrid I3, Das�ı MA4

and Santos MT2

1IIS La Fe; 2Research Center, La Fe University Hospital; 3Intensive

Care Unit, University Hospital La Fe; 4Pediatric Hospital,

University Hospital La Fe, Valencia, Spain

Background: Platelet aggregation depends on changes in the integrin

aIIbb3 that allow fibrinogen binding. However, to retract the clot and

stabilize the growing thrombus a new set of signal transduction mecha-

nisms with origin at aIIbb3 must take place. The aIIbb3 receptor is

known to be regulated by protein phosphorylation-dephosphorylation

processes. Knowledge about the role of PP2A serine/threonine phos-

phatase in aIIbb3 signalling is scarce, and no data is available on its

participation in clot retraction.

Aim: To study the role of serine/threonine phosphatase PP2A in the

mechanisms regulating clot retraction: (i) inside-out process that trig-

ger aIIbb3 activation and platelet aggregation, and (ii) in the subse-

quent outside-in signaling that reinforces aggregation and leads to clot

retraction in thrombin activated platelets.

Methods:We used washed human platelets from healthy controls with-

out medication. As inhibitor of PP2A we used okadaic acid (OA).

Platelet agonist thrombin (1 U/mL) was employed. Platelet aggrega-

tion, cytoskeleton isolation, flow cytometry and inmunodetection of

proteins were performed as previously described (1). Clot retraction

was started by adding 1 U/mL thrombin to washed platelets in the

presence of fibrinogen, and the evolution of the clot was photographed

at intervals up to an hour.

Results: Inhibition of PP2A with OA strongly inhibited clot retraction

of platelets at 100 or 500 nM. In contrast, OA 100 nM did not inhibit

aIIbb3 activation (PAC-1 binding) or platelet aggregation, while

500 nM strongly inhibited both processes. The down-regulation of the

integrin activation with OA 500 nM could be related to the inhibition

of tyrosine phosphorylation of proteins (1), since we observed that

treatment with OA 500 nM but not with OA 100 nM strongly inhib-

ited tyrosine phosphorylation of proteins in whole platelets lysates.

OA 500 nM inhibited several signal transduction mechanisms associ-

ated with outside-in signaling such as cytoskeletal reorganization and

incorporation of tyrosine phosphorylated proteins, b3 and tyrosine

kinases to the cytoskeleton; in addition, b3 and FAK phosphorylation

were also strongly reduced. In contrast, OA 100 nM only affected

FAK incorporation to the cytoskeleton and FAK phosphorylation.

Conclusion: The level of inhibition of PP2A by low or high OA concen-

tration differentially regulates platelet aggregation and integrin signal-

ling, but have a common effect in blocking clot retraction. The latter

may be associated with the presence of phosphorylated FAK in the

cytoskeleton. This study reveals PP2A as a novel target for anti-plate-

let treatment to block clot retraction without affecting the platelet hae-

mostatic function if a partial inhibition of PP2A could be achieved.

Reference: 1. Santos MT Circulation 2000;102:1924.

PA 2.03-3
Autocrine amplification of integrin aIIbb3 activation
and platelet adhesive responses by deoxyribose-1-
phosphate
Pula G and Vara DS

University of Bath, Bath Spa, UK

Background: Platelet activation is a complex series of events originat-

ing from the stimulation of surface receptors by biochemical signals

linked to vascular damage, such as the exposure of the subendothelial

matrix and the generation of thrombin in the coagulation cascade.

Besides responding to their microenvironment and to the biochemical

messages released by other circulating or vascular cells, platelets also

release their own rich array of extracellular signals. Amongst the small

molecules released by platelets, thromboxane A2 (TXA2), adenosine

diphosphate (ADP), epinephrine, and serotonin (5-HT) are key

autocrine regulators of platelet responses. Recently, we utilised gas-

chromatography mass spectrometry (GC-MS) to identify new mole-

cules released by platelets. The pro-angiogenic metabolite deoxyri-

bose-1-phosphate (dRP) was detected in micromolar concentrations in

stimulated platelet supernatants.

Aims: In light of the ability of dRP to stimulate the generation of reac-

tive oxygen species (ROS) in different cell types and the pro-aggregato-

ry role of ROS in platelets, we investigated whether platelet-derived

dRP plays any autocrine role in the regulation of the redox balance,

the intracellular signalling, or the functional responses of platelets.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

346 ABSTRACTS



Methods: The experiments were performed on human platelets from

healthy donors or mouse platelets, either wild type or transgenic char-

acterised by genetic deletion of thymidine phosphorylase and uridine

phosphorylase (TP�/� UP�/�), which results in impaired dRP release

upon platelet activation. The effects of deprivation of endogenous

dRP (transgenic platelets) or addition of exogenous dRP were tested

on washed platelet aggregation (by turbidimetry), integrin aIIbb3 acti-

vation (by flow cytometry), washed platelet static adhesion (by phase

contrast imaging), whole blood thrombus formation (by microfluidics

and time-lapsed epifluorescence microscopy), ROS accumulation (by

live platelet confocal imaging), and signal transduction pathway (by

immunoblot).

Results: The addition of exogenous dRP to human platelets signifi-

cantly increased platelet aggregation and integrin aIIbb3 activation in

response to thrombin. In parallel, genetically modified platelets with

double genetic deletion of thymidine phosphorylase and uridine phos-

phorylase were characterised by reduced release of dRP, impaired

aggregation and decreased integrin aIIbb3 activation in response to

thrombin. In vitro platelet adhesion onto fibrinogen and collagen

under physiological flow conditions was potentiated by treatment of

human platelets with exogenous dRP and impaired in transgenic plate-

lets with reduced dRP release. Human and mouse platelets responded

to dRP treatment with a sizeable increase in reactive oxygen species

(ROS) generation and the pre-treament with the antioxidant apocynin

abolished the effect of dRP on aggregation and integrin activation.

Experiments directly assessing the activation of the small G protein

Rap1b and protein kinase C suggested that dRP increases the basal

levels of activity of these two pivotal platelet-activating pathways in a

redox-dependent manner.

Summary/Conclusions: Taken together, we present evidence that dRP

is a novel autocrine amplifier of platelet activation, which acts on plate-

let redox levels and modulates integrin aIIbb3 inside-out signalling.

PA 2.03-4
Canonical and non-canonical cleavage patterns for
protease-activated receptor (PAR) 1 and 3 by factor Xa
reveal novel insights into the allosteric modulation of
cytoprotective PAR1 signaling by PAR3
Stavenuiter F and Mosnier LO

The Scripps Research Institute, La Jolla, CA, USA

Endothelial barrier protective effects by APC require binding to the

endothelial protein C receptor (EPCR) and protease activated receptor

1 (PAR1). In contrast, activation of PAR1 by thrombin results in

endothelial barrier disruptive signaling, thus creating a paradox how

PAR1 can mediate both of these opposite effects. Recently, we pro-

vided a partial explanation by demonstrating that APC cleaved PAR1

at Arg46 and that tethered-ligand peptides beginning at Asn47 medi-

ated APC-like barrier protective effects in vitro and in vivo. Thus,

PAR1 is a biased receptor that can initiate endothelial barrier protec-

tive or disruptive effects depending on the cleavage site of its tethered-

ligand at either Arg46 or Arg41. We found another piece of the puzzle

analyzing PAR3 cleavage by APC. Requiring EPCR, APC cleaved

PAR3 at non-canonical Arg41, whereas thrombin cleaved at canonical

Lys38. PAR3 non-canonical tethered-ligand peptides beginning at

Gly42 mediated APC-like barrier protective effects in vitro and in vivo

that required PAR1, whereas canonical PAR3 tethered-ligand peptides

beginning at residue Thr39 had no effect. Similar to APC, factor Xa

(FXa) blunts thrombin-induced barrier disruptive effects in vitro. To

determine whether non-canonical PAR1 and PAR3 cleavages are gen-

erally applicable mechanisms for endothelial barrier protection, the

PAR1 and PAR3 cleavage profiles for FXa were determined, using

SEAP-PAR1 and PAR3 cleavage constructs in HEK293 cells. Cleav-

age of PAR1 by FXa was EPCR-dependent and required the FXa

GLA-domain. Mutation of the canonical Arg41 to Gln abolished

PAR1 cleavage, whereas FXa cleaved Arg46Gln PAR1 similar to wt-

PAR1. Thus, FXa cleaved PAR1 at Arg41 like thrombin and not at

Arg46 like APC. FXa cleaved PAR3 in the presence of EPCR but not

in the absence of EPCR and required the GLA-domain. PAR3 cleav-

age by FXa was inhibited by blocking antibodies against FXa, PAR3,

and the direct FXa inhibitor rivaroxaban. Interestingly, PAR3 could

still cleave Lys38Gln-PAR3 but failed to cleave Arg41Gln-PAR3 or

Lys38Gln/Arg41Gln-PAR3. Thus, FXa cleaved PAR3 at the non-

canonical Arg41 similar to APC but not at the canonical Lys38 like

thrombin. Since FXa cleaved PAR1 at Arg41 and PAR1 desensitiza-

tion can give the false impressions of protection against thrombin-

induced permeability, barrier protective effects of FXa were verified

using histones to induce PAR1-independent barrier disruption. Both

FXa and APC blunted histones-induced permeability, indicating that

barrier protective effects were not due to PAR1 desensitization. The

PAR3 non-canonical tethered-ligand peptide but not the canonical

PAR3 tethered-ligand peptide also blunted histones-induced barrier

disruption. In summary, the unique canonical/non-canonical PAR1/3

proteolysis profile of FXa, intermediate between thrombin and APC,

provides unique opportunities for novel insights on the role of non-

canonical PAR cleavages and of PAR3 in particular. Our data help

conceptualize novel functions for non-canonical PAR3 activation at

Arg41 as an allosteric modulator of canonical PAR1 activation.

PA 2.03-5
Immobilized heparin enhances aIIbb3-dependent
outside-in signaling in human platelets
Gyenes M, Wildt K, Stoldt VR and Scharf RE

Heinrich Heine University Medical Center, D€usseldorf, Germany

Backround: Heparin is the most commonly used parenteral anticoagu-

lant worldwide. Upon its administration, 10–30% of patients develop

a mild, nonimmune thrombocytopenia. The nature of this heparin-

induced thrombocytopenia (HIT, type I) is unknown (in contrast to

the antibody-mediated HIT, type II). Recently, it has been suggested

that heparin can promote platelet responsiveness by potentiating

aIIbb3-mediated outside-in signaling, thereby inducing HIT type I

(Gao et al, Blood 2011; Yagi et al, Thromb Res 2012).

Aims: To analyze the role of aIIbb3 in heparin-platelet interaction, we

first studied platelet aggregation in the presence of unfractionated hep-

arin (UFH). Moreover, we assessed platelet spreading and quantita-

tively investigated the activation of two tyrosine kinases, Src and focal

adhesion kinase (FAK), in human platelets on immobilized UFH or

its synthetic derivative fondaparinux. To examine the specificity of

aIIbb3 we used the aIIbb3 antagonist abciximab and aIIbb3-overex-
pressing HEK293 cells which lack other platelet receptors. As positive

control, we applied immobilized fibrinogen.

Methods: We used human washed platelets or aIIbb3-transfected
HEK293 cells. Aggregation with platelets was performed in the pres-

ence of soluble UFH (0.2 or 1.0 U/mL). Adhesion was carried out

under static conditions either on immobilized UFH (5, 10 and 50 U/

mL) or fondaparinux (3 lg/mL) or fibrinogen (100 lg/m). BSA was

used as negative control. Images of FITC-phalloidin-conjugated plate-

lets and YFP-conjugated aIIbb3-transfected HEK293 cells were taken

with an Axiovert 100M microscope (Carl Zeiss). Specific phosphoryla-

tions of Src (pY418) and FAK (pY397) were determined by Western

blot.

Results: UFH alone did not induce platelet aggregation, but it caused

a 2-fold potentiating response upon platelet stimulation with ADP

(300 nM). Platelets showed spreading on immobilized UFH to a

similar extent as on a fibrinogen matrix. We detected the same effect

with immobilized fondaparinux. In the presence of abciximab or on

BSA, no platelet spreading was visible. We examined Src and FAK

phosphorylation at various concentrations of immobilized UHF and

detected maximal activation at 10 U/mL UFH matrix (twofold higher

than at 5 U/mL; 1.5-fold higher than at 50 U/mL). Comparing Src

and FAK signaling in platelets on immobilized UFH with that on

immobilized fibrinogen, signaling to both kinases in platelets on
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immobilized UFH were approximately 40% of that in platelets on a

fibrinogen matrix. We observed comparable extents of activity in

platelets on fondaparinux matrix as on UFH (5-fold increase in Src

pY418 and 6-fold increase in FAK pY397 signaling compared to BSA

control). Abciximab completely blocked the activation of both Src and

FAK. aIIbb3-transfected HEK293 cells also exhibited enhanced sig-

naling on immobilized UFH. However, in contrast to platelets, we

detected maximal kinase activities on UFH matrices with higher con-

centrations (Src at 100 U/mL and FAK at 50 U/mL UFH concentra-

tion, respectively).

Summary: We demonstrated enhanced Src and FAK activations both

in platelets and aIIbb3-transfected HEK293 cells on heparin and

fondaparinux matrices. This activation is blocked by abciximab. Our

results suggest a significant role of aIIbb3 in the platelet-heparin inter-

action and are in accordance with earlier reports referring to enhanced

platelet responsiveness by heparin.

PA 2.03-6
Purinergic receptor modulation of platelet function in
vitro and ex vivo
Momi S1, Amison R2, Momi S1, Gresele P1, Page CP2

and Simon PC2

1University of Perugia, Perugia, Italy; 2King’s College London,

London, UK

Background: Platelets express P2Y1 and P2Y12 receptors which are

involved in ADP-induced activation under both aggregatory and

inflammatory conditions. Whilst the relative role of P2Y1 and P2Y12

receptors has been extensively documented for platelet aggregation

and thrombus formation, their role in inflammatory conditions is less

understood.

Aims: Aim of the present study was to assess the role of P2Y receptors

in platelet-induced leukocyte chemotaxis, platelet leukocyte conjuga-

tion and platelet aggregation in an established mouse model of allergic

asthma.

Methods: Studies were carried out in an established model of allergic

asthma in mice. Balb/c mice were immunised with ovalbumin (OVA,

30 lg/mouse) on day 1, 5 and 11. On days 15 mice were pre-treated

with MRS2500, (3 mg/kg i.v.), AR-C66096 (3 mg/kg i.v.) or Clopido-

grel (75 mg/kg) and challenged with 3% nebulised OVA for 30 min.

Using flow cytometry and the platelet and leukocyte antibodies CD41

and CD45, platelet-leukocyte aggregation were quantified 6 h post

allergen challenge. Platelet aggregation induced by 2–10 lM ADP was

also measured at 6 h. For in vitro chemotaxis studies, platelets were

isolated from OVA sensitised Balb/c mice and pre-treated with either

MRS2500 or AR-C66096 (0, 1, 10, 100, 1000 nM). Platelets were then

stimulated with 100 nM ADP and mixed with PMNs isolated from

Balb/c mice. Using chemotaxis plates (3 lM pores), leukocyte migra-

tion towards 100 nMMDC was quantified after 90 min incubation.

Results: Circulating platelet-leukocyte aggregates, expressed as mean

fluorescence intensity (MFI) of the platelet antigen CD41/CD61 on

the leukocyte surface, were significantly elevated 6 h post allergen

challenge compared to sham controls (1.8 � 0.4% vs. 0.9 � 0.15%,

P < 0.01). Circulating platelet-leukocyte conjugates remained signifi-

cantly elevated in animals pre-treated with AR-C66096 compared to

sham controls (1.85 � 0.3%, P < 0.05) but not in animals pre-treated

with MRS2500 (1.3 � 0.2%).

MDC enhanced platelet-induced PMN chemotaxis compared to vehi-

cle (PMN + platelets: chemotaxis index (CI) = 1.00 � 014;

PMN + platelets + MDC: CI = 2.69 � 0.13). Pre-incubation of plate-

lets with the P2Y1 antagonist MRS2500 inhibited MDC-induced

PMN chemotaxis in a concentration dependent manner (1 nM:

2.99 � 0.23, 10 nM: 2.54 � 0.16, 100 nM: 2.03 � 0.21 P < 0.05,

1000 nM: 1.68 � 0.14 P < 0.001). In contrast, incubation with

ARC60996 did not affect MDC-induced PMN chemotaxis (1000 nM

[top dose]: 2.42 � 0.14).

ADP (2–10 lM) induced platelet aggregation (52.50 � 7.50%) was

signficantly suppressed (by 75%, P < 0.05) in mice treated with Clopi-

dogrel (75 mg/kg) and it was reduced by 40% in AR-C66096 (3 mg/

kg) pretreated animals (P < 0.05). On the contrary, in mice adminis-

tered MRS2500 (3 mg/kg) ADP-induced platelet aggregation was not

inhibited (�12%, P = NS).

Conclusions: Our data show that the P2Y�1 but not the P2Y12 recep-

tor plays an important role in the inflammatory function of platelets in

allergic asthma in mice (platelet-leukocyte conjugation and platelet-

leukocyte chemotaxis), whilst in contrast in P2Y12 receptor plays a

major role in ADP-induced platelet aggregation.

PA2.04 – Megakaryocytes and
Thrombopoiesis – II

PA 2.04-1
Microtubule plus-end tracking protein CLASP2 KO
mice phenocopy CAMT: a role for CLASP2 in
hematopoiesis and hematopoietic stem cell
maintenance
Gutierrez L1, Drabek D2, Robin C2, Galjart N2, Vermeij M2,

Clapes T2, Patel SR2, Boisset J-C3, Van Haren J3, Pereira AL2,

Liu Z2, Akinci U2, Nikolic T2, Van Ijcken W3, Van Den Hout M3,

Meinders M2, Melo C2, Sambade C2, Drabek K3, Hendriks RW2,

Philipsen S2, Mommaas M2, Grosveld F2, Maiato H2, Italiano JE4,

Robin C3 and Galjart N3

1Sanquin Research and Landsteiner Laboratory, Amsterdam, The

Netherlands; 3Erasmus MC, Rotterdam, The Netherlands;
4Brigham and Women’s Hospital and Harvard Medical School,

Boston, MA, USA

Background: Haematopoietic cell lineage commitment is determined

by signalling mechanisms that require ligands of various origins, as

well as the appropriate expression and functioning of the cognate

receptors. Receptor activation leads to intracellular signalling cues

that trigger different processes, e.g. cell division, attachment, or

migration. Mammalian CLASPs (CLASP1 and CLASP2) are micro-

tubule plus-end tracking proteins whose essential function as regula-

tors of microtubule behaviour has been studied mainly in cultured

cells. However, the role of these proteins in haematopoiesis is not

yet explored.

Aims and Methods: We generated Clasp2 KO mice to analyze its role

in haematopoiesis. We used cell culture assays, flow cytometry, immu-

nohistochemistry, confocal microscope imaging, RNAseq, transplant

experiments.

Results: We show here that absence of murine CLASP2 in vivo results

in thrombocytopenia, progressive anaemia, and pancytopenia, due to

defects in megakaryopoiesis, in erythropoiesis, and in the maintenance

of haematopoietic stem cell activity, similarly to what occurs in Con-

genital Amegakaryocytic Thrombocytopenia patients (CAMT). Inter-

estingly, CLASP2-deficient haematopoietic cells show accumulation of

intracellular cMpl and cKit receptors (personal observation). Further-

more, microtubule stability and organization are affected upon attach-

ment of Clasp2 knockout haematopoietic stem-cell-enriched

populations, and these cells do not home efficiently toward their bone

marrow niche. Strikingly, CLASP2-deficient haematopoietic stem cells

contain severely reduced mRNA levels of c-Mpl, which encodes the

thrombopoietin receptor, an essential factor for megakaryopoiesis and

haematopoietic stem cell maintenance.

Summary/Conclusion: CLASP2 is a microtubule-stabilizing protein

and Clasp2 knockout mice display progressive pancytopenia which

phenocopies the human syndrome congenital amegakaryocytic throm-

bocytopenia (CAMT). Our data suggest that thrombopoietin signal-
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ling is impaired in Clasp2 knockout mice. We propose that the

CLASP2-mediated stabilization of microtubules is required for proper

attachment, homing, and maintenance of haematopoietic stem cells

and that this is necessary to sustain c-Mpl transcription. Furthermore,

we hypothesize that CLASP2-mediated microtubule stabilization is

necessary for the trafficking of cMpl and cKit receptors in haemato-

poietic cells.

PA 2.04-2
The epigenetic landscape of platelet and red blood cell
traits
Paul D1, Albers CA2, Rendon A2, Voss K2, Stephens J2, Van Der

Harst P3, Chambers JC4, Soranzo N1, Ouwehand WH2

and Deloukas P1

1Wellcome Trust Sanger Institute; 2University of Cambridge,

Cambridge, UK; 3University of Groningen, Groningen, The

Netherlands; 4Imperial College London, London, UK

Platelet count and volume are independent risk factors for heart

attacks and ischaemic stroke. We used meta-analysis of genome-wide

association (GWA) studies to identify genes encoding novel regulators

of megakaryopoiesis and platelet formation. Over three-quarters of

the 68 genetic signals associated with platelet count and volume are

located at non-protein coding regions (Nature 2011; 480, 201). We

postulated that the common variants at many of the discovered plate-

let quantitative trait loci (QTLs) exert their effects through cell type-

dependent transcriptional regulation. To investigate this, we integrated

GWA data of 75 genetic signals associated with red blood cell indices

(Nature 2012; 492, 369).

We aimed to assess the role of candidate regulatory variants associated

with platelet and red blood cell QTLs in the regulation of lineage-spe-

cific gene expression during blood stem cell differentiation.

We used formaldehyde-assisted isolation of regulatory elements fol-

lowed by next-generation sequencing (FAIRE-seq) to map regions of

open chromatin genome-wide in blood stem cell-derived megakaryo-

cytes and erythroblasts, the precursors of platelets and red blood cells,

respectively, as well as in peripheral blood monocytes. We applied

these epigenomic data sets to define cell type-dependent enrichment

patterns of GWA signals associated with platelet and red blood cell

QTLs at regions of open chromatin.

In megakaryocytes and erythroblasts, we found that open chromatin

patterns reflect the corresponding hematopoietic lineages of the stud-

ied cell types, and associate with the cell type-specific gene expression

patterns. Open chromatin regions coinciding with platelet trait-associ-

ated SNPs were more likely to be restricted to megakaryocytes than

expected by chance. We observed the same cell type-dependent effect

for red blood cell trait-associated SNPs at erythroblast-restricted open

chromatin sites. The majority (63.6%) of candidate regulatory variants

at platelet QTLs overlapped with binding sites of transcription factors

key to regulating megakaryopoiesis, namely FLI1, GATA1, GATA2,

RUNX1 and TAL1 (also known as SCL). We experimentally tested 13

candidate regulatory variants at 10 platelet QTLs in gel shift assays

(MLSTD1, PTGES3-BAZ2A, RAD51L1, DNM3, LRRC16, PDIA5,

ABCC4, CTSZ-TUBB1, KALRN and SATB1). We found all but 3

candidate SNPs affected nuclear protein binding, suggesting this to be

a frequent mechanism by which regulatory variants influence the for-

mation of platelets from megakaryocytes.

GWA studies have placed a plethora of genetic markers at genes

encoding novel regulators of platelet and red blood cell formation.

Here, we show that epigenetic annotation of precursor cell genomes

combined with GWA results aids the identification of candidate regu-

latory variants, which may exert their effect through disruption or

introduction of nuclear protein binding sites. We have recently shown

that differential binding of transcription factors at the PIK3CG

(PLOS Genetics 2011; 7, e1002139) and DNM3 (Blood 2012; 120,

4859) platelet QTLs affects expression levels of genes critical in megak-

aryopoiesis and platelet formation.

PA 2.04-3
Biogenesis of the demarcation membrane system in
megakaryocytes
Eckly A1, Heijnen HF1, Pertuy F1, Proamer F1, Rinckel J-Y1, Lanza

F2 and Gachet C1

1UMR_S949 INSERM, Universit�e de Strasbourg, Etablissement

Franc�ais du Sang; 2UMR_S949 INSERM, Universit�e de Strasbourg,

EFS-Alsac, Strasbourg, France

Background: The demarcation membrane system (DMS) in megak-

aryocytes (MKs) forms the plasma membrane of future platelets. One

MK is supposed to produce an average of 4000 platelets and during its

maturation the DMS increases its total surface about 26-time. The

exact origin of this unique membrane system and the molecular mech-

anisms driving its explosive growth are unknown. A current view is

that the DMS develops from the invagination of the MK plasma mem-

brane (PM).

Aims: Considering the importance of the DMS as the major membrane

supply for platelet production, the aim of this study was to investigate

the biogenesis of the DMS.

Methods: Using confocal microscopy, dual axis electron tomography,

and large volume FIB-SEM analysis, we have determined the sequen-

tial developmental steps of DMS formation, both in situ in mouse

bone marrow MKs, and in vitro in cultured MKs generated from pro-

genitors. Early DMS phenotypes have been identified using the platelet

lineage specific markers glycoprotein GPIb, known to be expressed at

the early stages of MK maturation.

Results: We have identified a pre-DMS precursor form which initi-

ates at the cell periphery through invagination of GPIb-positive

membranes, and which gradually develops towards a well-defined

perinuclear oriented membrane complex. Confocal microscopy and

electron tomography analysis revealed that at all developmental

stages the DMS is continuous with the cell surface, suggesting that

its origin is determined through invagination of the plasma mem-

brane (PM). Remarkably, the precise location of the pre-DMS is

between the nuclear lobes, and the number of PM invaginations

coincides well with MK ploidy, suggesting a relation with cleavage

furrow formation. Upon DMS expansion Golgi complexes assemble

around the pre-DMS and fusion profiles of TGN-derived vesicles

with the DMS are observed. Treatment with Brefeldin A, an inhibi-

tor of anterograde membrane transport, reduced the expansion of

the DMS, indicating that the exocytic pathway is an essential deter-

minant for DMS biogenesis. In addition, close contacts (< 30 nm)

between endoplasmic reticulum (ER) and DMS are frequently

detected suggesting a physical interaction between the two mem-

branes. These ER-DMS contact sites were free of ribosomes and

contained filamentous electron-dense material reflecting cross-link-

ing/anchoring molecules. FIB-SEM analysis of late stages reveals

that the DMS forms a highly intertwined tubular membrane net-

work with numerous connections with the cell surface, resembling

the future open canalicular system of platelets.

Conclusion: We propose the following model for the biogenesis of the

DMS: (i) DMS formation starts at focal locations at the cell surface,

and (ii) is followed by an invagination process that resembles cleavage

furrow formation; (iii) formation of the pre-DMS and further expan-

sion require vesicular membrane delivery from multiple targeted Golgi

complexes to the DMS, and possibly direct lipid transfer through ER

to DMS tethering.
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PA 2.04-4
Platelet bioreactor-on-a-chip
Thon JN1, Mazutis L2, Weitz D2 and Italiano JE1

1Brigham and Women’s Hospital, Boston, MA; 2Harvard

University, Cambridge, MA, USA

Background: Morbidity and mortality from bleeding due to low plate-

let count is a major clinical problem encountered across a number of

conditions. Despite serious clinical concerns owing to their immunoge-

nicity and associated risk of sepsis, and inventory shortages owing to

their high demand and 5-day shelf life, platelet transfusions total more

than 14 million units per year worldwide.

Aims: By modeling human physiology and mimicking nature’s design

principles in vitro we will identify components of the vascular bone

marrow microenvironment that promote thrombocytopoiesis, and

yield novel approaches to accelerate platelet production in vivo’‘cir-

cumventing transfusion-related complications. An alternative source

of infusible platelets will obviate risks associated with platelet procure-

ment and storage, and help meet growing transfusions needs.

Methods: We have developed a microfluidic platelet bioreactor that

recapitulates key aspects of bone marrow physiology, including bone

marrow rigidity, extracellular matrix composition, microchannel size,

hemodynamic vascular shear, and endothelial cell contacts. Bone mar-

row biochips are based on custom-built PDMS devices bonded to glass

slides, and comprise of an upper and lower microfluidic channel sepa-

rated by a series of columns spaced 3 lm apart. Primary megakaryo-

cytes infused along the top channel sequentially become trapped

between the columns, and extend proplatelets into the lower channel.

Results: Physiological shear rates (500–2500/s) can be tightly regulated

and were shown to increase both the rate and extent of proplatelet pro-

duction. Median proplatelet extension rates under physiological flow

velocities were roughly one order of magnitude higher than has been

calculated for proplatelet-producing megakaryocytes under static con-

ditions (36 lm/min vs. 0.85 lm/min) and correspond to recent esti-

mates from in vivo multiphoton intravital microscopy studies of mouse

bone marrow (Zhang et al. J Exp Med. 2012). Interestingly, increasing

shear rate from 500 to 2500/s did not further accelerate proplatelet

extension, and suggests that elongating microtubule bundles compris-

ing the proplatelet shaft actively resist vascular shear forces to regulate

proplatelet telescoping. To more accurately reproduce the bone mar-

row stiffness (approximately 1000 Pa), the uppermost channel was

selectively filled with a low melting point agarose solution comprising

primary megakaryocytes, and polymerized inside this space to trap

megakaryocytes in a physiologically relevant three-dimensional envi-

ronment. Extracellular matrix proteins native to the bone marrow vas-

cular niche were included in the low melting point agarose solution

individually and in combination to recapitulate the bone marrow vas-

cular niche. The lowermost channel was selectively coated with extra-

cellular matrix proteins and seeded with human endothelial cells to

generate a sinusoidal blood vessel adjacent the megakaryocyte micro-

environment. Proplatelet production was visualized by high resolution

live-cell microscopy. Platelets released into the lower channel by

megakaryocytes enter the fluid stream. Bioreactor-derived platelets

were collected from the effluent, and are structurally equivalent to

human blood platelets.

Summary: Platelet bioreactor-on-a-chip devices recapitulate the bone

marrow vascular microenvironment to increase/accelerate proplatelet

production ex vivo and support physiological platelet release.

PA 2.04-5
Sp1/Sp3 transcription factors are essential for
megakaryopoiesis
Kulu I1, Meinders M2, Suske G3, Gutierrez L2 and Philipsen S1

1Erasmus Medical Center, Rotterdam; 2Sanquin Research,

Amsterdam, The Netherlands; 3Institute for Molecular Tumor

Research, Marburg, Germany

Specificity proteins (Sp) are closely related family of zinc finger tran-

scription factors that are important components of the eukaryotic cel-

lular transcription machinery. They have been implicated in the

regulation of many physiological processes including cell cycle, growth

control, apoptosis, hormonal activation and angiogenesis.

Sp1 and Sp3 are ubiquitously expressed and can either activate or

repress the expression of a variety of genes by interacting with the GC-

and GT-boxes of the DNA with similar specificity and affinity. They

play a critical role during embryogenesis as Sp1 knockout embryos die

around embryonic day 10.5. Sp3 deficient embryos are postnatal

lethal. Sp1ko/wt::Sp3ko/wt compound heterozygous embryos display

a multitude of developmental abnormalities resulting in late prenatal

mortality. Thus, functional redundancy exists between the Sp factors.

To investigate their functions beyond embryogenesis we generated

mice with conditional Sp1 and Sp3 knockout alleles. Using a pan-

hematopoietic Cre line (Mx1-Cre), we conditionally deleted the Sp1

and Sp3 genes from the entire hematopoietic system. The results

revealed the importance of these genes in hematopoiesis particularly in

megakaryopoiesis.

Pf4-Cre mediated deletion of Sp1 and Sp3 (dKO) confirmed the

importance of these genes in megakaryopoiesis. These mice exhibited a

significant reduction in platelet counts but normal TPO levels in

plasma and an increase in platelet volume. The dKO platelets

responded normally when stimulated with PMA (fibrinogen receptor)

but showed a decreased response to aggretin A (Clec-2), collagen (inte-

grin b1 and GPVI) and did not respond to Botrocetin (vWF receptor

or GPIb complex). These platelets were also functionally impeded as

they displayed a decreased adhesion to collagen type1. Flow cytometry

analysis of the four vWF receptors revealed very low expression levels

of GP1ba in the dKO platelets.

Our results suggest that these mice are a phenocopy of patients with

Bernard-Soulier syndrome (BSS), a coagulopathy caused by a defect

of the vWF receptor due to mutation in either the GP1b or GPIX su-

bunits leading to macrothrombocytopenia characterized by prolonged

bleeding time and the absence of Botrocetin/Ristocetin induced plate-

let agglutination. Our data also suggested that GP1ba is a target for

Sp1/Sp3 in megakaryoctes.

We are currently analyzing RNA sequencing data and will perform

ChIP sequencing to unravel functional genomic targets of Sp1/Sp3 in

megakoryocytes.

PA 2.04-6
Microtubule plus-end tracking APC negatively
regulates proplatelet formation
Strassel C1, Bull A1, Leguay C1, Eckly A1, Freund M1, Williams B2,

Gachet C1 and Lanza F1

1UMR_S949, Inserm, Universit�e de Strasbourg, EFS-Alsace,

Strasbourg, France; 2Laboratory of Cell Signaling and

Carcinogenesis, Van Andel Research Institute, Grand Rapids, MI,

USA

Background: Platelets are produced from mature megakaryocytes fol-

lowing profound cellular reorganization leading to proplatelet elonga-

tion, a highly dynamic process mainly driven by microtubules (MT).

Despite some progress, the mechanisms regulating MT dynamics and

reorganization remain poorly defined. Adenopolyposis Coli (APC) is a

microtubule plus-end tracking protein (+TIPS) involved in the regula-

tion of MT in a number of cell systems (Akhmanova and Steinmetz,
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2010) and its inactivation has been reported to alter hematopoiesis

(Qian et al., 2008).

Aim: The aim of our study was to investigate a role for APC in megak-

aryopoiesis.

Methods: We used a loss of function approach using shRNA and a

knock-out murine model. Megakaryocytes (MKs) were obtained by

culturing hematopoietic stem cells (Lin-) and APC was knocked down

using two different APC shRNAs lentiviral constructs. Mice with

APC-deficiency in the megakaryocytic lineage were obtained by cross-

ing APCflx/flx (Qian et al., 2008) with Pf4-Cre mice.

Results: APC shRNA induced a 70% (shAPC1) and 54% (shAPC2)

decrease in APC transcript levels, respectively, when compared to a

control shRNA. Down-regulation of APC promoted endomitosis, as

evidenced by a higher percentage of Mks > 8 N. In addition, an

increased proportion of mature megakaryocytes was observed that

were able to extend proplatelets (68.8% (shAPC1) and 52.5%

(shAPC2) vs. 28.1% (control); n = 3). Loss of APC also exacerbated

proplatelet branching. Similar results, in terms of ploidy and amplifi-

cation of the proplatelet network were also observed when MKs were

differentiated from Lin- cells from mice with megakaryocyte-restricted

APC deficiency. In addition these mice exhibited increased platelet

counts when compared to control mice (1200 � 61 vs. 990 � 36 plate-

lets/lL; n = 25, P = 0.0061**) with a similar size, ultrastructure and

number of microtubules coils. Platelet functions were also preserved.

A ggregation in responses to several agonists and von Willebrand fac-

tor and fibrinogen-mediated platelet adhesions were normal.

Conclusion: Loss of APC leads to an amplification of proplatelet for-

mation, indicating a negative role of this +TIP stabilizing factor in

thrombopoieisis.

PA2.05 – Platelets and Genes

PA 2.05-1
The platelet response is inherited and dependent on
the number of shared alleles
Korporaal SJA1, Estourgie-van Burk F2, Jones CI3, Bartels M2,

Boomsma DI2, Ouwehand WH4, Goodall AH3 and De Groot PG1

1University Medical Center Utrecht, Utrecht; 2VU University,

Amsterdam, The Netherlands; 3University of Leicester, Leicester;
4University of Cambridge, Cambridge, UK

Background: The platelet response to agonist stimulation shows a high

degree of inter-individual variability. While this may be the result of

external factors, the fact that the individual platelet response is repro-

ducible over time, suggests that the platelet response must somehow

also be genetically controlled.

Aim: Since a well-defined platelet phenotype is informative when

assessing the risk of an individual to develop e.g. arterial thrombosis,

the current study aimed to elucidate the relative contribution of inher-

ited gene variation on platelet count and function.

Methods: Blood was collected from an unselected cohort of 18 year-

old monozygotic (n = 12 pairs) and dizygotic twin pairs (n = 19 pairs).

After measurement of the platelet count, the response of platelets to

agonist stimulation was assessed in whole blood by flow cytometry by

measuring fibrinogen binding and surface expression of P-selectin,

each in response to two concentrations of adenosine 5’-diphosphate

(ADP), or the glycoprotein (GP) VI-specific collagen peptide mimetic,

cross-linked collagen-related peptide (CRP-XL). Major secondary sig-

naling pathways were inhibited to guarantee ADP- and CRP-XL-

pathway specificity. Data were recorded as percentage of cells positive

for the activation markers. Agreement between the platelet counts or

platelet responses of subjects of monozygotic or dizygotic twin pairs,

or between non-related subjects (subject from one twin pair randomly

paired with a subject from another twin pair) was quantified by the

Pearson correlation coefficient with two-tailed P-value after logit

transformation of the data to ensure Gaussian distribution of the data

populations. The study was approved by the institutional review board

of the VU University, Amsterdam. Written informed consent was

obtained from all participants.

Results: Platelet counts were not significantly different between mono-

zygotic and dizygotic twins compared to subjects from a singleton

population. However, heritability of the platelet count was shown to

correlate with the number of shared alleles: within monozygotic twins

the correlation between twins was high (r2 = 0.73, P < 0.001), whereas

correlation was lower within dizygotic twins (r2 = 0.196, P = 0.066)

and completely absent in a random population of subjects (r2 = 0.01,

P = 0.60). Similarly, there was a high degree of correlation within the

pairs of twins for both fibrinogen binding and surface expression of P-

selectin after stimulation with ADP or CRP-XL. The level of correla-

tion was highest within pairs of monozygotic twins and less profound

in case of dizygotic twins. No correlation was found for the platelet

response in the random population.

Summary/Conclusions: These observations suggest that the platelet

response through P2Y1/P2Y12 or GPVI is under genetic control and

dependent on the number of shared alleles.

PA 2.05-2
Genome-wide association study of aspirin and
clopidogrel response in patients with percutaneous
coronary intervention
Timur AA1, Murugesan G2, Barnard J3, Gandhi S4, Bhatt DL4

and Kottke-Marchant K2

1Cleveland Clinic; 2Robert J. Tomsich Pathology and Laboratory

Medicine Institute, Cleveland Clinic; 3Quantitative Health

Sciences, Cleveland Clinic; 4Heart and Vascular Center,

MetroHealth Campus-Case Western Reserve University,

Cleveland, OH, USA

Background: Inter-individual variability exists in response to antiplat-

elet therapy. A significant minority of patients show poor platelet inhi-

bition, which has been associated with adverse clinical events.

Aims: To investigate possible genetic determinants of platelet reactivity

in patients receiving antiplatelet therapy.

Methods: Patients who underwent percutaneous coronary intervention

(PCI) and were on both aspirin and clopidogrel were enrolled in an

Institutional Review Board approved Observational Study (ASCLO-

GEN). Platelet function was measured using light transmission aggre-

gometry (LTA) with arachidonic acid (AA) and ADP, VerifyNow with

aspirin (ARU) and P2Y12 (PRU) cartridges, ex vivo TxB2, urinary

11dhTxB2, and VASP (PRI) assays. A genome-wide association study

(GWAS) was performed in 409 Caucasian patients using a cardiovas-

cular gene-centric Illumina 50 K SNP array. TaqMan assay was also

utilized for additional SNPs selected from P2RY1, P2RY12, and

CD36 genes. SNPs were filtered for MAF, H-W equilibrium, and call

rate. Subjects were filtered for excess heterozygosity, genetic related-

ness, gender mismatch, call rate and genetic population outliers. Gene-

based tests were conducted using a linear kernel machine approach.

All Ensembl gene IDs containing at least three typed SNPs were tested

(Ensembl 69; 2297 gene IDs) for the association with platelet function

measures. Among the tested genes, we also selected a focused set based

on literature review. Regression analyses were adjusted for gender, age

at PCI procedure and genetic relatedness. For genome-wide associa-

tions, a P-value < 2.16E-6 and < 1E-4 was deemed significant for

SNP- and gene-based tests, respectively, and P-value < 1E-2 for candi-

date gene test.

Results: Three SNPs from CYP2C19 (rs2281891, rs1322179, and

rs4244285) showed significant association with high PRI and a SNP

from NR5A2 (rs2821369) was associated with higher urinary

11dhTxB2 levels. Gene-based tests indicated a significant association

between P2RY12 and PRI, and also NLRP1 and 11dhTxB2. Candi-

date-gene approach revealed association of CYP2C19 with clopido-

grel-related assay measures including PRU, LTA-ADP, and PRI.

Other candidate genes that have shown association with platelet mea-
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sures are: PTGS2 (LTA-ADP), HTR2B (PRU), ITPR1 (LTA-ADP),

PLAT (LTA-AA) and UGT1A6-A10 (11dhTxB2).

Conclusion: This GWAS revealed an association between CYP2C19

and clopidogrel response. Other genes identified in this study

require further evaluation to establish their relationship with plate-

let reactivity.

PA 2.05-3
Systematic characterization of human platelets by
quantitative proteomics
Burkhart JM1, Vaudel M1, Becker K1, Gambaryan S2, Walter U3,

Martens L4, Geiger J2, Sickmann A1 and Zahedi R1

1Leibniz Institut f€ur Analytische Wissenschaften – ISAS – e.V.,

Dortmund; 2Universit€at W€urzburg, W€urzburg; 3Center for

Thrombosis and Haemostasis (CTH), Mainz, Germany; 4Vlaams

Instituut voor Biotechnologie (VIB), Ghent, Belgium

Anti-platelet treatment is of fundamental importance in combatting

functions/dysfunction of platelets in the pathogenesis of cardiovascu-

lar and inflammatory diseases. Dysfunction of anucleate platelets is

likely to be completely attributable to alterations in protein expression

patterns and post-translational modifications. Combining elaborate

protocols for platelet isolation from fresh blood donations in conjunc-

tion with quantitative mass spectrometry, we created the first compre-

hensive and quantitative proteome of highly pure human platelets,

comprising almost 4000 unique proteins with copy number estimates

for approximately 3700 of those and relatively quantified approxi-

mately 1900 proteins between four different healthy donors – with neg-

ligible contamination by leukocytes, erythrocytes and plasma,

respectively. For the first time, our data allow for a systematic and

weighted appraisal of protein networks and pathways in human plate-

lets, and indicate the feasibility of differential and comprehensive pro-

teome analysis from small blood donations. Since 85% of the platelet

proteome show no variation between healthy donors, this study repre-

sents the starting point for disease-driven platelet proteomics. These

findings allow for correlation to genome-wide association studies

which identified in a retrospective manner a set of chromosomal

regions affecting the risk of cardiovascular diseases. While respective

gene products could be identified in platelets, a comprehensive and

quantitative comparison of protein patterns between patients and rele-

vant controls such as relatives and spouses to validate risk factors is

still missing. In order to improve cardiovascular risk management,

genomic and proteomic analyses of respective corresponding gene loci

and proteins using next generation sequencing and targeted MS strate-

gies are applied with the final goal to characterize valuable biomarkers

for biomedical screenings.

PA 2.05-4
Association between the microarray-based CYP2C19
genotyping assay and the platelet function test in
cardiovascular patients receiving clopidogrel
Choi JL, Kim BR, Kim JE, Woo KS, Kim KH, Kim JM, Kim MH

and Han J-Y

Dong-A University College of Medicine, Busan, Korea

Background: Clopidogrel is a widely used antiplatelet agent that irre-

versibly inhibits platelet P2Y12 ADP receptors after transformation

into an active metabolite by cytochrome P450 (CYP) in the liver. Espe-

cially, CYP2C19 polymorphism has been reported to be associated

with altered antiplatelet activity of clopidogrel, and this polymorphism

reveals considerable inter-ethnic variation.

Aims: In this study, we would perform the CYP2C19 genotyping in

Korean cardiovascular patients receiving clopidogrel to assess the fre-

quency of polymorphism and analyze the association with the efficacy

of treatment. And we would investigate the applicability of CYP2C19

genotyping to decide the direction of treatment as well as the predic-

tion of the efficacy of treatment.

Methods: Polymorphisms of CYP2C19*2, *3, *17 and the degree of

inhibition of platelet function were determined in 155 patients who

were being treated with clopidogrel following cardiovascular interven-

tions. CYP2C19 genotyping was performed by the Verigene� system

CLO+ test (Nanosphere, USA) for the first time in Korea, and the

results were categorized as ultra-rapid metabolizer (UM, including

*17/*17 and *1/*17), extensive metabolizer (EM, including *1/*1),
intermediate metabolizer (IM, including *1/*2 and *1/*3), and poor

metabolizer (PM, including *2/*2, *3/*3, and *2/*3). The degree of

platelet inhibition was assessed by the VerifyNow P2Y12 system (Ac-

cumetrics, USA), and the pre-procedure/post-procedure PRU and per-

cent inhibition were measured to check the association with genotype.

This study was approved by the Institutional Review Board of Dong-

A University Hospital. Informed consent was obtained.

Results: Four of 155 patients were UM (2.6%), 56 EM (36.1%), 69 IM

(44.5%), and 26 PM (16.8%). The pre-procedure/post-procedure PRU

values of EM patients (268.0 � 81.0/222.2 � 91.3) were lower than

those of IM and PM patients (294.8 � 90.5/246.8 � 105.7 and

336.2 � 79.9/259.5 � 96.0, respectively; P = 0.001/0.168). The pre-

procedure/post-procedure percent inhibition values of EM patients

(20.5 � 23.1/31.1 � 27.1) were higher than those of IM and PM

patients (10.5 � 16.4/21.9 � 23.6 and 7.7 � 18.2/12.7 � 16.2, respec-

tively; P ≤ 0.001/0.004).

Conclusion: About 60% of Korean patients with cardiovascular dis-

eases receiving clopidogrel have CYP2C19 loss-of-function genotypes

classified as IM or PM, and the frequency is similar with the reported

data of Asian. And these genotypes are significantly associated with

reduced antiplatelet activity of clopidogrel. There are no consented

cutoff values of the platelet function test, the prediction of therapeutic

efficacy and the decision of therapeutic direction based on the geno-

typing could be useful. And the Verigene� system used in this study is

fast and simple, so genotyping with this instrument would improve the

clinical usefulness of genotyping.

PA 2.05-5
Genes in arterial thrombus formation: a comparison of
in vivo and in vitro studies
De Witt SM1, Nergiz-€Unal R1, Feijge MAH1, Wiese A1, Jupe S2,

Prins MH1, Cosemans JMEM1 and Heemskerk JWM1

1Maastricht University, Maastricht, The Netherlands; 2University

of Cambridge, Cambridge, UK

Background: Arterial thrombus formation relies on activation of blood

platelets and the coagulation system. Although antiplatelet and antico-

agulant agents are successful in the prevention of cardiovascular dis-

eases, they are directed against one of only few molecular targets. On

the other hand, in vivo studies of arterial thrombosis using genetically

modified mice show that multiple platelet- and plasma-derived pro-

teins contribute to thrombus formation. In many of these studies also

flow chamber technology for screening of thrombus formation at arte-

rial shear rates in vitro is included. Systematic comparisons of the in

vivo and in vitromeasurements have not been made up to now.

Aims: (i) Systematic comparative within-study analysis of effects of

genetic modification on arterial thrombus formation in vivo and

whole-blood thrombus formation in parallel-plate flow devices in vitro.

(ii) Use bioinformatics technology to construct networks of genes of

human signaling proteins implicated in arterial thrombus formation to

identify novel candidate genes.

Methods: An extensive search in PUBMED was performed, including

original studies where effects are reported of genetic modification on

murine thrombus formation both in vivo and in vitro from 1993 to

2013. Reviews were excluded. Information was categorized with

respect to the type of genetic modification, the vascular bed, the
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thrombosis model, dose and duration of vascular injury and pulmo-

nary thromboembolism in vivo; the thrombogenic surface, flow proto-

col and flow device in vitro. Three different scoring scales were

employed to quantify antithrombotic or pro-thrombotic effects of

mass-, time- or stability-dependent parameters of thrombus formation

indicating thrombus size, thrombus build-up in time and degree of

embolization respectively. Statistical analysis was performed using the

program SPSS version 19. The Reactome database was used to

construct extended networks of human proteins corresponding to the

analyzed mouse genes.

Results: Information was obtained of > 200 mouse genes with a posi-

tive or negative role in arterial thrombus formation. These included

genes encoding for platelet proteins (68%), for transcription factors

expressed in megakaryocytes (3%), for plasma coagulation and other

plasma factors (20%) and for endothelial-expressed proteins (5%).

The majority of genes contributed positively to thrombus formation in

vivo (75%) and in vitro (71%).

Time and mass-dependent parameters, reflecting thrombus build-up in

time and thrombus size respectively, correlated for all thrombosis

models and vascular beds (P < 0.01). Thrombus size also correlated

with the degree of death of mice due to pulmonary thromboembolism

(P < 0.01). Mass-dependent parameters in vitro correlated with mass-

dependent parameters in vivo (P < 0.01). Over-representation analysis

and construction of extended protein networks using Reactome indi-

cated a potential role of multiple novel genes in less well studied intra-

cellular signaling pathways.

Conclusions: This logistic analysis indicates that: (i) The overall set of

measurements in vivo of thrombus buildup (in time) and thrombus size

(mass) produces a coherent database, in spite of the differences in

experimental models and conditions used in individual laboratories.

(ii) Mass parameters of thrombus formation in vitro are predictive for

those in vivo. (iii) Combined information on mouse genes involved in

thrombus formation can be used to obtain logical networks of human

proteins, potentially involved in cardiovascular diseases.

PA 2.05-6
A new aIIb platelet antigen p.M841 (HPA-27bw)
involved in materno-fetal alloimmunization and HPA-
27bw genotyping by PCR-HRM (high resolution
melting) technique
Jallu V1, Bertrand G1, Le Toriellec E1, Bianchi F1, Chenet C1,

Poulain P2 and Kaplan C1

1INTS; 2Inserm U665 – INTS, Paris, France

Fetal/Neonatal Alloimmune Thrombocytopenia (FNAIT) diagnosis

relies on materno-fetal incompatibility and alloantibody identification.

In unsolved FNAIT, genotyping for rare platelet polymorphisms

allowed the identification of three families with materno-fetal incom-

patibility for the aIIb-c.2614C>A mutation (Halle et al, Transfusion

2008). This mutation leads to the L841M substitution. In one case, the

alloimmunization was confirmed by detecting an antibody to the

M841 form of aIIb.
The mutation was originally detected in 2001 as it introduced an unex-

pected restriction profile by using the Fok-I enzyme in a PCR-Restric-

tion Length Polymorphism genotyping technique. To quickly explore

unsolved FNAIT, a PCR- sequence specific primer amplification (SSP)

assay was designed to genotype the aIIb-c.2614C>A mutation. Seven

hundred and fifty-two DNA samples collected over 10 years were

genotyped and four parents presenting the aIIb-c.2614A allele were

detected. Nonetheless the materno-fetal incompatibility was suspected

or confirmed in only three cases. The classic Monoclonal Antibody

Specific-Immobilization of Platelet antigen Assay (MAIPA) initially

used in diagnosis failed to detected alloantibodies to the aIIb-M841

antigen in maternal sera. Thus HEK-293 cells expressing aIIb-leu841
or aIIb-Met841 aIIbb3 forms were used to probe the reactivity of

maternal sera. Tested by flow cytometry, one serum specifically reacted

with aIIb-M841 but not with aIIb-L841 aIIbb3. This specificity

revealed the aIIb-L841 polymorphism as a new alloantigen named

HPA-27bw in the international nomenclature. New blood samples

from the concerned family obtained in the context of a new pregnancy,

allowed detecting the alloantibody using heterozygous platelets in flow

cytometry. The anti-HPA-27bw alloantibody remains undetectable

using either transfected HEK-293 cells or platelets in MAIPA. As

observed for HPA-3a (or -3b) and HPA”-9bw alloantibodies,

anti-HPA-27bw alloantibodies appeared difficult to detect and

required whole platelet assays when classical MAIPA failed. Co-locali-

zation of the HPA-27bw, HPA-3a (or -3b) and HPA”-9bw antigens on

the same very flexible aIIb loop (amino acids 827–855) may explain

the difficulty to detect antibodies upon platelet solubilization. Simi-

larly to alloimmunizations in HPA-3 and -9 systems, the immune

response to the HPA-27bw antigen might induce severe thrombocy-

topenias and life-threatening hemorrhages. The p.L841M substitution

has limited effects, if any, on expression and functions of aIIbb3 in

transfected HEK-293 cells. MD simulations done with 3D structural

models of the aIIb peptide 827–855 correlated these last results as the

L841M substitution had any effect on the model structures.

The HPA-27bw variant, apparently rare in Caucasian, reaches an alle-

lic frequency up to 8.2% in Sub-Saharan African populations, where

homozygous people are observed (Halle et al, transfusion 2008).

This case of alloimmunization underlies the necessity to perform geno-

typing of rare variants in unsolved FNAIT. Furthermore, it also high-

lights that other serologic techniques must be used to complete

FNAIT diagnosis when MAIPA failed. We have developed a PCR-

High Resolution Melting (HRM) for quick simultaneous genotyping

of the HPA-3, -9 and -27bw variants to provide a technique comple-

mentary to the PCR-SSP in population studies. Furthermore PCR-

HRM may help to detect new variants. Future studies will concern the

HPA-27a allele immunogenicity to further characterize this particular

immune response.

PA2.06 – Haemophilia A:
Clinical – V

PA 2.06-1
Treatment for life for severe haemophilia A. A cost-
utility model for prophylaxis vs. on-demand treatment
Farrugia A1, Bansal M1, Cassar J2, Kimber MC1, Auserswald G3,

Fischer K4, O’Mahony B5, Noone D5 and Tolley K6

1Plasma Protein Therpeutics Association, Annapolis, MD, USA;
2Almar Therapeutics, Canberra, ACT, Australia; 3Prof.- Hess

Kinderklink, Klinikum Bremen-Mitte, Bremen, Germany; 4Van

Creveldkliniek, University Medical Center Utrecht, Utrecht, The

Netherlands; 5Irish Haemophilia Society, Dublin, Ireland; 6Tolley

Health Economics, Derbyshire, UK

Introduction: Prophylaxis has been established as the treatment of

choice in children with haemophilia and its continuation into the adult

years has been shown to decrease morbidity throughout life. The cost

of factor therapy has made the option questionable in cost-effective-

ness studies.

Aim: The role of prophylaxis in pharmacokinetic dosage and tolerisa-

tion against inhibitor formation were used to model the cost-utility of

prophylaxis vs. on-demand (OD) therapy over a lifetime horizon in

severe haemophilia A.

Methods: Commercial software (TreeAge[TRADEMARK]) was used

to construct a Markov model with 80 cycles of 1 year each. The model

was populated with variables for costs and effectiveness for haemo-

philia outcomes including joint and soft tissue bleeds, inhibitors and

dosage. Key inputs into the model which differed from previous exer-

cises included the use of pharmacokinetic dosage and effect of prophy-

laxis on the probability of developing inhibitors. The model was

applied to a single provider national health system exemplified by the
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United Kingdom’s National Health Service and a third party provider

in the United States. The incremental cost effectiveness ratio was

(ICER) was estimated and compared to threshold values used by payer

agencies to guide reimbursement decisions. A cost per quality adjusted

life year (QALY) was also estimated for Sweden.

Results: Applying a bidiurnal dosage regimen and using the early tol-

erisation protocol of Kurnik et al (Haemophilia. 2010;16(2):256–62),
prophylaxis was shown to be more effective and less costly (dominant)

relative to OD treatment in the UK. In the USA, the model resulted in

an ICER – $68,000, which is within the range of treatments reim-

bursed by third party payers in that country. In Sweden, a cost/QALY

of SEK 1.1 million was also within the range of reimbursed treatments

in that country, and prophylaxis was dominant over OD treatment

when daily dosage was applied. Sensitivity analysis showed that dos-

age and treatment-induced inhibitor incidence were the most impor-

tant variables in the model.

Conclusion: Subject to continuing clinical evidence of the effectiveness

of pharmacokinetic dosage and the role of prophylaxis in decreasing

inhibitor incidence, treatment for life with prophylaxis is a cost-effec-

tive therapy, using current criteria for the reimbursement of health

care technologies in a number of countries.

PA 2.06-2
Severe haemophilia a: different regimens for starting
prophylaxis (in PedNet)
Nijdam A1, Petrini P2, Carcao M3, Kurnik K4, Auerswald G5, Nolan

B6, Ljung R7, Molinari A8, Makipernaa A9 and Fischer K10

1University Medical Center Utrecht, Utrecht, The Netherlands;
2Karolinska University Hospital, Stockholm, Sweden; 3Hospital

for Sick Children, Toronto, ON, Canada; 4University of Munich,

Munich; 5Klinikum Bremen-Mitte, Bremen, Germany; 6Our

Lady’s Children’s Hospital, Crumlin, Dublin, Ireland; 7Lund

University, Malm€o, Sweden; 8Giannina Gaslini Children’s

Hospital, Genoa, Italy; 9Hospital for Children and Adolescents,

University of Helsinki, Helsinki, Finland; 10Van Creveldkliniek,

University Medical Center, Utrecht, The Netherlands

Background: The practice of prophylaxis in children with severe hae-

mophilia A (FVIII < 1%) is changing. Prophylaxis is started at a

younger age and at lower frequencies and doses. Different step up regi-

mens are used for patients starting at low frequencies. The general

objective is to eventually progress to full prophylaxis (3–3.59/week)

for optimum protection against bleeding.

Aims: To describe regimens of starting prophylaxis and compare their

effects on bleeding and use of central venous access devices (CVADs).

Methods: Data for this project were extracted from the ‘European Pae-

diatric Network for Haemophilia Management’ (PedNet) registry.

Patients with severe haemophilia A, born January 2000–January 2010,

who started prophylaxis before inhibitor development were included.

Detailed data on treatment and bleeding were collected until May

2012 or up to 7 years of age. Data were censored at inhibitor develop-

ment or loss to follow up. Different regimens of starting prophylaxis

were compared. Cumulative incidences and age at start of full prophy-

laxis (≥ 39 per week) were calculated using Kaplan Meier survival

analysis.

Results: 319/425 patients with severe haemophilia A started prophy-

laxis before the age of 7 years. Median follow up was 2.6 years (range:

0.1–7.0). Three regimens for starting prophylaxis were identified: 138

(43%) patients started 19/week, 97 (30%) 29/week and 84 (26%)

≥ 39/week. Patients started prophylaxis around a median age of

1.4 years and median one joint bleed (range 0–15) for all regimens.

Significantly less CVADs were used when starting with lower frequen-

cies: 18% for 19/week, 36% for 29/week and 41% for full prophy-

laxis (P-value < 0.01).

Almost all (90%) patients who started prophylaxis 19/week first pro-

gressed to 29/week before progressing to full prophylaxis. Patients in

both regimens reached full prophylaxis around the same age: 5.4 and

5.1 years respectively. Median dose used was 500 IU/infusion for all

regimens.

At the end of follow up, 4% of patients infused 19/week and 24% 29/

week without having progressed to full prophylaxis. Compared to

those who started with full prophylaxis (after a median of one joint

bleed, 41% without joint bleeds), patients who started with less fre-

quent infusions had suffered more bleeding at reaching full prophy-

laxis: for 19/week this was after median four joint bleeds (16% no

joint bleeding) and for 29/week after median three joint bleeds (20%

no bleeding, P-value < 0.01).

Summary/Conclusion: Overall, prophylaxis was started at a median of

1.4 years of age after one joint bleed. Starting prophylaxis with less

frequent infusions but progressing to full prophylaxis in 3.9 years was

associated with limited additional joint bleeding, and a lower use of

CVADs. More research on the effects of step up regimens on life-

threatening bleeds, and long term outcome is needed.

PA 2.06-3
Population pharmacokinetic analysis of long-lasting
recombinant factor VIII Fc fusion protein (rFVIIIFc) in
patients with severe haemophilia A
Neelakantan S1, Li S1, Powell J2, Josephson N3, Pasi J4, Perry D5,

Shapiro AD6, Ragni M7, Kulkarni R8, Fogarty P9, Brennan A1,

Pierce G1, Jiang H1 and Nestorov I1

1Biogen Idec, Weston, MA; 2University of California at Davis,

Davis, CA; 3Puget Sound Blood Center, Seattle, WA, USA; 4Barts

and the London School of Medicine and Dentistry, London;
5Addenbrookes Hospital, Cambridge, UK; 6Indiana Hemophilia

and Thrombosis Center, Indianapolis, IN; 7University of

Pittsburgh and the Hemophilia Center of Western Pennsylvania,

Pittsburgh, PA; 8Breslin Cancer Center, East Lansing, MI; 9Penn

Hemophilia Program, Philadelphia, PA, USA

Introduction: In a recently completed Phase 3 clinical study (A-

LONG), rFVIIIFc, a recombinant fusion protein composed of a single

molecule of human B-domain-deleted recombinant coagulation factor

VIII (BDD-rFVIII) attached to the Fc domain of human immuno-

globulin G1 (IgG1), was well-tolerated and effective in the treatment of

bleeding, routine prophylaxis, and perioperative management in

patients with haemophilia A. The half-life of rFVIIIFc was prolonged,

compared to a marketed recombinant FVIII product, octocog alfa

(Advate).

Objectives: To characterize the activity-time profiles of rFVIIIFc in

haemophilia A patients by population pharmacokinetic (PK) analysis

and to identify intrinsic covariates that may affect the variability of

rFVIIIFc PK parameters.

Methods: The modelling dataset included activity-time profiles of 180

subjects (15 from a Phase 1/2a study and 165 from a Phase 3 study [A-

LONG], collected over ≤ 52 weeks of treatment). Subjects were 12–
65 years old and weighed 41–132 kg. The analysis was done with

NONMEM 7 software, and included model building, covariate search,

and model qualification steps.

Results: A two-compartmental model adequately described the activity

of rFVIIIFc. The population estimate for clearance (CL) was 1.65 dL/

h; and for volume of distribution at steady state (Vss) was 44.4 dL.

The inter-individual variability (IIV) of CL was moderate (24.3%) and

central volume of distribution (V1) was low (13.4%). The inter-occa-

sional variability (IOV) of both CL and V1 was low (20.6% and

12.0% respectively). The additive residual error was very low

(0.208 IU/dL), as was the proportional residual error (13.6%),

approximating the variability of the one-stage clotting assay for FVIII

activity. Von Willebrand Factor (VWF) level was identified as the

major covariate for CL; higher levels of VWF yielded lower clearance

values, reflecting the protective role that VWF has on FVIII activity.
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Body Weight (BW) and haematocrit (HCT) were identified as weak co-

variates on V1.

Conclusion: This is the first population PK analysis that systematically

describes and characterizes the prolonged activity profile of long-last-

ing rFVIIIFc. The population PK model of rFVIII activity adequately

describes the observed activity-time profiles. The clearance of

rFVIIIFc activity is lower than the clearance observed for octocog

alfa, resulting in longer duration of activity. The relatively low IIV

underlines the consistency and homogeneity of the activity profiles.

The low IOV indicates that rFVIIIFc maintains stable and predictable

activity with long term administration over time. The set of covariates

identified is physiologically relevant. Therefore, the population model

developed can be used to simulate various dosing scenarios in support

of dosing regimen selection and other decision making related to

rFVIIIFc therapy. This approach represents an advance over the cur-

rent approach, wherein the efficacy of a treatment regimen cannot be

evaluated until after a patient has a bleeding episode.

PA 2.06-4
High-resolution peripheral quantitative computed
tomography (HR-pQCT): a novel imaging technology
detects microarchitectural skeletal pathology in
hemophilia patients
Lee A, Boyd S, Kline G and Poon M-C

University of Calgary, Calgary, AB, Canada

Background: Osteoporosis is a pathologic bone disorder characterized

by low bone mineral density (BMD) and microarchitectural bone dis-

ruption that can result in increased risk of fracture. Recent studies

based on dual X-ray absorptiometry (DXA) showed a high prevalence

of low BMD in persons with hemophilia (PWH). However BMD mea-

sured by DXA is limited by its inability to measure true volumetric

BMD and to determining bone microarchitecture that is directly

related to bone strength and resistance to fracture. HR-pQCT is a

novel technology that provides 3D imaging of human bone microar-

chitecture by measuring BMD and characteristics of different bone

compartments, and can predict resistance to fracture using finite ele-

ment (FE) method.

Aim: To determine the microarchitectural differences in the bone of

moderate and severe PWH compared to age and sex-matched controls

using HR-pQCT. (Approved by University of Calgary Research Eth-

ics Board)

Methods: Informed consent was obtained from severe and moderate

adult hemophilia patients (males, ≥ 18 years-old, factor VIII or IX

level ≤ 5%) recruited from the Southern Alberta Rare Blood and

Bleeding Disorders Clinic, Calgary. BMD and bone measurements

included DXA (reported as T-scores) and HR-pQCT imaging. HR-

pQCT results were compared to age-and sex-matched normative data

from a healthy patient cohort collected from a previous study (Cana-

dian Multicentre Osteoporosis Study) conducted at our centre. Bone

turnover markers (C-telopeptide CTX, N-telopeptide NTX) and bone

formation markers (osteocalcin, P1NP) were measured.

Results: Sixteen hemophilia patients (A:B = 14:2, 87.5%(A); 12.5%

(B), mean age: 34 years) were included in this pilot study. Vitamin D

deficiency was present in 47% of patients. Bone turnover markers were

elevated (mean: CTX 385.7 ng/L, NTX 83.3 nmol/mmol Cr) in 44%,

and bone formation markers were decreased (mean: P1NP 66.2 μg/L,
osteocalcin 4.2 μg/L) in 40%. Preliminary analysis of BMD measure-

ments showed a mean T-score of �1.0 (hip) and �1.2 (L-spine) with

53% of patients meeting criteria for osteopenia. HR-pQCT measure-

ments of patients in the hemophilia group (compared to control

group) showed (i) lower total volumetric BMD (282 � 75 vs.

331 � 44 mg hydroxyapatite (HA)/cm3); (ii) lower trabecular BMD

(expressed as Bone/Trabecular volume fraction) (0.142 � 0.04 vs.

0.178 � 0.02); but (iii) higher cortical BMD (872 � 87 vs.

784 � 52 mg HA/cm3). At the microarchitectural level, the hemo-

philia group compared to the controls demonstrated (i) fewer trabecu-

lar number (TbN); (ii) thinner trabeculae (TbSp) but (iii) thinner

cortex thickness (CtTH) compared to the controls (data not shown).

Finite element (FE) analysis estimating bone strength (failure load)

showed significantly lower mean failure load, in the hemophilia group

compared to controls (6288 � 1850 vs. 13,720 � 1561 Newtons,

P < 0.05).

Conclusion: This preliminary data demonstrates remarkably poor bone

health in PWH with detectable skeletal pathology at the microarchitec-

tural level in addition to low BMD. The resulting poor bone quality

may result in increased fracture risk in PWH. This study provides

some insight into how hemophilia affects bone metabolism and bone

structure, and suggests HR-pQCT may serves as a tool for early detec-

tion of poor bone quality. However, further studies are need to con-

firm the significance of our findings and translation into clinical

practice.

PA 2.06-5
Association between predicted FVIII levels and risk of
bleeding episodes in clinical trials with turoctocog
alfa, a new rFVIII product from Novo Nordisk
Ozelo MC1, Veljkovic D2, Klamroth R3, Misgav M4, Nielsen R5

and Groth A5

1INCT do Sangue Hemocentro Unicamp (University of

Campinas), Campinas, SP, Brazil; 2Institute for Mother and Child

Health Care of Serbia, Belgrade, Serbia; 3H€amophiliezentrum/

Gerinnungssprechstunde, Berlin, Germany; 4Chaim Sheba

Medical Center affiliated to the Sackler School of Medicine, Tel

Aviv, Israel; 5Novo Nordisk A/S, Soeborg, Denmark

Background: Novo Nordisk has conducted phase III clinical trials

(guardian[TRADEMARK]) with the new rFVIII product turoctocog

alfa in adult (≥ 12 years) and paediatric (< 12 years) patients with

severe haemophilia A. In these trials, patients received prophylactic

turoctocog alfa doses in the range 20–50 IU/kg (adult patients) or 25–
60 IU/kg (paediatric patients), the doses being adjusted according to

bleeding patterns of the individual patient during the trial.

Aims: To demonstrate the association between predicted FVIII:C and

estimated bleeding rates for spontaneous and traumatic bleeding epi-

sodes in adult and paediatric patients.

Methods: All patients (N = 214) reported detailed information about

dosing and bleeding episodes (spontaneous and traumatic), including

the time points of these events, in diaries. Initial results showed that

the estimated annualised bleeding rates (ABRs) increased with time

since the latest prophylactic dose. Furthermore, a subset of patients

(N = 50) underwent pharmacokinetic assessments. Based on the

observed PK properties and the patient-reported information, a profile

of predicted FVIII:C at all time points during the trial was constructed

for each patient and correlated to the time pattern of reported bleeding

episodes. This amounts to a population pharmacodynamic analysis of

the association between predicted FVIII:C and the risk of experiencing

either a spontaneous or traumatic bleeding episode. FVIII:C profiles

from patients (N = 67) who did not experience a bleeding episode dur-

ing the trial also contributed to the analysis, whereas patients (N = 3)

with insufficient reporting of dosing were excluded.

Results: In all, the 211 patients were exposed to turoctocog alfa in day-

time hours (06.00–24.00) for a total of 76.1 patient years (58.1 patient

years for adults and 18.0 patient years for children) and reported a

total number of 550 bleeding episodes during these hours (326 sponta-

neous, 188 traumatic and 36 not categorised). Overall, the results of

the analysis demonstrate that the risk of experiencing a bleeding epi-

sode decreases with increasing FVIII:C. The protection provided by

FVIII:C in the range of 1–5%, corresponding to moderate haemo-

philia, appears to be better for paediatric than for adult patients, par-

ticularly for spontaneous bleeding episodes. Between-patient
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variability of bleeding risk at any specified FVIII:C was substantial in

both age groups.

Conclusion: The protective effect of increasing FVIII:C appears more

pronounced for our paediatric vs. adult patients, and for spontaneous

vs. traumatic bleeding episodes. The high variability between patients

reflects the global character of the trials, spanning patients with highly

different treatment histories reflecting different economic resources in

the participating regions. The estimated relations between predicted

FVIII:C and bleeding risk could serve as a model to predict mean

ABRs not only in trials with multiple dosing regimens of standard

FVIII products, but also in trials using next generation FVIII com-

pounds with prolonged PK profiles.

PA 2.06-6
Parameters influencing factor VIII half-life and
recovery in patients with haemophilia A
Kepa S1, Reitter-Pfoertner SE1, Horvath B1, Heistinger M2,

Neumeister P3, Rosenlechner S4, Schuster G5, Petz B1,

Mannhalter C1 and Pabinger I1

1Medical University of Vienna, Vienna; 2Clinical Centre of

Klagenfurt am Woerthersee, Klagenfurt; 3Medical University of

Graz, Graz; 4Medical University of Salzburg, Salzburg; 5Blood

Transfusion Service of the Austrian Red Cross, Linz, Austria

Background: Factor VIII (FVIII) half-life and recovery vary widely

among patients with haemophilia A. Therefore, for tailored prophy-

lactic treatment regimens the knowledge of FVIII half-life and recov-

ery in individual patients is important.

Aim: The aim of the current study was the identification of factors

influencing FVIII pharmacokinetics in patients with haemophilia A.

Methods: Peripheral venous blood samples were collected in adult

patients (≥ 18 years) with severe and moderate haemophilia A pre-

and post-infusion after a washout period of at least 72 h after the last

factor VIII injection. Patients were on prophylactic or on-demand

treatment and received their usual recombinant or plasma-derived

FVIII concentrates. All patients had to give their written informed

consent. Exclusion criteria were a current or past FVIII inhibitor, bac-

terial infection or inflammation at inclusion, active bleeding or other

coagulation disorders. Blood samples for the pharmacokinetics were

collected before and at ten time points after FVIII infusion (according

to the recommendations of the ISTH). If desired by patient, sampling

was reduced to at least five time points after FVIII infusion. All FVIII

half-lives were evaluated by the Bayesian analysis (Bjoerkman, Blood,

2012, 119:612–618).
Results: Forty adult patients with haemophilia A (35 severe, five moder-

ate, median age 30 years [range: 18–61]) were recruited. Thereof, 20

patients had blood group 0. Fifty percent of all patients (n = 20) had an

inversion in the factor FVIII gene as underlying mutation (19: inversion

22, 1: inversion 1), 16 a point mutation, and one each had a deletion, a

nonsense mutation, a splice mutation and no identified mutation,

respectively. The median BMI was 25.7 (17.9–35.5) and the median

FVIII dosage used was 23.7 IU/kg (10.5–50.0). Regarding the treat-

ment regimen, 58% (n = 23) were on prophylaxis and 42% (n = 17) on

demand. The majority of patients (n = 29) received recombinant and 11

a plasma-derived FVIII product. The median FVIII recovery was 2.4/

dL/U/kg (1.0–3.7). Patients with higher BMI (> 25) showed a signifi-

cantly higher FVIII recovery (P = 0.013). No correlation was found

between FVIII recovery and blood group or age. The FVIII half-life

varied from 5.8 to 19.2 h (median 10 h) and the median clearance was

0.27 L/h/kg (0.12–0.65). In patients with blood group 0, FVIII half-life

was significantly shorter than in patients with non-0 blood group (med-

ian half-life: 9.5 h, range: 6.3–14.8 h vs. median: 11.8 h, range: 5.8–
19.2 h, P = 0.046). Patients aged > 30 years had a longer median half-

life compared to those 18–29 years of age (median: 12.4 h, range: 6.3–
19.2 h vs. median: 9.2 h, range: 5.8–17 h, P = 0.004). Moreover, von

Willebrand antigen and activity levels were associated with FVIII half-

life, patients with higher levels had a longer FVIII half-life (r = 0.608

and r = 0.402, respectively).The mutation type (inversion vs. other

mutations) had no impact on FVIII recovery, half-life or clearance.

Summary/Conclusions: FVIII pharmacokinetics, performed in adult

patients in routine clinical practice, using the usual medication and

dosage of an individual patient, revealed blood group, von Willebrand

factor antigen and age as major determinants for FVIII half-life,

whereas the underlying F8 gene mutation had no influence. Results

can be used for individualization of the prophylactic treatment

regimen.

PA2.07 – Haemophilia B – II

PA 2.07-1
A retrospective observational multicenter cohort study
on peri-operative Factor IX consumption in Hemophilia
B (‘OPTI-CLOT’ studies)
MHazendonk HCA1, Lock J1, Fijnvandraat KJ2, Meijer K3,

Tamminga YJ3, Kruip JHA4, Leebeek FWG4, Mathôt RAA2

and Cnossen MH1

1Erasmus Medical Center Sophia Childrens Hospital Rotterdam,

Rotterdam; 2Academic Medical Center, Amsterdam; 3University

Medical Center Groningen, Groningen; 4Erasmus Medical Center,

Rotterdam, The Netherlands

Background: Hemophilia B is an X-linked bleeding disorder, caused by

a deficiency of clotting factor FIX (FIX). Treatment of hemophilia

with coagulation factors is costly. Previous studies have demonstrated

that FIX consumption in prophylactic treatment can be significantly

reduced by individualized dosing regimens. However, data on peri-

operative FIX consumption, clearance and modifying factors are

scarce.

Aim: To evaluate peri-operative FIX consumption and achieved FIX

levels in hemophilia B with attention to patient- and surgical charac-

teristics.

Patients and Methods: In this multicenter retrospective observational

study, we included patients with severe and moderate hemophilia B

(FIX levels < 0.05 IU/mL), without an inhibitor, undergoing elective

and low or medium risk surgery from January 2000 until July 2012,

from three Dutch Hemophilia Treatment Centers. The study was not

subject to the Medical Research Involving Human Subjects Act and

was approved by the Medical Ethics Committee. FIX concentrates

were administered with the aim to achieve the following target levels

advised by the Dutch Hemophilia Consensus: day 1: 0.8–1.0 IU/mL;

day 2–5: 0.5–0.8 IU/mL; > day 6: 0.3–0.5 IU/mL. The achieved FIX

plasma levels were generally checked daily. Data were collected on

clinical and surgical characteristics, peri-operative dose and mode

(bolus infusion: BI or continuous infusion: CI) of FIX concentrate

administration, achieved FIX levels and bleeding complications.

Results: A total of 43 surgical procedures was performed in 21

patients; 16 adults (36 surgeries; median age 49 years; median weight

80 kg) and five children (seven surgeries; median age 4 years; median

weight 18 kg). In adults, mainly orthopedic surgeries were performed

(63%); in children insertion or removal of intravenous catheters and

abdominal surgery was most frequent (57%). Peri-operative bleeding

complications were reported in six procedures (14%); in three patients

(7%) reoperation was required for persistent bleeding.

Median amount of infused FIX concentrate during hospitalisation

was 44,575 IU (686 IU/kg) per surgical procedure. Forty-seven per-

cent of achieved peri-operative levels was above highest required level

(median + 0.17 IU/mL) according to the Consensus; 41% was within

target range and 11% of levels was below targeted range (median

�0.11 IU/mL). CI was used more frequently (63%) than BI (37%);

children received only FIX by BI.

CI and BI did not differ in bleeding complications or achieved FIX

levels. For adults the median amount of infused FIX concentrate was
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significantly higher when treated by CI (788 IU/kg) compared to BI

(408 IU/kg) (P < 0.001). After correction for duration of hospitalisa-

tion this difference did persist; CI 60 IU/kg/day and BI 44 IU/kg/day

(P = 0.01). The severity of surgery was not associated with the

amount of FIX concentrate administered per day. Further analyses

are ongoing to differentiate between indications for surgery.

Conclusion: Forty-seven percent of peri-operative FIX levels was

above the predefined target levels. These data support that there is

room for improvement in the efficacy of peri-operative dosing. PK-

guided dosing with iterative pharmacokinetic modelling in the peri-

operative period is therefore promising.

PA 2.07-2
Is hemophilia B less severe than hemophilia A in
young children with same level of factor deficiency?
Clausen N1, Mancuso ME2, Claeyssens-Donadel S3, Petrini P4,

Liesner R5 and Gouw S6

1University Hospital of Aarhus at Skejby, Aarhus N, Denmark;
2Angelo Bianchi Bonomi Hemophilia and Thrombosis Center,

Milan, Italy; 3Centre Regional d’Hemophilie, Toulouse, France;
4Karolinska Hospital, Stockholm, Sweden; 5Great Ormond Street

Hospital for Children, London, UK; 6Emma Children’s Hospital,

Amsterdam, The Netherlands

Background: Several studies, mainly in adults, have suggested that the

bleeding phenotype in hemophilia B (HB) is milder compared with

hemophilia A (HA) at similar residual clotting factor VIII or IX activi-

ties. More knowledge on children’s bleeding phenotype in both HA

and HB, especially at the start of treatment, is important in order to

optimize childhood patient care.

Aims: This study was designed to describe and compare the severity of

the bleeding phenotype and the variation in bleeding sites in young

patients with severe or moderate HA and HB.

Methods: Consecutive untreated children with severe HA and HB (fac-

tor VIII/IX < 0.01 IU/mL) or moderate HA and HB (factor VIII/IX

0.01–0.05 IU/mL) born between January 1st 2000 and January 1st

2010, who were diagnosed in one of the participating hemophilia treat-

ment centers were included. Approval from every centre’s review

board and written informed consent was obtained from the parents or

guardians of all participants. The primary outcome of the study was

the clinical phenotype expressed as the severity of bleeding tendency,

i.e. the age when bleeding necessitating treatment occurred. The sec-

ondary outcome was variation in bleeding sites. The determinant was

the type of hemophilia, HA and HB. Patients were censored when they

started on prophylactic treatment.

Results: Among 582 patients with severe HA and 76 with severe HB

there were no differences in age at diagnosis (median 0.42 vs.

0.43 years [P = 0.65]), age at first exposure to clotting factor (0.81 vs.

0.88 years [P 0.20]), age at first bleed (0.82 vs. 0.88 years [P = 0.36]),

and age at first joint bleed (1.18 vs. 1.20 years [P = 0.59]), respec-

tively. As expected, these respective ages were higher in patients with

moderate hemophilia. Also in moderate hemophilia there were no

clear differences between HA and HB. The age at start of prophylaxis

in HA and HB were similar. Target joints occurred with similar fre-

quencies. The proportion of children without bleeding before the age

of 2 years was equal.

Summary/Conclusions: The present study demonstrates that the sever-

ity and the variation in bleeding phenotype of hemophilia A and

hemophilia B are similar during the early stage of the disease in chil-

dren with severe and moderate hemophilia. Young children with

hemophilia B should be observed and treated as intensely as those with

hemophilia A.

PA 2.07-3
Identification of 11 new mutations in the factor IX
gene in patients with haemophilia B
Trento TH1, Siqueira LH2, Santos A2, Veiga M3, Thomas S4,

Streva A5, Prezotti A6, Medina S2 and Ozelo MC2

1State University of Campinas, Campinas; 2INCT do Sangue

Hemocentro UNICAMP, University of Campinas, Campinas, SP;
3Hemocentro do Paran�a, HEMEPAR, Curitiba, PR; 4Hemocentro

do Mato Grosso, Cuiab�a, MT; 5Hemocentro da Bahia, HEMOBA,

Salvador, BA; 6Hemocentro do Esp�ırito Santo, HEMOES, Vit�oria,

ES, Brazil

Introduction: Haemophilia B (HB) is an X-linked hereditary bleeding

disorder caused by factor IX (FIX) deficiency. The FIX gene (F9) is

located at Xq27.1 with eight exons and seven introns and encodes a

2.8 kb mRNA molecule, resulting in the mature serine protease FIX

with 461 amino acids. Mutations that cause haemophilia B are

restricted entirely to the F9 and include point mutations, such as mis-

sense, nonsense and splice site mutation, and deletions or insertions.

Point mutations are regarded as cause of approximately 85% of the

haemophilia B cases.

Objective: The aim of this study was to determine the genotype of

patients with the diagnosis of haemophilia B, correlating it with their phe-

notype, and to evaluate the most frequent mutations in our population.

Patients and Methods: Patients with HB from six Haemophilia Centers

located in different regions inBrazil were included in this study. DNA

samples extracted from peripheral blood leukocytes were used for direct

sequence analysis, using the reference NCBI Ref Seq NM_000133.3 and

the King’s College London Haemophilia B database.

Results: A total of 154 patients with haemophilia B of 88 unrelated

families were included in this study, with 11 cases of sporadic haemo-

philia B. Sixty-nine patients (47 families) were classified as severe hae-

mophilia B (FIX ≤ 1 IU/dL). Sixty-one F9 distinct mutations were

identified, including 11 mutations not previously described. Novel

mutations included two frameshift mutations (c.31044_31046delC and

c.31298_31303ins) and the point mutations p.L326R, p.D359H,

p.R116P, p.H221N, p.I382T, p.P193L, promoter -21 T>A, p.E17D

and p.Q246R. Forty-seven unrelated families had severe haemophilia

B, among them we observed 32 (68%) missense mutation, 8 (17%) of

nonsense mutation, 3 (6%) splice site mutation and 4 (9%) frameshift

mutation. In 41 unrelated families with moderate and mild haemo-

philia B (34 moderate and seven mild) we observed 1 (2.5%) frameshift

mutation, 1 (2.5%) splice site mutation and 39 (95%) missense muta-

tions. Regarding the most frequently observed mutations in this popu-

lation we can highlight two codons in exon 8 recognized as hotspots in

F9 (p.R248 and p.R333). The mutation p.R248Stop (30863 C>T) was
present in three families with severe haemophilia B. Four distinct fami-

lies with haemophilia B presented the mutation p.R333Q

(31119 G>A) and in one family with severe haemophilia B the muta-

tion p.R333Stop (31118 C>T) was identified.
Discussion: The present study identified the causal mutation of 154 Bra-

zilian haemophilia B patients. Sixty-one different F9 mutations, includ-

ing 11 novel mutations, were detected. Identification of the mutations

related to haemophilia B allows the carrier detection and prenatal diag-

nosis. This study is of great interest for genetic counseling of HB carri-

ers and to better understand the pathophysiology of the disease.
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PA 2.07-4
Long-lasting recombinant factor FIX Fc fusion (rFIXFc)
for perioperative management of subjects with
haemophilia B in the phase 3 B-LONG study
Powell J1, Apte S2, Chambost H3, Hermans C4, Jackson S5,

Josephson N6, Mahlangu J7, C Ozelo M8, Peerlinck K9 and Allen G10

1University of California at Davis, Davis, CA, USA; 2Sahyadri

Hospital, Mahara, India; 3Centre R�egional de Traitement des

h�emophiles, Marseille, France; 4Cliniques Universitaires Saint-

Luc, Bruxelles, Belgium; 5Saint Paul’s Hospital, Vancouver,

Canada; 6Puget Sound Blood Center, Seattle, WA, USA;
7Haemophilia Comprehensive Care Centre, Johannesburg, South

Africa; 8INCT do Sangue Hemocentro UNICAMP, Campinas,

Brazil; 9Apotheek, UZ Gasthuisberg, Leuven, Belgium; 10Biogen

Idec, Weston, MA, USA

Background: A long-lasting recombinant factor IX Fc fusion protein

(rFIXFc) was developed to improve current treatment of haemophilia

B. A monomeric rFIX molecule was fused directly to the Fc domain of

immunoglobulin G1(IgG1) to utilise an endogenous pathway that

delays lysosomal degradation by cycling these proteins back into circu-

lation, resulting in a longer plasma half-life. The prolonged activity of

rFIXFc was confirmed in the recently completed phase 3 B-LONG

study to provide prophylactic protection at 1–2 week dosing intervals

and effective management of bleeding episodes.

Aim: To evaluate the efficacy of rFIXFc for haemostatic control in the

setting of major surgery.

Methods: Male subjects with severe haemophilia B (≤ 2 IU/dL [2%]

endogenous FIX), ≥ 12 years old, with no current or previous FIX

inhibitors, and a history of ≥ 100 documented prior exposure days

(ED) to FIX were enrolled in one of four treatment arms: Arm 1,

weekly prophylaxis; Arm 2, individualised interval prophylaxis; Arm

3, episodic (on-demand) treatment; and Arm 4, perioperative manage-

ment. Subjects requiring major surgery (newly recruited or from Arms

1–3) participated in Arm 4. Treatment for subjects in Arm 4 was cho-

sen by the investigators and surgeons based on considerations of the

subject’s rFIXFc PK profile, the type of planned surgery, and clinical

status of the subject. Endpoints for Arm 4 included investigators’/sur-

geons’ assessments of subjects’ response to surgery with rFIXFc; num-

ber of injections and dose required to maintain haemostasis during the

surgical period; estimated blood loss during and after surgery; and

number of transfusions required for surgery.

Results: Overall, 14 major surgeries were performed in 12 subjects,

including arthroscopic meniscectomy of knee (n = 1), arthroscopic

ankle fusion (n = 1), knee replacements (n = 5), and other (n = 7).

Haemostasis was rated as excellent (13/14) or good (1/14) by the inves-

tigator/surgeon. The median estimated blood loss was 65.5 mL (range:

0.0–300.0 mL) during surgery and 0.0 mL (range: 0.0–500 mL) post-

operatively. No blood transfusions were required during surgery, but

two subjects received transfusions in the postoperative period. A single

injection of rFIXFc was required in 85.7% of surgeries to maintain

haemostasis during surgery, at a median dose of 90.9 IU/kg per injec-

tion. Most procedures required 1–2 injections the day preceding and

day of surgery and most subjects required 2–3 injections during post-

operative Days 1–3. On the day of surgery, post-operative Days 1–3,
and post-operative Days 4–14, the median rFIXFc consumption (sum-

marized over all injections during the time period) was 146.1, 164.6,

and 277.1 IU/kg, respectively. Overall, one or more adverse events

(AE) were reported for 10 (83.3%) of the 12 subjects, and three sub-

jects reported six serious AEs, all of which resolved and were judged as

unrelated to rFIXFc treatment.

Summary/Conclusions: In this study, long-lasting rFIXFc maintained

perioperative haemostasis in patients with haemophilia B. High peri-

operative efficacy was reported by investigators/surgeons, suggesting

that haemostasis achieved after infusion of rFIXFc was comparable to

that for similar surgeries in subjects without haemophilia B.

PA 2.07-5
Clinical implications of population pharmacokinetics
of rFIXFc in routine prophylaxis, control of bleeding
and perioperative management for haemophilia B
patients
Li S1, Diao L1, Powell J2, Shapiro AD3, Josephson N4, Pasi J5, Perry

D6, Ragni M7, Kulkarni R8, Valentino LA9, Brennan A1, Pierce GF1,

Nestorov I1 and Jiang H1

1Biogen Idec, Waltham, MA; 2University of California Davis

Health System, Sacramento, CA; 33Indiana Hemophilia and

Thrombosis Center, Indianapolis, IN; 4Puget Sound Blood Center,

Seattle, WA, USA; 5Barts and the London School of Medicine and

Dentistry, London; 66Department of Haematology,

Addenbrookes Hospital, Cambridge, UK; 7University of

Pittsburgh and the Hemophilia Center of Western Pennsylvania,

Pittsburgh, PA; 8Breslin Cancer Center, East Lansing, MI; 9Rush

University Medical Center, Chicago, IL, USA

Background: Clinical dosing of factor IX (FIX) in treatment of haemo-

philia B is well established based on empirical practice and clinical out-

comes. Since pharmacokinetics (PK) of FIX activity is a surrogate

efficacy marker, we utilised population PK (popPK) modelling and

simulation to evaluate dosing regimens of long-lasting recombinant

FIX Fc fusion protein (rFIXFc). The PK of rFIXFc, in 12 phase 1/2a

and 123 phase 3 study subjects from 12 to 76 years old (body weight

(BW): 45–186.7 kg), was best described by a three-compartmental

model, which showed modest inter-individual variability (IIV) of

17.7% for clearance (CL) and 21.7% for volume of central compart-

ment (V1). The proportional residue error of 10.6% approximates the

variability of the one-stage clotting assay for FIX activity. The only

covariate that showed a weak association with rFIXFc PK was BW,

which accounted for approximately 3% of IIV for CL and V1, suggest-

ing that BW-independent (i.e. flat) dosing of rFIXFc may be feasible

for treating adult haemophilia B patients.

Aims: To simulate the BW-based and flat dosing regimens for routine

prophylaxis, control of bleeding and perioperative management in the

haemophilia B population.

Method: The validated three-compartmental popPK model, including

inter-occasion variability and BW as the covariate on CL and V1, was

used for dosing simulations. For each regimen, PK profiles were simu-

lated for 1000 subjects with BW distribution representative of the

phase 3 study, and for three populations (n = 1000 each) stratified by

BW: low (≤ 10th percentile), typical (10th–90th percentile) and high

(≥ 90th percentile). Variability of exposure parameters, percentage of

population maintaining target Cmax and trough, and deviations of

median exposure parameters in extreme BW groups were compared

between BW-based and flat dosing regimens.

Result: Consistent with the observations from the phase 3 study, pop-

PK simulation of 50 IU/kg once weekly or 100 IU/kg every 10–
14 days predicted peak FIX activity within the physiologic range

(Cmax < 150%) and trough ≥ 1% in the majority of the population.

Analysis of 12 major surgeries found that the FIX activities measured

during the perioperative period were largely consistent with the predic-

tion by popPK based on subjects’ pre-surgery PK characteristics, indi-

cating no substantial factor consumption in these surgeries.

Furthermore, BW-based and flat dosing resulted in comparable PK

profiles, eg, 50 IU/kg and 4000 IU once weekly predicted a median

(5th, 95th percentile) Cmax of 52.6 (32.1, 89.3) IU/dL and 56.1 (36.2,

90.9) IU/dL, respectively. Both dosing regimens predicted that > 95%

of the population maintains Cmax < 150% and trough ≥ 1%. How-

ever, BW-based and flat dosing showed differential effects on the expo-

sure parameters in extreme (≤ 10th or ≥ 90th percentile) BW

populations.

Conclusion: PopPK provides a robust and effective means to evaluate

potential dosing regimens. The predictions by popPK simulation for

rFIXFc corroborate the results from the phase 3 study. The simula-

tions of BW-based and flat dosing of rFIXFc achieved similar PK pro-
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files. Considering the wide therapeutic range for factor replacement

therapy, flat dosing of rFIXFc and rFIX products may be a viable

approach in adult haemophilia B patients that warrants further clinical

investigation.

PA 2.07-6
Treatment of bleeding episodes in subjects with
haemophilia B with the long-lasting recombinant
factor IX Fc fusion protein (rFIXFc) in the phase 3 B-
LONG study
Pasi J1, Josephson N2, Mahlangu J3, Perry D4, Powell J5, Ragni M6,

Valentino LA7, Krassova S8, Nugent K8, Brennan A8, Innes A8, Luk

A9, Pierce GF8 and Allen G8

1Barts and the London Comp Care Center, London, UK; 2Puget

Sound Blood Center, Seattle, WA, USA; 3Haemophilia

Comprehensive Care Centre, University of the Witwatersrand,

Johannesburg, South Africa; 4Addenbrooke’s Hospital,

Cambridge, UK; 5University of California at Davis, Davis, CA;
6University of Pittsburgh and the Hemophilia Center of Western

Pennsylvania, Pittsburgh, PA; 7Rush University Medical Center,

Chicago, IL; 8Biogen Idec; 9Biogen Idec Hemophilia, Weston,

MA, USA

Background: Fc fusion technology has been utilised to develop a

long-lasting recombinant factor IX (rFIXFc) for the treatment of

haemophilia B. Recombinant FIX was covalently linked to the Fc

domain of human immunoglobulin G1 (IgG) to utilise an endoge-

nous pathway that delays lysosomal degradation by cycling Fc-con-

taining proteins back into circulation, resulting in a longer plasma

half-life. The improved PK of rFIXFc was demonstrated in the

recently completed phase 3 B-LONG study, in which rFIXFc pro-

vided sustained protection from bleeding with prophylaxis regimens

of injections every 1–2 weeks, and excellent control of bleeding epi-

sodes.

Aim: To evaluate the treatment of bleeding episodes with rFIXFc in

the B-LONG study.

Methods: Male subjects with severe haemophilia B (≤ 2 IU/dL [2%]

endogenous FIX), ≥ 12 years old, with no current or previous FIX

inhibitors, and a history of ≥ 100 documented prior exposure days

(ED) to FIX products were included in one of four treatment arms:

Arm 1, weekly prophylaxis (starting at 50 IU/kg; PK-driven dose

adjustments); Arm 2, individualised interval prophylaxis (100 IU/kg

starting at every 10 days; PK-driven interval adjustments); Arm 3, epi-

sodic (on-demand) treatment (20–100 IU/kg); and Arm 4, periopera-

tive management. The number of bleeding episodes, number of

injections, and median dose required to resolve bleeding episodes were

evaluated. Subject and physician subjective assessment of efficacy were

recorded.

Results: One hundred and twenty-three subjects were enrolled at 50

centres (Arm 1 = 63, Arm 2 = 29, Arm 3 = 27, Arm 4 = 12 [includ-

ing eight from Arms 1–3]), and 93.5% completed the study. A total

of 636 bleeding episodes (Arm 1 = 167, Arm 2 = 67, Arm 3 = 402)

in 89 subjects were treated, 90.4% of which required a single dose

of rFIXFc for resolution of the bleed and 97.3% required ≤ 2

injections. The median dose per injection was 46.1 IU/kg and the

median total dose for the bleeding episodes was 47.0 IU/kg. Over-

all, subject assessment of response to treatment with rFIXFc was

excellent or good for 76.4%, 77.0%, and 85.4% of injections in

Arms 1, 2, and 3, respectively. Physicians’ global assessment of

subject response to their rFIXFc regimen was rated as excellent or

effective for 98.9%, 99.2%, and 97.9% of visits in Arms 1, 2, and

3, respectively.

Summary/Conclusions: Results of this analysis indicate that long-last-

ing rFIXFc offers a robust option for treatment of bleeding episodes

in persons with severe haemophilia B. Most bleeding episodes in this

study required one injection only to resolve the bleed. Assessments of

haemostatic response reflect high subject ratings of treatment response

to breakthrough bleeding and high physician ratings of the efficacy of

rFIXFc injections.

PA2.08 – Von Willebrand Factor:
Clinical – I

PA 2.08-1
Clinical efficacy and safety of DDAVP with or
without tranexamic acid in inherited VWD: final
results of the prospective and international study on
229 patients
Federici AB1, Castaman G2, Iorio A3, Bonduel M4, D’Amico EA5,

Oliovecchio E6, Santoro C7, Siboni SM1, Zieger B4 and Mannucci

PM8

1University of Milan, Milan; 2S. Bortolo Hospital, Vicenza;
3University of Perugia, Perugia, Italy; 4Pediatric Hospital, Buenos

Aires, Argentina; 5Internal Medicine, San Paulo, Brazil;
6Unversity of Perugia, Perugia; 7University of Rome, Rome;
8Policlinico Hospital, Milan, Italy

Background: Desmopressin (DDAVP) is the treatment of choice for

most patients with mild-moderate forms of von Willebrand disease

(VWD) because it can induce the release of von Willebrand factor

(VWF) from cellular compartments. However, despite the large use of

DDAVP since 1977, there are only a few prospective clinical trials

aimed at determining benefits and limits of this therapeutic

approaches.

Aims and Design of the Study: To correlate efficacy and safety with bio-

logical response of DDAVP in inherited VWD, 268 patients were

enrolled and exposed to 0.3 μg/kg DDAVP intravenous injection and

to blood withdrawal for measuring VWF/FVIII activities before and

after 0.5, 1, 2 and 4 h (biological response). Then efficacy and safety of

DDAVP were evaluated prospectively during 24 months when VWD

were exposed to bleedings and minor/major surgeries.

Methods: The following criteria were used for analyses:

VWD = VWF:RCo < 55 U/dL; VWD2 = VWF:RCo/Ag ratio ≤ 0.6;

VWD1 accelerated clearance: VWF:RCo/FVIII increase after 0.5–1 h

with return to baseline after 2–4 h.

Results: 229/268 (85%) patients met inclusion criteria as VWD1

(n = 196), VWD2A (n = 18), VWD2B (n = 1), VWD2M (n = 14),

VWD2N (n = 3). Biological response was complete, partial and absent

in 89%, 10% and 1% of VWD and correlated with baseline levels of

VWF:RCo < 30 U/dL (Fisher’s exact = 0.001). VWD1(n = 15) with

C1130F and R1205H mutations showed accelerated clearance. During

the 24-month follow-up, 62/86 (72%) patients received > 1 injection of

DDAVP for bleedings (n = 102), deliveries (n = 13), dental extractions

(n = 27), minor/major surgeries (n = 46). Total injections were 652

with median, range/episode during bleedings (2.1–12), deliveries (3.1–
3), dental extractions (1.1–10), surgeries (3.61–16). Tranexamic acid

(TA) was used together with DDAVP not only in most bleeding epi-

sodes [GI bleeds (100%), epistaxis (77%), menorrhagia (71%)] and in

most dental extractions (83%) but also in minor (53%) and major

(57%) surgeries. Clinical efficacy was excellent/good in bleedings

(92.1%), deliveries (84.6%), dental extractions (100%), surgeries

(90.6%) being poor in six cases with VWD2A (n = 4) during GI bleed-

ings (n = 3) or abdominal surgery (n = 1) and VWD1(n = 2) during

deliveries and surgery. The rate of efficacy were not significantly differ-

ent in the two groups receiving DDAVP with or without TA. Side

effects (16 cases) were mainly minor, such as headache, facial flushing

and tachycardia with water retention reported in two cases (one deliv-

ery, one surgery) after > 6 injections.

Conclusions: Based on the results of this large prospective study, we

confirm that DDAVP is an effective and safe drug at low costs for
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managing patients with VWD1, VWD2A, VWD2M and VWD2N

once tested for their biological response: therefore it should be always

recommended as the treatment of choice in responsive patients with

moderate-mild VWD.

PA 2.08-2
The merging project: a machine learning approach to
merge and analyze data from four different bleeding
questionnaires
Mollah S1, Grabell J2, Rand ML3, Clarke D3, Christopherson P4,

Mauer A5, Montgomery R4, T. Zimmerman Program

Investigator4, Coller B1 and James PD2

1Rockefeller University, New York, NY, USA; 2Queen’s

University, Kingston, ON; 3The Hospital for Sick Children,

Toronto, ON, Canada; 4Blood Research Institute and Medical

College of Wisconsin, Milwaukee, WI; 5Massachusetts General

Hospital, Boston, MA, USA

Background: The accurate assessment of hemorrhagic symptoms is a

critical component in the diagnosis of mild bleeding disorders

including von Willebrand disease (VWD). The value of standard-

ized bleeding histories and quantitative bleeding scores has been

recognized and multiple bleeding assessment tools have been devel-

oped, validated and published for use in both adult and pediatric

populations.

Aim: To create a bioinformatics system for merging and analyzing

data derived from different bleeding assessment tools.

Methods: Data obtained from index cases (IC) with VWD and healthy

controls (defined as having no known problem with bleeding or bruis-

ing) using one of four different bleeding questionnaires [MCMDM1-

VWD Bleeding Questionnaire (Tosetto, JTH, 2006;4:766–73), the

Condensed MCMDM1-VWD Bleeding Questionnaire (Bowman,

JTH, 2008;6:2062–6), the Pediatric Bleeding Questionnaire (PBQ)

(Bowman, JTH, 2009;7:1418–21) and the ISTH-BAT (Rodeghiero,

JTH, 2010;8:2063–5)] were normalized and cleaned prior to merging.

Attribute selection was performed to determine features best able to

distinguish individuals affected with VWD from unaffected. Informa-

tion Gain and Rank search methods were used to determine the score

to assign to each attribute with a score of 1.0 having perfect predictive

value. The validity of the top 25 attributes was confirmed using classi-

fication analysis (Na€ıve Bayes Decision Tree Classifier) with 5-fold

cross validation. Performance of the classifier was assessed by calculat-

ing sensitivity, specificity, positive predictive value (PPV), and negative

predictive value (NPV).

Results: Data from 2073 subjects were cleaned and merged (774

MCMDM1-VWD Bleeding Questionnaire, 735 Condensed

MCMDM1-VWD Bleeding Questionnaire, 401 PBQ and 163 ISTH-

BAT) comprising 679 cases of VWD and 1394 controls. The average

age was significantly different between the affected subjects and con-

trols [22.1 (range 1–81) and 34.8 (range 0.4–90), respectively

(P ≤ 0.001)]. The gender distribution did not differ [n = 432 females

(64%) among cases and n = 902 (65%) among controls (P = 0.785)].

Of the 679 VWD cases, 612 are Type 1 VWD, 23 are Type 2 VWD and

44 are Type 3 VWD. The overall bleeding score from all four of the

bleeding questionnaires included is the best predictor of affected status

(score = 0.43) followed by the score for the bruising category (0.23),

whether excessive bruising occurs or not (score = 0.23), size of the

average bruise (score = 0.19) and location of bruises (exposed vs.

unexposed) (score = 0.19). The sensitivity, specificity, PPV, and NPV

of the top 25 attributes are 91%, 87%, 0.83 and 0.94 respectively. The

analysis did not substantially differ when performed for only cases

with Type 1 VWD and controls, with the exception of an increase in

PPV to 0.93.

Conclusions: We found that the overall bleeding score is better than

any single attribute at predicting the presence of VWD. Thus, an accu-

rate assessment of bleeding symptoms must be comprehensive in order

to have the greatest predictive value. Finally, our results highlight the

strength in pooling existing datasets to improve our knowledge about

diagnostic accuracy in VWD.

PA 2.08-3
Hemophilia arthropathy occurs in a significant
percentage in von Willebrands disease
Van Galen KPM1, Sanders YV2, Schaefer TM1, Eikenboom HCJ3,

Van Der Bom JG3, Fijnvandraat KJ4, Meijer K5, Leebeek FWG2

and Mauser-Bunschoten E6

1UMC Utrecht, Utrecht; 2Erasmus University Medical Center,

Rotterdam; 3Leiden University Medical Center, Leiden;
4Academic Medical Center Amsterdam, Amsterdam; 5University

Medical Center Groningen, Groningen; 6University Medical

Center Utrecht, Amsterdam, The Netherlands

Background: In von Willebrand disease (VWD), the occurrence of joint

bleeds has been well described, but no valuable information on joint

status and outcome is currently available. The objective of this study is

to learn more about the occurrence and impact of arthropathy in

VWD.

Methods: The Willebrand in the Netherlands (WiN) study is a large

nation-wide cross-sectional study that collected data on adults and

children with moderate and severe VWD (VWF of 30 IU/dL or lower)

from all 13 Haemophilia Treatment Centers in the Netherlands

between October 2007 and October 2009. Participants were asked to

complete an extensive self-administered questionnaire, including ques-

tions on bleeding episodes, treatment, concomitant disease, joint dam-

age, joint surgery and Quality of Life. Furthermore, at inclusion,

blood was drawn from most patients for measuring von Willebrand

parameters in a central laboratory.

Results: Twenty-three percent of the 664 included adult VWD patients

suffered from haemarthrosis (n = 147). Sixty-one patients (61 out of

664, 9%) self-reported treatment with DDAVP or coagulation factor

for joint bleeds. FVIII:C was a strong determinant and joint bleeds

were mostly seen in VWD patients with FVIII:C < 5 IU/dL. Joint

bleeds had significant impact on their health related quality of life

(physical component summary of the SF36 in men, P = 0.044, 95% CI

[�5.37, �0.07] and in women, P = 0.007, 95% CI [�5.20, �0.85].

Mental component summary of the SF36 ns in men, in women

P = 0.004, 95% CI [�5.71, �1.10]). Joint damage related to joint

bleeding was reported by 80 of the 147 patients who reported joint

bleeds (54%), which was most often joint damage of the knee (31%).

Ninety-four patients had been admitted to the hospital for orthopedic

joint surgery (94 out of 664, 14%) and in up to 33% of these patients

the orthopedic surgery was probably related to the JB.

Conclusion: This study shows that the problem of arthropathy in

VWD clearly exists and is not marginal. Self reported joint damage

related to joint bleeds occurred in a significant percentage of moderate

and severe VWD patients and a significant percentage of the patients

needed orthopedic surgery related to the joint bleeds. Joint bleeds

affect health related quality of life in VWD patients and it could be

speculated that arthropathy due to joint bleeds partly explains this

finding. Further research is needed to learn more about the severity

and onset of arthropathy in VWD patients, its impact on daily func-

tioning and on health-related quality of life.
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PA 2.08-4
Validation of a micro assay for the diagnosis and
characterisation of Von Willebrand disease
Baaij M1, Schutgens REG2, Urbanus RT2, Leung W2, Laros BAP3,

Van Heerde WL3, Sanders YV4, Leebeek FWG4, De Groot PG2

and Roest M2

1UMC Utrecht; 2University Medical Center Utrecht, Utrecht; 3St.

Radboud University Medical Center, Nijmegen; 4Erasmus

University Medical Center, Rotterdam, The Netherlands

Background: Von Willebrand disease (VWD) is the most common

inherited bleeding disorder, defined by a quantitative or qualitative

defect in the Von Willebrand Factor (VWF). Conventional diagnosis

of VWD is based on quantification of VWF antigen levels and assess-

ment of its activity and composition. These tests are laborious, require

at least 15 mL of blood and can only be performed by specialised tech-

nicians in equally specialised laboratories. We have developed a simple

VWF function micro assay which requires only 40 lL of blood for the

diagnosis and characterisation of VWD.

Aims: Our aim was to develop and validate a simple, accurate and fast

single step assay to distinguish healthy donors from VWD and cha-

racterise VWD subtypes, using a mere 40 lL of blood.

Methods: This study was approved by the Medical Ethics Committee

of the University Medical Center Utrecht. The procedures followed

were in accordance with the Helsinki Declaration. After oral informed

consent, blood samples were collected from 60 healthy adult volun-

teers and 60 adult patients with established diagnosis of VWD (ten of

each subtype 1, 2A, 2B, 2M, 2N, 3). The micro assay consists of an

eight serial dilution of ristocetin (0–0.75 mg/mL) containing a fixed

concentration of FITC labelled anti-VWF antibody. Five microllitre

of citrated blood was added to each well and VWF binding was

assessed with fluorescent activated cell sorting. Results were plotted in

a dose response graph. Analysis of the control vs. VWD groups and

the characterisation of the sub groups was performed using ROC anal-

ysis.

Results: VWD can be distinguished from healthy subjects in two steps.

First, type 2B patients can be distinguished from other patients and

controls by increased binding of VWF to the platelet at a low ristoce-

tin concentration (0.13 mg/mL ristocetine, P < 0.0001, sensitivity

100.0%, specificity 99.0%). All other VWD types show a significantly

lower area under the dose response curve (AUC) compared to healthy

controls (P < 0.0001, sens 93.1%, spec 100.0%). We have developed

an algorithm to further distinguish between type 1 and type 2A (P

0.0056, sens 88.9%, spec 90.9%), type 2M and type 3 (P < 0.0001, sens

100.0%, spec 99.1%). As expected, type 2N patients were not identi-

fied, which is in accordance with its assumed unaffected ristocetin

induced binding capacity.

Summary/Conclusion: We have developed a simple, accurate and fast

new assay to diagnose and characterise VWD in unprocessed blood

using flow cytometry. This is a major step forward in the current com-

plex and laborious diagnostic process of VWD.

PA 2.08-5
Comparison of two automated latex-based VWF
activity assays of differing principles with a standard
VWF:RCo platelet aggregometry technique
Moore G1, Mayger K1 and Madan B2

1Guy’s & St. Thomas’ NHS Foundation Trust/GSTS Pathology;
2Guy’s & St. Thomas’ NHS Foundation Trust, London, UK

Background: Assessing VWF activity is a crucial diagnostic tool in

detection and sub-typing of VWD. The VWF:RCo platelet aggre-

gometry assay has been the mainstay technique for decades yet it is

a technically demanding manual method with low sensitivity and

high inter-assay and inter-laboratory variability. Newly available,

fully automated assays potentially offer improved diagnostic perfor-

mance.

Aims: To compare two new generation automated VWF activity

assays with a VWF:RCo platelet aggregometry technique.

Methods: VWF:RCo was performed using locally-prepared formalin-

fixed platelets on a PAP4 aggregometer (Alpha Laboratories). Both

automated assays employ latex beads coated with a recombinant frag-

ment of GpIba through a monoclonal antibody. In the HemosIL

VWF:RCo assay (Instrumentation Laboratory), VWF in the sample

binds to the GpIba fragment via ristocetin and the degree of agglutina-

tion is directly proportional to VWF activity, determined by decreased

light transmittance due to aggregation. The Innovance� VWF activity

assay (Siemens) similarly employs latex-bound GpIba fragment but

it contains two gain-of-function mutations and agglutination is

ristocetin-independent. The HemosIL assay was performed on an

ACL TOP� 500 (Instrumentation Laboratory) and the Innovance�

assay on a CS2100i (Sysmex). Fifty nine samples from patients with

various VWD sub-types and 14 samples with normal VWF activity

levels were tested with all three assays.

Results: Both automated assays had sensitivity limits of approximately

7.0 IU/dL, compared to 12 IU/dL for the aggregometry technique.

Intra-assay CVs with a commercial normal and an abnormal control

were 4.21% and 3.20% respectively for HemosIL and 4.20% and

3.20% respectively for Innovance�. Forty three of the known VWD

samples gave results within the measurable range for the aggregometry

technique, which along with the normal samples gave good correlation

with the automated techniques. Mean and median values and ranges

for aggregometry, HemosIL and Innovance� were 40.7, 38.5, 12.0–
114.0; 47.7, 45.8, 4.6–106.7 IU/dL and 46.6, 47.4, 4.0–132.2 IU/dL

respectively. Coefficients of determination (R2) for aggregometry vs.

HemosIL, aggregometry vs. Innovance� and HemosIL vs. Innovance�

were 0.86, 0.86 and 0.89 respectively. A positive proportional bias was

noted with HemosIL and Innovance� when compared to aggregome-

try, the mean bias for HemosIL was 6.5 IU/dL and for Innovance�

was 5.9 IU/dL, which interestingly improved concordance with VWF:

Ag values in type 1 patients. Of the 16 samples reported as < 12 IU/

dL by aggregometry, 11 gave quantitative results < 12 IU/dL with

both automated assays. Mean and median values and ranges for He-

mosIL and Innovance� respectively were 6.1, 6.3, 3.3–9.6 IU/dL and

6.5, 5.6, 4.0–10.0 IU/dL. The remaining samples gave the following

HemosIL/Innovance� paired results (IU/dL): 11.7/12.4, 12.9/16.8,

12.5/14.6, 12.9/12.3, 13.8/13.0. Based on an activity:antigen ratio of

< 0.7 indicating a type 2/multimeric abnormality, six samples from

type 1 patients would have been misclassified as type 2 (four with

aggregometry and two with HemosIL), and two samples from type 2

patients misclassified as type 1, one each with aggregometry and He-

mosIL.

Conclusions: New automated, latex-based VWF activity assays offer

increased precision and diagnostic accuracy compared to standard

VWF:RCo platelet aggregometry.

PA 2.08-6
RNA analysis for Von Willebrand disease; it has a role
but it’s not the answer
Hadonou MA1, Austin S2, Cutler J1 and Mitchell M1

1GSTS Pathology; 2St George’s Hospital, London, UK

Type 1 and type 3 von Willebrand disease (VWD) are quantitative

deficiencies of von Willebrand factor (VWF) in plasma. Diagnosis of

VWD requires phenotypic data (VWF:Ag; WVF:RCo, VWF:CBA) to

support the clinical symptoms of muco-cutaneous bleeding and bruis-

ing. Low levels or absence of VWF and proportionate activity define

type 1 or type 3 VWD. Unfortunately, many factors other than the

VWF gene affect VWF levels in plasma, including ABO blood group.

Molecular analysis of the VWF gene can assist diagnosis but is com-

plex as it is large (approximately 175 kb spread over 52 exons), highly

polymorphic and has a highly homologous partial pseudo-gene. Anal-
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ysis of VWF cDNA, reverse transcribed from leukocyte RNA, signifi-

cantly reduces the size (approximately 9 kb) and removes the issue of

the pseudo-gene.

We report three cases which illustrate the benefit and limitations of an

RNA approach to genetic screening of quantitative VWD and its con-

tribution to our understanding of the disease.

In the first case, analysis confined to the genomic level suggested the

lack of a pathogenic mutation, clearly visible at the RNA level. Het-

erozygosity for a 41 base-pair insertion after exon 5 was detected in

a mother and daughter each with type 1 VWD. In silico analysis

identified this sequence as originating within intron 5. Analysis of

this region in gDNA identified a heterozygous G>A substitution

within a region containing a possible cryptic splice site. In this

case, RNA analysis provided a definitive result, missed by gDNA

analysis.

The second case is a demonstration of additional information pro-

vided by RNA analysis. A male with severe type I VWD was shown,

at the gDNA level, to have a homozygous c.5455+2T>C substitution.

cDNA analysis demonstrated a transcript lacking exon 31, but also

some expression of normal transcript. This explains the patient having

higher levels (VWF:Ag 14 IU/dL) than would be predicted by the

DNA result.

These cases argue the case for a role for cDNA analysis in the investi-

gation of VWD. However a third example raises concerns. The only

variant detected in the RNA from a female with ‘severe type I’ VWD

was a heterozygous c.4751A>G mutation. As this was not consistent

with the diagnosis, DNA samples from her two children, both with

type 3VWD, were analysed. Neither had the c.4751A>G mutation but

both were homozygous for a c.7130delC mutation. Further analysis of

the maternal gDNA confirmed her to be heterozygous for the

c.7130delC mutation. Preferential reverse transcription of the normal

RNA species or selective amplification of the wild type cDNA

obscured detection of this mutation in the heterozygous state and led

to a false negative result.

Non reproducible sequence data from cDNA transcripts have been

observed in several other cases. These are suggestive of the presence of

aberrant leucocyte VWF transcripts.

In conclusion, genetic analysis of both gDNA and RNA has a role in

VWD diagnosis. However, neither represents a totally effective tool,

and a combined approach may resolve a maximum number of cases.

PA2.09 – Von Willebrand Factor – II

PA 2.09-1
Von willebrand factor as a surrogate marker for
coronary artery calcification: the rotterdam study
Sonneveld MAH, Kavousi M, Van Loon JE, Van Der Lugt A,

Leebeek FWG, Hofman A, Witteman JCM, Franco OH and De

Maat PM

Erasmus University Medical Center, Rotterdam, The Netherlands

Background: Increased levels of von Willebrand factor (VWF) are

associated with increased risk of coronary heart disease (CHD). As

VWF mediates platelet adhesion, there might be an association with

atherosclerosis and plaque formation. Understanding the association

between atherosclerosis and VWF levels will help us further under-

stand the pathogenesis of CHD.

Aims: We studied the association between coronary atherosclerosis

and VWF levels in a population-based cohort study.

Methods: This study was part of the Rotterdam study, a population-

based cohort study among subjects ≥ 55 years. We included 3485 sub-

jects of whom blood samples and electron-beam computed tomogra-

phy (EBT) or multidetector computed tomography (MDCT) were

available and who were free from CHD at baseline. VWF antigen

(VWF:Ag) levels were measured using ELISA and the coronary artery

calcification (CAC) score was quantified according to the Agatston

score. CAC scores were divided into four categories: 0–10, 11–100,

101–400 and > 400 Hounsfield Units. The association between the

CAC score categories and VWF:Ag levels was assessed using a linear

regression analysis. Analyses were adjusted for potential confounders

including age, sex and cardiovascular risk factors.

Informed consent was obtained and the study was approved by a

recognised medical ethics committee.

Results: The CAC score was significantly and positively associated

with VWF:Ag levels (P for trend 0.007). VWF:Ag level (Mean � SD)

was lowest among individuals in the 0–10 CAC score category

(1.10 � 0.44 IU/mL) and highest among the individuals with the

> 400 CAC score category (1.25 � 0.54 IU/mL).

Summary/Conclusion: Our findings demonstrate an association

between the coronary artery calcification score and VWF:Ag levels in

the older subjects, without coronary heart disease. This suggests that

the well-known association between VWF and risk of coronary heart

disease may be determined by atherosclerosis.

PA 2.09-2
Von Willebrand factor propeptide (VWFpp) a marker
useful for identifying adverse platelet activation in
murine blood phlebotomy samples
Jacobi PM1, Kanaji S1, Gehrand A1, Jakab D1 and Haberichter SL2

1BloodCenter of Wisconsin; 2BloodCenter of Wisconsin and

Medical College of Wisconsin, Milwaukee, WI, USA

Background: Von Willebrand factor (VWF) and its propeptide,

VWFpp, are secreted in an equimolar ratio into plasma. Since the

VWFpp has a shorter half-life than VWF (2–3 vs. 8–14 h), the concen-

tration of plasma VWFpp is less than VWF although each is defined

as 1.0 U/mL with a VWFpp/VWF ratio of 1.0. After DDAVP admin-

istration, the plasma concentration of both proteins is increased due to

release from endothelial cell (EC) Weibel-Palade bodies (WPB), but

VWFpp/VWF is elevated (range of 4–10), reflecting regulated release

on an equimolar, but not ‘equi-unit’ basis. Platelet activation should

result in an increased VWFpp/VWF ratio.

Aims: To determine the most reliable method for blood sampling in

mice and to identify the source of exocytosed VWFpp and VWF

(platelet or endothelial cell).

Methods: ‘Platelet-only’ and ‘EC-only’ mice were generated by bone-

marrow transplant between C57BL/6J and VWF�/� mice. As

control, murine VWF expression was induced in the livers of

VWF�/� mice by hydrodynamic tail vein injection (HDTV) which

lack regulated VWF release. Blood sampling methods used include

single retro-orbital (single capillary tube), multiple retro-orbital

(multiple successive capillary tubes), cardiac puncture, submandibu-

lar, and vena cava bleeds. Blood collection after injection of heparin

into the mouse was assessed. VWFpp and VWF levels were deter-

mined by ELISA.

Results: Assay of VWFpp/VWF demonstrated that single retro-orbital

bleed, and multiple retro-orbital or cardiac puncture after heparin

injection resulted in a VWFpp/VWF range of 0.6–1.6. Multiple retro-

orbital bleeds without heparin injection had an elevated VWFpp/

VWF of 4.5, suggesting activation of regulated release. Cardiac punc-

ture and submandibular bleeds demonstrated variable results with

VWFpp/VWF ranging from 1.0 to 18.4. Vena cava bleeds consistently

showed the least activation with average VWFpp/VWF of 0.5. HDTV

mice that lack regulated VWF secretion had VWFpp/VWF of 0.2

regardless of collection method. The low ratio in vena cava bled mice

and HDTV mice compared to our VWF standard collected by cardiac

puncture indicates the standard itself suffers from a degree of platelet/

EC activation. To determine the source of released VWFpp and VWF,

we compared vena cava and multiple retro-orbital bleeds of ‘platelet-

only’, ‘EC-only’, and HDTV mice, measuring VWFpp and VWF

released into plasma. In EC-only mice, VWF and VWFpp levels after

vena cava collection averaged 0.5 U/mL with a ratio of 1.0. In con-

trast, after multiple retro-orbital bleeds, VWF and VWFpp were ele-
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vated (0.9 and 2.3 U/mL, respectively) with average ratio of 3.1. In

platelet-only mice, no VWFpp or VWF could be detected in plasma

after vena cava sample collection as expected. In contrast, after multi-

ple retro-orbital bleeds, VWFpp and VWF were elevated (3.5 and

0.12 U/mL) with VWFpp/VWF of 25.8 indicating substantial platelet

activation.

Conclusions: Activation of platelets appears to be the more predomi-

nant mechanism than EC activation. Vena cava blood collection in

mice appears to be the most reliable method, although a single retro-

orbital bleed is a non-terminal method with only moderate platelet

activation. Assay of VWFpp has a clear utility in determining the

acceptability of murine plasma samples.

PA 2.09-3
Isolation of blood outgrowth endothelial cells from
early infantile epileptic encephalopathy 4 (EIEE4) and
familial hemophagocytic lymphohistiocytosis 5 (FHL5)
patients
Bierings R1, Van Breevoort D1, Hofman M1, Van den Berg T1,

Weckhuysen S2, De Jonghe P2 and Voorberg J1

1Sanquin-AMC Landsteiner Laboratory, Amsterdam, The

Netherlands; 2University of Antwerp, Antwerp, Belgium

Background: Syntaxin binding proteins (STXBPs) are Sec1/Munc18-

like (SM) proteins which allow the docking of secretory granules to

the plasma membrane and regulate the formation of the SNARE-com-

plex prior to exocytosis. Recently, a number of putative binding part-

ners of STXBP1, such as synaptotagmin-like protein 4-a (Slp4-a) and

the small GTPase Rab27A, have been implicated in regulation of

secretion of Von Willebrand factor (VWF), which is released from

endothelial-specific secretory organelles called Weibel-Palade bodies

(WPBs). Mutations or deficiencies in some STXBP proteins are linked

to diseases characterized by a secretory defect: Early infantile epileptic

encephalopathy type 4 (EIEE4) is a severe neurological disorder

caused by de novo mutations in the gene encoding syntaxin binding

protein 1 (STXBP1). Familial hemophagocytic lymphohistiocytosis

type 5 (FHL5) is severe immunological disorder caused by mutations

STXBP2.

Aims: In this study we will address a potential role of STXBP1 and

STXBP2 in regulation of VWF secretion and WPB exocytosis using

endothelial cells isolated from individuals carrying disease causing

mutations in STXBP1 or STXBP2.

Methods: Blood outgrowth endothelial cells (BOECs) were isolated

from peripheral blood. Expression of STXBP1 and STXBP2 was

determined by Western blotting. VWF antigen plasma levels were

determined by ELISA.

Results:We have isolated BOECs from a 16-year old EIEE4 patient

carrying a de novo mutation in STXBP1 [c.963+ ?.(1967+?);
p.Thr322_Glu603 del], which is predicted to result in a truncated

protein. Moreover we isolated BOECs from two siblings homozy-

gous for a splice-site mutation [c.1247-1G>C] in STXBP2, which

results in a 17–19 residue substitution and one patient compound

heterozygous [c.1247-1G>C; c.1621G>A], the latter resulting in a

Gly541Ser substitution. By Western blotting we found that FHL5

BOECs had severely reduced levels of STXBP2, whereas STXBP1

levels in EIEE4 BOECs were relatively unperturbed. Both EIEE4

and FHL5 BOECs contained normal numbers of morphologically

normal WPBs. VWF plasma levels in the EIEE4 patient and the

FHL5 siblings were reduced, but normal in the compound hetero-

zygote FHL5 patient.

Summary/Conclusions: Our findings suggest a moderate effect of clini-

cally relevant mutations in STXBP proteins on VWF plasma levels, in

line with the absence of immediate hemostatic abnormalities in the

pathology of EIEE4 and FHL5. Further characterization of the secre-

tory function of EIEE4 and FHL5 BOECs is necessary and ongoing to

determine a role for STXBP1 and/or STXBP2 in regulation of WPB

exocytosis.

PA 2.09-4
Active VWF predicts 4 week mortality in patients with
SIRS
Hyseni A, Kemperman H, De Lange DW, Linssen M, Kesecioglu J,

De Groot PG and Roest M

University Medical Center Utrecht, Utrecht, The Netherlands

Background: Systemic Inflammatory Response Syndrome (SIRS) and

sepsis are among the leading causes of death in industrialized nations

and adequate early diagnosis is a major challenge. Endothelial cell

function is a major determinant of thrombosis in patients with SIRS

and sepsis and might be used to identify high risk patients or guide the

treatment. Von Willebrand factor (VWF) released from Weibel-Palade

bodies of endothelial cells is different from the majority of VWF in

plasma because it is present in a GPIb binding conformation (‘active’

von Willebrand factor, aVWF).

Aims: The aim of this study was to determine if the amount of circulat-

ing aVWF is able to predict mortality in patients with SIRS.

Methods: A prospective cohort study of 275 consecutive SIRS patients,

aged 18 years or older and an anticipated Intensive Care Unit (ICU)-

stay of at least 24 h. Blood samples on admission and the following

9 days were collected. aVWF was measured in plasma with an ELISA

that recognizes aVWF but not VWF1. The end-point of the study was

4-week hospital mortality.

Results: aVWF levels were higher in non-survivors on admission (0.47

vs. 0.69 lg/mL, P = 0.019) on day 1 (0.52 vs. 0.78 lg/mL, P = 0.011)

and on day 2 (0.50 vs. 1.03 lg/mL, P < 0.01). On day 3, non-survivors

tended to have higher levels of VWF (0.51 vs. 0.76 lg/mL, P = 0.055)

but subsequently, these levels were comparable to those of survivors.

Kaplan Meier Curves showed that patients in the highest tertile of

aVWF levels on admission had a lower cumulative survival than

patients in the lower two tertiles (75% vs. 86%, P = 0.017) and a 2-

fold increased risk of mortality [HR = 1.98; 95% CI: 1.1–3.5]. When

adjusted for the APACHE IV score, this association remained signifi-

cant [adjusted HR = 1.82; 95% CI: 1.03–3.3]. Total VWF levels were

higher in patients who developed septic shock (53 lg/mL;

IQR = 31.5–76.3 lg/mL) and severe sepsis (47.8 lg/mL; IQR = 35.3–
63.3 lg/mL) than in patients with only SIRS or sepsis (42.2 lg/mL;

IQR = 30.3–61.9 lg/mL), but these differences did not reach signifi-

cance (P = 0.071).

Conclusions:Higher levels of circulating VWF in its GpIb binding con-

formation predict 4-week mortality in SIRS patients, independently of

the APACHE IV Score. Our results show that biomarkers that reflect

endothelial activation are of value in SIRS and sepsis patients.

Reference: 1Blood 2005; 106: 3035–42.

PA 2.09-5
Matrix metalloproteinase-13 influences thrombus
formation through the cleavage of VWF
Howes JM, Pugh N, Smethurst P, Bihan D and Farndale RW

University of Cambridge, Cambridge, UK

Background: Following atherosclerotic plaque rupture, the exposure of

flowing blood to collagen-rich surfaces triggers platelet activation and

aggregation. The engagement of GPIb-IX-V/GPVI by VWF and colla-

gen is pivotal to thrombus formation on the exposed endothelium.

MMP-13 is a collagenolytic metalloproteinase that is up-regulated in

the vulnerable plaque and released upon rupture.

Aim: Here we aim to determine the effects of MMP-13 on platelet

receptor and VWF function.

Methods: Solid phase binding assays, receptor-specific compounds and

blocking single-chain variable fragment antibodies (scFvs) were used
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to determine the interaction of MMP-13 with platelet receptors. The

degradation of recombinant human platelet receptors by MMP-13 was

assessed by SDS-PAGE and corresponding assays performed in vitro.

Aggregation experiments were used to elucidate the effect of MMP-13

and catalytically inactive (E204A)MMP-13 on washed platelet activa-

tion in response to CRP-XL, A23187, thrombin and fibrillar Type I

collagen. The degradation of VWF by MMP-13 was confirmed via

SDS-PAGE and Edman degradation. MMP-13 on coated and plasma-

borne VWF proteolysis on platelet adhesion, rolling and thrombus size

were analysed under flow conditions in whole blood. The effect of

MMP-13 on VWF multimerisation was assessed via agarose gel elec-

trophoresis.

Results: Both latent and active forms of MMP-13 bind to washed

platelets via GPVI and aIIbb3 and can be inhibited by scFvs and

RGD peptides respectively. Although MMP-13 is able to cleave

rhGPVI, no evidence was found for sheddase activity in vitro.

These interactions, while resulting in some degree of platelet shape

change, do not impede the activation of platelets or a significant

inhibition of aggregation in response to any agonist tested. Pre-

incubation of active MMP-13 and (E204A)MMP-13 with whole

blood however resulted in a differential reduction in surface cover-

age and volume of the thrombi formed on fibrillar collagen. Pre-

treatment of whole blood with MMP-13 resulted in a decrease in

thrombus height and platelet rolling on intact coated VWF. In con-

trast, surface coverage and height of thrombi formed on MMP-

treated VWF were increased. SDS-PAGE following incubation of

MMP-13 with VWF confirmed cleavage of the glycoprotein

between the D3 and A1 domains. This MMP-mediated proteolysis

resulted in an impairment of VWF multimer assembly as assessed

by agarose gel electrophoresis.

Summary/Conclusions: Under high shear VWF is unfolded and is

cleaved by the protease ADAMTS13. Here we report that the collage-

nase MMP-13 is also able to cleave VWF; albeit at a different site than

ADAMTS13. Further studies will determine how pro- and anti-thom-

botic flow conditions affect VWF cleavage by MMP-13.

PA 2.09-6
Von Willebrand factor and ADAMTS-13 in
hypertensive disorders of pregnancy
Bayoumy N, Al-Sharaidh A, Babay ZAH and Abdulgader AM

King Saud University, Riyadh, Saudi Arabia

Background: Normal pregnancy is associated with hypercoagulabili-

ty, endothelial activation and suppression of fibrinolysis. Haemo-

static changes are, mostly, exaggerated when pregnancy is

complicated with hypertensive diseases of pregnancy (HDP). HDP

are a common cause of maternal morbidity and mortality, but

much remains to be known about the underlying pathophysiology.

Earlier studies have shown that HDP are accompanied, and occa-

sionally preceded, by significant endothelial cell damage, platelet

activation and enhanced intravascular thrombin generation. von

Willebrand Factor (VWF) is an adhesive glycoprotein that plays a

major role in primary haemostasis. Increased levels are commonly

reported in normal pregnancy. The main mechanism regulating

VWF molecular size and function is its cleaving protease ADAM-

TS13 (A disintegrin and metalloprotease with thrombospondin) that

controls the release of the highly thrombogenic ultra large UL-

VWF multimers. Factors disturbing this balance may cause patho-

logic conditions ranging from bleeding to thrombosis.

Aims: We aimed to study the changes in plasma antigen levels of

VWF, and ADAMTAS-13 in Saudi patients with HDP in the ante-

natal and postnatal periods in comparison with normal pregnancy.

Methods: This case-control cross-sectional study included 109 patients

with HDP; 49 preeclampsia (PE), 60 gestational hypertension (GH)

and 100 women with normal pregnancy as control group. Subjects

were recruited in the third trimester and 24 h post-delivery at a tertiary

care facility in the capital Riyadh. Commercially available Enzyme im-

munosorbant assay (ELISA) kits were used to measure plasma antigen

concentrations of VWF and ADAMTS-13.

Results: The plasma levels of VWF were significantly higher in PE and

GH in both the antenatal and postnatal periods as compared to nor-

mal pregnancy (P < 0.001). The levels of ADAMTS-13 were signifi-

cantly lower in PE and GH in both the antenatal and postnatal

periods, as compared to normal pregnancy (P = 0.001, P = 0.002

respectively). VWF levels were elevated, 24 h after delivery, in all three

groups and reached statistically significant levels in GH patients

(P = 0.02). However, ADAMTS-13 did not change significantly in the

postnatal period. No significant correlation was found between VWF

and ADAMTS-13 plasma levels in all groups. Also, levels were not

associated with O and non-O blood groups.

Conclusion: PE and GH and associated with significant increase of

VWF and decrease of ADAMTAS-13 antigen levels which reflect

an exaggeration of the prothrombotic state that characterizes nor-

mal pregnancy. Also, the further elevation of VWF levels after

delivery and with no change in of ADAMTS13 levels add to the

heightened hypercoagulability which is believed to underlie the

pathogenesis of HDP. All level changes seem to be independent of

ABO blood groups.

PA2.10 – Anticoagulant Agents – VII

PA 2.10-1
Novel VKORC1 variants are associated with the higher
acenocoumarol requirements
Ana A1, Cerezo-Manchado JJ2, Constantino M2, Jose P2, Perez-

Andreu V2, Javier C2, Vicente V2, Vanesa R2 and Gonzalez-

Conejero R2

1Centro Regional de Hemodonacion; 2Centro Regional de

Hemodonaci�on, Hospital Morales Meseguer, UMU, IMIB,

Murcia, Spain

Background: Algorithms combining both clinical and genetic data have

been developed to improve oral anticoagulant therapy. All of them

have confirmed that three polymorphisms in two genes, VKORC1 and

CYP2C9, are the main coumarin dose determinants. Additional

genetic elements have to be involved in the response to oral anticoagu-

lant, although no further polymorphisms (SNPs) with a relevant phar-

macogenetic importance have been identified, and according to recent

GWAS analysis is not expected.

Aim: To identify new pharmacogenetic variations involved in

oral anticoagulant therapy in VKORC1, the main element of this

pathway.

Methods and Results: Our retrospective study recruited 3949 consecu-

tive Caucasian patients taking acenocoumarol. Patients were eligible

to take part in the study if aged 18 years or over and were steadily an-

ticoagulated (defined as a period of at least 3 weeks with three or more

consecutive INR measurements with < 10% change within the target

range in the acenocoumarol dose). Exclusion criteria were a diagnosis

of cancer, alcohol or drug abuse, acenocoumarol allergy/intolerance,

terminal disease, known or suspected pregnancy and intake of amioda-

rone, antifungal drugs, anti-platelet drugs and/or statins. Clinical and

demographical data were obtained from the medical records and the

database: 1947 males (49%); median age, 74 � 10 years; median body

mass index, 29.5 � 7.4. Most patients (90%) were anticoagulated with

an INR target range of 2.0–3.0% and 10% of them had an INR target

range of 2.5–3.5. All 3949 patients were genotyped for the VKORC1

rs9923231 and CY2C9* polymorphisms. These polymorphisms defined

18 genetic profiles. For each profile, we identified the average dose of

carriers. Patients with dose requirements outside the mean � 2 SD

value according to their genetic profile were identified as ¨outlier¨
patients (N = 145). Patients with clinical factors that explained the

abnormal dose requirements (i.e., autoimmune diseases, liver failure,

severe heart failure, severe chronic obstructive pulmonary disease, ace-

nocoumarol interacting drugs, new thrombotic events, obesity and
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associated tumoral diseases) as well as those patients with no available

clinical data were excluded (N = 88). In the remaining 57 patients (all

with higher doses than expected) the promoter and coding regions of

VKORC1 were sequenced. We identified VKORC1 genetic changes in

14 patients. Four patients carried VKORC1 variants previously related

to high coumarin doses (L128R, N = 1 and particularly D36Y,

N = 3).Three polymorphisms were also detected: rs17878544 (N = 5),

rs55894764 (N = 4) and rs7200749 which was in linkage disequilibrium

with rs17878544 (N = 2). Finally, 2 patients had lost the rs9923231/

rs9934438 linkage. The prevalence of these variations was higher in

these patients than in the whole sample. Multivariate linear regression

analysis revealed that only D36Y and rs55894764 variants significantly

affect the dose, although the improvement in the prediction model is

small (from 39% without their inclusion to 40% if the analysis

included these mutations).

Conclusion: Our strategy identified VKORC1 variants associated with

higher acenocoumarol doses. Further studies are necessary to test their

influence on the VKORC1 function and the cost/benefit of their inclu-

sion in pharmacogenetic algorithms.

PA 2.10-2
Ensuring an efficient transition from rivaroxaban to
warfarin: a pharmacodynamic study in healthy subjects
Moore T1, Vaidyanathan S2, Natarajan J1, Ariyawansa J1,

Turner KC1 and Byra W1

1Janssen Pharmaceutical Research & Development LLC; 2Janssen

Research and Development LLC, Raritan, NJ, USA

Background: Clinical scenarios may arise when it is necessary to transi-

tion patients from rivaroxaban to a vitamin K antagonist such as war-

farin. Maintaining appropriate anticoagulation, without increasing the

risk of thrombosis or adverse bleeding events, is key when transition-

ing patients between anticoagulants.

Aims: The primary objective of this study was to evaluate the pharma-

codynamic changes when transitioning healthy subjects from steady-

state rivaroxaban 20 mg once daily (od) to warfarin, dose-adjusted to

an international normalized ratio (INR) range of 2.0–3.0.
Methods: This was an open-label study conducted in 46 healthy adults.

This study was comprised of a screening phase and two treatment peri-

ods (TP1 and TP2) with a ≥ 14 day wash-out in-between. During TP1,

subjects received rivaroxaban monotherapy 20 mg od for 5 days fol-

lowed by rivaroxaban 20 mg od + warfarin 10 mg od for 2–4 days

(warfarin dose could be adjusted after 2 days based on the trough

INR value on Day 8), co-administered each morning. When a trough

(pre-dose) INR ≥ 2.0 was achieved during this transition phase, sub-

jects were switched to warfarin monotherapy (dose range: 0 [no dose]

to 15 mg od) for 4 days to achieve/maintain an INR range of 2.0–3.0
by the last day of warfarin monotherapy. TP2 involved just a warfarin

monotherapy control arm, in which subjects received the same warfa-

rin regimen administered in TP1. Each TP was followed by a single

oral dose of vitamin K.

Results: During the TP1 transition phase, when rivaroxaban was co-

administered with warfarin, INR and peak prothrombin time (PT) val-

ues were higher than those observed with either agent administered

alone. The mean maximum effect (Emax) for INR values ranged from

2.79 to 4.15 (mean PT Emax values ranged from 41.0 to 62.7 s), with

individual INR values reaching as high as 5.90. In comparison, warfa-

rin monotherapy during TP2 produced mean INR Emax values ranging

from 1.41 to 1.74 (mean PT Emax values ranged from 20.1 to 25.2 s).

However, rivaroxaban had a minimal effect on INR values at trough

drug levels during the TP1 transition phase (mean trough INR values

during co-administration were similar to those observed with warfarin

monotherapy). Maximum plasma concentrations (Cmax) for both riva-

roxaban and warfarin seemed to be unaffected when the drugs were

co-administered: a finding that is consistent with results obtained from

a previously conducted drug-drug interaction study. Study drugs were

generally well tolerated (alone or combined), although three subjects

withdrew owing to adverse events. No significant bleeding events were

observed, even in subjects with elevated INRs during the transition

phase, and no discontinuations or serious adverse events occurred

because of bleeding events.

Summary/Conclusions: This study showed that healthy adult

subjects can be safely transitioned from steady-state rivaroxaban to

warfarin based on a target INR of 2.0–3.0. Importantly, when transi-

tioning patients, the INR value used to determine the next warfarin

dose should always be taken at a trough (24 h after the last rivarox-

aban dose) in order to minimize the transient additive INR effect of

rivaroxaban.

PA 2.10-3
Postdischarge mortality risk and risk factors for
mortality in acutely ill medical patients following
hospitalization
Mahan CE1, Fields LE2, Mills RM3, Stephenson J4, Fu AC4,

Fisher D4 and Spyropoulos AC5

1University of New Mexico, Albuquerque, NM; 2Janssen

Scientific Affairs, LLC, Raritan, NJ; 3Janssen Research and

Development, LLC, Raritan-Titusville, NJ; 4HealthCore, Inc.,

Wilmington, DE; 5North Shore/LIJ Health System; Lenox Hill

Hospital; Hofstra School of Medicine, New York, NY, USA

Background: Conflicting evidence exists regarding the benefit of

venous thromboembolism (VTE) prophylaxis on mortality in hospital-

ized acutely ill medical patients, who may also be at-risk after dis-

charge. We identified characteristics associated with receiving

thromboprophylaxis after discharge and compared the risk of within-

90-day mortality among those patients who did or did not receive

thromboprophylaxis.

Aims: To evaluate post-discharge antithrombotic drug use, risk of

short-term mortality, and risk factors for mortality.

Methods: We conducted a retrospective healthcare claims analysis of

patients aged ≥ 40 years hospitalized ≥ 2 days for nonsurgical reasons

between 2005 and 2009 using the HealthCore Integrated Research

Database. VTE and rehospitalization were identified by ICD-9-CM

codes while use of antithrombotics was captured from pharmacy

claims. All-cause mortality was ascertained using the Social Security

Death Index and cause of death was identified utilizing the National

Death Index. Hazard ratios (HR) for mortality risk factors were esti-

mated using multivariate survival analysis and Cox proportional haz-

ards models.

Results: A total of 327,578 patients were included (median age,

65 years; mean hospital stay, 4.6 days). Of those, 11.6% received at

least one post-discharge antithrombotic medication, with 3.9%

receiving anticoagulants only. The final post-discharge mortality

cohort consisted of 11,922 patients with a median age at death of

80 years compared to 64 years for patients that did not die

(P < 0.001). Cancer was the most common cause of death (n = 4695;

39.4%) followed by overall cardiovascular disease (n = 3293; 27.6%).

Only 24 and 171 of patients had VTE or major bleeding indicated as

a cause of death (0.2% and 1.4%, respectively). Compared with

patients that survived within 90 days, significantly fewer patients in

the mortality cohort received post-discharge antithrombotics (5.3%

vs. 11.9%, P < 0.001), and for a significantly shorter mean [SD] dura-

tion of time (29 [19] vs. 59 [24] days, P < 0.001). In general, mortality

rates of patients who did not receive any antithrombotics were signifi-

cantly higher than those of patients who did. Absence of antithrom-

botic use (HR 1.6252, 95% Confidence Interval [CI] 1.4999–1.7610),
stroke (HR 1.1275, 95% CI 1.0489–1.2120), severe lung disease (HR

1.0693, 95% CI 1.0293–1.1108), age (HR 1.0049, 95% CI 1.0032–
1.0065) and index hospitalization length of stay (HR 1.0077, 95% CI

1.0054–1.0100) were significant predictors of post-discharge mortality.

Absence of anticoagulants and antiplatelets were also predictors for
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mortality (HR 1.5573, 95% CI 1.4003–1.7320 and 1.6774, 95% CI

1.4967–1.8798, respectively). For patients receiving anticoagulants,

cancer was a significant risk factor for mortality (HR 1.0620, 95% CI

1.0120–1.1146).
Conclusions: Patients prescribed antithrombotic medications in a

heterogeneous medical population had a lower risk of short-term

mortality. The described risk factors for mortality may guide

future studies assessing potential mortality benefits with thrombopro-

phylaxis in specific subsets of medical patients and are hypothesis

generating.

PA 2.10-4
A high risk of falls is associated with an increased risk
of medically-relevant non-major bleeding in elderly
patients receiving anticoagulants
M�ean M1, Aujesky D1, Limacher A2 and K€ampfen P3

1Inselpital; 2University of Bern; 3Inselspital, Bern, Switzerland

Background:Whether a high falls risk significantly increases the risk of

bleeding in patients receiving anticoagulants is still a matter of debate.

Aims: We aimed to evaluate whether a high falls risk is associated with

an increased risk of bleeding in elderly patients receiving anticoagu-

lants for acute venous thromboembolism (VTE).

Methods: In a multicenter prospective Swiss cohort, we prospectively

enrolled consecutive patients aged ≥ 65 years who received anticoag-

ulants (low-molecular-weight heparin, fondaparinux, and/or vitamin

K antagonists) for acute VTE between September 2009 and March

2012. We prospectively assessed the falls risk by asking patients two

validated questions: (i) ‘Did you fall during the last year?’, (ii) ‘Did

you notice any problems with gait, balance or mobility?’. If at least

one of these questions was answered positively, the falls risk was

considered high. The primary outcome was the occurrence of a first

major bleeding, defined as fatal bleeding, symptomatic bleeding in a

critical site, or bleeding causing a fall in hemoglobin ≥ 20 g/L or

leading to the transfusion ≥ 2 units of red blood cells. The second-

ary outcome was the occurrence of a first non-major bleeding

requiring medical attention. To examine the association between

falls risk and bleeding, we used a Cox proportional hazards model,

adjusted for age, gender, history of major bleeding, anemia, throm-

bocytopenia, cardiac disease, diabetes mellitus, arterial hypertension,

active cancer, chronic liver disease, chronic renal disease, overt pul-

monary embolism, surgery in the last 3 months, polypharmacy, con-

comitant treatment with antiplatelet agents, and history of stroke or

transient ischemic attack.

Results: Of 991 enrolled patients, 458 (46.2%) had a high risk of falls.

The mean � SD follow-up duration was 17 � 10 months. The overall

incidence rate of major and medically-relevant non-major bleeding

was 7.9 events per 100 person-years and 12.0 events per 100 person-

years, respectively. Patients with a high falls risk had a somewhat

higher rate of major bleeding (9.6 vs. 6.6 per 100 patient-years;

P = 0.06) and a significantly higher rate of medically-relevant non-

major bleeding (16.7 vs. 8.3; P < 0.001) than patients with a low falls

risk. After adjustment, a high falls risk was significantly associated

with non-major bleeding (hazard ratio [HR] 1.67, 95% confidence

interval [CI] 1.18–2.36; P = 0.004) but not with major bleeding (HR

1.18, 95% CI 0.78–1.77; P = 0.43).

Discussion: In this prospective cohort of elderly patients with acute

VTE, patients at high falls risk had a significantly increased risk of

medically relevant non-major bleeding. A high falls risk may be an

argument against prolonging anticoagulation duration beyond

3 months in such patients.

PA 2.10-5
Reversal of the effects of new oral anticoagulants by
administration of FEIBA
Schiviz A, Verdino D, Schrenk G, Resch M, Neyens I, Dietrich B,

Turecek PL, Scheiflinger F, Muchitsch EM and H€ollriegl W

Baxter Innovations GmbH, Vienna, Austria

Rivaroxaban and dabigatran, a direct factor Xa inhibitor and a

direct thrombin inhibitor, respectively, are new oral anticoagulants

(NOACs) used in a large number of patients to prevent thromboem-

bolic disease following orthopedic surgery and non-valvular atrial

fibrillation. In the event of a major bleed, however, there is no spe-

cific way to reverse their anticoagulant effect. The presented studies

evaluated the potential of FEIBA, a licensed activated prothrombin

complex concentrate, to reverse the anticoagulant effect of rivarox-

aban or dabigatran.

Six male NZW rabbits per group received an i.v. dose of 25, 50, or

100 IU/kg FEIBA. Saline was used as a negative control item. Efficacy

was defined as a correction of the animals’ thrombelastogram (R-time)

compared with saline-treated controls. Other coagulation variables

were assessed for additional information.

After assessment of baseline coagulation parameters, animals received

1.2 mg/kg of the respective NOAC. Buffer was used as a negative con-

trol item to validate the model. Ten minutes later, coagulation was

assessed followed by i.v. administration of test or reference item.

Another 5 min and 1 day later, coagulation was assessed again.

Administration of NOACs led to an increased median R-time (from

21.5–35.5 to 67.3–120.0 min), aPTT, PT and reduced thrombin gener-

ation in all groups. Administration of saline showed no effect on coag-

ulation parameters.

Treatment with 25, 50, or 100 U/kg FEIBA led to a dose-dependent

correction of the prolonged R-time (28.6, 24.9 and 12.6 min with riva-

roxaban; 46.5, 42.0 and 33.8 min with dabigatran). R-time on day 1

was similar to baseline values.

This procoagulant effect of FEIBA was also seen in other coagulation

variables: Treatment with 25, 50 or 100 U/kg FEIBA led to a correc-

tion of the prolonged PT (9.15, 8.3 and 9.1 s with rivaroxaban; 9.90,

7.70 and 6.80 s with dabigatran) and dose-dependent increase in

thrombin generation (56.0, 81.1 and 103.6 nM with rivaroxaban; 77.5,

167.5 and 406.7 nM with dabigatran) 5 min after administration.

Intravenous administration of FEIBA also corrected aPTT after pre-

treatment with rivaroxaban (39.55, 38.80 and 40.40 s). After pretreat-

ment with dabigatran, however, aPTT remained above baseline 5 min

after treatment with FEIBA (56.40, 62.90 and 62.00 s).

In summary, the results of our studies show that FEIBA effectively and

quickly corrects NOACs’ anticoagulant effect, and thus may be a suit-

able antidote for bleeding complications after treatment with NOACs.

PA 2.10-6
Methodological problems in network meta-analysis of
studies with the new oral anticoagulants
Harenberg J1, Weiss C2 and Weiss C2

1Clinical Pharmacology; 2Biometry and Statistics, Mannheim,

Germany

Background: The efficacy and safety of the new oral anticoagulants

(NOACs) dabigatran, rivaroxaban and apixaban have been demon-

strated for prevention of venous thromboembolism following total

knee- (TKR) and hip-replacement surgery (THR), and of ischemic

stroke and systemic embolism in atrial fibrillation (AF). Direct compar-

isons of the NOACs on these indications are unlikely to be conducted in

the near future. Patients and practioners may wish a scientific rationale

for which NOAC to preferentially use on a specific indication. Network

meta-analyses (NMA) are statistical tools feasible to compare indirectly

the NOACs on their efficacy and safety outcomes. Several network

NMAs have recently been presented. The statistical methods of the indi-
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rect comparisons differ to some extend and there is a need for standard-

ized procedures to document more precisely endpoints in the studies

and to follow rules for conducting NMAs.

Aim: The aim of the present study is to identify the methodological dif-

ferences of the NMAs performed with NOACs in THR/TKR surgery

and in patients with AF and to relate their methods to the published

guidelines for Preferred Reporting Items for Systematic reviews and

Meta-aAnalyses (PRISMA) and for conducting NMAs published by

the International Society for Pharmacoeconomics and Outcome rRe-

search (ISPOR).

Methods: The NMAs were subjected to the adherence to the PRISMA

and ISPOR guidelines. NMAs were checked (i) for presentation of

data on risk of bias of each trial regarding the definition and documen-

tation of bleeding and thromboembolic events (PRISMA item 12 and

19, (ii) for handling of potential statistical biases, the on relative-effect

estimates (odds ratio, relative risk, hazard ratio, differences in change

from baseline), levels of significance and differences across studies that

may violate similarities (ISPOR).

Results: PubMed and internet search strategies identified seven NMAs

with NOACs for prevention of venous thromboembolism following

TKR and THR and 10 NMAs for prevention of stroke and systemic

embolism in patients with AF. As major differences between the NMAs

were identified: (i) analyzed only efficacy and not safety endpoints, (ii)

combined results of NOACs, (iii) combined results of control groups,

(iv) analysed subgroups without access to original data, (v) not analysed

differences in biographic trial-data, (vi) or determined hazard ratio

without access to the original data (time of event relevant), (vii) not

reportedP-values, (viii) not reported the use of ISPOR criteria.

Conclusion: We conclude that further standardization of the definition

and reporting of efficacy and safety endpoints in trials on anticoagu-

lants are required as well as how to adopt PRISMA and ISPOR crite-

ria in NMAs before drawing definite conclusions on which NOAC

that is preferable in a given situation. Guidelines based on a wider

matrix of scientific information than purely trial-data should be rec-

ommended until an international standard on all key levels of the anti-

coagulant drug development process has been agreed. Until such

guidelines are available only results of NMAs should be recommended

which used the rigorous methods published by PRISMA and ISPOR.

PA2.11 – Blood Coagulation
Tests – VI

PA 2.11-1
Thrombin generation monitored in capillary blood with
a calibrated automated thrombogram-based assay
Krishnamoorthy G1, De A2, Ninivaggi M1, Apitz-Castro R1, Carlen

ET2, Ten Cate-Hoek AJ3, Hemker CH1, De Bas L1 and Lindhout T1

1Synapse b.v., Maastricht; 2University of Twente, Enschede;
3University Medical Center, Maastricht, The Netherlands

Background: The calibrated automated thrombogram (CAT) assay in

plasma is a versatile tool to investigate patients with hypo- or hyperco-

agulable phenotypes. Recently we have published a thrombin genera-

tion (TG) method applicable to whole blood.

Aim: The aim of the current study was to develop a method capable of

measuring thrombin generation from capillary blood (via finger-punc-

ture) enabling near-patient testing.

Method: To study TG in capillary blood we have developed a minia-

turized bedside device that consists of a microfluidic chip, handheld

dual-channel fluorometer, and foil heater. The device is connected to a

handheld computer. The device has been technically validated using ci-

trated blood and finger prick blood from healthy volunteers and

patients taking oral anti-coagulants. Thrombin generation was initi-

ated with 5 pM tissue factor (TF). The read-out thrombogram param-

eters were endogenous thrombin potential (ETP), thrombin peak (TP),

lagtime and time to peak.

Results: In the newly developed miniaturized device, repeated TG mea-

surements (n = 8) with citrated blood from one healthy volunteer gave

inter-assay coefficients of variation (CV) for ETP and TP of 7% and

11%, respectively (in whole blood CAT, CV of 12% for ETP and 11%

for TP).

Applying this technique to samples from patients on warfarin treat-

ment in the range INR 1–6 we found a good correlation between INR

and ETP (R2 = �0.97, P < 0.01) as well as between INR and TP

(R2 = �0.91, P < 0.01).

Validation with blood from a finger puncture (capillary blood) showed

an inter-assay CV for ETP and TP of 5% and 14%.

Conclusions: We have developed a small portable device capable to

measure with high precision TG in a single drop of (capillary) blood.

PA 2.11-2
Optical tracking of acoustic radiation force induced
motion in plasma to estimate viscoelastic
measurements of blood coagulation
Wang C, Perez MJ, Viola F and Lawrence MB

University of Virginia, Charlottesville, VA, USA

Background: Several viscoelastic measurements of blood coagulation

have been used in clinical care to diagnose and guide the treatment of

bleeding or thrombotic disorders. The current devices have been

shown to improve patient outcome while reducing the use of blood

products. Sonorheometry is a novel viscoelasticity measurement tech-

nique that assesses the relative stiffness of a sample by application of

acoustic radiation force from ultrasound pulses. The returning echoes

are analyzed to determine a relative measure of displacement of the

material in response to the applied force. The algorithm used in sono-

rheometry depends on time delay estimation of the ultrasound pulse,

an indirect measure of particle displacement, in order to make its vis-

coelastic measurements.

Aims: Our work investigates the viscoelastic measurement capabilities

of direct optical.

Methods: of measuring particle displacement by acoustic radiation

force in order to verify that sonorheometry measurements are indeed

representative of changes in stiffness. We hypothesize that (i) optical

tracking of bead movement due to acoustic radiation force can detect

the viscoelastic changes that occur in the coagulation of plasma, and

(ii) that the optical measure of viscoelasticity will provide comparable

displacement measurements to those obtained with sonorheometry.

Methods: We utilized 15 lm polystyrene beads in plasma as a source

of acoustic reflectors and targets for motion tracking. The bead

motion in response to the applied ultrasound pulses was observed by

microscopy and quantified using a particle tracking program imple-

mented in Image J. The end point displacements of the bead after 1 s

of ultrasound pulse sequence were plotted over the course of up to

40 min of sample coagulation to give a relative compliance curve.

Results: In this study, we show that plasma in which coagulation was

initiated with kaolin developed significantly increased stiffness over

the course of minutes. Bead displacement reduced from initial veloci-

ties of 30 lm/s to near zero 20 min after initiation of clotting. The rel-

ative compliance curves collected had the same shape as the curves

produced by thrombelastography or sonorheometry. At 15 min after

clot initiation, inhibition of aIIbb3 by the Fab fragment abciximab

reduced platelet rich plasma clot stiffness by 43% relative to control

plasma. Bulk clot stiffness was reduced 48% relative to control for

platelet rich plasma treated with cytochalasin D, an inhibitor of plate-

let cortical actin polymerization.

Conclusions: We observed a time dependent change in stiffness due to

clotting based on tracking microparticles under the influence of acous-

tic radiation force. In addition we observed reduced stiffness of plate-

let-inhibited plasma as compared to control platelet rich plasma. In

summary, motion of microparticles in response to the application of

acoustic radiation force by ultrasound can be used to measure changes

in viscoelasticity of the blood plasma.
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PA 2.11-3
Six novel missense mutations causing factor X
deficiency and application of thrombin generation test
Liang Q1, Chen Q1, Ding Q2, Wu F3, Wang X2, Xi X1 and Wang H1

1State Key Laboratory of Medical Genomics, Shanghai Institute of

Hematology; 2Department of Laboratory Medicine, Ruijin

Hospital; 3Department of Geriatric, Ruijin Hospital, Shanghai,

China

Background: Inherited factor X (FX) deficiency is a rare hemorrhagic

condition characterized by a variable clinical presentation poorly cor-

relating with laboratory phenotype and genotype. Thrombin genera-

tion test (TGT) is a newly developed global coagulation assay, which

offers potential clinical advantages in the evaluation of hypocoagula-

ble states, but its application in FX-deficient patients is rarely

reported.

Aims: In the present study, we investigated the role of thrombin gener-

ation as a tool for assessing bleeding tendency in four unrelated pedi-

grees with FX deficiency.

Methods: Five FX assays were performed using clotting, chromogenic

and immunological methods. FX gene defects were analyzed by direct

sequencing. Thrombin generation was measured using a standard pro-

cedure in platelet-poor plasma of patients and normal control using 1

and 5 pM of tissue factor (TF), respectively.

Results: Seven missense mutations were identified in four probands,

six of which (Ser425Pro, Ala-29Pro, Phe324Leu, Ala235Thr,

Cys111Arg and Met362Thr) were novel and associated with type I FX

deficiency. Arg347Cys was previously reported by us and accounted

for type III FX deficiency (proband 3). Peak and Rate parameters

measured at 1 pM TF were closely correlated with the clinical manifes-

tations of the patients and the results revealed a higher sensitivity for

FX deficiency at 1 pM TF compared with 5 pM TF.

Conclusion: TGT may serve as a useful laboratory tool to assess the

individual clinical manifestation of patients with FX deficiency. Lower

TF concentration (1 pM) is suggested to make the assay more sensitive

to discriminate clinical severity of patients.

PA 2.11-4
Fibrinogen activity determined by rotational
thromboelastometry is affected by high haematocrit
Westbury S1, Lee K2, Reilly-Stitt C2, Tulloh R1 and Mumford AD1

1University of Bristol; 2University Hospitals Bristol NHS

Foundation Trust, Bristol, UK

Background: Whole blood viscoelastometry may help selection of

appropriate coagulopathy treatments in settings such as cardiac sur-

gery. However, viscoelastometry assay end-points are influenced by

the red cell concentration in whole blood which may affect interpreta-

tion of test results.

Aim: To investigate the effect of high haematocrit (HCT) on whole

blood clot formation and clot viscoelastic strength, by comparing RO-

TEM� thromboelastometry and plasma coagulation test results in

patients with cyanotic congenital heart disease (CCHD) and in model

high HCT blood.

Methods: Blood samples from adults with CCHD and stable HCT

(> 0.55 L/L) were collected into tubes containing HCT-adjusted vol-

umes of 0.105 M tri-sodium citrate during routine clinic phlebotomy.

Model high (0.44–0.62 L/L) and very high (0.63–0.75 L/L) HCT blood

was generated by adding autologous packed red cells to blood samples

from healthy controls with normal HCT (0.35–0.43 L/L). The HCT,

platelet count, prothrombin time (PT), activated partial thrombo-

plastin time (APTT) and Clauss fibrinogen (CF) were determined

using standard techniques. The whole blood fibrinogen concentration

(WBFC) was calculated using the formula WBFC = (1�HCT) 9 CF

(g/L). The clot time (CT), clot formation time (CFT), a-angle and

maximum clot firmness (MCF) were determined by ROTEM visco-

elastometry using the EXTEM� and FIBTEM� reagents.

Results: Compared to normal HCT controls, high HCT blood samples

from CCHD patients displayed prolonged EXTEM CT and CFT,

reduced EXTEM a-angle and MCF, prolonged FIBTEM CT and

reduced FIBTEM MCF. The platelet count and WBFC were reduced

in the CCHD blood samples compared to controls. The PT, APTT

and CF were similar to controls.

The model high and very high HCT blood samples displayed the same

pattern of ROTEM changes as the CCHD patients, which were great-

est in the very high HCT group (median EXTEM CT normal 50 s vs.

very high 81 s; EXTEM CFT normal 75 s vs. very high 151 s; EXTEM

a angle normal 75° vs. very high 62°; EXTEM MCF normal 64 mm vs.

very high 52 mm; FIBTEM CT normal 47 s vs. very high 85 s; FIB-

TEM MCF normal 14 mm vs. very high 5 mm, all P < 0.0001). The

WBFC was reduced in the model high HCT blood compared to con-

trols (median WBFC normal 1.59 g/L vs. very high 0.85 g/L;

P < 0.0001). There were no differences in PT, APTT or CF between

model groups and controls. Across all model groups, the FIBTEM

MCF correlated linearly with WBFC (r2 = 0.59; P < 0.0001) but not

with CF (r2 = 0.03; P = 0.18).

Summary and Conclusions: We show for the first time using blood sam-

ples with HCT-adjusted anticoagulant volume, that high HCT in

blood samples from CCHD patients and in model blood causes

changes in ROTEM test results suggestive of hypocoagulability.

Although the FIBTEM MCF predicts plasma fibrinogen concentra-

tion (CF) at normal HCT, this relationship is disrupted at high HCT.

However, FIBTEM MCF remains correlated with WBFC irrespective

of HCT suggesting that high HCT reduces FIBTEM MCF by a simple

dilution effect of the increased red cell concentration. The influence of

HCT should be considered carefully during interpretation of ROTEM

results in clinical settings.

PA 2.11-5
Evaluation of the activated partial thromboplastin time
assay for clinical monitoring of PEGylated recombinant
factor VIII (BAY 94-9027) for hemophilia A
Gu J-M, Ramsey P, Evans V, Tang L, Apeler H, Leong L,

Murphy JE, Laux V and Myles T

Bayer HealthCare Pharmaceuticals, San Francisco, CA, USA

Background: BAY 94-9027, a site-specific PEGylated factor VIII

(FVIII) with a longer plasma half-life than native FVIII, is currently in

clinical development for prophylactic treatment of hemophilia A. Clin-

ical monitoring of FVIII:C activity in patients with hemophilia (PWH)

is performed using the activated partial thromboplastin time (aPTT)

assay.

Aim: It is highly important for diagnostic and patient care that aPTT

results are interpreted correctly. Therefore, we evaluated the aPTT for

clinical monitoring of BAY 94-9027.

Methods: BAY 94-9027 and the World Health Organization 8th Inter-

national Standard for FVIII (WHO-8) were spiked into pooled and

individual severe hemophilia A plasma samples at 1.0, 0.25, and

0.05 IU/mL. Five commercial aPTT reagents widely used in clinical

laboratories were compared and evaluated for BAY 94-9027 activity

in plasma from PWH using the ACL TOP and STAGO STA compact

analyzers.

Results: BAY 94-9027 and WHO-8 bestow similar clot times (CTs)

and excellent precision in both analyzers when ellagic acid aPTT

reagents (SynthAFax, Dade Actin, and Cephascreen) are used. In con-

trast, BAY 94-9027 shows significantly prolonged CT and poor preci-

sion compared with WHO-8 using silica aPTT reagents (APTT-SP and

STA-PTT5). Furthermore, free polyethylene glycol (PEG)-60 kD used

for the conjugation of FVIII shows dose-dependent prolongation of

CT in the APTT-SP assay. There was no effect on the SynthAFax-

aPTT, the prothrombin time, or the activated factor XI-initiated
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thrombin generation assay, demonstrating that the PEG moiety on

FVIII has no general effect on coagulation cascade and most likely

interferes with contact activation on the silica surface.

Conclusion: Ellagic acid aPTT reagents (SynthAFax, Dade Actin,

Cephascreen) are most suitable for evaluating potency of BAY 94-

9027 and should be used in clinical laboratories for monitoring FVIII

activity after infusion of BAY 94-9027 to PWH.

PA 2.11-6
Investigation of the use of a proteomic approach to
detect intravascular coagulation
Goodwin C, Scully MF and Kakkar A

Thrombosis Research Institute, London, UK

Background: At present, intravascular coagulation is diagnosed by

measuring the level of activation markers such as Prothrombin frag-

ments F1 + 2, thrombin-antithrombin complex and D-dimer. How-

ever in other areas of medicine (e.g. cancer), the use of proteomic

fingerprinting is under development since it can be used to characterise

the underlying mechanism driving the disease, to detect disease at the

early stages and to determine therapeutic efficacy, as part of the move-

ment towards personalized medicine.

Aim: To compare the proteomic fingerprint of plasma to that of serum

to determine the potential of proteomic fingerprinting for the diagnosis

of intravascular coagulation.

Method: Forty-five microlitre of citrated NHP at 37 °C was mixed

with 5 lL of diluted tissue thromboplastin (IL)/CaCl2 100 mM mix-

ture. At 0, 4 and 180 min following recalcification, reactions were ter-

minated by the addition of 950 lL of 0.1% trifluoroacetic acid (TFA).

After removal of the clot, the sample was centrifuged at 13,000 r.p.m.

for 2 min. Peptides were extracted from the sample by the addition of

80 lL of RPC-18 beads (Dynabeads) to 200 lL of the TFA treated

sample. After 5 min incubation, the beads were washed and extracted

with 10% acetonitrile (AcN). The AcN extract was pipetted onto the

surface of a Bio Rad Protein Chip NP-20 array, the chip was allowed

to dry and Sinapinic acid according to the manufacturer’s instructions.

Chips were read using a Ciphergen Protein Biological Systems II Ca

ProteinChip reader (Bio-Rad). The detector was optimized in the

range of 1–8 kDa and mass spectrometry profiles were generated at

three different laser intensities. Peak detection was performed using

ProteinChip Biomarker Wizard software version 3.1 and the intensity

of each compared between each of the three groups (NHP and 4 and

180 min after initiation of clotting, respectively) using Biomarker Wiz-

ard.

Results: Around 70 separate peaks of mass between 1022 (M/Z) to

7154 (M/Z) were detected in the AcN extracts. From the profile of the

change in intensity over the time course of clotting, the peaks could be

divided into four groups. The majority of the peaks were in Group 1 in

which the intensity of the peak remained unchanged from plasma

apart from a slight fall at 180 min. Group 2 contained seven peaks

which increased abruptly and significantly (P < 0.02) at 4 min but

then dropped at 180 min (e.g FpA which decays to des Ala FpA).

Three peaks were in Group 3 which showed a progressive decrease at 4

and 180 min. Group 4 contained 20 peaks which exhibited an increase

from low levels at t = 0 and 4 min to high levels at 180 min.

Conclusion: The large number of peptides (in the range of 1189–
4403 M/Z) which have been shown to change in level during the clot-

ting of plasma suggests that this approach can be used to develop pro-

teomic fingerprints for the diagnosis of intravascular coagulation

using statistical approaches such as decision tree analysis or neural

networks.

PA2.12 – Coagulation Factor
VIII – III

PA 2.12-1
Enhancing expression of coagulation factor VIII
through bioengineering: strategic introduction of
Asn-linked glycan improves secretion
Selvaraj SR, Miao H and Pipe S

University of Michigan, Ann Arbor, MI, USA

Coagulation factor VIII (FVIII) is an essential cofactor of the intrin-

sic blood coagulation pathway and its deficiency results in hemophilia

A. Commercial production of recombinant FVIII (rFVIII) in heterol-

ogous expression systems is 2–3 orders of magnitude lower than simi-

larly sized proteins owing to multiple factors. FVIII is a complex

glycoprotein containing upto 25 asparagine (N)-linked glycans and

deletion of the entire B domain, that contains the bulk of these oligo-

saccharide structures, does not affect either expression or its pro-

coagulant activity. Our preliminary results from site-directed muta-

genesis of the non-B domain N-linked glycans indicated that N-239,

present in the A1 domain, was the most crucial and N239Q reduced

secretion by 35–50%. N-239, positioned at the A1–A2 interface, is sit-

uated just upstream of the putative BiP-binding site. BiP, a peptide

dependent ATPase is known to interact with FVIII and retain

unfolded protein within the endoplasmic reticulum. We therefore

hypothesized that additional N-linked glycans in the vicinity of this

region could improve efficiency of protein folding and improve secre-

tion. Potential N-linked glycosylation sequons (K213N, L216S,

A222N, M231N, and Y237S) were introduced into the A1 domain of

full length wild type (WT), B domain deleted (BDD) and 226/N6

(bioengineered FVIII variant with enhanced secretion efficiency)

FVIII backbones, through site-directed mutagenesis techniques.

Transient transfections in COS-1, CHO and HEK-293t cells showed

a 2-fold higher expression of K213N and L216S mutants across all

three FVIII variant backbones. While the expression of A222N

mutant was not significantly different from that of native FVIII, the

mutants M231N and Y237S were poorly secreted. A similar incre-

ment in expression was observed for the K213N and L216S mutants

over BDD (2.4 vs. 1.1 U/mL) and 226/N6 (11.6 vs. 5.4 U/mL) fol-

lowing hydrodynamic tail vein injections into F8�/� hemophilia A

mice. An additional twofold enhancement in expression was observed

upon incorporation of F309S, an A1 domain mutation which

improves secretion possibly by diminishing FVIII association with

BiP, into the 226/N6-L216S variant. Confirmation of the presence of

an additional N-linked glycan structure in the L216S mutant through

mass spectrometric analysis is currently underway. Previous studies

have shown that porcine BDD-FVIII is secreted more efficiently than

human BDD-FVIII. While the precise mechanism is still unclear, it

has been suggested that structural variations between the A1, ap

(activation peptide) and A3 domains of human and porcine FVIII

might contribute to this secretion differential. Sequence alignment

analysis revealed that porcine FVIII contains a potential glycosyla-

tion site at N-213 that is not conserved in human FVIII and is analo-

gous to the K213N and L216S mutants engineered in this study. This

additional N-linked glycan in the porcine A1 domain could partly

account for the enhanced expression levels observed for recombinant

porcine BDD-FVIII in cell culture systems. Also this region of the

A1 domain was observed to be the most divergent between human

and porcine BDD-FVIII with respect to the primary sequence.

Such targeted bioengineering strategies may facilitate more efficient

secretion of rFVIII thereby enhancing commercial production for

lower cost factor replacement therapy.
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PA 2.12-2
Functional consequences and founder effect of a
recurrent mutation of F8 (c.6046C>T, p.R2016W) in
patients with hemophilia A from Northern Italy
Garagiola I1, Mortarino M1, Mancuso ME1, Fasulo MR1,

Seregni S1, Santagostino E1, Lotta LA2 and Peyvandi F1

1Fondazione IRCCS C�a Granda –Ospedale Maggiore Policlinico;
2Angelo Bianchi Bonomi Hemophilia and Thrombosis Center,

Milan, Italy

Background:Hemophilia A, the most common hereditary bleeding dis-

order, is caused by mutations in coagulation Factor VIII gene (F8).

Knowledge on recurrent F8 mutations may facilitate screening and

genetic diagnosis in patients from specific geographic areas. By screen-

ing more than 300 haemophilia A patients from Northern Italy who

referred to the Angelo Bianchi Bonomi Hemophilia and Thrombosis

Center (Milan, Italy), we identified a recurrent mutation occurring in

exon 19 of F8.

Aims: To characterize the functional effect of the mutation and deter-

mine the existence of a founder effect for the c.6046C>T (p.R2016W)

mutation in exon 19 of F8.

Methods: Mutations of F8 were searched for by PCR and Sanger

sequencing in 335 patients with hemophilia A referred to the Angelo

Bianchi Bonomi Hemophilia and Thrombosis Center (Milan, Italy).

The functional effects of the c.6046C>T (p.R2016W) mutation were

assessed by in silico annotation on F8 gene models (URL:http://con-

seq.bioinfo; URL: http://bioinf.cs.ucl.uk/psipred) as well as on Poly-

phen 2 and SIFT prediction software (URL: http://genetics.bwh.

harvard.edu/pph2/; http://sift.jcvi.org/). Analysis of F8 mRNA was

performed by reverse transcription (RT)-PCR and subsequent Sanger

sequencing. Haplotype analysis using three intragenic (STR13, STR22

and STR24) and three extragenic (DXS1108, DXS1073, and

DXS7423) polymorphic microsatellites markers was employed to

investigate a potential founder effect. DMLE+2.3 software was used

to estimate mutation age using linked markers.

Results: A c.6046C>T (p.R2016W) mutation occurring in exon 19 of

F8 was identified in 35 of 335 haemophilia A patients from Northern

Italy (prevalence 10.4%; 95% confidence intervals 7.6–14.2%). The

mutation was the second most frequent in our cohort, after the intron

22 inversion. Patients carrying the c.6046C>T (p.R2016W) mutation

had moderate to severe clinical phenotype. In silico annotation pre-

dicts that the substitution of an Arginine by a Tryptophan introduces

a polar residue within the A3 domain of FVIII, which may alter the

conformation of the protein. Polyphen 2 and SIFT software predicted

the mutation to be potentially deleterious for FVIII function. RT-

PCR and sequencing of the F8 mRNA region spanning exons 17–22
clearly showed that the C>T substitution also induces an impairment

of the splicing process causing the skipping of exon 19. Characteriza-

tion of splicing patterns of F8 in patients’ leukocytes identified both

in- and out-of-frame F8 transcripts. Haplotype analysis found a pecu-

liar haplotype (H1) in 21/35 (60%) haemophilia A patients with the

recurrent mutation. The haplotype was not identified in 52 Italians

without hemophilia (Fisher’s exact test, P < 0.0001). These data

strongly suggest a founder effect, supporting the existence of a single

mutation event. DMLE+ software estimated that c.6046C>T
(p.R2016W) mutation likely arose approximately 300 years ago.

Conclusions: We identified a mutation of F8 that is highly prevalent

among haemophilia A patients from Northern Italy. The variant,

which likely arose from a single mutation event occurring approxi-

mately three centuries ago, acts by the dual mechanism of affecting the

protein sequence of FVIII and inducing abnormal splicing of F8.

PA 2.12-3
Characterization of missense mutations in the B
domain of coagulation factor VIII reported to be
associated with mild/moderate hemophilia A
Selvaraj SR and Pipe S

University of Michigan, Ann Arbor, MI, USA

Background and Significance: Factor VIII (FVIII) serves an essential

role as a co-factor in the intrinsic coagulation pathway and its defi-

ciency leads to hemophilia A. FVIII is a complex glycoprotein with

the domain structure A1-a1-A2-a2-B-ap-A3-C1-C2. The B domain is

dispensable for procoagulant activity and is not involved in von Wille-

brand factor affinity or phospholipid binding. However, several mis-

sense mutations within the B domain have been reported in patients

with hemophilia A of varying clinical severity. We have demonstrated

earlier that missense mutations within the B domain are unlikely to

cause severe hemophilia A (Ogata, J Thromb Haemost 2011). This

study focuses on missense mutations in the B domain reported in

patients with mild/moderate hemophilia A. A total of 17 such missense

mutations were identified from the HAMSTeRS and CHAMP hemo-

philia mutation databases and current literature. These include T751S,

P851R, D944N, E1038K, M1074I, N1091Y, S1095S, P1134A,

F1175V, R1260K, T1295P, R1310H, Q1317K, L1450S, S1511T,

E1623G and N1639H. Four of these were unpublished submissions to

the HAMSTeRS database. While T1295P and M1074I were reported

in female patients, R1260K was found in conjunction with the well

known polymorphism D1241E in four patients of the same family.

Interestingly, S1095S, a synonymous substitution has also been

reported to be associated with mild hemophilia. M1074I and Q1317K

were excluded from the study since they were secondary mutations

found in addition to causative lesions.

Methods: In silico analysis using online tools predicted that while the

majority of these mutations were considered benign, P851R and

E1623G were considered likely to affect protein function. The B

domain contains several Asparagine (Asn)-linked glycans that might

influence FVIII expression and intracellular transport, but none of

the missense mutations reported so far have been shown or predicted

to interfere directly with the Asn-linked glycosylation process. Plas-

mid vectors containing the B-domain missense mutations were gener-

ated using site-directed mutagenesis techniques and were analyzed

through transient transfections into COS-1, CHO and HEK-293t cell

lines. FVIII activity and antigen levels were assayed by aPTT and

ELISA respectively and compared to FVIII-wild type (WT). Previ-

ously well-defined mutations, R2150C, R593C and C179G were uti-

lized as controls for mild, moderate and severe clinical phenotypes

respectively.

Results: FVIII activity and antigen levels of all the mutants studied

were similar to that of FVIII-WT levels in all three cell lines indicating

that these B domain missense mutations did not significantly impact

FVIII expression or activity.

Conclusion: In accordance with our previous observations for FVIII B

domain missense mutations associated with severe hemophilia, our

findings in the present study indicate that missense mutations reported

to be associated with mild/moderate hemophilia also do not have an

impact on expression or activity of FVIII. It is therefore unlikely that

any of these mutations could be causative of hemophilia A. These

reported amino acid changes are more likely to represent polymor-

phisms or non-pathological mutations. This will be important to rec-

ognize as genotyping gains momentum globally through new research

initiatives, particularly as it pertains to genetic counseling and geno-

type/phenotype correlations.
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PA 2.12-4
In vivo and hepatocellular distribution of FVIII in rats is
independent of high affinity binding to VWF
Øie CI1, Karpf M2, Behrens C2, Kristensen JB2, Kjalke M2, Karlsson

J2, Stennicke HR2, Smedsrod B1 and Appa RS2

1University of Tromsø, Tromsø, Norway; 2Novo Nordisk A/S,

Maaloev, Denmark

Background: FVIII is predominantly cleared in the liver. In circulation,

the majority of FVIII is bound to VWF. Tyrosine sulfation of FVIII-

Y1680 is required for high affinity VWF binding1 and FVIII-Y1680F

lacking high affinity VWF binding displays a shorter half-life in vivo.

Currently, it is not known if high affinity VWF binding influences the

clearance pathways of FVIII.

Aims: To determine the in vivo anatomical and hepatocellular accumu-

lation of wild type FVIII and FVIII-Y1680F in rats, in order to inves-

tigate the contribution of high affinity VWF binding in FVIII

clearance.

Methods: Anatomical distribution of a biostable radio-iodinated

human recombinant FVIII and FVIII-Y1680F was assessed following

i.v. tail injection in rats. At time points up to 24 h for native FVIII

and 1 h for FVIII-Y1680F plasma samples were collected, blood

removed by systemic perfusion with saline, and organs harvested.

Radioactivity in plasma and organs was counted. At time points up to

7 h, cells were harvested from the liver by collagenase perfusion fol-

lowed by isopycnic density gradient centrifugation in Percoll�. Hepa-

tocellular distribution was assessed by comparing amount of

radioactivity per million cells in parenchymal (PCs), Kupffer (KCs)

and sinusoidal endothelial cells (LSECs). The uptake per total cell

population was calculated according to the ratio between KCs, LSECs

and PCs in rat livers of 1:2.5:7.7.2

Results: More than 94% of radioactivity remained bound to FVIII

and FVIII-Y1680F for the duration of the study and < 1% of radioac-

tivity was found in the thyroid demonstrating sufficient stability of the

iodine-labeled FVIII proteins to analyze not only the initial distribu-

tion of FVIII, but also accumulation in organs for up to 2–3 half-lives.

As expected, the clearance of FVIII-Y1680F was significantly faster

than for FVIII but the relative distribution between organs was the

same for both FVIII molecules with the liver being the organ primarily

responsible for clearance. Radioactivity was observed in the intestines

after 1 h, in concordance with FVIII degradation via the liver. In

hepatocellular studies, both FVIII molecules were predominantly

taken up by PCs with approximately 64 � 5% of total radioactivity,

while 34 � 4% radioactivity was found in LSECs. Calculations of

radioactivity per cell showed that LSEC had slightly higher capacity

than PC to take up FVIII or FVIII-Y1680F. Minimal radioactivity

was seen in KC for both molecules. The relative pattern of cellular dis-

tribution did not change over time (between 1–7 h for FVIII or 0.5–
2 h for FVIII-Y1680F).

Conclusion: In rats, the liver is the predominant organ showing accu-

mulation of FVIII and FVIII-Y1680F. Hepatocellular distribution

was also similar for both FVIII molecules with PC and LSEC having a

major role. Thus, the lack of high affinity VWF binding does not alter

the distribution of FVIII.

References: 1. Leyte et al. J Biol Chem 1991;266:740–746.
2. Pertoft and Smedsrod In: Pretlow and Pretlow, eds. Cell Separation

Methods and Selected Applications. Academic Press 1987;4:1–24.

PA 2.12-5
A combinatorial library approach to generate rFVIII
variants with multiple XTEN insertions and improved
pharmacokinetic properties
Liu T1, Kulman J1, Chang P-YB2, Patarroyo-White S1, Drager D1,

Ding S2, Chhabra ES1, Kumar S1, Pape B1, Moore N1, Bardan S1,

Goodman A1, Acosta M1, Pierce GF1, Schellenberger V2, Mei B1,

Peters RT1 and Jiang H1

1Biogen Idec Hemophilia, Waltham, MA; 2Amunix, Mountain

View, CA, USA

Background: XTEN is an unstructured polypeptide that has been

shown to increase the circulating half-lives of a number of proteins.

The impact of XTEN on the clearance and function of rFVIII mole-

cules can be optimized by varying the location, composition, length

and number of XTEN insertions, all of which can be achieved by

recombinant technology. With the identification of locations in rFVIII

that can accommodate intra-domain insertions of XTEN, a multivari-

ate approach towards XTEN modification of FVIII was explored to

develop novel long-lasting rFVIII-XTEN variants.

Aim: To evaluate the effects of multiple XTEN insertions on the activ-

ity and pharmacokinetics of rFVIII.

Methods: rFVIII-XTEN combinatorial libraries were constructed

comprising over 400 rBDD-FVIII variants with 2–6 XTEN insertions

within the A domains, at the B domain junction, and at the C-termi-

nus. Variants were expressed in HEK293 cells by small-scale transient

transfection, and FVIII activity in conditioned medium was measured

by FVIII chromogenic assay. The pharmacokinetic (PK) properties of

variants with ≥ 0.3 IU/mL FVIII activity in culture medium were eval-

uated in FVIII knockout (HemA) and FVIII/VWF double-knockout

(DKO) mice by monitoring plasma FVIII activity over time. DKO

mice were used for initial ranking purposes to eliminate the influence

of endogenous VWF on half-life. Concentrated conditioned medium

or partially purified rFVIII-XTEN preparations were used in PK stud-

ies to increase the throughput of PK screening, since the PK profile

obtained is comparable to those of the purified proteins.

Results: Based on the FVIII chromogenic activity, the rFVIII variants

remained functional with up to five XTEN insertions. In DKO mice,

which lack the protective benefit of VWF, the half-lifeimprovement

conferred by XTEN was insertion site-dependent, with single XTEN

insertions in the A1, A2 and A3 domain extended half-live up to 3.5,

2.5, and 4.5 h, respectively, as compared to 0.25 h for unmodified

rBDD-FVIII. The optimal composition and length of XTENs for

activity and half-life at each intra-domain insertion site is site-depen-

dent, and the effects on PK of multiple XTEN insertions were gener-

ally additive when insertion sites were in different domains. rFVIII

with three XTEN insertions achieved a half-lifeof 16 h in DKO mice,

representing a 64-fold increase relative to rBDD-FVIII, but the intro-

duction of additional XTENs resulted in only a nominal increase to

18 h, indicating that half-life extension with XTENs is additive but

saturable. Selected rFVIII-XTEN variants that had exhibited half-lives

of 3–18 h in DKO mice all had similar half-lives in HemA mice

(approximately 14 h).

Conclusions: Multiple intra-domain XTEN insertions are tolerated by

rFVIII and provide greater protection for rFVIII compared to the

endogenous VWF multimers. The normalizing effect of VWF on the

half-lives of these variants observed in HemA mice highlights a limit

on half-life extension imposed by VWF. Protein engineering of a

rFVIII-VWF fusion protein for which the clearance is independent

from endogenous VWF will be necessary to exceed this limit on half-

life extension by the modification of XTEN.
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PA 2.12-6
B domain-deleted FVIII lacking mannose-ending
glycans at Asn239 and Asn2118 retains pro-coagulant
activity and corrects bleeding in FVIII-deficient mice
Rayes J1, Delignat S2, Cherel G3, Dasgupta S4, Kaveri SV2,

Denis C5, Lacroix-Desmazes S2 and Christophe OD3

1Inserm 770, UMRS 872; 2Inserm UMRS 872, Paris; 3Inserm Unit

770, Le Kremlin-Bicêtre; 4UMRS 872 equipe 16, Paris; 5Inserm,

Le Kremlin-Bicêtre, France

Background: Hemophilia A (HA) is a rare inherited bleeding disorder

due to the absence of the coagulation protein factor VIII (FVIII).

Administration of therapeutic FVIII to severe hemophilia A patients

induces, in up to 30% of the cases, inhibitory anti-FVIII antibodies.

Previously, we have shown that blockage of mannose receptor on

human monocytes-derived dendritic cells reduces FVIII uptake and

presentation to a human FVIII-specific T-cell line. The data suggested

that a recombinant FVIII lacking mannose-ending would be less

immunogenic.

Aim: The aim of this study was to validate in a mouse model of hemo-

philia A the production and procoagulant activity of recombinant

human FVIII lacking oligomannose carbohydrates at Asn239 and

Asn2118.

Methods: FVIII-deficient mice were injected with 100 lg of pLIVE

encoding wild-type (WT) human B domain-deleted FVIII (Δ2-FVIII,
LFB, Les Ulis), and the corresponding single Asn239Gln mutant, sin-

gle Asn2118Gln mutant or double Asn239Gln/Asn2118Gln mutant

(DM). FVIII:Ag, FVIII:C and hemostatic function were assessed

4 days after hydrodynamic injection using Asserachrom, functional

coagulation assay and tail vein clip assay, respectively.

Results: Our results show reduced levels of circulating demannosylated

FVIII compared to WT FVIII in hydrodynamic injection-treated mice.

Indeed, the expression of Δ2-FVIII mutated at position Asn2118Gln

was slightly reduced compared to that of WT (FVIII:Ag

3.61 � 1.11 IU/mL and 1.60 � 1.53, respectively), whereas the

expression levels of the Asn239Gln and DM FVIII mutants were sig-

nificantly decreased (FVIII:Ag 0.25 � 0.05 and 0.63 � 0.28 IU/mL).

Similar observations were made when FVIII:C was measured in

plasma. Interestingly, the specific activity of the different mutants did

not drastically differ from that of the WT Δ2-FVIII: 1.02 � 0.1,

2.09 � 0.54, 1.4 � 0.4, 1.66 � 0.44 IU/mL for WT Δ2-FVIII, and the

Asn239Gln, Asn2118Gln, and DM, respectively.

In agreement with the latter findings, the amount of blood loss by

hemophilia A mice expressing the DM Δ2-FVIII was significantly

lower following tail clipping than that loss by untreated hemophilic

mice (226 � 94 vs. 63 � 56 lL, respectively, P = 0.013), and was not

statistically different from the blood loss by wild-type mice.

Conclusion: The absence of mannose-ending sugars at Arg239 and/or

Arg2118 does not alter the specific pro-coagulant activity of FVIII. It

however affects the levels of circulating FVIII, probably by reducing

the secretion yield by hepatocytes. Mutation at Arg239 was found to

affect FVIII secretion the most. Importantly, the double mutant cor-

rects bleeding in an acute model of hemorrhage.

PA2.13 – Factor II/Prothrombin – I

PA 2.13-1
Structure-function analysis of prothrombin-D519E, a
causative mutation in a type 1/2 prothrombin deficient
patient with a severe bleeding tendency
Schrijver R1, Kuijper P2, Rosing J1, Dors N3 and Nicolaes GAF1

1Cardiovascular Research Institute Maastricht, Maastricht;
2M�axima Medical Centre Veldhoven, Veldhoven; 3Catharina

Hospital Eindhoven, Eindhoven, The Netherlands

Background: Recently we have described two mutations in the pro-

thrombin gene of a young boy of Caucasian descent from non-consan-

guineous parents who presented with a serious bleeding disorder as a

neonate. Functional analysis showed that the patient had a prothrom-

bin activity below the detection level (< 1%). Genetic analysis revealed

the presence of two mutations: one introducing a premature STOP

codon at position Arg296, the other coding for a Asp519Glu missense

mutation, together giving rise to a compound heterozygous prothrom-

bin deficiency phenotype.

Since complete prothrombin deficiency results in embryonic and neo-

natal lethality in mice, and furthermore given that amino acid 519 in

prothrombin is crucial to enzyme catalysis by thrombin, being located

at the base of the catalytic pocket, we hypothesized that the relative

conservative mutation of Asp into Glu has prevented embryonic

lethality, yet causes a severe bleeding tendency.

Aims: We performed a detailed structure-function analysis of the

human prothrombin Asp519Glu mutant molecule.

Methods: Human wild-type prothrombin, PT-Asp519Glu and PT-

Asp519Ala were stably expressed in HEK293 cells. Prothrombin was

subsequently purified from conditioned serum-free medium to homo-

geneity. Activation of prothrombin was achieved with the prothrom-

bin activator from Oxyuranus Scutellatus, after which thrombin was

purified. Wet laboratory experiments were supported by in silico struc-

tural bioinformatics. Methods involving 3D structure analyses of (pro)

thrombin and its in silico prepared variants, molecular dynamics simu-

lations and docking studies.

Protein analysis was performed via SDS-PAGE analysis and spectro-

photometry. Prothrombin variants were tested for their ability to func-

tion as substrates in the prothrombinase complex both in reaction

systems composed of purified components and in plasma. Membrane

binding was assessed via surface plasmon resonance. Thrombin vari-

ants were analysed by quantitation of their amidolytic activities

towards the chromogenic substrate S2238, and for their ability to acti-

vate physiological thrombin substrates such as FV, fibrinogen and

platelets.

Results: In silico analysis predicted no major folding effects of muta-

tion of Asp519 to either Glu or Ala. Analysis of substrates docked into

the S1 site for each of the thrombin variants indicates that the

Asp519Glu mutation clearly distorts the interaction between the gua-

nidium group of the P1 Arg residue and residue 519, while the

Asp519GluAla mutation results in a complete loss of essential interac-

tions between enzyme and substrate.

Protein expression typically yielded 4–8 mg of purified prothrombin

(> 95 purity as judged by SDS-PAGE analysis). Electrophoretic

mobility of all prothrombin variants was identical as was their ability

to bind to phospholipid membranes. All prothrombin variants were

converted to thrombin by the snake venom activator. However, the

amidolytic activities of purified wt thrombin and Asp519Glu and

Asp519Ala thrombin were 100; 1.3% and 0.1%, respectively. The low

but detectable activity of the Asp519Glu mutant as compared to the

Asp519Ala mutant was also observed with other thrombin substrates

(FV, fibrinogen and platelets).

Summary: We have shown that the Asp519Glu mutation in human

prothrombin results in a serious bleeding phenotype and we hypothe-

size that the conservative Asp�Glu mutation allows for this mutation

at position 519 to be compatible with life.
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PA 2.13-2
Identifying novel thrombin interactions: alpha-
synuclein binds to thrombin exosites and inhibits
thrombin-mediated platelet aggregation
De Filippis V, Acquasaliente L, Pontarollo G, Frasson R, Maset F,

Banzato A, Pengo V and Negro A

University of Padova, Padova, Italy

Background: Alpha-synuclein is involved in the pathogenesis of Par-

kinson’s disease (PD). It is expressed in the presynaptic neuron termi-

nals and constitutes the major component of protein deposits in PD.

Alpha-synuclein is essentially unfolded in solution and assumes a par-

tially helical conformation when bound to phospholipid vesicles. The

protein consists of three distinct regions: a positively charged N-termi-

nal region (amino acids 1–60), a hydrophobic region encompassing the

highly aggregation-prone Non-Amyloid sequence (65–90) and the C-

terminal 103–140 region, rich in acidic amino acids and prolines.

Alpha-synuclein is also expressed in T and B lymphocytes and plate-

lets, where it is associated with the membrane of secretory alpha-gran-

ules. Thrombin, the final effector protease in the coagulation cascade,

is the most potent activator of platelets and this function is exerted

through cleavage of type-1 Protease Activated Receptor (PAR1),

which results in alpha-granule release and platelet aggregation. Con-

versely, platelet degranulation is inhibited by alpha-synuclein (Park et

al. 2002). Moreover, clinical evidences show that patients with Parkin-

son’s disease are less susceptible to ischemic stroke and exhibit a signif-

icantly reduced tendency to aggregate platelets (Sharma et al. 1991).

Aims: Establish whether or not alpha-synuclein interacts with throm-

bin; study the effect of alpha-synuclein on thrombin procoagulant

(fibrin generation and platelet aggregation) and anticoagulant (genera-

tion of active protein C) functions.

Methods: Wild-type and His-tag full-length alpha-synuclein were

expressed in E. coli and purified. Thrombin mutants Arg73Aa and

Arg101Ala were expressed in E. coli. Binding of alpha-synuclein to

thrombin was studied by measuring the change of intrinsic fluores-

cence of thrombin and by Surface Plasmon Resonance on a Biacore

X100 instrument. The effect of alpha-synuclein on fibrin generation

was investigated by turbidimetric measurements, while the effect on

platelet aggregation was evaluated on whole blood by Multiple Elec-

trode Aggregometry (MEA). PC activation by thrombin was moni-

tored by measuring the rate of S2366 hydrolysis.

Results: Fluorescence binding measurements yielded

Kd = 2.6 � 0.5 mM. Similar results were obtained after Biacore anal-

ysis (Kd = 4.2 � 1.0 mM). Displacement experiments, carried out

with specific binders of thrombin exosite-1 (hirugen and HD1 apt-

amer) or exosite-2 (fibrinogen g”- peptide and HD22 aptamer) and

with thrombin mutants having exosite-1 (Arg73Ala) or exosite-2

(Arg101Ala) compromised, suggest that both exosites of the protease

are involved in alpha-synuclein binding. Conversely, alpha-synuclein

does not affect the affinity of the enzyme for some active-site inhibi-

tors, like p-aminobenzamidine and the N-terminal domain 1–47 of

hirudin, nor the efficiency of S2238 hydrolysis. Likewise, alpha-synuc-

lein does not affect fibrin generation by thrombin and very preliminary

results indicate that it is also ineffective on the thrombin-mediated PC

activation. Strikingly, MEA measurements indicate that alpha-synuc-

lein inhibits platelet aggregation by thrombin in a dose-dependent

manner, whereas it only slightly reduces ADP-induced platelet aggre-

gation.

Conclusion: alpha-synuclein binds to thrombin at both exosites, while

leaving the protease active site accessible. These results rationalise pre-

vious work on the inhibitory effect of alpha-synuclein on thrombin-

mediated platelet activation suggesting that alpha-synuclein impairs

localization of thrombin on platelets by competing with the receptor

GpIb-alpha for thrombin exosite-2. Our data also explain clinical evi-

dences showing that patients with Parkinson’s disease display lower

incidence of thrombotic events.

PA 2.13-3
Amino acid sequence 473–487 of human prothrombin
is required for timely activation by prothrombinase and
optimal thrombin activity
Wiencek JR1, Hirbawi J2 and Kalafatis M1

1Cleveland State University; 2Cleveland Clinic-Lerner Research

Institute, Cleveland, OH, USA

Background: Prothrombinase is the important enzymatic complex that

catalyzes the proteolytic conversion of prothrombin (Pro) to thrombin

with rates compatible with survival. Prothrombinase is composed of

the enzyme factor Xa (fXa), and the cofactor factor Va (fVa) associ-

ated on a procoagulant membrane surface in the presence of divalent

metal ions. Timely prothrombinase formation results in the suitable

formation of a fibrin clot and the arrest of bleeding because the inter-

action of fVa with the members of prothrombinase leads to a fivefold

increase in the catalytic efficiency of fXa as compared to the activity of

fXa alone. Prothrombinase produces thrombin following two sequen-

tial cleavages of Pro (at Arg320 followed by cleavage at Arg271) with

formation of an enzymatically active intermediate called meizothrom-

bin. Although membrane-bound fXa is capable of activating Pro, the

overall rate of thrombin formation is not compatible with survival,

and activation proceeds through the opposite pathway (cleavage at

Arg271 is followed by cleavage at Arg320) with formation of prethom-

bin-2. fXa is known to exhibit a strong interaction with Pro in the

presence and absence of fVa. Previous studies have suggested that fXa

interacts with Pro within amino acid region 473–487 in a fVa-depen-

dent manner.

Aim: To investigate the functional importance of amino acid region

473–487 of Pro.
Methods: We used site-directed mutagenesis to create a recombinant

Pro molecule with the region 473–487 deleted (rProD473–487). Wild type

Pro (rProWT) and the deletion mutant were stably transfected in BHK-

21 cells. The two recombinant molecules were purified according to an

already established protocol. During the last step of the purification

procedure, we used Mono-Q chromatography and a calcium gradient

to isolate properly carboxylated rProD473–487 and rProWT. Both recom-

binant molecules were assessed by gel electrophoresis for their capabil-

ity to produce active thrombin by fully assembled prothrombinase or

fXa alone. The recombinant molecules were also assayed for clotting

and chromogenic activity.

Results: Gel electrophoresis revealed that consumption of rProD473–487

by prothrombinase and thrombin formation was drastically impeded

when compared with thrombin formation following cleavage of

rProWT by prothrombinase. In contrast, membrane-bound fXa alone,

in the absence of fVa, displayed a marked increase in the rate of cleav-

age at Arg271 and activation of rProD473–487 as compared to cleavage at

Arg271 and activation of rProWT. A similar cleavage pattern within the

recombinant proteins was observed, implying that no structural altera-

tions took place in rProD473–487 following the mutation. Additionally,

while clotting assays revealed that rProWT had clotting and chromo-

genic activities comparable to human plasma-derived Pro, rProD473–487

was devoid of clotting activity and severely impaired in its amidolytic

activity.

Conclusion: Our data demonstrate that amino acid sequence 473–487
of Pro is required for optimal rates of activation by prothrombinase.

In addition, our data suggest that amino acid region 473–487 is

required for proper thrombin activity. These data are providing a

rationale to the fact that to date there is no natural mutation within

this region of Pro reported since any changes within this crucial amino

acid region would lead to dire circumstances and are not compatible

with survival.
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PA 2.13-4
A novel prothrombin c.1787G>A mutation in Serbian
family with recurrent thromboembolism- another case
of antithrombin resistance
Valentina D1, Kovac M2, Pruner I3, Francuski D3

and Radojkovic D3

1Institute of Molecular Genetics and Genetic Engineering;
2Faculty of Medicine, University of Belgrade, Blood Transfusion

Institute of Serbia; 3Institute of Molecular Genetics and Genetic

Engineering, University of Belgrade, Belgrade, Serbia

Background: Family thrombophilia is considered a multifactorial and

polygenic disorder in which gene-environment and gene-gene interac-

tions play a pivotal role. The most frequent thrombophilic genetic risk

factors are FV Leiden and FII G20210A mutations. The FII G20210A

(c.*97G>A) variant in the 3′-untranslated region of the prothrombin

gene is associated with elevated plasma prothrombin level and

increased burst in thrombin generation. Recently, new mutation

(c.1787G>A) affecting the prothrombin Arg596 residue, has been iden-

tified in a Japanese family with juvenile thrombosis. This Arg596Leu

substitution leads to impaired inhibition of mutant thrombin by anti-

thrombin, resulting in antithrombin resistance and increased thrombo-

phila risk.

Aims: Here we report a novel prothrombin mutation detected in three

sisters, suffering from a severe recurrent thrombosis from a young age.

Methods: Contrary to our expectations, the routine thrombophilia

testing did not show any inherited risk factors. Additional genetic

analysis revealed the presence of a new FII c.1787G>A mutation in

heterozygous form in all three sisters.

Results: The mutation is located in the last exon of the prothrombin

gene resulting in Arg596Gln replacement. Residue Arg596 is posi-

tioned within the region that contains one of the antithrombin-binding

sites involved in thrombin inactivation by antithrombin. Considering

the clinical findings and in silico protein structure prediction, we

assume the same thrombophilic mechanism for the herein presented

Arg596Gln as in previously described Arg596Leu.

Conclusion: Our study reports the first data for Caucasian population

supporting the newly proposed mechanism of hereditary thrombophil-

ia called antithrombin resistance.

PA 2.13-5
Effects of prothrombin Yukuhashi mutation on
thrombomodulin-protein C system
Takagi Y1, Takagi A1, Suzuki A1, Murata M1, Okuyama E1,

Ando Y1, Kato I1, Matsushita T2, Saito H3 and Kojima T1

1Nagoya University Graduate School of Medicine; 2Division of

Transfusion Medicine, Nagoya University Hospital; 3National

Hospital Organization-Nagoya Medical Center, Nagoya, Japan

Background: We have reported antithrombin (AT) resistance in the

prothrombin Yukuhashi substituted arginine for leucine at position

596 (p.Arg596Leu). The mutant thrombin, an active form of the pro-

thrombin Yukuhashi, showed moderately lower clotting activity than

that of wild-type prothrombin, while substantially impaired complex

formation with AT. However, effects of the mutation on thrombo-

modulin (TM)-protein C (PC) pathway was not yet analyzed.

Aims: We evaluated effects of the prothrombin Yukuhashi mutation

on TM-PC anticoagulation system.

Methods: We prepared expression vectors of wild type and mutant

(p.Arg596Leu) prothrombins using pcDNA 3.1(+), and transfected

them to HEK293 cells. We established respective stable transformants

by G418 selection, and obtained clones highly expressing recombinant

prothrombins. We cultured stable transformants highly expressing

recombinant prothrombins in serum-free medium containing vitamin

K, and collected and concentrated their conditioned media. Antigen

levels of prothrombins were determined by an enzyme-linked immuno-

sorbent assay (ELISA). We used Oxyuranus scutellatus venom (Ox), a

factor Xa-like enzyme, as a prothrombin-to-thrombin converting

enzyme together with cephalin and calcium chloride. We measured

clotting time for Ox-activated recombinant thrombins using fibrinogen

as a substrate in the presence or absence of recombinant TM (rTM).

We determined relative fibrinogen clotting activities using a standard

curve of clotting time of normal pool plasma. We also used a chromo-

genic substrate (S-2238) to evaluate thrombin activity. We measured

APC generation activity with or without rTM for Ox-activated recom-

binant thrombins using S-2366 as an APC substrate in the presence of

Pefabloc-TH. We expressed APC generation activity as changes in

absorbance/min (delta A/min) at 405 nm

Results: In the fibrinogen clotting time assay, relative activity of the

mutant thrombin was 21.8% of that of the wild type in the absence of

TM. TM treatment reduced relative fibrinogen clotting activity of the

wild type thrombin to 34.3%, whereas that of the mutant to 20.4%.

Reduction rates of fibrinogen clotting activity were 65.7% for the wild

type thrombin and 6.4% for the mutant, respectively. In the chromo-

genic assay using S-2238, relative activity of the mutant thrombin was

47.2% of that of the wild type in the absence of TM. In the absence of

TM, APC generation activity (delta A/min at 405 nm) were fairly low;

0.0089 for the wild type and 0.0048 for the mutant. TM treatment

enhanced APC generation activity to 0.13145 (14.8 folds) for the wild

type and to 0.05735 (11.9 folds) for the mutant respectively, although

relative APC generation activity of the mutant was 43.6% of that of

the wild type.

Summary: We evaluated effects of the prothrombin Yukuhashi muta-

tion on TM-PC pathway. We demonstrated that fibrinogen clotting

activity of the mutant was low but resistant to TM compared with the

wild type. TM enhanced APC generation activity of the mutant sub-

stantially, but that was still lower than that of the wild type. These

data suggested that the prothrombin Yukuhashi mutation might cause

not only AT resistance, but also TM resistance in terms of fibrinogen

clotting activity, resulting in susceptibility to thrombosis.

PA 2.13-6
Evaluation of a new chromogenic method based upon
the prothrombinase complex for determination of the
functional activity of prothrombin
Rosén P, Bryngelhed P and Ros�en S

Rossix, Molndal, Sweden

Background: In clotting and chromogenic methods: for prothrombin

(FII) activity based upon the use of Ecarin, FII activation occurs irre-

spective of the extent of g-carboxylation of Glutamic acid residues

(Gla). One-stage clotting methods: involving FII activation by the

extrinsic system reflect better biologically functional FII but are ham-

pered by a limited resolution.

Aim: As an alternative to one-stage methods, a chromogenic method

for FII activity has been developed.

Method: The method is based upon the prothrombinase (FII-ase) com-

plex and utilizes purified FXa, FV, calcium ions and synthetic or

highly purified phospholipids. Gamma-carboxylation of FII is manda-

tory for its binding and activation on phospholipid surfaces in the

presence of calcium ions and accordingly no thrombin is generated in

this FII-ase based method on analysis of acarboxy FII, which com-

pletely lacks Gla residues.

The method is intended for both plasma and FII containing factor

concentrates. Plasma should be collected in citrate or EDTA and a

dilution of 1:200 is used.

Results: The method offers a resolution of about 1.2 absorbance units

between 0 and 1.5 IU/mL and the detection limit is 0.05 IU/mL. Due

to the high dilution, which minimizes matrix interference, the method

allows levels of Hb 10 mg/mL, triglycerides 10 mg/mL, bilirubin

0.8 mg/mL and heparin 4 U/mL.
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The correlation vs. a chromogenic Ecarin based method on analysis of

plasmas from 196 patients supposedly not receiving anticoagulant

treatment was FIIFII-ase = 1.14 9 FIIEcarin–0.15 (R2 = 0.87).

Analysis of 11 plasmas from individuals heterozygous for FII

G20210A showed a complete agreement with FII-ase = 0.97 xEca-

rin + 0.03 (R2 = 0.99) and a mean value (SD) for both methods of

1.33 (� 0.24) IU/mL. Thus, elevated FII levels in carriers of the

G20210A mutation are verified also with the FII-ase based method.

Analysis of plasmas from patients on warfarin with an INR range of

2–4 (n = 47) showed 1.4–3.8-fold lower activities with the FII-ase

based method vs. the Ecarin based method. Importantly, for plasmas

with an INR between 2.0 and 2.2, the functional FII activity varied

2.6-fold as determined with the FII-ase method. In one of these cases,

the FII activity was 0.18 IU/mL which is in the same range as for plas-

mas with an INR of 3.5, tentatively indicating an increased risk of

bleeding. For three plasmas with INR 5, 5.4 and 6.5, the FII activities

were 0.12, 0.11 and 0.075 IU/mL, respectively.

The proper applicability on analysis of FII containing factor concen-

trates with the FII-ase based method is illustrated from the calibration

of the 4th IS FII, X concentrate (11/126) with the obtained activity

9.67 IU/ampoule being in good agreement with 9.53 IU/ampoule

(GCV 2.9%) for PT-based FII methods.

Conclusion: In summary, this prothrombinase based method allows

accurate determination of functional FII activity in plasmas and FII

containing concentrates and it provides a new tool for evaluation of

patients on antivitamin K treatment as well as on patients with com-

promised liver function.

PA2.14 – Regulation of Coagulation
and Fibrinolysis – I

PA 2.14-1
Inhibitory effects of LDL-associated tissue factor
pathway inhibitor
Augustsson C, Hilden I and Petersen LC

Novo Nordisk A/S, Bagsvaerd, Denmark

Background: Tissue factor pathway inhibitor (TFPI) is present in

plasma as full length TFPI (TFPI) and as a C-terminally degraded

form associated with low-density lipoprotein particles (LDL-TFPI).

Addition of TFPI to plasma induces a prominent dose-dependent pro-

longation of the clotting time (CT) when tested in a diluted prothrom-

bin time (dPT) assay. In contrast, addition of LDL-TFPI or truncated

recombinant TFPI (TFPI1–161) was shown not to prolong CT when

tested in a dPT assay. It was concluded that the anticoagulant function

of TFPI in human plasma was limited to fl-TFPI. Since LDL-TFPI

has preserved its factor Xa (FXa) inhibitory activity and also worked

as an inhibitor of tissue factor/factor VIIa (TF/FVIIa) in FX activa-

tion assays it was unclear why LDL-TFPI failed to affect the dPT in a

plasma environment; and it was suggested that a slower on-rate of

LDL-TFPI in a rate limiting step might explain this phenomenon.

Aim: The aim was to further characterize kinetic properties of purified

LDL-TFPI in plasma in a thrombin generation test (TGT) and in vari-

ous chromogenic in vitro activity assays.

Methods: LDL-TFPI was purified from human plasma by sequential

flotation ultracentrifugation. FXa activity was measured using a chro-

mogenic assay. Inhibitor constant, KI, was calculated using the Morri-

son tight binding non-linear curve fitting. Thrombin generation assay

was performed in normal human plasma (NHP) or in FVIII-immuno

depleted plasma using either 1 pM TF and 4 µM phospholipids (PLs)

or 4 µM PLs and 0.5 nM FXa respectively.

Results: When TFPI inhibition was tested in a TF-induced TGT assay

in NHP we observed, in line with findings by dPT experiments, that

TFPI, but not LDL-TFPI prolonged the lag-phase of thrombin gener-

ation. The kinetics of thrombin generation were, however, not unaf-

fected by LDL-TFPI. Similar to TFPI it decreased the peak height of

thrombin generation. Steady state inhibition of FXa showed a faster

inhibition with LDL-TFPI than TFPI (KI = 0.0071 � 0.003 nM and

KI = 0.15 � 0.006 nM respectively). In addition, transient kinetic data

on FXa inhibition showed thatLDL-TFPI was 2.5 fold faster than

TFPI indicating that FXa inhibition was not rate determining for the

lag phase, whereas it appeared to affect thrombin generation during

the propagation phase. This was supported by FXa-inducedTGT in

hemophilia A plasma showing thatLDL-TFPI more actively decreased

the peak height of thrombin generation compared to TFPI.

Conclusions: Our results suggest that LDL-TFPI affects thrombin gen-

eration during the propagation phase. It may therefore play a more

prominent physiological role in vivo than hereto anticipated from dPT

measurements.

PA 2.14-2
The effect of fibrin(-ogen) on thrombin generation and
decay
Kremers RMW, Wagenvoord R and Hemker CH

CARIM, Maastricht University, Maastricht, The Netherlands

Background: In clotting blood(-plasma) >95% of thrombin develops

and decays after clot formation. Thrombin generation (TG) in clotting

plasma can be assessed by measuring the conversion of an added

thrombin substrate (eg. In calibrated automated TG measurement

[CAT]). The removal of fibrinogen from plasma has been shown to

reduce TG as assessed by CAT. On the contrary, in a subsampling

procedure TG is increased. This is explained by the assumption that

part of the thrombin is reversibly adsorbed onto fibrin and is protected

from the action of antithrombins, and therefore remains longer amido-

lytically active. In human plasma, two variants of the fibrin(ogen) c
chain occur, c’ and cA, that both contain low affinity binding sites for

thrombin. The c’ chain contains an additional exclusive high affinity

binding site for thrombin. Plasma contains ~85% of fibrinogen that

has two cA chains and ~15% with one c’ and one cA chain. Apart

from slowing down thrombin decay, fibrin may also influence pro-

thrombin conversion. We therefore investigated the effect of the pres-

ence of fibrin on thrombin decay and prothrombin conversion during

thrombin generation (TG).

Aims: We wanted to quantify the effect of cA/c’- and cA/cA fibrino-

gen on thrombin decay and to investigate whether or not the presence

of fibrin also influences prothrombin conversion.

Methods: TG was measured with the CAT technique in normal pool

plasma (NPP), defibrinated NPP, and defibrinated NPP resupplied

with purified cA/cA fibrinogen, with cA/c’ fibrinogen or with the two

types in their natural proportions. The rate constants of total throm-

bin decay and thrombin decay by a2Macroglobulin (a2M) were calcu-

lated from the TG curves and prothrombin conversion curves were

constructed from the TG curves and these rate constants.

Results: The removal of fibrinogen significantly decreases TG and res-

toration of the original fibrinogen concentration reverses this effect;

cA/cA fibrinogen does not restore TG completely (ETP 83% of nor-

mal), whereas cA/c’ fibrinogen increases TG to above its original level

(ETP 141% of normal). Physiological fibrinogen has a significant

dose-dependent attenuating effect on thrombin decay, which is primar-

ily due to protection against the action of a2M (64% reduced,

P < 0.001). Serpin dependent thrombin inactivation is significantly

decreased by cA/c’ (24% reduced, P < 0.001), but not by cA/cA
fibrin. The effects of fibrin on TG are not completely explained by

these effects on thrombin inactivation alone. In the presence of fibrin

prothrombin conversion is significantly higher than in its absence

(127%, P = 0.001). This effect is independent of the type of fibrinogen

added.

Conclusion: Fibrin(ogen) has an important positive effect on thrombin

generation because it dose-dependently inhibits thrombin decay and

fosters prothrombin conversion. Fibrinogen containing the c’ chain is

more effective in protecting thrombin than the cA is and inhibition by

a2M is more affected than that by other antithrombins. A high fibrin-
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ogen concentration must be excluded as a trivial explanation for high

TG values found in some diseased states.

PA 2.14-3
Role of the serpin protease Nexin-1, In tissue
remodelling occurring during pulmonary fibrosis.
François D1, Marchal-Somm�e J2, Crestani B2 and Bouton M-Ch1

1Inserm U698; 2Inserm U700, Paris, France

Background: Idiopathic pulmonary fibrosis (IPF) is a chronic diffuse

lung disease characterized by excess fibrous material which accumu-

lates in the lung via the modulation of proteolytic degradation of

extracellular matrix (ECM) and/or fibrin deposition. Protease Nexin-1

(PN-1), also named SerpinE2, is a tissue serpin produced by many cell

types and involved in the regulation of coagulation and fibrinolysis.

PN-1 inhibits thrombin, plasminogen activators (tPA and uPA) and

plasmin. Its ability to regulate coagulation and fibrinolysis factors

makes it a good candidate as a regulator of tissue remodelling.

Aims: Since PN-1 is expressed in lung, a fibrosis target organ where the

regulation of proteolytic activity is of great importance, we aimed to

test the hypothesis that PN-1 is a key regulator in lung remodelling

occurring during IPF.

Methods: Human lung fibroblasts were cultured from IPF patient

biopsies. In some experiments, cells were incubated with recombinant

TGFbeta before analysis of PN-1 expression by real-time PCR, immu-

noblotting and antiprotease activity assay. Lung tissue extracts, and

Brochoalveolar Lavages (BAL) from IPF patients were also analyzed

by immunohistochemistry and biochemical techniques. mRNA expres-

sion of ECM proteins like collagen and fibronectin were also analyzed

by real time PCR. For this purpose, mRNA was obtained from fibro-

tic fibroblasts or control lung fibroblasts whose PN-1 expression was

up-regulated by transfection of a PN-1 expression vector.

Results: PN-1 (mRNA and protein) was significantly expressed in con-

trol lung fibroblasts and up-regulated in a dose- and time-dependent

manner by TGFbeta; maximal overexpression was reached after 24 h

stimulation. Moreover, PN-1 expression was 3.5 fold increased

(P < 0.01) in fibrotic compared to control pulmonary fibroblasts. PN-

1 was not only observed on cell membrane but also in the conditioned

medium, demonstrating that it can be secreted when overexpressed by

the fibroblasts. Both secreted PN-1 present in conditioned media and

PN-1 present on cell surfaces, from TGFbeta-stimulated control fibro-

blasts and fibrotic fibroblasts, were functional since both could inhibit

thrombin catalytic activity. Moreover, PN-1 overexpression could be

observed in lung extracts and BAL from IPF patients (1.8 fold

increase, P < 0.05). In parallel to PN-1 over-expression, an mRNA

up-regulation of ECM proteins like collagen1-alpha2 (1.8 fold

increase, P < 0.05) and fibronectin (2.9 fold increase, P < 0.01) was

observed in fibrotic fibroblasts. Interestingly such an overexpression of

mRNA of the ECM proteins could be mimicked when controls fibro-

blasts were transfected with a PN-1 overexpression vector.

Conclusions: PN-1 is overexpressed in lung fibroblasts under fibrotic

conditions at the messenger and protein levels. Overexpressed PN-1 is

secreted in the pericellular environment where it has been shown to be

able to inhibit thrombin. Interestingly, overexpression of PN-1 is

accompanied by an overexpression of ECM proteins favouring a fibro-

tic phenotype of cells. PN-1 thus represents a new actor in the evolu-

tion of tissue remodelling.

PA 2.14-4
Structural and functional studies of a monoclonal high
affinity antibody against the human TFPI Kunitz-type
protease inhibitor (KPI) 3 domain
Svensson A1, Petersen LC1, Kjær B1, Krogh B1, Breinholt J1,

Tzu-Yuan C2, Wenjuan X2, Li Y2 and Petersen HH1

1Novo Nordisk A/S, M�aløv, Denmark; 2Novo Nordisk China R&D,

Beijing, China

Background: Activated coagulation factor VIIa (FVIIa) in complex

with Tissue factor (TF) initiates coagulation by proteolytically con-

verting coagulation factors IX and X (FIX and FX) to their activated

forms, FIXa and FXa. Tissue factor pathway inhibitor (TFPI) inhibits

the initiation of the coagulation cascade by forming a proteolytically

inactive FVIIa:TF:FXa:TFPI complex. The TF/FVIIa-mediated FXa

generation is tightly regulated by TFPI in a process which, as a rate-

limiting step, appears to involve TFPI inhibition of FXa, either when

FXa is bound to the TF/FVIIa complex or in its near vicinity on the

membrane.

Aims: Functional blocking of TFPI binding to FXa or the TF:FVIIa:

FXa complex with a monoclonal antibody may facilitate haemostasis

initiated by FVIIa:TF hereby compensating for impaired FIX/FVIII-

dependent coagulation. We have studied high affinity monoclonal

antibodies binding to the KPI-3 domain of human TFPI.

Methods: A murine monoclonal antibody, with high TFPI-KPI-3

affinity (KD 260 pM), mAb 0001 and the corresponding Fab-frag-

ment, Fab 0001, were cloned and expressed as mouse-human chimeric

mAb/Fab and purified by affinity chromatography. A 1:1 complex of

the Fab 0001 and TFPI-KPI-3 protein was purified and crystallized

with the hanging-drop method using a precipitant solution containing

18% PEG 4000, 26% propanol and 100 mM sodium citrate, pH 5.5.

Thrombin activity was assessed by calibrated automated thrombin

generation measurements (CAT) and was measured continuously after

the conversion of the fluorogenic substrate Z-Gly-Gly-Arg-AMC.HCl.

Fluorescence was measured in a microtiterplate Fluorskan Ascent

fluorometer with excitation and emission wavelengths set at 368 and

460 nm, respectively.

Results: Binding of mAb 0001 to TFPI-KPI-3 shortened the clotting

time in normal and hemophilia A plasma measured by a diluted pro-

thrombin (dPT) assay. Binding also produced a prominent increase in

tissue factor induced thrombin generation studied by CAT in FVIII

immune-depleted plasma supplemented with 10 lM phospholipids

(PS/PC; 25/75%).

The binding epitope of mAb 0001 on KPI-3 of TFPI was determined

by solving the crystal structure at 2.1 �A resolution of the complex

between KPI-3 and the Fab fragment, Fab 0001. There were two inde-

pendent KPI-3/Fab 0001 complexes in the crystallographic asymmet-

ric unit. Calculation of the areas excluded in pair-wise interactions

gave for the soluble TFPI KPI-3/Fab 0001 molecular complex 680 and

669 �A2 for TFPI KPI-3 and 532 and 536 �A2 for Fab 0001 and the two

crystallographic independent molecular complexes, respectively.

Results from a site-directed mutagenesis Ala-scan study confirm the

epitope determined by X-ray crystallography.

Summary: The epitope for mAb 0001 on TFPI KPI-3 was character-

ized. Activity data demonstrated that binding of a high affinity anti-

body to this epitope was capable of improving in vitro haemostasis

under haemophilia A-like conditions.
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PA 2.14-5
Apolipoprotein(a) inhibits the conversion of
Glu-plasminogen to Lys-plasminogen on the surface
of vascular endothelial and smooth muscle cells
Romagnuolo R, DeMarco K, Boffa MB and Koschinsky ML

University of Windsor, Windsor, ON, Canada

Lipoprotein(a) [Lp(a)] has been identified as an independent risk

factor for cardiovascular diseases including coronary artery disease.

Lp(a) has a complex structure consisting of a low-density lipopro-

tein (LDL) moiety and the unique glycoprotein apolipoprotein(a)

[apo(a)]. Lp(a) possesses both proatherogenic and prothrombotic

properties due to the LDL-like moiety and apo(a) component of the

lipoprotein respectively. Molecular cloning of apo(a) revealed that it

contains remarkable homology to the fibrinolytic zymogen plasmin-

ogen. Plasmin, generated through plasminogen activation, is a key

component in cell migration and proliferation, angiogenesis, inflam-

mation and wound healing. Binding of plasminogen to various cell

surface receptors initiates the conversion of its native form,

Glu-plasminogen, to its more readily activatable form, Lys-plasmin-

ogen. Conversion of Glu- to Lys-plasminogen is necessary for opti-

mal stimulation of plasminogen activation on human umbilical vein

endothelial cells (HUVECs). It has been previously shown that apo

(a) can inhibit plasminogen activation, through the positive feedback

Glu- to Lys-plasminogen conversion mechanism, on the fibrin sur-

face. Current work from our group has shown that apo(a) can inhi-

bit pericellular plasminogen activation on vascular cells. Therefore,

we determined the potential role of inhibition by apo(a) of Glu- to

Lys-plasminogen conversion.

A novel method was employed to detect plasmin-mediated Glu- to

Lys-plasminogen conversion utilizing an inactive plasminogen mutant

with a fluorescent tag. A recombinant apo(a) [r-apo(a)] variant, 17K,

was found to inhibit Glu- to Lys-plasminogen conversion on the sur-

face of HUVECs by 60%. A series of r-apo(a) variants containing

deletions of specific domains or point mutations were utilized to asses

which domains mediate the ability of apo(a) to inhibit conversion.

Removal of the protease and kringle V domain of 17K results in a

decrease in the ability to inhibit Glu- to Lys-plasminogen conversion

on HUVECs. Removal of the strong lysine binding site (sLBS) in krin-

gle IV type 10 abolishes the ability of 17K to inhibit conversion. Vari-

ous isoforms of r-apo(a) (ranging in size from 3 to 21 kringle IV type 2

repeats) were utilized in order to assess whether isoform size contrib-

utes to the inhibitory effect of conversion. All isoforms were able to

inhibit Glu- to Lys-plasminogen conversion to a similar extent.

The ability of apo(a) to inhibit Glu- to Lys-plasminogen conversion

on smooth muscle cells (SMCs) was also evaluated. Apo(a) inhibited

conversion to a greater extent (76%) on SMCs compared to HUVECs.

Unlike HUVECs, removal of the sLBS in kringle IV type 10 only

reduces, but does not abolish, the ability of apo(a) to inhibit conver-

sion on SMCs. In the absence of cells, plasmin-mediated Glu- to Lys-

plasminogen conversion is greatly reduced (by approximately 75%).

Although apo(a) is able to further reduce this rate, the absolute magni-

tude of the decrease is correspondingly reduced, indicating that the

effect of apo(a) in the presence of cells is in fact cell-dependent.

Our results indicate a novel mechanism in which apo(a) can inhibit

pericellular plasminogen activation on HUVECs and SMCs. The krin-

gle V domain, protease domain and sLBS in kringle IV type 10 of apo

(a) are required to maximally inhibit Glu- to Lys-plasminogen conver-

sion.

PA 2.14-6
TF/FVIIa mediated activation of FIX and PAR-2 escapes
inhibition by TFPI under conditions of concomitant
TFPI blockage of FX activation
Petersen LC and Hilden I

Novo Nordisk A/S, M�aløv, Denmark

Background: The complex of FVIIa and TF triggers coagulation by

recognizing its macromolecular substrates factors IX (FIX) and X

(FX) through extended exosite interactions. In addition, TF mediates

cleavage of protease activated receptor 2 (PAR-2) on e.g. MDA-MB-

231 carcinoma cells. These activities are regulated by TF exposure,

and various factors on the cell surface affecting its cofactor function.

In addition TFPI works as a potent modulator of FX activation by

TF/FVIIa. Initiation of coagulation is down-regulated by TFPI inhibi-

tion of TF/FVIIa in a feed-back mechanism requiring generation of

FXa and subsequently formation of an inactive TF/FVIIa/FXa/TFPI

complex. How TFPI inhibition affects TF-dependent FIX and PAR-2

activation reactions in absence and presence of concomitant TF/

FVIIa/FXa/TFPI complex formation is less well described.

Aim: To study TFPI inhibition of the three TF/FVIIa substrates FX,

FIX and PAR2 using MDA-MB-231 cells as a template.

Methods: FVIIa activation of FX and FIX on MDA-MB-231 cells was

measured with chromogenic substrates. FVIIa activation of PAR-2

was determined as IL-8 expression measured by ELISA in the superna-

tant fromMDA-MB-231 cells.

Results and Discussion: Measurements of TF-dependent activation of

FIX and FX on the cells revealed that the two reactions were saturated

at widely different concentrations of FVIIa with EC50 values of

4.4 � 0.4 and 64 � 7 pM. Maximal turnover of FX by TF/FVIIa was

about 20 fold faster than that of FIX. Furthermore, FX and FIX acti-

vation were both subject to competitive inhibition by alternative sub-

strates (IC50 approximately 200 nM).

TF/FVIIa mediated FX activation was inhibited by TFPI

(IC50 = 0.38 � 0.09 nM) at markedly lover concentrations than FIX

(IC50 approximately 26 nM). Inhibition by TFPI of FX activation was

minimally affected by the presence of FIX in accordance with the

importance of the interaction between FXa and TFPI for efficient inhi-

bition of FX activation by TF/FVIIa. The presence of FX and con-

comitant TF/FVIIa/FXa/TFPI complex formation restricted the

amount of TF available for FIX turnover without an appreciable

effect on the IC50 for TFPI inhibition. This and data showing that FX

and FIX activation were similarly neutralized by active site inhibited

FVIIa seems to exclude that different pools of TF are involved in FX

and FIX activation.

PAR-2 activation was saturated by FVIIa with EC50 = 16 � 5 nM.

This decreased to EC50 = 4.7 � 1.7 nM with concomitant FX activa-

tion without an effect on turnover. Like FIX activation, inhibition of

PAR-2 activation by TFPI required high concentrations of TFPI (IC50

approximately 26 nM). Formation of the TF/FVIIa/FXa complex

increased TFPI inhibition of PAR-2 activation by decreasing IC50 to

3.7 � 0.6 nM.

The data suggested that formation of the TF/FVIIa/FXa complex

stimulated PAR-2 activation and its inhibition by TFPI. Still PAR-2

activation remained essentially unaffected by TFPI inhibition at physi-

ological relevant sub-nanomolar TFPI concentrations where FX acti-

vation was fully blocked.
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PA2.15 – Tissue Factor – II

PA 2.15-1
Increased mortality in SIRS patients with low levels of
zymogen and high levels of activated coagulation
factor VII
Hyseni A, De Groot PG, Kemperman H, De Lange DW, Linssen

M, Kesecioglu J, Lisman T and Roest M

University Medical Center Utrecht, Utrecht, The Netherlands

Background: The Tissue Factor (TF)-Activated Factor VII (FVIIa)

complex plays an important role in the inflammatory and coagulation

responses in patients with Systemic Inflammatory Response Syndrome

(SIRS) and sepsis. As zymogen FVII (FVII) and FVIIa compete for

binding to TF, it is possible that the mutual relation of their plasma

levels determines the extent of activity of the TF-FVIIa complex.

Aims: The objective of this research was to study the mortality in SIRS

patients as a function of FVIIa and VII levels in plasma.

Methods: A prospective cohort study of 275 consecutive patients pre-

senting with SIRS, aged 18 years or older and an anticipated Intensive

Care Unit (ICU)-stay of at least 24 h. FVIIa was measured using a

novel, quantitative ELISA that recognizes FVIIa but not its zymogen

FVII. All-cause hospital mortality was followed over a period of

60 days.

Results: On admission, the percentage of circulating FVIIa over factor

VII was significantly higher in non-survivors than survivors (2.8% vs.

1.5%, P = 0.034). High levels of FVIIa were associated with decreased

survival (62% vs. 81%, P = 0.030) while high levels of FVII were asso-

ciated with an increased survival (84% vs. 76%, P = 0.039). Patients

with high FVIIa and low FVII levels had a three-fold increased mor-

tality risk compared to the patients that had low FVIIa and high FVII

levels (Hazard Ratio [HR] = 3.2, 95% Confidence Interval [CI] 1.4–
7.3). This association persisted after adjustment for the APACHE IV

score (adjusted HR = 2.7, 95% CI 1.2–6.2).
Conclusions: We found an increased mortality in SIRS patients with

high FVIIa levels and low FVII levels, independently of the parame-

ters included in the APACHE IV score. Our data indicate that FVIIa

and FVII could be useful in stratifying SIRS patients with high mor-

tality risk.

PA 2.15-2
Targeting protein C activation to tissue factor: In vivo
studies in human tissue factor knock-in mice
Schmidt MV1, Wilmen A1, Dittmer F1, McLean K1, Laux V2

and Gerdes C2

1Bayer Healthcare; 2Bayer Pharma AG, Wuppertal, Germany

Thrombus formation by coagulation due to tissue factor (TF) expo-

sure is associated with high mortality rates provoked by cardiovascu-

lar diseases such as ischemia, infarction, edema and inflammation. So

far, the marketed antithrombotics do prevent thrombus formation but

are also associated with an increasing risk of bleedings. By combining

the anticoagulant properties of a TF antibody and a fragment of the

protein C activator thrombomodulin (TM), substantial anti-throm-

botic efficacy directly at the site of TF exposure is conceivable. There-

fore, a genetic fusion was accomplished between the dimeric form of

TF neutralizing single chain (Sc) antibody Fc fragment and the TM

EGF-like domains 4–6. Constructive in vitro prothrombin time (PT)

studies, ex vivo characterization as well as in vivo thrombosis experi-

ments in human TF knock-in (hTFKI) mice were performed to investi-

gate the antithrombotic and hemorrhagic properties of the fusion

construct in comparison to the TF antibody or soluble TM individu-

ally.

PT studies with human plasma revealed a dose-dependent amplifica-

tion of clotting time of the fusion construct compared to the TF

antibody or TM individually. Further, to prove the efficacy of the

fusion construct on human TF functionality, TF-rich brain extracts

of WT (mouse TF) and hTFKI (human TF) mice were analyzed in

a plasma clotting assay. Therein the fusion construct dose-depen-

dently prevented clotting of human TF-activated plasma but not

mouse TF-activated plasma. Inducing carotid or cremaster arterial

thrombosis by ferric chloride or laser injury, respectively, the fusion

construct prevented thrombosis in a dose-dependent manner. How-

ever, tail bleeding times, were similar in all treatment groups and

did not show an improved therapeutic window compared to TF

antibody alone.

In summary, the fusion construct outclasses the single components in

in-vitro clotting assays. Further, the construct proved to be human TF

specific and reduces thrombus growth in a dose-dependent manner

similar to the TF antibody in two independent thrombosis models.

However, due to the bleeding time prolongation which corresponds to

the antibody, the benefit-risk ratio is comparable to the marketed

drugs, therefore no superiority of targeting protein C activation at the

site of TF exposure is achieved.

PA 2.15-3
Lung cancer chemotherapy agents induce protein
disulphide isomerase dependent tissue factor
decryption resulting in increased procoagulant activity
in vitro and in vivo
Lysov Z1, Swystun L2, Kuruvilla S1, Arnold A1 and Liaw P1

1McMaster University, Hamilton, ON; 2Queens University,

Kingston, ON, Canada

Background: Cancer patients undergoing chemotherapy have an ele-

vated risk for thrombosis, with venous thromboembolism (VTE) being

the second leading cause of death in cancer patients. However, the

mechanism(s) by which chemotherapy increases the risk for thrombo-

sis in lung cancer patients is not well understood. Previous studies have

shown that endothelial cells treated with lung cancer chemotherapy

agents promote coagulation through an increase in tissue factor (TF)

procoagulant activity.

Aims: The purpose of this study was to determine the mechanism(s) by

which anti-lung cancer therapy agents cisplatin, carboplatin, paclit-

axel, and gemcitabine induce procoagulant effect in vitro and in vivo

when used as single agents, or in clinically relevant combinations.

Methods: Human umbilical vein endothelial cells (HUVECs), blood

monocytes, and A549 cells were treated for 24 h with clinically rele-

vant concentrations of chemotherapy agents alone and in combina-

tion. Cell surface TF activity was measured by factor Xa (FXa)

generation in the presence or absence of factor VIIa and CaCl2 on

treated cells. Cell surface TF antigen, phosphatidylserine (PS) levels,

and protein disulphide isomerase (PDI) levels were measured by flow

cytometry. Healthy Balb/C mice received intraperitoneal injections of

lung cancer chemotherapy agents alone or in combination. Blood was

collected 24 h post-treatment by carotid artery cannulation. Plasma

levels of thrombin-antithrombin (TAT) complex were measured by

ELISA.

Results: Treatment of HUVEC, A459 cells, and monocytes with sin-

gle agent and combination chemotherapy significantly increased cell

surface FXa generation. FXa generation was completely ablated in

the absence of FVIIa or in the presence of HTF-1 (an anti-TF anti-

body), confirming that FXa generation is TF dependent. Flow cytom-

etry demonstrated unchanged cell surface TF antigen levels

suggesting increased FXa generation was due to TF decryption.

There was a significant increase in PS levels on HUVEC treated with

high-dose cisplatin and gemcitabine combinations, and significantly

elevated levels of cell surface PDI on HUVEC and A549 cell surface

treated with chemotherapy agents. Inhibition of PDI, but not PS

resulted in a moderate decrease of FXa generation suggesting that

TF decryption was PDI mediated. Treatment of cells with reducing
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agents glutathione or dithiothreitol significantly reduced TF activity

further suggesting that PDI mediated chemotherapy-induced TF

decryption occurs through disulphide bond formation. Our in vivo

results demonstrated that treatment of healthy mice with combination

chemotherapy significantly increased plasma TAT levels in healthy

mice.

Conclusions: Our studies are the first to explore the effects of lung can-

cer chemotherapy agents on monocyte and A549 cell TF activity lev-

els, as well as the first to delineate the mechanisms by which lung

cancer agents promote TF decryption on these cell lines. We are also

the first to report in vivo increases in thrombin generation in response

to treatment of healthy mice with anti-lung cancer agents. These stud-

ies reveal potential mechanisms by which lung cancer chemotherapy

induce a hypercoagulable state.

PA 2.15-4
Tissue factor is not expressed in platelets activated by
various agonists
Osterud B and Olsen JO

University of Tromso, Tromso, Norway

Introduction: Blood borne tissue factor (TF) has been implicated to be

associated with monocytes as well as neutrophils and platelets. In

humans monocytes may be the only blood cell expressing TF. When

blood is stimulated, TF rich microvesicles may become fused with acti-

vated platelets. However, recent reports still claim that isolated acti-

vated platelets express TF activity and it has been suggested that the

expression of TF is a result of rapid and dynamic process whereby TF

activity may be detected as early as 3 min after stimulation and may

be gone after 2 h.

Aim: To establish whether isolated platelets free of contaminating

monocytes may generate TF activity after activation with TRAP, LPS,

LPS/PMA, or complement (IgG antibody).

Methods: Platelet rich plasma (PRP) of blood collected in Fragmin

was prepared by twice centrifugation at 150 g for 15 min. Contami-

nated monocytes were removed by using MS-columns with anti-CD14

antibody microbeads. Isolated platelets were re-suspended in plasma.

The platelet samples were incubated with LPS/PMA (100 and 5 ng/

mL) for 4 h or IgG (88/lg/mL final conc) from patient with Lupus

anticoagulant for 3 h. Platelets activated with TRAP (10 µM final

conc) was incubated for 10 min before testing for TF activity immedi-

ately after isolation and washed free of plasma.

Results: Platelet free of monocytes had a very small increase in TF like

activity after being stimulated with LPS/PMA (0.2 � 0.1 mU/108

plts), but this activity was not affected by anti-TF antibody. In con-

trast, platelets contaminated with monocytes had a 10 fold increase

(2.0 � 0.9 mU/108 plts) that was reduced to about the same TF activ-

ity as activated platelets free of monocytes. The IgG antibody had no

TF activity inducing effect on platelets free of monocytes, but strongly

induced TF activity in monocytes of whole blood (> 25 mU/106 cells).

Platelets stimulated with TRAP for 10 min had no increase over the

Background.

(0.9 � 0.1 mU/108 platelets) for TF like activity in control. A rise in

TF like activity was seen when anti-TFPI antibody was added

(1.4 � 0.4 mU/108 plts) and that was enhanced a little more when also

anti-TF antibody was added (1.6 � 0.4 mU/108 plts).

Discussion: Our results show clearly that TF activity is not expressed

or associated with platelets activated in plasma by several platelet ag-

onists, transiently or after longer stimulation. These results prove that

platelets do not possess TF that can be converted to an active form or

synthesized through a TF pre-mRNA system. It is mandatory to

remove contaminating monocytes from platelet preparations when

studying TF in platelets.

PA 2.15-5
PGE2 cigarette smoke-induced modulates endothelial
tissue factor: role of EP1 receptor and SIRT1
Amadio P1, Barbieri SS2, Baldassarre D2, Tarantino E1, Amato M2,

Ravani A2, Weksler B3 and Tremoli E2

1Universit�a degli Studi di Milano; 2Centro Cardiologico Monzino,

IRCCS, Milan, Italy; 3Weill Cornell Medical College, New York,

NY, USA

Background: Cigarette smoke exposure increases the risk of athero-

thrombosis, induces the expression of cyclooxygenase-2 (COX-2) and

the release COX-2 derived eicosanoids, including Prostaglandin E2

(PGE2). Moreover, cigarette smoke up-regulates the expression and

activity of Tissue Factor (TF), the main initiator of the coagulation

cascade. However, the relationship between PGE2 and TF has not yet

been elucidated.

Aims: In this study, we analysed the link between PGE2 and TF, and

the impact of their regulation on cigarette smoke-induced athero-

thrombosis.

Methods: The levels of PGE2 and TF expression and activity in plasma

were measured in 46 healthy active smokers (AS; 30 men and 16

women) and 19 non-smokers (NS; eight men and 11 women). In addi-

tion, PGE2 and TF were also measured in aorta tissue of mice and in

mouse cardiac endothelial cells (MCEC) treated with aqueous extracts

of cigarette smoke (TS) plus IL-1b (TS/IL-1b) by EIA assay, real-time

PCR and procoagulant activity, using one stage-clotting assay, and/or

by Zymuphen MP-TF. Arachidonic acid-induced thrombosis was used

to study the effect of TS/IL-1b in mice. The expression of SIRT1, the

NAD+-dependent protein deacetylase, was measured by Western blot-

ting and by Immunofluorescence.

Results: Higher levels of both PGE2 and TF were detected in plasma

of AS compared to NS. Similar results were obtained in mice and in

MCEC treated with TS/IL-1b. A highly significant correlation

between PGE2 and TF activity was observed in both human plasma

and mouse tissue. Inhibition of PGE synthase (PGES) activity by

CAY10526, or by specific PGES siRNA, markedly diminished both in

vitro and in vivo the amount of TF and the mouse carotid artery

thrombosis induced by TS/IL-1b. In contrast, treatment with exoge-

nous PGE2 increased both TF and arterial mouse thrombosis.

MCEC express three PGE2 receptors: EP1, EP2 and EP4. In these

cells, EP1 antagonists (AH6809 and SC51089) prevented the TF

induced by TS/IL-1b. In contrast, an EP1 agonist (17-phenyl-trinor-

PGE2,) increased TF. We excluded the involvement of other EP recep-

tors because an EP4 antagonist (GW627368X) and EP2/EP4 agonists

(misoprostol, butaprost) did not modify TF. The role of SIRT1 in the

regulation of TF was also analysed. Both Sirtinol, an SIRT1 deactiva-

tor, and the specific SIRT1 siRNA increased TF expression and activ-

ity. In contrast, the SIRT-1 activators (resveratrol and CAY10591)

reduced TF induced by both TS/IL-1b and EP1 agonist.

Finally, EP1 agonist or the selective PGES-1 siRNA prevented the

inhibition of SIRT1 mediated by PGE2 or byTS/IL-1b.
Summary/Conclusion: We conclude that PGE2 increases TF expression

and activity in both mouse carotid arteries and endothelial cells. The

phenomenon involves the regulation of the EP1/SIRT-1 pathway.

These findings suggest that EP1 may represent a target to prevent

thrombotic events

PA 2.15-6
Proteomic analysis of tissue factor activation
Kask L1, Jorsback A2, Winkvist M2, Ek B3, Bergquist J3

and Siegbahn A1

1Department of Medical Sciences; 2GE Healthcare; 3Analytical

Chemistry, Uppsala, Sweden

Background: Tissue factor (TF), initiator of blood coagulation, is also

a signalling receptor. Signalling involves activation of protease acti-

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 368–371

ABSTRACTS 379



vated receptor (PAR) 2, but the platelet derived growth factor b recep-

tor has also been shown to be transactivated and other receptors have

been suggested to be involved.

Aims: We investigated possible downstream activators when TF is

stimulated by its ligand activated factor VII (FVIIa) using a proteomic

approach.

Methods: A proteomic study was performed with the use of the refined

technique of 2-D difference gel electrophoresis (DIGE) which has

many advantages compared to traditional 2-D electrophoresis. The

samples are pre-labelled with three different fluorescent dyes that are

well separated on the wave length scale. This makes it possible to run

two samples on each gel together with an internal standard run on

every gel. Since the samples are compared to the same internal stan-

dard the detection of differences down to 10% is achievable with high

accuracy. We used porcine aortic endothelial cells transfected with tis-

sue factor and stimulated with 50 nM FVIIa for 20 min, 1, 3 h and

catalytically inactive FVIIa (FVIIai) for 3 h. The proteins of interest

were identified by mass spectrometry and we used both Western blot

and a protein synthesis assay and a second cell line (human fibroblasts,

1137Sk) to further confirm our results for one of our interesting find-

ings.

Results: Forty one spots were regulated differently over time or com-

pared to non-stimulated cells, and 23 out of these were identified by

mass spectrometry as 13 different proteins. One of them, elongation

factor 2 (EF-2), an enzyme that promotes the translocation step in the

elongation of the protein chain in protein synthesis, was investigated

in more detail. The phosphorylation of EF-2 was increased when tissue

factor was stimulated by FVIIa, and thereby more inactivated. Ana-

lyzing the effect of FVIIai and the PAR-2 agonist, SLIGKV, indicated

that the inactivation is not PAR-2 dependent. In a protein synthesis

assay we could confirm the results of decreased protein synthesis in

two different cell lines when TF is stimulated by FVIIa.

Conclusions: We demonstrate that the phosphorylation of EF-2 is

increased when FVIIa is bound to TF. This phosphorylation regulates

the activity of the protein and inactivates EF-2, which in turn slows

down the protein synthesis. Our data suggest that this effect is not

mediated through the PAR-2 receptor since the phosphorylation effect

on EF-2 was also seen after FVIIai incubation, which cannot cleave

the PAR-2 receptor. Moreover, the PAR-2 agonist SLIGKV did not

induce phosphorylation of EF-2 and when deleting the cytoplasmic

domain of TF the effect is abolished. Instead, the effect may be medi-

ated via a novel receptor that interacts with TF or directly by a TF

cytoplasmic domain induced pathway. The reason and mechanism

behind the decrease in protein synthesis need to be further explored,

but speculating, it could be an initial stress response.

PA2.16 –Cancer and Thrombosis – IV

PA 2.16-1
Incidence and predictive factors of symptomatic
venous thromboembolism related to port-a-cath in
cancer patients
Piran S1, Ngo V2, McDiarmid S3, Le Gal G1, Petrcich W2

and Carrier M1

1Medicine, University of Ottawa; 2Clinical Epidemiology

Program, The Ottawa Hospital Research Institute; 3The Ottawa

Hospital, Ottawa, ON, Canada

Background: The use of indwelling central venous catheters, such as

port-a-caths, has significantly improved the management of patients

with malignancies receiving chemotherapy. Thrombosis is a common

complication of catheters and is associated with significant morbidity.

However, the true incidence of symptomatic port-a-cath-related deep

vein thrombus (DVT) and its associated risk factors in cancer patients

remains unclear.

Aim: To assess the incidence and risk factors associated with symp-

tomatic venous thromboembolism (VTE) related to port-a-cath in can-

cer patients.

Methods: We performed a retrospective cohort study of consecutive

cancer outpatients who have received an ultrasound guided port-a-

cath insertion for the administration of chemotherapy between

November 2010 and December 2011 in our institution. The primary

outcome measure was symptomatic VTE. Venous thromboembolism

was defined has symptomatic upper extremity port-a-cath related

proximal (axillary vein or more proximal) DVT or pulmonary embo-

lism (PE). Univariable and multivariable logistic regression analyses

were used to identify risk factors for symptomatic VTE.

Results: A total of 400 cancer patients with a newly inserted port-a-

cath for the deliverance of chemotherapy were included into the study.

Median age was 58 years (range of 21–85 years) and 120 (30%) were

males. All patients were followed for a median of 12 months and none

received thrombophrophylaxis. Of the 400 patients included in the

analysis, 34 patients (8.5%; 95% CI: 6.0–11.7%) had symptomatic

VTE (16 DVTs, 16 PEs, and two with both). The median time from

insertion of port-a-cath to VTE occurrence was 103 days (range of 13–
371 days). In the univariate analyses, cancer type, metastatic disease,

female gender and left sided port-a-cath insertion were significantly

associated with the risk of VTE. The most common cancer types were

GI tract cancer (62%) in patients with a symptomatic VTE and breast

cancer (50%) was more frequent in patients without VTE. Ninety-four

percent of patients with a symptomatic VTE had metastases compared

to 60% in those without VTE. Other demographic factors including

age, body mass index and smoking status were not significant contrib-

utors. Co-morbidities, including diabetes, coronary artery disease,

hypertension, and chronic obstructive pulmonary disease (COPD)

were also not significant contributors. In the multiple-variable analy-

sis, female gender (OR 0.46, P = 0.04) and presence of metastases (OR

8.22, P < 0.01) were the two significant independent predictors of

port-a-cath related VTE.

Conclusion: Symptomatic VTE is a frequent complication in cancer

patients with port-a-cath receiving chemotherapy. Gender and pres-

ence of metastatic disease are independent risk factors for symptom-

atic VTE. Future trials assessing the role of thromboprophylaxis

among these higher risk patients are needed.

PA 2.16-2
Prediction of venous thromboembolism in cancer
patients by tissue factor dependent microparticle
coagulant activity, biomarkers and a clinical score
Kleinjan A1, Bossuyt P1, Cesarman-Maus G2, Di Nisio M3,

Kamphuisen PW4, Kramer M5, Mah�e I6, Nanayakkara P5,

Nieuwland R1, Otten HM7, Stephanian A8 and B€uller HR1

1Academic Medical Center, Amsterdam, The Netherlands;
2Instituto Nacional de Ciencias M�edicas y Nutrici�on Salvador

Zubir�an, Mexico City, Mexico; 3G.D’Annunzio University, Chieti,

Italy; 4University Medical Center Groningen, Groningen; 5VU

Medical Center, Amsterdam, The Netherlands; 6Hospital Louis

Mourier, Colombes, France; 7Slotervaart Hospital, Amsterdam,

The Netherlands; 8Hospital Louis Mourier and Inserm, Colombes/

Le Kremlin-Bicêtre, France

Background: Cancer patients receiving chemotherapy in an ambula-

tory setting are at risk of venous thromboembolism (VTE). Random-

ized controlled trials have shown that thromboprophylaxis with low-

molecular-weight-heparin reduces the occurrence of VTE in cancer

patients but the overall incidence of 4% is generally considered too

low to justify thromboprophylaxis in all patients. A logical next step is

to focus on tools for selecting cancer patients at the highest risk of

VTE, in whom thromboprophylaxis is expected to have a more favor-

able risk-benefit ratio.

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 368–371

380 ABSTRACTS



Aim: We aimed to determine the performance of tissue factor (TF)-

dependent microparticle coagulant activity in predicting VTE, and to

compare it to that of the Khorana score, and previously evaluated bio-

markers.

Methods: In six hospitals blood was obtained from consenting ambula-

tory patients receiving chemotherapy for stage III or IV cancer.

Patients were prospectively followed for 6 months for development of

VTE. At inclusion, TF-dependent microparticle coagulant activity was

measured in a fibrin generation test (FGT) on fresh plasma in the local

laboratories. The outcome measure of this plasma recalcification test

was the prolongation of the clotting time in the presence of antibody

to factor VII/TF, expressed as percentage of the clotting time in the

absence of antibody. The result was considered positive above 13%.

Remaining plasma was frozen and stored for later central measure-

ment of D-dimer, P-selectin, pro-thrombin fragment 1 + 2 (F1 + 2)

and factor VIII; for these tests positivity cut-offs from the original

publications were used. Clinical data were collected for calculation of

the Khorana score, which assigns patients to three risk categories.

Estimates of sensitivity and positive predictive value (PPV) were calcu-

lated, taking into account death as a competing risk, with 95% confi-

dence intervals (CI) based on bootstrap re-sampling.

Results: The prospective cohort has recruited 443 patients, with a

mean age of 61 years, of which 49% women. In total, 23 patients

developed VTE, after a mean time of 2.1 months (5.2%); 77 patients

died, after a mean follow-up of 3.3 months (18%). Sensitivity was esti-

mated at 61% (95% CI: 31–84%) for FGT, 84% (61–97) for D-dimer,

85% (56–96) for P-selectin, 44% (61–97) for factor VIII, and 70%

(36–89) for F1 + 2. The positive predictive value was 4.7% (1.9–9.3%)

for FGT, 6.9% (3.5–12) for D-dimer, 14% (4.8–27) for P-selectin,

11% (4.5–21) for factor VIII and 5.9% (2.4–12) for F1 + 2. A high

Khorana score had a sensitivity of 63% (28–83) and PPV of 5.1%

(1.6–12). None of the differences were statistically significant.

Summary/Conclusions: There are no substantial differences in predic-

tive performance between the studied biomarkers. None of the individ-

ual positive predictive values exceeded 15%. In this cohort of patients

with advanced cancer, 18% died, which makes adjustment for death as

competing risk of utmost importance. In our opinion single predictors

will probably not solve the problem and combinations are likely to be

helpful.

PA 2.16-3
High incidence of VTE despite electronic alerts for
thromboprophylaxis in hospitalized cancer patients
Lecumberri R1, Marqu�es M1, Alfonso A1, Fern�andez del Carril A1,

Nicol�as M1, Garc�ıa Mouriz A1, Hermida J2, Schulman S3

and P�aramo JA1

1University Clinic of Navarra; 2Center for Applied Medical

Research, University of Navarra, Pamplona, Spain; 3McMaster

University, Hamilton, ON, Canada

Background: Despite most cancer patients present high risk of venous

thromboembolism (VTE) during hospitalization, thromboprophylaxis

is frequently underused. Electronic alerts (e-alerts) have been associ-

ated with improvement in the use of thromboprophylaxis and a reduc-

tion of the incidence of VTE, both during hospitalization and after

discharge, particularly in the medical setting. However, there are no

data regarding the benefit of this tool in cancer patients.

Aim and Methods: Our aim was to evaluate the impact of a computer-

alert system for VTE prevention on patients with cancer, particularly

in those admitted in the Oncology/Hematology ward, comparing the

results with the rest of inpatients at a university teaching hospital. The

study included 32,167 adult patients hospitalized during the first

semesters of years 2006–2010, 9265 (28.8%) of them with an active

malignancy.

Results: Appropriate prophylaxis in medical patients, significantly

increased over time (from 40% in 2006 to 57% in 2010) and maintained

over 80% in surgical patients. However, while e-alerts decreased the

incidence of VTE during hospitalization in patients without cancer

(OR 0.31; 95%CI, 0.15–0.64), the impact was modest in cancer patients

(OR 0.89; 95% CI, 0.42–1.86) and no benefit was observed in patients

admitted for the Oncology/Hematology Departments (OR 1.11; 95%

CI, 0.45–2.73). Interestingly, 60% of VTE episodes occurring in cancer

patients in the last years developed despite appropriate prophylaxis.

Conclusion: Contrary to the impact on non-cancer hospitalized popu-

lation, the implementation of e-alerts for VTE risk was insufficient to

prevent the development of VTE during hospitalization among

patients with malignancies.

PA 2.16-4
Clinical presentation, ADAMTS13-related
measurements and outcomes in cancer-associated
thrombotic thrombocytopenic purpura
Rossio R1, Ferrari B1, Pontiggia S1, Lotta LA2, Giuffrida G3, Artoni

A1 and Peyvandi F1

1Fondazione IRCCS Ca’ Granda –Ospedale Maggiore Policlinico;
2Angelo Bianchi Bonomi Hemophilia and Thrombosis Center,

Milano; 3Vittorio Emanuele Ferrarotto-S.Bambino Hospital,

University of Catania, Catania, Italy

Background: Thrombotic thrombocytopenic purpura (TTP), a rare

thrombotic disease of the microvasculature, may be idiopathic or sec-

ondary to various conditions. Idiopathic TTP is often characterized by

plasmatic deficiency of von Willebrand factor (VWF) cleaving prote-

ase, ADAMTS13. Secondary TTP may be associated with autoim-

mune disorders, infections, drugs and cancer. Data on clinical features

and ADAMTS13 levels in cancer-associated TTP are scanty.

Aims: To describe clinical presentation, outcomes and to analyze AD-

AMTS13- and VWF-related measurements in a cohort of cancer-asso-

ciated TTP.

Methods: We analyzed clinical and laboratory data of 18 patients with

cancer-related TMA referred to the Milan TTP Registry (URL: www.

ttpdatabase.org) between 1999 and 2012. Inclusion criteria were: (i)

clinical documentation of acute TTP and (ii) diagnosis of solid or he-

matologic malignancy, established by clinical, laboratory, radiological,

histological findings. We measured ADAMTS13 antigen and activity,

anti-ADAMTS13 antibodies by western blotting, VWF antigen and

multimeric pattern on plasma samples collected before any transfu-

sional therapy.

Results: Median age at presentation was 63 years (range: 29–83 years).

Solid cancers affected stomach (n = 4, 22%), uterus (n = 2, 11%), liver

(n = 1, 6%), prostate (n = 1, 6%), bladder (n = 1, 6%), skin (n = 1,

6%), rectum (n = 1, 6%); hematologic cancers were non-Hodgkin

lymphoma (n = 2, 11%) and chronic myelomonocytic leukemia

(n = 2.11%); three cases (16%) had metastatic tumors of unknown

origin. TTP was the first sign of malignancy in 10 (55%) cases.

At presentation, nine patients (50%) had neurologic symptoms, 5

(28%) renal involvement, 13 (72%) bleeding diathesis. Median hemo-

globin was 10.3 g/dL (range: 5.2–11.8 g/dL), platelets 16.5 9 109/

mmc (range: 6–133 9 109/mmc), LDH 1664 IU/L (range: 286–
7060 IU/L). Seventeen patients received plasma exchange or fresh-fro-

zen plasma, associated with chemotherapy in two cases. Nine patients

did not survive during the acute episode (data not available for four).

ADAMTS13 and VWF values were tested in 14 patients: 28% had

severe ADAMTS13 deficiency (activity below 10%), 21% had moder-

ate deficiency (10–46%), 50% had normal ADAMTS13 activity

(above 46%). Anti-ADAMTS13 antibodies were present in three out

of four patients with severe ADAMTS13 reduction and in one out of

three with moderate deficiency. VWF antigen resulted elevated in 64%

of patients, independently of ADAMTS13 levels; 64% of patients had

a consumption of ultralarge and large-size VWF multimers.

Summary/Conclusions: TTP may be the first manifestation of malig-

nancy. ADAMTS13 activity may be normal or mildly reduced in can-
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cer-related TMAs, suggesting that VWF-mediated thrombosis is not

the only abnormality involved in this setting. Severely reduced AD-

AMTS13 levels associated with anti-ADAMTS13 antibodies do not

rule out cancer-related TTP.

PA 2.16-5
TF expressed by microparticles is associated with
mortality but not with thrombosis in cancer patients
Paramo JA1, Orbe J1, Roncal C1, Alvarez-Hernandez M2, Martinez

de Lizarrondo S1, Garcia-Mata J3 and Hernandez C3

1CIMA, University of Navarra, Pamplona; 2Facultad de Medicina,

Granada; 3Complejo Hospitalario Ourense, Ourense, Spain

Background: A prothrombotic state is one of the hallmarks of malig-

nancy and a major contributor to morbidity and mortality. Tissue fac-

tor (TF) is often overexpressed in malignancy and is a prime candidate

in predicting the hypercoagulable state. Moreover, increased number

of TF-expressing microparticles (MPs) in cancer patients may contrib-

ute to venous thromboembolism (VTE).

Aim: We have conducted a prospective cohort study to determine

whether elevated TF antigen, TF activity and TF associated to MPs

(MPs-TF) are predictive of VTE and mortality in cancer patients.

Methods and Results: The studied population consisted of 252 cancer

patients and 36 healthy controls. TF antigen and activity and MP-TF

were determined by ELISA and chromogenic assays respectively. Dur-

ing a median follow-up of 8.9 months, 40 thrombotic events were

recorded in 34 patients (13.5%) and 73 patients (27.9%) died. TF anti-

gen and activity were significantly higher in patients than in controls

(P < 0.01) specially in patients with advanced stages whereas no differ-

ences were observed for MPs-TF activity. We did not find a statisti-

cally significant association of TF variables with the risk of VTE, but

they were associated with mortality in univariate analysis. Multivariate

analysis adjusting for age, sex, type of cancer and other confounding

variables showed that TF and MPs-TF activity were independently

associated with mortality (P < 0.01).

Conclusions: While TF variables were not associated with future VTE

in cancer patients, we found a strong association of TF and MPs-TF

activity with a poor outcome, thus indicating they might be good prog-

nostic markers in cancer patients.

PA 2.16-6
Association of endothelial protein C receptor (A6936G)
haplotype with thrombotic events as a risk factor in
acute myeloid leukemia
Azzazene D1, Mirshahi S2, Thawadi H1, Al Farsi H1, Besbes S1,

Mirshahi M1, Therwath A1, Tang R3, Fava F3, Ghedira I4, Soria J1

and Marie JP5

1Inserm, UMRS 872, CRC, Universit�e Pierre et Marie Curie-Paris

6; Universit�e Pari; 22 Hôtel Dieu Hospital; 3Tumor Bank

“Leukemia” Hôpital Saint-Antoine, Paris, France; 4Facult�e de

Pharmacie, Monastir, Tunisia; 5D�epartement d’h�ematologie,

Hôpital Saint-Antoine, Paris, France

Background: Previously we presented evidence of the presence of endo-

thelial protein C receptor (EPCR or PROCR) in a large group of leu-

kemic cell lines and high plasma level of soluble EPCR (s-EPCR) in

plasma of patients with human hematologic malignancies, giving a

powerful insight into thrombotic risk. Haplotype characterization of

HL-60, a myelomonoblastic cell line, shows single nucleotide polymor-

phisms (SNPs) originally described in A1 and A2 haplotypes and some

additional new SNPs in the promoter and intronic regions.

Objective: To assess whether A3 (A6936G) haplotype, which is a

genetic regulator of s-EPCR, can be involved in procoagulant activity

of hematologic malignancies.

Patients/Methods: In a retrospective case-control study, haplotype of

the EPCR gene was performed in 205 patients with hematologic malig-

nancies from Saint Antoine Hospital [76 Chronic Lymphocytic Leuke-

mia CLL (median age 67; 39 men, 37 women), 68 Acute Myeloid

Leukemia AML (median age 62.5; 41 men, women), 33 Acute Lym-

phoblastic Leukemia ALL (median age 36; 18 men, 15 women) and 28

other malignant diseases (median age 64.5; s19 men, nine women)] and

in 63 healthy donors (controls)(median age 25; 30 men, 33 women)

provided by Hôtel-Dieu and Saint-Antoine Hospitals blood banks.

DNA was purified using Qiagen DNA extraction Kit. All subjects

were genotyped by Genoscreen using allele specific amplification for

the three haplotypes of EPCR gene according to 6963A/G polymor-

phism (AA, AG and GG nucleotides). Clinical association of AG

polymorphism with thrombotic events was studied in 75 patients

(CLL, n = 21, AML, n = 42 and other, n = 12).

Results:

1 The distributions of AA, AG and GG nucleotides in all subjects

were identical in healthy donors and in patients: the distribution of

alleles in healthy donors and in patients are respectively 84.2% and

84.9% for AA, 14.2% and 14.1% for AG and 1.6% and 1% for

GG.

2 The percentages of the three haplotypes (AA, AG and GG) were

80.1%, 17.1% and 2.8% for AML-90.9%, 9.1% and 0% for ALL-

85.5%, 14.5% and 0% respectively for CLL – 85.6%, 14.4% and

0% for the other malignant hematological diseases, and 84.2%,

14.2% and 1.6% for controls.

3 In 75 patients tested for thrombotic events, thrombosis occurred in

38.1–14.3–4.8% of patients with AML, CLL and others respec-

tively. In addition, the incidence of thrombotic events is much

higher in AG allele-patients than in AA-ones: 45.5% of AML

patients and 20.% of CLL patients with AG phenotype had throm-

botic event, whereas thrombosis occurred only in 7.5% of AML

patients and in 12.5% of CLL patients with AA phenotype, sug-

gesting a high incidence of thrombosis in patients with EPCR-AG

haplotype.

Conclusion: In this pilot study, the results demonstrate a striking asso-

ciation of AG heliotype of EPCR with thrombotic events in AML.

The presence of AG allele in AML patients may be a risk factor for

thrombosis and its determination in patients can be crucial for throm-

bosis prevention in this malignancy.

PA2.17 – Arterial Vascular
Disorders II

PA 2.17-1
TM5441, a novel PAI-1 antagonist, prevents
hypertension and arteriosclerosis in an experimental
model for vascular aging
Boe AE1, Eren M1, Murphy SB1, Kamide CE1, Miyata T2

and Vaughan E1

1Northwestern University, Chicago, IL, USA; 2Tohoku University,

Sendai, Japan

Background: Long-term inhibition of nitric oxide synthase (NOS) by

L-arginine analogues such as Nx-nitro-L-arginine methyl ester

(L-NAME) has previously been shown to induce systemic hypertension

and arteriosclerosis in animal models. NOS inhibition is also known to

augment the expression of plasminogen activator inhibitor-1 (PAI-1) in

vascular tissue. Our laboratory previously reported that PAI-1 deficient

mice (PAI-1�/�) are protected against hypertension and vascular fibrosis

due to long-term L-NAME treatment. These findings led to the hypothe-

sis that pharmacological inhibition of PAI-1 activity is protective against

the L-NAME-induced hypertension in wild-type (WT) mice. Addtional-

ly, L-NAME has been shown to induce vascular senescence and aging.

However, PAI-1’s role in this process has yet to be investigated.

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 368–371

382 ABSTRACTS



Aims: The aim of this study are to determine whether pharmacological

inhibition of PAI-1 using the novel inhibitor TM5441 can protect mice

from L-NAME induced hypertension, cardiac hypertrophy, arterio-

sclerosis, and vascular aging.

Methods: WT C57BL/6 mice were either fed a normal chow diet or

TM5441 chow (20 mg/kg/day) starting at 6 weeks of age. These same

animals were given either regular or L-NAME water (1 mg/mL). Ani-

mals were placed on their respective treatments for 8 weeks. Systolic

blood pressure (SBP) measurements were taken every 2 weeks. Echo-

cardiograms were performed at both baseline and after 8 weeks. After

8 weeks, the mice were sacrificed and organs were collected for histol-

ogy and qRT-PCR analysis.

Results: After 8 weeks of treatment, we found that TM5441 attenuated

the development of hypertension compared to animals that had

received L-NAME alone (SBP 162.62 � 21.18 vs. 182.99 � 13.21 mm

Hg, P = 0.009). We also observed significant reductions in left ventri-

cle wall thickness (P = 0.03) and mass (P = 0.02). Additionally,

TM5441-treated mice had a 34% reduction in periaortic fibrosis rela-

tive to WT animals on L-NAME (P = 0.003). Finally, we looked at

the senescence marker p16Ink4a in the aorta and found that L-NAME-

treated animals had a 2-fold increase in p16Ink4a expression over WT,

and that this upregulation was prevented by TM5441.

Conclusions: Pharmacological inhibition of PAI-1 is protective against

the development of hypertension, cardiac hypertrophy, and periaortic

fibrosis in mice treated with the L-NAME. Furthermore, PAI-1 inhibi-

tion attenuates the arterial expression of p16Ink4a. PAI-1 appears to

play a pivotal role in vascular senescence, and these findings suggest

that PAI-1 inhibitors may provide a novel approach in preventing vas-

cular aging and hypertension.

PA 2.17-2
Vascular smooth muscle cells confer a prothrombotic
phenotype within the vessel wall of spontaneously
hypertensive rats
Regnault V1, Ait Aissa K1, Lagrange J1, Max JP1, Louis H1,

Thornton SN1, Benetos A1, Challande P2, Wahl D1 and Lacolley P1

1Inserm U1116, Vandoeuvre-les-Nancy; 2UMR CNRS 7190, Paris,

France

Background: Clinical and experimental evidence point towards an

impairment of the hemostatic balance in blood conferred by change in

individual coagulation factors in the presence of elevated blood pres-

sure. The vascular wall is one of the elements that determine the

thrombotic response. However, it is still unclear whether hypertension

confers a prothrombotic state in blood and within the vessel wall.

Aims: This study investigated whether hypertension-induced changes

in coagulation proteins cause an increase thrombin generating capacity

both in blood and within the vascular wall and tested the respective

contribution of vascular smooth muscle cell (VSMC) and endothelial

cells (ECs).

Methods: We used 12-week-old spontaneously hypertensive rats

(SHR) compared with age-matched Wistar rats. Two-millimeter ring

segments, VSMCs or ECs were isolated form the descending thoracic

aorta of both SHR and Wistar rats. Thrombin generation was moni-

tored in platelet-rich PRP and platelet-poor plasma (PPP) as well as

the surface of adherent VSMCs or endothelial cells (ECs) using cali-

brated automated thrombography (CAT) and quantified by the endog-

enous thrombin potential (ETP).

Results: The plasma of SHR had lower thrombin-forming capacity in

response to a stimulation with 0.5 pM of tissue factor (TF) compared

to Wistar rats (246 � 16 vs. 338 � 27 nM/min, P = 0.007), which was

increased in the presence of platelets (594 � 29 vs. 785 � 51 nM/min,

P = 0.003). This was related to lower prothrombin (58 � 4 vs.

83 � 4%, P = 0.0004) and higher tissue factor pathway inhibitor

(TFPI) levels (6.9 � 0.2 vs. 4.5 � 0.4 U/mL, P = 0.0002) in SHR

plasma. The addition of thoracic aorta rings to Wistar plasma pool

increased thrombin generating capacity compared to 50 pM TF alone.

These effects were more pronounced for SHR than Wistar rings

(699 � 19 vs. 637 � 7 nM/min, P = 0.007 and 529 � 17 nM/min for

TF alone). Whereas no difference was observed for ECs, thrombin for-

mation was higher at the surface of cultured SHR aortic SMCs than

from Wistar (787 � 5 vs. 824 � 9 nM/min, P = 0.003). Exposure of

negatively-charged phospholipids was higher on SHR than on Wistar

rings (3.4 � 0.4 vs. 1.9 � 0.2 nM equivalent phosphatidylserine/g of

ring, P = 0.0007) as well as on SMCs (747 � 33 vs. 649 � 222 nM

equivalent phosphatidylserine/mL, P = 0.03). TF and TFPI activities

were higher in SHR SMCs whereas no differences were observed for

ECs between the two strains. In young, 5-week-old rats, before blood

pressure increase, similar differences between SHR and Wistar are

observed in plasma while there was no difference at the surface of aor-

tic rings and SMCs.

Summary/Conclusion: These results show opposite thrombin generat-

ing capacity of plasma and vessel walls in SHR compared to Wistar.

The higher prothrombotic phenotype of the SHR vessel wall was

due to the ability of SMCs to support thrombin generation. These

findings suggest that the hypertension-induced membrane phospho-

lipid reorganization and synthesis of procoagulant molecules in

SMCs provide substrates for increased thrombin formation within

the vessel wall.

PA 2.17-3
Effect of hyperglycemia and hyperinsulinemia on
platelet insulin signaling and coagulation pathways
Rao AK1, Freishtat R2, Jalagadugula G1, Singh A1, Mao G1,

Wiles A2, Cheung P1 and Boden G1

1Temple University School of Medicine, Philadelphia, PA;
2Children’s National Medical Center, Washington, DC, USA

Background: Type 2 diabetes mellitus (T2DM) is a prothrombotic and

proinflammatory state with elevated plasma coagulation factors and

evidence of platelet and monocyte activation. We previously showed

that in healthy non-diabetic subjects that infusion clamp-generated

hyperglycemia (HG) and hyperinsulinemia (HI) and the combination

of HG+HI increased circulating membrane-bound tissue factor-proco-

agulant activity (TF-PCA). In addition, markers of thrombin genera-

tion and platelet/monocyte activation were induced.

Aims: To understand the mechanisms and pathways underlying these

cellular perturbations.

Methods: We performed whole genome expression profiling (U133

Plus 2.0 Affymetrix GeneChips) of platelets (leukocyte-depleted) and

monocytes before and after 24 h of HG+HI infusion clamping in a

healthy non-diabetic subject. HG was maintained at approximately

200 mg/dL by glucose infusion, which elevates endogenous insulin to

induce HI.

Results: We defined time-dependent differential mRNA expression [24

vs. 0 h fold change (FC) ≥ 2] common to both platelets and monocytes

using Partek Genomics Suite. Ingenuity Pathways Analysis revealed

alterations in canonical insulin receptor signaling and coagulation

pathways in both cell fractions. For example, alterations were seen in

platelet expression of insulin signaling pathway genes: IRS1 (insulin

substrate receptor 1, FC (24 vs. 0 h) = 0.14), INSR (insulin receptor,

0.23), GSK3B (glycogen synthase kinase 3 beta, 5.5), VAMP2 (vesicle-

associated membrane protein 2, 14.3), STXBP4 (syntaxin binding pro-

tein 4, 0.13), PIK3C3 (Phosphoinositide-3-kinase class 3, 0.31) and

PTPN11 (protein tyrosine phosphatase, non-receptor type II, SHP2,

13.0). In the coagulation pathway F3 (tissue factor, 3.7) and TFPI (tis-

sue factor pathway inhibitor, 4.5) were altered. These were selected for

qRT-PCR confirmation. For additional validity in platelets the 24 h

sample was compared to the 0 h sample plus four normal platelet con-

trols. Notably, eight out of the nine selected transcripts listed above

were confirmed in platelets and/or monocytes. In platelets, these

include ↑GSK3B, ↓STXBP4, ↑PTPN11 in insulin signaling, and ↑F3
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and ↑TFPI in coagulation. In monocytes, STXBP4, PIK3C3, PTPN11

and TFPI were downregulated. Due to the importance of F3 (TF) in

T2DM related cardiovascular complications, we measured TF antigen

in platelets and monocytes by ELISA. TF antigen increased 2- and 5-

fold over 24 h in platelets and monocytes, respectively. Further, TF-

PCA in whole blood increased from 7.9 to 69.7 µ/mL. Immunoblot

analyses for platelet GSKb3 (↑ approximately 34%) and PTPN11 (↑
approximately 42%) showed increases. Finally, amplification (qRT-

PCR) of platelet mRNA using F3 intron 4-specific primers showed

that HG+HI leads to splicing of TF pre-mRNA in vivo.

Conclusions: HG+HI, even in the non-diabetic state, induces demon-

strable changes in platelets, including alterations in insulin-signaling

and coagulation pathways, with upregulation of GSK3B and

PTPN11 (important in insulin signaling) and in F3 and TFPI in coag-

ulation. Upregulation of platelet F3 (i.e. TF) is an important finding

associated with upregulation of TFPI (the principal TF inhibitor)

and GSK3B, shown to be a negative regulator of TF synthesis. Fur-

ther studies in healthy subjects and DM patients will better define the

pathways altered in platelets and monocytes by HG, HI and HG+HI,

and leading to the prothrombotic and proinflammatory state in dia-

betes mellitus.

PA 2.17-4
FVII-activating protease (FSAP) confers protection to
primary astrocytes and neurons exposed to oxygen-
glucose deprived conditions
Joshi AU

Justus Liebig University, Giessen, Germany

Background: Factor VII activating protease (FSAP) is a circulating

plasma serine protease that is activated by factors released by dead

cells such as histones, nucleosomes and nucleic acids. It inactivates tis-

sue factor pathway inhibitor (TFPI) and activates single chain uroki-

nase thus having potential roles in both the coagulation and

fibrinolytic system. FSAP antigen and activity are increased in patients

with ischemic stroke and single nucleotide polymorphisms (SNP) in

the gene are risk factors for stroke. In this study, we investigated the

role of endogenous FSAP in brain ischemia using an in vivo mouse

model transient middle cerebral artery occlusion (tMCAO) and in vitro

using neuronal-astrocytic cell culture model for oxygen-glucose depri-

vation injury (OGD).

Aim: To analyze the pathophysiological significance of FSAP in ische-

mic brain.

Methods: FSAP�/� mice were subjected to tMCAO for 90 min and

reperfusion injury was assessed after 24 h using MRI scans and neu-

rological scores. In vitro, primary cortical neurons and astrocytes

were isolated from E16 mice and exposed to OGD. Neurons were

treated with tissue plasminogen activator (tPA)/N-Methyl-D-aspartic

acid (NMDA) under OGD conditions to analyze excitotoxic injury.

LDH release, cellular metabolic activity assay, TUNEL assays and

Caspase 3/7 activity assays were carried out to analyze cell death in

the presence of exogenous FSAP. Casein zymography was used to

analyze endogenous urokinase (uPA) and tPA activity while gelatin

zymography was performed to analyze the MMP-2 and MMP-9

activity. Total RNA was isolated and expression for BCL-2, BCL-

XL, tPA, uPA, MMP’s and their inhibitors was analyzed. Protein

lysates were prepared and analyzed for Akt, ERK phosphorylation

and BCL-2.

Results: In the mouse stroke model, no difference was observed

between the FSAP+/+ and FSAP�/� mice in infarct volume or neuro-

score. After stroke there was a 1.4-fold elevated FSAP activity in

FSAP+/+ mice. In primary cortical neurons FSAP treatment reversed

NMDA mediated excitotoxicity by approximately 50% (P-value

< 0.0001). FSAP increased endogenous tPA (approximately 1.5-fold)

and uPA (approximately 2.5-fold) activity while decreased MMP-9

activity (approximately 1.5-fold) in primary cortical neurons. FSAP-

treated astrocytes showed decreased TUNEL positive cells (approxi-

mately 2.9-fold) (P-value = 0.0019) and decreased Caspase 3/7 activity

(approximately 1.5-fold) (P-value < 0.0001). Decreased LDH release

(approximately 56%) and increased cellular metabolic activity

(approximately 22%) were indicative of improved cell survival in

FSAP treated astrocytes. FSAP up-regulated Akt phosphorylation

(approximately 2.5-fold), up-regulatedMMP-2 activity (approximately

1.5-fold), increased endogenous tPA (approximately 10-fold) and uro-

kinase activity (approximately 15-fold) in primary astrocytes under

OGD conditions. FSAP increased BCL-2 and BCL-XLmRNA expres-

sion by 2-fold and 2.5-fold respectively in astrocytes exposed to OGD.

Conclusions: Endogenous FSAP does not influence infarct volumes or

functional recovery in the mouse tMCAO model. On the other hand a

SNP that leads to reduced FSAP activity is associated with higher

stroke-related mortality in humans. In neurons and astrocytes, FSAP

protects from hypoxic and excitotoxic injury. These novel results pro-

vide insight into the protective role of FSAP in ischemic stroke.

PA 2.17-5
Antithrombin deficiency increases the severity of
arterial thrombosis and promotes resistance to platelet
antiaggregation in vivo
Guerrero JA

Centro Regional de Hemodonaci�on, Hospital Morales Meseguer,

UMU, IMIB, Murcia, Spain

Background: Despite genetic risk factors for venous thrombosis are

also associated with arterial complications, antithrombin deficiency

has only been considered in the framework of venous thrombosis.

However, the key role of thrombin in atherothrombosis and platelet

reactivity sustains a relevant function in this setting for antithrombin,

the main endogenous inhibitor of thrombin.

Aim: To evaluate the role of antithrombin in arterial thrombosis and

its potential effect on outcomes of antiplatelet therapy in a mouse

model.

Methods: Wild type (WT) and antithrombin deficient (AT+/�) mice

(with 50% plasma levels of antithrombin) were treated with vehicle,

aspirin (single i.p. dose of 100 mg/kg of body weight) or clopidogrel

(two doses of 2 mg/kg of body weight by oral gavage). At least nine

animals per genotype and treatment were used for two in vivo studies:

FeCl3 induced-thrombosis in carotid artery and tail bleeding times

(BT). In the last procedure, the quantitation of blood loss during

bleeding was done by estimating of total hemoglobin content as arbi-

trary units of absorbance (UA). Moreover, in vitro light transmission

platelet aggregation analysis induced by collagen, ADP and arachi-

donic acid were also carried out.

Results: AT+/� mice showed a significantly shorter occlusion time fol-

lowing FeCl3 injury of the carotid artery when compared to WT ani-

mals (5.01 � 1.25 vs. 6.91 � 2.50 min, respectively; P = 0.025). In

contrast, both AT+/� and WT mice displayed similar BTs (< 5 min)

and total blood loss as assessed by haemoglobin content. Aspirin and

clopidogrel treatment inhibited platelet aggregation induced by arachi-

donic acid and ADP, to a similar extent in WT and AT+/� mice. As

expected, aspirin and clopidogrel treatment increased bleeding ten-

dency in WT mice (6/9 with aspirin and 7/9 with clopidogrel had

BT > 10 min). Interestingly, among AT+/� mice only two out of 10

aspirin -treated and four out of nine clopidogrel-treated showed

BT > 10 min. In agreement, the total haemoglobin content of the

blood loosed during the BT procedure was 0.81 � 0.27 and

1.87 � 0.62 UA for aspirin and clopidogrel, respectively, in WT mice,

compared to 0.11 � 0.04 and 1.02 � 0.34 for aspirin and clopidogrel,

respectively, in AT+/� mice. We also observed that aspirin efficiently

delayed the occlusion time of the carotid flow in the FeCl3 model of-

thrombosis on WT mice (no carotid occlusion in 8/9 animals), while

this drug has milder effects on AT+/� mice (5/11 animals showed a

patent open carotid after FeCl3 injury). In contrast, clopidogrel treat-

ment impaired thrombus formation in this model similarly in both

groups.
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Conclusions: Our findings in a mouse model support a relevant effect

of antithrombin in both arterial thrombosis and in the efficacy of aspi-

rin and clopidogrel. Deficiency of this key anticoagulant might

increase thrombin generation under physiological or pathological acti-

vation of the clotting cascade, thus resulting in faster clot formation

and reduced efficacy of current antiplatelet drugs.

PA 2.17-6
The hypercoagulable profile of stent thrombosis
patients
Loeffen R1, Godschalk TC2, Van Oerle R1, Spronk HMH1,

Hackeng CM2, Ten Cate H1 and Ten Berg JM2

1Maastricht University Medical Center, Maastricht; 2St Antonius

Hospital, Nieuwegein, The Netherlands

Background: Stent thrombosis (ST) is a devastating complication after

percutaneous coronary interventions (PCI), with major clinical impact

due to the high risk of myocardial infarction and death, as well as a

high recurrence rate. The incidence of ST is approximately 1–5%,

despite long-term dual antiplatelet therapy with aspirin and clopido-

grel. The underlying pathophysiological mechanisms of ST are multi-

factorial. Recent studies showed that a low degree of platelet inhibi-

tion, despite antiplatelet therapy, is a risk factor for ST. Whether the

coagulation system is also involved in the pathophysiology of ST is

unknown.

Aim: In this study we assessed the coagulation profile of ST patients

by means of thrombin generation (TG).

Methods: A single-center case-control study was performed, includ-

ing 63 patients who underwent PCI with stent implantation. All

subjects provided written informed consent. Cases (n = 23) had a

history of an angiographically confirmed ST (Academic Research

Consortium criteria) during follow-up. Controls (n = 40) had a pre-

viously implanted coronary stent but no ST ≥ 12 months after the

index PCI. The time between the index PCI (controls) or ST PCI

(cases) and venous blood collection was ≥ 3 months. Subjects using

oral anticoagulants at the time of blood collection were excluded.

TG in human platelet-poor plasma was measured using the Cali-

brated Automated Thrombogram (CAT) method with 0, 1, and

5 pM tissue factor (TF) triggers. Active site-inhibited FVII (ASIS)

was added to determine the contribution of the contact system, and

the protein C pathway was analyzed by addition of recombinant

thrombomodulin (TM).

Results: TG was significantly increased in plasma from cases as com-

pared to controls for all TF triggers (0, 1 and 5 pM TF). Results

showed a significantly enhanced contact activation in cases compared

to controls; peak height: 241 vs. 183 nM, time to peak: 12.1 vs.

16.1 min, velocity index: 98 vs. 63 nM/min, all P < 0.05 (0 pM TF

trigger with ASIS). These data were confirmed by the 1 pM TF trigger

assay and even at the highest TF trigger (5 pM) TG was elevated in

cases compared to controls; peak height: 263 vs. 233 nM, time to peak:

5.5 vs. 6.0 min, velocity index: 101 vs. 80 nM/min, all P < 0.05. Inhi-

bition of TG by addition of TM reduced the endogenous thrombin

potential (ETP) with 22.6% in cases and by 30.6% in controls

(P < 0.05), suggesting alterations in the protein C pathway for patients

with ST.

Conclusions: This is the first study demonstrating the involvement of

the coagulation system in ST, as well as an enhanced thrombogenic

profile. Patients with a history of ST showed a shift towards a hyperco-

agulable state, most likely caused by enhanced contact activation and

attenuation of anticoagulation by the protein C pathway, as shown by

the thrombin generation results. Therefore, oral anticoagulants might

be useful in reducing the recurrence rate in ST patients.

PA2.18 – Intravascular Devices and
Interventions

PA 2.18-1
Survival effects of inferior vena cava filter in patients
with acute symptomatic venous thromboembolism: a
subgroup analysis from the RIETE registry
S Jimenez1, Muriel A1, Aujesky D2, Bertoletti L3, Decousus H3,

Laporte S3, Mismetti P3, Yusen R4 and Monreal M5

1Ramon y Cajal Hospital, Madrid, Spain; 2Bern University

Hospital, Bern, Switzerland; 3Hospital of Saint-Etienne, Saint

Etienne, France; 4Washington University School of Medicine, St.

Louis, WA, USA; 5Germans Trias I Pujol Hospital, Badalona,

Spain

Background: The effectiveness of inferior vena cava filter use among

patients with acute symptomatic venous thromboembolism (VTE) and

contraindication to anticoagulation remains unclear.

Methods: In this prospective cohort study of patients with objectively

confirmed symptomatic acute VTE and absolute or relative contrain-

dications to anticoagulation, identified from the multicenter, interna-

tional, prospective, Registro Informatizado de la Enfermedad

TromboEmb�olica (RIETE registry), we assess the association

between filter insertion and all-cause mortality, pulmonary embolism

(PE)-related mortality, and recurrent VTE rates through 30 days

after initiation of anticoagulant treatment or filter insertion. We used

propensity score-matching to adjust for the likelihood of receiving a

filter.

Results: A total of 40,142 patients were treated for acute VTE (20,503

with deep vein thrombosis [DVT] and 19,639 with PE). Filter-treated

patients (n = 371) had significantly greater comorbidity and labora-

tory abnormalities, with a higher frequency of cancer, immobiliza-

tion, recent major bleeding, anemia, thrombocytopenia, and renal

failure than those not treated with a filter (n = 39,771). The 344

patients presenting with any acute VTE and treated with a filter (198

also anticoagulated) were matched with 344 patients treated without

a filter (328 anticoagulated). Propensity score-matched pairs showed

a trend toward lower risk of death for filter insertion compared with

no insertion (6.6% vs. 10.2%, P = 0.12). The 30-day, risk-adjusted

PE-related mortality rate was lower for filter insertion than no inser-

tion (1.7% vs. 4.9%, P = 0.03). Risk-adjusted recurrent VTE rates

were higher for filter insertion than no insertion (6.1% vs. 0.6%,

P < 0.001).

Conclusions: In patients presenting with VTE and absolute or relative

contraindication to anticoagulation, filter insertion was associated

with a lower risk of PE-related death and a trend toward a lower risk

of all-cause mortality than no filter insertion. Filter insertion was asso-

ciated with a higher risk of recurrent VTE.

PA 2.18-2
Improving inferior vena cava (IVC) filter retrieval rates
using wristband identification in a tertiary care and
trauma centre
Peterson EA, Yenson R, Kritzinger J, Liu D, Chi J and Lee AYY

University of British Columbia, Vancouver, BC, Canada

Background: IVC filter use has been rising dramatically since the intro-

duction of retrievable models but published retrieval rates are subopti-

mal. We conducted a prospective, quality-improvement study to

increase IVC filter retrieval rates in our institution.

Aims: To improve filter retrieval rates at our institution by (i) the

application of a labeled wristband to identify patients with filters (ii)

educational pamphlets for patients and medical staff and (iii) referral
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of patients with filter in situ at the time of discharge to our thrombosis

clinic for follow-up.

Methods: All consecutive patients who have a filter placed by the Inter-

ventional Radiology Department at Vancouver General Hospital from

November 2011 to December 2012 were approached for study enrol-

ment within 48 h of filter insertion. Consenting patients were issued a

wristband identifying them as IVC filter recipients (intervention

cohort). Educational pamphlets regarding retrieval and follow-up were

provided to patients and the primary care team. Data on indication

for filter insertion, frequency of removal, documentation of a follow-

up plan, reasons for non-retrieval, and all-cause mortality were

extracted from chart review using standardized forms. Primary out-

come of attempted filter retrieval rate is compared with historical data

from January 2007 to December 2010 (historical cohort).

Results: During the study period, 50 of 58 patients who had retrievable

IVC filters placed were enrolled. Mean age of the intervention cohort

was 56 years (range 18–88 years); 57.1% were male and the mean

length of hospital stay was 37 days (range 1–879 days). In the histori-

cal cohort of 275 patients, mean age was 59 years (range 14–93 years);

55.5% were male with a mean length of hospital stay of 39 days (range

3–166). The most common indications in the intervention cohort and

the historical cohort for IVC filter were: a contraindication to antico-

agulation (78% vs. 72.4%, respectively), high risk for pulmonary

embolism (10% vs. 11.3%, respectively), and primary prophylaxis of

pulmonary embolism (12% vs.14.9%, respectively). All baseline

patient characteristics (age, sex), length of hospital stay, thrombotic

risk factors and indications for IVC filter placement were similar

between both cohorts. In our intervention cohort, 78% had a retrieval

attempt, with an associated success rate of 94.7%. This was a signifi-

cant improvement from the attempted retrieval rate of 60% observed

in our historical cohort (P = 0.015). One patient in the intervention

cohort and 28 patients in the historical cohort did not have an

attempted retrieval despite no clear reason for the filter to remain per-

manent (2% vs. 10.2%, respectively, P = 0.04). A trend towards

increased documentation of a follow-up plan was also noted (86% vs.

73.8%, P = 0.124).

Conclusions: In our institution, a simple intervention using a labeled

wristband, provision of educational material and referral for outpa-

tient follow-up was associated with a significant improvement in

observed IVC filter retrieval rates.

PA 2.18-3
Effect of ethanol locks on occlusion of central venous
catheters used for administration of total parenteral
nutrition
Berry LR, See R, Clause R-F, Cameron BH, Ratcliffe M

and Chan AK

McMaster University, Hamilton, ON, Canada

Background: Central venous catheters (CVCs) are widely used to

administer medications and take blood samples. Long term CVC

retention in patients gives a risk of catheter-related infections that can

evolve serious septic consequences. To prevent infection, some clinics

instill 70% ethanol into CVCs during periods between injection of

drugs or sampling. Unfortunately, in our pediatric clinic, we have

observed blockage in CVCs with an ethanol lock in children receiving

total parenteral nutrition (TPN). This has resulted in difficult treat-

ment management for these patients and must be overcome to opti-

mize care.

Aim: To investigate the ability of ethanol to induce aggregation of

plasma or blood in catheters used for TPN.

Methods: Initial experiments assessed effects of temperature and

increasing ethanol on plasma protein precipitation (measured as loss

of 280 nm absorbance in the soluble phase). Next, model CVC cathe-

ters were used for incubations in various media and conditions. Citrat-

ed blood was obtained from healthy donors with ethical consent and

commercial citrated plasma was purchased. CVCs were filled with

70% ethanol and clamped to keep liquid inside. Ethanol-filled CVCs

were placed in tubes of plasma and precipitates at the catheter tip col-

lected. Precipitates were resuspended in reducing SDS sample buffer,

electrophoresed on polyacrylamide gels and stained for protein. Simi-

lar experiments were performed with ethanol-containing catheters in

recalcified plasma and blood � recalcification. Finally, tests were done

whereby CVCs were loaded with ethanol containing a small residue of

TPN at the catheter tip. Aggregates that were blocking CVC ports in

patients were examined to compare with precipitates in the model

CVC experiments.

Results: Ethanol-containing CVCs gave plasma protein precipitation

that was directly affected by temperature. As expected, increasing eth-

anol content in plasma gave greater protein precipitation up to a pla-

teau level. In plasma, ethanol-containing CVCs caused slow induction

of protein aggregates at the tip. Gel analysis of these precipitates

revealed a number of protein bands, including fibrinogen chains. Simi-

lar experiments with ethanol-loaded CVC’s in citrated blood yielded

the same protein bands as with plasma plus some strong low molecular

weight species. When calcium was added so plasma or blood samples

could clot, only minor differences in bands of proteins precipitated by

CVCs with ethanol were observed relative to those of non-recalcified

plasma or blood. The presence of TPN residue at the tip of CVCs with

ethanol had little additional effect on aggregation and clotting for ci-

trated plasma or blood and recalcified plasma. However, massive clots

that strongly adhered to the CVC were induced by TPN with ethanol-

loaded catheters in recalcified blood. Comparisons confirmed that

banding in gels loaded with samples from patient catheters most clo-

sely resembled that from TPN-coated ethanol-containing CVCs in re-

calcified blood.

Summary/Conclusions: We have shown that the combination of TPN

and ethanol induces dense, adhering clots that mimic the occluding

aggregates found in catheters of patients receiving TPN that have an

ethanol lock. Given the seriousness of CVC function loss, we recom-

mend consideration of a change in protocol for ethanol locks in CVCs

delivering TPN.

PA 2.18-4
A multidisciplinary pulmonary embolism response
team (PERT). Initial clinical experience at
Massachusetts general hospital
Kabrhel C, Jaff M, Channick R, Baker JN, Jama A, Manthripragada

GK, Hawkins B, O’Dea J, Weinberg I and Rosenfield K

Massachusetts General Hospital, Harvard Medical School,

Boston, MA, USA

Background: The optimal care of patients (pts) with severe pulmonary

embolism (PE) involves several specialties. In order to provide timely,

organized, evidence-based recommendations and therapy, a multidisci-

plinary team is required. We established an innovative Pulmonary

Embolism Response Team (PERT), with an infrastructure for rapid,

multidisciplinary consultation and to facilitate comparative-effective-

ness research. Understanding the types of cases seen by our PERT will

help other specialists assess the impact of creating similar teams else-

where.

Methods: The MGH PERT includes specialists in cardiology, emer-

gency medicine, pulmonary/critical care, interventional radiology, vas-

cular medicine and thoracic surgery. We launched the PERT Oct. 22,

2012 and asked clinicians who diagnosed massive or submassive PE to

call a 24-h emergency number to activate the PERT. Upon activation,

PERT members used commercially available online meeting software

(GoToMeeting�) to discuss the case, view data and radiologic images

and develop a treatment plan. For each case, prospective clinical data

are collected in a research registry. For the current report, we describe

our initial 12 week experience with team activation (10/22/12–01/12/
13), including demographics, clinical characteristics, treatments and
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outcomes. Descriptive statistics (means and proportions) were ana-

lyzed using SAS v9.2.

Results: Activations: In 12 weeks, there were 30 unique PERT activa-

tions, plus two duplicate activations. Twenty seven (90%) occurred

during day or evening hours. Most (17, 57%) originated in the emer-

gency department, 7 (23%) in intensive care units and 6 (20%) on hos-

pital floors. Median time from activation to PERT meeting was

54 min.

Patients: Mean age was 57 � 17 years and 19 (63%) were male.

Comorbid illness included: cardiopulmonary disease (n = 10, 33%),

recent trauma or surgery (n = 8, 26%); cancer (n = 8, 26%); prior

venous thromboembolism (n = 3, 10%). Twelve (40%) patients had a

contraindication to thrombolysis or high-risk of bleeding.

PE Severity: Twenty-five (83%) pts had diagnosed PE, 5 (17%) had

suspected but unconfirmed PE. Two (6%) were in cardiac arrest. Seven

(28%) PE were saddle, 8 (32%) main pulmonary artery, 9 (36%) lobar,

and 1 (3%) segmental. Twenty (80%) were bilateral. Sixteen (64%) pts

with PE had elevated troponin-t and 13 (52%) had elevated NT-proB-

NP. Twenty (80%) had right heart strain on echocardiography or

computed tomography. Eight (32%) were hypotensive (< 90 mmHg)

and 9 (36%) were intubated. Sixteen (64%) had concomitant deep vein

thrombosis.

Treatment and Outcomes: After consultation, the PERT considered 5

(20%) PE low risk, 18 (72%) submassive and 2 (8%) massive. Twenty-

three (92%) pts received unfractionated heparin, 1 (4%) enoxaparin,

and 1 (4%) no anticoagulation. Two (8%) pts had catheter directed

thrombolysis and 5 (20%) had a vena cava filter placed. One (4%) pt

had hematuria after anticoagulation. Seven (23%) pts overall and 3

(12%) with confirmed PE died prior to hospital discharge.

Discussion: We describe an innovative multidisciplinary Pulmonary

Embolism Response Team (PERT). Our initial experience suggests

that the PERT was activated frequently and appropriately. Most pts

had massive or submassive PE, suggesting clinicians are highly efficient

at selecting pts with severe PE. The PERT provided recommendations

in < 1 h in most cases.

PA 2.18-5
CHA2DS2-VASc score and risk for reobstruction after
endovascular treatment of the superficial femoral
artery: differences between balloon angioplasty and
stenting
Gary T, Belaj K, Eller PH, Hafner F, Froehlich H, Pilger E

and Brodmann M

Medical University Graz, Graz, Austria

Background: The CHA2DS2-VASc (congestive heart failure, hyperten-

sion, age > 75 years (doubled), type 2 diabetes, previous stroke, tran-

sient ischemic attack, or thromboembolism (doubled), vascular

disease, age 65–75 years, and sex category) score was published as a

predictive scoring model for stroke in atrial fibrillation patients. As

multiple vascular risk factors are included in this score we evaluated

the occurrence of reobstruction after endovascular treatment (percuta-

neous transluminal angioplasty (PTA) and stent) of the superficial

femoral artery (SFA) in peripheral arterial occlusive disease (PAOD)

patients according to their CHA2DS2-VASc score independent of a

coexisting atrial fibrillation.

Methods: We evaluated 773 PAOD (529 PTA and 244 stent) patients

treated at our institution from 2005 to 2010. CHA2DS2-VASc score

was calculated and the occurrence of a symptomatic reobstruction

during a median follow up of 58 months was investigated. Further-

more all constituents of the score were individually investigated con-

cerning their association with reobstruction.

Results: In PTA patients reobstruction rate increased with increasing

CHA2DS2-VASc Score (P = 0.009). Arterial hypertension was associ-

ated with an increased risk for reobstruction (OR 2.4; 95% CI 1.7–
3.4), as was type 2 diabetes (OR1.9;95%CI1.5–2.3). In stent patients

reobstruction rate was high, but independent of the CHA2DS2-VASc

Score (P = 0.5). Its constituents were not associated with an increased

risk for reobstruction.

Conclusion: A high CHA2DS2-VASc score was associated with a high

risk for reobstruction after PTA of the SFA. On the other hand the re-

obstruction risk in stent patients was high but independent of the

CHA2DS2-VASc score, indicating that the pathophysiology of instent

restenoses is different from reobstruction after PTA.

PA 2.18-6
Longitudinal investigation of the effect of centrifugal
continuous flow left ventricular assist devices
(cfLVADS) on haemostatic parameters
Ly K1, Muthiah K1, Connor D1, Gardiner E2, Andrews RK2,

Dhital K1, Jansz P1, Hayward C1 and Joseph J1

1St Vincent’s Hospital, Sydney, NSW; 2Australian Centre for

Blood Diseases, Monash University, Melbourne, Vic., Australia

Background: Patients implanted with cfLVADS routinely receive aspi-

rin and/or clopidogrel and anticoagulation. Therapy related bleeding

is therefore common, however may also reflect changes secondary to

shear forces arising from the implanted device.

Aims: This study aims to assess changes to haemostatic parameters in

patients with cfLVADS in order to determine if they can ultimately

predict clinical bleeding.

Methods: Twenty-eight patients (24M/4F), implanted with HeartWare

cfLVAD were recruited. Baseline blood samples were collected pre-

implant and at 1, 7, 30, 90 and 180 days post-implant. Platelet counts

were measured by routine methods. Soluble P-selectin (sP-Selectin),

soluble GPVI (sGPVI), von Willebrand Factor Antigen (vWF-Ag)

and vWF Collagen Binding Activity (vWF-CBA) were measured using

ELISA. Microparticle procoagulant phospholipid activity was mea-

sured using the Procoag-PL assay. Platelet aggregation was measured

using a Multiplate Impedence Aggregometer and platelet function

analysis performed using a PFA-100.

Results: Compared to baseline, median platelet counts were signifi-

cantly lower at day 1 (206 � 16–159 � 15, P < 0.001), and higher at

30 and 90 days (301 � 27 9 109/L, P < 0.001 and 257 � 16 9 109/L,

P < 0.001 respectively). sP-Selectin levels were significantly elevated at

day 1 (29.1 � 1.9–35.9 � 2.9 ng/mL) but were not significantly ele-

vated on subsequent days. sGPVI levels were persistently elevated

above reference ranges for all timepoints (including baseline). vWF-Ag

levels were significantly lower at days 30, 90 and 180 in comparison to

baseline (239 � 18–184 � 14%, P = 0.024, 165 � 13%, P = 0.003

and 164 � 19%, P = 0.001, respectively). vWF-CBA was also signifi-

cantly decreased at day 1 when compared to baseline (225 � 18–
187 � 14%, P = 0.003) and remained decreased at all timepoints up

to 180 days (99 � 18%, P < 0.001). This corresponded to a decreased

vWF ratio (CBA:Ag) for up to 90 days post implant. vWF multimers

are pending. Closure times for the PFA-100 were significantly pro-

longed from day 1 and aggregation to ADP and arachidonic acid was

decreased, which was consistent with dual antiplatelet therapy, how-

ever further Multiplate testing revealed significantly decreased aggre-

gation to collagen at days 7, 90 and 180 and to ristocetin from day 1

onwards. Microparticle procoagulant activity was significantly

increased at day 90.

Summary/Conclusion: Our data shows a persistent elevation in sGPVI

levels and decline in vWF-Ag, vWF-CBA and vWF ratio (CBA:Ag)

over time in patients supported with HeartWare cfLVAD. Interest-

ingly, levels of sP-selectin are not increased. Platelet aggregation is

impaired in addition to that due to the effects of anti-platelet therapy.

Overall, these changes may increase the risk of bleeding in these

patients and likely reflect the effects of shear forces from the device

itself. Microparticle procoagulant activity was increased at only one

timepoint – the significance of this finding and its contribution to the

overall haemostatic state of these patients remains to be determined.
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PA2.19 – Paediatric Thrombosis II

PA 2.19-1
Antiphospholipid antibody syndrome in monozygotic
twins
Bruce AK, Sinuff S, Bauman M and Massicotte P

University of Alberta, Edmonton, AB, Canada

Background: Antiphospholipid antibody syndrome (APLAS) is an

autoimmune disorder defined by continued presence of antiphospholi-

pid antibodies (aPLa) in association with thrombosis or pregnancy

loss. APLAS has a low prevalence in pediatrics. Compared to adults,

the condition is unique due to developmental hemostasis, high rates of

aPLa related to infections, different laboratory normal values, and

prevalence of underlying diseases. In addition, the rarity of teen pre-

sentation of thrombosis often leads to delayed diagnosis. APLAS has

not been previously described in pediatric monozygotic twins. There is

only one reported case in adult monzygotic twins.

Aims: To describe APLAS in pediatric monozygotic twins with similar

case presentations.

Methods: Chart reviews were performed to obtain clinical data. A liter-

ature review of pediatric APLAS and familial antibody syndrome was

performed. Informed consent and ethics review was obtained.

Results: Twin A, 15 year old previously well male presented to multi-

ple healthcare sites with a history of a painful and swollen right arm

prior to diagnosis. Family history was significant for a great grandfa-

ther with early onset (< 30 years) arthritis. Doppler ultrasound

revealed a thrombus in the right subclavian, axillary, and lateral bra-

chial vein. VQ scan demonstrated mismatched perfusion in the right

lower lobe. Laboratory Results INR 1.6 (Normal range (NR) 0.8–1.2),
PTT 93 s (NR29–43 s) D-Dimer 0.57 mg/L, NR (< 0.5 mg/L), Car-

diolipin 74GPL (NR 0–14GPL) at presentation, 85GPL and 83GPL

and 3 and 6 months, respectively. Lupus Anticoagulant was positive

as per dilute venom viper test on presentation and at 6 months. ANA,

anti-centromere antibodies, anti-dsDNA, ENA, ANCA were negative

and IgG, IgM, and IgA were normal.

He was commenced on anticoagulation. He had visual disturbances

and was diagnosed with transient ischaemic attacks (MRI brain nor-

mal) and started on aspirin.

His asymptomatic twin, Twin B, had cardiolipin antibodies of 22GPL

and a positive lupus anticoagulant.

Six months later, Twin B presented clinically with a painful, swollen

right calf. He was assessed and diagnosed immediately as the presence

of aPLa was previously confirmed. Doppler ultrasound demonstrated

a right superficial femoral to popliteal vein thrombus. VQ scan

revealed bilateral pulmonary emboli. His laboratory investigations

demonstrated a D-dimer 3.66 mg/L, APCR 3 (NR ratio > 2.3), Pro-

tein C 1.4 U/mL, Protein S 1.02 U/mL, Factor V Leiden and Pro-

thrombin G20210A mutation not detected, Cardiolipin 14GPL, Lupus

anticoagulant positive on repeat testing. He was commenced on anti-

coagulation. Twin B had the similar visual disturbances and was also

started on aspirin.

Both patients had no evidence of vasculopathy.

Summary: This is the first case report describing monozygotic pediatric

twins with primary APLAS. The first adult case report was recently

published. The combination of these 2 reports demonstrates rationale

for screening of monozygotic twins if one is diagnosed with APLAS.

PA 2.19-2
In vitro assessment of the effect of dabigatran on
thrombosis of adult and neonatal plasma using
thromboelastography
Nossair F, Gantioqui J, Chan HH, Stevic I, Atkinson HM, Berry LR

and Chan AKC

Thrombosis & Atherosclerosis Research Institute (TaARI),

Hamilton, ON, Canada

Background: Thromboelastography (TEG) is a global assay used for

evaluating features of clot formation. Although its clinical use is lim-

ited, TEG has long been used to assess thrombosis in vitro. Dabigatran

is an anticoagulant that acts as a reversible direct inhibitor of throm-

bin. Specific clotting tests have shown a linear relationship between da-

bigatran plasma concentration and its effects. However, none of these

studies used a global assay, such as TEG, to demonstrate this relation-

ship in neonates. Neonatal hemostasis differs from adults. Specifically,

most coagulation factors & natural anticoagulants at birth are < 50%

of adult levels and there are several structural and functional differ-

ences. The effect of varying dabigatran concentrations on characteris-

tics of clotting in neonates compared to adults is unclear.

Aims: To compare the clotting profile of neonatal and adult platelet

poor plasma when exposed to different concentrations of dabigatran

Methods: Adult pooled plasma in buffered citrate was purchased from

Affinity Biologicals (Ancaster, ON, Canada). Neonatal cord blood

was collected from placentas of healthy full term newborns using ci-

trated syringes. The study was IRB approved and informed consent

was obtained prior to collection. Platelet-poor plasma was isolated,

pooled and frozen. Prior to experiment, plasma was thawed and fil-

tered (using a 0.2 lm filter) to remove microparticles. Optimal tissue

factor (TF) levels were predetermined and corn trypsin inhibitor (CTI)

was used to inhibit the contact coagulation pathway. Dabigatran was

prepared by chemical conversion of the pro-drug. Its structure & activ-

ity was verified via standardized testing. Experiments were performed

as follows: 30 lL reaction mixture of 0.8 M CaCl2, 30 lg/mL CTI, 2

pM TF and dabigatran (0, 40, 110, 180, 250 and 320 ng/mL) in imid-

azole buffer (pH = 7.4) was mixed with 330 lL of plasma in a TEG

cup. Four fundamental TEG parameters, R, K, a and Maximum

Amplitude (MA), were measured for a maximum of 180 min with

Haemoscope TEG 5000. Scanning electron microscopy (SEM) was

performed to evaluate fibrin clot structure for both neonatal and adult

plasma, in the presence and absence of dabigatran.

Results: Without dabigatran, time to clot initiation (R) was similar

between neonatal and adult samples. There was a significant delay in

clotting of neonatal samples with increasing dabigatran concentrations

(P < 0.05). Speed of clot strengthening (a) in both samples without da-

bigatran also showed no difference, whereas neonatal samples with da-

bigatran were > 4-fold slower in clotting (P < 0.05). Additionally,

while there were no differences in maximum clot strength (MA) with-

out dabigatran, neonatal samples with dabigatran were weaker

(P < 0.05), especially at higher dabigatran concentrations. SEM

showed minimal differences between neonatal and adult fibrin clot

structure in the absence of dabigatran. However, with dabigatran,

both neonatal and adult clots contained less small-diameter fibers,

thicker large-diameter fibers and greater porosity. Moreover, these da-

bigatran-induced differences were intensified in neonatal clots.

Conclusions: Neonatal plasma clotting with dabigatran has slower

onset, slower speed and weaker clots that are more porous, compared

to adult plasma clotting. Thus, neonatal plasma may be more sensitive

to dabigatran as assessed by our in-vitro TEG study.
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PA 2.19-3
A deep look at superficial vein thrombosis in
hospitalized children
Rizzi M, Williams S, Connolly B and Brand~ao LR

The Hospital for Sick Children, Toronto, ON, Canada

Background: Superficial vein thrombosis (SVT) has been studied in

adults and there is scarce information about this condition in children.

Aims: To report the spectrum of SVT in hospitalized children.

Methods: Retrospective chart review of children diagnosed with a

radiologically-proven SVT between January/2007 and October/2012

at The Hospital for Sick Children, Toronto. Research Ethics Board

was obtained. Descriptive and Fisher’s exact statistics were utilized.

Results: Eighty-six patients 0–18 years ([median: 12.2 years; IQR: 4.0–
15.2]; M/F: 1.2/1]), had 101 SVTs identified. Of 101 SVTs, 54/101

(53%) were exclusive SVT. In those the most common underlying con-

ditions included infection/sepsis [(29%), local infection (n = 5)], cancer

(29%), surgery [(29%), post-liver transplant (n = 6)], systemic inflam-

mation (11%) and trauma (11%). The most frequent identified risk

factors were catheter-related issues [41/54, 76%: peripherally intrave-

nous inserted central catheters (PICC: 22/41), peripheral intravenous

(14/41), catheter insertion attempts (3/41), central venous line (2/41)],

and TPN (7/54, 15%). Distribution encompassed upper extremity

veins [(46/54, 85%): basilic (33/54), cephalic (11/54), antecubital (2/

54)], or lower extremity veins [(8/54, 15%): greater saphenous (5/54),

lateral marginal (1/54), other (2/54)]. Initial clinical findings were

swelling (72%), tenderness/pain (44%), redness (39%), phlebitis

(31%), warmth (20%), and line malfunction (7%). Time between ini-

tial clinical findings and imaging was median 0 days [IQR: 0–1].
Treatment modalities included, in isolation or combined, unfractionat-

ed heparin (UFH)/low molecular weight heparin (LMWH) (27/54),

antibiotics (15/54), catheter-removal (11/54), no therapy (9/54), aspi-

rin/NSAID’s (9/54), warfarin (1/54), and mixed (12/54). Radiological

follow up was available in 51/54 (94%) (median f 85.5 days [IQR: 20–
184]). Radiological resolution rates were: total (35%), partial (13%),

unchanged (33.5%), progression (11%), missing (7.5%). SVT progres-

sion documented radiologically occurred in six patients, while on no

therapy (n = 2), full dose warfarin (n = 1), full dose (n = 1) or prophy-

laxis (n = 1) UFH/LMWH or antibiotic alone (n = 1); none developed

deep vein thrombosis (DVT). There was no significant difference in

radiological resolution amongst treatment modality (P = 0.23).

47/101 (47%) SVTs occurred concomitantly with a DVT: 39/47 (83%)

were treated with UFH/LMWH (median duration: 109 days [IQR:

89–194]) with complete radiological resolution in 29/39 (74%), partial

in 5/39 (13%), unchanged status in 3/39 (8%), and unknown in 2/39

(5%). In the group of SVT without (17/54) and with concomitant

DVT (39/47) treated with UFH/LMWH alone, the radiologic resolu-

tion rates for the composite total/partial resolution were 6/17 (35%)

vs. 34/39 (87%), respectively (P = 0.001). There were two patients with

documented radiological SVT progression on: a) prophylaxis UFH

(n = 1); and b) full dose LMWH (n = 1).

Summary/Conclusion: Image-proven SVT in hospitalized children is

commonly associated with lines, and almost half concurrently with a

DVT. Currently, a variety of therapies are used to treat hospital-based

SVT in children and a few underlying conditions may particularly pre-

dispose patients to those events (i.e. liver transplantation). While pro-

gression to DVT may be rare, the role of SVT-related therapy remains

to be defined. Further prospective paediatric studies are required to

better understand the true impact of this entity in children.

PA 2.19-4
Portal vein thrombosis in neonates: results of an
anticoagulation protocol
Williams S, Brandao LR, Labarque V and Williams S

Hospital for Sick Children, Toronto, ON, Canada

Background: Portal vein thrombosis (PVT) is a common thrombotic

event in neonates. The majority of patients will have resolution of

thrombus with a minority going on to develop complications such as

portal hypertension. Due to the scarcity of published studies, the role

of anticoagulation (ACT) in neonatal PVT is unclear.

Aims: The aim was to describe the treatment and outcomes following

portal vein thrombosis in a neonatal cohort treated according to an

institutional anticoagulation protocol.

Methods: The study was approved by the hospital research ethics

board and written consent waived. A retrospective chart review of neo-

nates presenting with PVT to the Hospital for Sick Children from Jan-

uary 2008 to September 2010, identified from the clinical thrombosis

database, was conducted. All patients were < 30 days at the time of

diagnosis and treated according to the institutional protocol for anti-

coagulation for neonatal portal vein thrombosis. In the protocol, neo-

nates with non-occlusive PVT are not treated with ACT unless

thrombotic extension occurs or there is a concomitant other indication

for ACT, and neonates with occlusive PVT without contraindication

to ACT are treated. Clinical and radiologic data were collected. Poor

outcome was defined as portal hypertension, hypersplenism, liver atro-

phy on follow-up. Descriptive statistics and Fisher exact testing were

completed to compare the neonates by presenting features, treatment

and outcome.

Results: There were 94 patients identified. The mean age (� SD) was

10 days (� 5). The mean gestational age was 35 weeks (� 5). Fifty-

three (56%) patients received ACT and 41 (44%) patients did not

receive ACT. Of the patients treated with ACT 6/53 (11%) received

standard heparin, 34/53 (64%) received low molecular weight heparin

and 13/53 (25%) received both standard and low molecular weight

heparin. Follow-up occurred for a mean of 344 days (� 315). ACT

was continued for a mean 41 days (� 55). Complete resolution of

thrombus occurred in 48/94 (51%), partial resolution in 15/94 (16%)

and progression in 25/94 (27%). Progression of PVT was associated

with initial non-occlusive thrombus occurring in 15/36 (42%) of

patients with non-occlusive thrombus vs. 9/57 (16%) of patients with

initial occlusive thrombosis (P = 0.008). Thrombosis involving the

inferior vena cava (IVC) was associated with thrombotic progression

occurring in 8/12 (67%) of patients with IVC involvement compared

to 16/83 (67%) of patients without IVC involvement (P = 0.001).

There was no association of anticoagulation with thrombus resolution

or decreased rates of poor outcome. Liver atrophy occurred in 25/94

(27%). Portal hypertension or hypersplenism occurred in 6/94 (6%)

patients. Major bleeds occurred in 7/53 (13%) of patients who received

ACT.

Conclusions: The majority of neonates had a good outcome, and anti-

coagulation was not associated with decreased rates of poor outcome

in this cohort of patients treated according to an institutional protocol

for neonatal PVT. Prospective studies may identify a subset of neo-

nates who benefit from anticoagulation.

PA 2.19-5
Clinical presentation and molecular basis of congenital
antithrombin deficiency in children: a cohort study
Kumar R1, Chan AK2, Castle D1 and Williams S1

1Hospital for Sick Children, Toronto, ON; 2McMaster University,

Hamilton, ON, Canada

Background: Antithrombin (AT) deficiency is a rare autosomal-domi-

nant thrombophilia. The natural history of AT deficiency in children is
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poorly understood. Furthermore, the genotype-phenotype correlation

in AT deficiency remains debatable.

Aims: To describe the clinical manifestation and molecular basis of

congenital AT deficiency in children managed at the Hospital for Sick

Children (HSC) over a 13-year period.

Methods: The study was approved by the HSC research ethics board.

Pediatric patients (ages 0–18 years) diagnosed with congenital AT defi-

ciency between January 1, 2000 and December 31, 2012 were identified

from the thrombosis database at HSC. Clinical and laboratory charac-

teristics were abstracted from the medical records. Identified patients

were prospectively solicited for antithrombin (SERPINC1) gene

sequencing. Written consent was obtained. Genomic DNA was

extracted from EDTA-anticoagulated blood. The SERPINC1 gene

was analyzed by PCR followed by sequencing of both DNA strands of

the entire coding region and the highly conserved intron-exon splice

junctions. Reflex multiplex ligation-dependent probe amplification

analysis was done to detect deletions or duplications. Descriptive sta-

tistics were used to summarize parameters [Mean (� SD)]. Baseline

characteristics were tested for an association with venous thrombo-

embolism (VTE) using t-test and Fisher’s exact test.

Result: Twenty five patients (10 females and 15 males) from 16 unre-

lated pedigrees were identified. Mean age at diagnosis was 9.2 (� 6.2)

years. Eight patients were diagnosed after VTE [mean age at diagnosis:

8.7 (� 8.3) years] and 17 patients were diagnosed secondary to a fam-

ily history of AT deficiency [mean age at diagnosis: 9.4 (� 5.2) years].

Mean duration of follow up for the cohort was 4.7 (� 4.4) years. Of

18 subjects who underwent additional thrombophilia testing, one was

found to be heterozygous for prothrombin gene (PG) mutation. Most

recent mean AT-activity (n = 25) and AT-antigen (n = 17) were 0.53

(� 0.08) and 0.58 (� 0.12) IU/dL respectively. Of the eight patients

with VTE, seven had additional risk factors (three anatomical anoma-

lies, two neonatal age, one oral contraception, one dehydration, one

immobilization, one PG mutation). All patients with VTE were treated

with anticoagulation and two required supplemental antithrombin-

concentrate. Four patients were left on long term anticoagulation

(three with anatomical anomalies and one with concurrent PG muta-

tion). No patient has had recurrent VTE with 2.2 (� 2.6) years of fol-

low up. None of the 17 patients diagnosed secondary to a positive

family history have had VTE, with 5.8 (� 4.8) years of follow up.

Mutation analysis has been completed on 15 subjects from 13 pedi-

grees. Eight mutations (including four novel mutations) were identi-

fied: four on exon 7, three on exon 5 and one on exon 2 of the

SERPINC1 gene. Deletions, frameshift and nonsense mutations had a

greater association with VTE as compared to missense mutations

(P = 0.007).

Summary/Conclusion: In our institutional cohort of pediatric AT defi-

cient patients, there were often additional risk factors at the time of

VTE. Patients with congenital AT deficiency, who developed VTE in

the presence of transient-acquired risk factors were taken off anticoag-

ulation after treatment of acute event, with no recurrence. The geno-

type-phenotype correlation observed in this study needs validation in

larger cohorts.

PA 2.19-6
Characteristics and long-term outcome in children with
essential thrombocythemia: an analysis of 61 cases
from a single Chinese center
Fu R, Zhang L, Xuan M, Lv C, Xue F, Cao Z and Yang R

Chinese Academy of Medical Sciences & Peking Union Medical

College, Tianjin, China

Background: Essential thrombocythemia (ET) is a rare thrombotic dis-

order in pediatric patients, with a risk of progressing to myelofibrosis

and leukemia.

Aims: In this retrospective study, we evaluated the clinical and labora-

tory features and long-term outcome in pediatric patients with ET at

our center.

Methods: We reviewed 61 pediatric patients (age ≤ 18 years) who were

consecutively diagnosed with ET between July 1983 and October 2012.

This study was approved by the hospital based medical ethic commit-

tee. Informed consent was obtained from the guardians of the

patients.

Results: The median age was 12 years (range 2–18 years), with 41

males and 20 females. Microcirculatory and systemic symptoms

occurred in 43 cases (70.5%), of which 3 (4.92%) showed transient

syncope. Hepatosplenomegaly was found in 34 patients (55.7%).

Minor bleeding occurred in nine cases (14.8%), but none suffered from

major bleeding or thrombosis either at diagnosis or during follow-up.

JAK2 V617F mutation was analyzed in 41 patients, with nine positive

(22.0%) and 32 negative (78.0%). There were no significant differences

in white blood cell (P = 0.925), neutrophil (P = 0.969), hemoglobin

(P = 0.930), platelet count (P = 0.529), microcirculatory disturbance

(P = 0.556), systemic symptoms (P = 0.204) or hepatosplenomegaly

(P = 0.402) at diagnosis between JAK2 V617F positive and negative

cases. Platelet count was not statistically related to hepatosplenomega-

ly (P = 0.930) or bleeding (P = 0.222), but positively related to micro-

circulatory disturbance (P = 0.002). First-line treatment included

platelet apheresis (six cases, 9.8%), antiplatelet agents (35 cases,

57.4%), interferon (32 cases, 52.5%) and hydroxyurea (41 cases,

67.2%). Clinical intolerance to hydroxyurea was found in two

patients, reversible liver enzymes increased in four cases and skin ulcer

in one patient. The median follow-up was 30.5 months (range 1–
180 months). None of the patients died. Two patients (3.28%) pro-

gressed to overt myelofibrosis, but none developed secondary hemato-

logical or non-hematological malignant tumors.

Conclusions: The mutated rate of JAK2 V617F is lower in children

than in adults. Most pediatric ET patients have microcirculatory dis-

turbance and the risk is elevated as platelet count increases. Transient

syncope is not rare in pediatric patients. The side effects of hydroxy-

urea should be closely monitored. Major thrombosis and bleeding

events are extremely scarce, but some may progress to myelofibrosis.

The underlying pathogenesis is to be further studied to develop tar-

geted therapy in the future.

PA2.20 – Thrombophilia II

PA 2.20-1
Thromboelastometric parameters heritability and their
relation with thromboembolic disease. Results from
GAIT-2 project
Carrasco M1, Martin-Fernandez L2, Font M1, Martinez-Perez A2,

Ziyatdinov A2, Borrell M1, Fontcuberta J1, Soria JM2 and Souto JC1

1Sant Pau Hospital; 2IIB-Sant Pau, Barcelona, Spain

Background/Aims: Thromboelastometry (TEM) can provide compre-

hensive information on the mechanism of clot formation. At present,

it is useful for diagnosing hemorrhagic diseases and for the therapeutic

use of blood products in transfusion. We investigated the utility of

TEM parameters as intermediate phenotypes that might correlate with

the risk of thrombosis. With any complex phenotype, usually the first

step is to calculate the heritability (estimate of the genetic contribution

to the observed variability of the phenotype). The next step is to deter-

mine the role of environmental covariates, and the potential relation

with thrombophilia.

Methods: The GAIT-2 (Genetic Analysis of Idiopathic Thrombophil-

ia) project included a total of 1113 individuals, belonging to 35

extended pedigrees recruited through a propositus suffering from idio-

pathic venous thrombosis. A total of 175 subjects suffered from

thrombotic disease; 101 of them had venous and 93 arterial thrombosis

(19 suffered from both types). The ages ranged from 2 to 101 years

old. A TEM test was performed in 935 individuals without adding any

exogenous inducer of coagulation (NATEM test). We used the 4-cha-

nels ROTEMR device (Pentapharma, GmbH, Munich, Germany). We

analyzed the following phenotypes: CT (clotting time), CFT (time to a
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clot firmness of 20 mm), alpha angle (measured between the midline of

the tracing and a line drawn from 1 mm wide point tangential to the

curve), MCF (maximum clot-firmness) and MCF-t (time to MCF).

The analyzes used the Sequential Oligogenic Linkage Analysis Rou-

tines (SOLAR). This program allows the partitioning of the total vari-

ance, into the variance due to genetics (heritability) and the

environmental effects. SOLAR also allows the analysis of the correla-

tion with the risk of thrombosis. Age, sex, smoking and oral contra-

ceptives were analyzed as covariates.

Results: The heritability of thromboembolic disease (including venous

and arterial thrombosis) was 46% (P = 0.00009). Age was the only co-

variate that significantly influenced the risk of disease. The TEM phe-

notypes heritabilities were 12%, 13%, 24%, 34% and 37% of the total

variance for CFT, alpha angle, MCF, CT and MCF-t, respectively.

All of them had statistical significance. Age, sex, contraceptives and

smoking influenced on the TEM parameters. In addition, CFT, alpha

angle and MCF showed a strong absolute value of genetic correlation

[rhoG of 0.88 (P = 0.006), 0.89 (P = 0.012) and 0.51 (P = 0.026),

respectively] and environmental correlation [rhoE of 0.44

(P = 0.0009), 0.48 (P = 0.004) and 0.44 (P = 0.0008), respectively]

with the risk of disease.

Summary/Conclusions: We detected genetic factors that influence both,

the risk of thrombotic disease and the TEM parameters. Also, we deter-

mined the influence of environmental effects on the TEM phenotypes.

These results confirm the hypothesis that the parameters of the TEM

are influenced genetically, and that they can be considered as intermedi-

ate phenotypes in the search for genes that influence thrombotic risk

PA 2.20-2
Evaluation of a genetic analysis service for
antithrombin deficiency: experience of Sheffield
diagnostic genetics service
Beauchamp NJ1, Makris M2, Tait C3 and Goodeve AC1

1Sheffield Children’s NHS Foundation Trust; 2University of

Sheffield, Sheffield; 3Royal Infirmary, Glasgow, UK

Background: Antithrombin (AT) is a natural anticoagulant that inhib-

its thrombin and factor Xa (FXa). Inherited autosomal dominant AT

deficiency occurs in up to one in six hundred of the population and

may increase risk of venous thrombosis by 10–50 fold. The activity of

AT as an inhibitor of thrombin and FXa is enhanced over a thousand

fold through binding to heparin.

Sheffield Diagnostic Genetics Service (SDGS) has offered a service for

the investigation of antithrombin deficiency since 2006 providing both

identification of point mutations and large deletions and duplications.

Aims: To evaluate mutation detection rate, mutation spectrum and the

profile of mutations in types I and II AT deficiency among index cases

(IC) referred to SDGS for confirmation of heritable antithrombin defi-

ciency.

Methods: Genomic DNA was extracted from peripheral blood and

individual exons of the SERPINC1 gene amplified and sequenced.

Multiplex ligation-dependent probe amplification (MLPA) was per-

formed, when requested, where point mutations were not identified.

Results: Samples were received over 7 years from 117 families. Of

these, point mutations were identified in 77 (66%) of the IC. MLPA

was requested in only 10 of the 40 IC where no point mutation was

identified and large deletions were identified in two (2% of cohort): a

deletion of exons 3–6 and of exons 1–6 (exons numbered sequentially

from exon 1), both in patients with type I deficiency.

A wide range of point mutations was identified, both previously

reported and novel, with ten mutations identified in more than one IC.

Of 79 cases with mutations, 15 (19%) were heterozygous for the

p.Ala416Ser mutation (Type II(RS), Cambridge II, legacy numbering

A384S), 4 (5%) each for p.Pro73Leu (II(HBS), Basel, P41L),

p.Ala414Thr (II(RS), Hamilton, A382T) and p.Asn437Lys (II(PE), La

Rochelle, N405K) and 3 (4%) for p.Met283Val (II(RS), M251V).

Four further mutations were found in 2 (2.5%) cases each. Two were

novel (p.Glu227Lys and c.400delC) and two previously reported

(p.Glu227* and c.1154-14G>A). Lastly, two cases of homozygosity for

p.Leu131Phe (II(HB), Budapest III, L99F) were identified.

Twenty-five patients had 23 novel mutations including five small dele-

tions, an insertion, acceptor splice site mutation and 14 missense muta-

tions; notable mutations were p.Met1?, affecting the methionine

initiation codon, a new heparin binding defect (p.Arg164Leu) and a

substitution with pleiotropic effects (p.Val447Asp).

Analysis of AT activity (AT:Ac) and antigen (AT:Ag) levels in IC

where levels were supplied by referring clinicians revealed that 33

patients without mutations identified had mean AT:Ac of 68 IU/dL

and AT:Ag of 73 IU/dL. This compared with 15 patients with null

mutations, mean AT:Ac of 48 IU/dL and AT:Ag of 51 IU/dL and 15

patients with AT Cambridge II, mean AT:Ac of 76 IU/dL and AT:Ag

of 103 IU/dL.

Summary/Conclusion: Mutations were identified in 68% of cases

referred to SDGS for investigation confirming the cause of their defi-

ciency. The spectrum of mutations included a high proportion of both

novel and common mutations. The low rate of follow-up requests for

MLPA may result in large deletions or duplications not being identi-

fied; such mutations have been reported in up to 10% of patients with

antithrombin deficiency.

PA 2.20-3
Who is being screened for hereditary and acquired
thrombophilia? A single center experience
Whyman JD1, Ornstein L2 and Robert DM2

1Dartmouth-Hitchcock Medical Center/Internal Medicine;
2Dartmouth-Hitchcock Medical Center, Lebanon, NH, USA

Background: Testing for thrombophilia is expensive and time-consum-

ing, and the results have an uncertain role in formulating treatment

decisions. Evidence-based and expert opinion criteria for thrombophil-

ia testing are available, but we observe that thrombophilia testing at

our institution is frequently performed independent of these guidelines

and may not add value to patient care. The aim of our study is to

assess the proportion of thrombophilia testing at our institution that is

appropriate according to published guidelines and to determine the

impact of abnormal test results on medical decision making.

Methods: We reviewed the medical literature for evidence-based and

expert opinion guidelines and used these data to synthesize a set of

indications for thrombophilia testing. We then retrospectively

reviewed all thrombophilia test panels conducted at Dartmouth-Hitch-

cock Medical Center between January 1 and December 31, 2006, the

first year for which complete data are available, to determine if testing

was consistent with contemporaneous guidelines. We used our elec-

tronic medical record to review patient data to assess testing appropri-

ateness based on these guidelines and to determine what proportion of

treatment decisions were altered by abnormal test values. Results are

presented descriptively using median values and ranges and percent-

ages where appropriate.

Results: During the study period, 479 patients underwent screening for

hereditary and/or acquired thrombophilia. Most were female (N = 313;

65%), and the median age was 45 years (range 1 month–87 years).

Based on a loose interpretation of guidelines available at the time, we

identified 147 patients with a personal history of venous thromboembo-

lism (VTE; 31%), 77 patients with pregnancy complications (16%) and

26 individuals with a family history of VTE or hereditary thrombo-

philia (5%) in whom we judged testing for thrombophilia to possibly

be appropriate. Inappropriate testing was performed in 120 patients

with a personal or family history of arterial thrombosis or atheroscle-

rosis (25%) and in 109 (23%) with conditions for which an association

with thrombophilia is either unlikely or irrelevant (e.g., confusion,

bleeding, seizures, headache) or to determine a pre-test probability of

a thrombotic event at the time of presentation with acute symptoms

(e.g., rule out pulmonary embolism in a patient with dyspnea). At least
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one abnormal test was identified in 176 subjects (37%). Of the abnor-

mal test results, only 9 (5%) were repeated to confirm the abnormality,

and four of these were subsequently normal. We identified 16 patients

with an abnormal test result whose medical management was then

altered, accounting for 3% of the total study population.

Conclusion: Even when applying a flexible interpretation of testing

guidelines, we discovered nearly half of all thrombophilia testing at

our institution may be inappropriate. Our data suggest that abnormal

test results rarely impact treatment decisions for individuals who have

undergone testing. Moreover, we identified the potential for misdiag-

nosis of thrombophilia based on a one-time spurious test value. Our

results expose a void and point to a need for increased clinician educa-

tion regarding indications for and limitations of thrombophilia testing

and offer a rationale for placing restrictions on ordering thrombophil-

ia test panels.

PA 2.20-4
Role of ABO blood group and of thrombophilic
abnormalities on the presence of residual vein
obstruction after deep-vein thrombosis of the lower
limbs
Dentali F1, Di Minno MND2, Turato S3, Crestani S4, Ambrosino P2,

Bonfanti C4, Di Minno G2, Franchini M4 and Ageno W3

1University of Insubria, Varese; 2Federico II University, Napoli;
3Insubria University, Varese; 4Carlo Poma Hospital, Mantova,

Italy

Background: The presence of residual vein obstruction (RVO) has been

consistently associated with an increased risk of post-thrombotic syn-

drome in patients with a previous deep vein thrombosis (DVT) and

there is some evidence suggesting an increased risk of DVT recurrence.

Only few studies have assessed potential risk factors for RVO.

Aims: In this study, we evaluated whether ABO blood group with or

without associated thrombophilic abnormalities is associated with

RVO after a standard course of anticoagulation for a first DVT.

Methods: Patients with a first DVT who underwent screening for

thrombophilic abnormalities were eligible for this study. Information

was collected on ABO blood group and on risk factors for DVT. Each

patient underwent compression ultrasonography of lower limbs for

the detection of RVO at least after 6 months of a standard course of

anticoagulant treatment.

Results: A total of 268 patients (mean age 50.3 years, 120 women)

were included. After 8.3 � 2.9 months of anticoagulant treatment,

126 (47.0%) patients had RVO. At multivariate analysis, active malig-

nancy (Odds Ratios [OR] 5.54, 95% confidence interval [CI] 2.17,

14.13), non-O blood group (OR 3.71, 95% CI 1.61, 8.56), and femoral

involvement (OR 3.35, 95% CI 1.94, 5.78) were significantly associated

with an increased RVO risk, whereas an unprovoked index event was

only marginally significant (OR 1.81, 95% CI 0.98, 3.36 P 0.06) and

severe thrombophilia was not associated with RVO (OR 1.32, 95% CI

0.56, 3.11).

Conclusions: After a standard course of anticoagulation for a first

DVT, non-O blood group is predictor of RVO.

PA 2.20-5
Genetic determinants of thrombin generation and their
relation to thrombosis. Results from GAIT-2 Project
Martin-Fernandez L1, Carrasco M2, Ziyatdinov A1, Martinez-Perez

A1, Borrell M2, Font M2, Fontcuberta J2, Souto JC2 and Soria JC1

1IIB-Sant Pau; 2Unitat d’Hemost�asia i Trombosi, Hospital de Sant

Pau, Barcelona, Spain

Background and Aims: There is evidence to support the hypothesis that

there is an association between thrombin generation and the risk of

thrombosis. From the technology that measures the dynamics of

thrombin generation, we studied three distinct quantitative phenotypes

that should help identify genes that affect the susceptibility to throm-

botic disease.

Methods: We used the families from the Genetic Analysis of Idiopathic

Thrombophilia Project (GAIT-2). This sample consisted of 1113

individuals in 35 extended families selected through a proband with

idiopathic thrombophilia. The sample had 175 subjects with thrombo-

embolism (101 of them had venous thrombosis, 93 arterial thrombosis

and 19 had both venous and arterial events). Of the 1113 subjects, 935

were phenotyped. Thrombin generation was evaluated in plasma

according to the method described by Hemker et al. by means of Fluo-

roskan Ascent (ThermoLab systems, Helsinki, Finland). The quantita-

tive phenotypes were lag time, thrombin peak and endogenous

thrombin potential (ETP). The heritabilities, the effects of measured

covariates (age, sex, contraceptives and smoking) and the correlations

between the risk of thrombosis and the three quantitative phenotypes

were estimated by a variance component method, employing the com-

puter package Sequential Oligogenic Linkage Analysis Routines

(SOLAR).

Results: Genetic factors accounted for 46% (P = 9.4 9 10�05) of the

variation in the risk of thrombosis, with age as its only statistically sig-

nificant covariate. The heritabilities of lag time, thrombin peak and

ETP were 52% (P = 1.4 9 10�16), 48% (1.1 9 10�14) and 45%

(5 9 10�14), respectively. All the covariates influenced the lag time.

The thrombin peak was influenced by age, sex and contraceptives and

the ETP was influenced by age, contraceptives and smoking. The ETP

was phenotipically (qp = 0.16, P = 0.014) and genetically (qg = 0.35,

P = 0.028) correlated with the risk of thrombosis. In addition, the

thrombin peak showed a weaker genetic correlation (qg = 0.30,

P = 0.051) with risk of thrombosis.

Conclusions: The relatively high heritabilities indicate that genetic fac-

tors play a significant role in the risk of thrombosis and thrombin gen-

eration. The significant genetic correlations suggest that there are

pleiotropic effects of genes. Our studies should help to detect candidate

genes responsible for thrombophilia.

PA 2.20-6
Coagulation factor XIII TYR204PHE gene variation and
the risk of ischemic stroke
Landau M1, Campanate G2, Juliana V2, Irene B2, Nelson S2

and Telma G2

1Hospital Naval Marc�ılio Dias; 2Universidade Federal do Rio de

Janeiro – HUCFF/URFJ, Rio de Janeiro, Brazil

Background: The presence of gene variant Tyr204Phe in subunit A1 of

the coagulation factor XIII (Tyr204Phe factor XIII) was reported to

be strongly associated with ischemic stroke (IS). This risk was further

increased in contraceptives users. These findings, however, have never

been confirmed in other studies.

Aims: To investigate the Tyr204Phe factor XIII variant as a risk factor

in a case-control study of IS Brazilian patients.

Methods: Two hundred and twenty IS patients referred to our service

and 220 controls without IS history and not genetically related to the

patients were included. Exclusion criteria were transient ischemic

attack, cardioembolic events, malignancy or chronic diseases. All cases

were tested for Tyr204Phe factor XIII variant by polymerase chain

reactions with fluorescent allele-specific oligonucleotide probes. Other

IS risk factors, such as hypertension, diabetes mellitus, dyslipidemia,

smoking, obesity and estrogen contraceptive use were also recorded.

Results: FXIII Tyr204Phe variant was found in heterozygosis in five

patients (2%) and in eight controls (3.6%) with an odds ratio (OR) of

0.6 (95% confidence interval 0.2–1.9), P = 0.4. The homozygous form

(Phe204Phe) was not found neither in IS patients nor in controls sub-

jects. Also, no evidence for a thrombotic risk related with the presence

of the FXIII Tyr204Phe variant was observed in regard to gender, age
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(< 50 years), race and estrogen use, when comparing IS patients to

controls.

Other risk factors were significantly more prevalent in IS patients than

in controls, such as hypertension (OR 4.3), diabetes mellitus (OR 3.4)

dyslipidemia (OR 1.7), and smoking (OR 1.9). However, obesity (OR

0.9) and estrogen contraceptive use (OR 1.2) were not associated with

a higher risk.

Conclusion: The presence of Tyr204Phe factor XIII variant was not a

risk factor for IS in this population. The role of the Tyr204Phe variant

as a the risk for IS requires further study.

PA3.01 – Platelet Activation:
Receptor Changes – II

PA 3.01-1
Tracking of GPVI-dimer cluster formation at the
membrane level with live-cell imaging of platelet
binding to various collagenous substrates by TIRF
(total internal reflection fluorescence) microscopy
Jung SM1, Pollitt AY2, Gardiner E3, Bihan D1, Farndale RW1,

Moroi M1 and Watson SP2

1University of Cambridge, Cambridge; 2University of

Birmingham, Birmingham, UK; 3Monash University, Melbourne,

Vic., Australia

Background: Dimers of platelet collagen receptor GPVI are the colla-

gen-binding form of this receptor, possessing much higher affinity for

collagen than monomers. Quantitation of dimers using dimer-specific

antibodies 204-11 Fab and m-Fab-F (Jung et al., J Biol Chem, 275:

30000) demonstrated that dimers are constitutively present in resting

platelets and increase upon platelet activation by collagen-related-pep-

tide or thrombin. However, although clustering of GPVI-dimers on

transfected cells is evident and GPVI-dimer-specific antibodies induce

platelet activation, there has been no direct visualization of this in live

platelets.

Aims: To determine if clustering of GPVI-dimers occurs on platelets

upon interaction with collagenous substrates and whether different

collagen substrates support characteristic clustering patterns.

Methods: Platelets labeled with Alexa-488-204-11 Fab (GPVI-dimer-

specific) and/or Alexa-588-1G5 Fab (reacts with both GPVI forms)

were reacted with collagenous substrate immobilized on glass-bot-

tomed culture dishes (MatTek) and imaged by a Nikon A1R Inverted

Confocal/total internal reflection fluorescence (TIRF) microscope.

Alternatively, biotinylated (GPO)10 or (GPP)10 was bound to lipid bi-

layers on glass coverslips mounted in a flow chamber and fluorescent-

antibody-labeled platelets were flowed over this surface and monitored

by TIRF microscopy.

Results: Immobilized collagen type III demonstrated two patterns of

cluster formation: (i) Cluster formation initiated immediately upon

platelet-collagen engagement, with rapid increase in clusters from 0 to

48 s, with well-separated clusters. (ii) Centralized large cluster: initial

cluster of GPVI-dimer is formed, which is then enlarged by subsequent

recruitment of other GPVI-dimers. Immobilized (GPP)10 (inactive

peptide): very few platelets adhere and these are still moving, extend-

ing filopodia, with few dimer clusters formed. When Collagen Toolkit

peptide III-30, a sequence from collagen type III with high affinity for

dimer, was immobilized, many platelets adhered with rapid formation

of well-separated distinct small clusters. When platelets interacted with

(GPO)10 attached to a mobile lipid bilayer, freely mobile GPVI-dimer

clusters were formed, in some instances coalescing with other clusters

to form a larger cluster; this markedly contrasts with the very weak

platelet binding on (GPP)10.

Conclusions: TIRF microscopy enabled specific observation of interac-

tions of GPVI-dimer or total GPVI with surface-immobilized or lipid-

bilayer-bound collagenous substrate. Platelet adhesion to all collage-

nous surfaces was concomitant with GPVI-dimer-cluster formation.

Upon contact with the collagenous surface, platelets form GPVI-dimer

clusters, which facilitate adhesion, showing filopodia formation until

they are fully activated and spread. Cluster formation patterns were

characteristic of the immobilized collagenous substrate. On immobi-

lized collagen type III, 40–60% of platelets showed initial formation of

a GPVI-dimer cluster that increased in size without forming other clus-

ters. Other platelets formed numerous independent GPVI-dimer clus-

ters. Platelets formed many small GPVI-dimer clusters on immobilized

III-30. Since peptide immobilized at much higher density than colla-

gen, these differences may depend on the density and affinity of GPVI-

dimer for the substrates. On lipid-bilayer-bound GPO peptides, the

formed GPVI-dimer clusters were mobile. Clustering of GPVI-dimers

is an initial and requisite step for platelet adhesion to a collagenous

surfaces.

*SMJ and AYP are co-first authors and this work was performed at

SPW’s lab, with TIRF microscopy performed at the BALM facility, at

the University of Birmingham.

PA 3.01-2
Ligand- and force-induced allosteric shift of the
platelet integrin aIIbb3 to a higher affinity state
Litvinov RI1, Barsegov V2, Weisel JW1 and Bennett JS1

1University of Pennsylvania, Philadelphia, PA; 2University of

Massachusetts, Lowell, MA, USA

Background: The platelet integrin aIIbb3 and fibrinogen form the

receptor-ligand pair essential for platelet aggregation. Previously, we

found that aIIbb3 exists in at least two active forms that we have des-

ignated as lower and higher affinity states. These states, in turn, form

complexes with fibrinogen that differ in their mechanical stability.

Moreover, these states are interconvertible and their relative popula-

tions likely determine overall aIIbb3-mediated platelet adhesiveness.

Aims: To elucidate the conditions and mechanisms of the allosteric

transition between the lower and higher affinity states of aIIbb3.
Methods: We studied the nanomechanics of the interactions between

fibrinogen and aIIbb3 using an optical trap to measure the force-free

association of individual surface-attached fibrinogen and aIIbb3 mole-

cules and the forced dissociation of aIIbb3-fibrinogen complexes and

applied a novel approach named Binding-Unbinding Correlation

Spectroscopy (BUCS) that combines force-clamp measurements of

bond lifetimes with the binding mode to quantify the dependence of

the binding probability on the interaction time. Experimental data

were modeled using the joint probability distribution P(T,t) for the

ligand-receptor bonds formed over time T and that survived until time

t, to account for internal dynamics of formation and rupture of a

aIIbb3-fibrinogen complex.

Results: Fibrinogen-reactive aIIbb3 states differ in their zero-force on-

rates (kon1 = 1.4 9 10�4 and kon2 = 2.3 9 10�4 lm2/s), off-rates

(koff1 = 2.42 and koff2 = 0.60/s),and dissociation constants

(Kd1 = 1.7 9 104 and Kd2 = 2.6 9 103 L/lm2). The strength of

aIIbb3-fibrinogen interactions was time-dependent due to a progres-

sive increase in the fraction of higher affinity aIIbb3-fibrinogen com-

plexes that were characterized by a faster on-rate. In other words, the

mechanical resistance of the complex increased with the duration of

contact between the aIIbb3- and fibrinogen-coated surfaces, a result of

a time-dependent ligand-induced structural rearrangement in the

aIIbb3-fibrinogen complex that favors the formation of a higher affin-

ity state. Unexpectedly, forced off-rates for the higher-affinity form

were significantly smaller that their force-free counterpart, implying

that application of pulling force also induces a conformational transi-

tion from lower to higher affinity aIIbb3-fibrinogen complexes. We

hypothesized that the shift between the active aIIbb3 conformations

from its lower affinity to its higher affinity states resulted from pertur-

bation of sites on aIIbb3 away from its ligand-binding site. Measure-

ments of the rupture force distribution of aIIbb3-fibrinogen bonds on

ADP-stimulated mouse and human platelets showed that the lower

force regime (corresponding to the lower affinity state) was attenuated
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and the higher force regime (corresponding to the higher affinity state)

was enhanced in mouse platelets. These data support the notion that

alterations in the sites of aIIbb3 responsible for allostery can change

the relative distribution of its active affinity states.

Summary/Conclusion: The two-dimensional kinetic rates obtained for

the lower and higher affinity aIIbb3 and fibrinogen interactions at the

single-molecule level offer direct evidence for the ligand- and force-

dependent shift in aIIbb3 conformation and activity, underlying the

dynamics of fibrinogen-mediated platelet adhesion and aggregation.

The identification of allosteric sites that alter the mechanical stability

of aIIbb3-fibrinogen complexes may provide therapeutic targets to

alter the distribution of aIIbb3 activation states.

PA 3.01-3
Disulfide bond exchange is required for integrin
activation and post-ligation signaling during fibrin clot
retraction
Mor-Cohen R1, Rosenberg N1, Averbukh Y1, Seligsohn U1

and Lahav J2

1Tel Hashomer, Ramat Gan; 2Rabin Medical Center, Belinson

Campus, Petah Tiqva, Israel

Background: Integrin aIIbb3 plays a major role in thrombosis by

mediating platelet adhesion, aggregation and fibrin clot retraction.

These processes require activation of aIIbb3 and post-ligation signal-

ing. We previously showed that disruptions of specific disulfide bonds

in the b3 subunit activate aIIbb3 and avb3 involving disulfide bond

exchange.

Aims: To investigate the role of disulfide bond exchanges in aIIbb3-
and avb3-mediated fibrin clot retraction.

Methods:We co-expressed in baby hamster kidney cells human WT-b3
or b3 containing cysteine substitutions that disrupt the C523-C544

bond (C523S, C544S and C523S/C544S) or the C560-C583 bond

(C560S) together with human WT-aIIb, giving rise to WT or mutated

human aIIbb3 complexes as well as chimeric complexes between

human b3 and the endogenous hamster av (avb3). Activity of aIIbb3
was determined by measuring the binding of PAC-1 antibody to WT

or mutated aIIbb3 using flow cytometry. The time-course of fibrin clot

retraction was recorded in the presence or absence of the thiol blocker

dithiobisnitrobenzoic acid (DTNB), the integrin activating antibody

anti-LIBS6 and/or an avb3 blocker.
Results: All mutants displayed significant PAC-1 binding compared to

WT aIIbb3 that bound PAC-1 only in the presence of anti-LIBS6.

Cells expressing WT aIIbb3 and avb3 displayed fibrin clot retraction.

Presence of an avb3 blocker decreased the rate of retraction, indicating

that avb3 contributes to clot retraction. The constitutively active

mutants and WT cells pre-treated with anti-LIBS6, retracted the clot

faster than untreated WT cells. This effect was more pronounced in

the presence of an avb3 blocker. DTNB significantly inhibited clot

retraction by WT cells but had almost no effect on cells expressing the

C523S, C544S or C560S mutations; however, cells expressing the dou-

ble C523S/C544S mutation that has no free thiols were inhibited by

DTNB to the same extent as WT cells, either in the presence or

absence of avb3 blocker. DTNB significantly inhibited anti-LIBS6-

enhanced clot retraction of WT cells but only in the presence of avb3
blocker. This inhibition was more pronounced when DTNB was added

prior to anti-LIBS6 than when it was added after it.

Conclusions: Cells expressing WT aIIbb3 can retract fibrin clots with-

out prior integrin activation. However, aIIbb3 activation significantly

enhances clot retraction. Both aIIbb3 activation and post-ligation sig-

naling during clot retraction depend on disulfide bond exchange, sug-

gesting a regulatory role for disulfide bond exchange in this process. In

our cell model, avb3 significantly contributed to clot retraction in a

disulfide bond exchange dependent manner and was not affected by

prior activation, suggesting that avb3 on platelets and perhaps endo-

thelial cells contribute to clot retraction.

PA 3.01-4
Inhibition of platelet aggregation does not prevent
endocytosis of tissue factor-rich microvesicles by
platelets: involvement of cytoskeleton, scavenger
receptor CD36 and serotonin transporter
Lopez-Vilchez I1, Diaz-Ricart M1, Galan AM1, Roque M2, Caballo

C3, Molina P1, White JG4 and Escolar G1

1Department Hemotherapy-Hemostasis, Hospital Clinic, CDB,

IDIBAPS; 2Department Cardiology, Hospital Clinic, IDIBAPS;
3Department Hemotherapy-Hemostasis, Hospital Clinic, CDB,

IDIBAPS, Barcelona, Spain; 4Department Laboratory and Clinical

Medicine and Pediatrics, University of Minnesota, MN, USA

Platelets possess innate ability to interact and internalize a wide variety

of molecules and circulating particles. We have previously demon-

strated that under experimental conditions, platelets internalize and

store tissue factor-rich microvesicles from human origin (hTF + MVs)

and that this process causes reversible aggregation of platelets, return-

ing to their original resting state. There is limited knowledge on the

mechanisms involved in the endocytosis, traffic and redistribution of

molecules, particles or microvesicles by platelets.

We have investigated the mechanisms implied in the endocytosis and

traffic of hTF+MVs. Implications of membrane receptors GPIIb-IIIa,

CD36 and the 5-HT transporter (SERT) were investigated. The

involvement of the small GTPase RhoA, PI3K, and modifications of

cytoskeletal organization during vesicular trafficking were analyzed.

Isolated platelets were incubated with hTF+MVs for up to 10 min.

Inhibitory strategies to the GPIIbIIIa (Abciximab), the scavenger

receptor CD36 (anti-CD36), SERT (S-Citalopram, SCit), and PI3-

kinase (Wortmannin, Wo) were used. Aggregometry and ultrastructur-

al microscopy were applied to assess platelet activation and vesicle

uptake. Cytoskeletal assembly and activation of RhoA and PI3K were

analyzed by ELISA and western-blot.

All the inhibitory strategies prevented platelet aggregation induced by

hTF+MVs. Ultrastructural studies revealed that endocytosis of

hTF+MVs was efficiently prevented by anti-CD36, SCit and Wo, but

was minimally affected by blockade of GPIIb-IIIa. Endocytosis caused

reversible actin polymerization and association of contractile proteins

(alpha-actinin, actin binding protein and myosin) to the cytoskeleton,

being maximal at 1 min. Maximal activation of RhoA occurred at

1 min with translocation to the polymerized cytoskeleton, decreasing

gradually afterwards, with similar kinetics being observed for activa-

tion of PI3K.

We conclude that endocytosis of hTF + MVs by platelets involves

reversible cytoskeletal assembly, activation of PI3K and association

of the small GTPase RhoA to the cytoskeleton. Mechanisms of

endocytosis are not fully prevented by powerful inhibitors of plate-

let-platelet interactions, such as abciximab, but are effectively inter-

ferred by receptorial inhibition of the scavenger receptor

(CD36) and the 5HT transporter (SERT). Our results indicate that

mechanisms of aggregation and endocytosis by platelets are two

independent processes that involve differential receptorial and acti-

vating pathways. Further studies should be preformed to assess the

involvement of additional endocytosis mechanisms such as Rab

GTPases, and toll-like receptors.
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PA 3.01-5
First identification and biological characterization of an
IgM type platelet cold agglutinin causing temperature-
dependent activation, secretion and aggregation of
human platelets
S�anchez Guiu I, Mart�ınez Mart�ınez I, Plaza E, Navarro Fern�andez

J, Mart�ınez C, Ferrer F, Vanessa R, Vicente V, Lozano ML

and Rivera J

Centro Regional de Hemodonaci�on, Hospital Universitario

Morales Meseguer, Murcia, Spain

Background: Platelet cold agglutinins (PCA) are a rare phenomenon

mostly recognized by pseudothrombocytopenia (PTCP), or spontane-

ous in vitro platelet clumping, in blood anticoagulated with EDTA

(80–90%) or with citrate or other anticoagulants (10–20%). It is con-

sidered clinically irrelevant and not associated with specific diseases or

drug use. Both immunoglobulin (Ig) IgG and IgM classes can be PCA,

but only IgM has been found in few EDTA-independent PTCP. Gly-

coproteins (GP) IIb, IIb/IIIa, and GP78 were shown as target epitopes

of PCA. To the best of our knowledge, no PCA has been reported to

induce platelet activation, secretion or aggregation.

Objective: We investigated an atypical IgM PCA type causing activa-

tion, secretion and aggregation of both autologous and allogeneic

platelets.

Methods and Results: A woman (37 year) with lifelong mild bleeding

diathesis and no analytical abnormalities other than chronic moderate

thrombocytopenia (�100 9 109pl/L), was referred after casual patho-

logical finding in testing with PFA-100 (TO > 300 s, with both col-

adp and col-epi cartridges) and Multiplate (null aggregation with all

agonist). Blood sampling revealed spontaneous platelet clumping in

citrate, ACD-A and heparin, but not in EDTA. Clumping was severe

(> 90% platelet drop), rapid (< 15 min), and temperature-dependent

(not observed in blood kept at 37 °C). It was prevented by blood col-

lection in the presence of anti-GP IIb/IIIa antibody (LJ-CP8), but not

by anti-GP Iba (LJ-Ib1) or anti-vWF (NMC-4). Flow cytometric (FC)

analysis of patient′s EDTA-platelet rich plasma (PRP), showed an

abnormally high degree of basal platelet activation (> 80% CD62+
platelets). While plasma levels of Igs were normal, a FC antiplatelet

assay both in plasma and serum distinguished a low titre of antiplatelet

IgM. Consecutive blood sampling of the propositus during the last

4 years has consistently demonstrated moderate thrombocytopenia

(�100 9 109pl/L), maintenance of the atypical pattern of PTCP, high

spontaneous platelet activation, and low titre antiplatelet IgM.

In a wide series of experiments incubating patient′s plasma or serum

with allogeneic platelets (from healthy volunteers, blood-bank leuk-

odepleted platelet concentrates [PCs], or particular patients), we con-

sistently found that: (i) patient′s PCA induced temperature-dependent

platelet clumping (> 90% drop) in allogeneic citrated blood, platelet-

rich plasma or PCs; (ii) it caused no platelet lysis as assessed by LDH

measurement; (iii) this PCA promoted full platelet activation as

assessed by FC demonstration of surface expression of CD62, 14C-

serotonin release (> 50%), TxA2 production (≥ 100 ng/mL), and thin

section electron microscopy and immunofluorescence imaging; (iv) the

PCA-induced platelet clumping could be blocked with either EDTA,

LJ-CP8 and anti-human IgM antibody, but only anti-human IgM

impaired PCA-mediated platelet activation; (v) depletion of IgM from

the patient′s serum by affinity chromatography removed the PCA

activity; (vi) the patient′s serum containing PCA, but not fibrinogen,

promoted full activation but not clumping of PRP from two different

Glanzmann subjects and from one case of afibrinogenemia. All these

results demonstrate that the in vitro platelet clumping induced by this

atypical IgM-PCA represents real platelet aggregation mediated by

platelet activation and fibrinogen binding to GP IIb/IIIa.

Summary: This is the first report of an IgM autoantibody causing tem-

perature-dependent platelet activation and aggregation of human

platelets.

PA 3.01-6
Phosphospecific flow cytometry enables large-scale
signaling profiling and compound screening in human
platelets
Naseem KM and Spurgeon B

University of Hull, Hull, UK

Background: Cyclic nucleotide-stimulated signaling cascades represent

the most potent endogenous inhibitors of platelet activation and there-

fore may offer targets for the development of novel antiplatelet agents.

Mapping of cyclic nucleotide-dependent phosphorylation events could

facilitate the identification of novel compounds that inhibit platelets

through these pathways. Identification of phosphorylated proteins by

immunoblot techniques are not conducive to large-scale signaling pro-

filing or compound screening. Flow cytometric analyses of protein

phosphorylation overcome the limitations of traditional immunologic

approaches. Cell-based multiplexing techniques can dramatically

increase the throughput of flow cytometric analyses, enabling fast

acquisition of large sample sets and rapid screening of entire com-

pound libraries.

Aim: To develop and validate a multiplexed phosphospecific flow

cytometry platform for the analysis of cyclic nucleotide signaling

events in platelets.

Methods: Flow cytometric analyses of intraplatelet protein phosphory-

lation were performed using phosphospecific antibodies for VASP.

These analyses employed amine-reactive fluorophores to create a mul-

tiplexing protocol.

Results: Stimulation of platelets with the nitric oxide donor, S-nitro-

soglutathione, or prostaglandin I2 (PGI2) led to the concentration-

dependent phosphorylation of VASP on serines 157 and 239. Flow cy-

tometric analyses of phosphorylation correlated with Western blot-

ting, with both methods able to discern intermediate levels of

phosphorylation. We used a fluorescent cell barcoding protocol to

facilitate multiplexing, which enabled large-scale signaling profiling

and compound screening through the simultaneous staining and acqui-

sition of 24–72 samples in a single analysis tube. Using this approach

to signaling profiling, we were able to demonstrate comprehensive dif-

ferences in the phosphorylation kinetics of VASP following stimula-

tion with several different cyclic nucleotide-elevating agents including

adenosine, forskolin, PGE1, and PGI2. Subsequent analyses implicated

phosphodiesterases 2, 3, and 5 in the regulation of VASP phosphoryla-

tion downstream of different receptor systems. Having established that

the method was sufficiently robust to perform simultaneous analyses

of single phosphorylation events in multiple samples, we applied the

protocol to screen a library of prostaglandin compounds. Initial

screening revealed three previously uncharacterized, structurally novel,

antiplatelet compounds, which signaled through prostanoid receptors,

elevated intraplatelet cAMP, and inhibited collagen-induced platelet

aggregation in a concentration-dependent manner.

Conclusions: Phosphospecific flow cytometry is a rapid quantitative

method for the measurement of intraplatelet protein phosphorylation,

enabling large-scale signaling profiling and compound screening in

human platelets. Using this approach, we have identified three poten-

tial lead compounds that can modulate platelet activity.
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PA3.02 – Thrombus Formation – I

PA 3.02-1
Serotonin contributes to platelet calcium signalling
and thrombus formation in flowing blood
Battiston M1, Cozzi MR1, Mendolicchio GL2, Deana R3, Boz V1,

Ruggeri ZM4, Mazzucato M1 and De Marco L1

1CRO-IRCCS, National Cancer Institute, Aviano, PN; 2IRCCS,

Humanitas Institute, Rozzano, MI; 3University of Padua, Padova,

Italy; 4Scripps Research Institute, La Jolla, CA, USA

Background: Serotonin (5-hydroxytryptamine, 5-HT) is an important

mediator of cell-to-cell signalling both in neuronal and non-neuronal

systems. Platelets contain three serotoninergic components – the

5HT2A receptor, SERT and VMAT2 – and 5-HT has previously been

shown to influence platelet function. Intact platelets take up 5-HT

through SERT and store the monoamine in vescicules through

VMAT2. After platelet activation, secreted 5-HT binding to 5-HT2A

elicits Ca2+ signalling through PLCb activation.

Aim: The aim of this work was to study the role of platelet 5-HT in

eliciting intracellular and intercellular Ca2+ signalling and regulating

platelets thrombus growth under flow.

Methods: Platelet adhesion and activation onto a VWF or collagen type

I substrate were monitored under flow at an initial wall shear rate of

1500/s using real-time video microscopy. We analyzed concurrently the

instantaneous velocity and intracellular Ca2+ concentration ([Ca2+]i)

in single platelets loaded with FLUO 3-AM and treated with ketanserin

or R-96544 (two different 5-HT2A antagonists; 5 lMor 50 nM, respec-

tively), aspirin (1.5 mM) or ADP receptors antagonists (MRS 2179

and ARC-69931 MX). Thrombus formation and volume measure-

ments were obtained by real-time confocal microscopy (UltraVIEW,

Perkin Elmer) analyzing series of confocal sections collected at 0.2 lm
interval in the z axis using AndorTM TECHNOLOGY iQ software.

Results: Platelets adhering to VWF demonstrated [Ca2+]i elevation

and several Ca2+ flashes propagating along the flow direction with

decreasing intensity as the distance from the origin increased. We iden-

tified 5-HT as a key mediator of intercellular calcium communication

(ICC) since ketanserin completely abolished its occurrence; similar

results were obtained with R96544 and aspirin, while P2Y1 and P2Y12

had apparently no effect. In addition, 5-HT2A blockage was accompa-

nied by decreased initial platelet recruitment and subsequent ratio of

thrombus growth. Platelet thrombus volume in the presence of ketans-

erin significantly decreased from 41.2 9 103 to 28.2 9 103 lm3 on

VWF (P = 0.012) and from 83.3 9 103 to 56 9 103 lm3 on type I col-

lagen (P = 0.038).

Conclusion: Our results demonstrate a novel mechanism by which

released serotonin, through binding to the 5-HT2A receptor, plays a

relevant role in the generation of Ca2+ signals that, under high shear

stress, contribute to platelet crosstalk through ICC. The resulting

amplification and spatio-temporal modification of Ca2+ signals can

regulate platelet adhesion as well as the rate and extent of thrombus

growth.

PA 3.02-2
Advanced multi-parameter assessment of microspot
thrombus formation: a systems biology approach
De Witt SM1, Lamers M1, Swieringa F1, Van Kruchten R1,

Mastenbroek TG1, Coort S1, Cavill R1, Pugh N2, Farndale RW2,

Clemetson KJ3, Heemskerk JWM1 and Cosemans JMEM1

1Maastricht University, Maastricht, The Netherlands; 2University

of Cambridge, Cambridge, UK; 3University of Bern, Bern,

Switzerland

Background: In whole-blood flow assays the roles of glycoprotein

(GP)Ib complex, GPVI and integrins a2b1 and aIIbb3 in thrombus

formation on collagen/vWF have been well established. However,

platelets can also interact with other components of damaged vessel

walls via several adhesive receptors, which can also support the throm-

bus-forming process. We reasoned that a systematic comparison of

thrombus formation at multiple adhesive substrates is needed to fully

assess and characterize this process.

Aims: To develop a microspot-based whole-blood perfusion test for

assessment of shear-dependent thrombus formation combined with a

systematic analysis of a panel of output parameters. To use this test to

identify different types of thrombi and to determine how thrombus

formation is regulated by different receptor-substrate interactions.

Methods: Arrays of different extracellular matrix proteins and derived

peptides were micro-spotted on glass coverslips. In total, 52 (combina-

tions of) substrates were spotted, and their presence was confirmed.

Whole blood from healthy controls or patients with a specific platelet

function disorder was perfused over the spotted arrays in a new paral-

lel-plate flow device at shear rates of 150–1600/s. Brightfield and multi-

color confocal microscopic images of platelets were recorded in real-

time and at end-stage, resulting in measurements of parameters reflect-

ing (stable) platelet adhesion, platelet activation, platelet secretion,

platelet procoagulant activity, thrombus size, volume and morphol-

ogy. Values obtained were normalized for comparative analysis, using

systems biology techniques. Reproducibility of key parameters was

analysed.

Results: The 52 micro-spotted substrates supported thrombus forma-

tion at low or high shear rate to a different extent, from weak (adhe-

sion of few discoid platelets) to strong (large, semi-occlusive thrombi

with highly activated platelets). Unsupervised hierarchical clustering

analysis revealed cohesion of the following outcome parameters: (i)

aIIbb3 activation and a-granule secretion; (ii) thrombus size, morphol-

ogy and stable adhesion; (iii) thrombus volume and phosphatidylserine

exposure. Clustering analysis furthermore indicated three types of

thrombus formation, distinguishable in > 6 outcome parameters: type

I consisting of adhered single platelets; type II of densely distributed

small platelet aggregates; and type III of more disperse distributed

large platelet aggregates. Type I thrombi were formed on substrates

binding to integrins, GPVI, CLEC-2 or CD36 alone. Type II thrombi

were formed on combinations of these substrates with VWF or lami-

nin (binding to GPIb or a6b1, respectively). Type III thrombi were

obtained with combined substrates binding to GPIb, a2b1 and GPVI,

or binding to GPIb, CLEC-2 � a2b1 (a6b1). The suitability of this

multi-substrate, multi-parameter test to detect platelet functional defi-

ciencies was confirmed with blood from patients with bleeding, i.e.

Glanzmann’s thrombasthenia and type 2A von Willebrand disease. In

these cases, 15–32% of the thrombus scores were reduced.

Conclusions: Advanced multi-parameter detection of microspot-based

thrombus formation provides new insight into the combined sub-

strate-receptor interactions that are required for this process. Defi-

ciency in formation of type III thrombi may be a good indicator of

major platelet function deficiency, associated with an increased risk of

bleeding.

PA 3.02-3
Platelet aggregometry under flow conditions: the rate
of change of surface distribution of platelets or
thrombi quantifies changes in aIIbb3 and a2b1 activity
in real time
Pugh N, Bihan D and Farndale RW

University of Cambridge, Cambridge, UK

Background: Thrombus formation in flowing blood requires synergy

between platelet receptors GpVI, integrin a2b1, GpIb/V/IX and inte-

grin aIIbb3. Previously, we used triple-helical collagen-mimetic peptides

and confocal microscopy to investigate collagen receptor-mediated

platelet thrombus formation under flow conditions in vitro. End-point

measurements of thrombus formation such as surface coverage and
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ZV50 were used to quantify platelet adhesion and activation. However,

as these parameters do not quantify platelet behaviour in real time,

valuable information about dynamic platelet receptor activity is lost.

Aims: To develop image analysis techniques to quantify a2b1 and

aIIbb3 activity in flowing human blood, thus providing a dynamic

assessment of integrin activity in real time.

Methods: Whole blood was perfused over different thrombogenic sub-

strates at a shear rate of 1000/s during which images of thrombus for-

mation were acquired using confocal microscopy. End-point

parameters of thrombus formation were calculated after 5 min. The

rate of change of surface distribution of platelets or thrombi (desig-

nated platelet mobility, PM) was calculated from image sequences

taken at 0.2 Hz. Thrombogenic substrates consisted of collagen, VWF

or combinations of collagen-mimetic peptides CRP, GFOGER and

VWF-III (ligands for GpVI, a2b1 and VWF respectively). Addition-

ally, the inert peptide GPP10 and a panel of a2b1-adhesive peptides of
varying affinities were used. GR144053 was used to antagonise aIIbb3,
thus isolating a2b1-dependent platelet responses. DM-BAPTA-AM

was used to block calcium-dependent receptor activation. The role of

secondary signalling pathways in thrombus formation was examined

using specific antagonists.

Results: PM quantifies the proportion of platelets that have undergone

stable adhesion on a thrombogenic surface under flow conditions in

real time. On VWF-III or coated VWF, PM was high, indicating con-

tinuous platelet rolling. On collagen and CRP/GFOGER/VWF-III,

PM decreased exponentially, indicating rapid stable adhesion. Omis-

sion of GFOGER from a replete surface abrogated the decline of PM

with time, and further treatment with GR144053 abolished stable

adhesion. Aspirin, NF449 and MRS2179 had no effect on stable adhe-

sion or thrombus formation. DM-BAPTA-AM, PGE1 and 2-MeS-

AMP abrogated thrombus formation, but had no effect on aIIbb3-
dependent stable adhesion. PM profiles reflected the affinity of a2b1-
adhesive peptides, when coated alongside CRP and VWF-III. DM-

BAPTA-AM abrogated PM on low affinity a2b1-adhesive peptides,

but not on GFOGER.

Summary/Conclusions: Use of a2b1-adhesive peptides demonstrates

that differences in PM profile reflect the activation state of a2b1. a2b1
plays a significant role in platelet adhesion in the early phases of plate-

let recruitment to thrombogenic collagenous surfaces. On thrombo-

genic surfaces lacking an a2b1-adhesive ligand, PM quantifies aIIbb3
activity in real time and is thus analogous to light transmission platelet

aggregometry, albeit under physiologically relevant flow conditions.

Stable adhesion and thrombus formation are aIIbb3-dependent pro-

cesses that require engagement of GpVI. However, thrombus forma-

tion but not stable adhesion is regulated by P2Y12 signalling and is

calcium dependent, indicating that these are two functionally distinct

processes.

PA 3.02-4
Murine strain differences in platelet adhesion and
thrombus formation under flow conditions
Cozzi MR, Boz V and Battiston M

C.R.O. National Cancer Institute, Aviano, Italy

Background: Genetically modified mice have provided significant

advances in our knowledge of haemostasis and thrombosis and new

targets for anti-thrombotic drugs. However, the use of experimental

arterial thrombosis models both in vivo and ex vivo in several mice

strains showed specific differences that reflect differential responses to

vascular thrombosis. These could include demonstrated differences in

plasmatic proteins (pro-coagulant, anti-coagulant proteins or proteins

involved in fibrinolytic system) and in platelet number and/or function

(expression of adhesive receptors modulating platelet activation and

aggregation). Moreover recent study have reported that platelet adhe-

sion and aggregation in mice still occur in the absence of fibrinogen

and VWF, suggesting that other molecules are involved in these pro-

cesses.

Aim: The aim of our study was to investigate differences among two

mouse strains in platelet aggregation and thrombus formation in ex

vivo experiments and whether these differences can be related to plas-

matic and/or platelet features.

Methods: We used confocal videomicroscopy to measure the volume

of platelet thrombi forming during blood perfusion over fibrillar col-

lagen type I at wall shear rate of 1500/s in two different mice strains:

C57BL/6 (C57) and Balb/C (BalbC). Rate and extent of thrombus

growth were calculated in reconstituted blood and in mixed blood by

analyzing a series of confocal sections at 0.2 lm intervals in the z

axis. Reconstituted blood stands for C57 or BalbC blood with only

platelet count normalized (600 9 103/lL), while mixed blood is con-

stituted by one strain platelets added to the opposite strain plasma: in

other words C57 platelets were resuspended in BalbC plasma and

viceversa.

Results: In experiments with reconstituted blood the average volume

of thrombi was significantly smaller in C57 than in BalbC demonstrat-

ing the most thrombotic phenotype of BalbC mice (mean � CI:

32.125 � 3277 vs. 135.886 � 28.784 lm3). Measurement of total

platelet surface coverage in each z-plane of a series of confocal sections

demostrated that C57 mixed blood elicits aggregate growth in height

and the first layers of platelets contacting collagen were more extended

than in C57 reconstituted (mean � CI: 116.588 � 46.800 vs.

32.125 � 3277 lm3). Otherwise, reconstituted BalbC blood shows

thrombi bigger than the ones formed with the same strain type of

platelets (BalbC) in C57 plasma (mean � CI: 135.886 � 28.784 vs.

92.205 � 14.182 lm3).

Conclusions: Measuring platelet thrombus formation in flowing blood

we confirm that there are considerable strain differences in thrombosis

process: BalbC mice are more thrombotic than C57 mice, as previously

evaluated in tail bleeding model as well as in FeCl3-induced model of

arterial thrombosis. Platelet and plasmatic features together contribute

to the differences observed in our mice strains model of arterial throm-

bosis. In summary, to fully exploit the opportunities presented by mice

models, it becomes important that mice hemostatic system will be

defined and standardized in order to have a better comparison with

human hemostatic system.

PA 3.02-5
A role of platelet C-type lectin like receptor-2 (CLEC-2)
in thrombus formation in vivo
Inoue O1, Hokamura K2, Umemura K2, Hatakeyama K3,

Asada Y3, Ozaki Y1 and Suzuki-Inoue K1

1University of Yamanashi, Yamanashi; 2Hamamatsu University

School of Medicine, Hamamatsu; 3University of Miyazaki,

Miyazaki, Japan

Background: C-type lectin like receptor-2 (CLEC-2) induces platelet

aggregation by binding to the snake venom rhodocytin or the mem-

brane protein podoplanin. We have reported that CLEC-2 stabilizes

thrombi formed on the surface of collagen through homophilic inter-

actions with CLEC-2 under flow conditions. However, an internal

ligand of CLEC-2 that induces thrombus formation in the artery is not

known.

Aim: To clarify the role of platelet CLEC-2 in thrombus formation at

the sites of damaged vessel walls.

Methods: The femoral artery of CLEC-2-chimera (KO) or wild type-

chimera (WT) was injured by FeCl3 and the occlusion time was mea-

sured. The binding of CLEC-2 rabbit Fc2 fusion protein (hCL2-rFc2)

to thin sections of atherosclerotic plaques was detected by immunohis-

tochemical staining. Direct binding of hCL2-rFc2 to coronary artery

smooth muscle cells (CASMC) was examined by flowcytometry and

immunohistochemistry. Whole blood was flowed over CASMC and

platelet adhesion to CASMC was analyzed. Secretion of 5-TH and

PDGF from platelets mediated through CLEC-2 by binding to

CASMC was examined by ELISA.
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Results: The occlusion time of femoral arteries of KO was significantly

prolonged compared with that of WT in FeCl3 injury model

(979.5 � 387.2 in WT, 1479.7 � 549.0 in KO, P < 0.05). We hypothe-

sized that there is an unidentified ligand for CLEC-2 in the deep layer

of the arterial wall. In the plaque, binding of hCL2-rFc2 was observed

along with smooth muscle actin staining. The binding of hCL2-rFc2 to

CASMC was observed both flowcytometry and immunohistochemis-

try. When murine blood was perfused onto CASMC monolayer, plate-

let aggregate formation was observed under flow conditions and

thrombus volume was greatly reduced in the absence of CLEC-2.

Granule secretion was observed upon stimulation by CASMC in wild

type platelets, however, it was absent in the CLEC-2 deficient plate-

lets.

Conclusion: We propose that CLEC-2 induces thrombus formation at

the site of severely damaged vessel walls where smooth muscle cells are

exposed to blood flow by binding to unidentified CLEC-2 ligand(s) on

the surface of smooth muscle cells. The binding of platelets to CASMC

via CLEC-2 may also contribute to the repair of damage and/or facili-

tate neointimal formation through granule secretion. A ligand for

CLEC-2 on CASMC is now under investigation by MS/MS.

PA 3.02-6
Lack of non-neuronal serotonin is associated with
reduced ischemia-reperfusion injury in myocardial
infarction in mice
Mauler M1, Koentges C1, Maier A2, Bugger H3, Bode C3

and D€urschmied D3

1Faculty of Biology, University Hospital; 2University Hospital;
3University Heart Center, Freiburg, Germany

Background: Cardiac tissue serotonin levels are increased during myo-

cardial ischemia, probably with significant contributions from platelet

serotonin release. The role of cardiac serotonin in ischemia-reperfusion

(I/R) injury is still incompletely understood. Tryptophan hydroxylase-

1-deficient mice (Tph1�/�) lack serotonin in platelets and other non-

neuronal tissues and were described to develop dilated cardiomyopa-

thy and cardiac dysfunction. We found recently that platelet serotonin

promotes inflammatory cell recruitment.

Aims: To study the effect of non-neuronal serotonin on myocardial I/

R injury in vivo and in an ex vivo working heart model.

Methods: Twelve week-old C57Bl/6 (WT) and Tph1�/� mice under-

went heart surgery to induce myocardial infarction by ligation of the

left anterior descending artery (LAD). After 30 min the ligation was

opened to allow reperfusion of the affected myocardium. Hearts were

excised 24 h afterwards and infarct size in relation to the area at risk

(AAR) was determined by double staining with monolite blue and tri-

phenyl tetrazolium chloride using a Langendorff perfusion system.

Hearts of untreated WT and Tph1�/� mice were excised and perfused

in working mode using Krebs-Henseleit buffer containing 0.4 mM

palmitate and 5 mM glucose. In addition, working hearts were sub-

jected to 20 min of global no-flow ischemia with subsequent reperfu-

sion for 25 min.

Results: Myocardial infarction was reduced in Tph1�/� compared to

WT after occlusion and reperfusion of the LAD: Mean infarct size was

53.5 � 13% AAR in WT and 36.9 � 10% AAR in Tph1�/� mice

(n = 6; P < 0.05). In isolated working hearts of five WT and Tph1�/�
mice cardiac power (30.7 � 3 vs. 32.9 � 4 mW/gHW; n.s.) and devel-

oped aortic pressure (24.1 � 3 vs. 23.6 � 2 mmHg; n.s.) were similar.

Isolated working hearts subjected to global no-flow ischemia failed

gradually, but recovered similarly in both groups after reperfusion

(recovery of cardiac power 63 � 19% vs. 55 � 8% and recovery of

developed aortic pressure 78 � 18% vs. 86 � 30% in WT and

Tph1�/�, respectively; n = 5; n.s.).

Conclusion: Lack of non-neuronal serotonin decreased tissue damage

after myocardial infarction with subsequent reperfusion in an in vivo

mouse model. Isolated, i.e. denervated working hearts from Tph1�/�

mice were equally susceptible to global I/R injury as hearts from WT

mice, suggesting that the effect observed in vivo depended on circulat-

ing blood. In conclusion, blood- and hence most likely platelet-derived

serotonin is involved in the regulation of myocardial I/R injury.

PA3.03 – Platelet Signal
Transduction – II

PA 3.03-1
Thrombin induces phosphorylation of key components
of the mTORC1 pathway via a novel PKC/P2Y12
dependent pathway in human platelets
Hers I, Blair T, Hunter RW and Moore SF

University of Bristol, Bristol, UK

The immunosuppressive and anti-proliferative drug rapamycin (Siroli-

mus) is currently used in the clinic to prevent transplant rejection,

restenosis and as a cancer treatment. It has been suggested that rapa-

mycin has antiplatelet and antithrombotic properties as it can block

platelet spreading, clot retraction and thrombus remodelling. How-

ever, little is known about how activation of its target the mammalian

target of rapamycin complex 1 (mTORC1) is regulated in platelets.

Stimulation of platelets with thrombin, PAR-1, collagen-related pep-

tide or U46619 all induced phosphorylation of the mTORC1 regulator

tuberous-sclerosis complex-2 (TSC2) at both S939 and T1462 and the

mTORC1 substrate p70S6K at T389. Thrombin induced phosphoryla-

tion of TSC2 was rapid and sustained whereas p70S6K phosphoryla-

tion was delayed peaking at 15 min. Surprisingly, inhibition of PI3K/

Akt with wortmannin/Akti did not block TSC2 phosphorylation and

only a small reduction in p70S6K was observed. In contrast, inhibition

of PKC resulted in significant loss in both thrombin-mediated TSC2

and p70S6K phosphorylation. One of the mechanisms by which PKC

regulates platelet function is by promoting granule secretion and sub-

sequent autocrine activation of P2Y receptors. We observed that

antagonism of P2Y12, but not P2Y1, blocked TSC2 and p70S6K

phosphorylation. Furthermore, addition of ADP rescued PKC block-

ade of thrombin-mediated TSC2 and p70S6K phosphorylation. Pre-

treatment of platelets with the Src inhibitor PP1 strongly reduced both

TSC2 and p70S6K phosphorylation, suggesting that the Src family of

kinases regulates mTORC1 downstream of P2Y12.

These results demonstrate a significant role for PKC and subsequent

autocrine activation of P2Y12 receptors in the activation of the

mTORC1 pathway.

PA 3.03-2
Functional responses and molecular mechanisms
involved in platelet activation triggered by histones
Carestia A1, Rivadeneyra L1, Romaniuk A1, Fondevila C2,

Negrotto S1 and Schattner M1

1Institute of Experimental Medicine-CONICET; 2Bazterrica

Clinic, Buenos Aires, Argentina

Background: Histones are highly alkaline proteins found in cell nuclei

that can be released by dying or inflammatory cells. The recent obser-

vation that histones are major components of neutrophil extracellular

DNA traps and promote platelet aggregation and platelet-dependent

thrombin generation has highlighted these proteins as potent pro-

thrombotic molecules.

Aim: Since the mechanism(s) of platelet activation by histones is not

completely elucidated, we explored the ability of individual human

recombinant H1, H2A, H3 and H4 to induce platelet activation as well

as the molecular mechanisms involved.

Methods: Platelet adhesion and spreading were determined by confocal

microscopy. Binding of fibrinogen, expression of P-selectin and forma-
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tion of platelet-leukocytes aggregates were evaluated by flow cytome-

try. The release of von Willebrand factor (vWF) was analyzed by

ELISA. Phosphorylation of platelet ERK, AKT, P38 and NFjB was

studied by Western blot.

Results: All histones (10–50 lg/mL) were substrates for platelet adhe-

sion and spreading (C:1 � 1; H1: 1 � 2; H2A: 2 � 0.7; H3: 16 � 3;

H4:43 � 6; number of cells per field, 10 lg/mL, n = 3), and triggered

fibrinogen binding (C: 12 � 6; H1: 74 � 24; H2A: 150 � 35; H3:

332 � 50; H4: 510 � 57, mean fluorescence intensity (MFI), n = 5),

von Willebrand factor release (C: 17 � 6; H1: 28.7 � 1; H2A:

118 � 33; H3: 144 � 35; H4: 180 � 22, ng/mL n = 3), P-selectin

exposure (C: 9 � 3; H1: 18 � 6; H2A: 26 � 10; H3: 76 � 24; H4:

123 � 46 MFI, n = 5) and formation of platelet-leukocyte aggregates

(C; 17 � 3; H1: 22 � 10; H2A: 37 � 13; H3: 135 � 69; H4:

215 � 81, MFI n = 5). Histones synergize with thrombin in triggering

fibrinogen binding and P-selectin expression. Western blot assays

showed that histones induce the phosphorylation of platelet ERK,

AKT, P38 and NFjB. Accordingly, platelet activation induced by hi-

stones was significantly impaired by pretreatment of platelets with two

non-structurally related NFjB inhibitors (BAY 11-7082 and Ro 106-

9920), ERK (U0126), PI3K (LY 294002) or P38 (SB 203580) blockers.

Pre-incubation of platelets with aspirin or dexamethasone markedly

decreased fibrinogen binding and adhesion mediated by histones with-

out modification of P-selectin exposure. Functional platelet responses

induced by H3 and H4, but not H1 and H2A, were partially mediated

through interaction with Toll like receptors 2 and 4.

Conclusions: Our data identify histones as important triggers of hemo-

static and inflammatory-mediated platelet responses, which are par-

tially inhibited by anti-inflammatory drugs.

PA 3.03-3
Regulation of Rap1b activation by cyclic nucleotide-
dependent protein kinases in human platelets
Subramanian H1, Gambaryan S1, Zahedi R2, Sickmann A2

and Walter U3

1Institute of Clinical Biochemistry and Pathobiochemistry,

Wuerzburg; 2Leibniz-Institut f€ur Analytische Wissenschaften-

ISAS-e.V., Dortmund; 3Center for Thrombosis and Hemostasis

(CTH), Johannes Gutenberg University, Mainz, Germany

Introduction: In agonist stimulated platelets, Rap1b is activated by

Calcium and Diacylglycerol regulated-Guanine nucleotide Exchange

Factor I (CalDAG-GEFI). Rap1b is critical for integrin activation

and subsequent platelet aggregation. Cyclic nucleotide-dependent pro-

tein kinases were shown to prevent platelet aggregation by inhibiting

Rap1b activation. The mechanism of Rap1b inhibition is poorly

understood. Though, Rap1b is phosphorylated by both Protein

Kinase A (PKA) and Protein Kinase G (PKG), the phosphorylation

of Rap1b per se has no effect on its activation.

Aims: The aim of the study is to identify PKA/PKG phosphorylation

sites in CalDAG-GEFI and the effect of CalDAG-GEFI phosphoryla-

tion on Rap1b activation.

Methods: Phosphorylation site(s) in CalDAG-GEFI was identified by

the radio-active phosphate incorporation assay in HEK293 cells trans-

fected with wild-type and phospho-mutant CalDAG-GEFI. The phos-

phorylation site(s) in platelet CalDAG-GEFI was determined by mass

spectrometry. Phospho-antibody (P-CalDAG-GEFIS587) was devel-

oped to determine the phosphorylation of CalDAG-GEFI in Western

blots. Rap1b activation was detected by pull-down assay using Ral-

GDS coupled sepharose beads. Intracellular calcium measurements

were performed with Fura-2/AM loaded platelets in luminescence

spectrometer.

Results: Radio-active phosphate incorporation assay and mass spec-

trometry revealed that S587 is the major PKA phosphorylation site in

CalDAG-GEFI. In human platelets, PKA stimulation leads to rapid

phosphorylation of S587 and the phosphorylation was 35 fold higher

compared to unstimulated control. PKG stimulation also leads to

S587 phosphorylation, but to a lesser extent than PKA. PKA pre-acti-

vation prevents intracellular calcium increase in thrombin stimulated

platelets, which is necessary and sufficient for Rap1b activation and

platelet aggregation. Surprisingly, PKA pre-activation prevented

Rap1b activation and platelet aggregation also in calcium ionophore

stimulated platelets, where PKA did not affect the intracellular cal-

cium increase. This indicated that PKA mediated phosphorylation of

CalDAG-GEFI could prevent Rap1b activation. In HEK293 cells

transfected with CalDAG-GEFI, calcium ionophore induced Rap1b

activation, and PKA pre-activation prevented the Rap1b activation.

In phospho-mutant (S587A) transfectants, PKA pre-activation did not

inhibit Rap1b activation as wild-type, while the phospho-mimetic

(S587D) mutant failed to activate Rap1b following calcium ionophore

stimulation. These results confirmed that PKA phosphorylation of

S587 in CalDAG-GEFI prevents Rap1b activation.

Conclusion: CalDAG-GEFI is phosphorylated at S587 by both PKA

and PKG in human platelets. Using in vitro experiments, we demon-

strated that CalDAG-GEFI phosphorylation prevents Rap1b activa-

tion. We propose that this is one of the important mechanisms of

platelet inhibition mediated by cyclic nucleotide signaling.

PA 3.03-4
CGMP signaling pathway regulates platelet shape
change through modulation of myosin light chain
phosphatase – the role of CPI-17 signalling
Naseem KM and Aburima A

University of Hull, Hull, UK

Background: Platelet shape change requires Rho family GTPase-

dependent inhibition of myosin light chain (MLC) phosphatase and

MLC phosphorylation. MLCP is a heterotrimer that consists of a

37 kDa catalytic subunit (PP1d), a 110 kDa regulatory subunit termed

myosin phosphatase targeting subunit (MYPT-1) and a 20 kDa pro-

tein (M20). Thrombin inhibits MLCP activity through ROCK and

protein kinase C (PKC) dependent pathways. Nitric oxide (NO) inhib-

its shape change through cGMP dependent mechanism although the

mechanisms underlying these actions of cGMP are unclear.

Aim: Here we investigated the molecular regulation of MLCP activity

by cyclic GMP signaling.

Results: Platelet stimulation with thrombin induced Rho Kinase

(ROCK) dependent inhibitory phosphorylation of MTYP1 on threo-

nine853, leading to diminished phosphatase activity and a net increase

in phosphoMLCSer19. RhoA formed a signaling complex with ROCK-

II and MYPT-1, which resulted in the disassociation of the catalytic

phosphatase unit. Treatment with NO inhibited thrombin induced

phosphoMYPT1hr853 and increased phosphatase activity to inhibit

MLC phosphorylation. The mechanism of action of NO included inhi-

bition of RhoA was through its phosphorylation on Serine188 in a

cGMP-dependent manner. This phosphorylation event inhibited

thrombin induced membrane association and GTP-loading of RhoA

preventing its participation in the activation of ROCK.

Interestingly inactivation of MLCP by thrombin was prevented under

conditions where PKC was inhibited. Since inhibition of PKC had no

effect on thrombin-induced phosphoMTPY-1Thr853, it suggested an

alternative mechanism of regulation. Since MLCP activity is also mod-

ulated through association of the catalytic subunit PP1d with the pro-

tein CPI-17, a PKC substrate, we examined how these pathways were

affected by NO/cGMP signaling. Stimulation of platelets with throm-

bin led to phosphorylation of CPI-17Thr38, which required PKC but

was independent of ROCK activation. The phosphorylation of CPI-17

stimulated its association with PP1d and loss of phosphatase activity.

Pretreatment of platelets with NO blunted thrombin induced CPI-17

phosphorylation, CPI-17/PP1d complex formation and PP1d inactiva-

tion in a cGMP dependent manner. Importantly, NO/cGMP signalling

had no effects on the activation of PKC in response to thrombin.
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Conclusion: These data demonstrate that cGMP signaling targets at

least two different pathways, ROCK and CPI-17, in platelets to pre-

vent the inhibition of MLCP. The disinhibition of MLCP by NO/

cGMP prevents MLC phosphorylation and contributes to the inhibi-

tion of shape change. These data demonstrate a completely new mech-

anism by which cGMP signaling regulates platelets.

PA 3.03-5
Small molecule inhibitors of PDK1 inhibit platelet
functional responses
Dangelmaier C, Manne B, Jin J and Kunapuli SP

Sol Sherry Thrombosis Research Center, Philadelphia, PA, USA

Background: PDK1 (3-phosphoinositide-dependent protein kinase 1)

has become a valid drug target for anticancer agents to treat tumors

that possess elevated PKB/Akt and S6K activity. Many small molecule

inhibitors of PDK1 have been described with the ultimate goal of

using them in a clinical environment. Their possible influence on plate-

lets and haemostasis has not been addressed.

Objective: The purpose of this study was to investigate the effect of

two small molecule inhibitors of PDK1, BX795 and BX912, on plate-

let functional responses.

Methods: We assessed the agonist-induced phosphorylation state of

Akt by Western blotting and measured aggregation, dense granule

secretion, thromboxane formation and clot retraction in the presence

and absence of BX795. Akt activity was also assessed using an in vitro

kinase assay.

Results: Both these compounds inhibited agonist-induced phosphory-

lation of Akt at Thr308 in a concentration-dependent manner. The

phosphorylation of two downstream substrates of Akt, GSK3 and

PRAS40, was also reduced. However, BX912 also inhibited agonist-

induced phosphorylation of Akt at Ser473. BX795 inhibited PAR4-, 2-

MeSADP- or collagen-induced aggregation, dense granule secretion,

thromboxane formation and clot retraction in a concentration-depen-

dent manner. Using an in vitro kinase assay, we demonstrated that Akt

activity was completely abolished if Thr308 on Akt was not phosphor-

ylated.

Conclusions: Taken together, this study demonstrates the importance

of PDK1 as its inhibition influences platelet physiological responses.

PA 3.03-6
Gas6 regulates thrombin-induced expression of
VCAM-1 through a FoxO1 in endothelial cells
Bertin FR, Lemarie CA and Blostein MD

Lady Davis Institute for Medical Research/McGill University,

Montreal, QC, Canada

Background: Venous thrombosis is a leading cause of morbidity and

mortality in medicine. Increased concentrations of the growth-arrest

specific gene 6 (Gas6) in patients suffering from venous thrombosis

suggest that Gas6 plays a clinically relevant role in the pathogenesis of

this disease. Gas6 is a vitamin K-dependent protein that has been

shown to stabilize thrombi, protect endothelial cells from apoptosis

and promote endothelial cell activation in vivo. In Gas6 deficient (�/

�) mice, it has been demonstrated that the expression of VCAM-1 is

blunted. The above data suggest that the expression of VCAM-1

induced by Gas6 is critical in the pathogenesis of venous thrombosis;

however, the intracellular signaling mechanisms remain largely

unknown. We previously demonstrated that the anti-apoptotic effect

of Gas6 was mediated partially through Forkhead box O1 (FoxO1).

FoxO1 is an effector of the PI3K/Akt signaling pathway and its phos-

phorylation results in its translocation from the nucleus to the cyto-

plasm, thereby regulating its transcriptional activity.

Aims: It is hypothesized that Gas6 promotes thrombin-induced

VCAM-1 expression through the regulation of FoxO1 in endothelial

cells.

Methods: Endothelial cells were isolated from the lungs of wild type

(WT) and Gas6�/� mice. Thrombin was used as a pro-thrombotic

stimulus. Phosphorylation and cellular localization of FoxO1 was ana-

lyzed by western blot analysis. VCAM-1 expression was evaluated by

quantitative RT-PCR and western blot analysis in WT and Gas6�/�

endothelial cells.

Results: VCAM-1 mRNA expression of was significantly increased

after 30 min of stimulation with thrombin in WT cells (P < 0.05) but

thrombin-mediated induction of VCAM-1 mRNA was blunted in

Gas6�/� endothelial cells. At the protein level, thrombin induced a

time-dependent expression of VCAM-1 with a maximum at 2 h

(P < 0.05) in WT but not in Gas6�/� endothelial cells.

In WT endothelial cells, thrombin treatment resulted in maximal phos-

phorylation of FoxO1 at 30 min (P < 0.05) and translocation of

FoxO1 from the nucleus into the cytoplasm (P < 0.05). None of these

effects were observed in Gas6�/� endothelial cells. Finally, FoxO1 siR-

NA treatment of the endothelium resulted in increased VCAM-1

expression in WT but not Gas6�/� cells.

Summary/Conclusions: Taken together, these data demonstrate that

Gas6 promotes VCAM-1 expression through the regulation of FoxO1.

This pathway may be involved in the pro-thrombotic role of Gas6.

These data also suggest that interfering with Gas6-induced signaling

could be exploited clinically to treat thrombotic disease.

PA3.04 – Microparticles and Tissue
Factor

PA 3.04-1
Human tears and sweat trigger clotting of blood: the
role of tissue factor-exposing vesicles
B€oing AN1, Van Leeuwen J2, Hau C1, Tros W2, Janssen L2,

Rinia H2, Sturk A1 and Nieuwland R1

1Academic Medical Center, Amsterdam; 2Goois Lyceum, Bussum,

The Netherlands

Background: The epithelium provides not only a barrier to microor-

ganisms, but also produces fluids as saliva, tears (lacrima) and sweat

to trap, kill and remove microorganisms. Tears contain a thus far

unidentified coagulant activity. Recently, we observed high levels of

coagulant TF-exposing vesicles in human saliva and urine (Blood

2011;117:3172–80), suggesting that such vesicles may be involved in

host defence by supporting clot formation and thus maintenance of

the barrier integrity.

Aim: To investigate whether the procoagulant activity of tear fluid and

sweat is associated with vesicles.

Methods: We collected tear fluid and sweat from healthy subjects and

studied the presence of vesicle associated tissue factor (TF) antigen

(flow cytometry and Western Blot) and activity (fibrin generation

assay).

Results: Tear fluid from all subjects (n = 13) shortened the clotting

time of normal pool plasma from ≥ 3600 to 1332 s � 502

(P < 0.0001). This shortening was completely TF-mediated

(P < 0.0001). TF in tear fluid is exclusively associated with cell-derived

vesicles. Sweat contains detectable levels of TF-exposing vesicles

(n = 8) also, albeit on average 3–4 fold lower than in tear fluid. Sweat

from two subjects triggered TF-mediated clotting of plasma.

Conclusions: This study demonstrates for the first time that tears and

sweat can trigger the clotting of blood via coagulant TF that is associ-

ated with cell-derived vesicles. Thus, clotting of blood can be initiated

or facilitated by exposure of blood to sweat or tears.
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PA 3.04-2
Characterisation of the procoagulant properties of
microparticles derived from different cell types
Alsahli MA1, Hamali HA2 and Goodall AH1

1University of Leicester, Leicester, UK; 2King Khalid University,

Abha, Saudi Arabia

Background: Microparticles (MPs) are shed by all vascular cells upon

activation or apoptosis. They vary in size and inherit antigenic features

from their parent cells. Increased numbers of MPs in the circulation

carry increased risk of thrombosis. The thrombotic nature of MPs

comes from negatively charged phospholipids and tissue factor (TF)

on their surface.

Aims: We compared the relative procoagulant activity, in terms of

procoagulant phospholipid (PPL) and TF activities, of MPs generated

from platelets, endothelial cells and macrophages.

Methods: Washed platelets isolated from five healthy individuals were

activated with cross-linked collagen-related peptide to generate Plate-

let-derived MPs. MPs were generated from the human Eahy926 endo-

thelial cells by stimulation with TNF-a, and from the pro-monocytic

THP-1 cell line by LPS (following transformation into macrophages

using phorbol-12-myristate-13-acetate) (n = 3 for both). MPs were

isolated by centrifugation and their PPL and TF activities were mea-

sured by Calibrated Automated Thrombogram, using 1 pM TF and

4 lM PL reagents respectively, using peak thrombin (PT) as the mea-

sure of PPL and lag time (LT) as the measure of TF activity. The

PPL and TF concentrations in the preparations were also measured

using the Zymuphen MP-TF and MP-activity ELISAs. The MP

count in each sample was measured by nanoparticle tracking analysis

(NTA) using the Nanosight NS500 and data was normalized to

1012 MP/mL.

Results: Analysis by the CAT assay showed that MPs from all three

cell types had significant PPL activity with macrophage-derived

MPs > platelet-derived MPs > endothelial cell-derived MPs (PT of

338 � 63; 297 � 33 and 200 � 27 nM respectively). All three types of

MPs also showed PPL activity in the ELISA but although macro-

phage-derived MPs still had the highest activity (36.2 � 17.9 nM),

endothelial cell-derived MPs showed higher levels of PPL activity than

platelets in this assay (6.90 � 1.46 vs. 1.85 � 0.52 nM respectively).

The TF activity of the particles also was different for each cell types.

MPs derived from macrophages and endothelial cells showed signifi-

cant TF activity in both assays (LT of 19 � 3.1 and 90 � 8.9 min,

and TF concentration of 37.0 � 3.4 and 3.80 � 1 pM respectively).

In contrast to the two other cell types platelet derived MPs showed no

TF activity in the CAT assay and negligible levels of TF by ELISA

(0.09 � 0.08 pM).

Conclusion: These data demonstrate (i) that MPs from different cell

types have variable activities of PPLs and TF, (ii) that assays for PPL

and TF may vary in their sensitivity and (iii) that platelet-derived MPs

do not inherently express TF.

PA 3.04-3
Microparticle-associated tissue factor activity
correlates to plasma levels of bacterial
lipopolysaccharides in meningococcal sepsis
Hellum M1, Øvstebø R2, Brusletto B2, Berg JP3, Brandtzaeg P2

and Henriksson C2

1Dep. of Medical Biochemistry, Institute of Clinical Medicine,

University of Oslo; 2Oslo University Hospital, Ullev�al;
3University of Oslo, Oslo, Norway

Background: Meningococcal disease, i.e. meningitis and sepsis, is

caused by Neisseria meningitidis (Nm), a gram negative bacteria with

lipopolysaccharides (LPS) in the outer membrane. The levels of LPS

from Nm in blood are closely associated with clinical presentation and

outcome. Patients with meningitis have undetectable levels of LPS and

low grade of coagulation disturbances, whereas patients with sepsis

may have very high levels of LPS and often develop systemic septic

shock and subsequent disseminated intravascular coagulation (DIC).

In meningococcal sepsis, LPS generate tissue factor (TF), the main ini-

tiator of coagulation, on circulating monocytes and monocyte-derived

microparticles (MPs), which both appear to contribute to the patho-

genesis of DIC.

Aims: To measure MP-associated TF activity and relate it to the levels

of bacterial LPS in samples from patients with meningococcal disease.

Methods: Citrated plasmas from patients with sepsis or meningitis

were centrifuged (2000 g, 15 min, room temperature [RT]) and MPs

isolated by pelletation (17,000 g, 30 min, RT). MP-associated TF-

dependent activity was measured with a plasma-based thrombin-gen-

eration assay (CAT) and whole blood rotational thromboelastometry

(ROTEM), both assays using contact activation inhibition (corn tryp-

sin inhibitor (CTI), 18.3 lg/mL). LPS levels were measured using a

chromogenic Limulus amebocyte lysate assay.

Results: MPs obtained from sepsis patients (n = 13) initiated a signifi-

cantly more efficient thrombin generation in the CAT assay compared

to MPs from meningitis patients (n = 10), with lagtime = 18 � 11 vs.

41 � 9 min, time to peak = 29 � 17 vs. 64 � 12 min and

peak = 87 � 66 nM thrombin vs. 21 � 7 nM thrombin (mean � SD

and P < 0.05 for all parameters). In comparison with meningitis

patients, clotting time (CT) was reduced from 684 to 382 s. When MPs

from sepsis patients were subjected to whole blood rotational throm-

boelastometry (ROTEM) (mean of two donors in each group). Prein-

cubating the MPs obtained from the sepsis patients with anti-TF

antibodies prolonged the lagtime in the CAT assay from 8/6 to 49/

52 min (n = 2) and clotting time in the ROTEM from 478/286 to

1103/837 s (n = 2), indicating a TF-dependent thrombin generation

and whole blood clot formation. The levels of plasma LPS in patients

with sepsis (range 2–2100 EU/mL) were correlated with all four

thrombogram parameters in the CAT assay; lagtime (r2 = 0.67), time

to peak (r2 = 0.67), peak (r2 = 0.61) and ETP (r2 = 0.50).

Conclusion: Our results show a close association between bacterial

LPS levels and MP-associated TF activity in samples from patients

with meningococcal disease.

PA 3.04-4
Thrombin generation in plasma measured with a
commercial reagent for the detection of microparticle-
derived tissue factor is heavily influenced by contact
activation
Bokn€as N, Fax€alv L, Ramstr€om S and Lindahl T

Link€oping University, Link€oping, Sweden

Background: Since the discovery of circulating microparticles (MPs)

exposing tissue factor (TF), various assays for the detection and char-

acterization of TF-exposing MPs have been established. A commer-

cially available reagent (MP-reagent, Thrombinoscope�,The

Netherlands) containing synthetic phospholipids has been developed

to allow for quantification of the contribution of TF-exposing MPs to

thrombin generation in plasma using the Calibrated Automated

Thrombogram (CAT) method. However, it is known that a plethora

of materials, including plastics, are capable of activating Factor XII

(FXII), and previous work from our group has suggested that syn-

thetic phospholipids might augment the coagulation response to con-

tact activation. Thus, the possibility that contact activation of FXII on

synthetic surfaces, assisted by the presence of synthetic phospholipids,

and not TF-exposing MPs, could be the main contributor to thrombin

generation in the abovementioned assay, deserves investigation.

Aims: To investigate how FXII-dependent and TF-dependent coagula-

tion contributes to thrombin generation using commercially available

reagents for microparticle detection.

Methods: Plasma samples were obtained from healthy subjects and

treated according to the instructions of the manufacturer. The effects
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of increasing concentrations of synthetic phospholipids on FXII-

dependent coagulation and thrombin generation were assessed in

platelet-free plasma in which the microparticle content had been

reduced by filtration (0.2 lm) using the Reorox instrument (Medirox

AB, Nyk€oping, Sweden) and the CAT method, with and without CTI

(100 lg/mL). This experiment was conducted either without exoge-

nously added FXII-activator to investigate the effect of contact activa-

tion, or in the presence of increasing concentrations of kaolin. The

contributions of FXII- and TF-dependent coagulation on thrombin

generation using the MP-reagent or the PRP-reagent supplied by the

manufacturer were evaluated in the presence of the FXII-inhibitor

corn trypsin inhibitor (CTI) or antibodies directed against tissue factor

(TF-Ab, shown to block tissue factor-induced coagulation).

Results: It was shown that synthetic phospholipids dramatically

enhanced Factor XII-dependent coagulation and thrombin generation

in filtrated platelet-free plasma. Even without exogenously added fac-

tor XII-activator (kaolin), 0.5–2.0 lM synthetic phospholipids was

sufficient to produce robust thrombin generation within 15 min, which

was almost completely inhibited by CTI. We then compared CATs

from normal plasma samples pre-treated with either CTI or TF-Ab.

Using the MP-reagent, thrombin generation was dramatically delayed

or completely absent in the presence of 100 lg/mL CTI, while being

virtually unaffected by the addition of 100 lg/mL of TF-blocking Ab.

When using the PRP-reagent supplied by the same manufacturer,

which contains tissue factor but only very small amounts of phospho-

lipids, the reverse held true, i.e. thrombin generation was significantly

delayed in the presence of TF-Ab, but unaffected by the presence of

CTI.

Conclusions: We conclude that results from thrombin generation

experiments conducted with reagents containing synthetic phospholip-

ids are heavily influenced by spontaneous contact activation of FXII.

Efforts to investigate the contribution of TF-exposing MPs to throm-

bin generation using such reagents should be interpreted cautiously,

unless being performed in the presence of inhibitors that block the

intrinsic coagulation pathway.

PA 3.04-5
Microparticle-associated tissue factor activity in
patients with metastatic pancreatic cancer and its
effect on fibrin clot formation
Thaler J, Koder S, Kornek G, Pabinger I and Ay C

Medical Univeristy of Vienna, Vienna, Austria

Background: Tissue factor (TF) is a transmembrane receptor and the

main initiator of the blood coagulation cascade. Microparticles (MPs)

are negatively charged membrane vesicles that are defined by their size

(0.1–1 lm) and a procoagulant phosphatidylserine (PS)-rich surface

that strongly increases the proteolytic activity of TF. Highly elevated

MP-associated TF activity was found in patients with pancreatic can-

cer, one of the most prothrombotic malignancies.

Aim: To investigate whether MP-TF activity reflects the prothrombot-

ic state in pancreatic cancer patients.

Methods: MP-TF activity was determined with a chromogenic end-

point assay. The TF-dependent and -independent effect of MPs on

fibrin clot formation was determined with a plasma clotting assay.

Expression of PS on MPs was quantified with a prothrombinase assay.

Measurements were performed in patients with metastatic pancreatic

cancer, in lipopolysaccharide-stimulated blood (LPS-plasma), which is

rich in monocyte-derived TF-bearing MPs, and in healthy individuals.

The study was approved by the institutional ethics committee and all

participants signed informed consent.

Results: The median MP-TF activity (pg/mL) was 1.06 (range: 0.19–
10.34) in 27 pancreatic cancer patients, 0.61 (range: 0.36–0.79) in 10

LPS plasma samples and 0.18 (range: 0.04–0.39) in 10 healthy individ-

uals (each pair-wise comparison: P < 0.001).

When MP pellet derived from pancreatic cancer patients was added to

normal pooled plasma, the median time to fibrin clot formation was

273.4 s (range: 146.6–354.4), P < 0.001). The fibrin clot formation

time was significantly shorter when MP pellet from LPS plasma was

added to normal pooled plasma (median: 157.4 s, range: 149.5–170.4).
The time to fibrin clot formation was longest after the addition of MP

pellet from healthy controls (median: 300.6 s [range: 261.1–417.9],
each pair-wise comparison: P < 0.001). Only in MPs derived from

LPS-plasma the fibrin clot formation time strongly depended on TF

(median prolongation after TF blockade: 68% in LPS-plasma, 15% in

pancreatic cancer patients and 4% in healthy individuals).

The median PS exposure (nM PS equivalent) on MPs was 6.5 (range:

2.5–66.2) in pancreatic cancer patients, 29.7 (range: 28.0–36.4) in LPS-

plasma and 17.6 (range: 6.1–49.3) in healthy controls (each pair-wise

comparison: P < 0.05).

Summary/Conclusions: In the present study we investigated MP-TF

activity levels, the procoagulant potential of TF-bearing MPs and PS

exposure on MPs. Elevated MP-TF activity levels were found in

patients with metastatic pancreatic cancer and in LPS-plasma com-

pared to healthy controls. MPs derived from LPS-plasma but not MPs

from patients with metastatic pancreatic cancer had a strong TF-depen-

dent impact on fibrin clot formation. Exposure of PS was high on MPs

from LPS-plasma but low on MPs from pancreatic cancer patients,

whichmight explain the different effect on fibrin clot formation.

In conclusion, our results indicate that the prothrombotic potential of

TF-bearing MPs is limited in patients with metastatic pancreatic can-

cer and that elevated MP-TF activity might not be the major trigger

for the increased risk of thrombosis in these patients.

PA 3.04-6
Cell-derived microparticles as novel tools for
thrombolytic therapy?
Martinez de Lizarrondo S1, Parcq J2, Briens A2, Gauberti M2

and Vivien D2

1Inserm; 2Inserm U919, Caen, France

Background: Fibrinolysis using recombinant tissue type plasmino-

gen activator (r-tPA) remains the only approved treatment for acute

ischemic stroke. The limits of r-tPA treatment include a narrow thera-

peutic window, a low recanalization rate and direct neurotoxic effects.

Therefore, safer and more efficient fibrinolytic therapies are needed.

Recent data indicate that besides their procoagulant components, mi-

croparticles (MPs) may be a major source of plasminogen activators in

vivo. Therefore, MPs could be not only clot triggers but also active

fibrinolytic agents.

Aims: The purpose of this study was to investigate whether tPA-

enriched MPs could trigger efficient fibrinolysis without exerting dele-

terious effects on neuronal survival.

Methods: tPA-MPs obtained from human HEK293 cells, were isolated

by a sequential ultracentrifugation procedure and were finely charac-

terized by high-resolution laser-scanning confocal microscopy. The

plasminogen activator activity of these MPs was measured by western

blot, fibrin-zymography and tPA-specific chromogenic assay. Their

fibrinolytic efficiency was determined by clot lysis assays and on fibrin

plaques using a pool of human or murine plasma.

Results: tPA-enriched MPs were able to dissolve fibrin clots and

reduced the time for clot lysis as a function of their concentration. The

fibrinolytic effect of MPs was two-fold more effective than the corre-

sponding amount of soluble r-tPA. The same results were observed

using fibrin plaques. Our results suggest that tPA-MPs may be more

resistant to soluble inhibitors than r-tPA. Moreover, unlike r-tPA,

tPA-MPs did not exert neurotoxic effects in cultures of murine cortical

neurons.

Conclusions: In summary, our results suggest that tPA-enriched MPs

develop higher and more efficient fibrinolytic capacity and with fewer

sides effects than soluble r-tPA. However in vivo studies are required

to confirm this potential approach for thrombolytic therapy.
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PA3.05 – Genetic Platelet
Disorders – I

PA 3.05-1
Characterization of the second patient with
Hermansky-Pudlak Syndrome type-7 (HPS7), and a
novel HPS1 mutation. Value of an autozygosity
mapping approach to prioritize mutation screening in
HPS
S�anchez Guiu I1, Lowe GC2, Velasco F3, Lordkipanidz�e M2,

Dovlatova N4, Wilde J2, Watson SP2, Lozano ML1, Morgan N1

and Rivera J1

1Centro Regional de Hemodonaci�on, Hospital Universitario

Morales Meseguer, Murcia, Spain; 2Birmingham Platelet Group,

College of Medical and Dental Sciences, Birmingham, UK;
3Hospital Reina Sof�ıa, C�ordoba, Spain; 4Thrombosis and

Haemostasis Research Group, Queen’s Medical Centre,

Nottingham, UK

Background: Hermansky-Pudlak syndrome (HPS) is an autosomal

recessive disorder characterized by abnormalities of lysosome-related

organelles. HPS patients present with variable oculocutaneous hypo-

pigmentation, bleeding diathesis and some with granulomatous colitis

and pulmonary fibrosis. Mutations in nine genes (HPS1-HPS9) cause

HPS in humans. The large number of HPS culprit genes (> 118 exons)

and lack of genotype-phenotype correlation, complicate the molecular

diagnosis of HPS.

Aims: We aimed to confirm the clinical suspicion of HPS in two unre-

lated patients, by means of platelet function assessment and identifica-

tion of alterations in HPS genes. The UK patient was recruited to the

Genotyping and Platelet Phenotyping (GAPP) study (ISRCTN

77951167).

Methods: Case 1 is a 30 year old Spanish man displaying oculocutane-

uos albinism, nygstamus and hemorrhagic history including nose

bleeding requiring cauterization, excessive bleeding from small

wounds, and abnormal bleeding upon surgery. His parents were

related by blood. Case 2 is a 77 year old English woman, with pale

skin and hair, reduced visual acuity, nystagmus, as well as menorrha-

gia from menarche. This led to hysterectomy, prolonged bleeding from

minor injuries, long bleeding after dental extractions, and heavy post

partum hemorrhage after her three vaginal deliveries, among other

lifelong bleeding complications. Her parents were first cousins. None

of the two cases had coagulopathy or other recognized cause of bleed-

ing. Platelet function studies included light transmission aggregometry

(LTA) with different agonists and ATP secretion by lumiaggregometry

(Case 2), 14C-serotonin uptake and whole mount electron microscopy

(Case 1). DNA for molecular studies was obtained from both patients.

In Case 1, the HPS1 gene was first chosen for PCR amplification and

sequencing, as it is the most frequently mutated in HPS. By contrast,

in Case 2 we first performed autozygosity linkage mapping by geno-

typing microsatellite markers flanking HPS genes, in order to identify

a candidate causative gene.

Results: As compared to a parallel control, and to our historical

data from healthy subjects, Case 1 platelets displayed impaired

aggregation toward ADP (5 mM), epinephrine (5 mM), ristocetin

(1.2 mg/mL) and collagen (2 mg/mL) (25%, 85%, 40%, and 95%

reduction). Case 2 platelets also showed reduced aggregation with

PAR-1 (30 mM) and collagen (1 mg/mL). Deficiency of platelet

dense granules was evidenced in Case 1 by 50% reduction of 14C-

serotonin uptake and absence of dense bodies in whole mount, and

in Case 2 by lack of ATP secretion in lumiaggregometry test with

agonists such as PAR-1 (100 mM) and PAR-4 (500 mM). In Case

1 HPS1 sequencing revealed a novel homozygous nonsense muta-

tion c.844G>T [p.Glu204Stop] in exon 7. In Case 2, only the HPS7

locus displayed autozygosity for an extended genetic distance,

prompting us to select HPS7/DTNBP1 as the potential causative

gene. Sequencing of DTNBP1 identified a homozygous mutation

c.177 G>A [p.Trp59Stop] in exon 4.

Summary: Here, demonstration of platelet dysfunction, dense granule

deficiency, and genetic analysis confirms HPS in two unrelated pedi-

grees. One is a new variant of HPS type1, while the other represents

the second reported variant of HPS7. This work illustrates that auto-

zygosity mapping in consanguineous pedigrees is a useful tool to prior-

itize mutation screening of HPS genes.

PA 3.05-2
Aberrant mRNA processing in compound heterozygote
with glycoprotein IIb gene mutations causing
Glanzmann thrombasthenia
Fujita J1, Murata M2, Kajiura Y1, Takagi A2, Murate T2,

Matsushita T1, Kunishima S3 and Kojima T2

1Nagoya University Hospital; 2Nagoya University Graduate

School of Medicine; 3National Hospital Organization Nagoya

Medical Center, Nagoya, Japan

Background: Glanzmann thrombasthenia (GT) is a rare autosomal

recessive bleeding disorder caused by quantitative or qualitative

abnormalities of glycoprotein (GP) IIb/IIIa complex in platelet. While

many GT mutations acting at the protein level have been investigated,

only fewer data on genetic defects affecting GPIIb or GPIIIa mRNA

were available.

Aims: The aim of this study was to characterize the molecular mecha-

nism underlying GT in a Japanese patient.

Patients/Methods: The patient was a 8-years old Japanese female who

had suffered from hemorrhage and purpura. GPIIb/IIIa expression on

the platelet was analysed by flow cytometry analysis. We analyzed the

patient by DNA sequencing of all exons and splicing junctions of

GPIIb gene (ITGA2B) and GPIIIa gene (ITGB3). Platelet mRNA was

analyzed by quantitative real-time RT-PCR (reverse-transcription

polymerase chain reaction) assay.

Results: Flow cytometry analysis revealed undetectable levels of plate-

let GPIIb/GPIIIa complex. Sequencing of genomic DNA revealed

presence of two mutations in the ITGA2B, a compound heterozygote

for a novel splicing mutation at the acceptor site in intron 5 (c.625-

1G>A) and a previously reported nonsense mutation (c.1750C>T,
p.Arg584X) in exon 17. RT-PCR assay on the patient’s platelet RNA

revealed the expression of GPIIb mRNA was about 3% of normal

control (N = 6), and some populations in each defect GPIIb mRNA.

The former showed the presence of two populations of mRNA, one

with the skipping of exon 6 and the first 14-bp of exon 7 (result in

deleted 60-bp) and the other with the retention of intron 5 (result in

inserted 74-bp). The latter was identified two different mRNA popula-

tions, one with the nonsense mutation and the other with lacking of

the last 75-bp of exon 17 including the nonsense mutation (resulting in

75-bp deletion).

Conclusions: We supposed that these mRNA populations were caused

by splicing error or nonsense-mediated mRNA decay pathway. The

elucidation of the genetic basis of GT in the patient suggested that pre-

mature terminations seemed to be associated with allele-specific

mRNA degradation, and that several aberrant splicing events

occurred.
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PA 3.05-3
Identification of two novel mutations leading to
MYH9-related disease and its correlation of genotype/
phenotype
Siqueira LH1, Duarte VO2, Medina S2 and Ozelo MC2

1State University of Campinas; 2INCT do Sangue Hemocentro

UNICAMP, University of Campinas, Campinas, SP, Brazil

Background: MYH9-related macrothrombocytopenias are among the

causes of hereditary thrombocytopenias. They are associated with

mutations in the non-muscle myosin gene (MYH9) and are character-

ized by thrombocytopenia, large platelets and leukocyte inclusions.

Depending on the diagnosis, non-hematologic alterations such as cata-

racts, deafness and renal failure may also be present.

Aims: Evaluate thrombocytopenic patients with large platelets for the

diagnosis of MYH9-related macrothrombocytopenia and identify the

mutational profile of MYH9 gene.

Patients and Methods: We selected patients with thrombocytopenia

and high mean platelet volume (MPV > 10.6 fL). Presence of leuko-

cyte inclusions and large platelets was confirmed by analysis of

peripheral blood smear. All cases were assessed for the presence of

other non-hematological manifestations such as cataracts, hearing

loss, impaired renal function, and also for family history of thrombo-

cytopenia.

Results: Twenty-one patients with a mean age of 31.3 years old (10–
57 years old), belonging to 17 families were included in this study.

Ten cases (48%) had the previous diagnosis of ITP and had under-

gone immunosuppressive therapy. Mean platelet count was 50 9 109/

L (11–107 9 109/L) and MPV was 15.1 fL (8.2–17.7 fL). In morpho-

logic evaluation, it was observed that all patients had large platelets,

and in 13 cases more than 20% of the counted platelets were larger

than 6 µm. In nine patients (five families) leukocyte inclusions were

observed, and in two of them, belonging to the same family (FAM1),

renal failure was also present, which features Fechtner syndrome.

Another patient presented hearing loss without leukocyte inclusions,

rendering the diagnosis of Epstein syndrome probable. Thus, we con-

sidered for molecular investigations 10 cases (48%), distributed in six

families, in whom the most likely diagnosis was MYH9-related mac-

rothrombocytopenia. The mutation was confirmed in five unrelated

families (eight patients). E1841K mutation (exon 38) was found in

three families (FAM 1, 4 and 5), and R1933Stop mutation (exon 40)

was found in FAM 2. These two mutations had been previously

described in several families in Asia, Europe and the USA, and had

been associated with May-Hegglin anomaly (consistent with FAM 2,

4 and 5 diagnosis), but not with other macrothrombocytopenias

(such as that observed in FAM1). In depth analysis of FAM 1 pro-

vided the finding of a novel mutation F636L (exon 15) in MYH9

gene of the two affected subjects (mother and son). Three unaffected

daughters were negative for both E1841K and F636L mutations,

confirming by segregation that both mutations were present in the

same allele and were responsible for the phenotype compatible with

Fechtner syndrome. Another not previously described mutation in

exon 15 (T664R) was detected in a patient from FAM3. None of

these novel mutations was found in a screening of 100 blood donors

(200 alleles).

Conclusion: Careful clinical and family history assessments as well as

systematic evaluation of peripheral blood smear are key points for cor-

rect diagnosis of MYH9-related macrothrombocytopenias. Identifica-

tion of novel mutations in MYH9 gene can help to gain insights into

the pathophysiology of these diseases, since location of molecular

alterations reflects in the clinical manifestations.

PA 3.05-4
Variant glanzmann thombasthenia from a newly
described Ile282Thr mutation in ITGB3 with
functionally defective alpha IIb beta 3 integrin and
mild phenotypic presentation
Maier CL and Duncan AS

Emory University School of Medicine, Atlanta, GA, USA

Background: Glanzmann Thrombasthenia is a rare disorder of plate-

lets resulting from defective platelet aggregation and characterized

clinically by mucocutaneous bleeding. The mechanism of platelet dys-

function is attributed to defects in the ITGA2B and ITGB3 genes,

which encode for the fibrinogen receptor, leading to either quantitative

or qualitative deficiencies of the platelet integrin alpha IIb beta 3.

Many genetic variants and their clinical significance have been

described, although phenotypic heterogeneity exists even among indi-

viduals with the same mutation.

Aims: Here we report a novel point mutation in the ITGB3 gene that

renders the alpha IIb beta 3 complex unstable.

Case History: The patient had a history of bruising, petechiae, and epi-

staxis in childhood, which became less pronounced with age. Platelet

aggregation studies initially revealed markedly decreased responses to

collagen and absent responses to ADP and arachidonic acid. Repeat

testing performed in adulthood revealed only mildly decreased

responses to ADP and arachidonic acid. Morphologically, the platelets

were normal in size and granularity. Flow cytometric analysis showed

the presence of alpha IIb beta 3 integrin on platelets and at normal lev-

els.

Results: Sequence analysis of genomic DNA detected heterozygosity

for the c.845T>C, p.(Ile282Thr) variant in exon 6 of the ITGB3 gene.

No other mutations or unclassified variants were identified, and no

mutations were detected in the ITGA2B gene. The possibility of a

large deletion or rearrangement was ruled out by the detection of het-

erozygosity for several polymorphisms. This mutation occurs in an

area of beta 3 involved with fibrinogen binding that influences the sta-

bility of binding with alpha IIb.

Summary/Conclusion: Despite this mutation and a clinical presenta-

tion consistent with variant Glanzmann Thrombasthenia, both the

patient’s laboratory and clinical findings appeared to demonstrate

improvement over time. We conclude that the Ile282Thr mutation in

ITGB3 can result in a phenotypically mild form of variant Glanzmann

Thrombasthenia.

PA 3.05-5
Identification of three novel mutations in TUBB1 gene
in patients with macrotrombocytopenia
Saposnik B1, Simansour M1, Latger-Cannard V2, Nurden P3,

Lecompte TP4 and Schlegel N1

1Hôpital Robert Debr�e APHP, Paris; 2CHU Nancy, Nancy; 3CHU

Hôpital La Timone, Marseille, France; 4CHU Gen�eve, Gen�eve,

Switzerland

Background: Congenital macrothrombocytopenias represent a geneti-

cally heterogeneous group of platelet disorders among which MYH9

and Bernard Soulier syndroms are the most frequent forms. Unfortu-

nately the pathogenesis remains unknown for half of the cases identi-

fied.

Beta 1 tubulin is a protein specific of platelets and megakaryocytes. By

assembling with alpha tubulin, beta 1 tubulin forms heterodimers and

microtubule polymers that are essential during thrombocytopoiesis. A

recent study revealed for the first time a mutation, p.R318W, in

TUBB1 gene resulting in macrothrombocytopenia (Kunishima et al.

2009; Blood, 113, 458–461).
Aim: To screen TUBB1 gene in our french cohort of patients with con-

genital macrothrombocytopenia of unknown etiology after having
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excluded MYH9, Bernard Soulier, gray platelet and platelet von Wille-

brand syndroms.

Methods: In 73 propositi with macrothrombocytopenia, we amplified

the entire coding sequence of exons and exons-introns boundaries of

TUBB1 gene, and sequenced the PCR products.

Results: An alteration of TUBB1 gene was identified in three proposit-

ii. The platelet count (G/L) was 77, 83 and 96 and the mean platelet

volume (MPV) was not given by the analyzer for the first patient and

15.8 and 14.5 fl for the two last patients respectively. Platelet size was

larger than normal on May Gr€unwald Giemsa stained blood smears in

the three cases. The platelet agregation was normal in the three cases.

Electron microscopy for the patient bearing the mutation p.F260S in

TUBB1 gene (hereafter) revealed the presence of round platelets with

an enlarged size.

We identified three different missense mutations in TUBB1 gene, one

in exon 3, c.185 G>A predicting the substitution of arginine for a glu-

tamine p.R62Q, and two in exon 4 c.779 T>C and c.1041 C>G predict-

ing the substitution of a phenylalanine for a serine p.F260S and an

asparagine for a lysine p.N347K, respectively. The patients were het-

erozygous for the mutations. These mutations were not found in 100

healthy controls and in the NCBI SNP database. In addition, these

mutations are different from the first one published.

Conclusion: The beta 1 tubulin residues affected were highly conserved

among species indicating their functional impact on the protein. These

new results highlighted the role of an alteration of beta tubulin 1 in the

mechanism of macrothrombocytopenia.

PA 3.05-6
Exome sequencing for causal gene discovery in three
patients with primary platelet secretion defect
Lotta LA1, Tuana G2, Maino A1, Rossio R2, Artoni A2

and Peyvandi F2

1Angelo Bianchi Bonomi Hemophilia and Thrombosis Center;
2Fondazione IRCCS Ca’ Granda –Ospedale Maggiore Policlinico,

Milan, Italy

Background: Platelet secretion defects (PSD) are heterogeneous plate-

let functional defects characterized by reduced granule secretion

upon stimulation by different platelet aggregation agonists. Autoso-

mal dominant inheritance has been described in PSD, making it a

phenotype amenable to genetic mapping by exome sequencing (i.e.

sequencing of protein-coding areas of the genome). However, the

clinical and laboratory heterogeneity of PSD warrants a tailored

approach.

Aims: To undertake a pilot study in order to develop analysis pipelines

for gene discovery and compile a list of candidate causal genes for

PSD.

Patients/Methods: We sequenced the exome of three unrelated Italian

patients with PSD and seven controls. Sequencing was carried out by

Illumina HiSeq after DNA target capture by NimbleGen SeqCap EZ

Exome Libraries v2.0. SOAPaligner, SOAPsnp and BWA were the

software of choice for read alignment and mapping onto the reference

genome sequence and for single nucleotide variant and indel calls.

Annotation on databases of common (and likely neutral) genetic vari-

ation and exclusion of variants found in healthy controls were used as

criteria to identify potentially disease-related genes. Databases

included dbSNP132, 1000Genomes Project and exome variant server

repositories.

Results: Sequencing was successful with > 95% of the 44-megabase

target DNA being covered by at least 10 sequence reads. On average,

approximately 25,000 single nucleotide variants and 450 indels were

found in the 10 sequenced exomes. After removal of variants found in

dbSNP, 1000Genomes databases or seven control exomes, 608, 635

and 592 genes had at least one nonsynonymous or splice-site SNV or

coding indel in the three PSD patients. Intersection of the three gene-

lists yielded eight candidate genes. After exclusion of large, highly-var-

iable genes and genes with little or no gene-expression in platelets, AN-

KRD36 and NPRL3 were the strongest candidate genes.

Conclusions: This study illustrates the power of exome sequencing for

the identification of genes underlying PSD and identifies candidate

causal genes for this condition.

PA3.06 – Fibrinolytic System:
Clinical – III

PA 3.06-1
The effect of factor XIII and other regulators of
fibrinolysis on the outcome of thrombolysis in
ischemic stroke patients
Bagoly Z1, Sz�ekely E1, Kov�acs KR2, Mezei ZA1, Katona E1,

Kappelmayer J3, Csiba L2, Muszbek L1 and Bagoly Z1

1Clinical Research Center, University of Debrecen, MHSC;
2Department of Neurology, University of Debrecen, MHSC;
3Department of Laboratory Medicine, University of Debrecen,

MHSC, Debrecen, Hungary

Background: Thrombolysis by recombinant tissue plasminogen activa-

tor (rtPA) is among the most effective pharmacological strategies in

acute ischemic stroke (IS). Little is known why in some patients

thrombolytic therapy is less efficient and which are the factors promot-

ing intracranial hemorrhage in others. In most cases, these complica-

tions cannot be foreseen at the initiation of therapy and their

occurrence remains unexplained. Effectiveness as well as adverse

effects of the thrombolytic agent are likely to depend on factors influ-

encing fibrinolysis and clot structure.

Aims: To investigate whether levels of factor XIII (FXIII) and of other

major regulators of fibrinolysis affect the outcome of thrombolysis

(the opening of the closed vessel) and the risk of hemorrhagic compli-

cations. To find out whether known polymorphisms of FXIII and of

fibrinolytic proteins have an effect on the outcome of thrombolytic

therapy in IS patients.

Methods: The study population included 100 IS patients, who under-

went thrombolytic therapy within 3 h of the onset of clinical symp-

toms. Blood samples were taken at admission, 1 and 24 h after the

initiation of rtPA infusion. FXIII activity and antigen levels, a2-plas-
min inhibitor (a2PI) activity and antigen levels and thrombin activat-

able fibinolysis inhibitor (TAFI) antigen were measured from all blood

samples. FXIII-A Val34Leu and Tyr204Phe, FXIII-B His95Arg and

intron K (IVS11 + 144) polymorphisms as well as a2PI Arg6Trp and

TAFI Thr325Ile polymorphisms were genotyped. Clinical data of

patients using the National Institutes of Health Stroke Scale (NIHSS)

score and results of imaging tests were registered at admission and on

day 1 and 7 after therapy. Unfavorable short-term outcome was

defined as an increase in NIHSS score by at least four points on day 7.

Long term functional outcome was assessed at 3 months after the

event by the modified Rankin scale. The study was approved by the

Regional Ethics Committee and informed consent was obtained in all

cases.

Results: FXIII levels were significantly lower after thrombolytic ther-

apy. The decrease was more pronounced in the case of severe IS (NI-

HSS > 5), but the levels did not correlate with the outcome of

thrombolysis. a2PI levels at admission were significantly lower in

patients with severe IS but were not associated with the outcome. The

decrease in FXIII and a2PI levels after therapy were more pronounced

in atherothrombotic than in cardioembolic stroke. FXIII-B intron K

and a2PI Arg6Trp polymorphisms showed protective effect against the

development of an ischemic lesion, other FXIII polymorphisms were

without effect. TAFI levels significantly decreased after thrombolytic

therapy but were not associated with stroke severity or with thrombol-

ysis outcome. Thr325Ile polymorphism increased stroke severity

(OR:2.6; 95% CI:1.1–6.6), but did not influence the outcome.
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Conclusions: FXIII, a2PI and TAFI levels decreased after thrombolytic

therapy but did not influence the outcome of thrombolysis. Decreased

levels of a2PI before the initiation of rtPA infusion, which might be

due to increased a2PI consumption, predict more severe stroke. For

the first time we have shown that the outcome of thrombolysis is influ-

enced by FXIII-B intron K and a2PI Arg6Trp polymorphisms.

PA 3.06-2
Quality of life outcomes in a randomized trial of
tenecteplase versus placebo for submassive pulmonary
embolism
Kline JA1, Kabrhel C2, Courtney MD3, Diercks DB4, Jones AE5,

Nordenholz KN6, Rondina MT7, Klinger J8 and Hernandez J9

1Indiana University, Indianapolis; 2Harvard School of Medicine,

Boston; 3Northwestern University, Chicago; 4University of

California, Davis, Sacramento; 5University of Mississippi,

Jackson; 6University of Colorado, Denver, Aurora; 7University of

Utah, Salt Lake City; 8Brown University, Providence; 9Carolinas

Medical Center, Charlotte, USA

Background: Acute submassive pulmonary embolism (PE) can cause

persistent symptoms that degrade quality of life (QOL). Possible

causes of poor QOL include persistent right ventricular (RV) dysfunc-

tion and complications from deep venous thrombosis (DVT). This

study was designed to test the hypothesis that intravenous tenecteplase

would improve measurements of QOL 3 months after submassive PE.

Methods: Multicenter randomized double-blind, placebo controlled

trial. Eligible patients were ambulatory at baseline, had image-proven

acute PE, SBP >90 mm Hg and evidence of RV dysfunction (hypoki-

nesis on echocardiography (echo), elevated serum troponin or brain

natriuretic peptide). Patients received anticoagulation with low molec-

ular weight heparin (LMWH) and either tiered-dose tenecteplase or

saline, followed by anticoagulation with oral warfarin sodium.

Patients were assessed 3 months later as follows: 1. RV function on

resting echocardiography, 2. exercise capacity with the 6 min walk dis-

tance (6MWD), 3. dyspnea severity with a validated instrument to esti-

mate NYHA functional class, 4. self-perception of wellness, assessed

by the Physical Component Summary [PCS] and Mental Component

Summary [MCS] scores from the SF-16�, and 5. For PTS symptoms

with the VEINES-QOL. Unfavorable indexes of QOL were predefined

as poor functional capacity (RV dysfunction and NYHA score >2 or

6MWD < 330 m), and SF16 or VEINES-QOL scores <2SD below the

mean for this population.

Results: 83 patients with PE were enrolled with mean age

55 � 14 years, including 38 with concomitant DVT; 43 were random-

ized to placebo and 40 to tenecteplase. In hospital, one patient treated

with placebo died from PE and one patient treated with tenecteplase

died of intracranial hemorrhage. No other patient had a significant

hemorrhagic adverse event and the frequency of minor bleeding was

not different between groups. Within 5 days, two patients, both trea-

ted with placebo, had circulatory deterioration, both requiring rescue

thrombectomy. Within 3 months, five (11%) placebo patients had

recurrent VTE vs. one (3%) treated with tenecteplase. The mean val-

ues (�SD) for the 76 patients with complete follow up for the 6MWD,

SF36� PCS and SF36� MCS scores and VEINES-QOL scores were

405 � 105 m, 44 � 12, 53 � 10 and 91 � 15, respectively. The

6MWD values correlated significantly with PCS scores (r2 = 0.35,

P < 0.001) but not with MCS scores (r2 = 0.04, P = 0.1). RV dysfunc-

tion (dilation or hypokinesis) was present in 27/76 (36%) and no QOL

scores were significantly different between patients with and without

RV dysfunction. Comparison of patients treated with placebo vs. ten-

ecteplase at 3 month follow-up revealed poor functional capacity in 8/

39 vs. 4/37 (P = 0.23). On the SF36�, a higher proportion of placebo

patients had poor PCS scores (12/39 vs. 4/37, P = 0.03) but not MCS

scores (3/39 vs. 2/37, P = 1). Among the 37 patients with DVT, the

VEINES-QOL scores were poor in 2/19 placebo patients vs 0/18 tenec-

teplase patients (P = 0.25).

Conclusions: In this randomized, double-blinded study, the primary

benefit of fibrinolytic treatment for submassive PE to patients was a

significantly improved self-perception of their quality of physical

health, which was correlated with exercise capacity.

PA 3.06-3
Fibrinolysis impairment in obstructive sleep apnoea
syndrome is driven by increased PAI-1 and TAFI
activity
Undas A1, Borratynska A2, Stopyra-Pach K2 and Fil K2

1Jagiellonian University Medical College; 2John Paul II Hospital,

Krakow, Poland

Background: Obstructive sleep apnoea syndrome (OSAS) is a common

disorder associated with a hypercoagulable state. Prothrombotic alter-

ations have been suggested to explain in part increased cardiovascular

risk, including risk of myocardial infarction and stroke, in OSAS

patients. Little is known about fibrinolysis in OSAS.

Aim: We sought to investigate fibrinolysis and coagulation parameters

in OSAS.

Methods: One hundred and sixty-seven consecutive subjects with sus-

pected OSAS underwent a polysomnography. There were 35 subjects

with severe OSAS (apnoea/hypopnoea index (AHI) > 30 events/h), 26

with moderate OSAS (AHI = 15–30 events/h), and 49 with mild

OSAS (AHI = 5–15 events/h). Fifty-seven individuals in whom OSAS

was ruled out (AHI < 5 events) served as a reference group. Prior to

polysomnography, fasting blood samples were obtained from all sub-

jects to determine clot lysis time (CLT), plasminogen activator inhibi-

tor (PAI)-1 antigen, activated thrombin-activatable fibrinolysis

inhibitor (TAFIa), plasmin and antiplasmin.

Results: OSAS patients and the reference group had similar clinical

characteristics, including the prevalence of smoking habit, chronic

obstructive pulmonary disease, asthma, hypertension, coronary artery

disease, history of myocardial infarction or stroke. Both groups dif-

fered with regard to age (OSAS vs. reference group: 59 [49.0–64.0] vs.
49 [42.0–58.0] years), BMI (31.6 [28.1–37.4] vs. 28.3 [26.3–30.6] kg/
m2), diagnosed diabetes (23.6% vs. 7.0%), total cholesterol (5.1 [4.4–
5.8] vs. 5.4 [4.6–6.3] mM), C-reactive protein (2.3 [1.1–3.9] vs. 1.2 [0.8–
2.6] mg/L), and fasting glucose (5.4 [5.0–5.9] vs. 5.2 [4.9–5.5] mM; all

P < 0.05). Both groups had similar plasma fibrinogen. OSAS patients

compared with the reference group had higher plasma levels of PAI-1

antigen (31.8 [23.0–36.6] vs. 21.4 [19.3–24.6] ng/mL; P < 0.000001),

TAFIa (28.4 [22.8–33.9] vs. 24.0 [20.0–30.7] ug/mL; P = 0.002), and

prolonged CLT (98 [84–111] vs. 76 [70–80] min; P < 0.000001). All

these parameters increased with the severity of OSAS (from mild

through moderate to severe OSAS: PAI-1, 26.4 � 6.0 vs. 30.4 � 6.8

vs. 39.3 � 8.5 ng/mL; P < 0.000001; TAFIa – 27.2 (IQR, 21.9–32.5)
vs. 28.1 (20.8–32.9) vs. 32.5 (25.8–40.1) ug/mL; P = 0.04; CLT, 88.0

(79.0–98.0) vs. 98.0 (88.0–106.0) vs. 111.0 (101.0–128.0) min;

P < 0.0001). There were no differences in plasmin and antiplasmin

activity between OSAS subjects and reference group. There were posi-

tive correlations in OSAS patients between PAI-1, TAFIa, CLT and

polysomnographic parameters such as AHI (R = 0.66, P < 0.001;

R = 0.29, P = 0.002; R = 0.55, P = 0.001, respectively), apnoea index

(R = 0.55, P < 0. 001; R = 0.28, P = 0.004; R = 0.42, P < 0.001), hyp-

opnoea index (HI) (R = 0.54, P < 0.001; R = 0.20, P = 0.038;

R = 0.49, P < 0.001), desaturation index (R = 0.66, P < 0.001;

R = 0.32, P = 0.001; R = 0.56, P < 0.001), time of snoring (R = 0.34,

P < 0.001; R = 0.28, P = 0.003; R = 0.33, P < 0.001), and inverse cor-

relations with blood oxygen saturation (R = �0.36, P < 0.001;

R = �0.24, P = 0.012; R = �0.40, P < 0.001). Antiplasmin activity

showed inverse correlations only with HI (R = �0.21, P = 0.031) and

time of snoring (R = �0.23, P = 0.016). No correlation was observed

between plasmin activity and polysomnography parameters.
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Conclusions: OSAS is associated with impaired fibrinolytic capacity

which is largely driven by increased plasma PAI-1 antigen and TAFIa.

A novel observation is that prolonged fibrin clot lysis along with PAI-

1 and TAFIa increase with the progression of OSAS, which could con-

tribute to increased rate of thromboembolic cardiovascular events

among severe OSAS patients.

PA 3.06-4
Type 1 plasminogen activator inhibitor (PAI-1) and risk
of acute coronary syndrome in the european
prospective investigation into cancer (EPIC)-Italy
cohort
Iacoviello L1, Agnoli C2, De Curtis A1, Cutrone A1, Krogh V2,

Mattiello A3, Matullo G4, Panico S3, Sacerdote C5, Tumino R6,

Vineis P7 and De Gaetano G1

1Catholic University, Campobasso; 2National Cancer Institute,

Milano; 3Federico II University of Naples, Napoli; 4Human

Genetic Foundation HuGef, Torino; 5Cancer Prevention Centre

(CPO) Piemonte, Torino; 6Cancer Registry ASP, Ragusa, Italy;
7Imperial College, London, UK

Background: PAI-1 levels were associated with arterial disease in multi-

ple studies. However, whether high PAI-1 levels independently

increase the risk remains to be elucidated.

We evaluated the association between PAI-1 and risk of acute coro-

nary syndrome (ACS) in four out of five centers of the European Pro-

spective Investigation into Cancer (EPIC)-Italystudy.

Materials and Method: We conducted a case-cohort study on 1454

(702 men; 752 women) volunteers of the EPIC-Italy cohort, by com-

paring subjects who developed ACS (MI fatal or nonfatal, coronary

revascularization, sudden death) in a mean follow-up of 11.93 years.

Using a nested case-cohort design in the EPIC-Italy study

(n = 34,148), we identified a random subcohort (n = 820) and incident

acute coronary syndrome cases (n = 634 plus 13 cases originated from

the random subcohort) occurring between baseline (1993–1997) and

end of 2006 (Varese and Naples), of 2007 (Ragusa) or 2008 (Turin);

PAI-1 levels were measured in citrated plasma collected at recruitment

by ELISA (Hyphen Zymutest PAI-1, IL, Milano). The relative risk

(RR) and 95% confidence interval (CI), adjusted by relevant con-

founders and stratified by center, were estimated by aCoxregression

model using Prentice method.

Results: Individuals in the highest compared with the lowest quartile

of PAI-1 had significantly increased risks of ACS (RR: 4.11; 95% CI:

2.90–5.82; P for trend < 0.001) in univariate analysis, after adjustment

for sex, age and recruitment center the risk decreased to 2.67 (1.82–
3.92). Additional adjustment for education, smoking habit, BMI, total

physical activity, hypertension, diabetes and hyperlipidemia treatment,

further decreased the risk to 1.97 (1.28–3.03) (P for trend < 0.001).

The risk of ACS increased by 34% for each increase in 1 standard

deviation of PAI-1 levels.

Conclusions: Our data provide the first evidence for a link between

high PAI-1 levels and an increased risk of ACS in the population.

PA 3.06-5
N-terminal heterogeneity of alpha-2-antiplasmin is
associated with plasma clot lysis time and risk of
arterial thrombosis
Uitte de Willige S, Malfliet JMC, Deckers JW, Dippel DW, Leebeek

FWG and Rijken DC

Erasmus University Medical Center Rotterdam, Rotterdam, The

Netherlands

Background: A reduced fibrinolytic potential is associated with risk

of arterial thrombosis, although the exact mechanism underlying this

association is yet unknown. The main function of alpha-2-antiplas-

min (a2AP), the inhibition of plasmin, is influenced by the proteo-

lytic modifications the protein undergoes in the circulation.

Approximately 70% of circulating a2AP is N-terminally cleaved

between residues Pro12 and Asn13, turning the native Met-a2AP into

Asn-a2AP. Additionally, approximately 35% of circulating a2AP is

cleaved at its C-terminus, resulting in a form of a2AP that has lost

most of its activity by losing its ability to bind to plasmin(ogen).

Non-plasminogen binding a2AP can still inhibit plasmin, but kineti-

cally very slow.

Aims: We investigated the association of N-terminal heterogeneity of

a2AP and the risk of arterial thrombosis. Additionally, with a2AP

being a fibrinolysis inhibitor, we investigated the association of N-ter-

minal heterogeneity of a2AP and the lysis times of plasma clots.

Methods: We focused on the active plasminogen-binding form of

a2AP, PB-a2AP, and on individuals homozygous for the common R-

allele of polymorphism Arg6Trp, as this polymorphism strongly influ-

ences N-terminal cleavage of a2AP. New ELISA assays were set up to

measure the antigen levels of both total PB-a2AP and N-terminally

intact Met-PB-a2AP. With these data we calculated the percentage

Met-PB-a2AP, reflecting N-terminal heterogeneity. a2AP antigen lev-

els were measured in the plasma samples of 404 patients with arterial

thrombosis (myocardial infarction, ischemic stroke or peripheral

artery disease) and 318 healthy control individuals from the ATTAC

study. Informed consent was obtained and the study was approved by

a recognised medical ethics committee. Risk estimates were determined

by using the 75th percentile (P75) as calculated in control individuals

and were adjusted for age and sex. Plasma clot lysis times (PCLT) were

measured previously.

Results: Total-PB-a2AP levels (mean � SD) did not differ between

patients and control individuals, 47.3 � 11.1 vs. 46.7 � 11.9 µg/mL

respectively, P = 0.416. Although individuals with Total-PB-a2AP lev-

els above P75 had a slight increase in arterial thrombotic risk

(OR:1.19, 95% CI: 0.83–1.71), this did not reach statistical signifi-

cance. We did find that patients had significantly higher Met-PB-a2AP

levels compared to the Met-PB-a2AP levels in control individuals,

14.8 � 5.2 vs. 13.4 � 4.8 µg/mL respectively, P < 0.001. Individuals

with Met-PB-a2AP levels above P75 had a 1.76-fold increased risk of

arterial thrombosis (95% CI: 1.25–2.49). This was also observed in the

percentage Met-PB-a2AP, which was increased in patients

(31.7 � 10.0%) compared to the percentage Met-PB-a2AP in control

individuals (29.3 � 9.8%, P = 0.002), with a 1.56-fold increase in risk

for individuals with a percentage Met-PB-a2AP above P75 (95%CI:

1.10–2.21). Furthermore, PCLT is known to be increased in patients

with arterial thrombosis compared to the PCLT in control individuals

(99.7 � 30.4 vs. 92.6 � 20.9 min, P = 0.005 in our study). We

additionally found a positive correlation (Spearman’s rho) of the

percentage Met-PB-a2AP with plasma PCLT in the control individuals

(0.172, P = 0.020).

Conclusions: We found that an increase in Met-PB-a2AP, i.e. a

decrease in N-terminal cleavage of a2AP, is associated with an increase

in PCLT and an increased risk of arterial thrombosis.
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PA 3.06-6
Polymorphisms of matrix metalloproteinase gene and
adiposity indices in European children: results of the
IDEFICS study
Iacoviello L1, Cugino D1, Gianfagna F1, Ahrens W2, De Henauw

S3, Marild S4, Molnar D5, Moreno L6, Pitsiladis Y7, Siani A8,

Tornaritis M9 and Veidebaum T10

1Catholic University, Campobasso, Italy; 2Bremen Institute for

Prevention Research and Social Medicine, University Bremen,

Bremen, Germany; 3Department of Public Health, Ghent

University, Ghent, Belgium; 4University of Gothenburg,

Gothemburg, Sweden; 5University of Pecs, Pecs, Hungary;
6University of Zaragoza, Zaragoza, Spain; 7University of Glasgow,

Glasgow, UK; 8Consiglio Nazionale delle Ricerche, Avellino,

Italy; 9Research and Education Institute of Child Health,

Strovolos, Cyprus; 10National Institute for Health Development,

Tallin, Estonia

Objective: We investigated the relationship between matrix metallo-

proteinase 3 (MMP3) polymorphisms and adiposity indices in Euro-

pean children of the IDEFICS (Identification and Prevention of

Dietary- and Lifestyle-Induced Health Effects in Children and Infants)

project.

Subjects: Sixteen thousand two hundred and twenty-four Caucasian

children (2 � 9 years) were recruited into a population-based survey

from eight European countries. Four thousand five hundred and forty

children were randomly selected for genetic studies (T0); 3238 children

were re-examined 2 years later (T1). Anthropometric measures were

collected by standardized protocols at T0 and T1.

Results: Six variants of MMP3 gene were genotyped. Homozygotes

for the variant A allele of rs646910 and for the H3 haplotype had

higher hip circumference (P = 0.002 and 0.001; age, sex and country

adjusted) at T0. The association remained significant after false discov-

ery rate (FDR) correction. At T1, subjects carrying rs646910 A/A

genotype or H3/H3 diplotype showed significantly higher values of

BMI, waist and hip circumference and sum of tricipital and subscapu-

lar skinfolds, all associations remaining significant after FDR correc-

tion (P = 0.020–0.048).
Conclusions: We showed for the first time an association between the

MMP3 rs646910 variant and indices of adiposity in European chil-

dren, highlighting the involvement of metalloproteinase genes in adi-

pose tissue remodeling and growth.

PA3.07 – Haemophilia A: Basic – III

PA 3.07-1
Concomitant low doses of activated prothrombin
complex concentrate (APCC) and recombinant
activated factor VII are efficacious in hemophilic mice
and exhibit additive joint action in vitro
Dockal M, Knappe S, Leidenm€uller P, Palige R, Resch M, Tippl S,

Verdino D, Bauer KA, H€ollriegl W and Scheiflinger F

Baxter Innovations GmbH, Vienna, Austria

Background: Treatment of hemophilia A is complicated by develop-

ment of FVIII neutralizing antibodies, occurring in approximately

30% of patients with severe hemophilia A. In these cases, acute bleeds

are often treated with bypassing agents, APCC or recombinant factor

VIIa (rFVIIa), which act independently of FVIII to achieve hemosta-

sis. However, in 10–20% of bleeding events, patients are refractory or

non-responsive to monotherapy. Sequential combined bypass therapy

(SCBT) or concomitant combined bypass therapy (CCBT) of APCC

and rFVIIa are one of the last resorts to arrest bleeding.

Aim:We developed a translational in vitro-to-in vivo approach to study

the combined effect of APCC and rFVIIa (BAX817) in human global

hemostasis assays, and the efficacy of CCBT in a hemophilia A mouse

model.

Methods: The activity of APCC and rFVIIa was assessed in a cali-

brated automated thrombograph (CAT) assay in FVIII-inhibited nor-

mal human plasma at high phospholipids and without tissue factor.

We tested clinically relevant plasma concentrations of APCC (20–
1000 mU/mL) and rFVIIa (0.11–5.25 lg/mL), alone and in combina-

tion, to select a ratio that normalized thrombin generation. For the

efficacy study, FVIII knockout mice (n = 16 per group) received a sin-

gle intravenous injection of 200–2700 lg/kg rFVIIa, 60–250 U/kg

APCC, concomitantly administered combinations of 60 U/kg

APCC + 200–2000 lg/kg rFVIIa, or buffer. Tail clips were performed

and blood loss measured over 60 min.

Results: APCC and rFVIIa, alone and in combination, showed a con-

centration-dependent response under the given CAT conditions. The

total effect of the combination on thrombin generation was consisten-

ty lower or equal to the sum of the individual effects, suggesting an

additive effect of the joint action of rFVIIa and APCC. Several combi-

nations reached activity equivalent to 1000 mU/mL APCC; we

selected 200 mU/mL APCC + 0.88 lg/mL rFVIIa as the starting

point for the efficacy study. Based on previous efficacy data from

rFVIIa and APCC monotherapy studies, we translated these in vitro

plasma concentrations into doses for the mouse tail clip model. Statis-

tical analysis of blood loss showed that the minimally effective doses

were 2000 lg/kg rFVIIa, 250 U/kg APCC, and for the combination

therapy, 1200 lg/kg rFVIIa + 60 U/kg APCC. Importantly, the effec-

tiveness of 1200 lg/kg rFVIIa and 60 U/kg APCC alone was not sig-

nificantly different from that of buffer. Thus, we demonstrate that

suboptimal doses of rFVIIa and APCC when administered alone, cor-

rect a bleeding phenotype in combination.

Summary/Conclusions: To our knowledge, this is the first efficacy

study evaluating CCBT with low doses of rFVIIa and APCC in a

hemophilia animal model. We show that combined doses of rFVIIa

and APCC – inefficacious on their own – reduce blood loss in FVIII

knockout mice after tail clipping. Interestingly, the minimally effective

combination dose in mice translates into human doses of 40 lg/kg
rFVIIa + 20 U/kg APCC, which fall into the dose ranges of CCBT as

applied in the clinic. We further provide new in vitro evidence that the

joint action of rFVIIa and APCC is additive rather than synergistic.

PA 3.07-2
A single residue in tissue factor pathway inhibitor
(TFPI) determines the specificity of an inhibitory
peptide to TFPI and guides selection of preclinical
models
Dockal M1, Hartmann R1, Pachlinger R1, Brandstetter H2, H€ollriegl

W1, Polakowski T3 and Scheiflinger F1

1Baxter Innovations GmbH, Vienna; 2University of Salzburg,

Salzburg, Austria; 33B Pharmaceuticals, Berlin, Germany

Background: TFPI is a potent inhibitor of the extrinsic factor X activa-

tion complex and efficiently regulates coagulation initiation. We devel-

oped de novo peptide inhibitors of TFPI that enhance coagulation in

hemophilia models. Direct inhibition of TFPI in hemophilia models

alleviates bleeding complications and may become an important

approach in hemophilia treatment. TFPI inhibitors are currently

under investigation for inhibitory antibodies and aptamers. Recently,

we demonstrated that an optimized linear peptide JBT-A7 bound to

the Kunitz-1 (K1) domain of human (h)TFPI with a Kd < 1 nM and

efficiently inhibited TFPI in human test systems.

Aims: We characterized target cross-reactivity of TFPI inhibitors

including a fusion peptide of a linear (JBT-A7) and a cyclic (JBT-B5)

peptide, to efficiently select animal species for preclinical studies.

Methods: We co-crystallized JBT-A7 with human K1 and JBT-B5 with

K1-K2 produced by E. coli. Critical residues for JBT-A7 binding to K1

were identified from the structure and compared to animal TFPI by

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 368–407

408 ABSTRACTS



sequence alignment. Species selective TFPI inhibitory activity of

peptides was tested in TF-triggered thrombin generation in mouse, rat,

rabbit, dog, minipig, macaque and marmoset plasma, which was

supplemented with anti-FVIII inhibitors to mimic hemophilia A condi-

tions and to be more sensitive to TFPI inhibition. Recombinant TFPI1-

160 from several animal species was used to show direct inhibition of

TFPI by peptides in a FXa inhibition model assay. The interaction of

JBT-A7 with recombinant TFPI1-160 was studied using Biacore.

Results: Crystallographic measurements showed that the specificity of

JBT-A7 to K1 is determined by electrostatic interactions at distinct

charged hot spots, e.g. Lys29 and Asp32 interact with an Asp and

Arg-Lys, respectively, in JBT-A7. Extended steric surface complemen-

tarities of the binding partners explain both the high affinity and speci-

ficity. JBT-B5 interacts with K1, K2 and the linker region between

these Kunitz domains. Activity screening in plasma indicated cross-

reactivity of JBT-A7 to mouse and marmoset TFPI only. Macaque

TFPI did not react with JBT-A7 despite a sequence identity of 92.5%

to human TFPI1-160. Sequence alignment revealed a single mutation

A30P, impacting the binding site and resulting in a complete loss of

cross-reactivity. Reduced binding to macaque TFPI was confirmed by

Biacore studies. Although marmoset TFPI is less related to human

TFPI than macaque TFPI is, it did not show the A30P exchange. JBT-

A7 blocked marmoset TFPI with activity similar to human TFPI. The

cyclic JBT-B5 does not cross-react to any animal TFPI tested. Never-

theless, fusion of both peptides results in TFPI inhibitory activity in

marmoset plasma similar to that in human plasma.

Summary/Conclusions: The data show that detailed knowledge of a

compound guides the selection of an appropriate animal species, and

that a change of only one critical residue within the protein target may

determine species specificity for preclinical studies. This structure-

guided in vitro approach aids in reducing the number of animal experi-

ments.

PA 3.07-3
Regulation of plasminogen activator inhibitor-1
promotes immune tolerance to factor VIII in murine
hemophilia A
Madoiwa S

Jichi Medical University, Shimotsuke, Japan

The development of inhibitory antibodies against factor VIII (FVIII)

is the enormous impact on hemophilia A patients, who are treated

with FVIII products. Plasminogen activator-plasmin system is associ-

ated with not only thrombolysis but also various reactions including

inflammation. However, little is known about how fibrinolytic compo-

nents coordinate immune response. Here we show that plasminogen

activator inhibitor-1 (PAI-1), a regulator of fibrinolytic system, is a

key player in controlling immune response in a mouse model of hemo-

philia A. Genetic deletion of PAI-1 prevented FVIII deficient mice

from development of inhibitor formation after repeated loading of

FVIII. PAI-1 depletion was associated with decreased major histocom-

patibility complex class II expression by bone marrow F4/80 positive

cells and reduced T cell proliferation. Transplantation of mouse bone

marrow cells transduced with a short hairpin RNA sequence targeting

PAI-1 as well as administration of synthetic PAI-1 inhibitor caused a

significant reduction of anti-FVIII antibody titer in FVIII deficient

mice. These results suggest that PAI-1 regulation before FVIII expo-

sure may represent a novel therapeutic option for preventing the devel-

opment of FVIII inhibitors in hemophilia A patients.

PA 3.07-4
The effect of FVIII deficiency on the dynamics of
thrombin and fibrin generation under flow on tissue
factor-rich surfaces
Onasoga A1, Leiderman K2, Fogelson AL3, Manco-Johnson M4,

Di Paola JA4 and Neeves KB1

1Colorado School of Mines, Golden, CO; 2University of

California, Merced, Merced, CA; 3University of Utah, Salt Lake

City, UT; 4University of Colorado, Denver, Denver, CO, USA

Background: Blood flow affects coagulation by determining the rate of

zymogen delivery to, and enzyme transport away from a growing

thrombus. While it is known that FVIII deficiencies diminish the rate

of thrombin generation under static conditions, there is little known

about how this deficiency influences thrombus formation under flow

on well-defined TF-rich surfaces.

Aims: The objective of this study was to measure the effect of FVIII

deficiencies on fibrin formation and thrombin generation under flow in

a whole blood system, using a microfluidic flow assay (MFA). We

compared how the MFA compared to static assays in terms of their

sensitivity to FVIII levels. Finally, we used the MFA to measure the

response to replacement therapies and bypassing agents.

Methods: Whole blood from individuals with severe (n = 7), moderate

(n = 8), mild (n = 5) hemophilia or healthy controls (n = 8) was per-

fused over a collagen-tissue factor surface at a shear rate of 100/s for

5 min. Transient fibrin and platelet accumulation were measured by

fluorescence microscopy. Thrombus morphology was measured by

scanning electron microscopy. To aid in the interpretation of the

experiments, thrombin generation as a function of FVIII levels was

simulated using computational models of thrombus formation. Pre-

and post-treatment assays were run on samples from individuals

receiving recombinant FVIII replacement therapies or FVIIa bypass-

ing agents. Results from the MFA were compared to turbidity and

thrombin generation (TG) assays to gauge the relative sensitivity of a

flow based approach to FVIII deficiency.

Results: The rate of fibrin formation and final fibrin accumulation was

a strongly correlation to FVIII plasma levels. (r = 0.81, P < 0.001).

The FVIII levels also influenced the magnitude and the distribution of

thrombin generation as predicted by computational models. The aver-

age thrombin concentration in the thrombus was 50 nM at 100%

FVIII, 5 nM for 10% FVIII and 1 nM for 1% FVIII. Integrated fibrin

density in the MFA was able to discriminate between healthy controls

(39.03 � 6.1 RFU), mild (22.34 � 2.86 RFU) and severe (11.4 � 1.5

RFU) hemophilia. The MFA was equally or more sensitive to FVIII

levels compared to maximum absorption in a turbidity assay (r = 0.69,

P < 0.004) and TG assay (r = �0.18, P = 0.50). Fibrin accumulation

following replacement and bypass therapy showed a marked increase

in fibrin density before (10.0 � 0.7 RFU) and 1 h after treatment

(52.8 � 2.3 RFU).

Conclusions: These results show that a collagen-TF based microfluidic

flow assay is sensitive to FVIII levels. This assay could also potentially

be used to predict bleeding severity, as well as for preventive dosing

and response to new coagulation products.

PA 3.07-5
Characterization of large deletions in the F8 gene using
multiple competitive amplification and genome
walking technique
You G

Shanghai Institute of Hematology, Shanghai, China

Background: Large deletions in the F8 gene are responsible for approx-

imately 3% of severe hemophilia A (HA) cases. However, only a few

breakpoints in large deletions have been characterized.

Aims: To identify large deletions in the F8 gene and to characterize the

molecular mechanisms leading to these deletions.
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Methods:We used the AccuCopy technology, a copy number variation

(CNV) genotyping method based on multiplex competitive amplifica-

tion, to confirm deletions in index patients and to screen potential

female carriers in 10 HA families. Also, breakpoints of these large

deletions were characterized by a primer walking strategy and genome

walking technique.

Results: Ten large deletions and four female carriers were identified by

AccuCopy. The extents of deleted regions ranged from 1.3 to 68.5 kb.

Exact breakpoints of these deletions were successfully characterized.

Eight of them presented microhomologies at breakpoint junctions and

several recombination-associated elements (repetitive elements, non-B

conformation forming motifs and recombination-associated sequence

motifs) were also observed in close proximity to the junctions.

Conclusions: The AccuCopy technology is a reliable and efficient tool

for detecting large deletions in the F8 gene and for identifying HA

female carriers. Genome walking technique is a highly specific, efficient

and versatile method for characterizing the deletion breakpoints.

Molecular characterization of deletion breakpoints revealed that non-

homologous end joining and microhomology-mediated replication-

dependent recombination were the major causative mechanisms of the

ten large deletions in the F8 gene.

PA 3.07-6
Role of mannose-ending glycanes in the
immunogenicity of FVIII in FVIII-deficient mice
Delignat S1, Ray�es J1, Dasgupta S1, Peyron I1, Martinez-

Pomares L2, Chtourou S3, Plantier J-L3, Kaveri SV1 and Lacroix-

Desmazes S1

1Inserm, Paris, France; 2Queens Medical Center University,

Nottingham, UK; 3LFB, Les Ulis, France

Background: Ten to thirty percent of patients with hemophilia A

develop anti-factor VIII (FVIII) inhibitory antibodies after FVIII

replacement therapy. The reasons for the elevated immunogenicity of

FVIII are still poorly understood. A mandatory step for developing an

anti-FVIII immune response is the endocytosis of the exogenously

administered FVIII by antigen presenting cells (APCs), such as den-

dritic cells or macrophages, and the presentation of FVIII-derived pep-

tides by APCs to CD4+ T lymphocytes. Previously, using human

monocyte-derived dendritic cells (Mo-DCs) as a model of APCs, we

have demonstrated that endocytosis of human recombinant FVIII by

Mo-DCs leads to presentation of FVIII peptides to T cells in vitro, and

that endocytosis is mediated at least in part through the macrophage

mannose-receptor (CD206). However, we also showed that the latter

mannose-sensitive pathway is not involved in the uptake of FVIII by

murine bone marrow-derived dendritic cells (BM-DCs).

Aim: The aim of this study was to evaluate the importance of man-

nose-sensitive pathway in the immunogenicity of FVIII in vivo using

FVIII-deficient (FVIII°) mice.

Methods: To investigate the importance of mannose-ending glycans in

the immunogenicity of FVIII, we used different strategies. (i) We pro-

duced a demannosylated (DM-FVIII) human B domain-deleted FVIII

lacking oligomannose carbohydrates at Asn239 and Asn2118, and a

wild-type B domain-deleted FVIII (WT-FVIII, Δ2FVIII, LFB, Les

Ulys) by transducing CHO-S cells with lentiviral vectors. To evaluate

FVIII immunogenicity, FVIII° mice were injected intravenously with 1

UI of WT-FVIII or DM-FVIII 4 times at weekly interval. (ii) We satu-

rated mannose-sensitive receptors in FVIII° mice with mannan, or

mannose-ending glycans of FVIII with soluble CD206 (sCD206), prior

to FVIII injection. (iii) We also compared the immunogenicity of

FVIII in wild-type (WT) mice and CD206-deficient (CD206°) mice. In

all cases, the anti-FVIII immune response was evaluated by measuring

anti-FVIII IgG titers by ELISA and FVIII inhibitory titers by chro-

mogenic assay.

Results: Purified WT-FVIII and DM-FVIII had similar specific activi-

ties (2007 and 2783 IU/mg, respectively) and presented the same

capacity to bind VWF and activated platelets. Surprisingly, we

observed a significantly increased immune response in FVIII° mice

treated with DM-FVIII as compared to mice treated with the WT-

FVIII: anti-FVIII IgG titers of 21,732 � 12,349 and 2546 �
1219 lg/mL, respectively (P = 0.015); FVIII inhibitory titers of

685 � 335 and 84 � 26 BU/mL, respectively (P = 0.004). Saturation

of mannose-sensitive receptors in vivo or ex vivo quenching of man-

nose-ending sugars on FVIII using sCD206, prior to injection to

FVIII° mice, both showed the same tendency. Likewise, CD206° mice

developed a significantly higher anti-FVIII immune response than

wild-type mice.

Conclusion: In contrast to our hypothesis based on results generated

using human cells in vitro, blocking the interaction between FVIII and

mannose-sensitive receptors in FVIII° mice increases FVIII immuno-

genicity. Whether this is due to intrinsic differences in CD206 expres-

sion in mice as compared to human, or to the fact that Mo-DCs are

not an appropriate surrogate to mimic mannose-dependent antigen

endocytosis in vivo is being investigated.

PA3.08 – Heparin-Induced
Thrombocytopenia (HIT):
Clinical – II

PA 3.08-1
Off-label use of fondaparinux in suspected acute
heparin-induced thrombocytopenia (HIT) – final results
from the GerHIT multicentre, retrospective registry
study
Schindewolf M1, Steindl J1, Beyer-Westendorf J2, Schellong S3,

Dohmen PM4, Brachmann J5, Madlener K6, P€otzsch B7, Klamroth

R8 and Lindhoff-Last E1

1Goethe University Hospital Frankfurt/M., Frankfurt am Main;
2University Hospital Carl Gustav Carus; 3Municipal Hospital

Dresden Friedrichstadt, Dresden; 4Heart Centre Leipzig,

University of Leipzig, Leipzig; 5Klinikum Coburg, Coburg;
6Kerckhoff-Klinik, Bad Nauheim; 7University Hospital Bonn,

Bonn; 8Vivantes Klinikum im Friedrichshain Berlin, Berlin,

Germany

Background: Life-threatening HIT is treated with the non-heparin an-

ticoagulants argatroban (A), lepirudin (L), or danaparoid (D). Fre-

quently, fondaparinux (F) is used off-label.

Aims: The aim was to obtain data on therapy efficacy and safety of the

different anticoagulants.

Methods: In a national multi-centre registry study, patients diagnosed

with HIT between 01/2005 and 10/2009 were included when the retro-

spectively determined 4T’s scores were ≥ 4 points (intermediate or high

clinical risk for HIT), and when they were treated with at least one

dose of A, L, D, or F. Outcome measures were: incidences of thrombo-

embolic complications, amputations, skin lesions, thrombocytopenia,

skin lesions, platelet recovery, bleeding and fatal complications.

Results: Ninety-six (49.2%) of 195 patients had an intermediate, and

94 (48.2%) patients had a high 4T’s score (median: five points; six

points in the F therapy group). Immunogenic and functional heparin-

induced activation assays were positive in 54.6% and 32.8%, respec-

tively. Of the patients, 57 (24.2%) were exposed to A, 9 (3.8%) to L,

70 (29.7%) to D, and 98 (41.5%) to F. The composite endpoint

(thrombosis, amputation, skin necrosis) occurred with A in 8.8%, with

L in 11.1%, with D in 12.9%, and with F in 0.0% of patients. Platelet

counts recovered in all but 9 (4.6%) patients within 9.0 days (median).

Of these, only one patient, who was also refractory to A/D, did not

respond to F. All cause in-hospital mortality rates were 10.5% for A,

22.2% for L, 17.1% for D, and 0.0% for F. Bleeding complications

occurred with A in 8.8%, with L in 22.2%, with D in 5.7%, and with

F in 4.1%.
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Summary/Conclusion: Fondaparinux seems to be an effective and safe

alternative therapy option in suspected acute HIT although currently

not licensed; no HIT-specific complications occurred even in patients

with a high clinical probability for HIT. Further data are needed

urgently because Lepirudin has been retrieved off the market, Danapa-

roid access has been limited due to manufacturing problems, and arg-

atroban is contraindicated in patients with impaired hepatic function.

The Ethics Committee of the State Chambers of Physicians (Land-

esaerztekammer), Bavaria, confirmed that ethics approval was not

required due to the complete anonymisation of the retrospective data

that were acquired from the patients’ individual medical records. The

provision of study information to the patients and an informed con-

sent form were not required. The study was registered at ClinicalTri-

als.gov (NCT01304238).

PA 3.08-2
Laboratory testing for heparin induced
thrombocytopaenia (HIT); current practice amongst UK
NEQAS and ECAT participants
Jennings I1, Meijer P2, Horner K3, Kitchen S1, Kitchen D1, Woods

T1 and Walker I1

1UK NEQAS (Blood Coagulation), Sheffield, UK; 2ECAT

Foundation, Leiden, The Netherlands; 3Sheffield Haemophilia

and Thrombosis Centre, Sheffield, UK

Background: Diagnosis of Heparin Induced Thrombocytopaenia

(HIT) is based on a combination of clinical assessment, usually

employing a 4T’s score or similar, and laboratory testing. Therefore to

ensure an accurate diagnosis, sensitive and specific laboratory assays

are required.

Method: UKNEQAS initiated proficiency testing surveys for Heparin-

Induced Thrombocytopenia (HIT) screening in 2008, to explore diag-

nostic accuracy amongst laboratories and to support improved labora-

tory performance of HIT screening. In the most recent exercise carried

out in July and August 2012, three lyophilised citrated plasma samples

were sent to 90 centres, of which approximately half were UK-based.

One sample was a pooled normal plasma (coded HIT 12:02 below),

one was a sample from a patient with positive results in several labora-

tory tests for HIT (Coded HIT 12:03), the third sample (HIT 12:01)

was a dilution of the same positive sample constructed using normal

plasma.

Results: A number of trends in relation to laboratory testing have

occurred in the period between 2008 and 2012. Platelet aggregation

tests are less frequently used and none of the four centres currently

using conventional aggregometry reported use of washed platelets rec-

ommended in guidelines based on improved sensitivity relative to

unwashed platelets. Amongst users of ELISA techniques an increasing

proportion utilise assays detecting only IgG antibodies as recom-

mended in UK Guidelines. For sample HIT12:03 (undiluted positive)

all centres using either IgG or IgG, A & M-based assays reported an

abnormal result. For sample HIT12:02 (normal plasma) all ELISA

user reported a negative result. For sample HIT12:01 (diluted positive

sample) there was a lack of concordance in interpretations – 4/16

(25%) of centres using a IgG/A/M ELISA reported a positive screen,

and 6/16 reported an equiviocal result, whilst 12/14 centres using IgG-

only ELISAs reported a negative screen, with the remaining two cen-

tres reporting equivocal results. For HIT12:02 (normal plasma) false-

positive results were reported by five of 21 users of the Diamed tech-

nique with five more considering results to be equivocal or weakly

positive. This technique recommends the use of fresh serum, and the

effect of using lyophilised citrated plasma as a quality control material

is being investigated. One of 12 IL HIT latex assay users reported an

equivocal result on this sample, with the remainder reporting negative

results, as did all users of ELISA, Stago STIC lateral flow assay, plate-

let aggregation assays and two Multiplate users. Samples HIT12:01

and HIT12:02 were also distributed to participants in the ECAT qual-

ity assurance programme. Two hundred and nine centres reported

results; in general, ECAT results were comparable to those of NE-

QAS. Amongst ECAT participants, 49% of centres employing the

Diamed method reported a positive screen on sample HIT12:02 (nor-

mal plasma) whilst all those using an ELISA-based method reported a

negative result. For sample HIT12:01, a split of interpretations was

observed amongst centres employing the same methods.

Conclusion: These survey data indicate that variability in laboratory

test results is sufficient to influence patient management decisions, and

confirms the continued need for proficiency testing in this area to help

improve laboratory testing in the investigation of possible HIT.

PA 3.08-3
Detection and measurement of anti-IL8 IgG antibodies
in cardiac surgery patients and heparin-induced
thrombocytopenia using a multiplexed fluorimetric
assay
Pouplard C1, Abraham JD2, Leroux D1, Lapalud P2, Pfieffer C2,

Galea P2, Laune D2, Molina F2 and Gruel Y1

1University Hospital of Tours, Tours; 2Sysdiag UMR3145 CNRS,

Montpellier, France

Background: Antibodies (Abs) to interleukin-8 (IL8) have been

detected alone or in combination with Abs to PF4/heparin (H) com-

plexes in few patients with heparin-induced thrombocytopenia (HIT).

However, their pathogenicity remains uncertain such antibodies to IL8

have also been detected in healthy subjects. Cardiac surgery (CS) is a

clinical situation associated with a high risk of Abs to PF4/H and

HIT. In addition, CS induces a systemic inflammatory response with

strong release of IL8.

Aims: To develop a sensitive and specific method for investigating

whether Abs to IL8 may exist after cardiac surgery and in HIT

patients, or not.

Methods: We developed a cytometry-based immunoassay using color-

coded paramagnetic beads (Bio-plex ProTM Magnetic COOH Beads)

on which a murine monoclonal antibody to human CXCL8/IL8 was

covalently coupled. Beads were then incubated without (w/o) or with

recombinant human IL8 (rhIL8) and after washings, ‘test beads’ (i.e.

with rhIL8) or ‘control beads’ (i.e. w/o rhIL8) were incubated with

diluted plasma samples. After washings, a conjugated anti-human IgG

was incubated with ‘test beads’ and ‘control beads’. Beads were then

washed and analyzed with a Bioplex100TM. Mean fluorescence inten-

sity (MFI) was measured and results were expressed as ‘MFI ratio’

(=MFI with ‘test beads’ divided by MFI with ‘control beads’) and as

‘Differential MFI’ (=MFI with ‘test beads’ minus MFI with ‘control

beads’). To define the cut-off values, experiments were done with

plasma samples from 54 healthy subjects. The cut-off values of ‘MFI

ratio’ and ‘differential MFI’ were defined as > the 90th percentile and

three of the 54 controls (5.5%) were identified as having significant lev-

els of Abs to IL8. The presence of Abs to IL8 was then studied in 196

consecutive CS patients treated by heparin post-operatively and in 52

patients having definite HIT.

Results: Significant levels of Abs to IL8 were measured in 15 CS

patients (7.6%) on day 7 postoperatively and in six HIT patients

(11.6%). Results obtained were highly specific since in every case no

significant fluorescence signal could be recorded when an excess of free

IL8 was added in diluted plasma before incubation with ‘test beads’.

Abs to PF4/heparin complexes were also detected in 15 of the 21

plasma samples containing anti-IL8 Abs (six from HIT and nine from

CS patients). No inhibition of anti-IL8 Abs binding to ‘test beads’ was

obtained after spiking diluted plasma samples with purified PF4. Inter-

estingly, anti-IL8 Abs were also detected preoperatively in every posi-

tive CS patients, with similar levels compared to those measured

postoperatively. In addition, SRA performed with CS plasma samples

and variable concentrations of rhIL8 and unfractionated heparin was

consistently negative.
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Summary/Conclusion: IgG Abs to IL8 may be detected by a specific

assay in few patients with HIT and after cardiac surgery, but with an

incidence that is not significantly higher than in healthy subjects.

Moreover, our data obtained with pre-operative samples and with

SRA do not support a role of heparin treatment in the synthesis of

Abs to IL8 and their pathogenicity that remains to be demonstrated.

PA 3.08-4
Prospective evaluation of a rapid and IgG specific
nanoparticle-based lateral flow immunoassay (Stic
Expert HIT�) for the diagnosis of heparin-induced
thrombocytopenia
Leroux D, Pouplard C, Gruel Y and Working Group*

University Hospital of Tours, Tours

Background: The diagnosis of Heparin Induced Thrombocytopenia

(HIT) is based on clinical suspicion and biological assays detecting

antibodies to PF4/H but many require some delay before obtaining a

result. Recently, a rapid and IgG-specific lateral flow immunoassay

(LFIA) using PF4/polyanion complexes linked to biotin as antigens

and gold nanoparticles coated with antibodies specific to biotin has

been developed (Stic Expert HIT�, Stago).

Aims: To evaluate the performances of this assay in a prospective

cohort of patients with suspected HIT.

We also compared the results obtained with serum and plasma and

evaluated the inter-reader reproducibility of the assay.

In addition, results obtained with the Stic expert HIT� were compared

to those collected in five centers with the rapid particle gel immunoas-

say (H/PF4-PaGIA�, Bio-rad).

Methods: Three hundred and thirty-seven consecutive patients were

enrolled from February to October 2012 in 10 French centers. The pre-

test probability of HIT was evaluated using the 4T’s score. The LFIA

was performed in each center on plasma and serum. IgG specific

ELISA (Asserachrom HPIA IgG�, Stago) and serotonin release assay

(SRA) were performed in our lab. PaGIA was performed in five cen-

ters in 124 patients.

Results: Definite HIT was diagnosed in 42 patients with positive

ELISA and SRA (12.5%). The 4T’s concluded to a low risk (LowR),

intermediate risk (IR) and high risk (HR) of HIT in 28.8%, 61.4%

and 9.8% of patients, respectively.

The interpretation of LFIA results is visual but the inter reader repro-

ducibility was excellent with both plasma and serum (kappa ratio val-

ues higher than 0.9).

The negative predictive value (NPV) of LFIA performed on plasma

was 99.6% with a negative likelihood ratio (LR) of 0.03. The LFIA

was positive in 88 patients including 41 with definite HIT. Therefore,

the PPV and positive LR of the Stic Expert were 46.6% and 6.06,

respectively. Results obtained with serum were comparable.

According to the Bayes’ equation, the post-test probability of HIT was

0.4% when the Stic Expert was negative in IR patients (pre-test proba-

bility = 11.6%), and equalled 43.3% when the test was positive.

The agreement between results obtained with the LFIA and PaGIA

was not good, with 37.1% of discrepant results (kappa ratio < 0.4).

The NPV of PaGIA was 100% with a negative LR < 0.001 but PPV

and positive LR were 22.2% and 2.24, respectively. Therefore, the

post-test probability was < 0.1% when PaGIA was negative in IR

patients, but it increased from 11.6% to 22.7% only, when the result

was positive.

Summary/Conclusions: The LFIA Stic Expert HIT� is a rapid assay,

which reliably allows to exclude HIT in < 40 min when used in combi-

nation with the 4T’s score. This test can be performed on both serum

and plasma and is particularly useful in LowR or IR patients for whom

heparin treatment can be continued safely if the result is negative.

*Working Group Members: A. Bauters (Lille), W. Cohen (Marseille),

I. Diaz (Montpellier), N. H�ezard (Reims), M.G. Huisse (Paris)

PA 3.08-5
The clincal impact of anti-protamine/heparin
antibodies in patients undergoing cardiac surgery
Bakchoul T1, Z€ollner H1, Amiral J2, Delcea M1, Panzer S3,

Warkentin T4, Sachs UJ5 and Greinacher A1

1Ernst-Moritz-Arndt University Greifswald, Greifswald, Germany;
2Hyphen BioMed, Neuville sur Oise, France; 3Medical University

Vienna, Vienna, Austria; 4McMaster University, Hamilton, ON,

Canada; 5Institute for Clinical Immunology and Transfusion

Medicine, Justus-Liebig Univ, Giessen, Germany

Background: Protamine, routinely used post-cardiac surgery to reverse

the anticoagulant effects of heparin, is immunogenic and a cause of

anaphylaxis. We observed an otherwise unexplained rapid platelet

count decrease directly after protamine adminstartion post cardiac-

surgery.

Aim: To determine the incidence and clinical relevance of protamine-

reactive antibodies in cardiac-surgery patients.

Methods: We tested 591 cardiopulmonary-bypass surgery patients for

anti-protamine and anti-protamine-heparin IgG antibodies by

enzyme-immunoassay (days 0, 6, 10, > 120) and by a functional assay

to identify platelet-activating antibodies. We compared platelet counts

and thromboembolic events for patients with platelet-activating anti-

protamine-heparin antibodies against patients with and without non-

platelet-activating antibodies. An animal model was used to assess

antibody pathogenicity in vivo.

Results: Of 591 cardiopulmonary-bypass surgery patients, 57 (9.6%)

patients tested positive for anti-protamine-heparin antibodies at base-

line and 154 (26.6%) tested positive at day 10. Diabetes was identified

as a risk factor for the development of anti-protamine-heparin anti-

bodies. Fifty-two (8.8%) and 64 (10.8%) patients seroconverted until

day 6 and 10 post CPB surgery, respectively, of which only 13/52

(25.0%) and 12/64 (18.8%) developed IgM antibodies. In the majority

of patients these antibodies were transient and titers decreased sub-

stantially after 4 months (P < 0.001).

In vitro studies showed that these antibodies activate platelets in the

presence of heparin and protamine in a FcgRIIa dependent fashion.

Seven patients had platelet-activating, anti-protamine-heparin antibod-

ies at baseline. They showed a greater and more prolonged decline in

platelet counts compared to antibody-negative patients (P = 0.003), in

addition, two of those patients developed early arterial thromboembo-

lic complications vs. 9/584 controls (multivariate analysis: odds ratio

21.58; 95% confidence interval 2.90–160.89, P = 0.003). Using a NOD/

SCID mouse model anti-protamine/heparin antibodies activated

human platelets via FcgRIIa and induced thrombocytopenia only when

protamine and heparin were present but not with protamine alone.

Summary/Conclusion: Our studies identify a novel post-protamine pro-

thrombocytopenic disorder in post-cardiac surgery patients associated

with platelet-activating anti-protamine-heparin antibodies, character-

ized by increased risk for early arterial occlusions.

PA 3.08-6
Impact of heparin-induced thrombocytopenia on acute
coronary artery thrombosis in patients undergoing
percutaneous coronary intervention
Maeda T1, Noguchi T1, Saito S2, Yoshioka R3, Horibe E4

and Miyata S1

1National Cerebral and Cardiovascular Center, Suita Osaka;
2Hirosaki University School of Medicine and Hospital, Hirosaki,

Aomori; 3Medical Care Education Research Fundation Yanagawa

Hospital, Yanagawa, Fukuoka; 4Takayama Red Cross Hospital,

Takayama, Gifu, Japan

Background: Percutaneous coronary intervention (PCI) has drasti-

cally reduced mortality in patients with acute coronary syndrome.
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Anticoagulation with heparin during the procedure and concomitant

(and subsequent) intensive antiplatelet therapy help to greatly reduce

the recurrence of coronary artery thrombosis (CAT). Nonetheless,

acute CAT remains associated with high mortality rates in patients

who undergo PCI, despite receiving such intensive antithrombotic

treatment. One possible cause is heparin-induced thrombocytopenia

(HIT), a severe thrombotic side effect of heparin, because heparin is

frequently administered to treat acute coronary syndrome in addi-

tion to anticoagulation during PCI. However, there are very few

comprehensive reports on HIT-associated CAT during or soon after

PCI, although some case reports have described HIT-associated

CAT in PCI patients. Extensive analysis to elucidate the impact of

HIT on acute CAT can potentially provide insights into how to

decrease mortality in PCI patients.

Aims and Methods: To clarify the characteristics of HIT-associated

CAT, we retrospectively investigated 21 patients who suffered from

acute CAT during or soon after PCI and were clinically suspected

of having HIT at 20 hospitals between August 2008 and January

2012. HIT was ultimately diagnosed by the detection of anti-platelet

factor 4 (PF4)/heparin IgG with platelet-activating properties (HIT

antibodies) at a therapeutic heparin concentration, but not at a high

heparin concentration or with anti-FccRIIa antibodies. The assay

was performed using washed platelets prepared from whole blood of

HIT antibody-sensitive healthy volunteers. The HIT and non-HIT

groups were compared to identify characteristics associated with

HIT.

Results: Of the 21 patients, five were diagnosed with HIT (23.8%).

Optical density values of anti-PF4/heparin antibodies detected by

ELISA were significantly higher in HIT patients than in non-HIT

patients (2.88 � 0.71 vs. 0.22 � 0.51 in ELISA for IgG/A/M,

P < 0.01; 2.02 � 0.77 vs. 0.11 � 0.012 in ELISA for IgG, P < 0.01).

The decrease in platelet count was significantly greater in the HIT

group (74.9 � 14.3% vs. 35.6 � 21.1%; P < 0.001). All the patients

in the HIT group underwent PCI using unfractionated heparin within

the past month (but not in the last 10 days) (P = 0.014), which led to

the presence of HIT antibodies when the next PCI was performed.

Within 90 min of heparin administration for PCI, acute CAT occurred

concomitantly with a precipitous (> 50%) fall in platelet count, a clini-

cal picture consistent with rapid-onset HIT. Among the five HIT

patients, two had other thrombotic complications (stroke or pulmo-

nary embolism), and one died even with immediate cessation of hepa-

rin and administration of a nonheparin anticoagulant. There were no

significant differences between the groups in terms of sex (P = 0.517),

age (P = 0.734), hyperlipidemia (P = 0.34), body mass index

(P = 0.972), current tobacco use (P = 0.469), and renal dysfunction

(P = 0.554).

Conclusions: Our results suggest that the contribution of HIT to acute

CAT should be considered in patients who will undergo PCI if they

underwent interventions involving heparin such as PCI within the past

month (but not in the last 10 days). In such high-risk patients, routine

screening for HIT antibodies before PCI or use of a nonheparin anti-

coagulant for PCI may be effective for reducing the incidence of acute

CAT.

PA3.09 – Von Willebrand Factor:
Clinical – II

PA 3.09-1
Re-evaluation of sequence variation in type 1 von
Willebrand disease in the MCMDM-1VWD cohort
Goodeve AC1, Hampshire D1, Batlle J2, Budde U3, Castaman G4,

Eikenboom HCJ5, Federici AB6, Schneppenheim R7 and Peake IR1

1University of Sheffield, Sheffield, UK; 2Hospital Teresa Herrera,

La Coruna, Spain; 3Asklepios Klinik Altona, Hamburg, Germany;
4San Bortolo Hospital, Vicenza, Italy; 5Leiden University Medical

Center, Leiden, The Netherlands; 6Universita‘ degli Studi di

Milano, Milano, Italy; 7University Medical Centre Hamburg-

Eppendorf, Hamburg, Germany

Background: The MCMDM-1VWD study investigated involvement of

the von Willebrand factor (VWF) gene in the pathogenesis of type 1

von Willebrand disease (VWD1). Previously published mutation anal-

ysis on index cases (IC) (Goodeve et al, Blood 2007;109:112) identified

124 candidate mutations in 105 IC (70%), with 87 IC having one

mutation, 17 having two and one having three mutations.

Aims: (i) To use current technology to seek further candidate muta-

tions in IC. (ii) To re-evaluate the cohort in light of current knowledge

of VWF sequence variation.

Methods: Samples from 150 IC with a historic VWD1 diagnosis along

with their affected and unaffected family members were available.

VWF PCR primers were redesigned where necessary to eliminate sin-

gle nucleotide polymorphisms within their sequence. Twenty-eight IC

in whom candidate point mutation(s) had potentially been missed in

previous analysis were PCR amplified and sequenced. Exon deletions/

duplication were sought in 104 IC using multiplex-ligation dependent

probe amplification. One thousand genomes and African-American/

white American VWF sequence variant data was compared with can-

didate mutations (Wang et al JTH 2012 doi: 10.1111/jth.12093; Bellis-

simo et al Blood 2012;119:2135). Data was available on bleeding score

(BS), linkage analysis and multimeric profile along with several pheno-

typic parameters.

Results: Among 150 IC, an additional 11 candidate mutations were

identified; five through sequence analysis (two splice, two missense,

one silent) plus six large deletions (exons 3, 33–34, 32–34; 1 IC each

and exons 4–5; 3 IC). Comparison of candidate mutations in IC with

published sequence variant data plus pedigree inheritance suggested

that candidate mutations in 7 IC; p.M740I, p.P2063S, p.P2145S,

p.R2313H and p.R2663P were likely polymorphic. Previously identi-

fied variants in the VWF promoter were also discounted (n = 8). Fol-

lowing re-evaluation, 119 candidate mutations were present in 106 IC

(71%), with 93 IC having one mutation and 13 having two mutations

(10 compound heterozygotes, three allelic mutations). Previous multi-

mer analysis identified slight multimer abnormalities (AbM) in57 IC.

Mutations were identified between exons 24–45 in all these 57 IC and

34 mutations (60%) were fully penetrant. IC were divided into four

groups based on 20 IU/dL VWF:RCo increments. Among 48 IC with

≤ 20 IU/dL VWF:RCo, 98% had a mutation identified and 88% had

AbM; 63% families had fully penetrant mutations. Figures decreased

to 81% with mutation(s) and 29% AbM among those with

> 20–≤ 40 IU/dL VWF:RCo, 45% with mutation(s) and 2% AbM

with > 40–≤ 60 IU/dL VWF:RCo, and 35% with mutation(s), 10%

AbM with > 60 IU/dL VWF:RCo. Only 18% of IC with VWF:RCo

> 40 IU/dL had fully penetrant mutations. Forty-four IC (29%) had

no mutation identified. Among these, 30 IC were unlikely to have

VWD1 as no VWF mutation was identified and linkage analysis did

not support VWF gene involvement. Twenty-one of these IC had BS

3–19; VWF:Ag and VWF:RCo were both ≥ 40 IU/dL.

Conclusions: Further analysis of VWF sequence variation has

enhanced understanding of VWD pathogenesis in the MCMDM-

1VWD cohort. Patients diagnosed with VWD1, no VWFmutation but
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high BS are likely misdiagnosed and further defects in for example,

platelet function may be responsible and should be investigated.

PA 3.09-2
NHLBI guidelines and the percentile 2.5th of plasma
VWF for the diagnosis of type 1 VWD. Comparison in
4517 referred patients and 280 selected patients with
conclusive bleeding history
Quiroga T, Goycoolea M, Zu~niga P, Belmont S, Panes O, Pereira J

and Mezzano D

Pontificia Universidad Catolica, Santiago, Chile

Background: Global consensus regarding laboratory criteria for diag-

nosing type 1 VWD are still lacking. The overlapping of lower cut-off

values of plasma VWF between non-bleeder population and patients

with pathologic bleeding, as well as the relative high frequency of

bleeding symptoms in otherwise healthy individuals constitute major

diagnostic difficulties. To transitorily circumvent this problem, the

2008 NHLBI Guidelines recommended diagnosing definitive VWD in

patients with plasma VWF < 30 IU/dL and those patients with VWF

levels between 30–50 IU/dL would be labeled as ‘possible VWD’ or

‘low-VWF’. A recent survey found that only 27% of North American

Laboratories followed the NHBLI guidelines. An alternative criterion

is to use the 2.5th percentile of plasma VWF as cut-off value for the

diagnosis of VWD, also including the VWF:CBA.

Aims: To analyze and compare the yield of both approaches to diag-

nose VWD.

Methods:We diagnose type 1 VWD when VWF is < 2.5th percentile in

at least two of these three measurements: VWF:Ag, VWF:RCo and

VWF:CBA, using cut-off values of < 42, < 37 and < 39 IU/dL, respec-

tively, obtained from 299 non-bleeders healthy controls. Types 2 are

diagnosed as usual (discrepant VWF antigen and function, RIPA,

multimers..). We reviewed retrospectively 4517 patients tested in our

Lab for diagnosis of VWD in a five-year period (2008–2012). They
were referred by their physicians and we had no access to the bleeding

history of most of them. Also, we compared these approaches in a dif-

ferent group of 280 selected patients interviewed by one of us (TQ)

and judged as pathological bleeders, matched for age, gender and

ABO blood type with the controls (Haematologica 2007;92:357)

Results: Applying NHLBI guidelines, a total of 158/4517 patients were

diagnosed as VWD (3.5 � 0.4% per year) and 802/4517 (17.9 � 1.9%

per year) were classified as Possible VWD, whereas using the percentile

2.5th criterion we diagnosed VWD in 312/4517 (6.9 � 0.27% per

year). In the selected 280 patients the NHLBI criterion diagnosed 39

(13.9%) and 67 (23.9%) of the patients as VWD and Possible VWD,

respectively, whereas the percentile 2.5th criterion diagnosed VWD in

50 (17.9%) patients. Among the 299 Controls, 46 (15.4%) would have

been considered as Possible VWD with NHLBI recommendations.

Conclusions: (i) Independent of the criterion, a very small proportion

of the patients referred end up with VWD diagnosis. (ii) As expected,

stringent clinical criteria to select patients for study increase the pro-

portion of diagnosed patients. (iii) Patients considered Possible VWD

are 5-fold more than those with Definitive VWD (NHLBI), and most

of them have VWF in the range of 42–50 IU/dL, which is higher than

the percentile 2.5th. This is why more than 15% of the non-bleeder

Controls qualify as ‘laboratory’ Possible VWD. (iv) NHLBI Guide-

lines appear too restrictive and might miss the diagnosis of VWD in a

significant proportion of patients. (v) Patients with type 1 VWD do

not differ clinically from those with other Mild Bleeding Disorders;

specific treatment for each disorder demands further refinement and

universal consensus on the laboratory criteria for VWD diagnosis.

(FONDECYT 1130853).

PA 3.09-3
Comparison of pediatric bleeding questionnaire (PBQ)
and ISTH/SSC bleeding assesment tool (BAT) scores in
pediatric patients referred with mucocutaneous
bleeding
Labarque V1, Blanchette VS2, Clark DS2, James PD3

and Rand ML2

1UZ Leuven, Leuven, Belgium; 2Hospital for Sick Children,

Toronto, ON; 3Queen’s University, Kingston, ON, Canada

Background: The accurate assessment of hemorrhagic symptoms in

pediatric subjects referred with mucocutaneous bleeding to determine

the presence of an underlying bleeding disorder is essential, but can be

difficult; epistaxis and bruising are common in childhood, and major

hemostatic challenges may not yet have occurred. The PBQ, based on

the MCMDM-1VWD Bleeding Questionnaire, incorporates pediatric-

specific bleeding symptoms to quantify bleeding severity in children,

scoring symptoms in a �1 to +4 range. An abnormal score has been

determined to be ≥ 2 (Bowman et al, JTH 2009;7:1418). The ISTH/

SSC BAT, in which bleeding symptoms are scored in a 0 to +4 range,

has been developed to standardize reporting of bleeding symptoms in

adults and children (Rodeghiero et al, JTH 2010;8:2063). Criteria for

scoring each symptom are similar between the questionnaires, but dif-

ferences exist.

Aim: To perform a detailed comparison between PBQ and ISTH/SSC

BAT scores in a prospective study of children < 18 years of age

referred to our tertiary-care Bleeding Disorders Clinic with mucocuta-

neous bleeding and/or a family history of von Willebrand disease or a

platelet function disorder.

Methods: Bleeding scores were determined by face-to-face interview of

100 subjects/parents.

Results: The mean age of the study population was 9.7 years (range:

0.5–17.8 years), and 58% were female.

The median PBQ and ISTH/SSC BAT scores were 3, with ranges of 0–
12 and 0–13, respectively. The two scores were identical in 52% of chil-

dren. In the 25% of children with a lower ISTH/SSC BAT score, it

was lower by 1 (in 92%) or 2 (in 8%), mainly due to a lower score for

cutaneous bleeding symptoms. In the 23% of children with a higher

ISTH/SSC BAT score, it was higher by 1 (70%), 2 (26%) or 3 (4%),

mainly due to the lack of a �1 score for a child who did not bleed with

at least two tooth extractions or surgeries and/or a higher score for

menorrhagia.

Fifteen percent of children received scores for pediatric-specific symp-

toms, specifically macroscopic hematuria, post-circumcision bleeding,

cephalohematoma, umbilical stump bleeding, post-venipuncture bleed-

ing, or conjunctival hemorrhage. A normal PBQ score (i.e., 0 or 1) was

observed in 11% of children. In these subjects, the ISTH/SSC BAT

ranged from 0 to 3, with 5 children scoring 2 or 3.

Summary/Conclusions: In this population of children referred with

mucocutaneous bleeding symptoms and/or a family history of a muco-

cutaneous bleeding disorder, PBQ and ISTH/SSC BAT scores were

similar, but not identical. Although pediatric-bleeding symptoms have

not been observed by others using the PBQ and/or ISTH/SSC BAT

(Bowman et al. JTH 2009;7:1418; Bidlingmaier et al, JTH

2012;10:1335), they were reported in the present study, indicating that

inclusion of these symptoms in the standardized questionnaires is

important. Since many children with a normal PBQ score had an

ISTH/SSC BAT score higher than the PBQ cut-off, it will be essential

to determine the cut-off for a normal ISTH/SSC BAT bleeding score

in pediatric subjects if it is to be adopted for general use in evaluating

whether a child has an underlying bleeding disorder.
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PA 3.09-4
Previously missed mutations in the MCMDM-1VWD
type 1 von Willebrand disease study
Alyami NH1, Hampshire D1, Goudemand J2, Castaman G3,

Federici AB4, Cartwright A1, Peake IR1 and Goodeve AC1

1University of Sheffield, Sheffield, UK; 2University of Lille, Lille,

France; 3San Bortolo Hospital, Vicenza; 4Regina Elena and

University of Milano, Milan, Italy

Introduction: Three studies conducted in Europe, the UK and Canada

provided details about the molecular genetic basis of type 1 von Wille-

brand disease (VWD1), but failed to detect mutations involved in 30–
40% of cases. Reasons for this failure may include SNP within primer

annealing sites leading to lack of mutant allele amplification or insensi-

tivity of mutation analysis methods. The EU study MCMDM-1VWD

undertook mutation scanning and DNA sequencing of the von Wille-

brand factor (VWF) gene in 154 index cases (IC) with a historic diag-

nosis of VWD1 but failed to detect mutations in 30%.

Aim: (i) To reanalyse VWF in IC where phenotype suggested that

mutations may have been missed. (ii) To determine mechanisms by

which mutations identified affect VWF synthesis and secretion.

Methods: In silico analysis was performed to screen previously used

MCMDM-1VWD PCR primers for presence of SNP within primer

binding sites and when necessary new primers were designed. The 52

VWF exons and flanking regions were amplified and sequenced. Eigh-

teen IC (four where a previously identified heterozygous mutation did

not fully explain phenotype and 14 with no mutation identified) having

low VWF levels and significant bleeding were investigated. Site-direc-

ted mutagenesis was used to create recombinant mutant cDNA expres-

sion vector, then transiently transfected into HEK293T cells. Media

and cell lysates were analysed after 48 h for VWF:Ag by ELISA.

Result: Heterozygous mutations were identified in four families com-

prising missense mutations p.W2271G (in compound heterozygosity

with p.R854Q) and p.C1157R (in compound heterozygosity with

p.S539Lfs*38; IC subsequently classified as VWD3) silent mutation

p.L1382 = and splice mutation c.1432+1G>T (in compound heterozy-

gosity with p.R816W). p.W2271G and p.C1157R, predicted to be

damaging by in silico analysis, affect fully conserved residues. Unlike

p.R854Q and p.R816W, p.W2271G and c.1432+1G>T segregated with

disease phenotype and their presence alone or in compound heterozy-

gosity with p.R854Q (VWF:Ag 37–38 IU/dL, VWF:RCo 32–43 IU/

dL, FVIII:C (p.[W2271G;R854Q]) 28–34 IU/dL, FVIII:C

(p.W2271G) 85 IU/dL) and p.R816W (VWF:Ag 47–49 IU/dL, VWF:

RCo 52–67 IU/dL, FVIII:C (c.1432+1G>T;p.R816W) 14 IU/dL,

FVIII:C (c.1432+1G>T) 113 IU/dL) explain phenotype differences in

the affected families. Expression studies of recombinant mutant VWF

(rVWF_G2271 and rVWF_R1157) showed reduced secretion levels in

the homozygous state (P < 0.0001) by 96.7% and 98.2% respectively

compared to rVWF_wt with significantly increased intracellular reten-

tion (30%; P = 0.03 and 90%; P < 0.0001 respectively). In the hetero-

zygous state, both also resulted in significantly reduced secretion

(P < 0.05) by 77% and 55% respectively while intracellular retention

was observed only in rVWF_R1157 by 47% (P = 0.001).

Conclusion: In vitro expression data indicates that mutations located

within D3 and D4 domain can lead to intracellular retention. Muta-

tions were missed due to insensitivity of mutation analysis method

(p.W2271G) and SNP within primer annealing sites (p.C1157R and

c.1432+1G>T). For the remaining IC, no mutations were found but

presence of other genetic defects in deep intronic/regulatory VWF

regions, intronic or non-coding copy number variation or mutation

within other genes may influence disease phenotype.

PA 3.09-5
Molecular characterization of 14 italian patients with
type 3 von Willebrand disease
Castaman G1, Giacomelli S1, Messina M2, Rodorigo G3, Rossetti

G4 and Linari S5

1San Bortolo Hospital, Vicenza; 2Sant’Anna Hospital, Torino;
3Sant’Orsola Hospital, Bologna; 4Trento Hospital, Trento;
5Careggi Hospital, Firenze, Italy

Background: Type 3 von Willebrand disease (VWD) is a rare autoso-

mal recessive bleeding disorder characterized by a quantitative defect

of the von Willebrand factor (VWF).The genetic analysis of type 3 is

required to identify patients at possible risk of inhibitor occurrence in

presence of homozygous partial or complete gene deletions.

Aim of the Study: We investigated the molecular basis of VWD in 14

patients affected by type 3 VWD, after carrying out the complete

sequence of the VWF gene coding region.

Results: A causative mutation as identified in 27/28 disease-associated

alleles. Six novel mutations and 10 already described were found. Six

homozygous null mutations were found in eight patients: a splicing

mutation in intron 13 (c.1534-3C>A); a novel insertion in exon 11

(c.1209insA, Y403 fs); a novel small deletion in exon 36 (c.6187DelC,

P2063 fs); two nonsense mutations (Cys2533X and Gln2544X); finally

a novel splicing mutation in intron 21 (c.2820+5G>C) that by in vitro

analysis seems to reduce significantly the donor splice site score. One

patient shows a novel homozygous missense variation (Cys2325Ser).

Three other patients were compound heterozygous. One has two null

mutations, Arg1659X and a novel small deletion in exon 28

(c.4470delC), which forms a premature stop codon 97 codons down-

stream. The second patient presents a c.4944delT and a splicing muta-

tion in intron 18 (c.2443-1G>C). Finally one patient shows the

Gln2544X mutation (already found in homozygosis) and a splicing

variation in intron 15 (c.1946-4C>T). One patient shows three muta-

tions: a deletion in exon 18 (c.2435DelC) in one allele, and the mis-

sense variation Ser85Pro together with a potential splice variation

c.5170+10C>T in the other allele. Only in a single patient a single het-

erozygous mutation was found, a novel small deletion in exon 24

(c.3179delG) with creation of a premature stop codon 58 amino acids

downstream; no other variations were found after complete sequenc-

ing of entire VWF coding region.

Conclusions: The molecular bases of type 3 VWD in Italy show a wide

heterogeneity, at variance with what is observed in Great Britain or in

North Europe where homozygous partial or complete gene deletions

are rather common. mRNA studies are ongoing to verify the patho-

physiological mechanisms associated with splicing mutations and to

study the nonsense mediated mRNA Decay (NMD) process possibly

associated with null mutations.

PA 3.09-6
Orthopaedic surgery in patients affected by von
Willebrand disease and rare bleeding disorders
Siboni SM1, Biguzzi E2, Pasta G3, Mistretta C2, Solimeno LP3

and Peyvandi F4

1Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,

University of Milan; 2A Bianchi Bonomi, Fondazione IRCCS Ca’

Granda –Ospedale Maggiore Policlinico; 3Ortho-Trauma Unit,

Fondazione IRCCS Ca’ Granda –Ospedale Maggiore Policlinico;
4Angelo Bianchi Bonomi Hemophilia and Thrombosis Center,

University of Milan, Milan, Italy

Background: Patients affected by VWD and severe RBDs may suffer

from disabling chronic arthropathy as a consequence of recurrent

intra-articular bleeding or may require orthopaedic surgery indepen-

dently of their coagulation disorder. Orthopaedic surgery in patients

with clotting disorders represents a surgical challenge and information
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regarding the management of orthopaedic surgery in such patients are

limited.

Aim: Description of orthopaedic surgery management in patients

affected by VWD or RBDs.

Methods: Retrospective data collection regarding orthopaedic surgery

between January 1981 and November 2012. Seventy-one procedures

were made in 48 patients affected by VWD (25 patients) or RBDs (23

patients). In RBDs patients, the classification in severe, moderate or

mild factor deficiency was defined on the basis of RBDs project [JTH

2012].

Results: Of the 71 orthopaedic procedures, 12 were minor surgery

(seven hand surgery, five others) and 59 were major surgeries (19 ar-

throprosthesis, 19 arthroscopic procedures, 21 others procedures). The

median age of the patients at surgery was 47 years (range: 10–78) and
the median follow-up time was 37 months (range: 1–384). The most

frequent RBDs were FVII (11/22) and FXI (7/22) deficiency. Sixty pro-

cedures were performed using replacement therapy (RBDs: 16 severe,

two moderate, three mild; VWD: eight type 1, eight type 2, seven type

3, two AWVS), replacement therapy and desmopressin (three severe

RBDs, one AVWS), desmopressin (VWD: five type 1 and two type 2),

tranexamic acid (RBDs: three mild and 1 severe). Eight procedures

(seven mild RBDs, one VWD type 1) were performed without prophy-

laxis, with a bleeding complication reported in one case of mild FVII

deficiency that required treatment with replacement therapy after sur-

gery. Bleeding complications occurred in five more procedures (overall

8%): three patients affected by VWD (one type 1, one type 2 and one

AVWS), one patient affected by severe FVII deficiency and one patient

affected by moderate FXI deficiency. In two cases (VWD type 1 and

AVWS) the bleeding complication was associated with low molecular

weight heparin (LMWH), started 12 h after surgery. In one patient

affected by type 3 VWD, the presence of anti-VWF inhibitor was diag-

nosed after surgery (ankle arthroscopy). This patient was treated with

high dosage and frequent administration of FVIII/VWF concentrate

(70–90 U/kg every 6–8 h), with no bleeding complications. Post-opera-

tive rehabilitation was started immediately after surgery, when indi-

cated, with anti-haemorrhagic prophylactic treatment in patients

affected by severe/moderate deficiencies. No late bleeding problems

were recorded. Only three patients received prophylaxis with LMWH.

Conclusion: Good control of haemostasis can be achieved with an

appropriate substitutive therapy in severe bleeding disorders. In mild

deficiency replacement therapy can be avoided before surgery in some

cases, but needs to be available and used in case of excessive bleeding.

The control of the bleeding disorder combined with the surgical tech-

nique is the reason for a high success rate. Post-operative rehabilita-

tion begins immediately after surgery under treatment coverage when

indicated. In conclusion, orthopaedic surgery performed in a specia-

lised haemophiliac centre by a highly experienced surgeon is a safe

procedure.

PA3.10 – Anticoagulant Agents – XII

PA 3.10-1
DATA III survey. Ten-year follow-up on Dutch
orthopedic thromboprophylaxis
Struijk-Mulder MC1, Ettema HB1, B€uller HR2 and Verheyen CPM1

1Isala Clinics, Zwolle; 2Academic Medical Centre, Amsterdam,

The Netherlands

Background: Our two previous surveys in the Netherlands have

revealed that guidelines regarding orthopedic thromboprophylaxis

were not followed and that a wide variation in protocols exists.

Aims: The DATA III survey (Dutch Antithrombotic Treatment for

Arthroplasties) was performed to assess the current use of thrombo-

prophylactic modalities and to compare it with the results of two pre-

vious surveys and with national guidelines.

Methods: All departments of orthopedic surgery in the Netherlands

were sent a follow-up survey on venous thromboprophylaxis, and the

data obtained were compared to the results of two surveys performed

5 and 10 years earlier.

Results: The response rate was 94 out of 108 departments (87%). All

used pharmacological thromboprophylaxis following arthroplasties of

the hip and knee. Low molecular weight heparin (LMWH) was used

most frequently (77% of the departments), followed by rivaroxaban

(15%), fondaparinux (6%), Vitamin K Antagonists (VKA) (6%), the

combined use of VKA and LMWH (5%) and dabigatran (3%). Ten

years earlier, VKA treatment was the predominant prophylaxis (79%).

All departments prescribed pharmacological prophylaxis after femoral

and tibia fractures during admission. Ninety percent of the depart-

ments used LMWH. Prophylaxis was continued for 6 weeks in 78% of

cases. Only two departments did not use extended prophylaxis after

hip fracture surgery and in one department, no extended prophylaxis

after proximal knee fracture surgery was given. After hip and knee

arthroplasty, LMWH treatment was initiated on the day before sur-

gery in 21% of cases (compared to 65% 10 years ago), perioperatively

in 57%, and in the evening following surgery in 22%.

In general, for daycare surgery and arthroscopies either no prophy-

laxis was given (68% and 56% respectively) or a single shot of

LMWH. After anterior cruciate ligament reconstruction, 89% of the

departments used prophylaxis. Twenty-nine percent administered pro-

phylaxis once or during admission, whereas 71% used extended pro-

phylaxis, varying from 10 until 42 days.

During plaster cast immobilization, more departments used thrombo-

prophylaxis nowadays. Patients treated with a below knee plaster cast,

received thromboprophylaxis in 88% of the departments (compared to

50% 10 years ago). Thirty-three percent of the departments only used

thromboprophylaxis when the patient is not allowed to bear weight on

the below knee plaster cast. Patient with a plaster cast above the knee

were given thromboprophylaxis in 96% of cases. Prophylaxis was

most frequently given by means of LMWH. VKA are not used nowa-

days, in contrast to 2002, when 68% of the departments used VKA for

this indication.

Summary/Conclusions: The use of pharmacological prophylaxis after

arthroplasty of the hip and knee and also after fracture surgery around

the hip and knee is common practice in the Netherlands. Five years

ago, the widely used VKA had been largely replaced with LMWH. In

2012 low molecular weight heparin remains the most commonly used

thromboprophylactic agent. The new oral anticoagulant rivaroxaban

is used more frequently than fondaparinux after hip and knee arthro-

plasty. There is a significant increase in the use of thromboprophylaxis

during below knee plaster cast immobilization. In general, national

guidelines are properly adhered to.

PA 3.10-2
First year experience with the German external quality
assessment scheme for the new oral anticoagulants
(INSTAND e.V.)
Peetz D1, Dick A2, Lodemann P1 and Spannagl M2

1Helios Klinikum Berlin-Buch, Berlin; 2INSTAND e.V.,

D€usseldorf, Germany

Background: The new oral anticoagulants (NOAC) dabigatran and riv-

aroxaban are assigned for use without laboratory monitoring. How-

ever, in clinical situations as (major) bleeding events or renal failure

drug monitoring might be required. Especially for dabigatran, the

manufacturer recommends specific drug level monitoring in situations

with an assumed bleeding risk.

Aims: An external quality assessment scheme (EQAS) of the German

proficiency testing organization INSTAND e.V. was established in

2012 to investigate the suitability of different monitoring methods for

dabigatran and rivaroxaban.

Methods: In two trials in May and October 2012 lyophilized and stabi-

lized plasma samples containing two concentration levels of dabiga-

tran and rivaroxaban, respectively, were sent to the participants.
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Overall 38 laboratories participated with eight different methods for

dabigatran monitoring and 34 laboratories with seven different meth-

ods for rivaroxaban monitoring. Target levels were 0.12 and 0.30 mg/

L for the dabigatran samples and 0.05 and 0.25 mg/L for the rivarox-

aban samples, respectively.

Results: The same samples were used for the two trials to test repro-

ducibility. Results are shown as: (all samples/results of first trial/results

of second trial).

Dabigatran level 1 samples showed the following results mean � SD

(0.12 � 0.026/0.12 � 0.019/0.12 � 0.032), coefficient of variation,

CV (22.1%/15.9%/27.1%), median (0.11/0.11/0.11), interquartile

range, IQR (0.10–0.12/0.11–0.12/0.10–0.13), min-max (0.08–0.23/
0.08–0.18/0.08–0.23) and level 2 samples: mean � SD (0.31 � 0.041/

0.32 � 0.040/0.30 � 0.042), CV (13.3%/12.6%/13.9%), median (0.31/

0.31/0.30), IQR (0.28–0.33/0.30–0.33/0.28–0.33), and min-max (0.23–
0.45/0.25–0.45/0.23–0.43).
Rivaroxaban level 1 samples: mean � SD (0.10 � 0.014/

0.10 � 0.016/0.10 � 0.013), CV (14.4%/16.3%/13.2%), median (0.10/

0.09/0.10), IQR (0.09–0.10/0.09–0.10/0.09–0.10), min-max (0.06–0.14/
0.06–0.14/0.06–0.14), and level 2 samples: mean � SD (0.28 � 0.035/

0.28 � 0.048/0.29 � 0.022), CV (12.4%/17.2%/7.6%), median (0.29/

0.29/0.29), interquartil rage (0.27–0.30/0.27–0.31/0.27–0.30), and min-

max (0.14–0.34/0.14–0.34/0.25–0.34).
Summary: Accuracy, precision and reproducibility in this first German

NOAC EQAS were better than expected as most of the participants

just established their assays and several different (new) methods were

used. Calibration of the dabigatran methods seems to be slightly better

than calibration of the rivaroxaban methods as target values were very

good reproduced in both sample levels with the dabigatran methods.

Overall, available methods for measurement of plasma concentrations

of the new oral anticoagulants are suitable for drug monitoring pur-

poses.

PA 3.10-3
Case fatality of antithrombotic therapy associated
major bleeding or major trauma
Coppens M1, Douketis JD2, Mathew J2, Da Fonte D2, Hanif H2,

Heddle N2 and Eikelboom JW2

1Academic Medical Center, Amsterdam, The Netherlands;
2McMaster University, Hamilton, ON, Canada

Background: Antithrombotic therapy (antiplatelet drugs [AP] and oral

anticoagulants[OAC]) is associated with an increased incidence of

haemorrhagic complications. The outcome of bleeding complications

is equally important as the incidence itself. With the introduction of

new oral anticoagulants the outcome may become even more impor-

tant as these new drugs do not have a specific agent that can restore

normal haemostasis in case of life-threatening bleeding. Most available

data on the impact of bleeding is derived from large randomized trials.

It is uncertain to what extent these data apply to real-world patients

who generally have more pre-existent comorbidities than a standard

trial population.

Aims: To compare the outcome of bleeding complications in real-

world patients treated with oral anticoagulants, antiplatelet drugs or

both.

Methods: The medical records of all patients admitted to three aca-

demic hospitals in Ontario, Canada with major bleeding (selected with

ICD-10 codes) or major trauma (injury severity score of 12 or higher)

between October 2010 and March 2012 were reviewed. Transfers from

community hospitals were excluded. Patients were divided into groups

according to pre-admission antithrombotic therapy: OAC only, AP

only, and combined OAC and AP therapy. Primary outcome was in-

hospital mortality for all patients and for subgroups of type of admis-

sion (intracranial haemorrhage [ICH], gastro-intestinal [GI] bleeding,

or major trauma). Secondary outcomes were length of hospital stay

and transfusion requirements.

Results: Of 1834 screened patients, 289 were eligible and included in

the analysis (mean age 76 years, mean duration of admission 12 days,

SD 21 days): 74 were treated with OAC only (group 1; 70 patients

used vitamin K antagonists [VKA], three used dabigatran etexilate),

180 were treated with AP only (group 2), and 35 received combined

OAC and AP therapy (group 3; 34 VKA, 1 dabigatran etexilate). The

proportions of patients admitted with spontaneous ICH, GI bleeding

and major trauma were 18%, 41% and 27% in group 1, 11%, 57%

and 32% in group 2, and 14%, 60% and 26% in group 3. The case-

fatality rate for groups 1, 2, and 3 respectively were 28%, 8% and

17% for all patients combined (P < 0.001), 69%, 30% and 40% for

spontaneous ICH (P = 0.08), 3%, 2% and 10% for GI bleeds

(P = 0.21), and 41%, 10% and 22% for patients with major trauma

(P = 0.005). None of the patients treated with dabigatran etexilate

died. There were no differences in the duration of admission between

groups. Erythrocyte transfusion was given in 47%, 57% and 69% of

patients in groups 1, 2 and 3 respectively (P = 0.02). In patients treated

with VKA, 41% of patients received prothrombin complex concen-

trate (PCC) and 59% of patients received either PCC or fresh frozen

plasma.

Conclusions: The case-fatality rate of haemorrhagic complications

associated with oral anticoagulants seems higher for real-world

patients treated with oral anticoagulants than for patients treated with

antiplatelet therapy only. The number of patients treated with dabiga-

tran etexilate was too small to draw any conclusions.

PA 3.10-4
Tissue factor-induced hypercoagulability in rats is
increased by low doses of the direct thrombin inhibitor
dabigatran but decreased by the factor Xa inhibitor
rivaroxaban
Perzborn E1, Heitmeier S2, Buetehorn U3 and Volker L2

1Formerly Global Drug Discovery, Bayer Pharma AG; 2Global

Drug Discovery Bayer Pharma AG; 3Bioanalytics, Bayer Pharma

AG, Wuppertal, Germany

Background: Hypercoagulability has been reported with low doses

of the direct thrombin inhibitor melagatran in preclinical studies.

Melagatran increased thrombin generation in human plasma in vitro

and aggravated disseminated intravascular coagulation at low plasma

concentrations in vivo in rats. This phenomenon was not observed with

the direct Factor Xa inhibitors DX-9065a or edoxaban.

Aims: The purpose of this study was to compare the effects of rivarox-

aban – a direct Factor Xa inhibitor, with those of dabigatran – a direct

thrombin inhibitor, in a rat model of tissue factor (TF)-induced hyper-

coagulability by measuring thrombin-antithrombin (TAT) and fibrino-

gen levels.

Methods: Fasted male Wistar rats were anaesthetized and received

intravenous rivaroxaban (0.0009–0.9 mg/kg) or dabigatran (0.001–
1.0 mg/kg), or the appropriate vehicle. Disseminated intravascular

coagulation was induced by TF. TF (RecombiPlasTin, Instrumenta-

tion Laboratory; 8 mg/kg) or vehicle was given at 0.3 mL/min as an

intravenous bolus 5 min later; a control sham group received appro-

priate vehicle only. Blood was withdrawn 10 min later by puncture of

the abdominal aorta for the measurement of TAT and fibrinogen lev-

els using ELISA kits (Enzygnost, Dade Behring, and Rat Fibrinogen

Elisa, Immunology Consultants Laboratory, respectively), and the

plasma levels of rivaroxaban and dabigatran were determined by

liquid chromatography-tandem mass spectrometry.

Results: Rivaroxaban dose-dependently inhibited TF-induced TAT

generation over the dose range of 0.009–0.9 mg/kg (corresponding to

plasma levels of 24–1952 lg/L) compared with the TF-control group.

Rivaroxaban normalized TAT generation completely at a dose of

0.27 mg/kg (481 � 21 lg/L) from 133 � 6 to 21 � 1 lg/mL

(P < 0.001) but did not affect TAT generation at lower doses (0.0009–
0.0027 mg/kg; 4–14 lg/L). Rivaroxaban had no effect on plasma
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fibrinogen levels at any dose tested. At a dabigatran dose of 0.3 mg/kg

(390 � 23 lg/L), TF-induced TAT generation was completely nor-

malized to 31 � 2 lg/L (P < 0.001). In contrast, dabigatran potenti-

ated TF-induced TAT generation at low doses. TAT increased to

144 � 12 lg/L at a dabigatran dose of 0.01 mg/kg (< 25 lg/L) and to

133 � 10 lg/L at 0.03 mg/kg (40 � 3 lg/L), compared with

105 � 7 lg/L in the TF-control group (P < 0.01, P > 0.05, respec-

tively). Similarly, plasma fibrinogen levels were significantly reduced

by 0.01 and 0.03 mg/kg dabigatran from 2.4 � 0.1 to 1.9 � 0.1 g/L

(P < 0.05).

Conclusions: Both rivaroxaban and dabigatran potently reduced TF-

induced hypercoagulation in this rat model. However, direct thrombin

inhibition with dabigatran increased hypercoagulability at low plasma

concentrations (which was not seen with rivaroxaban). These results

are consistent with the findings in previous studies comparing the

direct thrombin inhibitor melagatran and the direct Factor Xa inhibi-

tors DX-9065a and edoxaban.

PA 3.10-5
Relative lack of effect of steady-state erythromycin on
the pharmacokinetics and pharmacodynamics of a
single dose of rivaroxaban in subjects with renal
impairment or with normal renal function
Moore T1, Vaidyanathan S2, Natarajan J1, Ariyawansa J1,

Turner KC1 and Haskell L1

1Janssen Pharmaceutical Research & Development LLC; 2Janssen

Research and Development LLC, Raritan, NJ, USA

Background: Rivaroxaban is eliminated through renal excretion and

drug metabolism, with cytochrome P450 (CYP) 3A4 enzymes and P-

glycoprotein (P-gp) transporters both playing significant roles. Sepa-

rate assessments of renal impairment (RI) and concomitant adminis-

tration of erythromycin (a moderate inhibitor of CYP 3A4 and P-gp)

have shown that each, individually, can result in increases in rivarox-

aban exposure. Although these individual increases were not consid-

ered clinically relevant, the previous studies did not discount the

potential for a complex drug-drug and disease interaction that, in the-

ory, may lead to a synergistic increase in exposure to rivaroxaban as

suggested previously in a physiologically-based pharmacokinetic (PK)

model from the FDA.

Aims: The aim of this study was to investigate the PK and pharmaco-

dynamics (PD) of rivaroxaban when co-administered with steady-state

(SS) erythromycin in subjects with mild/moderate RI relative to sub-

jects with normal renal function (NRF).

Methods: The PK and PD of rivaroxaban were assessed in subjects

with NRF (n = 8), mild RI (n = 8) or moderate RI (n = 8) who were

otherwise healthy, after a single 10 mg dose of rivaroxaban either

alone or with SS erythromycin (i.e. after 5 days of a 500 mg three-

times-daily regimen).

Results: Rivaroxaban tmax and t½ were similar between renal function

groups and treatments; Cmax was reached 2–4 h post-administration,

and elimination half-lives ranged between 7.4 and 10 h in all groups.

When assessing the effects of RI, administration of rivaroxaban 10 mg

to subjects with mild/moderate RI increased rivaroxaban Cmax by

23% and 36%, and AUC∞ by 15% and 17%, respectively, relative to

subjects with NRF. When assessing the effects of erythromycin, co-

administration of rivaroxaban 10 mg with SS erythromycin to subjects

with NRF increased rivaroxaban Cmax by 40% and AUC∞ by 39%.

When assessing the effects of RI plus erythromycin, co-administration

of rivaroxaban 10 mg with SS erythromycin in subjects with mild/

moderate RI increased rivaroxaban Cmax by 56% and 64%, and

AUC∞ by 76% and 99%, respectively, relative to subjects with NRF.

Changes in PD parameters displayed similar trends to those seen for

PK. RI and concomitant erythromycin use had generally similar inde-

pendent effects on Factor Xa inhibition and prothrombin time prolon-

gation. When RI and erythromycin use were combined, the effects on

Factor Xa inhibition and prothrombin time prolongation were

approximately additive in most cases. No serious adverse events

occurred during the study and no subjects reported persistent adverse

events at the end of the study or at the time of the last follow-up visit.

Summary/Conclusions: Considered separately, RI and erythromycin

co-administration each increased rivaroxaban PK and PD as expected.

When the effects of RI and erythromycin were combined, approxi-

mately additive effects on PK and PD were observed, in contrast to

the synergistic effect predicted in the previous model. These data sug-

gest that clinically relevant interactions of rivaroxaban with erythro-

mycin in patients with mild to moderate RI are unlikely. All

treatments in all renal function groups examined were well tolerated,

and no new safety concerns were identified.

PA 3.10-6
Effects of rivaroxaban and dabigatran on hemostasis
and reversion of their antithrombotic effects by
different coagulation factors: evidence raised from a
clinical study in healthy volunteers
Galan AM1, Arellano-Rodrigo E1, Sanz V1, Molina P1, Reverter

JC1, Villalta J2, Carne X2, Diaz-Ricart M1 and Escolar G1

1Hospital Clinic, IDIBAPS; 2Hospital Clinic, Barcelona, Spain

Background: There is a lack of information on therapies that could

reverse the effects of new oral anticoagulants in patients that require

an urgent restoration of their impaired hemostatic mechanisms.

Aims: (i) To assess the effects of new oral anticoagulants rivaroxaban

and dabigatran on hemostasis, and (ii) To evaluate the effects of differ-

ent coagulation factor concentrates (prothrombin complex concen-

trates (PCCs), activated PCCs (aPCCs) and rFVIIa) to reverse the

alterations of hemostasis induced by these new anticoagulants.

Methods: The study was approved by our institutional medical ethics

committee (Eudra CT2010-022985-29; ClinicalTrials.gov Identifier:

NCT01478282). Studies were performed using blood samples from 10

healthy individuals subjected to 5 days of treatments with 20 mg/day

for rivaroxaban and 150 mg/12 h for dabigatran doses separated by a

washout period of 14 days. Blood samples were spiked in vitro with: a)

PCCs (50 IU/kg); b) aPCCs at 75 IU/kg, or c) rFVIIa at 270 lg/kg.
Several laboratory approaches were applied to explore modifications

on overall hemostasis including: (i) thrombin generation (TG), (ii)

thromboelastometry parameters (TEM), (iii) standard coagulation

parameters, and (iv) studies under flow conditions to evaluate modifi-

cations on platelets and fibrin deposition on damaged subendothelial

surfaces.

Results: Rivaroxaban and dabigatran treatments resulted in alterations

of the different laboratory tests related to their recognized anticoagu-

lant action. Standard coagulation parameters (PT, INR and APTT)

were variably affected by rivaroxaban and dabigatran. aPCCs and

rFVIIa totally reversed the effects of rivaroxaban on these routine

tests, whereas only aPCC were capable to reverse partially the effects

of dabigatran on APTT. Rivaroxaban and dabigatran caused altera-

tions of TG with delayed time to peak, reduced maximum thrombin

peak and decreased velocity index (P < 0.05), though alterations in

TG were clearly dependent on the reagents used for activation. Modifi-

cations in TG caused by rivaroxaban were corrected by the different

coagulation factors with efficacies following this order

aPCC>rFVIIa = PCC. Reversion of alterations in TG after dabiga-

tran were accomplished according to the following order of efficacy

aPCC = PCC>rFVIIa. Clot viscoelastic parameters (TEM) were sig-

nificantly altered by rivaroxaban or dabigatran treatments. While all

concentrates (rFVIIa, aPCC and PCC) were able to reverse the effects

of rivaroxaban (P < 0.05) on this test, only aPCCs seemed effective at

reversing alterations induced by dabigatran (P < 0.05). Treatment

with rivaroxaban or dabigatran did not cause marked alterations on

platelet reactivity towards damaged vascular surfaces, but both antico-

agulants demonstrated a consistent effect decreasing fibrin formation
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on the subendothelium (P < 0.01). Reductions in fibrin formation

observed after rivaroxaban were significantly improved (P < 0.01) by

rFVIIa and aPCC, whereas alterations in fibrin formation following

dabigatran treatment were only reversed by aPCCs (P < 0.05).

Conclusions: Reversal strategies may differ depending on the new anti-

coagulant agent and its specific mechanism of action. Our results indi-

cate that while alterations in hemostasis induced by rivaroxaban were

reversed to a variable extent by all the concentrates tested, reversion of

dabigatran actions were predominantly achieved with aPCCs. Finally,

TEM technologies may be useful as a point of care for a rapid evalua-

tion of effects of new anticoagulants.

PA3.11 – Blood Coagulation
Tests – X

PA 3.11-1
Capillary electrophoresis improves the selection of
DNA-aptamers against activated coagulation factors
M€uller J1, Krammer R1, Shahidi N1, Bl€umke F1, Rudan O1,

Oldenburg J1, Mayer G2 and P€otzsch B1

1University of Bonn Medical Center; 2University of Bonn, Bonn,

Germany

Background: The development of enzyme-capture assays for direct

measurement of activated coagulation factors in plasma samples

requires enzyme-specific ligands that bind their targets with high affin-

ity even in complex matrices. Due to their high affinity and specificity,

DNA-aptamers, proved to be valuable tools for the development of

such assays (Angew Chem Int Ed Engl. 2011; 50: 6075–8; J Thromb

Haemost. 2012; 10: 390–8).
Aims: The aim of this study was to establish a highly efficient method

based on capillary electrophoresis (CE) for the separation of unbound

ssDNA from protein targets to expedite the selection of DNA-apta-

mers against activated coagulation factors.

Methods: A PA800 CE-System and silica-fused capillaries (Beckman

Coulter) were used for all experiments. The system was run in normal

polarity under electroosmotic flow (EOF). The used ssDNA-pool com-

prised a randomized region of 40 nucleotides at a total length of 81 nu-

cleotides. For initial assay optimization, activated protein C (APC)

and activated factor XIIIA (FXIIIAa) were chosen as targets. Binding

affinities of selected aptamers were assessed by filter retention analysis.

Results: After optimization of system settings and buffer conditions,

the retention time of the random library was found to be at least two

times longer than that of the target proteins. Thus, the protein frac-

tion, also containing bound aptamers, could be collected separately. In

total, six selection cycles, including (i) incubation of ssDNA with tar-

get, (ii) CE for separation, (iii) amplification of selected sequences, (iv)

single-strand separation for next round, were performed for both tar-

gets. In both cases, highest binding affinity of enriched pools was

found after only five rounds of selection (Kd: APC: approximately

10 nM; FXIIIAa: approximately 30 nM).

Summary/Conclusions: The use of CE for the selection of DNA-apta-

mers targeting activated coagulation factors was successfully estab-

lished. In comparison to previously applied methods for aptamer-

selection, the CE-based method described here proved to be more effi-

cient, resulting in a decrease of needed selection cycles by a factor of 2.

The future goal is to apply this method for the identification of a vari-

ety of ligands against activated coagulation factors.

PA 3.11-2
Endogenous thrombin potential measured in the
presence of thrombomodulin as a tool in prediction of
thombotic events
Shmeleva V, Namestnikov Y, Matvienko O, Saltikova N,

Soldatenkov V and Papayan L

Russian Research Institute of Hematology and Transfusion,

St-Petersburg, Russian Federation

The Calibrated Automated Thrombogram (CAT) could be more effec-

tive in assessing thrombotic risk than standard coagulation tests, but

clinical experience in this field is insufficient and association between

the endogenous thrombin potential (ETP) and phenotype remains to

be established. Predictive values of ETP obtained in the presence and

in the absence of thrombomodulin (TM) may differ. Aim of our study

was to assess the relationship between venous thromboembolism

(VTE) recurrence and ETP measured by CAT with and without add-

ing TM. The study involved 48 VTE patients on VKA in the extended-

treatment phase (M/F 24/24, mean age 54.6 VTE � 15.8 years, dura-

tion of VKA 1.5–4 years), among them 19 patients at low intensity

treatment i.e. international normalized ratio (INR) 1.5–1.9; 15 patients
with therapeutic INR range of 2.0–3.0 and 14 patients on gradual dis-

continuation of VKA therapy with INR 0.9–1.4. The last subgroup

was followed up for 18 months. Control group (n = 28) was age

matched. ETP was measured according to Hemker et al., 5 pmol con-

centration of tissue factor was used. STATISTICA 6.1 was used, data

are given as mean � SD. In controls ETP was 1731.4 � 253.7 nM/

min without added TM and 932.8 � 272.6 nM/min with TM. Two-

fold significant (P < 0.001) decrease of ETP compared to controls was

measured even in patients with INR 1.5–1.9: 642.8 � 129.7 nM/min

in the absence of TM and 481.2 � 106.8 nM/min in the presence of

TM. In patients with INR 2.0–3.0 the corresponding parameters were

358.1 � 210.4 nM/min and 293.2 � 167.4 nM/min respectively. ETP

in patients with INR 0.9–1.4 was much less decreased compared to the

above mentioned subgroups of patients, and significantly differed from

controls only when measured without TM (1487.4 � 425.3 vs.

1731.4 � 253.7 nM/min, P = 0.02). In the presence of TM ETP was

896.9 � 296.0 vs. 932.8 � 272.6 nM/min in controls, P = 0.6.

Increased ETP was defined as > 2114 nM/min without TM and

> 1433 nM/min with TM (i.e. above 95th percentile in controls). Two

patients from the subroup with INR 0.9–1.4 had abnormal values of

ETP. In one case increased ETP in the absence of TM (2257 nM/min)

was accompanied by normal result (1210 nM/min) in the presence of

TM, so VKA’s therapy was discontinuated and during the following

18 months of observation patient had not recurrent thrombosis. In the

other patient with ETP 2343 nM/min in the absence of TM and

importantly 1603 nM/min in the presence of TM (i.e. both above 95th

percentile measured in controls) thrombosis took place 12 months

later in spite of prolonged VKA therapy. We conclude that though

ETP determined without TM demonstrate strong positive correlation

with the ETP obtained with adding of TM (R = 0.93, P < 0.001), the

last one seems to be more sensible in detecting a degree of hypercoagu-

lobility that predicts thombotic event. Our data suggest that CAT may

allow individualized treatment based on global haemostatic response

in patients on VKA, but predicting clinical events with the help of

ETP needs further elucidation.
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PA 3.11-3
Evaluation of the performance characteristics of a
diluted thrombin time assay for dabigatran
determination using a new thrombin time liquid
reagent
Camacho E, Bono M and Martorell D

Diagnostic Grifols, Parets del Vall�es, Spain

Background: DG-TT L Human is a new ready-to-use liquid reagent

developed by Grifols, consisting of human thrombin for thrombin

time (TT) determination in citrated human plasma samples. Addition-

ally, the reagent DG-TT L Human may be used in a quantitative assay

for dabigatran determination in samples from patients treated with the

new oral anticoagulant dabigatran etexilate. This assay consists in the

addition of the thrombin reagent to a plasma sample that has been

previously diluted in a buffer and supplemented with normal lyophi-

lized plasma (DG-Ref, Grifols) to normalize fibrinogen. Results are

not interfered by the presence of heparins in plasma samples. Calibra-

tor plasmas with known dabigatran concentrations are used to con-

struct a four point calibration curve that allows the calculation of the

dabigatran concentration present in a sample.

Aims: The aim of this study is to evaluate the performance of a proce-

dure for dabigatran quantification with a new thrombin time liquid

reagent.

Methods: Tests were performed in the optical coagulometer Q Hemo-

stasis Analyzer (Grifols). A precision study was performed over

10 days using plasma containing two different levels of dabigatran

(110 and 310 ng/mL). Linearity and limits of detection and quantifica-

tion of the assay were determined using dabigatran calibrator and con-

trol plasmas from Hyphen Biomed. Accuracy was estimated at two

different concentrations of dabigatran (130 and 320 ng/mL). The per-

formance of the assay was tested using samples from patients treated

with dabigatran (n = 60, collected at different time points of treat-

ment). Results with the new assay were compared with the data

obtained with the commercially available kit Hemoclot Thrombin

Inhibitors (Hyphen).

Results: Precision results showed appropriate coefficients of variation

(CV) of 9.34% and 4.70%, for dabigatran concentrations of 110 and

310 ng/mL respectively. The accuracy was satisfactory at the dabiga-

tran concentrations tested (130 and 320 ng/mL, maximum bias of

minus 2.6%). The assay measurement range obtained was from 30 to

760 ng/mL of dabigatran (usual plasma concentrations range between

20 and 400 ng/mL). In the method comparison study, the measure-

ment limit of the new assay was taken into consideration and samples

containing dabigatran concentrations lower than 30 ng/mL were not

used for calculations. Good correlation of the new assay and the

results obtained with the Hemoclot kit (30–328 ng/mL) was observed

in this subset of samples (y = 0.96x + 0.00; r = 0.90) and no signifi-

cant differences were observed in a Passing Bablok fit and a difference

plot (n = 26; allowable bias of 20%). Comparison between methods in

samples with dabigatran from 0 to 30 ng/mL (n = 34) showed a signifi-

cant difference, as expected in samples with dabigatran levels under

the measurement range of both assays.

Conclusion: The new DG-TT L Human is a reagent that allows both,

thrombin time determination and dabigatran quantification when

using a calibration curve with plasma containing dabitragan. This

assay shows an adequate range of measurement and performance fea-

tures comparable to the specific kit for dabigatran determination cur-

rently available in the market.

PA 3.11-4
A simplified assay for quantification of circulating
activated protein C levels
Medina P, Navarro S, Bonet E, Martos L, Mira Y, Vay�a A,

Ferrando F, Aznar JA, Estell�es A and Espa~na F

Hospital Universitario y Polit�ecnico La Fe, Valencia, Spain

Background: The protein C pathway plays a crucial role in the regula-

tion of blood coagulation, as it controls the generation of thrombin.

Protein C circulates in plasma as an inactive zymogen and is activated

on the vascular endothelial cell membrane by the thrombin-thrombo-

modulin complex, a process further enhanced when protein C binds to

its membrane receptor, the endothelial-cell protein C receptor. Acti-

vated protein C (APC) is an enzyme with anticoagulant and cytopro-

tective functions. Accumulative data suggest that the number of

situations in which in vivo circulating APC will need to be measured

will increase over the next few years. Therefore, the availability of a

rapid, sensitive and simple assay for quantifying circulating APC is

crucial. Available assays are difficult to apply in routine laboratory.

Our previously reported assay required an excessive pre-analytical

handling: drawing of blood into two citrate tubes; immediate addition

of a fresh APC inhibitor to one tube in order to block complexation of

circulating APC to protein C inhibitor (PCI) (tube 1), and of heparin

to the other tube to force all circulating APC to bind to PCI (tube 2),

measurement of APC:PCI complexes in both tubes by ELISA, and

subtraction of APC:PCI complexes (tube 2�tube 1) (method A).

Aims: To set up a simplified method based on the measurement of

APC:PCI in a unique blood tube anticoagulated with heparin (method

B).

Methods: We measured APC levels, with both methods, in 187 plasma

samples, 117 from patients with venous thrombosis (VT) and 70 from

healthy controls. Informed consent was obtained from all subjects of

the study and it was approved by the medical ethics committee of our

Institution.

Results: The mean APC level in the 125 samples was 1.09 � 0.40 ng/

mL (method A) and 2.07 � 0.71 ng/mL (method B). The coefficient

of correlation between both methods was r = 0.789 (P < 0.001). The

mean APC level in the 117 VT patients was 0.95 � 0.36 (method A)

and 1.73 � 0.55 (method B), significantly lower (as previously

reported) than those in the 70 controls, 1.33 � 0.36 and 2.64 � 0.74,

respectively, (P < 0.001). In both groups there was a significant corre-

lation between the levels obtained by the two methods (VT, r = 0.730;

controls, r = 0.731) (P < 0.001). Both Passing & Bablock regression

and Bland & Altman plot analyses showed that both assays are equiv-

alent.

Conclusions: These results confirm that the APC level is lower in VT

patients than in healthy individuals. As both assays are equivalent, the

new simplified assay, which measures the sum of circulating free APC

and APC complexed to PCI, may be used to estimate the level of circu-

lating APC, and will allow its use in routine laboratories.

PA 3.11-5
The use of the new Siemens Innovance VWF activity
assay in monitoring treatment for von Willebrand
disease
Bowyer AE, Shepherd M, Leeson K, Lowe A, Kitchen S

and Makris M

Sheffield Teaching Hospitals, Sheffield, UK

Background: Von Willebrand disease (VWD) is caused by the dysfunc-

tion of, or reduction in concentration of, von Willebrand factor

(VWF). An accurate measure of the functional activity of VWF is

essential for both the classification of VWD and response following

replacement VWF therapy. Traditional activity assays, utilising rist-

ocetin, such as automated platelet aggregometry or manual visual

agglutination (MVA) are laborious to perform and notoriously subject
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to a high degree of assay variation. A new Siemens (Marburg, Ger-

many) activity assay, Innovance VWF Activity, has recently been

introduced which uses polystyrene particles coated with a monoclonal

antibody against GP1b to bind to recombinant GP1b and the VWF in

the test sample. Agglutination is measured turbidometrically.

Objectives: To evaluate the new automated Innovance VWF activity

assay on the CS2100i analyser and compare it to the manual visual

agglutination (MVA) assay in normal donors and VWD patients prior

to and following treatment with DDAVP or VWF concentrates.

Results: Thirty-eight normal subjects (21 female and 17 male) were

used to establish the reference range; all blood groups were included.

The mean Innovance activity was 101 IU/dL (49–167 IU/dL) median

98 IU/dL, SD 0.30.

Inter and intra assay imprecision, at normal (88 IU/dL) and low levels

(30 IU/dL) was < 2.7% and at very low levels (4 IU/dL) was 10%.

The imprecision of our current MVA method is 7%.

Thirty-three patient samples were tested prior to and following treat-

ment. Thirteen patients with type 1 VWD were treated with either

DDAVP (n = 12) or Haemate P (n = 1). The mean activity prior to

treatment was 29 IU/dL (median 27 IU/dL) for the MVA method and

34 IU/dL (median 37 IU/dL) for Innovance whilst following treat-

ment was 112 and 136 IU/dL (medians 104 and 126 IU/dL) respec-

tively.

Twenty patients with types 2 or 3 VWD were treated with DDAVP

(n = 4), Haemate P (n = 12), Wilate (n = 3) or Alphanate (n = 1). The

mean activity prior to treatment was 12 IU/dL (median 7 IU/dL) by

the MVA method and 14 IU/dL (median 10 IU/dL) using Innovance

and following treatment was 77 and 80 IU/dL (medians 77 and 81 IU/

dL) respectively. Although no difference was found in normal subjects,

a statistically significant difference between MVA and Innovance in

pre treatment samples (P < 0.05) was observed due to some very low

levels. Following treatment, the difference was not statistically signifi-

cant (P > 0.05).

In type 1 VWD, with all treatment types, there was a mean 3.8 fold

(median 3.9 fold) increase in MVA activity and 3.9 fold (median 3.4)

increase for Innovance activity following treatment. In types 2 or 3

VWD with all treatment types, there was a mean 6.5 fold (median 11.8

fold) increase in MVA activity and 5.9 fold (median 8.1) increase in In-

novance activity.

Conclusion: The Innovance activity assay is a rapid, easy to use auto-

mated test with improved imprecision compared to our manual VWF

activity assay. The Innovance assay is suitable for monitoring treat-

ment of both DDAVP and concentrates in patients with VWD.

PA 3.11-6
Effekt of rivaroxaban on clot formation kinetics
Siegemund T1, Scholz U2 and Siegemund A2

1The Scripps Research Institute, La Jolla, CA, USA; 2MVZ Labor

Dr. Reising-Ackermann und Partner, Leipzig, Germany

Background: Patients with thrombophilia show increased and acceler-

ated thrombin formation. Antithrombotic therapy reduces thrombin

generation or directly inhibits thrombin. Rivaroxaban, a direct fXa

inhibitor, reduces the prothrombinase activity and subsequently

thrombin generation velocity, expressed as peak. Thrombin generation

assays are expensive and time consuming. Clot waveform analysis

bases on an aPTT measurement, which is inexpensive, fast and fully

automated. Using an optical detection system, the fibrin formation

curve and its subsequent derivatives provide further information about

the clot formation process.

Aim: The aim of the study was to investigate the effect of rivaroxaban

on clot formation with different methods: in patients with thrombo-

philic conditions. The focus is laid on clot waveform analysis to inves-

tigate the kinetics of fibrin generation.

Methods: More than 200 patients with hereditary thrombophilia or

pregnancy in comparison with non-pregnant healthy controls were

included in the study after an informed consent was obtained. The

effects of rivaroxaban were determined in plasma samples spiked with

different amounts of the anticoagulant (between 0 and 500 nM) using

thrombin generation assays ETP (Siemens Healthcare Diagnostics,

Marburg, Germany) and Technothrombin TGA (Technoclone,

Vienna, Austria). Clot waveform analysis is measured using an ACL

TOP (Instrumentation Laboratory, Kirchheim, Germany), using a

Synthasil-activated aPTT assay (Instrumentation Laboratory). Mea-

sured optical data were processed using the Savitzky-Golay algorithm.

The concentration of rivaroxaban was determined using an anti Xa-

assay.

Results: All used methods showed a clear dose-response relationship

for rivaroxaban. Healthy controls needed less rivaroxaban to reduce

thrombin generation than patients with thrombophilia or pregnancy.

This difference increased with the severity of the underlying prothrom-

botic state. Nevertheless, rivaroxaban reduced thrombin formation

significantly also for patients with extraordinary high thrombin gener-

ation.

The reduction of the prothrombinase activity can be observed using

clot waveform analysis, and showed an almost linear relationship over

the concentration range of the anticoagulant.

Conclusions: It is possible to estimate the amount of Rivaroxaban to

reduce thrombin generation to a certain value. As expected from

higher initial thrombin generation values, patients with thrombophilia

or pregnancy need more fXa inhibitor to reduce TG compared to

healthy controls. This effect was consistent using thrombin generation

or clot waveform analysis. However, these estimations lie within clini-

cally relevant rivaroxaban levels. Clot waveform analysis might

emerge as a inexpensive und convenient alternative to thrombin gener-

ation measurements. The second derivative of the fibrin formation

curve is a good measure for anti Xa activity.

PA3.12 – Blood Coagulation
System – III

PA 3.12-1
Impact of BDNF Val66Met polymorphism on
thrombosis
Barbieri SS1, Amadio P2, Gianellini S1, Tarantino E2, Banfi C1,

Lee FS3 and Tremoli E1

1Centro Cardiologico Monzino; 2Universit�a degli Studi di Milano,

Milan, Italy; 3Weill Cornell Medical College, New York, NY, USA

Background: Brain-derived neurotrophic factor (BDNF) is a neurotro-

phin that plays a key role in neuron plasticity and vascular develop-

ment. A single nucleotide polymorphism in the BDNF gene (BDNF

Val66Met) has been associated with depression, and recently, it has

been proposed as a genetic risk factor for cardiovascular disease.

Intriguingly, reduced BDNF levels are detected in subjects with

depression, and they seem associated with increased in patients

affected by acute coronary syndrome. No Information, however, is

available concerning the potential influence of the BDNF Val66Met

polymorphism in thrombotic processes.

Aims: In this study we have assessed the impact of BDNF Val66Met

polymorphism on haemostatic system and its relationship to thrombo-

sis experimentally induced.

Methods: To assess the role of BDNF Val66Met polymorphism in

thrombosis, ferric Chloride (FeCl3) carotid arterial injury and throm-

boembolism, induced by injection of collagen and epinephrine, were

carried out in BDNF knock-in mice generated with a homozygous

BDNF variant (Met/Met), and then compared to Val/Val control

mice. Thromboelastometry analyses (by ROTEM�) and platelet/leu-

kocyte interactions (by cytofluorimetry) were performed in citrated

blood. Levels of fibrinogen, and activities of plasminogen activator

inhibitor 1 (PAI-1), tissue plasminogen activator (tPA), thrombospon-

din-1 (TSP-1), and coagulation factors were measured in plasma. TF

activity of circulating leukocytes and carotid artery was performed by
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one-stage plasma recalcification time assay. Finally, clot retraction

test, an indicator of platelet function, was carried out in platelet rich

plasma.

Results: Genetic BDNF Met/Met variant accelerated carotid artery

thrombus formation in response to FeCl3 and increased mortality after

collagen/epinephrine injection. Recalcification tests, carried out in

whole blood of Met/Met mice by NATEM thromboelastography test,

showed a significant increase both in clot firmness and clot elasticity,

and a reduction in the clot formation time compared to Val/Val mice.

Activation of the extrinsic or intrinsic pathways (EXTEM and

INTEM respectively) suggested that BDNF Knock-in mice have hyper

reactivity of platelets and higher levels of fibrinogen, but normal levels

of coagulation factors. Indeed, specific analyses indicated that Met/

Met mice have higher levels of TSP-1, a major secretory product of

activated platelets, a shorter clot retraction time, and an increase in

circulating platelet/leukocyte aggregates compared to control mice.

Levels of factors VIII, IX, XI, XII, PAI-1 activity and antigen, and

tPA activity were similar in the two groups. In addition, platelet and

withe blood cell counts were increased in BDNF Knock-in mice.

Importantly, TF, the key activator of blood coagulation, was elevated

both in circulating leukocytes and in carotid arteries of Met/Met mice.

Summary/Conclusion: The increased basal activation of haemostatic

system associated with increased platelet activation and vascular TF

activity observed in BNDF Met/Met mice may partly explain the pre-

disposition of this mouse model to thrombosis. Therefore, genetic

BDNF Val66Met variant may thus play a key role to increase the sus-

ceptibility to thrombotic events.

PA 3.12-2
Mutation of Thr-211 to Pro in the activation peptide of
factor X in a bleeding patient is associated with a
molecular defect in the intrinsic pathway
Rezaie AR1, Ding Q2, Shen Y2, Yang L1 and Wang X2

1St. Louis University School of Medicine, St. Louis, MO, USA;
2Shanghai Jiao Tong University School of Medicine, Shanghai,

China

Background: Thrombin is the final serine protease of the clotting cas-

cade which is responsible for cleaving fibrinogen to form insoluble

fibrin clots at the vascular injury sites. Thrombin can be generated by

either intrinsic or extrinsic pathway in the clotting cascade. In both

pathways, the vitamin K-dependent coagulation zymogen in plasma

factor X (FX) needs to be activated to its active form (FXa) which is

followed by the assembly of FXa into the prothrombinase complex

and activation of prothrombin to thrombin. FX can be activated by

either one of the physiological activators: the factor VIIa-tissue factor

complex or the factor IXa-factor VIIIa complex in the extrinsic and

intrinsic pathways, respectively. A deficiency in either one of these acti-

vation pathways can be associated with bleeding disorders. We

recently identified a bleeding patient who exhibited clotting defect only

in the intrinsic pathway.

Aim: The aim of this study was to elucidate the molecular basis of the

clotting defect in the bleeding patient and to identify the coagulation

factor responsible for the clotting defect specifically in the intrinsic

pathway.

Methods: Exome sequencing was used to determine whether the

patient carries a genetic defect in one of the known clotting factor

genes and if so to use recombinant DNA methods to express the

cDNA carrying the identified genetic defect in a mammalian expres-

sion system.

Results: Exome sequencing revealed that the patient carries a novel

homozygous FX mutation that results in the substitution of Thr-211

with a Pro on the activation peptide of the FX zymogen. The residue

Thr-211 is the site of an O-linked glycosylation in the activation pep-

tide of FX. Thus, we postulated that the elimination of carbohydrate

residues of Thr-211 due to a Pro substitution may specifically impacts

the activation of FX by FIXa in the intrinsic Xase complex, thereby

impairing thrombin generation in the subject. To test this hypothesis,

we expressed a FX cDNA containing this mutation in HEK-293 cells

and following the purification of the zymogen to homogeneity charac-

terized its biochemical properties in both purified and plasma based

assay systems. The results suggested that the activation of the physio-

logical concentration of the FX mutant by the FIXa-FVIIIa complex,

but not by the FVIIa-TF complex, has been markedly impaired.

Conclusions: Analysis of the results suggests that the loss of Thr-211

glycosylation site renders the FX mutant specifically a poor substrate

for FIXa in the intrinsic Xase complex, thus explaining the bleeding

phenotype of the patient carrying this mutation.

PA 3.12-3
Additional effect of BbArg448Lys polymorphism on
fibrin clot structure/fibrinolysis and cardiovascular
complications in subjects with type 2 diabetes
Greenhalgh KA1, Alzahrani S1, Price JF2, Strachan M3, Baxter P1,

Kurdee Z1, Grant PJ1 and Ajjan RA1

1University of Leeds, Leeds; 2University of Edinburgh; 3Western

General Hospital, Edinburgh, UK

Background: Fibrinogen BbArg448Lys polymorphism affects clot

structure and fibrinolysis, potentially explaining the association with

coronary artery disease and stroke. Despite the increased risk of ath-

erothrombosis in diabetes, the role of this polymorphism on clot struc-

ture and ischaemic events in this condition has not been studied.

Aims: This work investigates the potential additional effects of

BbArg448Lys polymorphism on fibrin clot structure/fibrinolysis and

predisposition to vascular events in individuals with diabetes.

Methods:Genotyping for BbArg448Lys was carried out in 822 individ-

uals with type 2 diabetes participating in the population-based Edin-

burgh Type 2 Diabetes Study (mean age 68 � 0.14, 422 males) using

standard techniques. Clot maximum absorbance and lysis time were

measured by validated turbidimetric assays, with confocal and scan-

ning electron microscopy used to visualise the fibrin networks. Both

individual plasma samples and pooled plasma purified fibrinogen were

investigated. T-test and Mann–Whitney analysis were used for nor-

mally distributed and non-parametric data, respectively. The interac-

tion between the polymorphism and ischemic events was investigated

using regression models, with and without adjustment for traditional

risk factors.

Results: Bb448Lys variant was present in 31.5% of subjects with simi-

lar frequency in men and women. Mean age of subjects with Bb448Lys
was lower compared with Bb448Arg (67.5 � 0.26 and

68.3 � 0.18 years, respectively, P = 0.02). Clot density in Bb448Lys
subjects was higher than Bb448Arg (0.37 � 0.007 vs. 0.35 � 0.004 au,

respectively, P < 0.05) and lysis time was longer (761 � 20 vs.

719 � 15 s, respectively, P < 0.05). These changes were still significant

after adjusting for fibrinogen levels. Bb448Lys was associated with a

previous history of stroke and transient ischaemic attack (TIA) in the

whole group [OR 1.93 (1.15, 3.24)], which was still evident after adjust-

ing for traditional vascular risk factors [OR 1.98 (1.16, 3.37)]. The pre-

dictive value of Bb448Lys for stroke/TIA was only significant in

females, suggesting a possible interaction between gender, polymor-

phism and disease [OR 4.18 (1.56, 11.22)]. Purified fibrinogen showed

differences in clot density for Arg/Arg, Arg/Lys and Lys/Lys variants

at 0.046 � 0.0007, 0.040 � 0.0005 and 0.036 � 0.0002 au, respec-

tively (P < 0.001), accompanied by changes in clot lysis time at

13.9 � 0.5, 17.0 � 0.3 and 18.6 � 0.4 min, respectively (P < 0.001).

Differences in clot structure between these genetic variants of fibrino-

gen were further confirmed by both confocal and scanning electron

microscopy.

Discussion: Bb448Lys variant of fibrinogen is present in around a third

of people with diabetes and confers additional risk in these subjects,

probably related to the formation of more compact fibrin clots, which
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are resistant to fibrinolysis. People with diabetes and fibrinogen

Bb448Lys may have reduced life expectancy and women have a higher

risk of cerebrovascular disease. These data may have important clini-

cal implications for patient clinical management and future prospec-

tive studies are warranted to fully understand the role of BbArg448Lys

in predisposition to ischaemic events in diabetes.

PA 3.12-4
Acute and severe coagulopathy in adult mice following
silencing of hepatic antithrombin and protein C
production
Safdar H, Cheung K, Salvatori D, Versteeg HH, Laghmani EH,

Wagenaar GTM, Reitsma PH and Van Vlijmen BJM

Leiden University Medical Center, Leiden, The Netherlands

Background: Mice deficient in the natural anticoagulants antithrombin

(Serpinc1) or protein C (Proc) display early lethality due to thrombo-

sis-related coagulopathy, thereby precluding their use in gene function

studies or thrombosis models.

Methods: RNA interference was used to silence antithrombin (siSerp-

inc1) and/or protein C (siProc) in normal adult mice (dose siRNA 3.5

or 7 mg/kg body weight). Mice were sacrificed within 2–5 days after

siRNA administration. Liver Serpinc1 and Proc transcript level,

plasma antithrombin, protein C, and fibrinogen levels, and tissue fibrin

deposition, were analyzed. Full necropsy was performed, tissues were

formalin fixed, and microscopical analysis was performed on HE-

stained 5-lm sections.

Results: Severe coagulopathy was observed following combined

‘knockdown’ of antithrombin and protein C. Two days after siSerp-

inc1/siProc injection, (occlusive) thrombi were observed in (large) ves-

sels in multiple tissues (head, leg and liver), and hemorrhages were

prominent in the ocular, mandibular, and maxillary areas. In total 19

out of 19 siSerpinc1/siProc (sum of animals for 3.5 and 7 mg/kg dose)

vs. 0 out of 11 siNEG-treated animals featured abnormalities

(P < 0.0001, Fisher’s exact test). siSerpinc1/siProc-treated animals at

3.5 or 7 mg/siRNA/kg demonstrated evident fibrin deposition

(111 � 129 P < 0.0001 and 1574 � 1364 ng/mg P = 0.0005 vs.

5.4 � 2.7 ng/mg in control siNEG injected animals). This coincided

with reduced plasma fibrinogen levels in siSerpinc1/siProc-treated mice

(�43% P = 0.012 and �96% P = 0.002 for 3.5 or 7 mg/siRNA/kg

group, respectively). The thrombin inhibitor dabigatran etexilate fully

prevented coagulopathy in siSerpinc1/siProc-treated mice (3.5 mg siR-

NA/kg), including formation of thrombi in head, livers and legs, liver

fibrin deposition, lowering of plasma fibrinogen. Silencing Serpinc1

alone yielded a comparable but milder phenotype with a later onset.

The phenotype was absent when targeting Proc alone.

Conclusion: We conclude that RNA interference of Serpinc1 and/or

Proc allows studying the function of these genes in vivo, and provides a

novel, controlled mouse model for spontaneous venous thrombosis.

PA 3.12-5
Platelet-derived microparticles attenuate the
procoagulant nature of platelet-associated
prothrombinase
Haynes LM and Tracy PB

University of Vermont, Burlington, VT, USA

Background: Due to their procoagulant nature, platelet-derived micro-

particles have been implicated in several thrombotic processes. Their

increased expression of procoagulant activity is due, in part, to the

enrichment of anionic phosphatidylserine headgroups on their outer

membrane leaflets that mediate the binding of several coagulation

enzyme complexes including Prothrombinase. The prothrombinase

complex, composed of the serine protease factor Xa and its protein co-

factor factor Va assembled on an appropriate membrane, activates the

zymogen prothrombin to the serine protease a-thrombin ‘the key

enzyme of the hemostatic process as it lies at the crossroads of both

the pro- and anti-coagulant pathways. The activation of prothrombin

is the result of two proteolytic cleavages at Arg271 and Arg320. Initial

cleavage at Arg271 results in the formation of the non-catalytically

active intermediate prethrombin-2, while cleavage at Arg320 results in

the formation of the catalytically active species meizothrombin. In

contrast to a-thrombin, meizothrombin is an anticoagulant, having

considerably decreased activity towards platelets, fibrinogen, factor V,

and factor VIII, while activating protein C more readily when com-

plexed with thrombomodulin.

Aims: Platelet-associated prothrombinase maximizes procoagulant

activity as it activates prothrombin via the more procoagulant pre-

thrombin-2 pathway, as opposed to Prothrombinase assembled on

phospholipid vesicles of defined content that utilize the more anticoag-

ulant meizothrombin pathway. Given these differences, the goal of the

current study was to determine if platelet-derived microparticles sup-

port Prothrombinase that promotes the prethrombin-2 or meizo-

thrombin activation pathway.

Methods: Platelet-derived microparticles were formed using calcium

ionophore A23187 or by extruding thrombin-activated platelets

through a 0.2 lm filter. The activation pathway utilized by Prothrom-

binase assembled on each surface was monitored by gel electrophore-

sis.

Results: When Prothrombinase was assembled on microparticles

derived from platelet activation effected by calcium ionophore

A23187, it utilized both the prethrombin-2 and meizothrombin path-

ways of thrombin generation, suggesting that upon microparticle for-

mation, the less procoagulant meizothrombin pathway is upregulated.

We hypothesize that this is a direct consequence of increased phospha-

tidylserine expression on the platelet’s outer leaflet resulting in a sur-

face that is akin to phospholipid vesicles of defined content. However,

as microparticles contain most of the membrane proteins of their par-

ent cells, the continued use of the prethrombin-2 pathway of pro-

thrombin activation is likely due to the presence of intact membrane

microenvironments surrounding factor Va and factor Xa receptors,

which define the unique structural features of platelet-associated Pro-

thrombinase. In contrast, when thrombin-activated platelets were

extruded through a 0.2 lm filter, the microparticles generated almost

exclusively supported Prothrombinase that utilized the meizothrombin

pathway of prothrombin activation. The lack of utilization of the pre-

thrombin-2 pathway, suggests that extrusion of the platelets alters the

membrane microenvironment of the factor Va and Xa receptors, such

that the only available pool of microparticle-associated Prothrombin-

ase stems from the increased phosphatidylserine present on the outer

leaflet.

Summary/Conclusions: These data suggest that, depending upon the

precipitating events leading to microparticle formation, populations

can be formed that express a wide range of procoagulant activity, the

degree of which may impact their role in pathological, as well as physi-

ological, processes.

PA 3.12-6
Contraction of whole blood clots: platelets and fibrin
are on the exterior and compress erythrocytes into
close-packed polyhedra on the interior
Weisel JW1, Lebedeva T1, Nagaswami C1, Hayes V1,

Massefski W2, Rauova L1, Lowery TJ2 and Cines DB1

1University of Pennsylvania, Philadelphia, PA; 2T2 Biosystems,

Lexington, MA, USA

Background: Contraction of blood clots is necessary for hemostasis,

wound healing and to restore flow past obstructive thrombi. However,

little has been known about the structure of contracted clots and

mechanisms of contraction. Erythrocytes, biconcave cells that are
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highly deformable to allow their passage through the microvascula-

ture, are abundant in venous thrombi, and to a lesser extent in arterial

thrombi. Erythrocytes promote hemostasis, but their participation in

clot contraction has not been reported.

Aims: To understand the mechanisms of clot contraction and the roles

of erythrocytes, platelets and fibrin.

Methods: We examined the structure and composition of contracted

whole blood clots by scanning electron microscopy and confocal light

microscopy. Whole blood was clotted by recalcification and addition

of thrombin or kaolin, while following the process of clotting, includ-

ing contraction, with a new technique using T2 magnetic resonance.

Results: Contracted clots display a remarkable structure, with a tessel-

lated array (or mosaic tiling of space) of compressed polyhedral ery-

throcytes within and a meshwork of fibrin and platelet aggregates on

the exterior. Little fibin and few platelets were found on the interior of

the contracted clots. The same results were obtained with both throm-

bin and kaolin as activators of clotting and also with reconstituted

human blood and clots prepared from mouse blood. Confocal micros-

copy of hydrated clots confirms the results of scanning electron

microscopy. Platelets (with their cytoskeletal motility proteins) and

fibrin(ogen) (as the substrate bridging platelets for contraction) are

required to generate the forces necessary to segregate platelets/fibrin

from erythrocytes and to compress erythrocytes into a closely packed

polyhedral array. To assess the density of packing of the polyhedral

erythrocytes, we replaced the water surrounding the clots with D2O

and observed by T2 magnetic resonance that hydrogen/deuterium

exchange for the contracted clots was very slow, consistent with their

very tightly packed, almost impermeable structure.

Summary/Conclusions: We have observed a new erythrocyte morphol-

ogy, closely packed polyhedra, in contracted clots, and an unexpected

spatial redistribution of platelets and fibrin that occurs during contrac-

tion. Clot contraction is an essential part of hemostasis, since both

human genetic disorders of platelet myosin IIA and megakaryocyte

myosin IIA-knock out mice show a bleeding phenotype. These obser-

vations on contracted clots imply that they are stiff, rigid structures

that can form an impermeable, watertight seal. On the one hand, con-

traction of clots within the vasculature may relieve obstruction of

blood vessels and allow recanalization, especially in the venous system.

On the other hand, these results account for long-standing clinical

observations that fibrinolysis is greatly prolonged following clot con-

traction, since perfusion or diffusion of lytic enzymes into these tightly

packed polyhedral erythrocytes would be nearly impossible (NIH

grants HL030954/HL090774 to JWW, and HL090697 to DBC, and

HL110860 to DBC/LR/JWW).

PA3.13 – Acquired Coagulation
Disorders – IV

PA 3.13-1
Thrombin generation in obese patients
Campello E1, Eva Z2, Luca S1, Sabrina G1, Barry W3, Paolo P1,

Roberto V2 and Paolo S1

1Department of Cardiologic, Throcacic and Vascular Science,

University of Padua; 2Department of Medical and Surgical

Sciences, University of Padua, Padova, Italy; 3HaemaCon Ltd,

Bromley, UK

Background: It was found that obesity is associated with a hypercoagu-

lable state either due to an increase of clotting factors plasma levels

and/or the impairment of the fibrinolytic pathway. Several studies

reported that elevated levels of coagulation factors such as PAI-1, pro-

thrombin, factors VII and VIII, and fibrinogen were observed in

patients suffering from obesity. These investigations were based on a

limited number of subjects and did not specifically look at differences

in fat amount and distribution. The measurement of capability of

generating thrombin is very useful as an expression of prothrombotic

phenotypes compared to conventional coagulation tests. The thrombin

activity can be measured in plasma by continuous cleavage of chromo-

genic or fluorescent substrates, and can be registered in a curve

(Thrombin generation Test [TGT]). Various parameters can be consid-

ered, including the time until thrombin burst (lag phase), the peak

amount of thrombin generation (peak thrombin) and the total amount

of thrombin generated [endogenous thrombin potential (ETP)]. The

ETP defines the pro- and anticoagulant balance as a global function

test of clotting. Increased ETP levels were seen in obesity associated

myocardial infarction, stroke, and pulmonary embolism. However,

ETP in asymptomatic obese subjects remains to be clarified.

Aim: The aim of this study is to determine whether any differences in

the coagulation system between obese patients with different degree of

obesity and normal weight subjects exist with the use of TGT.

Methods: Eighty consecutive patients referred to our Department, of

whom 20 were overweight [BMI = 25–29.9 kg/m2], 20 with I degree

obesity [BMI = 30–34.9 kg/m2], 20 with II degree obesity [BMI = 35–
39.9 kg/m2] and 20 with III degree [BMI > 40 kg/m2]) were enrolled.

Eighty age (� 3 years) and gender-matched normal weight healthy

individuals acted as controls. TGT was determined in Platelet Poor

Plasma (PPP) by means of CAT method, using 80 lL of PPP together

with 20 lL of PPP-Reagent, a mixture of Tissue Factor (5 pM) and

synthetic phospholipids (4 µM). TG curves were described in terms of

Lag time (min), C max (Peak, nM) and ETP (nM*min), where short-

ened lag-times and elevated values of both peak thrombin and ETP

are indexes of hypercoagulability.

Results: TG test showed that obese patients had shorter lag time

(2.55 � 0.3 min; P = 0.04), higher peak thrombin (300.9 � 84.7 nM;

P < 0.001) and ETP (1791.2 � 362.0 nM*min; P = 0.04) than healthy

controls (2.84 � 0.55 min, 1411.5 � 174.1 nM,

254.3 � 58.3 nM*min, respectively). In particular, patients suffering

from 3rd degree obesity showed a significantly shorter lag time

(P = 0.047) and a significantly higher peak thrombin (P < 0.0001) and

ETP (P = 0.018) than healthy controls.

BMI and waist circumference inversely correlated with the lag time

(r = �0.40 and �0.49; P < 0.001, respectively) and positively with the

Peak and ETP values (r = 0.52 and 0.58; P < 0.0001, respectively).

Conclusions: TGT seems to be a reliable test to identify the hypercoag-

ulable state observed in patients suffering from obesity. Significant

correlation between degree of obesity and TGT parameters suggested

a growing prothrombotic potential with the increase of fat mass. Lar-

ger studies are needed to confirm our observation.

PA 3.13-2
Predictors of vascular thrombotic events in pediatric
liver transplantation
Massicotte P, Bauman M, Bruce AK and Bauman ME

University of Alberta/Stollery Childrens Hospital, Edmonton, AB,

Canada

Background: Liver transplantation (LT) is increasingly performed in

children with liver failure. With state of the art multidisciplinary and

comprehensive care, the survival rates in pediatric LT (PLT) patients

have increased to 88% at 10 years. However, vascular thrombotic

events (VTE) occur in up to 30% of PLT patients. These VTE often

result in significant morbidity and mortality. The identified risk predic-

tors for VTE in PLT population are inconsistent and vary according

to the study methodology and reporting, and have not adequately and

systematically studied.

Aim: To identify the predictors for VTE in PLT.

Methods: A retrospective cohort study was performed on all pediatric

patients undergoing first LT at University of Alberta, Canada between

January 2001 and July 2012. Demographic data, clinical data, graft,

donor and recipient parameters, surgical details and serial radiological

imaging data were recorded in a comprehensive predesigned proforma

and analysed. The KIDCLOT© pediatric thrombosis group at Stollery

Children’s Hospital introduced an anticoagulation protocol in Novem-
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ber 2006. Thus, for the purpose of analysis, patients were evaluated in

two groups (before and after November 2006) and as a whole group.

Risk factors associated with VTE were analysed by univariate and

multivariate regression analysis. A ‘P’ value of < 0.05 was considered

significant.

Results: Over the last 10 years, 91 (era 1: 30, era 2: 61) patients under-

went first LT. The mean age at LT in the entire cohort was

4.5 � 4.9 years. Forty-four patients were < 10 kg at the time of PLT.

Biliary atresia (BA) with failed Kasai procedure was the most frequent

(39.6%, n = 36) indication in both era 1 (43.3%) and era 2 (37.7%).

There were 30 VTE events in 25 (27.5%) patients: 11 hepatic artery

thrombosis (HAT), 15 portal venous thrombosis (PVT), four hepatic

venous thrombosis (HVT). In era 1, 10 (33.3%) patients had 10 VTE:

five HAT, four PVT, 1 HVT. In era 2, 15 (24.6%) patients had 20

VTE: six HAT, 11 PVT, three HVT.

Comparative analysis was done between each of the clinical parame-

ters, laboratory features, graft parameters and surgical factors in

patients with and without VTE in Era 1, 2 and the entire group. No

significant predictors of VTE were identified in era 1 patients, poten-

tially due to small numbers. In era 2, age ≤ 2 years (P = 0.01), weight

≤ 10 kg (P = 0.002) and diagnosis of BA (P = 0.01) were significantly

associated with VTE on univariate analysis. In the entire group, age

≤ 2 years (P = 0.007), weight ≤ 10 kg (P = 0.001), diagnosis of BA

(P = 0.001) were significantly associated with VTE.

In multivariate analysis weight ≤ 10 kg was the only independent pre-

dictor of VTE (P = 0.020, OR: 4.251 (95% CI: 1.254–14.4).
Conclusion: This study demonstrates conclusively, that weight < 10 kg

is the sole predictor of VTE in PLT, despite a multitude of clinical,

graft and surgical factors potentially contributing to VTE. This obser-

vation indicates the critical need of close clinical and radiological mon-

itoring and suggests more aggressive prophylactic postoperative

anticoagulation in PLT patients ≤ 10 kg.

PA 3.13-3
A prospective study to evaluate early clauss fibrinogen
and fibtem as predictors of progression of major
obstetric haemorrhage
Precious EM, Alikhan R, Lilley G, Burckett-St Laurent D, Rayment

R, Collis R and Collins PW

University Hospital Wales, Cardiff, UK

Background: Postpartum haemorrhage (PPH) accounts for 75% of

severe maternal morbidity in the UK. The normal range for fibrinogen

at the time of delivery is about 4–6 g/L. Clauss fibrinogen has been

shown to be a useful biomarker for predicting progression of early

PPH to the need for transfusion and invasive procedures. Our retro-

spective data confirms that clauss fibrinogen is predictive for the need

for ≥ 4 units red blood cell (RBC) with a receiver operator characteris-

tics (ROC) curve AUC (95% CI) of 0.85 (0.78–0.93). Clauss fibrinogen
often takes too long to be clinically useful in the context of treating

PPH. Fibtem� measured on a ROTEM� machine can provide a rap-

idly available near patient estimate of fibrinogen.

Aims: To establish whether Fibtem analysis had a similar utility to

clauss fibrinogen for predicting progression of PPH.

Methods: After ethical approval consecutive women admitted toCar-

diffwho had either a PPH of ≥ 1500 or ≥ 1000 mL in association with

a precipitant were enrolled. On identification of PPH, a paired clauss

fibrinogen and Fibtem assay were taken. Data recorded included mea-

sured blood loss, units of RBC transfused and the need for invasive

procedures. ROC analysis was used to examine the utility of fibrinogen

and Fibtem maximum clot firmness (MCF) to predict progression to

transfusion with any RBC, ≥ 4 units of RBC, or the need for invasive

procedures.

Results: From April to September 2012, PPH fitting the entry criteria

was identified in 179/3200 births (5.6/100), progressing to ≥ 1500 mL

in 84 and ≥ 2500 mL in 17 patients. Forty-two women received RBC

transfusion and 10 receiving ≥ 4 units. The ROC curve AUC values

were significant for all three outcomes as predicted by both clauss

fibrinogen and Fibtem�. The AUC (95% CI, P value) for progression

to any RBC transfusion was 0.72 (0.6–0.84, P < 0.01) for fibrinogen

and 0.74 (0.63–0.86, P < 0.01) for Fibtem, ≥ 4 units of RBC transfu-

sion was 0.84 (0.7–1.0, P < 0.01) for fibrinogen and 0.80 (0.6–1.0,
P < 0.01) for Fibtem�, and for progression to invasive procedures

0.93 (P < 0.01) and 0.89 (P < 0.01) respectively. A Fibtem MCF

< 18 mm, equivalent to fibrinogen about 2.5–3 g/L, associated with

ongoing bleeding, had a positive predictive value (95% CI) of 89 (67–
98)%, and a negative predictive value of 84 (78–90)% for the need for

any RBC transfusion.

Conclusions: In this prospective observational study, Fibtem was

found to be as useful as laboratory fibrinogen for predicting the need

for any RBC, ≥ 4 units RBC transfusion and the need for invasive

procedures. Fibtem, however, was available substantially sooner than

laboratory fibrinogen and might therefore be more useful to trigger

intervention. These data provide further evidence for the utility of

fibrinogen as an early biomarker for progression of PPH and demon-

strate that the Fibtem assay can be used in a similar way. Given the

value of low peripartum Fibtem for predicting progression of PPH,

the study team are undertaking an interventional trial to establish

whether the correction of Fibtem to normal peripartum levels reduces

bleeding and the need for transfusion.

PA 3.13-4
Early cytokine secretion may predict response to
treatment in acquired hemophilia
Escobar MA1, Csencsits-Smith K2 and Donnachie M1

1University of Texas Health Science Center and Gulf States

Hemophilia Center; 2University of Texas Health Science Center at

Houston, Houston, TX, USA

Acquired hemophilia (AH) is a rare, life-threatening, bleeding disorder

caused by autoantibodies that inhibit the clotting function of FVIII

(Inhibitors). A major challenge in AH management is that patients

vary in their responses to treatments (immunosuppressive agents such

as cyclophosphamide, corticosteriods, azothioprine, and rituximab;

alone or in combination). To date, no definite biomarker exists that

can predict responsiveness of AH patients to a specific therapy, and

study of this population has been hampered by the low incidence of

the disease (1:1 9 106) as well as the presence of co-morbidities includ-

ing autoimmune disorders and malignancies.

The aim of the study was to determine immune factors associated with

outcome of anti FVIII inhibitor antibody treatment in AH patients.

After IRB approval and informed consent, blood samples were col-

lected at the start of therapy and at various time points during treat-

ment and follow-up (up to 806 days post treatment). B-cell activating

factor (BAFF) levels were determined by ELISA (R&D Systems). The

remaining cytokine and chemokine levels were determined using a 18-

plex Milliplex MAP assay (Millipore) and analyzed using a Bio-plex

200 (Biorad). Inhibitor levels were determined by Bethesda assay and

anti-FVIII IgG subclasses were determined by ELISA. Data were

stratified according to time post-treatment and plasma measurements

of cytokines and inhibitor levels were compared between non-respond-

ers (NR) and complete responders (CR) using logistic regression anal-

ysis. Statistical significance was confirmed via two-sample Mann–
Whitney test (Stata/IC).

Fifty percent of the patients were male and the average age was 62.5

(range 51–88). The underlying disorder was idiopathic in 6/12 of

patients, autoimmune in 4/12, and cancer in 2/12. Of 12 patients, 11

were treated with rituximab, either alone or in combination with cyclo-

phosphamide and/or corticosteroids. One patient achieved spontane-

ous remission. Six patients demonstrated a complete response to

treatment, and their inhibitor level returned to 0 BU/mL at an average

of 153 days (� 61 days). IgG4 anti-FVIII antibody was found in 9/11

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 368–419

ABSTRACTS 425



patients. Within the group of treated CR patients, titers of all subclass-

es of anti-FVIII Ab decreased following treatment, surprisingly,

detectable anti-FVIII IgG titers returned in four patients at their last

follow-up, despite a remission in inhibitor and remaining asymptom-

atic. A higher baseline secretion of plasma GCSF was associated with

NR (median 66.1 vs. 34.6 pg/mL, P = 0.04). Within the first 30 days

of treatment, an increase in the chemokine MCP-1(CCL2) was associ-

ated with NR (median 361 vs. 268 pg/mL, P = 0.04). Comparison of

plasma cytokine secretion between patients post-treatment revealed

that only BAFF concentrations at later time points (> 1 year) were

increased in NR (median 3397 vs. 1890 pg/mL, P = 0.02).

Conclusions: Though the overall trends in kinetics and levels of cyto-

kine secretion were similar between CR and NR patients, the combina-

tion of specific cellular signals within 30 days following the initiation

of treatment may determine final outcome. Tracking of plasma GCSF

and MCP-1 secretion in patients may provide a realistic predictor of

outcome.

PA 3.13-5
Real time assessment of hemostatic alterations
induced by cardiopulmonary bypass surgery
Hoffmann T, Sixt SU, Urbanski K, Albert A, Kamiya H, Barnscheidt

M, Pannen B, Lichtenberg A and Scharf RE

Heinrich Heine University Medical Center, Duesseldorf, Germany

The heterogeneity of hemostatic alterations, which cause hemorrhage

in cardiopulmonary bypass surgery (CPBS), is still poorly understood.

In search of clarification, different hemostatic components were sys-

tematically assessed by point-of-care methods. The hemostatic capac-

ity in the reperfusion phase (RP) of CPBS was compared to

preoperative conditions at surgery preparation. To focus on hemostat-

ic changes induced by CBPS, the time of reperfusion (rather than end

of surgery) was chosen in order to exclude any effects of pronounced

bleeding and subsequent hemotherapy at the end of surgery.

Methods: A total of 69 patients was investigated. The extrinsic coagu-

lation pathway was tested by use of the thrombelastometric clotting

time (CT-EXTEM, ROTEM�). High-dose heparin during CPB hin-

ders the assessment of the intrinsic pathway, but FVIII was deter-

mined by a chromogenic assay (Siemens�). Both fibrinogen levels

(Clauss method; Siemens Multifibren�) and maximal clot formation

(MCF-FIBTEM, ROTEM�) together with FXIII activity (Siemens

Berichrom�) were used to assess clot substrates. Primary hemostasis

was examined by platelet aggregometry (Multiplate� ADP, ASPI,

TRAP), von Willebrand factor (vWF) activity (Siemens BC�) and

vWF antigen (Instrumentation Laboratories�). Fibrinolytic activity

was probed by D-dimers (Siemens Innovance�).

Results: Mean clotting time (CT-EXTEM) from start to reperfusion

increased by 20 � 22 s (mean + SD), but pathologic prolongation

occurred in only eight of 67 patients (11.9%) at RP (0% at starting

point). vWF activity was reduced in three of 65 patients (4.6%) at

starting point and normalized or remained normal in all. Similar

results were found regarding FVIII activity. Fibrinogen levels

decreased by 29% (Clauss method) and 33% (MCF-FIBTEM),

respectively. At start, eight of 64 patients (12.5%) exhibited pathologi-

cally low MCF-FIBTEM values, as compared to 28 of 64 patients

(43.8%) in RP. Reduced FXIII levels were observed in 19 of 61

patients (31.2%) at start and in 54 of 61 of patients (88.5%) in RP,

respectively. Increased fibrinolysis as defined by a D-dimer cut-off of

5 mg/L was present in only six of 64 patients (9.4%) in RP, all of

whom had elevated values already at surgery preparation. The pattern

of platelet aggregation (PA) in response to ADP/TRAP was variable:

(i) in 25 of 47 patients (53.2%) PA was normal at start and remained

unaffected during CPB, (ii) in nine of 47 patients (19.1%), PA was nor-

mal and became pathologic, (iii) in four of 47 patients (8.5%), PA was

pathologic at start and became normal and (iv) in nine of 47 patients

(19.1%), PA was pathologic throughout.

Conclusion: Hemostatic alterations associated with CPBS are predomi-

nantly characterized by changes in fibrinogen and FXIII levels. In con-

trast, the extrinsic pathway is affected to a lesser degree. Fibrinolysis

does not appear to contribute to CPB coagulopathy, which may result

from the application of heparin and tranexamic acid during CPB.

Likewise, changes in FVIII or vWF appear to be irrelevant. Platelet

function in CPBS reveals different patterns including a subgroup of

patients in whom reduced platelet aggregability is restored during

CPB. The data of this pilot study provide a rationale for differential

hemotherapy of bleeding in CBPS.

PA 3.13-6
Novel detection of heparin-like substance as a cause of
activated partial thromboplastin time prolongation in
dengue hemorrhagic fever
Suwanawiboon B, Ruchutrakool T, Chinthammitr Y

and Nakkinkun Y

Faculty of Medicine Siriraj Hospital, Mahidol University,

Bangkok, Thailand

Background: Dengue hemorrhagic fever is a major public health con-

cern in tropical and subtropical countries. Hemorrhagic complication

due to dengue virus infection can result in significant morbidity and

mortality of the patients. In addition to thrombocytopenia, other he-

mostatic parameter derangements, for example, activated partial

thromboplastin time (aPTT) prolongation has been reported in dengue

hemorrhagic fever. However, the mechanism of abnormal aPTT

observed in dengue virus infection is unclear. According to our previ-

ous observation in bleeding patients with dengue infection, aPTT pro-

longation was not corrected by a mixing study. Moreover, the

fibrinogen activity was low. Therefore, we hypothesized that heparin-

like substance could be responsible for this finding.

Aims: To investigate the presence of heparin-like substance in dengue

hemorrhagic fever as a cause of aPTT prolongation.

Methods: Six plasma samples from five patients with dengue hemor-

rhagic fever and aPTT prolongation were obtained. Mixing study and

fibrinogen activity assays were performed in all samples. In addition,

protamine titration was examined in both the patients’ plasma and in

the control (normal plasma spiked with heparin).

Results: The median aPTT was 65.0 s (range 35.4–88.6 s; normal 24.1–
30.9 s). Mixing study showed uncorrectable aPTT in four samples.

Two samples from a patient with severe hepatic injury showed pro-

longed prothrombin time. Fibrinogen activity assays revealed

decreased fibrinogen activity in five out of six patients. Interestingly,

we found that the fibrinogen activity gradually increased with serial

testing at different time interval at room temperature, which was simi-

lar to the pattern seen in plasma contaminated with heparin. The med-

ian level of fibrinogen activity at baseline, 60 and 90 min were

160.6 mg/dL (range 20.94–243.6), 352.6 mg/dL (range 220.4–588.1)
and 446.1 mg/dL (range 256.4–455.4), respectively (normal 200–
400 mg/dL). The protamine titration demonstrated the normalization

of aPTT prolongation in all samples. The median concentration of

protamine used to correct the aPTT was 0.05 mg/mL (range 0.02–
0.055). Therefore, the results of mixing study, fibrinogen activity and

protamine titration suggested the presence of heparin-like substance in

the patients’ plasma. Hence, protamine sulfate was given to two

patients who sustained severe gastrointestinal bleeding and prolonged

aPTT, which failed to improve after fresh frozen plasma and cryopre-

cipitate transfusions but responded to protamine sulfate with shorten-

ing of aPTT.

Conclusion: Heparin-like substance was demonstrated in plasma sam-

ples obtaining from patients with dengue hemorrhagic fever. Further

study is required to validate current findings, which could be useful for

the future management of hemorrhagic complication in patients diag-

nosed with dengue hemorrhagic fever.
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PA3.14 – Coagulation Factor XI – II

PA 3.14-1
Enhanced factor XI-dependent thrombin generation by
nanoparticle-bound polyphosphate
Smith SA1, Kudela D2, May-Masnou A2, Braun G3, Pallaoro A2,

Chuong T2, Stucky GD2 and H Morrissey J1

1University of Illinois at Urbana-Champaign, Urbana, IL;
2University of California, Santa Barbara, Santa Barbara, CA;
3Sanford-Burnham Medical Research Institute, La Jolla, CA, USA

Background: Inorganic polyphosphates (polyP) are negatively charged,

linear phosphate polymers that are secreted from platelet dense gran-

ules. We previously reported (Choi et al, Blood 2011;118:6963–6970)
that polyP supports both autoactivation of factor XI (FXI) and back-

activation of FXI by thrombin. Thus, platelet polyP is likely a physio-

logically relevant cofactor for FXI activation in vivo.

Aims: Evaluate the ability of nanoparticle-bound polyP to support

FXI-dependent thrombin generation.

Methods: Silica nanoparticles (SNP) with covalently bound polyP

(SNP-polyP) were prepared by a modified St€ober process, based on

the hydrolysis and condensation of tetraethyl orthosilicate in ethanol,

using ammonium hydroxide as catalyst. Product was approximately

85 nm diameter nanoparticles with covalently attached long-chain

polyP (300–1300 phosphates long, mode approximately 700mer).

Thrombin generation (CAT) assays were conducted with factor

(FXII)- or FXI-deficient plasma containing 20 mM phospholipids,

20 nM b-thrombin, and either: soluble polyP (0–70 lM phosphate

monomer), SNP-polyP (0–100 mg/mL particles with 0–7 lM polyP),

or SNP without polyP (0–100 mg/mL particles).

Results: Minimal thrombin generation was observed in FXII-deficient

plasma in the presence of SNP lacking polyP. Adding either soluble

polyP or SNP-polyP to plasma shortened the time to peak thrombin

and greatly increased both the peak thrombin and the endogenous

thrombin potential (ETP). Over the range of polyP concentrations

evaluated, SNP-polyP was about tenfold more potent than soluble

polyP in enhancing thrombin generation. In contrast, insignificant lev-

els of thrombin were generated when either polyP or SNP-polyP were

added to FXI-deficient plasma.

Conclusions: PolyP attached to nanoparticles was tenfold more potent

than polyP in solution at stimulating thrombin generation under our

assay conditions (in which polyP-stimulated thrombin generation is

completely dependent on FXI). Such particles may be useful in

enhancing thrombin generation at sites of injury in vivo.

PA 3.14-2
Identification and characterization of a highly specific
FXIa inhibitor from Bungarus fasciatus venom
Chen W, Kang TS and Kini MR

National University of Singapore, Singapore, Singapore

Background: The high risk of excessive bleeding associated with most

anti-thrombotic drugs available in the market has made it necessary to

discover new anticoagulants with minimal bleeding side effects. Inhibi-

tors targeting the intrinsic coagulation pathway while leaving the

extrinsic and common pathways unaffected are potential candidates of

such new anticoagulants.

Aims: (i) Identification and purification of novel peptides from Bunga-

rus fasciatus venom, capable of specifically targeting the intrinsic coag-

ulation pathway. (ii) Functional characterization of identified peptides.

Methods: Bungarus fasciatus venom was fractionated and examined

for effects on prothrombin time (PT) and activated partial thrombo-

plastin time (APTT) of human plasma. Fractions that prolonged

APTT and left PT unaffected were further analyzed by mass spectrom-

etry, protein sequencing, and circular dichroism spectroscopy and

screened for specificity against different coagulation enzymes. Isolated

candidate peptide was further characterized by a series of functional

assays including inhibition kinetics, western blotting, surface plasmon

resonance and blood coagulation assays.

Results: A kunitz-type protease inhibitor (termed BF01) showing

highly specific inhibition of FXIa was purified. The protein was rec-

ombinantly expressed in Escherichia coli system, and purified by Ni-

NTA beads. BF01 prolonged APTT and was demonstrated to interact

and inhibit FXIa in a dose-and time-dependent manner from 50 nM

to 5 lM and marginally inhibited Activated Protein C at > 10 lM,

while inhibition of other protease in the coagulation pathways (Kallik-

rein, FXIIa, FXIa, FXa, FIXa, FVIIa, Urokinase, alpha-Thrombin)

were not observed at doses up to 100 lM. BF01’s inhibitory effect on

the cleavage of FIX by FXIa was observed using western blotting

through probing for FIX and FIXa.

Conclusions: We have identified and characterized the first FXIa-specific

inhibitor from exogenous sources, which differs significantly fromFXIa’s

physicological inhibitor Protease Nexin 2. This peptide may potentially

be used as template for designing novel inhibitors against FXIa.

PA 3.14-3
The type I mutation causing factor XI deficiency in
Ashkenazi Jews is a founder mutation of recent Eastern
European origin
Peretz H1, Salomon O2, Mor-Cohen R2, Usher S1, Michal Z2,

Zivelin A2 and Seligsohn U2

1Sourasky Medical Center, Tel Aviv, Israel; 2Amalia Biron

Research Institute of Thrombosis and Hemostasis, Tel Hashomer,

Israel

Background: Factor XI (FXI) deficiency is one of the most frequent

inherited disorders in Ashkenazi Jews (AJ). Two predominant founder

mutations termed type II (p.Glu117Stop) and type III (p.Phe283Leu)

account for most cases. The different ethnic distribution and the esti-

mated coalescence times suggest there is an ancient Middle Eastern

origin for type II mutation and a more recent European origin for type

III mutation.

Aims: To investigate clinical and genetic aspects of a less common type

I mutation (c.1716 + 1G>A) in AJ.

Methods: Bleeding manifestations, FXI levels and geographic origin of

members of 13 unrelated families harboring type I mutation were

determined. Eight intragenic polymorphisms and five polymorphisms

flanking the F11 gene, together spanning 1.43 Mb, were analysed in

families with type I mutation, 16 unrelated type II homozygotes, 23

unrelated type III homozygotes and 438 AJ controls. Haplotype analy-

sis was used to define a founder effect. The age of type I mutation was

estimated by DMLE+2.0 software program.

Results: Among 414 unrelated Jewish patients with severe FXI defi-

ciency (FXI level < 15 U/dL), the allele frequency of type I mutation

was 1.21% compared to 53.9% and 43.8% for type II and type III

mutations, respectively. Four of 16 type I heterozygotes (25%) and six

of 12 (50%) compound heterozygotes for type I mutation (I/II or I/

III), and a type I homozygote had bleeding manifestations mostly at

injury sites expressing high fibrinolytic activity. Haplotype analysis

disclosed that type I is a founder mutation that occurred approxi-

mately 600 years ago. The origin of the families carrying the type I

mutation was from an Eastern European region surrounding the Car-

pathian mountains.

Summary: The type I mutation is a third founder mutation causing

factor XI deficiency in AJ. The estimated ages of the three Jewish

founder mutations reflect major landmarks in the history of the Jews.

While the type II mutation occurred in early antiquity during the for-

mation of the Jewish nation in the Middle East, and the type III muta-

tion occurred in the middle ages during the consolidation of the AJ in

Central Europe, the type I mutation occurred more recently when the

Eastern European AJ communities were founded.
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PA 3.14-4
Interim results (3-year) of a French non-interventional
study to assess the long-term safety and efficacy of
BeneFIX
Rothschild C1, Trossaert M2, Claeyssens-Donadel S3, Lambert T4,

Hassoun A5, Volot F6 and Attal S7

1Hopital Necker, Paris; 2Hôtel-Dieu Hospital, Nantes; 3Purpan

Hospital, Toulouse; 4Kremlin bicetre hospital, Paris; 5Simone Veil

Hospital, Montmorency; 6Bocage Hospital, Dijon; 7Pfizer, Paris,

France

Background: Clinical studies have demonstrated the efficacy and safety

of BeneFIX for on-demand treatment and prophylaxis. However,

these studies can present limitations concerning extrapolation of their

results to routine clinical practice and a non-interventional study with

high quality standards is an appropriate mean to assess the long-term

safety and efficacy in an unselected population of patients.

Aim: To evaluate the safety and efficacy of long-term BeneFIX ther-

apy in the usual care settings in French patients with haemophilia B.

Methods: All patients receiving BeneFIX can be included in this non-

interventional study. Data are collected on standardized case-report

forms and monitoring visits are performed regularly to ensure high

data quality.

Results: The study started in 2009. By January 2013, 56 patients from

17 sites were enrolled and evaluable for safety (median age:

18.06 years; range: 0.2–66.9). Among the 37 patients contributing to

the efficacy analysis (FIX: C ≤ 1%, no inhibitor, ≥ 1 follow-up visit,

sufficient diary information), 22 had at least a period of prophylactic

treatment (median duration: 662 days) and 21 had at least a period of

on demand treatment (median duration: 722 days). The mean dose per

infusion for prophylactic treatment was 46.3 � 12.38 IU/kg (median

45.7; range: 25–68). The annualized mean number of bleeding episodes

was respectively 4.4 � 3.7 (median 4.4) and 12.8 � 11.8 (median 8.6)

during prophylaxis and on-demand treatment. A total of 627 bleeding

episodes occurred, mostly in a joint (42.6%). Overall, 84.2% of bleed-

ing episodes were resolved with 1–2 injections. The mean dose per

infusion for all bleeding episodes was 48.4 � 12.8 IU/kg (median

49.7; range: 29–74). All subjective evaluations of efficacy were rated by

the physician/patient as ‘excellent’ or ‘good’. One previously untreated

child with severe haemophilia B after 14 ED (11 in prophylactic and

four on demand) with 83 UI/kg/twice a week BeneFIX consumption,

developed inhibitor antibody at 1.7 Bethesda units (BU) titers. FIX

gene analysis demonstrated complete deletion of the FIX gene. Devel-

opment of inhibitory antibodies was not associated with severe allergic

or even anaphylactic reactions following infusion of factor IX concen-

trates. Prophylactic treatment with rFactor VIIa (Eptacog alfa) was

administrated until inhibitor disappeared.

Conclusions: This three-year interim analysis of this non interventional

study supports the safety and efficacy of treatment with BeneFIX

under usual care settings. Inhibitors against factor IX (FIX) are not

very common, being reported in < 2% of patients with haemophilia B

with a strong link between complete deletions and inhibitor develop-

ment as described in literature.

PA 3.14-5
FXI deficiency and Gaucher disease: a potentiated
bleeding risk?
Thomas AS, Hughes A, Mehta AB and Gomez K

Royal Free Hospital & Unversity College London, London, UK

Background: Gaucher disease (GD) is an autosomal recessive defi-

ciency of the enzyme glucocerebrosidase, required for the degradation

of glycosphingolipids. Clinical features, consequent primarily on the

effects of storage of un-degraded glycosphingolipid within the reticulo-

endothelial system include bone pain, hepatosplenomegaly, peripheral

blood cytopenias and a poorly defined bleeding diathesis. Symptoms

are highly variable and onset is often insidious and non-specific result-

ing in a prolonged time course from symptom onset to diagnosis. It is

a pan-ethnic disorder, with an overall prevalence rate of one in 75,000

live birth; however, it is far more common in the Ashkenazi Jewish

population with a carrier rate in 1 in 12. FXI deficiency similarly has

an increased carrier rate of 1 in 8 in the Jewish population and has a

highly variable bleeding phenotype. FXI deficiency may have an

increased prevalence amongst patients with GD and there may be a

synergistic effect that increases the prevalence of bleeding symptoms.

Aims: To ascertain the prevalence and nature of bleeding symptoms

and prevalence of defined bleeding disorders/factor deficiencies with a

cohort of GD patients.

Methods: A single centre cohort of patients with GD was evaluated. A

retrospective review of clinical notes and laboratory data at diagnosis

was undertaken. Prospective data regarding bleeding scores was

obtained. Factor assays were performed using a standard 1 stage

APTT-based assay. The study was approved by the local ethics com-

mittee.

Results: Amongst the cohort of 98 GD patients, 54% had bleeding

symptoms at presentation: bruising (45%), epistaxis (11%), post-oper-

ative bleeding (8%), menorrhagia (2%). Bleeding was the primary pre-

senting symptom in 19%. Sixty-five percent of patients were diagnosed

by haematologists, including five patients who presented initially to

haemophilia centres. Seventeen percent of patients were found to have

reduced FXI levels within the heterozygous range (mean 56 IU/dL,

range 39–68), 2% reduced von Willebrand antigen and activity and

one a platelet storage pool defect. 6/17 (35%) of the patients with FXI

deficiency were of known Jewish ethnicity, compared to 29/98 (28%)

of the overall cohort. 14/17 (83%) of those with FXI deficiency had

bleeding symptoms, with six suffering post-operative bleeding. This is

in marked contrast to published cohorts of patients with partial/het-

erozygous FXI deficiency, of whom only 35% exhibit bleeding symp-

toms (Gomez & Bolton-Maggs, 2008). In GD, mild-moderate

thrombocytopenia (mean 71 9 109/L, range 35–121) and cellular dys-

function secondary to lipid storage may act as modifiers of the bleed-

ing phenotype.

Conclusions:GD commonly presents with bleeding symptoms and thus

may initially present to haemostasis specialists. Patients with GD com-

monly have low FXI levels, within the heterozygous deficiency range,

at presentation; bleeding symptoms are more prevalent in these

patients than expected for patients with partial FXI deficiency. The

diagnosis of GD should be considered in any patient with unexplained

bleeding or bleeding out of keeping with the degree of a coagulation

factor deficiency.

PA 3.14-6
Structure of coagulation FXI bound to a peptide derived
from laminin
Wong SS1, Emsley J1 and Stennicke HR2

1University of Nottingham, Nottingham, UK; 2Novo Nordisk A/S,

M�aløv, Denmark

Background: Coagulation factor XI (FXI) is the zymogen of the

enzyme FXIa that contributes to haemostasis by activating factor IX

(FXI). Laminin is an extracellular matrix protein which is an essential

component of the basement membrane structure and becomes exposed

when the vasculature is damaged. Recent work has shown that laminin

can contribute to coagulation via activation of the contact system as

well as through interaction with platelets [1–3]. The best characterised
interaction of a coagulation factor with a matrix protein is the FIX (a

FXIa substrate) interaction with collagen IV which is also a critical

component of the basement membrane. The interaction of the FIX

with collagen IV was shown to contribute to haemostasis in vivo and

loss of this interaction has been characterised as a haemophilia [4].

Aims: To investigate the molecular basis of FXI ligand binding we

crystallised a peptide derived from laminin with FXI.
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Methods: We have determined the structure of a short peptide from

laminin bound to the apple domain of the FXI zymogen using protein

X-ray crystallography and molecular replacement techniques.

Results: The laminin peptide binds along a hydrophobic groove on the

underside of the apple domains of FXI. A hydrogen bond network

between the laminin peptide and residues on the apple domain surface

is important in mediating this interaction.

Conclusion: The FXI-laminin complex crystal structure is the first com-

plex structure reported between a coagulation factor and an extracellular

matrix protein. The structure reveals a key binding site for laminin and

also proposes a similar interaction between laminin and the FXI

homolog prekallikrein. The interaction of FXI with laminin may rep-

resent another means to localise coagulation factors onto a surface

formed by the basement membrane together with FIX.
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PA3.15 – Contact Activation – II

PA 3.15-1
DNA and RNA promote kallikrein-mediated activation
of fXII and are cofactors for fXI feedback activation by
thrombin
Vu T, Zhou J, Leslie BA, Stafford AR, Fredenburgh JC and Weitz JI

McMaster University, Hamilton, ON, Canada

Background: Polyanionic surfaces, such as dextran sulfate and kaolin,

mediate contact activation in plasma by binding factor (f) XII and

high molecular weight kininogen (HK). Interaction of fXII with a sur-

face promotes its autoactivation. HK bridges fXI and prekallikrein

(PK) to the surface. Generation of kallikrein activates additional fXII

and augments production of fXIa, leading to enhanced thrombin gen-

eration. Thrombin also activates fXI, in a positive feedback step that

also is surface-dependent. Recent studies have identified physiological

activators of the contact system. Extracellular DNA and RNA have

been shown to activate the contact pathway, but the mechanisms by

which they promote activation are unclear.

Objective: To identify the mechanisms by which DNA and RNA pro-

mote contact activation.

Methods: DNA and RNA were isolated from mammalian cells. Bind-

ing of fXII, HK, fXI, Phe-Pro-Arg-chloromethyl ketone (FPRck)-

fXIa and FPRck-thrombin to biotinylated-DNA and -RNA was

quantified using surface plasmon resonance (SPR). The effects of

DNA and RNA on contact activation were evaluated with chromo-

genic assays.

Results: Binding studies using SPR reveal that DNA and RNA bind

fXII with Kd values of 30–200 nM, whereas HK binds with a Kd of

35–40 nM. Although DNA and RNA do not significantly promote

fXII autoactivation on their own, they enhance fXIIa generation by

fivefold in the presence of PK alone and 30-fold in the presence of both

PK and HK. In the individual reactions, DNA augments both kallik-

rein activation of fXII and fXIIa activation of PK by 2-3-fold. In the

feedback pathway, fXI (Kd of 0.6–4 nM), FPRck-fXIa (Kd of 11–
14 nM) bind DNA and RNA with greater affinity than FPRck-throm-

bin (Kd of 600–1100 nM). DNA and RNA accelerate thrombin activa-

tion of fXI by 8- and 11-fold, respectively. However, DNA does not

stimulate thrombin chromogenic activity.

Conclusion: Contact pathway factors (fXII, HK and fXI/fXIa) bind

DNA and RNA with high affinity. Although they have little effect on

fXII autoactivation on their own, DNA and RNA promote fXIIa gen-

eration in the presence of PK and/or HK, indicating that fXII activa-

tion by DNA and RNA is dependent on the plasma kallikrein system.

DNA and RNA bind fXI and fXIa in an HK-independent manner

and serve as cofactors for feedback activation of fXI by thrombin.

Collectively, these results suggest that in addition to localizing and

concentrating the contact proteins onto the surface to initiate contact

activation, DNA and RNA also amplify the procoagulant response by

promoting feedback activation of fXI by thrombin.

PA 3.15-2
Ongoing contact activation in patients with hereditary
angioedema
Konings J1, Cugno M2, Suffritti C3, Ten Cate H1, Cicardi M3

and Govers-Riemslag JWP1

1CARIM, Maastricht University Medical Centre, Maastricht, The

Netherlands; 2Department of Pathophysiology and

Transplantation, University of Milan; 3Department of Biomedical

and Clinical Sciences L. Sacco, University of Milan, Milan, Italy

Background: Hereditary angioedema (HAE) is caused by a deficiency

in C1-esterase inhibitor (C1INH). C1INH is the main inhibitor of the

contact system and inhibits activated FXII (FXIIa), FXIa and kallik-

rein. Attacks of angioedema are caused by the release of bradykinin

from high-molecular-weight kininogen, mainly mediated by kallikrein.

Activation of FXII leads to the formation of a-FXIIa and b-FXIIa.

Both enzymes can convert prekallikrein into kallikrein, but only a-
FXIIa can initiate the intrinsic pathway of coagulation.

Hypothesis: In HAE patients the thrombotic risk is not increased dur-

ing attacks. We hypothesized that contact activation preferentially

leads to kallikrein and bradykinin formation and less to activation of

the coagulation cascade via FXI activation in these patients.

Methods: In plasma samples of healthy controls (N = 10) and HAE

patients (N = 30, 17 during remission and 13 during acute attack), we

measured activation of the contact system as (i) the levels of C1INH-

complexed with these enzymes (ii) the in vitro potential of the plasma to

form inhibitory complexes when contact system is completely activated

with a FXII trigger. Furthermore, the capacity of the plasma to inhibit

kallikrein and the spontaneous kallikrein activity was measured.

Results: The basal levels of enzyme-inhibitor complexes were compara-

ble between controls and patients during attack as well as during

remission. There was no uninhibited FXIIa, FXIa or kallikrein present

in the sample, since addition of C1INH did not change the complex

levels. After in vitro activation of the plasma samples the levels of kal-

likrein-C1INH correlated positively with the capacity of the plasma to

inhibit kallikrein (r = 0.74, P < 0.001), and negatively with the sponta-

neous kallikrein activity (r = �0.54, P = 0.029). Furthermore, the lev-

els of FXIIa-C1INH, FXIa-C1INH and kallikrein-C1INH were at

least 52% lower in samples taken during remission and 70% lower in

samples taken during attack compared to samples from controls. The

levels of FXIa-a1-antitrypsin were more than 30% higher in patients

compared to controls. Reconstitution of C1-esterase inhibitor after

activation led to an increase in levels of FXIIa-C1INH and FXIa-

C1INH, which, however, were 33% and 43% lower than in controls,

while the levels of kallikrein-C1INH did not change.

Summary/Conclusion: In the basal samples we did not detect contact

activation, even after correction of C1INH to normal levels for opti-

mal enzyme inhibitor complex formation. After activation of the

plasma samples in vitro, we found lower levels of all enzyme-C1INH
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complexes in samples from HAE patients compared to controls, also

in the presence of additional C1INH. The lowest levels were found in

samples from patients during acute attack. In concert, this could indi-

cate an ambient activation of the contact system and minor depletion

of contact factors. Our results do not allow to demonstrate a preferen-

tial generation of kallikrein over FXIa. Regulation of the activity of

FXIa and other enzymes of the coagulation cascade after a low degree

of contact activation by other inhibitors is probably sufficient to pre-

vent thrombosis.

PA 3.15-3
Binding and activation of coagulation factor XII by
activated platelet subpopulations and microparticles
Zakharova NV, Artemenko E, Podoplelova NA, Ataullakhanov F

and Panteleev MA

Center for Theoretical Problems of Physicochemical

Pharmacology, RAS, Moscow, Russian Federation

Factor XII (fXII) has recently been implicated as having important

roles in thrombosis, but the mechanisms of its physiological activation

remain obscure. Stimulated platelets or platelet-derived material are

the main candidate suspects for this.

In this study, fXII was activated by platelets stimulated with thrombin,

collagen-related peptide, or calcium ionophore A23187; but not with

2-MeS-ADP, or non-stimulated. Activation proceeded in citrated

plasma and in buffer with purified fXII, with an apparent Km of

52 � 14.4 nM. Inhibition of platelet-dependent fXII activation by

annexin V and preferential fXII binding to phosphatidylserine-positive

platelets (630 � 90 molecules/platelet under physiological conditions)

and procoagulant platelet-released microparticles implied essential role

of the phosphatidylserine-expressing platelet subpopulation. Calpain

inhibitors also significantly decreased fXII-activating activity of plate-

lets stimulated with A23187 and thrombin that was coincident with

the inhibition of microparticle production. Unexpectedly, platelet

granule-secreted material did not activate fXII, but was found to inhi-

bit fXIIa.

These results demonstrate that stimulated platelets regulate fXII acti-

vation in a complicated manner very similar to their regulation of

thrombin generation: they activate fXII on their surface but produce

soluble fXIIa inhibitor(s) thus creating a balancing system able to shift

both ways. This can either serve to confine the clotting processes to the

platelet surface, or as a flow-sensitive trigger that allows platelet-

dependent coagulation onset when platelet-secreted inhibitors are

removed by flow. This could explain why fXII is important in throm-

bosis, but not hemostasis.

PA 3.15-4
Neutrophil extracellular traps (NETs) and factor XII
activation; a possible mechanism for increasing
thrombotic risk during extracorporeal membrane
oxygenation (ECMO)
Davidson SJ1, Britton G1, Mumby S2, Griffiths M1 and Quinlan G2

1Royal Brompton Hospital; 2Imperial College, London, UK

Background: Bleeding and thrombosis are risks associated with ECMO

and may be linked to extracellular material released from neutrophils.

Neutrophil extracellular traps (NETs) are a self-defence phenomenon

and part of the innate immune response against microbial invasion.

This novel activation pathway induces neutrophils to release decon-

densed nuclear DNA (polyphosphate PolyP) laced with histones that

have antimicrobial properties. Links between NETs and autoimmune

diseases and thrombosis have been established. Platelets also produce

PolyP, which have been shown to induce NETosis in a dose response

manner and can activate factor XII. The evidence suggests that

increased NET activation in thrombosis may in fact be an aberrant

over-shooting of the immune defence.

Aims: Our hypothesis was that NET activation as shown by increased

extracellular DNA causes increase activation of factor XII which in

turn increases the thrombotic risk in respiratory patients subjected to

ECMO.

Methods: We measured extracellular DNA (plasQuant IT[TRADE-

MARK] picogreen kit), factor XIIa (UnitestTM FXIIa assay) and

thrombin generation microparticle assay using the Tecan fluorescent

plate reader with i-control software (Technothrombin� TGA assay).

We studied 26 H1N1 patients with acute respiratory failure on ECMO.

There were 12 males and 14 females, age range 19–55 years. Of those

26 patients 18/26 survived and 8/26 did not survive. Ethical approval

had been given by the Biomedical Research Unit at the hospital.

Results: Extracellular DNA at admission was 1099 and 203 ng/mL at

end of stay (normal plasma 136 mg/mL). Factor XIIa at admission

was median 62.4 U/L (IQR 38.2–86.0 U/L) and at the end of the

ECMO run was 77.5 U/L (IQR 32.1–181.8 U/L). This data shows no

significance overall, Kruskal-Wallis P = 0.831. If however the XIIa

data is split between survivors and non survivors the XIIa data for sur-

vivors shows a decreasing trend in activation with duration of extra-

corporeal support. In non-survivors an opposing trend of increasing

activation from admission to the end of stay was seen. Thrombin gen-

eration at admission was 62.9 and 105.9 nM at the end of stay. A neg-

ative correlation was found between thrombin generation and

extracellular DNA (P = 0.0274). There was a positive correlation

between DNA and neutrophil count (P < 0.0001). Extracellular DNA

levels were greater in non-survivors than survivors (P = 0.0001). Fac-

tor XIIa was associated with mortality (P = 0.048).

Conclusions: Increasing levels of factor XIIa and extracellular DNA

appear to be poor prognostic indicators in patients on ECMO for

H1N1. Post-modification of extracellular DNA appears to play an

important role in modulating the coagulation response in this clinical

setting. It is tempting to suggest factor XII could provide a therapeutic

target to prevent or reduce thrombotic risk during ECMO without the

additional bleeding side-effects seen with Heparin anticoagulation.

PA 3.15-5
Activation of coagulation factor XII is on the dextran
sulfate surface is predominantly an autoactivation via a
free substrate mechanism
Terentyeva V and Panteleev MA

Research Center for Hematology, Moscow, Russian Federation

Background: Surface-induced activation of factor XII (fXII) is a cru-

cial event of the internal pathway of blood plasma coagulation. Bind-

ing of fXII to the surface causes conformational change which leads to

the fXII activation. Although presence of negatively charged surface is

known to be necessary for this, the mechanism of this process remains

unclear.

Aim: We used mathematical modelling and computer simulations to

analyze possible mechanisms of fXII interactions with the surface and

identify the correct activation pathway.

Methods: We assumed that there are two steps: spontaneous surface-

induced activation of fXII, and consequent autoactovation of fXII by

fXIIa. So surface is considered both as a trigger of contact activation

and as an immobilization substrate for active form of f XII. Our model

is notable for explicit account taken of role of surface concentration

and molecular interactions with fXII. The models were solved using

MATLAB (the MathWorks, Inc.).

Results: We developed two mathematical models for autoactivation of

fXII. The first model required fXII first to bind the surface before it

may interact with the surface-bound fXIIa via two-dimensional diffu-

sion and become activated (‘bound-substrate model’). According to

the second model, surface-bound fXIIa activated a fluid-delivered

form of factor XII (‘free-substrate model’).
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We described these events in buffer system which contained pure fXII,

trace amounts of factor XIIa (from 0% to 0.01% of total amount of

fXII), activation surface (dextran sulfate) and albumin. We evaluated

both these models and established that both of them fit with the major-

ity of experimental data. Still, only the ‘free-substrate model’ was able

to describe system’s behavior in wide range of surface concentration

and to obtain distinctive bell-shaped curve ‘rate of activation vs. con-

centration of surface’.

Conclusion: Analysis of the present study suggests that ‘free-substrate

model’ is the main mechanism of fXII activation during the initial

stages of contact activation.

PA 3.15-6
Randomized trial of a quantitative, computerized
pretest probability of acute coronary syndrome and
pulmonary embolism in emergency department
patients: safety, radiation exposure, and cost of care
Kline JA1, Shapiro N2, Jones AE3, Hernandez J4, Hogg M4

and Troyer JI5

1Indiana University, Indianapolis, IN; 2Harvard School of

Medicine, Boston, MA; 3University of Mississippi, Jackson, MS;
4Carolinas Medical Center; 5University of North Carolina,

Charlotte, Charlotte, NC, USA

Background: Overtesting for acute coronary syndrome (ACS) and pul-

monary embolism (PE) can harm patients.

Objective: Test the hypothesis that Pretest Consult, a validated, com-

puterized method to estimate the pretest probability of both ACS and

PE could safely reduce unnecessary exposure to medical radiation and

wasted resource use.

Methods: Four center, prospective, randomized trial of medical device

efficacy. Inclusions: age > 18, charted evidence of chest pain and dysp-

nea with a non-diagnostic electrocardiogram. Exclusions: known cur-

rent diagnosis of ACS or PE, pre-arrival plan for admission from

another physician, cocaine use, pregnancy and social situation pre-

cluding follow-up. Clinicians entered patient predictor data into Pre-

test Consult (the device) which randomly assigned to device output or

sham. Device output showed estimated probabilities of ACS and PE,

linked to specific diagnostic recommendations to minimize radiation

exposure and to produce a posterior probability < 1%. Shams received

nothing. Protocol-defined 90-day outcomes: (i) Dose (mSv) of chest

radiation exposure with attention to the proportion with > 5 mSv

radiation to the chest; (ii) Serious adverse events (SAEs) including

delayed diagnoses; (iii) Same day admission rate with no significant

cardiopulmonary diagnosis and length of stay (LOS); (iv) Readmission

rate; (v) Direct costs and charges; (vi) Patient satisfaction. Sample size

of 550 estimated to find a 10% difference in proportion with > 5 mSv

chest radiation with a = 0.05 and b = 0.20. Two-sided Ps from Mann–
Whitney U or Exact test.

Results: Data complete for 541 patients. Means of ages and pretest

probabilities were well matched between groups. Within 90 days, 16

(3%) patients had ACS and 11 (2%) had PE. No ACS, PE, or any

other significant CP diagnosis was found in 236/277 (89%) vs. 242/264

(87%). The following compares the device (n = 264) vs. sham

(n = 277) groups for the five predefined important outcomes: (i) The

frequency of diagnosis of ACS or PE tended to be lower with use of

the device vs. the sham 9/264 (3.3%) vs. 18/277 (6.5%), P = 0.07. (ii)

The frequency of all-cause serious adverse events within 90 days

tended to be lower with the device: 29/264 (11%) vs. 45/277 (16%)

P = 0.06 and rate of delayed diagnosis was not different between

groups (one had delayed ACS with device and one had delayed PE

with sham). (iii) The same-day admission rate of patients who ulti-

mately had no significant cardiopulmonary diagnosis was 104/264

(39%) vs. 119/277 (43%), P = 0.38. (iv) The 90 day readmission rate

within 90 days was 8% with device vs. 10.5% with sham (P = 0.3). (v)

The median chest radiation dose was 0.12 vs. 0.62 mSv (P = 0.04) and

30% vs. 37% of patients with no significant CP diagnosis had

> 5 mSv (P = 0.1). (vi) Median costs were $954 vs. $1259 (P = 0.03)

and charges were $6299 vs. $7565 (P = 0.006). (vii) Patients answered

all questions ‘very satisfied’ in 20 vs. 22% (P = 0.4).

Conclusions: During a single encounter, the integration of Pretest Con-

sult into the emergency care of patients with chest pain and dyspnea

was safe and resulted in lowered median per patient radiation exposure

with significantly lower costs and charges over the next 90 days.

PA3.16 – Cancer and Thrombosis – IX

PA 3.16-1
Thrombin and fibrinogen support prostate tumor
growth in mice
N Adams G, Miller WM, Rosenfeldt L, Kombrinck KW

and Palumbo J

Cincinnati Children’s Hospital Medical Center, Cincinnati, OH,

USA

Background: Prostate cancer is the most common form of cancer in

men and is second only to lung cancer as a leading cause of cancer

related death in men. A role for hemostatic system components in this

disease is suggested by previous studies where pharmacological antico-

agulants limited prostate cancer growth in mice. Moreover, several

clinical studies have shown that men on chronic anticoagulation ther-

apy as well as men with hemophilia have a decreased incidence of pros-

tate cancer, suggesting that hemostatic factors plays an important role

in the development and/or progression of this malignancy.

Aim: Test the hypothesis that thrombin-mediated procoagulant func-

tion drives prostate cancer growth.

Methods: A transplantable prostate tumor cell line derived from a

TRAMP (transgenic adenocarcinoma of the mouse prostate) mouse

was inoculated into the dorsal subcutis of congenic C57Bl/6-derived

mice with genetically-imposed alterations/deletions in prothrombin,

thrombomodulin or fibrinogen.

Results: To determine the role of prothrombin in prostate cancer

growth, cohorts of mice with genetically imposed low levels of pro-

thrombin expression (approximately 10%) and wildtype mice were

inoculated with TRAMP cells in parallel. Tumor growth was signifi-

cantly diminished in mice with low prothrombin levels, resulting in an

approximately 3-fold genotype-dependent difference in tumor mass by

the end of the 3 week study period. Detailed histological analyses of

tumor tissue showed a significant diminution in the mitotic index of

tumors harvested from mice with low prothrombin levels, suggesting

that thrombin function supports the proliferation of prostate cancer

cells in vivo. Complementary studies of prostate tumor growth were

performed in mice carrying a mutation in the native thrombomodulin

gene that limits thrombin binding and protein C activation (TMPro).

Here, the shift toward thrombin-mediated procoagulant function

imposed by the TMPro mutation resulted in a significantly increased

tumor growth rate relative to mice with normal thrombomodulin. Par-

alleling results in mice with a quantitative defect in prothrombin, com-

parisons of prostate tumor growth in fibrinogen-deficient and -

sufficient mice revealed that the genetic elimination of this provisional

matrix protein significantly limited prostate tumor growth.

Summary: These findings suggest that thrombin-mediated procoagu-

lant function supports prostate tumor growth through at least one

mechanism dependent on fibrinogen. These studies also suggest that

therapies targeting thrombin or thrombin targets could limit prostate

cancer progression.
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PA 3.16-2
Effect of heaprins on the progression of tumor growth
in mouse lewis lung carcinoma model
Hoppensteadt D, Chaudhry A, Gray A, Hejna M and Fareed J

Loyola University Medical Center, Maywood, IL, USA

Background: Heparin and low molecular weight heparin interact with

growth factors and cellular receptors. Preclinical evidence suggests

that heparins have an effect on tumor progression independent of anti-

coagulant activity. This study investigated whether heparin derivatives

are able to inhibit tumor growth in a Lewis Lung carcinoma model.

Methods: C57BL/6 mice (6–8 weeks of age) were implanted with

5 9 105 LN7 tumor cells by dorsal subcutaneous injection in the upper

back. Once tumors were palpable (7–10 days of growth), mice were

treated with subcutaneous injections of heparin, enoxaparin, semulop-

arin or saline, daily for 2 weeks at approximately 1 cm away from the

tumor site, in a dose range of 0.25–1.0 mg/kg. After the treatment per-

iod, animals were sacrificed and tumor weight, tumor volume, spleen

weight and spleen size were measured. Plasma VEGF levels were mea-

sured by ELISA.

Results: At the 1.0 and 0.5 mg/kg dosages, enoxaparin and semulopa-

rin decreased tumor volume compared to the saline control (P < 0.01).

At the 1.0 mg/kg dosage heparin reduced the tumor size but mortality

was higher due to bleeding. At a dosage of 0.25 mg/kg, semuloparin

reduced tumor size and weight in comparison to saline control

(P < 0.01). No significant differences among the agents were noted in

spleen weight or size. Mortality rates of enoxaparin and semuloparin

treated mice were low (< 10%) and were comparable between the two

groups. A significant reduction in VEGF levels in the semuloparin

group was observed.

Conclusions: Enoxaparin and semuloparin are more effective at reduc-

ing tumor growth compared to heparin. Enoxaparin and semuloparin

were safer than heparin at the 1.0 and 0.5 mg dosages in terms of

bleeding. Semuloparin downregulated VEGF levels in comparison to

the other groups suggesting that this mechanism potentially plays a

role in the control of the tumor growth. Therefore semuloparin may

be a better alternate for the management of cancer associated throm-

bosis.

PA 3.16-3
TFPIa and TFPIb inhibit tumor growth and associate
with invasive tumor phenotypes
Tinholt M1, Stavik B2, Wiiger MT3, Louch WE4, Sletten M5,

Skretting G2, Mælandsmo GM3, Sandset PM2 and Iversen N5

1Oslo University Hospital; 2Research Institute of Internal

Medicine, Oslo University Hospital; 3Institute for Cancer

Research, Oslo University Hospital; 4Institute for Experimental

Medical Research, Oslo University Hospital; 5Department of

Medical Genetics, Oslo University Hospital and University of

Oslo, Oslo, Norway

Background: It is now recognized that tissue factor (TF) is not only

expressed in normal tissue cells and trigger blood coagulation, but is

expressed by many cancer cells and promotes tumor progression. Tar-

geting TF in cancer may therefore be of dual benefit: (i) prevention of

thrombosis, which is common in cancer, and (ii) suppression of tumor

progression. TF pathway inhibitor (TFPI) modulates TF induced

coagulation. TFPI is mainly expressed by the vascular endothelium,

but is also found in cancer cells in two isoforms, TFPIa and TFPIb.
Both isoforms exert antitumor effects, such as increased apoptosis,

and reduced proliferation and invasion in cell models.

Aims: To substantiate the role of TFPI in cancer biology, through

studying TFPIa and TFPIb expression- and cell surface association in

various breast cancer cells, in relation to invasiveness, TF status and

anticoagulant activity. Moreover, we attempt to replicate the antitu-

mor effects of TFPI previously shown in cell models, by in vivo tumor

growth, in nude mice.

Methods: TFPIa, TFPIb and TF mRNA expression was measured by

qRT-PCR, whereas protein levels were determined by ELISA. TFPI

cell association was assessed by flow cytometry, Western blotting and

immunofluorescence after phosphatidylinositol-phospholipase C (PI-

PLC) treatment, and siRNA knock down of syndecan 1–4. Procoagu-
lant activity was determined in a FXa activity assay. Nude mice were

subcutaneously injected with MDA-MB-231 epithelial breast cancer

cells with stable TFPI knock down, and tumor growth (mm3) was

monitored for 50 days after injection.

Results: Both TFPIa and TFPIb mRNA were expressed in breast can-

cer cells, and expression of the two isoforms were highly correlated

(r = 0.94, P < 0.001). Consistently, TFPIa represented the major iso-

form expressed, and correlated positively with TF both at mRNA and

protein level. High TFPI expression was found in cells from basal-like,

invasive tumor subtypes, whereas cells from luminal, non-invasive sub-

types showed low TFPI expression.

Approximately 80% of the cell surface attached TFPI was bound

through glycosylphosphatidylinositol (GPI), and although such

anchoring was evident for both isoforms, TFPIb represented the main

GPI-bound isoform. The GPI-anchored TFPI demonstrated TF-FVIIa

inhibitory activity. Additionally, we found that TFPIa was associated

with the heparan sulphate proteoglycan syndecan 3, revealing GPI-

independent cell association of this isoform in breast cancer cells.

In vivo, significantly smaller tumor sizes were detected in mice injected

with breast cancer cells with high endogenous TFPI expression, com-

pared to TFPI knock down cells. This effect was evident for both iso-

forms. Knock down of TFPI was confirmed in tumor xenograft

samples.

Conclusion: From both cell- and animal models, we hereby reveal a

biological importance of both TFPI isoforms in cancer. We show that

anticoagulant active TFPIa and TFPIb are expressed in breast cancer

cells, and that TFPI is cell associated both through GPI-anchors, and

GPI-independent binding to syndecan 3. Tumor growth suppressing

effects of both isoforms of TFPI were seen in vivo in mice models. Our

findings demonstrate a potential dual effect of TFPI in cancer develop-

ment, both as a tumor suppressor, but also as a counterbalance to the

procoagulant activity of TF positive malignant cells.

PA 3.16-4
Endothelial cell protein C receptor attenuates tissue
factor-promoted tumor growth of malignant pleural
mesothelioma
Pendurthi UR, Pendurthi UR, Keshava S and Rao LVM

The University of Texas Health Science Center at Tyler, Tyler, TX,

USA

Background: Tumor cell-associated tissue factor (TF) is known to con-

tribute to tumor growth and metastasis. Recent studies showed that

TF contributes to tumor growth in breast cancer through activation of

TF-FVIIa-induced PAR2-mediated signaling. However, it is unclear

at present whether TF-FVIIa-PAR2 signaling is responsible for TF-

driven tumor growth in other types of cancers. Further, it is not

entirely clear whether and how other hemostatic receptors present on

tumor cells influence TF-dependent tumor growth.

Aim: The aim of the present study is to investigate the role of TF,

endothelial cell protein C receptor (EPCR) and protease activated

receptor-1 (PAR1) on tumor growth of malignant pleural mesotheli-

oma (MPM) by utilizing MPM cells that lack or express TF, EPCR or

PAR1, and a murine orthotopic model of MPM.

Methods: REN, MS-1 and M9K MPM cells were characterized for the

expression of TF, EPCR, tissue factor pathway inhibitor (TFPI),

thrombomodulin (TM), PAR1 and PAR2 by western blot analysis

and/or in functional assays. TF, PAR1 or EPCR was either selectively
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knocked-in or knocked-out in aggressive REN MPM cells and non-

aggressive MS-1 and M9K MPM cells by stable transfection of plas-

mid DNA containing TF or EPCR cDNA, or specific shRNA con-

structs. REN, MS-1 or M9K MPM cells, or their variants (106 cells)

were injected into the pleural cavity of nude mice (BALB/c, NU/J).

Mice were sacrificed between 28 and 30 days following tumor cell

implantation, the chest cavities were photographed, tumors were

counted, weighed, and their volumes were calculated by measuring

their dimensions. Tumor tissue samples were fixed and processed for

immunohistochemistry.

Results: REN MPM cells express TF but not TFPI, EPCR or TM.

MS-1 cells express TFPI, EPCR but not TF or TM. M9K MPM cells

express TFPI, EPCR, TM but not TF. All three MPM cell types

express PAR1 but not PAR2. Intrapleural administration of REN

MPM cells in nude mice generated large tumors in the pleural cavity,

some of tumors reaching the size of the heart. In contrast, intrapleural

administration of MS-1 or M9K MPM cells resulted in relatively few

tumors, and they barely reached the size of 2 mm. Suppression of TF

or PAR1 expression in REN MPM cells markedly reduced the tumor

growth. However, overexpression of TF in MS-1 or M9K MPM cells

failed to promote the tumorigenicity of these cells. More importantly,

introduction of EPCR expression in aggressive REN MPM cells atten-

uated the tumor growth completely. Conversely, EPCR silencing in

MS-1 and M9K MPM cells overexpressing TF dramatically increased

the tumorigenicity of these non-aggressive MPM cells. EPCR silencing

in native MS-1 or M9K MPM cells did not significantly alter the low

growth potential of these cells. Immunohistochemistry of tumor sec-

tions revealed that EPCR expression in MPM cells reduced tumor cell

proliferation and increased tumor cell apoptosis.

Summary/Conclusions: Overall, our data indicate that TF promotes

tumor growth of MPM in a PAR1-dependent mechanism, but expres-

sion of EPCR in TF-bearing MPM cells suppresses tumor growth.

Our data suggest that EPCR acts as a tumor growth suppressor, at

least in MPM.

PA 3.16-5
Role of thrombomodulin in melanoma progression
Oliveira AS1, Yang L2, Monteiro Q1 and Rezaie AR2

1Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil;
2Saint Louis University, St. Louis, MO, USA

Background: Thrombomodulin (TM) is a thrombin receptor that plays

critical modulatory roles in inflammation, thrombosis, and carcino-

genesis. The expression of thrombomodulin (TM) has been reported

to negatively correlate with the metastatic potential of tumor cells.

Thus, low TM expression has been found to be associated with high-

malignancy phenotypes in oesophageal, lung and liver cancers. Mela-

noma, the most common fatal form of skin cancer, is an aggressive,

therapy-resistant malignancy of melanocytes. The prognosis of

patients diagnosed with metastatic melanoma is very poor and treat-

ment alternatives are limited.

Aim: We propose that down-regulation of TM plays an important role

in melanocyte transformation and melanoma progression.

Methods/Results: In this study, we monitored the expression of TM in

murine and human melanoma cell lines in different stages of aggres-

siveness. The murine melanoma cell lines TM1 and B16F10, showed

higher TM mRNA levels than melan-a (murine melanocyte), as ana-

lyzed by real-time PCR. We further analyzed two human melanoma

cell lines displaying low (WM35) or high (A375) aggressive pheno-

types. The mRNA expression level of TM was modestly (WM35) or

dramatically (A375) down-regulated in melanoma cells as compared

to human primary melanocytes, The lower expression of TM corre-

lated with their degree of aggressiveness as determined by a migration

assay which monitors the transmigration of human melanoma cells

across an endothelial cell monolayer in a two chamber transwell plate.

Interestingly, the over-expression of TM in A375 cell line reverted its

aggressive phenotype as determined by the in vitro migration assay.

Migration properties of A375 melanoma cells across endothelial

monolayer stimulated with either thrombin or activated protein C

(APC) were also investigated. The pretreatment of endothelial cells

with thrombin significantly improved the migratory properties of

A375 cells. By contrast, APC exhibited a protective activity by signifi-

cantly inhibiting the migration of melanoma cells across the APC-pre-

treated endothelial cell monolayer.

Conclusion: These results suggest that TM plays a protective role in

preventing melanocyte progression to melanoma and that its expres-

sion level may be used as an indicator in the prognosis of different

stages of metastatic melanoma.

PA 3.16-6
Cisplatin increases tissue factor (TF) procoagulant
activity on NT2 germ-cell tumor cells by a mechanism
independent of apoptosis induction
Langer F1, Jacobsen C1, Spath B1, Oechsle K1, Bokemeyer C1, Ruf

W2 and Honecker F1

1University Medical Center Eppendorf, Hamburg, Germany; 2The

Scripps Research Institute, La Jolla, CA, USA

Background: Patients with germ-cell tumors (GCTs) are at increased

risk of venous thromboembolism (VTE). Consequently, testicular can-

cer is categorized as a high-risk tumor entity in the Khorana score for

the prediction of VTE risk in ambulatory cancer patients. Further-

more, cisplatin-based chemotherapy has been repeatedly shown to be

independently associated with adverse cardiovascular events, suggest-

ing that this cytotoxic drug elicits thrombogenic signals in leukocytes,

endothelial and/or tumor cells. However, the molecular mechanisms

underlying cisplatin-induced hypercoagulability remain obscure.

Aims: The aim of this study were to characterize constitutive TF

expression by four different GCT cell lines and to study the effects of

exposure to cisplatin on TF expression by NT2 cells.

Methods: Cell-associated TF procoagulant activity (PCA) was mea-

sured by single-stage clotting and fluorogenic thrombin generation

assay in the presence or absence of inhibitory TF monoclonal anti-

body. Surface and total cellular TF antigen were analyzed by single-

color flow cytometry and ELISA, respectively. Flow cytometric analy-

sis of annexin V-FITC binding was used to assess phosphatidylserine

(PS) membrane exposure on apoptotic cells.

Results: We found that three nonseminoma (NT2, 2102Ep, NCCIT)

and one seminoma cell line (TCam-2) displayed significant TF-specific

PCA by clotting and thrombin generation assay. Furthermore, all four

cell lines stained positive for TF antigen by flow cytometry. Incubation

of NT2 cells with 0.4 lM cisplatin (corresponding to the IC50 accord-

ing to MTT cytotoxicity assay) for 48 h enhanced PS membrane expo-

sure from 24 � 11% to 38 � 15% positive cells and increased cellular

TF PCA 4.5-fold compared to vehicle-treated controls (P < 0.01).

Interestingly, flow cytometry revealed enhanced TF antigen expression

on both apoptotic and non-apoptotic cells, suggesting a mechanism of

cisplatin-induced TF PCA expression independent of TF de-encryp-

tion during cell death. In line with this hypothesis, incubation of cis-

platin-resistant NT2-R cells with 0.4 lM cisplatin had no effect on PS

exposure (positive cells, 24 � 5% vs. 25 � 7%, P = 0.4), but dramati-

cally increased cell-associated thrombin generation in a TF-dependent

manner and induced TF-specific PCA 3.7-fold by single-stage clotting

assay (P < 0.01), an effect accompanied by enhanced surface TF anti-

gen staining (TF-positive cells, 15 � 5% vs. 7 � 3%; P < 0.01).

Quantification of total TF antigen in cell lysates by ELISA revealed a

1.9- and 2.2-fold increase in cisplatin-treated NT2 and NT2-R

cells, respectively, a finding that was also confirmed by Western blot

analysis.

Conclusion: Constitutive TF expression may be a characteristic feature

of GCT cells, possibly contributing to the elevated VTE risk in

affected patients. Moreover, cisplatin-based chemotherapy may fur-

ther potentiate this risk by increasing tumor cellular TF PCA indepen-
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dently of apoptosis induction, e.g. via de-novo protein synthesis and/

or inhibition of TF recycling.

PA3.17 – Hormones, Pregnancy
and VT

PA 3.17-1
Thrombophilia and outcomes of ART procedures:
a prospective Italian cohort study
Villani M1, Tiscia G1, Dentali F2, Colaizzo D1, Cappucci F1,

Fischetti L1, Ageno W2, Margaglione M3 and Grandone E1

1Casa Sollievo della Sofferenza, San Giovanni Rotondo;
2University of Insubria, Varese; 3University of Foggia, Foggia,

Italy

Background: Clinical pregnancy rate after Assisted reproductive tech-

nologies ART (ART) is low (20–35% per cycle started). Venous

thromboembolism (VTE) and arterial thrombosis can occur after

administration of drugs for ovulation induction. It is still controversial

whether the presence of a thrombophilia could predispose women to

infertility or to an adverse obstetric outcome following an ART cycle.

However, many Infertility Clinics prescribe thrombophilia tests to all

the women approaching this type of procedure, independently of the

presence of additional risk factors. Low Molecular Weight Heparin

(LMWH)and aspirin have been hypothesised to be effective in increas-

ing clinical pregnancies rate in patients undergoing ART.

Aims: (i) To evaluate the prevalence of inherited and acquired throm-

bophilias in a large cohort of women suffering from infertility; (ii) to

compare obstetric outcomes before and after performing screening and

according to the presence and type of thrombophilia observed; (iii) to

prospectively evaluate obstetric outcomes and thrombotic risk in

women undergone thrombophilia screening according to the use of an-

tithrombotic treatments.

Methods: Participants were 1107 women with fertility problems and a

valid indication for ART treatment consecutively referred to our Ath-

erosclerosis and Thrombosis Unit, between March 1998 and July

2011. All the participants were investigated for inherited and acquired

thrombophilias. Before the thrombophilia screening data regarding

maternal age, previous pregnancies and indication for treatment were

collected. For each woman following information was collected for

analysis: number of cycles and type of treatment (IUI/IVF/ICSI), anti-

thrombotic prophylaxis (yes/no), antithrombotic drugs (low-dose aspi-

rin, LMWH or both), period of prophylaxis and treatment outcomes.

The study was approved by the local ethics committee and complies

with Declaration of Helsinki. Participants gave their written informed

consent for present and future use of the clinical data.

Results: Median follow-up was 34.53 months (range 2–143 months).

At the enrolment, 327 women (29.5%) have experienced 946 ART

cycles. One hundred and twenty-two (37.3%) women obtained a clini-

cal pregnancy (176 pregnancies), with 21(16%) live- born children.

Overall, 115 (10.4%) women carried al least one thrombophilia (45 the

FVL, 57 the PTm, 13 severe thrombophilias).

After screening, 595 (53.8%) underwent at least one attempt (1268

cycles, 27 lost to follow-up). In 424 (33.4%) cycles an antithrombotic

prophylaxis (342 treated with aspirin, 66 with LMWH, 16 with aspi-

rin + LMWH) was used. Pregnancy rate was 21.4% (265/1241 cycles)

with 171 (13.8%) live-born children. A clinical pregnancy was

obtained in 96 out of 424 (22.6%) treated cycles (P: 0.42, OR: 1.1,

95%CI: 0.8–1.5 vs. pregnancy rate in untreated cycles). The rate of

live-born was not significantly different in treated vs. untreated cycles

(P: 0.73, OR: 0.9, 95% CI: 0.6–1.3) prophylaxis. Overall, seven throm-

botic events (three PE, three DVT, one arterial thrombosis; six of them

in untreated women) were observed. Among them, 4 (0.3%, 2 DVT, 2

PE) occurred after screening, only one during LMWH prophylaxis.

Summary/Conclusions: The use of antithrombotic prophylaxis is not

associated with an improved pregnancy rate or live-born children after

ART. Thrombotic complications are less frequent in women receiving

an antithrombotic prophylaxis.

PA 3.17-2
Unfractionated heparin, not enoxaparin, prevents
down-regulation of endothelial protein C receptor by a
pro-inflammatory cytokine on first trimester
trophoblasts
Faioni EM, Fontana G, Razzari C, Calvi E, Avagliano L,

Bulfamante G and Marconi AM

University of Milano, Milano, Italy

Background: Human first trimester trophoblasts must differentiate and

invade the maternal endometrium, as well as give rise to placental villi.

They come into contact with the maternal blood, contribute to

changes in the maternal spiral arteries, and possibly participate in

immune tolerance. Though anticoagulation and control of inflamma-

tion were shown to be strongly interconnected in many cell systems, to

our knowledge no studies addressing directly the function and modu-

lation of the anticoagulant pathway in human trophoblasts have been

published. The importance of gaining basic knowledge on the antico-

agulant functions of human trophoblasts has important clinical impli-

cations, because heparin prophylaxis is often given, albeit with no

clear evidence-based benefit, to women with placenta-mediated obstet-

ric complications (recurrent abortion, abruptio placentae, intrauterine

growth restriction, late fetal death, pre-eclampsia) that may involve, at

some point, a thrombotic event in the placental vessels.

Aims: To identify components of the protein C pathway on human

first trimester trophoblasts, to evaluate protein C activating capacity

on the trophoblast cell surface, and to test the effect of inflammatory

mediators in the absence or in the presence of heparin on the expres-

sion of the anticoagulant pathway components on these cells.

Methods: Trophoblasts were isolated from first trimester placental tis-

sue by sequential purification steps (99% purity). They were cultured in

the presence or absence of various agents (TNF alpha, unfractionated

heparin UFH, enoxaparin, alone and in combination) for maximum

24 h. Expression of thrombomodulin (TM) and endothelial protein C

receptor (EPCR) was evaluated by flow citometry, RT-PCR and Wes-

tern blot. Protein C (50 nM) activation was measured by a colorimetric

assay, after thrombin addition (2 nM) to cultured trophoblasts.

Results: Human first trimester trophoblasts (cytokeratin seven posi-

tive, vimentin negative, HLA-G positive or negative) express EPCR

and TM with variable intensity as mRNA, at the protein level and on

the cell surface. Cultured, freshly isolated human trophoblasts activate

protein C (1.1 9 10�7 nM/min/cell) at least to the same extent as HU-

VECs (1.56 9 10�14 nM/min/cell). When stimulated with the pro-

inflammatory cytokine TNF-alpha (1 nM), EPCR but not TM expres-

sion was down-regulated by approximately 20%. EPCR downregula-

tion was completely prevented by addition of UFH (1 IU/mL), but

not by enoxaparin.

Summary/Conclusion: Human first trimester trophoblasts express a

functional protein C anticoagulant pathway that can be modulated by

inflammatory mediators such as TNF alpha, as in other tissues. Un-

fractionated heparin, but not enoxaparin, protects the trophoblast

from TNF alpha-mediated down-regulation. If confirmed by further

studies, these results may have important clinical implications.
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PA 3.17-3
Prospective crossover trial of oral tranexamic acid and
combined oral contraceptives in adolescent
menorrhagia – interim report of a pilot study
Srivaths LV1, Dietrich JE1, Yee DL1, Sangi-Haghpeykar S2

and Mahoney D Jr1

1Texas Children’s Hospital/Baylor College of Medicine, Pearland,

TX; 2Baylor College of Medicine, Houston, TX, USA

Background: Oral tranexamic acid (TA), an anti-fibrinolytic agent, has

been shown to be more efficacious than progesterone-only hormonal

therapy for menorrhagia in adult women. In adolescents with menor-

rhagia, TA has not been formally compared to the commonly pre-

scribed combined oral contraceptive pills (COCP).

Aim: Among adolescents with menorrhagia, we hypothesized that oral

TA would have equal or greater efficacy in reducing menstrual blood

loss and improving quality of life when compared to COCP.

Method: Among adolescents with menorrhagia without an underlying

bleeding disorder, organic pelvic pathology or thyroid disorder, a

cross-over trial was undertaken as approved by the Institutional

Review Board, to study the efficacy of TA (given according to FDA

label for adult women at 1300 mg tid for 5 days, off-label use for ado-

lescents < 18 years of age) vs. COCP (30 µg ethinyl estradiol/0.3 mg

norgestrel daily, 21 days on/7 days off per cycle). This study was

funded by Texas Children’s Hospital’s Pediatric Pilot Award.

Informed consent was obtained from study participants/parents. Each

medication was prescribed for three menstrual cycles with a 1 month

wash out in-between medications. Menstrual cycle length, Periodic

Blood Assessment Chart (PBAC) score for menstrual blood loss esti-

mation, and quality of life assessment with PedsQL questionnaire was

assessed at baseline and at the end of each medication arm. Data was

analyzed using the mixed models repeated measure design in SAS.

Results: Seventeen patients were enrolled after obtaining informed

consent; the mean age was 14.2 years (range 11.7–16.7). Five com-

pleted both arms of the study; two each are completing the first and

second arm, resulting in nine currently evaluable patients. Eight

patients were withdrawn from the study (2- due to adverse events, six

for other reasons related primarily to study compliance).

When compared to baseline, significant improvement (P < 0.05) was

demonstrated by both TA and COCP, in the length of menstrual cycle

(mean reduction of 8.4 and 6.7 days), PBAC scores (mean score

decrease of 578 and 552), and quality of life (mean score decrease of 17

and 14), though there were no statistically significant differences

between TA and COCP (P > 0.05). All patients on TA reported 100%

compliance while 57% on COCP reported periods of non-compliance.

Seven patients (41%) experienced adverse events that were possibly

drug-related – two on TA (28%; all mild – breakthrough bleeding/

vomiting, lack of sleep) and five on COCP (62%; three mild – break-

through bleeding, headache/weight gain, mood swings, two severe –
seizure, generalized rash). None developed thrombosis.

Summary/Conclusion: This study is ongoing with four actively enrolled

patients. Preliminary analysis of this ongoing pilot study suggests that

TA may have efficacy comparable to COCP and holds promise for

better control of menstrual bleeding, better quality of life, less toxicity

and higher compliance likely due to the shorter duration of medication

administration. Larger studies are needed to confirm these benefits of

oral TA in menorrhagic adolescents as observed in our pilot study.

PA 3.17-4
Low-molecular-weight heparin added to aspirin in the
prevention of recurrent early-onset preeclampsia in
women with antiphospholipid antibodies
Van Hoorn M1, Hague WM2, Van Pampus MG3, Bezemer P1

and De Vries JI1

1VU University Medical Centre, Amsterdam, The Netherlands;
2Robinson Institute, University of Adelaide, Adelaide, SA,

Australia; 3University Medical Centre, Groningen, The

Netherlands

Background: Early-onset hypertensive disorders (HD) and small-for-

gestational age infants (SGA) are associated with placental vascular

thrombosis, inheritable thrombophilia and antiphospholipid antibod-

ies. Aspirin reduces the recurrence risk. Recently we reported the

results of the FRUIT-RCT (ISRCTN 87325378) in women with a pre-

vious delivery for HD/SGA < 34 weeks and shown to have an inherit-

able thrombophilia without antiphospholipid antibodies: adding

low-molecular-weight heparin (LMWH) to aspirin before 12 weeks

gestation reduces recurrent HD onset < 34 weeks gestation. Here we

present the results on women with antiphospholipid antibodies and no

inheritable thrombophilia.

Aims: Adding LMWH to aspirin to reduce HD in women with previ-

ous early-onset HD (preeclampsia, HELLP syndrome, eclampsia)

and/or SGA in the context of antiphospholipid antibodies.

Methods: In a multicentre RCT, 30 women were included before

12 weeks gestation. Inclusion criteria: previous delivery < 34 weeks

gestation with HD and/or SGA; antiphospholipid antibodies (anti-

cardiolipin antibodies > 10 GPL and/or MPL and/or lupus anticoagu-

lant). Intervention: either daily LMWH (dalteparin, 5000 IU weight

adjusted dosage) with aspirin 80 mg or aspirin 80 mg alone. Primary

outcomes: recurrent HD onset (i) < 34 weeks and (ii) irrespective of

gestational age. Secondary outcomes: recurrent SGA, preterm birth,

maternal/neonatal hospitalization, spontaneous abortion and individ-

ual HD. Analysis by intention-to-treat. Power calculations: based on

recurrence rate of 60% in Dutch population, 84 women needed to be

randomized to detect a 50% reduction (two-tailed, an alpha of 0.05

and a power of 80%) and 66 inclusions for one-tailed, expecting no

worsening of the outcome by LMWH.

Results: After the conclusion of the inheritable thrombophilia arm of

the trial and given the low inclusion rate of women with antiphospholi-

pid antibodies, an interim analysis was performed after delivery of 29

women, resulting in the advice to cease recruitment since accrual was

low and the incidence of early onset HD was far lower than expected.

The final analysis, performed on 30 women, did not reveal a reduction

in the primary outcomes in the LMWH-and-aspirin arm, although

there were no cases of HD. In the aspirin-only arm, there were two

cases of HD, one before 34 weeks. Secondary outcomes did not differ

between arms. No woman withdrew as result of adverse effects. Four-

teen eligible women refused enrolment. Per-protocol analysis on 32

women did not alter the results.

The mean gestational age at delivery of the index pregnancies was

29 weeks, with 18 children born alive. The trial pregnancies had a

mean gestational age at delivery of 37 weeks with all infants alive at

birth. A single case of placental abruption occurred in the aspirin-only

arm at 276 weeks in a woman hospitalized for fetal growth restriction

and no HD; her index pregnancy had been terminated at 262 weeks

for placental abruption and HD.

Conclusion: Adding LMWH to aspirin before 12 weeks gestation in

women with antiphospholipid antibodies and prior delivery for HD/

SGA < 34 weeks did not reduce recurrent HD either < 34 weeks or

irrespective of gestational age.
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PA 3.17-5
The minimal effective dose of tranexamic acid in
women with menorrhagia
Price VE1, VanOosten S2, Conlon R2, Richard J2, Hawes SA1,

MacDonald T1, Wenning J3, Van Eyk N3, Abdolell M4

and Robinson KS5

1IWK Health Centre; 2Divison Of Hematology, Queen Elizabeth

II Health Sciences Centre; 7Department of Diagnostic Radiology,

Dalhousie University; 5Queen Elizabeth II Health Sciences

Centre, Halifax, NS, Canada

Background: Menorrhagia is a common problem, affecting up to 15%

of premenopausal women, that negatively impacts health and quality

of life. Ten-30% of these women will have underlying bleeding disor-

ders that are often not diagnosed until adulthood. Antifibrinolytic ther-

apy with tranexamic acid (TA) represents a non-hormonal treatment

option that reduces menstrual blood loss by up to 50%. However, its

use is limited by dose dependent side effects and cost. The recom-

mended dose is 3000–6000 mg/day, but in our experience a lower dose,

with less side effects, is efficacious for the majority of women.

Aims: To determine if the minimal effective and tolerated dose (MED)

of tranexamic acid for women with menorrhagia who have bleeding

disorders is lower than the recommended dose in Canada of 4000 mg/

day. A secondary objective is to determine if there is a difference in the

MED of women with and without a bleeding disorder.

Methods: An open-label, uncontrolled, prospective dose escalation

study is underway. Women 15–50 years with objective menorrhagia as

defined by a and Pictorial Blood Assessment Chart (PBAC) score

> 100, referred to a Hematology or Gynecology clinic are eligible for

inclusion. The starting dose of TA is 1000 mg/day and may be esca-

lated twice per cycle for a maximum of three cycles to a maximum dose

of 6000 mg/day. Criteria for escalation are based on a quality of life

assessment PBAC score. Any side effects are monitored. The MED is

defined as the dose at which the PBAC score is < 100 or a percentage

decrease in the PBAC score that is associated with the ability to con-

tinue normal daily activities. All women who had menorrhagia from

menarche, and/or iron deficiency and/or any other bleeding history are

investigated for an underlying bleeding disorder.

Results: We report the analysis of 71 women who have participated in

the study to date. The mean age is 37.7 years (range 15.6–50.2 years).

There are 16/71 (22.5%) with bleeding disorders, including 6 -Von

Willebrand Disease (1 type 3, 5 type 1), 1-Hemophilia A carrier, 1-

Immune thrombocytopenia 1-Plasminogen activator inhibitor-1 defi-

ciency and 7-platelet dysfunction. The mean PBAC score at study

entry for the entire group is 320 (range 104–1340), and for those with

bleeding disorders, 353 (157–954). The mean end of study PBAC score

for the entire cohort is 163 (range 15–664).The mean MED for the

entire group was 2000 mg/day (1000 mg BID) and there was no differ-

ence between those with and without bleeding disorders. Iron defi-

ciency was common with 69/71 women having s-ferritin < 30 lg/L.
Tranexmaic acid was well tolerated and none of the participants

stopped the medication prior to completion of the study.

Conclusion: Tranexamic Acid is an effective medication for women

with menorrhagia and appears to be equally effective in women with

underlying bleeding disorders. The mean MED was 50% less than the

recommended dose in Canada for women with and without bleeding

disorders. These preliminary findings may support the use of tranexa-

mic acid at a lower than recommended dose and therefore be of benefit

to a greater proportion of women with menorrhagia.

PA 3.17-6
Oral contraceptive use and tamoxifen therapy are not
associated with increased levels of thrombin or
impaired endogenous APC formation
Rühl H1, Schr€oder L1, M€uller J1, Fimmers R1, Sukhitashvili S1,

Welz J1, Kuhn W1, Oldenburg J1, Rudlowski C2 and P€otzsch B1

1University Hospital Bonn, Bonn; 2Evangelisches Krankenhaus

Bergisch Gladbach, Bergisch Gladbach, Germany

Background: Acquired resistance to activated protein C (APC) is a

common phenotype in women receiving estrogen containing oral con-

traceptives (OC) or a selective estrogen receptor modulator (SERM).

Aims: To study if acquired APC resistance is associated with increased

levels of thrombin formation we measured plasma levels of free throm-

bin and thrombin generation markers before and during OC use or

SERM treatment. Simultaneously, plasma levels of APC were mea-

sured to identify a hormone associated endothelial cell dysfunction

leading to impaired APC generation rates.

Methods: Blood samples were taken from women before starting with

estrogen containing OC use or therapy with the SERM tamoxifen and

in the first 3 months of application on a monthly basis. Thrombin and

APC plasma levels were determined using recently developed oligonu-

cleotide-enzyme capture assays (OECA) showing limits of detection of

thrombin and of APC of 0.47 pM (17 pg/mL) and 0.39 pM (22 pg/

mL), respectively. APC sensitivity was evaluated on basis of the effect

of APC on the endogenous thrombin generation potential (ETP). In

addition, plasma levels of coagulation factors fibrinogen, II, V, VII,

VIII, IX, X, XI, XIII and of antithrombin (AT), protein C, d-dimer,

prothrombin fragment 1 + 2 (F1 + 2), thrombin-AT-(TAT)-com-

plexes, plasmin-a2-antiplasmin-(PAP)-complexes, and tissue-type plas-

minogen activator (t-PA) were measured using routinely established

assays.

Results: Twenty-one women of the OC group (mean age, range: 21,

15–40 years) and 25 patients of the tamoxifen group (51, 28–71 years)

were available for analysis. In both cohorts similar numbers of blood

samples showed thrombin or APC levels above the respective limits of

detection. OC use and SERM treatment were not associated with

increased thrombin levels or a decrease in APC levels. APC sensitivity

was significantly reduced in blood samples taken after 1 month of OC

use (P = 9 9 10�6) or tamoxifen therapy (P = 0.002) in comparison

to baseline results. The levels of indirect markers of thrombin forma-

tion F1 + 2, and TAT-complexes did not change significantly under

OC or tamoxifen application. Observed changes of other parameters

were consistent with previous reports. Coagulation factors, protein C,

and PAP-complexes increased after start of OC use while AT and t-PA

decreased. Under tamoxifen therapy coagulation factors, inhibitors,

PAP-complexes, and d-dimer decreased over time while t-PA remained

unchanged.

Summary/Conclusion: This study demonstrates that the hormone-

induced APC-resistance phenotype is not regularly associated with

increased rates of thrombin formation. As there was no dysbalance

between plasma levels of thrombin and of APC, it seems unlikely that

a hormone-induced endothelial cell dysfunction leading to impaired

APC formation is involved in the pathogenesis of hormone related

thrombosis.
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PA3.18 – Inflammation

PA 3.18-1
Alterations of neutrophils production and functions at
early stage of metabolic syndrome in a high fructose
rat model
Tagzirt M1, Corseaux D2, Pasquesoone L2, Mouquet F2, Ung A2,

Elkalioubie A2, Jude B2, Van Belle E2, Susen S2 and Dupont A2

1Facult�e de M�edecine; 2EA2693, Lille, France

1 In recent years, it became clear that the inflammatory response is

intrinsically linked to metabolic pathways in vertebrates. Thus, a

chronic and systemic low-grade inflammatory state is observed in

metabolic syndrome (MetS) defined by a cluster of metabolic ab-

nomalies including intra-abdominal adiposity, dyslipidemia, high

blood pressure and altered glucose tolerance. This common disor-

der represents a major risk factor for atherosclerotic cardiovascular

disease. The prevalence of MetS has dramatically increased world-

wide due to a modern lifestyle and an increased of consumption of

high-sugar diets especially fructose. By contrast to macrophage,

neutrophils have classically received only little attention in MetS

because these inflammatory cells were rarely detected in adipose tis-

sue (AT).

2 We hypothesized that neutrophils’ infiltration into AT may occur

at early stage of MetS, in association with modulation of their

major functions (activation, reactive oxygen species production,

phagocytosis, apoptosis) and of their bone marrow production.

3 To test these hypotheses, we analyzed circulating neutrophil func-

tions, their AT infiltration levels and the bone marrow efficiency in

producing neutrophils at early stage in a high-fructose-fed Spra-

gue-Dawley rat model. Male Sprague–Dawley rats were on regular

(control rats [CR]) or fructose-enriched (60%) (fructose-fed rats

[FFR]) diet during 6 weeks.

4 Compared to the CR group, the FFR group developed MetS i.e,

hypertension, hypertriglyceridemia, fasting hyperglycemia and

greater intra-abdominal AT volume and presented higher neu-

trophils infiltration in intra-abdominal AT (+1.9 � 0.04 fold

increase, P = 0.03).

At resting state, no significant difference for circulating neutrophils

functions was observed between two rats groups. In contrast, stimu-

lated-neutrophils from the FFR group exhibited higher responses for

all studied functions, compared to the CR group. Regarding PMA

(1 lM) -activated neutrophils, CD18 (1.5 � 0.04 fold increase,

P = 0.01) and CD11b (1.3 � 0.03 fold increase, P = 0.02) surface

expression, and ROS production (1.5 � 0.01 fold increase, P = 0.001)

were significantly higher in the FFR group compared to the CR group.

After activation with opsonized E. coli, significantly increased neutro-

phil phagocytic activity was observed in the FFR compared to the CR

group (1.3 � 0.02 fold increase, P = 0.002). These results suggest that

early MetS induces circulating neutrophils priming.

In parallel, in bone marrow from FFR group, we observed a dimin-

ished clonal capacity of neutrophils progenitors (154.6 � 12.77 vs.

206.5 � 14.83, P = 0.02) and a higher proportion of apoptotic cells in

granulocytic population (2.1 � 0.03 fold increase, P = 0.01).

1. In conclusion, the results of this study provide evidence that at early

stage of MetS, production, phenotype and function of neutrophils

are modified that may explain the higher neutrophils infiltration in

intra-abdominal AT infiltration. Understanding the contribution of

neutrophils at early stage of MetS would help in development of

novel therapies strategies against detrimental effects of this syn-

drome.

PA 3.18-2
The role of plasmin(ogen) in the pathogenesis of
inflammatory bowel diseases
Inaba S1, Kanno Y1, Kawashita E1, Okada K2, Ueshima S2,

Matsuo O2 and Matsuno H1

1Doshisha Women’s Collage of Liberal Arts, Kyo-Tanabe; 2Kinki

University School of Medicine, Sayama, Japan

Background and Aim: Inflammatory bowel diseases (IBD) are charac-

terized by a chronic inflammation of the gastrointestinal tract, and are

associated with defects in innate and adaptive immune pathways.

However, the primary cause of IBD remains unclear. Plasmin(ogen) is

an extracellular serine protease (zymogen), resulting in the activation

of latent growth factors and matrix metalloproteases, degradation of

extracellular matrix components, and fibrin clearance. It has reported

that plasminogen (Plg) deficiency in mice results in spontaneous gas-

trointestinal ulceration. Plasmin(ogen) may play an important role in

the pathogenesis of IBD. Therefore, we investigated the role of plas-

min(ogen) in the pathogenesis of IBD.

Methods: We evaluated the parameters of intestinal inflammation in

the wild type (Plg +/+) and Plg deficient (Plg �/�) mice. In addition,

we examined that the effect of plasmin in intestinal epithelial Caco-2

cells.

Results: Plg deficiency in mice caused the reduction of colon lengths,

and the increase of fecal IgA, proinflammatory cytokines expression,

macrophages and T cells infiltration in colon. In addition, we found

that Plg deficiency in mice promoted the increase of microfold cells (M

cells) which acts as gatekeepers to the mucosal immune system. We

also found that plasmin attenuated interleukin-1b (IL-1b)-induced the

expression of receptor activator NF-jB ligand (RANKL) which regu-

lates M cells differentiation in Caco-2 cells. Moreover, plasmin attenu-

ated RANKL-induced M cells differentiation.

Conclusion: Plasmin(ogen) is associated with M cells differentiation by

regulating the RANKL expression and RANKL-stimulated signal

pathways. The excessive production of M cells by the defect of plas-

min(ogen) might play an important role in the pathogenesis of IBD,

and the regulation of plasmin(ogen) expression might provide a novel

therapeutic approach to IBD.

PA 3.18-3
SMTP-7, a novel anti-inflammatory thrombolytic,
treats serious cardioembolic stroke in a monkey model
Nishimura N1, Sawada N1, Hasegawa K1 and Hasumi K2

1TMS Co., Ltd.; 2Tokyo University of Agriculture and Technology,

Tokyo, Japan

Background: Stroke is one of the major causes of death in industrial-

ized countries. From WHO statistics, more than 6 million peoples die

from stroke every year, and 80% of which is due to ischemic stroke.

Moreover, it is also a problem of long-term hospitalization and seque-

lae. For the treatment of the acute cerebral infarction, rt-PA has been

used as the standard drug. However, since rt-PA may cause serious

hemorrhage side effect, only a few percent of the stroke patients bene-

fits from rt-PA therapy. SMTP-7, a novel small molecule produced by

a fungus, Stachybotrys microspore, promotes clot clearance and sup-

pression of inflammatory and oxidative responses in vivo.

Aims: We attempted to obtain insights into therapeutic potential of

SMTP-7 in comparison with rt-PA in a serious cardioembolic stroke

model in a primate (cynomolgus monkey).

Methods: The monkey model of cerebral infarction was produced by

injecting a blood clot that was generated from autologous blood into

the middle cerebral artery. Three hours after injection of the clot,

SMTP-7 (10 mg/kg, iv), rt-PA (3 mg/kg, iv) or saline were infused for

30 or 60 min.

Results: Cerebral infarct volume, neurological deficit score, and rate of

cerebral edema were examined at 24 h after the thrombus injection.
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The mean cerebral infarction volume was 10.12% in the SMTP-7 trea-

ted monkeys, 29.2% in the saline group, and 17.4% in the rt-PA

group. The total of the neurological deficit score was 43 points in the

SMTP-7 group, while 47 points in both the saline and rt-PA groups.

The rate of cerebral edema in the SMTP-7 group was lower than those

of in the saline and rt-PA group. Further, in the SMTP-7 treated mon-

keys, bleeding time was comparable to the saline group.

Conclusions: Our results showed that SMTP-7 is more effective and

less hemorrhagic than rt-PA in a serious cardioembolic stroke model

in monkeys. Taking that SMTP-7 has dual mode of action, thrombo-

lytic and anti-inflammatory, this drug is clearly distinct from rt-PA in

its molecular mechanism of action. This notion is supported by the

present experiments using a primate model. Thus SMTP-7 can be the

first, innovative one in a new category of drugs that treat acute ische-

mic stroke.

PA 3.18-4
Platelet-mediated innate immunity via toll-like
receptor 2 stimulation and subsequent serotonin
release
Duerschmied D1, Canault M2, Koch P1, Peter K3, Alessie M-C2,

Bode C1 and Ahrens I1

1Heart Center Freiburg University, Freiburg, Germany;
2Universit�e de la M�editerran�ee, Marseille, France; 3Baker IDI,

Melbourne, Vic., Australia

Introduction: The innate immunity-mediating toll-like receptors

(TLRs) influence the course of atherosclerosis. Platelets are involved

in early and late stages of atherosclerosis and the stimulation of plate-

let TLR2 at high agonist concentrations induces platelet activation. It

was previously shown that platelet serotonin induces activation of

platelet tumor necrosis factor alpha converting enzyme (TACE),

resulting in shedding of the adhesion molecule glycoprotein (GP)Ibal-

pha. We hypothesized that immunological platelet stimulation via

TLR2 regulates serotonin release.

Methods: Platelet TLR2 was stimulated by incubation of human plate-

lets with the TLR2 agonist Pam3CSK4 and compared to platelet acti-

vation by adenosine diphosphate (ADP, 20 lM), thrombin receptor

activating peptide (TRAP, 30 lM), and phenylmaleinine phenylmaleic

anhydride (PMA, 75 nM). Expression of surface markers was quanti-

fied by flow cytometry. Serotonin release was measured by high-sensi-

tivity ELISA and dense granule release by electron microscopy.

Leukocyte-endothelial interactions were analyzed by intravital micros-

copy.

Results: Incubation of platelets in the presence but not absence of

plasma with Pam3CSK4 resulted in a dose-dependent increase of the

surface expression of P-selectin and activated GPIIb/IIIa (up to 10-

fold increase after incubation with 10–100 lg/mL Pam3CSK4,

P < 0.01, n = 8). High-dose Pam3CSK4 also induced shedding of

the TACE substrate GPIbalpha (50% decrease with 50 lg/mL

Pam3CSK4, P < 0.01, n = 8) and exposure of phosphatidylserine

(annexin V binding with > 10 lg/mL Pam3CSK4). Serotonin release

was triggered by TLR2 stimulation with much higher potency: doses

of Pam3CSK4 (0.1 lg/mL) that did not change P-selectin, GPIIb/

IIIa activation, or GPIbalpha induced strong serotonin release

(P < 0.01, n = 8). Perseverance of intact dense granules that did not

undergo exocytosis suggested active serotonin release via membrane

transporters.

Conclusion: Platelet TLR2 stimulation induces serotonin release much

more potently than regular, ‘hemostatic’ platelet activation. This

mechanism may constitute a novel innate immune function of platelets

via selective release of the immuno-modulator serotonin.

PA 3.18-5
The role of a2AP in the development of renal
interstitial fibrosis
Kanno Y1, Kokado A1, Kawashita E1, Tani M1, Okada K2,

Ueshima S2, Matsuo O2 and Matsuno H1

1Doshisha Women’s College of Liberal Arts, Kyoto, Japan; 2Kinki

University School of Medicine, Sayama, Japan

Background and Aim: Renal interstitial fibrosis is characterized by the

excessive production, deposition and contraction of the extracellular

matrix (ECM) protein, and is associated with macrophages infiltration

and myofibroblats accumulation. In the process, the macrophages

induce myofibroblats differentiation through the production of profib-

rotic factors, such as transforming growth factor-b (TGF-b) and con-

nective tissue growth factor (CTGF), and then myofibroblasts

promote the excessive production of the extracellular matrix (ECM)

protein. However, the detailed mechanism remains unclear. We herein

investigated the role of alpha 2-antiplasmin (a2AP) in the development

of renal interstitial fibrosis in the obstructed kidney.

Methods: Renal interstitial fibrosis was induced by using unilateral

ureteral obstruction (UUO) model in the wild type (a2AP+/+) and

a2AP deficient (a2AP�/�) mice, and then we examined collagen depo-

sition (Srius Red staining), myofibroblast differentiation (a-smooth

muscle actin staining), macrophages infiltration (F4/80 staining) and

the expression of a2AP. In addition, primary cultured macrophages

from the a2AP+/+ or a2AP�/� mice were co-cultured with fibro-

blasts, and then we examined the degree of myofibroblast differentia-

tion in fibroblasts.

Results: We found that the accumulation of a2AP was induced in the

obstructed kidney, and a2AP deficiency in mice attenuated UUO-

induced renal interstitial fibrosis. In addition, although a2AP defi-

ciency did not affect UUO-induced macrophages infiltration, the

degree of the myofibroblats differentiation in the co-culture of fibro-

blasts and a2AP�/� macrophages was significantly less than that in

a2AP+/+ mice. We also found that CTGF induced the production of

a2AP through integrin b3, ERK1/2, and JNK pathways in macro-

phages.

Conclusion: CTGF induced the expression of a2AP in macrophages,

and CTGF-induced a2AP is associated with the development of renal

interstitial fibrosis. The inhibition of a2AP-initiated pathways might

provide a novel therapeutic approach to fibrotic diseases.

PA3.19 – Non-Inherited Risk Factors
VT – IV

PA 3.19-1
Prediction of risk of venous thrombosis after cast
immobilization of the lower extremity
Nemeth B1, Van Adrichem RA1, Le Cessie S1, Van Hylckama Vlieg

A1, Bucciarelli P2, Martinelli I2, Baglin TPT3, Rosendaal FR1

and Cannegieter SC1

1Leiden University Medical Center, Leiden, The Netherlands;
2Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,

Milan, Italy; 3Addenbrookes Hospital, Cambridge, UK

Background: Guidelines and clinical practice vary considerably with

respect to antithrombotic treatment during plaster cast immobilisation

of the lower extremity. This is partly due to the wide range of incidence

rates that have been reported (asymptomatic venous thrombosis (VT):

4.3–36%; symptomatic VT: 0–5.5%). Knowledge on factors associated

with an increased risk would provide a better basis to decide on indi-

vidual thromboprophylaxis use.

Aims: To investigate the predictive value of genetic and acquired risk

factors, levels of coagulation factors and other biomarkers on the

occurrence of VT after cast immobilisation of the lower extremity.
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Methods: We used data from a large population based case-control

study (MEGA study, 4468 cases, 6156 controls, consent and ethical

approval obtained) into risk factors for a first VT. Identification of

predictor variables to be included in the model was mainly based on

reported associations in the literature or on a relative risk (RR) > 1.2

or P ≤ 0.25 in the univariate analysis. Using multivariate logistic

regression several prediction models were created to determine the

additional predictive value of genetic factors and biomarkers. In addi-

tion to the complete model (all variables), a reduced model (minimum

number of predictors with a maximum predictive value) and a clinical

model (acquired risk factors only, no blood draw and assays required)

were created. To determine the discriminatory power, the area under

the curve (AUC) was calculated by means of a receiver operating char-

acteristic. Validation was performed in another case control study into

the aetiology of VT (THE VTE study, 784 cases, 523 controls with

valid information on all acquired risk factors, Leiden/Cambridge) and

is about to be repeated in a third (the Milan study 1765 cases, 2088

controls).

Results: The complete prediction model consisted of 30 predictors

including three genetic factors and six biomarkers. For this model, an

AUC of 0.89 (95% CI; 0.85–0.94) was found in subjects with plaster

cast of the lower extremity compared with an AUC of 0.84 (95% CI;

0.78–0.90) for the clinical model (consisting of only 13 acquired predic-

tors). The addition of biomarkers to the clinical model resulted in a

higher AUC than addition of genetic risk factors, with an AUC of

0.88 (95% CI; 0.84–0.93) vs. an AUC of 0.870 (95% CI; 0.82–0.92).
The reduced model (containing 10 predictors including one genetic

and three biomarkers) resulted in an AUC of 0.88 (95% CI; 0.84–
0.92). Validation in THE VTE data showed good performance with an

AUC of 0.83 (95% CI; 0.66–0.99) for the clinical model. The complete

model and the reduced model will be validated in the Milan study

because THE VTE study currently lacks data on biomarkers.

Conclusion: These results show that information on acquired risk fac-

tors, coagulation factors and genetic determinants in patients with

plaster casts leads to an improved accuracy in the prediction of VT

risk. In daily practice, the clinical model may be the preferred model

as its factors are most easy to determine, while the model still has good

predictive quality. When sufficiently validated, this model may be

helpful in clinical decisions on thromboprophylaxis.

PA 3.19-2
Chronic VTE treatment VTE with rivaroxaban. Updated
results of the prospective Dresden NOAC registry
(NCT01588119)
Beyer-Westendorf J, Ebertz F, F€orster K, Werth S, Gelbricht V,

Tittl L and K€ohler C

Dresden University Hospital “Carl Gustav Carus”, Dresden,

Germany

Background: In the EINSTEIN extension trial, rivaroxaban was supe-

rior over placebo in long-term prevention of recurrent venous throm-

boembolism (VTE) with low rates of bleeding complications.

However, patients in RCT‘s present a selected population treated

under a strict protocol and followed for a short period of time. Conse-

quently, efficacy and safety of new oral anticoagulants (NOAC) need

to be confirmed in cohorts of unselected patients in daily care.

Aims: To evaluate the efficacy, safety and management issues of riva-

roxaban anticoagulation in chronic VTE treatment in daily care.

Patients and Methods: The Dresden NOAC registry is a prospective,

non-interventional registry. A network of more than 230 physicians

from private practice and hospitals enrol eligible patients, who are cen-

trally followed by the registry office. Inclusion criteria are: (i) indica-

tion for therapeutic NOAC anticoagulation > 3 month; (ii) age

> 18 years; (iii) written informed consent; (iv) availability for follow-

up. No Exclusion criteria apply. In the registry, up to 2000 patients

will receive prospective follow up (FU) by phone visits at day 30 day

and quarterly thereafter to collect efficacy and safety data. All events

are centrally adjudicated based on copies of reports, patient charts,

autopsy reports and death certificates and using standard definitions.

Results: Until December 31th 2012, 1665 patients were registered. Of

these, 168 patients were registered to receive rivaroxaban for chronic

VTE treatment (index event > 6 month previous). Mean age is

62.5 years and, therefore, older than the EINSTEIN extension popula-

tion (58.2 years). 43.5% of patients receive prolonged treatment for

their first VTE event and 56.5% for recurrent VTE.

During follow-up, one recurrent VTE event occurred (phlebitis; 0.8

per 100 patient years). Four patients (3.2 per 100 patient years) had

major cardiovascular events (1 ACS, 1 TIA, 1 stroke, 1 retinal artery

thrombosis). Furthermore, 45 patients (35.7 per 100 patient years) had

bleeding complications, in one case major bleeding according to ISTH

definition (0.8 per 100 patient years, non-fatal hematemesis). One

patient (0.8 per 100 patient years) died of terminal malignant disease.

At 6 month after enrolment, 88.5% of patients were still taking riva-

roxaban. The remaining patients had planned end of treatment (2.5%)

or were switched to other anticoagulants (9.0%, mostly for side effects

or cost issues).

Conclusions: In unselected patients in daily care, chronic VTE treat-

ment with rivaroxaban is effective and safe with low rates of cardio-

vascular or bleeding events. Overall, adherence to rivaroxaban therapy

is over 90% and unplanned discontinuations occur in < 10%, mainly

because of side effects, cost issues or concomitant diseases.

For presentation at the ISTH meeting, updated results on demo-

graphic and clinical characteristics at baseline, cardiovascular and

bleeding event rates will be provided.

PA 3.19-3
Physicians’ compliance with the Padua Prediction
Score for preventing venous thromboembolism among
hospitalized medical patients
Rossetto V, Barbar S, Vedovetto V, Milan M and Prandoni P

University Hospital of Padua, Padua, Italy

Background: Hospitalization for acute medical illnesses confers an

eight-fold increased risk of venous thromboembolic (VTE) disorders

that persists for up to 3 months. We have recently identified and vali-

dated a suitable and effective risk assessment model, the Padua Predic-

tion Score (PPS), for optimal stratification of the thrombotic risk in

hospitalized medical patients (Barbar et al, J Thromb 2010;8:2450–7).
For the purpose of that investigation, attending physicians were not

informed about the thrombotic risk of their patients and, as a result,

< 40% managed their patients correctly.

Aims: In an attempt to assess whether awareness of the thrombotic risk

– as assessed with the PPS – has the potential to increase the rate of

appropriate thromboprophylaxis in high-risk medical patients, we per-

formed a second prospective investigation within the same framework

as the first.

Methods: Attending physicians were alerted about the thrombotic risk

of their patients, and the orders for the related drugs were recorded. In

addition, the thrombotic and haemorrhagic events occurring up to

90 days after patients’ recruitment were registered.

Results: Out of 1600 consecutive patients admitted to the Second Divi-

sion of Internal Medicine of the University Hospital of Padua (Italy)

between January 2010 and December 2011, 803 patients met the inclu-

sion criteria, of whom 296 (39.6%) at high risk and 507 at low risk of

VTE based on the PPS. Of the 296 high-risk patients, 262 (88.5%)

received adequate pharmacological prophylaxis during hospitaliza-

tion, this proportion being more than twice as high as that (186/469,

39.6%; P < 0.00001) recorded in the previous study. VTE complica-

tions developed in seven of the 296 high risk patients (2.3%): four in

the group of 262 (1.5%) who received prophylaxis and three in the

group of 34 (8.8%) who did not, leading to an absolute difference of

7.3 (95% CI, 2.3–16.9), which is fully consistent with that (8.8; 95%
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CI, 4.8–13.1) recorded in the previous study. Non-fatal bleeding com-

plications were observed in three out of the 262 patients (1.1%) who

received prophylaxis, and in none of those who did not.

Conclusions: Awareness of the thrombotic risk, as conferred by a self-

explanatory, easy and suitable risk assessment model has the potential

to remarkably increase the rate of appropriate VTE prophylaxis

among hospitalized medical patients. The adoption of adequate pro-

phylaxis strategies in high-risk patients eventually improves their

outcome.

PA 3.19-4
Exposure to air pollution increases the risk of isolated
pulmonary embolism relative to deep vein thrombosis
Spiezia L, Campello E, Pelizzaro E, Bon M, Maggiolo S

and Simioni P

University of Padova, Padova, Italy

Background: Exposure to inhaled particulates has been associated with

increasing morbidity and mortality. Recently, there has been a grow-

ing interest in the effect of air pollution as a possible risk factor for

venous thromboembolism (VTE) and links between air pollution and

arterial and venous thrombosis are currently under investigation.

Aims: This study investigated the role of elevated levels of fine particu-

late matter (PM) in the development of isolated (without deep vein

thrombosis) pulmonary embolism (PE).

Methods: The cases included 105 patients (M/F 35/70, age range 22–
95 years) consecutively admitted to our Thrombosis Unit, between

February 2008 and October 2012, with a diagnosis of first episode of

PE without deep vein thrombosis (DVT). The control group included

161 patients (M/F 72/89, age range 20–89 years) consecutively referred

to our Thrombosis Unit with objectively proven DVT without PE.

Mean concentration of PM10 and PM2.5 were computed using data

from monitors located at two different sites of Padua City.

Results: Using the 95th percentile of PM10 and PM2.5 measured in

patients with DVT without PE in the month (73 mg/m3 in both cases)

and trimester (64 and 56 mg/m3, respectively) before the event we

found a significant increased risk (OR 2.23, 95% confidence interval

[CI]: 1.02–4.93, for month; OR 4.48, 95% CI: 1.97–10.17, for trimes-

ter) of PE for PM10 and a significant increased risk (OR 2.32, 95%

confidence interval [CI]: 0.99–5.45, for month; OR 4.22, 95% CI:

1.85–9.64, for trimester) of PE for PM2.5. In the multivariate logistic

regression analysis (considered as possible confounders: age, gender,

type of presentation, thrombophilia, heart diseases, smoking status,

distance from the monitor sites, social-economic status, presence of

COPD or asthma) for the variable PM10 an OR of 2.45 (95% CI:

1.04–5.79) in the month before admission and 5.24 (95% CI: 2.21–
12.43) in the trimester before admission was found. For the variable

PM2.5 were obtained an OR of 2.69 (95% CI: 1.06–6.83) in the month

before admission and an OR of 6.19 (95% CI: 2.55–10.05) in the tri-

mester.

Conclusions: A significant association was found between PM10 and

PM2.5 exposure and isolated PE. At present, it is only possible to

hypothesize that air pollution may be involved in the generation of in

situ thrombosis in the pulmonary artery. Larger prospective multicen-

tre investigations are needed to confirm this finding and clarify the

potential underlying mechanisms.

PA 3.19-5
Cerebral vein thrombosis: long-term recanalization
rate and clinical outcome
Dentali F1, Martinelli I2, Poli D3, Scoditti U4, Passamonti SM2, Di

Minno MND5, Rezoagli E1, De Stefano V6 and Ageno W7

1University of Insubria, Varese; 2University of Milan, Milan;
3AOU-Careggi, Firenze; 4University of Parma, Parma; 5Federico II

University, Napoli; 6Catholic University, Roma; 7Insubria

University, Varese, Italy

Background: Only few studies with very small sample sizes have inves-

tigated on the long-term recanalization rates of cerebral venous throm-

bosis (CVT) and on the role of recanalization on clinical outcomes in

these patients.

Aim of the Study: To assess the recanalization rate and potential risk

factors for residual thrombosis in patients with a first episode of CVT.

To evaluate the role of a complete recanalization on long term clinical

outcome of these patients.

Methods: CVT patients with follow-up imaging tests performed at 3

and(?) 12 months after the index event were included. Vessel status at

follow-up was categorized as complete, partial, or no recanalization. A

good clinical recovery was defined as a score of 0–1 on the modified

Rankin Scale (mRS). The following potential predictors of absence of

recanalization and of clinical outcome were evaluated: age, gender,

previous venous thromboembolic event, hormone therapy, unpro-

voked nature of CVT.

Results: Three hundred and nine CVT patients (71.5% female, mean

age 40.2 years) were included; complete and partial recanalization

were detected in 143 patients at 3–6 months and in 166 patients 7–
12 months (71.8% vs. 769%; P > 0.2). At univariate analysis, only age

> 45 years was associated with a higher risk of no recanalization

(P < 0.05). This result was confirmed at multivariate analysis with a

per year Odds Ratio [OR] of 1.02 (95% confidence interval [CI] 1.00–
1.04; P 0.02). mRS at the time of follow-up imaging was available for

248 patients (80.3%); 223 of these patients (89.9%) had a good recov-

ery. Complete or partial recanalization and hormone therapy were

associated with a better outcome at the univariate analysis and these

results were confirmed at the multivariate analysis (OR 2.63, 95% CI

1.05–6.61, P 0.039 and OR 3.88, 95% CI 0.99–15.19, P 0.05 respec-

tively).

Conclusions: About three forth of CVT patients have complete or par-

tial recanalization in the first months after the index event. Age was

the only independent predictor of absence of recanalization. Complete

or partial recanalization, together with hormone therapy, is associated

with a better outcome in these patients.

PA 3.19-6
The contribution of immobility risk factors to the risk
of venous thrombosis in the older population
Engbers MJ1, Blom JW2, Cushman M3, Rosendaal FR2 and Van

Hylckama Vlieg A2

1Department of Clinical Epidemiology, Leiden University Medical

Center; 2Leiden University Medical Center, Leiden, The

Netherlands; 3University of Vermont, Burlington, VT, USA

Background: Venous thrombosis is common in the older population.

Assessment of risk factors is necessary in order to implement optimal

preventive measures within this population.

Aims: In a population aged 70 and older, we determined associations

between immobility-related risk factors and venous thrombosis, specif-

ically, hospitalization, surgery, fracture, plaster cast (or splint) use,

minor injuries, and transient immobility at home. Moreover, the con-

tribution of these risk factors to the relative risk of thrombosis was

assessed.
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Methods: The Age and Thrombosis, Acquired and Genetic risk factors

in the Elderly (AT-AGE) study is a two-center population-based case–
control study performed between 2008 and 2011 in the Netherlands

and the USA. Consecutive cases aged 70 years and older with a venous

thrombosis and control subjects aged 70 years and older were included

(consent en ethical approval obtained). Exclusion criteria were active

malignancy and severe cognitive disorders. Participation in the cases

was 476 (69%) and in the control subjects 461 (73%). For the current

analyses, we only included cases with a first-time deep venous throm-

bosis in the leg or pulmonary embolism (n = 406) and control subjects

without a history of thrombosis (n = 433). Odds ratios (OR) and pop-

ulation attributable risks (PAR) were calculated for in-hospital and

out-of-hospital immobility. All ORs were adjusted for age, sex, body

mass index and study center.

Results: There was a 15-fold (OR 14.8; CI 95 4.4–50.1) increased risk

of thrombosis within 2 weeks of a hospital discharge and this risk

extended for 3 months after discharge (OR 3.0; CI 95 1.7–5.3). Recent

surgery yielded a 6.6 fold (OR 6.6; CI 95 3.7–11.7) fold increased risk.

Moreover, out-hospital immobility defined as fractures (OR 12.6; CI

95 3.7–43.6), plaster cast (or splint) (OR 6.2; CI 95 2.0–18.8), minor

leg injuries (OR 1.9; CI 95 1.1–3.3), and transient immobility at home

(OR 5.0; CI 95 2.3–11.2) were all associated with thrombosis. A PAR

of 27% for in-hospital immobility and 15% for out-of-hospital immo-

bility was estimated.

Summary/Conclusions: In those over 70 years of age, immobility-

related risk factors, including hospitalization, surgery, fracture, plaster

cast (or splint), minor injury of the leg, and transient immobility at

home were strong risk factors for venous thrombosis. Preventative

measures should not focus solely on hospital settings.

Funding:Netherlands Heart Foundation (grant NHS 2009B50).

PA3.20 – Post-Thrombotic
Syndrome

PA 3.20-1
Predictive value of the HAS-BLED score for major
bleeding in patients with venous thromboembolism
during anticoagulant treatment
Kooiman J1, Van Hagen N1, Iglesias del Sol A2, Planken E3, Lip

GYH4, Van Der Meer FJM1, Cannegieter SC1 and Huisman MV1

1Leiden University Medical Center, Leiden; 2Rijnland Ziekenhuis,

Leiderdorp; 3Diaconessenhuis, Leiden, The Netherlands; 4City

Hospital, Birmingham, UK

Background: The HAS-BLED score enables a risk estimate of major

bleeding in patients with atrial fibrillation on vitamin K-antagonists

(VKA) treatment, but has never been validated in patients with venous

thromboembolism (VTE).

Aim: We analyzed the predictive value of the HAS-BLED score in

VTE patients on VKA treatment.

Methods: Medical records of 416 VTE (165/416 pulmonary embolism

and 251/416 deep vein thrombosis) patients starting VKA treatment

for VTE in 2006 were searched for items on the HAS-BLED score

(hypertension; renal or liver disease; stroke; major bleeding or anemia;

age >65 years; use of NSAIDs, anti-platelet therapy or alcohol) and

major bleeding events. Data on labile INR (time within therapeutic

range <60%) was not available. Area under the curve (AUC) of the

receiver operating characteristic (ROC) was calculated for the end-

point of major bleeding during VKA therapy, according to the ISTH

criteria. Follow-up was defined as time between initiation of VKA

treatment and major bleeding, or discontinuation of VKA treatment,

or death, or June 2012, which ever came first.

Results: Median follow-up time for the endpoint of major bleeding

was 175 days (2.5–97.5 percentiles 9–2304 days). Major bleeding

occurred in 18/416 (4.3%, 95%CI 2.7–6.8%) patients. The AUC for

the HAS-BLED score was 0.73 (0.62–0.84). In a multivariate Cox

regression analysis, age >65 years, renal and liver impairment were

predictive of major bleeding, with hazard ratios of 6.5 (95%CI1.6–
26.5), 9.0 (95%CI1.4–56.2) and 15.6 (95%CI 1.0–245.3), respectively.
Conclusion The HAS-BLED score offers useful prognostic capacity in

predicting major bleeding in VTE patients on VKA therapy. These

results should be confirmed by other larger cohorts of VTE patients.

PA 3.20-2
Post-thrombotic syndrome does not confer a
hypercoagulable state as measured by thrombin
generation
Roberts L, Patel RK, Bonner L and Arya R

King’s College Hospital NHS Foundation Trust, London, UK

Background: Post-thrombotic syndrome (PTS) is a common complica-

tion of deep vein thrombosis (DVT). Its development has been associ-

ated with an increased risk of recurrent thrombosis.

Aims: We sought to establish whether the development of post-throm-

botic syndrome conferred a hypercoagulable state following comple-

tion of anticoagulation for a first DVT.

Methods: This sub-study was undertaken in participants with a first

DVT prospectively recruited to the Camberwell DVT outcomes study.

DVT treatment comprised of 3 or 6 months anticoagulation for distal

and proximal DVT respectively. Patients were clinically evaluated for

PTS utilising the Villalta scale at 6 weeks and 6 months post end of

anticoagulation. Plasma was collected for thrombin generation at the

time of first clinical assessment. Thrombin generation was measured in

platelet poor plasma using calibrated automated thrombography with

a final tissue factor concentration of 5 pM and phospholipids 4 µM.

Results: One hundred and thirty-three patients were recruited, of

which 107 completed anticoagulation and provided plasma for throm-

bin generation. Mean age of this cohort was 46.8 (� 15) years with

males accounting for 51.4%. Fifty-seven percent were Caucasian,

33.6% African-Caribbean and the remainder mixed or other ethnicity.

DVT involved the proximal vasculature in 51.4% with 57.0% having a

provoking factor for DVT. Heritable thrombophilia was detected in

22.4%, with 51.4% having FVIII > 150 IU/L. During follow up,

29.0% developed mild PTS and 19.6% moderate or severe PTS. There

was no significant difference in age, gender, BMI, presence of provok-

ing factor or involvement of proximal vasculature between those with

mild and those with moderate/severe PTS. There was no significant

difference in thrombin generation parameters between those with and

without PTS. On stratification by severity, those with moderate/severe

PTS had significantly higher peak thrombin (389.5 nM) compared to

those with mild PTS (345.7 nM; P = 0.023). This was no longer signif-

icant after adjustment for age, gender, BMI, ethnicity, presence of pro-

voking factor and involvement of proximal vasculature; ethnicity

demonstrated the strongest independent relationship to peak thrombin

(P = 0.001). This led us to investigate ethnic differences in PTS; there

was no significant difference in PTS development between Caucasians

and African-Caribbeans. However, African-Caribbean ethnicity was

significantly associated with increased moderate/severe PTS (33.3%)

compared to Caucasians (13.1%; P = 0.023). On univariable analysis,

African-Caribbean ethnicity was associated with moderate/severe PTS

with OR 1.6 (95% CI 0.94–2.74, P = 0.081 [using no PTS as the refer-

ence]). After adjustment for age and involvement of the proximal vas-

culature, African-Caribbean ethnicity was significantly associated with

moderate/severe PTS with OR 2.0 (95% CI 1.04–3.89, P = 0.036).

Summary/Conclusion: PTS does not confer a global hypercoagulable

state as measured by thrombin generation. Its association with an

increased risk of recurrence may be mediated by local hypercoagulabil-

ity at the site of previous thrombus or by alternative mechanisms. Afri-

can-Caribbean ethnicity was unexpectedly associated with an

increased risk of moderate/severe PTS.
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PA 3.20-3
Cost-effectiveness of additional catheter-directed
thrombolysis for deep vein thrombosis
Enden TR1, Resch S2, White C2, Wik HS1, Klow NE1

and Sandset PM1

1Oslo University Hospital, Oslo, Norway; 2Harvard School of

Public Health, Boston, MA, USA

Background: Following a proximal deep vein thrombosis (DVT) trea-

ted with standard anticoagulation and compression therapy at least

25% develop post-thrombotic syndrome (PTS). The CaVenT study

was the first randomized controlled trial to evaluate additional cathe-

ter-directed thrombolysis (CDT) with alteplase and showed an abso-

lute reduction in PTS of 15% after 2 years. However, in addition to

this benefit CDT involves a small bleeding risk, lengthens inpatient

stay, and consumes more resources.

Aims: Consequently, we aimed at performing a health economic evalu-

ation using a decision model to assess the cost-effectiveness of addi-

tional CDT compared with standard treatment alone.

Methods: A Markov model with a third-party payer perspective and a

lifetime horizon compared standard treatment with CDT in addition

to standard treatment in a hypothetical cohort with high proximal

DVT and low risk of bleeding. All patients received anticoagulation in

the first 6 months’ cycle of the model. In the subsequent cycles patients

could transition to the health states (i) post DVT, (ii) PTS, (iii) severe

PTS, (iv) permanently disabled from an intracranial bleeding, or v)

dead. Model input data obtained from the CaVenT study included

PTS development, risk of major bleeding from CDT, and utilities for

post DVT states with and without PTS development. The remaining

clinical inputs were obtained from the literature. Costs were obtained

from the CaVenT study, hospital accounts and the literature.

We applied utilities and costs to each event and outcome over their

expected durations. Results were expressed in monetary costs (April

2012 US $), quality adjusted life years (QALYs); both discounted at

3.0% annually, and incremental cost-effectiveness ratio (ICER).

Model uncertainty was assessed with one-way and probabilistic sensi-

tivity analyses.

Results: Base case analyses demonstrated that additional CDT accu-

mulated 32.31 QALYs compared to 31.68 QALYs following standard

treatment alone. Direct medical costs were $64,709 for additional

CDT and $51,866 for standard treatment. The incremental cost-effec-

tiveness ratio (ICER) was $20,429/QALY gained. Projected life expec-

tancy was 30.9 years following standard treatment and 30.8 years in

the CDT strategy, corresponding to a loss of 1.1 months or 32 days

from the additional risks associated with CDT. One-way sensitivity

analysis showed that the model was sensitive to the clinical efficacy of

both treatment strategies, but the ICER remained < $55,000/QALY

gained over the full range of all parameters. The probability that addi-

tional CDT is cost-effective was 82% at a willingness to pay threshold

of $50,000/QALY gained.

Summary/Conclusion: Additional CDT is likely to be a cost-effective

alternative to standard treatment for patients with high proximal DVT

and low risk of bleeding.

PA 3.20-4
Role of inflammation, tissue remodeling, and vascular
function in the development of post thrombotic
syndrome: a case–control study
Bouman AC1, Cheung YW2, Van Schalkwijk CG1, Spronk HMH1,

Ten Cate H1, Ten Wolde M2 and Ten Cate-Hoek AJ1

1Maastricht University Medical Centre, Maastricht;
2Flevohospital, Almere, The Netherlands

Background: Post thrombotic syndrome (PTS) is a prevalent sequel of

deep vein thrombosis (DVT) of the leg. PTS develops in 20–50% of

patients and manifests itself with symptoms of heaviness, pain,

cramps, itching, and tingling of the affected leg. In severe cases ulcera-

tion can occur. There is restricted knowledge on PTS aetiology and

therapeutic options are limited. Insight in pathogenic processes

involved in PTS could be gained by studying the relationship between

biomarkers and PTS potentially leading to improved treatment

options.

Aims: We aimed to investigate the role of inflammation, tissue remod-

elling, and vascular function in the aetiology of PTS using a panel of

potential plasma biomarkers.

Methods: Patients with a history of DVT with PTS (Villalta ≥ 5)

defined as cases and patients with a history of DVT without PTS

defined as controls were selected from the outpatient clinic of the Ma-

astricht University Medical Centre and the Flevohospital Almere,

theNetherlands. To be included the required minimum time since

DVT was 24 months. In addition, healthy individuals (HI) without a

history of venous thromboembolism were invited to participate. Cases,

controls, and HI were matched for gender, age, and BMI. Blood was

collected and a panel of predefined markers was determined using

enzyme-linked immunosorbent assays. Median levels of biomarkers

were compared between the three categories with the Kruskal-Wallis

test, and post hoc Bonferroni correction was applied (significance

level < 0.0167).

Results: Ninety subjects were included. Blood collection was per-

formed at a median follow up after first DVT of 83 months (range 53–
102). Mean Villalta score was 8 (Standard deviation 4) for cases and 2

(1) for controls.

CRP showed a significant trend of increasing CRP in controls (1.4 lg/
mL [0.7–3.3]), cases (2.5 lg/mL [1.3–4.8]), and consequently healthy

individuals (3.1 lg/mL [1.1–9.1)] P = 0.045. Median levels of Throm-

bomodulin were found to be higher in controls (4.4 ng/mL [3.9–5.3])
compared to cases (4.2 ng/mL [3.2–4.7]) P = 0.046 and HI (3.8 ng/mL

[3.4–4.2]) P = 0.006. Levels of von Willebrand Factor (vWF) were

higher in patients compared to HI. This difference was significant

comparing controls (205% [165–235]) and HI (153% [103–200])
P = 0.005, but not comparing cases (179% [150–201]) and HI

P = 0.115.

No differences were found for: Il-6, Il-8, TNF-a, SAA, E-selectin, P-

selectin, MMP-9, TIMP-1, sICAM-1, and sICAM-3.

Conclusions: There is marked absence of inflammatory activity in cases

at this point in time. Higher levels of CRP as well as lower levels of

Thrombomodulin in cases may be a reflection of compensatory anti-

inflammatory mechanisms in the chronic phase after DVT. The higher

levels of Thrombomodulin in controls, compared to cases and HI may

be explained by the anti-inflammatory and anti-coagulant properties

of Thrombomodulin resulting in a vasculoprotective effect in controls.

High vWF in cases and controls reflects endothelial activation in

patients vs. HI, but does not appear to be a marker for PTS.

PA 3.20-5
Venous thromboembolism and subsequent receipt of
disability pension – a population-based prospective
cohort study
Skjeldestad FE1, Grosse SD2, Okoroh E2, Brækkan SK1,

Cannegieter SC3, Næss IA4, Krokstad S5 and Hansen JB1

1University of Tromsø, Tromsø, Norway; 2Center for Disease

Control and Prevention, Atlanta, GA, USA; 3Department of

Clinical Epidemiology, Leiden, The Netherlands; 4Trondheim

university hospital, Trondheim; 5Norwegian University of Science

and Technology, Levanger, Norway

Background: Venous thromboembolism (VTE) is an important cause

of morbidity and mortality. However, the burden of VTE in terms of

permanent work disability has never been assessed at the population

level.
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Aims: To estimate the incidence of disability pension (DP) after a first

event of VTE compared to subjects without VTE, and among pro-

voked/unprovoked cases of VTE.

Methods: After passing all formal regulations (Institutional regulatory

boards, the Norwegian Data Protection Authority), data from the

Tromsø Study (baseline 1994–95) and the North-Trøndelag Health

Study (HUNT) (baseline 1995–97) were merged by the 11-digit per-

sonal identification number with National Insurance Administration

DP data from Statistics Norway. All participants, aged 25–64, in the

two studies with no previous VTE and no prior DP or DP within

12 months from baseline were included. Study participants were fol-

lowed from baseline through the end of 2007 for objectively verified

diagnoses of VTE and the end of 2008 for DP, defined as a disability

pension of 50% or more. Study subjects without DP were censored at

age 65, at date of emigration or death, whichever came first. In total

60,580 subjects were included. Cumulative proportions of DP per 100

participants were analyzed in survival analyses by VTE exposure.

Cox-regression models were used to calculate hazard ratios (HRs) for

DP by VTE as main exposure with 95% confidence interval (CI). Age,

sex, education, body mass index, cardiovascular diseases, cancer, mus-

cle-skeletal diseases, psychiatric diseases, and self-perceived health

assessed at study start were included in the regression models for

potential confounding effects.

Results: At study end 75 of 357 (21%) incident VTE cases received DP

relative to 9052 of 60,223 (15%) non-VTE subjects. The study subjects

were observed over 8,240,118 study months, mean 136 (1–
174 months). Within 10 years from baseline, the cumulative propor-

tion of DP among VTE subjects was 16.3% (95% CI: 12.4–20.2) com-

pared with 11.9% (95% CI: 11.6–12.3) among non-VTE subjects. The

HR for DP among VTE to non-VTE cases changed from 1.45 (95%

CI: 1.16–1.82) to 0.96 (95% CI: 0.76–1.20) when adjusted for age and

self-perceived health. No other factors at baseline had a confounding

effect on the association of VTE with DP. Within 3 and 6 years after

VTE, the cumulative proportion of DP per 100 VTE subjects were

15.4 (95% CI: 11.4–19.4) and 21.3 (95% CI: 16.6–26.0). The HR for

DP among VTE subjects aged 50–64 at time of VTE was 4.6 (95% CI:

2.3–8.9) relative to VTE subjects aged 25–49 years. There was no dif-

ference in DP for provoked and unprovoked VTE (HR 1.00; 95% CI:

0.94–1.07).
Conclusions: Within 6 years of first diagnosis of VTE more than 20%

of Norwegians received DP, and the probability of receiving DP was

higher among those aged 50 or more at time of diagnosis. After con-

trolling for age and baseline self-reported health, DP was not received

more often by VTE subjects. This study does not indicate that VTE is

associated with permanent work disability.

PA 3.20-6
Prospective study to identify risk factors for post
thrombotic syndrome and evaluate role of compression
ultrasound sonography to decide discontinuation of
anticoagulant
Mishra P1, Agrawal N2, Sharma S2, Seth T2 and Mahapatra M2

1All India Institute of Medical Sciences; 2AIIMS, New Delhi, India

Background/Aim: To identify patients with unprovoked Deep vein

thrombosis (DVT) where anticoagulation could be discontinued and

identify possible risk factors for post thrombotic syndrome (PTS).

Methods: This was designed as a prospective randomized study which

included patients of 12–75 years age presenting to our clinic with

unprovoked lower limb proximal DVT. Patients with active malig-

nancy, pulmonary embolism and sites of thrombus other than the

lower limbs, DVT post surgery or bed ridden medical patients, other

provoked DVT were excluded. Patients were anticoagulated and moni-

tored as per standard procedures. Patients were advised to wear com-

pression elastic stocking below knee from early morning to bed time

for prevention of PTS. PTS was analysed and graded as per the Villal-

ta PTS scale. Compression ultrasound sonography (CUS) of affected

limb was done after 6 months of therapy and results of CUS were used

to determine further treatment. CUS was done at two sites: Common

femoral vein (CFV) just above the junction of saphenous vein to femo-

ral vein and the popliteal vein (PV). Ratio of compressed to uncom-

pressed diameter > 40% identified patients with significant residual

thrombus whereas patients with < 40% were defined as patients with

resolution of thrombus. Patients with significant residual thrombus

were continued on anticoagulants in group A. Patients with resolution

of thrombus were randomized to continue the drug in group B or

assigned to drug discontinuation in group C. Adequacy of anticoagu-

lation was assessed by INR of 2–3 on atleast 50% of visits. Events

were recorded as a fresh episode of DVT in same limb or at other site

confirmed on compression ultrasound, bleeding episodes, symptoms

and signs related to PTS.

Results: Forty-four patients were enrolled. Of 44 patients (34 males, 10

females), median age 35 years (range 16–65 years), 25 patients

(56.8%) showed significant resolution of thrombus at 6 months and

were randomized into groups B (n = 13) and C (n = 12). Nineteen

patients with residual thrombus were treated in arm A where anticoag-

ulation was continued. None of the patients in any arm suffered a

recurrence after a median followup of 12 months (range 11–
17.8 months). However the post thrombotic syndrome was seen in a

total of 17 patients (38.6%), 11 in arm A and six in arm B+C
(P = 0.03). The grade of PTS was mild as per the Villalta PTS scale in

all patients. Two of 13 patients in arm B developed PTS as compared

to 4/12 patients in arm C. Inadequate anticoagulation in patients with

or without PTS was 47% and 14.8% (P = 0.035, odds ratio 4.9, 95%

CI 1.01–28.57) respectively. Mean duration of symptoms prior to

starting anticoagulation was 2.52, 3.84 and 5.4 weeks in groups A, B

and C respectively with no significant difference.

Conclusion: Absence of thrombus or a significant resolution of throm-

bus on followup CUS identifies group of patients in whom oral antico-

agulation could be withdrawn. Inadequate anticoagulation after

diagnosis of DVT identifies a group of patients who would be at risk

for PTS. Risk of PTS is not dependent upon the duration of symptoms

prior to diagnosis.

PA4.01 – New Antiplatelet Agents – I

PA 4.01-1
Tumor vascular disrupting agent DMXAA inhibits
platelet activation and thrombosis via inhibition of
TXA2 – TP signaling and PDE
Zhang S1, Zhang Y1, Shen J2, Zhang S1, Chen L1, Mruk JM3, Zhu

L4, Kunapuli SP5 and Ding Z1

1Fudan University, Shanghai; 2Soochow university, Suzhou,

China; 3University of Kansas, Witchita, KS, USA; 4Soochow

University, Suzhou, China; 5Temple University, Philadelphia, PA,

USA

Background: 5, 6-dimethylxanthenone-4-acetic acid (DMXAA) is a

tumor vascular disrupting agent under clinical trials as an adjacent

antitumor agent. DMXAA is structurally similar to flavone-8-acetic

acid (FAA), an old tumor vascular disrupting agent with antiplatelet

and antithrombotic effects. In contrast to FAA, which causes bleeding

in tumor patients, no bleeding has been reported in patients receiving

DMXAA. Whether DMXAA also affects platelet function is not clear.

Aims: We sought to investigate whether DMXAA also inhibits platelet

activation and thrombus formation.

Methods: The antiplatelet effects of DMXAA were assessed using

human washed platelets or platelet-rich plasma induced by multiple

agonists. The TXB2 levels were measured using an ELISA kit. The

phosphorylation of Erk1/2 and Akt were measured using western blot.

The assay for PDE activity was performed using HPLC. The anti-

thrombotic effects were evaluated using both FeCl3-injured mouse

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 368–441

ABSTRACTS 443



mesenteric arterial thrombus model and laser-injured mouse cremaster

arteriole thrombus model.

Results: Here we demonstrated that DMXAA concentration-depen-

dently inhibited human platelet aggregation and ATP release induced

by U46619, arachidonic acid, ADP, collagen or ristocetin. Moreover,

DMXAA inhibited phosphorylation of Erk1/2 and Akt downstream

of thromboxane synthase inhibition and TXA2 receptor (TP) antago-

nism. DMXAA also inhibited phosphodiesterase (PDE). The antiplat-

elet effects were further confirmed using mice intravenously given

DMXAA. DMXAA dramatically inhibited thrombus formation in

FeCl3-injured mouse mesenteric arterial thrombus model and laser-

injured mouse cremaster arteriole thrombus model. Notably,

DMXAA did not significantly increase bleeding at a dose achieving

antithrombotic effects similar to clopidogrel in mice.

Summary/Conclusions: For the first time, we found that tumor vascu-

lar disrupting agent DMXAA has potent antiplatelet and antithrom-

botic effects without increased bleeding. As a well-evaluated antitumor

agent with safe profile, DMXAA may be used as an efficacious and

safe antiplatelet drug.

PA 4.01-2
Antiplatelet activity of N,N’-substituted piperazines
Veselkina O1, Vasina L2, Tarkovskaja L3, Papajan L3

and Petrishchev N4

1Vertex, St. Petersburg, Russian Federation; 2Almazov Federal

Heart, Blood and Endocrinology Centre; 3Russian Institute of

Hematology and Transfusiology; 4Saint Petersburg State Medical

University n.a. I.P. Pavlov, St. Petersburg, Russian Federation

Background: Antiaggregant drugs play an important role in the pro-

phylaxis and therapy of ischemic stroke and cardio-vascular deceases.

Nevertheless the development of novel drugs possessing high therapeu-

tical activity and safety with no pronounced resistance remains an

actual topic.

Aims: The study investigates in vitro and in vivo pharmacobiological

activity in a series of novel N,N’–substituted piperazines with different

hydrophobicy and acid-base properties; the correlation between their

phisycochemical properties and antiaggregant and vasodilatory

activity.

Methods: Antiaggregant properties of N,N’–substituted piperazines

were evaluated in donor blood based on their ability to reduce platelet

aggregation induced by ADP, collagen, ristocetin, thrombin, epineph-

rine and arachidonic acid (CHRONO-LOG 490-4D); their influence

on thromboelastogram of blood clot (thromboelastograph TEG 5000)

and functional activity of regular blood elements; and by experimental

rodent model of laser-induced arterial thrombosis coupled with intra-

venous or oral administration of the compounds. The dose – effect

dependence was studied and the semi-inhibition constants of thrombo-

cyte aggregation (ED50) were calculated. The results were compared

with the ones from parallel studies with aspirin.

Results: It was experimentally determined that N,N’–substituted piper-

azines have antiaggregant properties when platelet aggregation is

induced by ADP, collagen, ristocetin, thrombin, epinephrine and ara-

chidonic acid. The study of N,N’–substituted piperazines chemical

structure relation to their activity showed higher activity in the com-

pounds having guanidine, sulfamide and tetramethoxyalkyl substitu-

ents (compounds VRV-0411, VRV-0511). The semi-inhibition

constants of thrombocyte aggregation (ED50) in the tests of ADP, epi-

nephrine, thrombin, and collagen induced aggregation for most active

compounds VRV-0411, VRV-0511 were statistically significantly lower

than the constants for model compound (aspirin). In the tests of ara-

chidonic acid induced platelet aggregation the compounds VRV-0411,

VRV-0511 had the constants comparable to the ones of aspirin. The

compounds VRV-0411, VRV-0511 in the doses up to 2 mM/kg do not

influence the functional activity of regular blood elements. Experi-

ments according to rodent model of laser-induced arterial thrombosis

showed that during the course of oral administration of compounds

VRV-0411, VRV-0511, aspirin (7 days, once per day) ED50 equals to

0.0045, 0.0035, 0.0035 mM/kg, respectively. After the intravenous

injection of compounds VRV-0411, VRV-0511, aspirin ED50 equals

to 0.002, 0.009, 0.003 mM/kg, respectively.

Conclusion: The studies of antiaggregant properties of N,N’–substi-
tuted piperazines in donor blood and on experimental rodent model of

laser-induced arterial thrombosis allowed to determine the relation of

pharmacological activity of the compounds on their chemical structure

and to define the compounds having wide spectrum of antiaggregant

activities. Preclinical studies of the most effective N,N’–substituted
piperazines are under way to introduce novel drugs to the market.

PA 4.01-3
PAR-1 antagonists inhibit thrombin-induced platelet
activation whilst leaving the PAR4-mediated response
intact
M Judge H1, Jennings L2, Moliterno D3, Hord E2, Ecob R1,

Tricoci P4, Smyth S3, Rorick T5, Kotha J2 and Storey RF1

1University of Sheffield, Sheffield, UK; 2CirQuest Laboratories,

Memphis, TN; 3University of Kentucky, Lexington, KY; 4Duke

Cardiology; 5Duke University, Durham, NC, USA

Background: Thrombin-induced platelet activation is initiated by

PAR1 and PAR4 receptors. Vorapaxar, a PAR1 antagonist, has been

assessed in patients with acute coronary syndromes (ACS) and stable

atherosclerotic disease in addition to standard-of-care treatment. Sig-

nificant benefit was seen in those with a prior history of myocardial

infarction and vorapaxar was not associated with significantly

increased CABG-related major bleeding or differences in reoperation

for bleeding or fatal bleeding in patients undergoing CABG surgery,

which is associated with excess thrombin generation.

Aims: Investigate the effects of selective PAR1 antagonism on throm-

bin-induced platelet activation.

Methods: All studies were conducted with informed consent and medi-

cal ethics approval. In vitro studies were performed using healthy vol-

unteers. Samples were pre-incubated with the PAR-1 antagonist,

SCH79797 (1 lM) or pre-exposed to PAR-4 agonist peptide (2 mM)

to induce receptor desensitization. Ex vivo studies were also performed

on ACS patients randomised in the TRACER study to receive vora-

paxar (40 mg loading dose, 2.5 mg daily) (n = 13) or placebo (n = 17).

Blood samples were taken from the patient group at baseline and 4 h,

1 and 4 months during drug administration. Platelet-rich plasma was

prepared and the platelets labelled with fluo-4 AM. Thrombin-induced

calcium mobilisation (0.1–1 U/mL) was assessed by flow cytometry in

the presence of extracellular calcium (1 mM).

Results: Vorapaxar treatment significantly reduced the peak calcium

response of 2608 � 1962 and 4835 � 3702–251 � 407 and

613 � 1070 (mean � SD, P < 0.001) using 0.1 and 0.3 U/mL throm-

bin, respectively (4 h post vorapaxar), and extended the time to reach

the peak calcium response (5.6 � 2.4 and 9.7 � 14.3–110.0 � 23.4

and 61.3 � 31.6 s (P < 0.001). There was residual, delayed calcium

mobilisation in response to thrombin which was unaffected by vora-

paxar treatment. These findings are consistent with calcium mobilisa-

tion mediated via the PAR-4 receptor and were reproduced in vitro

using SCH79797. PAR-4 receptor desensitization, in combination with

SCH79797, completely inhibited thrombin-induced calcium mobilisa-

tion confirming that the residual, delayed calcium mobilisation was

mediated via PAR-4.

Conclusion: Vorapaxar selectively antagonises the PAR1-mediated

component of thrombin-induced platelet activation, leaving the

PAR4-mediated response intact. This result may explain why vora-

paxar is well tolerated in patients undergoing CABG surgery since

higher thrombin levels in this setting may override the effects of PAR1

antagonism through PAR4 activation and thus preserve haemostasis.

Further assessment in this setting may be warranted.
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PA 4.01-4
The role of glaucocalyxin A in inhibiting platelet
activation and protecting against hypoxic ischemic
brain injury
Zhu L, Tang X, Li Q, Yang F, Liu X, Ruan C, Xu X and Zhang J

Soochow University, Suzhou, China

Background: Platelets play a pivotal role in atherosthrombosis and an-

tiplatelet agents prove to be useful in preventing acute clinical events,

including myocardial ischemia and stroke.

Aims: In this study we investigate the antiplatelet and neuroprotection

effect of glaucocalyxin A (GLA), a diterpenoid isolated from Rabdo-

sia japonica (Burm F) Hara var glaucocalyx (Maxim) Hara (Labia-

tae).

Methods: GLA was purified and tested for its effect on platelet activa-

tion using washed platelets freshly isolated from peripheral blood of

healthy donors. Experiments for platelet function used in this report

include platelet aggregation, flow cytometry, microfluidic chamber,

and clot retraction. Hypoxic-ischemic brain damage (HIBD) was

induced by unilateral carotid ligation and 2.5 h of hypoxia in postna-

tal day 7 (P7) rat pups. GLA was administered immediately before

hypoxia. The effect of GLA on infarct volume was evaluated at 48 h

after HIBD by TTC staining.

Results: We showed that pretreatment of human platelets with GLA

(0.01 and 0.1 lg/mL) selectively inhibited platelet aggregation induced

by collagen (P < 0.001 and P < 0.001, respectively). This inhibition

also occurs in other agonist-induced platelet aggregation when

platelets were preincubated with higher doses of GLA (5, 50 lg/mL).

Platelet inside-out signaling was inhibited by GLA as indicated by

p-selectin secretion and Pac-1 binding assay. GLA reduced platelet

adhesion on collagen surfaces and clot retraction, a process mediated

by outside-in signaling. Further study showed that GLA inhibited col-

lagen-stimulated tyrosine phosphorylation of Src, Syk and PLCc2, the
signaling events in collagen receptor GPVI pathway. We next examine

whether GLA protected against hypoxic-ischemic brain damage

(HIBD) in newborn rats. The infarct volume in the GLA (500 and

1 mg/kg)-treated animals (29 � 0.37%, n = 10 and 27 � 0.69%,

n = 10) was significant reduced compared with the vehicle group

(39 � 0.83%, n = 10) (P < 0.05). Underlying mechanistic study

showed that GLA treatment significantly decreased cleaved caspase-3

levels (P < 0.05), a marker of apoptosis.

Summary: The present results provide the molecular basis for the inhi-

bition by GLA of collagen-stimulated platelet activation and the evi-

dence that GLA protects against hypoxic-ischemic brain injury in

neonatal rats. Our data suggest that GLA could potentially be devel-

oped as a novel agent for the prevention of thrombosis and ischemia.

This work was supported in part by grants from the National Science

Foundation of China (NSFC81071410) and Jiangsu Province’s Key

Discipline of Medicine (XK201118).

PA 4.01-5
Plain pegylated liposomes inhibit platelet activation by
HOCl modified albumin, thrombospondin peptide
RFYVVMWK and high shear modified von Willebrand
factor
Brodde MF1, Nofer J-R2 and Kehrel BE2

1OxProtect GmbH; 2Universit€at M€unster, M€unster, Germany

Background: Although several anti-platelet drugs exist to prevent

thrombosis, there still is a need for new strategies to protect against

platelet-mediated atherothrombosis, as bleeding risk is a substantial

limitation of current antiplatelet therapy. Proteins or peptides with

amyloid-like structure activate platelets as shown by Herczenik et al.

Modification of proteins like LDL, albumin, fibrinogen by HOCl, or

of von Willebrand factor by shear conditions induce self-association, a

hallmark of misfolded proteins. The amyloid-like carboxyterminal

peptide RFYVVMWK that is conserved among the products of all five

thrombospondin genes is known to activate platelets. All these pro-

teins/peptides expose hydrophobic surface areas. Pegylated liposomes

are in use for many years as a vehicle for drug delivery and targeting,

without inducing bleeding problems. The presence of PEG on the sur-

face of such liposomal carrier has been shown to extend blood-circula-

tion time.

Aims: The effect of plain pegylated liposomes, with no drugs encapsu-

lated into them and no molecules attached to their surface, on platelet

adhesion to and activation by HOCl modified proteins (LDL, albu-

min, fibrinogen), thrombospondin peptide RFYVVMWK and high

shear modified von Willebrand factor was studied.

Methods: Plain pegylated liposomes were synthesized using 1-palmi-

toyl-2-oleoyl phosphatidylcholine (POPC) and distearoyl phosphati-

dyl-ethanolamine methyl polyethylene glycol 2000 (DSPE-PEG 2000).

The liposomes were filtered in an extruder apparatus through polycar-

bonate filters to form liposomes of 120–140 nm in size, according to

Yatuv et al. The effect of plain pegylated liposomes on platelet adhe-

sion, activation, secretion, aggregation, and thrombus formation was

investigated by aggregometry, flow cytometry, thrombus formation in

in vitro perfusion chambers, confocal laser scanning microscopy and

plasmon resonance.

Results: Plain pegylated liposomes inhibited in a dose dependent man-

ner platelet adhesion and aggregation on von Willebrand factor in a

plate(let) and cone analyser at 1800/s. In addition the liposomes inhib-

ited platelet adhesion, GPIIb/IIIa activation as tested by fibrinogen

and PAC-1 binding, granule secretion (CD62P and CD63 surface

exposure), aggregation, microparticle formation and association

between platelets and monocytes induced by HOCl modified proteins

(LDL, albumin, fibrinogen) and by thrombospondin peptide

RFYVVMWK and inhibited thrombus formation on HOCl modified

proteins in the BioFlux in vitro perfusion system.

Summary/Conclusion: As such pegylated liposomes have been already

used in humans, for example together with recombinant factor VIII or

G-CSF without adverse effects, they might be a promising new

approach to be tested as anti-thrombotic therapy for acute intervention.

PA 4.01-6
Sildenafil reduces platelet activity via both NO
synthase and NO synthase-independent pathways
Apostoli G, Solomon A and Emerson M

Imperial College London, London, UK

Introduction: Originally used primarily for the treatment of erectile

dysfunction, sildenafil is now more widely applied in the treatment of

a range of conditions that result in regional blood supply deficiencies.

Sildenafil is a selective phosphodiesterase 5 (PDE5) inhibitor which

enhances the nitric oxide (NO) pathway by preventing the breakdown

of cyclic guanosine monophosphate (cGMP). NO signalling is an

important inhibitory regulator of platelet function and it is known that

platelets highly express PDE5. Platelet hyperactivity can lead to arte-

rial thrombosis causing fatal ischaemic diseases. Platelets are conven-

tionally thought to obtain most of their NO from endothelial nitric

oxide synthase (eNOS) however more recently, reduced nitrate and

nitrite from dietary sources (i.e green leafy vegetables) or NO metabo-

lism have been suggested as alternative sources of bioactive NO.

Aims: The aim of this study were to investigate the effects of sildenafil

on platelet function in vitro and in vivo and to identify the upstream

sources of NO.

Methods: Collagen-induced human platelet aggregation responses to

sildenafil citrate (phosphodiesterase 5 inhibitor), 1H-[1,2,4]oxadiazolo

[4,3-a]quinoxalin-1-one (ODQ – soluble guanylyl cyclase (sGC) inhibi-

tor), Nx-Nitro-L-arginine methyl ester hydrochloride (L-NAME,

NOS inhibitor), NaNO2 (nitrite) and ascorbic acid (reducing agent)

were obtained via in vitro optical aggregometry. The effects of sildena-

fil and NaNO3 (nitrate) on collagen-induced platelet aggregation were

investigated in vivo in wild-type C57bl/6 and eNOS�/� mice by mea-
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suring radiolabelled platelet thromboembolism in real-time via exter-

nal scintillation probes connected to a spectrometer.

Results: In vitro, sildenafil caused significant, concentration-dependent

inhibition of platelet aggregation which also occurred in the presence

of L-NAME but was antagonised by ODQ. Ascorbic acid induced a

concentration-dependent inhibition of platelet aggregation which was

enhanced by NaNO2 and blocked by ODQ. NaNO2 caused a concen-

tration-dependent inhibition of aggregation in the presence of a low

concentration of sildenafil. In vivo, sildenafil caused a significant inhi-

bition in platelet aggregation in wild-type but not eNOS�/� mice.

NaNO3 was associated with a non-significant trend towards inhibition

of platelet aggregation in W.T mice and significantly inhibited aggre-

gation in eNOS�/� mice.

Summary/Conclusions: Sildenafil induced sGC-dependent inhibition of

platelet function in vivo and in vitro suggesting the presence of an

upstream source of NO in both preparations. In vitro, sildenafil acted

independently of NOS but was able to act downstream of reduced

nitrite. The ability of nitrite to exert an inhibitory effect in the absence

of exogenous reducing agents suggests an endogenous mechanism for

reduction of nitrite to NO in platelets. In contrast, the effects of silde-

nafil in vivo were mediated predominantly via eNOS. During vascular

dysfunction characterised by loss of eNOS, nitrate exerts an inhibitory

effect upon platelet function in vivo, presumably due to reduction to

NO. In conclusion, sildenafil and nitrite/nitrate may be beneficial in

reducing the risk of platelet-driven cardiovascular diseases by enhanc-

ing NO-mediated inhibition of platelet function.

PA 4.02-1
Retinoic acids control translational events in platelets
Schwertz H1 and Weyrich AS2

1University Medicine Greifswald, Greifswald, Germany;
2University of Utah, Salt Lake City, UT, USA

Background: Recently we were able to demonstrate that human plate-

lets reproducibly form progeny, and continue to produce daughter

cells in the circulation. This process occurs in freshly-isolated platelets

as well as in stored platelets. In addition, the ability to produce prog-

eny appears to depend on protein synthetic events. Retinoids are a

group of naturally-occurring vitamin A derivatives that regulate cellu-

lar differentiation, growth, and therefore protein synthetic events.

Some retinoid X receptor family members have previously been

reported in platelets. All-trans retinoic acid (atRA) signals through the

retinoic acid receptor (RAR), which is expressed by most cell types.

The stereoisomer of atRA is 9-cis retinoic acid (9-cisRA), which is a

high-affinity ligand for the retinoid X receptor family (RXR).

Aims: We wanted to examine if RAR and RXR family members are

expressed and control translational events in platelets during progeny

formation.

Methods: Freshly isolated human platelets were used for all experi-

ments. Expression of RAR and RXR were examined on RNA and

protein levels. Protein-protein-interactions and RNA binding capaci-

ties were studied by combining immune-precipitation and RNA bind-

ing assays.

Results: RNA coding for RAR and RXR family members were

detected by next generation sequencing as well as by PCR approaches.

In immunocytochemical studies we were able to detect expression of

RAR and RXR family members in platelets that form new cell bodies.

First, RARs showed co-localization with cytoskeletal proteins indicat-

ing regulatory functions in regards of cytoskeletal rearrangement dur-

ing platelet progeny formation. Second, we demonstrated that RARs

bind to mRNAs. The binding capacity was influenced by retinoid

treatment. In addition, we were able to demonstrate translational reg-

ulation of target proteins due to retinoid treatment, providing mecha-

nistic insights into regulatory processes involved in platelet progeny

formation.

Conclusions: These data demonstrate that platelets utilize nuclear

receptors for new functions like translational regulation. In addition,

we show that progeny formation is a regulated process by internal or

external cues.

PA 4.02-2
Platelet Rap1 signaling, mediated by CalDAG-GEFI and
P2Y12, contributes to atherosclerotic lesion
development in mice
Boulaftali Y1, Owens AP III1, Beale A1, Piatt R1, Andre P2, Conley

PB2, Mackman N1 and Bergmeier W1

1University of North Carolina Chapel Hill, Chapel Hill, NC;
2Portola Pharmaceuticals, South San Francisco, CA, USA

Background: The development and progression of atherosclerotic

lesions is mediated by various blood cell types, including platelets and

neutrophils. We recently identified CalDAG-GEFI (CDGI), a guanine

nucleotide exchange factor for Rap GTPases, as a critical component

of integrin-mediated adhesion of platelets and neutrophils at sites of

vascular injury. In platelets, signaling by CDGI mediates the early

activation of Rap1, while the Gi-coupled receptor for ADP, P2Y12,

the target of the clinically used drug Plavix, is required for sustained

Rap1 activation and thrombus stability.

Aim: In this study, we evaluated lesion formation in atherosclerosis-

prone low-density lipoprotein receptor deficient Ldlr�/� mice lacking

CDGI and/or P2Y12 in hematopoietic cells only.

Methods: Ldlr�/� mice were irradiated and reconstituted with bone-

marrow from wild-type (WT), CalDAG-GEFI�/� (CdgI), P2y12�/�

(P2y12) or CdgI�/� P2y12�/� (DKO) mice. Reconstituted mice were

fed a high-fat diet (21% fat, 0.2% cholesterol) for 12 weeks, ad libi-

tum, and hearts and aortas were harvested. Oil Red O staining was

performed on cross sections of the aortic sinus and the lesion size was

quantified. After 8 weeks of high fat diet, blood was drawn from the

retro-orbital plexus and blood cell counts as well as platelet activation

were determined. Blood was also perfused over collagen in a microflui-

dics chamber system and integrin-mediated adhesion of platelets and

neutrophils was studied.

Results: Atherosclerotic lesions in the aortic sinus of Ldlr�/�;CdgI�/�

chimeras were approximately 42% smaller than those in Ldlr�/�;WT

controls (0.18 � 0.02 vs. 0.31 � 0.05 mm2,respectively) (n = 13,

P < 0.001). Lesions in Ldlr�/�;P2y12�/� chimeras were also signifi-

cantly smaller than those in controls (0.22 � 0.10 mm2; n = 13,

P < 0.05), confirming recent findings in Apoe�/�; P2y12�/� mice.

Ldlr�/�;DKO chimeras had the smallest lesions, reduced by 48% com-

pared with WT controls, (0.16 � 0.02 vs. 0.31 � 0.05 mm2,respec-

tively) (n = 13, P < 0.001), but they were not statistically different

from Ldlr�/�; CdgI�/� chimeras. Platelet counts were similar in blood

from hypercholesterolemic Ldlr�/�; CdgI�/�, Ldlr�/�; P2y12�/�, and
Ldlr�/�; DKO chimeras. Consistent with previous findings, the frac-

tion of neutrophils in relation to all white blood cells was elevated in

Ldlr�/�; CdgI�/� but not in Ldlr�/�; P2y12�/� chimeras. Platelet

adhesion and activation on collagen under flow was markedly

impaired in Ldlr�/�; CdgI�/� and Ldlr�/�;DKO blood. In contrast, a

partial defect in platelet adhesion and activation was seen in Ldlr�/�;
P2y12�/� blood. Consistently, firm neutrophil adhesion to collagen-

bound platelets was reduced by > 90% in Ldlr�/�;CdgI�/� and Ldlr�/�;
DKO blood, while no significant reduction was observed in Ldlr�/�;
P2y12�/� blood. Total cholesterol and triglyceride levels were similar

among groups.

Summary/Conclusion: Our findings reveal a critical role for CDGI and

P2Y12, and Rap1-dependent platelet activation, in promoting athero-

sclerotic lesion development in hypercholesterolemic mice. Further

studies are required to determine if the observed protection in Ldlr�/�;
CdgI�/� chimeras is in part due to impaired neutrophil function.
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PA 4.02-3
Antithrombotic actions of statins involve PECAM-1
signalling
Moraes LA, Vaiyapuri S, Sasikumar P, Kriek N, Sage T

and Gibbins JM

Institute for Cardiovascular and Metabolic Research, University

of Reading, Reading, UK

Background: Statins are widely prescribed cholesterol-lowering drugs

that are a first-line treatment for coronary artery disease and athero-

sclerosis, reducing the incidence of thrombotic events such as myocar-

dial infarction and stroke. Statins have been shown to reduce platelet

activation, although the mechanism(s) through which this occurs is

unclear.

Aims: Since several of the characteristic effects of statins on platelets

are shared with those elicited by the inhibitory platelet adhesion recep-

tor PECAM-1, we investigated a potential connection between the

influence of statins on platelet function and PECAM-1 signalling.

Methods:Washed human platelets were treated for 5 min with increas-

ing concentration of simvastatin or fluvastatin, prior stimulation for

90s with collagen-related peptide CRP-XL (0.5 mg/mL) and aggrega-

tion measured at 37 °C under constant stirring conditions. Changes in

ATP concentration were used as a measure of dense-granule secretion

and monitored simultaneously with aggregation in an optical lumi-

aggregometer using a luciferase detection system. Flow cytometry was

used to examine fibrinogen binding to integrin aIIbb3 and a-granule

secretion. Washed human platelets were incubated with simvastatin or

control for 5 min prior to CRP-XL (1 mg/mL) stimulation in the pres-

ence of EGTA (10 mM), indomethacin (10 mM) and apyrase (2 U/

mL). PECAM-1 was immunoprecipitated from lysates using anti-PE-

CAM-1 antibody (WM59) and immunoblotted with an antiphosp-

hotyrosine antibody (4G10). Analysis of thrombus formation under

arterial flow conditions were performed using DIOC6 labelled human

citrated blood and perfused over a collagen coated Vena8 BioChip

(Cellix Ltd, Dublin, Ireland) with and without prior incubation with

statins, at a shear rate of 20 dynes/cm2. Z-stack images of thrombi

were obtained every 30 s for up to 10 min using a Nikon eclipse

(TE2000-U) microscope (Nikon, Surrey, UK). In vivo Thrombus

formation was performed using C57BL/6 and PECAM-1 knockout

mice, where platelets were fluorescently labeled by injection of

Alexa488-conjugated anti-GPIb antibody. After laser injury of the cre-

master muscle arterioles, accumulation of platelets was assessed.

Images were captured prior to and after the injury by a Hamamatsu

charged-coupled device camera C9300 in 640 9 480 format (Ham-

amatsu Photonics, UK) and analysed using slidebook5 software (Intel-

ligent Imaging Innovations, Denver, USA).

Results: Statins were found to inhibit a range of platelet functional

responses and thrombus formation in vitro and in vivo. Notably, these

effects of statins on platelet function in vitro and in vivo were dimin-

ished in PECAM-1�/� platelets. Activation of PECAM-1 signalling

results in its tyrosine phosphorylation, the recruitment and activation

of tyrosine phosphatase SHP-2, the subsequent binding of phosphoi-

nositol 3-kinase (PI3-K) and diminished PI3-K signalling. Statins

resulted in the stimulation of these events, leading to the inhibition of

Akt activation.

Conclusions: Together, these data provides evidence for a fundamental

role of PECAM-1 in the inhibitory effects of statins on platelet activa-

tion, which may explain some of the pleiotropic actions of these drugs.

PA 4.02-4
Hydrophobic regions on protein surfaces, an ancient
damage-associated molecular pattern, induce platelet
activation
Kehrel BE1, Bertling A1, Jurk K1, Heilmann C2, Lahav J3, Nofer J-R4

and Brodde MF1

1University Hospital Muenster; 2University Muenster, Muenster,

Germany; 3Rabin Medical Center, Beilinson Hospital, Petah

Tikva, Israel; 4Centre for Laboratory Medicine, University

Hospital Muenster, Muenster, Germany

Background: Immune responses are initiated by pathogen-associated

molecular patterns or by tissue-derived danger/alarm signals. Hydro-

phobic portions of proteins act, when exposed, as universal damage-

associated molecular patterns, as shown by Matzinger. Herczenik et

al. demonstrated that misfolded/partly unfolded proteins were able to

activate platelets. Exposure of hydrophobic regions on its surface, the

thermodynamic hallmark of a misfolded/partly unfolded protein, is rec-

ognized by the chaperone BiP/GRP78.

Aims: As platelet activation can be regarded as a response to injury,

we studied the role of exposed hydrophobic areas in platelet activation

by misfolded/partly unfolded proteins.

Methods: The effect of the completely different misfolded proteins on

platelet adhesion, activation, secretion, aggregation, and thrombus

formation was investigated by aggregometry, flow cytometry, throm-

bus formation in in vitro perfusion chambers, confocal laser scanning

microscopy and plasmon resonance.

Results: The chaperones GRP78, and protein disulfide isomerase

showed prominent, punctuate staining, with striking co-localization at

the platelet surface. All tested misfolded proteins, HOCl oxidised

Albumin, Eap from S. aureus, human neutrophil alpha defensin modi-

fied plasma proteins, thrombospondin-1 in its amyloid like state and

von Willebrand factor under high shear conditions, induced platelet

adhesion, GPIIb/IIIa activation, granule secretion, platelet aggrega-

tion and in vitro thrombus formation. All used agonistic proteins

exposed aggregation-prone hydrophobic regions. Soluble BIP/GRP78

as well as soluble PDI, inhibitors of the PDI and the hydrophobic

probe 4,4′-bis(1- anilinonaphthalene 8-sulfonate) (bis-ANS) inhibited

platelet activation in a dose dependent manner.

Summary/Conclusion: Human platelets present the chaperone BIP/

GRP78 on their surface. Platelet activation by misfolded proteins is

inhibited by soluble chaperones that recognize exposure of hydropho-

bic regions on their surface, as well as by the hydrophobic probe

bis-ANS. As hydrophobic regions on protein surfaces, an ancient

damage-associated molecular pattern, induce platelet activation, plate-

let activation in thrombosis might be regarded as a mechanism to initi-

ate repair, remodeling and defense against microorganisms, rather

than inappropriate activation of haemostatic mechanisms. Future

work in this filed might lead to an antithrombotic agent that will inhi-

bit thrombosis, but spare haemostasis

PA 4.02-5
Amplification of platelet activation by surface
pannexin-1 hemichannels
Taylor KA, Wright JR, Vial C, Evans RJ and Mahaut-Smith MP

University of Leicester, Leicester, UK

Background: Pannexin 1 (Panx1) forms an ion channel permeable to

molecules up to 1000 Da and represents a non-lytic, non-vesicular

ATP release pathway in erythrocytes, leukocytes and neurons. A role

for related connexin gap junction proteins in haemostasis and throm-

bosis has recently been reported (Vaiyapuri et al. 2012, Circulation

125, 2479; Angelillo-Scherrer et al. 2012 Circulation 124, 930) whereas

the expression and role of platelet pannexins remains unknown.
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Aims: To determine the expression and functional role of pannexins in

human platelets using a variety of molecular, cellular and functional

techniques.

Methods: Washed suspensions of human platelets were isolated from

informed consenting healthy donors with local ethical committee per-

mission. Platelets were lysed in RIPA buffer for protein studies or

fixed with paraformaldehyde for immunohistochemstry (IHC). mRNA

from ultra-purified platelets was analysed by quantitative PCR. Aggre-

gometry, ATP release, and calcium measurements were performed

under conditions where P2X1 function was preserved (0.32 U/mL apy-

rase). Block of Panx1 was achieved with the two structurally unrelated

and widely used inhibitors at concentrations that do not affect connex-

in channels; probenecid (Prb, 100 lM) and carbenoxolone (Cbx,

10 lM).

Results: Panx1, but not Panx2 or 3, was detected in platelet mRNA

samples at a similar level to P2X1. Western blotting showed that

Panx1 ran as a PNGaseF-sensitive glycosylated protein at 48 kDa.

From biotinylation and IHC studies, Panx1 was found to be predomi-

nantly located on the surface membrane. Prb or Cbx inhibited Ca2+

influx to a range of agonists by up to 30%. Prb and Cbx also inhibited

ATP secretion and aggregation, with the greatest effect (80% reduc-

tion in aggregation and 75% reduction in secretion) observed at low

concentrations of collagen (0.5 lg/mL) where desensitisation of P2X1

receptors with a,b me-ATP had an equivalent effect to Panx1 block-

ade. Co-immunoprecipitation experiments with Panx1 and P2X1 dem-

onstrated a weak association between these proteins.

Summary/Conclusions: Panx1 protein is present on the surface of

platelets as the fully glycosylated species, which supports formation of

ATP-permeable hemichannels but not gap junctions. The data suggest

that Panx1 contributes to ATP release and secondary activation of

platelets, particularly at low levels of collagen where aggregation

depends upon secondary activation of P2X1 receptors. Panx1 may

therefore have an amplifying role in arterial thrombosis.

PA 4.02-6
PKCd negatively regulates platelet function in
response to thrombin via GPIba
Zaid Y1, Hachem A1, Yacoub D2, Mourad W2 and Merhi Y1

1Montreal Heart Institute; 2University of Montreal Hospital

Center, Montreal, QC, Canada

Background and Aims: The protein kinase C (PKC) family is essential

for platelet function in response to various platelet agonists including

thrombin. Thrombin signaling in platelets is mediated by a specialized

family of G-protein-coupled receptors known as protease-activated

receptors (PARs) and by GPIba. Indeed, GPIba, PAR1, and PAR4

are considered the high-, medium-, and low-affinity thrombin recep-

tors in human platelets, respectively. It has been shown that PKC delta

(PKCd) negatively and positively influences platelet function in

response to collagen and PAR stimulation, respectively. However, its

importance in response to thrombin stimulation via the high-affinity

GPIba binding site is not known. This study was therefore designed to

examine the role of GPIba in platelet PKCd signaling and function.

Methods and Results: We found that in human platelets, pre-treatment

with a specific PKCd membrane translocation inhibitor d(V1-1)TAT

significantly potentiated platelet aggregation and activation, as well as

PKCd phosphorylation on Tyr311, in response to a priming concentra-

tion of thrombin. However, the responses to high concentrations of

thrombin or to the PAR agonist peptides, TRAP1 and TRAP4, were

not affected. This potentiation process is GPIba-dependent, as specific
inhibition of the high affinity thrombin-binding site on GPIba reverses

this effect. These results were reproduced using platelets from PKCd�/

� mice and in platelets from WT mice pre-treated with d(V1-1)TAT.

Notably, tail bleeding times and blood platelet counts in PKCd�/�

mice were significantly decreased following low thrombin injection as

compared to WT mice, which is indicative of enhanced platelet activa-

tion. In addition, lung histological sections from PKCd�/� mice reveal

exacerbated pulmonary thromboembolisms in response to a low-dose

thrombin challenge. Importantly, PKCd�/� mice treated with a block-

ing anti-mouse GPIba antibody were protected from these effects.

Conclusion: This study adds new insights into the role of PKCd in

platelet function downstream of GPIba, where it negatively regulates

platelet aggregation and activation in response to a priming concentra-

tion of thrombin. Thus, PKCd may constitute a target in the manage-

ment of thrombotic events.

PA4.03 – Platelets and Leukocytes

PA 4.03-1
Membrane fragments from dying platelets promote
leukocyte aggregation and vascular obstruction during
ischemia-reperfusion injury
Yuan Y, Kaplan Z, Ashworth K, Alwis I and Jackson SP

Monash University, Melbourne, Vic., Australia

Background: Ischemia-reperfusion (I/R) injury is a prominent feature

of a wide range of human diseases, characterised by tissue damage ini-

tiated by vessel obstruction and exacerbated by blood reperfusion. I/R

injury to the intestines can result in remote organ injury to the lung,

leading to the acute respiratory distress syndrome, a condition associ-

ated with considerable morbidity and mortality. Both leukocytes and

platelets are known to be important in this process however it is

unclear how they promote remote organ injury.

Aim:We have examined the mechanism by which platelets in the ische-

mic mesenteric circulation promote leukocyte adhesion and infiltration

into the lung parenchyma during mesenteric I/R injury.

Methods: A mouse mesenteric I/R injury model was utilised and the

injury was induced by clamping the mouse superior mesenteric artery

for 30, 60 or 90 min followed by blood flow restoration. The adhesive

behaviour of leukocytes and platelets in the mesenteric circulation and

in the lung was monitored by intravital microscopy and histology,

respectively.

Results: Utilising a confocal imaging technique that enables detailed

analysis of the entire mesenteric microvasculature during I/R injury

we confirmed extensive leukocyte adhesion and rolling onto the sur-

face of ischemic endothelial cells. Unexpectantly, we demonstrated

that up to 50% of rolling leukocytes formed aggregates. These aggre-

gates developed in the mesenteric venous circulation within minutes of

blood reperfusion which increased as a function of ischemia time (30–
90′). Anti-Gr1Ab staining revealed that neutrophils were the dominant

leukocyte population forming aggregates, with aggregate size varying

from 2 to > 10 cells. Co-staining platelets and neutrophils revealed the

presence of both cell types in the aggregates and depletion of platelets

from the circulation completely eliminated aggregate formation. Simi-

larly, WT mice transplanted with bone marrow from P-selectin defi-

cient mice revealed that platelet P-selectin (P-selPL) was critical for

neutrophil aggregation. Greater than 80% of the platelets within the

leukocyte aggregates expressed phosphatidylserine (PS+ve) on the cell

surface and analysis of leukocyte aggregate formation under shear

conditions in vitro confirmed that PS+ve platelets were both necessary

and sufficient to induce leukocyte aggregate formation. PS+ve platelets

lose their cytoskeletal network and the membranes became fragile

under shear, leading to the extrusion of long membrane strings and

large cellular fragments. These strings/fragments were pulled from the

surface of platelets by rolling leukocytes, forming a physical bridge

between adjacent leukocytes. Injection of PS+ve platelet fragments

into the portal circulation during intestinal I/R injury greatly enhanced

leukocyte aggregation in the portal vein and lung vasculature, leading

to increased leukocyte infiltration and interstitial oedema.

Conclusion: These studies define a new proinflammatory function for

dying platelets that involves the shear-dependent formation of mem-

brane strings/fragments, capable of inducing leukocyte aggregation

and vascular obstruction. PS+ve fragments from dying platelets can
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circulate from the portal circulation to the lung thereby promoting

pulmonary leukocyte aggregation and remote organ injury.

PA 4.03-2
Platelets limit the histotoxic activities of infiltrating
neutrophils and act as vascular healing patches in
inflamed tissues
Ho Tin Noe B1, Ollivier V2, Lamrani L2 and Jandrot-Perrus M2

1Inserm UMR698; 2Inserm, Paris, France

Platelets are now recognized as major actors of innate and adaptive

immune responses. In particular, it is well established that platelets

support leukocyte infiltration into diseased tissues in various patho-

physiological situations such as cancer, atherosclerosis, dermatitis,

stroke, and acute lung injury. In addition to this leukocyte supporting

action, platelets exert protective effects on vessels at sites of leukocyte

infiltration, resulting in prevention of tissue hemorrhage. Thus,

although platelets promote leukocyte infiltration through the activated

endothelium, notably by loosening endothelial junctions and support-

ing endothelial activation, they also play a highly positive, vascular

protective role in inflamed tissues. Here, using models of acute derma-

titis, peritonitis, and pneumonitis, and in vitro experiments using iso-

lated human platelets and neutrophils, antibody-induced profound

thrombocytopenia and neutropenia in mice, we investigated the role of

platelets in regulating the activation of infiltrating neutrophils. We

show that GPVI-dependent early recruitment of platelets to the acti-

vated endothelium is required for prevention of neutrophil-induced

bleeding in both immune-complexes-induced dermatitis and LPS-

induced pneumonitis. We further show that although thrombocytope-

nic mice display reduced neutrophil infiltration in inflamed skin, lungs

and peritoneal cavity, they are also characterized by an increased acti-

vation of infiltrating neutrophils, as indicated by the increased release

of myeloperoxidase and elastase by their neutrophils, as compared to

that of control mice. The ability of platelets to counter neutrophil-

derived histotoxic activities was confirmed by co-incubating isolated

human neutrophils and platelets, in the presence or absence of the pro-

inflammatory cytokine TNF-alpha. Using pharmacological inhibitors

of GPVI and ADP signalling, we found that this anti-neutrophil action

of platelets was independent of GPVI but requires platelet activation.

Together, our results indicate that although platelets favour neutrophil

infiltration, they also limit the histotoxic activities of infiltrating neu-

trophils and act as vascular healing patches in inflamed tissues, thus

limiting vascular injuries and bleeding.

PA 4.03-3
Platelet thrombi utilize co-operative biochemical and
biophysical mechanisms to induce excessive leukocyte
accumulation to sites of endothelial injury
Alwis I1, Kaplan Z1, Ghasemzadeh M1, Yuan Y1, Bark D1,

Tovar-Lopez FJ2, Nesbitt W1 and Jackson SP1

1Monash University; 2RMIT University, Melbourne, Vic.,

Australia

Background: Ischemia-reperfusion injury is associated with an intense

inflammatory infiltrate that exacerbates tissue injury. It is generally

considered that ischemic injury to the endothelium, leading to upregu-

lated expression of adhesion molecules and proinflammatory cyto-

kines, is the principal mechanism promoting leukocyte recruitment

and inflammation. A growing body of evidence has suggested a poten-

tially important role for the proinflammatory function of platelets in

exacerbating leukocyte recruitment, inflammation and tissue damage

following I/R injury, however the mechanisms responsible for this

remain poorly defined.

Aim: To investigate the mechanisms by which platelets induce an exag-

gerated leukocyte recruitment response at sites of endothelial pertur-

bation.

Methods: We established a murine model of intestinal I/R injury and

used confocal intravital microscopy to analyse platelet and leukocyte

adhesive responses in ischemic tissue. We subsequently developed a

model of mechanical injury using micromanipulator needles in the

mesenteric vasculature of mice to enable investigation of the mecha-

nisms regulating platelet-leukocyte interactions. Particle image veloc-

imtery (PIV) and computational fluid dynamics (CFD) were used to

measure rheological parameters.

Results: Intravital confocal imaging of the murine intestinal microvas-

culature following I/R injury identified distinct patterns of leukocyte

recruitment in the ischemic tissue, ranging from minimal stable adhe-

sion to regions of extensive leukocyte accumulation and tissue infiltra-

tion. Significantly, the regions of exaggerated leukocyte adhesion

correlated with the presence of platelet-rich thrombi, with leukocytes

preferentially adhering to larger thrombi (surface area

> 0.5 9 103 mm2). Leukocytes adherent to thrombi had a polarised,

elongated morphology with enhanced motility, suggesting a poten-

tially important role for thrombi in promoting localized infiltration of

leukocytes into ischemic tissue. To identify the mechanisms by which

platelet thrombi mediate efficient leukocyte recruitment in vivo, we

developed a localised model of microvascular injury using microinjec-

tor needles. In this model we controlled the level of platelet activation

by microinjecting platelet agonists and identified thrombin as the most

potent inducer of leukocyte-thrombus interactions. There was a direct

correlation between thrombus size and the efficiency of leukocyte

recruitment and computational fluid dynamic analysis (CFD) revealed

that the three-dimensional shape of the thrombus resulted in the for-

mation of low shear pockets (< 100/s) where leukocyte accumulation

preferentially occurred. Notably, large thrombi and potent platelet

stimulation were not sufficient to induce efficient leukocyte recruit-

ment in arteries. However, controlled manipulation of arterial flow

rates demonstrated that the bulk flow rate had a profound impact on

leukocyte-thrombus interactions, with an approximately 80% reduc-

tion in arterial flow leading to a > 50 fold increase in leukocyte recruit-

ment.

Conclusion: These studies identify the key biochemical and biophysi-

cal factors which modulate leukocyte-thrombus interactions in vivo.

Our results define the cooperative influences of both biochemical

(platelet activation status and thrombin generation) and biophysical

factors (loco-regional rheological effects imparted by thrombus size

and prevailing bulk flow) in regulating leukocyte recruitment by

microvascular thrombi. These findings may help explain the potent

thromboinflammatory response that is characteristic of I/R injury,

where excess thrombin generation and platelet activation, in combi-

nation with disturbed blood flow amplifies the thromboinflammatory

response.

PA 4.03-4
Platelet FLow-Induced PRotrusions (FLIPRs): a landing
strip for circulating monocytes
Tersteeg C1, Heijnen HF1, Pasterkamp G1, Maas C1, Urbanus RT1,

Hoefer I1, Nieuwland R2, Farndale RW3, De Groot PG1

and Roest M1

1UMC Utrecht, Utrecht; 2AMC Amsterdam, Amsterdam, The

Netherlands; 3University of Cambridge, Cambridge, UK

Background: Platelets are the most important cells in the primary pre-

vention of blood loss after injury. In addition, platelets provide a nega-

tively charged phospholipid surface to support coagulation and are

also involved in inflammatory responses through their interaction with

leukocytes.

Methods: We perfused platelets over a fibrinogen surface and activated

them with the GPVI agonist collagen related peptide (CRP). We
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describe the formation of extremely long, negatively charged mem-

brane strands that emerge from platelets adhered under flow condi-

tions.

Results: FLow-Induced PRotrusions (FLIPRs) are formed down-

stream of adherent and activated platelets, and reach lengths up to

250 mm, which is 80-fold more than the size of and individual platelet.

FLIPR formation occurs on 19.5 � 4.1% of the platelets in a process

that depends on the activation of calpain and is accompanied by a dis-

assembly of the actin and microtubule organization. Due to shearing

forces, FLIPRs severe/disintegrate leading to the generation of proco-

agulant microparticles. Furthermore our data reveal that FLIPRs may

serve as a surface extension for tethering of monocytes required for

monocyte accumulation at the vessel wall and subsequent recruitment

of platelet-derived FLIPRs/microparticles from the surface. Monocyte

binding to the membrane strands was dependent on the interaction

between P-selectin -and PSGL-1.

Conclusion: Our study demonstrates that platelets have the capacity to

create extremely long membrane extensions that may serve as captur-

ing devices for circulating monocytes.

PA 4.03-5
Zebrafish as a model to investigate the effect of P2Y12
knockdown on leukocyte migration
Bright R, Storey R and Chico T

University of Sheffield, Sheffield, UK

Background: Activation of the platelet P2Y12 receptor by ADP induces

degranulation of a and dense granules from the platelet. a-granules
release a myriad of different proteins including pro-inflammatory

mediators that are involved in vascular inflammation as well as antimi-

crobial peptides. Clopidogrel and ticagrelor are P2Y12 inhibitors that

are used in the treatment and prevention of arterial thrombosis. Ti-

cagrelor yields greater and more consistent P2Y12 inhibition compared

to clopidogrel. In the PLATO study, ticagrelor reduced mortality com-

pared to clopidogrel in patients with acute coronary syndromes and

post hoc analysis has suggested that partly this may be due to differen-

tial effects of the drugs on susceptibility to pulmonary infection and its

complications. Zebrafish represent an ideal model to study inflamma-

tory processes as transgenic zebrafish lines with fluorescently tagged

macrophages and neutrophils enable excellent in vivo visualisation of

migration. Temporary knockdown of gene function is achieved in the

zebrafish by injection of morpholino antisense oligonucleotide.

Aims: To investigate the effect of P2Y12 receptor knockdown on mac-

rophage and neutrophil migration to injury.

Methods: The zebrafish transgenic fmsgal4;UNM;mpoGFP was uti-

lised, in which mcherry red fluorescent protein is driven by the macro-

phage fms promoter, and Green Fluorescent Protein (GFP) is driven

by the neutrophil specific myeloperoxidase (mpo) promoter. These

double transgenics were injected at the 1 cell stage with 2.1 lg of either
P2Y12 or control morpholino antisense oligonucleotide. The effect of

P2Y12 knockdown was assessed by quantification of thrombus forma-

tion after laser-induced injury of the dorsal aorta. At 3 days post fertil-

isation (dpf) the ventral wall of the dorsal aorta was injured by laser,

inducing thrombosis. The inflammatory response was induced by

injury to the tail fin of 3 dpf larvae. Subsequent migration of macro-

phages and neutrophils were ascertained by counting number of mac-

rophages or neutrophils present within the region between the tail

injury site and loop of circulation 1, 4 and 8 h post injury.

Results: P2Y12 receptor knockdown significantly reduced thrombus

area in response to vessel injury (2.26 � 0.4 9 106 pixels2 control

0.12 � 0.01 9 106 pixels2 P2Y12 P < 0.001). The numbers of macro-

phages and neutrophils at the site of tail injury were determined for

both the control and P2Y12 knockdown groups. There was no signifi-

cant difference between the groups in the numbers of macrophages or

neutrophils at the site of injury.

Summary and Conclusion: P2Y12 receptor knockdown significantly

reduced thrombus area in response to vessel injury. However there was

no significant effect on migration of macrophages and neutrophils to

sites of injury. We therefore found no evidence that P2Y12 plays a role

in leukocyte migration in this model. Further work is required to

explore potential mechanisms for differential effects of ticagrelor and

clopidogrel on innate immunity.

PA 4.03-6
Cell-specific role of junctional adhesion molecule-A in
flow-dependent atherosclerosis
Koenen R1, Schmitt M2, Megens RT2, Zernecke A3, Van Den

Akker M1, Rademakers T1, Van Zandvoort MAMJ1, Hackeng TM1

and Weber C2

1Maastricht University, Maastricht, The Netherlands; 2University

Clinic of the LMU Munich; 3Technical University Munich,

Munich, Germany

Background: Leukocyte transendothelial migration is a crucial event in

atherosclerotic lesion formation and is controlled by a multi modal

cascade comprising adhesion molecules, integrins and cytokines. Junc-

tional Adhesion Molecule- (JAM-) A, as a transmembrane protein

mainly located in endothelial cell (EC) junctions and on leukocytes,

displays a wide variety of functions in cell polarity, barrier function,

leukocyte adhesion as well as stem cell adhesion and differentiation.

Aims: Little is known about the involvement of JAM-A from differing

cellular origins to atherogenesis. As JAM-A from differing cellular ori-

gins display different or even contrary effects in a number of inflam-

matory disease models, we wanted to delineate the role of leukocytic,

endothelial and somatic JAM-A on atherogenesis.

Methods: Besides common (immune-) histology for plaque assessment,

molecular biological approaches for protein expression pattern recog-

nition and functional assays for in vitro transendothelial migration,

multi-photon laser scanning microscopy (MPLSM) was used to obtain

crucial data e.g. ex vivo protein localization, in vivo transendothelial

migration and ex vivo vessel permeability. Transgenic mice deficient

for endothelial or leukocyte or both JAM-A origins with or without

apolipoprotein (Apoe�/�) deficiency were used.
Results: Deficiency of JAM-A expression in endothelial cells reduced

atherosclerotic lesion and necrotic core formation and T- cell and mac-

rophage content in Apoe�/� mice. In contrast, JAM-A deficiency in

leukocytes increased lesion size, necrotic core and infiltration in chime-

ric Apoe�/� mice, amounting to indifferent effects in Apoe�/� mice

with a somatic JAM-A deletion. In line with decreased macrophage

transendothelial migration in plaques of mice lacking endothelial

JAM-A, a reduced monocyte transendothelial migration could be

demonstrated in in vitro assays and in vivo in mice deficient for endo-

thelial JAM-A by high-resonance scanning MPLSM. Further,

MPLSM of atherosclerotic carotid arteries ex vivo revealed a focal

concentration and redistribution of endothelial JAM-A to the luminal

surface in lesion-proneareas, which also could be validated in appro-

priate in vitro assays. Deletion of endothelial JAM-A had no direct

influence on barrier function in contrast to deletion of leukocytic

JAM-A, which showed an increase in vessel permeability.

Conclusion: Our data identify specific and targetable functions of

endothelial JAM-A in atherosclerosis, which are mediated by its

upregulation and redistribution under atherogenic conditions. More-

over, we were able to demonstrate contrary effects for JAM-A from

differing origins in atherogenesis, emphasizing the importance of a

comprehensive assessment of targets.
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PA4.04 – Thrombocytopenia Models

PA 4.04-1
Only severe thrombocytopenia results in bleeding
and defective thrombus formation in mice
Morowski M1, V€ogtle T1, Kraft P2, Kleinschnitz C2, Stoll G2

and Nieswandt B1

1University Hospital W€urzburg and Rudolf Virchow Center;
2University of W€urzburg, W€urzburg, Germany

Background: Platelets are essential players in thrombosis and haemo-

stasis and their counts in peripheral blood average at 250 platelets/nL

in humans. Thrombocytopenia is diagnosed if the platelet count is

below 100 platelets/nL blood, but patients only have to undergo medi-

cal treatment to avoid excessive bleeding, if the platelet count is below

30 platelets/nL. On the other hand, it is not entirely clear how platelet

counts affect the occurrence of acute ischaemic disease states, such as

myocardial infarction or stroke.

Aims: Mice, which display a platelet count of 1000 platelets/nL blood,

are an important model system to study haemostasis as well as the

pathomechanisms underlying ischaemic diseases. To date, no system-

atic study has been reported that assessed the significance of platelet

counts for normal haemostasis and experimental ischaemic diseases in

mice.

Methods: To address the question to which extent the platelet count

affects normal haemostasis and the occurrence of thrombotic events,

we reduced platelet counts in mice to defined ranges between 0 and

1000 platelets/nL by platelet-depleting antibodies. Mice were then sub-

jected to five different in vivo models to assess haemostatic and throm-

botic function: tail bleeding time assay, thrombosis models in aorta,

carotid artery and mesenteric arterioles as well as the transient middle

cerebral artery occlusion (tMCAO) model of ischaemic stroke.

Results: We show that thrombotic occlusion of injured aortas and car-

otid arteries (large arteries) were partially impaired when the platelet

count was reduced by 70% or 80%, respectively. In contrast, tail

bleeding times and thrombus formation in small arterioles were largely

unaffected by reductions of the platelet count up to 97.5%. Similarly,

infarct growth and neurological deficits following tMCAO were unaf-

fected by reductions of the platelet count up to 90% whereas a further

reduction was protective.

Conclusion: These results reveal that arterial thrombosis, cerebral

infarction and haemostasis in mice efficiently occur at unexpectedly

low platelet counts which may have implications for humans at risk of

thrombotic or hemorrhagic disease. Furthermore, our experimental

thrombosis models indicate that occlusive thrombus formation in large

vessels may be more sensitive to a reduced platelet count compared to

small vessels.

PA 4.04-2
A novel non-antibody mediated model of
thrombocytopenia allows efficient adoptive transfer of
platelets and assessment of platelet function
Zhou CJ, Gangadharan B and Jobe SM

Emory University, Children’s Healthcare of Atlanta, Atlanta, GA,

USA

Background: Thrombocytopenic murine models have provided numer-

ous insights into the role of platelets in normal physiology and disease.

However, current methods of platelet depletion rely on either chemo-

therapeuticor antibody-based approaches. Off-target effects on the

vasculature make interpretation of any results obtained using the che-

motherapeutic approach problematic, while persistence of circulating

antibody and rapid recovery of native platelets make adoptive transfer

approaches technically challenging. Furthermore, antibody-mediated

platelet opsonization and splenic clearance can induce immunoregula-

tory cytokine expression.

Aim: Develop a novel non-antibody mediated model of thrombocyto-

penia that will allow efficient adoptive transfer of platelets and assess-

ment of platelet function

Methods and Results: Mice expressing simian diphtheria toxin receptor

(DTR) on the megakaryocyte/platelet lineage (DTRPF4Cre) were gener-

ated by crossing B6-iDTR mice (containing a simian DTR allele whose

expression is blocked by an upstream loxP-flanked STOP sequence)

with PF4-Cre mice. Since the cells of non-primate species lack the cell-

surface receptor recognized by DT, mice are unaffected by injection of

DT. Injection of 10 ng/g DT every third to DTRPF4Cre mice resulted

in complete platelet ablation (< 5%) of platelets by day 6 after injec-

tion, which was maintained through day 10. Depletion of megakaryo-

cytes was confirmed by evaluation of bone marrow histology.

Administration of an identical DT dose to control B6-iDTR mice (no

DT expression) was without effect. Platelet-ablated mice were viable,

and abnormal purpura was noted only with trauma.

To test the feasibility of adoptive transfer, donor platelets (DTRPF4Cre

negative) were transfused on day 1 after treatment with DT. 8 9 108

platelets injected by tail-vein or retro-orbital injection raised the circu-

lating platelet count to approximately 3 9 105/mL in a 10–13 week

old mouse. The function of the transferred platelets was assessed in a

tail bleeding assay. Bleeding time in normal mice was 182 � 73 s and

platelet count was approximately 1000 K/lL. In platelet-depleted

mice, bleeding did not cease prior to 600 s. Platelet repletion to 100–
200 K/lL resulted in correction of the tail bleeding time to

340 � 191 s. Bleeding time was normalized by platelet repletion to

> 300 K/lL.
Conclusions: We have developed a novel non-antibody mediated

method of platelet depletion that readily allows adoptive platelet

transfer and assessment of platelet function. We expect that utilization

of this model will allow the rapid assessment of platelet-specific roles

in both genetic and acquired murine models of disease.

PA 4.04-3
Fucoidan improves adenovirus mediated
thrombocytopenia and enhances viral liver
transduction
Kaur H1, Toukh M1, Corscadden K1, Parker AL2 and Othman M1

1Queen’s University, Kingston, ON, Canada; 2University of

Glasgow, Glasgow, UK

Background: Fucoidin is a known potent P-selectin antagonist and an

inhibitor of platelet leukocyte- endothelial- interactions. Platelet P-se-

lectin and Von Willebrand factor play a critical role in inducing

thrombocytopenia following IV administration of adenovirus in mice.

Adenovirus induces and potentiates ADP-induced platelet aggregation

and results in rapid expression of P-selectin and the virus has been

observed inside platelets. Adenovirus-platelet aggregates are taken up

by macrophage and reduce liver transduction in mice; hindering the

efficiency of adenovirus applications. Despite the documentation of

CAR; the primary viral attachment receptor on human platelets, there

are no reports proving this receptor on mice platelets. The direct effect

of fucoidan on platelet functions is not fully understood and its effect

on adenovirus mediated thrombocytopenia has not been investigated.

Aim: To study the effect of fucoidan on platelet- adenovirus interac-

tion and platelet activation as well as the virus induced thrombocyto-

penia and viral liver transduction following intravenous

administration of virus into mice.

Methods: Platelet adenovirus interaction was tested in vitro under the

effect of fucoidan using Cy3 conjugated adenovirus by fluorescent

microscopy. The presence of CAR on mice platelets was tested along-

side with human platelets as positive control as well as CHO cells as

negative control, by flow cytometry using mouse anti CAR and FITC-

rabbit anti mouse as well as by RT-PCR. Mice were injected intrave-
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nously with single dose of fucoidan 10 mg/kg 10 min before injection

of Ad5 1 9 10 11 vp/mL and compared them to other mice injected

with adenovirus only. Platelet count was examined 1 and 48 h follow-

ing injection. Viral hepatic transduction was tested in mice receiving

Ad5CTL (CAR binding) and Ad5KO1 (mutated to abate CAR inter-

actions). B-gal expression was analysed visually and quantitatively

using a B-gal ELISA.

Results: Fucoidan resulted in 3 -fold decrease in platelet P-selectin

expression at 1 h after Ad administration to mice. Thrombocytopenia

at 48 h was observed in both groups however; the reduction of platelet

count was 46% in the group receiving fucoidan compared to 65% in

the Ad only group. CAR was detected on mice platelets using flow

cytometry (23 � 0.04% n = 3). Fucoidan did not decrease Ad-platelet

binding.

However, it increased liver transduction in mice receiving Ad5CTL

(CAR binding) and Ad5KO1 (CAR mutated) compared to those not

receiving fucoidan with significant increase in B-gal expression in mice

injected with Ad5KO1.

Conclusions: Fucoidan inhibits P-selectin, improves thrombocytopenia

following Ad administration, enhances liver transduction but does not

abolish platelet Ad binding. Ablation of viral CAR interactions may

have potential in improving safety and efficacy of adenovirus adminis-

tration.

PA 4.04-4
Suspected clopidogrel induced thrombocytopenia –
identifying the real culprit
Joseph JE1, Aslam A1, Markus R1, Bougie D2 and Aster R2

1St Vincent’s Hospital, Sydney, NSW, Australia; 2BloodCenter of

Wisconsin, Milwaukee, WI, USA

Background: Drug induced thrombocytopenia (DIT) is an idiosyn-

cratic immune-mediated reaction which most typically occurs 1–
2 weeks after commencement of a new drug. A high index of suspicion

is required when considering a drug-induced thrombocytopenia since

testing for drug-dependent antibodies (apart from those due to heparin

and quinine) is generally unavailable. The main differential diagnosis

is primary immune thrombocytopenia.

Aims: A case of suspected clopidogrel induced thrombocytopenia is

detailed in order to highlight the challenges in making such a diagno-

sis.

Methods: Serum samples were collected from the index case and

referred to the BloodCenter of Wisconsin for testing. A NOD-SCID

mouse which lacks xenoantibodies and therefore allows infused human

platelets to circulate, was used to study drug-dependent clearance of

platelets by drug-dependent antibodies in vivo. (methods as described

previously in Bougie DW, et al Blood. 2010;116(16): 3033–3038)
Results: The index case was a female who developed a lacunar stroke.

The patient was taking Aspirin, Rosuvastatin and Enalapril long term.

Platelet count was normal at 171 9 109/L. Over the ensuing

3–4 weeks, a significant number of medication changes were made.

Aspirin was ceased and the patient was placed on Clopidogrel. Enox-

aparin was prescribed as venous thromboembolism prophylaxis. The

platelet count remained normal during this time. Enoxaparin was

ceased and the patient was commenced on Dantrolene, Duloxetine, Ci-

clesonide and then Escitalopram. Some 5 days later, the patient com-

plained of bleeding gums and was found to have a platelet count of

4 9 109/L with no other abnormality on full blood count or blood

film. All medications (apart from Rosuvastatin and Enalapril) were

ceased and oral prednisone was commenced. A diagnosis of heparin

induced thrombocytopenia was considered clinically unlikely and hep-

arin antibody testing was negative. The platelet count began to

increase within a few days of cessation of the suspected drugs and

returned to normal within 1 week. Of the numerous medications the

patient had been recently prescribed, Clopidogrel was considered the

likely culprit. Patient serum was sent to the BloodCenter for further

testing and was found to cause clearance of human platelets in mice

injected (IP) with Clopidogrel. No effect was seen with patient serum

alone or with normal serum given to mice challenged with Clopidogrel.

Summary/Conclusion: This case illustrates the potential difficulty in

determining the cause of an acute, severe thrombocytopenia in a

patient who has been commenced on several new medications. Clopi-

dogrel was considered the most likely cause and specific testing con-

firmed this. As a result, the patient’s ongoing anti-platelet therapy had

to be altered accordingly.

PA 4.04-5
Megakaryocytes, not only victims, but also
participants in ITP
Zhou Z1, Ma L2 and Yang R2

1The Second Hospital Affiliated to Kunming Medical University,

Kunming, Yunnan Province; 2State Key Laboratory of

Experimental Hematology, Institute of Hematology and Blo,

Tianjin, China

Background: Immune thrombocytopenia (ITP) is an autoimmune dis-

ease characterized by platelet destruction accelerated. Many abnormal

immune responses are involved. Autoantibody secreted long-lived

plasma cells in bone marrow may be a reason for incurable of ITP.

The bone marrow microenvironmental niches are important for the

generation and maintenance of these cells. Some studies had revealed

that megakaryocytes can secret several cytokines, some of which are

very important to plasma cell survival and antibodies release.

Aims: Based on the potency of megakaryocytes in the immune modu-

lation, we studied the interactions of megakaryocytes and plasma cells

in bone marrow from ITP patients in vitro. To clarify that whether

megakaryocytes modulate the function and survival of platelets reac-

tive plasma cells within bone marrow in ITP patients.

Methods: It was detected that megakaryocytic cell surface expression

of the protein levels of APRIL and CD154 in ITP patients by flow

cytometry. Megakaryocytes was co-cultured with isolated plasma cells

and lymphocytes in the bone marrow of ITP patients in vitro and these

were analysed that the survivion and activation of several T cells sub-

type and plasma cells.

Results: The surface APRIL (P = 0.035) and of CD154 (P = 0.039)

expression levels of megakaryocytes in ITP patients were significantly

increased. The megakaryocytes in the bone marrow of ITP patients

plays a role in survivion of other immune cells. The megakaryocytes

can promote surviving of CD4+ T cells, CD8+ T cells, CD27+ B cells

and activation of CD4+, CD8+ T cells. HLA-DR expression was ele-

vated in these immune cells when co-cultured with megakaryocytes.

Moreover, we studied the role of APRIL and CD154 in the interreac-

tion between megakaryocyte and immune cells in ITP. When the

co-culture system was processed with anti-APRIL (P = 0.038), anti-

CD154 (P = 0.047) antibody, the proliferation of plasma cells was

weakened and platelet-specific autoantibody secretion was reduction.

However, when TPO was added to the co-culture system, the number

of CD138+ plasma cells was increase in the co-cultured system.

Conclusion: Our study for the first time suggested that megakaryocytes

play an important active role in the modulation of activation and sur-

vival of bone marrow platelets-reactive plasma cells in ITP. Megak-

aryocytes are not only victims, but also participants of the pathologic

immune reaction in ITP.
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PA 4.04-6
Tissue plasminogen activator induced fibrinolyis on
rotational thromboelastometry in chemotherapy-
induced thrombocytopenia
Olde Engberink HG, Kuiper JAJM, Lanc�e MD, Henskens YMC

and Beckers AM

Maastricht University Medical Center, Valkenswaard, The

Netherlands

Background: Dropping platelet counts are a significant problem in

patients with haematological malignancies treated with high dose che-

motherapy. There is general consensus that platelet counts below

10 9 109/L are managed with prophylactic platelet transfusions.

Nonetheless clinical significant bleedings may occur above this thresh-

old and also, indeed, despite the prophylactic transfusion policy (Stan-

worth et al, 2012, ASH). Assessing the individual patient risk of

serious bleeding complications is challenging and does not seem to

depend solely on platelet counts. In absence of reliable platelet func-

tion tests in thrombocytopenic patients there is a clinical need for

developing new haemostatic assays as predictors of bleeding.

Aims: In this study, the susceptibility to fibrinolysis, in thrombocyto-

penic individuals, was assessed by inducing tissue plasminogen activa-

tor (tPA)-mediated lysis in an adapted ROTEM test. The aim was to

investigate whether any heterogeneity between healthy volunteers and

thrombocytopenic patients might exist.

Methods: Ten healthy volunteers, with normal platelet counts and

without any use of medication, were selected. Samples with different

platelet counts (range 15–248 9 109/L) were obtained by replacing

platelet rich plasma (PRP) with platelet poor plasma (PPP) without

changing the haematocrit or the fibrinogen concentration. Blood sam-

ples from 21 thrombocytopenic patients were not manipulated. Lysis

speed (mm/minute) was calculated during three periods: maximal clot

formation time (MCF-t) – lysis onset time (LOT) (100%-85%), MCF-

t – lysis time (LT) (100%-10%) and LOT – LT (85%-10%).

Results: Fibrinolysis speed did not show any significant differences

among different, manually diluted platelet counts (15–248 9 109/L)

with constant fibrinogen levels in healthy volunteers. Supraphysiologi-

cal fibrinogen levels were found in a concentration-dependent manner

when platelet counts decreased in chemotherapy induced thrombocy-

topenic patients. Fibrinogen levels in the lowest group of platelets (0–
10 9 109/L) were significantly higher compared to the group just

above the transfusion threshold (10–20 9 109/L) (5.0 g/L vs. 4.1;

P = 0.005). A decrease in platelet counts and subsequent higher fibrin-

ogen levels resulted in a significantly lower lysis speed. This effect was

observed both in physiologic conditions (i.e. without addition of tPA)

as in tests where fibrinolysis was induced with a high concentration of

tPA. One major bleeding (WHO grade 3) was reported in a patient

with a platelet count of 16 9 109/L and a relatively low fibrinogen

level (2.2 g/L) compared to other patients with platelet counts between

10 and 20 9 109/L (median 4.1 g/L, interquartile range 3.4–4.3).
Conclusion: Supraphysiological fibrinogen levels were found, and

might be associated with lower lysis speed, in patients with severe che-

motherapy-induced thrombocytopenia. The preventative effect of

higher fibrinogen levels might play a role in assessing the bleeding risks

in these patients. Adjusted reference values for fibrinogen and other

haemostatic proteins might be applicable during severe thrombocyto-

penia for establishing a more correct probability of bleeding tenden-

cies. Our future investigations will focus on fibrinogen and other

markers as possible predictors of bleeding in these patients.

PA4.05 – Genetic Platelet
Disorders – II

PA 4.05-1
Proteomic analysis of platelets from patients with X-
linked thrombocytopenia with thalassemia (XLTT)
Bergemalm D1, Ngoasong E2, Kardeby C2, Palmblad J3

and�Astr€om M1

1 €Orebro University Hospital; 2 €Orebro University, €Orebro;
3Karolinska Institutet, Stockholm, Sweden

Background: X-linked thrombocytopenia with thalassemia (XLTT) is

a rare inherited disorder resulting in problems of bleeding mainly in

males. It is caused by the mutation 216R>Q in exon 4 of the GATA-1

gene. The GATA-1 protein is a transcription factor involved in hema-

topoiesis. Clinical manifestations of XLTT include thrombocytopenia,

altered platelet function and morphology, slight hemolysis and spleno-

megaly. We have recently reported that males also develop slight to

moderate bone marrow fibrosis. In similarity to the disorder Gray

platelet syndrome, large platelets deficient in alfa-granule are typical.

Proteomics is a method used for analysis of the proteome, i.e. the

translated set of proteins in a defined tissue, cell type or fluid.

Extracted proteins can be separated by isoelectric point and molecular

mass to produce high-resolution maps by two-dimensional electropho-

resis (2-DE). This enables individual quantification and identification

of proteins that are altered by disease.

Aims: The aim of this study is to increase the knowledge on XLTT

pathogenesis by identifying specific protein alterations in platelets.

Such a detection of protein alterations in XLTT platelets is also valu-

able for the general understanding of platelet function in health and

disease.

Methods: Blood samples from four male XLTT patients from two

recently reported Swedish families (one patient from family A, three

patients from family B) were collected after informed consent and

approval by the regional ethical review board in Uppsala, Sweden.

Their platelet counts were 35, 50, 42 and 76 9 109/L respectively.

Whole blood was also collected from four age and sex-matched

healthy volunteers. Platelets were isolated by differential centrifuga-

tions, using optimized conditions to keep them in an inactive state.

The platelet pellet was gently washed to avoid plasma protein contami-

nation. Platelet proteins were resolved in a highly denaturing solution

containing urea and detergent and separated by 2-DE. By software

evaluation, individual platelet proteins were quantified and compared

between controls and XLTT. For statistical calculations, student’s t-

test and multivariate analysis (partial least squares) were used.

Results: On average, 850 individual protein spots were detected in each

gel. With a chosen significance level of P < 0.05, about 60 protein

spots were found altered in XLTT platelets. From quantitative 2-DE

gels, 25 spots were chosen for initial identification. Preliminary mass-

spectrometry analysis has so far identified nine of the differentially

expressed proteins. Only one of these proteins, gamma-actin, was up-

regulated (fold change 1.98). Of the eight downregulated proteins (fold

changes 0.14–0–56), the majority are involved in modeling of actin and

the cytoskeleton. Two downregulated proteins, regulator of G-protein

signaling 10 (RGS10) and Acyl-protein thioesterase 1, both inhibit

protease-activated receptor-1 (PAR-1) signaling dependent functions.

Conclusions: There is limited knowledge available on the pathogenic

events caused by GATA-1 mutations. XLTT is a non-progressive

inherited disorder but shows similarities to the malignant disease pri-

mary myelofibrosis. XLTT might thus be a model for GATA-1 related

thrombopoietic changes contributing to myelofibrosis. By platelet pro-

teomics, we have found altered protein expressions regarding the cyto-

skeleton and regulators of PAR-1 signaling pathways. Additional

proteins with altered expressions are soon to be identified, and the con-

sequences evaluated.
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PA 4.05-2
Inherited mild bleeding disorders (MBD) of undefined
cause (BUC): platelets express decreased tissue factor-
dependent FXa generation and low thrombin
generation in platelet-rich plasma
Panes O, Zuniga P, Lopez A, Loncon G, Quiroga T, Pereira J

and Mezzano D

Pontificia Universidad Catolica de Chile, Santiago, Chile

Background:Hereditary mild bleeding disorders (MBD), usually mani-

fested with skin and mucous bleeding are of heterogeneous nature,

involving different pathogenic mechanisms, including platelet function

defects, decreased amount and function of plasma VWF, mild defects

of clotting factors and also, increased fibrinolysis. However, up to

60% of all the patients with MBDs have abnormal bleeding of unde-

fined cause (BUC). We previously showed that platelets contribute to

the clotting system providing not only an anionic phospholipid-rich

membrane, but also functional Tissue Factor (TF).

Aims: To revisit the old concept of Platelet Factor 3 (platelet procoag-

ulant activity) now focusing our attention on platelet TF activity in

patients with BUC.

Methods: TF-induced FXa generation was measured as described

(Panes et al. Blood 2007;109:5242) in washed, resting and VWF-Rist-

ocetin-stimulated platelets. Thrombin generation (TG) in PRP was

performed by modified CAT method, with no TF and phospholipids

added to the assay and assessed by the Velocity index (Vi, nM throm-

bin/min). Clot lysis time in PRP was measured as described (Panes et

al. Platelets 2012;23:36). These measurements were compared in 72

Controls, 81 patients with BUC and 20 with type 1 VWD, of similar

ages (21, 19 and 21, respectively). Anionic phospholipids exposure was

assessed by annexin V binding (FC).

Results: Controls and patients with BUC had normal VWF:Ag, RCo

and CBA, normal platelet aggregation-secretion and clotting screening

tests. Clot lysis time, measured in PRP was similar in the three groups.

Medians (ranges) of FXa generating potential (nM 10�7 platelets),

expressed as the ratio of FXa generated by VWF-Ristocetin-stimu-

lated platelets and resting platelets was lower in Controls than in BUC

and VWD patients: 8.3 (3.4–30.1), 4.4 (1.2–10.9) and 9.8 (4.5–17.4),
respectively (P = 0.0042). In TG assay, patients with BUC had lower

Vi than Controls, either in non-stimulated (5.0 vs. 6.2) and VWF-Rist-

ocetin (21.5 vs. 28) or TRAP-stimulated platelets (33.3 vs. 44)

(P < 0.05–P < 0.01, Kruskall–Wallis with Dunn′s multiple compari-

son test). Patients with VWD also had significantly decreased Vi in

stimulated platelets. Annexin V binding was similar in Controls and

BUC patients after stimulation with VWF-R (12% vs. 10.4% of

labeled platelets) and TRAP (22.3% vs. 15%), respectively.

Conclusions: (i) FXa generation dependent on platelet Tissue Factor

showed that platelets of patients with BUC generate less FXa than

normal platelets. (ii) The velocity to generate thrombin in PRP in an

assay with no added TF and phospholipids was significantly lower in

platelets from patients with BUC than Controls. (iii) These results

were unrelated to the ability of BUC platelets to expose anionic phos-

pholipids, as shown by their normal annexin V binding. Up to 60% of

patients with MBDs remain undiagnosed after a comprehensive labo-

ratory work up. The decreased procoagulant activity of platelets

observed in these patients probably constitutes a bleeding risk factor

that may be pathogenically related to the symptoms in a proportion of

these patients. This finding would represent a renewed version of the

old-fashioned platelet factor 3. (Fondecyt 1110404 and 1130853).

PA 4.05-3
A novel mutation in the dry motif of the P2Y12 receptor
combined with a function-reducing polymorphism in
PAR1 in a patient with a bleeding disorder
Austin S1, Patel YM2, Mitchell MJ1, Lordkipanidze M3, Lowe GC3,

Nisar SP4, Garner K4, Daly ME5, Watson SP3 and Mundell SJ4

1Guy’s and St Thomas’ Hospital NHS Foundation Trust; 2Institute

of Ophthalmology, London; 3College of Medical and Dental

Sciences, Birmingham; 4University of Bristol, Bristol; 5University

of Sheffield, Sheffield, UK

Background: The study of patients with bleeding problems is a power-

ful approach in determining the function and regulation of important

proteins in human platelets. As part of the Genotyping and Phenotyp-

ing of Platelets (GAPP) consortium we have identified a number of

mutations in receptor genes that could contribute to bleeding tendency

in patients, including mutations in the P2Y12 receptor (P2Y12R (1,2)).

We have identified a patient, with a chronic bleeding disorder, express-

ing a homozygous mutation, predicting an arginine to a cysteine

(R122C) substitution in their P2Y12R. Importantly this mutation is

found within the DRY motif of this receptor which in other G protein-

coupled receptors (GPCRs) plays a critical role in regulating confor-

mational states.

Aims: To examine the consequences of this mutation upon P2Y12R

function in the index and affected family members patient’s platelets

and cell lines.

Methods: Platelet function was assessed by measuring platelet aggrega-

tion responses in platelet rich plasma (PRP) whilst functional

responses to the P2Y12R were assessed by measuring VASP phos-

phorylation. HA-tagged wild type (WT) or R122C-P2Y12R were

expressed in 1321N1 astrocytoma cells and receptor function assessed

as previously described (1).

Results: ADP-stimulated aggregation was significantly reduced as a

result of a significant impairment of P2Y12R activity in the patient

and family members. There was a significant reduction in R122C vari-

ant expression at the cell surface in both cell lines and in platelets as a

consequence of increased agonist-independent internalization followed

by subsequent receptor traffic to lysosomes. Strikingly, members of

this family also showed a significant reduction in thrombin-induced

platelet activation due to an intronic polymorphism in the PAR-1 gene

shown to be associated with reduced PAR1 receptor expression (3).

Conclusions:We have identified a novel P2Y12R defect associated with

patient bleeding and demonstrated that the DRY motif of the

P2Y12R is critical in maintaining the receptor in a basal non-activated

state. In addition our study is the first to demonstrate a deficit in two

stimulatory GPCR pathways that regulate platelet activity further

indicating that patient bleeding is a complex trait.

References:

1. Daly ME et al., (2009) Blood 113, 4110–3.
2. Nisar S et al., (2011) Blood 118, 5641–51.
3. Dupont et al., (2003) Blood 101, 1833–40.

PA 4.05-4
PTGS1 compound heterozygosity impairs gene
expression and platelet aggregation and is associated
with severe bleeding complications
Bugert P1, Yagmur E2, Weiskirchen R3 and Schedel A4

1DRK-Blutspendedienst, Mannheim; 2Laboratory Diagnostics

Center, RWTH-University Hospital Aachen, M€onchengladbach;
3Institute of Clinical Chemistry and Pathobiochemistry, RWTH-

University Hospital, Aachen; 4Institute of Transfusion Medicine

and Immunology, Mannheim, Germany

Background: The prostaglandin endoperoxide synthase (PTGS1,

COX1) catalyze the conversion of arachidonic acid (AA) into
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prostaglandin H2 intermediates and thromboxane A2 (TxA2). Poly-

morphisms of genes involved in AA metabolism are potential modifi-

ers in platelet function. The Aspirin-like defect (ALD) is an inherited

platelet function disorder that involves the AA pathway, however, the

molecular basis remains unknown.

Aim: A patient without bleeding history prior surgical interventions

but with postoperative recurrent disseminated bleeding showed

strongly deminished platelet aggregation response on AA indicating

an ALD. Our study describes the molecular genetic investigation of

the AA metabolism genes in this patient.

Methods: Platelet function was analyzed by light transmission and

whole blood impedance aggregometry using different agonists includ-

ing ADP, AA and U46619. Molecular genetic investigation included

exon re-sequencing of the PTGS1, TBXAS1 and TBXA2R genes. In

addition, gene transcripts were quantified in platelet RNA using real-

time-PCR (qRT-PCR).

Results: AA-induced platelet aggregation response was significantly

decreased, whereas platelet aggregation induced by U46619 as indica-

tor for TxA2-receptor function was unaffected. The TBXAS1 and

TBXA2R genes revealed regular DNA sequences, whereas, the coding

region of the PTGS1 gene of the patient was compound heterozygous

(c.22C>T; c.50C>T). We found that PTGS1 mRNA expression in the

patient’s platelets was significantly decreased compared to unaffected

normal controls (5-fold) or single heterozygotes (2-fold).

Conclusions: Compound heterozygosity in the 5′ region of the PTGS1

gene impairs transcription and is associated with a phenotype of severe

bleeding complication. Therefore, surgeons and anaesthesiologists

should be aware of risks which go with PTGS1 polymorphisms prior

elective surgery.

PA 4.05-5
Platelet defects in congenital variant of Rett syndrome
patients with FOXG1 mutations or reduced expression
due to a position effect at 14q12
Goubau C1, Devriendt K2, Van der Aa N3, Wieczorek D4, Kleefstra

T5, Rauch A6, Tzschach A7, Buyse G2, Van Geet C2 and Freson K8

1UZ Leuven; 2University hospital Leuven, Leuven; 3University

Hospital of Antwerp, Antwerp, Belgium; 4Universit€atsklinikum

Essen, Essen, Germany; 5Radboud University Nijmegen Medical

Center, Nijmegen, The Netherlands; 6University of Erlangen,

Erlangen; 7Max Planck Institute for Molecular Genetics, Berling,

Germany; 8KU Leuven, Leuven, Belgium

Background: The Forkhead box G1 (FOXG1) gene encodes a tran-

scriptional repressor essential for early development of the telencepha-

lon. Intragenic mutations and gene deletions leading to

haploinsufficiency cause the congenital variant of Rett syndrome, a

neurodevelopmental disorder characterized by microcephaly, hand ste-

reotypies, severe intellectual disability, absent language, seizures, and

corpus callosum hypoplasia. Recently, the presence of long-range reg-

ulatory elements for FOXG1 expression in the region distal to FOXG1

was hypothesized, based on descriptive studies in patients with a chro-

mosome translocation breakpoint located distally to FOXG1 or with

14q12 deletions that do not harbor the FOXG1 gene.

Aims:Given that abnormal platelet morphology and function has been

described in several other neuronal disorders, we have used platelets

from Rett syndrome-like patients to study FOXG1 expression and

platelet ultrastructure.

Methods: Platelet studies were performed in six patients, three of them

carrying a balanced translocation with breakpoint in the chromosome

14q12 region, one patient having a 14q12 microdeletion excluding the

FOXG1 gene, and two previously described FOXG1 mutation positive

patients.

Results: The hypothesis of putative long-range FOXG1-regulatory ele-

ments was supported by our finding of reduced FOXG1 mRNA and

protein levels in platelets and skin fibroblasts from these cases com-

pared to normal controls. Electron microscopy of their platelets

showed some enlarged, rounder platelets with often abnormal alpha

and fewer dense granules. Platelet function studies were possible in

one 14q12 translocation patient with a prolonged Ivy bleeding time

and a patient with a heterozygous FOXG1 p.Tyr416X mutation. Both

had a prolonged PFA100 occlusion time with collagen and epineph-

rine, and aggregations with low dose of ADP and epinephrine were

also reduced while ATP secretion was normal.

Summary/Conclusions: Our study shows for the first time by using

platelets functional evidence of cis-regulatory elements in the 14q12

region that result in reduced FOXG1 expression in patients having

translocations or deletions in that region. The platelet functional

abnormalities deserve further investigation regarding a non-transcrip-

tional regulatory role for FOXG1 in these enucleated cells.

PA 4.05-6
Demonstration of novel gain-of-function mutations of
aIIbb3: association with macrothrombocytopenia and
Glanzmann thrombasthenia-like phenotype
Kashiwagi H1, Kunishima S2, Kiyomizu K3, Amano Y4,

Shimada H5, Morishita M6, Kanakura Y3 and Tomiyama Y7

1Osaka University School of Medicine, Suita, Osaka; 2National

Hospital Organization Nagoya Medical Center, Nagoya; 3Osaka

University Graduate School of Medicine, Suita, Osaka; 4Nagano

Red Cross Hospital, Nagano, Nagano; 5Keio University School of

Medicine, Tokyo; 6Tosei General Hospital, Seto; 7Osaka

University Hospital, Suita, Osaka, Japan

Background: Integrin aIIbb3 is indispensable for normal hemostasis,

but its role for thrombopoiesis is still controversial. Although platelet

counts and morphology in Glanzmann thrombasthenia (GT), which is

a congenital bleeding disorder due to qualitative or quantitative

defects of aIIbb3, are usually normal, several aIIb and b3 mutations

have been identified in patients with congenital macrothrombocytope-

nia very recently.

Aims: To investigate genetic background and molecular mechanism of

congenital macrothrombocytopenia associated with aIIbb3 abnormal-

ities.

Patients/Methods: We analyzed three unrelated Japanese families with

congenital macrothrombocytopenia. Expression and activation state

of aIIbb3 in platelets was examined by flow cytometry and immuno-

blotting. Sequence of whole coding region and exon-intron boundaries

of ITGA2B and ITGB3 genes was performed. The effects of mutations

on aIIbb3 activation state and phosphorylation of FAK were analyzed

in transfected cells.

Results: We newly identified three mutations; two mutations in highly

conserved G991FFKR sequence in juxtamembrane region of aIIb,
p.G991C and p.F993del, and one donor site mutation of intron 13 of

ITGB3 leading to 40 amino acids deletion, p.D621_E660del, in the

membrane proximal b-tail domain of b3. Case 1, whose platelets

showed GT-like marked reduction in surface aIIbb3 expression (3–
11% of normal control) and macrothrombocytopenia with around

40 9 103/lL of platelet counts, was a compound heterozygote with

ITGA2B p.G991C and a novel nonsense mutation, ITGA2B p.R422*.
Case 2 and Case 3 were heterozygotes of ITGA2B p.F993del and

ITGB3 p.D621_E660del, respectively, and their platelets showed mod-

erate reduction of surface aIIbb3 expression (60–70%) with 29–
113 9 103/lL of platelet counts and increased platelet size. All three

mutations, ITGA2B p.G991C, ITGA2B p.F993del and ITGB3

p.D621_E660del, led to highly activated conformation of aIIbb3 and

spontaneous tyrosine phosphorylation of FAK in transfected cells.

Conclusion: These results suggest that spontaneous activation and

aberrant outside-in signaling caused by mutations around membrane

region of aIIbb3 may lead to abnormal platelet number and morphol-

ogy with impaired surface aIIbb3 expression.
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PA4.06 – ADAMTS13: Basic – II

PA 4.06-1
Anti-idiotypic DARPin molecules – potential new
treatment tools for acquired thromobotic
thrombocytopenic purpura (aTTP)?
Schaller M1, Hiltbrunner S1, Sulzer I1, Vogel M1, Kentouche K2,

Laemmle B1 and Kremer Hovinga JA1

1University Hospital, Inselspital, Bern, Switzerland; 2Friedrich

Schiller University, Jena, Germany

Background: The hallmark of aTTP is a severe ADAMTS13 deficiency

resulting from autoantibodies (Abs) neutralizing and/or accelerating

ADAMTS13 clearance. Despite the success of plasma exchange the

risk of relapse is approximately 40%. A therapy using small molecules

capable to neutralize inhibitory anti-ADAMTS13 Abs and to elimi-

nate anti-ADAMTS13 specific memory B- and plasma cells would be

highly desirable.

Aim: In order to develop such a therapy we used previously generated

spleen-derived inhibitory monoclonal anti-ADAMTS13 Abs, having

in common one of four CDR3 motifs shared by two aTTP patients, to

search for small anti-idiotypic molecules mimicking the conforma-

tional ADAMTS13 epitope and consequently thus specifically bind

and neutralize inhibitory anti-ADAMTS13 Abs in aTTP patients

when administered.

Method: As source of anti-idiotypic small molecules we choose a large

combinatorial small protein library of Designed-Ankryin-Repeat-Pro-

teins (DARPins, Molecular Partners AG, Switzerland) that are char-

acterized by: (i) a high diversity through a library size of 1015–23,

allowing to find molecules to any target including conformational epi-

topes, by (ii) high stability once expressed, and by (iii) being immune

tolerant when administered. Two DARPin libraries coding for either 2

(N2C-library) or 3 (N3C) randomized ankyrin repeat modules were

screened against an equimolar pool of three inhibitory anti-ADAM-

TS13 antibodies using Ribosomal display. Selected anti-idiotypic sin-

gle DARPin clones from the fourth panning round were purified, their

DNA sequence analyzed and their expressed proteins tested for speci-

ficity and neutralization potential towards all inhibitory Abs (n = 5)

holding the same CDR3 motif as the selecting Abs, by ELISA or

FRETS assay. Furthermore the binding capacity of an equimolar pool

of the selected DARPins towards anti-ADAMTS13 Abs in plasma of

37 different aTTP patients was tested by ELISA.

Results:Nine, as revealed by their DNA sequence, unique anti-idiotyp-

ic DARPins were highly specific for their targets. Preincubation with

spleen-derived inhibitory anti-ADAMTS13 Abs (equimolar mAbs

pool) with a 10-fold molar excess of four 4 anti-idiotypic DARPins

restored ADAMTS13 activity in plasma in a dose-dependent manner

as assessed by FRETS assay. Moreover, the four anti-idiotypic DAR-

Pins bound anti-ADAMTS13 antibodies from plasma of 27/37 (73%)

randomly picked aTTP patients and reduced binding to immobilized

recombinant ADAMTS13 by 70–95% when pre-incubated with five

additional patient plasma.

Conclusions: Using spleen-derived inhibitory anti-ADAMTS13 Abs of

one patient we were able to select four different highly specific anti-id-

iotypic DARPins that not only bind to anti-ADAMTS13 Abs being

composed of a similar CDR3 motif than the selecting Abs, but also to

a substantial proportion of anti-ADAMTS13 Abs in plasma of ran-

domly selected aTTP patients. Our results are promising and hint at a

limited number of different anti-idiotypic molecules necessary to neu-

tralize inhibitory anti-ADAMTS13 Abs. Affinity and neutralizing

capacities of all nine selected anti-idiotypic DARPins are underway.

PA 4.06-2
Identification of glycosylation sites in plasma derived
ADAMTS13 employing tandem mass spectrometry
Sorvillo N1, Kaijen P1, Matsumoto M2, Fujimura Y2, Verbij FC1,

Van der Zwaan C1, Fijnheer R3, Voorberg J1 and Meijer AB1

1Sanquin-AMC Landsteiner Laboratory, Amsterdam, The

Netherlands; 2Nara Medical University, Kashihara City Nara,

Japan; 3University Medical Center Utrecht, Utrecht, The

Netherlands

Background: ADAMTS13 is a plasma metalloproteinase that regulates

platelet adhesion and aggregation by its ability to process ultra-large

von Willebrand factor (VWF) multimers on the surface of endothelial

cells. Acquired deficiency of ADAMTS13 causes a rare and life-threat-

ening disorder called thrombotic thrombocytopenic purpura (TTP).

Several studies have shown that aberrant glycosylation can play an

important role in the pathogenesis of autoimmune diseases. Aberrant

glycosylation of antigens can not only create new ligands for different

B cell epitopes but might also play a role in presentation of peptides to

T cells. Several potential N or O-linked glycosylation sites have been

predicted or identified in recombinant ADAMTS13. However, it is not

known which of these sites are indeed glycosylated in plasma ADAM-

TS13.

Aim: In the study we analyzed the presence of N-linked or O-linked

sugars on plasma derived ADAMTS13.

Methods: Plasma ADAMTS13 was purified using a monoclonal anti-

body directed against the disintegrin like domain. Sites of N-linked

glycosylation were determined by the use of N-glycosidase-F, which

removes the entire carbohydrate from the side chain of asparagines. In

this process the asparagine residues are deaminated to aspartic acid,

resulting in an increase of the peptide mass of 1 Da. Following trypsin

or chymotrypsin digestion, deglycosylated peptides were identified by

tandemMS.

Results: Nine of the predicted N-linked sites were identified in or near

the metalloproteinase, spacer, thrombospondin type 1 repeat (TSR1)

and theCUB domain of plasma ADAMTS13. Moreover, all seven pre-

dicted O-fucosylated sites were identified in the TSR1 domains of

plasma ADMTS13 by performing searches of the MS/MS data for loss

of glucose (hexose, 162 Da), fucose (deoxyhexose, 146 Da), or glu-

cose-fucose (308 Da). Sequential loss of the glucose-fucose disaccha-

ride gives a characteristic fragmentation pattern, allowing easy

identification of modified peptides. With the use of electron transfer

dissociation (ETD) we confirmed unambiguously the modified sites.

ETD fragmentation produces ions that retain the post translation

modification allowing a precise identification of the modified site.

In addition to N- and O-linked modifications, two C-mannosylation

sites were identified within the TSR domains of ADAMTS13. Peptides

with an increase of mass by 162 Da from the predicted tryptic frag-

ments that contained a WXXnW motif were subjected to MS/MS. C-

mannosylation of Trp can be identified through the addition of

162 Da, but also by the loss of 120 Da in MS/MS spectra, a character-

istic cross-ring fragmentation product of aromatic C-glycosides.

Summary/Conclusion: Taken together our data clearly identify differ-

ent glycosylation sites on plasma ADAMTS13. Analysis of the glyco-

sylation pattern gives novel information on the biochemical properties

of plasma derived ADAMTS13 and might provide new insight in the

initiation of autoimmune reactivity against ADAMTS13 in patients

affected by acquired TTP.
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PA 4.06-3
Prophylactic and therapeutic efficacy of a recombinant
ADAMTS13 in a mouse model of thrombotic
thrombocytopenic purpura
Schiviz A, Verdino D, Resch M, Farnleitner E, Scheiflinger F,

Schwarz HP, Muchitsch EM and H€ollriegl W

Baxter Innovations GmbH, Vienna, Austria

Deficiency of ADAMTS13, a von Willebrand factor (VWF)-cleaving

protease, is the key factor in the pathogenesis of thrombotic thrombo-

cytopenic purpura (TTP), a life-threatening thrombotic microangiop-

athy. Baxter is developing a recombinant ADAMTS13 (rADAMTS13,

a disintegrin and metalloproteinase with a thrombospondin type 1

motif, member 13) product for the potential prophylaxis and treat-

ment of TTP. A recently established disease model in ADAMTS13 ko

mice (B6.129-ADAMTS13tm1Dgi) was used to test the effectiveness of

this drug candidate. In brief, animals are challenged with a high dose

of human recombinant von Willebrand factor (rVWF) containing

ultra-large VWF multimers to induce TTP-like symptoms.

In two studies, 10 ADAMTS13 ko mice per group received a single

dose of 200 FRETS-U/kg rADAMTS13 5 min–120 h before or 15–
180 min after challenge with rVWF. Buffer, administered either

5 min before or 15 min after challenge, was used as negative control.

Efficacy was defined as the degree of prevention of platelet drop and

increase in LDH. Schistocytosis and organ damage were also

assessed.

All buffer-treated animals that received rVWF were severely thrombo-

cytopenic and showed increased LDH levels, schistocytosis and organ

damage. Efficacy of rADAMTS13 was treatment interval-dependent

in both studies. Platelet count at termination of all rADAMTS13-trea-

ted animals was statistically superior to that of buffer-treated controls

(P ≤ 0.0001). However, clinically relevant protection was seen only for

treatment intervals ≤ 72 h; animals that received prophylactic treat-

ment 120 h before administration of rVWF showed severe thrombocy-

topenia. Treatment with rADAMTS13 stabilized the platelet count

and prevented further development of thrombocytopenia. Serum

LDH levels in rADAMTS13-treated animals were statistically signifi-

cantly lower than in buffer-treated controls (P ≤ 0.0001) in both the

prophylactic and therapeutic setting. Other endpoints, such as schisto-

cytosis and organ damage, confirmed the treatment interval-dependent

efficacy for platelet count.

In conclusion, Baxter’s rADAMTS13 was shown to be effective in an

rVWF-induced animal model closely mimicking the situation in

patients with hereditary TTP, and is thus a promising drug candidate

for future clinical trials.

PA 4.06-4
Treatment of reperfusion injury with recombinant
ADAMTS13 in a porcine model of acute myocardial
infarction
Eerenberg ES1, Teunissen PFA2, Van Den Born BJ1, Meijers JC3,

Hollander M2, Aly M2, Niessen HWM2, Kamphuisen PW4, Levi

M1 and Van Royen N2

1Academic Medical Center; 2VU University Medical Center;
3Academic Medical Center Amsterdam, Amsterdam; 4University

Medical Center Groningen, Groningen, The Netherlands

Background: No reflow and decreased microvascular perfusion after

percutaneous coronary intervention increase morbidity and mortality

in ST-elevation myocardial infarction (STEMI) patients. No reflow

may be mediated by platelet vessel wall interaction that is governed by

von Willebrand factor. ADAMTS13 is a metalloprotease that cleaves

von Willebrand factor, thereby reducing its prohemostatic properties.

There is considerable evidence that ADAMTS13 levels decrease

and von Willebrand factor levels increase in STEMI patients.

Recombinant ADAMTS13 has been effective in reducing cerebral

infarct size in a murine model of stroke.

Aims: In this study recombinant ADAMTS13 was tested as a potential

treatment of no reflow in a porcine model of cardiac ischemia and rep-

erfusion.

Methods: In 23 female swine (median age 83 days, median weight

30 kg) a balloon was inflated in the circumflex coronary artery for

75 min. Fifteen minutes after reperfusion, an intracoronary bolus of

either recombinant ADAMTS13 (400 U/kg, Baxter Innovations

Vienna, Austria) or vehicle was given.

Results: ADAMTS13 activity significantly increased in treated pigs

(from median 18%, IQR 14.5–24.0 to median 324%, IQR 117.0–
384.0, P = 0.003) whereas no change was observed in the control

group. Animals were sacrificed 7 days later for histopathology. There

was no difference in the size of myocardial necrosis as assessed with

plasma Troponin T measurements, continuous 12 leads ECG, macro-

scopical infarct analysis, and histopathology using phosphotungstic

acid-hematoxylin staining. Microvascular obstruction as estimated by

staining with anti-CD31/Hematoxylin and counting of vessels and mi-

crothrombi was similar for both groups.

Conclusions: Intracoronary treatment with recombinant ADAMTS13

did not prevent formation of microthrombi and did not decrease

infarct size in this porcine coronary model of ischemia and reperfu-

sion.

PA 4.06-5
A rat model reveals feasibility of rADAMTS13 therapy
in the presence of inhibitory antibodies
Schiviz A, Plaimauer B, Kaufmann S, Skalicky S, H€obarth G,

Wolfsegger M, Muchitsch EM, Turecek PL, Scheiflinger F

and Rottensteiner H

Baxter Innovations GmbH, Vienna, Austria

Anti-ADAMTS13 autoantibodies that either neutralise the activity of

ADAMTS13 or enhance protein clearance are the major cause of

severe ADAMTS13 deficiency in patients suffering from acquired

TTP. Standard care treatment of these patients involves frequent

plasma exchange with fresh frozen plasma. Although substitution ther-

apy with recombinant (r) ADAMTS13 is considered preferable, the

therapeutic efficacy is likely complicated by free circulating anti-AD-

AMTS13 autoantibodies that bind and neutralise infused rADA-

MTS13.

We addressed the feasibility of substitution therapy with rADAMTS13

in acquired TTP by simulating the dynamic in vivo situation in a rat

model. Development of this model was based on our previous in vitro

studies which demonstrated a clear linear correlation between inhibi-

tor titer and the amount of rADAMTS13 required to overwhelm the

antibodies and to normalise ADAMTS13 activity.

Defined quantities of a purified polyclonal goat anti-ADAMTS13 anti-

body were administered to normal rats, resulting in animals with a

defined inhibitor titer of 12 BU/mL. These animals were then dosed

with a single bolus of various concentrations of rADAMTS13. Citrat-

ed plasma was obtained at different time points (up to 336 h post-infu-

sion) and levels of ADAMTS13 acitivity, free goat anti-ADAMTS13

inhibitor and anti-ADAMTS13 immune complexes were determined.

Pharmacokinetic parameters including in vivo recovery and terminal

half-life of rADAMTS13 were calculated based on the measured AD-

AMTS13 FRETS-VWF73 activities. Animals were monitored for clin-

ical signs throughout the observation period. Kidneys were removed

at the end of the observation period for histopathological analysis.

At a sufficient dose, rADAMTS13 was capable of building up AD-

AMTS13 activity in the presence of free inhibitors which became com-

plexed and neutralised immediately upon infusion of rADAMTS13.

The terminal half life of rADAMTS13 was calculated to be about

18 h, similar to that in the absence of inhibitors. The inhibitory anti-

bodies remained bound in anti-ADAMTS13 immune complexes which
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decreased over time. Even at the highest dose of rADAMTS13 tested,

no clinical signs were observed and kidneys showed no abnormalities.

The combined data therefore suggest that the immune complexes

formed upon administration of rADAMTS13 were cleared over 48 h

without causing any obvious adverse events.

Our findings support the concept of achieving therapeutic ADAM-

TS13 levels in the presence of neutralising anti-ADAMTS13 antibod-

ies, and provide a rationale for rADAMTS13 dosing in patients with

acquired TTP.

PA 4.06-6
ADAMTS13 accelerates the cell engraftment efficacy in
mouse model of bone marrow transplantation
Matsui H1, Doi M1, Matsunari Y1, Takeda M1, Nishio K1,

Shima M1, Soejima K2, Banno F3, Miyata T3 and Sugimoto M1

1Nara Medical University, Kashihara; 2Chemo-Sero-Therapeutic

Research Institute, Kumamoto; 3National Cerebral and

Cardiovascular Center, Suita, Japan

Background: von Willebrand factor (VWF) plays a pivotal role on

physiologic hemostasis, mediating platelet aggregation under high

shear stress conditions. However excessive functions of VWF could

cause thrombotic occlusion of microvasculature such as arterial capil-

laries, where blood flow creates a typical high shear stress. The VWF-

cleaving protease ADAMTS13 is therefore thought to down-regulate

precisely the VWF function to maintain enriched microcirculation.

Aims: In this context, we hypothesized that this ADAMTS13 role

might contribute to better donor cell homing and engraftment in vari-

ous cell therapy approaches, in which fluent blood flow could be criti-

cal in the microcirculation system. To test this hypothesis, we studied

the donor cell engraftment in the bone marrow transplantation (BMT)

model in Adamts13�/� mice.

Methods: Irradiated recipient mice were received 2 9 106 GFP positive

cells from the sex-matched GFP donor mice. All of irradiated recipient

mice without receiving BMT died within 21 days. Although there is no

difference between Adamts13�/� and wild-type mice in survival rate

after 7 days of BMT, Kaplan-Meier analysis revealed that the percent

ratio of survival rate starts significantly declining after 14 days of

BMT in the group of Adamts13�/� mice. The successful cell engraft-

ment in BMT was assessed by the number of GFP-positive neutrophils

in peripheral blood at the several time points from BMT.

Results: The duration achieving the number of GFP-positive neu-

trophils over 500/lL was found to significantly delay in the Adam-

ts13�/� mice, as compared with the wild-type mice (20.2 � 3.8 vs.

14.4 � 3.3 days). The delayed cell engraftment observed in the Adam-

ts13�/� mice became normalized by the bolus administration of

recombinant ADAMTS13 (10 lg/mouse) at the day 0 of BMT. Bone

marrow analysis at the day 1 of BMT revealed that the number of

GFP-positive blood cells in bone marrow was significantly reduced in

the Adamts13�/� mice as compared with the wild-type mice, which

could result in the delayed cell expansion at the day 7 and day14 of

BMT in Adamts13�/� mice. The single bolus injection of recombinant

ADAMTS13 was found to fully correct the delayed cell expansion in

bone marrow in the Adamts13�/� mice.

Summary/Conclusion: Our results indicate that the regulation of

VWF-mediated thrombotic or inflammatory responses by ADAM-

TS13 could contribute to better microcirculation which could be criti-

cal for efficient donor cell homing and engraftment in BMT,

suggesting a therapeutic potential of ADAMTS13 in cell therapy

approaches.

PA4.07 – Haemophilia A:
Clinical – XIII

PA 4.07-1
Relation between cut-off value of the Bethesda assay
and the detection of low titre inhibitors in previously
untreated children with severe haemophilia A
Platokouki H1, Oldenburg J2, Ljung R3, Santagostino E4 and Van

Den Berg M5

1Haemophilia Centre and Haemostasis Unit, Aghia Sophia,

Children’s Hospital, Athens, Greece; 22Institute of Experimental

Haematology and Transfusion Medicine University Clini, Bonn,

Germany; 33Lund University, Department of Paediatrics, Sk€ane

University Hospital, Malm€o, Sweden; 44A. Bianchi Bonomi

Haemophilia Centre, Ca Granda Foundation, Maggiore Hospital

P, Milan, Italy; 55Julius Centre for Health Sciences and Primary

Care, University Medical Centre, Utrecht, The Netherlands

Background: About one third of patients with severe haemophilia A

(sHA) develop inhibitors towards infused FVIII. The inhibitor risk

depends on genetic and non genetic factors. After the introduction of

recombinant FVIII products the reported inhibitor incidences have

increased. It is still unclear whether this is caused by higher intrinsic

immunogenicity, by more frequent testing, higher awareness in report-

ing low titre inhibitors or higher sensitivity of the performed tests with

a lower cut-off.

Aim: To describe the impact of the cut-off value of the Bethesda assay

on the overall inhibitor outcome in previously untreated (PUPs) chil-

dren with sHA.

Patients/Methods: The RODIN Study (Research of Determinants of

Inhibitor development) included PUPs with sHA for the first 75 expo-

sure days (E.D). Uniform prospective data and well-defined outcomes

were collected from this patient cohort regularly tested for inhibitors

in 29 haemophilia centres in Europe, Israel and Canada. The investiga-

tors are members of the European Paediatric Network for Haemo-

philia Management (PedNet) and/or the RODIN Study group. The

centres, which all used the Nijmegen modification of the Bethesda

assay, were asked to report on the cut-off value that was used during

the study period (2000–2010) and also the frequency of testing during

the first 20 E.D and between 20 and 75 E.D.

Results: Inhibitory antibodies were detected in 188 (30%) out of 621

eligible patients. Of all inhibitor patients, 124 (66%) developed a high-

titre (> 5 BU) and 64 (34%) a low-titre. Patients developed inhibitors

after a median of 15 E.D (inter-quartile range (IQR) 10–20 days), at a

median age of 15.5 months (IQR 10.7–19.6 months). During the first

20 E.D, patients were tested every 3–5 E.D in 27 centres. After 20 E.D,

the frequency of testing was unchanged in 6 centres and reduced (5–10
E.D to 3 months) in 15. There were 10 centres that used low cut-off

values (0.3 and 0.4 BU/mL) and 19 using high cut-off values (0.5 and

0.6 BU/mL, the latter being the highest cut-off value for positivity).

Centres that used the lowest cut-off values followed 203 PUPs

(32.7%); centres that used the highest followed 418 (67.3%). The

inhibitor incidence was 27.5% and 31.6%, respectively. In both

groups, 66% of the inhibitors were diagnosed with a high and 34%

with a low-titre.

Conclusion: A lower cut-off value did not influence the detection rate

of inhibitors. Also the frequency of low vs. high titre inhibitor patients

was similar for both cut-off values.

This abstract is submitted on behalf of the PedNet and RODIN Study

Group.
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PA 4.07-2
Long-lasting recombinant factor VIII Fc fusion
(rFVIIIFc) for perioperative management of subjects
with haemophilia A in the phase 3 A-LONG study
Mahlangu J1, Powell J2, Josephson N3, Klamroth R4, Parra Lopez

R5, Morfini M6, Oldenburg J7, Pasi J8, Perry D9, Ragni M10,

Shapiro AD11, Dunkley S12, Apte S13, Krassova S14, Greblikas F14,

Innes A14, Nugent K14, Brennan A14, Luk A15 and Pierce GF14

1Haemophilia Comprehensive Care Centre, Parktown,

Johannesburg, South Africa; 2University of California Davis

Health System, Sacramento, CA; 3Puget Sound Blood Center,

Seattle, WA, USA; 4Zentrum fuer Gefaessmedizin/

Haemophiliezentrum, Berlin, Germany; 5Unidad de Hemofilia,

Hospital Universitari Vall d’Hebron, Barcelona, Spain; 6Centro

Emofilia, Firenze, Italy; 7Institut f. Exp. Haematologie und

Transfusionsmed, Bonn, Germany; 8Barts and the London School

of Medicine and Dentistry, London; 9Department of

Haematology, Addenbrookes Hospital, Cambridge, UK;
10University of Pittsburgh and the Hemophilia Center of Western

Pennsylvania, Pittsburgh, PA; 11Indiana Thrombosis and

Hemostasis Centre, Indianapolis, IN, USA; 12Royal Prince Alfred

Hospital, Camperdown, NSW, Australia; 13Sahyadri Hospital,

Mahara, India; 14Biogen Idec; 15Biogen Idec Hemophilia,

Weston, MA, USA

Background: To improve the pharmacokinetics (PK) of factor VIII

(FVIII), Fc technology was used to develop a monomeric recombinant

FVIII Fc fusion protein (rFVIIIFc), with an extended half-life com-

pared with currently available recombinant factor VIII (rFVIII) prod-

ucts. rFVIIIFc comprises a rFVIII molecule genetically linked to the

Fc domain of immunoglobulin G1, with no intervening sequence. The

recently completed A-LONG phase 3 study evaluated safety, efficacy,

and PK of rFVIIIFc for prophylaxis, treatment of acute bleeds, and

perioperative control of bleeding in previously treated subjects with

severe haemophilia A and demonstrated a 1.5-fold increase in half-life

for rFVIIIFc vs. rFVIII (Advate�).

Aims: To evaluate the efficacy of rFVIIIFc for haemostatic control in

the setting of major surgery.

Methods: Eligible male subjects ≥ 12 years old, with severe haemo-

philia A (< 1 IU/dL [1%] endogenous FVIII), a history of ≥ 150 prior

exposure days (ED) to FVIII, and no current/prior FVIII inhibitors,

received either individualised prophylaxis (25–65 IU/kg every 3–
5 days; Arm 1), weekly prophylaxis (65 IU/kg; Arm 2), or episodic

(on-demand; Arm 3) treatment. Subjects from each arm were eligible

to enter the surgery subgroup for assessment of rFVIIIFc in periopera-

tive management if they required major surgery, had ≥ 12 EDs to

rFVIIIFc and negative inhibitor titres following this period and within

4 weeks prior to surgery. Dosing for subjects in this subgroup was

determined by the investigator based on the subject’s rFVIIIFc PK

profile, dose regimen of FVIII generally required for the planned sur-

gery, and bleeding status.

Results: Overall, nine major surgeries were performed in nine subjects

(eight subjects from Arm; 1 subject from Arm 2), including knee

arthroplasty (n = 5), laparoscopic inguinal hernia repair (n = 2),

appendectomy (n = 1), and arthroscopy (n = 1). Haemostatic response

with rFVIIIFc was rated by investigators/surgeons as excellent (8/9) or

good (1/9) for all nine surgeries. Median (range) estimated blood loss,

available for 7/9 surgeries, was 15.0 (0, 600) mL during surgery and

0.0 (0, 1100) mL post-operatively (post-surgical drainage). A single

injection of rFVIIIFc was sufficient to maintain haemostasis to the

end date/time of all major surgeries, at a median (range) dose of 51.4

(50, 77) IU/kg. Median (range) rFVIIIFc consumption (summarized

over all injections during each referenced time period) was 80.6 (65.8,

115.4) IU/kg on the day of major surgery, 161.3 (45.8, 237.3) IU/kg

for Days 1–3 days following surgery, and 387.1 (28.1, 728.8) IU/kg

for Days 4–14 following surgery. No subjects reported a bleeding

episode during the postoperative or rehabilitation periods. Overall,

seven adverse events (AEs) were reported in 4 (44.4%) subjects in the

surgery subgroup, of which six AEs were of mild or moderate severity,

and one AE was considered severe. Two serious AEs (inguinal hernia

and appendicitis) were reported in two subjects. All AEs during the

perioperative period were assessed by the investigators as unrelated to

rFVIIIFc treatment.

Summary/Conclusions: The results from this surgery study showed that

rFVIIIFc effectively maintained haemostasis in all major surgeries,

and suggest that perioperative haemostasis achieved after infusion of

rFVIIIFc was comparable to that expected for similar surgeries in sub-

jects without haemophilia.

PA 4.07-3
The importance of biomarkers of joint damage in
monitoring the efficacy of different prophylaxis
regimens for severe haemophilia A
Djunic I1, Dopsaj V2, Lesic A3, Miljic P1, Suvajdzic-Vukovic N1,

Tomin D1, Novkovic A4 and Elezovic I1

1Clinic for Hematology, Clinical Center of Serbia; 2Institute for

Medical Biochemistry, Pharmacy Faculty of Belgrade University;
3Clinic for Orthopaedic Surgery and Traumatology, Clinical

Center of Serbia; 4Clinical Hospital “Zemun”, Belgrade, Serbia

Background: Haemophilic arthropathy, with characteristic joint dam-

age, is the main cause of morbidity in individuals with severe haemo-

philia A. The most important clinical strategy for management of

these patients is treatment by continous prophylaxis with intrave-

nously applied factor (F) VIII. Recently, it was shown that serum and/

or urine biomarkers of cartilage turnover in joints reflected the degree

of total joint degradation in haemophilia patients.

Aims: The aims of this study were to detect correlations between serum

and urine concentrations of biomarkers of joint cartilage degradation

and the radiological score for haemophilic arthropathy, as well as to

estimate whether measurement of these biomarkers could be useful in

monitoring the efficacy of different (secondary) prophylaxis regimens

for severe haemophilia A.

Methods: This single-center study included 20 adult males with severe

haemophilia A manifested by plasma FVIII < 1% of normal, without

inhibitor. The first group involved five patients treated with full-dose

prophylaxis: 20 U/kg three times per week. The second group included

five patients given intermediate-dose prophylaxis: 10–15 U/kg three

times per week. The third group consisted of 10 patients treated on

demand (i.e. only in acute bleeding episodes). The following joint carti-

lage degradation products were measured: serum cartilage oligomeric

matrix protein (COMP) and urinary C-terminal telopeptide of type II

collagen (CTX-II). Blood and urine samples were collected initially,

before the start of treatment (marked as COMP-1 and CTX-II-1) and

after 3 months follow-up (marked as COMP-2 and CTX-II-2). Radio-

logical evaluation of haemophilic arthropathy was estimated initially

according to the Pettersson score. Approval from the local Ethics

Committee and informed written consent were obtained from each

subject.

Results: The mean age of the patients was 32 years (range 19–55). The
results showed significant positive correlations between the number of

points in the Pettersson score and both COMP level (r = 0.602,

P = 0.006) and CTX-II level (r = 0.580, P = 0.009). In the group of

patients given full-dose prophylaxis, the mean value for COMP-2 was

significantly lower than that for COMP-1 (P = 0.043), while in the

group of patients receiving intermediate-dose prophylaxis and in those

treated on demand the mean values of COMP-2 were not significantly

changed when compared to those for COMP-1. Likewise, in the group

of patients treated with full-dose prophylaxis, the mean value for

CTX-II-2 was significantly lower than that for CTX-II-1 (P = 0.014).

Moreover, the mean value of CTX-II-2 was also significantly

decreased compared to that for CTX-II-1 (P = 0.028) in the group
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receiving intermediate-dose prophylaxis. The mean values of CTX-II

in the group of patients treated on demand showed no change.

Conclusions: Joint cartilage degradation products, such as the biomar-

kers: serum COMP and urinary CTX-II, can provide an estimation of

the amount of joint damage in patients with haemophilia A. Measure-

ment of serum/urinary biomarker levels is useful for monitoring the

efficacy of the applied doses of FVIII in different treatment

approaches towards these patients.

PA 4.07-4
Factor VIII genotype and correlation with the
hemophilia severity score
Dunn AL, Taylor F and Jobe SM

Emory University, Children’s Healthcare of Atlanta, Atlanta, GA,

USA

Background:Hemophilia A is classified into mild (> 5–40%), moderate

(2–5%) and severe (≤ 1%) disease based upon plasma factor activity

levels. Severity of bleeding is commensurate with the baseline factor

levels in general; however heterogeneity of bleeding patterns in

patients with severe disease is well described. The Hemophilia Severity

Score (HSS) is a validated measure of phenotypic severity that takes

into account the annual incidence of joint bleeds, the World Federa-

tion of Hemophilia Orthopedic joint score and annual factor con-

sumption. The joint score and factor consumption are adjusted for age

at the start of prophylaxis and body weight. Multiple factor VIII (F8)

mutations have been described.

Aim: We examined the relationship between genotype and phenotypic

severity in a cohort of patients with severe hemophilia A.

Methods: After informed consent was obtained, patients with severe

hemophilia A (≤ 1%) were recruited from The Emory Hemophilia

Treatment Center during routine clinic visits. Patients with concomi-

tant bleeding disorders or thrombocytopenia (< 100,000/µL) were

excluded. Each patient received a HSS score. In addition, genotype

data was recorded if known or performed if unknown. Mutation anal-

ysis was performed by sequencing, multiplex ligation-dependent probe

amplification, and polymerase chain reaction for inversions in F8 in-

trons 22 and 1. The F8 genotype was classified as large deletions (sin-

gle exon or multiple exons), nonsense mutations, intron 1 and 22

inversions, small deletions/insertions/combined deletions and inser-

tions, missense mutations, frameshifts and splice sites. We considered

severe molecular defects to include intron 1 and 22 inversions, non-

sense mutations and large deletions, while less severe molecular gene

defects included missense, splice site, small deletions and frameshift

mutations. Associations between genotype and HSS phenotype were

examined via one-way ANOVA. Association between severity of

mutation and HSS phenotype was determined via t-test.

Results: To date, 71 patients with severe hemophilia A enrolled on the

study. The patients ranged in age from 3 to 61 years. Full HSS and

genetic data were available on 48 patients. Four (8%) patients mani-

fested large deletions, 18 (38%) had inversion 22, 4 (8%) exhibited

intron 1 inversion, 3 (6%) had nonsense mutations, 7 (15%) demon-

strated frameshifts, 10 (21%) with missense mutations and 2 (4%) had

splice site changes. The mean HSS differed significantly among the

mutation types P = 0.032. The patients that manifested severe muta-

tions had a significantly higher mean HSS (1.05 vs. 0.54) than those

with less severe mutations, P = 0.0045.

Summary/Conclusion: We have demonstrated that bleeding severity as

scored by the HSS correlates with the type and severity of genetic

mutations. We surmise that patients with less severe mutations may

produce small amounts of F8 and this may correlate with a less severe

bleeding phenotype. These results suggest that assessment of F8 geno-

type, above and beyond F8 activity, may provide useful information

regarding phenotypic severity in patients with severe hemophilia.

PA 4.07-5
A new treatment concept for haemophilia: safety,
pharmacokinetics and pharmacodynamics of single i.v.
and s.c. doses of a monoclonal anti-TFPI antibody in
healthy males and haemophilia subjects
Chowdary P1, Friedrich U2, Lethagen S2 and Angchaisuksiri P3

1Royal Free Hospital, London, UK; 2Novo Nordisk A/S, Søborg,

Denmark; 3Ramathibodi Hospital, Bangkok, Thailand

Background: Regular prophylaxis with either factor VIII or IX is the

current gold standard of care for patients with severe haemophilia to

prevent joint damage. Frequency of the injections, poor venous access,

cost, compliance and time commitment continue to be barriers for

widespread use across the world. Novo Nordisk has developed a

monoclonal antibody (mAb 2021) targeting tissue factor pathway

inhibitor (TFPI). If successful, mAb 2021 has the potential to alter cur-

rent concepts of prophylaxis in all types of haemophilia, including

convenient subcutaneous (s.c.) administration with potential for

improved compliance.

Aims: Safety was the primary objective. Secondary objectives were

pharmacokinetics (PK) and pharmacodynamics (PD) of mAb 2021

after single i.v. and s.c. doses in healthy subjects (HS) and subjects

with haemophilia A or B (patients).

Methods: This was a phase 1, multi-centre, placebo-controlled, double-

blind trial. Escalating single i.v. and s.c. doses were administered to

healthy subjects (N = 28) and patients with haemophilia (N = 24).

Informed consent was obtained from all participating trial subjects.

The trial was approved by the relevant ethical committees. I.v. dose

cohorts for HS: 0.5, 5, 50 and 250 lg/kg; and for patients: 250, 1000,

3000 and 9000 lg/kg. S.c. dose cohorts for HS: 50, 250 and 1000 lg/
kg; and for patients: 1000 and 3000 lg/kg. Four subjects were included
in each dose cohort of which one received placebo.

We registered all Adverse Events (AEs), including Serious Adverse

Events (SAEs), local tolerability, laboratory assessments, anti-drug

antibodies, vital signs and ECG. A mAb 2021 ELISA was used for

PK, and a residual TFPI functionality assay based on FXa generation

for PD. An ELISA measured plasma TFPI.

Results: There were no SAEs and no anti-drug antibodies. Fifty-seven

of 76 AEs were mild, 17 were moderate and two were graded as severe

(one endodontic procedure, and one sciatica, both unlikely related to

mAB 2021). Nineteen AEs occurred after placebo. Five AEs were

judged by investigators as related, of which three occurred after

administration of mAb 2021. Two of these were graded as mild and

one as moderate severity, the latter a small superficial thrombophlebi-

tis in a HS in the 1000 lg/kg s.c cohort, manifesting only as local skin

tenderness and diagnosed with ultrasound. The symptom disappeared

spontaneously, without treatment, the day after diagnosis. Injection

site reactions were few, all mild except for one moderate.

There were no clinically relevant changes in Platelets, AT, APTT and

PT. As expected a dose dependent procoagulant effect of mAb 2021

was seen as increased levels of D-dimers and prothrombin fragments

1 + 2.

Non-linear PK of mAb 2021 was observed due to target mediated

clearance. A maximum AUC of 33.960.278 h*ng/mL and a maximum

concentration of 247.104 ng/mL was measured at the highest dose,

9000 lg/kg i.v. Residual TFPI functionality and Total free plasma

TFPI levels decreased in a mAb 2021 concentration dependent man-

ner.

Conclusions:mAb 2021 was found to be safe after i.v. and s.c. adminis-

tration. PK was influenced by target mediated clearance. A mAb 2021

concentration dependent effect was observed on plasma TFPI func-

tionality and levels.
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PA 4.07-6
Validation of the colorado adult joint assessment scale
in patients with severe hemophilia A
Hong W1, Raunig D2 and Funk S3

1Bayer HealthCare, Montville, NJ; 2ICON Medical Imaging,

Warrington, PA; 3University of Colorado Denver, Aurora, CO,

USA

Background: Valid rating scales for the physical examination of joints

are required for controlled studies of hemarthropathy in patients with

hemophilia A. The Hemophilia Joint Health Score (HJHS) was previ-

ously validated in a pediatric population; a new joint rating scale for

adults with hemophilia is also needed.

Aim: To demonstrate the validity of the Colorado Adult Joint Assess-

ment Scale (CAJAS) for measuring joint status in adults with severe

hemophilia A

Methods: Data for this validation study were obtained from a prospec-

tive, randomized, parallel-group study (SPINART; ClinicalTrials.gov

identifier: NCT00623480), which compared routine prophylaxis vs.

on-demand treatment with sucrose-formulated recombinant factor

VIII in 84 male patients aged 15–50 years. Baseline CAJAS scores

were evaluated for linearity (ie, distribution properties of baseline

scores, range of observed values, floor and ceiling effects, correlation

with bleeding episodes) and reproducibility (ie, variability among dif-

ferent raters, sites, and countries). Item analysis was conducted using

multivariate analysis to evaluate item uniqueness, scoring difficulty,

and discriminating properties (ie, ability to discriminate between

healthy and unhealthy joints). Factor analysis was conducted using

the maximum likelihood method to identify domains specific to the

adult patient population.

Results: CAJAS scores moderately correlated with age (r = 0.52), simi-

lar to the expected correlation of joint health with total lifetime bleed-

ing (r = 0.43–0.50) reported for older joint assessment scales and

consistent with the expectation that all patients with hemophilia will

experience joint bleeding episodes and that older patients will have

accumulated more bleeding episodes than younger patients. The CA-

JAS demonstrated excellent reproducibility between countries despite

widely varying degrees of joint damage and evaluator training. Few

patients (3%) had CAJAS scores of 0, and no patient had a maximum

score, demonstrating no adverse floor or ceiling effects. The CAJAS

scores had excellent correlation with radiologic evaluations of joint

damage (r = 0.71); this correlation is higher than the correlation of the

physician joint health assessment to HJHS (r = 0.42) reported by Feld-

man et al. Items clustered by two important International Classifica-

tion of Functioning, Disability, and Health factors that were likely

related specifically to adult functions: Activity Functional Impairment

and Structural Functional Impairment. Internal reliability was good,

with an overall Cronbach’s alpha of 0.68; this was lower than the

Cronbach’s alpha reported in the literature for the HJHS (alpha,

0.86). This result may have been due to the increased heterogeneity of

disease severity in the SPINART population.

Conclusions: The CAJAS demonstrated good to excellent content

validity and reliability for use in adults. Although the CAJAS is simi-

lar to previous scales, such as the HJHS, it also incorporates items

consistent with adult joint health that were deleted from later versions

of the HJHS. The items removed from HJHS were shown to be impor-

tant and reliable items that increase the overall discriminant ability of

the CAJAS.

PA4.08 – Heparin and
Heparinoids – II

PA 4.08-1
Procoagulant red blood cells diminish the protective
effect of prothrombinase on factor Xa inhibition by
fondaparinux and low molecular weight heparin
Stevic I, Chan HW, Chander A, Berry LR and Chan AK

McMaster University, Hamilton, ON, Canada

Background: Numerous red blood cell (RBC) disorders have been

linked with having procoagulant RBCs that over-express phosphati-

dylserine on their outer leaflets. We have previously demonstrated that

prothrombinase (IIase) formed on procoagulant RBCs protects Xa

from inhibition by antithrombin (AT) + unfractionated heparin, con-

sistent with vesicles and platelet IIase systems. Others have also shown

that IIase on vesicles and platelets also protects Xa from inhibition by

fondaparinux and low molecular weight heparin (LMWH). However,

inhibition of the RBC-IIase system by fondaparinux and LMWH has

never been studied.

Aim: This study was performed to determine the inhibition of Xa

within the IIase complex by AT+fondaparinux or AT + LMWH when

the IIase forms on a procoagulant RBC surface.

Methods: Discontinuous second order rate constant assays were car-

ried out to obtain k2-values for inhibition of free or RBC-IIase-bound

Xa by AT + fondaparinux or AT + LMWH. Freshly isolated RBCs

were activated for 15 min with phosphatidic acid and calcium at room

temperature prior to addition of Va, Xa, Ca2+ and pefabloc-TH in

buffer. After an additional 3 min incubation, IIase was reacted with

prothrombin (II), followed by addition of inhibitors (AT + fondapari-

nux or AT + LMWH) at specific time intervals. The reactions were

neutralized by simultaneous addition of polybrene, Na2EDTA and S-

2222 in buffer. The remaining enzyme activity was obtained at

405 nm, and the k2-values calculated from plots of lnVt/Vo vs. time.

Results: The k2-values for inhibition of free Xa by AT+fondaparinux
and AT+LMWH were 6.15 � 0.87 9 106/M/min and

1.35 � 0.36 9 107/M/min, respectively. However, incorporation of

Xa in the RBC-IIase (without II) gave k2-values that were slightly

increased to 7.57 � 2.58 9 106/M/min for AT + fondaparinux and

1.73 � 0.43 9 107/M/min for AT+LMWH. Thus, protection of Xa by

IIase appeared to be diminished on the surface of RBCs. When experi-

ments were repeated with addition of II to the RBC-IIase system, there

was a further slight increase in k2-values to 8.38 � 2.58 9 106/M/min

for AT+fondaparinux and 1.93 � 0.82 9 107/M/min for

AT + LMWH. Since protection of Xa is not observed on RBCs, we

performed additional experiments with synthetic phospholipid vesicles

to confirm whether the protective effect was retained in that lipid sys-

tem. We observed that, relative to free Xa, the k2-values of the vesicle-

IIase system (without II) were reduced to 2.33 � 0.83 9 106/M/min

for AT + fondaparinux (P < 0.001) and 1.18 � 0.07 9 107/M/min

for AT + LMWH (P = ns), thus re-establishing the protective effect.

Summary/Conclusion: Inhibition rates from this study are one and two

orders of magnitude lower for LMWH and fondaparinux, respectively,

compared to previously reported rates for heparin. Moreover, IIase

protection of Xa inhibition by AT + fondaparinux and AT + LMWH

was not observed on procoagulant RBCs. In fact, incorporation of Xa

within the RBC-IIase even trends slightly towards increased rate of

inhibition, which is opposite to results previously reported for other

cell surfaces. To ensure the functionality of our system, we repeated

the experiments utilizing vesicles instead of RBCs, and demonstrated

that Xa protection was restored to previously reported values for both

inhibitors. Therefore, surface complexation of IIase on RBCs may

provide suitable conditions for relative enhancement of Xa inhibition

by fondaparinux and LMWH.
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PA 4.08-2
Binding and inhibition of drug transport proteins by
heparin – a significant role in modulation of multidrug
resistance in human breast cancer cells
Chen Y1, Scully M1, Gloria P2 and Ajay K3

1Thrombosis Research Institute; 2Thrombosis Research Institute &

University College London Hospitals; 3Thrombosis Research

Institute & University College London, London, UK

Background: A number of transmembrane drug transporter proteins,

including the ATP-binding cassette (ABC) active transporters which

require the energy of ATP hydrolysis as well as non-ABC transporters,

are involved in multidrug resistance (MDR) to chemotherapeutic

agents. In cancer patients undergoing chemotherapy, treatment with

heparin has been shown to prolong survival compared to patients who

have not received heparin treatment, yet the fundamental mechanisms

underlying this survival benefit are largely unknown. We hypothesised

that one of the possible mechanisms is that heparin treatment

enhances the efficacy of chemotherapy.

Aims: To clarify whether heparin could act as aMDR modulator and

thereby increase the potency of chemotherapeutic drugs in cancer

patients.

Method: Four cancer cell lines, including a human enriched breast can-

cer stem cell (CSC) line, two of human breast cancer cell lines, MCF-7

and MDA-MB-231, and a human lung cancer cell line A549 were used.

The ability of heparin to bind to individual drug transporter proteins

was investigated by extraction on Heparin-agarose beads. The effect of

heparin on the function of drug transporter proteins was investigated

by measuring the rate of efflux of different drug transporter substrates

from cancer cells in the presence of heparin using flow cytometry; Mea-

surement of the effect of heparin on the ATPase activity of each of the

ABC transporter proteins was carried out using individual ATPase kits

(Solvo Biotechnology, Hungary). shRNA for lung-resistance-protein

(LRP) – one of major non ABC transporters, was used to generate sta-

ble LRP knockdown cell lines. The sensitivity of chemotherapeutic

drugs in treated cells was measured by cytotoxicity assay.

Results: Heparin was shown to bind to several of the drug transport

proteins from ABC and non ABC transporter system. Among the

ABC system, heparin binding caused a significant inhibition of the AT-

Pase activity of ABCG2, and to a lesser extent of ABCC, and this was

associated with significant inhibition of the efflux function observed as

enhanced intracellular accumulation of substrates of the ABC trans-

porter system in tumour cells. The cytotoxicity towards breast CSCs of

each of a number of chemotherapeutic substrates of the ABC trans-

porter system was increased when used in combination with heparin.

As one of the major non-ABC transporter proteins, LRP was also con-

firmed to be a heparin binding protein. The expression of LRP was up

or down regulated by 17b-estradiol treatment or shLRP transfection,

respectively results which corresponded with the rate of intracellular

accumulation and cytotoxicity of doxorubicin in MCF-7 cells.

Conclusion: Heparin acts as an inhibitor of a range of ABC and non-

ABC transporter proteins, by blocking transporter protein activity

and modulating drug metabolism and toxicity. It is proposed that

these interactions are responsible, at least in part, for the increased sur-

vival of heparin treated cancer patients.

PA 4.08-3
Heparin induced apoptosis of breast cancer cells is
associated with modulation of endogenous Protein
Kinase C (PKC) activities
Chen Y1, Scully M1 and Ajay K2

1Thrombosis Research Institute; 2Thrombosis Research Institute &

University College London, London, UK

Background:Heparin exerts a pro-apoptotic effect on a variety of cells,

but the fundamental basis of this action is little understood. It may

well be due to its effect upon the primary signalling pathways regulat-

ing the cell cycle, such as the PKC system since previously heparin has

been shown to antagonise serum or phorbol 12-myristate 13-acetate

(PMA) induced PKC isoenzyme gene expression. These effects may

arise from the ability of heparin to bind to and modulate the function

of many of the growth factors and other agonists found in serum.

Whether heparin is also able to affect PKC activity directly remains

unclear.

Aims: The investigation of the principal interactions contributing to

the pro-apoptotic effect of heparin on breast cancers cells.

Methods: Two human breast cancer cell lines (MCF-7 and MDA-MB-

231) were cultured under serum-free conditions (in which cells are

maintained by the activity of autocrine growth factors) in the presence

of either unfractioned heparin (UFH) or a low molecular weight hepa-

rin (LWMH, Fragmin). Cell cycle and apoptosis assays were per-

formed using flow cytometry. Based upon observations obtained by

gene microarray analysis, the expression of a selection of pro-apopto-

tic proteins was analysed by Western blot. The level of phosphorylated

protein kinases in signalling pathways involved in apoptosis was inves-

tigated in treated cells by Western blot and immunofluorescence assay.

Results: Cell cycle profiling of cell derivedDNA showed that MCF-7

cells were arrested in the G0-G1 phase when treated with each of the

heparins. The percentage of apoptotic cells was also significantly

increased by heparin treatment. Moreover, the percentage of apoptotic

cells induced by treatment with heparin in combination with chemo-

therapeutic drug(s) was higher than in cells treated with drug or hepa-

rin alone. The level of phosphorylated protein kinases of signalling

pathways involved in apoptosis was also modulated by heparin in both

cell lines, including the reduction in the level of phosphorylation of

members of the Raf/MEK/ERK pathway (p-ERK, p-Ref) and PI-3K/

Akt pathway (p-Akt, p-PTEN)., The endogenous activity of each of a

number of PKC isoenzymes, which are capable of triggering an apop-

totic response, was also reduced by heparin treatment, including p-

PKCa/bII, p-PKCd, p-PKCh, and p -PKD/PKCl. In addition, the

activity of p-PKCe, a transforming oncogene and possible tumour bio-

marker was reduced. The expression of a numbers of pro-apoptotic

proteins was also regulated by heparin in both cell lines and was con-

firmed by RT-PCR and Western blot – these included TNFa, p-

GSK3a/bII and active-caspase-3, and regulator proteins p21, p53 and

Hsp90.

Conclusion: The pro-apoptotic action of heparin is associated with the

modulation of the activity of a number of key signalling pathways,

including endogenous PKC activity as well as increased expression of

a number of pro-apoptotic proteins. This ability of heparin to promote

apoptosis may contribute to the favourable effect of heparin treatment

on cancer therapy.

PA 4.08-4
Protamine sulfate neutralization of anticoagulation by
a potent antithrombin-heparin covalent complex
Atkinson M, Rubiano A, Berry LR and Chan AK

McMaster University, Hamilton, ON, Canada

Background: Heparin is a well-established anticoagulant for treatment

of thromboembolic disease. Heparin catalyzes inhibition of several

coagulation factors, including thrombin (IIa) and factor Xa (Xa), by

enhancing the activity of antithrombin (AT). Despite development of

low molecular weight heparins (LMWHs) and factor-specific direct an-

ticoagulants, unfractionated heparin (UFH) remains the anticoagulant

of choice in some clinical situations. Limitations of UFH include a

short intravenous half-life, AT-dependence, and only one in three mol-

ecules have anticoagulant activity. We have developed a potent antico-

agulant consisting of covalently linked AT and UFH (ATH). ATH

has increased half-life, both AT-dependent and independent activities,

faster reaction rates with coagulation factors, and 100% of its heparin

chains are anticoagulant. Thus, ATH may be a more favourable anti-

coagulant than UFH for specific indications. When a patient receiving
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heparin is experiencing acute bleeding or requires emergency surgery,

anticoagulation is neutralized by administration of protamine sulfate.

Protamine is also used to reverse heparin following cardiopulmonary

bypass surgery (CPB). Protamine is a small charged protein which

binds electrostatically to heparin forming an inactive complex. Prot-

amine is less effective at inhibiting LMWHs, and factor-specific inhibi-

tors currently do not have any known direct antidote. Thus far, ATH

neutralization with protamine has not been studied.

Aim: To determine if protamine can neutralize the anticoagulant activ-

ity of ATH.

Methods: ATH or AT + UFH were exposed to various concentrations

of protamine, before incubating with purified IIa or Xa. Residual

enzyme activity against chromogenic substrates was monitored spec-

trophotometrically and expressed as a percentage of uninhibited

enzyme activity in the presence of an equal amount of protamine.

Additionally, normal human pooled plasma mixed with 0.2 U/mL

ATH or UFH was treated with protamine, followed by initiation of

clotting with calcium and dilute tissue factor. Time to clot was moni-

tored turbidimetrically and defined as the time to reach half maximal

turbidity.

Results: Inhibition of IIa by ATH or AT + UFH was fully reversed

with protamine, both requiring the same molar ratio of protamine:

anticoagulant. A 4:1 molar ratio of protamine:UFH recovered

88.7 � 2.2% of uninhibited Xa activity, whereas the maximum recov-

ery of Xa activity in the presence of ATH was 78.4 � 1.6%. Increasing

amounts of protamine gave no further reversal. In plasma, 0.2 U/mL

ATH and UFH extended the time to clot from 3.2 � 0.1 to 13.6 � 0.6

and 18.7 � 1.3 min, respectively. Protamine, at 1 lg/mL, reduced the

time to clot for both ATH and UFH to 3.8 � 0.1 min, although it had

a slight anticoagulant effect (4.6 � 0.1 min) in plasma on its own.

Conclusions: IIa inhibition by ATH or AT + UFH was completely

abolished by protamine in a purified system. Interestingly, in similar

experiments with Xa, protamine did not entirely reverse the inhibitory

effects of ATH, or even those of AT + UFH. However, protamine

fully neutralized ATH and UFH anticoagulation when determined by

clot formation in plasma. Further experiments studying protamine

efficacy against ATH in vivo are warranted. These results contribute

significantly to the development of ATH as a clinical therapeutic

option.

PA 4.08-5
In vitro immunogenicity assessment of branded
enoxaparin and a US generic version of enoxaparin
Walenga JM, Prechel M, Escalante V, Jeske W, Hoppensteadt D,

Chaudhry T and Bakhos M

Loyola University Medical Center, Maywood, IL, USA

Background: With the approval of generic enoxaparin for clinical use

in the US, and the fact that that low molecular weight heparins

(LMWHs) are not immunogenically inert, it is of interest to under-

stand if the immunogenic response of the generic enoxaparin is equiva-

lent to that of branded enoxaparin (Lovenox�).

Aims: The focus of these in vitro studies was on heparin-induced

thrombocytopenia (HIT) where cross-reactivity of generic enoxaparin

to HIT antibodies was compared to the reactivity of branded enoxapa-

rin.

Methods: Five batches each of branded (Sanofi-aventis; Bridgewater,

NJ) and generic (Sandoz US; Princeton, NJ) enoxaparin were studied.

Drugs were purchased through hospital pharmacies as pre-filled syrin-

ges containing 40 mg drug. HIT antibodies from multiple patients

(minimum n = 9 sera strongly ELISA and SRA positive) and platelets

(pre-screened for platelet assay reactivity) from different donors were

employed to assure the robustness of the data. Platelet activation by

HIT antibodies was determined by the clinical14C-serotonin release

assay (SRA; using washed platelets) and the heparin-induced platelet

aggregation assay (using platelet rich plasma). The metabolic capacity

of platelets after incubation with HIT antibodies and LMWH was

determined by our MPA colorimetric assay (Platelets 2012;23:69)

using the AQueous One Solution (Promega; Madison, WI) indicator

dye to detect mitochondrial activity. PF4 displacement by LMWH

was determined using the PF4-Enhanced ELISA (GTI; Waukesha,

WI) and detecting HIT antibody binding.

Results: Over multiple runs mean values did not reveal significant dif-

ferences between the generic in comparison to the branded enoxaparin

for PF4 affinity or effect on platelet function (activation, aggregation,

metabolic potential) due to cross-reactivity with various HIT antibod-

ies. However, what was revealed were variable responses between the

tested batches of generic enoxaparin. This batch-to-batch variation

was not observed with the branded enoxaparin that gave a more con-

sistent response. This signal would have been masked if individual

data were not evaluated and the data was only analyzed as an average.

Conclusion: This was a comprehensive evaluation of the immunogenic

potential of generic enoxaparin compared to branded enoxaparin

using multiple sources of HIT antibodies as well as several different

assay systems. While no obvious difference between drugs in these in

vitro assays was observed in a general sense, the significant finding was

a higher batch-to-batch variation for the generic enoxaparin. This

finding is of importance since an enhanced immunogenic response of

even some batches of generic enoxaparin make the branded and gen-

eric materials non-equivalent. It also would raise concern for clinicians

of true interchangeability between branded and generic products. It is

thus of clinical interest to include investigations into the immunogenic

response of complex biological drugs, such as generic LMWHs, for

regulatory recommendations.

PA 4.08-6
Non-anticoagulant heparin analogue protects against
ConA-induced acute hepatitis and sepsis
Wildhagen CAA1, Garcia de Frutos P2, Soehnlein O3,

Hemker CH4, Schrijver R1, Deckers N1, Reutelingsperger C1

and Nicolaes GAF1

1Maastricht University, Maastricht, The Netherlands; 2Institute of

Biomedical Research of Barcelona, Barcelona, Spain; 3Ludwig-

Maximilians-University Munich, Munich, Germany; 4Synapse

b.v., Maastricht, The Netherlands

Sepsis is a worldwide healthcare problem for which adequate therapy

is currently not available and severe sepsis is associated with a mortal-

ity rate of up to 50%. Recent findings have identified extracellular hi-

stones as major mediators of hyperinflammation in sepsis. Histones

are major protein components of neutrophil extracellular traps that

are formed in response to infection. Consequently histones were identi-

fied as interesting therapeutic targets for the treatment of hyperinflam-

mation and sepsis.

Unfractionated heparin (UFH) has the highest negative charge density

of all known biological molecules and is a good candidate to bind posi-

tively charged extracellular histones to potentially neutralize them.

The disadvantage of heparins for clinical use is the associated risk for

bleeding complications. To this end, we prepared a heparin-analogue,

HA, that has only marginal anticoagulant effects.

The in vitro and in vivo effects of UFH and HA were tested and we

demonstrate that both UFH and HA dose-dependently inhibit the

cytotoxic effects of histones on endothelial cells. In a ConA-triggered

mouse model for fatal liver injury and in a CLP model, HA adminis-

tration could increase survival from 40% in the untreated group till

90–100% in the treated groups, with no signs of bleeding in the treated

groups.

We show that HA can be used as a safe and effective means of protec-

tion against histone-mediated death in vivo and conclude that HA has

a strong therapeutic potential to treat hyperinflammatory responses in

humans, such as occur during sepsis.

Disclosure of Interest: The author declares no conflict of interest.
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PA4.09 – Von Willebrand Factor – VI

PA 4.09-1
Acquired von willebrand factor deficiency and bleeding
risk in a rabbit model of aortic stenosis
Rauch A1, Banfi C2, Jean Pierre E3, Rousse N4, Ung A4, Godier A5,

Caron C3, Elkalioubie A4, Van Belle E2 and Susen S6

1University Lille Nord de France; 2CHRU, Pôle de Chirurgie

Cardiovasculaire et de Cardiologie; 3Haematology Transfusion

Department; 4Univ Lille Nord de France, UDSL, IFR114, EA2693,

Facult�e de M�edecine, Lille; 5Anesthesia and Critical Care, Hotel-

Dieu and Cochin Hospitals, Paris Descartes, Paris; 6Haematology

Transfusion Department and Univ Lille Nord de France, UDSL,

IFR114, Lille, France

Background: Acquired deficiency of von Willebrand factor (VWF) is

characterized by the loss of high molecular weight (HMW) multimers.

HMW multimers have been reported in association with high shear-

cardiovascular disorders, mainly in aortic valve stenosis. Although it

has been shown that acquired deficiency of VWF is improved after

correction of the pathological condition, the causal evidence of a path-

ological shear condition on HMW multimers changes has not been

established in an experimental model in vivo. Moreover the involve-

ment of these selective HMW multimers in the bleeding risk is not

demonstrated.

Aims: Our aim was to provide an in vivo causal evidence between loss

of HMW multimers and aortic stenosis in an animal model and to

evaluate the bleeding risk induced by the stenosis.

Methods: We developed a rabbit model of calibrated supra aortic ste-

nosis. All experiments were conducted in syngeneic male New Zealand

rabbits (2.7–3 kg) in accordance to the declaration of Helsinki. The

ascending aorta was surgically exposed after a median sternotomy

under general sedation. A severe stenosis > 75% was performed using

a vascular silicone occluder placed on the ascending aorta. The occlu-

der was inflated with a device allowing a reproducible stenosis. Blood

was sampled at baseline (T0) and at 30 min (T30) after stenosis for

VWF antigen and multimeric profile assessment in 17 animals. The

multimeric structure of plasma VWF was analyzed as previously

described in humans and the revelation was adapted for rabbits. The

percentage of the highest molecular weight multimers (more than

15 mers) was determined using densitometric scanning. Results were

expressed as a ratio vs. baseline value.

In this model, a hepatosplenic surgical cut was performed in 20 rabbits

randomly allocated to two groups (stenosis/sham, n = 10 each) to

evaluate blood loss. Blood was collected through four gauze com-

presses previously disposed around the liver and the spleen. Hepatosp-

lenic blood loss was considered as the weight of compresses after

procedure. Potential confounding variables (pH, platelet count,

HCO3, PCO2, body temperature) were monitored throughout proce-

dure, body temperature was maintained using a heating blanket.

Results: A significant decrease of HMW multimers was observed (ratio

0.77 � 0.07; P < 0.0001) after the induction of the stenosis when com-

pared to baseline values. HMW multimers remained unchanged in

sham group (1.03 � 0.07;ns). VWF:Ag remained unchanged in the

both groups during the whole procedure.

A trend for an increase in blood loss was observed in the aortic steno-

sis group (11.8 g � 5.6) when compared to the sham group

(7.1 g � 2.1; P = 0.06). No significant changes were observed in con-

founding variables.

Summary/Conclusions: We provide the first in vivo causal evidence of

HMW multimers loss associated with aortic stenosis. This selective

loss of HMW multimers was associated with a moderate increase in

bleeding risk.

PA 4.09-2
Loss of either Fut1 or Fut2 fucosyltransferase is
associated with significantly elevated von Willebrand
Factor (Vwf) levels in mice
Johnsen JM, Yohannes E and Walsh TW

Puget Sound Blood Center, Seattle, WA, USA

Background: von Willebrand Factor (VWF) is a critical coagulation

glycoprotein which stabilizes Factor VIII, adheres at sites of vascular

injury, and binds platelets. VWF is synthesized in megakaryocytes and

vascular endothelium, where it undergoes complex post-translational

processing, including extensive glycosylation, prior to secretion. VWF

levels vary widely in humans, and the carbohydrate blood group,

ABO, is a well-known genetic modifier of VWF. ‘H’ glycan is the pre-

cursor structure for ABO, and thus is also a candidate to influence

VWF. H glycan is generated by two alpha-1,2-fucosyltransferase

genes, FUT1 and FUT2. In humans (but not mice), FUT1 is expressed

in erythrocytes and vascular endothelium. In both humans and mice,

FUT2 (and to a lesser extent, FUT1) is expressed in mucosa. Human

homozygotes for FUT1 nonsense mutations (‘Bombay’ blood type) are

very rare and exhibit low VWF levels, likely due to the absence of H

(and therefore ABO) on endothelial-cell derived VWF. On the other

hand, individuals homozygous for FUT2 nonsense mutations (‘non-

Secretor’) are common and have been reported to have slightly higher

VWF levels, but the literature is conflicted. To investigate the hypothe-

sis that mucosal H glycan expression influences VWF, we examined

Vwf levels in Fut1 and Fut2 knock-out mice.

Methods: Fut1 and Fut2 knock-out animals (backcrossed > 20 genera-

tions to C57BL6/J prior to analysis) were obtained from the Jackson

Laboratory. Heterozygous F1 animals were intercrossed to generate

F2 offspring. Littermate controls were generated for each knock-out

mouse line separately. Male mice aged 8–12 weeks were studied to

avoid the effects of estrous and aging. Twenty-six individuals were

analyzed per group except for Fut1�/� (n = 25). Platelet-poor plasma

was assayed for Vwf antigen (Vwf:Ag) in duplicate by sandwich

ELISA [rabbit anti-human VWF (Dako); sheep anti-rabbit VWF (Ab-

cam)] using a pooled C57BL6/J reference standard (100 arbitrary

Units/uL).

Results: Fut2�/� animals exhibited significantly higher (> 2-fold)

Vwf:Ag levels compared to their wild-type littermates (Fut2�/

� = 217.9 � 75.3 U/uL; Fut2+/+ = 106.7 � 31.7 U/uL;

P = 5.7 9 10�8). Interestingly, Fut2+/� animals (heterozygotes) had

an intermediate elevation in Vwf:Ag levels (Fut2+/

� = 155.4 � 59.7 U/uL; P = 5.9 9 10�4), consistent with an allele

dose effect. Fut1�/�animals also exhibited Vwf:Ag levels nearly dou-

ble that of their wild-type littermates (Fut1�/� = 186.1 � 70.8 U/uL;

Fut1+//+ = 97.9 � 28.9 U/uL; P = 2.2 9 10�6).

Conclusions: Loss of either Fut1 or Fut2 expression is associated with

significantly higher Vwf:Ag in mice. This supports previous human

studies which found modestly increased VWF levels in non-Secretors.

We speculate that the large effect size of Fut1 and Fut2 on Vwf levels

observed in mice is due to the absence of the confounding effects of

endothelial H expression which occurs in humans. Although the mech-

anism by which mucosal H expression influences circulating Vwf is not

yet known, it must be distinct from the classical model of VWF glyco-

sylation in the Golgi of endothelial cells as the tissue-specific expres-

sion patterns of Vwf and the Fut genes do not overlap in mice. We

conclude glycosylation variants may influence VWF by more complex

mechanisms than previously suspected.
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PA 4.09-3
Incorporation of von Willebrand Factor into a fibrin
network induces activation of von Willebrand Factor
enabling binding of GPIb
Miszta A1, Pelkmans L2, Ruggeri ZM3, Al Dieri R1, Du V4,

De Groot PH4, Hermens W2, Hemker CH1, Kelchtermans H1

and De Laat B5

1Synapse BV, Cardiovascular Research Institute Maastricht,

Maastricht University; 2Cardiovascular Research Institute

Maastricht, Maastricht University, Maastricht, The Netherlands;
3The Scripps Research Institute, La Jolla, CA, USA; 4Clinical

Chemistry and Hematology, University Medical Center Utrecht,

Utrecht; 5Department of Biochemistry, Cardiovascular Research

Institute Maastricht, Maastricht, The Netherlands

Background: Attachments of platelets from the circulation onto a

growing thrombus is a complicated process involving several receptors

on the platelet and components in the thrombus. Platelet binding to a

thrombus under arterial flow indicates a role for Von Willebrand Fac-

tor (VWF) and Glycoprotein Ib (GPIb).

Aim: We investigated a possible interaction between Von Willebrand

Factor and fibrin(ogen).

Methods:We measured the interactions of von Willebrand Factor with

fibrin(ogen) using different enzymes in a purified system and plasma

based system. The following enzymes were used: (i) Plasma purified

thrombin cleaves fibrinopepties A (FpA) and B (FpB) and interacts

with fibrinogen; (ii) Plasma purified c-thrombin cleaves FpA and FpB

but does not interact with fibrinogen due to not active exosite I; (iii)

Arvin only cleaves FpA but not FpB; (iv) The venoms from snakes

Agkistrodon contortix contortix and Contralux atrox cleave FpB and

the first 42 amino acids (where FpB is located), respectively. To study

binding kinetics between fibrin, VWF and Glycoprotein Ib we used el-

lipsometry and surface plasmon resonance. To visualise the effect of

VWF on fibrin structures Scanning Electron Microscopy was intro-

duced.

Results: Applying ellipsometry and surface plasmon resonance we

observed that VWF does not bind to either fibrinogen nor to polymer-

ized fibrin. Interestingly, we did establish binding of VWF to fibrin

monomers during the process of fibrinogen-to-fibrin conversion in the

presence of thrombin. This indicates that VWF is incorporated into

the fibrin mesh and that the incorporation more probable occurs in the

E domain where FpA and/or FpB are situated. Furthermore, using

either c-thrombin, Arvin, Agkistrodon contortix contortix or Contra-

lux atrox we were able show that VWF was incorporated into the

fibrin mesh indicating that cleaving of either FpA or FpB is sufficient.

To identify the binding place of VWF to fibrin monomers we tested

mutant RGGS-VWF in our system. The lack of incorporation of

mutant RGGS-VWF into fibrin indicates that VWF most probably

binds to fibrin via its RGD sequence located in the C-terminal part of

VWF. Moreover, using truncated GPIb proteins we demonstrated that

the incorporated VWF into the thrombus is able to bind GPIb. Fur-

thermore, we have accomplished incorporation of VWF into a devel-

oping fibrin mesh under conditions of flow in a purified system. Using

Scanning Electron Microscopy we have observed that increasing con-

centrations of VWF in plasma result in a denser fibrin mesh with sig-

nificantly thinner fibres.

Summary/Conclusion: We have shown that the C-terminal part of

VWF and the E-domain of fibrin monomers are involved in the incor-

poration of VWF into a fibrin mesh. This interaction explains the

incorporation of platelets into a growing thrombus under conditions

of arterial shear.

PA 4.09-4
Von willebrand factor acts as a novel antagonist for
nitric oxide synthase to promote insulin resistance in
hypoxia
Khan GA, Singh B, Biswas I and Garg I

Defence Institute of Physiology and Allied Sciences, New Delhi,

India

Background: Insulin resistance (IR) and impaired nitric oxide (NO)

availability is reported in respiratory diseases such as chronic obstruc-

tive pulmonary disease (COPD), obstructive sleep apnoea (OSA) and

high altitude (HA) induced cardio respiratory diseases (CRDs). NO

plays an important role in preventing vascular diseases through regula-

tion of vascular tone and endothelial functions. High plama level of

vWF has been reported in all above mentioned diseases due to endo-

thelial dysfunction. However, the molecular mechanism responsible

for impaired NO production and IR in hypoxia remain unknown.

Aim: In this study, we investigated the possible mechanism of impaired

NO production and IR during hypoxia in a mice model.

Methods: Mice (Swiss albino, 25–30 g, male, n = 6/group) were sub-

jected to HAH (in an environmental chamber) equivalent to the pre-

vailing atmospheric conditions at an altitude of 7628 m (282 mm Hg

barometric pressure) having O2 content approximately 8.5%, humidity

55 � 5% and temperature 25 � 2 °C for 0–24 h. Age and sex

matched control mice (not exposed to HAH) were maintained in 21%

O2 with same environmental conditions. Blood was drawn though

retro-orbital method and different assays were performed. The expres-

sion of vWF was analyzed by ELISA and SDS-immunobloting. The

NO assay was done by oxyhaemoglobin methods. The IR resistance

parameters were evaluated by glucose tolerance test (GTT), insulin tol-

erance test, D-[U-14C] – glucose uptake and HOMA-IR. The interac-

tion between vWF and nitric oxide synthase were studied by far-

western blotting, coimmunoprecipitation and plasma surface reso-

nance spectroscopy. In vivo inhibition of vWF was performed by tail

vein injection of anti-vWF neutralizing antibody 2 h before HAH

exposure.

Results: Exposure to hypoxia showed a time dependent increase of IR

(GTT, ITT & HOMA-IR) as well as multimeric form of vWF and sub-

sequent decrease of NO production. Pre-incubation of time dependent

hypoxia exposed animal plasma or recombinant human-vWF dose

dependently inhibited insulin (0.24 lM) induced NO production and

higher dose of insulin (1.2 lM) reverses the effect. In contrary, pre-

incubation of immunodepleted (vWF) plasma failed to inhibit insulin

induced NO production, whereas vWF immunoneutralization attenu-

ated hypoxia induced IR and D-[U-14C] – glucose uptake. Further-

more, the interaction between vWF and nitric oxide synthase (NOS)

were studied by Far-western blotting, coimmunoprecipitation, surface

plasma resonance spectroscopy. The kinetic analysis showed that the

dissociation constant (KD), inhibitory constant (Ki) and IC50 are

1.79 9 10�8 M, 250 and 18.31 pM respectively suggesting vWF binds

to NOS with higher affinity having greater efficacy for the activator

(insulin) inhibition.

Conclusion: These results demonstrated that vWF acts an antagonist

for NOS, inhibits insulin induced NO production and exerts IR. These

data may have important implications in understanding the patho-

physiology of hypoxia induced cardiopulmonary and other metabolic

diseases.
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PA 4.09-5
Vimentin is a ligand for von Willebrand factor: the role
of this interaction in platelet adhesion
Cruz MA, Vijayan V, Brown R and Correa J

Baylor College of Medicine, Houston, TX, USA

Background: Platelet adhesion to ruptured atherosclerotic plaque or

exposed subendothelial matrix is critical to both pathological

thrombosis and normal hemostasis, respectively. In this context, the

participation of Von Willebrand factor (VWF) under high hydrody-

namic force is well documented. The binding of the GPIba from

the glycoprotein (GP)Ib/IX/V complex to the A1 domain of VWF

is considered as a key step to recruit the rapidly flowing platelets.

This interaction enables the platelets to ‘roll’ over the VWF surface

and allows them to firmly adhere to the exposed plaque or extra-

cellular matrix through other platelet receptors. While studying the

platelet adhesive/activation properties of two recombinant VWF

fragments, the isolated A1 domain and a fragment encompassing

the A1A2A3 domains that lacks the binding site for integrin aI-

Ibb3, we obtained intriguing results. First, platelets rolled more

slowly on a surface coated with A1A2A3 protein than on an A1-

coated surface under arterial shear stress. Second, in sharp contrast

to the A1 protein, the A1A2A3 protein activated platelets in a

manner similar to the activation induced by full-length VWF under

high shear stress.

Aims: This result suggested that the triple A domain protein provides

an additional adhesive contact point on platelets. We proposed the

existence of another receptor on platelets that binds to the A1A2A3

domains. We considered vimentin since it was identified as a binding

protein to the isolated A2 domain of VWF in another ongoing project

from our laboratory and vimentin can be detected on the surface of

platelets.

Methods:We examined the effect of anti-vimentin antibodies on block-

ing the interaction of platelets with VWF using parallel flow chamber

and flow cytometry. Purified plasma VWF and recombinant proteins

were utilized to perform protein-protein binding analyses. Finally,

transgenic mice models were used to investigate vimentin as a potential

receptor for VWF.

Results: Purified plasma VWF and wild type (WT) A1A2A3 protein

bound to vimentin in a ristocetin-dependent manner, whereas an

A1A2A3 mutant expressing increased GPIba-binding activity bound

without the need of ristocetin. Vimentin was detected on the surface of

platelets by flow cytometry. The binding of the A1A2A3 mutant to vi-

mentin on platelets, and the binding of isolated A2 domain to purified

vimentin were inhibited with anti-vimentin antibody, V9. Platelet

adhesion to WT A1A2A3 protein, and collagen fibrils were inhibited

(40–75%) by anti-vimentin antibody under high shear stress. To test

whether the interaction of GPIba with A1 domain directly regulates

the exposure of vimentin on platelets, we used V9 as a probe of vimen-

tin expression. We perfused blood over a surface coated with a mixture

of A1 domain and V9 or A1 and mouse IgG. Platelets rolled and did

not attach stably on the A1/IgG surface, but many of them firmly

bound to the A1/V9 surface. Lastly, vimentin-deficient mice had an

increased tail bleeding times, and the isolated platelets from these mice

exhibited reduced adhesion to VWF at high shear stress compared to

wild type mice.

Conclusion: We have demonstrated a previously unknown function of

vimentin in platelet adhesion to VWF under high shear stress.

PA 4.09-6
Conformation and N-linked glycan determinants
within the A1A2A3 domains play critical roles in
modulating human von Willebrand factor interaction
with macrophages
Chan Kwo Chion A1, Bergsson G1, O’Sullivan J1, Rawley O1,

Keyes S1, Jenkins V1, McKinnon T2, Laffan MA2, Brophy TM1

and O’Donnell JS1

1Trinity College, Dublin, Ireland; 2Imperial College London,

London, UK

Background: Recent studies have shown that hepatic Kupffer cells play

a key role in modulating in vivo clearance of von Willebrand Factor

(VWF). However the molecular mechanisms through which macro-

phages interact with VWF remain poorly understood.

Aims: In this study, we have utilised a novel Hi-Content-Analysis

methodology to characterize the role of VWF domains and glycans in

regulating macrophage binding.

Methods: Plasma-derived human VWF was purified using cryoprecipi-

tation and 2BCl gel filtration. Recombinant full length VWF and

VWF fragment VWFA1A2A3 were expressed in HEK23T cells, and

purified by Nickel-affinity chromatography. VWF point mutations of

interest (N1515Q; N1574Q; N1515Q/R1450E and R1450E) were intro-

duced using site-directed mutagenesis. Finally, macrophage-VWF

binding was analysed using PMA-differentiated THP-1 cells. VWF

binding was quantified using FITC-labelled polyclonal VWF and Hi-

Content-Analysis.

Results: In the presence of divalent cations, plasma-derived VWF

(pdVWF) and full length recombinant VWF (rVWF) bound to differ-

entiated THP-1 cells in a time- and dose-dependent manner. Binding

of pdVWF was markedly attenuated (P = 0.003) following pre-treat-

ment with PNGase F, suggesting a critical role for VWF N-linked gly-

cans in modulating macrophage binding. Moreover, pdVWF binding

to THP-1 was also significantly inhibited in the presence of either

10 mM mannose or 10 mM galactose respectively. In contrast,

pdVWF-macrophage interaction was markedly enhanced in the pres-

ence of ristocetin. Similarly, introduction of the VWD Type 2B muta-

tion R1450E also resulted in a striking increase (13-fold; P < 0.001) in

macrophage-binding. In the presence of ristocetin, VWF R1450E mac-

rophage binding was also increased, but to a lesser degree than the

effect observed with wild-type rVWF. Cumulatively these data suggest

that VWF confirmation also plays a critical role in regulating macro-

phage interaction. In view of the major effects of ristocetin and

R1450E in regulating the interaction of full length VWF with macro-

phages, we further investigated the specific contribution of the VWF

A1A2A3 domains. Recombinant VWF A1A2A3 also bound macro-

phages in a dose-dependent manner. Moreover, A1A2A3 binding was

significantly enhanced in the presence of ristocetin, and/or following

introduction of the R1450E substitution. PNGase-digestion signifi-

cantly attenuated A1A2A3 binding, suggesting that local N-linked gly-

cans may be specifically important. In keeping with this hypothesis,

macrophage-binding was reduced by 50% following introduction of

the point mutation N1515Q. In contrast however, VWF A1A2A3

N1574Q binding was unaffected. Loss of the N1515 sugar chain could

inhibit macrophage binding by reducing a specific lectin-glycan inter-

action, or through a secondary local conformational effect. In support

of the latter hypothesis, we observed that the inhibitory effect of

N1515Q was lost in the double mutant VWF N1515Q/R1450E, which

displayed enhanced macrophage-binding in keeping with that of the

single mutant VWF R1450E.

Summary/Conclusions: These novel data clearly demonstrate that the

conformation and N-linked glycan determinants within the A1A2A3

domains play critical roles in modulating human VWF interaction

with macrophages. Further studies will be required in order to further

localize VWF binding motifs, and to identify the specific macrophage

receptors involved in the physiological clearance of human VWF.
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PA 4.10-1
Real-world management, clinical outcome and
predictors of thromboembolism during a 1-year
follow-up in patients with atrial fibrillation: results
from the ATA-AF study
Gussoni G1, Maggioni AP2, Vescovo G3, Fabbri G2, Baldo C1,

Lucci D2, Nozzoli C4, Zoni Berisso M5, Mathieu G6 and Di

Pasquale G7

1FADOI Foundation, Milan; 2ANMCO Research Centre, Firenze;
3Hospital San Bortolo, Vicenza; 4Azienda Ospedaliera Careggi,

Firenze; 5Padre Antero Micone Hospital, Genova-Sestri Ponente;
6Hospital of Pinerolo, Pinerolo; 7Maggiore Hospital, Bologna,

Italy

Background: Prevention of thromboembolism (TE) is a cornerstone in

the management of atrial fibrillation (AF). Oral anticoagulants (OAC)

offer the best prevention; however, vitamin K antagonists (VKA) are

cumbersome to use, their prescription is generally far from evidence-

based recommendations, and some grey zones exist even in recent

guidelines as for the optimal treatment of AF patients. Finally, real-

world data on long-term management of AF are limited and therefore

needed, since they could provide interesting information on the present

attitudes and related outcomes, and be an useful benchmarking for the

future scenario of treatment with new OAC.

Aims: Aim of the present study was to evaluate real-world manage-

ment, clinical outcome and predictors of TE in patients with AF and

followed-up for 1 year.

Methods: Data were collected from May 2010 to July 2011 in the con-

text of the observational ATA-AF study endorsed by the Italian Scien-

tific Societies of Hospital Internists (FADOI) and Cardiologists

(ANMCO). The survey prospectively enrolled, in Internal Medicine

and Cardiology settings, patients with current or previous diagnosis of

AF, who were followed-up for 12 months. The association with TE

was evaluated for a number of potential predictors: age ≥ 75,

CHADS2 score ≥ 2, modified HASBLED (without ‘labile INR’) ≥ 3,

previous TE, recent major bleeding, paroxysmal AF, valvular AF,

cognitive/functional dysfunction. A P value < 0.05 was considered sta-

tistically significant.

Results: A total of 1368 patients were evaluated, with median age

76 years. At baseline, 21.4% of patients had diagnosis of paroxysmal

AF, and 27.7% valvular disease. CHADS2 score was ≥ 2 in 62.1% of

patients, while 23.0% of patients could be considered at high hemor-

rhagic risk (modified HASBLED ≥ 3). Percentages of use of VKA or

other antithrombotic therapy were 65.7% and 27.1% at study enroll-

ment, and 65.4% and 27.2% among patients who completed the one-

year follow-up. Discontinuation of VKA occurred in 116 patients,

mainly due to physician’s decision; 31 patients started OAC treatment

during the follow-up. One-year all-cause mortality was 10.3%, and

22.2% of patients had hospitalization within this time period. Throm-

boembolism or major bleeding occurred in 2.9% and 1.6% of patients,

respectively. CHADS2 score ≥ 2 (P < 0.05), modified HASBLED ≥ 3

(P < 0.05), previous TE (P < 0.01) and cognitive/functional dysfunc-

tion (P < 0.01) appeared significantly related to the occurrence of

thromboembolic events.

Summary/Conclusions: Long-term prevention of TE is challenging in

patients with AF, since they frequently have concomitant high throm-

botic and hemorrhagic risk. In our survey, the percentage of use of

VKA was high if compared to previous studies; in the next years we

will evaluate if new OAC might overcome restrictions and disadvan-

tages of VKA and extend OAC therapy. According to our study,

occurrence of TE is more frequent than major hemorrhages, and this

could suggest the opportunity of further efforts to optimize prevention

of TE. This attitude could be particularly stringent in patients who

appeared at increased risk of TE in our analysis (those with positive

history or present high thrombotic risk, and patients generally receiv-

ing suboptimal prevention due to hemorrhagic risk or poor compli-

ance).

PA 4.10-2
Warfarin monitoring with the Fiix-prothrombin time
(Fiix-INR) increases time within target range and
reduces dose adjustment need compared to standard
monitoring using INR
Onundarson PT1, O Arnar D1, Bjornsson E1, Magnusson MK1,

Indridason S1, Einarsdottir KA1, Magnusdottir G1, Vidarsson B1,

Francis CW2 and Gudmundsdottir BR1

1Landspitali University Hospital and University of Iceland,

Reykjavik, Iceland; 2University of Rochester Medical Center,

Rochester, New York, NY, USA

Background: The quality of vitamin K antagonist (VKA) management

has major impact on the efficacy and safety of the anticoagulation, ie

the thromboembolic and major bleeding rate. Thus, poor clinical ou-

come is more frequent among poorly managed patients with a low

time within target range (TTR). A low TTR is commonly due to a fluc-

tuating PT-INR. Since PT-INR fluctuation is partly caused by rapid

changes in factor VII concentrations that experiments suggest have

only minor influence on thrombin generation in vivo, we invented a

new prothrombin time, Fiix-PT, that is sensitive to the more stable fac-

tors II and X only.

Aims: We hypothesized that dosing VKA based on the Fiix-PT (Fiix-

INR) could lead to a more stable anticoagulant effect and subse-

quently better anticoagulation outcome than dosing based on PT-INR

monitoring.

Methods: In the single center clinical Fiix study, patients on warfarin

with INR target range 2–3 are randomized into two arms, ie. dosing

based on Fiix-INR or based on PT-INR (standard control) aiming for

at least 1200 patient year observation time. The study is patient, dose-

manager and assessor blinded. Fiix-INR and PT-INR values are

reported by the laboratory in a blinded manner as ‘INR’. Software

assisted dosing is managed by specially trained staff using the

DAWN� anticoagulation software. Clinical events and surrogate

parameters are continously monitored. Surrogate parameter results

based on the first nine study months are presented here as per protocol

analysis, ie periods of initiation and temporary discontinuation of war-

farin are excluded. Numerical and categorical data were analyzed with

the Mann-Whitney and Chi square tests respectively.

Results: After 9 months the observation time was on average

5.5 months for each patient, i.e. 224 patient years in 484 patients in

the Fiix group and 222 years in 488 patients in the PT group. There

were 6.3% fewer monitoring tests in the Fiix group. The median INR

was 2.5 in the Fiix group vs. 2.4 (P = 0.0003) in controls. Extreme high

and low INR′s were less common in the Fiix group. The proportion of

tests within target range was 5.2% higher in the Fiix INR group,

71.7% vs. 68.1% (P < 0.001). The center TTR was also higher (82.7%

vs. 79.4% respectively, P < 0.0001). The median individual TTR was

87.2% vs. 81.7% (P = 0.0007). The mean (median) interval between

monitoring tests was longer or 23.2(21) in the Fiix group vs. 21.9(20)

days in controls, P < 0.01. The mean dose adjustment frequency was

reduced by 11.2% in the Fiix group, from 44.6% to 39.6%

(P < 0.0001). When only patients observed for 7–9 months were ana-

lyzed the dose adjustment frequency was reduced further (13.4%,

P < 0.0001).

Conclusions: These first surrogate parameter results of the Fiix study

show that within 6 months of randomization, the Fiix-INR has led to

increased anticoagulation stability and reduced dose adjustment fre-

quency. The improvement has occurred despite a high TTR in the

standard monitoring control group. Although preliminary, the results

suggest that monitoring VKA therapy with the Fiix-INR instead of
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the PT-INR may hold a potential to increase both safety and efficacy

of VKA therapy.

PA 4.10-3
Efficacy and safety of weight-adjusted heparin
prophylaxis for the prevention of acute venous
thromboembolism among obese patients undergoing
bariatric surgery: a systematic review and meta-
analysis
Ikesaka T, Le Gal G and Carrier M

The Ottawa Hospital, Ottawa, ON, Canada

Background: Obesity is a growing global problem putting people at

risk for VTE. Obese patients are often excluded from clinical trials or

are not recruited in sufficient number to assess safety and efficacy of

LMWH in this population. The bariatric surgical population is a par-

ticularly high risk population for VTE. It is unclear if standard (i.e.

non-adjusted) thromboprophylaxis doses of low-molecular weight

heparin (LMWH) provide adequate protection for obese patients

undergoing bariatric surgery, or if higher doses are required.

Aims: To determine whether a weight based thromboprophylactic dos-

ing regimen is safe and effective in the post-operative period for obese

patients undergoing bariatric surgery.

Methods: A systematic literature search was performed using MED-

LINE and EMBASE. The primary outcome measures were VTE and

major bleeding events. Venous thromboembolism was defined as

symptomatic proximal lower limbs (popliteal vein or more proximal)

deep vein thrombosis or pulmonary embolism. Weight-adjusted

thromboprophylactic LMWH dosing was defined as the use of a

higher than standard recommended dose. Major bleeding was defined

as per the ISTH definition. Pooled proportions for the different out-

comes during hospitalization were calculated.

Results: A total of seven studies (one randomized controlled trial and

six cohort studies) containing 2396 patients met the inclusion criteria

and were included in the analysis. Post bariatric surgery patients

receiving weight-adjusted prophylactic doses of LMWH, had an in

hospital rate of VTE of 0.54% (95% CI: 0.2–1.0%) compared to 2.0%

(95% CI: 0.1–6.4%) for those that did not weight adjust doses. Rates

of major bleeding were for both groups: 1.6% (95% CI: 0.6–3.0%) for

patients receiving weight-adjusted dosing compared to 2.3% (95% CI:

1.1–3.9%) for those receiving standard doses of LMWH.

Summary/Conclusions: Adjusting the dose of LMWH for thrombopro-

phylaxis post-bariatric surgery seems to be associated with a lower rate

of VTE compared to a strategy of not adjusting the dose. This practice

does not lead to an increase in adverse major bleeding events. Future

studies assessing the efficacy and safety of weight adjusted dosing of

bariatric surgical patients are needed to confirm these findings.

PA 4.10-4
A 7-year outcome study on the effect of warfarin and
co-morbidities in critically injured patients. Has the
outcome improved?
Omar MH, Bouarmra O, Jenks T, Edwards A, Lecky FE

and Evans PA

ABMU, University Hospital, Haemostasis Biomedical Research

Morriston Swansea UK, Swansea, UK

Aim: To establish whether warfarinised trauma patient with injury

score of ISS 9 and above and in comparison to controlled group of

similar characteristics who non-warfarinsed patients in the UK.

Patients and Methods: We conducted first multi-centred retrospective

study in UK, Europe and Australia by analysing all patients who were

entered onto a large national database, (Trauma Audit and Research

Network) TARN, for data collected on both groups simultaneously

between 2005 and 2012.

Results: A total of 101,794 adult trauma patients dating from Novem-

ber 2005 to July 2012 were retrospectively analysed. Out of these, 445

patients were taking warfarin at the time of trauma. These cohorts

were compared with a controlled group. Significant differences were

found in age, ISS, GCS, (median age 74.8 vs. 52.6), ISS (median 16 vs.

9), and had significantly increased mortality rate at 30 days post injury

(76/445 = 17.1% vs. 6816/101,794 = 6.7%; P < 0.0024; odds ratio

(OR) 2.45; 95% confidence interval (CI) 71.7–84.2) (Table 1).
Further analysis of sub-grouping to modulated variability of age, ISS

and GCS also further revealed that the warfarinised trauma patients

had a statistically significant higher mortality rate than age and ISS

matched control group (54/155 = 34.8% vs. 2782/11,561 = 24.1%;

P ≥ 0.001; OR 1.72; 95% CI [1.3–2.3] Table 2).
Table 1. Baseline clinical characteristics of study patients.

PMC, per existing medical condition.

Table 2. Baseline and clinical characteristics of patients study.

Conclusion: This largest UK study showed the trend of mortality rate

has not changed since 19941. The outcome has not altered despite

trauma guidelines and trauma centred2. Within the trauma study

group warfarinised patients had the highest mortality rate compared

with controlled group. There are no specific guidelines in the manage-

ment of these subgroup trauma patients, which is further complicated

with co-morbidities.

References:

1. F E Lecky, M Woodford, O Bouamra. Lack of change in trauma

care in England and Wales since 1994, on behalf of the TARN.

Emerg Med J 2002;19:520–523
2. NCEPOD. Trauma: who cares? A report of the National Confident

Enquiry into Patient Outcome and Death, 2007. http://www.nce-

pod.org.uk/2007t.htm

PA 4.10-5
The effect of rivaroxaban and dabigatran on the surface
architecture of clots formed from plasma enriched with
different levels of autologous platelets
Chan HW1, Gantioqui J1, Stevic I1, Kim PY2, Lau K1 and Chan AK1

1McMaster University; 2Thrombosis and Atherosclerosis Research

Institute, Hamilton, ON, Canada

Background: Current guidelines for treating patients with thromboem-

bolism and concomitant thrombocytopenia are based on anecdotal

data. We have developed an in vitro assay using thromboelastography

(TEG) to describe the effects of several anticoagulants on plasma clot

formation in the presence of autologous platelets at levels below

150 9 109/L. We observed that clotting of plasma containing prede-

fined platelet counts is less compromised by the presence of factor-spe-

cific oral anticoagulants than with heparinoids. As fibrin and platelets

are two key determinants for those TEG parameters showing pro-

nounced differences, we further characterized the fibrin clot structure

to investigate how the structures of theses clots were altered by the

presence of (a) platelets at varying concentrations, and (b) different an-

ticoagulants.

Aim: To determine the effects of various anticoagulants on the surface

architecture of clots formed from plasmas enriched with different lev-

els of autologous platelets.

Methods: Fresh human platelet-rich plasma and platelet-poor plasma

(PPP) were obtained from each donor and subsequently mixed to pro-

duce plasma samples with varying platelet counts. Plasma containing

platelets < 10 (PPP), 30, or 150 9 109/L, was mixed with 30 lg/mL

corn trypsin inhibitor, and one of the following anticoagulants at ther-

apeutic concentration: 0.3 IU/mL UFH, 1.0 IU/mL dalteparin,

1.0 IU/mL fondaparinux, 150 ng/mL rivaroxaban and 180 ng/mL da-

bigatran. Clotting was initiated by addition of 10 mM CaCl2 and

monitored with TEG for a maximum of 180 min. After completion of

clot formation, the clots were fixed with 2% v/v glutaraldehyde in
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0.1 M phosphate buffer (pH = 7.4), washed, and then stained with

1% osmium tetroxide in 0.1 M sodium cacodylate buffer. The clots

were dehydrated with gradient ethanol series, dried, mounted onto

stubs, and gold sputter-coated for scanning electronic microscopy

examination at 20,0009 magnification. The diameter and instances of

fibers and the porosity of the fibrin clots were quantitated. The fibrin

fibers composed of single strand were defined as minor fibers whereas

those with ≥ 2 visible strands in a bundle formation were defined as

major fibers.

Results: Without anticoagulant, clots formed in low-platelet-count

plasma had less minor fibers and increased porosity. For clots that

contained the same platelet count, dabigatran or rivaroxaban reduced

the number of minor fibers compared with control clots without anti-

coagulants (P < 0.05). Although there was no significant change in the

number of major fibers, these fibers were thicker in the presence of da-

bigatran or rivaroxaban (P < 0.05). Clots containing dabigatran were

more porous than controls and those with rivaroxaban (P < 0.05).

None of the samples containing heparinoids clotted, thus their struc-

tures could not be studied.

Summary/Conclusion: Our study demonstrates the differences in the

plasma clot structure affected by the presence of various anticoagu-

lants and/or platelets levels. Heparinoids have more prominent antico-

agulant effects on platelet-enriched plasma as compared with

rivaroxaban and dabigatran. As the platelet counts decrease, plasma

clots contain less minor fibers, which consequently lead to thicker

major fibers and increase porosity. These changes are exacerbated by

the presence of new factor-specific oral anticoagulants, in particular

for dabigatran.

PA 4.10-6
Determinants for anticoagulant use in patients with
first-time venous thromboembolism: VTE
Epidemiology Group (VEG) Study
Martinez C1, Cohen A2 and Rietbrock S3

1Consultant Epidemiologist, Frankfurt, Germany; 2King’s College

Hospital, London, UK; 3Consultant Statistician/Data Analyst,

Frankfurt, Germany

Background: The benefits and limitations of vitamin K antagonists

and low molecular weight heparins in the management of venous

thromboembolism (VTE) are well documented. Initiation of anticoag-

ulant therapy is necessary to avoid recurrent events and other poten-

tially fatal complications. Therefore, the factors resulting in the

decision to initiate anticoagulation therapy need to be studied.

Aims: To assess determinants of the initiation of anticoagulation use

in a cohort of patients without active cancer and with first-time VTE.

Methods: Patient data were retrieved from the subset of general prac-

tices in England contributing to the Clinical Practice Research Data-

base (CPRD) linked to data from the Hospital Episodes Statistics

(HES) and the Office for National Statistics (ONS). From January

2001 to October 2011, all VTE cases in the CPRD were verified with

an algorithm based on a review of clinical notes, hospital diagnoses,

cause of death and anticoagulation therapy. Patients were excluded if

they survived < 7 days, had a history of active cancer or had previous

use of anticoagulants. We conducted a nested case–control study

defining all patients who received anticoagulant treatment in the fol-

lowing 90 days as cases, and those without anticoagulant treatment as

controls. Patients who developed recurrent VTE during the observa-

tional period were censored. Adjusted odds ratios (OR) with 95% con-

fidence intervals (CI) were derived from multivariate logistic

regression models to estimate the association between the determinant

of interest and anticoagulant use.

Results: The cohort comprised 20,995 anticoagulant-na€ıve, non-cancer

VTE patients. The mean age was 62.7 years; 45.5% were male. There

were 17,503 cases (83.4% of the VTE cohort), of whom 6196 (35.4%)

had provoked VTE and 11,307 (64.6%) had unprovoked VTE. There

were 3492 controls (16.6% of the VTE cohort).

Type of VTE was the strongest predictor for anticoagulant use:

OR = 2.06 (95% CI 1.89–2.25) for pulmonary embolism (PE) and

OR = 2.93 (95% CI 2.37–3.63) for PE with deep vein thrombosis

(DVT) compared with DVT alone. Male patients and those aged 60–
79 years at the time of first VTE were most likely to receive anticoagu-

lants. Other determinants for anticoagulant use were unprovoked

VTE (OR = 1.53; 95% CI 1.41–1.66), body mass index ≥ 30 kg/m2

(OR = 1.12; 95% CI 1.02–1.24), rheumatologic conditions

(OR = 1.71; 95% CI 1.36–2.14) and history of asthma (OR = 1.63;

95% CI 1.16–2.29). The following factors were determinants of non-

initiation of anticoagulant treatment: age < 50 and > 80 years, current

and ex-smokers, lowest socioeconomic status (OR = 0.80; 95% CI

0.68–0.94), diabetes (OR = 0.79; 95% CI 0.69–0.91), history of vari-

cose veins (OR = 0.54; 95% CI 0.43–0.67), peripheral vascular disease
(OR = 0.79; 95% CI 0.66–0.93) and major bleeding in the previous

year (OR = 0.52; 95% CI 0.35–0.77). Previous antiplatelet therapy

was not significantly associated with anticoagulation initiation.

Summary/Conclusions: Real-life data from the UK setting show that

at least 83.4% of patients with a first VTE receive anticoagulation

treatment. Further studies confirming our findings, and strategies to

increase anticoagulation initiation where it may be beneficial should

be considered.

PA4.11 – Blood Coagulation
Tests – XIV

PA 4.11-1
Increase of INR above 2–2.5 and within therapeutic
range does not change the thrombin generation
capacity of patients on warfarin
Adamidou D1, Riddell A2, Aghishi S2, Mohadam L2, Priest P2

and Chowdary P2

1Ippokratio Hospital, Thessaloniki, Greece; 2Katharine Dormandy

Haemophilia Centre and Thrombosis Unit, Royal Free Hospital,

London, UK

Background: In clinical practice conventional monitoring of vitamin K

antagonists with INR does not always predict the bleeding or throm-

botic risk. Thrombin generation test (TGT) in plasma rich (PRP) or

poor (PPP) in platelets is a promising tool for assessing haemostasis.

Aim: We investigated all thrombin generation parameters in patients

on warfarin and their relation to INR.

Methods: Fifty six patients (27 male/29 female) with a median age of

66 (18–89) years were enrolled in the study. They were anticoagulated

with warfarin for a median period of 3 (0.5–16) years with an INR of

2.5(1.5–4.0).Twenty nine received warfarin as primary prophylaxis (22

atrial fibrillation-7 valve replacement) and 27 for secondary prevention

(thrombotic events). All patients were in steady state at the time of

sampling and on no other medication affecting haemostasis. Thrombin

generation was measured in CAT (Calibrated Automated Thrombino-

scope).Citrated PRP with CTI was triggered with 0.5 pM TF whereas

PPP analysis was run in non-CTI samples triggered with phospholip-

ids and TF (5 pM). We assessed all time (lagtime and ttpeak) and

amount parameters (ETP, Peak) from the TG curve. Plasma levels of

clotting factors (F) FII, FVII, FX, FIX were measured. Patients were

analysed in five groups based on INR (1.5–1.9/2–2.4/2.5–2.9/3–3.4/
3.5–4).
Results: We found strong positive correlation between INR and time

parameters (r 0.9) and negative correlation between INR and amount

parameters (r 0.85) and factors levels (r 0.8) in both PRP and PPP TGT

(P < 0.001).However when we analyse patients by INR group we find

significant differences in all TG parameters only between group 1 and 2.

Patients in group 2 and 3 differed significantly only when PPP was used.

Interestingly despite the strong negative correlation between INR and

all factors measured, FIX showed the modest decrease keeping almost

haemostatic levels (37%) even in the group with the highest INR.
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Conclusions: Based on our results, TGT identifies as critical point an

INR value of 2(PRP) or 2.5(PPP).It also highlights that further

increase within the usual therapeutic range (2.5–4.0) does not offer sig-
nificant reduction in thrombin generation which might be due to the

relatively high levels of factor FIX. Our findings in clinical terms could

raise dual interpretation. First that patients are deeper anticoagulated

only when they reach an INR > 2(PRP) or 2.5(PPP) and secondly that

further INR increase within the therapeutic range (2.5–4) does not nec-
essarily add significantly either in anticoagulation or in bleeding risk.

Prospective trials with clinical endpoints concerning antithrombotic

efficacy and bleeding risk are needed before implementing TGT infor-

mation into clinical practice.

PA 4.11-2
The SAW-CT assay: a point-of-care clotting assay
based on surface acoustic waves (SAWs) to monitor
anticoagulant pharmacotherapy
Meyer dos Santos S

University Hospital Frankfurt, Frankfurt, Germany

Aim: A microfluidic and scaleable l-fluidic coagulation assay that can

be used bed-side.

Methods: We describe a new microfluidic coagulation assay in that

SAWs rapidly mix and recaclify citrated blood. Coagulation kinetics

were quantified by automatic image processing methods and compared

with standard methods: used in clinical routine laboratories.

Results:Human whole blood (citrated) was spiked with a range antico-

agulants in clinical use, such as the direct thrombin inhibitor argatro-

ban (0–4000 ng/mL), unfractionated heparin (0–1.0 IU/mL), the

platelet integrin inhibitor abciximab (0 vs. 4 lg/mL) and the new anti-

coagulants dabigatran (0–1000 ng/mL) and rivaroxaban (0–500 ng/

mL). The SAW-CT was prolonged in dose-linear fashion and this was

highly correlated with custom methods e.g. aPTT, PT or Ecarin Time.

These results prove the suitability of our SAW-CT method to monitor

anticoagulant therapy of clinically relevant doses of currently used an-

ticoagulants. A series of clinical samples of patients under dabigatran

also showed excellent correlation with their aPTT. Pretreatment in vivo

with aspirin did not affect alter SAW-CT in 125 ng/mL dabigatran

treated blood (351 � 13 s before vs. 373 � 49 s after aspirin), in

250 ng/mL rivaroxaban treated blood (521 � 58 s before vs.

528 � 28 s after aspirin) and untreated blood (204 � 25 s before vs.

240 � 25 s after aspirin). Also, treatment with clopidogrel alone or

with aspirin showed no influence on SAW-CT.

Conclusion: Our method can be downscaled to a fully automatic, small

hand held device and did not require trained personnel to operate.

This might be an advantage in situations where the coagulation status

needs a quick answer, e.g. in emergency settings and unconscious

patients.

PA 4.11-3
Protein C and factor VII concentrations can predict
outcomes of surgical intensive care unit patients
Tang N and Pan Y

Tongji hospital, Huazhong University of Science and Technology,

Wuhan, China

Background: In surgical intensive care unit (SICU), most of the

patients suffered major surgery or serious trauma, coagulopathy

always happened and correlated with outcomes of these patients.

Aims: Characterizing the evolution of coagulation/anticoagulation

markers’ concentrations in SICU patients, and finding out the valu-

able markers which may help in predicting mortality risk and identify-

ing potential therapeutic targets.

Methods: One hundred and fifty-two patients entering our hospital’s

surgical ICU were investigated, the soluble P -selection, factor VII,

protein C, antithrombin, fibrinogen and d-dimer levels on the first

week of admission were detected daily, and deaths during the first

month were registered.

Results: Among all the coagulation tests, protein C and factor VII lev-

els of the first day were lower (P < 0.05) in non-survivors (n = 31,

20.4%), irrespective of the presence of sepsis, type of admission and

type of surgery. In a multivariable analysis with SICU mortality as the

dependent variable, the initial protein C concentration < 49.5% and

factor VII concentration < 51.0% were independent risk factor for

SICU death. In survivors, both of protein C and factor VII levels

increased gradually and got higher concentrations in the seventh day

than those in the first day (P < 0.05); in non-survivors, comparing

with the first day, only factor VII levels decreased to a lower concen-

trations in the seventh day (P < 0.05).

Conclusion: In SICU patients, initial protein C and factor VII concen-

trations were generally low and independently associated with a higher

risk of mortality; the factor VII level seemed to be a better initial ther-

apeutic target than protein C for patients.

PA 4.11-4
Changes in hemostasis during the perioperative period
of orthopedic surgery
Oberweis B, Nardi MA, Cuff G, Rosenberg A, Pardo L, Guo Y,

Marshall M, Steiger D, Stuchin S and Berger JS

New York University Medical Center, New York, NY, USA

Background: Thrombosis and major bleeding are significant, albeit

poorly understood, concerns during the perioperative period. Several

hemostatic parameters are known to influence the hemostatic system

and may contribute to the delicate balance between thrombosis and

bleeding.

Aim: We sought to better understand the mechanism of perioperative

hemostasis by investigating the changes in coagulation factors during

the perioperative period.

Methods: We performed a prospective cohort analysis of 70 subjects

undergoing non-emergent orthopedic surgery of the knee (n = 28), hip

(n = 35), or spine (n = 7) between August 2011 and November 2011.

Plasma was collected preoperatively (T1), 1-h into the operation (T2),

1-h (T3), 24-h (T4) and 48-h postoperatively (T5). Coagulation assays

were performed for factor VII, factor VIII, von Willebrand Factor

(vWF), and fibrinogen. Mean curve profiles were compared using lin-

ear mixed models with time and main effect terms of interest.

Results: Of the 70 subjects, mean age was 64.1 + 9.8 years, 61% were

female, and 74% were Caucasian. Coagulation assays changed signifi-

cantly throughout the perioperative period. Factor VIII (T1 – 148.3%

[standard error, 8.0], T2 – 129.1% [8.1], T3 – 130% [8.9], T4 – 140%

[8.3], T5 – 175.8% [9.6], P < 0.0001), vWF (T1 – 171.3% [8.9], T2 –
139.8% [7.9], T3 – 149% [8.0], T4 – 216.9% [15.4], T5 – 298.9% [14.8],

P < 0.0001) and fibrinogen (T1 – 488.7 mg/dL [15.7], T2 – 428.4 mg/

dL [14.7], T3 – 421.4 mg/dL [15.8], T4 – 560.9 mg/dL [18.5], T5 –
885.1 mg/dL [28.1], P < 0.0001) significantly increased, while factor

VII (T1 – 131.9% [9.6], T2 – 115.2% [10.3], T3 – 112.1% [9.1], T4 –
65.1% [4.3], T5 – 52.7% [2.2], P < 0.0001) significantly decreased dur-

ing the perioperative period. Overall, factor VIII increased by 18.5%,

vWF by 74.5%, and fibrinogen by 81.1%, while factor VII decreased

by 60.0%. The change in hemostasis was independent of age, sex and

race.

Conclusions: Among subjects undergoing non-emergent orthopedic

surgery, factor VIII, vWF and fibrinogen increased, while factor VII

decreased during the perioperative period. Understanding differences

in hemostatic markers may better explain the pathophysiology of the

heightened risk of thrombotic and bleeding events during the perioper-

ative period.
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PA 4.11-5
External quality assessment of platelet function by the
PFA-100: an update from the RCPAQAP Haematology
Bonar RA1 and Favaloro EJ2

1RCPA Quality Assurance Programs, St Leonards, NSW; 2ICPMR,

Westmead Hospital, Westmead, NSW, Australia

Background: The PFA-100 is commonly used in Haemostasis labora-

tories for screening and monitoring of both von Willebrand disease

(VWD) and platelet function. Testing by PFA-100 requires fresh

whole blood, so External Quality Assessment (EQA) of PFA-100 test

practice requires an innovative approach.

Aims: The RCPAQAP Haematology, an international EQA provider,

established a formal PFA-100 program in 2010 with 50 participants cur-

rently enrolled. Our objective is to provide test challenges encompassing

‘normal’ and ‘variable case-dysfunctional’ samples for participants.

Methods: A novel approach was developed whereby a range of formu-

lated test tubes are distributed to EQA participants to which citrated

normal whole blood collected on site is added, thereby creating test

material that can be locally evaluated. Several surveys have been con-

ducted over the past few years (total of 12 challenges), with most

designed to mimic a mild or severe primary haemostasis defect, or an

aspirin-like effect.

Results: Numerical results for PFA-100 closure times (CTs) and inter-

pretive comments provided by participants analysed over the past few

years have consistently yielded results within expectations, with good

reproducibility evidenced by repeated challenges. For example, coeffi-

cients of variation (CVs) generated for two cartridge types (C/ADP

and C/Epi) for 2012 challenges [median (range): 14.8 (0.0–29.5) and
10.9 (4.4–17.3)] were similar to those for native whole blood [15.0

(14.2–15.7) and 14.7 (14.3–15.0)]. The median (range) CTs for each

challenge, as obtained by participants, was within the regions of expec-

tations according to sample challenge details. For example, PF12-08b

yielded maximally prolonged (i.e. > 250s) median (range) CTs for both

C/ADP 301s (147–301s) and C/Epi 301s (211–301s) for over 90% of

the results returned. Interpretations were, in general, also consistent

with expectations and test data provided by laboratories.

Conclusions: An EQA process for the PFA-100 has been successfully

introduced that includes very reproducible data, thus providing a valu-

able mechanism for monitoring and improving laboratory test perfor-

mance. Future goals include an expansion in challenge material to

help assess performance with newer anti-platelet agents.

PA 4.11-6
Thrombin generation assay (TGA) is not able to predict
hemostatic efficacy of by-passing agents in patients
with hemophilia and inhibitors: results from in vivo
studies
Mancuso ME, Santagostino E, Chantarangkul V, Clerici M,

Fasulo MR and Tripodi A

Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico,

Milan, Italy

Background: Therapy with by-passing agents (BPA) in patients with

hemophilia and inhibitors still lacks a laboratory test able to assess the

hemostatic response that may help clinicians in therapeutic choices.

Thrombin generation assay (TGA) has been used at this aim by spik-

ing in vitro haemophilic plasma with BPA, however in vivo evidence

remains limited.

Aim: The aim of this study was to evaluate whether or not TGA is able

to predict the response to the administration of either rFVIIa or aPCC

at different doses in patients with hemophilia and inhibitors.

Methods: In this study, thrombin generation was assessed in vivo in

platelet-rich (PRP) and platelet-poor (PPP) plasma with the addition

of corn trypsin inhibitor in 15 patients with hemophilia A and high-

responding inhibitors (median age: 34 years). Four parameters of the

TGA curve were evaluated: lagtime, endogenous thrombin potential

(ETP), peak and time-to-peak. TGA was assessed in 11 patients prior,

30 min and 3 (rFVIIa 120 and/or 270 µg/kg) or 6 (aPCC 80 IU/kg) h

after drug injection in a non-bleeding state and a minimum wash-out

period of 48 h from the last injection. It was also assessed once daily

prior and 30 min after BPA administration in nine patients undergo-

ing orthopaedic surgery. Haemostatic treatment to cover surgical pro-

cedures and post-operative period was established irrespective of TGA

measurements.

Results: In the group of 11 patients who received BPA in a non-bleed-

ing state, the baseline values of the TGA curve were highly variable

between patients as well as in the same patient both in PRP and in

PPP (ANOVA P = 0.01). Overall, ETP increased after drug adminis-

tration in all cases, with similar results obtained in PRP (median ETP

increase: 585 nM 9 min, IQR: 226–997) and PPP (median increase:

552 nM 9 min, IQR: 415–1013) and no difference observed with

respect to product type and/or doses used. In all patients who under-

went surgery, the TGA curve was evaluated over a 7-days post-opera-

tive period and a lack of response was observed over time in all

patients irrespective of type and/or intensity of treatment with BPA.

Five post-operative bleeding complications were observed (four major

and one minor), however the TGA curve was not able to discriminate

between patients who bled and those who did not bleed. For patients

who underwent TGA measurement both in a non-bleeding state and

during surgery, there was no correlation between the values obtained

in the two different settings.

Conclusions: Our data show that in vivo TGA values are highly vari-

able between different subjects as well as in the same subject; TGA is

not able to discriminate the type and the dose of drug used and during

post-operative period a ‘lack of response’ was observed irrespective of

the therapeutic regimen adopted.

PA4.12 – Coagulation Factor V

PA 4.12-1
Isolated decrease of factor v in children treated by
6-mercaptopurine for acute lymphoblastic leukemia
Filhon B1, Dumesnil C1, Van Dreden P2, Compagnon P1,

Adam M2, Schneider P1, Vasse M3 and Vannier JP1

1Rouen University Hospital, Rouen; 2Diagnostica Stago,

Gennevilliers; 3EA4531, Châtenay-Malabry, France

Background: Maintenance therapy for acute lymphoblastic leukemia

(ALL) aims to eradicate leukemic cells persisting after remission and

after intensive chemotherapy. It is based on oral daily 6-mercaptopu-

rine (6-MP) and oral weekly methotrexate (MTX). Side effects of 6-

MP (hepatotoxicity, myelotoxicity) are correlated with concentrations

of its various metabolites, and depend on genetic polymorphisms of

enzymes involved in its metabolism.

Aims: Among 62 children treated for ALL in the Pediatric Hematol-

ogy and Oncology Department of the University Hospital of Rouen,

between 1 January 2007 and 31 December 2011, four patients devel-

oped an unexplained decrease of Prothrombin Time (PT) during main-

tenance therapy despite the absence of any hepatic injury.

Methods: Factor V activity (FV:Act) was quantified by a one-stage

clotting assay, FV antigen (FV:Ag) was measured by enzyme-linked

immunosorbent assay (ELISA)

Results: The decrease in prothrombin time seen in the four patients

was observed after a mean time of 6 months (range: 1–17 months) of

maintenance therapy. Of all the prothrombin complex factors, FV:Act

was the lowest (mean: 30%, range: 20–54), whereas vitamin K depen-

dent factors were in the normal range. FV:Act decrease was unrelated

to hepatic cytolysis. Disseminated intravascular coagulation and

acquired inhibitors to FV were ruled out, as well as toxicity to MTX.

High concentrations of methylated metabolites of 6-MP (6-MMPN,

mean 17,620 pmol/8.108 erythrocytes, range: 10,456–27,184 pmol/
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8.108 erythrocytes) were observed at the same time (levels of 6-MMPN

superior to 5000 pmol/8.108 erythrocytes are considered hepatotoxic).

Drug imputability (Naranjo probability scale) in FV decrease shows a

definite reaction to 6-MP in three cases and a probable reaction in one

case. In two patients, FV:Ag was in the same range as the FV:Act.

Patients were asymptomatic. The deficiency was reversible upon dis-

continuation or dose reduction of 6-MP.

Summary/Conclusion: Seven cases of a FV decrease have previously

been described in the literature during 6-MP or azathioprine treatment

for ALL or inflammatory bowel disease. These case reports have not

described either a correlation with high levels of 6-MMPN or an asso-

ciation with FV levels (activity and antigen). The mechanism of action

of 6-MP toxicity on FV levels remains unknown. The correlation

between FV:Ag and FV:Act suggest either a direct effect on FV tran-

scription or a lack of post-translational modifications of FV (phos-

phorylation, sulfatation or glycosylation) induced by a metabolite of

6-MP, which could prevent FV production or secretion. As patients

were asymptomatic, the interest to maintain or reduce 6-MP treatment

remains to be defined in such circumstances.

PA 4.12-2
Cleavage at Arg1018 is not required for factor V
activation
Na M1, Wiencek JR1, Hirbawi J2 and Kalafatis M1

1Cleveland State University; 2Cleveland Clinic, Cleveland, OH,

USA

Background: The coagulation cascade is initiated following vascular

injury which results in the exposure of endothelial tissue factor to the

blood flow and that in turn results in robust thrombin generation. The

proteolytic conversion of prothrombin (Pro) to thrombin is catalyzed

by the prothrombinase complex. This enzymatic complex is composed

of the cofactor factor Va (fVa), the enzyme factor Xa (fXa) associated

on a procoagulant membrane surface in the presence of divalent metal

ions. Factor V (fV) circulates as a single chain inactive precursor con-

sisting of three domains A1-A2-B-A3-C1-C2. The molecule must be

activated by thrombin following three sequential cleavages at Arg709,

Arg1018, and Arg1545 to generate the active cofactor (fVa) composed of

heavy and light chain. It was previously reported that cleavage at

Arg1545 by thrombin requires prior cleavage at Arg1018.

Aim: To determine the role of cleavage at Arg1018 during activation of

fV.

Methods: We used site directed mutagenesis to create several recombi-

nant fV molecules with the activation sites mutated to Glutamine (R

to Q). We have also used a recombinant mutant factor V molecule

with the region 1000–1008 from the B region deleted (fVΔB9). We have

created recombinant fV molecules as follows: fVWT (wild type), fVQQR

(only cleavage at Arg1545 is available), fVRQQ (only cleavage at Arg709

available), fVQRQ, (only cleavage at Arg1018 available), fVRQR (cleav-

ages at Arg709 and Arg1545 available), fVQQQ (no cleavage available),

fV ΔB9/RQR and fVΔB9/QRQ. The recombinant molecules were expressed

in COS-7 cells, purified to homogeneity and assayed for clotting activ-

ity as well as in prothrombinase assays using purified reagents. Wes-

tern blotting followed by staining with specific monoclonal antibodies

to the heavy and light chain of the cofactor was used to evaluate the

integrity of the recombinant fV/fVa molecules.

Results: Two-stage clotting assays revealed that the clotting activities

of fVaQQR, fVaRQQ, and fVaQRQ were reduced while fVQQQ was

devoid of clotting activity. In addition, fVaRQR and fVaDB9/RQR have

similar clotting activities as fVaWT. In contrast, fVaQRQ, and fVaDB9/

QRQ are impaired in their clotting activities and have clotting activities

similar to the activity expressed by fVQQQ. Kinetic analyses demon-

strated that fVaRQR and fVaDB9/RQR have similar affinities for fXa,

while fVaQRQ, and fVaDB9/QRQ were impaired in their interaction with

fXa. The kcat values for prothrombinase assembled with fVaRQR and

fVaDB9/RQR were similar to the kcat obtained with prothrombinase

assembled with fVaWT, while prothrombinase assembled with fVaQRQ

and fVaDB9/QRQ had 2- and 7-fold reduced catalytic efficiency respec-

tively, when compared to the kcat values obtained with prothrombin-

ase assembled with fVaWT. Finally, the kcat value for prothrombinase

assembled with fVaQQR was approximately 50% lower than the kcat
obtained with prothrombinase assembled with fVaWT.

Conclusion: Our data demonstrates that cleavage at Arg1018 is neither

essential nor required for activation of factor V. These data further

promote our understanding of the mechanisms regulating blood coag-

ulation and the assembly of prothrombinase.

PA 4.12-3
Galectin-8 does not function as a factor V receptor on
the surface of CMK cells and ex vivo-derived
megakaryocytes
Gertz JM, Pineault KM and Bouchard BA

University of Vermont, Burlington, VT, USA

Background: Plasma-derived factor V is endocytosed by megakaryo-

cytes and is subsequently modified to form the unique platelet-derived

cofactor molecule. Factor V endocytosis is mediated by a two receptor

system including an uncharacterized, specific factor V receptor and

low density lipoprotein receptor related protein-1 (LRP-1), a ubiqui-

tous endocytic receptor. Studies are currently underway to identify the

unknown factor V receptor. A recent study by Zappelli and colleagues

suggested that galectin-8, an intracellular galactoside-binding protein,

is expressed on the cell surface of DAMI cells, and may function as the

unknown, specific factor V receptor [J Biol Chem. 2012; 287(11):

8327–35].
Aims: In the current study, a role for galectin-8 in factor V endocytosis

was further characterized using the megakaryocyte-like cell line,

CMK, a well-characterized model of factor V endocytosis, as well as

ex vivo- derived megakaryocytes.

Methods: CD34+ cells were isolated from umbilical cord blood and

induced to differentiate ex vivo into megakaryocytes for 10 days.

Galectin-8 cell surface expression was determined by flow cytometry

using a specific, inhibitory monoclonal antibody directed against the

N-terminus of galectin-8. The role of galectin-8 in factor V endocytosis

was also assessed using inhibitors of galectin-8 ligand binding.

Results: Ex vivo-derived megakaryocytes were identified by their for-

ward and side scatter, as well as expression of the megakaryocyte/

platelet-specific marker CD41. Flow cytometric analyses of these cells

under non-permeabilizing and permeabilizing conditions demon-

strated intracellular but not extracellular expression of galectin-8. This

observation is consistent with data from Rowley et al. showing galec-

tin-8 mRNA in human platelets [Blood. 2011; 118(14):e101–11] as well
as its known intracellular roles in cellular differentiation, growth regu-

lation, and apoptosis. Cell surface and intracellular galectin-8 expres-

sion were also assessed in CMK cells. Under conditions where

endocytosis of fluorescently-labeled factor V (30 nM) was observed,

galectin-8 expression was only detected following cell permeabiliza-

tion. Endocytosis assays were performed in the presence of lactose, a

b-galactoside known to block carbohydrate-dependent binding of

galectins to their ligands, as well as an inhibitory antigalectin-8 anti-

body to assess the role of galectin-8 in factor V binding and endocyto-

sis. Preincubation of the cells with lactose and mannose had no effect

on endocytosis of fluorescently-labeled factor V or 125I-labeled factor

V (30 nM) by ex vivo-derived megakaryocytes or CMK cells. Mannose

was used as a negative control as its structure is similar to lactose, but

it does not interfere with galectin ligand binding. Consistent with this

observation, the presence of the inhibitory anti-galectin-8 antibody

had no affect on factor V endocytosis by either of these cell types.

Conclusions: These combined observations suggest that, while galectin-

8 may be involved in factor V endocytosis in DAMI cells, its role in

factor V endocytosis by other megakaryocyte model systems including

megakaryocytes derived ex vivo from human cord blood, remains

unclear.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

472 ABSTRACTS



PA 4.12-4
Molecular characterization of FV deficiency in a large
cohort of Italian patients
Paraboschi EM1, Guella I1, Peyvandi F2, Duga S1 and Asselta R1

1University of Milan; 2Fondazione IRCCS C�a Granda Ospedale

Maggiore Policlinico, University of Milan, Milan, Italy

Background: Factor V (FV) deficiency is a rare coagulation disorder

characterized by low or unmeasurable plasma levels of functional and

immunoreactive FV and associated with a hemorrhagic phenotype of

variable severity. It is transmitted as an autosomal recessive trait

(OMIM +227,400) with a prevalence of about one in 1 million and,

among rare inherited coagulopathies, is the least characterized from

the molecular point of view.

Aims: To investigate the molecular basis of the disease in 24 Italian

FV-deficient patients, nine of whom affected by a severe form and 15

with mild deficiency.

Methods: Mutational screening was performed by direct sequencing of

PCR products covering all FV gene (F5) exons and a region of F5 pro-

moter. Missense mutations were investigated by in-vitro expression of

mutant FV in COS-1 cells, followed by SDS-PAGE of immunoprecipi-

tated proteins, as well as by enzyme immuno assays on cell lysates and

conditioned media.

Results: DNA sequencing disclosed 22 mutations, ten of which (three

nonsense, one splicing, five missense, and one frameshift) were hitherto

unknown. Moreover, five individuals were found to carry the HR2

haplotype, a F5 allele responsible for a mild form of FV deficiency.

Whilst the identified nonsense and frameshift mutations (W1797X,

S1849X, L1908X, V381QfsX1) introduce premature stop codons, thus

likely resulting in unstable transcripts and eventually in low protein

synthesis, the pathogenic role of missense and splicing mutations was

experimentally verified. All analyzed missense mutations (N409D,

D1669G, G1867R, C2033Y, C2038Y) were shown to impair FV secre-

tion, leading to a concomitant reduction of functional and immuno-

logic FV levels. The role of the splicing mutation (c.5879-11_-

12delinsAA) is currently being investigated by producing the mutant

transcript in HeLa cells. Bioinformatics analyses suggest that the

mutation, interrupting the polypyrimidine tract, might cause the skip-

ping of exon 20. Interestingly, four mutations (R1133X, Y1702C,

c.248+1G>A, and G1902D), already described in the literature, were

each identified in two unrelated patients of our cohort, suggesting that

these variants may be recurrent in the Italian population.

Conclusions: This work reports the identification and the functional

characterization of 10 novel genetic defects responsible for FV defi-

ciency in the Italian population.

PA 4.12-5
Factor V is endocytosed and trafficked to proplatelet
extensions by megakaryocytes derived ex vivo from
human umbilical cord blood
Gertz JM, McLean K and Bouchard BA

University of Vermont, Burlington, VT, USA

Background: Platelet- and plasma-derived factor Va are absolutely

essential for thrombin generation catalyzed by the prothrombinase

complex. The platelet-derived form represents only approximately

20–25% of the total factor V pool; however, several observations

suggest that it is physically and functionally distinct and plays a

more relevant role in clot formation. Thus, any alterations in this

pool may have a profound effect on the maintenance of normal

hemostasis.

Aim: The mechanism by which platelets acquire, modify, and store fac-

tor V is being investigated. In the current study, megakaryocytes dif-

ferentiated ex vivo from umbilical cord blood or bone marrow-derived

CD34+ cells were examined as potential models to study the forma-

tion of the distinct platelet-derived factor V pool.

Methods: CD34+ cells were isolated from human umbilical cord blood

or bone marrow and induced to differentiate into megakaryocytes by

culture in the presence of stem cell factor, thrombopoietin, and/or

interleukin-3. Endocytosis of AlexaFluor488-labeled factor V (30 nM)

was assessed by flow cytometry or confocal microscopy and correlated

with expression of megakaryocyte-specific markers. DNA content was

assessed by propidium iodide staining followed by flow cytometry.

Results: Ex vivo-derived megakaryocytes were identified by their for-

ward and side scatter and expression of megakaryocyte/platelet-spe-

cific markers by flow cyytometry. Expression of these markers by bone

marrow-derived megakaryocytes increased over time of culture. Of the

cells capable of factor V endocytosis, 19.1 � 6.3% are positive for

CD41 on day 3. This increases over time to 98.2 � 4.1% by day 10.

Similar observations were made for CD61, von willebrand factor, and

P-selectin. Additionally, cells with up to 16N DNA content could be

visualized. However, these cells do not appear to produce platelets ex

vivo suggesting that they may not be suitable to study the entire factor

V trafficking pathway. Umbilical cord blood is often used as an alter-

native source of CD34+ cells for ex vivo differentiation into megak-

aryocytes. In addition, these cells exhibit higher proliferation and are

able to generate proplatelets, possibly making them a more suitable

model system. Thus, their use for this study was also assessed. Factor

V endocytosis by cord-blood derived megakaryocytes was observed on

days 5–13 of culture, consistent with what was observed in the bone

marrow-derived cells. Expression of CD41 increased from 32.4% on

day 5 to 55 � 8.1% on day 12 of culture. Additionally, cells that endo-

cytose factor V and are also CD41 positive follow a similar trend,

increasing from 25.1% on day 5 to 60.3 � 0.35% on day 12. Day 13

cells were incubated with fluorescently-labeled factor V for 8 h just

prior to culture on fibrinogen-coated slides to induce proplatelet for-

mation. Following its endocytosis, factor V was observed in the pro-

platelet extensions by confocal microscopy.

Conclusions: Cord blood-derived megakaryocytes endocytose factor V

in a manner similar to bone marrow-derived cells and traffic it to pro-

platelet extensions. These observations suggest that cord blood-

derived megakaryocytes may be a suitable model to study the forma-

tion of the distinct platelet-derived factor V pool.

PA 4.12.6
A new regulatory function of activated factor V:
inhibition of the activation by tissue factor/factor VII
(a) of factor X
Al Dieri R, Bloemen S, Kelchtermans H, Wagenvoord R, De Laat B

and Hemker CH

Maastricht University, Maastricht, The Netherlands

Background: We observed that minute amounts of thrombin or the

enzyme Russell’s viper venom activating factor V (RVV-V), added to

plasma strongly diminish the potential of that plasma to generate

thrombin after being triggered by tissue factor.

Aim: To find the mechanism behind this phenomenon.

Methods: Calibrated automated thrombin generation (CAT) was mea-

sured in platelet poor plasma using different triggers (tissue factor, ka-

olin, factor IXa or direct activation of factor X) in the absence and

presence of factor V(a). The effect of FV(a) on the activation of factor

X by tissue factor (TF) and factor VII(a) was determined in a purified

system.

Results: Thrombin generation (TG) initiated by tissue factor is

strongly and dose-dependently inhibited by addition of activated fac-

tor V (FVa) or by addition of a factor V activator (thrombin or RVV-

V). The two forms of activated factor V (FVa1 and FVa2) diminished

thrombin generation similarly while FV1 and FV2 showed no effect.

No inhibition by FVa is seen when TG is triggered via the intrinsic

pathway or by direct activation of factor X. The effect is independent

of proteins C and S and tissue factor pathway inhibitor (TFPI). The

inhibiting action is also observed in hemophilia A and B samples. In
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factor VII -deficient plasma the effect is seen when it is spiked with

recombinant factor VII (FVII) and to a much lesser extent when

spiked with recombinant FVIIa. In a purified system, FVa also dose-

dependently inhibits the activation of FX by TF/FVII(a). The inhibi-

tory effect is neutralized by antibodies against the light chain of FVa

but not by antibodies against the heavy chain.

Conclusions: We report a new regulatory function of factor Va where

it inhibits the activation of factor X. This observation can be explained

by assuming that factor Va, via its light chain, binds to the complex

TF/FVII(a) and prevents it from activating factor X. We assume that

this mechanism reduces the possibility that thrombin and factor Xa

escaping from a wound area into the circulation, together with blood-

borne tissue factor, would trigger intravascular coagulation.

PA4.13 – Coagulation Factor
VIII – VI

PA 4.13-1
Assessment of structural comparability between
rFVIIIFc and unmodified B domain-deleted FVIII by
complementary biophysical methods
John K1, Tsutakawa S2, Bou-Assaf G3, Chiu P-L4, Liu ZL1,

Goodman A1, Arndt J3, Whitlow M5, Mezo A1, Tainer J6,

Stephen B3, Laura S3, Elizabeth C1, Haiyan J1, Light D1, Walz T7

and Robert P1

1Biogen Idec Hemophilia, Waltham, MA; 2Lawrence Berkeley

National Laboratory, Berkeley, CA; 3Biogen Idec, Cambridge,

MA; 4Harvard Medical School, Boston, MA; 5Colabrativ Inc., El

Sobrante, CA; 6The Scripps Research Institute, La Jolla, CA;
7Department of Cell Biology, Harvard Medical School, Boston,

MA, USA

Background: Recombinant Factor VIIIFc (rFVIIIFc) is a long-lasting

FVIII molecule developed to reduce dosing frequency and increase

protection for patients with severe hemophilia A. rFVIIIFc is a fully

recombinant protein consisting of a single molecule of B domain-

deleted (BDD) human coagulation factor VIII (FVIII) covalently

linked to the dimeric Fc domain of human immunoglobulin G1 (IgG1)

with no intervening sequence. The specific activity of rFVIIIFc, on

molar basis, and its affinity for von Willebrand factor (VWF) are com-

parable to those of commercially available BDD rFVIII and full-

length rFVIII products, indicating that the Fc moiety does not impair

the association of rFVIIIFc with other elements of the Xase complex

or with VWF.

Aims: This study was undertaken to assess the structural comparability

between the BDD-FVIII and Fc constituents of rFVIIIFc and their

respective free counterparts, and to evaluate the relative orientation

and conformational dynamics of the FVIII and Fc elements within the

rFVIIIFc molecule.

Methods: The following methods were employed to evaluate the struc-

tural comparability of rFVIIIFc and rFVIII, as well as the conforma-

tional dynamics of rFVIIIFc: (i) hydrogen-deuterium exchange (H/

DX) mass spectrometry (MS), (ii) multiplexed surface plasmon reso-

nance (SPR) affinity analysis with a panel of anti-FVIII antibodies,

(iii) Small-angle X-ray scattering (SAXS), (iv) X-ray crystallography,

and (v) negative stain electron microscopy (EM).

Results: H/DX-MS analysis was performed on rFVIIIFc and its

recombinant FVIII and Fc constituents with a sequence coverage of

94% for FVIII (416 peptides) and 87% for Fc (50 peptides). Over a

time course of 4 h, no statistically significant differences in deuterium

exchange rates were observed for any peptide pairs, indicating a high

degree of structural comparability between the BDD-FVIII and Fc

constituents of rFVIIIFc and their respective free counterparts. Con-

sistent with these findings, members of a panel of 23 anti-FVIII mono-

clonal antibodies, which recognize epitopes distributed among the

different domains of FVIII, bound to both rFVIII and rFVIIIFc with

comparable affinities as determined by SPR array analysis. SAXS

analysis combined with molecular dynamics simulation enabled deri-

vation of a minimal ensemble of structures for rFVIIIFc in which the

Fc domain is extended away from, and does not interact with, the

FVIII component. The X-ray crystallographic structure of rFVIIIFc,

determined at low resolution (approximately 5 �A) was comparable to

published FVIII atomic coordinates 2R7E and 3CDZ. Electron den-

sity for the Fc domain was not observed, indicating that the tethered

Fc domain experiences conformational freedom in relation to the

FVIII component. Negative stain EM analysis of 5853 particle pairs

(60°/0°) showed that 3184 rFVIIIFc particles adopted the same con-

formation (six out of 10 classes). In the resulting 3D reconstruction at

27 �A resolution, the Fc domain projects maximally away from the

FVIII component.

Conclusions: The results from these complementary biophysical

approaches are in agreement with respect to the structure of rFVIIIFc.

The linkage of Fc to FVIII does not alter the conformation of either

component. The rFVIIIFc linkage permits conformational flexibility

between the two components, with the appended Fc domain extending

away from the FVIII component.

PA 4.13-2
Structure of membrane-bound porcine factor VIII
Stoilova-McPhie S, Dalm D, Grushin K and Miller JL

University of Texas Medical Branch, Galveston, TX, USA

Factor VIII (FVIII) is a multidomain blood plasma glycoprotein,

when defective or deficient causes for hemophilia A, a severe heredi-

tary bleeding disorder. Upon initiation of coagulation FVIII is cleaved

by Thormbin and the active form FVIIIa, acts as co-factor to the ser-

ine protease Factor IXa (FIXa) within the membrane-bound tenase

complex. Human FVIII (hFVIII) is a large glycoprotein of approxi-

mately 280 kDa Molecular weight, composed of six domains: A1-A2-

B-A3-C1-C2. In vitro, FVIII exists as a mixture of heterodimers of a

variable length heavy chain (HC) of the A1-A2 domains with different

length of the B domain, and a constant length light chain (LC) of the

A3-C1- C2 domains. The LC holds the FVIII membrane-binding sites.

The HC holds the main FIXa interaction sites. The LC and HC are

non-covalently linked via divalent metal cations. Recombinant FVIII

concentrate is the most effective drug against hemophilia A and com-

mercially available FVIII is expressed as full-length (FVIII-FL) or B-

domain deleted (FVIII-BDD). Porcine (p) FVIII-BDD shares 84%

amino acid sequence identity with hFVIII-BDD, has 10–14 fold higher

expressions and is used as replacement therapy in patients who

develop inhibitory antibodies against the human form, as it forms

functional complexes with human FIXa.

The focus of this work is to achieve a high resolution structure of

membrane-bound pFVIII-BDD close to physiological conditions, by

combining cryo-EM and structure analysis. For this purpose we have

expressed, purified and organized helically pFVIII-BDD onto single

bilayer lipid nanotubes (LNT) containing phsophatidylserine in a

20 mM HEPES buffer, pH 7.4, containing 150 mM NaCl and 5 mM

CaCl2. The calculated cryo-EM structure for membrane-bound

pFVIII-BDD at subnanometer resolution was further refined by fitting

the existing hFVIII-BDD crystal structure within the density map. A

pFVIII-BDD homology structure was further generated with the fitted

hFVIII-BDD structure as a template.

The presented membrane-bound pFVIII-BDD structure further con-

firms the previously refined 3D structure for helically organized

hFVIII-LC on LNT and that the FVIII membrane-bound organiza-

tion differs from that of the FVIII organized in 3D crystals in solution.

Fitting the FVIII domains from the hFVIII-BDD crystal structures

within the density map resolved by cryo-EM shows that the C2

domain is the main FVIII membrane interaction site. The C1 does not

interact directly with the membrane interface when the pFVIII-BDD

molecules are helically organized onto the LNT surface. A new
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interface is formed between the C1 and the A1 and A3 domains, creat-

ing a platform for the A2 domain holding the main FIXa interaction

site. This organization of the FVIII-LC domains has been previously

observed for plasma derived hFVIII in membrane-bound 2D crystals

and hFVIII-LC helically organized onto LNT.

Comparing the membrane-bound organization for both human and

porcine FVIII-BDD as resolved by cryo-EM will provide a structural

basis for comparing the activity of mutations, complementing the exist-

ing homology models. Understanding the differences between the orga-

nization of porcine and human FVIII-BDD bound to LNT will provide

a structural scaffold for mapping the functionally important FVIII

interaction sites and improve drug design based on recombinant FVIII.

PA 4.13-3
Dose response relationship and duration of effect of a
PEGylated recombinant FVIII conjugate, N8-GP, in a
new tail vein transection bleeding model in
anaesthetized FVIII k/o mice
Johansen PB, Tranholm M, Kjalke M, Haaning JT and Knudsen T

Novo Nordisk A/S, M�aløv, Denmark

Background: Turoctocog alfa is a new serum-free B-domain truncated

recombinant FVIII for treatment and prevention of bleeding in

patients with haemophilia A. N8-GP is turoctocog alfa with a 40 kDa

PEG conjugated to the O-glycan in the 21 amino acid B-domain. The

potency of Advate�, turoctocog alfa and N8-GP are similar in the

standard mouse tail transection model, while the half-life and duration

of effect is longer for N8-GP. We now report on a sensitive tail vein

transection bleeding model in anaesthetized FVIII k/o mice, where

clinically relevant FVIII doses are effective. The new model was used

to investigate the dose response relationship of N8-GP and the dura-

tion of effect of N8-GP and turoctocog alfa on bleeding time and

blood loss.

Methods: FVIII k/o (exon 16 disrupted) male mice on a mixed back-

ground, C57Bl6/129, were dosed with N8-GP, turoctocog alfa, or vehi-

cle in the right lateral tail vein 24 or 48 h before injury. The bleeding

challenge comprised a template-guided transection of the left lateral

tail vein at a tail diameter of 2.7 mm in isoflurane anaesthetized mice.

The tail was immersed in saline (37 °C) allowing visual recording of

the bleeding for 60 min, whereafter the blood loss was determined by

measuring the haemoglobin concentration. Data are reported as

means � SEM. One-way ANOVA with post test for linear trend or

Bonferroni’s adjustment for multiple comparisons was applied for

analysis of data.

Results: The haemophilic phenotype was verified in all animals as: (i)

intact primary haemostasis with a primary bleeding lasting ≤ 3 min

after injury and (ii) subsequent re-bleeding episodes depending on the

actual treatment. Dose response relationships were demonstrated for

total bleeding time and blood loss when tail vein transection was made

24 h after administration of N8-GP. Mice dosed at 20, 10, 5, 2.5, 1.25,

or 0 U/kg had total bleeding times of 7.0 � 1.0, 11.8 � 2.2,

25.3 � 4.7, 25.1 � 4.5, 36.1 � 3.5, and 46.0 � 1.4 min, respectively

(P < 0.0001). The corresponding blood losses were 1372 � 359,

2286 � 592, 4659 � 993, 5679 � 1108, 7120 � 533, and

7382 � 714 nmol haemoglobin, respectively (P < 0.0001). A study

comparing N8-GP 10 U/kg, turoctocog alfa 10 IU/kg, and vehicle

dosed 48 h before tail vein transection had total bleeding times of

18.6 � 3.1, 34.3 � 4.6, and 36.5 � 3.0 min with corresponding blood

losses of 2832 � 829, 6325 � 782, and 6117 � 498 nmol haemoglo-

bin, confirming the prolonged duration of effect of N8-GP when com-

pared to turoctocog alfa (P < 0.05 for total bleeding time and

P < 0.01 for blood loss).

Conclusion: Dose response relationship was demonstrated at 24 h for

N8-GP when applied in clinically relevant doses using a new tail vein

transection bleeding model in anaesthetized FVIII k/o mice. Further-

more, the prolonged duration of effect of N8-GP was confirmed.

PA 4.13-4
Impact of factor VIII A2 domain stabilization on
activated factor X generation
Leong L1, Thompson T1, Tran K1, Ramsey PH1, Wakabayashi H2,

Fay PHJ2, Kretschmer P1, Patel C1, Murphy JE1 and Laux V1

1Bayer HealthCare Pharmaceuticals, US Innovation Center, San

Francisco, CA; 2University of Rochester Medical Center,

Rochester, NY, USA

Background: An important negative regulator of activated factor VIII

(FVIIIa) cofactor activity is subunit dissociation. Factor VIII (FVIII)

molecules with stabilized activity have been generated by elimination

of charged residues at the A1-A2 and A2-A3 interfaces. These mole-

cules exhibited reduced decay rates as part of the factor Xase complex

(FXase) and retained their activities under thermal and chemical dena-

turing conditions (Wakabayashi H, et al. J Thromb Haemost. 2009;7

(3):438–44).
Aim: The goal of this study was to determine the relationship between

FVIII A2 subunit stabilization and its cofactor activity.

Methods: We established the A2 stabilization of two molecules

‘D519VE665V and D519VE665VE1984A’ and performed extended

kinetic characterization of these mutants to select a candidate for fur-

ther testing in animal models. These mutants differed by their FVIII

and FVIIIa stability as assessed by FXase decay.

Results: Biacore studies with FVIII immobilized on an A2 subunit-spe-

cific antibody indicated comparable molecular integrity (90%) for

both D519VE665V and D519VE665VE1984A after thrombin activa-

tion and 30 min of buffer wash. In contrast, only approximately 25%

of B-domain’ deleted FVIII (BDD) remained intact under the same

conditions. Coatest assay (Chromogenix) results show D519VE665V

had twice the specific activity of D519VE665VE1984A, which had

comparable activity to BDD. The difference in chromogenic specific

activity does not correlate with FXase decay data and raises the possi-

bility that mutations conferring A2 subunit stability affect FVIIIa

interactions with other components of the FXase complex, activated

factor IX (FIXa) and factor X (FX). A kinetic assay indicated a 2-fold

increase in apparent FIXa affinity for D519VE665V vs. BDD, regard-

less of whether FVIIIa or FIXa were varied in the assays. In contrast,

D519VE665VE1984A affinity was comparable to BDD. Finally, an

FXase kinetic assay with 100-pM FIXa and 10-nM FVIIIa concentra-

tions indicated similar FX activation kinetics for all variants and

BDD.

Conclusion: Taken together, our results indicate that mutations in

FVIII that stabilize A2 subunit association can also affect FVIIIa

interactions with its FXase partners, which raises the possibility that

there may be an optimum balance between increasing A2 stability and

cofactor activity.

PA 4.13-5
Increased mortality risk in US Hemophilia A inhibitor
patients
Walsh C1, Miller CH2 and Soucie M2

1Mount Sinai School of Medicine, New York City, NY; 2Centers

for Disease Control and Prevention, Atlanta, GA, USA

Published mortality studies are limited in hemophilia inhibitor popula-

tions but indicate that there is no increased risk of mortality in FVIII

inhibitor patients. In an updated assessment of the mortality of Hemo-

philia A patients with inhibitors in the US, we analyzed retrospective

data on 7605 males with severe hemophilia A over a 12 year period

(1998–2011) using the CDC UDC database. Inhibitor cases were par-

ticipants who had either an elevated inhibitor titer, were on immune

tolerance or who had failed ITI according to data from their most

recent UDC visit. There were a total of 641 cases and the remaining

6964 participants served as controls. Information from mortality data
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forms was used to determine date and cause of death for all study

subjects. During the study period, 48 of the 435 participants who died

had an inhibitor. Demographic characteristics most strongly associ-

ated with death were increased age and Medicare health insurance.

Among clinical characteristics increased number of reported bleeds,

signs of liver disease and infection with either HIV or HCV were all

strongly associated with increased odds of death. After adjustment for

all other causes of death, the odds of death were 70% higher (odds

ratio = 1.7; 95% confidence interval 1.2–2.4) among inhibitor cases

than non-inhibitor subjects (P < 0.01). Over 40% of deaths in inhibi-

tor cases were due to bleeding, especially intracranial hemorrhage,

compared to 12% of deaths in non-inhibitor patients (P < 0.001). Of

the 48 inhibitor cases who died, 31 (65%) had used one or more

bypassing agents in the year prior to the last UDC visit. The data sug-

gest that people with Hemophilia A and an inhibitor may be at higher

risk of death.

PA 4.13-6
VWF affects the clearance and biodistribution of
recombinant factor VIII Fc fusion (rFVIIIFc)
Van Der Flier A, Tan S, Liu Z, Chen K, Liu T, Patarroyo-White S,

Light D and Jiang H

Biogen Idec, Waltham, MA, USA

Background: rFVIIIFc is a fully recombinant fusion protein consist-

ing of a single B domain deleted human FVIII covalently attached

to the dimeric Fc domain of human IgG1. rFVIIIFc was shown to

have a 1.5–fold extended half-life and decreased clearance com-

pared to rFVIII in patients with hemophilia A in clinical studies.

The Fc region of rFVIIIFc binds to the neonatal Fc receptor

(FcRn), which is part of a naturally occurring pathway that cycles

IgG back into circulation, delaying lysosomal degradation. Clear-

ance studies in FcRn knock-out mice indicated a similar role for

FcRn in the prolonged half-life of rFVIIIFc and studies with

FcRn–chimeric mice show that the decreased clearance of rFVIIIFc

is mediated by FcRn expressed in somatic cells and not hematopoi-

etic cells.

Biodistribution studies with 125I–rFVIIIFc identify liver as the domi-

nant clearance organ and primary liver cell co-culture indicated uptake

of rFVIIIFc by somatic liver sinusoidal endothelial cells (LSEC),

rather than Kupffer cells (KC) or hepatocytes (HC). However, in

blood, 95% of FVIII circulates as a non-covalent complex bound to

von Willebrand Factor (VWF) suggesting that VWF binding may also

play an important role in the clearance of rFVIIIFc.

Aims: Investigate the contribution of VWF binding to the clearance

and biodistribution of rFVIIIFc compared to rFVIII in order to

understand the mechanism leading to the long-lasting half–life of

rFVIIIFc.

Methods: Pharmacokinetic studies compared rFVIII and rFVIIIFc in

VWF-KO and FVIII/VWF–KO double knockout (DKO) mice. Bio-

distribution studies compared 125I–rFVIII and 125I–rFVIIIFc in DKO

and HemA mice by quantitative whole body autoradiography and

quantitating the radioactivity remaining in perfused organs.

Results: VWF stabilizes rFVIIIFc in the blood and extends rFVIIIFc

half-life in HemA mice (t½ = 13.7 h) in contrast to VWF-KO

(t½ = 2.5 h) or DKO mice (t½ = 1.6 h). Thus rFVIIIFc is cleared rap-

idly in VWF-KO mice, but even more rapidly in mice lacking both

VWF and endogenous murine FVIII. Biodistribution studies show

that the liver is the predominant clearance organ for both rFVIIIFc

and rFVIII. For both molecules, over 10% of the initial dose is found

in liver within the first 15 min after injection in HemA mice. In con-

trast, 30% of the initial dose of rFVIIIFc is found in the liver of DKO

mice showing that VWF delays liver uptake and improves rFVIIIFc

half–life in mice with circulating VWF. In addition, RT-PCR confirms

that all three primary liver cell types (LSEC, KC and HC) express

FcRn.

Summary/Conclusions: Together with our previous observation that

the FcRn from LSEC is primarily responsible for extended half-life of

rFVIIIFc, our results support the following conclusions:

1 Similar to FVIII, the majority of rFVIIIFc circulates as a complex

with VWF and this interaction strongly influences the clearance of

both FVIII and rFVIIIFc.

2 Free rFVIIIFc is taken up by LSEC, and cycled back into circula-

tion by an FcRn–dependent mechanism.

Effects of VWF on the clearance of rFVIIIFc using both in vitro cell

uptake and in vivo immunohistochemistry studies are ongoing.

PA4.14 – Extrinsic Pathway of
Coagulation

PA 4.14-1
Mechanism by which platelet-bound Prothrombinase
maximizes platelet procoagulant activity
Todd BL, Silveira JR and Tracy PB

University of Vermont, Burlington, VT, USA

Background: The generation of physiologically relevant concentrations

of thrombin, effected by Prothrombinase, a Ca2+-dependent, stoichi-

ometric (1:1) complex composed of factors Va and Xa assembled on

an appropriate membrane, is absolutely essential for an appropriate

hemostatic response. Physiologically, activated platelets provide this

surface and in so doing promote prothrombin cleavage initially at

Arg271 and subsequently at Arg320 to form thrombin. Cleavage at

Arg271 generates the inactive intermediate prethrombin-2. In contrast,

when Prothrombinase is assembled on the surface of phospholipid ves-

icles of defined content (PCPS vesicles), initial cleavage at Arg320 is

preferred, generating the enzymatically-active intermediate meizo-

thrombin, which expresses substantial anticoagulant activity.

Aim: Our aim is to define the unique functional and structural attri-

butes of the platelet-bound complex that dictate initial cleavage at

Arg271. Studies from other laboratories indicate that the prothrom-

binase complex is capable of binding two conformationally distinct

forms of prothrombin, a ‘proteinase-like’ state optimally positioned

for cleavage at Arg271, and a ‘zymogen-like’ state, optimally posi-

tioned for cleavage at Arg320. We hypothesized that platelet-bound

Prothrombinase binds its substrate in a ‘proteinase-like’ state.

Method: Two experimental approaches were developed to address the

following questions. Does platelet-bound Prothrombinase bind pro-

thrombin in a ‘proteinase-like’ state that allows the irreversible incor-

poration of Phe-Pro-Arg-chloromethyl ketone (FPR-CK) into a

pseudo-active site, whereas vesicle-bound Prothrombinase, which

binds prothrombin in a ‘zymogen-like’ state, does not? Secondly,

would increasing concentrations of dansylarginine N-(3-ethyl-1,5-pen-

tanediyl)amide (DAPA), a reversible, active-site inhibitor of thrombin,

force prothrombin into a ‘proteinase-like’ state and promote cleavage

at Arg271 by vesicle-bound Prothrombinase?

Results: We observed that increasing the concentrations of DAPA in

prothrombin activation reactions containing vesicle-bound Prothrom-

binase resulted in increased utilization of the prethrombin-2 pathway,

suggesting that as the DAPA concentrations increased, so did the

concentrations of prothrombin in a ‘proteinase-like’ state. When an

identical experiment was performed with platelet-bound Prothrom-

binase as the enzyme, increasing the concentrations of DAPA

increased the rate of prethrombin-2 formation, again suggesting that

DAPA interactions with prothrombin forced the substrate into a

more ‘proteinase-like’ state, making it a better substrate for platelet-

bound Prothrombinase. The ability of platelet-bound Prothrombinase

to bind and configure prothrombin in a ‘proteinase-like’ state was

confirmed in experiments in which inactive platelet-bound Prothrom-

binase effected the incorporation of FPR-CK into prothrombin. The

formation of FPR-prothrombin was verified by demonstration that

the thrombin formed subsequent to its cleavage had no enzymatic
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activity. In contrast, FPR-CK was not incorporated into prothrom-

bin when inactive vesicle-bound Prothrombinase was used under sim-

ilar conditions.

Summary/Conclusions: Our data support the concept that platelet-

bound Prothrombinase orients prothrombin into a ‘proteinase-like’

state to promote the rapid generation of thrombin at a site of vascular

injury, thus optimizing the procoagulant response by preventing the

generation of the anticoagulant intermediate, meizothrombin. We

speculate that the activated platelet membrane supports the binding of

the Prothrombinase constituents in a manner that dictates prothrom-

bin cleavage at Arg271 and the preferential use of the prethrombin-2

pathway of activation.

PA 4.14-2
Differential effects on TFPI levels upon exposure of
human endothelial cells and cynomolgus monkey
vascular beds to TFPI KPI-2 antibody mAb 2021 and
TFPI KPI-3 antibody mAb 0001
Augustsson C, Loftager M, Hansen L, Petersen LC, Hilden I

and Petersen H

Novo Nordisk A/S, Bagsvaerd, Denmark

Background: Tissue factor pathway inhibitor (TFPI) is synthesized by

endothelial cells as two isoforms. It is stored intracellularly in a full-

length form (TFPI a) and present on the cell membrane mainly as the

GPI-anchored TFPI b form. Heparin induces synthesis and secretion

of TFPI from endothelial cells in vitro and increases the TFPI plasma

level in vivo by an unknown mechanism. A recent publication describes

the haemostatic effect of monoclonal antibody mAb 2021 that binds

to the Kunitz proteinase inhibitor (KPI) 2 domain of TFPI. Here, we

compare the in vitro and in vivo effects of mAb 2021 on TFPI secretion

to the effects of heparin and an antibody binding to the KPI-3 of TFPI

(mAb 0001).

Aims: To evaluate the effect of mAb 2021 and mAb 0001 on TFPI

secretion from endothelial cell culture and on TFPI levels shortly (0.5–
2 h) after administration to cynomolgus monkeys.

Methods: Endothelial-like cells ECV304 were treated with 5 U/mL

heparin or 10 nM of mAb 2021 or mAb 0001 for 24 h in serum-free

medium with 0.5% BSA. Cynomolgus monkeys were dosed intrave-

nously with mAb 2021 or mAb 0001 (20 mg/kg) and TFPI levels were

followed by measuring total-TFPI (the sum of free TFPI and TFPI in

complex with antibody) and free-TFPI in plasma samples. The differ-

ent TFPI levels were quantified by specific sandwich ELISAs.

Results: In vitro, treatment with heparin caused a 4-fold increase in

TFPI levels in the supernatants from endothelial cell cultures com-

pared to non-treated controls. Similarly, a 3-fold increase could be

measured after treatment with 10 nM of mAb 0001, whereas 10 nM of

mAb 2021 had no measurable effect on the TFPI levels. In vivo, dosing

cynomolgus monkeys with mAb 0001 caused a steep increase in the

total TFPI plasma level within 30 min. At 2 h the increase had contin-

ued, but at a much slower rate. The rate of accumulation of total-TFPI

after mAb 2021 treatment was much slower and largely linear over the

observation period. In both studies, the free TFPI levels were reduced

after mAb administration.

Conclusions: TFPI KPI-3 mAb 0001 demonstrated a strong stimula-

tory effect on the secretion of TFPI from endothelial cells, comparable

to the effect of heparin. In contrast, TFPI KPI-2 mAb 2021 had no

effect on TFPI secretion. Data from cynomolgus monkeys demon-

strated a rapid increase of total-TFPI in animals treated with mAb

0001. This increase is most probably due to both an accumulation of

total-TFPI but also a secretion of TFPI as seen by endothelial cells in

vitro. Animals treated with mAb 2021 showed a slow and linear

increase in total-TFPI level, most likely caused only by an accumula-

tion of total-TFPI and no secretion. The results demonstrate that the

biological effects of the two antibodies are distinctly different. Only

the KPI-3 antibody seems to affect the endothelial secretion of TFPI

and may work by the same mechanism as heparin. However, further

studies are needed to fully elucidate the mechanism of action.

PA 4.14-3
Increased expression of TFPI by NaBut is due to
changes in the acetylation pattern of the TFPI promoter
Skretting G1, Myklebust CF1, Dørum E1, Stavik B1, Iversen N2

and Sandset PM3

1Oslo University Hospital Rikshospitalet; 2Oslo University

Hospital Ullev�al; 3Oslo University Hospital Rikshospitalet/

University of Oslo, Oslo, Norway

Background: Tissue factor pathway inhibitor (TFPI) is the physiologi-

cal inhibitor of tissue factor (TF) induced coagulation. Increased levels

of TFPI are correlated with antithrombotic and anticancer effects.

Sodium butyrate (NaBut) is a histone deacetylase inhibitor that is used

in treatment of cancer, and it is able to modulate gene transcription

and apoptosis. In another study, we found that NaBut was able to

increase the expression of TFPI in HEK293 cells, and we have previ-

ously reported that the transcriptional activity of the promoter was

mediated by the �287T/C promoter SNP where the presence of the C

allele resulted in higher promoter activity compared to the T allele.

Aim: The aim of the present study was to acquire information on

whether the effect of NaBut on TFPI expression involved the TFPI

promoter; specifically the potential role of the �287T/C SNP in this

context, and also to identify nuclear factors that bind this SNP.

Methods: The TFPI promoter was studied in HEK293 cells using a

reporter gene approach by measuring the luciferase activity after tran-

sient transfections with the various promoter constructs and subse-

quent treatment of the cells with � 1 mM NaBut. Binding studies of

nuclear proteins to the �287T/C SNP were performed using EMSA.

Identification of binding factors was done with EMSA and immuno-

precipitation, and the histone acetylation pattern of the promoter was

studied using ChIP.

Results: Treatment of transfected cells with NaBut resulted in

increased luciferase activity compared to the corresponding activity in

untreated cells. This increase was dependent on the region surrounding

the �287 SNP and was highest when the �287T wild type (wt) was

present. EMSA studies with a probe containing either the �287T wt or

the C variant allele revealed DNA binding activity of nuclear proteins

from the HEK293 cells to both SNP variants; the activity was most

prominent for the C allele. Treatment with the transfected cells with

NaBut did not change the DNA binding activity to the SNP. The tran-

scription factor FOXP3 was identified to bind to the T allele. Since

NaBut is a histone deacetylase inhibitor, we analysed the effect on his-

tone proteins H3 and H4. The global acetylation pattern revealed

increased acetylation of both histones. Preliminary results indicate

changes also in the acetylation pattern of the histone proteins H3 and

H4 in the TFPI promoter after NaBut treatment. It is recognized that

also non-histone proteins can be acetylated and studies are in progress

to examine whether treatment with NaBut also affects the acetylation

of FOXP3.

Conclusions: We conclude that NaBut affects the TFPI expression by a

mechanism that involves the TFPI promoter region directly. A role of

the �287T/C SNP is indicated together with changes in the acetylation

pattern of the histone proteins H3 and H4 in the promoter region of

TFPI. We have identified that the transcription factor FOXP3 binds

specifically to the �287T allele and we hypothesize that NaBut affects

the acetylation pattern of the factor. The findings may in part explain

the anti-cancer effect of NaBut.
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PA 4.14-4
Sodium butyrate induces TFPI-mediated apoptosis
through the AKT/mTOR pathway
Cui XY1, Stavik B1, Myklebust CF1, Andresen M1, Dørum E1,

Iversen N2, Sandset PM1,3 and Skretting G1

1Department of Haematology and Research Institute of Internal

Medicine, Oslo University Hospital, Rikshospitalet; 2Department

of Medical Genetics, Oslo University Hospital and University of

Oslo; 3Institute of Clinical Medicine, University of Oslo, Oslo,

Norway

Background: Sodium butyrate (NaBut) is a histone deacetylase inhibi-

tor that has been shown to regulate gene expression and induce apop-

tosis in cancer cells. Tissue factor (TF) pathway inhibitor (TFPI),

which regulates the TF-dependent pathway of blood coagulation, can

also induce apoptosis and inhibit cell proliferation in cancer cells. In

the present study we have found that NaBut elevates the endogenous

expression of TFPI and induces apoptosis in HEK293 cells.

Aims: Our aim has been to further investigate the NaBut induced

increase in TFPI expression and apoptosis and to explore the potential

signaling pathways underlying the involvement of TFPI.

Methods: HEK293 cells were treated � 1 mM NaBut, and The Cell

Death Detection ELISAPLUS kit and flow cytometry were used to

assess the apoptotic activity of the cells. TFPI expression was deter-

mined using qRT-PCR and ELISA. TFPI and AKT knock down was

performed with the siRNA approach. The PI3K/AKT/mTOR signal-

ing pathway was examined by Western blot with antibodies against

AKT, Phospho-Akt, mTOR and Phospho-mTOR. The activation of

AKT was also determined using ELISA. Together with the knock

down of AKT, the PI3K inhibitor LY294002 was used to study the

involvement of AKT in NaBut induced TFPI expression and apopto-

sis.

Results: NaBut treatment of HEK293 cells resulted in an increased

apoptotic activity accompanied by increased TFPI expression. TFPI

expression increased in a time- and dose-dependent manner. When

TFPI was knocked down, the apoptotic activity of the cells was

impaired. NaBut treatment of the cells resulted in elevated phosphory-

lation of AKT and mTOR. Preliminary results indicate that inhibition

of AKT phosphorylation or knock down of AKT by siRNA technol-

ogy, results in an abolished effect of NaBut on TFPI expression. Stud-

ies are in progress to evaluate the effect of inactive AKT/

downregulated AKT levels on the apoptotic activity of the cells after

treatment with NaBut.

Conclusions: We conclude that TFPI participates in mediating the

NaBut induced apoptosis in HEK293 cells since knockdown of TFPI

impairs the increased apoptosis caused by NaBut treatment. Due to

the activation of AKT and mTOR we hypothesize that the PI3K path-

way is involved in this process. These results confirm previous findings

that TFPI has anti-apoptotic properties in transformed cells and may

partly explain the anti-cancer effect of NaBut.

PA 4.14-5
Factor VII antigen levels are differentially associated to
etiological subtypes of ischemic stroke
Stanne TM, Hanson JB, Olsson S, H€oglund J, Jood K,

Blomstrand C and Jern C

Institute of Neuroscience and Physiology, Gothenburg, Sweden

Background: Factor VII (FVII) plays a key role in the coagulation cas-

cade and has thus been implicated in thrombotic diseases. Several

polymorphisms in the FVII gene, F7, as well as environmental factors

have been associated with plasma FVII antigen (FVIIag) levels. While

higher levels of FVII have been reported in patients with cardiovascu-

lar disease, the relationship between FVII and ischemic stroke (IS)

remains unclear. IS is a heterogeneous disorder comprised of four

main etiologic-subtypes: large-vessel disease (LVD), small-vessel

disease (SVD), cardioembolic (CE) stroke and cryptogenic stroke. The

mechanism of disease and the frequency of established risk factors dif-

fer between subtype, eg atrial fibrillation (AF) is much more prevalent

in CE stroke compared to the other subtypes. Analysis with respect to

subtype is therefore of importance. No studies have yet looked at FVII

plasma levels in relation to IS etiologic subtypes.

Aims: (i) To investigate SNPs in F7 in relation to IS and the etiological

subtypes; (ii) To determine whether AF affects FVIIag levels; (iii) To

investigate whether elevated plasma levels of FVIIag are associated

with an increased risk of IS, and more specifically whether there are

subtype-specific differences in FVIIag.

Methods: Two SNPs were analyzed in the Sahlgrenska Academy Study

on Ischemic Stroke (SAHLSIS), which comprises 844 patients with IS

and 668 controls. Stroke subtypes were defined according to the

TOAST criteria. Blood samples were collected from the first 600

patients in the acute phase and 3 months after index stroke, as well as

the first 600 controls. These were used for subsequent FVIIag ELISA

analysis.

Results: (i) The SNP rs510317 was associated to elevated FVIIag lev-

els, while rs6046 was associated to lowered FVIIag levels. No SNP was

associated with overall IS after correcting for traditional risk factors.

rs510317 was independently associated to the subtype LVD (OR 1.53,

95% CI 1.02–2.30; P = 0.04), however this did not withstand correc-

tion for multipe testing. (ii) Stroke patients with AF had significantly

lower FVIIag levels compared to those without AF, both when com-

paring patients with and without warfarin. (iii) Elevated FVIIag levels

were independently associated with IS at both time-points. Significant

differences in FVIIag levels were observed between subtypes. LVD

and SVD were associated with increased FVIIag after adjusting for

traditional risk factors. CE stroke was associated with decreased

FVIIag levels. This was not only attributed to the high proportion of

patients on anticoagulant therapy in this group, but also due to the

fact that patients with AF have lower levels of FVII.

Conclusion: (i) No association between the two SNPs in F7 and overall

IS or the etiologic subtypes were detected after correction for tradi-

tional risk factors and multiple testing. (ii) AF was determined to be

an important and not fully recognized confounding variable in analy-

ses of FVIIag. (iii) FVIIag is independently associated to overall IS

and significant differences exist in FVIIag levels between etiological

subtypes. These findings highlight the importance of using etiological

sub-classification of IS in future prospective and case-control studies

on FVII.

PA 4.14-6
Endogenous tissue factor pathway inhibitor and tissue
factor expression in rabbit bleeding and clotting
models
Almholt K, Lauritzen B and Johansen PB

Novo Nordisk A/S, Maaloev, Denmark

Background: Patients with haemophilia rely on prophylactic or on-

demand replacement therapy that involves frequent intravenous injec-

tions of Factor VIII or Factor IX. Tissue factor pathway inhibitor

(TFPI) is an endogenous inhibitor of coagulation initiation. TFPI is

present in several forms; the majority is associated with the endothe-

lium and a minor fraction is present in plasma and in platelets. Com-

pounds that neutralise the function of TFPI present a novel strategy

for future haemophilia therapy. The monoclonal antibody mAb 2021

that inhibits human TFPI is currently in clinical development with the

aim of providing a subcutaneously administered prophylaxis option

for patients with haemophilia.

Aims: We wanted to characterize experimental bleeding and clotting

models with respect to endogenous expression of TFPI and tissue fac-

tor (TF).

Methods: We used immunohistochemistry to study the expression pat-

terns of TFPI and TF in select rabbit tissues including the cuticle, ear,
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and facial vein, which are sites commonly investigated in experimental

bleeding and clotting models.

Results: TFPI was prominently present in the microvasculature of the

cuticle and ear tissue, but only to a lesser extent in the endothelium of

large vessels such as the facial vein. TF on the other hand was promi-

nently expressed in the adventitia of medium-sized and large vessels,

but not associated with the capillary network. The relative expression

level of TFPI and TF thus varied greatly with TFPI dominating in the

microvasculature and TF dominating in large vessels. In the rabbit

cuticle, which contains a fine network of capillaries, the balance was

shifted towards TFPI expression. In the facial vein, the balance was

shifted towards TF expression, and there was an intermediate situation

in the ear tissue.

Conclusions: The expression patterns of TFPI and TF show clear and

consistent differences between the tissues that are studied in common

experimental bleeding and clotting models. While these inherent differ-

ences may have implications for the interpretation of experimental

results, the prominent expression of TFPI in the cuticle and ear suggest

that these tissues provide relevant bleeding models, in which to study

the effect of novel TFPI-neutralizing compounds.

PA4.15 – Factor XIII

PA 4.15-1
Factor XIII deficiency in elective hip or knee surgery
Von Depka Prondzinski M1, Imke J2, B€oker M3, Detering C1

and Siebert C3

1Werlhof-Institut; 2Medizinische Hochschule Hannover;
3Diakonie-Krankenhaus Annastift, Hannover, Germany

Background: Factor XIII (FXIII) plays an essential role in fibrin stabil-

ization and crosslinking of antifibrinolytic proteins to the fibrin clot. It

is also known that FXIII has an impact on wound healing. Congenital

FXIII deficiency is rare, whereas acquired FXIII deficiency is more

common.

Aim: Evaluation of FXIII as useful predictor of total blood loss and in

consequence of possible bleeding complications in surgery. Here, we

report FXIII levels over time before and after elective hip and knee

surgery correlated with blood loss.

Method: In this prospective study on 109 patients (m = 52/f = 57;

mean age: 63.5 � 10.9 years) 64 hip (58.7%) and 45 knee surgeries

(41.3%) were performed. Blood samples were collected pre- and post-

op 4–8 h and on Day 1, 2, 3, 4, 6 to analyse FXIII activity and antigen,

VWF ristocetin cofactor activity and antigen among other coagulation

parameters. Furthermore, volume of blood loss was assessed intra-

and postoperatively. The analyses of data were done using descriptive

statistics.

Result: A continuous decrease of FXIII activity was detected in the

whole group from pre- (109.9 � 21.9%) to D4 post-op (74.8 � 18.3%;

nadir) and in both subgroups depending on type of surgery. From D5

post-op, the FXIII-level increased in the total and all subgroups. Fur-

thermore, highly significant differences of FXIII activity were found

between patients with high amounts of blood loss in contrast to small

blood loss (82.5 vs. 67.8%; P < 0.000). There was a significant correla-

tion between intra-op and total blood loss, but not between post-op and

total blood loss. This correlation was even more significant by cumulat-

ing the intra-op and D1-blood loss. Main blood loss occurred post-op

(665 � 621 mL in contrast to intra-op 458 � 252). FXIII immediately

post-op correlated with intra-op blood loss (P < 0.01) and total blood

loss (P < 0.05). Furthermore no correlation was found between FXIII

activity and VWF ristocetin cofactor and antigen.

Conclusion: FXIII activity strongly correlates with intra-op as well as

post-op blood loss with a nadir on day 4 post-op. FXIII immediately

post-op is an predictor of total blood loss and in consequence of possi-

ble bleeding complications. Avoiding prolonged hospital stay due to

large blood loss might be of economic importance, e.g. costs of FXIII

concentrate vs. prolonged hospitalization.

PA 4.15-2
Effects of free factor XIII activation peptide on factor
XIII function and fibrin formation and structure
Schroeder V1, Duval C2, Brown R2, Handrkova H1, Ari€ens R2

and Kohler HP1

1University of Bern, Bern, Switzerland; 2University of Leeds,

Leeds, UK

Background: We have previously shown that the activation peptide of

coagulation factor XIII (AP-FXIII) is released into plasma upon acti-

vation by thrombin and can be detected in plasma samples from

patients with an acute thrombotic event.

Aim: The aim of this study was to investigate whether free AP-FXIII

may affect FXIII function, fibrin clot formation and structure, and

thrombin function in terms of a negative feedback regulation.

Methods: FXIII function was assessed with the FXIII biotin incorpora-

tion assay. A turbidimetric clot formation assay was used to study

fibrin clot formation in plasma. Clot formation and viscoelastic proper-

ties of the clot were also analysed by rotation thrombelastometry (RO-

TEM) performed in plasma and whole blood. The structure of plasma

clots was investigated by permeation analysis and scanning electron

microscopy (SEM). Thrombin activity was determined using chromo-

genic substrates. All experiments were performed in the presence of dif-

ferent concentrations of AP-FXIII or a scrambled peptide of the same

amino acid composition but in random order as a negative control.

Results: AP-FXIII reduced FXIII-dependent biotin incorporation by

up to 50% in a dose-dependent manner. When FXIII was pre-acti-

vated, AP-FXIII had no effect suggesting that AP-FXIII interferes

with FXIII activation but not its transglutaminase reaction. In the tur-

bidimetric clotting assay, kinetics of fibrin clot formation were not

altered but maximum absorbance was reduced by up to 46% by

increasing AP-FXIII concentrations. Maximum clot firmness mea-

sured by ROTEM was reduced by up to 30%. Plasma clots made in

the presence of AP-FXIII showed significantly reduced permeability

with a 40% reduction in pore size. SEM data, however, showed no sig-

nificant effect of AP-FXIII on plasma clot structure. Thrombin activ-

ity towards chromogenic substrates were not altered by AP-FXIII.

The scrambled peptide had no effects in any of the experiments.

Conclusions: We have found first evidence that AP-FXIII inhibits

FXIII activation and has an effect on plasma clot structure. We pro-

pose that AP-FXIII might act as a negative feedback regulator of

FXIII activation, and might interact with fibrin fibres during polymer-

isation and/or crosslinking. Further studies are needed to elucidate the

underlying mechanisms and potential relevance of our findings.

PA 4.15-3
Factor XIII and corneal wound healing
Muszbek L1, Muszbek L1, Orosz Z1, B�ardos H1, Facsk�o A2,

Shemirani AH1, Vereb G1, �Ad�any R1 and Andr�as B1

1University of Debrecen, Medical and Health Science Center,

Debrecen; 2University of Szeged, Szeged, Hungary

Background: In addition to its role in hemostasis, coagulation factor

XIII (FXIII) is involved in wound healing and also exerts several other

cellular functions. Beside plasma, the dimer of its potentially active A

subunit (FXIII-A) is also present in various cells, like platelets, mono-

cytes/macrophages, osteoblasts and chondrocytes. We have previously

reported that FXIII is present in normal tears at very low concentra-

tion (Orosz et al. J Immunol Methods 2010;353:87–92), but following
corneal surgery, particularly following corneal transplantation, its

concentration increases up-to 25–40-fold (Orosz et al. Clin Chim Acta

2011;412:271–6). Based on these results we presumed that FXIII plays

a role in the wound healing of corneal tissue.

Aims: The aim of the study was to provide more direct proofs on the

involvement of FXIII in corneal wound healing and to explore if the

cellular form of FXIII (cFXIII) is expressed in cells of human cornea.
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Methods: Scratch wound healing experiments were performed on virus

transformed human corneal epithelial cell (HCET) culture in the pres-

ence and absence of recombinant human FXIII-A2 (rFXIII). Wound

closure was monitored by video-microscopy and the area uncovered

by cells was recorded at various times. The effect of rFXIII on cell pro-

liferation and migration was investigated by EZ4U and xCELLigence

RTCA DP Instrument using CIM-Plate 16, respectively. Thrombo-

spondin-1 (TSP-1) content of the cells and media was determined by

ELISA technique and Western blotting. Frozen sections of normal

human corneas obtained from enucleated bulbus with posterior seg-

ment tumor were immunostained for cFXIII, for transgultaminase

(TG) 1 and 2. Detection of cFXIII was combined with labeling for

CD11b, CD34, CD45, CD68 and CD163 in double immunofluorescent

staining. Corneas were analyzed for FXIII-A by Western blotting and

FXIII-A mRNA by RT-PCR technique. The study was approved by

the Regional Medical Ethics Committee.

Results: Addition of rFXIII to HCET cell culture, even at low concen-

tration, significantly accelerated the healing of scratch wound. The

improved scratch wound healing was due to increased proliferation of

the cells rather than to an effect on their migration. Treatment of

HCET cells with rFXIII resulted in the down-regulation of TSP-1

expression.

A significant part of keratocytes showed intensive staining for cFXIII,

but not for TG-1 or TG-2. Neither epithelial nor endothelial cells were

labeled by anti-FXIII antibody. FXIII-A positive cells were unevenly

distributed in the corneal stroma, abundant in the subepithelial tertile

and sparse in the subendothelial tertile. FXIII-A+ cells showed co-

staining for CD34, however, a significant number of CD34+ cells were

negative for cFXIII. The presence of cFXIII in the cornea was also

confirmed by Western blotting. RT-PCR experiments indicated that

stromal keratocytes are capable of synthesizing cFXIII.

Conclusions: FXIII promotes the healing of scratch wound in HCET

cell culture. cFXIII is abundant in subepithelial keratocytes. It is sug-

gested that in the case of corneal injury cFXIII released from subepi-

thelial keratocytes, plus FXIII present in tears, play a role in the repair

of corneal injury. Keratocyte FXIII might also be involved in the

structural organization of corneal stroma.

PA 4.15-4
Pre-clinical safety and prolonged pharmacokinetic/
pharmacodynamic (PK/PD) properties of a
recombinant fusion protein linking activated
coagulation factor VII with albumin (rVIIa-FP)
Zollner S, Schuermann D, Kaspereit F, Krege W, Weimer T,

M€uller-Cohrs J, Pragst I, Dickneite G and Schulte S

CSL Behring GmbH, Marburg, Germany

Background: Recombinant factor VIIa (rFVIIa) is approved to control

bleeding in haemophilia patients who developed inhibitory antibodies

to replacement therapy. rFVIIa is rapidly eliminated with a terminal

half-life of approximately 2.5 h in humans. This short half life of

rFVIIa necessitates frequent injections and considerably limits prophy-

lactic use. A recombinant fusion protein linking activated factor VII

with albumin (rVIIa-FP) was therefore developed to extend the half

life of rFVIIa.

Aim: The present studies were conducted to support the clinical effi-

cacy and tolerability evaluation of rVIIa-FP by gathering knowledge

about its pharmacodynamic activity based on procoagulant effects in

a preclinical venous stasis model and by assessing PK and safety

aspects in animals.

Methods: During a GLP-compliant toxicity program in several animal

species, the anaphylactic or allergic, immunogenic and prothrombotic

potential of rVIIa-FP, its impact on safety pharmacology variables

and systemic toxicity parameters as well as the local tolerability were

assessed applying single or repeated dosing regimens. The PK profiles

of both rVIIa-FP and NovoSeven�, a licensed rFVIIa, were recorded

measuring selective FVIIa activity after a single treatment of cynomol-

gus monkeys at clinically relevant dose levels of 2700 and 270 lg/kg,
respectively. When investigating PD responses and duration thereof,

rVIIa-FP and NovoSeven� were administered intravenously to normal

rabbits before induction of venous stasis followed by assessment of

clot formation and systemic haemostasis parameters. In parallel,

FVIIa activity was recorded in plasma samples.

Results: Overall, the safety program showed that administration of

rVIIa-FP was well tolerated with no findings indicative of adverse sys-

temic toxicity, anaphylactic or allergic reactions and without any safety

pharmacology or local intolerability concerns. Intriguingly, in both ani-

mal species tested, the systemic bioavailability, clearance and in addi-

tion the terminal half-life (t1/2b) of rVIIa-FP were significantly better in

comparison to NovoSeven�. When recording FVIIa activity in plasma

samples derived from monkeys, the 11-fold higher area under the curve

(AUC) was accompanied by a fourfold longer t1/2b, while in vivo recov-

ery (IVR) of rVIIa-FP exceeded that of NovoSeven� by 70%. In rab-

bits, the 20-fold higher AUC was associated with a 5-fold extension in

t1/2b and a fourfold increase in IVR when measuring selective plasmatic

FVIIa activity. In this animal model, the procoagulant effect of rVIIa-

FP was not different from NovoSeven� after treatment under acute

conditions. However, at advanced time-points the prolonged systemic

availability of rVIIa-FP translated into prolonged haemostatic activity.

Summary/Conclusion: Consequently, these animal studies confirmed

that the recombinant albumin fusion technology was successfully

applied to human recombinant FVIIa for improvement of pharmaco-

kinetic parameters. The non-clinical pharmacology and safety pro-

gram proved prolonged activity and a favourable tolerability profile of

rVIIa-FP. The presented investigations did not reveal any safety con-

cerns and support the evidence necessary for further clinical develop-

ment in humans (PROLONG-7FP).

PA 4.15-5
Molecular interaction of factor XIII subunits
Katona E, P�enzes K, Csap�o A, Kun M, Csap�o J, Bagoly Z,

Fazakas F and Muszbek L

University of Debrecen, Medical and Health Science Center,

Debrecen, Hungary

Background: Plasma factor XIII (FXIII) consists of two catalytic A su-

bunits (FXIII-A) produced by cells of bone marrow origin and two

protective/inhibitory B subunits (FXIII-B) synthesized by hepatocytes.

FXIII-B, a mosaic protein, consisting of 10 sushi domains, circulates

in excess; approximately 50% of it is free in the plasma. The formation

of FXIII-A2B2 complex takes place in the plasma. The exact binding

constant between the two subunits is not known and the structures

involved in the association of the two types of subunits are not well

characterized. FXIII is also present in body fluids, cerebrospinal fluid,

tears, bronchoalveolar lining fluid, although in much less concentra-

tion than in the plasma. However, in these body fluids the majority

FXIII-A exists as free, non-complexed dimer.

Aims: To investigate the binding kinetics of the two subunits and to

locate the binding site of FXIII-A on the B subunit. Using the Kd

established for the association to calculate the ratios of free to total

FXIII-A2 in different body fluids and compare them with experimen-

tally determined values.

Methods: Binding constant was measured by surface plasmon reso-

nance and also by an ELISA type assay. Using this Kd and the total

FXIII subunit concentrations in the body fluids the theoretical ratio of

free to complexed FXIII-A2 was calculated. The actual concentrations

of free FXIII-A2 was determined by ELISA technique after the com-

plete removal of free FXIII-B and FXIII-A2B2 complex by immunoab-

sorption. To locate the epitopes responsible for the association of the

two subunits a monoclonal anti-FXIII-B antibody preventing complex

formation between the two types of subunits was produced. Epitope

mapping was carried out by tryptic digestion of FXIII-B bound to our

surface linked antibody. The tryptic fragments that remained associ-
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ated with the antibody were identified by MALDI TOF analysis.

Recombinant isolated sushi domains 1–2 of FXIII-B were produced in

insect cells.

Results: The Kd was found to be in the range of 2.93–5.43 9 10�10 by

both methods. Using this Kd it was calculated that approximately 1%

of plasma FXIII-A2 should be in free form. This value was experimen-

tally confirmed using FXIII-B depleted plasma. In body fluids with

much lower FXIII subunit concentrations, like cerebrospinal fluid or

tears, a much higher percentage (80–90%) of FXIII-A2 existed in free

form. The calculated and measured values agreed in these cases, too.

The antibody that prevented complex formation reacted with isolated

sushi domains 1–2 produced in insect cells. The sequence of the tryptic

fragments that remained associated with the antibody corresponded to

the overlapping sequences between amino acids I90-K103 in the sec-

ond sushi domain.

Conclusion: The two FXIII subunits are tightly associated, but depend-

ing on the concentration of the subunits certain amount of free FXIII-

A2 is also present in body fluids. The small percentage of free FXIII-

A2 in the plasma might contribute to the so-called innate plasma trans-

glutaminase activity. Our results together with those of Suori et al.

(Biochemistry 2005;47:8656–64) suggest that the N-terminal part of

FXIII-B (sushi domains 1–2) are involved in the formation of FXIII-

A2B2 complex.

PA 4.15-6
Common FXIII polymorphisms associate with
abdominal aortic aneurysms and with overall survival
rate
Macrae FL, Lee Evans H, Sohrabi S, Johnson A, Scott DJA

and Ari€ens R

The University of Leeds, Leeds, UK

Background: An abdominal aortic aneurysm (AAA) involves the dila-

tation of the abdominal aorta and if left untreated leads to high mortal-

ity due to rupture. Deposition of an intraluminal thrombus increases

the rate of AAA expansion. It is thought blood coagulation FXIII may

play a role in AAA due to its part in thrombus formation. Three com-

mon FXIII polymorphisms have been identified; FXIII-A Val34Leu,

FXIII-B His95Arg and FXIII-B Splice Variant (intron K nt29576C-

G). FXIII-A Val34Leu is a polymorphism that is known to affect

FXIII activation rate and fibrin structure. FXIII-B His95Arg is a poly-

morphism associated with a moderately increased risk for venous

thrombosis, and with increased dissociation of the FXIII subunits in

plasma. The FXIII-B Splice variant leads to a novel splice acceptor site

and a protein 15 amino acids longer at the C-terminus. The roles of

these FXIII polymorphisms in AAA are currently unknown.

Aims: Our aims were to analyse FXIII-A Val34Leu, FXIII-B

His95Arg and FXIII-B Splice Variant in patients with AAA compared

with control subjects and assess the effect of on AAA survival.

Methods: DNA was extracted from 529 AAA patients and 469 con-

trols. All subjects were enrolled as part of the Leeds Aneurysm Devel-

opment Study (LEADS). All patients were Caucasian, aged ≥ 55 years

and had an AAA ≥ 3 cm. These were compared to age and sex

matched controls (also all Caucasian) who had an aortic diameter

≤ 2.9 cm. Samples were analysed by real-time PCR for the FXII-B

His95Arg, FXIII-A Val34Leu and FXIII-B Splice Variant polymor-

phisms. Genotype distributions were tested by Chi-squared and Stu-

dent t test, survival was analysed by Kaplan-Meier.

Results: Our data showed that FXIII-B Arg95 was more prevalent in

AAA patients than controls. This difference was significant with 24%

(n = 130) of the AAA patients possessing ≥ 1 Arg allele compared with

16.2% (n = 76) of the controls possessing ≥ 1 Arg allele (P = 0.001).

There was no difference regarding FXIII-A Val34Leu or FXIII-B

Splice Variant genotype distribution between AAA patients and con-

trols (P = 0.666 and P = 0.733 respectively). Mean crude survival for

AAA patients with > 1 Leu allele was 6.230 (CI 5.78–6.68) compared

to 6.85 years (CI 6.48–7.22) for Val/Val, (P = 0.064). Although there

was an increase in overall mortality for AAA, it was not significant.

There was no significant difference in mean crude survival for FXIII-B

His95Arg or FXIII-B Splice Variant polymorphisms.

Summary: This data suggests that (i) FXIII-B His95Arg may increase

risk of rupture, complications or repair in AAA, (ii) FXIII-A Val34-

Leu and FXIII-B Splice Variant polymorphisms alone are not a risk

factor for AAA and (iii) FXIII-A Val34Leu influences overall mortal-

ity in this group of patients.

PA4.16 – Diagnosis of VTE – VI

PA 4.16-1
Conventional or age-adjusted D-dimer cut-off values
to exclude venous thromboembolism in older patients:
a systematic review and meta-analysis
Schouten HJ1, Geersing GJ1, Koek HL1, Zuithoff NPA1,

Janssen KJM2, Douma RA3, Van Delden JM1, Moons KGM1

and Reitsma JB1

1University Medical Center Utrecht, Utrecht; 2Mapi Consultancy,

Houten; 3Academic Medical Centre, Amsterdam, The Netherlands

Background: Since D-dimer levels increase with age, the proportion of

false-positive D-dimer tests for detecting venous thromboembolism

using conventional cut-off values (500 lg/L) increases in the elderly,

and the specificity decreases. Age-adjusted D-dimer cut-off values

(age*10 lg/L in patients aged > 50 years) have therefore been intro-

duced.

Aims: To review the diagnostic accuracy of D-dimer testing in elderly

patients suspected of venous thromboembolism, using conventional or

age-adjusted D-dimer cut-off values.

Methods: MEDLINE and Embase databases were searched for stud-

ies, published before June 21, 2012, and authors of primary studies

were contacted. We selected all studies that enrolled older patients sus-

pected of venous thromboembolism in whom D-dimer testing -using

both conventional and age-adjusted cut-off values- and reference test-

ing were performed. The quality of the studies was appraised using the

QUADAS-2 tool. 2 9 2 tables were reconstructed and stratified by

age-category and applied D-dimer cut-off value.

Results: Thirteen cohorts including 4875 patients aged over 60 years

and a non-high clinical probability, were included in the meta-analysis.

The specificity of the conventional cut-off value decreased with increas-

ing age, from 39.6% (95% confidence interval 33.6–46.5%), to 24.7%

(19.7–30.5%) and 14.7% (11.2–19.2%) in patients aged 61–70, 71–80
and > 80 years respectively. Age-adjusted cut-off values revealed

higher specificities over all age categories: 49.9% (42.8–58.9%), 44.4%

(37.6–51.5%) and 35.8% (29.4–42.9%) respectively. Sensitivities of the

age-adjusted cut-off remained above 97% in all age categories.

Conclusions: The application of age-adjusted cut-off values nearly dou-

bles the specificity without modifying the sensitivity, thereby largely

improving the clinical utility of D-dimer testing in the elderly.

PA 4.16-2
Arterial disease in patients with symptomatic venous
thromboembolism. Findings from the RIETE registry
Monreal M1, Madridano O2, Lorenzo A3, Del Toro J4, Mart�ın M2,

G�omez-Cerezo J2, Prandoni P5, Bura-Riviere A6 and Rota L7

1Hospital Universitari Germans Trias i Pujol, Badalona; 2Hospital

Infanta Sof�ıa; 3Hospital Universitario La Paz; 4Hospital Gregorio

Mara~n�on, Madrid, Spain; 5Universita de Padova, Padova, Italy;
6Hôpital de Rangueil, Toulouse, France; 7Instituto Clinico

Humanitas IRCCS, Milan, Italy

Background: The relationship between venous thromboembolism

(VTE) and atherosclerosis has not been consistently explored.
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Aims and Methods: We used the RIETE Registry data to compare the

rate of arterial events and VTE recurrences during the first 3 months

of therapy, and to identify risk factors for both events.

Results: As of October 2012, 17,485 consecutive patients in RIETE

had information on risk factors for atherosclerosis and subsequent

arterial events. Of these, 8272 initially presented with deep vein throm-

bosis (DVT) and 9213 with pulmonary embolism (PE). In patients pre-

senting with DVT, the number of patients dying of arterial events

(ischemic stroke 11, lower limb ischemia 4, myocardial infarction 3,

mesenteric ischemia 3) exceeded the number of those dying of recur-

rent PE (N = 11). In patients initially presenting with PE, the rate of

fatal arterial events after the second week of therapy (myocardial

infarction 7, ischemic stroke 3, other 2) exceeded the rate of fatal

recurrent PE (N = 7). On multivariate analysis, prior arterial disease

(odds ratio [OR]: 1.4; 95% CI: 1.03–1.8), diabetes (OR: 1.4; 95% CI:

1.01–1.8), statin therapy (OR: 1.4; 95% CI: 1.07–1.8) and smoking

habit (OR: 1.4; 95% CI: 1.1–1.9) independently predicted the risk for

recurrent VTE, while unprovoked VTE (OR:0.6; 95% CI:0.4–0.96)
and cancer (OR: 2.5; 95% CI: 1.6–3.9) independently predicted the

risk for subsequent arterial events.

Conclusions: In patients with acute VTE the mortality due to subse-

quent arterial events may be worse than that due to VTE recurrences.

Some risk factors for these complications have been identified.

PA 4.16-3
Incidence of superficial vein thrombosis: a community-
based study
Buchmuller-Cordier A1, Frappe P2, Bertoletti L1, Presles E1,

Couzan S3, Preynat PH3, Tardy B1 and Decousus H1

1CHU Saint-Etienne; 2University of Saint Etienne; 3Cabinet de

M�edecine Vasculaire, Saint Etienne, France

Background: Superficial vein thrombosis (SVT) is perceived as a com-

mon and not entirely benign disease, managed by both general practi-

tioners and vascular physicians.1 Deep vein thrombosis (DVT) affects

approximately 6–12 persons per 10,000 per year and Pulmonary embo-

lism (PE) 3–6 per 10,000 per year, yet the incidence of SVT is still

unknown.

Aims: To assess, in an unselected population and a well-defined geo-

graphic area, the annual incidence of symptomatic SVT of the lower

limbs associated or not with concomitant symptomatic DVT and/or

symptomatic PE.

Methods: A cross-sectional study was conducted for 1 year, involving

the entire 265,686 residents of the urban area of Saint-Etienne, France,

aged 18 years or older.

For each clinical suspicion of SVT, a standardized questionnaire was

completed by the general practitioner and/or the vascular physician.

Compression ultrasonography was systematically performed by the

vascular physician in order to confirm SVT and to check for the exis-

tence of concomitant DVT. Each clinical suspicion of concomitant PE

had to be confirmed by spiral computed tomography or high probabil-

ity ventilation/perfusion lung scan. Based on these data, outcomes

were validated by an independent adjudication committee. This proto-

col was approved by the ethical committee of the University Hospital

of Saint-Etienne. All patients were informed of the study, however, no

written consent was required.

All vascular physicians of the predefined area participated in this

study. All general practitioners of this area were informed of the study

and asked to refer any patient with clinically suspected SVT to a vas-

cular physician in order to perform compression ultrasonography, as

recommended in the latest ACCP guidelines.

Annual incidence rates (per ten thousand) were calculated as the num-

ber of cases of SVT occurring during the study period divided by the

population of the predefined area aged 18 years or more. Ninety-five

percent Confidence Intervals (CI) were also calculated. The frequen-

cies of concomitant DVT and/or PE and their 95% CI were estimated.

Results: Between November 14, 2011 and November 13, 2012, a total

of 175 patients had confirmed SVT. The incidence rate of symptomatic

confirmed SVT was 6.6 per 10,000 per year (PY) (95% confidence

interval [CI]: 5.6–7.6). Among them, 43 (24.6%; 95% CI: 18.4–31.6)
were associated with concomitant DVT (of which 21 were proximal),

and 8 (4.6%; 95% CI: 2.0–8.8) were associated with concomitant PE,

all confirmed by spiral computed tomography.

Conclusion: Incidence of SVT is sizeable. It appears to be between the

incidence of DVT and that of PE.

Reference:

1. Decousus H et al. The POST study. Ann Intern Med 2010;152

(4):218–224.

PA 4.16-4
Exploring decisions to withhold diagnostic
investigations in Dutch nursing home patients with a
clinical suspicion of venous thromboembolism: a
mixed method study
Schouten HJ, Koek HL, Kruisman-Ebbers M, Geersing GJ,

Oudega R, Kars MC, Moons KGM and Van Delden JM

University Medical Center Utrecht, Utrecht, The Netherlands

Background: Imaging investigations can contribute to improved out-

comes in patients with suspected venous thromboembolism by increas-

ing the probability of the appropriate diagnosis and subsequent

guidance of appropriate treatment-decisions. However, attendance of

a hospital and undergoing diagnostic investigations can be burden-

some for frail older patients. Therefore, many physicians would prefer

to confirm or refute diagnoses without referring their frail older

patients for additional diagnostic investigations.

Aims: To explore decisions to withhold additional diagnostic investiga-

tions in nursing home patients with a clinical suspicion of venous

thromboembolism.

Methods: Amixed-method studywas performed. The frequency of deci-

sions to forgo diagnostic investigations was established with a cross-sec-

tional observational study in nursing homes in the Netherlands on

diagnostic strategies for elderly patients with a suspicion of venous

thromboembolism. Patient characteristics, bleeding-complications and

mortality were related to the decision to withhold investigations. For a

better understanding of the physicians’ decisions, 21 individual face-to-

face in-depth interviews with elderly care physicians were performed

and analysed by two researchers using the grounded theory approach.

Results: Referal for additional diagnostic investigations was forgone in

104/268 (38.8%) patients with an indication for diagnostic work-up.

‘Blind’ anticoagulant treatment was initiated in 79 (76.0%) of these

patients. Patients in whom investigations were withheld were older

and mortality and major-bleedings occurred more often within

3 months, compared to the referred patients (respectively 83.8 vs.

80.9 years; 34.0% vs. 18.2% and 6.7% vs. 1.2%). In their decisions to

forgo diagnostic investigations, elderly care physicians estimated the

proportionality of investigations: Considering the impact of the poten-

tial disease given the patients’ burden and prognosis of chronic dis-

eases, physicians estimated the benefits of the diagnostic investigation

for the patient. This was balanced against the considered burden and

risks of the diagnostic investigation and whether performing investiga-

tions agreed with established management goals in advance care plan-

ning. As a result of their decisions to forgo diagnostic investigations

(‘non-diagnosis decisions’), physicians were left with diagnostic uncer-

tainty which they managed by acceptation of the possible conse-

quences of the potential disease.

Conclusions: Referral for additional diagnostic investigations is com-

monly withheld in Dutch nursing home patients with a clinical suspi-

cion of venous thromboembolism. Patients in whom investigations

were withheld had higher mortality- and bleeding rates than referred

patients. Physicians mainly based their decisions on their judgment

concerning the proportionality of the investigation. Given the worse
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outcomes of the non-referred patients and complexity of the decisions,

more attention for decisions concerning withholding diagnostic inves-

tigations in older patients with suspected venous thromboembolism is

needed.

PA 4.16-5
Prevalence of pulmonary embolism in patients with
syncope
Barbar S, Filippi L, Di Pasquale I, Noventa F, Bilora F, Pesavento R

and Prandoni P

Second Chair of Internal Medicine; University of Padua, Padua,

Italy

Background: The clinical features of pulmonary embolism (PE) are

extremely variable. While fainting or syncope has been reported to

occur in up to 25% of patients with PE, the prevalence of PE among

patients with syncope is unknown.

Aims: The primary study outcome was to assess the prevalence of PE

in a large series of consecutive patients presenting with the first episode

of syncope.

Methods: All patients with the first episode of transient and short-last-

ing loss of consciousness, consecutively referred to our Department in

a 20-month period, had a diagnostic workup for the assessment of the

most common causes of syncope, and were evaluated for the presence

of PE with the use of an internationally accepted algorithm including a

pre-test clinical probability (PTP according to the method of Wells et

al.) and a high-sensitivity quantitative D-dimer assay. If the PTP was

low and D-dimer was negative, PE was excluded. All other patients

underwent confirmatory diagnostic tests (either computerized tomog-

raphy or ventilation/perfusion lung scanning). A written informed

consent was obtained from all patients. The study was approved by

the local ethics committee.

Results: Among 201 eligible patients, 177 met the inclusion criteria.

The mean age was 75 � 14 years: 78 (44.1%) were males. In 100

(56.5%) no clear explanation for the loss of consciousness could be

identified. One hundred and five patients (52.2%) had low PTP and

negative D-dimer. Among the remaining 72 patients with high PTP

and/or positiveD-dimer, PE was detected in 23. They all belonged to

the group of 100 (23.0%) patients presenting with apparently unex-

plained syncope. Hence, the prevalence of PE in our series of unse-

lected patients with syncope was 13.0% (95% CI, 8.0–17.9). This

proportion became 23.0% (95% CI, 15.2–32.5) when confined to

patients with unexplained syncope, and increased up to 31.9% (95%

CI, 21.4–44.0) in patients with high PTP and/or positive D-dimer. All

patients with PE-related syncope received conventional anticoagula-

tion and had a favourable outcome.

Conclusions: Pulmonary embolism can account for up to 18% of all

patients presenting with the first episode of syncope, up to 33% of

those with unexplained syncope, and up to 44% of patients with high

PTP and/or positive D-dimer. Accordingly, the occurrence of this life-

threatening complication should be promptly investigated in all

patients with syncope, especially in those with an apparently unex-

plained episode.

PA 4.16-6
Performance of five clinical decision scores to rule out
pulmonary embolism in primary care: a validation
study
Hendriksen J, Geersing GJ, Oudega R, Hoes AW, Moons KGM

and AMUSE Study Group

University Medical Center Utrecht, Utrecht, The Netherlands

Background: Multiple clinical decision rules (CDRs) have been devel-

oped to help physicians to rule-out pulmonary embolism (PE) in a hos-

pital based setting. These CDRs are used (combined with D-dimer

testing) to identify low-risk patients where PE can be safely excluded

without referral for spiral CT scanning. Such a rule-out approach

seems ideal for primary care, where most suspected patients are first

evaluated. Yet, validation studies of these CDRs are altogether lack-

ing, for a primary care domain.

Aims: To assess the ability to safely rule-out PE using five available

CDRs (i.e. original and simplified Wells, revised and simplified revised

Geneva, and Charlotte Rule) in suspected patients in primary care.

Methods: We prospectively collected data in primary care, including

all items needed to calculate the score of all five CDRs. Patients were

eligible for inclusion if the participating general practitioners (GPs,

n = 300) had a suspicion of acute PE. A qualitative D-dimer test

(Clearview Simplify) was performed by the GPs. All patients were sub-

sequently referred to secondary care. Confirmation of the final diagno-

sis was based on a composite reference standard, including spiral CT

scanning and 3 months of follow-up in primary care. Sensitivity and

specificity, efficiency (defined as proportion of patients at low risk)

and safety (proportion of patients with PE in this low risk category) of

all CDRs (combined with a negative D-dimer) were calculated. A clini-

cal calibration plot of each CDR (i.e. a graph in which the score of the

CDR is plotted against the observed outcome of PE) was created.

Results: We included 598 patients with suspected PE in primary care

(mean age 48 years, 71% females). PE prevalence was 12%. Sensitivity

of the CDRs without D-dimer testing was low (range 52–88%), except

for the Charlotte Rule (93%). In combination with a D-dimer test,

sensitivity increased: range 88–96%. The efficiency of all rules com-

bined with negative D-dimer testing was good and comparable (range

44–48%), except for the Charlotte Rule (low efficiency; 17%). Both

the Wells and the Charlotte rule had an acceptable low failure rate

(range 1.2–1.5%) whereas the Geneva rules had higher failure rates

(range 2.7–3.1%). Visual inspection of the calibration plots showed

good calibration (i.e. the higher the score, the higher the probability of

indeed having PE) for the two Wells scores, whereas this was not the

case for the Geneva rules.

Summary/Conclusions: PE can be safely excluded in primary care,

notably using the original and simplified Wells CDR combined with

qualitative D-dimer testing. Using these rules leads to an efficiency of

around 40% and an acceptable low failure rate of below 2% in pri-

mary care. Hence, using such a rule-out approach, PE can be excluded

in primary care in about four in every 10 suspected patients.

PA4.17 – DIC

PA 4.17-1
Increased levels of nucleosome in human plasma in
septic patients with DIC
Kawasugi K, Yamamoto T, Oka Y, Shirasaki R, Akiyama N

and Shirafuji N

Teikyo University School of Medicine, Tokyo, Japan

Sepsis-related DIC is a life-threatening condition that is characterized

by a whole-body inflammatory state (called a systemic inflammatory

response syndrome, SIRS). Histones are essential for packing DNA

into the cell nucleus and also play role in regulating gene expression

but our study (last ISTH) have shown histones released into blood

stream at the onset of sepsis-related DIC. However, western blot anal-

ysis is necessary for the detection of blood histone, and a result is not

easily given. On the other hand, the nucleosome including histone is

easily measurable by ELISA. Therefore, we measured the nucleosome

in the sepsis-related DIC patient (n = 15) by ELISA (Cell Death

Detection ELISA). Also, we investigated the nucleosome in the plasma

from septic patients without DIC (n = 5). At the same time, extracellu-

lar histones in the plasma were examined by western blot analysis for

histone H3 (H3).

The thrombin antithrombin complexes (TAT) levels were higher in

septic patients with DIC as reported by others. We detected high levels
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of nucleosome in the plasma of all septic patients with DIC by EISA.

Also we recognized high levels of extracellular hisotones (H3) in the

plasma of all septic patients with DIC by western blotting. However,

in five septic patients without DIC, blood nucleosome became positive

in two cases weakly, but was negative in three cases. Furthermore, in a

sepsis-related DIC patient, blood nucleosome became negative when

DIC was improved. Moreover, high-mobility group box 1 (HMGB1)

concentrations in the human plasma were determined using ELISA kit

(Shino-Test, Japan). Plasma levels of HMBG1 were negative for two

cases in 10 septic patients with DIC. Also, Plasma levels of HMBG1

were negative in septic patients without DIC.

It was suggested that nucleosome in the plasma increased in the septic

patients with DIC. Also these results suggest that assess of nucleosome

in the plasma may be helpful in the making the diagnosis in septic

patients with DIC.

PA 4.17-2
Dysregulation of inflammatory and hemostatic markers
in sepsis associated disseminated intravascular
coagulation
Fareed J1, Tsuruta K2, Hoppensteadt D1, Mosier M1, Osawa Y2

and Kaul I2

1Loyola University Medical Center, Maywood, IL; 2Asahi Kasei

Pharma America Corporation, Waltham, MA, USA

Background: Disseminated intravascular coagulation (DIC) represents

a complex pathophysiologic syndrome where marked alterations in the

hemostatic system are manifested. As a result several inflammatory

mediators are up regulated through multiple mechanisms.

Aims: The up regulation of inflammatory mediators such as anaphyla-

toxin C5a (C5a), procalcitonin (PCT), interleukin 6 (IL-6), interleukin

10 (IL-10), myeloperoxidase (MPO), C reactive protein (CRP), and

circulating levels of hemostatic markers including protein C inhibitor

(PCI), plasminogen activator inhibitor 1 (PAI-1), and protein C (Pr C)

were evaluated in 741 subjects enrolled in a randomized, double-blind,

placebo-controlled, Phase-2B study evaluating the safety and efficacy

of recombinant thrombomodulin (ART-123) in subjects with sepsis

and suspected DIC.

Methods: Thirty healthy male and female volunteers served as the con-

trol group. Commercially available ELISA methods PAI-1, AT and

PrC (Diagnostica Stago, Parsippany, NJ), MPO (Assay Design, Ann

Arbor, MI), IL-6 and IL-10 (R&D Systems (Minneapolis, MN), C5A

(BD Biosceince, Franklin Lakes, NJ), CRP (Hyphen-Biomed, France),

PCT (Brahms, Germany) and PCI (Technoclone, Austria) were used

to measure the various mediators. Marked deviations in the circulating

levels of these markers, as compared to controls, were observed.

Results: Subjects with sepsis associated DIC showed an increase in the

circulating levels of most inflammatory markers. The percentage

change from the normal controls of PCT (↑14.515%), IL-6 (↑6584%),

CRP (↑1737%), IL-10 (↑836%), MPO (↑575%) and C5a (↑85%)

where considerably higher in the DIC subjects whereas PCI (↓39%),

Pr C (↓45%) and AT (↓42%) exhibited slight decreases. Wide individ-

ual variations were present. The PAI-1 (↑ 297%) levels were also

increased in the DIC subjects.

Conclusion: These results clearly indicate that inflammation and

impairment of fibrinolysis play a key role in the pathogenesis of sepsis

associated DIC.

PA 4.17-3
Thrombin generation mediators and markers in sepsis
associated coagulopathy and their modulation by
recombinant thrombomodulin
Hoppensteadt D1, Tsuruta K2, Cunanan J1, Hirman J2, Kaul I1,

Osawa Y2 and Fareed J1

1Loyola University Medical Center, Maywood, IL; 2Asahi Kasei

Pharma America, Waltham, MA, USA

Background: Severe sepsis remains the most common cause of death in

critically ill patients and thrombin plays a crucial role in the pathogen-

esis of sepsis associated disseminated intravascular coagulation (DIC).

Aims: The purpose of this study was to profile prothrombin fragment

(F1.2), thrombin antithrombin complex (TAT) and D-dimer (DD)

throughout the course of hospital stay in subjects identified with sepsis.

Methods: Patients were randomized to receive either thrombomodulin

(ART-123) 0.06 mg/kg/day intravenously (n = 371) or placebo

(n = 370), in addition to standard of care for 6 days. Blood samples

were drawn for the biomarkers at baseline (day 0), 24 h after the first

dosage (day 1), day 3 immediately before the next dosage (day 3 pre)

and 24 h after the second dosage (day 3 post) and on days 7 and 14.

Plasma samples were analyzed using the commercially available

ELISA kits for prothrombin F1.2 complex and thrombin antithrom-

bin complex (Dade Behring Siemens Miami, FL) and Asserachrome

D-dimer (Stago, Parsippany, NJ).

Results: Administration of ART-123 resulted in a decrease in F1.2,

DD and TAT levels. This decrease in F1.2 and DD was significantly

different (P < 0.001) between treatment groups for days 1, 3 and 7.

The TAT levels were significantly different from the placebo group on

days 1 and 3 (P < 0.05) and on day 7 (P < 0.001)

Conclusion: While the data was widely scattered, these results show

that DIC represents a hypercoagulable state along with other hemo-

static abnormalities and the activation of the inflammatory process.

Modulation of these activation processes through such targets as DD,

F1.2 and TAT may play an important regulatory role in the pathogen-

esis of sepsis associated coagulopathy. Moreover, this study validates

the hypothesis that thrombomodulin down regulates the thrombin

generation mediators/markers in sepsis associated DIC.

PA 4.17-4
DIC and DIC in septic shock: myth or reality? (Why
clinical trials failed to improve survival.)
Delabranche X1, Berger A1, Lerolle N2, Macchi L2, Schenck-

Dhif M1, Grunebaum L1, Mootien Y3, Kouatchet A2, Lavigne T1

and Meziani F1

1Les Hôpitaux Universitaires de Strasbourg, Strasbourg Cedex;
2CHU d’Angers, Angers; 3CH de Mulhouse, Mulhouse, France

Background: For many years, in critically ill patients, DIC acronym

has both significations: disseminated intravascular coagulopathy and

death is coming. Many experimental studies point out the pivotal role

of deregulated thrombin generation in the development of multiple

organ failure and death.

Aims: To evaluate DIC scoring systems and clinician ability to diag-

nose DIC.

Methods: Two hundred and sixty-five patients with septic shock admit-

ted in three French intensive care units were prospectively included in

this observational study. DIC was diagnosed using ISTH 2001 ‘overt’

and ‘non overt’ scores and JAAM 2006 score (reference score as specif-

ically developed in critically ill patients). ‘Non overt’ score included

antithrombin. Twelve clinicians unrelated to this study were asked for

DIC diagnosis in 45 patients. After a 3-mounths period they were

informed about DIC scores and asked a second time for the same

patients. Statistical analysis uses k score to evaluate coherence between

DIC scores and between clinicians and JAAM.
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Results: DIC was present in 102 (38.5%), 92 (34.7%) and 91 (34.3%)

patients according to JAAM, ISTH ‘overt’ and ‘non overt’ scores

respectively. Nevertheless, k were 0.78 (JAAM/’overt’), 0.70 (JAAM/

’non overt’) and 0.69 (‘overt’/’non overt’) and only 50 patients were

classified in DIC group by the three scores.

Clinicians poorly diagnosed DIC (k = 0.504 � 0.115 [range: 0.305–
0.728]) and only one used ISTH ‘overt’ score. In the second evaluation

test, k was not significantly different despite scores supply. Clinicians

did not calculate scores, or calculate 2 or 3 scores and were not able to

make a choice. JAAM and ‘non overt’ were more frequently used by

clinicians.

Mortality was not different regarding DIC diagnosis (P = 0.053, haz-

ard ratio for no DIC 0.65 [0.43–1.01]). Then, we separate the 265

patients in three groups according to JAAM score and related haemo-

stasis activation/deregulation: 1–2 (minimal, n = 128), 3–4 (intermedi-

ate, n = 54) and 5–8 (patent, n = 83). Patients in the third groups were

more severely ill (SAPS2 and SOFA), had higher incidence of acute

renal failure and renal replacement therapy requirement (P < 0.05)

and 28-days mortality (P = 0.006, hazard ratio for no DIC 0.53 [0.30–
0.75]). Prothrombin fragments 1 + 2 were increased regardless group

confirming high thrombin generation in all septic patients, but fibrin

monomers were higher and protein C lower in patients with higher

JAAM scores (5–8). In multiple logistic regression models, only plate-

lets count and D-dimers were associated with DIC diagnosis.

Summary/Conclusions: DIC remains difficult to diagnose without a

rigorous scoring system and clinicians failed to recognise these

patients. Moreover, mortality was not correlated with DIC but with

JAAM score ≥ 5. A lower value was not associated with organ failure

or mortality and targeted antithrombotic treatment would probably

be inefficient if not deleterious as reported in large-scale randomised

clinical trials with anticoagulants (TFPI, antithrombin and activated

protein C) and one could suggest that only patients above this cut-off

would be improved by specific therapies.

PA 4.17-5
New diagnostic strategy of sepsis induced
disseminated intravascular coagulation (DIC)
Kawano Y, Ishikura H, Nishida T, Mizunuma M, Yuge R, Ichiki R,

Hoshino K and Murai A

Fukuoka University, Fukuoka City, Japan

Background: Inflammation and coagulation are interrelated patho-

physiologic processes that considerably affect each other. And various

biomarkers such as proinflammatory cytokines, chemokines, adhesion

molecules, tissue factor expression, platelet and endothelial activation

are closely concerned with the complex interactions between inflam-

matory response and coagulopathy. However, there are different diag-

nostic criteria in sepsis and disseminated intravascular coagulation

(DIC).

Aims: This study were to establish the diagnostic criteria of sepsis

induced DIC.

Methods: A single center, prospective, observational study was carried

out. Patients who had one or more systemic inflammatory response

syndrome (SIRS) criteria were included in this study. The blood sam-

ples for measuring the markers were collected at the time of admission.

Eighty two patients were enrolled for this prospective study from June

2010 to June 2011.

Results: Forty two patients (51.2%;42/82) were sepsis, severe sepsis or

septic shock at the time of registration. In the receiver operating char-

acteristics (ROC) analysis, the area under the curve (AUC) to distin-

guish sepsis was the highest for Procalcitonin (PCT) (0.91) followed by

Presepsin (0.89), IL-6 (0.89), and CRP (0.84) as inflammatory biomar-

kers (P < 0.0001). Additionally, the AUC to distinguish sepsis was the

highest for Protein C (PC) (0.83) followed by Thrombomodulin (TM)

(0.81), Antithrombin (AT) (0.81) as coagulation biomarkers

(P < 0.0001).

Logistic regression analysis that included PCT, Presepsin, IL-6, and

CRP as inflammatory biomarkers identified only Presepsinlevel as

independent predictor of the Japanese Association for Acute Medicine

(JAAM) DIC and the optimal cut-off value was 899 pg/mL, and that

included PC, TM, and AT as coagulation biomarkers that PC was

only a predictor of JAAM DIC and the optimal cut-off value was

55%. On the other hand, the optimal cut-off value of sepsis in Presep-

sin and PC were 647 pg/mL and 47% respectively.

In the ROC analysis using both of Presepsin and PC, the AUC to dis-

tinguish sepsis and JAAMDIC were 0.911 and 0.913 respectively.

Summary/Conclusion: From these results, we defined the new diagnos-

tic criteria of septic DIC which named sepsis induced DIC (SEDIC) as

follow; Presepsin level > 900 pg/mL and PC < 45%. We strongly

believe that this diagnostic criteria is very simply and useful.

PA 4.17-6
Heparin inhibits extracellular histones-induced HUVEC
apoptosis
Mo X1, Wang F2 and Cao Q2

1The Institute of Pediatric Translational Medicine; 2Shanghai

Children’s Medical Center, Shan, Shanghai, China

Background: Sepsis is a potentially deadly medical condition character-

ized by a whole-body inflammatory state caused by severe infection,

and its progression to disseminated intravascular coagulation (DIC)

or multiple organ dysfunction syndrome (MODS) is a major cause of

death in PICU. It has recently been shown that extracellular histones

are major mediators of death in sepsis.

Aims: We aim in this study to explore whether extracellular histone

level could serve as diagnosis indicator for sepsis severity and what can

be used as potential treatment is not known.

Methods: We first determined the histone concentration in patients’

plasma, and then investigated in vitro the impact of extracellular hi-

stones on HUVEC, the underlying mechanism and potential treat-

ment.

Results: In the present study, we have found that plasma histone level

in sepsis patients (n = 33) is much higher than control samples

(n = 30), and the concentration is correlated with sepsis severity (i.e.,

patients with MODS have much higher plasma histone level than

those without MODS), suggesting that extracellular histone level may

be an indicator of sepsis progression. Consistently, treatment of HU-

VEC with histones in PBS or serum-free media dose-dependently

induces HUVEC apoptosis, which starts as early as 15 min after treat-

ment. Further studies have demonstrated that histone-induced HU-

VEC apoptosis depends on Toll-like receptors 2 and 4. Addition of

fetal bovine serum (FBS) or human plasma to HUVEC significantly

alleviated HUVEC apoptosis, suggesting that certain component(s) in

serum could protect HUVEC from apoptosis against extracellular hi-

stones, consistent with the phenomenon that normal people could tol-

erate low dose extracellular histones in plasma without developing any

syndrome like sepsis. More importantly, treatment of HUVEC with

heparin, which is allowed to be used as clinical treatment in China,

completely inhibits histones-induced apoptosis, strongly suggesting

that heparin could be used as potential treatment in sepsis patients.

Summary/Conclusion: In summary, our studies clearly suggest that

extracellular histone level could serve as an indicator of sepsis severity,

and heparin may be routinely used in sepsis treatment.
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PA 4.18-1
Venous thromboembolism risk assessment with a
multilocus genetic risk score
Soria JM1, Vila J2, Morange PE3, Souto JC4, Salas E5,

Tregouet DA6, Mateo J4, Pich S5, Elosua R2 and Soria JM4

1Institut d’Investigaci�o Biom�edica Sant Pau; 2IMIM, Barcelona,

Spain; 3Inserm, UMR1062, Aix-Marseille University, Marseille,

France; 4Hospital de la Santa Creu i Sant Pau; 5Gendiag.Exe,

Barcelona, Spain; 6UMR_S 937, Paris, France

Background: In the development of venous thromboembolism (VTE)

genetics contribute in a relevant manner. In clinical routine the pres-

ence of two mutations Factor V Leiden (FVL) and G20210A Pro-

thrombin (PT) are analysed to evaluate this genetic contribution.

However, new and relevant genetic variants have been associated with

VTE. Though these genetic variants have not been properly validated

neither translated to clinical practise.

Aim: To evaluate whether the use of Genetic Risk Scores (GRS) with

these new variants provides a better assessment of the VTE risk than a

model based only on FVL-PT.

Methods: Three panels of genetic variants were compared: FVL + PT;

TIC panel (FVL, PT, ABO group A1 carriers, FV Cambridge, FV

Hong Kong, rs2232698 SerpinA10 gene, rs121909548 SerpinC1 gene,

46C>T F12, and rs5985 F13 gene); and TIC panel plus F11 (TIC

panel, rs2289252 and rs2036914 in F11 gene). All these variants influ-

ence the coagulation pathway.

For each panel a multi-locus GRS was computed for each individual

as the sum of the number of risk alleles, after weighting them by its

effect size published in the literature. The GRS was validated in two

case-control studies. MARTHA: 1150 cases (347 males, 803 females;

38.0 � 13.9 years old), 801 controls (383 males, 418 females;

47.4 � 14.0 years old) designated to assess the association of FVL

and PT with other risk factors; and Sant Pau (SP): a study with Span-

ish population with 249 cases (111 males, 138 females;

47.1 � 14.0 years old), 248 controls (109 males, 139 females;

49.0 � 14.9 years old).

All models were adjusted by age and sex. The predictive capacity was

assessed by the discrimination of the different GRS calculating the c-

statistic (AUC-ROC); and by the reclassification when using the new

GRSs compared with FVL + PT calculating the NRI (net reclassifica-

tion improvement) and IDI (integrated discrimination improvement).

Informed consent was obtained and the studies were approved by

recognised ethics committees.

Results: When compared to FVL + PT, the use of TIC or TIC + F11

panels significantly improved the capacity to discriminate VTE in both

populations (AUC-ROC: 0.57 vs. 0.68 and 0.67 respectively, in SP and

0.56 vs. 0.57 and 0.58 respectively, in MARTHA population,). When

compared to the risk stratification by FVL+PT, only the use of TIC

panel improved the capacity to reclassify both cases and controls in

both populations (NRI, 19.2, P < 0.005 and 4.9, P-value > 0.05, IDI

5.5, P < 0.001 and 3,2, P-value < 0.01 for TIC panel vs. FVL+PT in

SP and MARTHA populations, respectively). Moreover, clinical sensi-

tivity (number of cases where a genetic thrombophilia was demon-

strated) increases very significantly in relation to FVL + PT (19.7%

and 50.4% of the cases for FVL + PT, 87.3% and 95.1% for TIC in

SP and MARTHA populations, respectively). TIC + F11 did not fur-

ther improve the reclassification.

Conclusions: TIC panel significantly improves the predictive capacity

of VTE risk, by improving discrimination and reclassification when

compared to FVL + PT. Thus, our study suggests that the use of algo-

rithms with a set of confirmed susceptibility loci (TIC) improves dis-

ease risk assessment and could be also an aid in the prevention,

diagnosis and treatment of VTE disease.

PA 4.18-2
Incidence and risk factors for venous
thromboembolism (VTE) amongst adults with sickle
cell disease
Wun T, Brunson A, Lei A and White R

UC Davis School of Medicine, Sacramento, CA, USA

Background: Sickle cell disease (SCD) is caused by mutations in the

ß-globin gene. Morbidity is due to vascular occlusion and hemo-

lytic anemia. Recent studies suggest increased risk of VTE in SCD

patients.

Aim: To examine the association between SCD and VTE.

Methods: Using the California Patient Discharge Dataset and Emer-

gency Department Utilization database, we found adult (18–
65 years) cases with SCD in the years 1990–2010. Using unique

record linkage numbers, these cases could be followed longitudinally

over serial admissions. We then determined incident VTE. To deter-

mine the odds ratio (OR) for VTE associated with SCD, each SCD

case was matched with five non-SCD controls for race/ethnicity, sex,

age (� 2), and year of index admission (� 2). Conditional logistic

regression was then performed. To determine risk factors predictive

for VTE within the SCD cohort, OR were determined for sex, dis-

ease severity, age (5 year increments), race, and co-morbidities. The

effect of VTE on death in SCD patients was determined using

matched (1:4) Kaplan-Meier (K-M) survival curves, stratified by dis-

ease severity (≥ 3 admissions or ED visits/yr or < 3 visits/year), and

analyzed by log-rank.

Results: There were 4280 unique adult cases with SCD; mean age

28 years (� 10.5), 91% were African American, and 56% female.

Forty-two percent had severe disease. Overall there were 361 inci-

dent VTE (185 PE; 172 DVT; four both) for a cumulative incidence

of 8.4%. Forty-six percent of these events occurred within 30 days

of an antecedent hospitalization or ED visit. Compared to non-SCD

controls, SCD patients had an overall OR of 5.9 (5.1–7.0) for VTE;

the OR was 3.8 (3.0–4.8) for less severe and 9.5 (7.5–12.1) for severe
disease patients. Co-morbidity also increased the odds of VTE: OR

1.8 (1.5–2.5) for 1–2 co-morbidities vs. none; 3.0 (2.2–4.1) for ≥ 3

conditions. Amongst SCD patients, female sex (OR 1.4; 1.1–1.8) and
severe disease (OR 1.9; 1.5–2.5) were associated with increased risk

of VTE, adjusted for age, race, and co-morbidities. The median

K-M survival for SCD patients that developed VTE was 149 months

and had not been reached for SCD without VTE (P < 0.0001, log-

rank). For severe SCD patients with VTE the median survival was

105 months and had not been reached for non-VTE matched

patients (P < 0.0001). Less severe patients had not reached median

survival, but the mean survivals (� SE) were 118 months (� 5.9)

and 195 months (� 2.7) for VTE and non-VTE, respectively

(P < 0.0001)

Conclusions: SCD is associated with an increased risk of VTE com-

pared to a matched population that also required hospitalization.

Nearly half the incident VTE occurred within 30 days of a previous

hospitalization or ED visit. This suggests painful episodes, which are

inflammatory events and the most common reason SCD patients seek

medical attention, as a provocation for VTE. Relative immobilization

may also play a role, and argues for robust thromboprophylaxis in

hospitalized SCD patients. In contrast to other populations, females

had increased OR for VTE. As shown for other populations with

chronic diseases, incident VTE in SCD patients was associated with

decreased survival.
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PA 4.18-3
Replication and meta-analysis of the association
between F11 genetic variants and the risk of incident
venous thrombosis by statin use
Harrington LB1, Wiggins KL1, Sitlani C1, Blondon M1, Van

Hylckama Vlieg A2, Rosendaal FR2, Heckbert SR1, Psaty B1

and Smith NL1

1University of Washington, Seattle, WA, USA; 2Leiden University

Medical Center, Leiden, The Netherlands

Background: Two F11 single nucleotide polymorphisms (SNPs),

rs2289252 and rs2036914, are known to be associated with the risk of

incident venous thrombosis (VT). Statin use may be associated with a

decreased risk of VT and may modify the association of the F11 SNPs

with VT risk.

Aims: To better inform the possibility of a drug-gene interaction asso-

ciated with the risk of VT by presenting new findings from the Seattle

HVH data and meta-analyzing with MEGA findings. We hypothesized

that statin use would diminish the VT risk associated with the SNP

risk alleles.

Methods: In the HVH population-based study, we identified cases of

incident VT occurring from 1995 to 2009 and their matched controls.

Participants with cancer were excluded. Genotypes for rs2036914 were

available for 747 cases and 1721 controls; genotypes for rs2289252

were available for 693 cases and 3112 controls. Current statin use was

determined using prescription fills. Separate logistic regression models

for the two SNPs estimated the risk of VT associated with carrying the

risk allele, stratified by statin use, adjusted for matching variables:

index year, age, hypertension, sex, and race. Results were meta-ana-

lyzed with MEGA study findings.

Results: HVH cases and controls had an average age of 63 and

66 years, respectively; 74% of cases and 95% of controls were women.

Statins were used by 16% of cases and 20% of controls. For

rs2036914, in HVH, statin users who carried 1 or 2 C alleles had an

increased risk of VT compared with carriers of TT alleles (OR = 1.7,

95%CI: 1.0–2.8, and, OR = 2.2, 95%CI: 1.1–4.6, respectively).

Among non-users of statins, ORs for carriers of 1 or 2 C alleles were

1.3 (95%CI: 1.0–1.7) and 1.3 (95%CI: 0.9–1.8), respectively. There
was no evidence of interaction between the SNP and statin use. For

rs2889252, in HVH, statin users who carried 1 or 2 T alleles had no

evidence of an associated VT risk compared with carriers of CC alleles

(OR = 1.1, 95%CI: 0.6–1.9, and, OR = 1.4, 95%CI: 0.6–2.9, respec-
tively). Among non-users of statins, ORs for carriers of 1 or 2 T alleles

were 1.2 (95%CI: 1.0–1.5) and 1.5 (95%CI: 1.1–1.9), respectively.

There was no evidence of interaction.

Meta-analyzed results for rs2036914 suggested no difference in risk

between statin users (OR = 1.6, 95%CI: 1.1–2.3 for 1 C allele, and,

OR = 1.5; 95%CI: 0.9–2.4 for 2 C alleles) and non-users (OR = 1.3,

95%CI: 1.2–1.5 for 1 C allele, and OR = 1.7, 95%CI: 1.5–1.9 for 2 C

alleles). For rs2889252, meta-analytic results suggested modest differ-

ences in risk between statin users (OR = 1.1, 95%CI: 0.8–1.5 for 1 T

allele, and, OR = 1.2, 95%CI: 0.7–2.0 for 2 T alleles) and non-users

(OR = 1.3, 95%CI: 1.2–1.5 for 1 T allele, and, OR = 1.8, 95%CI: 1.6–
2.0 for 2 T alleles).

Summary/Conclusion: Replication results were less pronounced than

discovery results. In meta-analyzed results, risk of VT by rs2036914

genotype did not appear to differ by statin use. Risk of VT associated

with rs2889252 appeared to be modestly blunted among statin users,

compared to among non-users, for those carrying the risk allele.

PA 4.18-4
Height and risk of venous thromboembolism: a
mendelian randomization study
Smith EN1, Braekkan SK2, Carson AR1, Jepsen K1, Matsui H1,

Wilsgaard T3, Harismendy O1, Frazer K1 and Hansen JB2

1University of California, San Diego, La Jolla, CA, USA;
2University Hospital of North Norway; 3University of Tromsø,

Tromsø, Norway

Background: Height has been identified as a risk factor for venous

thromboembolism (VTE), but it is unclear whether the relationship is

causal or explained by confounding factors. Mendelian randomization

studies can be used to investigate causal relationships underlying

observed associations between exposure (height) and outcome (VTE)

in epidemiological studies. Because genetic risk influences height, but

is unaffected by environmental confounders, a significant association

would provide evidence that height is causally related to VTE, whereas

a lack of association indicates that the relationship is due to unrecog-

nized confounding factors.

Aims:We wanted to investigate the association between a genetic score

for height and risk of VTE.

Methods: We utilized genetic sequence data generated through exome

sequencing. Cases who had a first VTE (n = 407) and age- and sex-

matched controls (n = 406) were identified from a population-based,

nested, case-cohort study (the Tromsø study) comprising 78%

(n = 27,158) of the adult residents of Tromsø in Norway. Exome

sequencing was performed to an average depth of approximately

1009 in exome regions and approximately 0.59 in non-targeted

regions. Utilizing on and off-target reads, genome-wide SNP geno-

types were inferred by imputation using Beagle. We calculated a

weighted height genetic score using independent markers previously

identified in a large GWAS study, taking into account the original

effect estimate and the imputation quality. The genetic score was

tested for association with VTE case status. In addition, a previously

published case-control study of VTE (N = 2596) was used to replicate

these findings. The study was approved by the regional committee for

research ethics, and all participants gave their informed written con-

sent to participate.

Results: Imputation of the exome data using the 1000 Genome Project

European haplotypes resulted in effective estimation of genotypes for

120 of the 180 SNPs recently identified as associated with height. We

recapitulated the association between height and VTE (OR = 1.31 for a

10 cm difference, P = 0.008) after adjustment for age and sex. We also

showed that the established height genetic score was associated with

height (R2 = 0.04, 2.6 cm difference between upper and lower halves,

P = 4 9 10�13). However, we did not observe a significant association

between the height genetic score and risk of VTE. Thus, the height

genetic score did not explain the relationship between height and VTE.

Similar analyses using the GENEVA VTE study showed consistent

results.

Conclusions: These results do not provide support that the association

between height and risk of VTE is causal, but suggest that the effect

could be mediated by other confounding factors. Due to the small

amount of variation that the genetic score explains, our finding may be

limited by power and would benefit from confirmation in a larger

study.
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PA 4.18-5
Not all factor V Leiden or prothrombin G20210A
mutations are equal: results from a retrospective
cohort family study
Bucciarelli P1, De Stefano V2, Passamonti SM1, Ciminello A2,

Legnani C3, Tormene D4, Castaman G5 and Martinelli I1

1Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,

Milan; 2Institute of Hematology, Catholic University, Rome;
3University Hospital S. Orsola-Malpighi, Bologna; 4University

Hospital of Padua, Padua; 5San Bortolo Hospital, Vicenza, Italy

Background: Factor V Leiden (FVL) and G20210A prothrombin gene

mutation (PT20210) are risk factors for venous thromboembolism

(VTE). In family studies the risk of VTE in relatives heterozygous or

homozygous for FVL or PT20210 might be influenced by either the

genotype or the clinical presentation of the proband. This risk might

be higher in relatives selected from kindreds with heterozygous symp-

tomatic probands than in those belonging to kindreds with homozy-

gous asymptomatic probands, because in the former case the proband

is symptomatic despite a lower risk of thrombosis is expected with het-

erozygous than homozygous mutation.

Aims: To assess whether or not the selection of kindreds according to

genotype and clinical presentation of the proband influences the risk

of VTE in relatives.

Methods: A retrospective cohort family study of 192 kindreds with at

least one member with homozygous FVL or PT20210 were collected in

five Italian centers, for a total of 886 relatives [380 males, 506 females;

median age 39 years (IQR: 25–54 years); 129 heterozygous PT20210,

378 heterozygous FVL, 36 homozygous PT20210, 101 homozygous

FVL, 38 combined heterozygous, 204 wild-type]. The proband of the

family was heterozygous for FVL or PT20210 in 69 kindreds and

homozygous or combined heterozygous in 123. Twenty-three pro-

bands were asymptomatic, 11 had had arterial thrombosis, seven

obstetrical complications, and 151 venous thrombosis (29 superficial

and 122 VTE). According to the genotype and clinical presentation of

the proband, the study population was divided into four groups: rela-

tives belonging to kindreds with (i) homozygous proband without

VTE (reference), (ii) homozygous proband with VTE, (iii) heterozy-

gous proband without VTE, and (iv) heterozygous proband with VTE.

For each group, the annual incidence of VTE (and its 95% CI) was

calculated. The follow-up started at the date of birth and ended at the

date of either the first VTE or the first visit to the centers. The hazard

ratio (and 95% CI) for VTE in each group compared to the reference

was estimated by using a multivariable Cox’s proportional hazard

model, with adjustment for a possible confounding effect of age, sex,

type of genetic defect and genotype of the relatives.

Results: A total of 27 objectively-documented episodes of VTE during

34,966 patient-years of follow-up were recorded, for an overall inci-

dence rate of 0.77 9 1000 patient-years (95%CI:0.48–1.06). Twelve
episodes of VTE were unprovoked (44%) and 15 (56%) secondary to

transient risk factors. Excluding probands, the incidence of VTE

(91000 patient-years) in relatives was higher when the proband had

heterozygous than homozygous mutation [1.22 (95%CI:0.71–1.86) vs.
0.45 (0.20–0.79)], and when the proband had had VTE instead of other

clinical presentations [0.95 (0.57–1.42) vs. 0.50 (0.19–0.96)]. Compared

to the reference group, the adjusted hazard ratio of VTE for relatives

from kindreds with heterozygous proband with VTE was 3.97 (95%

CI:1.12–14.09).
Conclusion: Both the genotype and the clinical presentation of pro-

bands influence the VTE risk in relatives with FVL or PT20210. This

index event bias can in part explain the different risk of VTE in family

members with the same genetic defect.

PA 4.18-6
Association of ABO blood type with cognitive decline:
the REasons for Geographic and Racial Differences in
Stroke Study
Alexander K1, McClure L2, Wadley V2, Unverzagt F3, Zakai N1,

Gillett S1, Callas P1 and Cushman M1

1University of Vermont, Colchester, VT; 2University of Alabama

at Birmingham, Birmingham, AL; 3Indiana University,

Bloomington, IN, USA

Background: ABO blood group is associated with many forms of car-

diovascular disease, including stroke, coronary heart disease and

venous thromboembolism. This is likely due, in part, to the link

between non-O blood groups and higher levels of the procoagulant

proteins von Willebrand factor and factor VIII (FVIII). Many cardio-

vascular disease risk factors have been identified as also contributing

to cognitive decline, but there are currently no published data on the

relationship between ABO group and cognitive decline.

Aims: To study the association of blood types A, B, AB, and O with

cognitive decline in the REasons for Geographic and Racial Differ-

ences in Stroke (REGARDS) study.

Methods: The REGARDS cohort consists of 30,239 black and white

US individuals ≥ 45 years old, enrolled between 2003 and 2007, with

4.5 years follow up for cognitive function. Incident cases of cognitive

decline were defined based on longitudinal scoring using three cogni-

tive domain tests: list learning, list recall, and verbal fluency. ABO

blood group was measured by SNP genotyping in a case-control sam-

ple of 495 cognitive decline cases and 587 controls. The odds ratios for

cognitive decline by ABO status were calculated using logistic regres-

sion models, with blood group O as the reference group. All models

were adjusted for age, sex, and race. FVIII was then added to this

model as a continuous variable to examine its contribution to any

observed associations. Because blacks have a higher stroke risk and

differing blood group frequencies than whites, an interaction term

between race and blood group was tested, with an interaction P < 0.10

considered statistically significant.

Results: All non-O blood groups showed significantly higher levels of

FVIII compared with the O group (mean 104; 95% CI 100–107), with
the highest level seen in type AB (mean 142; 95% CI 126–202). Blood
group AB was associated with incident cognitive decline in a model

that included age, race, and sex (OR 1.78; 95% CI 1.13–2.81), while
blood groups A and B showed no association. When FVIII was added

to the model, every 40 IU/dL higher FVIII was associated with cogni-

tive decline (OR 1.22; 95% CI 1.08–1.37) and the odds ratio for group

AB was reduced to 1.67 (95% CI 0.99–2.83). There was no significant

difference in AB blood group association by race (P interac-

tion = 0.95).

Summary: Blood group AB was associated with incidence of cognitive

decline in this prospective study. This relationship was only partially

mediated by FVIII. These data support the hypothesis that while

blood group may impact cognitive function through its effects on

FVIII levels, differences in the ABO glycosyltransferase that deter-

mines ABO blood group are likely to affect the glycosylation of other

proteins, which may alter cognitive decline risk.
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PA4.19 – TTP/Thrombotic
Microangiopathies – II

PA 4.19-1
International registry for patients with hereditary
thrombotic thrombocytopenic purpura (TTP) – upshaw-
Schulman syndrome
Mansouri Taleghani M1, Fujimura Y2, George JN3,

Hrachovinova I4, L€ammle B1, Knoebl P5, Quist-Paulsen P6,

Schneppenheim R7 and Kremer Hovinga JA1

1Bern University Hospital and University of Bern, Bern,

Switzerland; 2Nara Medical University, Kashihara, Japan;
3University of Oklahoma Health Sciences Center, Oklahoma

City, OK, USA; 4Institute of Hematology & Blood Transfusion,

Prague, Czech Republic; 5Medical University of Vienna, Vienna,

Austria; 6St Olavs Hospital Trondheim University Hospital,

Trondheim, Norway; 7University Medical Center Eppendorf,

Hamburg, Germany

Background: Hereditary TTP, or Upshaw-Schulman syndrome (USS),

is a rare, and recessively inherited disorder, due to homozygous or

compound heterozygous mutations in the ADAMTS13 gene located

on chromosome 9q34. TTP has a wide variation in clinical presenta-

tion from only mild thrombocytopenia to severe recurrent TTP epi-

sodes leading to end organ damage or even death. The first occurrence

of USS is variable with onset in the neonatal period up to older age.

Due to the rareness of hereditary TTP evidence based guidelines on

prophylaxis with different ADAMTS13 sources such as fresh frozen

plasma and knowledge of long-term outcome are lacking, which

emphasizes the need of a multicenter cooperation.

Aims and Method: An electronic database system for USS patients and

their interested family members (www.ttpregistry.net, ClinicalTri-

als.gov NCT01257269) has been established to gather baseline infor-

mation and in patients long-term follow-up data. They contain the

clinical courses, therapeutic as well as prophylactic treatment regimens

and performed laboratory investigations in order to identify yet

unknown triggers of TTP episodes and factors influencing the clinical

course. Eventually this leads to improved treatment and better under-

standing of this potentially fatal disease.

Eligibility criteria are:

1 ADAMTS13 activity ≤ 10% on two separate occasions at least

1 month apart and

2 Absence of a functional ADAMTS13 inhibitor and

3 ≥ 2 ADAMTS13 gene mutations and/or a positive infusion trial

(full recovery and plasma half life of 2–3 days of infused plasma)

or

4 Being a family members of a confirmed patient.

Information is collected retrospectively up to enrollment as well as

prospectively every 12 months and when acute TTP episodes occur.

Analysis of ADAMTS13 related parameters including molecular anal-

ysis of the ADAMTS13 gene are free of charge to patients and their

family members.

Results: Today, 30 participants from eight different countries (CH,

CRO, CZ, NOR, PL, ESP, TU, USA) have been entered into the data-

base and another eight countries (AUT, CAN, D, DAN, FIN, IND,

IL, JP) have confirmed their participation with 1 to over 40 patients

per study site. The data acquisition is in progress. A first point of inter-

est is the investigation of episodes of thrombocytopenia during infec-

tions or pregnancies in a number of obligatory or confirmed

heterozygotes, so far generally reported as being asymptomatic.

Conclusion: The international network and knowledge platform estab-

lished to exchange information and experience on USS will help to

improve diagnosis, treatment and prevention of acute episodes in

affected patients. All Physicians are invited to contact us for diagnos-

tics and enrollment of their patients with USS.

PA 4.19-2
Measurement and prevalence of circulating
ADAMTS13-specific immune complexes in
autoimmune thrombotic thrombocytopenic purpura
Lotta LA1, Valsecchi C2, Pontiggia S2, Mancini I2, Artoni A2,

Mikovic D3, Trisolini S4 and Peyvandi F2

1Angelo Bianchi Bonomi Hemophilia and Thrombosis Center;
2Fondazione IRCCS Ca’ Granda –Ospedale Maggiore Policlinico,

Milan, Italy; 3Blood Transfusion Institute of Serbia, Belgrade,

Serbia; 4Universit�a “La Sapienza”, Rome, Italy

Background: Autoimmune thrombotic thrombocytopenic purpura

(TTP) is a thrombotic microangiopathy characterized by the presence

of autoantibodies against the von Willebrand factor cleaving-protease,

ADAMTS13. The formation of non-covalent antigen-autoantibody

associations in the bloodstream (i.e. circulating immune complexes,

CIC) occurs and is a pathophysiologic mechanism in several autoim-

mune disorders. CIC have a wide range of properties, including com-

plement-system and leukocyte activation, which may promote

inflammation and cellular damage in autoimmune conditions.

Although autoimmune TTP is an autoantibody-mediated disease, the

role of ADAMTS13-specific CIC in TTP has not been studied.

Aims: The goals of our study were (i) to develop a method to assess the

presence of and quantify ADAMTS13-specific CIC in patients with

autoimmune TTP and (ii) to evaluate the prevalence and the associa-

tion of CIC with ADAMTS13- and anti-ADAMTS13-related mea-

surements in patients with autoimmune TTP.

Methods: We developed an ELISA method for the detection of AD-

AMTS13-specific CIC. The linearity and specificity of the assay were

validated by experiments including immunoprecipitation of CIC from

normal and TTP plasma. Intra- and inter-assay coefficients of varia-

tion were calculated to assess the precision of the method. We mea-

sured ADAMTS13-specific CIC by ELISA in 36 patients with

autoimmune TTP from the Milan TTP Registry (URL:http://www.

ttpdatabase.org/) who had anti-ADAMTS13 autoantibodies at the

time of measurement (acute disease for 15 and remission for 21

patients). Measurements were carried out in duplicate and results were

expressed in optical density units (OD) standardized for a positive con-

trol. The cutoff for the presence of anti-ADAMTS13 CIC was defined

as the 99th percentile of the distribution of normalized OD in 22 con-

trol subjects. The associations between ADAMTS13-specific CIC lev-

els and ADAMTS13 activity, ADAMTS13 antigen and anti-

ADAMTS13 IgG levels were assessed by linear regression.

Results: The anti-ADAMTS13 CIC ELISA test had intra- and inter-

assay coefficients of variation of 5.3 and 9.6. The 36 patients with TTP

included in the study had a median age at study measurement of

41 years (interquartile range [IQR]: 34–52 years) and were predomi-

nantly of female sex (n = 30, 83%). All 36 patients had severely defi-

cient ADAMTS13 activity (< 10% of normal), a median value of

ADAMTS13 antigen of 24% (IQR: 13–45%) and a median level of

anti-ADAMTS13 IgG of 20% (IQR: 6–48%). The median normalized

OD of ADAMTS13-specific CIC measurement was 0.37 (IQR: 0.28–
0.45). The prevalence of CIC in TTP patients was 47% (n = 17; 95%

confidence intervals [CI]: 32–63%). The normalized OD value was not

associated with ADAMTS13 activity, ADAMTS13 antigen or with

anti-ADAMTS13 IgG levels. In patients with acute TTP at measure-

ment, increasing levels of ADAMTS13-specific CIC were associated

with higher number of plasma exchange procedures required to attain

remission (per 0.1 increase in normalized OD values, beta: 2.9; 95%

CI: �0.7 to 6.5).

Summary/Conclusions: Approximately one half of patients with auto-

immune TTP display ADAMTS13-specific CIC. Levels of ADAM-

TS13-specific CIC measured by this ELISA method are not associated

with ADAMTS13 or anti-ADAMTS13 IgG levels. A thorough investi-

gation of the prognostic relevance of ADAMTS13-specific CIC levels

in patients with autoimmune TTP is warranted.
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PA 4.19-3
Sequelae of chronic relapsing idiopathic thrombotic
thrombocytopenic purpura
Falter T, Alber K and Scharrer I

Universit€atsmedizin Mainz, Mainz, Germany

Background: ADAMTS13 (a disintegrin and metalloproteinase with

TSP-1-like domains) cleaves high molecular and prothrombotic von

Willebrand factor (VWF) multimers into smaller molecules. Severely

decreased levels of ADAMTS13 are in most cases caused by autoanti-

bodies but also in rare cases by mutations leading to thrombotic

thrombocytopenic purpura (TTP). Different trigger factors contribute

to the clinical manifestation of TTP. These life-threatening acute epi-

sodes alternate with relatively symptom-free phases of remission.

Acute episodes are characterized by consumptive thrombocytopenia,

hemolytic anemia and spontaneous VWF-platelet aggregation leading

to microvascular thrombus formation in arterioles and capillaries of

different organs. The brain is frequently affected inducing different

neurological abnormalities of varying severity. Further typical symp-

toms are bleedings, gastro-intestinal complaints, fever and hematuria,

chest pain and weakness. Without treatment, TTP may result in many

cases in deterioration and death. Presently, plasma exchange is still the

mainstay therapy, often combined with immunosuppressive drugs.

Aim of therapy is to achieve a persistent remission with complete

recovery characterized by normal physical condition and regular labo-

ratory data for platelets, hemoglobin and lactate dehydrogenase.

Aims: Aim of the study was to investigate risks of persisting neurocog-

nitive impairments as well as anxiety and depression in consequence of

relapsing idiopathic TTP.

Methods: Sequelae of 20 idiopathic TTP patients were analyzed by

means of different questionnaires, medical records and reports.

The medical records/reports come either from a psychiatrist or from

the TTP-treating hematologists and have been collected from first

manifestation until now.

Three different standardized questionnaires were used. The question-

naire IRES (developed by Gerdes and J€ackel) was used as an indicator

for rehabilitation; HADS/D evaluates anxiety and depression; mental

performance was examined by the questionnaire for complaints of

cognitive disturbances (FLei).

Results: Ten of 20 patients have been treated due to depression, and

many of them need psychological help. One patient has been under in-

patient psychiatric treatment. Furthermore, many patients complain

of anxiety disorders. As a result of depression and anxiety disorders,

these patients suffer from general fatigue, exhaustion, lag of drive,

adjustment disorders, social anxiety disorder and chronic insomnia.

Neurocognitive impairments including brain-fag syndrome, lack of

concentration, amnesic aphasia and dysphasia, disturbance of long-

term and short-term memory occur frequently, as well.

Two patients are afflicted with epilepsy, a sequelae of stroke. Four

patients developed renal insufficiency. Many of the patients suffer

from side effects of cortisone and further immunosuppressive drugs,

especially from Cushing‘s syndrome, cortisone acne, overweight, oste-

openia and alopecia.

Most of the patients stated to be living seclusively and to possess only

a reduced quality of life. They emphasized problems in their daily life,

social communication and relationships. Their professional life is

impaired to the point of a temporary or permanent disability.

Summary: Altogether TTP-patients recover well from their acute phase

with regard to physical examination results and laboratory data,

despite low ADAMTS13 activity and high inhibitor titer.

However, many of them suffer from neurocognitive impairments, anx-

iety disorders and depressions. As a result, they have to cope with a

permanent restriction of their daily routine in private as well as in pro-

fessional life.

PA 4.19-4
Characterization of hereditary thrombotic
thrombocytopenic purpura (TTP) from one of blood
centers in China
Bai X, Su J, Cao L, Yu Z, Wang Z and Ruan C

Jiangsu Institute of Hematology First Affiliated Hospital of

Soochow University, Suzhou, China

Background: Hereditary thrombotic thrombocytopenic purpura (TTP)

is characterized by abnormally disseminated thrombus due to the

mutations of ADAMTS13, which can cleave its substrate von Wille-

brand factor (VWF) in normal conditions.

Aims: To characterize the clinical and genetic molecular features of ten

patients with congenital TTP.

Methods: ADAMTS13 activities were analyzed by residual collagen

binding assay (R-CBA) plus FRET-VWF substrate. And the inhibi-

tors of ADAMTS13 were analyzed by 9:1 mixture of patient and

pooled normal plasma followed by R-CBA. The intracellular location

and secretion of recombinant ADAMTS13 mutants were studied.

Results: Ten patiens, among whom, eight patients with pregnancy aged

between 25 and 31 years old and one girl aged 16 years old plus one

male aged 39, were diagnosed with congenital TTP because their AD-

AMTS13 activities were < 5% (both R-CBA and FRET-VWF sub-

strate) and absence of ADAMTS13 inhibitors. The following

mutations were found in these patients, which included: R193W,

R1095W, R349C, R498C, R692C, Y177C, E1005V, C265Y, M1260-

S1264, Nt:1335G(Del), Nt:3677C(Del), Nt: 1435 + 2insG. In addition

to the previously reported mutation of R498C, all the novel missense

mutations (including C265Y, E1005V, Y177C) had the impaired secre-

tion and retained in the HEK293 cells.

Conclusion: Among ten patients registered in our institution, eight

patients were pregnant women, which implies that it may be necessary

to screen ADAMTS13 activity in pre-pregnancy checkup for TTP pro-

phylaxis.

PA 4.19-5
Safety and efficacy of cryosupernatant as a
replacement fluid for plasmapheresis in thrombotic
thrombocytopenic purpura: a single center
restrospective evaluation
Stefanello B, De Paula EV, Orsi FA, Marques-Junior JFC,

Roveri EG, Colella MP, Ozelo MC, Annichino-Bizzacchi JM

and Addas-Carvalho M

INCT do Sangue Hemocentro Unicamp (University of Campinas),

Campinas, SP, Brazil

Background: Thrombotic thrombocytopenic purpura (TTP) is a severe

systemic disease caused by decreased activity of ADAMTS13, result-

ing in reduced clearance of ultra-large VWF multimers and thrombotic

microangiopathy. Treatment of TTP is based on daily plasmapheresis

(Px) with replacement with fresh frozen plasma (FFP), aiming to rees-

tablish normal ADAMTS13 activity and VWF multimer distribution.

Cryosupernatant (CSP), the remaining of a FFP unit after the removal

of cryoprecipitate, is a plasma product with lower concentrations of

large VWF multimers and similar amounts of ADAMTS13. It has

been hypothesized that CSP might be preferable replacement fluid for

Px in TTP patients. CSP is at least as efficacious as FFP in the treat-

ment of TTP, but evidence of additional benefits has not been demon-

strated, as showed in a meta-analysis of three randomized clinical

trials comparing FFP with CSP. Besides, none of these studies

reported on the frequency of adverse events of using CSP.

Aims: To evaluate the efficacy of Px in patients with TTP treated with

CSP or FFP and the safety of either option.

Methods: In our center, both CSP and FFP are available as replace-

ment fluid for Px, being the choice between these two options
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performed before the 1st session at the assistant physicians’discretion.

Once initiated, only one type of replacement fluid was used until the

1st remission. We retrospectively evaluate the efficacy of Px with either

product based on the number of sessions, volume of plasma product

exposure and frequency of acute exacerbations and relapses. In addi-

tion, we evaluated the safety of either option by reporting the fre-

quency and nature of adverse events.

Results: From June 2007 to October 2012, 14 patients with newly diag-

nosed TTP were treated at our center. The proportion of CSP:FFP use

was 5:9. There were no significant differences in age, ethnic back-

ground, initial platelet count, hemoglobin levels, LDH, or etiology of

TTP (idiopathic 9 secondary) between groups. Regarding efficacy, we

observed a trend towards a higher median number of Px sessions (15

vs. 7) and higher plasma exposure in CSP, compared to FFP-treated

patients. Although the number of relapses was not significantly differ-

ent between groups, acute exacerbations were more frequent among

patients treated with CSP than FFP. Regarding safety, the frequency

of adverse reactions was not different between CSP or FFP-treated

patients. Mild allergic reactions were the most common treatment-

related adverse event in both groups.

Summary: Our results confirm the lack of benefit of using CSP as a

replacement fluid in TTP compared to FFP. In addition, our data

raises the possibility that in newly diagnosed TTP, CSP use might be

associated with worse outcomes, as evidence by a higher frequency of

acute exacerbations during the 1st 30 days, and a trend towards a

higher number of Px sessions and higher exposure to plasma products.

Considering that obtaining large volumes of CSP to treat TTP requires

special logistic actions and increases treatment costs, our data corrob-

orate the concept that CSP should not be used as 1st line treatment of

TTP.

PA 4.19-6
In vitro characterisation of two ADAMTS13 mutants
(I143T, Y570C) identified in two patients with
congenital thrombotic thrombocytopenic purpura (TTP)
Underwood M1, Garagiola I2, Mackie IJ1, Machin SJ1, Metin A3,

Gurgey A4 and Peyvandi F5

1University College London, London, UK; 2Fondazione IRCCS Ca’

Granda Ospedale Maggiore Policlinico, Milan, Italy; 3Ankara

Children’s Hematology Oncology Training and Research

Hospital; 4Hacettepe University, Ankara, Turkey; 5Angelo Bianchi

Bonomi Hemophilia and Thrombosis Center, University of Milan,

Milan, Italy

Background: Congenital TTP is a heterogeneous condition with

respect to age of disease onset and need for plasma exchange/infusion.

ADAMTS13 genetic defects have been identified in congenital TTP

patients. Although over 100 mutations have been identified, only

about 30% have been expressed in vitro and of these, the majority

(84%), lead to reduced (< 50%) secretion of mutant recombinant AD-

AMTS13.

Aims: Two mutations present in different congenital TTP patients

were studied in vitro for their effects on the secretion and sub-cellular

location of ADAMTS13, in order to investigate the contribution of

ADAMTS13 genotype to disease phenotype.

Methods: Two ADAMTS13 missense mutations (I143T, Y570C) were

introduced into wild type (WT) ADAMTS13-cDNA separately by site

directed mutagenesis and used for subsequent transient transfection of

HEK 293T cells. The presence of WT or mutant ADAMTS13 within

cell supernatant and lysates was investigated using western blotting.

The quantity of protein in cell supernatant was measured using an

antigen ELISA assay and the activity measured by FRET assay (detec-

tion limit 2.5%). Expression of the mutant proteins was compared to

that of WT (assigned a value of 100%). Localisation of the WT and

mutant proteins was investigated in the endoplasmic reticulum (ER)

and Golgi by confocal microscopy.

Results: Both patients presented with acute TTP during adolescence

having undetectable ADAMTS13 activity and antigen in plasma and

receive regular prophylactic plasma exchange. Patient 1 was homozy-

gous for the mutation I143T (metalloprotease domain) and patient 2

for the mutation Y570C (spacer domain). In vitro both mutants were

detected within cell lysates, at a slightly greater quantity than WT.

However in the supernatant the quantity of each mutant secreted was

either undetectable (n = 3) or very low (2% of WT, n = 1). In both

cases no ADAMTS13 activity could be detected. Confocal microscopy

showed that both mutants localised within the ER (n = 3) and the

Golgi (n = 6).

Conclusion: In conclusion in vitro expression of the I143T and Y570C

ADAMTS13 mutants demonstrated a severe secretion defect. This cor-

relates with the undetectable ADAMTS13 activity and antigen present

in the patient’s plasma. Within the cell both mutants localised within

the ER and Golgi suggesting a potential defect in the transport from

the Golgi to the extracellular environment. Further investigation is

underway in order to determine if these mutants are degraded within

the cell by the cell proteasome or lysosomes before they can be secreted.

A4.20 – Vessel Wall

PA 4.20-1
Platelet adhesion to collagen under flow conditions is
increased in essential thrombocythemia patients
Vignoli A1, Van der Meijden PEJ2, Giaccherini C1, Swieringa F2,

Marchetti M1, Ten Cate H2, Heemskerk JWM2 and Falanga A1

1Hospital Papa Giovanni XXIII, Bergamo, Italy; 2Cardiovascular

Research Institute Maastricht, Maastricht University, Maastricht,

The Netherlands

Background: Essential thrombocythemia (ET) is a myeloproliferative

neoplasm characterized by high incidence of both arterial and venous

thromboembolic events. The acquired activation of vascular cells, par-

ticularly leukocytes and platelets, has been previously demonstrated in

ET patients and suggested to promote the development of thrombosis.

Aim: This proof-of-principle study aimed to assess whether the

increased activation of platelets from ET patients may lead to an

increase in their thrombus formation potential in vitro under flow con-

ditions.

Methods: Nine ET patients (mean platelet count 755 9 109/L, range

240–1409) and nine healthy control subjects (mean platelet count

244 9 109/L, range 216–323) were enrolled into the study after

informed consent. Peripheral venous whole blood samples, withdrawn

in sodium citrate, were recalcified and anticoagulated with heparin

and perfused over a collagen coated surface at a shear rate of 1000/s.

Platelet adhesion and thrombus formation was evaluated after 4 min

with the EVOS fluorescence microscope system. In particular, platelets

were stained with an anti-CD2P (P-selectin)-FITC antibody as an

index of platelet activation, and annexinA5-Alexa Fluor 647 that pro-

vides a measure of platelets exposing a procoagulant surface (namely

phosphatidylserine). After staining, images of adherent platelets in

random fields were taken using phase contrast and fluorescence imag-

ing. Results are expressed as mean � SD of the percentage of area

covered by all or fluorescently-labeled platelets.

Results: After 4 min of blood perfusion, the area covered by adherent

platelets was found significantly greater in ET patients compared to

healthy controls (38.7 � 5.1 vs. 20.4 � 3.1% coverage, P < 0.05). No

statistically significant correlation between platelet count and percent-

age of coverage was found. However, in the four ET patients with a

platelet count > 700 9 109platelet/L, the% coverage was significantly

higher compared to the five ET patients with a platelet count

< 700 9 109platelet/L (i.e. 54.9 � 17.5 vs. 25.8 � 11.3% coverage,

respectively, P < 0.05). Similarly to what observed with the overall

adherent platelets, the area covered by P-selectin positive platelets was

significantly (P < 0.05) higher in ET patients vs. controls. On the
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contrary, the coverage by annexinA5-positive adherent platelets was

not statistically significantly different between ET patients and con-

trols.

Conclusions: These preliminary results show that, compared to healthy

subjects, blood from ET patients has an increased tendency of shear-

dependent platelet adhesion at a collagen surface, indicative of a

greater thrombus formation capacity, without increase in platelet-

dependent coagulation. These results support an active role of platelet

adhesiveness in the prothrombotic state of patients with ET. A possi-

ble influence of the patients’ characteristics and treatment type is also

under evaluation.

PA 4.20-2
The shear rate dependence of nitric oxide inhibition of
platelet aggregation
Sylman JL1, Lantvit SM2, Reynolds M2 and Neeves KB1

1Colorado School of Mines, Golden, CO; 2Colorado State

University, Fort Collins, CO, USA

Background: The concentration of nitric oxide (NO) at an injury site

and how it affects platelet function under flow is poorly defined. For

example, reports of the NO concentrations necessary to inhibit platelet

aggregation vary widely in the literature (5 nM–4 lM) (Marcondes et

al., PNAS, 103, 2006). The signaling pathway of NO inhibition is also

a source of debate. It is generally accepted that NO inhibition occurs

primarily through soluble guanylyl cyclase (sGC)/cyclic guanosine

monophosphate (cGMP)-dependent pathways (Dangel et al., JTH, 8,

2010). But, recent studies suggest that cGMP-independent mechanisms

may also mediate inhibition at millimolar NO concentrations (Zhang

et al., Blood, 118, 2011).

Aims: The first aim was to identify the shear rate dependent regulation

of platelet aggregation by NO at a controlled NO wall flux. The sec-

ond aim is to determine the relative role of sGC dependent and inde-

pendent pathways.

Methods: A NO-releasing polymer containing an NO donor, dialkyldi-

amine-based diazeniumdiolated, was used to control the wall flux of

NO into a whole blood flow assay. The NO flux from the polymer was

determined by chemiluminescence. Whole blood collected by veni-

puncture into FPR-chloromethylketone (PPACK), was treated or not

treated with the sGC inhibitor 1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-

1-one (ODQ) and perfused at 200, 500, and 1000/s over type I fibrillar

collagen adsorbed to the NO-releasing polymer. The accumulation of

fluorescently labeled platelets and volume of the resultant platelet

aggregates was recorded by confocal microscopy. A computational

model was developed to estimate the near wall NO concentration as a

function of NO flux and shear rate.

Results: The NO-releasing polymer films produced fluxes ranging from

0.07 9 10�10 to 12 9 10�10 mol/cm2/min, above and below reported

fluxes from cultured endothelial cells (Vaughn & Kuo, AJP, 274,1998).

A NO flux of 2.5 9 10�10 mol/cm2/min was found to abrogate platelet

aggregation, but not initial adhesion, on collagen at 200 and 500/s as

effectively as the a2bb3 antagonist abciximab. The dynamic range of

NO fluxes found to induce measurable inhibition of platelet aggrega-

tion spanned from 0.33 9 10�10 to 2.5 9 10�10 mol/cm2/min at 200

and 500/s. These fluxes correspond to near-wall NO concentrations of

230–2200 nM based on a computational model of NO transport. Preli-

minary studies show that a sGC independent mechanism may be shear

rate dependent.

Conclusions: A NO-emitting material was built into a flow assay for

quantitatively measuring platelet function as a function of NO flux

and shear rate. NO begins to attenuate the height of the thrombus at

approximately 230 nM, which interestingly corresponds to the equilib-

rium dissociation constant of sGC (Stone et al., Biochemistry, 35,

1996). At 1.5 lM NO, platelet aggregation was completely inhibited.

Even at the highest NO concentration, platelet were able to adhere to

collagen, suggesting that NO does not affect GP1b-VWF and GPVI-

collagen interactions. We are in the midst of measuring the relative

importance of sGC dependent and independent pathways under flow.

PA 4.20-3
Angiogenesis and permissiveness to invasion in the
human endometrium: role of anticoagulant heparan
sulfate distribution during the cycle and in
tumorigenesis
De Agostini AI1, Bouchet N2, Filipe A2 and Tille J-C1

1Geneva University Hospital; 2Geneva University, Geneva,

Switzerland

Background: Anticoagulant heparan sulfate (aHS) is present in blood

vessel walls where its anti-protease activity is thought to limit tissue

remodeling and confer stability to the vessels. Preliminary evidence in

rodent ovary suggests that aHS are downregulated during angiogene-

sis. In human uterus, the endometrium undergoes constant remodeling

under hormonal control during the estrous cycle, with elongation of

blood vessels. Angiogenic factors, like VEGF induce vascular perme-

ability and fibrin deposition in vessel walls serving as provisional pro-

angiogenic matrix. Downregulation of endothelial aHS could facilitate

fibrin formation. Endometrial carcinoma is a frequent cancer with var-

iable clinical outcome for which currently available markers have lim-

ited predictive value of tumor aggressivity. aHS could serve as marker

of tissue stability and the abundant aHS present in follicular fluid

could modulate tissue invasion in the endometrium.

Aim: Study aHS distribution in normal endometrium and in endome-

trio€ıd cancer to reveal if modulations of aHS expression occur during

the cycle and in cancer.

Methods: We study normal human endometrium during the estrous

cycle and endometrio€ıd carcinoma grade G1, with approval of the

local ethics committee.

Endometrium sections are stained with Alexa488-coupled probes, Anti-

thrombin for detection of aHS and endothelial markers CD-31 and

D2-40 for blood and lymphatic vessels.

Results: During the menstrual cycle, aHS is present in blood and lym-

phatic vessels and in basement membranes of surface and glandular

epithelium. Vascular aHS is present and does not vary during the cycle

and the vessel numbers remain stable in the endometrium. In contrast,

epithelial aHS is downregulated in superficial layers of the endome-

trium during the secretory phase.

In endometrio€ıd carcinoma, aHS is suppressed to undetectable levels,

in the endometrial epithelium but also in the vasculature, as well as in

tumoral tissue.

Conclusion: During endometrial regeneration in the proliferative

phase, angiogenesis occurs by elongation of existing vessels involving

minimal changes in the vessel walls and no alteration of aHS. In the

secretory phase, aHS disappearance from the endometrial epithelium

corresponds to the implantation window, during which the embryo

invades the maternal endometrium. In endometrio€ıd cancer, the com-

plete absence of aHS indicates active tissue plasticity. These data sup-

port our hypothesis that aHS is expressed in stable vascular and

epithelial walls and is downregulated during tissue remodelling, angio-

genesis and tumor invasion. Further experiments are underways to

correlate the mechanisms of implantation and cancer invasion with the

disappearance of aHS.
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PA 4.20-4
Deep vein thrombus formation induced by flow
reduction in mice is determined by venous side
branches
Brandt M1, Sch€onfelder T1, Schwenk M2, Becker C2, J€ackel S1,

Walter U1, Massberg S3, M€unzel T4, Von Br€uhl M-L5

and Wenzel P1

1Center for Thrombosis and Hemostasis, University Medical

Center Mainz; 2Department of Dermatology, CTH, University

Medical Center Mainz, Mainz; 3German Heart Center, Munich;
42. Medical Clinic, University Medical Center Mainz, Mainz;
5German Heart Center and Medical Clinic, Technical University

Munich, Munich, Germany

Background: Interaction between vascular wall abnormalities, inflam-

matory leukocytes, platelets, coagulation factors and hemorheology in

the pathogenesis of deep vein thrombosis (DVT) is incompletely

understood, pointing to the need to develop well defined animal mod-

els of human disease.

Methods and Results: We subjected male C57BL/6 mice to ligation of

the inferior vena cava (IVC) as a flow reduction model to induce DVT.

Thrombus size and weight were analyzed macroscopically and sono-

graphically by B-mode, pulse wave (pw) Doppler and power Doppler

imaging (PDI) using high frequency ultrasound (HFUS). Thrombus

size varied substantially between individual procedures and mice, irre-

spective of the flow reduction achieved by the ligature. Interestingly,

PDI accurately predicted thrombus size in a very robust fashion

(r2 = 0.9734, P < 0.0001). Distance of the insertion of side branches

from the ligation suture significantly determines thrombus weight

(r2 = 0.5597, P < 0.0001) and length (r2 = 0.5441, P < 0.0001) in the

IVC with distances < 1.5 mm drastically impairing thrombus forma-

tion, regardless of the flow measured by pw-Doppler. Occlusion of side

branches prior to ligation of IVC did not increase thrombus size, prob-

ably due to patent side branches inaccessible to surgery.

Conclusion: Venous side branches influence thrombus size in experi-

mental DVT and might therefore prevent thrombus formation. This

renders vessel anatomy and hemorheology important determinants in

mouse models of DVT, which should be controlled for.

PA 4.20-5
Human platelet activation/secretion and a membrane-
associated urokinase-like activity induce the activation
of the latent form of platelet transforming growth
factor-b1 (TGF-b1)
Panes O, Gutierrez J, Iruretagoyena M, Brandan E and Mezzano D

Pontificia Universidad Catolica de Chile, Santiago, Chile

Background: TGF-b1, a multifunctional cytokine, plays key roles in

many physiological and pathological processes, i.e, cell proliferation

and differentiation, immune response and tissue matrix deposition.

Platelets store and transport most of the TGF-b1 in the circulation,

released it when activated by various agonists. Nearly all platelet

TGF-b1 is in its latent, inactive form and requires to be activated for

biologic effect. Shear force in the circulation activates platelet TGF-

b1; in tissues, proteolytic cleavage appears as a prominent activation

mechanism. Plasmin, derived from urokinase activation of plasmino-

gen, is the best known protease with TGF-b1-activating capacity.

Aims: To test if shear-independent platelet activation results in expres-

sion of active TGF-b1 and to explore possible mechanisms involved in

this process.

Methods and Results: Human, leukocyte-free platelets express TGF-b1
mRNA (RT-PCR) and synthesize the protein (metabolic radiolabel-

ing). A 12 kDa protein, presumably active form, was revealed in plate-

let membrane fractions of non-stimulated, TRAP and VWF/

Ristocetin-stimulated platelets, but not in platelet releasates (Western

blotting). Barely visible bands of the 12 kDA protein were observed in

cytosolic fractions obtained after centrifuging the membranes. Acti-

vated platelets co-incubated (30 min) with human or mice fibroblast

cell lines revealed rapid translocations of Smad-2 into fibroblast nuclei

(IF of pSmad-2). After 2 h incubation fibroblast CTGF mRNA

expression, a pro-fibrotic molecule downstream of TGF-b1, was

observed in TRAP > VWF-Ristocetin > Non-activated platelets. Rel-

ative CTGF-mRNA expression in VWF-Ristocetin stimulated plate-

lets was equivalent to that of fibroblasts stimulated with 5 ng/mL

TGF-b1 and 3-fold higher in TRAP stimulated platelets. This TGF-b1
mediated effect required fibroblast-platelet contact, and was not

observed when fibroblasts were cultured only with platelet releasates

or in the presence of SB 525324 (specific inhibitor of TGF-b1 receptor

kinase activity). Aspirin abolished the effect of TRAP, but not that of

VWF-Ristocetin. Induction of CTGF-mRNA expression, independent

of the agonist used, was abolished by pre-incubation of platelets with

amiloride (urokinase inhibitor), though not by aprotinin (plasmin

inhibitor). Synthesis of type I collagen and fibronectin observed in co-

cultures (48 h) of human platelets with human or mice fibroblast cell

lines was inhibited by SB 525324.

Conclusions: (i) Human platelets activate fibroblast signaling mediated

by TGF-b1 present in platelet membrane requiring platelet-fibroblast

contact. This activity increases substantially after PAR-1 (TRAP) or

GPIba (VWF-Ristocetin) platelet activation. (ii) Inhibition of platelet

thromboxane A2 synthesis abolishes the potentiating effect of TRAP.

(iii) Fibroblast activation can be triggered by a short time (30 min or

less) contact with platelets. (iv) An inhibitor of urokinase abolishes the

TGF-b1 activity of platelets, suggesting a role for urokinase or plas-

min on TGF-b1 activation. However, plasmin inhibition by aprotinin

has no effect on TGF-b1 activity. This contrasts with the known acti-

vating effect of plasmin on TGF-b1 and needs further elucidation. (v)

Our observations support the notion that platelet adhesion and activa-

tion by subendothelium components rapidly trigger the cascade of

events ending in wound healing. So, platelets would fastly deposit their

cargo at the correct site and at the right time.

Fondecyt No. 11100013, 1110404, 1130853.

PA 4.20-6
Plasma levels of intercellular cell adhesion molecule-1
(sicam-1) in elderly with and without Alzheimer
disease
Faria MC, Gonc�alves GS, Silveira JN and Carvalho MG

Federal University of Minas Gerais, Belo Horizonte, Brazil

Introduction: Alzheimer’s disease (AD) is a multifactorial disease and

the diagnosis is purely clinical. Discovery of a specific, sensitive and

reliable biomarker may be crucial for early diagnosis. Microvascular

alterations in the brain have been associated with AD and may precede

neurodegeneration. In particular, plasma levels of biomarkers of

microvascular lesions such as vascular cell adhesion molecule-1

(sVCAM-1) and intercellular adhesion molecule-1 (sICAM-1) are

reported to be increased in AD (Breteler, 2000; Ewers et al. 2009).

Purpose: To evaluate plasma levels of intercellular adhesion molecule-

1 (ICAM-1) in elderly patients with Mild Cognitive Impairment

(MCI) or with AD, and in elderly individuals without cognitive

impairment (controls).

Methods: Participants were selected from University Hospital at the

Federal University of Minas Gerais, Brazil, after informed consent by

themselves or relatives. Blood samples from a total of 159 individuals,

including those with AD (n = 48), MCI (n = 53) and aged individuals

without cognitive impairment (n = 58) and then plasma levels of sI-

CAM-1 were measured using an enzyme-linked immunosorbent assay

(ELISA – R & D Systems, Minneapolis, MN, USA). The results are

shown as medians and interquartile intervals (II = Q3–Q1) and groups

were compared using ANOVA and Kruskal Wallis test.

Results: The median value of sICAM-1 found in the control group was

272.95 (II = 102.69) ng/mL; for patients with MCI was 303.24
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(II = 146.49) ng/mL and for patients with AD was 356.8

(II = 174.23 ng/mL. Patients in the AD group had values above those

ones considered normal for healthy adult individuals (115–306 ng/

mL). In the current study, plasma levels of sICAM-1 was shown to

gradually increase in the three groups as follows: control, MCI and

DA groups (P < 0.0001; DA 9 Control).

Conclusion: The comparison among the three groups showed that the

elevated plasma levels of sICAM-1 in DA patients, a biomarker of

microvascular injury, seem to be associated with the development of

AD, which reinforces the idea that microvascular injury may precede

neurodegeneration.

Supported by CNPq, CAPES, FAPEMIG – Brazil.

PB1.21 – Antiplatelet Agents: ADP
Receptors – II

PB 1.21-1
Evolving pattern of platelet P2Y12 inhibition during
maintenance therapy in acute coronary syndrome
patients
Joshi R, Hossain R, Morton AC, Ecob R, Judge H, Wales C,

Karunakaran A and Storey RF

University of Sheffield, Sheffield, UK

Background: Dual antiplatelet therapy with aspirin and clopidogrel

has previously been the standard of care for patients with acute coro-

nary syndromes (ACS) but international guidelines have been evolving

over the last 5 years with the introduction of prasugrel and ticagrelor.

Prasugrel was approved in October 2009 by NICE in the UK for use

in patients with ST-elevation myocardial infarction (STEMI) undergo-

ing primary PCI, diabetics with non-ST-elevation (NSTE) ACS under-

going PCI and patients with stent thrombosis and other ACS patients

were to continue receiving clopidogrel. Ticagrelor was approved in

October 2011 by NICE for use in patients with moderate-to-high risk

NSTE ACS or STEMI undergoing primary PCI and was recom-

mended in preference to clopidogrel in ESC guidelines. These recom-

mendations were adopted in our region, constituting a population of

1.8 million, following each NICE approval.

Aims: To study the effect of changing patterns of P2Y12 inhibitor

usage on levels of platelet inhibition during maintenance therapy.

Methods: Patients admitted to Northern General Hospital, Sheffield,

with NSTE ACS or STEMI managed with primary PCI were enrolled

in this study over two periods of time: May 2010–November 2011

(T1); and October 2012–January 2013 (T2). Venous blood samples

were obtained at 1 month after the onset of ACS when patients were

established on maintenance dual-antiplatelet therapy. Platelet-rich

plasma derived from citrate-anticoagulated blood was used for light

transmittance aggregometry (LTA) with ADP 20 mM as the agonist

and final aggregation response was determined. VASP phosphoryla-

tion assay, Multiplate ADP test and VerifyNow P2Y12 assay were also

performed. Results were determined as mean � SD and compared by

unpaired t test.

Results: One hundred and sixteen patients were enrolled in T1 of

whom 82 were receiving clopidogrel and 34 were receiving prasugrel.

Twenty patients were enrolled in T2, all of whom were receiving ticagr-

elor. All except one patient in the clopidogrel group was receiving low-

dose aspirin. Demographic characteristics of the ticagrelor and clopi-

dogrel patients were similar whereas the prasugrel-treated patients had

a lower mean age, more often were smokers at ACS presentation and

had a greater proportion of STEMI reflecting the recommendations

for prasugrel. Mean LTA results according to treatment with clopido-

grel, prasugrel and ticagrelor were 50 � 24%, 37 � 23%, and

10 � 8%, respectively. Prasugrel was associated with significantly

lower platelet aggregation responses than clopidogrel (P = 0.006) and

ticagrelor was associated with significantly lower platelet aggregation

responses than both prasugrel and clopidogrel (both P < 0.001). The

results of the other assays showed consistent patterns of P2Y12 inhibi-

tion.

Conclusions: International guidelines and NICE approval have led to

increasing levels of P2Y12 inhibition in ACS patients in this UK centre

between May 2010 and January 2013. Ticagrelor was associated with

significantly greater P2Y12 inhibition than both clopidogrel and prasu-

grel during maintenance therapy.

PB 1.21-2
Comparison of two platelet function analysers in
patients having taken clopidogrel and awaiting cardiac
surgery: single centre experience in 50 unselected
patients
Davidson SJ

Royal Brompton Hospital, London, UK

Background: There is increased bleeding risk associated with continued

clopidgrel treatment up to the point of cardiac surgery. Guidelines

suggest patients who have been taking clopidogrel should stop for 5–
7 days before cardiac surgery to limit the risk of bleeding complica-

tions. Approximately 30% of patients do not respond to clopidogrel

treatment it is therefore reasonable to assume that these patients

would benefit from earlier surgical intervention. There has been a ris-

ing demand for platelet function testing of patients that have taken

clopidogrel to identify those patients at risk of perioperative bleeding

and subsequent reoperation. There continues to be much debate

regarding the use of platelet function analysis in patients on antiplat-

elet therapy and which assays are most appropriate.

Aims:We compared two platelet analysers Multiplate and VerifyNow

that have been used in this field to determine results and respective

cut-offs for patients going for cardiac surgery with an attempt to

identify those with a minimal risk of bleeding due to their antiplat-

elet therapy and if the results between the two analysers were

interchangeable.

Methods: The VerifyNow P2Y12 cartridge (ADP 20 lM) was used for

clopidogrel analysis using a single Greiner citrate sample (0.109 M). A

single Hirudin sample was taken for Mulitplate analysis using ADP

reagent (6.4 lM). Cut-off values for surgery were defined as < 20%

inhibition with the P2Y12 VerifyNow assay (therapeutic range > 40%)

and values > 45AUC (therapeutic range 0–45AUC) for the Multiplate.

Fifty patients awaiting surgery were tested. Our current practice is to

use the VerifyNow in this setting. As no extra blood samples were

required than would be normally taken this was seen as a service eval-

uation of best clinical practice requiring no ethical approval. We used

Spearman rank correlation to compare the two tests.

Results: The 50 patient samples tested only 47 were suitable for com-

parative analysis due to errors in three samples on the VerifyNow ana-

lyser resulting in no results. Of the 47 patients tested Multiplate results

were median 35.5AUC range 2–90AUC, VerifyNow median 23.5%

range 0–93%. Of those patients tested with the Multiplate analyser 12

patients would be classed as fit for surgery and using the VerifyNow

device 23 patients would be accepted for surgery. There was agreement

between the analysers in 22 patients and discordant results in 25

patients. Using the VerifyNow device we would have classified 25.5%

of the patients as clopidogrel non-responders and 19% with the Multi-

plate. Spearman correlation �0.4714 (P = 0.001).

Conclusions: There was some disparity of results between the two anal-

ysers. Some of this discrepancy is likely due to differences in ADP con-

centrations used in the tests with 39 greater ADP concentration in the

VerifyNow. This may explain why the VerifyNow device appeared to

classify more quickly those patients stopping clopidogrel at 3–4 days

as having platelet function acceptable for surgery than the Multiplate.

This raises the question of which test is suitable in this scenario. This

small patient sample highlights the need for further work to be con-

ducted on the appropriate assays used when measuring the effect of

antiplatelet drugs.
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PB 1.21-3
Clopidogrel therapy has additional inhibitory actions
on cyclo-oxygenase and thrombin receptor-mediated
pathways in platelets
Ford I1, Scott N1, Herd V1, Mitchell L1, Williams D2

and Brittenden J1

1University of Aberdeen, Aberdeen, UK; 2Royal College of

Surgeons in Ireland, Dublin, Ireland

Background: Clopidogrel in combination with low-dose aspirin is an

effective therapy after acute coronary syndromes. The principal mode

of action is by irreversible inhibition of the platelet P2Y12 receptor,

thereby preventing platelet activation and aggregation by adenosine

diphosphate (ADP). Previously published work has suggested that thi-

enopyridines also affect other platelet pathways when tested in vitro or

at higher than recommended doses.

Aims: To investigate the effects of clopidogrel on other platelet path-

ways including cyclo-oxygenase and thrombin receptor-mediated

pathways during therapy with the recommended therapeutic dose.

Methods:We studied 159 patients with stable coronary artery or periph-

eral artery disease who were taking part in a randomised controlled trial

to investigate clopidogrel rebound. Patients taking 75 mg daily aspirin

and statin, were randomised to 75 mg clopidogrel or placebo for

28 days. After informed consent, blood samples were taken for aggre-

gometry with arachidonic acid (AA) andADP; Fibrinogen binding with

ADP or Thrombin receptor activating peptide (TRAP); P-selectin

expression with ADP; Verify Now Aspirin; Verify Now P2Y12; and

VASP-P, at baseline (aspirin alone), after 28 days on treatment, and at

7, 14 and 28 days after stopping the studymedication.

Results: In patients taking clopidogrel plus aspirin there were, predict-

ably, statistically significant decreases on-treatment compared with

baseline (aspirin alone), in ADP-induced aggregation, ADP-induced

P-selectin, ADP-induced fibrinogen binding, Verify Now P2Y12, and

VASP-P (all P < 0.01, paired t-test). There were no statistically signifi-

cant changes in unstimulated platelet P-selectin, fibrinogen binding, or

AA-induced aggregation. However, there were statistically significant

decreases in Verify Now Aspirin [baseline 436 (407–477) ARU; on-

treatment 396 (385–430); median(iqr)] and TRAP-induced fibrinogen

binding [baseline 41.8 (38.8–62.1)%; on-treatment 10.6 (4.64–23.4)%].

No significant changes were found in the placebo plus aspirin group.

At 7 days after stopping clopidogrel, all parameters had returned to

baseline levels [Verify Now Aspirin 7d post 422 (408–467) ARU;

TRAP-fibrinogen 7d post 37.4 (25.2–54.8)%]. Values for Verify Now

Aspirin and AA-aggregation were consistent with adequate aspirin

inhibition in all but two subjects, both of whom were in the placebo

plus aspirin group.

Summary/Conclusions: This study shows additional inhibitory effects of

clopidogrel therapy on the cyclo-oxygenase and thrombin receptor path-

ways which could contribute to the drug’s antithrombotic actions or

towards increased bleeding. Further investigation is required to deter-

mine if there is direct antagonism, or whether the observed effects are

due to prevention of amplification of aggregation by endogenous ADP.

The study was funded by Heart Research UK, and Ethics approval

obtained (NOSRES 08/S0801/087).

PB 1.21-4
The effect of CYP4F2 G1347A polymorphism and of
clinical factors on platelet reactivity in patients, treated
with dual antiplatelet therapy
Tatarunas V, Kupstyte N, Jankauskiene L, Skipskis V, Kozlovaite V

and Lesauskaite V

Institute of Cardiology of Lithuanian University of Health

Sciences, Kaunas, Lithuania

Background:Dual antiplatelet therapy by aspirin and clopidogrel is used

to prevent recurrent ischaemic heart events after stent implantation,

myocardial infarction or in patients with unstable heart disease.

Indeed, some patients are ‘resistant’ to antiplatelet therapy. It has been

proved that platelet hyperreactivity is associated with stimulation of

platelet surface membrane receptors by epinephrine. Through activa-

tion of these (a2 adreno-) receptors, the dense granule secretion is

higher and the aggregatory effect of other agonists (such as ADP, col-

lagen, thrombin) can be amplified. There is also a synergistic effect

between epinephrine and thromboxane A2, as with the downregula-

tion of autocrine agents (thromboxane A2) the potentiating effect of

catecholamines is inhibited. The binding of thromboxane A2 to its tar-

get-thromboxane/prostaglandin H2 (PGH2) receptor leads to platelet

activation, otherwise, this receptor is inhibited by binding of 20-hy-

droxyeicosatetraenoic acid, which is produced from arachidonic acid

by a member of hepatic P450 enzymes – CYP4F2 monooxygenase.

Aims: The aim of the study was to reveal whether clinical factors and

CYP4F2 G1347A (rs2108622) polymorphism had a significant effect

on platelet reactivity in patients, treated with aspirin and clopidogrel

due to acute coronary syndromes.

Methods: Totally 89 patients, who had been hospitalized due to acute

coronary syndromes at the Department of Cardiology, of 2nd Hospi-

tal in Kaunas, Lithuania, from September of 2009 to January of 2010

and who continued clopidogrel and aspirin therapy for at least of

14 days, were included into the further study. A standard 75 mg/day

clopidogrel and 100 mg/day aspirin doses were prescribed to all of the

represented patients. Blood was taken for genetic test and for platelet

aggregation. Tests for platelet aggregation and for genotyping were

performed in the laboratory of Molecular Cardiology of the Institute

of Cardiology of Lithuanian University of Health Sciences. The poly-

morphism CYP4F2 G1347A (rs2108622) was assessed by using com-

mercial Taqman probes (Applied Biosystems, UK) on ABI 7900HT

Fast Real-Time PCR Thermocycler (USA).

This study was done according to the Declaration of Helsinki. Written

informed consent was obtained from all patients included in the study.

Permission for this study was obtained from Regional bioethics com-

mittee of Kaunas (Lithuania) in 2008.11.05. The permission number is

BE-2-51.

Results: Platelet aggregation with epinephrine was higher in CYP4F2

GA genotype carriers (56.65 � 24.46) as compared to GG

(46.26 � 21.53) (P = 0.04) or AA (34.42 � 18.15) (P = 0.01) carriers.

The frequency of GA, GG, and AA genotype carriers in studied popu-

lation was 45.5%, 46.6% and 7.9%, respectively. The patients, who

used angiotensin-converting enzyme inhibitors (n = 5), had lower

platelet aggregation induced by epinephrine vs. non-users

(28.80 � 13.25 and 51.15 � 23.50, P < 0.03, respectively).

Summary/Conclusions: CYP4F2 G1347A genotype has an impact on

the hyperreactivity and ‘resistance’ to antiplatelet treatment. The anti-

platelet effect of both clopidogrel and aspirin is augmented by con-

comitant use of angiotensin-converting enzyme inhibitors.

PB 1.21-6
Antiplatelet activity, P2Y1 and P2Y12 inhibition, and
metabolism in plasma of diastereomers of the Ap4A
analog diadenosine-5′,5‴-P1,P4-dithio-P2,P3-
chloromethylenetetraphosphate
Frelinger AL III1, Chang H2, Dix EJ3, Yanachkova M3, Li Y4,

Barnard R1, Wright E3, Michelson AD1 and Yanachkov IB3

1Boston Children’s Hospital, Dana-Farber Cancer Institute,

Harvard Medical School, Boston, MA, USA; 2Chang Gung

Memorial Hospital, Chang Gung University, Taipei, Taiwan;
3GLSynthesis Inc.; 4University of Massachusetts Medical School,

Worcester, MA, USA

Background: Diadenosine 5′,5‴-P1,P4-dithio-P2,P3- chloromethylene-

tetraphosphate (Ap(S)pCHClpp(S)A), compound 5, an analog of the

naturally occurring platelet dense granule constituent diadenosine
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5′,5‴-P1,P4- tetraphosphate (Ap4A), inhibits adenosine diphosphate

(ADP)-induced platelet aggregation by inhibiting both platelet ADP

receptors, P2Y1 and P2Y12. The modifications to Ap4A in compound

five result in chiral centers, giving rise to multiple diastereomers.

Aim: To determine whether the diastereomers of compound five differ

in their inhibition of platelet aggregation, P2Y1 and P2Y12 function,

and stability in plasma.

Methods: Four diastereomers of compound 5 (5.1, SpSp; 5.2,

SpSRp ≡ RpSSp or SpRRp ≡ RpRSp; 5.3, SpRRp ≡ RpRSp or

SpSRp ≡ RpSSp; 5.4, RpRp.) were separated by preparative RP-HPLC

in a pH 7, 20 mM potassium phosphate/methanol buffer system. ADP

3 lM-induced platelet aggregation was evaluated by light transmission

aggregation (LTA), P2Y12 inhibition by the vasodilator-stimulated

phosphoprotein (VASP) phosphorylation assay, and P2Y1 inhibition

by changes in cytosolic Ca2+ in FLUO-4 loaded platelets. Recovery of

the diastereoisomers following 37 °C incubation in plasma was used to

determine stability.

Results: The ability of the diastereomers to inhibit LTA and the plate-

let P2Y12 receptor, and their stability in plasma strongly depended on

the stereo configuration of the chiral P1- and P4-phosphorothioates,

the SpSp diastereomer (5.1) being the most potent inhibitor and com-

pletely resistant to degradation in plasma, and the RpRp diastereomer

(5.4) being least potent inhibitor and with lowest plasma stability. The

inhibitory activity of SPRP diastereomers depended on the configura-

tion of the chiral P2,P3- chloromethylene group, one of them being sig-

nificantly more active than the other. Their plasma stability did not

differ significantly, being intermediate to that of the 5.1 and the 5.4

diastereomers. The differences between the diastereomers in their

inhibitory effect on platelet P2Y1 receptors were less remarkable.

Conclusion: The SpSp diastereomer of diadenosine 5′,5‴-P1,P4-dithio-

P2,P3- chloromethylenetetraphosphate (Ap(S)pCHClpp(S)A), com-

pound 5.1, showed greater stability in plasma and greater inhibition of

LTA and the platelet P2Y12 receptor than other diastereomers of com-

pound 5. These results will be useful for structural and mechanistic

studies, development of novel antiplatelet agents that inhibit both

P2Y1 and P2Y12 ADP receptors, and drugs for the therapeutically

important fields of purinergic receptors and ecto-nucleotide pyrophos-

phatase/phosphodiesterase enzymes.

PB1.22 – Standardizing Platelet
Function Tests

PB 1.22-1
A simplified approach to monitoring changes in VASP
phosphorylation in platelets and other blood cells
Glenn JR, White AE, Dovlatova N, Heptinstall S and Fox SC

University of Nottingham, Nottingham, UK

Background: Measurement of the degree of phosphorylation of vasodi-

lator-stimulated phosphoprotein (VASP) is used as a surrogate measure

for platelet cAMP. Recently we developed a cytometric bead assay for

the sensitive and reproducible measurement of VASP-phosphorylation

in platelets. This procedure has now been simplified by the development

of a one-step solution which lyses, captures and fluorescently labels

phosphorylated VASP (VASP-P) in platelets and other blood cells.

Aims: To validate the assay and demonstrate its use as a simple means

of detecting the effects of various Gs-coupled agonists on platelets in

platelet-rich plasma (PRP) or blood, and of assessing inhibition of the

platelet P2Y12 receptor.

Methods: Anticoagulated blood or PRP from healthy volunteers was

incubated with the appropriate agents (e.g. PGE1, iloprost, ADP) for

5 min at room temperature (final volume 125 lL). An aliquot (5 lL)
was removed and mixed with the one-step solution (25 lL). The sam-

ple was then incubated for 2 h in the dark at room temperature or fro-

zen and stored at �20 °C for subsequent analysis. Samples were then

analysed using a Becton Dickenson LSRII flow cytometer using

FACSDiva acquisition software. The results are expressed as median

fluorescence (mf).

Results: Values of VASP-P following platelet stimulation appeared to

be lower in blood than PRP possibly because of dilution with VASP

from other cells. Values were identical when expressed as percentage

of maximal VASP-P. A strong linear relationship was obtained

between the amount of VASP-P in the sample and the median fluores-

cence obtained (R2 = 0.99). Intra-assay variation ranged from 1% to

6%, with a mean of 3%. Inter-assay variation ranged from 2% to 9%,

with a mean of 6%. The flow cytometric analysis can be performed

shortly after venepuncture or the samples stored for analysis at a later

date. Once the one-step solution has been added to blood, samples

may be stored until it is convenient to analyse them on the flow cytom-

eter. Frozen samples remain stable for at least 2 months. Our

approach to determining the effectiveness of P2Y12 antagonists as

inhibitors of platelet function involves determining the increase in the

level of VASP-P in platelets in blood by adding an agent such as ilo-

prost and comparing this with the level attained with simultaneous

addition of ADP. Effective inhibition by a P2Y12 antagonist results in

persistence of VASP-P induced by iloprost even in the presence of

ADP. Results demonstrate clear effects of the potent P2Y12 antago-

nist prasugrel or cangrelor with varying effects with clopidogrel

depending on the donor used. The assay is not affected by aspirin.

Conclusions: A one-step method of measuring VASP-P in platelets has

been identified and validated as described above. This novel assay pro-

vides a simple, sensitive, reproducible and flexible method for determi-

nation of VASP phosphorylation in platelets.

PB 1.22-2
Simultaneously measuring adenosine triphosphate
(ATP) release and light transmission aggregation does
not potentiate platelet aggregation in participants with
clinically diagnosed bleeding disorders
Lordkipanidze M1, Lowe GC2 and Watson SP2

1University of Birmingham; 2Birmingham Platelet Group,

Birmingham, UK

Background: Current guidelines recommend the use of lumi-aggregom-

etry to simultaneously assess dense granule secretion with platelet

aggregation when investigating platelet disorders, as there is evidence

that dense granule secretion defects can be misdiagnosed if relying

solely on platelet aggregometry. However, a recent publication has

suggested that the addition of the commercial reagent Chronolume�

to measure ATP release potentiates platelet aggregation responses and

may mask a platelet defect in some patients, especially in response to

epinephrine (adrenaline) (Thromb Haemost 2012;107:726–34).
Aims: We sought to investigate whether potentiation of platelet

responses to epinephrine occurred in a cohort of patients with clini-

cally diagnosed bleeding disorders.

Methods: Participants with clinically diagnosed excessive bleeding and

healthy volunteers were recruited to the Genotyping and Phenotyping

of Platelets study (GAPP, ISRCTN 77951167) from April 2012 to Jan-

uary 2013 from UK Comprehensive Care Haemophilia Centres. The

study aimed to determine the prevalence of platelet function defects in

this patient group. Platelet function testing was carried out by light

transmission aggregometry alongside measurement of ATP secretion

using a dual-channel Chronolog lumi-aggregometer (Model 460 VS).

Platelet aggregation measurement with and without Chronolume� was

carried out simultaneously. This study was approved by the National

Research Ethics Service Committee and all participants gave written

informed consent.

Results: One hundred participants were included (n = 73 with sus-

pected platelet function defects and n = 27 healthy volunteers). A

platelet defect was found on platelet function testing in 40% of partici-

pants with bleeding symptoms (60% had no demonstrable platelet

defect, 18% had a Gi-type defect, 11% had a dense granule secretion

defect, 7% had a defect in the thromboxane pathway and 4% had a
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complex phenotype). Addition of Chronolume� did not result in a sig-

nificant increase in maximal platelet aggregation in response to epi-

nephrine 10 lM in healthy volunteers (D = 0.7, 95%CI �7.5 to 9.0,

P = 0.74), or in participants with bleeding symptoms (n = 57, 78%)

who had a sustained and biphasic response to epinephrine 10 lM
(D = �1.0, 95% CI �4.0 to 1.9, P = 0.48). In 16 (22%) participants

with bleeding symptoms, there was no secondary wave in response to

epinephrine 10 lM. Addition of Chronolume� in this group resulted

in a non-statistically significant increase in maximal platelet aggrega-

tion in response to epinephrine 10 lM (D = 10.6, 95%CI �1.8 to 23.1,

P = 0.09). In four out of 16 participants who had no secondary wave

in response to epinephrine, addition of Chronolume� induced a sec-

ondary wave of aggregation. However, out of 57 participants with

biphasic aggregation, addition of Chronolume� resulted in abrogation

of a secondary wave in three participants. Overall, the McNemar test

showed no impact of adding Chronolume� on induction of a second-

ary wave in response to epinephrine 10 lM (P = 1.0).

Summary/Conclusions: Our data support the use of Chronolume� to

simultaneously assess dense granule secretion with platelet aggregation

when investigating patients with excessive bleeding, and suggest that

this practice does not mask platelet defects including those that reduce

platelet aggregation response to epinephrine.

PB 1.22-3
Label-free detection of platelet adhesion to
collagenous substrates
Farndale RW1, Swieringa F2, Tsim M1, Howes JM1, Jung SM1,

Bihan D1 and Hamaia SW1

1University of Cambridge, Cambridge, UK; 2University of

Maastricht, Maastricht, The Netherlands

Background: Platelets use vessel wall collagens as both an anchorage

and a stimulus during thrombus deposition on the damaged vessel

wall. Discriminating the adhesive and activatory roles of collagens is

not simple, since the native collagens combine both functions. Both

collagens I and III are present in the vessel wall.

Aims: To develop a rapid, real-time means of identifying adhesive and

activatory collagen motifs using the collagen Toolkits in conjunction

with the Acea xCELLigence� impedance-based adhesion platform.

Toolkits are libraries of triple-helical peptides used to map the sites

where interacting proteins bind collagen, ideal for the homotrimeric

collagen III, but less than optimal for heterotrimeric collagen I.

Methods: Washed platelets were dispensed into ePlates, 96-well plates

containing micro-electrode arrays, onto which collagenous peptides

were coated, providing real-time readout (called Cell Index) of throm-

bus accretion on the base of the well. Cell adhesion occurs over 5–
60 min as platelets contact the surface, attach and spread. We opti-

mised platelet numbers for this study. Sites were mapped onto Toolkit

III, and compared with known sites for platelet receptor binding. We

used the homotrimeric Toolkit II as a surrogate for collagen I, since

the alpha1 chains are most highly conserved amongst the collagens.

Wells were coated using 10 lg/mL of each peptide.

Results: We identified peptides specific for GpVI and for integrin

a2b1, and could discriminate between activatory and adhesive peptides

by including antagonists of aIIbb3 in the suspending medium, which

abolished fibrinogen-mediated accumulation of platelets on the grow-

ing platelet mass. Key a2b1-specific peptides could be identified by in-

tegrin blockade, and since they contained GxOGER or related

recognition motifs. Sites for GpVI tended to be GPO-rich, as peptide

III-30, and were blocked using anti-GpVI antibodies.

Summary/Conclusion: New platelet-reactive collagen peptides were

identified rapidly and in real time. The method is suitable for multiwell

aggregometry, provided that adhesive substrates (relevant proteins

such as collagen, fibronectin or fibrinogen) are used. Data indicate a

much closer apposition (faster kinetics and higher Cell Index) medi-

ated by a2b1 than by GpVI.

References:

1. Raynal et al, J Biol Chem, 2006.

2. Jarvis et al, Blood, 2008.

3. Jung et al., J Biol Chem, 2012.

PB 1.22-4
Effect of platelet count on platelet aggregation
measured by impedance aggregometry (Multiplate –
analyzer) and by light transmission aggregometry
Scavone M1, Femia EA1, Lecchi A2 and Cattaneo M1

1Universit�a degli Studi di Milano; 2Fondazione IRCCS Ca’ Granda

–Ospedale Maggiore Policlinico, Milano, Italy

Background: The in vitro evaluation of platelet aggregation is useful to

characterize patients with defects of primary hemostasis. In some

laboratories, it is also used to monitor antiplatelet treatment. Tradi-

tionally, platelet aggregation is measured by light transmission aggre-

gometry (LTA), which measures the transmission of light through a

sample of platelet-rich plasma (PRP) or platelet suspensions in buffer,

which increases when platelets aggregate. Impedance aggregometry

(IA), which measures the increase in electrical resistance between two

electrodes brought about by platelet adhesion and aggregation, allows

to measure platelet aggregation also in whole blood. We previously

demonstrated that a platelet count within the range of 150–600 9 109/

L does not affect the results of platelet aggregation measured by LTA.

However, considering that the extent of platelet aggregation measured

by IA is a function of the volume of platelet mass accumulating on the

electrodes, it is likely that platelet count affects its results. As a matter

of fact, a positive correlation between platelet count and the extent of

platelet aggregation measured by IA (MultiplateTM analyzer) has been

found in a study of patients on treatment with aspirin. No studies have

so far measured the changes in the extent of platelet aggregation mea-

sured by IA under conditions in which platelet count is the only vari-

able.

Aim: This study was to evaluate the effects of varying the platelet

count in platelet suspensions on the extent of platelet aggregation,

measured by IA (both in the presence and absence of red blood cells

[RBC]).

Methods: Platelets from blood anticoagulated with acid-citrate-dex-

trose of 15 healthy subjects were washed and resuspended in Tyrode

buffer containing apyrase. The platelet count was adjusted to 75, 150,

250, 500 and 750 9 109/L with Tyrode buffer. Platelet aggregation

induced by collagen (3.2 lg/mL), thrombin receptor activating pep-

tide-6 (TRAP, 32 lM) or ADP (20 lM) was measured by Multi-

plateTM (in absence and presence of 40% washed autologous RBC)

and, for comparison, also by LTA.

Results: Platelet aggregation increased linearly as a function of the

platelet count, when measured by MultiplateTM both in presence and

absence of RBC. In the presence of RBC, the extent of platelet aggre-

gation ranged between 576 (75 9 109/L) and 1737 (750 9 109/L)

AU*min (TRAP), 359–1391 (collagen) and 119–434 (ADP). For every

50 9 109/L increase in platelet count, we observed an increase of

111.8 AU*min (TRAP), 80.1 (collagen), 27.3 (ADP). In contrast, col-

lagen- and TRAP-induced platelet aggregation measured by LTA was

similar at platelet counts ranging between 150 and 750 9 109/L, but

was significantly reduced at a platelet count of 75 9 109/L. ADP-

induced platelet aggregation measured by LTA was similar at platelet

counts ranging between 150 and 500 9 109/L, confirming previous

results, but was reduced at platelet counts of 75 and 750 9 109/L.

Conclusions: Slight variations in the platelet count within the normal

range cause remarkable variations in the results of platelet aggrega-

tion, as measured by IA (MultiplateTM). This effect should be taken in

due consideration when platelet function of patients with bleeding dis-

orders or on treatment with antiplatelet agents is measured by this

technique.
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PB 1.22-5
Thrombin generation and microparticalassociated
procoagulant activity as new assays to characterize the
hemostatic profile of platelet concentrates
Russo L1, Marchetti M1, Tartari CJ1, Vignoli A1, Diani E1,

Giaccherini C1, Verzeroli C1, Gargantini C1, Woodhams B2

and Falanga A1

1Hospital Papa Giovanni XXIII, Bergamo, Italy; 2HaemaCon Ltd,

Bromley, UK

Introduction: The hemostatic quality of platelet concentrates (PC) is

affected by preparation methods and storage conditions. Different in

vitro techniques can be used to analyze PC quality, including platelet

adhesion and aggregation assays. However, these tests are not able

to characterize the procoagulant capacity of platelets. Thrombin

generation (TG) and microparticle-associated procoagulant activity

(MP-PCA) are two emerging assays to characterize the hemostatic

profile of plasma samples.

Aims: In this study we evaluated the suitability of MP-PCA and TG

assays to assess the procoagulant properties of PC prepared for trans-

fusion use and the sensitivity of these assays to the different PC prepa-

ration methods.

Methods: Eighteen PC were obtained from pooled buffy coats of over-

night stored whole blood. Of them, 10 were prepared by separation

with the Fenwal System (FS) and eight by separation with the Terumo

TACSI System (TTS). PC were sampled the day of preparation (D0)

and after 3 days of storage (D3) at 22 °C. Supernatants of PC (S-PC),

obtained by centrifugation, were tested for TG potential (CAT assay;
Stago) and MP-PCA (PPPL kit, Stago).

Results: At D0, both TG and MP-PCA of S-PC displayed values simi-

lar to that measured in normal pool plasma (NPP). The analysis

according to the method of PC preparation, showed TG values signifi-

cantly (P < 0.05) higher in S-PC prepared by TTS compared to FS

(ETP: 1400 � 95 vs. 1134 � 65 nM*min), while no differences were

found in the MP-PCA levels. At D3, in S-PC prepared by TTS a statis-

tically significant reduction in TG (ETP: 900 � 180 vs.

1304 � 191 nM*min; P < 0.05) occurred in parallel to a significant

(P < 0.05) increase in MP-PCA. Differently, no significant modifica-

tions were detected in S-PC prepared by FS. Of interest, the lowest TG

and the highest MP-PCA values were found in S-PC from B blood

phenotype.

Summary/Conclusions: Our data support the validity of these assays in

the assessment of procoagulant activity of PC. The increased MP-PCA

observed in samples collected after 3 days of storage reveals the occur-

rence of platelet activation/apoptosis, particularly in S-PC prepared

by TTS. These results provide background for the utility of these

new tests to assess the quality of PC, in terms of capacity to contribute

to restore a normal hemostasis in patients with severe bleeding compli-

cations.

PB 1.22-6
Subdivision according to size is necessary for correct
interpretation of data regarding platelet expression of
active GPIIb/IIIa and phosphatidylserine
Sodergren AL, Ollinger K and Ramstrom S

Linkoping University, Linkoping, Sweden

Background: Platelets analyzed by flow cytometry are often identified

based on size and gated as a single population to investigate expression

of activation markers. Platelets may also be divided into platelets and

microparticles. In addition we have observed that activated platelets

may form a third population of intermediate size.

Aims: To investigate how platelet size is affected by activation and

how the expression patterns of active GPIIb/IIIa (a2bß3) and phos-

phatidylserine (PS) differ between different platelet subpopulations.

Methods: Platelets in heparinized whole blood were activated with

PAR1-activating peptide (AP), PAR4-AP or collagen-related peptide

(CRP) as single or combined agonists at high (30, 150 lM and

0.93 lg/mL) or low concentrations (2.5, 5 lM and 0.01 lg/mL). Flow

cytometry was performed to detect platelets (GPIIb-RPE positive

events) and their expression of the active conformation of GPIIb/IIIa

(binding PAC-1-FITC) and PS (binding annexin V-APC).

GPIIb-RPE positive events were divided into different populations/

gates based on size (forward scatter properties): ‘normal-sized plate-

lets’ ( approximately > 0.7 lm, lower limit excluding 1–2% of resting

platelets), ‘smaller platelets’ (0.5 < ~0.7 lm), and ‘platelet fragments’

(< 0.5 lm) and was compared to a gate including all platelets. Expres-

sion of active GPIIb/IIIa and PS was then compared between these

populations.

Results: Changes in platelet size depend both on the agonist used and

the level of activation. With low as well as high concentrations of

PAR1-AP together with PAR4-AP, approximately 90% of the plate-

lets were located in the ‘normal-sized platelets’ gate. In contrast, when

high concentrations of CRP in combination with PAR1-AP and/or

PAR4-AP were present, the fraction of platelets located in the ‘nor-

mal-sized platelets’ gate decreased to 40–60%.

As an example, upon activation with high concentrations of PAR1-

AP, PAR4-AP and CRP, 41.3 � 13.8% of the platelets were located

in the ‘normal-sized platelets’ gate, 37.3 � 10.4% in the ‘smaller plate-

lets’ gate and 13.4 � 4.8% in the ‘platelet fragments’ gate (n = 4).

With this stimulation the expression of active GPIIb/IIIa and PS in

the ‘all platelets’ gate (36.9 � 15.3% and 46.6 � 16.8%, respectively)

was distinctly different from that seen when the population was

divided into ‘normal-sized platelets’ (77.0 � 9.8% and 7.2 � 6.3%),

‘smaller platelets’ (2.9 � 1.7% and 77.1 � 10.8%) and ‘platelet frag-

ments’ (0.3 � 0.1% and 86.3 � 5.9%).

Summary/Conclusions: Upon activation with low concentrations of

agonists, the use of a single platelet gate including normal-sized plate-

lets or all platelets will give quite an accurate estimation of the

expression pattern of the entire population. However, upon activation

with high concentrations of CRP together with PAR1-AP and/or

PAR4-AP a large fraction of platelets will turn into smaller platelets

and platelet fragments. The different sized platelet populations show

distinctly different expression patterns regarding active GPIIb/IIIa

and PS, where normal-sized platelets primarily express an active

GPIIb/IIIa and smaller platelets and platelet fragments primarily

express PS.

Thus, the use of a single gate for all platelets will give an overall esti-

mation of the platelet population but will not detect the characteristic

expression patterns related to platelet size, which may make a correct

interpretation of data more difficult. We therefore recommend that

platelets are subdivided according to size before interpreting results

investigating down-regulation of active GPIIb/IIIa and expression

of PS.

PB1.23 – Platelet Integrins – I

PB 1.23-1
The role of the fibrinogen NGR motif in mediating
platelet adhesion and activation
Cox D, Moriarty R, Tilley T, Lambert M and Kerrigan S

Royal College of Surgeons in Ireland, Dublin, Ireland

Introduction: The integrin aIIbb3 on resting platelets can bind to immo-

bilized fibrinogen resulting in platelet spreading and activation but

requires activation to bind to soluble fibrinogen. aIIbb3 is known to

interact with the general integrin-recognition motif RGD (arginine-

glycine-aspartate) as well as the fibrinogen-specific c-chain dodecapep-

tide; however it is not known how fibrinogen binding triggers platelet

activation. The amino acid sequence NGR (asparagine-glycine-argi-

nine) has been identified as an integrin-recognition motif and is present

on both the b and c chains of fibrinogen.
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Aims: To determine if the NGR-sequence in fibrinogen can mediate an

interaction with aIIbb3.
Methods: Recombinant fibrinogens lacking either the b-chain (Fgb�)
or c-chain (Fgc�) NGR sequences were prepared by substitution with

AAA. Platelet adhesion to recombinant fibrinogens was quantified by

measuring acid phosphatase activity. Platelet spreading was character-

ized by confocal microscopy. Platelet adhesion was also quantified

after blood was sheared over immobilized recombinant fibrinogen in a

parallel plate flow chamber.

Results: Static, resting platelet adhesion to the mutant fibrinogens was

reduced compared to plasma fibrinogen (pFg) (Fgb�: 38.7 � 11.9%

P < 0.01, n = 14 and Fgc�: 44.3 � 16.4% P < 0.05, n = 14 reduction

compared to pFg) and the percentage of spread platelets was also

reduced (Fgb�: 16.1 � 7.4%, Fgc�: 27.6 � 11.4%,pFg: 55.1 � 9.5%

of total platelets spread, One way ANOVA, P = 0.005, n = 8) while

the time to spreading was increased for Fgb� (pFg 15.7 � 1.3 min,

Fgb�: 20 � 2.5 min, n = 3, P = 0.013). When platelets were pre-acti-

vated with TRAP there were no longer any differences in the adhesion

to recombinant fibrinogens and plasma fibrinogen. Under shear condi-

tions (200/s) platelet adhesion was abolished (P < 0.0001, n = 3).

Conclusions: The NGR motif in fibrinogen specifically binds to resting

aIIbb3 and is responsible for triggering platelet spreading. It also plays

a significant role in the adhesion of resting platelets to immobilized

fibrinogen under shear conditions.

PB 1.23-2
Regulation of platelets collagen receptor a2b1 integrin
and the possibility of intermediate affinity
Hamaia SW, Bihan DG and Farndale RW

University of Cambridge, Cambridge, UK

Background: Collagen-binding integrins (a1b1, a2b1, a10b1 and

a11b1) form a class of I domain-containing integrin. They differ struc-

turally from leucocyte integrins (aMb2, aLb2, aXb2, and aDb2) by the

presence of a small helix of about five amino acids named the c-helix.

Integrin a2b1 is a surface-expressed heterodimer, important in adhe-

sion of platelets to damaged blood vessel wall, in the normal function

of endothelium, and in the migration and development of vascular

smooth muscle cells. Much progress has been made in unraveling the

complexity of conformational states in integrins. At least three differ-

ent activation states, represented by different quaternary conforma-

tions have been described: (i) a closed conformation (resting state),

unable to bind its ligand; (ii) an extended conformation with closed

headpiece (low affinity state); and (iii) an extended conformation with

open head-piece (high affinity state). The two extended, active confor-

mations are favored by outside-in and inside-out signaling and can

bind their natural ligand. Molecular dynamic simulations showed that

both aL and aM I domains can adopt three conformations where the

b6-a7 loop moves successively between three ratchet positions, from

closed to intermediate, and then to open. The same study suggested

that collagen-binding integrins cannot adopt the intermediate confor-

mation due to F-to-E substitution of the second ratchet residue at the

top of helix 7. In a different study, two functional active conforma-

tions of a2b1 were identified on the platelet surface using a conforma-

tion-sensitive antibody.

Aim: To explore the collagen binding activity of the human and rat

collagen-binding integrins, to investigate possible intermediate affinity

states.

Methods: We designed a series of single and double amino acid substi-

tutions in helix 7 and the c-helix. Site-directed mutagenesis was carried

out in the I domain expressing vectors. Collagen II and III triple-heli-

cal Toolkit peptides of differing affinity for the integrins were used as

adhesive substrates in solid-phase binding assays. Conventional

ELISA-like methodology was used.

Results: The I domains display characteristic binding distribution

across the Toolkit peptides, patterns of binding that reflect the affinity

state of the I-domain

The data showed that a2 I domain is the only collagen binding I

domain that can adopt an intermediate affinity.

Conclusions: The structure of a mutant that adopts intermediate affin-

ity is equivalent to a closed conformation, as found in the crystal struc-

ture of the wild-type I domain, but with some differences around the

MIDAS that must be responsible for its enhanced binding activity.

References:

1. Raynal et al. J. Biol. Chem. 2006.

2. Xiong Jian-Ping et al. J. Biol. Chem. 2000.

PB 1.23-3
Mass spectrometry of platelet lipid raft fractions
reveals a substantial pool of active integrin aIIbb3
Jones CI, Tucker KL, Barrett EN, Wen Y, Leake DS and Gibbins JM

University of Reading, Reading, UK

Background: Platelet membranes are divided into micro-domains in

part by the formation of ‘rafts’ enriched with cholesterol and glyco-

lipid, which can be isolated as detergent resistant fractions (DRFs).

Most activatory signaling occurs in DRFs, yet integrin function is lar-

gely assumed to be outside the DRF, despite numerous reports that a

small proportion of integrin aIIbb3 can be detected in lipid rafts by

western blotting. This led us to explore the possibility that this

assumption is incorrect.

Aim: We hypothesised that integrin aIIbb3 could be an important but

overlooked component of DRFs.

Method: Resting or collagen receptor (GPVI) stimulated platelets from

three healthy subjects were lysed with equivalent volume of ice cold

0.05% Triton X-100 buffer containing protease inhibitors. DRFs were

isolated by mixing lysed samples with Optiprep (Sigma, UK) to a final

concentration of 25% w/v iodixanol on top of which was layered a

density gradient of 20%, 15% 10%, 5% w/v iodixanol, containing

0.025% Triton X-100, and centrifuged at 52,000 g for 90 min at 4 °C.
Sequential 1 mL samples were collected from the bottom of each tube

and DRFs were identified by the distribution of cholesterol, LAT and

PAG-1. DRFs were analysed by MS/MS performed using HCT ion-

trap (ESI) and peptides were analyzed by SwissProt_57.15.fasta.

Results: Using mass spectrometry to assess the relative abundance of

proteins within DRFs we identified 149 proteins, dominated by

GTPases, cytoskeletal and secretory proteins. In line with previous

reports using western blotting, only 10% of total platelet integrin b3
was found within the DRF, yet because of the abundance of inte-

grin aIIbb3 on the platelet surface this represents a large number of

molecules (approximately 8000 per cell). Using mass spectrometry to

simultaneously assess the relative abundance of proteins within

DRFs, we determined that contrary to the current dogma integrin

aIIbb3 was one of the major components in DRFs. Integrin aIIbb3
and associated proteins accounted for 21%, by exponentially modi-

fied protein abundance index (emPAI), of the proteins identified in

DRFs. Furthermore, b3 integrin within DRFs bound filamin in rest-

ing and stimulated platelets, and in resting platelets was bound to

talin, an association that was reduced upon stimulation. These

results suggest that integrin aIIbb3 is functionally active within the

DRF.

Summary/Conclusions: Knowledge of cellular location helps place pro-

teins in their functional context, allowing more appropriate interpreta-

tion of functional, biochemical and physiological studies. In light of

the data presented here the role of DRF resident integrin aIIbb3 in

controlling platelet response during haemostasis and its regulation

should be re-evaluated.
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PB 1.23-4
The fibronectin binding partner Msb2 of Candida
albicans impairs the platelet-mediated host attack
Stoldt VR, Scharf RE and Huynh KC

Department of Experimental and Clinical Hemostasis,

Hemotherapy, and Transfusion Medi, Dusseldorf, Germany

Background: Platelets can bridge innate and adaptive immunity. To

attack microorganisms, platelets store microbicidal and immune stim-

ulatory proteins in their a-granules. C. albicans can bind fibronectin

which has specific binding sites for platelet integrins (a5b1, avb3, and
aIIbb3). The ability of C. albicans to grow in hyphae is a relevant fac-

tor of virulence in vivo. The C. albicans surface integrity during fila-

mentation is sensed by Msb2, a transmembrane protein. Recently, it

has been shown that Msb2 can be shedded.

Aims: We examined whether or not shedded Msb2 binds to fibro-

nectin, providing a putative mechanism by which C. albicans can

escape from opsonisation by fibronectin and subsequent platelet

attack.

Material and Methods: To induce germination, C. albicans exponen-

tially growing in complete medium at 30 °C and starved for 1 h, was

diluted in PBS containing 10% FCS and incubated at 37 °C. Msb2

heme agglutinin-tagged purified by affinity chromatography was

kindly provided by J. Ernst (PLoS Patho. 2012;8:e1002501). Plates (24

wells) coated either with purified Msb2 (10 lg/mL) or unlabeled fibro-

nectin (10 lg/mL) were incubated with various concentrations fibro-

nectin-alexa fluor 488 for 60 or 120 min. This fluorescent fibronectin

was also used to study binding to C. albicans or platelets. The readout

was performed by flow cytometry, confocal laser scanning microscopy

(LSM, Zeiss) and fluorometry (Thermo Scientific) to quantify fluores-

cent fibronectin.

Results: Binding of 5, 10, 50, and 100 lg/mL fibronectin to 10 lg/mL

immobilized Msb2 revealed saturation at 10 lg/mL fibronectin.

Immobilized Msb2 bound 2.6-fold more fluorescent fibronectin than

BSA (P = 0.016). Immobilized fibronectin bound 30% more fluores-

cent fibronectin than Msb2 and significantly more than BSA

(P < 0.01). C. albicans germination over time at 30, 60, and 120 min

generated 5–10%, 40%, and 90% hyphae, as determined by micros-

copy and confirmed by flow cytometry. Induction of C. albicans

hyphae enhanced binding of fibronectin (40 lg/mL) from 1.7% posi-

tive yeast cells (baseline) to 6% at 30 min, 11.7% at 60 min, and

12.6% at 120 min (P < 0.05). As shown by LSM, C. albicans germ

tubes were a target for fluorescent fibronectin. Germination of C. albi-

cans yeast increased binding of platelets up to 5-fold after 30 min and

20-fold after 60 min (P < 0.05). Moreover, pretreatment of C. albicans

hyphae with fibronectin (40 lg/mL) enhanced binding of platelets

mediated by interaction of aIIbb3 with fibronectin. Abciximab (2 lg/
mL), a specific aIIbb3 antagonist, blocked binding of platelets to

C. albicans opsonized by fibronectin. Binding of fluorescent fibronec-

tin was not homogeneously distributed on the cell surface of C. albi-

cans. Upon addition of soluble Msb2, binding of fluorescent

fibronectin decreased.

Conclusion: C. albicans hyphae, a relevant virulence factor, are

attacked by platelets. Fibronectin, a ligand of the platelet integrins,

opsonizes the hyphae of C. albicans and enhances platelet binding to

C. albicans. Hence, platelets and fibronectin, with its intrinsic binding

sites to integrins (a5b1, aIIbb3, avb3) can support the platelet-medi-

ated host defense against C. albicans. Msb2 is a novel fibronectin bind-

ing protein. Binding of fibronectin to C. albicans is impaired in the

presence of soluble Msb2. Hence, shedding of Msb2 in vivo can protect

C. albicans against the platelet-mediated host attack.

PB 1.23-5
Involvement of protein disulfide isomerase (PDI) in
beta3 integrin-mediated adhesion of nucleated cells to
immobilized fibrinogen
Rosenberg N1, Sheptovitsky V2, Romanenco O1 and Lahav J2

1Sheba Medical Center, Ramat Gan; 2Rabin Medical Center,

Beilinson Hospital, Petah Tiqva, Israel

Background: Extracellular protein disulfide isomerase (PDI) was previ-

ously shown to play a role in integrin-dependent platelet adhesion,

aggregation and thrombus formation. PDI is secreted from platelets

and endothelial cells, and its accumulation at the vascular injury site

depends on the presence of b3 integrins. In addition to thiol isomerase

and reductase activity, PDI has chaperone-like effect on tissue factor-

dependent coagulation.

Aims: In this study we investigated the role of disulfide exchange-activ-

ity of PDI in b3 integrins-mediated adhesion of nucleated cells to

immobilized fibrinogen.

Methods: We co-expressed in baby hamster kidney (BHK) cells aIIbb3
and/or avb3 integrins together with WT-PDI or the inactive mutant in

which the active-sites cysteines were replaced by alanine and serine

respectively (ASAS-PDI) and tested the adhesion of these cells to

immobilized fibrinogen. In addition, we examined the effect of exoge-

nous PDI and of bacitracin, a membrane impermeable PDI inhibitor,

on the adhesion.

Results: The presence of b3 integrins was necessary for BHK cell adhe-

sion to fibrinogen, threefold increase was found in cells expressing inte-

grin aIIbb3 compare to avb3 alone. Bacitracin decreased the adhesion

to 33% and to 54%, respectively. Over expression of WT-PDI

enhanced the adhesion of BHK cells expressing avb3 to 322% while

mutant ASAS-PDI enhanced the adhesion to 233%. In contrast, over

expression of mutant ASAS-PDI had no effect on adhesion to fibrino-

gen of BHK cells expressing aIIbb3and over expression of WT-PDI

increased the adhesion only to 120% which was not statistically signifi-

cant. Interestingly, simultaneously expressing of endogenous PDI and

integrin aIIbb3 resulted in 30%-50% decrease in integrin surface

expression, suggesting that cell adhesion dependent on amount of

both, PDI and integrin surface expressed. Bacitracin inhibited adhe-

sion to fibrinogen of BHK cells expressing either WT-PDI or mutant

ASAS-PDI together with both integrins avb3 and aIIbb3. In the pres-

ence of exogenously added PDI, both cell types showed enhanced

adhesion that was totally inhibited by bacitracin.

Conclusions: Adhesion of cells expressing integrin aIIbb3 and/or avb3
to fibrinogen depends on surface-expressed cellular PDI. Over-expres-

sion of WT-PDI or increased concentration of exogenous WT-PDI

increased adhesion, suggesting that surface-expressed PDI is a limiting

factor in integrin-mediated adhesion. ASAS-PDI mutant (lacking oxi-

doreductase activity but retaining its activity as a chaperone), also

increased adhesion mediated by avb3, suggesting that chaperone activ-
ity contributes to cell adhesion.

PB 1.23-6
Surface expressions of platelet glycoprotein Iba, GP?b/
?a, and P-selectin are elevated in lung cancer patients
Dai K, Zhang J, Zhao L and Huang J

Jiangsu Institute of Hematology, Suzhou, China

Background: Thromboembolic events are common symptoms in

patients with cancer, and the mechanisms are not totally understood.

The platelet adhesion moleculars play important roles in the process of

thrombus formation.

Aims: The aim of the current study is to investigate the surface expres-

sion of platelet glycoprotein (GP) Iba, GPIIb/IIIa, and P-selectin in

patients with lung cancer.

Method: Platelets were isolated from patients with lung cancer and

normal volunteers, and then the surface expressions of platelet GP
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Iba, GPIIb/IIIa, and P-selectin were measured by Flow cytometry.

The glycocalicin (GC) fragments in the peripheral blood of patients

with lung cancer were tested by Western blot. The surface expressionof

GP Iba on normal volunteers’ platelets incubated with the platelet-

poor plasma (PPP) of patients with lung cancer was measured by Flow

cytometry and Western blot.

Results: The surface expressions of platelet GP Iba, GPIIb/IIIa, and

P-selectin were obviously increased in patients with lung cancer com-

pared with that of normal volunteers, and the GC fragments in PPP

were also increased in patients with lung cancer. Incubation of control

platelets with the PPP from cancer patients resulted in the elevationof

the surface expression of GP Iba in control platelets. Furthermore, the

expressions of GP Iba, GPIIb/IIIa, and P-selectin on platelets from

patients with advanced stage of lung cancer (III–IV stage) were signifi-

cantly higher than those with early stage (I-II stage) (P < 0.05). How-

ever, there were not significantly difference in the surface expressions

of GP Iba, GPIIb/IIIa, and P-selectin among the pathological types of

lung cancer (squamous cellcarcinoma, adenocarcinoma, small cell lung

carcinoma, large cell lung carcinoma) (P > 0.05).

Conclusion: The surface expressions of platelet GP Iba, GPIIb/IIIa,

and P-selectin were obviously elevated in patients with lung cancer,

and the plasma from cancer patients is responsible for the elevations.

These findings provide a new view to understand the pathogenic mech-

anisms of thromboembolic events in the patients with lungcancer.

PB1.24 – Platelet Apoptosis

PB 1.24-1
Arsenic trioxide induces platelet apoptosis
Dai K1, Wu Y1, Dai J2, Zhang W1, Yan R1 and Ruan C1

1Jiangsu Institute of Hematology, Suzhou; 2Peking University,

Beijing, China

Background: Arsenic trioxide, a component of Traditional Chinese

Medicine, is known as an effective anticancer druge specially in the

treatment of acute promyelocytic leukaemia (APL). APL has

emerged as the most curable subtype of acute myeloid leukaemia

since the widely use of arsenic trioxide-based chemotherapy. How-

ever, recent researches show that thrombocytopenia occurred in

79% of the relapsed or refractory APL patients treated with arsenic

trioxide, and part of the APL patients had to be stopped treatment

because of catastrophic bleeding, such asintracranial and pulmonary

haemorrhage. Thrombocytopenia also occurred in 43% of the

myelodysplastic syndromepatients treated with arsenic trioxide.

Recently, arsenic trioxide has been proved to have a pro-apoptotic

effect on various kinds of nucleated tumour cells or non-tumour

cells. The effect of arsenic trioxide on enucleated platelet, however,

still remains unclear.

Aims: The aim of current study is to investigate whether arsenic triox-

ide induces platelet apoptosis.

Methods: Washed platelets (3 9 108/mL) were incubated with differ-

ent concentrations of arsenic trioxide or vehicleat 37 °C for 4 h. Then,

mitochondrial inner transmembrane potential (DΨm) and phosphati-

dylserine (PS) exposure were tested by flow cytometry. In the mean

time, the treated platelets were analyzed by western blot for the expres-

sion levels of pro-apoptotic protein (Bax), and anti-apoptotic proteins

(Bcl-2 and Bcl-XL). Activation of caspase-3 was also examined by

western blot using an anti-caspase-3 antibody.

Results: DΨ depolarization and PS exposure were dose-dependently

induced in platelets incubated with different concentrations (2, 4, 8,

16 µM) of arsenic trioxide as detected by flow cytometry, and the low-

est concentration of arsenic trioxide incurring DΨm depolarization

and PS exposure was 4 µM. Simultaneously, arsenic trioxide induced

up-regulation of Bax and down-regulation of Bcl-2 and Bcl-XL in a

dose-dependent manner. Furthermore, 17 kD cleaved caspase-3 frag-

ments were dose-dependently induced in platelets treated with differ-

ent concentrations of arsenic trioxide indicating that caspase-3 was

activated by arsenic trioxide.

Conclusions: Taken together, the data indicate that arsenic trioxide

induces platelet apoptosis in vitro, which might suggest a novel patho-

genic mechanism of thrombocytopenia in the patients who treated

with arsenic trioxide.

PB 1.24-2
Caspase-3 activation regulates platelet lifespan but it
is not involved in microparticle (MP) formation and
phosphatidylserine (PS) exposure
Kozuma Y1, Kojima H2, Tashiro Y1 and Ninomiya H1

1University of Tsukuba, Tsukuba; 2Ibaraki Prefectural Central

Hospital and Cancer Center, Kasama, Japan

Background: Previous reports have indicated the possibility that acti-

vation of a key effector molecule of cellular apoptosis, caspase-3

(Casp-3), is involved in MP formation and PS exposure of platelets

(Plts). Although this hypothesis is based on the morphological similar-

ity observed during cellular apoptosis and Plt activation, much is not

known whether Casp-3 activation is involved in MP formation and PS

exposure. 2.

Aims: In the present study, by using vav-bcl-2 transgenic (Tg) mice,

whose Casp-3 is hardly activated by apoptotic stimulation, we investi-

gated whether Casp-3 activation regulates Plt lifespan and is involved

in MP formation and PS exposure. 3.

Methods: After stimulation of washed Plts prepared from WT, vav-bcl-

2 Tg mice, and healthy volunteers, MP formation and PS exposure

were assayed by flow cytometry using annexin-conjugated FITC.

Casp-3 activation in Plts was analyzed by western blotting using an

anti-Casp-3 polyclonal antibody. Plt half-life was measured by tracing

biotin-labeled Plts using flow cytometry after intravenous injection of

sulfo-NHS-LC-Biotin into mice. 4.

Results: Pretreatment of healthy human Plts with a broad Casp inhibi-

tor, z-VAD-fmk, affected neither MP formation nor PS exposure

induced by A23187. Furthermore, there was no difference in MP for-

mation and PS exposure between WT and Tg Plts stimulated with var-

ious concentrations of A23187. Combined with the finding that

activation of Casp-3 was not detected in A23187-stimulated healthy

Plts by western blotting, we concluded that Casp-3 activation is not

involved in MP formation and PS exposure. In contrast, Plt half-life in

vav-bcl-2 Tg mice was significantly longer than that in WT mice (68

vs. 56 h). In accordance with that, Casp-3 activation was detected by

western blotting in healthy human platelets incubated at 37 °C for 1–
3 days, and this activation was inhibited by adding z-VAD-fmk. 5.

Summary/Conclusion: These data collectively suggest that Casp-3 acti-

vation regulates Plt lifespan but it is not involved in MP formation

and PS exposure.

PB 1.24-3
Inner mitochondrial membrane disruption is closely
associated with both Bax/Bak and cyclophilin D-
mediated platelet phosphatidylserine exposure
Choo H and Jobe S

Emory University and Children’s Healthcare of Atlanta, Atlanta,

GA, USA

Background: Two primary intracellular pathways regulate platelet

phosphatidylserine (PS) exposure. In response to strong agonists, a

sustained increase of cytoplasmic calcium levels initiates cyclophilin D

(CypD)-regulated mitochondrial permeability transition pore forma-

tion and subsequent PS exposure. Treatment of platelets with Bcl-xL

inhibitors initiates Bax/Bak dependent caspase activation and PS

exposure. The role of mitochondrial events in regulating these platelet
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pathways has primarily been investigated through evaluation of mito-

chondrial transmembrane potential (deltapsi(m)) using fluorescent

lipophilic cationic dyes, such as TMRM or JC-1. A limitation of these

studies is their inability to distinguish whether deltapsi(m) loss

occurred due to disruption of the electrical gradient, such as occurs in

response to protonophore treatment or respiratory chain inhibition, or

through inner mitochondrial membrane (IMM) disruption, or pore

formation.

Aims: Here we utilize novel assays to closely examine and compare the

sequence of mitochondrial events regulating platelet PS exposure in

response to physiologic agonists and the Bcl-inhibitor ABT-737.

Methods: To evaluate mitochondrial outer membrane permeabiliza-

tion (MOMP), platelets were incubated with 0.01% digitonin for one

minute for plasma membrane permeabilization. Cytochrome C reten-

tion was evaluated by cytochrome c immunofluorescence.

To directly assess IMM disruption, a calcein-cobalt fluorescence assay

was utilized. Platelets were preincubatedwith calcein-AM and CoCl2,

and calcein fluorescence was assessed following agonist(s) stimulation.

IMM disruption allows mitochondrial entry of cobalt, which quenches

calcein fluorescence.

To evaluate mitochondrial calcium influx, or ROS generation, washed

platelets were preincubatedwith 5 mM Rhod-2 or 5 mM H2-DCFDA,

respectively, and stimulated with 1 mM ABT-737.

Results: In both ABT-737 treated and physiologic agonist (thrombin

and convulxin (T/C) stimulated platelets IMM disruption, not

MOMP, was temporally associated with PS exposure. The sequence of

events responsible for PS exposure was more closely examined in

ABT-737-treated platelets. ABT-737 treatment caused rapid MOMP,

occurring within 5 min. IMM disruption and PS exposure were closely

associated and occurred approximately 30 min after ABT-737 treat-

ment. In Bax/Bak double deficient platelets, mitochondrial inner and

outer membrane disruption and high-level PS exposure were all mark-

edly blunted. Caspase inhibition had no effect on MOMP, but both

IMM disruption and PS exposure were markedly blunted. CypD’s

absence had minimal effects on ABT-737 initiated events. As in ABT-

737-treated platelets, in T/C stimulated platelets IMM disruption, not

MOMP, was closely correlated with PS exposure. Influx of mitochon-

drial calcium (Ca2+mit) and ROS, key regulators of mPTP formation,

were examined in ABT-737-stimulated platelets. As in T/C-stimulated

platelets Ca2+mit increased significantly in ABT-737-stimulated plate-

lets prior ro PS exposure. However, in contrast to T/C stimulated

platelets, abrogation of Ca2+mit entry neither decreased IMM disrup-

tion nor PS exposure.

Conclusions: Platelet PS exposure in response to both Bax/Bak and

CypD-mediated PS exposure is temporally associated with IMM dis-

ruption. CypD and caspase-regulated events mediate IMM and PS

exposure in response to T/C and ABT-737, respectively. Increased

Ca2+mit occurs in ABT-737 stimulated platelets, but is not required

for PS exposure.

PB 1.24-4
Platelet apoptosis in uremic patients
Dai K, Li M, Ma T, Lu G, Deng K and Yan R

Jiangsu Institute of Hematology, Suzhou, China

Background: Apoptosis, which serves for the regulation of cell life span

and is long attributed exclusively to nucleated cells, has been well-doc-

umented in anucleate platelets. Diverse cell-external chemical and

physical stimuli have been reported to induce transformation of resting

platelets to apoptotic state. Uremia, a clinical syndromeassociated

with retention of various solutes that would normally be excreted by

the kidneys, is frequentlyaccompanied by bleeding tendency, and the

mechanism remains unclear.

Aims: The aim of the present study is to investigate whether platelet

apoptosis occurs in uremia patients.

Methods: Venous blood was drawed from 13 patients with end stage

renal disease (ESRD) who exhibited uremia syndrome and 13 health

controls. Platelet-rich plasma (PRP) was prepared and then was

detected for apoptotic events including depolarization of mitochon-

drial inner membrane potential (DΨm), phosphatidylserine (PS) expo-

sure, variations of apoptotic Bcl-2 family proteins, activation of

caspases-3 by Flow cytometry or Western-blot. Furthermore, normal

washed platelets were incubated with the poor- platelet plasma (PPP)

from uremic patients, and then were detected for apoptotic events. The

comparisons of the data were made using paired Student’s t-test.

Results: Compared with controls, DΨm significantly depolarizated in

platelets from uremic patients (P < 0.05). Furthermore, Bax was up-

regulated, Bcl-2 and Bcl-XL were down-regulated, and caspase-3 was

activated inplatelets from uremic patients. However, there was not sig-

nificant difference in PS exposure and P-selectin expression between

the platelets from uremic patients and health contols (P > 0.05). Next,

PPP from uremic patients was incubated with normal platelets, and

the platelets presented DΨm depolarization, up-regulation of Bax,

down-regulation of Bcl-2 and Bcl-XL, and caspase-3 activation.

Conclusion: The data demonstrate that platelets are incurred apoptosis

in uremia patients. The finding might suggest a novel pathogenic

mechanism for bleeding tendency in uremic patients.

PB 1.24-5
The effects and mechanisms of cyanidin-3-glucoside
on platelet apoptosis
Chen L1, Tian J2, Song F2, Ren J2, Deng X2, Ling W2 and Yang Y2

1Sun Yat-sen University; 2Department of Nutrition, School of

Public Health, Sun Yat-sen University, Guangzhou, China

Background: The platelet activation, aggregation and apoptosis are

involved in the atherosclerotic development. It has been evidenced that

the process of the platelet apoptosis is different from that of the activa-

tion and aggregation. Our previous studies have found that anthocya-

nins significantly inhibited platelet activation, adhesion and

aggregation and induced platelet apoptosis both in vitro and in vivo.

However, the effects and mechanisms of anthocyanins on platelet

apoptosis were not fully understood.

Aims: In this study we aimed to explore the effects of anthocyanin cya-

nindin-3-glucoside (Cy-3-g) on platelet apoptosis and BCL-2/BCL-XL

mediated intrinsic mitochondrial apoptosis signaling pathway.

Methods: Cyanidin-3-glucoside (Cy-3-g), the predominantly bioactive

compound of anthocyanin, was bought from Polyphenol AS Com-

pany inNorway. Purified gel-filtered platelets from healthy volunteers

were incubated at 37 °C for 40 min with different concentrations (0.5,

5 and 50 mM) of Cy-3-g or PBS buffer as a control. The mitochondria

membrane potential (Dwm) was detected with the dye JC-1, and the

membrane phospholipid phosphatidylserine (PS) exposure was

assessed with Annexin V-FITC by flow cytometry. The expression of

anti-apoptotic protein BCL-2 and BCL-XL and pro-apoptotic pro-

teins such as BAK, BID, BAX as well as gelsolin, caspase-3,8,9 were

determined by Western Blotting.

Results: In purified gel-filtered platelets, Cy-3-g concentration-depen-

dently stimulated dissipation of the mitochondrial membrane potential

(Dwm), 50 lM Cy-3-g obviously stimulated dissipation of the mito-

chondrial membrane potential (P < 0.005). While 0.5 lM Cy-3-g and

5 lMCy-3-g showed no significant differences. Five micromolar Cy-3-

g significantly induced PS exposure (P < 0.01), 5 and 50 lM Cy-3-g

significantly inhibited the expression of BCL-2 and BCL-XL respec-

tively (P < 0.05), while 5 lM Cy-3-g increased the expression of pro-

apoptotic proteins such as BAX, BAK and BID (P < 0.05). The level

of gelsolin was reduced by Cy-3-g in a dose dependent manner

(0.5 lM vs. control, P < 0.05, 5, 50 lM vs. control, P < 0.01). The

results showed that Cy-3-g markedly induced the caspase-3, 8, 9 acti-

vation in a dose dependent manner but this tendency need to be fur-

ther confirmed.

Conclusions: Our primary data demonstrated for the first time that

purified anthocyanin (Cy-3-g) induced platelet apoptosis through
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BCL-2/BCL-XL mediated endogenous mitochondrial apoptosis sig-

naling pathway.

PB1.25 – Platelet Disorders:
Gain-of-Function

PB 1.25-1
Platelet apoptosis and agonist-mediated activation in
myelodysplastic syndromes
Butta NV, Mart�ın M, De Paz R, Fern�andez Bello I, Garc�ıa Arias

Salgado E, �Alvarez MT and Jim�enez Yuste V

Hospital Universitario La Paz-IDIPaz, Madrid, Spain

Background: Myelodysplastic syndromes (MDS) patients have a defect

in the differentiation of bone marrow multipotent progenitor cells.

Even when thrombocytopaenia is frequently observed in MDS

patients, some of them may present normal or high platelet count.

Thrombocytopaenia inMDS patients may be due to premature megak-

aryocyte death, but platelet apoptotic mechanisms may also occur.

Aims: This study aimed to study function and apoptotic state of plate-

lets from MDS patients with different platelet count in order to eluci-

date whether they reflect anomalies corresponding to a stem cell

disorder.

Methods: We recruited 75 patients with MDS, divided into three

groups according to IPSS score: 39 with low, 27 with intermediate-1

and 9 with high risk, composed of intermediate-2 plus high risk

patients. Sixty-eight healthy controls were included in the study. Retic-

ulated platelets, platelet activation (measured through PAC1 binding

and P-selectin surface expression after PAR-1 receptor stimulation

with thrombin receptor-activating peptide 6, TRAP), activated caspas-

es and annexin-V binding were evaluated by flow cytometry. Pro-

apoptotic Bax and Bak proteins were determined by western blots,

and plasma thrombopoietin by ELISA.

Results: High plasma thrombopoietin levels and low immature circu-

lating platelet count showed a pattern of hypoplastic thrombocytopae-

nia. Regardless of platelet count, platelets from MDS patients bound

less PAC1 and expressed reduced levels of P-selectin in comparison to

controls after stimulation with TRAP. A significant correlation was

observed between activation markers expressed on the surface of circu-

lating platelets after stimulation with TRAP and platelet count (Spear-

man test r = 0.354, P < 0.05 for PAC1 binding and r = 0.446,

P < 0.0001 for P-selectin exposure).

Platelets from all MDS patients, even those with a normal platelet

count, exposed more phosphatidylserine (PS) than controls. To deter-

mine if PS exposure was related to apoptosis, levels of activated casp-

ases-3, 7, -8 and -9 were evaluated in a group of MDS patients with

normal platelet count. A significantly higher proportion of platelets

from MDS patients contained activated caspases -3, 7, -8 and -9.

Moreover, platelets from MDS patients showed increased Bax and

Bak levels; Bax with a strong positive correlation with the AnnexinV

binding values (Spearman test r = 0.740, P < 0.0005). On the other

hand, AnnexinV binding and Bax expression showed an inverse corre-

lation with platelet count (Pearson test r = �0.255 P < 0.05 and

Spearman test r = �0.712, P < 0.005, respectively). Impairment in

platelet function significantly correlated with platelet surface exposure

of PS (Spearman test r = �0.558. P < 0.001).

Conclusion: Our results showed that platelet function was undermined

in patients with MDS and that this impairment seemed to be related to

increased apoptosis. Moreover, platelet dysfunction and apoptosis is

more pronounced in patients with thrombocytopaenia, appearing to

reflect that MDS is a stem cell disorder, and so both, number and

function of progeny cells are affected.

PB 1.25-2
H2 haplotype of ADP-P2Y12 receptor gene is
associated with increased platelet response to ADP in
Taiwanese population
Liu CZ, Chen YH and Lin JL

Tzu Chi University, Hualien, Taiwan

Background: In Caucasians, carriers of the P2Y12 receptor gene H2

haplotype exhibited increased platelet reactivity, higher risk of arterio-

thrombosis, and lesser clinical response to antithrombotic agents, sug-

gesting that patients with the H2 haplotype need intensive

antithrombotic remedies. This useful information remains lacking in

Taiwan.

Aims: To establish genetic markers that are associated with increased

platelet reactivity in Taiwanese population, we examined the variabil-

ity of ADP-induced platelet aggregation among healthy subjects and

its relation to the P2Y12 receptor gene polymorphism.

Methods: Citrated platelet-rich plasma (2 9 108/mL) was prepared

and subjected to light transmittance aggregometry with various doses

of ADP (2.5–30 µM). The H1 and H2 gene haplotypes of P2Y12

receptor were determined by DNA sequencing of the corresponding

PCR products. Statistic analysis was performed with Two-tailed

Mann–Whitney U test. This study was approved by the Ethical Com-

mittee of the Tzu Chi Buddhist General Hospital and all the healthy

blood donors, including 47 females and 38 males, aged between 20 and

50 years old, gave their written informed consent.

Results: The response of platelets to ADP (5 µM) varied markedly

among individuals (n = 85) and the variation was shown associated

with the gene polymorphism of P2Y12 receptor, carriers with the

P2Y12 gene H2/H2 haplotypes (n = 19) exhibited higher platelet

aggregation response to ADP as compared with the H1/H1 haplo-

types. The individual variability of ADP-induced platelet aggregation

become insignificant as the platelets had been pretreated with aspirin,

an irreversible cyclooxygenase inhibitor.

Conclusion: There is a marked difference in ADP-induced platelet

aggregation among Taiwanese healthy subjects and this variation

might be attributed to the distinct level of thromboxane A2 formation

in platelets following ADP activation. The H2 haplotype of P2Y12

receptor gene associated with enhanced platelet reactivity might be a

useful genetic marker in distinguishing between patients who need

more intensive antithrombotic treatment in Taiwanese population.

PB 1.25-3
Purified dietary anthocyanin inhibited platelet
secretion in hypercholesterolemia
Song F1, Shi Z2, Zhu Y2, Tian J2, Chen L2, Ling W2 and Yang Y2

1Sun Yat-sen University; 2Department of Nutrition, School of

Public Health, Sun Yat-sen University, GuangZhou, China

Background: Platelet secretion has been established to be a safe and

effective target to prevent atherosclerosis and thrombosis formation.

Hypercholesterolemia is one of the major risk factors for CVDs, in

which platelet secretion is increased and enhance the formation of

thrombosis and atherosclerotic lesions. Anthocyanins are major phy-

tochemicals abundant in plant food and have been shown to play a

protective role against CVDs. Our previous studies showed that antho-

cyanin could inhibit platelet activation and attenuate thrombosis for-

mation, however, the effects of anthocyanin on platelet secretion in

hypercholesterolemia are still unclear.

Aims: To explore the effects and mechanisms of anthocyanin on plate-

let secretion in hypercholesterolemia patients in vivo and in vitro

respectively.

Methods: In vivo study, 150 subjects with hypercholesterolemia con-

sumed purified anthocyanin mixture (320 mg/day) or a placebo twice a

day for 24 weeks in a randomized, double-blind trial. To estimate the

platelet secretion levels, plasma levels of platelet factor-4(PF4), soluble
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platelet selectin (sP-selectin), soluble CD40 ligand (sCD40L), regulated

upon activation normal T cell expressed and secreted (RANTEs), trans-

forming growth factorb1 (TGF-b1), b-thromboglobulin (b-TG) were

detected by ELISA, all of which are mainly derived from platelet gran-

ules. To confirm the effects, platelets from both healthy volunteers and

hypercholesterolemia patients were then separated and purified and

then incubated with purified anthocyanin mixture as well as the main

two compounds of the mixture cyaniding-3-glucosides (Cy-3g) and del-

phinidin-3-glucoside (Dp-3-g) respectively in vitro. Platelet P-selectin

and CD63 secretion induced by thrombin were detected by flow cytom-

ety and the ATP release were measured in platelet Lumi-aggregometer.

RANTES and serotonin contents were evaluated by ELISA.

Results: After intervention with purified anthocyanin mixture for

24 weeks in hypercholesterolemia patients, we observed significant

reduction in the plasma levels of sP-selectin, sCD40L, RANTEs and b-
TG as compared with the control group. PF4 and TGF-b1 levels were

also reduced obviously though they didn’t reach statistical significance.

In vitro study in healthy volunteers, we found that purified anthocya-

nin mixture, Dp-3-g and Cy-3-g significantly inhibited platelet P-selec-

tin and RANTES secretion, both of which stands for the a-granule
secretion. The dense granule secretion levels evaluated by CD63, sero-

tonin and ATP were also significantly reduced by purified anthocyanin

mixture, Dp-3-g and Cy-3-g. Study in platelets separated from hyper-

cholesterolemia patients showed similar inhibitory effects of these

three compunds on platelet granule secretion though the effects were

slightly weaker than that in healthy volunteers’ platelets. We further

found that Cy-3-g attenuated thrombin-induced P38 MAPK and

ERK1/2 phosphorylation in platelet in a dose dependent manner.

Conclusions: Our data clearly demonstrated for the first time that

purified anthocyanin markedly inhibited platelet secretion in both

hypercholesterolemia patients and healthy volunteers, the P38 MAPK

and ERK1/2 signaling pathway were possibly one of the mechanisms

of anthocyanin.

PB 1.25-4
Polymorphism of human platelets antigens in Tunisian
patients with acute ischemic stroke
Houki R1, Ben Said M1, Sfar I1, Dhaouadi T1, Younes S2,

Bannour I3, Boughamoura L4, Guermazi S1, Ben Abdallah T1

and Gorgi Y1

1Charles Nicolle Hospital of Tunis, Tunis; 2Tahar Sfar Hospital of

Mahdia, Mahida; 3Faculty of Medicine of Monastir; 4Fattouma

Bourguiba Hospital, Monastir, Tunisia

Background: The role of genetic risk factors in ischemic stroke is

unclear. The polymorphism of human platelets antigens (HPA) has

been implicated in the pathogenesis of arterial thrombotic diseases

mainly the myocardial infarction.

In the context of the Identification of stroke susceptibility genes, we

investigated the gene frequencies of five major human platelets anti-

gens (HPA 1–5) in Tunisian population and to assess if polymorphism

of HPA is associated with acute ischemic stroke (AIS) in Tunisian.

Patients and Methods: DNA was isolated from peripheral blood col-

lected from 71 consecutive stroke patients and 100 healthy blood

donors.

HPA 1–5 genotyping was performed by the polymerase chain reaction

method using sequence-specific primers (PCR-SSP).

Gene frequency distribution was tested by Hardy-Weinberg equilib-

rium. Comparisons of HPA gene frequencies between the patient and

control groups were made by chi-square test. Haplotype associations

were tested by SNPStat software.

Results: The allelic frequencies of HPA-1, 2, 3, and 4 among patients

and controls did not reveal significant differences. However, the HPA-

5a allele was significantly more frequent in patients than in controls

(P < 0.002).

The genotype distribution of HPA-4 polymorphism reveals that the

HPA-4a4b genotype was more frequent in patients (67/71: 94.36%)

than in controls (P < 0.001). The frequency of HPA-1b1b and HPA-

3a3a were higher in control subjects than patients (P = 0.009 and

P = 0.01 respectively).

The haplotype distribution of HPA-1, HPA-3 and HPA-4 (located on

the same glycoprotein complex GPIIb/IIIa) showed that aab and abb

haplotypes were statistically more frequent in patients than in controls

(P < 0.001 and P < 0.001 respectively).

Conclusions: In the literature, the involvement of human platelets anti-

gens in the occurrence of an ischemic stroke is conflicting.

In our population, a positive association between HPA-4a4b and

stroke is found. The aab and abb haplotypes of HPA-1, HPA-3 and

HPA-4 seem to be also implicated. HPA-1b1b and HPA-3a3a were

identified as a protective genotype.

The value of HPA polymorphisms as useful markers for potential risk

of ischemic stroke deserves to be confirmed on larger studies.

PB 1.25-5
Modeling and molecular dynamics simulations:
structural comparison of the V33 variant of the integrin
subunit b3 with its L33 (HPA-1a) and P33 (HPA-1b)
forms
Jallu V1, Poulain P2, Fuchs PFJ2, Kaplan C1 and De Brevern AG2

1INTS; 2Inserm U665 – INTS, Paris, France

The human platelet antigen (HPA)-1 system carried by the aIIbb3
integrin is characterized by a leucine (allele 1a)-to-proline (allele 1b)

substitution in position 33 of the mature b3 subunit. This alloantigenic

system is the first cause of alloimmune thrombocytopenia in Caucasian

populations and the allele HPA-1b may be a risk factor for thrombo-

sis. The HPA-1 system presents a third variant defined by a valine in

position 33, a variant not described as immunogenic (Santoso et al,

Transfusion 46:790–799, 2006). Sera containing alloantibodies to the

HPA-1a antigen react variably with the V33 form of b3. This suggests
structural alterations of the V33 b3 although leucine and valine have

similar physical and chemical properties; they differ only by the size of

their side chain as valine lacks a -CH2- radical. In this work, we stud-

ied the structural modifications related to the L33V substitution, and

compared the structures of the three b3 variants.
A 3D structural model of the V33 b3 extracellular domain was

obtained by in silico mutagenesis of a L33 b3 model (Jallu, Poulain et

al, PLoS One. 2012;7(11):e47304,). Molecular dynamics simulations

showed that the high flexibility of the PSI, I-EGF-1, and I-EGF-2

domains is conserved. L33 and V33 b3 structural models share many

characteristics although V33 b3 adopt specific features. We use a series

of 16 small protein prototypes named Protein Blocks (PBs) to analyze

precisely the local protein conformation (de Brevern et al, Proteins;

41:271–287, 2000). PBs analysis revealed in particular that the L33V

substitution strongly displaces structural equilibriums toward a loop

tightly maintained by hydrogen bonds for residues 27–31 of the PSI

domain, and toward a b-turn with a start of a helical motif for residues

435–338 of the I-EGF-1 domain (more than 90% of occurrences in

both cases). In L33 and P33 b3, these structures are in dynamical equi-

libriums with extended conformations (more than 40% of occur-

rences).

Despite common features between leucine and valine amino acids, our

study showed that the L33V substitution effectively affects the

dynamic equilibrium of the structural model of b3. Nonetheless, struc-

tural similarities between L33 and V33 b3 models underlie the variable

reactivity of anti-HPA-1a alloantibodies with V33 b3. Unlike the L33P

substitution, the L33V change is not expected to significantly affect the

flexibility, if at all, of the PSI, I-EGF-1, and I-EGF-2 domains com-

posing the b3 knee, suggesting that the functions of aIIbb3 are not

altered.
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Characterization of HPA-1a epitopes is challenging, yet important

regarding the high clinical impact of this platelet alloimmune system.

Studies on HPA-1a epitopes are still needed to develop new techniques

or applications and to understand underlying mechanisms.

PB 1.25-6
Diagnostic laboratory validation of platelet
transmission electron microscopy
Chen D1, Uhl CB1, Barness R1, Olson MC1, Gossman S1,

Erdogan S1, Gamb S1, Charlesworth JE1, Miller RS1, Salisbury JL1,

Nichols L1 and White JG2

1Mayo Clinic, Rochester, MN; 2University of Minnesota School

of Medicine, Minneapolis, MN, USA

Background: Among various hereditary qualitative platelet disorders,

storage-pool deficiencies (SPD), such as dense granule (DG) deficiency

(including Hermansky-Pudlak syndrome), are relatively common.

Platelet whole mount (WM) and thin section (TS) transmission elec-

tron microscopic studies (TEM) are the gold standard Methods

for diagnosing DG deficiency as well as other ultra-structural abnor-

malities. Nevertheless, platelet TEM tests are still largely research

tools and have not been thoroughly validated and standardized as clin-

ical tests according to current diagnostic laboratory quality standards

and requirements. Furthermore, normal reference ranges of mean

platelet DG counts/platelet (DGC) have not been adequately estab-

lished.

Aim: Our goals were to validate platelet WM and TS TEM tests, and

establish the normal reference ranges of platelet DGC.

Methods: Based on previously established methods (Blood, 33:598–
606), whole blood samples collected in ACD-(A or B) tubes from

healthy donors were employed for this study. We first optimized and

standardized various pre-analytical, analytical and post-analytical pro-

cedures including sample matrix, sample stability, platelet-rich plasma

(PRP) preparation, coated-grid options, platelet WM protocol, auto-

mated sample processing for TS, and lastly establishment of DG

counting criteria. We started a large normal range (confident intervals,

CI) study of the DGC, and have recruited 32 healthy donors to date.

Statistical analyses by JMP 10 program were employed in this study.

Results: Of the two ACD tubes, ACD-B anticoagulated whole blood

samples gave a more stable DGC and better TS ultra-structure quality

than those of ACD-A samples. Both mean DGC and platelet ultra-

structure were stable when ACD-B whole blood samples were stored

at room temperature (RT) for up to 4 days. The optimal centrifuga-

tion setting for preparing PRP is 200 g for 20 min at RT. Interestingly,

after centrifugation, platelets that were devoid of any DG were

enriched in the upper 1/3 proportion of the PRP. The lower 2/3 pro-

portion of PRP thus gave a more consistent DGC. Among various

commercial grids, formvar-carbon coated 200 mesh grids (Electron

Microscopy Science) gave the most reliable platelet adhesion and

DGC. Platelet TS sample processing was automated by using an agar

embedding procedure on a Leica processor. The DG counting criteria

were developed based on previous publications and guidance from Dr.

James G. White. Using the same WM TEM images and DG counting

criteria, agreements among different technologists (n = 5) improved

from 60% to 95%. Finally the on-going DGC normal range study

(nine male and 23 female; age range 22–72 years; scoring 100–200
platelets from each donor) showed that the DGC distribution of each

sample was positively skewed (skewness = 0.7–1.5) with on average

17% of platelets (95% CIs: 5–32) being empty. The mean DGC was

2.6 with 95% CIs at 1.6 and 4.0. Neither gender nor age was associated

with the mean DGCs.

Conclusion: We investigated and validated platelet WM and TS TEM

procedures. Our on-going normal range study of the DGC demon-

strated a distinct distribution pattern. We also noticed that the DGC

was procedure-dependent, further underscoring the importance of

platelet TEM procedure standardization.

PB1.26 – Platelet Function in
Disease

PB 1.26-1
Enhanced lipid peroxidation and platelet activation as
potential contributors to increased cardiovascular risk
in the low-HDL phenotype
Vazzana N1, Ganci A2, Cefal�u AB2, Lattanzio S1, Noto D2,

Santoro N1, Saggini R3, Puccetti L4, Averna M2 and Dav�ı G1

1Center of Excellence on Aging, “G. d’Annunzio” University of

Chieti, Chieti; 2Internal Medicine, University of Palermo,

Palermo; 3Department of Neuroscience and Imaging, “G.

d’Annunzio” University of Chieti, Chieti; 4Atherothrombosis

Center, Division of Hematology, University of Siena, Siena, Italy

Background: Low HDL levels are major predictors of CV events, even

in patients on statin treatment with LDL at target. In animal models

HDLs protect LDL from oxidation and blunt platelet activation. Our

study is aimed at examining whether HDL levels are related to in vivo

oxidative stress and platelet activation, as determinants of athero-

thrombosis.

Methods and Results: Urinary 8-iso-PGF2a and 11-dehydro-TXB2, in

vivo markers of oxidative stress and platelet activation, respectively,

were measured in 65 CHD normocholesterolemic patients with HDL

≤ 35 mg/dL, and in 47 CHD patients with HDL > 35 mg/dL. The two

eicosanoids were also measured before and after fenofibrate treatment

in otherwise healthy subjects with low HDL (n = 10).

Patients with HDL ≤ 35 mg/dL showed significantly higher urinary

8-iso-PGF2a [median (25th-75th percentile): 289 (189–380) vs. 216

(171–321) pg/mg creatinine, P = 0.019] and 11-dehydro-TXB2 [563

(421–767) vs. 372 (249–465) pg/mg creatinine, P = 0.0001] than

patients with higher HDL. A direct correlation was found between uri-

nary 8-iso-PGF2a and 11-dehydro-TXB2 in the entire group of patients

(Rho = 0.77, P < 0.0001). HDL levels were inversely related to both

8-iso-PGF2a (q = �0.32, P = 0.001) and 11-dehydro-TXB2

(q = �0.52, P < 0.0001). On multiple regression, only 8-iso-PGF2a

(b = 0.68, P < 0.0001) and HDL levels (b = �0.29, P < 0.0001) were

associated to urinary 11-dehydro-TXB2 excretion, independently of

gender, age, smoking, hypertension, diabetes, previous myocardial

infarction, total cholesterol, LDL, and triglycerides. Fenofibrate treat-

ment significantly reduced the two eicosanoids in healthy subjects, in

parallel with an HDL increase.

Conclusions: A low HDL phenotype, both in CHD patients and in

healthy subjects, is associated with increased lipid peroxidation and

platelet activation. These data provide novel insight into the mecha-

nisms linking low HDL to increased CV risk.

PB 1.26-2
Platelet activation and thrombin-generation in
paediatric patients with acute ITP, chronic ITP and
chemotherapy-induced thrombocytopenia
Schmugge M, Winkler J, Kroiss S and Speer O

University Children’s Hospital Zurich, Z€urich, Switzerland

Background: Immune thrombocytopenic purpura (ITP) is a common

hematologic disorder in children that can lead to severe bleeding symp-

toms in rare occasions. Yet no biological markers were identified to

predict bleeding severity or the risk for life threatening bleeds. Platelet

count helps to identify patients at risk, but does not help to predict

severe bleeding events. Therefore we investigated platelet activation

and thrombin generation in children with ITP.

Aims: First we aimed to identify differences in markers of platelet

activation and thrombin generation (TG) among patients with ITP,

thrombocytopenia induced by chemotherapy (cTP) and healthy

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

ABSTRACTS 505



children and second, to correlate this to clinical symptoms and bleed-

ing score results.

Methods: In a prospective study we investigated venous blood samples

of 20 patients (median age 6.5 years, range) with newly diagnosed

acute ITP, before and after treatment with IVIg. In addition we stud-

ied 20 chronic ITP patients. Severity of bleeding symptoms was

assessed according to a paediatric bleeding score for ITP (Buchanan et

al., 2002, J Pediatr; 141:683–8). Eleven children with oncologic disease

and cTP and 18 healthy children served as controls. Platelets were

identified as CD42-positive events by flow cytometry and analysed for

exposure of CD62 (P-selectin), CD63 and PAC1 using fluorochrome

labelled monoclonal antibodies, to identify activation of platelets

before and after thrombin-stimulation. TG was measured by a chro-

mogenic assay.

Results: Median bleeding score at presentation was 2–3 in acute ITP

and decreased to 1–2.5 in patients with chronic ITP. All acute ITP

patients were treated with max. Three doses of IVIg (0.4–0.8 g/kg/

dose) and increased the platelet count above 30,000/mL. Platelets of

ITP patients showed a higher expression of CD63 than platelets of

other thrombocytopenic patients, even before thrombin stimulation

(27.21 � 5.35%; thrombopenic controls 9.29 � 1.7%). After throm-

bin stimulation, expression of all activation markers CD63, CD62 and

PAC1 rose significantly. Both, patients with ITP and cTP, showed

reduced thrombin-stimulated expression of CD63, CD62 and PAC1

compared to healthy controls. IVIg improved platelet activation after

thrombin-stimulation to values seen in healthy controls. TG was

reduced in acute-, chronic ITP and in cTP patients. In children with

acute ITP, TG normalized after IVIg, even without normalization of

platelet counts. The lowest TG was seen in cTP patients, that was even

lower than in acute ITP (P < 0.05). A higher bleeding-score did not

correlate with lower TGA or lower platelet activation. A weak correla-

tion (r = 0.38, P < 0.01) was found between platelet counts and TG.

Summary: Platelets of ITP patients are partly activated, more than

platelets of patients with chemotherapy-induced thrombocytopenia.

Hence this activation is not correlated to increased TG. While the low-

est TG is seen in cTP, in children with acute ITP, platelet activation

and low TG can be increased by IVIg to values similar to healthy

children.

PB 1.26-3
A clinical pilot study to compare T2MR and VerifyNow
P2Y12 platelet activity measurements in cardiovascular
patients
Vinagre YM1, Niroula R1, Chhabra L1, Massefski W2

and Lowery TJ2

1Saint Vincent Hospital, Worcester, MA; 2T2 Biosystems,

Lexington, MA, USA

Background: Platelets play a critical role in well-regulated hemostasis,

and the definition of adequate regulation can change with the clinical

state of the patient. The challenges of developing clinically relevant

and timely surrogates to monitor platelet function are well established.

Light transmission aggregometry (LTA) is the only established

method that correlates to clinical outcomes, but LTA requires expert

technical skills to run, may require a variety of agonist conditions to

get a true measure of the state of the patient, and the data can be diffi-

cult to interpret. More recent measures of platelet function that rely

on highly-specific single activator tests, such as ADP, can monitor the

pharmacodynamics of specific platelet receptor inhibitors, but such

tests do not predict adverse clinical outcomes related to platelet dys-

function. We will present preliminary clinical results to demonstrate

that a new T2MR detection method may correlate with ADP-induced

platelet activity and clotting in interventional cardiovascular patients

90% of the time.

Aims: T2 Biosystems has developed a simple, novel method to monitor

platelet function using a portable T2 magnetic resonance (T2MR)

device and small volume samples. The methodology enables use of all

standard platelet activators and inhibitors. Here we used an ADP acti-

vator cocktail to make a global T2MR hemostasis function test sensi-

tive to P2Y12 inhibition by measuring platelet activity in the biological

context of fibrin clot formation and platelet mediated clot retraction.

Method: In our prospective, non-blinded, single centered pilot study,

30 patients who presented with chest pain and underwent a diagnostic

or interventional cardiac catheterization were enrolled over a 6 month

period. The VerifyNow P2Y12 test was run at the discretion of the

ordering cardiologist, with the T2MR ADP assay run in parallel. Test

results were reported as either active or inactive platelet function. The

VerifyNow P2Y12 test was interpreted as platelet-inhibited (VN�) for

PRU < 213, and platelet-active (VN+) for PRU > 213. The T2MR

platelet function test was interpreted as platelet-inhibited (T2MR�) if

the second hemostasis peak in the T2 signal profile fell below 5% of

the total T2 signal, and platelet-active (T2MR+) if this signal was

> 5%.

Results: In a retrospective analysis of T2MR and VerifyNow test data

and associated patient clinical records, we found that 75% of cases

(N = 17 T2MR+/VN+ and N = 6 T2MR�/VN�) were in agreement,

with no significant adverse hemostatic events noted. Of the N = 7 cases

in which the test results did not agree, examination of patient clinical

records revealed that all (N = 3) of the T2MR+/VN� patients showed

normal clotting or had no adverse events, although the incidence of re-

thrombosis is expected to be low. On the other hand, all (N = 4) of the

T2MR�/VN+ patients were either on prasugrel (N = 2) or showed evi-

dence of post-operative bleeding (N = 2), consistent with the T2MR

signature indicating low clotting potential.

Summary: These preliminary clinical results suggest that the T2MR

ADP test has the potential to predict the hemostatic state of ADP-

induced platelet activity and clotting in interventional cardiovascular

patients.

PB 1.26-4
Markers of activation haemostasis in patients with
psychosis influence of an antipsychotic treatment:
findings from the ANTRE study
Mal�y R, Masopust J, Andr�ys C, Ba~ant J, Krejskov�a V and Hos�ak L

University Hospital, Hradec Kr�alov�e, Czech Republic

Background: Patients with schizophrenia have an increased risk of

venous thromboembolism (VTE), and this might be associated with

the use of antipsychotics.

Aims: The primary goal of the present study was to replicate our previ-

ous finding of increased coagulation and thrombocytes activity in

drug-na€ıve psychotic patients in comparison with healthy controls and

ascertain whether the blood levels of thrombogenesis markers fur-

ther increase over the course of a consecutive two-years antipsychotic

treatment.

Methods: We investigated the plasma levels of markers indicating acti-

vation of coagulation (D-dimers and factor VIII) and platelets (soluble

P-selectin, sP-selectin) in an antipsychotic-naive group of 27 men and

18 women with acute psychosis (27.7 � 8.0 years, range 18–52), and
45 healthy volunteers matched for age and gender. In the patient

group, we repeated these assessments after 3 and 12 months and again

after 2 years of antipsychotic treatment.

Results: D-dimers (median 0.37 vs. 0.20 mg/L; P < 0.0001), factor

VIII (median 142% vs. 116%; P = 0.016) and sP-selectin (median

155.4 vs. 112.4 ng/mL; P < 0.0001) plasma levels were significantly

increased in the group of patients with acute psychosis prior to treat-

ment compared with healthy volunteers. The plasma levels of sP-selec-

tin varied significantly (P = 0.016) in the course of the 1-year

antipsychotic treatment. The plasma levels of D-dimers and factor

VIII significantly decreased during 1 year (P = 0.016 resp. P = 0.046.

Conclusions: We found increased markers of activation of haemostasis

in patients with acute psychosis as well as in chronic stage. Our results
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could explain possible pathological mechanisms of VTE in schizophre-

nia patients independently to antipsychotic treatment.

PB 1.26-5
Evaluation of aspirin use on platelet function in
essential thrombocythemia and polycythemia vera
patients
Panova-Noeva M1, Marchetti M2, Russo L2, Finazzi G2,

Rambaldi A2, Ten Cate H3 and Falanga A2

1Medical Faculty, Skopje, Macedonia; 2Ospedali Riuniti di

Bergamo, Bergamo, Italy; 3Maastricht University, Maastricht, The

Netherlands

Background: Essential Thrombocythemia (ET) and Polycythemia Vera

(PV) are two myeloproliferative neoplasms (MPN) characterized by a

hypercoagulable state and an increased rate of thrombotic complica-

tions. The treatment choice of these diseases is highly dependent on

the patient thrombotic risk. Antiplatelet prophylaxis with low dose

aspirin is effective in reducing the thrombosis rate in PV patients,

while alleviates vasomotor (microvascular) disturbances, and prevents

pregnancy-associated complications in patients with ET, particularly

those carrying the JAK2V617F mutation. Although low dose aspirin

is now largely utilized for thromboprophylaxis in both low and high

risk ET and PV patients, however there are subjects on aspirin who

show platelet activation and persistent thromboxane biosynthesis.

Aim: To characterize the effect of aspirin on platelet adhesive and

procoagulant function in ET and PV patients.

Methods: In this study the PFA-100 assay in whole blood and the

thrombin generation (TG) assay in platelet rich plasma (PRP) were

performed in a group of 46 ET and 38 PV patients to evaluate the

effect of aspirin on platelet adhesive and procoagulant properties.

Results: PFA-100 collagen-epinephrine closure time was significantly

(P < 0.01) prolonged in patients compared to healthy controls. How-

ever, the PFA-100 showed flow obstruction in 20% of patients after

collagen-adenosine diphosphate and in 15% of patients after collagen-

epinephrine trigger, the majority of them while on aspirin. Higher

platelet count and immature platelet fraction were associated with

shorter collagen-adenosine diphosphate closure time (R = �0.5,

P < 0.05 for both). The results from the TG assay showed significantly

increased TG in PRP from patients compared to controls. Among

patients on aspirin, JAK2V617F positive patients had higher TG com-

pared to JAK2V617F negative patients. Within JAK2V617F positive

patients, significant correlations between platelet and/or immature

platelet count and TG (R = 0.3, P < 0.05 for both) were found.

Summary/Conclusions: This study demonstrates that PFA-100 and TG

assays are potentially relevant methods for monitoring aspirin effec-

tiveness in MPN patients. Elevated immature platelet parameters are

suggested important factors influencing increased platelet adhesive

and procoagulant properties. New prospective studies are warranted

to evaluate the usefulness of PFA-100 and TG assay in identifying

MPN patients at high risk for thrombosis.

PB 1.26-6
Inhibition of MRP4 down regulates platelet activation
and prevents pre-clinical arterial thrombosis
Decouture B1, Bachelot-Loza C1, Belleville T1, Dizier B1, Gouin-

Thibault I1, Coqueran B2, Lompr�e AM3, Hulot JS3 and Gaussem P1

1UMR_S765; 2EA4475; 3UMR_S956, Paris, France

Background: Platelet activation needs to be tightly regulated to prevent

excessive platelet activity. In physiological conditions, major cytosolic

inhibitors of platelet activation are cyclic nucleotides, cGMP and

cAMP. Cytosolic rates of these second messengers result from an equi-

librium between their synthesis, their degradation by phosphodiester-

ases and their relocation. Consequently, molecules that reduce the rate

of cytosolic nucleotides, such as ADP stored in dense granules, act as

platelet agonists. Indeed, following granule secretion, ADP binds to

P2Y12 receptor, resulting in an inhibition of adenylate cyclase and of

cAMP generation. Any mechanism involved either directly on cyto-

solic cyclic nucleotide level or on granular ADP may interfere with

platelet activity. Recent studies pointed to the role of MRP4, a trans-

porter of cyclic nucleotides and of ADP, specifically located on dense

granule membrane in platelets, as a good candidate to control these

mechanisms.

Aim: We evaluated in vivo and in vitro the role of MRP4 in the modu-

lation of platelet functions using a MPR4�/� mouse model.

Methods: The total knock-out mice MRP4 (MRP4�/�), originally

derived in the laboratory of J. Schuetz (St. Jude Hosp, TN, USA) on a

FVB background, were compared to FVB wild-type (WT) mice. In vi-

tro tests included platelet adhesion in flow conditions and washed

platelet aggregation. In vivo tests performed were bleeding time (tail

cut) and carotid arterial thrombosis (15% FeCl3 patch).

Results: Whole blood platelets from the two animal groups showed a

similar initial adhesion on collagen in flow conditions, but aggregates

were reduced in number and size after 3 min for MPR4�/� compared

to WT. MRP4�/� washed platelet aggregation was impaired in the

presence of low PAR4ap concentration (50 lM), with mean maximal

aggregation at 16% compared to 53% in WT (P < 0.01). No differ-

ences were denoted at high PAR4ap concentration (100 lM) that

induces activation poorly dependent of secreted ADP. Similar results

were obtained in WT platelets in the presence of the MRP4 inhibitor

MK571. A defect in platelet function related to an impaired ADP stor-

age in MRP4�/� was further confirmed by secretion-independent

aggregations performed in response to ADP, which were similar in the

two animal groups.

The defect in platelet function was confirmed in vivo by a prolonged

bleeding time in MRP4�/� (330 s) compared to WT mice (152 s;

P < 0.01), in line with a greater volume of elapsed blood, estimated

by hemoglobin assay (3253 vs. 327 mg for MRP4�/� and WT,

respectively; P < 0.001). Arterial thrombosis experiments showed a

significant longer occlusion time in MRP4�/� vs. WT mice (926 vs.

663 s; P < 0.001), suggesting that MRP4 inhibition protects against

thrombosis.

Conclusion: These results show an impaired platelet function in

MRP4�/� mice, part of which is likely to be related to an impaired

ADP storage in dense granules. Our findings support previous studies,

suggesting MRP4 as a new target for an antiplatelet agent. Ongoing

work is conducted to evaluate the role of MRP4 in cAMP compart-

mentation in platelets.

PB1.27 – Platelets and Cancer

PB 1.27-1
Resistance to aspirin in myeloproliferative neoplasms:
is it a reality? Evaluation of low dose aspirin resistance
in a pilot study including 54 patients
Ajzenberg N1, Faille D2, Cung A2, Huisse MG2, Chomienne C3,

Jandrot-Perrus M4 and Dosquet C3

1AP-HP INSERM; 2Inserm U698, Bichat Hospital; 3Inserm U940,

Saint Louis Hospital; 4U698 Bichat Hospital, Paris, France

Background: myeloproproliferative neoplasms (MPN) are associated

with an increased risk of arterial and venous thrombosis varying from

2.6% per year to 4.9% according to the studies. Low dose of aspirin is

recommended in primary and secondary prophylaxis of thrombosis in

polycythemia vera. In the prospective ECLAP cohort (Marchioloi R

et al, J Clin Oncol 2005), low dose aspirin is associated to a reduced

incidence of cardiovascular events by 28%. However evaluation of

biological efficacy of low dose aspirin is still questionable as incidence

of biological resistance ranges from 1% to 65% depending on the

method used and the delay after the ingestion.
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Aim of the Study: To determine aspirin resistance by light transmission

aggregometry in well-characterized MPN patients under low dose

aspirin (75 mg/day), 24 h after the last ingestion of aspirin

Methods: we prospectively enrolled 54 patients with MPN identified in

Saint Louis Hospital, Paris (Dr C Dosquet and Pr C Chomienne). All

of them were under aspirin 75 mg/day. Resistance to aspirin was per-

formed on platelet rich plasma by platelet aggregation induced by ara-

chidonic acid 1.33 mM and tested 24 h after the last dose. Resistance

to aspirin was defined by a maximal platelet aggregation over 20%.

Results: Only seven out of 54 patients were resistant to aspirin (AsaR).

An increased daily dose of 100 mg during 7 days at least overcame this

biological resistance in six out of seven patients. The other 47 patients

in whom aspirin was efficient were noted as the AsaS group. Clinical

characteristics could be summarized as follows: Polycythemia Vera

was diagnosed in 29 and in 15 patients of the Asa S and of the Asa R

group, respectively and Essential Thrombocythemia in five patients of

the AsaS group and in two patients of the Asa R group. JAK2V617F

mutation was present in 64% of the AsaS group and in 86% of the

AsaR group. Platelet count was 331 � 172G/L in the AsaS group and

378 � 201G/L in the AsaR group

Interestingly, 71% of patients resistant to aspirin had a thrombotic

event in the arterial circulation or microcirculation but not in venous

area compared to only 34% of patients responder to aspirin (Asa S).

Moreover, even though platelet count was slightly increased in the Asa

R group compared to Asa S patients, it did not reach significance. The

only patient resistant to 100 mg aspirin had no history of thrombosis

and a normal platelet count at 316 G/L. Bleeding tendency consisted

in ecchymosis, epistaxis and gingivorragia and was more frequent in

Asa S patients (12/47) than in Asa R patient (1/7).

Conclusion: Increasing the dose of aspirin from 75 to 100 mg once

daily seems enough to overcome aspirin resistance when tested in stan-

dardized conditions. Only one patient over 54 (1.8%) was still resistant

to aspirin with 100 mg once a day. Moreover biological resistance to

aspirin was associated to past history of arterial thrombosis in most of

the patients. These results need to be confirmed in a larger study.

PB 1.27-2
Intraplatelet angiogenesis regulators more relevant
than serum carcino embryonic antigen (CEA) to
colorectal cancer (CRC)?
Bauters A, Beugnet-henaut C, Vaast B and Zerbib PF

University hospital of lille, Lille, France

Background: Serum CEA is the most widely used marker for CRC

recurrence following curative resection, although the accuracy of CEA

monitoring during the follow-up period of surgical resection is not

always consistent. Furthermore normal serum CEA levels may be

associated with early stages of tumor progression or with non-CEA

producing tumor. The post-operative monitoring of CEA is useless for

patients with normal pre-operative serum CEA. There is no biological

marker to detect recurrence following curative surgery for these

patients. Very early in the course of cancer development, variable con-

centrations of angiogenesis regulators can be taken up, internalized

and concentrated in platelet alpha granules for a timely delivery to

tumors through specific activation. This suggests an avenue for devel-

opping biomarkers to diagnose and monitor CRC. Prior to validate in-

traplatelet angiogenesis regulators (IPAR) as markers for CRC

recurrence in patients with normal CEA, we must confirm the clinical

significance of pre-operative IPAR and check platelet activation in

these patients before surgery.

Aims: We compared concentration of two major angiogenesis regula-

tory proteins (VEGF, PDGF) in platelets of CRC patients with nor-

mal serum CEA to those of normal controls. We assessed platelet

activation through plasmatic p-selectin concentration.

Methods: Blood sample from 43 patients with newly diagnosed CRC

were analyzed for CEA before surgery, 31 patients (72%) presented

with norman serum CEA (< 10 l/L). Platelet contents of VEGF and

PDGF, and plasma p-selectin were measured for these 31 patients and

31 controls free of CRC. Analyte concentrations were measured with

quantitative sandwich enzym immunoassays (R&D system). VEGF

and PDGF levels were adjusted to the number of platelets in the pellets

by dividing the amount of analyte by the actin quantity. Variables with

skewed distribution were log-transformed before being used as contin-

uous variables in statistical analysis. Normal controls were younger

than patients (mean age = 47.3 + 1.9 vs. 63.7 + 1.9 respectively), age

was entered in a multivariate model.

The study was approved by the medical ethics committee, and

informed consent was obtained from patients and controls.

Results: Thirty-one CRC patients stage I (n = 4), II (n = 7), III

(n = 4), IV (n = 16) and normal serum CEA were compared to 31 con-

trols. Before surgery CRC patients presented with significantly higher

platelet VEGF and PDGF concentrations compared to controls

(1.05 + 0.10 vs. 0.43 + 0.06; P = 0.022 and 2.5 + 0.09 vs. 2.07 + 0.04;

P = 0.019 respectively). Platelet activation was higher for patients

compared to controls (77.34 + 5.03 vs. 58.67 + 2.66; P = 0.036). Plate-

let counts were not different between patients and controls. We did

not observe any difference in analyte concentrations according to the

CRC stage.

Conclusion: We confirmed platelet activation in CRC. Pre-operative

intraplatelet VEGF and PDGF seem to be more sensitive than CEA to

CRC. these results provide further insights into CRC monitoring espe-

cially for patients with normal serum CEA prior to surgical resection.

Next step will be to confirm these findings on a larger study and to me-

sure the effect of surgical resection on these parameters.

PB 1.27-4
Immune thrombocytopenia in patients with chronic
lymphocytic leukemia treated with 2 – CdA-based
regiments or chlorambucil
Trelinski J1, Blonski J1, Robak T1, Chojnowski K1 and Polish Adult

Leukemia Group2

1Department of Hematology, MedicalUniversity of Lodz, Lodz,

Poland; 2PALG, Gliwice, Poland

Background: The relationship between treatment of Chronic lympho-

cytic leukemia (CLL) with cladribine (2 – CdA) or chlorambucil and

immune thrombocytopenia (IT) have not been yet determined.

Methods: We retrospectively analyzed records of 777 patients treated

in two randomized PALG (Polish Acute Leukemia Group) CLL pro-

grams with these agents.

Results: Immune thrombocytopenia occurred in 55 of 777 (7.1%)

patients. No significant differences in IT prevalence was seen between

patients on chlorambucil or 2-CdA – based regiments (P = 0.33). IT

developed at a median time of 0.499 years (0.06–4.8) from the start of

CLL therapy. This time was significantly longer in patients treated

with chlorambucil (2.03 years, 95% CI: 0.06–4.22) in relation to

patients treated with 2-CdA- based regiments (0.52 years, 95% CI:

0.34–0.69, P = 0.049). Overall survival (OS) of patients with IT and

those without IT were not statistically different (2.65 vs. 3.2 years,

P = 0.23) but the severity of bleeding was more pronounced in 2- CdA

group. Response to IT therapy was 35%, 54% and 75% for steroids,

chemotherapy and splenectomy respectively.

Conclusions: In this study we demonstrated unexpectedly high percent-

age of IT prevalence in patients with CLL requiring chemotherapy.

Although no marked differences were seen in IT frequency in patients

treated with 2 – CdA-based regiments compared to chlorambucil regi-

men the clinical course of haemorrhagic diathesis was more severe in 2

– CdA group. Also time that elapsed from study screening to IT diag-

nosis was significantly shorter in 2-CdA group than in chlorambucil

group suggesting causative relation. The appearance of IT did not

influence the median time of OS.
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PB 1.27-5
Crosstalk between platelets and inflammation in
nasopharyngeal carcinoma
Komala AS1, Rachman A1 and Harsal A2

1Faculty of Medicine University of Indonesia; 2Dharmais National

Cancer Centre, Jakarta, Indonesia

Background: Nasopharyngeal carcinoma (NPC) is an unique malig-

nancy because of its geographical and ethnic patterns. South China

and South East Asia have the highest incidence, while in Indonesia its

incidence is about 5.66 cases per 100,000 populations per year. Com-

plex interactions between tumor cells and circulating platelets play an

important role in cancer growth and dissemination. Soluble Platelet-

Selectin (sP-selectin) is a marker of in vivo platelet activation. Inflam-

mation, marked by elevated Interleukin-6 (IL-6) concentrations, can

have ‘cross-talk’ with platelets resulting in thrombosis. Thus we inves-

tigated the level of sP-selectin and platelet count in nasopharnyngeal

carcinoma and whether they had correlation with IL-6.

Aims: Studying the ‘cross-talk’ between platelets and inflammation in

nasophyarngeal carcinoma.

Methods: This was a cross sectional study including patients with

newly diagnosed nasopharyngeal carcinoma at Cipto Mangunkusumo

Hospital, Jakarta, Indonesia in period of May to November 2012. Sol-

uble P-selectin levels in various stages of NPC were measured using a

human sP-selectin Immunoassay (R&D Systems) following the manu-

facturer’s instructions. Interleukin-6 concentrations were measured

using a human IL-6 ELISA (Bender MedSystems). Platelets of every

patients were counted by ABX Micros 60. SPSS version 13 software

was used in this study.

Results: From 53 patients of NPC, 17 patients had distant metastatic

sites. The mean age was 44.2 years with ratio of men to women was

3.4:1. The most prevalence histopathology was undifferentiated carci-

noma (84.9%). The mean platelets count was 340,924/lL. Eleven per-

cent of the patients had elevated platelet count (> 450,000/lL). The
median level of sP-selectin was 46.6 ng/mL (inter quartile range:

42.07–58.67) while the median level of IL-6 was 17.02 pg/mL (inter

quartile range: 10.45–25.31). The median level of sP-selectin was statis-

tically significantly higher among patients with metastatic NPC than

non-metastatic NPC (59.5 vs. 44.7; P < 0.001). Statistically, the plate-

let count in metastatic NPC was not different with non-metastatic

NPC (P = 0.717). In metastatic NPC, IL-6 had correlation with plate-

let count (r = 0.514; P = 0.035) and sP-selectin (r = 0.562; P = 0.019).

Platelet count also had correlation with sP-selectin (r = 0.556;

P = 0.02). In non-metastatic NPC, IL-6 didn’t correlate with platelet

count (P = 0.637) or sP-selectin (P = 0.751) and there was no correla-

tion between platelet count and sP-selectin (P = 0.724).

Conclusion: In metastatic nasopharyngeal carcinoma, there was an

increased level of platelet activation than in non-metastatic NPC.

Inflammation had significant contribution to platelet activation and

platelet count in metastatic nasopharyngeal carcinoma.

PB 1.27-6
Role of thrombopoietin signalling in murine B-cell
lymphoma
Josefsson EC, Lebois M, Cannon P, Moujalled D, Rutgersson A,

Faraj F, Roberts A, Kile BT, Mason K and Alexander S

The Walter & Eliza Hall Institute of Medical Research, Parkville,

Vic., Australia

Platelets have been linked to promotion of metastasis, and in some

cases to supporting the tumor vasculature in solid tumors. However,

the role of platelets in liquid tumors, such as lymphoma and leukemia,

is largely unknown. Thrombopoietin mimetic drugs were recently

approved and are currently in clinical trials for use in chemotherapy-

induced thrombocytopenia. It is therefore important to better under-

stand the roles of thrombopoietin and platelets in cancer, including

hematopoietic malignancies.

We set out to investigate if changes in platelet number and signaling

via thrombopoietin, the primary regulator of platelet production,

would influence myc driven B-cell lymphoma progression. To test this,

El-Myc transgenic mice, a well-established model of human Burkitt’s

lymphoma, were mated with Mpl�/� mice that have severe reductions

in platelets, megakaryocytes and megakaryocyte progenitor cells due

to lack of thrombopoietin signaling through Mpl. In addition, we

mated El-Myc mice with TpoTgtransgenic mice which over-express

thrombopoietin leading to increased megakaryopoiesis and high plate-

let numbers. As previously described, Mpl�/� mice exhibit platelet

counts approximately 10% of wild type levels, whereas TpoTg mice

have 3.5 times higher platelet counts compared to wild type mice.

In transgenic mice Myc over-expression is under the control of the

immunoglobulin heavy chain gene enhancer (El). The central mecha-

nism of El-Myc induced tumorigenesis is early expansion of immature

pro-B/pre-B cells, which further progress to a malignant state. We

monitored differences in survival and the rate of tumor initiation by

measuring pre-B cells in 4–5 week-old pre-malignant mice.

Remarkably, Mpl�/� El-Myc mice had reduced survival as well as

earlier onset of lymphomagenesis, based on increased splenic pre-B cell

numbers and blood lymphocyte counts in 4–5 week-old mice com-

pared to El-Myc control mice. Conversely, our data indicate that ele-

vated thrombopoietin signaling is protective.

Results of tumor transplant experiments of established El-Myc

tumors into Mpl�/� or wild-type mice, point to similar survival rates.

This suggests that changes in platelet number do not influence the rate

of lymphomagenesis after it has been initiated. Rather, thrombopoie-

tin signaling through Mpl could be of relevance for the rate of tumor

onset. In addition to regulating platelet counts, thrombopoietin is

known to affect hematopoietic stem cell (HSC) number and quies-

cence. Mpl receptor deficient mice have increased cycling of HSCs. We

propose that changes in HSC cycling or an altered environment arising

from abnormal platelet number could be the mechanism(s) behind dif-

ferences in tumor initiation and survival. Such studies currently are

underway.

Our study shows that changes in platelet number and/or signaling via

thrombopoietin influence tumor onset and survival in murine B-cell

lymphoma.

PB1.28 – Platelets and Cancer

PB 1.28
Procoagulant microparticles in cancer patients:
prognostic value
Vila V, Martinez-Sales V, Fleitas T and Reyn�es G

Hospital Universitario y Polit�ecnico La Fe, Valencia, Spain

Background: Microparticles (MPs) are small vesicles (100 nm–1 lm)

which directly bud from the plasma membrane of different cells,

including blood, endothelial and tumor cells. The procoagulant MP

levels increase in cancer patients. Nevertheless, the potential prognos-

tic value of MPs in cancer remains unclear.

The aim of this study was to evaluate the potential prognostic value of

MPs and MP-mediated procoagulant activity in cancer patients.

Material and Methods: We studied: (i) 60 patients with non-small cell

lung cancer (NSCLC) stages IIIB and IV before first line, platinum-

based chemotherapy +/2 bevacizumab, and after the third cycle of

treatment; (ii) 22 patients, newly diagnosed, with histologically proven

glioblastoma (GB) who received radiotherapy plus concomitant met-

ronomic temozolomide treatment at a daily dose of 75 mg/m2 before

the start of radiochemotherapy and during the last week of this treat-

ment. Sixty healthy subjects were evaluated as controls. Total MPs

were quantified by flow cytometry by labeling with FITC-AnnexinV.

Samples were acquired for 120 s at high flow rate. Plasma procoagu-
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lant activity was assayed by the automated calibrated thrombogram as

the endogenous thrombin generation measurements (TG, nM throm-

bin) and by the clotting time due to procoagulant phospholipids

(PPLCT).

Results: The results of the current study show that the MP count

(36,210 � 34,494 vs. 11,088 � 5814 MPs/120 s; P < 0.0001) and ETG

levels (209 � 86 vs. 158 � 59 nMol thrombin, P < 0.01) are elevated

in patients with NSCLC in comparison with healthy controls. Chemo-

therapy did not change the levels of these markers. MP levels posi-

tively correlated with TG levels, both before (Spearman r = 0.60,

P < 0.001) and after treatment (Spearman r = 0.68, P < 0.001). We

have also found an association between high MP levels, both before

and after treatment, and survival. In GB patients the mean pretreat-

ment levels of MPs were significantly higher than healthy controls

(48,210 � 47,700 vs. 11,088 � 5814 MPs/120 s; P < 0.001). MPs and

TG decreased, and PPLCT increased significantly after treatment. MP

levels positively correlated with both pre- and post treatment levels of

TG (Spearman r = 0.74, P < 0.01), and inversely correlated with pre-

treatment levels of PPLCT (Spearman r = �0.86, P < 0.01). It is also

shown that a TG level greater than the 25th percentile in patients, after

treatment with radiotherapy and concomitant temozolomide, is associ-

ated with a shorter survival.

Conclusion: Our findings provide new data on the prognostic value of

MPs in patients with NSCLC and GB. The role of MPs as potential bi-

omarkers in patients with cancer, treated with conventional chemo-

therapy or targeted therapies, warrant further study, since a better

understanding of their role can open new perspectives in the fields of

diagnosis and treatment.

PB 1.28-1
Effects of ultraviolet radiation on platelet shape
Terada C, Okazaki H, Satake M and Tadokoro K

Japanese Red Cross Society Central Blood Institute, Tokyo, Japan

Background: The adoption of pathogen reduction technology (PRT)

has been considered for the implementation of safer platelet transfu-

sion. PRT treatment involves ultraviolet (UV) radiation in a wide

wavelength range; however, the effects of UV radiation at different

wavelengths on platelets have not been fully clarified.

Aim: In this study, we evaluated the effects of UV radiation with UV

of different wavelengths on the platelet shape.

Methods: An apheresis platelet concentrate was diluted with SSP+
additive solution (Macopharma) and used as a measurement sample

(residual plasma rate, 30%). Changes in the platelet shape were moni-

tored in real-time during the radiation of the sample with UV of 300–
370 nm wavelengths (0–0.15 J/cm2) using a 90° scattered light. The

change in the amplitude of the signal (amp) obtained by frequency

analysis of the change in the intensity of scattered light was used as an

index of platelet shape change. The level of generation of reactive oxy-

gen species (ROS) in platelets upon UV radiation was measured using

hydroxyphenyl fluorescein (HPF).

Results: For UV with wavelengths shorter than 330 nm, amp, which

indicates the percentage of discoid platelets, decreased with the dose of

UV radiation. The extent of the decrease in amp increased with

decreasing wavelength at the same dose of UV radiation. For UV with

wavelengths longer than 330 nm, amp remained unchanged with

increasing UV radiation dose. For UV with a wavelength of 300 nm,

generation of ROS in the platelets was observed depending on the dose

of UV radiation. There was a good correlation between the platelet

shape change and the level of ROS generation (r = 0.90, P = 0.04).

The platelet shape change and the generation of ROS in the platelets

as a result of UV radiation at a wavelength of 300 nm were signifi-

cantly suppressed (P < 0.05) in the presence of ascorbic acid

(2.5 mM), an antioxidant.

Conclusions: UV radiation at wavelengths shorter than 330 nm

induced a platelet shape change depending on the dose of UV radia-

tion. It was suggested that the generation of ROS in the platelets is

related to the platelet shape change upon UV radiation.

PB 1.28-2
Reversible blockade of GPIIb-IIIa reduces platelet
storage lesions
Jennings LK, White M, Cholera S and Tyagi A

University of TN Health Science Ctr, Memphis, TN, USA

Background: The storage-related decline in platelet function and viabil-

ity is collectively referred to as platelet storage lesions or PSLs. It has

been suggested that PSLs actually begin when the automated forces of

product processing delivers the first assault on the platelets prior to

storage. During storage platelets begin to lose the ability to aggregate,

as well as matrix adhesion capabilities. Platelet activation markers, sol-

uble CD40 ligand (sCD40L) and CD62 accumulate on the platelet

membrane surface or in the plasma environment over time. Finally,

modifications in the expression of platelet-specific membrane proteins

GPIb and GPIIb-IIIa and structural changes to the platelet cytoskele-

ton have been associated with platelet storage.

Aims: This study focused on a novel mechanistic approach that

tested the hypothesis that GPIIb-IIIa blockade by a reversible agent,

eptifibatide (EPT), may improve platelet functionality over storage

time.

Methods: Platelet aggregation in response to 5 µg/mL collagen and to

20 µM ADP was measured as well as EPT occupancy and CD62

expression during blood bank storage of platelet products either trea-

ted with EPT or saline (SAL) control. pH and glucose was also moni-

tored over storage time.

Results: Day 1 testing demonstrated that the platelet products were

functional and that the added EPT saturated the GPIIb-IIIa receptors.

At Day 3 of storage and after removal of the inhibitory effect of EPT,

platelet aggregation response to collagen and ADP of the EPT-treated

product had a discernible shape change and typical aggregation pro-

file. However, the SAL control product had no evidence of shape

change and only a minimal aggregation response. On Day 1, CD62

binding to the platelet product in the absence of exogenous agonist

demonstrated little activation. By Day 3, CD62 MFI in the SAL trea-

ted product was 9-fold higher whereas in the EPT treated product, the

MFI was increased < 4-fold. Furthermore, with ADP or TRAP activa-

tion, the MFI in the SAL treated product was slightly increased by

1.0- to 1.2- fold, respectively, indicating ‘exhausted platelets’. In con-

trast, the EPT product had a more robust reactivity and the MFI

increased by 2.5- to 5-fold, respectively, upon activation by ADP or

TRAP. Other readouts showed that pH decreased from 7.5 to 6.5 and

glucose was POS at day 3 in the SAL group compared to a constant

pH 7.0 and NEG glucose for the EPT group.

Summary/Conclusion: Our data suggest that this novel treatment miti-

gates key characteristics of PSL and may be a viable, new approach

for improving platelet post-transfusion survival and function. Revers-

ible blockade of GPIIb-IIIa has the potential to reduce platelet storage

lesions and lessen adverse events associated with platelet transfusion in

patients that require platelet products. These data also suggest that

EPT treatment may inhibit transitions in pH and have some benefit in

reducing effects of early bacterial contamination.
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PB 1.28-3
Sonorheometry assessment of aspirin effects on
platelet contributions to blood clot stiffness ex vivo in
patients undergoing cardiopulmonary bypass
procedures
Lawrence MB1, Lin-Schmidt X1, Viola F2, Ailawadi G1

and Walker WF2

1University of Virginia; 2HemoSonics, LLC, Charlottesville, VA,

USA

Background: Platelets contribute significantly to blood clot stiffness

and their decreased function may underlie bleeding following cardio-

pulmonary bypass (CPB) supported cardiac surgery. Few quantitative

measures exist to guide transfusion of platelets during and immediately

following CPB, leading to a shotgun approach to the delivery of multi-

ple hemostasis-promoting products to the patient. Sonorheometry

(SR) is a novel ultrasound-based technology that rapidly quantifies he-

mostasis from a blood sample by measuring ex vivo clot stiffness (S)

during surgery using acoustic radiation force.

Aims: To assess platelet contributions to ex vivo CPB patient clot stiff-

ness and correlate clot stiffness with pre-surgical aspirin therapy and

intraoperative transfusion risk.

Methods: Forty patients were enrolled following informed consent

(University of Virginia IRB approved study no. 14050) in a prospec-

tive pilot study to assess the utility of SR testing during surgeries

involving cardiopulmonary bypass (CPB). The subset of subjects on

aspirin therapy (81–325 mg/day) stopped ingestion 1–3 days prior to

surgery. During surgery, patient blood samples (2 mL each) taken

from the A-line were divided with one sample treated with abciximab

and the other serving as a control. Samples were activated by kaolin

(5 mg/sample) and changes in blood clot stiffness (S) were measured

by SR. Blood was sampled immediately before surgery and 10 min

after protamine infusion after the end of CPB. The blood sample was

held in a custom ultrasound transducer holder at 37 °C. The anesthesi-
ologist and the surgical team were blinded to the results of SR testing.

Results: A differential measure named the Platelet Activity Index

(PAI) was defined by measuring S with and without the platelet IIb/

IIIa integrin inhibitor, abciximab. PAI measured prior to CPB

(PAIpreCPB) was 34% lower in subjects who were on prior aspirin

therapy than those not on aspirin therapy (P < 0.028). PAI deter-

mined immediately after CPB (PAIpostCPB) was 33% lower in sub-

jects on prior aspirin therapy (P < 0.010). Patients not on aspirin

therapy had a 27% chance of receiving a transfusion. Patients on aspi-

rin therapy had a 77% chance of receiving a transfusion. ROC analysis

of platelet-based transfusions showed a correlation of PAIpreCPB

measures with the surgical team’s decision (AUC = 0.73, P < 0.01).

Similarly, PAIpostCPB measures also correlated with the surgical

team’s transfusion decision (AUC = 0.71, P < 0.018). Furthermore,

PAI was significantly lower for transfused subjects than for non-trans-

fused subjects (P < 0.003).

Conclusions: In a prospective, small-scale pilot study, CPB patients on

aspirin therapy had lower platelet contributions to ex vivo blood clot

stiffness than CPB patients not on aspirin therapy and a higher occur-

rence of intraoperative platelet transfusions, suggesting the existence

of residual impairment of platelet function due to aspirin treatment.

SR assessment of platelet activity may help predict platelet transfusion

needs and lead to more selective usage of platelets during surgery. This

study was conducted following the guidelines of the Declaration of

Helsinki.

PB 1.28-4
Use of high-sensitivity flow cytometry for the
characterization of a lyophilized platelet-derived
hemostatic agent
Gerrits AJ1, Barnard R1, Fitzpatrick MG2, Berny-Lang MA1,

Michelson AD1 and Frelinger AL III1

1Boston Children’s Hospital, Dana-Farber Cancer Institute,

Harvard Medical School, Boston, MA; 2Cellphire, Inc, Rockville,

MD, USA

Background: Uncontrolled bleeding is the leading cause of potentially

preventable death among trauma patients in the pre-hospital civilian

and military setting. Lyophilized platelets have been proposed as a

therapeutic agent for pre-hospital management of hemorrhages. Char-

acterization of the particles present in lyophilized platelet-derived he-

mostatic agents is essential for understanding the mechanism(s)

underlying clinical benefit, to standardize production of the agent, and

thus, to achieve reproducible clinical outcomes.

Aims: To develop a method to reproducibly quantify particles in dis-

creet ranges between 300 nm and 15 lm, and immunophenotypically

characterize particles in lyophilized platelet-derived hemostatic agents

within each range.

Methods: Unstained or CD41a�, CD42b� and annexin V-stained

samples were analyzed using the high sensitivity Beckman Coulter

Gallios flow cytometer. To detect the smallest particles, forward light

scatter (FSC) was collected in wide-angle mode with a threshold of

zero and the photomultiplier tube (PMT) amplification was set to a

gain of 2.0 and 500 V. To detect larger particles, FSC was collected in

narrow mode and the PMT amplification was set to a gain of 1.0 and

350 V. Results of the median FSC-Area of bead standards were used

to establish limits of regions corresponding to the following calibrated

plastic microsphere sizes: 0.294–0.482, 0.482–0.9, 0.9–2.53, 2.53–5.037,
5.037–7.83, 7.83–14.73, and > 14.73 lm.

Results: Intra- and inter-day variability was determined for regions

0.482–0.9 and 0.9–2.53 lm by repeated measurements of a single sam-

ple. Intraday coefficients of variation (CV)s for these regions were

0.80% and 1.08%, respectively, while the interday CVs were 1.06%

and 3.78%, respectively. Particles in human lyophilized platelet prepa-

rations showed a bimodal distribution of sizes by ungated analysis of

wide-angle light scatter, with peaks just below the 0.294 lm and the

0.9 lm marker. Percentages of events in specific regions were:

< 0.294 lm: 20–27%, 0.294–0.482 lm: 20–27%, 0.482–0.9 lm: 22–
30%, 0.9–2.53 lm: 12–15%, 2.53–5.037 lm: 9–11% and > 5.037 lm:

3%. Due to the high sensitivity of the Gallios, a large number of parti-

cles < 0.482 lm were detected in ungated samples. However, these

particles were negative for CD41a and CD42b and thus were elimi-

nated when samples were gated on the basis of positivity for these

markers. Percentages in the specific regions for CD41a+/CD42b+
events were: < 0.294 lm: 0.1%, 0.294–0.482 lm: 0.1–0.2%, 0.482–
0.9 lm: 30–34%, 0.9–2.53 lm: 32–35%, 2.53–5.037 lm: 26–27% and

> 5.037 lm: 7–9%. Analysis by narrow-angle light scatter of particles

of both ungated and CD41a+/CD42b+ gated samples showed 17–23%
of particles in size ranges > 5.037 lm. Samples were > 73% positive

for annexin V in regions > 0.482 lm, compared to an isotype.

Summary/Conclusions: Results demonstrate reproducible quantifica-

tion and immunophenotypic characterization of platelet derived parti-

cles across a wide range of sizes (< 0.294–> 14.73 lm).

Characterization and standardization of the size and procoagulant

phenotype of lyophilized human platelets is important for achieving

reproducible clinical efficacy.
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PB 1.28-5
Refrigerated storage of platelet products for
transfusion in dogs
Segawa K, Fujimoto A, Kato T, Neo S, Hisasue M and Tsuchiya R

Azabu University, Sgamihara-shi, Kanagawa, Japan

Background: Platelet products for transfusion are normally stored at

room temperature, and the storage time is limited to only 5 days to

prevent the growth of potentially contaminating bacteria. Although

refrigerated storage would likely reduce the growth of most bacteria,

thus prolonging the storage, the in vivo survival time of human plate-

lets after transfusion is known to significantly decrease due to refriger-

ation.

Aims: Preventing the rapid clearance of refrigerated platelets is chal-

lenging, and it is difficult or unethical to examine the effects of modifi-

cations to the storage protocols in human volunteers. Therefore, we

examined the effects of refrigeration of platelet products in dogs to

determine whether dogs could be used as an alternative to humans.

Methods: Canine platelet rich plasma in polyolefin containers was

stored for 7 days at room temperature (22 °C) or at 4 °C with contin-

uous agitation on a flat bed shaker. Samples were taken aseptically 1

and 7 days after storage, and the in vitro characteristics were assessed.

The in vivo recovery and survival of the autologous platelet products

that had been stored for 7 days were also assessed using a biotinyla-

tion method.

Results: The aggregability induced by collagen and ADP were better

maintained in the refrigerated platelet products than in the platelets

stored at room temperature on day 7 (22 °C: collagen, 36.7 � 20.8%;

ADP, 14.8 � 12.9%; 4 °C: collagen, 72.3 � 21.2%; ADP,

55.9 � 29.5%). Significant differences were also found in the platelet

counts, pH, glucose concentration, lactate concentration and the

extent of shape change. No significant differences were found in the

mean platelet volume, hypotonic shock response or lactate dehydroge-

nase activity. On the other hand, although the in vivo recovery was not

significantly different, the survival time after transfusion of refriger-

ated platelet products was obviously shorter than that of room temper-

ature stored platelet products (22 °C: 5.2 � 0.6 days, 4 °C: within

2 days).

Summary/Conclusions: These results indicate that the effects of refrig-

eration on canine platelet products, especially the rapid clearance after

transfusion, were similar to those in humans. Therefore, dogs may be

considered a valuable preclinical model for assessing the effects of dif-

ferent modifications on refrigerated platelets in order to extend their

storage life.

PB 1.28-6
Pneumatic tube transport affects platelet function
measured by multiplate electrode aggregometry
Simon T, Forsling I, Eintrei J, S€oderblom L and Antovic JP

Karolinska Sjukhuset, Stockholm, Sweden

Platelet activation and aggregation is an essential component of many

thromboticevents. Multiple electrode aggregometry (MEA) is used to

measure platelet function. Pneumatic tube transport systems (PTS) for

delivery of patient samples to a centrallaboratory are often used to

reduce turnaround time for vital analyses. We evaluated theeffects of

PTS transport on platelet function as measured by MEA. Duplicate

samples were collected from 32 healthy individuals, eight patients from

anintensive care unit, four patients from a coagulation clinic and 14

patients from acardiovascular unit treated with aspirin, clopidogrel or

both. One sample was sent usingthe PTS and the other was carried by

personnel to the lab. Platelet function was measuredby means of a

Multiplate� analyzer (Roche, Mannheim, Germany) using adenosin-

ediphosphate (ADP test), arachidonic acid (ASPI test), collagen (COL

test), ristocetin (RISTO test) and thrombin-receptor activating pep-

tide-6 (TRAP test) as aggregationagonists. Samples transported using

PTS showed a reduction of AUC-values of up to a 100% ofthe average

as compared to samples carried by personnel and a majority showedre-

ductions of AUC-values greater than 20% of the average. Bias � 95%

limits ofagreement for the ADP test were 26 � 56% of the average.

Bias � 95% limits of agreementfor the ASPI test were 16 � 58% of

the average. Bias � 95% limits of agreement for theCOL test were

20 � 54% of the average. Bias � 95% limits of agreement for the

RISTOwere 14 � 79% of the average. Bias � 95% limits of agree-

ment for the TRAP test were19 � 45% of the average. We conclude

that PTS transport affect platelet activity as measured by MEA. We-

advise against clinical decisions regarding platelet function on the basis

of samples sentby PTS in our hospital settings.

PB1.29 – Megakaryocytes and
Thrombopoiesis – I

PB 1.29-1
Purinergic signalling regulates human megakaryocytes
function by inducing store-operated Ca2+ entry
Di Buduo CA1, Moccia F2, Battiston M3, De Marco L3,

Mazzucato M3, Cattaneo M4, Tanzi F2 and Balduini A1

1IRCCS San Matteo Foundation, University of Pavia; 2University

of Pavia, Pavia; 3Centro di Riferimento Oncologico, Aviano;
4Azienda Ospedaliera San Paolo, University of Milan, Milan, Italy

Background: During differentiation megakaryocytes migrate from the

osteoblastic niche to the vascular niche of the bone marrow, where

they convert the bulk of their cytoplasm into multiple long processes

called proplatelets that assemble nascent platelets at their tips. Despite

the well-defined mechanisms that drive proplatelet formation and

architecture, less is known about the signals that trigger platelet pro-

duction. Different findings highlighted the importance of autocrine

signals, together with environmental factors, in the regulation of

megakaryocyte behavior, however the exact mechanisms by which all

these factors coordinate to promote platelet release are unknown. We

previously showed that megakaryocytes, and not platelets, express the

purinergic receptor P2Y13 which interacts with constitutively released

adenosine diphosphate (ADP) leading to proplatelet formation. ADP-

dependent platelet activation relies on the increase in cytosolic Ca2+

concentration ([Ca2+]i), accomplished by store-operated Ca2+ entry.

Despite this knowledge whether or not this mechanism plays a role in

platelet production is not known.

Aims: Store operated Ca2+ Entry (SOCE) has been described to

be required in different human cell types to promote interaction

with extracellular matrix components. The aim of this study is to

demonstrate the role of ADP-induced SOCE activation in regulating

Mk behavior within extracellular matrix environment.

Methods: In this project we took advantage of an in vitro human model

to obtain megakaryocyte from human cord blood-derived progenitor

cells. We employed Ca2+ imaging to investigate the expression and

functionality of SOCE in fully differentiated megakaryocytes by either

pharmacological (i.e. cyclopiazonic acid) or physiological (i.e. ADP)

stimulation.

Results: We demonstrated that ADP binding to P2Y13 elicits a rapid

increase in [Ca2+]i, followed by a plateau, which is lowered in Ca2+-

free solution, thereby suggesting the involvement of store-operated

Ca2+ entry. Therefore, we provided the first evidence that megakaryo-

cytes express the major candidates to mediate store-operated Ca2+

entry, STIM1 and Orai1, which were functionally activated upon

depletion of the intracellular Ca2+ pool. The mechanism was inhibited

by a phospholipase C inhibitor (U-73122), an inositol-3-phosphate

receptor inhibitor (2-APB), or a specific store-operated Ca2+ entry

blocker (BTP-2). Finally, studies on the effects of these compounds on

megakaryocytes behavior revealed that Ca2+ entry form extracellular

media is primarily involved in the regulation of cytoskeleton rear-

rangement responsible for cell adhesion and motility on extracellular
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matrix components. Conversely, only Ca2+ mobilization form intra-

cellular stores is required to activate signaling cascades that trigger

proplatelet formation.

Summary/Conclusions: These findings provide the first evidence that

ADP utilizes store-operated Ca2+ entry to regulate human megak-

aryocyte functions and open new perspectives in the evaluation of the

signals that control platelet release in vivo.

PB 1.29-2
Establishment of conditions for in vitro and in vivo
production of genetically modified human
megakaryocytes and platelets
Thijs T1, Broos K1, Maes W1, Vandenbulcke A1, Fang J2,

Wilcox A2, Vanhoorelbeke K1 and Deckmyn H1

1KU Leuven Kulak, Kortrijk, Belgium; 2Medical College of

Wisconsin, Milwaukee, WI, USA

Background: In recent years, large-scale ‘platelet-omics’ studies and

transcriptome screenings in healthy volunteers and patients suffering

from thrombotic events have discovered a large number of differen-

tially expressed platelet genes and proteins, whose function is largely

unknown. Efficient methods for genetic manipulation and subsequent

functional characterization of human megakaryocytes (MK) and

platelets are however currently lacking due to a low number of human

platelets produced in vitro and the need for a large number (35 9 106)

of CD34+ hematopoietic stem and progenitor cells (HSPC) for trans-

plantation in immunodeficient mice and human platelet production

in vivo.

Aims: We aimed to develop a method that allows efficient platelet-spe-

cific genetic modification of HSPC in combination with in vitro and in

vivo production of human MK and platelets.

Methods: We initially tested three different cytokine cocktails (TSF16,

TSF and TPO containing different concentrations of TPO, SCF, Flt-

3-Ligand, IL-6 and IL-1b, for their ability to support in vitro differen-

tiation. Differentiation of HSPC towards the megakaryocytic lineage

was assessed by flow cytometry by determining expression of CD34, b3
(CD61) and GPIba (CD42b) and by light and transmission electron

microscopy after 7 and 14 days. The best performing cytokine cocktail

was then used for lentiviral transduction of HSPC with a vector con-

taining the GFP gene under control of the aIIb promoter (lenti-aIIb-
GFP-WPT), after which the percentage of GFP+ MK was again

assessed by flow cytometry. Finally, HSPC were prestimulated, trans-

duced and transplanted in sublethally irradiated NOD/SCID/IL2Rc�/

� (NSG) mice and the production of human GFP+ platelets was

assessed up to 6 weeks post-transplantation.

Results: In all three media tested, differentiation of HSPC was

observed as an increase in the number of b3
+ and GPIba+ cells con-

comitant with a decrease in the number of CD34+ cells. Culturing of

HSPC in TSF16 medium resulted in the highest number of b3
+

(69.7 � 5.5%; n = 3) and GPIba+ (41.1 � 17.7%; n = 3) cells after

14 days. Successful differentiation of HSPC in this medium was fur-

thermore confirmed by the detection of proplatelet-forming MK using

light and electron microscopy. Following overnight prestimulation in

TSF16 medium, lentiviral transduction of HSPC with lenti-aIIb-GFP-

WPT for 2 9 2 h at MOI 2.5 resulted in 29.7 � 5.0% (n = 3) of aIIb
+

cells successfully expressing GFP after 7 days of in vitro culture in

TSF16 medium. Finally, we transplanted 5 9 106 lentivirally trans-

duced HSPC into a sublethally irradiated NSG mouse. This resulted in

the detection of GFP+ human platelets in murine peripheral blood for

up to 6 weeks post-transplantation.

Conclusion: We here report on the establishment of conditions that

permit efficient lentiviral transduction of HSPC in combination with

in vitro production of transgenic proplatelet-forming MK as well as in

vivo production of transgenic human platelets in the circulation of

NSG mice. Furthermore, our optimized protocol permits a sevenfold

reduction in the number of cells needed for transplantation, compared

to previously reported data. These results show that overexpression or

knockdown of a gene of interest in human MK and platelets is feasi-

ble, thus paving the way to study genetically modified human platelets

in mouse models.

PB 1.29-3
Protein synthesis in the late stages of megakaryocyte
maturation triggers proplatelet formation
Machlus KR1, Thon J1, Campbell RA2, Weyrich AS2

and Italiano JE1

1Harvard Medical School and Brigham and Women’s Hospital,

Boston, MA; 2University of Utah, Salt Lake City, UT, USA

Background: Platelets are essential for hemostasis, and thrombocyto-

penia (platelet counts < 150 9 109/L) is a major clinical problem.

Megakaryocytes (MKs) generate platelets by extending long,

branching processes, designated proplatelets, into sinusoidal blood

vessels.

Aims: While the mechanism of platelet production has been studied

extensively, very little is known about what initiates and regulates pro-

platelet formation. We aim to identify and study proteins and corre-

sponding signaling pathways that initiate proplatelet formation.

Methods: We used the IncuCyte high content live-cell kinetic imaging

system to monitor proplatelet formation in cultured primary megak-

aryocytes differentiated from murine hematopoietic stem cells. Kinetic

analysis of proplatelet formation over 24 h revealed maximum pro-

platelet formation after 8 h. Puromycin treatment was used to inhibit

protein synthesis. Polysome profiling was used as a global measure of

protein synthesis. To identify what proteins are dynamically changing

during proplatelet formation, we compared the proteome of round vs.

proplatelet-producing megakaryocytes by two-dimensional differential

interference gel electrophoresis (2D DIGE).

Results: Inhibition of protein synthesis with puromycin significantly

decreased proplatelet formation from 54 � 4.0% to 17 � 3.8%, and

significantly reduced the amount of proplatelets and platelets released.

These data suggest proteins synthesized immediately preceding pro-

platelet formation are necessary for the transition from round to pro-

platelet-producing MKs. Polysome profiling of round MKs

immediately preceding proplatelet formation revealed enrichment in

the polysome fraction, showing protein synthesis is strikingly active

during this time; the polysome fraction was significantly reduced fol-

lowing proplatelet formation. Interestingly, proteomic analysis

between round and proplatelet-producing MKs revealed only a small

number of differences, suggesting regulation of a subset of proteins is

sufficient to drive proplatelet production.

We focused on one protein identified in the both 2D DIGE and poly-

some profiling analysis that was up-regulated in proplatelet-producing

MKs, myristoylated, alanine-rich, C kinase substrate (MARCKS).

Differential expression of MARCKS in MKs was confirmed by wes-

tern blot and immunofluorescence. MARCKS is a protein kinase C

(PKC) substrate that binds PIP2 and crosslinks F-actin in its dephos-

phorylated form at the plasma membrane. To examine the role of the

PKC pathway and MARCKS in proplatelet formation, we treated

MKs with the PKC inhibitor and activator Ro 32-0432 and PMA,

respectively. Ro 32-0432 treatment dose-dependently augmented pro-

platelet production up to 48%, while treatment of MKs with the PKC

activator PMA dose-dependently inhibited proplatelet formation up

to 84%, suggesting that MARCKS must be dephosphorylated to pro-

mote proplatelet formation. This is supported by western blots of

MKs at different stages of development; MARCKS total protein

increases over 3-fold in proplatelet producing MKs while there is a 1.8

fold decrease in phospho-MARCKS.

Conclusions: Our preliminary data suggest that the dynamic cytoskele-

tal process of proplatelet formation requires protein synthesis. We pro-

pose that MARCKS is enriched and dephosphorylated in round MKs,

where it binds to and localizes PIP2 throughout the demarcation mem-
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brane system, facilitating signaling necessary to initiate proplatelet for-

mation. In the future, targeting MARCKS directly may be a viable

therapeutic option to drive proplatelet production and initiate ‘auto-

transfusion’ of platelets from existing bone marrow megakaryocytes.

PB 1.29-4
Human pre-adipocytes differentiate into
megakaryocytes and platelets using endogenous
thrombopoietin
Matsubara Y1, Ono-Uruga Y1, Matsubara Y1, Tanaka T2,

Goda N2, Okamoto S1, Ikeda Y2 and Murata M1

1Keio University School of Medicine; 2Waseda University, Tokyo,

Japan

The regulation of megakaryopoiesis and thrombopoiesis is poorly

understood. Better understanding of the mechanism may help us

establishing novel strategy for in vitro production of sufficient number

of platelets. We previously reported that pre-adipocytes differentiate

into megakaryocytes (MKs) leading to platelet production. Pre-adipo-

cytes exhibited the gene expression relevant to megakaryopoiesis and

thrombopoiesis, such as p45NF-E2, GATA-2, thrombopoietin (TPO),

and its receptor c-mpl. Among them, there is little expression of TPO

in hematopoietic stem cells. TPO is the primary cytokine for megak-

aryopoiesis and thrombopoiesis, and recombinant TPO has been used

to generate enriched populations of MKs using in vitro differentiation

systems. The present study was undertaken to examine whether pre-

adipocytes express endogenous TPO and c-mpl of sufficient magnitude

to drive megakaryopoiesis. We used primary human pre-adipocytes

(Cell Applications, Inc.). Cells were cultured either in MK lineage

induction (MKLI) medium composed of IMDM, supplemented with

L-glutamine, BSA, low-density lipoprotein cholesterol, iron-saturated

transferrin, insulin, 2-beta-mercaptoethanol, and nucleotides, or in the

maintenance medium, as a control medium, composed of DMEM sup-

plemented with FBS and non-essential amino acids. The gene expres-

sion of TPO during MK differentiation using MKLI medium was

examined by quantitative real-time PCR with premade primers

(Applied Biosystems), and the threshold value of TPO normalized with

GAPDH was 16.5 � 0.8 on Day 0, 15.9 � 0.6 on Day 5, 16.0 � 0.5

on Day 8, unmeasurable level on Day 12, and unmeasurable level on

Day 14. The protein levels of TPO measured by ELISA assay (Human

TPO Quantikine, R&D) in the supernatant from 106 pre-adipocytes

cultured in 2 mL MKLI medium were negligible on Day 0 and

28 � 14 pg/mL on Day 8. No measureable TPO was observed in su-

pernatants from pre-adipocytes on Days 0 and 8 cultured in the main-

tenance medium. These observations indicated that TPO was released

into the supernatants when the culture medium switched from mainte-

nance medium to MKLI medium. We examined MK differentiation

from pre-adipocytes in MKLI medium in the absence (TPO-) or pres-

ence of exogenously added recombinant TPO, 50 ng/mL (TPO+). The
frequency of human CD41-postive/CD42b-positive pre-adipocyte-

derived cells in culture after 14 days was approximately 15% in TPO

(-). Similar result was observed in TPO (+). The DNA ploidy, as

assessed by propidium iodide staining, was from 2 to 16 N in TPO (+/
�). The effects of the anti-c-mpl blocking antibody AMM2 (10 lg/
mL) on MK production were performed on mouse pre-adipocytes

which were also shown to differentiate into platelets. We observed 10-

fold more CD41-positive cells in the absence of AMM2 than in its

presence. For a platelet function, binding of Alexa Fluor 488-labeled

fibrinogen to human pre-adipocyte-derived platelet-sized CD42b-posi-

tive cells in the presence of stimulation (5 U/mL thrombin) was

increased to be approximately 20% as compared with the binding in

its absence in TPO (+/�). Taken together, these findings indicate that

pre-adipocytes differentiate into MKs and platelets using endogenous

TPO. Although the precise molecular mechanism of TPO production

during differentiation of pre-adipocytes into MK remains to be eluci-

dated, our findings suggest the pre-adipocytes are reasonable cell can-

didate in production of platelets for clinical use.

PB 1.29-5
Expression and functionality of toll-like receptor 3 in
the megakaryocytic lineage
D’Atri LP1, Etulain J1, Rivadeneyra L1, Lapponi MJ1, Fondevila C2

and Schattner M1

1Institute of Experimental Medicine; 2Bazterrica Clinic, Buenos

Aires, Argentina

Background: Beyond having a key role in hemostasis, platelets and

megakaryocytes also regulate the immune and inflammatory response,

partially due to the expression of Toll-like receptors (TLRs) a family

of proteins, which recognize molecular components of pathogens.

Among the TLRs, TLR3 recognizes double-stranded (ds) RNA associ-

ated with viral infection, and induces the activation of the transcrip-

tion nuclear factor-jB (NF-jB) and the production of type I

interferons (IFN-I). We have previously demonstrated that Junin virus

(JV), an arenavirus causative of Argentine hemorrhagic fever, or Poly

(I:C), a synthetic dsRNA, ligand of TLR3, impair thrombopoiesis by

decreasing release of in vitro generated-platelets. Moreover, JV or Poly

(I:C) increase the expression of functional IFN-I receptor and induce

the synthesis/release of IFN-I in early progenitors and mature megak-

aryocytes. Although we have shown TLR3 expression in megakaryo-

cytes by RT-PCR, its expression and functionality in the

megakaryocytic linage has not yet been studied.

Aims: To study the expression and functionality of TLR3 in the

megakaryocytic lineage.

Methods: TLR3 expression was determined in human hematopoietic

progenitors cells (CD34+), CD34+-derived megakaryocytes and

peripheral blood platelets by RT-PCR, immunofluorescence and flow

cytometry (FC). The TLR3 signaling pathways were evaluated by wes-

tern blot. Platelet functionality was assayed by lumiaggregometry and

FC. IFN-b release was determined by ELISA.

Results: We found that TLR3 is expressed throughout the entire

megakaryocytic lineage at both, mRNA and protein level

(CD34+cells: 95 � 2, megakaryocytes: 76.5 � 5.2, platelets:

21.5 � 1.8% of positive cells FC, n = 3). Treatment of megakaryo-

cytes with two synthetic dsRNA such as Poly(I:C) or Poly(A:U)

(100 lg/mL), resulted in the activation of NF-kB pathway, evidenced

by the degradation of its inhibitor I-jB and phosphorylation of the

p65 subunit, as well as in phosphorylation of Akt, Erk1/2 and p38

MAPK, known downstream pathways of TLRs. Moreover, megak-

aryocyte activation by both dsRNA decreased platelet production in-

vitro (Poly(I:C): 78.8 � 2.9; Poly(A:U): 81.8 � 3.5% of control n = 4,

P < 0.05) and triggered IFN-b gene expression and release that were

abolished by inhibition of PI3K/Akt pathway with Ly294002 (C:0;

Poly(I:C): 770 � 21; Poly(A:U): 650 � 27; Ly+Poly(I:C): 0; Ly+Poly
(A:U):0 pg/mL, n = 2).

Similar to megakaryocytes, TLR3 agonists induce the activation of

NF-jB, Akt and Erk1/2 pathways in platelets. Although both TLR3

ligands did not induce platelet aggregation or degranulation, they

potentiate the aggregation mediated by suboptimal concentrations of

classical platelet agonists such as ADP (2.3 � 0.8 fold of control), col-

lagen (1.8 � 0.8), arachidonic acid (1.3 � 0.2) and thrombin

(1.8 � 0.5; n = 4, P < 0.05 for each agonist). This effect was corre-

lated with an increased integrin-aIIbb3 activation determined by

fibrinogen binding (C: 2 � 0.6; Thr: 50 � 9.2*, Poly(I:C)+Thr:
87 � 2.8*, Poly(A:U)+Thr: 84 � 4.2*% of binding, n = 4, *P < 0.05

vs. control), and inhibited by blockade of the Akt pathway (Poly(I:

C)+Thr: 164.8 � 14.2; Poly(A:U)+Thr: 148.3 � 15.1; Ly+Poly(I:
C)+Thr: 98.3 � 4.9*; Ly+Poly(A:U)+Thr: 101.7 � 8.2*% of Throm-

bin, n = 4, *P < 0.05).

The potentiation effect was also observed in the ATP release (n = 4

P < 0.05), but not in P-selectin membrane exposure.
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Summary/Conclusions: Our findings indicate that functional TLR3 is

expressed through the megakaryocytic lineage and suggest a potential

role of this receptor in the megakaryo/thrombopoiesis alterations

observed in viral infections.

PB 1.29-6
Evidence for non-hematopoietic Cre activity in Pf4-Cre
mice
Pertuy F1, Strassel C1, Eckly A1, Freund J-N2, Duluc I2, Gachet C1,

Lanza F1 and L�eon C1

1UMR_S949, INSERM, Universit�e de Strasbourg, EFS-Alsace;
2UMR_S1113, INSERM, Facult�e de M�edecine, Universit�e de

Strasbourg, Strasbourg, France

Background: Transgenic mice expressing Cre recombinase under the

control of the Platelet factor 4 (Pf4) promoter are a powerful tool for

genetic modifications in the platelet lineage. However, there has been

recent indication of Pf4-Cre activity in hematopoietic progenitor and

stem cells (Calaminus et al., PloS one 2012). In addition, our recent

observation of tumors in descending colon in Pf4-Cre+ APCflx/flx

(Adenomatous Polyposis Coli) mice suggests that the Pf4 promoter

may even be functional in non-hematopoietic tissues.

Aims: The aim of our study was to evaluate expression of Pf4-Cre in

several mouse organs and tissues.

Methods: PF4-Cre mice (C57BL/6-Tg(Cxcl4-cre)Q3Rsko/J) (Tiedt et

al., Blood 2007) were crossed with a reporter mouse (B6.129(Cg)-Gt

(ROSA)26Sor<sup>tm4(ACTB-tdTomato,-EGFP)Luo</sup>/J)

constitutively expressing the membrane-targeted tdTomato in all tis-

sues. Following Cre-mediated recombination, the TdTomato gene is

excised, allowing expression of the downstream eGFP cassette.

Recombination was investigated in adult mouse organs or E14-15

whole embryos by confocal fluorescence microscopy and electron

microscopy immunolabeling using anti-GFP antibody.

Results: As expected, all platelets exhibited recombination. Bone mar-

row and spleen also exhibited numerous recombined cells, some of

which being identified by confocal microscopy as megakaryocytes.

Electron microscopy immunolabeling of the bone marrow showed that

these cells included stage I to stage III megakaryocytes, with a growing

intensity according to cell maturity. The Pf4-Cre transgene thus

appears to be expressed in the earliest detectable megakaryocytes. In

addition, clusters of small recombined cells were also observed, which

may be either megakaryocyte progenitors, or hematopoietic stem cells

as previously suggested (Calaminus et al., PloS one 2012). A similar

recombination of megakaryocytes and small cell clusters were present

in fetal liver of E14-15 embryos. Recombined GFP-positive individual

cells were also observed in whole embryo and adult tissues (heart,

liver, lungs, pancreas, kidney, stomach, proximal intestine, caecum,

colon, rectum), as infiltrating cells between tissue-specific cells. Some

of these were macrophages as indicated by MOMA2- or F4/80-posi-

tive labeling. More surprisingly, we also observed eGFP expression in

epithelial cells from both descending colon and rectum, but not in

small intestine or ascending colon. This recombination displayed a

mosaic pattern, and in most cases, only part of the gland was eGFP-

positive, suggesting expression of Cre in some but not all stem cells.

This expression of Cre in mouse colon and rectum may be at the origin

of the tumor development in Pf4-Cre+ APCflx/flx mouse.

Conclusion: These data show that early recombination occurs in the

megakaryocytic-lineage in PF4-Cre mice allowing to draw conclusion

on genes important for megakaryocyte and platelet biology. In addi-

tion, we provide evidence that recombination may occur in other tis-

sues that could result in unexpected phenotypes. Thus, care must be

taken in interpretation of the data when performing integrated studies

in whole animals.

PB1.30 – Microparticles and
Disease – I

PB 1.30-1
Increased circulating microparticles and endothelial
cells in patients with psoriasis
Mart�ınez-Sales V, Vila V, Ricart JMJ, Vay�a A, Todol�ı J, N�u~nez C,

Ballester C, Contreras T and Reganon E

Hospital Universitario y Polit�ecnico la Fe, Valencia, Spain

Introduction: Psoriasis is a chronic pathology characterized by

increased inflammation that can be associated with changes in the vas-

cular endothelium.

Aim: We quantified the levels of circulating microparticles (MPs) and

endothelial cells (CECs) in patients with psoriasis in order to analyze

their relationship with endothelial and inflammation markers, subclini-

cal atherosclerosis and microcirculation.

Patients and Methods: We studied 20 patients with psoriasis and 20

controls. Circulating markers of endothelial damage (MPs, CECs and

von Willebrand factor, [vWF]) and inflammation (E-selectin, [E-sel];

Interleukin-6, [IL6] and C-reactive protein, [CRP]) were determined.

Total MPs were quantified by flow cytometry by labeling with FITC-

AnnexinV in an EPICS XL-cytometer. CECs were measured by an im-

munomagnetic technique and immunofluorescence microscopy. Sub-

clinical atherosclerosis was assessed by carotid ultrasound to obtain

intima-media thickness (IMT). Microcirculation was evaluated by

nailfold capillaroscopy.

Results: CEC, MP, vWF, CRP and E-sel levels were significantly ele-

vated in patients when compared with controls (P < 0.05). Ninety-four

and 53% of patients had CEC and MP levels, respectively, higher than

99th percentile in controls. Forty-seven percent of patients simulta-

neously showed increased CEC and MP levels. MPs correlated with all

inflammatory markers (r = 0.68–0.76, P < 0.01) and with IMT: mean

IMT (r = 0.76, P < 0.01) and max IMT (r = 0.60, P < 0.05). CECs

correlated with vWF (r = 0.49, P < 0.05) and with the number of cap-

illaries per mm per mm (r = 0.56, P < 0.05).

Conclusion: Psoriasis patients show elevated CECs and MPs, as a sign

of endothelial dysfunction which correlates with inflammation as well

as some capillaroscopy findings and subclinical atherosclerosis.

PB 1.30-2
Chemotherapy and anti-angiogenic drugs affect
composition and coagulant phenotype of cell-derived
vesicles in cancer patients
Kleinjan A1, Verhoeff J1, Berckmans R1, Kunst P1, Van

Doormaal F1, Di Nisio M2, Richel D1, Kamphuisen PW3, B€uller HR1

and Nieuwland R1

1Academic Medical Center, Amsterdam, The Netherlands;
2G.D’Annunzio University, Chieti, Italy; 3University Medical

Center Groningen, Groningen, The Netherlands

Background: The relationship between chemotherapy and circulating

microparticles in patients with cancer is complex. First, release of can-

cer cell-derived microparticles may contribute to resistance of cancer

cells to chemotherapy. Second, chemotherapy and angiogenesis inhib-

iting agents promote a prothrombotic state in cancer, and microparti-

cles have been shown to exhibit both pro- and anticoagulant features.

Aim: The aim of the present exploratory study was to determine the

effects of therapy on the composition and coagulant activity of circu-

lating vesicles.

Methods: Blood was collected from 11 patients with glioma and 5

patients with lung cancer, at respectively 4 and 6 different time points

before and after start of two different chemotherapy regimens. Age

and sex matched healthy subjects (n = 11) were included for the glioma
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patients. In glioma patients, temozolamide was combined with bev-

acizumab, an anti-angiogenic agent. Patients with stage IIIB or IV

lung cancer were treated with either cisplatin and gemcitabine, or with

daily radiotherapy and cetuximab. Procoagulant activity was studied

in a fibrin generation test. For some experiments, the coagulant activ-

ity of exosomes and other small types of vesicles in plasma was deter-

mined by removing microparticles by centrifugation. Numbers of

endothelial and tumour-derived microparticles were determined by

flow cytometry.

Results: Treatment did not affect the overall procoagulant activity of

vesicles in cancer patients (P = 0.39). Plasma of three patients had a

detectable coagulant activity in the exosome fraction before therapy,

compared to plasma from six patients after chemotherapy. Levels of

endothelial microparticles (CD62E+) tended to increase in the glioma

(P = 0.18), but not in lung cancer patients (P = 0.41). Baseline levels

of microparticles exposing vascular endothelial growth factor recep-

tor-1 (VEGFR-1) were increased in cancer patients compared to

healthy subjects (P = 0.012), and VEGFR-1-exposing microparticles

decreased by 85% after anti-angiogenic therapy in glioma patients

(P = 0.021). Finally, overall, no differences could be observed in the

levels of mucine-exposing microparticles, except in two lung cancer

patients which showed a clear increase two days after chemotherapy.

Summary/Conclusion: In this small explorative study, chemotherapy

and anti-angiogenic therapy lead to specific changes in the composi-

tion of circulating vesicles, especially with regard to endothelial- and

tumour-derived microparticles. These changes are markedly different

between the two patients groups and even between subjects within one

group, suggesting that such microparticles may be associated with

prognosis or response to treatment. At baseline, the procoagulant

activity was mainly associated with microparticles, whereas after che-

motherapy also a part of the procoagulant activity is associated with

smaller vesicles (exosomes) in some patients, suggesting a role for such

vesicles in the prothrombotic state after chemotherapy.

PB 1.30-3
The role of breast cancer cell microparticles in
thrombogenicity, angiogenesis and apoptosis
following chemotherapy
Aharon A1, Ben-shaul S1, Stern H2, Barsela G1, Loven D3

and Brenner B1

1Rambam Health Care Campus; 2Bruce Rappaport Faculty of

Medicine, Technion, Haifa; 3Haemek Medical Center, Afula,

Israel

Background: Chemotherapy administered at the maximal tolerated

dose (MTD) induces death of tumor cells and disruption of tumor

blood vessels, as well as an increased incidence of thrombosis. MTD

chemotherapy is followed by increased levels of microparticles (MPs) –
vesicles of approximately 1 µm that are shed from cells membrane

upon activation or apoptosis. Previous studies demonstrated that

plasma of breast cancer patients with large tumor masses or distant

metastases contains significantly more MPs than that of healthy sub-

jects. MPs bearing tissue factor (TF) – the main activator of the coagu-

lation cascade – play a role in pathogenesis of the pro-thrombotic state

in cancer patients. In addition, MTD chemotherapy is followed by

rebound angiogenesis facilitating tumor re-growth. We assume that

post-chemotherapy tumor-MPs are involved in cancer thrombogenici-

ty, angiogenesis and tumor invasion.

Study Aims: (i) Isolation and characterization of MPs obtained from

breast cancer patients prior to and during chemotherapy administra-

tion and from human breast cancer cell lines in the presence or absence

of chemotherapy drugs. (ii) Evaluation of the thrombogenic, angio-

genic, invasive and apoptotic effects of these MPs on breast cancer cell

lines and endothelial cells.

Methods: MPs were isolated from blood samples of the two groups

during chemotherapy: (i) Patients after surgical removal of small

tumors (chemotherapy is given as adjuvant treatment); (ii) Patients

after biopsy only (chemotherapy is given as neo-adjuvant (pre-surgery)

treatment). In addition, MPs were isolated from breast cancer cell

lines: MCF-7 human breast adenocarcinoma and estrogen receptor

(ER) positive and MDA231, ER negative, following exposure to star-

vation or chemotherapy. MPs of all types were characterized by cell

origin, thrombogenic and angiogenic protein profile. MPs structure

was evaluated by electron microscopy. In addition, MPs apoptotic

effects on endothelial and breast cancer cell lines were assessed by the

Tunnel assay and their angiogenic effects were evaluated by migration

assay, and time laps microscopy.

Results: Breast cancer cell lines stimulation led to increased levels of

cell apoptosis and release of MPs. Breast cancer MPs adhered to endo-

thelial cells penetrated into the cells, affected cell hemostasis and dis-

tracted cells gap junctions. MDA231-MPs assessed after high-dose

chemotherapy, showed increase in procoagulant activity and higher

level of VEGF-receptor-1 compared to MPs obtained after low-dose

chemotherapy. MDA231-MPs isolated following starvation adhered

to endothelial cells, penetrated into the cells and affected cell angiogen-

esis by inducing tube formation, while MPs assessed after low-dose

chemotherapy inhibited tube formation. Patients’ MP TF/TFPI ratio,

reflecting MPs thrombogenicity, increased during chemotherapy

mainly as a result of decrease in the coagulation inhibitor TFPI on

MPs surface.

Summary: We suggest that MPs of breast cancer patients may reflect

the physiologic state and efficacy of the treatment and affect the hemo-

static balance and angiogenesis. This research may clarify the role of

tumor MPs in hypercoagulable states and angiogenic rebound associ-

ated with chemotherapy.

PB 1.30-4
Microparticle characterization in patients with acute
leukemia at diagnosis and after induction therapy
Tsoran-Rosenthal I, Brenner B and Aharon A

Rambam Health Care Campus, Haifa, Israel

Background: Microparticles (MPs) are membrane vesicles shed from

various cells that may express antigens reflecting their cellular origin.

Tissue factor (TF)-bearing MPs play a major role in the pathogenesis

of the prothrombotic state observed in patients with malignancies.

Acute myeloid leukemia (AML) is characterized by rapid growth of

abnormal blast cells that accumulate in the bone marrow and interfere

with production of normal blood cells. AML patients can develop

venous thromboembolism despite thrombocytopenia. We hypothesize

that circulating MPs may serve as a biomarker, capable to reflect the

change in blood cells population and predict thrombogenic states in

AML patients at diagnosis and in remission.

Methods: Blood samples were collected from healthy controls and

patients with newly diagnosed AML at three time points: diagnosis,

2 weeks after treatment initiation and at remission achievement.

Microparticle cell origins were characterized by specific fluorescent

antibodies and analyzed by FACS. The fluorescent antibodies

included: CD41 (platelet glycoprotein complex), CD 62P (P-selectin

expressed on activated platelets); CD62E and CD144 (endothelial

markers), CD11 (leukocyte marker), CD14 (monocyte marker) and

Annexin V (for MPs expressing negative phospholipids on their sur-

face). To distinguish MP from cancer cells, MPs were labeled by

CD34, CD117, CD33, and HLA-DR (for leukemic blast cells).

In FACS analysis used to determine the pro- and anti-coagulant poten-

tial of microparticles in the study groups, each sample of MPs was

labeled with fluorescent antibodies against TF, TF pathway inhibitor

(TFPI) and markers of the protein C anticoagulant pathway – endothe-
lial protein C receptor (EPCR). The TF/TFPI ratio, potentially con-

tributing to detection of the hypercoagulable state was calculated.

Results: Twenty AML patients were enrolled in the study; 13 patients

achieved remission following induction therapy. The average MP

count in patients at diagnosis was higher than in controls and than
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that observed at two other points of treatment (at nadir and remis-

sion), although the difference did not reach statistical significance.

Conversely, the level of Annexin V expression was significantly higher

in controls compared to patients at three time points of sampling.

The platelet marker CD41 was significantly higher in controls com-

pared to the rates of patients at diagnosis (33.7% vs. 5.9%; P < 0.05),

without changes in platelet activation markers. The endothelial marker

CD144 appeared to be higher in patients’ MP at diagnosis compared

to controls (16.4% vs. 4.48%; P < 0.05). The blast cells marker CD34

was significantly elevated in patients at diagnosis compared to controls

(3.15% vs. 0.0; P < 0.001) and to patients in remission (3.15% vs. 0.0;

P < 0.05). TF expression was similar in controls and patients at three

time points tested; however, the TFPI level was higher in controls’

MPs compared to patients, without changes in MPs EPCR.

Conclusion: In AML patients, the MPs number was higher at diagnosis

and reduced after treatment. MPs of AML patients at diagnosis

express markers of blast cells and may serve as a biomarker for disease

and remission. Increase in endothelial MP level at AML diagnosis

may indicate vascular injury, which could result in TFPI reduction

and lead to the hypercoagulable state.

PB 1.30-5
Anticoagulant activity of MP in patients with
atherosclerosis of the vessels of the lower extremities
Matvienko O, Namestnikov Y, Golovina O and Saltykova N

Russian Research Institute of Hematology and Transfusiology,

Saint-Petersburg, Russian Federation

Background: Activation of blood cells and endothelium at atheroscle-

rotic diseases leads to microparticles (MP) release. MP contributes

to the development of hypercoagulability due to expression tissue

factor (TF) and procoagulant phospholipids (PPL) on their surface.

It is known that endothelial MP are enriched with the molecules

such as tissue factor pathway inhibitor (TFPI), thrombomodu-

lin, endothelial protein C receptor and may have anticoagulant

activity.

Aim: to determine if thrombin generation caused by PPL of MP is lim-

ited by anticoagulant activity of MP in patients with atherosclerosis of

the vessels of the lower extremities.

Methods: This research included 29 patients (10 females and 19 males)

at the age from 44 to 77 with atherosclerosis of the vessels of the lower

extremities. Reference blood samples were obtained from 30 healthy

controls. Thrombin generation was measured in platelet-free plasma

with Calibrated Automated Thrombinogram Assay method (CAT).

“PRP-reagent”, containing rTF, (1 pM) and ‘FluCa–kit’ (Trombino-

scope BV, The Netherlands) were used as triggers. Following parame-

ters were derived: endogenous thrombin potential (ETP, nM-min),

peak thrombin activity (Peak, nM), rate of thrombin generation (R,

nM/min) lag-time (LT, min) and time to peak (TTP, min). Data were

described by non-parametric methods using the median (Me), 50%

confidence interval (CI) and Mann-Whitney U test (Statistica 6.0).

P < 0.05 was considered sighnificant.

Results: There were not any differences in ETP, Peak and R in patients

as compared with controls (ETP: Me-508.00, CI: 372.50–623.50 vs.

Me-471.84, CI: 384.25–564.00, P > 0.05; Peak: Me-16.89, CI: 11.66–
21.68 vs. Me: 18.40, CI: 12.29–20.26, P > 0.05; R: Me-1.48, CI: 1.05–
2.01 vs. Me-1.59, CI: 1.19–2.01, P > 0.05). LT and TTP were longer

significantly in patients than in controls (LT: Me-11.33, CI: 10.50–
13.83, vs. Me-8.93, CI: 8.28–9.53, P < 0.0001; TTP: Me-23.08, CI:

21.17–26.25 vs. Me-19.90, CI: 18.68–20.97, P < 0.0001). We suppose

that TFPI expressed on the MP surfaces may be a reason for LT pro-

longation and limitation of thrombin generation in patients with ath-

erosclerosis of the vessels of the lower extremities.

Conclusion: Anticoagulant activity of MP balances the procoagulant

properties of PPL MP in patients with atherosclerosis of the vessels of

the lower extremities. The nature of the anticoagulant activity is

needed in further investigation.

PB 1.30-6
Granulysin and other inflammatory mediator induced
procoagulant response in patients with Stevens
Johnson syndrome/toxic epidermal necrolysis
Iqbal O, Malais J, Mata C, Kahn D, Cunanan J, Lin A, Mosier M,

Bouchard C, Hoppensteadt D and Fareed J

Loyola University Medical Center, Maywood, IL, USA

Background: Stevens Johnson syndrome and toxic epidermal necroly-

sis (SJS/TEN) are life-threatening adverse drug reactions characterized

by blisters and skin necrosis often accompanied by ocular inflamma-

tory manifestations. Currently, there is no effective treatment.

Although granulysin and tumor necrosis factor-a have been reported

to be highly expressed in the skin lesions, a systemic procoagulant

response has not been reported. Because of the massive inflammatory

state, it was projected that these patients may manifest a procoagulant

response.

Materials and Methods: Following institutional review board approval

of the clinical study, blood samples and swabs from ocular, oral muco-

sal and skin lesions were obtained from SJS/TEN confirmed patients

(n = 3) and from patients (n = 5) with systemic dermatologic condi-

tions and associated skin sloughing, in whom the diagnosis was biopsy

confirmed negative, and were considered as abnormal controls. Sam-

ples from normal healthy volunteers (n = 6) served as normal controls.

The citrated blood samples were centrifuged to obtain platelet poor

plasma which was aliquoted and kept frozen at �70 °C. The plasma

samples were thawed and analyzed to determine thrombin antithrom-

bin complex (TAT., Dade-Behring�, Marburg, Germany), prothrom-

bin fragment F 1.2 (F 1.2, Dade-Behring�, Marburg, Germany),

plasminogen activator inhibitor-1 (PAI-1, Diagnostica Stago�, Parsip-

pany, NJ), using ELISA kits and ZYMUPHEN platelet microparticle

activity (MP) (Hyphen� BioMed (Neuville-Sur Oise, France), HEMO-

CLOT protein C and Stachrom antithrombin (Diagnostica Stago, Par-

sippany, NJ) using functional assays per manufacturer’s instructions.

The swabs collected were immediately frozen at �70 °C and thawed

and the exudates were isolated following the addition of 0.25 mL of

saline to each swab and double centrifugation. The exudates and

plasma samples were analyzed using a SELDI-TOF, mass spectromet-

ric technique for unique biomarkers.

Results: Analyses of the plasma samples revealed that, there was a

marked increase in the TAT (6.3 � 5.9 lg/mL), F1.2

(430.4 � 202.4 pM), MP (13.1 � 9.3 nM) and protein C levels

(90.5 � 63.4%) levels, a decrease in PAI-1 (53.3 � 18.8 ng/mL) and

antithrombin levels (80.7 � 42.4%) compared to normal human

plasma, confirming a procoagulant response. Mass spectrometric anal-

ysis of the swabs revealed the presence of unique biomarker peaks in

some of the patients samples. The recombinant human granulysin

exhibits a molecular weight of 15.4 kDa. In the protein chip array, it

exhibited two major peaks at 14.2 and 15.6 kDa. In contrast to the

controls, the skin and oral mucosal exudates showed distinct peaks in

the same molecular weight range as that of granulysin. The ocular dis-

charges did not exhibit any peaks in this range.

Conclusion: Since unique peaks were noted in the ocular, oral mucosal

and skin discharges similar to granulysin, the observed peaks maybe

related to this mediator. Analysis of plasma samples revealed a proco-

agulant state as demonstrated by the increase in the thrombin genera-

tion markers, protein C and MP, and decrease in the fibrinolytic

inhibitor PAI-1. Additional clinical validation of these findings will

provide guidance to risk stratification and development of novel thera-

peutic options including the specific antagonist to such mediators as

granulysin and TNF-a.
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PB1.31 – Endothelial Function

PB 1.31-1
Procoagulant activity at the margins of TNFa treated
endothelial cells leads to pericellular fibrin deposition
and anti-streptococcal function in flowing plasma
Gilbert GE1, Novakovic VA1, Lu J1, Shi J1, Ahn B2 and LamWA2

1VA Boston/Harvard Medical School, West Roxbury, MA; 2Emory

U School of Medicine & Georgia Inst. Technology, Atlanta, GA,

USA

Background: Inflammation causes endothelial cells to relax junctions

with neighboring cells, to thicken the cell body, and to extend filopodi-

a. We recently reported localized procoagulant activity on filopodia,

related to focal phosphatidylserine exposure and high curvature. We

asked whether this pattern would lead to pericellular fibrin deposition

without clotting of bulk plasma.

Aims: Our aims were (i) to determine whether TNFa treated endothe-

lial cells generate pericellular fibrin while maintaining anticoagulant

function toward bulk plasma (ii) To determine which coagulant path-

ways regulate pericellular fibrin deposition and (iii) to determine the

extent to which the pericellular procoagulant response contributes to

innate immunity against group A streptococci.

Methods: Human umbilical vein endothelial cells were cultured to con-

fluency in 30 mm microtiter dishes and in an ‘endothelialized’ micro-

fluidic coated with fibronectin. Recalcified plasma or fresh plasma

treated with corn trypsin inhibitor � 0.1 µ/mL heparin was overlaid

on cells and perfused through the microfluidic at shear rates of 10–
100/s. Fibrin was detected with fluorescein-labeled mAb 59D8, specific

for the beta chain of fibrin, or by adding fluorescent fibrinogen to the

plasma. The quantity of fibrin was measured in the presence of specific

inhibitors. Streptococci pyogenes strain 700294 from ATCC was grown

according to standard techniques.

Results: Plasma did not clot over endothelial cells but did clot over

control gelatin-coated coverslips. Confocal microscopy showed fibrin

strands between TNFa-treated endothelial cells that were largely

absent from untreated cells. Corn trypsin inhibitor-treated plasma

infused at sheer rates of 10–100/s led to deposition of fibrin margins

demarcating TNFa treated endothelial cells without deposition on or

around untreated cells. Thus, the inflammatory response of TNFa-
treated HUVEC’s leads to pericellular fibrin deposition without clot-

ting of bulk plasma. Fibrin was diminished by an anti-tissue factor

mAb and by hirudin. Fibrin was increased by an anti-tissue factor

pathway inhibitor mAb but not by corn trypsin inhibitor, anti-acti-

vated protein C mAb, anti-thrombomodulin mAb, or anti-factor VIII

mAb. Thus, focal fibrin deposition is mediated by the extrinsic coagu-

lation pathway.

Streptococcus pyogenes, was added to plasma at a concentration of

103 cfu/mL. The concentration of viable bacteria decreased > 90% in

1 h at 37 °C in the presence of TNFa treated endothelial cells. Addi-

tion of hirudin enabled Streptococci to grow at the same rate as in ci-

trated plasma alone or re-calcified plasma incubated over quiescent

endothelial cells. Confocal microscopy indicated that streptococci dec-

orated the fibrin strands in the inter-endothelial space but not the

intercellular matrix or the endothelial cell bodies.

Summary: TNFa treated HUVECs demonstrate pericellular procoag-

ulant activity via the extrinsic coagulation pathway while maintaining

cell-centered anticoagulant function. Pericellular fibrin contributes to

innate immune response against streptococci pyogenes in the absence

of phagocytes or platelets. This suggests a role of pericellular procoag-

ulant activity in innate immunity. We are currently investigating the

range of bacteria that may be influenced by this arm of innate immu-

nity and the efficiency of this mechanism as a function of vessel dimen-

sions and sheer rate.

PB 1.31-2
Effects of antiretroviral treatment on endothelial
dysfunction and regeneration in HIV-positive patients:
1-year of follow-up
Cesari F1, Rogolino A1, Martinelli C1, Carocci A1, Corsi P1,

Gensini G2, Abbate R3 and Gori AM1

1Azienda Ospedaliero-Universitaria Careggi, University of

Florence; 2Don Carlo Gnocchi Foundation; 3University of

Florence, Florence, Italy

Background: To evaluate the effect of antiretroviral therapy (ART) on

the markers of endothelial dysfunction and regeneration, such as circu-

lating endothelial cells (CECs) and endothelial progenitor cells (EPCs)

in a population of HIV na€ıve positive patients.

Methods: Sixteen HIV+ patients na€ıve for antiretroviral drugs

(M15, F 1) with a median age of 42 (22–65) years and 16 age- and

sex-matched control subjects were enrolled in the study. Ten of 16

HIV positive patients were treated with ART therapy for 1 year. Cir-

culating CECs were defined as CD146+/CD31+/CD45�/CD61�,

while EPCswere defined as CD34+KDR+, CD133+KDR+ and

CD34+CD133+KDR+.
Results: Before antiretroviral treatment HIV positive subjects showed

a significant higher number of CECs and a significant lower number of

EPCs with respect to the controls [CD146+/CD31+/CD45�/CD61� 8

(3–23) cells/106events vs. 3 (0–13) cells/106events P = 0.021; CD34+/
KDR+ 7 (0–23) cells/106events vs. 16 (3–40)cells/106events, P = 0.047;

CD133+/KDR+ 7 (0–23) cells/106events vs. 13 (7–43) cells/106events
P = 0.043]. After 1 year, 8/10 (80%) patients in ART showed a

marked decrease in CECs number and 6/10 (60%) in EPCs number,

whereas in patients who did not receive antiretroviral therapy the

numbers of CECs and EPCs decreased in 3/6 (50%) and 5/6 (83.3%)

respectively. After 1-year of follow-up HIV+ patients who received an-

tiretroviral therapy showed lower number of CECs with respect to

HIV+ patients who did not receive the treatment [CD146+/CD31+/
CD45�/CD61 2 (0–15) cells/106events vs. 10 (0–37) cells/106events

P < 0.05], whereas EPCs number was similar in both groups.

Conclusions: Our data demonstrate the presence of an endothelial dys-

function, as documented by low EPCs and high CECs number, in

na€ıve HIV positive patients with respect to a control population.

Moreover present results suggest that ART is associated with an

improvement of the markers of endothelial dysfunction.

PB 1.31-3
Regulation of endothelial cell proliferation and survival
by collagen receptors
Kim SKP, Pugh N, Bihan D, Hamaia SW and Farndale RW

University of Cambridge, Cambridge, UK

Background: Collagen has been identified as a suitable biomaterial to

be used in tissue engineering, a medical therapy that involves implant-

ing a 3D scaffold seeded with cells in vivo. Vascularisation of an

implant is a prerequisite for success. Various types of collagen promote

or inhibit endothelial cell proliferation; however the distinct segments

of collagen that supports endothelial cell proliferation and survival are

yet to be identified.

Aims: To identify critical collagen segments that support and enhance

endothelial cell proliferation and survival using the collagen Toolkits

and other triple-helical peptides, to specifically target collagen recep-

tors on HUVECs (human umbilical vein endothelial cells).

Methods: Twelve-well plates were coated with collagenous ligands and

HUVECs were allowed to adhere and proliferate. Changes in the cell

numbers were detected at various time points, evaluated by CellTrac-

ker, Hoechst 33342 and propidium iodide staining. At each end-point,

simultaneous labeling with fluorescent Annexin V and propidium

iodide were used to resolve cells undergoing necrosis and apoptosis.
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Additionally, rapid real-time live cell monitoring was performed using

Acea xCELLigence cell-index analyser.

Results: We identified a direct relationship between collagen-receptor

affinity and endothelial cell proliferation and survival. Significant ele-

vation of proliferation and prolonged survival was observed on endo-

thelial cells cultured on high affinity collagenous ligands. Co-staining

with Annexin V and propidium iodide revealed high affinity peptide

such as GFOGER prevented necrosis and delayed apoptosis of HU-

VECs.

Conclusion: Neovascularisation is a critical step in wound healing and

tissue repair. The response of endothelial cells to collagen is therefore

of great importance in tissue engineering. We have identified collagen

peptides that encourage endothelial cell proliferation and are central

to delaying cell death using receptor specific ligands. This finding may

offer vast improvements in tissue engineering where, as necessary, such

ligands can be used as biomaterials to decorate 3D scaffolds.

Reference: 1. Farndale et al. (2008) Cell-collagen interactions: the use

of peptide Toolkits to investigate collagen-receptor interactions. Bio-

chem. Soc. Trans. 36, 241–250

PB 1.31-4
A role of cilostazol in Alzheimer’s disease treatment:
induction of LRP1 expression in endothelial cells
Yano Y, Takeshima C, Kawashita E, Kanno Y and Matsuno H

Doshisha Women’s Collage of Liberal Arts, Kyo-tanabe, Japan

Background: Alzheimer’s disease (AD) is a type of progressive neuro-

degenerative disease exhibiting the clinical cardinal symptoms of the

impaired memory and cognitive function, observed with the extracellu-

lar deposition of beta-amyloid peptide (Ab), neurofibrillary tangle due

to the abnormal phosphosphorylation of tau protein, and neuronal

cell death in the brain of AD patients. Vascular endothelial cells play a

major role in controlling the Ab level in the brain via low density lipo-

protein receptor related protein 1 (LRP1) and receptor for advanced

glycation end products (RAGE). In addition, the destruction of tight

junction in the blood brain barrier is observed in AD. Hence, protect-

ing function of vascular endothelial cells could exhibit preventive/

improving effect in medical treatment for AD.

Cilostazol is an inhibitor of phosphodiesterase III (PDE3), which is a

degrading enzyme of cAMP and the cGMP, and has a protective effect

on endothelial functions.

Aim: This study clarified the therapeutic effect and mechanism of Cil-

ostazol in AD.

Methods: Cilostazol was administered to amyloid precursor protein

Swedish transgenic (APPswe) mice, and then learning and memory

function was evaluated using a Morris Water Maze (MWM) test. The

Ab and LRP1 levels in the brain were detected by immunohistochemis-

try and Western blotting.

Using bEnd3 cells, vascular endothelium cell, the signaling pathway

involved in the Cilostazol-induced LRP1 expression was analysed by

western blotting.

Results:Memory and learning function was improved, and the intrace-

rebral Ab level was significantly declined due to the cilostazol adminis-

tered. Cilostazol increased the expression of LRP1 in vascular

endothelial cells, accelerated the clearance of intracerebral Ab. The
activation of JNK, ERK and Akt was inhibited by Ab, but recovered
by Cilostazol. Pharmacological analysis revealed Akt was involved in

the Cilostazol-induced LRP1 expression. In addition, the cGMP path-

way, but not cAMP pathway, mediated the induction of LRP1.

Conclusion: Cilostazol increases the expression of LRP1 in vascular

endothelial cells through the cGMP and Akt pathway, thereby reduc-

ing the intracerebral Ab level and improving learning and memory

function in AD.

PB 1.31-5
Closely spaced thiols in integrin are involved in
adhesion of endothelial cells
Ponamarczuk H, Popielarski M, Sobierajska K, Stasiak M

and Swiatkowska M

Medical University in Lodz, Lodz, Poland

Activation of integrins, transmembrane receptors that mediate cell

adhesion and migration, is accompanied by a series of conformational

rearrangements resulting in changes in affinity and avidity. Several

observations indicate that conformational changes induced by ligand

interaction with integrins lead to exchange of disulfide bonds within

the integrin molecule, which stabilizes the altered conformation. Clo-

sely spaced thiols in proteins that interconvert between the dithiol

form and disulfide bonds are called vicinal thiols. The purpose for this

study was to examine whether vicinal thiols are involved in adhesion

process of endothelial cell. The manganese ions are know to affect the

thiol-disulfide balance and activate integrin to maximal affinity. In the

present study, we attempt to explain whether activation of integrins in

endothelial cells by Mn+2 might involve vicinal thiols. Human umbili-

cal vein endothelial celle (HUVEC) were cultured in medium 200 sup-

plemented with low-serum growth supplement. Labeling of sulfhydryl

groups was performed using the poorly membrane-permeable malei-

mide reagent (MPB). Protein labeled with MPB were precipitated

using avidin-Sepharose, electrophoresed and transferred on nitrocellu-

lose. Biotinylated proteins were detected using streptavidin-horserad-

ish peroxidase with chemiluminescent substrate. In some experiments,

the MPB-labeled cells were used for immunoprecipitation performed

with monoclonal or polyclonal antibody to amb3 integrin. For cell

adhesion assay the plates were coated with fibrinogen, fibronectin or

vitronectin. In some cases the cell were pretreated with phenylarsine

oxide (PAO) and added to the plate. The binding of vitronectin or

LM609 antibody to endothelial cells activated by manganese ion were

evaluated by flow cytometry method. The studies ith membrane-

impermeable reagent 3-N-maleimidylpropionyl biotin (MPB) demon-

strate that exposure of endothelial cells to Mn+2 results in the appear-

ance of surface protein thiol groups, which can found in amb3 integrin.

Phenylarsine (PAO), a reagent that binds vicinal thiols inhibit adhe-

sion of endothelial cells activated by Mn+2. Additionally, PAO inhibit

sulfhydryl labeling of thiols in amb3 molecule. The amb3 contains

vicinal thiols that provide sites for redox regulation of function of this

integrin. Closely spaced thiols are involved in activation of amb3 inte-

grin during adhesion of endothelial cells.

PB 1.31-6
Cocaine induces oxidative stress and decreased nitric
oxide production in human endothelial cells: beneficial
effect of atorvastatin
Pereira J1, S�aez C1, Pereira-Flores K1, Ebensperger R2,

Massardo T3 and Mezzano D1

1Department of Hematology-Oncology Catholic University of

Chile; 2Department of Chemistry Catholic University of Chile;
3Nuclear Medicine Section, Santiago, Chile

Background: Cocaine abuse is associated with an increased risk of car-

diac and cerebrovascular events. The underlying mechanisms leading

to these complications are not fully understood although accelerated

atherosclerosis is a prominent finding. We have recently demonstrated

that chronic cocaine use is associated with endothelial dysfunction

(S�aez et al. Thromb Res 2011; 128: 18) and RhoA/Rho kinase

(ROCK) pathway activation (Blood 2012; 120:2177), a key event in

the onset and progression of atherosclerosis. Several experimental

studies have showed that activation of the Rho kinase pathway is

related to an increase in oxidative stress. On the other hand, ROCK

also mediates the down-regulation of endothelial nitric oxide (NO)

synthase (eNOS) with decreased vascular NO bioavailability, the hall-
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mark of endothelial dysfunction. Inhibition of Rho function by statins

increases NO production.

Aim: The main aims of these studies were: (i) to test the hypothesis that

cocaine-induced activation of ROCK in endothelial cells is associated

with oxidative stress and decreased NO synthesis and (ii) to investigate

the effect of atorvastatin on these effects in vitro.

Methods: Human umbilical vein endothelial cells (HUVECs) were cul-

tured under standard conditions and supplemented for 5 h with

plasma from chronic cocaine users, normal plasma, cocaine (10 lM)

or vehicle. After media removal, HUVECs were lysed for determina-

tion of ROCK activity by western blot assessing the levels of phos-

phorylated to total myosin light chain phosphatase 1 (MYPT1-P/T).

The production of NO and ROS generation were determined by fluo-

rometric assay using DAF-2DA (5 lM) or DCF-DA (100 lM),

respectively and the results expressed as arbitrary fluorescence units

(AFU). Experiments were conducted in the presence or absence of

atorvastatin (10 lM).

Results: HUVECs supplemented with plasma from chronic cocaine

users showed: (i) an increase in ROCK activity by 25% (P: 0.039) and

(ii) a significant decrease in NO production (P: 0.029). Exposure of

cells to cocaine 10 lM resulted in: (i) a significant increase in ROCK

activity by 95% (P: 0.04); (ii) an increment in ROS production as com-

pared with vehicle treated cells (8.0 � 0.3 vs. 2.72 � 0.9 AFU, respec-

tively; P: 0.0035) and (iii) a significant decrease in NO production with

respect to cells exposed to vehicle (0.1 � 0.04 vs. 0.3 � 0.01 AFU,

respectively; P: 0.017). Atorvastatin (10 lM) reduced significantly

ROCK activity (P: < 0.01) and increased NO production (P: 0.048) in

cells incubated with plasma from cocaine users. In cells exposed to

cocaine, atorvastatin inhibited ROCK activity (P: 0.039); increased

significantly NO production (P: 0.03) and showed no effect on ROS

generation (8.0 � 0.32 vs. 5.8 � 1.8; P: 0.6).

Conclusions: Our results show that oxidative stress and impairment in

NO production may play a key role in cocaine-associated endothelial

dysfunction. The lack of effect of atorvastatin on the production of

ROS by cocaine, suggest that their production probably involves

mechanisms upstream of Rho/Rho kinase signaling pathway. How-

ever, the significant improvement in NO generation induced by ator-

vastatin may constitute a new therapeutic tool to prevent or

ameliorate ischemic complications as part of the comprehensive man-

agement of cocaine addiction. (Fondecyt 110418).

PB1.32 – Atherosclerosis: Mouse
Models

PB 1.32-1
Liver X receptor (LXR) agonist T0901317 induces
regression of early and advanced atherosclerotic
lesions under normolipidemic conditions in mice
Van Der Stoep M1, Li Z1, Calpe-Berdiel L1, Van Der Sluis RJ1,

McKinnon HJ2, Smit MJ2, Van Berkel TJC1, Van Eck M1,

Hoekstra M1 and Korporaal SJA3

1Leiden Academic Centre for Drug Research, Leiden, The

Netherlands; 2Merck Research Laboratories, Newhouse, UK;
3University Medical Center Utrecht, Utrecht, The Netherlands

Background: Ligand-mediated activation of the liver X receptor

(LXR) induces changes in gene expression, aimed at limiting build-up

of pathogenic levels of cholesterol. LXR agonists have been shown to

inhibit the initiation and progression of atherosclerosis. However, a

key goal in the treatment of cardiovascular diseases is the regression of

pre-existing atherosclerotic lesions.

Aim: In the current study, we evaluated the potential of LXR agonist

T0901317 to regress both early fatty streak lesions and advanced colla-

gen-rich atherosclerotic lesions.

Methods: Experiments were performed with C57BL/6 wild-type (WT)

mice, LDL receptor (LDLr) knockout (KO) mice and apolipoprotein

E (apoE) KO mice. C57BL/6 mice were fed with semi-synthetic cho-

late-containing cholesterol-enriched atherogenic diet containing 15%

(w/w) cocoa butter, 1% (w/w) cholesterol, and 0.5% cholate for

16 weeks to induce atherosclerotic lesion development. LDLr KO

mice were fed with semi-synthetic Western-type diet (WTD) contain-

ing 15% (w/w) fat and 0.25% (w/w) cholesterol for 6 weeks to induce

atherosclerotic lesion development. ApoE KO mice were fed with

WTD for 3 days or 3 weeks to induce the formation of initial or

advanced atherosclerotic lesions respectively, and were subsequently

transplanted with WT bone marrow (BM) to restore plasma apoE lev-

els and normalize plasma lipid levels. After the formation of athero-

sclerotic lesions in all studies, diet was switched to regular cholesterol-

free chow diet containing 4.3% (w/w) fat for 3 weeks (LDLr KO or

WT mice) or 6 weeks (apoE KO mice), with or without supplementa-

tion of T0901317 (10 mg/kg/day).

Results: In LDL receptor knockout mice, T0901317 dramatically

worsened plasma lipoprotein profiles and failed to induce lesion

regression. In contrast, in wild-type C57BL/6 mice, chow diet in com-

bination with T0901317 improved plasma lipoprotein levels and

induced lesion regression (�43%, P < 0.05). BM apoE reconstitution

in apoE KO mice dramatically improved plasma lipoprotein profiles

and resulted in a marked regression of initial (�45%, P < 0.001) and

advanced lesions (�23%, P < 0.01) Regression was associated with a

dramatic decrease in the absolute macrophage content (�84%,

P < 0.001) Treatment with T0901317 further decreased size of early

(�71%, P < 0.001 vs. baseline; �48%, P < 0.01 vs. chow diet alone)

and more advanced lesions (�36%, P < 0.001 and �17%, P = 0.06

respectively).

Conclusion: Our study shows that normal apoB-lipoprotein clearance

is crucial to achieve lesion regression through LXR activation. Lesion

regression induced by T0901317 is mainly the result of the disappear-

ance of macrophages from atherosclerotic lesions ultimately leading to

a highly significant reduction of the size of both early and advanced

atherosclerotic lesions.

PB 1.32-2
Replacement of Apob peptide sequence with C5ar
peptide sequence in a recombinant vaccine construct
significantly increases the atheroprotective effect of
immunization in Apobtm2SgyLdlrtm1Her/J mouse
Lu X1, Xia M1, Chen D2, Endresz V3, Faludi I3, Szabo A3,

Mundkur L1 and Kakkar V1

1Thrombosis Research Institute; 2King’s College London, London,

UK; 3University of Szeged, Szeged, Hungary

Background: Apolipoprotein B-100 (ApoB-100) is a major constituent

of LDL and immune responses against ApoB-100 peptide sequences

have been shown to reduce the development of atherosclerosis in

ApoE�/� mice or Apobtm2SgyLdlrtm1Her/J mice (Schiopu A, et al Circu-

lation. 2004; 110:2047–2052; Schiopu A, et al. J Am Coll Cardiol.

2007; 50:2313–2318; Lu X, et al. Atherosclerosis. 2010; 212:472–480)
while immunization of mice with an N-terminal peptide has been

shown to reduce atherosclerotic lesion formation through the induc-

tion of a specific Treg-cell response and blocking monocyte differentia-

tion into macrophages (Lu X, et al. Arterioscler Thromb Vasc Biol.

2012;32:2358–2371).
Aim: To compare the effect of immunization with either C5aR peptide

epitope or ApoB peptide epitope in a same recombinant construct on

atherosclerotic lesion reduction in Apobtm2SgyLdlrtm1Her/J mice.

Methods: Six-week-old Apobtm2SgyLdlrtm1Her/J mice were immunized

using a repetitive immunization multiple-sites strategy with GST-

tagged recombinant constructs containing either C5aR epitope or

ApoB epitope in a same protein scaffold. Mice were fed a high-fat diet

for 10-week period. Lesions were evaluated histologically; local and

systemic immune responses were analyzed by immunohistochemistry
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of aorta samples and cytokine measurements in plasma samples and

splenocyte supernatants.

Results: High levels of ApoB and C5aR antibodies were detectable

2 weeks after the first immunization with either ApoB epitope-con-

taining or C5aR epitope-containing construct, respectively. Histologi-

cal analyses demonstrated that mice immunized with C5aR epitope-

containing construct showed significantly less lesion occupied area in

the aorta sinus than that of mice immunized with ApoB epitope-con-

taining construct (12% vs. 17% P < 0.05) when compared to the

lesion occupied area in control group (38%). These results were fur-

ther supported by significant differences in respect of the cellular and

humoral immune responses between test animals.

Conclusions: Replacement of ApoB peptide sequence with C5aR pep-

tide sequence in a recombinant construct may provide new antigenic

and structural features which are favorable for its immunogenicity,

thus leading to significantly reduced atherosclerotic lesion formation

when used as an immunizing antigen. This approach offers a novel

strategy for developing anti-atherosclerotic agents.

PB 1.32-3
Immune response and gene profiling at different
stages of atherosclerotic plaque progression using
mouse model
Vrushali VD, Lakshmi LM and Vijay VK

Thrombosis Research Institute, Bangalore, India

Background: Atherosclerosis progression can be divided into several

stages starting from early fatty streak formation to the matured pla-

que. The disease is complex in nature and involves expression of sev-

eral genes during the development of the disease. We used ApoB/

LDLr�/� to study the gene expression in different stages of lesion pro-

gression. The study was focused on MicroRNAs (small non-coding

RNA’s) that act as negative regulators of gene expression by inhibiting

the translation or promoting the degradation of target mRNAs.

Because individual microRNAs are responsible for regulation of the

expression of multiple target genes with related functions, modulating

the expression of a single microRNA instead of a single gene can actu-

ally influence an entire gene network.

Aim: To study the peripheral immune markers, progression of disease

and gene profiling at different stages of plaque development in mice

Methods: Atherosclerosis was induced in groups of Apobtm2Sgy

Ldlrtm1Her/J mice by feeding them with diet rich in cholesterol. Mice

fed with normal chow diet were taken as control. Global gene expres-

sion was performed with RNA extracted from ascending aorta with

atherosclerotic lesion at 4, 8, 14 and 20-week time points. Samples

were hybridized in Agilent 8 9 60K mouse gene expression array

slides and scanned. Genes that were twofold differentially regulated in

high fat diet (HFD) samples in comparison to ‘Chow’ was obtained

from Volcano plot. Significant Gene ontology categories and KEGG

pathways were dysregulated using the software. Hierarchical clustering

of differentially regulated genes was done for both entities and samples

using Pearson uncentered algorithm with average linkage rule.

Results: The cDNA microarray analysis revealed a total of 62 miRNA

genes which showed differential expression in high fat diet compared

to the chow diet fed mice. Among these let-7/98, miR-1/206, miR-10,

miR-125/351, miR-128, miR-129/129-5p, miR-137, miR-138, miR-

141/200a, miR-149, miR-182, miR-185/882, miR-200bc/429, miR-203,

miR-205, miR-208/208ab, miR-214/761, miR-218, miR-221/222, miR-

23ab, miR-26ab/1297, miR-27ab, miR-28/28-5p/708, miR-33/33ab,

miR-335/335-5p, miR-342/342-3p, miR-384/384-3p, miR-495/1192,

miR-499/499-5p, miR-539 were significantly upregulated in mice fed

with high fat diet compared to chow diet. It is interesting to note that

most abundant miRNAs (with respect to the maximum number of tar-

gets) expressed in the murine aorta belong to the miR-340/340-5p and

miR-218 (14%), the miR-19 (13%), the miR-196ab (11%) and let- 7/

98 (8%) of all the total miRNAs. To validate the results, RT-PCR

analysis of the samples was being done. We believe that further eluci-

dation of the role of these miRNAs will help us to understand the dis-

ease progression leading to new therapeutic and preventive strategies.

Conclusions: This data opens up the possibility of identifying miRNA’s

as therapeutic target for prevention of atherosclerosis

PB 1.32-4
Oral administration of recombinant multi antigenic
construct expressing three peptides induces tolerance
to individual peptides and prevents development of
atherosclerosis in mice
A Mundkur L, Sheena P, Ponnusamy T, Rao N, Biradar S,

Varma M, Lu X and Kakkar V

Thrombosis research Institute, Bangalore, India

Background: Atherosclerosis is a chronic inflammatory disease of the

arterial wall characterized by accumulation of lipids and immune

inflammatory cells. Inflammation mediated by a pathogenic T-cell

response to self antigens like modified low density lipoproteins (LDL)

and heat shock proteins (HSP) as well as exogenous antigens from

pathogens, have been implicated in the initiation of an autoimmune

response during atherogenesis. Induction of regulatory immune

response to these antigens has shown protection against disease devel-

opment. We believe that each of these self antigens has a distinct role

to play in the pathogenesis of atherosclerosis and using multiple anti-

gens would be more effective for a immune therapy against the disease

than either of the individual antigens. We have earlier reported that a

recombinant construct expressing multiple antigens can control ath-

erosclerosis in mice.

Aim: The objective of the present study was to evaluate whether oral

administration of a multi antigenic construct expressing epitopes from

apolipoprotein B 100 (ApoB), heat shock protein (HSP60) and Chla-

mydia pneumonia outer membrane protein (Cpn), can induce immu-

nological tolerance to individual peptides and prevent atherosclerosis

development in mouse model.

Methods: ApoB, HSP60 and Cpn peptides were cloned and expressed

as part of the dendroaspin protein scaffold. Groups of Apobtm2Sgy

Ldlrtm1Her/J mice were given five oral doses of recombinant multi anti-

genic construct on alternate days. Mice were fed with high-fat diet for

10 weeks to induce development of atherosclerosis. Antigen specific

tolerance was studied by Treg functional assay with individual pep-

tides. Quantification of atherosclerotic lesions was carried out in the

aortic sinus sections stained with Elastic van Geison. Immunohisto-

chemical analyses were carried out by indirect immunofluorescence.

Flow cytometry was used to study the specific immune cells in the lym-

phoid organs and aorta. ELISA was carried out to study antibody

response to peptides

Results: oral administration of recombinant multi antigenic construct

was found to induce antigen specific tolerance to ApoB, HSP60 and

Cpn peptides as seen by reduction in effector cell proliferation in the

presence of Treg cells isolated from splenocytes of tolerized mice. Reg-

ulatory T cells were found to increase in the lymphoid organs and the

aorta of treated animals compared to control. Antibodies specific for

the peptides were not detected in the serum of treated animals confirm-

ing immunological tolerance. Tolerance to the peptides resulted in

47.1% (P = 0.002) reduction in the development of atherosclerotic

lesion in the aortic sinus compared to control. Protection against ath-

erosclerosis was associated with decrease in macrophages infiltration

(58.6%,P = 0.03) and increase in collagen content and IL10 in the

developing lesion.

Conclusions: Our results suggest that oral administration of multi anti-

genic construct expressing ApoB, HSP60 and Cpn peptides induces

tolerance to individual peptides and can prevent development athero-

sclerosis by reducing inflammatory mediators in the plaque.
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PB 1.32-5
Immunization with a linear peptide derived from tissue
factor and protease activated receptor-1 significantly
reduces the development of atherosclerotic lesion in
Apobtm2SgyLdlrtm1Her/J mice
Lu X1, Xia M1, Endresz V2, Chen D3, Goodwin C1, Faludi I2,

Szabo A2, Mundkur L1 and Kakkar V1

1Thrombosis Research Institute, London, UK; 2University of

Szeged, Szeged, Hungary; 3King’s College London, London, UK

Background: Tissue factor (TF), an important protein in coagulation

pathway, has been shown to be abundantly expressed in macrophages

and the lipid rich core in atherosclerotic plaques and plays a pivotal

role in thrombus formation associated with plaque rupture. The

Thrombin signaling mediator protease activated receptor-1 (PAR-1)

associated coagulation pathway which can be cleaved by thrombin,

play critical roles in hemostasis and thrombosis, as well as in inflam-

matory, proliferative responses triggered by vascular injury and ath-

erosclerosis. Stimulation of PAR1 in atherosclerotic plaques has been

implicated in smooth muscle cell proliferation and exaggerated vaso-

constrictory response.

Aim: To assess whether immunizing Apobtm2SgyLdlrtm1Her/J mice with

the peptide epitopes derived from either TF or PAR-1 is effective in

reducing atherosclerotic lesions.

Methods: Six-week-old Apobtm2SgyLdlrtm1Her/J (ApoB100 only,

LDLr�/�) mice were immunized using a repetitive immunization multi-

ple-sites strategy with KLH-conjugated peptides derived from TF and

PAR-1, respectively.

Results: Mice immunized with the peptide epitope derived from TF,

PAR-1 and PAR-2 showed a greater reduction in lesion size compared

to control mice immunized with KLH only, showing 26.5%

(P = 0.001) and 27.4% (P < 0.001) for TF peptide- and PAR-1 pep-

tide-immunized mice, respectively and these results were also in agree-

ment with those in descending aortas compared with that in control

showing significant decrease in lesion area in descending aortas

(35.8% for TF and 42.2% for PAR-1). This effect on lesion reduction

was associated with a shift in the cellular composition of plaques

towards decreased inflammatory cell and increased regulatory T-cell

content and increased production of anti-inflammatory cytokines and

decreased secretion of proinflammatory cytokines demonstrated in

plasma and in supernatant of stimulated spleen cells.

Conclusions: The immune response against epitopes derived from TF

and PAR-1 has an effect in reducing atherosclerotic lesion formation.

PB 1.32-6
Aging- and activation-induced platelet microparticles
suppress apoptosis in monocytic cells and
differentially signal to proinflammatory mediator
release
Heemskerk JWM1, Vasina M2, Cauwenberghs S3, Staudt M2,

Feijge MAH1, Weber C4, Koenen R1 and Heemskerk JWM1

1Maastricht University, Maastricht, The Netherlands; 2Univeristy

Hospital Aachen, Aachen, Germany; 3Katholieke Universiteit

Leuven, Leuven, Belgium; 4Univeristy of Munich, Munich,

Germany

Background and Aim: Platelet microparticles (PM) are the most abun-

dant cell-derived microparticles in the blood, and accumulate in

thrombo-inflammatory diseases. Platelets produce PM upon aging via

an apoptosis-like process and by activation with strong agonists. We

previously showed that long-term treatment of monocytic cells with

apoptosis-induced PM (PMap) promotes differentiation towards resi-

dent macrophages. Here we investigated shorter term effects of various

types of PM on monocyte signalling and function.

Methods and Results: Flow cytometry and scanning electron micros-

copy revealed that PM formed upon platelet aging (PMap) or ultra-

sonication (PMsonic) expressed activated aIIbb3 integrins and tended

to assemble into aggregates. In contrast, PM formed upon platelet

activation with thrombin (PMthr) or Ca2+ ionophore (PMiono) had

mostly non-activated aIIbb3 and little aggregate formation, but had

increased CD63 expression. PM from activated and sonicated platelets

expressed phosphatidylserine at their surface, while only the latter

were enriched in the receptors CD40L and CX3CR1. All PM types

expressed P-selectin, interacted with monocytic cells via this receptor,

and were internalised into these cells. All PM types promoted actin

cytoskeletal rearrangements and hydrogen peroxide production by

monocytic cells. Markedly, both aging- and activation-induced PM

types stimulated the phosphoinositide 3-kinase/Akt pathway, sup-

pressing apoptosis induced by several agonists, in a P-selectin-depen-

dent manner. On the other hand, the PM types differentially

influenced monocyte signalling in eliciting Ca2+ fluxes (particularly

PMap) and in releasing secondary mediators (complement factor C5a

with PMap, and pro-inflammatory tumour necrosis factor-a with

PMthr).

Conclusions: In spite of their common anti-apoptotic potential via Akt

activation, the aging- and activation-induced PM cause different Ca2+

signalling and mediator release events in monocytic cells. By implica-

tion, both aging and activated platelets may modulate monocyte func-

tion by forming different PM types.

PB1.33 – ADAMTS13: Clinical – I

PB 1.33-1
Quantitative PCR assay demonstrated exon deletions
of ADAMTS13 in two unrelated patients with Upshaw-
Schulman syndrome
Eura Y1, Kokame K1, Takafuta T2, Tanaka R3, Kobayashi H4,

Ishida F5, Hisanaga S6, Matsumoto M7, Fujimura Y7 and Miyata T1

1National Cerebral and Cardiovascular Center, Suita, Osaka;
2Nishi-Kobe Medical Center; 3Hyogo Prefectural Kobe Children’s

Hospital, Kobe, Hyogo; 4Nagano Red Cross Hospital; 5Shinshu

University, Matsumoto, Nagano; 6Koga General Hospital,

Miyazaki; 7Nara Medical University, Kashihara, Nara, Japan

Background: Upshaw-Schulman syndrome (USS), also called heredi-

tary thrombotic thrombocytopenic purpura, is associated with severe

deficiency of plasma ADAMTS13 activity with an autosomal recessive

trait of inheritance. In most of the patients with USS, homozygous or

compound heterozygous mutations are identified in the ADAMTS13

genes. So far, more than 100 causative mutations have been identified

worldwide by use of the direct sequencing method.

Aims: We previously analyzed the ADAMTS13 genes of 47 Japanese

patients with USS in 41 unrelated families using direct sequencing. Of

them, 44 patients in 38 families had homozygous or compound hetero-

zygous mutations in ADAMTS13. As for the remaining patients, how-

ever, only one single missense mutation (two patients) or no mutation

(one patient) was detected. Then, we intended to find more extensive

defects of ADAMTS13 in these three patients.

Methods: The study protocol was approved by the ethical committee

of the National Cerebral and Cardiovascular Center, and only subjects

who provided written informed consent for genetic analyses were

included. Genomic DNAs were prepared from blood cells and sub-

jected to real-time PCR to quantitate the relative copy numbers of

each exon in ADAMTS13. PCR primers were designed by the Primer-

BLAST online tool (NCBI), and PCRs were performed using Quanti-

Fast SYBR Green PCR Kit (QIAGEN). Fluorescent intensities were

detected using Mx3000P QPCR System (Agilent Technologies), and

each threshold cycle (Ct) was calculated by the MxPro software (Agi-

lent Technologies).
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Results: The Ct values implied that exon 8 of ADAMTS13 was hetero-

zygously missing in one patient, who carries the c.1648G>A
(p.Gly550Arg) mutation in exon 14. Similarly, exon 27 was heterozy-

gously missing in another patient, who carries the c.841T>A
(p.Cys281Ser) mutation in exon 8. Further analysis using PCR map-

ping and sequencing revealed that the loss of exon 27 was caused by

729-bp deletion ranging from the 36th nucleotide of exon 27 to the

587th nucleotide of intron 27 (c.3751_3892+587del). Assignment of the

precise deleted region causing the loss of exon 8 is proceeding with dif-

ficulty, because of PCR amplification-resistant sequences around ex-

ons 7 and 8. The compound heterozygosity of the missense mutation

and exon deletion was confirmed by PCR analysis of the parents’

DNA samples. The other patient showed no abnormalities in the exon

copy numbers of ADAMTS13.

Summary/Conclusion: The present study identified the patients with

USS carrying the allele with exon deletion in ADAMTS13, which, as

far as we are aware, has not been previously reported. One patient was

compound heterozygous for c.1648G>A (p.Gly550Arg) and exon 8

deletion, and another was for c.841T>A (p.Cys281Ser) and

c.3751_3892+587del (exon 27 deletion). Thus, the quantitative PCR

assay provides an effective tool to identify the extensive deletion of

ADAMTS13 in patients with USS. In our study, one patient did not

show any abnormalities in either direct sequencing or quantitative

PCR analyses, suggesting that the patient may carry uncommon types

of defects in ADAMTS13 such as genetic translocation and inversion.

PB 1.33-2
Kinetics and half-life of plasma ADAMTS13 after
plasma infusion in four patients with Upshaw-
Schulman syndrome
Yagi H1, Kato S2, Konno M3, Tanaka R4, Hasegawa Y5, Kanai R5,

Yamaguchi S5, Isonishi A2, Matsumoto M2 and Fujimura Y6

1Nara Hospital Kinki University School of Medicine, Ikoma;
2Department of Blood Transfusion Medicine, Nara Medical

University, Kashihara, Nara; 3Department of Nephrology, Hyogo

prefectural Kobe Children’s Hospital, Kobe, Hyogo; 4Department

of Pediatrics, Sapporo-Kosei general Hospital, Sapporo,

Hokkaido; 5Department of Pediatrics, Shimane University School

of Medicine, Izumo, Shimane; 6Nara Medical University,

Kashihara, Nara, Japan

Introduction: Upshaw-Schulman syndrome (USS) is congenital defi-

ciency of plasma ADAMTS13 activity caused by mutations in ADAM-

TS13 gene, and characterized by repeated episodes of

thrombocytopenia and hemolytic anemia that quickly respond to infu-

sions of fresh froze plasma (FFP). Here, we investigate the kinetics

and half-lives after single FFP infusion on routine infusions in order

to estimate precious effect of preventive FFP infusion for USS

patients.

Materials and Methods:We collected a series of plasma just before and

2 weeks after FFP infusion. We measured ADAMTS13 activity (:AC)

by ADAMTS13-act ELISA, and ADAMTS13 antigen (:AG) by a

sandwich ELISA and quantitative western blot analysis previously

reported. Recovery values of ADAMTS13 level were calculated from

maximum level of ADAMTS13:AC or AG after FFP infusion and vol-

ume of FFP infusion. The half-lives of ADAMTS13 levels were calcu-

lated from the time of half level decayed from maximum that

predicted from the plots of ADAMTS13 level.

Patients: We analyzed four patients with USS (B3, W4, Q3, Q5)

belonging to three families. USS-B3 was 20-year-old female with

homozygous nonsense mutations of p.Q449*. She received FFP infu-

sion every 2 weeks to maintain her platelet counts over 70 9 109/L.

USS-W4 was 15-year-old female with compound heterozygotes for

p.G550R and exon 8 deletion. She received FFP infusion upon epi-

sodes of thrombocytopenia and hemolytic anemia. USS-Q3 (24-year-

old male) and Q5 (19-year-old male) were brothers and their ADAM-

TS13 gene mutations were compound heterozygotes for p.G227R and

p.C908T. They received prophylactic FFP infusion every 2 weeks. The

volumes of FFP infused in USS-B3, USS-W4, USS-Q3, and USS-Q5

were 240 mL (4.4 mL/kg), 320 mL (5.6 mL/kg), 160 mL (3.1 mL/kg),

and 160 mL (3.3 mL/kg), respectively.

Results: The kinetics of ADAMTS13:AC and:AG showed similar pat-

tern after FFP infusion. The maximum values of ADAMTS13:AC and

AG were at 1 h after FFP infusion in USS-B3, W4 and Q3 and at 6 h

in USS-Q5. After that, both levels of ADAMTS13:AC and AG gradu-

ally decreased. In USS B3 and Q5, both were no longer detected in

plasma at 14 days after FFP infusion. The ADAMTS13:AC level at

14 days after FFP infusion of USS W4 was detectable, but severely

decreased. In USS-Q3, both level were decreased into undetectable

level at 7 days after FFP infusion. In USS-B3, W4, and Q5, platelet

counts raised to maximum level at day 7 after FFP infusion. In USS-

Q3, the maximum level of platelet was 77 9 109/L at 3 days after FFP

infusion. The average of maximum value of ADAMTS13:AC and:AG

after FFP infusion were 5.8 � 1.8 and 5.8 � 2.6% (mean � 2 SD),

respectively. The half-life of ADAMTS13:AC and:AG were 2.8 � 0.6

and 2.7 � 1.6 days, and the recovery of ADAMTS13:AC and AD-

AMTS13:AG after FFP infusion were 71 � 9.6% and 70 � 15.2%,

respectively.

Conclusion: We evaluated the efficacy of prophylactic FFP infusion in

the patients with USS under remission status. Our results suggested

that 5 mL/kg FFP infusion every 2 weeks was reasonable protocol for

preventing relapses.

PB 1.33-3
The determination and characterisation of anti-
ADAMTS13 autoantibodies
Harahsheh Y, Hughes Q, Tay J, Holmes L, Gilmore G, Thom J

and Baker R

Royal Perth Hospital, Perth, WA, Australia

Background: A deficiency of ADAMTS13, a multi-domain, anticoagu-

lant protein, specifically responsible for the cleavage of von Willebrand

Factor (VWF), can result in Thrombotic Thrombocytopenic Purpura

(TTP). The acquired form results from inhibitory anti-ADAMTS13

autoantibodies directed against the protein’s functional or catalytic

domains. However, not all antibodies are inhibitory. Current methods

designed to identify ADAMTS13 autoantibodies do not discriminate

between the inhibitory and non-inhibitory forms.

Aims: This study aims to develop a method for screening patient

plasma samples to determine the location of autoantibody binding

sites, and their significance in TTP onset.

Methods: The individual domains of the ADAMTS13 protein were

selected as antigens in an ELISA that was optimised for screening

patient plasma samples. The individual peptide regions were selected

from the corresponding sequence of a synthetic cDNA construct of the

full ADAMTS13 coding sequence. A standard PCR was optimised

using specifically designed primers. The peptides were then produced

in a bacterial expression system. Three patient groups took part in the

screening process; patients who contained high titres of anti-ADAM-

TS13 autoantibodies, yet did not develop TTP, stroke patients, and a

group of TTP patients. All patient samples had aBethesdaassay per-

formed to identify the presence of an inhibitor.

Results: OurBethesdaassay results demonstrated that all TTP patients

contained an inhibitor, all of the healthy control patients who con-

tained anti-ADAMTS13 autoantibodies did not contain an inhibitor.

Interestingly the stroke patients exhibited a wide range ofBethesdare-

sults. From the peptides used in this study, the TTP patient autoanti-

bodies were mainly directed at the catalytic spacer domain, where-as

the non-TTP patient plasma samples were directed at the non-catalytic

CUB 2 domain.
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Summary/Conclusion: The TTP patients screened presented with au-

toantibodies directed at the spacer domain, further supporting the lit-

erature identifying this domain possessing the pathological binding

sites. However, the CUB 2 domain may represent a target for the bind-

ing of non-inhibitory anti-ADAMTS13 autoantibodies and the patho-

genesis, if any, of this subset of antibodies warrants further

investigation.

PB 1.33-4
ADAMTS13 activity is a potential biomarker of
thrombotic risk in systemic lupus erythematosus
Martin S1, Reverter JC1, Tassies D1, Galan AM1, Espinosa G2,

Pino M1, Escolar G1 and Diaz-Ricart M1

1Department Hemotherapy-Hemostasis, Hospital Clinic, CDB,

IDIBAPS; 2Department Systemic Autoinmune Diseases, Hospital

Clinic, IDIBAPS, Barcelona, Spain

Background/Aim: A severe deficiency of ADAMTS13 activity results

in the presence of VWF ultra large multimers with high affinity for

platelets, causing thrombotic thrombocytopenic purpura. Other path-

ological conditions with mild to moderate ADAMTS13 activity levels

exhibit a risk for thrombosis. We have explored the ADAMTS13/

VWF axis in patients with Systemic Lupus Erythematosus (SLE) and

its potential value as a thrombotic marker.

Methods: ADAMTS13 activity, VWF antigen and multimeric struc-

ture, and VCAM-1 were measured in plasma from 50 SLE patients.

Anti-ADAMTS13 antibodies were evaluated in patients with low

ADAMTS13. Parameters of disease activity (SLEDAI) and organ

damage (SLICC), thrombotic events, and presence of antiphospholi-

pid syndrome (APS-SLE) and antiphospholipid antibodies were reg-

istered.

Results: SLE patients showed reduced ADAMTS13 activity and high

VWF levels (66 � 27% vs. 101 � 8%, P < 0.01, and 325 � 151% vs.

81 � 14%, P < 0.001, vs. control). ADAMTS-13 activity was below

60% and 40% in 40% and 22% of patients, respectively. VCAM-1 lev-

els were superior in patients plasma than in control samples (range of

564–4991, vs. 596.25 � 100 ng/mL, P = 0.03). ADAMTS13 activity

was under 60% in APS-SLE patients and in all patients with throm-

botic events. SLEDAI was > 6 in 65% of the cases.

Conclusion: Reduction of ADAMTS13 activity together with increased

VWF levels could be ascribed to the chronic inflammatory state in

SLE. These results were specially found in patients with higher disease

activity index and with antiphospholipid antibodies. Therefore, AD-

AMTS13 activity, in combination with other laboratory parameters,

may be used as prognostic biomarker of thrombotic risk in SLE.

PB 1.33-5
Decreased plasma ADAMTS13 activity during
moderate to much consumption of ethanol in healthy
volunteers: differences between normal and
heterozygous mutant aldehyde dehydogenase-2 alleles
Uemura M, Fujimoto M, Hayakawa M, Matsuyama T, Kato S,

Takaya H, Morioka C, Matsumoto M, Fujimura Y and Fukui H

Nara Medical University, Kashihara, Japan

Background: Deficiency of ADAMTS13 activity (ADAMTS13:AC)

results in the accumulation of unusually large von Willebrand factor

multimers (UL-VWFM) and platelet thrombi formation. We demon-

strated that enhanced production of UL-VWFM over deficient AD-

AMTS13:AC may contribute to the progression of liver injury and the

development of multiorgan failure in patients with severe alcoholic

hepatitis (Curr Drug Abuse Rev, 2008;1:188).

Aims: Little information is available on the effects of ethanol on

plasma ADAMTS13:AC in healthy subjects. In this study, we deter-

mined changes in plasma ADAMTS13:AC following moderate to

much consumption of ethanol in healthy volunteers who were either

wild-type homozygous or mutant heterozygous for the aldehyde dehy-

drogenase (ALDH)-2 gene.

Methods: Eleven healthy volunteers homozygous for wild-type

ALDH-2 genes (Group I) and nine heterozygous for wild-type and

mutant alleles (Group II) were studied. All volunteers were co-workers

who usually consumed moderate to much amounts of alcohol, and this

study protocol was approved by the Ethics Committee of our univer-

sity. Blood alcohol concentration (BAC), plasma levels of ADAM-

TS13:AC and VWF:Ag, and VWFM patterns were determined before

and every hour for 5 h after ethanol consumption (60 g) with food

(580 KCal). VWFM patterns were analyzed by SDS-0.9% agarose gel

electrophoresis.

Results: BAC reached its highest levels 2 h after ethanol consumption

in both groups (Group I 22 mM, Group II 24 mM), and thereafter

tended to decrease more gradually in Group II than Group I. ADAM-

TS13:AC decreased by 20% from baseline between 2 and 5 h after eth-

anol consumption in Group II, whereas it decreased by 10% 4 h after

ethanol intake in Group I. The incidence of subjects with > 20%

decreases in ADAMTS13:AC was higher in Group II than in Group I

(88.9% vs. 27.3%, P < 0.05). The largest decrease in ADAMTS13:AC

after ethanol consumption was greater in Group II (�33.0 � 9.0%,

P < 0.01) than in Group I (�16.2 � 10.8%, P < 0.01). Plasma inhibi-

tor against ADAMTS13:AC was not detected throughout the study.

VWF:Ag increased by 30% between 3 and 5 h after alcohol intake in

Group II, but remained unchanged in Group I. As a result, the ratio

of VWF:AG to ADAMTS13:AC increased by 55–79% between 2 and

5 h after ethanol consumption in Group II, whereas it was almost

unchanged in Group I. VWFM patterns were normal in 9 (81.8%) and

degraded (18.2%) in Group I, whereas they were normal in 2 (22.2%),

degraded in 2 (22.2%), lacking in 2 (22.2%) and unusually-large in 3

(33.3%) in Group II.

Conclusions: Plasma ADAMTS13:AC significantly decreased in

healthy volunteers with a mutant allele of the ALDH2 gene after mod-

erate to much consumption of ethanol, resulting in increased levels of

VWF:Ag. VWFMs showed lacking and unusually-large patterns in

more than half of volunteers with mutant allele gene except normal

and degraded patterns observed in those with wild-type genes. These

subjects with mutant allele of the ALDH2 gene may be susceptible to

platelet hyperaggregability after moderate to much consumption of

ethanol.

PB 1.33-6
Levels of the ADAMTS13 metalloprotease and risk of
myocardial infarction: review of the literature and
meta-analysis
Lotta LA1, Musallam KM2, Tuana G3, Biguzzi E3, Rossio R3,

Ferrari B3, Radhakrishnan N3, Peyvandi F3 and Rosendaal FR4

1Angelo Bianchi Bonomi Hemophilia and Thrombosis Center,

Milan, Italy; 2American University of Beirut Medical Center,

Beirut, Lebanon; 3Fondazione IRCCS Ca’ Granda –Ospedale

Maggiore Policlinico, Milan, Italy; 4Leiden University Medical

Center, Leiden, The Netherlands

Background: The circulating metalloprotease ADAMTS13 exerts an

essential antithrombotic function by cleaving the ultralarge platelet-

tethering multimers of von Willebrand factor. A severe deficiency in

the plasmatic activity of ADAMTS13 causes thrombotic thrombocy-

topenic purpura, which is often associated with microthrombotic car-

diac damage. Recent evidence from studies in humans and

experiments in mice suggest that a reduced activity of ADAMTS13

might also be associated with the development of myocardial infarc-

tion (MI). A number of studies carried out in recent years investigated

the association between plasmatic levels of ADAMTS13 and MI,

yielding conflicting results.
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Aims: To summarize and pool current evidence on the association

between ADAMTS13 plasmatic levels and MI.

Methods: The study was conducted according to the principles of the

PRISMA statement. We did not follow a pre-specified review proto-

col. In order to obtain material for the review, we conducted a Pubmed

(URL: http://www.ncbi.nlm.nih.gov/pubmed/) search for articles pub-

lished after 1980, using ‘ADAMTS13’ and ‘heart’ or ‘myocardial’ or

‘coronary’ as search terms (updated to September 12th, 2012). Articles

were chosen for review based on the following criteria: (i) they con-

cerned plasmatic ADAMTS13 levels in humans; (ii) they reported on

controlled studies; (iii) the investigated disease was incident myocar-

dial infarction. Studies were excluded from meta-analysis if they had

too small a sample size to allow meaningful calculations (i.e. < 30 MI

cases), chose controls from patients referred to the hospital for other

diseases/conditions, had no frequency matching for age and sex, or did

not provide any information on the distribution of patients and con-

trols in tertiles/quartiles of ADAMTS13 activity. Data on the distribu-

tion of cases and controls in the tertiles or quartiles of ADAMTS13

levels were extracted from the reports. Studies suitable for meta-analy-

sis were pooled by the Mantel-Haenzel method and by calculating un-

weighted mean to account for heterogeneity. The odds ratio for MI

and its 95% confidence interval were the summary measures of choice.

Results: Seven case-control studies fulfilled the criteria for inclusion,

after examination of 71 candidate manuscripts retrieved from the Pub-

med repository. Selected studies most often concerned ADAMTS13

antigen levels rather than activity and measurements were carried out

at different time periods from the acute episode. All studies had a case-

control design, but yielded heterogeneous results regarding the associ-

ation of ADAMTS13 with myocardial infarction. These encompassed

protective effect, no effect and a risk-increasing effect of low ADAM-

TS13 levels. Of the seven studies, four could be used to obtain a pooled

estimate. The unadjusted odds ratios for MI ranged from 0.62 to 1.27

in the four studies. The Mantel-Haenzel pooled odds ratio was 0.96

(95% confidence interval: 0.72–1.17) and the straight-averaged odds

ratio was 1.01 (95% confidence interval: (0.72–1.30).
Summary/Conclusions: The results of this meta-analysis argue against

a major influence of plasmatic ADAMTS13 levels on the risk of MI,

although the large heterogeneity between studies suggests effects in

specific groups.

PB1.34 – Fibrinolytic System:
Clinical – I

PB 1.34-1
Increased N-terminal cleavage of alpha-2-antiplasmin
in liver cirrhosis
Uitte de Willige S, Malfliet JMC, Janssen HLA, Leebeek FWG

and Rijken DC

Erasmus University Medical Center Rotterdam, Rotterdam, The

Netherlands

Background: Hepatic failure due to cirrhosis is caused by progressive

fibrosis that ultimately results in nodular regeneration with loss of liver

function. As the liver is the site of both synthesis and clearance of

many proteins involved in hemostasis and fibrinolysis, including

alpha-2-antiplasmin (a2AP), altered plasma levels of these factors are

often found in chronic liver failure. The main function of a2AP, the

inhibition of plasmin, is influenced by the proteolytic modifications the

protein undergoes in the circulation. Approximately 35% of circulat-

ing a2AP is cleaved at its C-terminus, resulting in a form of a2AP that

has lost most of its activity by losing its ability to bind to plasmin

(ogen). Non-plasminogen-binding a2AP can still inhibit plasmin, but

kinetically very slow. Additionally, a large part of circulating a2AP is

N-terminally cleaved between residues Pro12 and Asn13 by the

recently identified AntiPlasmin-Cleaving Enzyme (APCE), a soluble,

circulating derivative of fibroblast activation protein (FAP). This

cleavage turns the native Met-a2AP into Asn-a2AP. FAP is a type II

integral membrane protease dominantly expressed in areas of tissue

remodeling, e.g. by activated fibroblasts, myofibroblasts and activated

hepatic stellate cells.

Aims: In this study we investigated whether liver cirrhosis, character-

ised by increased expression of FAP and therefore presumably also

APCE, resulted in increased N-terminal cleavage of a2AP in the circu-

lation.

Methods: We focused on the active plasminogen-binding form of

a2AP, PB-a2AP, and on individuals homozygous for the common R-

allele of polymorphism Arg6Trp, as this polymorphism strongly influ-

ences N-terminal cleavage of a2AP. New ELISA assays were set up to

measure the antigen levels of both total PB-a2AP and N-terminally

intact Met-PB-a2AP. With these data we calculated the percentage

Met-PB-a2AP, reflecting N-terminal heterogeneity. a2AP antigen lev-

els were measured in the plasma samples of 48 patients with liver cir-

rhosis with different types of etiology and 20 healthy control

individuals. Informed consent was obtained and the study was

approved by a recognised medical ethics committee. Patients were clas-

sified into three groups of increasing severity according to the Child-

Pugh’s score.

Results: As many other proteins synthesized in the liver, total PB-

a2AP levels (mean � SD) were reduced in the cirrhosis patients

(30.0 � 13.0 µg/mL) compared to the total PB-a2AP levels in the con-

trol individuals (55.1 � 8.3 µg/mL; P < 0.001). The Met-PB-a2AP

levels were also reduced in the cirrhosis patients (4.2 � 4.0 µg/mL)

compared to the Met-PB-a2AP levels in the control individuals

(13.0 � 3.3 µg/mL; P < 0.001). Interestingly, we found that, in addi-

tion to the reduction in a2AP levels, the percentage of Met-PB-a2AP

was reduced in the cirrhosis patients (12.5 � 6.4%) compared to the

percentage of Met-PB-a2AP levels in the control individuals

(23.6 � 4.6%; P < 0.001). This indicates increased N-terminal cleav-

age of a2AP in the cirrhosis patients. All three variables significantly

decreased with the severity of the disease.

Conclusions: We found an increase in N-terminal cleavage of a2AP in

patients with liver cirrhosis which correlated with the severity of the

disease. This may be of pathogenic importance in the frequently

observed enhanced fibrinolytic potential of cirrhotic patients.

PB 1.34-2
Feasible mechanisms of fibrinolysis impairment in
patients with antiphospholipid syndrome
Aisina RB1, Reshetnyak TM2, Mukhametova L1, Patrushev LI3,

Patrusheva NL3, Seredavkina N2, Gulin D1 and Gershkovich KB4

1Lomonosov Moscow State University; 2Scientific Research

Institute of Rheumatology of RAMS, Moscow; 3Shemyakin-

Ovchinnikov Institute of Bioorganic Chemistry of RAS; 4Emanuel

Institute of Biochemical Physics of RAS, Moscow, Russian

Federation

Background: The pathogenesis of thrombosis in patients with anti-

phospholipid syndrome (APS) is multifactorial. Numerous ways and

mechanisms including an impairment of fibrinolysis by which anti-

phospholipid antibodies (aPL) may lead to the development of throm-

bosis in APS have been proposed. Possible mechanisms of aPL effects

on activity of the fibrinolytic system are under study for the past years.

Aims: To study the relationship between thromboses, levels of aPL

and fibrinolytic system components in APS patients.

Methods: The plasminogen (Pg) level was determined by the kinetic

method in 78 patients with APS, 35 of them with systemic lupus erythe-

matosus (SLE + APS) and 43 – with primary APS (PAPS). The PAI-1

antigen level measured by ELISA was assayed in 45 APS patients (21

with SLE + APS and 24 with PAPS). Positivity of aPL (LAC, aCL and

ab2GP1) was estimated. The thrombotic events were assessed clinically

and confirmed by objective methods. A control group included 10

donors without autoimmune diseases and thromboses in anamnesis.
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Results: Decrease in fibrinolysis may be caused by low level of Pg or

high level of PAI-1 which neutralizes plasminogen activators. In the

group of Pg study thromboses were registered in 67 APS patients (32

arterial and 53 venous thromboses, 14 patients had combined

thrombi). Among 67 patients low Pg levels (0.37–1.49 lM) were found

in 23 (34.3%) with nine arterial and 19 venous thromboses. The low

Pg levels in patients with thromboses were associated with high-posi-

tive levels both of ab2GPI (n = 16) and aCL (n = 9) and Pg levels were

lower in patients with SLE+APS than in patients with PAPS.

In the group of PAI-1 study thromboses were registered in 43 (95.5%)

APS patients (22 arterial and 33 venous thromboses, 12 patients had

combined thrombi), 14 of them had increased (47.1–93.3 ng/mL) and

24 – high (102.0–463.3 ng/mL) levels of PAI-1 antigen which were

associated with high-positive levels both of ab2GPI (n = 20) and aCL

(n = 11). One of possible mechanism of this interrelationship was con-

sidered. Patients with SLE + APS had higher PAI-1 levels than

patients with PAPS. To test a possible contribution of genetic factors

on the development of thrombosis, the genetic variants of PAI-1 in

APS patients were determined by the method of polymerase chain

reaction. It was found that arterial and, to a greater extent, venous

thromboses are associated with the 4G/5G polymorphism of the PAI-

1 gene and high plasma level of the inhibitor in 79% of APS patients.

Conclusion: The impairment of fibrinolysis are connected partially with

decrease in Pg level and, to a greater extent, with increase in PAI-1

level both of which are associated with high-positive ab2GPI and aCL

levels at least in one third of APS patients with thromboses. The most

of APS patients with thromboses and increased and high PAI-1 levels

were carriers of 4G allele of PAI-1 gene. In APS patients venous

thromboses occurred more frequently than arterial ones. The impair-

ment of fibrinolysis due to aPL and PAI-1 gene mutation contributes

to the development of thrombosis in APS patients.

PB 1.34-3
Topical and conjunctival use of fresh frozen plasma in
patients with congenital plasminogen deficiency
Ozdemir N1, Tuysuz G1, Turhan AB2, Iskeleli G3, Alkin Z4

and Celkan T1

1Istanbul University, Cerrahpasa Medical Faculty, Istanbul;
2Pediatric Hematology Department, Eskisehir Osmangazi

University Hospital, Eskisehir; 3Opthalmology Deptartment,

Cerrahpasa Medical Faculty, Istanbul University;
4Ophthalmology Department, Taksim Training and Research
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Background: Plasminogen plays an important role in fibrinolysis as

well as wound healing, cell migration, and angiogenesis. Congenital

plasminogen deficiency is rare autosomal recessive disorder that leads

to development of pseudo-membranes on mucosal surfaces such as

eyelids and mouth. Ligneous conjunctivitis is the most common pre-

sentation in which fibrin accumulation causes inflammation of con-

junctiva and leads to thick, woody (ligneous) growths inside eyelids.

The treatment options are few and the prognosis is poor especially in

severely affected patients.

Aim: The aim of this report is to present our experience with systemic

and conjunctival fresh frozen plasma treatment in our patients with

congenital plasminogen deficiency.

Methods: Patients’ files were evaluated retrospectively and 11 patients

who were followed-up with a diagnosis of plasminogen deficiency were

included.

Results: There were six girls and five boys. The most common clinical

presentation was ligneous conjuctivitis (n:11) that was present in all

patients, followed by ligneous gingivitis (n:5) and hydrocephalus (n:3).

Further manifestations were hearing loss (n:2), genitourinary involve-

ment (n:1), hepatomegaly (n: 1), epilepsy (n:1), recurrent respiratory

tract infections (n:1) and Dandy-Walker malformation (n: 1). The

median age of first clinical manifestation was 7 months (range: 0.5–

24 months). All patients were Turkish descent. Most of the patients’

parents were consanguineous (n:6). Two girls and two boys were sis-

ters and brothers; in addition to that these four patients were related.

Venous thrombosis did not occur in any of the patients. In nine

patients eye lesions were surgically removed and in all of them there

were relapses on follow-up after surgery. Eight patients were treated

by intravenous and conjunctival fresh frozen plasma. One of them had

an anaphylactic reaction during plasma infusion so it was discontin-

ued. One girl passed away due to endophtalmitis shorly after present-

ing to our clinic. None of the patients treated by fresh frozen plasma

had a recurrence on follow-up. Three patients have been followed-up

for > 3 years now with a prophylactic use of fresh frozen plasma every

10–30 days.

Conclusion: Patients with congenital plasminogen deficiency are symp-

tomatic early in life. Boys usually become symptom-free at 4–5 years

of age, however girls suffer throughout adulthood. Our experience

showed that the severity of symptoms are not parallel with plasmino-

gen levels and the clinical progress is more severe in girls compared to

boys. Hydrocephalus and hearing loss are important clinical manifes-

tations and ophthalmologists treating ligneous conjuctivitis patients

should be aware of these systemic complications. Treatment of ligne-

ous conjunctivitis is challenging due to frequent recurrences. Surgical

excision should not be performed unless there is proggressive, intracta-

ble fibrin deposition. Systemic and topical fresh frozen plasma can be

used successfully for preventing recurrences and relieving symptoms.

The long-term prophylactic application of fresh frozen plasma seems

to prevent recurrences and has a protective effect on the vision. Local

conjuctival use of fresh frozen plasma in combination with other eye

medications such as cyclosporin and artificial tear drops may relieve

the nuisance feeling of ‘something in the eyes’.

PB 1.34-4
Effect of genetic PAI-1 polymorphisms 4G/5G, C428T
and G429A on PAI-1 activity and clot lysis time
De Lange Z1, Rijken DC2, Hoekstra T3, Conradie K1, Jerling JC1

and Pieters M1

1North-West University, Potchefstroom, South Africa; 2Erasmus

University Medical Centre, Rotterdam; 3Leiden University

Medical Centre, Leiden, The Netherlands

Background: Plasminogen activator inhibitor type-1 (PAI-1) plays an

important role in clot lysis and is influenced by both environmental

and genetic factors. Data on cardiovascular disease (CVD) risk and

genetic factors influencing PAI-1 levels in the black African popula-

tion, in whom the prevalence of CVD is increasing rapidly is, however,

scarce.

Aims: We determined the frequencies of three polymorphisms in the

promoter area of the PAI-1 gene and their influence on PAI-1act levels

and clot lysis time in a black African population. We also investigated

gene-environment interactions and their influence on PAI-1act levels

and clot lysis time (CLT) and whether urbanisation influenced these

interactions.

Methods: Data from 2010 apparently healthy black men and women

(aged 35–65 years) who participated in the South African PURE study

were cross-sectionally analysed. Anthropometric and dietary intake

data were collected, as well as blood samples for the determination of

biochemical factors, including PAI-1act and CLT determined using a

turbidimetric assay, and DNA isolation and genotyping.

Results: The 5G homozygous genotype frequency of the 4G/5G poly-

morphism was 72.5% in this population. PAI-1act was the highest in

the 4G/4G group (6.82 U/mL) followed by the 4G/5G group (5.77 U/

mL) and then the 5G/5G group (4.77 U/mL) in the urban subgroup,

while PAI-1act levels did not differ significantly across genotypes in the

rural group. CLT did not differ across 4G/5G genotypes. PAI–1act
additionally increased across the 4G/5G genotypes in normal, over-

weight and obese participants as well as in centrally obese participants,
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but not in those with normal waist circumference. CLT differed signifi-

cantly across the 4G/5G genotypes in centrally obese participants

only. The C428T and G429A polymorphisms did not influence PAI-

1act or CLT, except for higher PAI-1act in the homozygous wild type

group of the G429A SNP.

For the 4G/5G polymorphism we found significant gene-environment

interactions for WC, BMI and triglycerides on PAI-1act; and for fibrin-

ogen and fibrinogen gamma prime on CLT. Significant interactions

for the C428T polymorphism and PAI-1act were found with triglyce-

rides, total homocysteine, fibrinogen gamma prime and HDL-choles-

terol levels, and for CLT with BMI. The G429A polymorphisms

showed interactions with LDL-cholesterol, and fibrinogen on PAI-1act
and interactions on the determination of CLT with fibrinogen and

blood pressure. Some of the gene-environment interactions also dif-

fered significantly between the rural and urban subgroups.

Summary/Conclusions: The high prevalence of the 5G allele may con-

tribute to the low PAI-1act levels seen in this population. The 4G/5G

polymorphism significantly influenced PAI-1act levels in urban but not

rural participants. The influence of the 4G/5G polymorphism on PAI-

1act is apparent in normal, overweight and obese participants and

those who are centrally obese. The C428T and G429A SNPs do not

seem to play an important role in PAI-1 transcription, probably owing

to these SNPs not being present within a known transcription site. The

4G/5G, C428T and G429A polymorphisms showed significant interac-

tions with various CVD risk factors in determining PAI-1act and CLT.

Many of these interactions were, however, affected by urbanisation as

differences were observed between rural and urban participants.
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R€uhl H, M€uller J, W€aschenbach J, Oldenburg J and P€otzsch B

University Hospital Bonn, Bonn, Germany

Background: Venous stasis is a major factor in the development of

venous thrombosis. The venous occlusion (VO) test is used to simulate

this pathomechanism by induction of short term venous stasis.

Recently, we have shown that a procoagulant response is not induced

by the VO test in healthy individuals.

Aims: To study if the VO test induces such a procoagulant shift in the

presence of endothelial cell dysfunction or inherited thrombophilia we

extended our study to patients with arteriosclerosis or hereditary

thrombophilic risk factors.

Methods: The study population consisted of three groups: healthy indi-

viduals (n = 25, 14 females, mean age, range: 32, 20–58 years); patients

with arteriosclerotic coronary artery disease confirmed by coronary

angiography (n = 15, one female, 65, 48–77 years); and thrombophilic

patients (n = 19, 13 females, 43, 18–64 years) with antithrombin defi-

ciency (n = 2), protein C or S deficiency (n = 6), homozygous FV Lei-

den (n = 8) or FII G20210A mutation (n = 3). The study was

approved by the local ethics committee and all patients gave written

informed consent. Blood samples were taken before, during VO

(12 min after start) at the stasis arm and the contralateral arm, and

15 min after VO. Blood samples were analyzed for plasma levels of

free thrombin and activated protein C (APC), both measured using

highly sensitive oligonucleotide-enzyme capture assays showing lower

limits of quantification of thrombin and of APC of 0.039 and

0.116 ng/mL, respectively. In addition, tissue-type plasminogen activa-

tor (t-PA), plasmin-a2-antiplasmin-(PAP)-complexes, and thrombin-

antithrombin-(TAT)-complexes were determined. All determinations

were corrected for changes in hematocrit.

Results: In all three cohorts the majority of samples taken during VO

showed thrombin and APC levels below the LLOQ. Thrombin levels

above the LLOQ during VO were observed only in one patient in the

arteriosclerosis group (7.468 ng/mL) and one patient with homozy-

gous FV Leiden mutation (1.738 ng/mL). Consistent with previous

reports the VO test induced a fibrinolytic response, indicated by a sig-

nificant increase (P < 0.05) in plasma levels of t-PA from

1.5 � 3.1 ng/mL (mean � SD) to 8.2 � 7.6 ng/mL in healthy pro-

bands, 2.0 � 1.1–11.2 � 4.7 ng/mL in arteriosclerotic patients, and

1.7 � 0.9–11.4 � 6.6 ng/mL in patients with thrombophilia. Plasma

levels of PAP-complexes also increased significantly from 657 � 476

to 1730 � 1085 ng/mL in healthy probands, 609 � 166–
1562 � 913 ng/mL in patients with arteriosclerosis; and 614 � 371–
1642 � 975 ng/mL in thrombophilic patients. TAT-complexes did not

change significantly in all three cohorts.

Summary/Conclusion: Activation of the clotting cascade is not trig-

gered by short term venous stasis even in the presence of additional

thrombotic risk factors such as endothelial dysfunction or inherited

thrombophilia. Furthermore, our results indicate that the fibrinolytic

response induced by the VO test is caused by mechanisms independent

from coagulation activation and thrombin formation.
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Background: Hyperlipidemia can be effectively treated either by niacin

or HMG-CoA reductase inhibitor. In addition, elevated levels of

Lipoprotein (a) may be, at least in part, reduced by nicotinic acid.

Scarce data are available on the role of nicotinic acid/laropiprant on

fibrinolysis.

Aims: To asses the behaviour of the fibrinolitic system in patients with

elevated levels of Lipoprotein (a) treated with with nicotinic acid/laro-

piprant.

Patients and Methods: Fourteen consecutive unselected dyslipidemic

patients, with previous adverse cardiovascular event (seven acute coro-

nary syndrome, three stroke, two peripheral artery disease, one retinal

occlusion, one sudden hypoacousia) and multiple comorbidities (six

hypertensives, no diabetics), were treated daily with 2000 mg of nico-

tinic acid/40 mg Laropiprant and optimal statin therapy, in addition

to cardiovascular medications according to current guidelines, for

6 months. The Clot Lysis Time (CLT) and the blood levels of triglyce-

rides, HDL, LDL cholesterol and Lp(a), were determined before (T0)

and after 6 months of treatment (T1). CLT was performed as lysis

time of tissue factor-induced clots exposed to exogenous t-PA (Lisman

et al., 2006); triglycerides, HDL, LDL levels were analyzed by chromo-

genic assays and Lp(a) by nephelometric measurement.

Results: The Clot lysis time (CLT) was significantly decreased after

treatment (median (range) T0: 61 min (51–123.9) vs. T1: 56 min (44–
76); P < 0.05). The average decrease of CLT was 11% (95%CI 4–18).
The treatment reduced significantly the levels of triglycerides (median

(range) T0: 98 mg/dL (65–201) vs. T1: 76 mg/dL [61–148]), LDL cho-

lesterol (median (range) T0: 111 mg/dL (76–182) vs. T1: 90 mg/dL

(54–118) P < 0.05) and Lp(a) (median (range) T0: 1155 mg/dL (560–
1870) vs. T1: 677 mg/dL (202–1030) P < 0.005). As expected, HDL

cholesterol levels significantly increased (median (range) T0: 53 mg/dL

(33–96) vs. T1: 68 mg/dL (42–107);P < 0.05). The average decrease of

concentration of triglycerides, LDL and Lp(a) was respectivly 27%

(95% CI: 18–36%), 24% (95% CI: 16–32%), and 39% (95% CI: 26–
51%) whereas the average increase of HDL cholesterol was 30% (95%

CI: 11–50%).A significant correlation (P < 0.05) was found between

CLT, triglyceride and LDL.

Conclusion: A treatment with nicotinic acid/laropiprant in patients

with elevated levels of lipoprotein (a) may provide additional benefit

on fibrinolysis.
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Background: TFPI is a Kunitz-type protease inhibitor that inhibits

both FXa and TF-FVIIa and which is an important physiological

inhibitor of the extrinsic coagulation pathway. Plasma contains vari-

ous truncated forms of TFPI, which are poor inhibitors of FXa and

FVIIa, and full length TFPI (0.25–0.5 nM) which is the physiologi-

cally important form of TFPI. Platelets also contain full length TFPI

which is released to plasma when the platelets become activated thus

increasing the full length TFPI concentration in plasma 50–75%.

Direct inhibition of TFPI in hemophilia models with blocking anti-

bodies, aptamers or peptide inhibitors mitigates bleeding complica-

tions and may become an important approach in hemophilia

treatment

Aims: To compare the effectivity by which a TFPI binding fusion pep-

tide with TFPI antagonist activity inhibits the anticoagulant activity

of plasma- and platelet TFPI in model systems and in plasma.

Methods: Platelets isolated from blood samples of different donors

were activated with convulxin and spun down by centrifugation. The

TFPI present in the supernatant was quantified with an ELISA and

was taken as source of platelet TFPI. Recombinant TFPI, either

glycosylated or non-glycosylated, was taken as source of plasma TFPI.

The functional activities of plasma- and platelet TFPI and the effect of

fusion peptide as TFPI antagonist thereon were compared in model

systems (FXa and TF-FVIIa-catalysed FX activation) and in plasma

(TF-triggered thrombin generation).

Results: Detailed kinetic analysis showed that platelet-derived TFPI

and recombinant TFPI were equally potent inhibitors of TF-FVIIa-ca-

talysed FX activation in models systems. The TFPI antagonistic fusion

peptide blocked the anticoagulant activity of plasma- and platelet

TFPI in the model system with similar IC50 values that were in the

low nM range. Recombinant TFPI and platelet-derived TFPI also

inhibited TF-triggered thrombin generation in TFPI-depleted plasma

with identical activities and the anticoagulant activities of both forms

of TFPI were blocked by TFPI antibodies as well as the TFPI antago-

nistic fusion peptide. The fusion peptide also enhanced thrombin gen-

eration in TFPI-depleted plasma reconstituted with platelets which is

indicative of specific inhibition of platelet TFPI. Fusion peptide titra-

tions of thrombin generation in platelet-poor plasma (PPP) and plate-

let-rich plasma (PRP) showed that the peptide enhanced thrombin

generation in PPP 3–4 fold with a half maximal effective concentration

(EC50) of 2 nM and in PRP 2-fold with an EC50 of 8 nM. Thrombin

generation in PRP to which an inhibitory FVIII antibody was added

to simulate PRP of a haemophilia patient was enhanced threefold by

both the fusion peptide and TFPI antibodies.

Summary and Conclusions: Plasma- and platelet TFPI exhibit similar

anticoagulant activities in the inhibition of TF-FVIIa catalysed FX

activation in a model system and in the down-regulation of TF-trig-

gered thrombin generation in plasma. A TFPI antagonistic fusion pep-

tide enhances thrombin generation in PPP and PRP both in the

absence and presence of inhibitory FVIII antibodies by blocking the

anticoagulant activities of platelet- as well as plasma TFPI. Our obser-

vation supports the notion that targeting TFPI with TFPI inhibitors is

a promising novel strategy to mitigate the bleeding risk of haemophilia

patients.
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The incidence and impact of intracranial hemorrhages
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Background: Intracranial hemorrhage (ICH), while rare, is a very seri-

ous complication of hemophilia. Understanding the incidence and out-

comes of individuals with hemophilia who have had an ICH may help

emphasize the importance of lowering ICH rates.

Aims: The objective of this analysis was to assess the incidence and

outcomes of hemophilia patients who suffer an ICH compared to a

non-hemophilia population to better understand the risk associated

with ICH complications.

Methods: A retrospective, case-control analysis was undertaken using

the Truven Analytics Marketscan� Database, which contains medical

claims data from US commercial health plans representing approxi-

mately 130 million covered lives. Using data from years 2002–2011,
male patients with ICD-9 diagnosis codes of 286.0 or 286.1 for hemo-

philia were selected and compared to a male only, random sample of

non-hemophilia patients (excluded ICD-9 code 286.x). In addition to

the incidence of ICH, inpatient visits, length of stay (LOS) and hospi-

talization costs were compared between the two groups. ICD-9 diag-

nosis codes 430, 431, and 432 were used to identify ICH.

Results: There were 11,267 persons with hemophilia in the database, of

these 79% were Hemophilia A, 13% Hemophilia B, and 8% had codes

for both hemophilia A and B. The non-hemophilia sample consisted of

103,620 individuals. Within the hemophilia sample, 217 (1.9%) had an

ICH diagnosis, compared to 179 (0.2%) of the non-hemophilia sample

(P < 0.0001). The mean age of patients with an ICH was 45.7 and 40.9

for the hemophilia and non-hemophilia population, respectively

(P < 0.05). One hundred and forty (1.2%) patients in the hemophilia

sample had an ICH inpatient visit with a median LOS of 7 days. In

the non-hemophilia sample, 101 (0.1%) had an ICH inpatient visit

with a median LOS of 6 days. The median (interquartile range) cost

for an inpatient ICH visit among the hemophilia sample was $24,207

($12,688–$68,728), while the median cost for the non-hemophilia sam-

ple was $19,255 ($11,804–$47,653).
Conclusions: These results indicate that individuals with hemophilia

have approximately a 10-fold increased incidence of ICH compared to

a non-hemophilia sample. This research also demonstrates the signifi-

cant impact of ICH both in terms of hospital length of stay and cost.

Given guidelines recommend ICH patients are treated with high-dose

Factor concentrates for at least 10–14 days and are then placed on

long-term prophylaxis, the hospitalization costs identified in this anal-

ysis do not reflect the full economic burden of ICH. Further research

to better understand the long-term impact of ICH should be con-

ducted to ensure that appropriate strategies are employed to lower the

relative incidence of ICH in a hemophilia vs. non-hemophilia popula-

tion.

PB 1.35-3
Variation in effect of DDAVP in mild haemophilia
patients with an Asn637Ser mutation
Mauser-Bunschoten E, Franssen van de Putte DE, Fischer K, Van

Galen KPM, Rosendaal G and Schutgens REG

UMCUtrecht, Utrecht, The Netherlands

Background: In mild haemophilia desmopressin acetate (1-deamino[8-

Sarginine]-vasopressin, DDAVP) can be used for the treatment of

bleedings. DDAVP increases FVIII and von Willebrand factor (VWF)

2–6 fold through endogenous release. Effect of DDAVP varies

between patients and but it is suggested that it is dependent on the

mutation causing haemophilia.
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In our haemophilia centre a large cohort of patients with Asn637Ser

(1910A>G) mutation causing mild haemophilia A is known. In indi-

vidual patients the effect of intravenous DDAVP is routinely tested

Aim: To retrospectively investigate the variability in FVIII raise after

DDAVP infusion in this cohort of patients.

Material and Methods: All male patients known with mutation

Asn637Ser, and their relatives from maternal side suffering from mild

haemophilia treated at the Van Creveldkliniek were included. Baseline

characteristics including residual FVIII level, VWF level and blood

group, FVIII raise after 30–60 min of intravenous infusion of 0.3 µg/
kg, DDAVP age at test, were collected. DDAVP was infused in 20–
30 min. When FVIII levels were measured at two time points between

30 and 60 min after end of infusion, the highest levels was used for

analysis.

Results: In 77 patients with mild haemophilia caused by mutation

Asn637Ser, a DDAVP test has been done, of which 68 could be analy-

sed. The lowest baseline FVIII level varied greatly between 0.06 and

0.36 IU/dL, mean VWF was 0.101 IU/dL (IQR, 0.76–112). Forty-nine
percent had blood group O, 23% A, 7% AB and 5% blood group B.

Low VWF levels were associated with lower FVIII baseline levels. No

effect of blood group on FVIII levels was found. The mean age at

DDAVP test was 21.7 years (IQR 7–34). After DDAVP the mean level

was 101.7 IU/dL (IQR 80–124)
The mean raise in FVIII levels was 0.78 IU/dL (IQR 57–98). Effect of
DDAVP varied greatly from 2 to 10 fold increase of FVIII levels 30–
60 min after end of infusion. Higher baseline FVIII was associated

with a higher absolute raise in FVIII after DDAVP. After correction

higher age appeared to have a positive effect on outcome, no effect of

baseline VWF and blood group on outcome was seen.

Summary/Conclusion: In this group of patients with mild haemophilia

caused by mutation Asn637Ser, baseline FVIII levels varied greatly.

The effect of intravenous DDAVP varied between patients and was

associated with baseline FVIII and age. Patients with higher baseline

FVIII and older patients showed a better response to DDAVP
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Background: Surgery in patients with haemophilia can present a range

of challenges to physicians.

Aim: To determine the perioperative management and outcome of hea-

mophilia A and B patients during major surgical procedures.

Methods: Data pertaining to major surgeries from 1997 to 2012 at our

center were retrospectively analysed. Patients with inhibitors were

excluded from the study. All operations were elective and a plan for

management of hemostasis was prepared for each patient.

Results: During this period 80 major surgeries were performed in 56

haemophiliacs (52 with haemophilia A and four with haemophilia B).

Their median age was 29 years and range was 3 months–72 years.

Most of the haemophiliacs (34/52 haemophilia A and 2/4 haemophilia

B) had severe disease (Factor level < 1%). The majority of the surger-

ies were orthopedic procedures (n:64); there were eight urological and

three neurosurgical procedures, three patients had adeno-tonsillec-

tomy, one had abdominal abscess drainage and one had apendectomy.

Eight orthopedic surgeries and one urologic surgery included two dif-

ferent operations at the same procudere. All patients were treated with

intravenous bolus factor replacement therapy pre- and post-opera-

tively. No severe life threating bleeding occured in any of the patients,

4% of the patients had mild bleeding after surgery. One severe haemo-

philiac developed post operative hematoma on related knee after total

endoprosthesis of hip and left knee at post-operative 24th day while he

was still on daily factor replacement treatment; the bleeding was con-

trolled with extra factor infusion. Another haemophilia A patient

(moderate) developed macroscopic haematuria after left kidney neph-

rolithiasis operation at 15th day of surgery but resolved in 2 days with

an extra factor therapy. One severe haemophilia A patient who bled at

the 7th day of left knee total endoprosthesis developed low responding

inhibitor following operation. The bleeding was controlled with by-

passing agents. One right knee prothesis insertion operation had a

infection complication at the operation site which ended up with

amputation of the affected leg. Another knee prothesis insertion oper-

ation was also infected and resulted with extraction of prothesis and

arthrodesis of the affected ankle.

Conclusion: Our results showed good hemostasis plan with no major

bleeding. Inhibitor development is currently the most severe complica-

tion in patients with haemophilia treated for surgical procedures.

Three haemophiliacs developed inhibitors, two of them were low titer

inhibitors, one haemophiliac needed long-term use of by-passing

agents. The incidence of inhibitor development following intensive

treatment for surgery was 5%. Wound infections are also an important

problem after major surgeries, postoperative infection occured in two

of our patients (2.5%) and resulted with amputation in one of them.

Major surgical operations can be performed in haemophiliacs with a

right hemostasis plan and the incidence of hemorrhage is low. Experi-

enced physicians and centers have key role in operation of heamophili-

acs and operations should be done without delay.

PB 1.35-5
What we can learn from real-life clinical experience
data from a post authorization safety surveillance in
PUPs treated with antihemophilic factor (recombinant),
plasma/albumin free method in Japan
Taki M1, Hanabusa H2, Fukutake K3, Matsushita T4, Shima M5,

Shirahata A6 and Pass A7

1St. Marianna University School of Medicine Yokohama City
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Medical University, Kashihara; 6University of Occupational and

Environmental Health Japan, Kitakyushu; 7Baxter, Tokyo, Japan

Background: The treatment of young hemophilia A patients has been

improved by the availability of safe FVIII products and the adoption

of routine prophylaxis, but a major complication still remains the

development of inhibitors to FVIII. Data on previously untreated

patients (PUPs) is valuable in delineating the natural history of hemo-

philia treatment. The real-life clinical practice during the early treat-

ment phase of hemophilia A in Japan has been documented by

ADVATE (rAHF-PFM) PUPs study since 2007 under Japanese ordi-

nance Good Post-Marketing Study Practice (GPSP).

Aims: To investigate safety ie, adverse events namely inhibitors, and

efficacy in PUPs.

Methods: This prospective, multicenter, open-label, observational sur-

veillance cohort study was initiated at 63 sites on February 2007 to

investigate PUPs of any age and disease severity, with ≤ 3 exposure

days (EDs) at study entry, who were prescribed rAHF-PFM. Data

were collected every 6 months for over 2 years using the electronic

data-capture system (EDC).

Results: As of 31 December 2012, data for 116 PUPs (0 ED:97, 1–3
EDs:19) out of 119 enrolled patients from 63 sites were available. Fifty

eight (50%) of 116 patients had undergone a greater than two-year

observation period. Eighteen patients dropped out within 2 years of

observation (adverse events:7, lost to follow up:4, death:1, others:6).

Seventy-four percent of patients had FVIII < 1%, 8% had

1 ≤ FVIII ≤ 2, 6% had FVIII > 2–5% and 12% had FVIII > 5%.
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The median age at entry was 0.8 (range 0–81 years). All are Asian

male. Forty-two percent of 116 patients had a family history of hemo-

philia and 8% had a family history of inhibitors. The median observa-

tion periods were 24.3 months. Fifty-eight percent had over 50

infusions (median: 80, 1–2092 infusions) on study.

The median age of diagnosis of hemophilia A was 0.33 in subjects who

developed inhibitors (Inh) and 0.66 in subjects with no inhibitor (no

Inh). The median age of first bleeds was 0.58 (Inh), 0.61 (no Inh) and

the median age of severe bleeds was 0.37(Inh) and 1.13 (no Inh). The

median age of first exposure to rAHF-PFM was 0.68 (Inh) and 0.88

(no Inh).

Ninety-four (81%) of 116 started on-demand and 57 (61%) of 94

moved to prophylaxis. At the worst efficacy evaluation during obser-

vation period, excellent/good rating was observed for 88.6% on pro-

phylaxis and 90.7% on demand.

At the time of last report, 20 patients (17.24%, 95% CI: 10.86, 25.36)

developed an inhibitor (seven high-, 13 low titer at inhibitor diagno-

sis). In nine of 20 inhibitors have disappeared. The adjusted odds ratio

in risk of inhibitor development were family history of hemophilia:

0.91 (0.240–3.462), family history of inhibitors:12.518 (2.561–61.178),
ICH:2.600 (0.684–9.887), severe bleeds: 2.040 (0.595–6.993), catheter
insertion: < 0.001 (< 0.001–> 999.999), hemophilia severity:1.132

(0.194–6.589).
Conclusions: The safety profile of rAHF-PFM in Japanese PUPs

appears consistent with previous reports with an inhibitor rate of

17.24% in this report. The adjusted odds ratio in inhibitor develop-

ment was significantly higher in subjects with a family history of inhib-

itor.

PB 1.35-6
Costs and utilization of haemophilia A and B patients
with and without inhibitors
Armstrong PE1, Malone DC1, Krishnon S2 and Wessler J3

1Strategic Therapeutics, LLC, Tucson, AZ; 2Biogen Idec, Weston,

MA; 3Naval Medical Center, Portsmouth, VA, USA

Background:Haemophilia is a costly disease resulting in bleeding com-

plications, joint damage, and use of expensive factor therapies.

Descriptive analysis of patient populations may provide valuable

insight into the delivery of care and health resource utilization.

Aim: To evaluate the characteristics and health system costs among

patients with haemophilia A and B with and without inhibitors over a

5 year period.

Methods: This was a retrospective, observational study utilizing medi-

cal and pharmacy electronic medical records and administrative

encounters/claims data tracking US patients between 2006 through

2011 for up to 5 years. Patients with International Classification of

Diseases, Ninth revision (ICD-9) diagnosis codes only for haemophilia

(ICD-9 code 286.0 for haemophilia A (factor VIII deficiency) and

286.1 for haemophilia B [factor IX deficiency]) were identified. Eligible

patients must have received clotting factors at least twice during the

study period. Inhibitor patients were characterized by the utilization

of one of two bypassing agents: activated prothrombin complex or fac-

tor VIIa on two or more distinct dates. Severity was classified as mild

(5–40% normal factor activity), moderate (1–5% normal factor activ-

ity), or severe (< 1% normal factor activity). Research data was

derived from an approved Naval Medical Center, Portsmouth, VA

IRB NMCP.2012.0016 protocol.

Results: Overall, there were 160 haemophilia A patients and 54 haemo-

philia B patients identified. Of this group, seven were designated as

inhibitor patients (five with haemophilia A and two with haemophilia

B). The mean age (SD) in years was 2.6 (� 3.9), 8.6 (� 8.8), 11.2

(� 12.2) for patients with inhibitors, patients with haemophilia A

without inhibitors, and patients with haemophilia B without inhibi-

tors, respectively. Haemophilia A patients without inhibitors reported

65 (41.9%) as being severe, 19(12.3%) as moderate, and 71 (45.8%) as

mild. Haemophilia B patients without inhibitors reported 9 (17.3%) as

being severe, 1(14.3%) as moderate, and 2 (28.6%) as mild. All inhibi-

tor patients had been hospitalized in the previous 5 years compared to

64 (41.3%) with haemophilia A without inhibitors and 22 (42.3%)

with haemophilia B without inhibitors. The median aggregate cost per

year (including factor and health resource use) was $325,780 for

patients with inhibitors compared to $98,334 for haemophilia A

patients without inhibitors and $23,265 for haemophilia B patients

without inhibitors.

Summary/Conclusions: The results of this analysis suggest that while

the frequency of inhibitors within the haemophilia cohort was low,

there was a higher frequency of hospitalizations and the associated

median aggregate costs per year are three-fold higher than those

patients without inhibitors. In contrast, haemophilia B patients experi-

ence less severe disease and account for lower aggregate yearly costs

compared to either patients with haemophilia A or patients with inhib-

itors.

The views expressed in this article are those of the authors and do not

necessarily reflect the official policy or position of the Department of

the Navy, Department of Defense, or the United States Government.

PB1.36 – Haemophilia A: Clinical – II

PB 1.36-1
Cognitive dysfunctions and cerebral microbleeds in
adult patients with haemophilia A and B: the role of
cardiovascular disease
Zanon E1, Brandolin B2, Manara R3 and Amodio P4

1Haemophilia Center, 2Chair of Internal Medicine; 2University

Hospital of Padua; 3Neuroradiology, Department of

Neuroscience, University Hospital of Padua; 4Department of

Clinical and Experimental Medicine, University of Padua, Padua,

Italy

Background: In children with haemophilia a decrease in intellectual

function and in their face-spatial and motor skills was described.

Moreover, a lack of language and language-related activities was

reported. All these cognitive dysfunctions seemed to be related to pre-

vious cerebral microbleeds (CM). Studies that provide information

about the cognitive condition of adult patients with haemophilia are

lacking.

Aims: To measure the neuropsychological profile in a group of adult

patients with haemophilia A and B; to verify the presence of asymp-

tomatic CM; to identify some correlation between CM and cognitive

dysfunctions; to assess the possible role of several contributing factors

(i.e. severity of haemophilia, type of therapy, comorbidity) in deter-

mining cognitive dysfunctions.

Methods: After informed consent, 49 adult (age, 42 � 15 years)

patients with haemophilia A and B (31 severe and 18 mild), without

inhibitors and consecutively evaluated at the Haemophilia Centre of

Padua, were enrolled. Each patient underwent: (i) a ‘Short Neuropsy-

chological Test’ assessing the following cognitive functions: learning,

episodic memory, working memory, psychomotor speed, selective and

divided attention, concentration, reasoning, and executive functions;

(ii) a Nuclear Magnetic Resonance (NMR) of the brain to evaluate

changes in signal intensity within the white matter on T2-weighted

images, areas of brain atrophy, or haemorrhagic lesions. Results were

standardised on a control group matched for age, sex, and cultural

profile.

Results: Patients suffering from hemophilia A and B presented with a

reduction of the overall cognitive performance (OCP), expressed by

the Z-PSI index (�1.18 CI 95%: �1.34 and �0.03). In particular, the

most compromised aspects were lack of both memory and verbal flu-

ency. According to the OCP, no significant difference between severe

and mild haemophilia was observed. Nevertheless, the score of the

memory tests tended to be worse in severe haemophilia patients than

in patients with mild haemophilia. The OCP was similar between
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patients undergoing ‘on demand’ treatment and patients undergoing

‘prophylactic’ treatment (Z-PSI index �0.32 � 0.48 vs. �0.13 � 0.63;

P = 0.37). According to risk factors for cerebrovascular disease, the

OCP was significantly correlated with the presence of coronary artery

disease (P = 0.02). As for NMR findings, available in 40 patients

because nine of them refused to give informed consent, the presence of

CM was associated with a worse OCP. Specifically, the CM episodes

were inversely related to the OCP (R = �0.32 P < 0.05). CM was sig-

nificantly associated with the presence of cerebrovascular risk factors

(Fischer Test P = 0.018). Finally, patients undergoing ‘prophylactic’

treatment showed a better OCP than patients undergoing ‘on demand’

treatment.

Conclusions: In adult patients with hemophilia A and B a high preva-

lence of cognitive dysfunctions was observed. Moreover, a correlation

between OCP reduction and CM was found. Hence, identifying each

individual cerebrovascular risk in order to tailor the most adequate

treatment to the needs of each patient is of crucial importance.

PB 1.36-2
Decreased FVIIIa stability of mild Hemophilia A
mutation R527W explains discrepancy between two
chromogenic method applications using different FX
activation times
Bryngelhed P1, Oldenburg J2, Pavlova A2, Hillarp A3,

Strandberg K3 and Ros�en S1

1Rossix, Molndal, Sweden; 2University Clinic Bonn, Bonn,

Germany; 3University of Lund, Malm€o, Sweden

Several mutations for mild Hemophilia A are reported to cause dis-

crepant results between one-stage clotting methods: vs. two-stage clot-

ting and chromogenic methods.

In an oligocenter study on plasmas from patients with mild Hemo-

philia A, two sites used the chromogenic Coatest SP4 FVIII kit, utiliz-

ing either 5 or 10 min FX activation times. There was an overall high

agreement in results but the site using a 5 min FX activation time

obtained significantly higher FVIII activities for ten samples, repre-

senting the five different mutations R527W, R531H, R531C, G479R,

V663A.

Six of the ten samples were sourced from individuals with the R527W

mutation and mean (SD) FVIII activities were 0.25 (� 0.03) and 0.12

(� 0.01) IU/mL when using 5 and 10 min FX activation times, respec-

tively. Hence, a 5 min activation time resulted in about two-fold

higher FVIII activities.

A study on FXa generation vs. time demonstrated that the time to

reach a plateau level of FXa, indicating completely inactivated FVIIIa,

on analysis of two R527W plasma samples was about half as com-

pared to a normal reference plasma and a T295A plasma, the latter

showing similar FVIII activity assignment at the two sites.

Using a 10 min FX activation time will therefore result in relatively

more FXa being generated for normal plasma as compared to R527W

plasmas and accordingly to a lower FVIII activity assignment of

R527W plasmas.

FVIII:Ag was 0.75 (� 0.09) IU/mL for the six R527W samples and

hence within the normal range, whereas FVIII:Ag was 0.10 and

0.12 IU/mL for two T295A samples.

The R527W mutation is located in the A2 domain and a plausible

explanation for the more labile R527W-FVIIIa is a faster dissociation

of the A2 domain from FVIIIa. This has been shown by Pipe et al

(Blood, 1999) to be the case for the R531H mutation. One R531H

sample was included in this study, with assigned FVIII activity of 0.15

and 0.07 IU/mL when using 5 and 10 min activation times, respec-

tively, and hence a similar two-fold difference in FVIII activity as for

R527W.

Our results demonstrate that in patients referred for FVIII activity

analysis as a follow-up from global screening or on suspicion of mild

Hemophilia A due to the clinical phenotype, caution has to be made in

interpreting FVIII activity results. In this study, FVIII activities were

reported for the R527W mutation with two chromogenic method

applications using 5 or 10 min FX activation times and for both appli-

cations the results were concordant with mild Hemophilia A. This

may, however, not necessarily be the case for alternative methods.

PB 1.36-3
Clinical outcome of hemophilia patients undergoing
major orthopedic surgery without pharmacological
thromboprophylaxis
Brand B1, Gerber B1, Koch P2 and Rinderknecht Graf S3

1University Hospital; 2University of Zurich, Zurich; 3Spital

Buelach, Buelach, Switzerland

Background: Hemophilia patients are generally considered at low risk

for venous thromboembolism. However, orthopedic surgery for hemo-

philic arthropathy exposes them to well established major risk factors

for venous thrombosis due to the procedure itself, long immobiliza-

tion, and factor replacement therapy. In contrast to non-hemophilia

patients, pharmacological prevention of thromboembolism for hemo-

philia patients is not well studied nor standardized and largely depends

on local practice. A multicenter European survey reported that 50%

of centers are using anticoagulant prophylaxis. At our center, in agree-

ment between orthopedic surgeon and hematologist, no pharmacologi-

cal prevention of thromboembolism is given to patients undergoing

orthopedic surgery.

Aims: The present study analyzes the safety and feasibility of this

approach.

Methods: Retrospective analysis of all orthopedic operations per-

formed in hemophilia patients of our center between 1978 and 2012.

The study was approved by the local ethic committee, no patient

informed consent was obtained as the retrospective study only

involved anonymous patient record analysis.

Results: A total of 166 major orthopedic operations were performed in

47 patients. Forty-three (91.5%) had hemophilia A and 4 (8.5%)

hemophilia B. Thirty-one (66%) patients suffered from severe, 14

(29.8%) from moderate and 2 (4.3%) from mild disease, respectively.

One patient (2.1%) had a combined FVIII/Factor V deficiency. Med-

ian age was 44.9 years (IQR 34.9–55.0). Orthopedic interventions were

divided into surgery of the lower extremity (n = 138, 83.1%%) and the

upper extremity (n = 21, 12.7%%), for 7 (4.2%) data are missing. Fol-

low-up information 9 weeks after surgery could be obtained for 124

operations (74.7%). No clinical signs of venous thromboembolism

were observed in all cases. One (0.6%) intervention in a mild hemo-

philiac was complicated by a life-threatening perioperative myocardial

infarction. Data on factor consumption was available for 101 interven-

tions (60.3%) with a total dose per hospitalization of 45,000 IU

(IQR 33,250–60,250) given to patients (mean body weight of

71.3 kg). Transfusions of red blood cells were needed in 12.3% of all

interventions.

Conclusions: In this cohort of hemophilia patients undergoing orthope-

dic surgery without pharmacological prevention of thromboembolism

followed over an overall period of 34 years, no symptomatic deep

venous thrombosis or pulmonary embolism was observed. Prospective

trials incorporating a systematic assessment for thrombosis are needed

to confirm these encouraging data.
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PB 1.36-4
Integrated analysis of safety data from 12 clinical
interventional studies of a plasma- and albumin-free
recombinant factor VIII (rAHF-PFM) in persons with
hemophilia A (HemoA)
Shapiro AD1, Romanov V2, Silvati-Fidell L2, Wong WY2

and Schoenig-Diesing C2

1Indiana Thrombosis and Hemostasis Centre, Indianapolis, IN;
2Baxter Healthcare, Westlake Village, CA, USA

Objectives: To update evaluation of the safety of rAHF-PFM by

encompassing the results from 12 clinical interventional studies.

rAHF-PFM is approved in the USA for perioperative management,

control and prevention of bleeding episodes in both children and

adults with HemoA. It is manufactured free of exogenous human or

animal proteins using a non-hypersensitivity-inducing monoclonal

antibody.

Methods: Four hundred and eighteen treated subjects (363 PTPs, 55

PUPs, all with baseline FVIII levels ≤ 2% of normal) from all Baxter

Phase I–IV studies excluding PASS studies had a median age of

18.7 years (range: 0.07–72.3) who received at least one infusion of

rAHF-PFM. Study analysis subsets comprised immune tolerance

induction, PK assessments, prophylaxis, recovery, and surgical pro-

phylaxis.

Results: The 418 subjects received a total of 122,281,528 IU of rAHF-

PFM from 1276 lots in 63,188 infusions. 88.5% of subjects received

their infusions as prophylaxis (82.8% of total infusions). Overall, sub-

jects received a median of 97.0 exposure days (range: 1–709), with a

median of 98 infusions per subject (range: 1–711) and a median of

118,778 IU (range: 467–1,572,194 IU) per subject. Three thousand

three hundred and seventy-six adverse events (AEs) were reported in

314 of the 418 subjects (75.1%) with 106 events being serious. How-

ever, the majority of all AEs were non-serious (3270/3376) and judged

by the investigator to be unrelated to IP (3283/3376). Only 93 AEs in

45 subjects (10.8%) were related to rAHF-PFM, with no predominant

type or cases of recurrence in subsequent infusions. Of these, only Fac-

tor VIII inhibition, headache, and pyrexia were considered to be in the

ADR Frequency Category of ‘common’. Of 106 serious AEs (SAEs),

that occurred in 69 subjects (16.5%): most commonly FVIII inhibition

(4.1%), device-related infection (1.0%), or pyrexia (0.7%) were

detected. Seventeen SAEs that were considered related to rAHF-PFM

included the development of FVIII inhibitors in 16 PUPs (seven high-

titer (> 5 BU), nine low-titer (≤ 5 BU), in 29% of PUPs) and 1 PTP

(low titer). Eleven of the 16 PUPs with inhibitors underwent immune

tolerance induction, with 72.7% success. Overall, the incidence of any

FVIII inhibitor in PTPs was 0.4%, similar to reports of other FVIII

products. No deaths and no cases of hypersensitivity related to rAHF-

PFM occurred during the conduct of these studies.

Conclusions: The integrated safety analysis confirms previously dem-

onstrated safety and tolerability in children and adults with moder-

ately severe or severe HemoA in a wide variety of clinical settings, and

reveals no new safety signals.

PB 1.36-5
Clinical study in children with severe haemophilia A
investigating efficacy, immunogenicity,
pharmacokinetics, and safety of human-cl rhFVIII
Klukowska A1, Vdovin V2, Szczepanski T3, Jansen M4, Knaub S5

and Liesner R6

1Medical University of Warsaw, Warsaw, Poland; 2Moscow

Children’s Hematology Centre, Moscow, Russian Federation;
3Dept. of Paediatric Haematology and Oncology of Silesian

Medical University, Zabrze, Poland; 4Octapharma, Vienna,

Austria; 5Octapharma AG, Lachen, Switzerland; 6Great Ormond

Street Haemophilia Centre, London, UK

Background: Human-cl rhFVIII is the first recombinant factor VIII

concentrate expressed in a human cell line (Human Embryonic Kidney

293F cells). Studies in previously treated adult and adolescent patients

with severe haemophilia A demonstrated that Human-cl rhFVIII is

bio-equivalent to a full length rFVIII concentrate and safe and effec-

tive in preventing and treating bleeding episodes (BE).

Aims: The objectives of this GCP study were to evaluate the pharma-

cokinetics (PK), efficacy, safety, and immunogenicity of Human-cl

rhFVIII in previously treated children between 2 and 12 years of age.

Methods: First, all patients were to undergo an in-vivo recovery (IVR)

investigation with Human-cl rhFVIII. In a subset of patients, also the

PK of Human-cl rhFVIII was assessed in comparison to the patient’s

previously used FVIII product. After an injection of a nominal dose of

50 IU/kg, blood samples were collected up to 48 h for PK analysis

and up to 2 h for IVR. IVR was repeated in all patients after 3 and

6 months. FVIII coagulant activity (FVIII:C) was measured by chro-

mogenic substrate and one-stage clotting assay in a central laboratory.

All patients were to be treated prophylactically with Human-cl

rhFVIII every other day or three times weekly with 30–40 IU Human-

cl rhFVIII per kg for 6 months. Human-cl rhFVIII was also to be used

in case of breakthrough bleeds. Inhibitors were measured before, at

defined time points during and at the end of the study by modified Ni-

jmegen Bethesda assay in a central laboratory. Adverse events were

recorded throughout the study.

Results: The study was approved by the Ethics Committee of each par-

ticipating institution and informed consent/assent was obtained from

the parents/legal guardians or patients, if applicable, prior to any trial-

related activity. Fifty-nine patients (29: 2–5 years; 30: 6–12 years) were

enrolled from 15 sites in Europe. Thirteen children of each age group

participated in the comparative PK investigation. Mean PK parame-

ters of Human-cl rhFVIII were similar to those of the previous FVIII

product (20 full-length rFVIII, six plasma-derived FVIII), both for the

chromogenic and the one-stage assay: AUCnorm 0.234 vs. 0.25 h IU/

mL/[IU/kg]); IVR 1.61 vs. 1.59%/IU/kg; T1/2 12.5 vs. 13.1 h (one-

stage assay). IVR remained stable throughout the study. There were a

total of 129 BEs in 39/59 patients during the study, 108 of which were

treated with Human-cl rhFVIII. The majority of treated BE were trau-

matic (60.2%) and minor (56.5%). The mean � SD monthly rate of

all types of BEs/patient was 0.34 � 0.43 (spontaneous BEs:

0.12 � 0.27; traumatic BEs: 0.19 � 0.29). No patient discontinued the

study because of an AE. There were no related serious and two possi-

bly related AEs (mild headache, mild back pain) in two patients. No

child developed an inhibitor.

Conclusion: The data indicate that Human-cl rhFVIII is efficacious

and safe in preventing and treating BEs in previously treated children.

The PK of Human-cl rhFVIII and the previous product were very

similar to each other. A study in previously untreated patients was

initiated.
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PB 1.36-6
Evaluation of the hemostatic potentials in a mild
hemophilia A with a novel factor VIII mutation
Thr677Ile
Yada K, Nogami K, Kenichi O, Minami H and Shima M

Nara Medical University, Kashihara, Nara, Japan

Hemophilia A (HA) is classified by the factor (F)VIII activity (FVIII:

C) as severe (FVIII:C < 1 IU/dL), moderate (1–5 IU/dL) and mild

types (> 5 IU/dL). Some mild/moderate HA patients show the dis-

crepancies in FVIII:C between a one-stage clotting assay and chromo-

genic assay. The patients with FVIII mutations such as Arg531Cys,

Arg527Trp, Ser1791Pro and Leu1978Phe show the higher FVIII:C by

one-stage assay than chromogenic assay. On the other hand, the muta-

tions at Arg1639His and Arg1689His in the A3 domain of FVIII are

known to show the higher FVIII:C by chromogenic assay than one-

stage assay. We had a case of mild type HA associated with a

Thr677Ile mutation in the A2 domain of FVIII, not enrolled in the

HAMSTeRs database, hospitalized with iliopsoas muscular hemor-

rhage, exhibiting higher FVIII:C by one-stage assay (32 IU/dL) than

chromogenic assay (18 IU/dL) and positive cross reacting materials

(FVIII:Ag 92% in ELISA). To investigate the hemostatic potential in

this case, the standard control plasmas constituted with FVIII-defi-

cient plasma and serially diluted recombinant FVIII (final concentra-

tion 0.2–100 IU/dL) were prepared, and the thrombin generation test

(TGT) and the clot waveform analyses (CWA) were performed. The

parameters obtained (peak thrombin and time to peak thrombin) in

the case by TGT were compared with those in standard plasmas. The

respective parameter was 128 nM and 15 min, equivalent to FVIII:C

8–10 IU/dL in standard plasmas. Also, a parameter (min2), accelera-

tion rate of the clotting, in the case by CWA was equivalent to that of

FVIII:C 5 IU/dL in standard samples. The haemostatic potential eval-

uated by TGT and CWA reflected the clinical phenotype, and was sim-

ilar to FVIII:C measured by chromogenic assay rather than one-stage

assay. To examine the mechanism(s) of the discrepancy of FVIII:C in

this case between one-stage and chromogenic assays, the concentration

of the aPTT reagent consisting of phospholipids (100 lg/mL) and ella-

gic acid (0.1 mM) used in one-stage clotting assay was varied. Dilution

of aPTT reagent had little effect on FVIII:C in normal plasmas, whilst

FVIII:C of the case was reduced by approximately 20% using the

fourfold diluted aPTT reagent. The concentration of the phospholipids

showed an inversed correlation with aPTT, but no significant differ-

ence was observed between in the normal and the case plasma. Surpris-

ingly, the concentration of the ellagic acid also was inversely

correlated with aPTT, but the rate of shortening of aPTT in the case

plasma was approximately 1.3-fold greater than that in the normal

plasma. Thus, the hemostatic potential in the case might be overesti-

mated with the excess amounts of ellagic acids, and the combination

of coagulation assays as TGT and CWA would be important to evalu-

ate the clinical haemostatic potential of mild/moderate HA with dis-

crepancy in FVIII:C.

PB1.37 – Haemophilia A:
Clinical – III

PB 1.37-1
Molecular genetics of inherited bleeding disorders.
External quality assessment identifies errors in
genotyping and interpretation
Jennings I1, Perry D2, Goodeve AC3, Cumming T4, Hill M5,

Kitchen S1, Woods T1 and Walker I1

1UK NEQAS (Blood Coagulation), Sheffield; 2Department of

Haematology, Addenbrookes Hospital, Cambridge; 3Sheffield

Childrens NHS Foundation Trust, Sheffield; 4Department of

Haematology, Manchester Royal Infirmary, Manchester;
5Nottingham University Hospitals, Nottingham, UK

Background: In the field of molecular genetics, investigation of the

causative mutation in individuals and their families with haemophilia

and other inherited bleeding disorders is common practice. The results

of genotypes are unequivocal with no borderline values but failure to

correctly identify a mutation or candidate mutation, or to misinterpret

its significance, can have major implications for an individual, their

family and offspring. Participation in an external quality assurance

programme is a fundamental part of laboratory practice and in theU-

Kis a requirement for laboratory accreditation. Experience from other

genetic external quality assessment schemes has highlighted that errors

may occur, both in the correct identification of mutations and in their

subsequent interpretation.

Methods: An external quality assurance programme for the Molecular

Genetics of Haemophilia was established in 1998 by UK NEQAS for

Blood Coagulation. Preliminary exercises explored the ability of labo-

ratories to identify the presence or absence of the F8 intron 22 inver-

sion mutation; subsequent exercises have included samples with point

mutations in the F8, F9 and VWF genes. In each exercise, participants

are provided with a clinical scenario and are asked to carry out geno-

typing and associated interpretation in order to answer a clinical ques-

tion. Numerical scores are assigned on anonymised reports by a panel

of expert scientists and clinicians. In this way, the clerical accuracy,

diagnostic capability with respect to genotyping, and interpretative

ability of the centre is assessed.

Results: During the course of the 20 exercises to date there has been

marked improvement in the quality and consistency of laboratory

reports, prompted by advice and comments from the expert panel.

Enhancements to reporting have included use of standard gene names

and promotion of mutation nomenclature recommended by the

Human Genome Variation Society. In the majority of exercises, the

genotype failure rate of laboratories is low (~1%), although failure

due to errors in the interpretation of data are more frequent (7%).

However, an exercise in November 2011 revealed a failure rate of 4/22

(18%) in the genotypic detection of a F8 intron 22 inversion mutation

in an affected female. Three of these four failures were associated with

long rangePCR methods. The material employed in this exercise was

immortalised cell line material from the National Institute of Biologi-

cal Standards and Controls (NIBSC, Potters Bar, UK). Investigations

are ongoing into the reason for the unusually high failure rate in this

exercise.

Conclusion: The scheme now has 26 participants primarily in the UK/

Europe but also including a small number of laboratories outside

of this geographical area. Given the large number and international

distribution of laboratories performing genetic screening for inherited

bleeding disorders it is likely that many centres do not participate in

EQA, and thus fail to benefit from the improvement in diagnostic

accuracy and reporting that such participation can bring.
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PB 1.37-2
Efficient typing of copy number variations in HA and
HB families with large deletion/insertion mutations
using multiplex competitive amplification
Lu Y

Ruijin Hospital affiliated to Medical College of JiaoTong

University, Shanghai, China

Background: Large deletion/insertion mutations are found in approxi-

mately 5% of patients with severe haemophilia. Though the patients

with these kinds of mutations can be confirmed, carrier identification

in affected families is indefinable by direct sequencing.

Aims: The aim of this study was to do the carrier and prenatal diagno-

sis in haemophilia families with the large deletion/insertion mutations

using multiplex competitive amplification.

Methods: The APPT, PT, TT, Fg, FVIII:C, FIX:C were detected to

make phenotypic diagnosis. LD-PCR and PCR were adopted for the

screening of the intron 22 and 1 inversion respectively. The F8/F9 gene

coding and boundary sequences were analyzed by direct sequencing.

Seven STR sites related to F8/F9 gene were combined together to do

the linkage analysis. The new CNV genotyping method, AccuCopy,

based on multiplex competitive amplification of F8/F9 gene respec-

tively was used to investigate eight HA families and three HB families

with large deletion/insertion mutations.

Results: Laboratory tests indicated that all of the HA and HB patients

had severe deficiency of related factors. Large deletions of exon 4,

exon14, exons 2–9, exons 7–9, exons 2–6, exons 5–7 were confirmed in

seven HA patients whose relative segments’ copy number variations

were zero respectively. One insertion of exons 11–12 was detected in

one patient whose CNV of these segments was 2 while the normal male

control’s was 1. The carriers and prenatal diagnosis could be con-

firmed by the CNV detection of these segments with AccuCopy

method. For the carrier, the CNV of the relative exons was 1, while

the normal control female’s CNV was 2. In the three HB families, it

was failed to amplify the exons 1–6, exons 2–8 and exons 1–8 segments

of the index respectively. The results of AccuCopy method manifested

that the copy number variations of the relative exons were zero in all

of the patients and one copy in their mothers who were female haemo-

phila carriers respectively. The females who requested for the carriers

detection were detected to have two copy numbers of the segments

respectively. Furthermore, the linkage analysis results were coincident

with the genetic analysis in these HA and HB famillies.

Conclusions: This report illustrated that multiplex competitive amplifi-

cation method represented an efficient method to determine the carrier

status and do the prenatal diagnosis in haemophilia families with large

deletion/insertion mutations.

PB 1.37-3
Ongoing prospective rAHF-PFM immune tolerance
induction registry (PAIR): success rates continue to
support published literature
Shapiro AD1, Khair K2, Teitel J3, Leony-Lasso I4, Matovinovic E4,

Schoenig-Diesing CK4 and Spotts G4

1Indiana Thrombosis and Hemostasis Centre, Indianapolis, IN,

USA; 2Great Ormond Street Hospital, London, UK; 3St Michael’s

Hospital, Toronto, ON, Canada; 4Baxter Healthcare, Westlake

Village, CA, USA

Background: Prospective recombinant anti-hemophilic factor plasma/

albumin free method (rAHF-PFM) Immune Tolerance Induction

(ITI) Registry (PAIR) is a global, ongoing, non-interventional,

post-authorization safety surveillance registry designed to collect

treatment information on rAHF-PFM safety/effectiveness in ITI

therapy. Several registries have reported ITI success rates ranging

from 55% to 78% for rAHF-PFM and other products (Mariani,

2003; Hay, 2012).

Aims: To present interim results for patients who completed ITI at the

time of data transfer on September 6, 2012. Specifically, to assess inci-

dence of adverse events (AEs) related to rAHF-PFM during ITI ther-

apy. Secondary objectives were to collect information on the incidence

of central venous access device-related complications, and to evaluate

success rates of ITI therapy.

Methods: Patients with hemophilia A of any severity and an inhibitor

were eligible for study. Investigators determined dosing regimens and

monitoring schedules. Maximum observation period for ITI was

33 months with a 12 month follow-up period.

Results: Enrollment took place from July, 2007 to April, 2011. Forty-

four patients were enrolled from 10 countries. At the time of data

transfer, 32/44 patients (72.7%) completed ITI therapy, 25 of which

completed the 12 month follow-up. The following rAHF-PFM dos-

ing regimens were administered for the full analysis set (n = 44): 4

(9.1%) patients received ≥ 200.4 IU/kg/day; 3 (6.8%) patients

received 131–199 IU/kg/day, 26 (59.1%) patients received 90–
130 IU/kg/day, and 11 (25%) patients received < 90 IU/kg/day. Dur-

ing the observation period, 262 AEs, excluding bleed events, occurred

for all enrolled patients (n = 44). Of these, 52 (18%) AEs were serious

and unrelated while 15 (7%) were considered non-serious and at least

possibly related. None of the SAEs were considered related to the

treatment. In the full analysis set, 294 bleeding episodes occurred.

Central venous device complications were common: one patient was

hospitalized, 10 experienced line infections, 10 had line insertions, five

reported line malfunctions, four experienced line removal, and one

patient reported pain following portacath bleed. While six patients

withdrew prior to completing ITI therapy, 32 ‘completers’ were cate-

gorized as follows: 14 patients had successful disappearance of inhibi-

tor, seven achieved partial success, four were deemed successful by

investigator, six were not anticipated to be successful within

33 months, and one patient reached the end of the study period at

33 months. Inhibitor titer level results for 28/32 completers were the

following: 16 patients achieved negative titer levels, two experienced a

high to low titer conversion, five failed to achieve negative titer, and

five were unassessable due to missing titer data or discontinuation.

After 12 months therapy, Kaplan–Meier estimate of success for

achievement of first negative titer was 74.9% (asymptotic 95% CI:

56.7–89.8, n = 32) for the completer group. Kaplan Meier success

rates were similar for the per-protocol (79.3%, CI 61.8–92.4%,

n = 27) and lower in the full analysis set (61.1%, CI 45.6–76.9%,

n = 44).

Summary/Conclusions: These interim results are consistent with previ-

ously reported PAIR analyses and with published data on rAHF-PFM

and other commercially available FVIII products used in ITI (Mari-

ani, 2003; Hay, 2012). PAIR continues to prospectively document

rAHF-PFM safety and effectiveness in ITI and will contribute to

understanding prognisticators of ITI success.

PB 1.37-4
Adherence to clotting factor treatment among patients
with haemophilia A or B
Armstrong PE1, Malone DC1, Krishnon S2 and Wessler J3

1Strategic Therapeutics, LLC, Tucson, AZ; 2Biogen Idec, Weston,

NS; 3Naval Medical Center, Portsmouth, VA, USA

Background: Two limitations of conducting retrospective analyses

related to outcomes and adherence for haemophilia patients include

the fragmentation of care between home and hospital, and the inability

to track episodic vs. prophylaxis treatment. However, such data are

important for healthcare providers.

Aim: To evaluate adherence to clotting factor treatment and associated

outcomes for patients with factor VIII or factor IX deficiencies using

an integrated delivery system database for haemophilia patients.

Methods: This was a retrospective, observational study utilizing medi-

cal and pharmacy electronic medical records and administrative

encounters/claims data tracking patients between 2006 through 2011
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for up to 5 years. Patients with diagnosis codes for haemophilia (ICD-

9 code 286.0 for haemophilia A and 286.1 for haemophilia B) were

identified. Eligible patients must have received clotting factors at least

twice during the study period. Severity was classified into mild (5–40%
normal factor activity), moderate (1–5% normal factor activity), or

severe (< 1% normal factor activity). Bleeding and complication rates

were annualized over the study period. Medication adherence was

assessed using prescription claims for clotting factors by examining

sequential time periods of 180 days for each patient’s continuous

enrollment. Adherence within the time period was calculated using

days supply for all clAims divided by 180 days. For each patient up to

10 observational windows were evaluated. Under the assumption that

severe haemophilia patients should be treated continuously, patients

were considered adherent within the time period if the ratio of days

supply to observed days was 60% or greater. The approach was vali-

dated using haemophilia severity as a proxy. Research data was

derived from an approved Naval Medical Center, Portsmouth, VA

IRB NMCP.2012.0016 protocol.

Results: A total of 207 patients (74.9% and 25.1% haemophilia A and

B, respectively) met the inclusion/exclusion criteria. The mean age

(� SD) was 9.2 years (� 10.0). There were 101 (48.8%) mild, 32

(15.5%) moderate, and 74 (35.7%) severe haemophilia patients. The

percentage of time periods where adherence to clotting factors was

60% or greater was 14% (SD = 28%) for patients with mild disease,

21% (SD = 32%) for moderate disease, and 51% (SD = 36%) for

severe disease. Among patients with severe disease, 27 (36.5%) were

adherent 30% of time periods or less, 22 (29.7%) adherent 31–70% of

the time periods, and 25 (33.8%) were adherent between 71% and

100% of the time. Any bleeding episodes, joint bleeding episodes, and

hospitalizations were uncommon events.

Summary/Conclusions: This analysis provides a novel approach for

measuring adherence to clotting factor treatment through a retrospec-

tive database analysis. Adherence varied by severity. Among patients

with severe disease, the majority (66.2%) were adherent < 70% of the

time. The infrequent bleeding events and sample size limit analysis by

severity. Future studies should explore the reasons for non-adherence

and understand the implications as it relates to patient-reported break-

through bleeding.

The views expressed in this article are those of the authors and do not

necessarily reflect the official policy or position of the Department of

the Navy, Department of Defense, or the United States Government.

PB 1.37-5
P.I.S.A. – safety, immunogenicity and efficacy of a full
length DNA rAHF-PMF in patients with hemophilia A
in the Italian post-marketing surveillance study
Schino M1, Rocino A2, Santagostino E3 and Mazzucconi MG4

1Baxter, Roma; 2San Giovanni Bosco Hospital, Naples; 3Ospedale

Maggiore Policlinico, Milan; 4Universit�a La Sapienza, Rome, Italy

Background: Postmarketing surveillance studies of FVIII concentrates

have been recommended [1], [2] to confirm the favorable efficacy and

safety profiles of already approved medicines.

Aim of the Study: To assess safety, immunogenicity and efficacy of

ADVATE (full length DNA rAHF-PMF) in Italian daily routine

practice.

Patients and Methods: This was a retrospective-prospective, multicen-

ter, 12-month observational study carried out in subjects with severe,

moderately severe or moderate hemophilia A who gave informed con-

sent. At enrollment, all subjects should have been treated with Advate

for at least 6 months, according to any regimen determined by the

physician and based on national SPC. Each subject has thus been ret-

rospectively evaluated for this period of at least 6 months and pro-

spectively observed for 12 months. The primary endpoints were

incidence of non-serious and serious adverse events (AEs) at least pos-

sibly related to ADVATE, and incidence of high-titer, low-titer and

transient inhibitor development during the course of ADVATE treat-

ment. The main secondary endpoint was the overall assessment of the

hemostatic efficacy for all bleeding episodes treated with ADVATE.

Results: During the period of surveillance, a total of 287 patients and

1452 bleeding episodes were treated with ADVATE. The median

annualized bleeding rate (ABR) at baseline was 4 (IQ25–75 1–15). At

the end of the period of surveillance the median ABR was 1.0 bleed

year-1 (IQ25–75 0–5.2) for the entire cohort. The median ABR was the

lowest for those continuously on prophylaxis (0 bleeds year-1, IQ25–
75 0–2.7); higher median ABR was observed for subjects treated on-

demand (5.4 bleeds year-1, IQ25–75 1–16.1)
At baseline nine subjects (3.2%) had FVIII inhibitors. The titer was

< 1 BU in four subjects, between 1 and 5 in one subject, and > 5 in

four subjects. Exclusion of subjects with a history of FVIII inhibitor

(seven subjects) from this group yielded to an incidence of 2/276

(0.72%) patients at baseline who developed inhibitor during the previ-

ous 6 months retrospective phase. During the surveillance no new

inhibitors developed in subjects without a history of inhibitors. A total

of 40 AEs were observed in the 287 subjects treated with ADVATE

during the period of surveillance. Three AEs were serious (retroperito-

neal hematoma, cholecystitis and seizures). All AEs were deemed unre-

lated to the study drug by the investigators.

Conclusions: The results of this Italian surveillance confirm safety, effi-

cacy and low immunogenicity of Advate in daily clinical practice.

References:

1. Lassila R, Rothschild C, De MP, Richards M, Perez R, Gajek H.

Haemophilia 2005; 11: 353–9.
2. Neugebauer B, Drai C, HaaseM et al.. Haemophilia 2008; 14: 142–4.

PB 1.37-6
The influence of co-morbidities on annualised bleeding
rates in patients with severe haemophilia A:
experiences from the pivotal turoctocog alfa
prophylaxis trial (guardianTM1)
Andreeva T1, Suzuki T2, Nielsen R3, Andersen E3 and Lindblom A3

1Republican Center for Hemophilia Treatment, St. Petersburg,

Russian Federation; 2Tokyo Medical University, Tokyo, Japan;
3Novo Nordisk A/S, Søborg, Denmark

Background: Individual bleeding rates in patients with severe haemo-

philia A often show a high variability. This may be due to differences

related to biological and behavioural patterns as well as differences in

co-morbidities and regional treatment practice. Novo Nordisk has

developed turoctocog alfa, a new recombinant FVIII with a truncated

B domain. In the guardianTM1 trial, 150 (24 adolescents and 126 adults)

previously treated patients with severe haemophilia A were given pro-

phylaxis with turoctocog alfa. This trial included patients from 15

countries across the world. Interestingly, a large variation between

countries in the annualised bleeding rates was observed in spite of fol-

lowing the prophylactic dosing regimen specified in the protocol.

Aim: To investigate the potential influence of frequent co-morbidities

on the annualised bleeding rate as a possible explanation of the varia-

tion between countries and patients.

Methods: Patients with severe haemophilia A (≤ 1% FVIII activity),

aged from 12 years and above, with no history of inhibitors and with

at least 150 exposure days to other FVIII products were included.

Informed consent was obtained from all patients before any trial

related activity and the trial protocol was approved by appropriate

ethics committees or institutional review boards. The trial was

conducted in accordance with the declaration of Helsinki and the

principles of good clinical practice. At baseline, the patients’ concomi-

tant illnesses were recorded and a physical examination was per-

formed. For each patient, we will assess two frequent co-morbidities,

i.e. joints with haemophilic arthropathy and hepatitis C status. The

association between these co-morbidities and individual annualised
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bleeding rates during prophylaxis with turoctocog alfa will be investi-

gated.

Results: A total of 499 treatment-requiring bleeds were reported by

105 patients, of which 389 were joint bleeds reported by 94 patients.

The remaining 110 bleeds were non-joint bleeds reported by 51

patients, while 45 patients did not experience any bleeds during the

trial. There was a large variation in the country-specific bleeding rates,

and for some countries the rates were significantly different. The coun-

try-specific annualised bleeding rates ranged from 1.3 bleeds/patient/

year (95% CI: 0.5–3.3) based on six bleeds in nine patients to 23.2

bleeds/patient/year (95% CI: 14.6–37.0) based on 58 bleeds in five

patients. The association between each of the two frequent co-morbid-

ities and the individual annualised bleeding rates will be explored

graphically and statistically.

Conclusions: Several potential factors may have influenced the varia-

tion between countries in annualised bleeding rates. Here we will ana-

lyse the impact of two frequent co-morbidities as potential

explanations for the observed variation in the country-specific bleeding

rates.

PB1.38 – Haemophilia A:
Clinical – IV

PB 1.38-1
The mechanism of action of prophylactic
administration of recombinant factor VIIa may be
explained by the presence of hemostatically active
FVIIa in plasma throughout the time frame of
prophylaxis
Schut AM1, Hyseni A2, Adelmeijer J1, Meijers JC3, De Groot PG2

and Lisman T1

1University Medical Center Groningen, Groningen; 2University

Medical Center Utrecht, Utrecht; 3Academic Medical Center

Amsterdam, Amsterdam, The Netherlands

Background: Recombinant factor VIIa (rFVIIa) is registered for treat-

ment of patients with inhibitor-complicated hemophilia A and B, in

which it effectively treats bleeding episodes at a 90 lg/kg dose admin-

istration. Recently it has been shown that a prophylactic administra-

tion of 90 lg/kg rFVIIa once daily was successful in reducing the

number of bleeding events. These results suggest that a single dose of

rFVIIa has a pro-hemostatic effect of up to 24 h, which is difficult to

explain given its half-life of ~2 h.

Aims: To assess potential mechanisms by which rFVIIa may exert a

prolonged hemostatic effect, we analyzed FVIIa plasma levels and

associated hemostatic activity of blood samples from non-bleeding

pigs receiving a 90 lg/kg bolus administration of rFVIIa.

Material and Methods: Six adult pigs received a 90 lg/kg bolus admin-

istration of rFVIIa, and were followed up for 24 (n = 3) or 48 h

(n = 3). Plasma was collected at baseline and at 5, 15, 30 min, 1, 2, 4,

6, 8, 12, 16, 24, and 48 h post-administration. Plasma FVIIa levels

were measured using a commercially available FVIIa-specific clotting

assay (STACLOT VIIa-rTF). Plasma haemostatic potential was esti-

mated by a prothrombin time (PT) assay and thrombin generation

assays (TGA) using calibrated automated thrombography.

Results: Plasma FVIIa levels reached their maximum at 5 min post-

administration (30445.5 � 1022.2 mU/mL [mean � standard devia-

tion]) and decreased to pre-administration levels over time with a half-

life of 2 h. Elevated plasma FVIIa levels were detected up to 24 h

post-administration (41.3 � 14.1 mU/mL at 24 h vs. 7.5 � 15.6 at

baseline), although differences measured beyond 4 h did not reach

statistical significance. Immediately after administration of rFVIIa, PT

values decreased, and remained shortened compared to baseline until

48 h post-administration (10.0 � 0.1 s at 48 h vs. 10.6 � 0.5 at base-

line, P < 0.05). In post-administration plasma samples, thrombin gen-

eration curves were altered compared to baseline, with the most

profound effect in the lag time. These lag times were significantly

shortened up to 12 h post-administration (1.9 � 0.2 min vs. 2.4 � 0.2

at baseline, P < 0.05), but only returned to pre-administration levels

at 48 h.

Conclusions: Following administration of a 90 lg/kg bolus of rFVIIa

to non-bleeding pigs, elevated plasma FVIIa levels remained detect-

able up to 24 h post-administration, despite a half-life of approxi-

mately 2 h. These low FVIIa levels are hemostatically active, as shown

by shortened clotting times in PT and TGA assays. This, as yet unrec-

ognized, prolonged pro-hemostatic effect of FVIIa may explain the

prophylactic efficacy of a once daily rFVIIa treatment. We propose

that only low plasma levels of FVIIa are required for prevention of

bleeding, whereas much higher levels are needed for treatment of

active bleeds.

PB 1.38-2
TF-initiated thrombin generation associates with
bleeding phenotype in patients suffering from
haemophilia A
Ninivaggi M1, Dargaud Y2, Van Oerle R1, De Laat B1,

Hemker CH1 and Lindhout T1

1CARIM, Maastricht University, Maastricht, The Netherlands;
2Hopital Edouard Herriot, Lyon, France

Background: Although there have been improvements in the manage-

ment of haemophilia A, there is no validated laboratory test that pre-

dicts bleeding tendency in patients suffering from severe haemophilia

A. It is known that patients suffering from severe haemophilia A have

a variable bleeding risk. Thrombin generation is increasingly recog-

nized as a sensitive and reliable way to get an indication of a patients

bleeding risk.

Aim: The aim of our study is to investigate whether thrombin genera-

tion is a method to get an indication of the bleeding risk in patients

suffering from haemophilia A.

Methods: To investigate this we included 30 adult haemophilia A

patients (FVIII ≤ 5 IU/dL). Patients were not on primary prophylaxis

thereby not influencing coagulation measurements. Patients were

assigned as bleeder when they had a Pettersson radiologic score

between 3 and 4 with frequent spontaneous bleeding episodes. Factor

VIII levels were determined via a recently published assay based on

activation with FIXa and used thrombin generation as read out.

Plasma samples were tested applying the Calibrated Automated

Thrombograph method. Coagulation was initiated using 1pM of tissue

factor (TF).

Results: From the 30 haemophilia A patients 21 patients were assigned

as having a bleeding phenotype based on the Pettersson radiologic

score. Using FIXa as initiator no difference was observed between

bleeders and mild-bleeders (P > 0.05). When thrombin generation was

initiated via 1 pM of TF, we observed a significant difference

(P < 0.001) in ETP between bleeders and mild-bleeders (429 � 163 vs.

787 � 192 nM*min).

Conclusion: The endogenous thrombin potential (ETP) measured in

low TF driven thrombin generation is a strong predictive thrombo-

gram parameter of bleeding phenotype among patients with < 5 IU/

dL FVIII.
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PB 1.38-3
Thrombin generation assay by calibrated automated
thrombogram (CAT): application to monitoring severe
hemophilia A treatment
Vila V, Moret A, Cabrera N, Espa~na F, Mart�ınez-Sales V

and Aznar JA

Hospital Universitario y Polit�ecnico La Fe, Valencia, Spain

Background: Severe hemophilia A (HA) has been traditionally consid-

ered when dosage of factor VIII (FVIII) measured by the one-stage

clotting test is < 1 IU/dL. However, patients with FVIII < 1 IU/dL

show an evident clinical heterogeneity. About 10–15% of patients clas-

sified as severe do not show a significant haemorrhagic incidence. This

can be due to other procoagulant factors that compensate the FVIII

deficiency. International guidelines for prophylaxis in severe HA rec-

ommend maintaining FVIII trough levels slightly above 1 IU/dL. The

thrombin generation assay (TGA) is a global haemostatic technique

capable of detecting the influence of small levels of coagulation and

anticoagulation factors.

Aim: The aim of this study was to determine whether TGA can offer

valuable information for proper monitoring of the prophylactic treat-

ment in severe HA patients.

Methods: We included 103 samples of 44 severe HA patients with

bleeding phenotype (more than two spontaneous hemarthrosis in the

same joint in < 6 months) that were in prophylactic treatment bi-

weekly. Blood samples were obtained every 3 months on the trough

levels, 72 and 96 h after the last FVIII infusion. In our protocol the

goal was to maintain the patient between 1.5 and 2 IU/dL of FVIII:C.

Platelet-rich plasma (PRP) and platelet-poor plasma (PPP) were pre-

pared for testing TGA and FVIII measurement. FVIII was quantified

by one-step coagulation test (FVIII:C, IU/dL). TGA was measured by

the calibrated automated thrombogram (CAT, Thrombinoscope BV)

and three parameters were assessed: latency time (min), endogenous

thrombin potential (ETP nMxmin) and peak height (nM Thrombin).

All determinations were performed on frozen samples, as we have pre-

viously shown that freezing PRP not significantly affect TGA (Haemo-

philia. 2012 Nov 23. doi: 10.1111/hae.12044). Statistical comparisons

were performed using the paired t test, and the bivariate correlations

were analyzed by Pearson’s test.

Results: TGA in PRP and PPP correlated significantly (for both peak

height and ETP r > 0.7; P < 0.01). As expected, PRP showed higher

thrombin generation than PPP (peak 78%; ETP 25% higher in PRP).

However, there was no correlation between the number of platelets

and the TGA (peak R = 0.024, P = 0.541). Overall, FVIII:C corre-

lated significantly with the PRP-TGA peak height (R = 0.77,

P < 0.001) and ETP (R = 0.50, P < 0.001) but there was no correla-

tion with the latency time. When samples with FVIII:C < 1.5 IU/dL

were analysed (22% samples), these correlations disappeared (peak

R = �0.317, P = 0.162; ETP R = �0.294, P = 0.221). Meanwhile,

samples with FVIII:C > 1.5 IU/dL maintained a good correlation

(peak R = 0.73, P < 0.001; ETP R = 0.34, P = 0.007).

Conclusions: FVIII levels higher than 1.5 IU/dL correlate well with the

TGA in PRP, especially with peak height, but lower levels do not have

any significant correlation. The TGA as overall hemostatic test is espe-

cially useful when FVIII levels are very low, because this assay may

detect small traces of haemostatic factors undetectable by one-step

coagulation test. As prophylactic FVIII through levels may be at these

low ranges (< 1.5 IU/dL), it would be helpful to implement the TG

test for monitoring doses and frequency of these treatments.

PB 1.38-4
Patient reported outcomes in clinical hemophilia
practice
Limperg PF, Peters M, Van Ommen H, Fijnvandraat KJ,

Grootenhuis MA and Haverman L

Emma Children’s Hospital AMC, Amsterdam, The Netherlands

Background: Children with congenital bleeding disorders may experi-

ence Health Related Quality of Life (HRQOL) problems. Two multi-

center studies measuring the effect of electronic Patient Reported

Outcomes (ePROs) in clinical pediatric practice pointed out that dis-

cussing HRQOL during consultation increases the psychosocial items

discussed and the identification of emotional problems. It also

increased the satisfaction of the pediatricians with their provided care.

Aims: The aim of this abstract is to describe the implementation of

ePROs in pediatric hemophilia practice with the use of the KLIK web-

site.

Methods: In September 2011, ePROs were introduced as part of the

standard care for children at the Hemophilia Treatment Center AMC.

Children (8–18 years) or their parents (if the child is < 7 years) with

congenital bleeding disorders complete online HRQOL questionnaires

(TNO-AZL Preschool children Quality of Life; TAPQoL or Pediatric

Quality of Life Inventory; PedsQL) at the website www.hetklikt.nu

before regular consultation. The answers are converted into a KLIK

ePROfile, and discussed during consultation with the pediatric hema-

tologist. Before multi-disciplinary consultations, patients also com-

plete a behavioral problems questionnaire (Strengths and Difficulties

Questionnaire; SDQ), which is discussed by a psychologist, and par-

ents complete the distress thermometer (Distress Thermometer for

Parents; DT-P), discussed by a social worker.

Results: So far, 106 children (out of 157 patients with congenital bleed-

ing disorders; 70%) completed the online questionnaires and discussed

the KLIK ePROfile during consultation. Children, parents and pediat-

ric hematologists are positive about the use of the KLIK ePROfile.

With the use of the internet, the KLIK ePROfile is easy to implement

in clinical practice and helpful in facilitating communication about

HRQOL. Moreover, KLIK helps to detect psychosocial problems at

an early stage and to provide tailored interventions. Other Dutch

Hemophilia Treatment Centers will start using the KLIK ePROfile in

the near future.

Summary/Conclusions: The implementation of the KLIK ePROfile in

daily clinical hemophilia practice appears to be feasible. To see an

example of the KLIK ePROfile, log in as a doctor on www.hetklikt.nu

with ‘PRO’ as username and ‘KLIK’ as password. The website is also

available in English. On the website you can find an informative movie

about KLIK.

PB 1.38-5
Adherence to prophylaxis in the Netherlands: a
multicentre study
Schrijvers LH1, Beijlevelt-van der Zande M2, Peters M2, Lock J3,

Cnossen MH3, Schuurmans MJ1 and Fischer K1

1UMC Utrecht, Utrecht; 2AMC Amsterdam, Amsterdam; 3EMC

Rotterdam, Rotterdam, The Netherlands

Background: To prevent bleeding and joint damage in severe haemo-

philia and other congenital bleeding disorders, adherence to prophylac-

tic treatment with clotting factor concentrates is of great importance.

To be able to provide adequate support and to formulate recommenda-

tions for haemophilia care, studies with regard to adherence and the

possible risk factors for non-adherence are of significance.

Aim: To assess adherence and to quantify deviations from the treat-

ment schedule in patients with congenital bleeding disorders on pro-

phylactic home treatment.

Methods: In three Dutch haemophilia treatment centres, semi-

structured interviews were embedded in the routine consultation by
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the haemophilia nurse. Interviews included questions on the timing of

infusions and deviations from prescribed therapy over the last

2 weeks. High adherence was defined as a minimum of 90% adherence

rate: no deviation from the prescribed schedule and skipping of pro-

phylactic infusions no more than once per month. Parents who infuse

their child and patients on self-infusion were analysed separately.

Results: In total, 243 patients were included (Utrecht n = 186, Amster-

dam n = 43 andRotterdam n = 14), comprising 71% of the total popu-

lation on prophylaxis in these centres. Median age was 19.9 years

(range 2.0–76.9), with 86% severe haemophilia A, 10% severe haemo-

philia B and 4% other bleeding disorders. Parents who infused their

child (n = 75), deviated significantly less from prescribed treatment

than the 168 patients who infused themselves (high adherence: 71% of

the parents vs. 50% of the patients, P < 0.01). Skipping or forgetting

an infusion was rare; parents skipped 1.2% infusions and patients

9.2% infusions. Both parents and patients were aware (93%) of the

importance of infusing in the morning. However, 29% of the parents

and 44% of the patients did not administer the clotting factor concen-

trate at this time point. Only 5.3% of patients changed the prophylac-

tic dose on their own initiative.

Conclusion: In this study 50% of all patients on prophylactic home

treatment demonstrated a high adherence, 71% of all parents. These

results are slightly better than adherence rates reported in other

chronic diseases. However, adherence rates decreased with increasing

age. Both groups mainly deviated from prescribed therapy with regard

to timing, instead of skipping infusions. Preferences and barriers for

adherence to prophylactic therapy, as well as effects of non-adherence

on bleeding and clotting factor consumption should be assessed to fur-

ther improve haemophilia care.

Keywords: adherence, compliance, prophylaxis, haemophilia.

PB 1.38-6
Immuno-monitoring of patients with severe
hemophilia A
Delignat S1, Kreuz W2, Escuriola C2 and Lacroix-Desmazes S1

1Inserm, Paris, France; 2HZRM – Haemophilia Centre Rhein

Main, Frankfurt, Germany

Background: Immune tolerance induction (ITI) is the only available

treatment that allows efficient eradication of FVIII inhibitors in

patients with hemophilia A. ITI consists in the repeated administration

of therapeutic FVIII. It is successful in 60–80% of the patients. How-

ever, ITI is complicated by the facts that it requires an extreme compli-

ance of the patients and that the cost of treatment may reach more

than 0.2 million euros/patient/year. It is thus essential to identify clini-

cal and biological parameters that are associated with ITI success or

failure. We initiated an immuno-monitoring study as a satellite study

of the Observational Immune tolerance Induction (ObsITI) research

program to follow immunological parameters in patients undergoing

ITI.

Aim: To follow the evolution of CD4+ T cells and B cells during ITI in

patients with hemophilia A.

Methods: Blood was collected from nine patients with severe hemo-

philia A (< 1% FVIII activity) before initiation of ITI, and 2 weeks, 4,

9, 12 and 18 months later. Percentages of different cell populations

were quantitated by flow cytometry: naive (CD45RA) and memory

(CD45RO) CD4+ T cells, CD25low and CD25high CD4+ T cells, and

naive (IgD+IgM+) and memory (IgD�) B cells. The evolution of

inhibitory titers, FVIII recovery and FVIII half-life were also mea-

sured to assess success/partial success/failure of ITI.

Results: Median age of patients at start of ITI was 5 years (range: 2–
18). All patients received Octanate (Octapharma) for ITI. Seven

patients had first intention ITI and two patients had third intention.

Inhibitor was eliminated (< 0.6 BU) in 6 (67%) patients. Five patients

had complete ITI success (inhibitor titre < 0.6 BU, FVIII IVR ≥ 80%,

FVIII t½ ≥ 7 h) after a median time of 7 months (range: 5–12), one
ongoing patient has partial success and three patients failed ITI (two

of whom were in third ITI course). No clear trend in evolution of naive

or memory T and B cells was associated with ITI outcome. In particu-

lar, levels of memory B cells did not differ between patients with ITI

success (three patients tested out of 5: 16%) and the two patients with

ITI failure (10% and 25%). Likewise, increases in CD4+CD25+ T

cells, that encompasses regulatory T cells, did not occur in all patients,

and were found in some failure as well as ITI success patients.

Summary/Conclusion: Several parameters have been associated with

ITI outcome or with the duration of treatment until ITI success. These

parameters include the age of the patients at start of ITI, the high or

low dose FVIII treatment, the recombinant or plasmatic origin of the

FVIII used for ITI, and the properties of the FVIII inhibitor. Our

results on the immuno-monitoring of a small cohort of severe hemo-

philia A patients before and during ITI does not confirm that patients

with ITI success have higher levels of memory B cells, as compared to

patients with partial success or failure. Likewise, we do not find that

tolerance induction is associated with a consistently increase of

CD4+CD25+ regulatory T cells.

PB1.39 – Haemophilia B – I

PB 1.39-1
Treatment of haemophilia B- comparison study of the
in vitro activities of plasma derived and recombinant
factor IX
Yu Y, Laffan MA and Millar CM

Imperial College London, London, UK

Background: Haemophilia B results from a deficiency of coagulation

factor IX (FIX) and is treated effectively by either recombinant (r-

FIX) or plasma derived (pd-FIX) although these have been noted to

display some differences in behaviour. FIX is activated in vivo by both

FXIa and tissue factor (TF)-FVIIa, however conventional APTT-

based assays assess only activation by FXIa.

Aims: To examine the differences between pd-FIX and r-FIX concen-

trates in terms of their activities in thrombin generation and activation

by different proteases.

Methods and Results: For equivalent labelled potency, FIX ELISA

showed the antigen content of pd-FIX concentrate was ~1.6 fold

greater than rFIX. Using calibrated automated thrombography

(CAT), triggered by TF (1.5–5 pM) and 90 nM FIX antigen, the peak

thrombin produced by r-FIX was > 1.5 fold that by pd-FIX. A similar

but less marked difference was seen after contact activation. We noted

that r-FIX stimulated significant thrombin generation in the absence

of TF or contact; whereas, pd-FIX did not. Chromogenic FIXa assay

demonstrated the presence of FIXa in r-FIX was ~10 fold that of pd-

FIX at equal antigen concentrations, which may explain the above

findings. Because we expect FIXa to be cleared rapidly following infu-

sion, this may also explain the lower in vivo recovery observed for r-

FIX. Next, we analysed the activation of the two FIX concentrates in

a purified system. Over the first 10 min of activation, the amount of r-

FIXa generated by FXIa was 1.53x that of pd-FIXa, whereas no dif-

ference in activation was observed when triggered by TF-FVIIa. No

accumulation of FIXa was observed, suggesting the initial interaction

and cleavage is limiting. To investigate the reason for the different acti-

vation rates we studied the effect of posttranslational modifications of

FIX in the two preparations. The Km for Ca2+ was similar for pd-

and r-FIX which suggests a lack of effect of the varying profiles of

GLA domain c-carboxylation between pd- and r-FIX as a cause of

their distinct activation rates. Removal of N-linked glycans and termi-

nal sialic acids in O-linked glycans by treatment of FIX with PNGase

F and Neuraminidase respectively, did not alter the activation rate of

pd- or r-FIX regardless of activation by FXIa or TF-FVIIa. This indi-

cates that differences in glycosylation profile between pd- and r-FIX

do not influence FIX activation. Furthermore, dephosphorylation of

pd-FIX did not reduce the difference in activation rates between the

two FIX concentrates.
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Conclusions: The only remaining posttranslation difference is sulf-

ation. More than 90% of pd-FIX is sulphated at tyrosine155, com-

pared to < 15% in rFIX but it is not possible to manipulate this in

vitro. Protein sulfation is important for protein-protein interaction and

remains a possible explanation for the difference in pd- and r-FIX acti-

vation by FXIa. In conclusion, clear differences are observed between

pd-FIX and r-FIX concentrates including the proportion of FIXa and

the activation by FXIa. These may explain some of the discrepancies

observed clinically and suggest that the APTT may not reflect their

resultant in vivo properties.

PB 1.39-2
Restoration of coagulation factor IX function impaired
by different splicing mutations by a unique exon-
specific U1 small nuclear RNA (snRNA)
Balestra D1, Cavallari N1, Alanis EF2, Dal Mas A2, Rogalska ME2,

Bernardi F1, Pagani F2 and Pinotti M1

1University of Ferrara, Ferrara, Italy; 2International Centre for

Genetic Engineering and Biotechnology, Trieste, Italy

Background: Limitations of replacement therapy encourage research

toward alternative strategies for coagulation deficiencies. The

U1snRNA, the component of the spliceosomal U1snRNP with a key

role in exon definition during the earliest pre-mRNA splicing step, rep-

resents an attractive molecule because of its ability to rescue splicing

impaired by mutations, a frequent cause of coagulation factor disor-

ders (~15%). Though an engineered U1snRNA, designed to restore

complementarity to the mutated donor splice site, we have previously

demonstrated in cellular models the rescue of coagulation factor VII

mRNA splicing and protein function impaired by the IVS7+5G/A

mutation.

Aims: To explore the ability of modified U1snRNAs to rescue different

splicing mutations in coagulation factor IX (FIX) gene, and associated

to moderate/severe Hemophilia B.

Methods: Creation of plasmids for the expression of splicing-compe-

tent FIX cDNA constructs and of modified U1snRNA in Human

Embryonic Kidney (HEK293) cells. Evaluation of FIX mRNA (RT-

PCR) and protein (ELISA. aPTT-based coagulation assays, Western

Blotting) levels in conditioned medium.

Results: We investigated the aberrant splicing mechanisms caused by

the IVS5-2A/T, IVS5-2A/C, IVS5-2A/G, IVS5-1G/T and IVS5+1G/A

mutations at the donor splice site (5′ss) and by the IVS5-8T/G, IVS5-

9T/G changes in the polypyrimidine tract of the acceptor splice site (3′
ss) of F9 exon 5.

All mutations almost exclusively induced exon 5 skipping from the

mature FIX mRNA, thus predicting the synthesis of a FIX variant

lacking the EGF2. Studies at the protein level demonstrated that this

deleted FIX variant was secreted with reduced efficiency as compared

to FIXwt, and did not elicit any appreciable coagulant activity. Co-

expression of these FIX minigenes with a U1snRNA designed to bind

by complementarity to the normal FIX IVS5 5′ss (U1-FIXwt) was able

to restore exon 5 inclusion in the presence of the 5′ss IVS5-2A/T,

IVS5-2A/C and IVS5-2A/G mutations. Noticeably, the U1-FIXwt

also corrected both the IVS5-8G and IVS5-9G at the 3′ss. Rescue of

FIX mRNA splicing was paralleled by secretion of the full-length FIX

with normal coagulant activity.

To improve specificity for F9 gene we tested a panel of U1snRNAs,

named Exon Specific U1snRNA (ExSpeU1), targeting non-conserved

intronic sequences downstream of the 5′ss. Intriguingly, we found a

gradient of rescue efficacy, which decreased with the distance from the

5′ss. The best ExSpeU1, targeting intronic positions +9 through +18,
rescued exon 5 inclusion (from undetectable to 70–80%) in the pres-

ence of the mutations IVS5-2A/T, IVS5-2A/C and IVS5-2A/G at the

5′ss or of the IVS5-8G and IVS5-9G at the 3′ss, and resulted in

remarkable increased secretion (~2–3 fold) of FIX molecules with

procoagulant activity (from undetectable to ~100%).

Conclusions: These results demonstrate for the first time that a unique

ExSpeU1 is able to restore gene expression impaired by different splic-

ing mutants, and the extent of rescue of the procoagulant function, if

achieved in patients, would be far beyond the therapeutic threshold.

These data further highlight the therapeutic potential of the

U1snRNA-mediated approach. Study to assess rescue of FIX expres-

sion in mouse models are underway.

PB 1.39-3
Improvement in health-related quality of life with
recombinant factor IX prophylaxis in moderately-
severe or severe hemophilia B patients: results from
the BAX326 pivotal study
Windyga J1, Lin VW2, Epstein JD2, Ito L2, Xiong Y2, Abbuehl BE3

and Ramirez JH4

1Institute of Hematology and Transfusion Medicine, Warsaw,

Poland; 2Baxter BioScience, Westlake Village, CA, USA; 3Baxter

Innovations GmbH, Vienna, Austria; 4Centro Medico Imbanaco,

Cali, Colombia

Background: Health-related quality of life (HRQoL) benefits of pro-

phylaxis have been largely drawn from the experiences of patients with

hemophilia A. Clinical research has yet to establish the impact of pro-

phylaxis on HRQoL in patients with hemophilia B.

Aim: To assess the impact of BAX326 (recombinant Factor IX) pro-

phylaxis on HRQoL in adult patients with moderately-severe or severe

hemophilia B who participated in the pivotal clinical trial.

Methods: A Phase I/III multicenter clinical trial prospectively evalu-

ated the outcomes of patients with moderately severe (1% ≤ FIX

level ≤ 2%) or severe (FIX level < 1%) hemophilia B who were trea-

ted with BAX326 on-demand or prophylactically. Written informed

consent was obtained from each participant and the study was

approved by Independent Ethics Committee (IEC) of each participat-

ing institution. HRQoL data were collected from subjects aged

≥ 17 years using a generic HRQoL instrument, the Short Form-36v2

(SF-36). Baseline and 6 months follow-up HRQoL data in the pro-

phylaxis arm were analyzed. Changes in HRQoL between baseline

and follow-up in each of the SF-36 domains were tested for signifi-

cance using paired t-tests. To further study the benefit of BAX326

prophylaxis, subgroup analysis was conducted to examine HRQoL

changes among patients who had switched to BAX326 prophylaxis

from either intermittent prophylaxis or on-demand treatment.

Changes in SF-36 domain scores were compared to the previously

established minimally important difference (MID) to determine clini-

cally meaningful changes.

Results: Fifty-nine males participated in the prophylaxis arm of this

study. Of these, 55 completed the SF-36. The median age for those

who completed the SF-36 was 33.0 years. At Week 26, subjects

reported statistically significant and clinically meaningful improve-

ments in overall physical health-related quality of life, as measured by

the Physical Component Score (PCS) (mean change = 2.6, P = 0.018),

Bodily Pain (3.4, P = 0.014), and Role Physical domains (3.4,

P = 0.016). Patients who switched to prophylaxis from intermittent

prophylaxis or on-demand (n = 42) experienced more pronounced

benefits, and reported statistically significant and clinical meaningful

improvements not only in the PCS (3.21, P = 0.014), Bodily Pain

(3.78, P = 0.026), Role Physical (4.43, P = 0.008), but also in the

Vitality (3.72, P = 0.04), Social Functioning (5.06, P = 0.002), and

General Health domains (3.4, P = 0.009).

Conclusions: Patients with hemophilia B experienced both statistically

significant and clinically meaningful improvements in physical

HRQoL after 6 months of BAX326 prophylaxis treatment. Further-

more, patients who switched to prophylaxis from intermittent prophy-

laxis or on-demand experienced not only larger improvements in

physical HRQoL, but also statistically significant and clinical mean-

ingful improvements in mental HRQoL.
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PB 1.39-4
Complex gene rearrangement combining both large F9
gene duplication and exon 6 deletion in severe
hemophilia B patients
Costa C1, Fretigny M2, Labalme A3, Letourneau S1, Schluth-

Bolard C4,5, Goossens M1, Negrier C2, Sanlaville D4,5

and Vinciguerra C2

1APHP-CHU Henri Mondor, Creteil; 2Hôpital Edouard Herriot;
3Centre de Biologie Est, Bron, Lyon; 4Universit�e de Lyon 1,

Centre de Biologie Est, Bron; 5INSERM, U1028, CNRS, UMR52,

Lyon, France

Background: Hemophilia B is an X-linked coagulation disorder caused

by a wide range of mutations in the factor IX (F9) gene, mainly point

mutations. Whole F9 gene deletions and large F9 gene deletions

encompassing one or several exons are also reported and represent

about 5% of the total defects. Identification of the causative mutation

is not necessary for the diagnosis of the disease but is essential for

genetic counselling.

Aim: Here, we report a complex rearrangement of F9 gene associated

with a same exon 6 deletion in severe non related hemophilia B fami-

lies. Surprisingly, these families are originated from the same geo-

graphic region, Indian Ocean (La Reunion Island and Madagascar).

Methods: Exon 6 deletion was detected by PCR amplification in male

patients and the breakpoint identified by Long Range-PCR and

sequencing. Potential carriers in the families were further studied by

either Multiplex Ligation Probe Assay (MLPA) and/or quantitative

fluorescent multiplex-PCR (QFM-PCR) and array CGH for one fam-

ily. These quantitative assays were also used to study the hemophilia

patients.

Results: The breakpoints of the 6467 bp exon 6 deletion have been

identified and are the same in all seven families c.[521–286_724-
31497del]. The quantitative assays revealed a F9 gene duplication

encompassing all exons excepting exon 6, in three of seven of these

families. Investigation by array CGH revealed that the duplication

covers 514 kb and affects four other genes: MCF2, ATP11C, MIR505

and CXorf66.

Conclusion: This is the first report of a complex F9 gene rearrangement

combining both gene duplication associated with deletion. The exon 6

deletion might be considered as causative event of hemophila B.

Whether the duplication can be considered as deleterious or as a copy

number polymorphim (CNP) is in discussion. Indeed, an Xq28 dupli-

cation has been recently reported in patients with intellectual disability

without low factor VIII levels. A founder effect is suspected to have

occurred in all these families bearing the same deletion. The genetic

mechanism explaining this association is still unknown. This study

suggests that a quantitative study should be realized in all patients

with a deletion in F9 gene to detect complex rearrangement, as shown

in these families.

Acknowledgements: Thanks to the practitioners for addressing these

families: P Lutz (P�ediatrie, Strasbourg), A Rafowciz (Centre de Traite-

ment des H�emophiles Kremlin Bicêtre), F Cartault (G�en�etique Ile de

La reunion).

PB 1.39-5
An amazing 10th century old mutation with a high
prevalence in haemophilia B patients of the Rhone-
Alpes region, France
Marmontel O1, Fretigny M2, Bouvagnet P3, Pellechia D2,

Tailhefer H2, Negrier C4 and Vinciguerra C4

1Service d’H�ematologie Biologique, Hôpital Edouard Herriot,

Hospices Civils de L; 2H�ematologie biologique, Hôpital Edouard

Herriot, Hospices Civils de Lyon; 3EA 4173 Universit�e Lyon 1,

laboratoire Cardiog�en�etique, Hospices Civils de Lyon;
4H�ematologie biologique, EAM4174, Hôpital Edouard Herriot;

Universit�e Lyon 1, Lyon, France

Background: The g.30150G>A substitution in the exon 6 of the F9 gene

(p.Ala279Thr) is responsible for mild haemophilia B, a X-linked reces-

sive bleeding disorder caused by a deficiency or a functional loss of

blood coagulation factor IX. Whereas this missense mutation is

observed in different geographical areas with a low prevalence (37

times/2891 F9 mutations, 1.3%) as estimated from the Haemophilia B

database, its prevalence is much higher in Rhône-Alpes region, France

(50 times/209 F9mutations, 23.9%, P < 10�80).

Aim of this Study: to understand the high prevalence of this

p.Ala269Thr missense mutation in Rhône-Alpes.

Methods: Thirty four unrelated patients carrying the g.30150G>A sub-

stitution and 50 control individuals were studied. Four Single Nucleo-

tide Polymorphisms (SNP) -XmnI (rs438601), TaqI (rs398101), MnlI

(rs6048) andHhaI- and one insertion/deletion – DdeI – within or in the

near vicinity of the F9 were tested by restriction fragment length poly-

morphisms along with 5 short tandem repeats (poly(AC)) – DXS1061,

DXS1211, DXS1192, DXS1232 andDXS984 -flanking the F9 gene on a

3 cM genetic interval. ESTIAGE program was used to estimate the age

of the most recent common ancestor of mutation carriers.

Results: all males carrying the g.30150G>A mutation had the same

haplotype at the closest polymorphic markers. Moreover, this haplo-

type was totally absent from the 50 control DNA demonstrating a

founder effect. Concerning the combination of alleles, the probability

of not being due to a founder effect displayed by the ESTIAGE soft-

ware was very low (10^-59). ESTIAGE estimated that the most recent

common ancestor lived about 56 generations ago (range from 42 and

77 generations). With an average generation every 20–25 years, the

mutation presumably appeared at about the Xth century.

Summary and Conclusions: Seventy one percent of mild haemophilia

patients in the Rhône-Alpes have the g.30150G>A mutation. Interest-

ingly, all are descendant of a common ancestor who lived approxi-

mately at the Xth century. Founder effect has already been described

in haemophilia B but in this study, we used extragenic flanking poly

(AC) repeats to enable an estimation of dating the most recent com-

mon ancestor. The very ancient appearance of this mutation is an

unexpected observation based on the estimated lifetime of a mutation

in X-linked recessive disease, which is usually much shorter. This

observation suggests that the Rhône-Alpes founder mutation in the F9

gene could give a fitness benefit to hemizygous male patients or/and to

heterozygous female carriers. It is also possible that a mild haemo-

philia B does not impair reproductive fitness of male carriers.

PB 1.39-6
Superiority of the chromogenic assay specific for
activated factor IX over the non-activated partial
thromboplastine time (NAPTT) clotting assay in
detecting FIXa in recombinant FIX preparations
Dockal M, Boehm E, Pilz J, Schrenk G, Varadi K and Scheiflinger F

Baxter Innovations GmbH, Vienna, Austria

Background: Due to the risk of thrombogenicity in hemophilia B

patients, FIXa impurities in FIX concentrates should be minimal. Cur-
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rently, two methods for detection of FIXa in rFIX preparations are

available: a chromogenic assay specific for FIXa, and a one-stage clot-

ting assay recommended by European Pharmacopeia (EP), which is

sensitive to activated coagulation enzymes.

Aims: In this study we evaluated the suitability of a chromogenic FIXa

and an NAPTT assay for measuring FIXa impurities in rFIX drug

substance and drug product preparations.

Methods: We used a commercially available chromogenic FIXa assay

in kit format (Rossix). FIXa activity was quantified specifically against

an FIXa standard provided in the kit whose potency was assigned vs.

a WHO International Standard for FIXa. FIXa was normalized for

rFIX, which was tested by a standard clotting assay (APTT), and cal-

culated as % FIXa (IU FIXa/IU FIX x 100). The NAPTT assay was

performed as a one-stage clotting assay in human plasma by addition

of phospholipids (tachostyptan, Baxter). Clotting was initiated with

Ca2+ after addition of sample or buffer. The NAPTT assay readout

was considered valid when meeting the criteria specified in EP (> 200

and < 350 s for the blank). Samples were measured undiluted and in

serial dilutions ranging from 1:2 to 1:4096. The shortest NAPTT read-

out in seconds within this dilution series was related to the correspond-

ing blank value for each sample by calculating a ratio.

Results: The FIXa content of 20 rFIX preparations with FIX-concen-

trations ranging from 50 to 3000 international units (IU) per mL

(BAX326 drug substance and drug product, and licensed rFIX [Bene-

fix, Pfizer]) was measured by chromogenic and NAPTT assay. NAPTT

ratios ranged from 0.85 to 1.02, chromogenic results from 0.003% to

0.07% FIXa; values for each sample did not correlate. Preparations

with the highest FIXa content did not have the lowest NAPTT ratios,

as would have been expected, and vice versa.

Summary/Conclusions: A correlation between FIXa levels quantified

by chromogenic assay and the ratios of sample to blank NAPTTs in

rFIX drug substance and drug product preparations was not found

over a broad range of FIX concentrations. The NAPTT assay was of

limited use in determining the amount of FIXa in FIX products, there-

fore, the use of NAPTT only for product release would lead to possible

release of batches with higher FIXa content.

PB1.40 – Heparin-Induced
Thrombocytopenia: Clinical – I

PB 1.40-1
Evaluation of fondaparinux for the treatment of
serotonin release assay positive heparin-induced
thrombocytopenia
Bhatt SH1 and Adra M2

1Massachusetts College of Pharmacy and Health Sciences; 2Beth

Israel Deaconess Medical Center, Boston, MA, USA

Background:Diagnosis and management of heparin-induced thrombo-

cytopenia (HIT) remains challenging. The current standard of therapy

involves rapid initiation of intravenous direct thrombin inhibitors

(DTI) with transition to oral anticoagulation. Due to the coagulation

assay interference and high cost of DTI therapy, alternative cost effec-

tive and clinically appropriate therapies have been explored for many

years. Fondparinux represents a potential treatment option because of

a clinical lack of cross reactivity to heparin-PF4 antibody and lack of

coagulation assay interference. However, clinical experiences with

fondaparinux, especially in serotonin-release assay (SRA) positive

patients is limited and requires further research.

Aims: To evaluate the clinical outcomes of fondaparinux therapy in

patients with SRA positive HIT.

Methods: The Beth Israel Deaconess Medical Center Institutional

Review Board (IRB) approved this evaluation prior to initiation.

Pharmacy and hospital databases were used to identify patients who

received fondaparinux for a minimum of 24 h between January 2005

and December 2012. Data collection included patient demographics,

admitting diagnosis, admitting medical or surgical service, comorbidi-

ties associated with elevated intrinsic coagulant activity (malignancy,

hepatic diseases), recent surgical procedures, previous anticoagulant

treatment, baseline platelet count, INR, hematocrit, hemoglobin,

serum creatinine and calculated creatinine clearance(CLcr), and results

of platelet-factor 4 (PF4)-Heparin dependent antibody and SRA tests.

Medical charts and medication administration records were reviewed

for dose and duration of fondaparinux therapy, time to platelet count

recovery (i.e. Platelet count > 100,000 mm3 or return to patient base-

line), day of warfarin initiation, warfarin doses administered, duration

of dual fondaparinux and warfarin therapy, and incidence of recurrent

venous thromboembolism (VTE) at 6 months, and major bleeding.

Results: Thirteen patients with SRA positive HIT, who were treated

with fondaparinux rather than DTI, were identified and evaluated. No

patients experienced active thrombosis as part of the diagnosis of HIT.

Mean age was 63 years old and 57% were female, and the mean CLcr

was 72 mL/min. The most common admitting services were surgical,

followed by medical. PF4 Antibody and SRA testing were performed

in all patients. Fondaparinux was consistently dosed at 7.5 mg once

daily, and the mean duration of therapy was 6 days. Patients were

transitioned to warfarin, usually beginning on day 2. During the fol-

low-up period, there were no cases of thrombotic complications, recur-

rent VTE at 6 months, or major bleeding.

Conclusion: Fondaparinux was safe and effective, although infrequent,

in the management of SRA positive HIT at our institution. Further

studies with larger patient populations are needed to confirm these

findings.

PB 1.40-2
Recombinant thrombomodulin as an alternate
anticoagulant in the long-term management of
patients with heparin-induced thrombocytopenia.
Laboratory validation
Fareed J1, Walenga JM1, Abro S1, Hoppensteadt D1, Syed D1,

Cunanan J1, Wahi R1 and Matsuo T2

1Loyola University Medical Center, Maywood, IL, USA; 2Hyogo

Prefectural Hospital, Hyogog, Japan

Introduction: Recomodulin� represents a recombinant form of human

thrombomodulin, which has been used in Japan for the management

of disseminated intravascular coagulation (Saito et al. Journal of

Thrombosis and Haemostasis, 5: 31–41). This antithrombotic drug has

also been tested in a clinical trial for the management of post-orthope-

dic surgical prophylaxis of DVT (Kearon, C et al. Journal of Throm-

bosis and Hemostasis, 3:962–968). Recomodulin produces its

antithrombotic effects by multiple mechanisms, including the complex-

ation with endogenous thrombin and mediating the conversion of pro-

tein C to activated protein C. It has been reported to have anti-

inflammatory effects. At relatively low dosages, 0.3–0.45 mg/kg, this

agent has been found to be effective in the management of post-surgi-

cal DVT. The structure and mechanism of action of this agent differed

from heparins and can be used in the management of heparin-compro-

mised patients. The purpose of this study was to determine if recomod-

ulin cross-reacts with HIT antibodies in various settings.

Materials and Methods: Commercially available Recomodulin� was

obtained in the lyophilized powder form from Asahi Kasei Pharma

Corp. (Tokyo, Japan) and reconstituted in sterile saline to obtain

1 mg/mL solution. Working dilutions were prepared at 100, 10 and

1 lg/mL. The effect of recomodulin on HIT antibody mediated plate-

let aggregation was studied using platelet aggregometry. Platelet rich

plasma preparations from normal donors (40) were supplemented at

graded concentrations of 10, 1 and 0.1 lg/mL. The effect of HIT anti-

body was studied using individual and pooled HIT sera as a source of

antibodies. Parallel positive controls were run using heparin at 10, 1

and 0.1 lg/mL. Saline served as a negative control. Recomodulin and

heparin were incubated with whole blood and platelet factor 4 release

was measured using an ELISA method.
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Results: In a concentration range of 1–10 lg/mL, recomodulin did not

facilitate HIT antibody mediated aggregation of platelets. In both the

pooled and individual HIT sera studies, in contrast to recomodulin

heparin mediated HIT antibody aggregation of platelets at 10 and

1 lg/mL in all PRP collected from various donors. At 0.1 lg/mL a

slightly weaker aggregation response was observed in 30/40 donors’

PRP. Incubation of heparin produced a measurable release of platelet

factor 4 from platelets; whereas, recomodulin did not produce any

release of PF4.

Discussion: These results suggest that recomodulin can be used as an

alternate anticoagulant for the management of such heparin compro-

mised patients as the heparin induced thrombocytopenia group. These

studies also suggest that recomodulin does not interact with HIT anti-

bodies and will not mediate platelet aggregation in HIT patients.

Moreover, recomodulin does not release any platelet factor 4 and their

subsequent complexation with heparin or heparin like substances.

Since at relatively low dosages this agent has been found to be effective

for extended prophylaxis of DVT, these studies indicate that recomod-

ulin may be a useful option for the management of patients with hepa-

rin-induced thrombocytopenia.

PB 1.40-3
Variations in the prevalence of HIT antibodies during
the period 2004–2012. Relevance to heparin
contaminants
Bansal V1, Hoppensteadt D1, Jeske W1, Walenga JM1, Singh A2

and Fareed J1

1Loyola University Medical Center, Maywood, IL; 2Brigham and

Women’s Hospital, Boston, MA, USA

Introduction: The generation of anti-heparin platelet Factor 4 antibod-

ies depends on several factors of which the quality of heparin in terms

of its composition plays a major role. Heparins contaminated with

other glycosaminoglycans and varying sources produce variable

immunogenic responses. During the period of November 2007–April

2008 several batches of unfractionated heparin were recalled due to

unexpected adverse reactions. These heparins were characterized to

contain such contaminants as oversulfated chondroitin sulfate and

high molecular weight dermatan sulfate. Other heparin-like glyocami-

noglycans were also reportedly present in these preparations. Several

centers also reported a high prevalence of heparin induced thrombocy-

topenia (HIT) during this time. In order to compare the prevalence of

HIT antibodies in patients undergoing maintenance hemodialysis,

plasma samples from different time periods were analyzed during the

period spanning 2004–2012.
Materials and Methods: In conjunction with an ongoing program to

investigate the prevalence of HIT antibody (HIT Ab) in ESRD, blood

samples were collected from patients (n = 53–139) on maintenance

dialysis were retrospectively analyzed for the presence of these anti-

bodies during the period 2004–2013. Specified cut off levels were used

to determine the positive and negative results. An ELISA method

(GTI.Brookfield, WI) was used to quantitate the HIT antibodies.

Results: The prevalence of the HIT Ab during the period 2004–2011
was < 15% with the exception of 2007 where it was 35% and in 2008

it was 30%. A decreased prevalence was noted during the period

2009–2011 (13–15%). The samples collected in November 2012

showed an even lower prevalence (7%) of these antibodies. The anti-

body titers as quantified by optical density measurement were rela-

tively higher during the year 2007 and 2008. Moreover, the subtyping

of these antibodies in 2007 and 2008 showed a higher proportion of

IgG subtype. Interestingly the platelet counts did not differ in the

blood samples collected in different years. Similar trends were noted

in the prevalence of HIT antibodies when other methods: to detect

HIT antibodies were used.

Conclusions: The oversulfated glycosaminoglycans such as oversulfat-

ed chondroitin sulfate and other non-heparin GAG derivatives are

most likely to contribute to this increased prevalence and seroconver-

sion of HIT antibodies in 2007–2008. These observations suggest that
heparin contaminants have contributed to the higher prevalence of

HIT antibodies during the period 2007–2008. The improved quality

measures resulting in more purified heparins after this recall have

resulted in a decreased prevalence of these antibodies.

PB 1.40-4
Improving specificity for diagnosing heparin-induced
thrombocytopenia through repeated testing
Vithanarachchi S, Saminaden L, Downey C, Toh CH and Dutt T

Royal Liverpool and Broadgreen Hospital Trust, Liverpool, UK

Background: Prompt recognition and appropriate treatment of hepa-

rin-induced thrombocytopenia (HIT) is required to reduce the risk of

serious thrombotic events. Because of the challenges of clinical diagno-

sis, physicians rely heavily on laboratory testing. Investigation of HIT

is common in patients undergoing cardio-pulmonary bypass surgery-

due to frequent development of thrombocytopenia post-surgery on a

Background: of heparin exposure. 2012 BCSH Guidelines suggest that

a cut-off point for a positive test should be used when using an immu-

nologic ELISA to look for HIT antibodies, rather than simply report-

ing a positive or negative.

Aim: This study looked at the pattern of HIT antibody requesting in a

reference laboratory, and the trend of sequential quantitative results

obtained using the ELISA immunoassay.

Method: This was a retrospective study of all HIT antibody requests

received over the 12-month period December 2011–2012. Results were

reported as a quantitative optical density (OD) value. An OD ≥ 1 was

deemed a clear positive result, 0.7 to < 1 high negative and < 0.7 clear

negative.

Results: Four hundred and fourteen requests were received over

12 months for total 238 patients. 255/414 (62%) requests came from

the cardio-thoracic unit and cardiothoracic ITU. Repeat testing (next

day) was noted in 86/238 (36%) patients, of which 80/86 (93%) were

from cardiac patients. For this sub group, all 51/80 (64%) patients

with an initial clear negative test result showed no increase in their OD

> 1 with sequential testing. For patients with an initial high negative

OD, 14/24 (58%) showed a progression in their OD to ≥ 1. This was

statistically significant using Fishers Exact Probability test, P < 0.001.

Conclusion: Sequential testing for HIT is common in cardiac patients.

Initial high negative OD values 0.7–1.0 have a significant chance of

becoming clear positive with repeat testing. High negative ODs should

be repeated and such a strategy incorporated into diagnostic algo-

rithms to improve the specificity of the ELISA for the diagnosis of

HIT.

PB 1.40-5
Further studies on the pro-inflammatory and
thrombotic mediators in patients with suspected
heparin-induced thrombocytopenia
Fareed J1, Antovic J2, Walenga JM1, Prechel M1, Jeske W1,

Hoppensteadt D1 and Lewis B1

1Loyola University Medical Center, Maywood, IL, USA;
2Karolinska Institute, Stockholm, Sweden

Background: Heparin-induced thrombocytopenia (HIT) represents a

complex pathophysiologic syndrome in which inflammatory processes,

thrombogenesis and vascular manifestations contribute to the morbid-

ity and mortality outcomes. Inflammatory mediators including

CD40L, adhesion molecules, tissue factor (TF), microparticles, and

vonWillebrand factor (vWF) contribute to the pathogenesis. In addi-

tion, several other mediators of inflammation are generated which

are not fully characterized at this time. This study was undertaken to
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profile some of the mediators of inflammation and thrombogenesis

along with the biomarker profiling using a mass spectrometric

method.

Material and Methods: Forty (40) baseline samples from patients with

suspected HIT were collected at theKarolinskaHospital, Stockholm,

and frozen at �70 °C. The control represents plasma samples from 40

healthy normal males and females who have apparently never received

heparin or related drugs. These samples were analyzed for HIT anti-

bodies using two ELISA methods from GTI (Wisconsin, USA) and

Hyphen (Paris, France). Serotonin release assay (SRA) was also car-

ried out on all samples. vWF, TF antigen and functional microparti-

cles quantitated by annexin trapping were measured by assays from

Hyphen. CD40L, P-selectin and ICAM antigens were measured using

assays from R&D Systems (Minnesota, USA). Protein chip array was

carried out on a SELDI-TOF mass spectrometer (PCS 4000; BioRad,

California, USA) employing a gold chip array in the molecular range

of 3–150 kDa.

Results: Thirty-eight out of 40 patient samples were positive in the

GTI and 37 out of 40 samples were positive in the Hyphen methods.

Nineteen samples were positive in the SRA. None of the controls

showed positive response in any of the HIT antigen assays or SRA. P-

selectin levels were the same in patient and control groups. TF

(16.8 � 4.3 vs. 6.8 � 3.2 pg/mL) and microparticles levels

(25.2 � 22.1 vs. 4.8 � 3.8 nM) were higher in the HIT group. CD40L

(135 � 119 vs. 82 � 48 ng/mL) and ICAM (416 � 43 vs.

180 � 20 ng/mL) levels were higher in the HIT group. vWF was

increased in the HIT group (1.6 � 1.0 vs. 0.7 � 0.3 U/mL). In the

SELDI-TOF analysis 32 out of 40 samples showed a unique peak at

11.6 kDa which was absent from the normal samples. Additional

peaks at 15.1 and 15.8 kDa were also present in the HIT samples.

Conclusion: These studies further validate that both the inflammatory

and hemostatic activation processes are involved in the mediation of

the pathogenesis of HIT antibody associated complications. The

increased levels of TF, microparticles, vWF, along with the up regula-

tion of CD40L and ICAM may further augment the vascular manifes-

tations. The presence of unique biomarkers also suggests protease

dysregulation in this complicated syndrome and require additional

characterization of these unique peaks. These studies also suggest that

the heterogeneous group of HIT antibodies in this syndrome plays a

central role in the regulation of inflammatory and hemostatic activa-

tion processes.

PB 1.40-6
Suspicion heparin induced thrombocytopenia in
internal medicine: how appropriate are the
prescriptions of anti-PF4 antibodies tests?
Reny J-L1, Beauverd Y2, Tessitore E2, Boehlen F2, Gerstel E3,

Nendaz M2, Perrier A2 and Reny J-L1

1Geneva University Hospital and Geneva Platelet Group, Thonex;
2Geneva University Hospital; 3Clinique de la colline, Geneva,

Switzerland

Background: Predictive scores (4T’s and HEP) to derive a probability

for type II heparin induced thrombocytopenia (HIT) have been devel-

oped but their real impact in everyday practice is uncertain, particu-

larly in internal medicine poly-morbid patients.

Aims: To describe the clinical management of patients suspected of

HIT and evaluate to what extent the 4T’s score and the HEP score

might safely decrease anti-PF4 antibodies testing in internal medicine

patients clinically suspected of type II heparin induced thrombocyto-

penia (HIT).

Methods: Internal medicine patients treated with unfractionated hepa-

rin (UFH), low molecular weight heparin (LMWH) or fondaparinux

in whom anti-PF4 were assayed were included. Non inclusion criteria

were absence of thrombocytopenia or fall of platelets count and trans-

fer from another hospital.

Results: We included 74 patients over a 29-month period with a mean

age of 68 � 16 years. Twenty-five (34%) were transferred from the

intensive care Unit. Forty-three (58%) were treated with UFH, 31

(42%) with LMWH and none with fondaparinux. Indication was

thromboprophylaxis in 45 (61%) and therapeutic in 29 (39%). Eleven

patients (15%) tested positive for antiPF4 and 4 (5.4%) had confirmed

HIT. Clinicians documented the 4T’s score in only 10 (14%) patients

and the HEP score was never used. The retrospectively calculated 4T’s

score was < 4 in 54 patients (73%) who would not have needed an-

tiPF4 testing. HEP score was < 2 also implying no antiPF4 testing was

necessary in 34 patients (46%, P < 0.0001 compared to 4T’s). Both

scores had a sensitivity of 100% (no patient with a score below the

cut-off had HIT). Specificity of 4Ts was 77% and that of HEP was

48%. Following anti-PF4 testing, clinicians stopped heparin in 48

patients (65%) among which 25 (34%) were switched to fondaparinux

while the remaining had either a transient or definitive anticoagulant

arrest. In three patients, a heparin-induced platelet aggregation

(HIPA) test was performed (one despite a 4T’s score < 4). At 3 months

of follow-up none of the patients were readmitted for a HIT-related

condition.

Conclusions: Validated and recommended scores for HIT were vastly

underused in this internal medicine population while they could have

avoided 73% of the requested antiPF4 tests (4T’s) or 46% (HEP) and

have a high sensitivity and safety using the appropriate cut-offs.

PB1.41 – Rare Bleeding
Disorders – II

PB 1.41-1
Update on GGCX sequence variations causing
combined deficiency of vitamin K-dependent
coagulation factors (VKCFD) type 1 with a new case of
compound heterozygosity
Lebreton A1, Giansily-Blaizot M2, Chambon F1, Sapin AF1,

Aguilar-Martinez P2, Charmes X3, Marqu�es-Verdier A1,

Schved J-F2 and Cunat S2

1CHU Clermont-Ferrand, Clermont-Ferrand; 2CHU of

Montpellier, Montpellier; 3CH Aurillac, Aurillac, France

Background: Hereditary combined deficiency of vitamin K-dependent

(VKD) coagulation factors is a rare autosomal recessive bleeding dis-

order, usually characterized by an early age of onset. Clinical symp-

toms of VKCFD vary mainly in accordance with pro-coagulant

factors levels. VKCFD is genetically heterogeneous since VKCFD is

caused by mutations in two distinct genes: the gene encoding for

gamma glutamyl carboxylase (GGCX) and the gene encoding for the

subunit 1 of vitamin K epoxide reductase complex (VKORC1). Both

enzymes are involved in the vitamin K cycle and lead to post-transla-

tional modification of VKD factors to yield their biologically active

form, which is an essential prerequisite for blood coagulation.

Aims: We have studied the genetic background of a full-term French

male infant presenting a typical phenotype of VKCFD.

Methods: The infant, born with a forceps assistance showed retro-

auricular haematomas and a cephalhematoma. He was referred to the

Regional centre of bleeding disorders for clinical and biological explo-

ration. After exclusion of acquired forms of the disorder, the two

VKCFD related genes were studied using direct sequencing. In silico

programs were applied to predict the functional significance of the

variants. We finally summarized and presented an updated list of

mutations associated with the phenotypic VKCFD1 background.

Results: The proband displayed an icterus having required extracorpo-

real phototherapy but did not show facial dysmorphy, organomegaly,

nor infectious syndrome. No drug intake during pregnancy was

reported. He is the first offspring of healthy non-consanguineous par-

ents. The family history was negative for bleeding disorder.
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Blood coagulation tests revealed a moderate deficiency of both VKD

procoagulant factors and inhibitors. FV, VWF and FVIII levels were

strictly in the normal range. A relative resistance to parenteral vita-

min-K therapy led to explore genetical analysis for VKCFD.

Sequence analyses revealed a GGCX compound heterozygosity for a

missense mutation of paternal inheritance p.Pro61Leu which is located

in the first amino acid of the first transmembrane domain of GGCX,

and for a frameshift mutation of maternal inheritance p.Tyr690Cys-

fs*39 in exon 14 which may give rise to a truncated protein. This was

the eleventh case of VKCFD type 1 reported without PXE-like disor-

der associated, and the sixth involving a new compound heterozygos-

ity.

Searches for Panther families and trees showed that Pro61 and Tyr690

are located in a highly conserved region. Interestingly, as predicted by

JPred algorithm, both variants, if ever secreted, may impact the VKD

protein site of interaction region of GGCX designed by Wu et al.

(Blood 1997;89: 4058).

The follow-up of the child at 23 months of age displayed that the level

of VKD coagulation factors returned to near-normal following treat-

ment with 2 mg doses of vitamin K, three times a week, and there were

no sign of skeletal abnormalities.

Summary/Conclusions: We identified a new GGCX compound hetero-

zygosity (NP_000812.2: p.[Pro61Leu];[Tyr690Cysfs*39] associated

with VKCFD1 in a French male infant. Functional impairment of the

two variants was deduced from in silico studies. The collection of all

genetically characterized VKCFD1 cases is also presented and could

be useful for further genetic studies.

PB 1.41-2
Arg69Pro is a novel mutation in factor VII with
defective binding to rabbit thromboplastin
Vinayagam S1, Mellars G1, Pie J1, Thurlow P1, Riddell A1

and Gomez K2

1Royal Free Hospital NHS Trust; 2University College Medical

School, London, UK

Background and Aim: Heritable Factor VII (FVII) deficiency is a rare

autosomal recessive disorder with highly variable phenotype. It is

caused by mutations in the F7 gene located at position 13q34. F7 gene

contains 9 exons (1a, 1b and 2–8) of 12.8 kbp that are translated into a

466 primary polypeptide. Many functional polymorphisms and muta-

tions are described which can explain the variable phenotype. There-

fore characterisation of the underlying molecular defect in these

individuals facilitates diagnosis, informs clinical management and pro-

vides information about structure -function relationships in FVII.

Patients and Methods: Fifteen patients with reduced FVII levels were

screened for mutations in the F7 gene. Mutations were found in 13

patients. History were unknown for four cases. 6/9 patients had mild

bleeding symptoms while 3/9 patients were asymptomatic and detected

following incidental finding of a prolonged prothrombin time. Except

for two siblings, cases were unrelated probands. The FVII:C assay was

based on Quick’s one stage clotting assay performed on the ACL 3000

coagulometer using Hemosil PT-Fibrinogen HS reagent (both from

Instrumentation Laboratory, USA). Genomic DNA was amplified by

PCR using M13 tailed primers (Eurofins MWG Synthesis, GmbH.) as

previously described. The DNA was amplified in 35 cycles with dena-

turation at 96 °C (30 s), annealing at 67 °C (1 min) and extension at

72 °C (1 min). Amplicons were analysed by direct sequencing in

AB3100 Avant Genetic analyser (Applied Biosystems, UK). Chroma-

tograms were scanned for variations using the Staden package (http://

staden.sourceforge.net/). Variants were modelled on the crystal struc-

ture of tissue factor (TF) complexed with FVIIa (PDB Id: 1DAN)

using PyMOL (DeLano Scientific LLC).

Results: Mutations and polymorphisms were detected in 13 out of 15

patients all in the heterozygous state. One novel missense mutation

p.Arg69Pro in exon 2 encoding the Gla domain of FVII molecular

structure was found. This patient’s FVII activity was discrepant with a

markedly lower level of 7 IU/dL when assayed with rabbit thrombo-

plastin compared with 44 IU/dL with human thromboplastin. The

defective binding to rabbit thromboplastin has been described previ-

ously in patients with mutations in serine protease domain

(p.Arg364Gln) and in EGF1 domain (p.Arg139Gln). Both the muta-

tions, p.Arg139Gln and p.Arg364Gln are in the region that directly

binds with TF and which explains the discrepancy. It is not clear how

Arg69 might interact with TF as the resolved structure only contains

the extracellular domain. It is likely that Arg69 disrupts interaction

with the phospholipid component of the thromboplastin reagent which

may then have a secondary effect on TF binding.

Other findings included four previously described missense mutations,

two synonymous variations, two donor splice site and one nonsense

mutation. Several polymorphisms were found with three being func-

tional polymorphisms which is known to effect FVII levels namely

g.73G>A, IVS7 and p.Arg413Gln.

Conclusion: A novel mutation identified and the effects on protein

structure predicted. Previously described mutations found in these

individuals may help in greater understanding of the clinical pheno-

type and for delivering the evidence based treatment and management

choices.

PB 1.41-3
Influence of coagulation factor XIII on the severity of
the skin affection and endothelial dysfunction in
patients with progressive systemic sclerosis
Alesci SR1, Dockhorn C2, Wahle M2 and Miesbach W2

1IMD Gerinnungspraxis Mannheim, Mannheim; 2Goethe

University Hospital, Frankfurt, Germany

Background and Aim: The postulated ability of factor XIII (FXIII) to

influence the synthesis and resolution of collagen led to its usage in the

treatment of progressive systemic sclerosis (PSS). Though an allevia-

tion of the skin affection was described in the nineties, a further substi-

tution therapy was given up due to the HIV epidemic. The fact safe

FXIII concentrates are available today, allows us to reconsider the

above-mentioned thesis.

Methods: After verification by the local ethical committee and with

informed written consent, since March 2010 data from 142 patients

could be collected. Blood clotting status, blood levels of disease-spe-

cific, acute phase and inflammation parameters (like VEGF, DLCO),

medical results like the Modified Rodnan Skin Score (MRSS) and a

Quality-of-Life-Questionnaire (Scleroderma Health Assessment Ques-

tionnaire) have been documented.

Results: Current interim results are presented. Fifty-seven patients (50

f, seven male) with PSS reflecting the broad spectrum of disease sever-

ity were included as well as 85 patients (60 f, 25 m) with rheumatic dis-

eases without vascular involvement (R). The median age in both

groups was alike (PSS: 52.5 ys R: 53.5). No correlation between FXIII

and most of all examined parameters could be detected. Only in the

group of patients with elevated FXIII (78% quantiles, n = 16) a not

significant correlation (P = 0.156) to pulmonary arterial hypertension

(PAP) was evident. A notable correlation was found between VWF:Ag

and MRSS (r = 0.66, P: 0.036) as well as vWF:Ag and VEGF

(r = 0.52, P = 0.038). Further, VEGF correlates with DLCO

(r = �0.62, P = 0.0558).

Conclusion: The results of this interim analysis could give pointer of an

influence of FXIII on endothelial damage and medical results, but

could not yet confirm a significant correlation. Interestingly enough

there were found a number of patients with elevated levels of FXIII in

both groups (PSS>R). Considering these patients only, we could find

an inverse correlation between FXIII and PAP, a severe complication

in PSS.
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PB 1.41-4
Intracranial hemorrhage (ICH) in Egyptian children
with rare coagulation disorders: a single center
experience
Abdelwahab M and Seif H

Cairo University Pediatric Hospital, Cairo, Egypt

Background: Rare Bleeding Disorders (RBDs) (such as afibrinogen-

emia, factors II, V, V+VIII, VII, X, XI and XIII deficiencies) represent

3–5% of all the inherited deficiencies of coagulation factors with ICH

being the most serious complication. It is reported with a higher fre-

quency in FVII, FXIII and FX deficiencies and a lower frequency in

afibrinogenemia, FII, FV with overall prevalence ranging from 0% in

FXI deficiency to 25% in FXIII deficiency.

In view of the rarity of these disorders, many questions remain unan-

swered making treatment of these life threatening episodes and subse-

quent prophylaxis a challenge because of the lack of experience and

paucity of data on these disorders especially in children aim to prospec-

tively collect data on children affected with RBDs who had CNS bleed-

ing over a 7-year period, to establish incidence of recurrence, death

rate, neurological sequences, efficacy of treatments and prognosis.

Methods: All patients with RBD were given instructions that in case of

any head trauma or abnormal symptoms to immediately come for hae-

matological consultation even if the child is well. All were subjected to

a questionnaire to include all details of episode including triggering

factors and replacement was started immediately according to the

UKHCDO guidelines in rare coagulation disorders but in view of

severe resource constraint. ICH was identified by clinical features, neu-

rological examination and confirmed by computerized tomography

scan of the brain. Neurosurgical consultation was done to identify

those who could benefit from surgery. In children presenting initially

with unexplained ICH, a full coagulation screen was done and patient

was managed by hematologist.

Results: ICH occurred in 16/67 children (23.9%) of rare inherited

coagulation disorders; 4 (25%) afibrinoginemia, 2 (12.5%) severe FV

deficiency, 5 (31.3%) FX, three mild deficiency and two severe, 4

(25%) severe FVII Deficiency and one severe FXIII (7.7%) deficiency,

a total of 36 episodes spontaneous in 83.3% and eight children having

recurrent episodes. Their age ranged from 7 months to 10 years and

62.5% males whilst their age on intial presentation with ICH ranged

from 1 month to 5.5 years (median: 5 months). ICH was the initial

presenting symptom in 62.5%. All patients received replacement ther-

apy with only six episodes (16.7%) requiring surgical evacuation. All

children recovered their episodes of ICH but six developed neurocog-

nitive deficit, two required shunt where one died postoperatively.

Seven patients are on prophylaxis with three developing subsequent

episodes whilst on prophylaxis. Intially patients presented with pallor,

vomiting, fits, coma, high pitched cry but then subsequent episodes

were usually of milder nature and patients outgrew the episodes as

they became older . On CT scan, all had intracranial hemorrhage

which was mainly subdural conclusion FX, FVII and FI deficiencies

were associated with the highest prevalence with higher tendency of

recurrence in those with FVII and X deficiencies. Surgical evacuation

was not required in most patients and prognosis was usually good if

the attacks were recognized within few hours of manifesting and

replacement started immediately.

PB 1.41-5
Clinical and laboratory manifestation of bleeding
diathesis in Noonan syndrome
Waespe N, Prader S, Kroiss S, Knirsch W, Albisetti M, Speer O

and Schmugge M

University Children’s Hospital, Zurich, Switzerland

Background: Noonan Syndrome (NS) is a relatively common genetic

disorder with an estimated incidence of 1:1000 to 1:2500 live births.

Several genetic mutations have been described in these patients leading

to different phenotypical presentations. NS is associated with congeni-

tal heart defects, hearing loss, skin and facial abnormalities, and

growth retardation. Bleeding symptoms and altered laboratory coagu-

lation test results are described in 20–89% of affected patients. The

most commonly cited coagulopathies are related to deficiencies of fac-

tors VIII, IX and XI, thrombocytopenia, von Willebrand factor defi-

ciency and platelet function defects. The severity of clinical bleeding

symptoms is variable.

Aim: To elucidate the incidence of clinical bleeding symptoms and its

relation to normal and abnormal coagulation test results in patients

with NS at our institution.

Method: Clinical features, bleeding history, blood smear and labora-

tory coagulation parameters were retrospectively reviewed in patients

with NS at our institution. We evaluated the frequency of clinical

bleeding symptoms with a questionnaire.

Result: Nineteen patients (seven female, 36.8%) with NS (genetically

confirmed in 5, 26.3%) and a median age of 7.4 years (1.5–26.3 years)

were included. In nine patients (47.4%) either a positive bleeding his-

tory (with a wide variety of bleeding symptoms) and/or abnormal lab-

oratory test results (thrombocytopenia, von Willebrand disease, and

abnormal platelet function test) were noted. Altered tests of haemosta-

sis were present in most patients with bleeding symptoms.

Conclusion: The presence of various bleeding disorders within one syn-

drome is unusual but might be explained by the heterogeneity of sev-

eral mutations on different genes described in NS. A standardized

questionnaire, clinical assessment and laboratory evaluation of hae-

mostasis can help characterize the pathophysiology of bleeding mani-

festations in NS. Due to the young age of patients at which invasive

procedures are undertaken, the bleeding history can be unremarkable

at initial presentation despite abnormal laboratory findings. As serious

complications can arise and invasive procedures are frequent in these

patients, a thorough evaluation of all patients with NS is highly recom-

mended to ensure optimal management for surgery and other risk situ-

ations.

PB 1.41-6
Prospective data collection on patients with fibrinogen
and factor XIII deficiencies: design of the PRO-RBDD
project
Peyvandi F

Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,

Milan, Italy

The author is submitting the following abstract on behalf of PRO-

RBDD project group.

Background: The cross-sectional project entitled ‘Establishment of an

European Network of the Rare Bleeding Disorders (EN-RBD)’

funded in 2007 by the European Community was established to

answer unmet questions on rare bleeding disorders (RBDs). The

results of this project increased knowledge on frequency and distribu-

tion of each coagulation defect. The EN-RBD database enabled to

explore the relationship between the laboratory phenotype and clinical

severity of each deficiency, showing that only observed in fibrinogen,

FX and FXIII deficiencies there is strong association between plas-

matic factor levels and bleeding severity. The main limitation of this

retrospective study was the lack of detailed data on the diagnosis set-

ting and the chronology between diagnosis and bleeding episodes.

Therefore there is still a gap in knowledge of annual incidence of either

disorders and the bleeding manifestations as well as on what is the

minimum coagulant activity level able to prevent spontaneous and

trauma/surgery/pregnancy related bleeding and provide an adequate

hemostasis.

Aims: To design a project to capture prospective data on patients with

the most severe RBDs, fibrinogen and FXIII deficiencies being both

conditions suffering from under-reporting.
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Methods: A dedicated group consisting of specialists in the field and

clinical epidemiologists have worked with informational technology

team to implement the existing RBDD interactive web-base to include

new variables for reaching the current objectives and to allow for data

collection at sequential checkpoints (prospective design, PRO-

RBDD).

Results: The new database captures data at specific time points for

variables including: demographics, racial origin and family studies,

genetic, laboratory studies, prophylaxis, bleeding/thrombotic manifes-

tations and their sequelae, obstetric data, surgical bleeding and periop-

erative data, treatment efficacy and safety. A new section has been

added to the database in order to allow prospective data entry. Over

3 years, there will be six data entry time points per patients (i.e. bian-

nual update), although data will be collected also in any other non-

scheduled visits. Seventeen participating centers from 10 countries

(Germany, Greece, India, Iran, Italy, Pakistan, Serbia, Switzerland,

Turkey, UK) have started the baseline data collection in January,

which is performed at hospital/clinic. Follow-up visits will consist of

initial screening contact by telephone, performed by experienced clini-

cal study physicians/nurses, and personal check-up in case of report of

(suspected) bleeding episodes or other medical events.

Conclusions: The PRO-RBDD collect prospective data on patients

with the two most severe RBDs, fibrinogen and FXIII deficiencies.

Once data will be available for these two disorders, hopefully the same

model will be extended to different disorders. This endeavor shall pro-

vide essential information on the course and optimal management of

these orphan diseases. Moreover the prospective cohort design will

allow to define appropriate surrogate end-points to adequately evalu-

ate treatments and particularly the design of new clinical trials and the

creation of guidelines for standardized therapeutic approaches.

PB1.42 – von Willebrand disease:
Clinical – I

PB 1.42-1
Iatrogenic bleeding is the presenting symptom in
children with moderate or severe von Willebrand
disease – from the WiN study
Sanders YV1, Fijnvandraat KJ2, Mauser-Bunschoten E3, Van Der

Bom JG4, De Meris J5, Eikenboom HCJ6, Laros-van Gorkom BAP7,

Tamminga R8, Cnossen MH9 and Leebeek FWG1

1Erasmus University Medical Center Rotterdam, Rotterdam;
2Emma Children’s Hospital, Academic Medical Center,

Amsterdam; 3Van Creveldkliniek/UMCU, Utrecht; 4Leiden

University Medical Center & Sanquin Research, Leiden;
5Netherlands Hemophilia Society, Badhoevedorp; 6Leiden

University Medical Center, Leiden; 7Radboud University

Nijmegen Medical Centre, Nijmegen; 8University Medical Center

Groningen, Groningen; 9Erasmus University Medical Center/

Sophia Children’s Hospital, Rotterdam, The Netherlands

Background: von Willebrand Disease (VWD), the most common inher-

ited bleeding disorder, is caused by reduced levels or activity of von

Willebrand factor (VWF). Clinical expression of VWD in children

may differ from adults. Currently limited information is available on

the bleeding phenotype in children with VWD.

Aims: To evaluate the occurrence and severity of various bleeding

symptoms in a large cohort of children with different types of VWD

and to compare it with bleeding symptoms in adults with VWD.

Methods: We included 140 children with type 1 (n = 70), 2 (n = 51)

and 3 (n = 19) VWD and 664 adults (≥ 16 years old) with type 1

(n = 389), 2 (n = 247) and 3 (n = 28) VWD in a nation-wide cross-sec-

tional study among patients with moderate and severe VWD, defined

as VWF levels ≤ 30 U/dL (Willebrand in the Netherlands – WiN

study). Informed consent and ethical approval was obtained. Bleeding

severity was determined using the validated adult Tosetto Bleeding

Score (BS) with the extension of additional pediatric-specific bleeding

symptoms (umbilical stump bleeding, cephalohematoma, post-circum-

cision bleedings, post-venipuncture bleeding and macroscopic hematu-

ria) (Bowman et al, JTH 2009).

Results: Median age was 7 years in children (range 0–16 years) and

45 years in adults (range 16–85 years). In children median BS was 5.5

(IQR 2.0–9.0). When pediatric-specific bleeding symptoms were

included it was 6.0 (IQR 2.0–10.0). In adults the BS was significantly

higher with a median BS of 11.0 (IQR 6.3–17.0) (P < 0.001). The most

frequent bleedings in children were: cutaneous, minor wounds, tooth

extraction and menorrhagia. Compared with adults with VWD, chil-

dren had significantly less bleeding from minor wounds, oral cavity

and gastro-intestinal tract, bleeding after surgery and tooth extraction,

muscle hematoma and hemarthrosis (P < 0.05). Pediatric-specific

bleeding symptoms were reported in 41 children (14/140; 29%), occur-

ring in 12 (12/19; 63%) type 3 VWD, 17 (17/51; 33%) type 2 VWD

and 12 (12/70; 17%) type 1 VWD patients (P < 0.001). Thirteen

patients reported more than one pediatric-specific bleeding symptom.

The most observed pediatric-specific bleeding symptoms were: post-

vaccination bleeding (24/140; 17%), post-venipuncture bleeding (17/

140; 12%), post-circumcision bleeding (5/140; 4%) and cephalohema-

toma (5/140; 4%). Eight of 31 index cases (26%) had a pediatric-spe-

cific bleeding symptom as presenting symptom. A iatrogenic bleeding

was the presenting symptom in almost half of the index cases (n = 13/

31; 42%). These iatrogenic bleeding symptoms were cephalohematoma

after vacuum extraction (1/31; 3%), umbilical stump bleeding (1/31;

3%), post-surgery (5/31; 14%), post-circumcision (1/31; 3%) and post-

vaccination bleeding (5/31; 16%).

Summary/Conclusion: A large proportion of children with VWD

reported pediatric-specific bleeding symptoms. Iatrogenic bleeding is

the presenting symptom of VWD in almost half the index case

patients.

PB 1.42-2
Prenatal diagnosis in severe von Willebrand disease
using intron 40 markers of VWF gene and phenotypic
assays
Shetty SD, Ghosh K and Kasatkar P

National Institute of Immunohaematology, Mumbai, India

Background: von Willebrand disease (VWD) is the common hereditary

coagulation abnormality arising from deficiency of von Willebrand

factor (VWF), a multifunctional, multimeric protein that is required

for platelet adhesion and carrier of Factor VIII. Type 3 is the predomi-

nant subtype (60%) followed by (19%) type 2 and (18%) type 1

reported at our center. Diagnosis, genetic counseling, carrier and ante-

natal diagnosis play an important role in the comprehensive manage-

ment of these cases. Genetic diagnosis in VWD by direct mutation

detection is a complex and laborious procedure due to large gene size,

high heterogeneity of mutations and 97% homology to a pseudogene

in chromosome 22.

Aim: To offer genetic diagnosis to affected severe VWD families using

intron 40 markers in VWF gene and by phenotypic assays.

Methods: Sixteen families with severe VWD were referred for antenatal

diagnosis. Chorionic villus sampling was done in 10–12th week of ges-

tation and cordocentesis was done between 18th and 19th week of ges-

tation. PCR amplifications of VWF1, VWF2 and VWF3 markers

(entire VNTR amplified and digested using Alul restriction enzyme) of

intron 40 followed by polyacrylamide gel electrophoresis reveals sev-

eral alleles. Phenotypic assays included FVIII:C, FIX:C and von

Willebrand factor antigen (VWF:Ag) assays.

Results: Antenatal diagnosis was offered by intron 40 VNTR analysis

in 12 VWD families by chorionic villus sampling. Four families were

offered the diagnosis by cord blood sampling. In two of these families,
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none of the VNTR markers were informative, while two were referred

late during pregnancy; so cordocentesis was done by phenotypic analy-

sis. Among the 16 fetuses three were found to be affected and 13 unaf-

fected.

Conclusion: Antenatal diagnosis could successfully be offered in all the

sixteen VWD families referred using both genotypic and phenotypic

investigations. RFLP analysis with the aid of intragenic markers is a

simple accurate method for genetic diagnosis of severe VWD families,

when both the parents are informative. Phenotypic assays are still not

obsolete techniques for prenatal diagnosis of VWD and other bleeding

disorders, wherein the genes are large and mutations are highly hetero-

geneous.

PB 1.42-3
Vicenza bleeding score is correlated with postoperative
bleeding and blood transfusion requirement in total
knee replacement operation
Chinthammitr Y, Srisawat S, Ruchutrakool T, Suwannawiboon B,

Chareancholvanich K, Udomkiat P, Soontarinka S, Nakkinkun Y

and Binhama T

Siriraj Hospital, Bangkok, Thailand

Background: The Vicenza bleeding score is a validated research tool to

discriminate between healthy subjects and those with von Willebrand

disease. Standard preoperative bleeding assessment comprises history

taking and physical examination whereas blood test is usually per-

formed in the operation with a high bleeding risk. Whether Vicenza

bleeding score is predictive for postoperative bleeding and postopera-

tive blood transfusion requirement is not known.

Aims: To study the correlation of bleeding score and postoperative

bleeding and blood transfusion requirement in total knee replacement

operation.

Methods: Prospective study has been performed from 1 March 2012 to

31 January 2013. A total of 270 patients admitted for total knee

replacement operation due to osteoarthritis of knee had been inter-

viewed with bleeding score questionnaire. The amount of postopera-

tive bleeding and blood transfusion given in hospital were recorded.

Other collected data included preoperative CBC, coagulogram, creati-

nine, medication and underlying disease.

Results: Of the 270 patients (230 females, 40 males), the median age is

70 years old (range 46–90). There is no perioperative thromboprophy-

laxis. All patients received perioperative tranexamic acid injection.

The median (range) of bleeding score are �1 (�3 to 9) in women and

�1 (�2 to 4) in men, respectively. The mean + SD amount of postop-

erative bleeding is 424.8 + 267.1 mL. High bleeding score more than

zero (score > 1) is statistically significantly associated with higher

amount of postoperative bleeding (median 375 vs. 485 mL, P = 0.01

(Mann–Whitney U-test)). Postoperative blood transfusion require-

ment is significantly associated with both bleeding score (P = 0.004),

preoperative hematocrit level (P < 0.001, (Mann–Whitney U test)),

and amount of postoperative bleeding (P < 0.001, (Mann–Whitney U

test)). Bleeding score is not associated with preoperative hematocrit

level (P = 0.119). The amount of postoperative bleeding is not associ-

ated with preoperative hemoglobin level, platelet level, creatinine

clearance level, medication and any underlying disease. There is no

symptomatic venous thromboembolism during admission.

Conclusion: High Vicenza Bleeding score more than zero (score > 1) is

associated with postoperative bleeding and blood transfusion require-

ment in total knee replacement operation.

PB 1.42-4
Screening for type 2 von Willebrand disease in the
pediatric population
Shafi R1, Soundar EP1, Teruya J2, Srivaths LV2 and Hui SKR2

1Baylor College of Medicine; 2Texas Children’s Hospital,

Houston, TX, USA

Background: Diagnosis of Type 2 VWD can often be challenging. von

Willebrand Factor (VWF) panel, especially VWF activity to VWF

antigen ratio (VWF: RCo/Ag) is used as an initial screening tool for

Type 2 VWD often followed by a confirmatory multimer analysis.

Commonly, VWF: RCo/Ag of < 0.5–0.7 cut-off is used by pediatri-

cians to select patients for multimer analysis. However, such a cut-off

is established by adult studies and no pediatric specific range has been

suggested thus far.

Aim: Our aim was to determine a cut-off point for VWF: RCo/Ag that

best discriminates pediatric patients as suspicious for Type 2 VWD

prompting multimer analysis vs. having type 1 VWD.

Methods: We performed a retrospective chart review of 300 children

with VWF panels and multimer analysis seen at our tertiary referral

hospital from 2009 to 2012. Patients without multimer analysis were

excluded from the study population. A receiver operating character-

istic (ROC) analysis was done to determine the optimal VWF:

RCo/Ag cut-off value that identifies patients with ratio below the

cut-off value as suspicious for Type 2 VWD prompting multimer

analysis.

Results: Out of 300 patients (median age 14 years; range 11 months–
20 years), 230 (77%) were female, of which 150 (50%) had menorrha-

gia at presentation. Fifty eight patients (19%) experienced epistaxis,

four presented with intracranial bleed, 12 showed easy bruisabilty, six

each showed post-operative bleeding and other symptoms such as he-

matochezia and hemoptysis while four had bleeding after dental

extraction. Thirty one (10%) patients did not report bleeding symp-

toms at presentation and in 22 patients (7%), bleeding symptoms were

not documented.

Twenty one patients out of 300 had abnormal multimer analysis of

which 18 results were suggestive of Type 2 or acquired VWD and the

remaining three were suggestive of artifact and/or inconsistent with

Type 2 VWD.

At a cut-off value of 0.70 for VWF:RCo/Ag ratio, the sensitivity to

detect possible type 2 VWD was 83% with a positive predictive value

of 90%, specificity of 45% and a negative predictive value (NPV) of

98%. When the cut-off value was increased to 0.80, the sensitivity

increased to 100%, but the specificity decreased to 25%. These results

were essentially similar in a subset of female patients with menorrha-

gia. At a cut-off value of 0.70, the chance of missing a true positive

patient was 17%. This contrasts with a 39% (< 0.6 cut-off) and 72%

(< 0.5 cut-off) chance of missing a true positive patient with the cur-

rently employed cut-off values used by clinicians in determining the

need for multimer analysis.

Summary/Conclusion: The current recommended VWF: RCo/Ag ratio

below which multimer analysis is performed can be as low as 0.5.

However, our study showed that VWF: RCo/Ag ratio of 0.7 is the

optimal cut-off for screening children for abnormal multimers to

detect Type 2 VWD. This is the first study to validate the role of

VWF: RCo/Ag ratio as a screening tool for Type 2 VWD in the pedi-

atric setting.
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PB 1.42-5
von Willebrand factor genotyping for validation of
type 2N von Willebrand disease subtitle: the relation
between genotype and phenotype in von Willebrand
disease type 2N
Mancini T, Van Haren B, Schoormans S, Hofste T, Diekstra A,

Laros-van Gorkom BAP, Brons P, Hoefsloot L and Van

Heerde WL

Radboud University Medical Centre, Nijmegen, The Netherlands

Introduction: von Willebrand disease (VWD) type 2N is characterized

by a defective binding of Factor VIII to the von Willebrand factor

(VWF) resulting in lowered plasma factor VIII level and a clinical phe-

notype mimicking mild hemophilia A. Several mutations in the factor

VIII binding site on von Willebrand factor have been reported, which

were confirmed by the VWF – factor VIII binding assay (BC). This

study aims to examine the effect of genotype on clinical phenotype in a

cohort of VWD-2N patients.

Methods: In a retrospective study, results of genetic screening in the

VWF molecule from 173 patients were analyzed. Patients with at least

one 2N mutation were included in this study. Clinical phenotype

including bleeding scores (BS) were obtained and analyzed using inde-

pendent T tests and Mann–Witney U tests.

Results: Forty-three VWD-2N patients were included. Median age was

40 years. Six patients were homozygous, 37 patients were heterozy-

gous. Eighteen patients had a secondary mutation outside the FVIII

binding domain. Four different 2N mutations were reported. A strong

correlation was observed between FVIII and VWF-FVIII binding

capacity (slope = 0.735, P = 0.000). Typically affected 2N patients,

defined as having a VWF-FVIII BC < 20%, were compared with het-

erozygous carriers (with a VWF-FVIIIBC > 20%). Significant differ-

ences were found in FVIII level (P < 0.001), VWF-ristocetin activity

(P = 0.048) and VWF-antigen levels (P = 0.003). Median BS was 7 in

typical 2N patients compared to 1 in carriers. There was an inverse

correlation between vWF-FVIII:BC and BS (slope = �0.450,

P = 0.016). Hemarthrosis (31%), muscle hematoma’s (22%), and

postpartum hemorrhage (60%) were only reported in typical affected

patients but not in the group of type 2N carriers.

Conclusions: VWD type 2N patients form a heterogeneous group. Car-

riers of VWD 2N have an insignificant BS unlike typically affected

patients. Bleeding symptoms of affected patients are comparable to

mild hemophilia A. Classical Hemophilia A symptoms are absent in

heterozygous carriers. We suggest genotyping as a powerfully tool in

the diagnostics and sub classification of type 2 VWD.

PB 1.42-6
Safety and efficacy of a von Willebrand factor/factor
VIII concentrate (Wilate�): a single centre experience
Batty P1, Chen YH2, Platton SJ1, Bowles L1, Hart DP2 and Pasi J2

1Royal London Hospital; 2Barts and the London School of

Medicine and Dentistry, QMUL, London, UK

Background: von Willebrand disease (VWD) is a highly heterogeneous

bleeding disorder characterised by a defect in primary haemostasis.

The majority of patients with severe disease will require treatment with

a VWF containing concentrate in the event of bleeding or surgery. A

new VWF/fVIII concentrate (Wilate�) has been available for usage in

the United Kingdom. This concentrate has dual viral inactivation (SD

and Permaheat) and provides a physiological ratio of VWF:fVIII

(1:1). We present a large cohort of usage of this concentrate in an adult

population.

Aims: Retrospective review of indications for Wilate� over 5 years

(2007–2012) at a large haemophilia treatment centre. The primary out-

come measure was efficacy for the treatment of bleeding and usage in

the peri-operative period.

Methods: Clinical and laboratory data of all patients issued with Wi-

late� during the study period were reviewed.

Results: One thousand two hundred and eighty-seven evaluable doses

of Wilate� were issued to 46 patients (25 male/21 female). Median age

was 42.5 years (18–83). Eleven patients had type 1 disease, 26 patients

had type 2 disease, eight patients type 3 disease and one patient

acquired vWS. One hundred and twelve infusions were issued for sur-

gery over 63 treatment episodes. Median number of infusions used

peri-operatively was 1 (1–13), with a median dose prior to surgery of

3600 Units (1800–7200), corresponding to 42.6 U/kg (11.8–117.5). In
patients receiving more than one dose the median follow up dose was

2250 Units (1800–4500) equivalent to 26.5 U/kg (17.9–68.2). Efficacy
was rated as being excellent or good in 94%, fair in 6% and poor in

0%. Two hundred and forty-six doses were issued for the treatment of

39 hospital treated bleeding events. The median number of infusions

received per bleeding episode was 2 (1–92). The median dose used was

2700 Units (900–8100) corresponding to 38.5 U/kg (11.8–95.7). Effi-
cacy was rated as being excellent or good in 97%, moderate in 3% and

poor in 0%. One treatment episode (type 3 VWD) required 92 inpa-

tient treatments for haematuria due to underlying bladder pathology

and subsequent prophylaxis. Thirty-nine infusions were issued for

other indications such as delivery and single dose prophylaxis. Six

patients were on home therapy programmes using 890 infusions. Of

these patients, two switched from an alternative VWF/fVIII contain-

ing product. Similar efficacy was seen for Wilate� in comparison to

the 6 month period on prophylaxis prior to switching. Six adverse

events (0.005% of all infusions) were documented. This included four

hypersensitivity reactions requiring medical treatment and subsequent

product switching. No thrombotic or infective complications were

described in the study period. There were no treatment failures. No

demonstrable accumulation of FVIII was seen in patients receiving

treatment for > 3 days.

Conclusions: A retrospective review of 1287 doses of Wilate� shows

safe and well tolerated usage covering a wide range of indications.

Within this study period efficacy was excellent or good in 94% or

greater of all treatment episodes. In patients treated with repeat doses

of Wilate� no accumulation of FVIII occurred.

PB1.43 – Von Willebrand Disease:
Clinical – II

PB 1.43-1
von Willebrand disease patients with associated risk
factor(s) of venous thromboembolism: efficacy and
safety of a von Willebrand factor product with a low
factor VIII content
Goudemand J1, Borel-Derlon A2, Federici AB3, Chatelanaz C4,

Henriet C4, Jaffry A4, Bridey F4 and Group TS5

1University of Lille, Lille; 2Hemophilia Center, Caen, France;
3University of Milan, Milano, Italy; 4LFB, Les Ulis; 5France

Background: The main objective of von Willebrand Disease (VWD)

treatment is the control of bleeds with normalization of von Wille-

brand factor (VWF). Because VWF is the carrier of factor VIII

(FVIII), exogenous added to endogenous FVIII may cause very high

levels of FVIII coagulant activity after repeated infusions (FVIII:C).

Multiple clinical risk factors as well as biomarkers have been identified

as predictive of venous thromboembolism. These risk factors include

patient-related factors e.g. advanced age, obesity, inherited thrombo-

philia and medical condition-associated factors e.g. surgery, immobil-

ity, pregnancy/puerperum or cancer. High plasma levels of FVIII:C

are confirmed as a risk factor for VTE.

Aims: To present the efficacy and safety of WILFACTIN (VWF with

low FVIII content) in different clinical settings in a large cohort of

VWD patients with risk factors of VTE.

Methods: Data from four clinical studies and one post-marketing sur-

vey, carried out between 1999 and 2009, were pooled.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

548 ABSTRACTS



Results: Across clinical studies, data displays mainly three sets of

patients:

- Elderly patients (n = 21) between 65 and 85 years old (1 type 3, 16

type 2, 4 type 1 VWD) were treated with WILFACTIN for 42

bleeds, 31 surgeries including six major risk orthopaedic proce-

dures. Four patients were on long-term prophylaxis initiated for

recurrent gastrointestinal bleeds for more than 2 years. Treatment

was judged by investigators as ‘excellent/good’ in 90.9% of the 11

bleeding episodes and in 100% of the 26 surgical procedures for

which the efficacy information was available. A ‘moderate’ response

was observed for one bleed. The prophylaxis regimen (mean dose:

37 IU/kg 2.2 times per week) was successful in all patients; the

annual number of bleeds was 1.2 (range 0–2.8).
- Obese patients (n = 14), including one elderly, had BMI > 30 kg/

m2. The body weight ranged from 82 to 135 kg (mean 99) at time of

therapy. There were three patients with type 3 VWD, 8 type 2, 3

type 1; 86% were female. Coexisting thrombotic risk factors

included surgery (13) or caesarean section (5). Efficacy was rated as

excellent/good in all procedures (11) and major bleeds (5) in 11

patients treated for more than 3 days. No bleeding occurred in the

elderly patient on long-term prophylaxis.

- Pregnant women (n = 22), including four obese patients, were trea-

ted for vaginal (9), caesarean (15) deliveries, or therapeutic abortion

by caesarean (1). A 28–103 IU/kg/day dosage was used with a med-

ian of 374 (range 103–1114) IU/kg per procedure over a 9.0 (range

1–18) days therapy. Results showed that 95% of episodes (22 with

available data) were treated successfully. No relevant safety infor-

mation was reported in either mother or newborn.

No thrombotic events occurred in all these patients with risk factors

for thrombosis.

Conclusion: The results obtained from the analyses of several clinical

studies clearly show that WILFACTIN, a VWF concentrate almost

devoid of FVIII, can be used frequently and intensively also in VWD

patients with older age and/or with relatively high risk of thrombosis.

Therefore, WILFACTIN should be always considered by haematolo-

gists among the available VWF products useful for VWD with those

phenotypes.

PB 1.43-2
Validation of a new panel of automated
chemiluminescence assays for von Willebrand factor
antigen and activity in the screening for von
Willebrand disease
Verfaillie C and Devreese K

Ghent University Hospital, Gent, Belgium

Background: von Willebrand disease (VWD) is one of the most com-

mon inherited bleeding disorders and its diagnosis largely depends on

the results of von Willebrand factor (VWF) antigen and activity.

Although used as a surrogate for the classical ristocetin cofactor activ-

ity (VWF:RCo), current latex immunoassays measure indirectly the

VWF activity and do not reflect binding of VWF to GPIba or colla-

gen. Recently, a new automated VWF:RCo assay on Acustar was

developed. The HemosIL AcuStar VWF:RCo assay is a ristocetin-

dependent, platelet-free chemiluminescent immunoassay. Recombi-

nant GPIba (rGPIba) is coated on magnetic particles through a highly

specific monoclonal antibody. VWF present in the test sample binds to

the rGPIba in the presence of ristocetin.

Aims: The assay panel on AcuStar combines the analysis of VWF:Rco

with a new antigen (VWF:Ag) test. In this study, both chemilumines-

cence tests (HemosIL VWF:Ag and VWF:RCo) were evaluated.

Methods: Imprecision, limit of detection and linearity were evaluated.

Method comparison with the currently used VWF:Ag latex assay,

VWF activity (VWF:Act) and VWF:RCo by aggregometry was

performed and diagnostic performance of the new test panel was

examined by analyzing 61 patient plasma samples. As the new assays

are calibrated against the current WHO-standard, the international

standard was analyzed as well.

Results: The imprecision was 7% and the LOD was 0.2% for both

assays. Dilution series showed a large linearity for both HemosIL

VWF:Ag (0–300%) and VWF:RCo (0–200%) and method compari-

son studies revealed good agreement with the currently used VWD

panel. The results of the WHO-standard were in accordance with the

expectations. The new panel showed adequate diagnostic performance:

diagnostic sensitivity was 100% and diagnostic specificity 82% com-

pared to the VWF:Ag latex assay and VWF:RCo by aggregometry. In

addition, the new HemosIL Acustar VWF:Ag and HemosIL Acustar

VWF:RCo are more sensitive for VWD than the currently used

assays.

Conclusions: The HemoSIL Acustar VWF:RCo demonstrated ade-

quate diagnostic performance, improved precision (also in the lower

range), a good sensitivity to low VWF activity and a large linearity.

Furthermore this test can be considered as a true VWF ristocetin co-

factor activity assay independent of the variability present in human

platelets. The VWF:Ag test showed equally good performance and a

lower LOD compared to the VWF:Ag latex assay. This new VWD test

panel has adequate laboratory characteristics and allows fully auto-

mated and simultaneous analysis of the VWF:Ag and VWF:RCo.

PB 1.43-3
Analysis of factor VIII:c/VWF:Ag ratio in the Brno-von
Willebrand disease study
Vangenechten I1, Smejkal P2, Zapletal O2, Bouddount F1,

Zavrelova J2, Blatny J2, Penka M2, Michiels JJ1 and Gadisseur A1

1Antwerp University Hospital, Edegem, Belgium; 2University

Hospital Brno, Brno, Czech Republic

von Willebrand Disease (VWD) is an autosomally inherited bleeding

disorder caused by a quantitative or qualitative defect of von Wille-

brand factor (VWF). VWF is important for platelet adhesion to colla-

gen, platelet aggregation, and for binding to Factor VIII through the

D’/D3 domain. FVIII degrades rapidly when not bound to VWF.

Generally, except for type 2N patients, FVIII:c values mirror those for

VWF:Ag.

In the Brno-VWD study blood was collected from 205 patients repre-

senting 95 families with suspected VWD. FVIII:c, VWF:Ag, VWF:

RCo, VWF:CB, VWFpp, VWF-FVIII binding (if indicated), VWF

multimers and molecular analysis were performed in all patients.

Within the Brno-VWD study we performed a separate analysis of the

results for FVIII:c in this group of VWD patients. There were no type

2N patients in the Brno-VWD cohort

Mean FVIII:c/VWF:Ag ratio in the whole cohort van 1.13 (CI95 1.04–
1.21) with a statistically significant difference between patients with

type 1 VWD (mean 1.31, CI95 1.18–1.45) and type 2 patients (mean

0.91, CI95 0.82–1.02). Two thirds of the patients had a ratio between

0.5 and 1.5. High ratios > 1.5 were found in 40/205 patients (19.5%)

and 27/95 families in which sofar 10 mutations have been found

(molecular analysis ongoing), mainly type 1 and some type 2A/IIE.

Low FVIII:c/VWF:Ag ratios < 0.5 were found in 19/205 patients

(9.3%) and 13/95 families in which sofar 6 mutations have been found

(molecular analysis ongoing), mainly type 2A, 2A/IIE and 2M, with

only 3 type 1 patients which are all compound heterozygous for the

type 1 mutation p.P812Rfs (X31) together with the type 2N mutation

p.R854Q .

Although the majority of VWD patients have FVIII:c/VWF:Ag ratios

between 0.5 and 1.5, around one third may present with either very

low or very high ratios. A FVIII:c/VWF:Ag ratio < 0.5 does not

always lead to the diagnosis of a type 2N VWD but may be present in

other type 2 mutations. High ratios are mostly seen in type 1 VWD.
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PB 1.43-4
Efficacy and safety of Wilate� following an en masse
switch for patients with inherited von Willebrand
disease
O’Connell M, Singleton E, Byrne MB, Ryan K, White B

and O’Donnell J

The National Centre for Hereditary Coagulation Disorders,

Dublin, Ireland

Background: Wilate is an albumin-free, high purity, double virus inac-

tivated concentrate of von Willebrand Factor (VWF) and factor VIII

(FVIII). Previous clinical trials have reported high levels of Wilate effi-

cacy in the treatment of acute bleeding episodes and surgical proce-

dures. A National Tender process in Ireland in 2010 resulted in the

introduction of Wilate as the treatment of choice for patients with von

Willebrand disease (VWD) who fail to respond to DDAVP.

Aims: This study aimed to assess the efficacy and safety of Wilate for

the treatment of unselected Irish patients with VWD following an en

masse switch in treatment product.

Method: A retrospective review of the clinical records of all patients

treated with Wilate between September 2011 and September 2012 was

undertaken. The following datasets were reviewed: demographics,

VWD diagnosis, treatment indication, haemostatic efficacy, adverse

events and laboratory data including pre and post FVIII, VWF anti-

gen (VWF:Ag) and Ristocetin co-factor activity (VWF:Ricof) levels.

Results: Wilate was used on 39 occasions in 28 patients with the fol-

lowing subtypes of VWD: Type 1 (n = 14), Type 2 (n = 11), Type 3

(n = 2) and acquired VWD (n = 1). Of 29 invasive procedures, six were

major surgeries, eight were minor surgeries and 15 were invasive dental

procedures. The median (range) of Wilate doses used were 49 IU/kg

(40–53.1 IU/kg) for major surgery, 42.5 IU/kg (28–53.1 IU/kg) for

minor surgery and 30 IU/kg (20–43 IU/kg) for dental procedures. Wi-

late was used to treat acute bleeding on five occasions and to prevent

postpartum bleeding on two occasions. One patient with acquired

VWD received Wilate on three occasions to treat acute bleeding. Wi-

late doses ranged from 24 to 50 IU/kg to treat acute bleeds with higher

doses used to treat the patient with acquired VWD (48–75 IU/kg).

Haemostatic efficacy was rated as excellent or good in 28/29 surgical

procedures and in all episodes of acute bleeding. Three mild adverse

events were noted including dry cough, an anxiety reaction and an

urticarial reaction with hoarseness. Post infusion, laboratory analysis

demonstrated that the FVIII and VWF:Ag levels were in the normal

range for all patients. The VWF:Ricof was < 0.5 IU/mL in five

patients who received doses of Wilate of < 30 IU/kg. It was notable

that the VWF:Ricof levels in all patients were significantly less than

the VWF:Ag levels. No accumulation of FVIII was noted in patients

receiving repeated doses but two patients with type 2A VWD required

increasing doses of Wilate post-op due to sub-therapeutic VWF:Ricof

levels. Importantly, no new clinically significant VWF inhibitors were

identified following this en masse switch in treatment product.

Conclusion:Wilate has been found to be clinically effective with a satis-

factory safety profile, following an en masse switch in Ireland. Of note,

a significant number of patients with types 1 and 2 VWD have been

treated which adds to the limited clinical data previously published on

the use of Wilate in these subtypes. Our findings suggest that optimal

laboratory assays and target levels for monitoring patient response fol-

lowing Wilate administration requires further evaluation.

PB 1.43-5
Biologic response to desmopressin is there predictable
in patients from the same family?
Rugeri L, Meunier S, Gierczynski M, Garcia A, Lienhart A,

Dargaud Y, Ffrench P, Chevalier Y and Negrier C

Hopital E.Herriot, Lyon, France

The use of desmopressin (DDAVP) has been largely recommended in

the treatment of the von Willebrand Disease (VWD). As the DDAVP

biologic response is dependant of the type and the severity of the

VWD, its assessment contribute to verify its efficacy before surgery

and also contribute to classify the subtype of VWD. Previous studies

have shown that in type 2A and 2N only, the genotype could be help-

ful to predict the individual response. And in patients with severe type

1, a variability of the response could be observed despite the same type

of mutation.

The aim of the study was to evaluate if an identical response to

DDAVP could systematically be observed in all members from the

same family, in order to know if a test have to be always performed.

Methods: We have retrospectively analyzed the biologic response to

DDAVP in 87 patients with VWD from 37 families, referred to our

centre between January 2003 and December 2012. Intravenous infu-

sions of 0.3 lg/kg body weight DDAVP was given in all patients.

Venous blood was withdrawn at baseline and at 0.5 or 1, 2 and 4 h

after the infusion ended.

Biologic response to DDAVP was analyzed at time 0.5 or T1 h (T1H)

and at time 4 h (T4H). Patients with VWF: RCo and FVIII:C higher

than 50 IU/dL was defined as complete responders. Patients with

VWF: RCo and FVIII:C lower than 50 IU/dL but increased at least

three-fold was defined as partial responders, and if neither criterion

obtained as non responders.

Results: Biologic response was evaluated in 58 members of 25 families

with Type 1 VWD and 29 patients (12 families) with Type 2 (16 with

type 2A, 4 with type 2B (New York), 4 type 2M and 5 unclassified),

including 50 children (aged 2–16 years). The mean age was 18 � 15

(mean SD) years.

In Type 1, 98% of patients had a complete response at T1H and 93%

at T4H. At T1H, one patient with severe type 1 (1.7%) had no

response, in discrepancy with the complete response observed in the

other member of family.

At T4H, an absence of response was observed in four patients (69%)

from four families, in discrepancy with the results of the others

members.

In Type 2, 65% of patients had a complete response at T1H and only

45% at T4H.

At T1H, among the 10 patients (who had partial or no response), two

patients with type 2A had discrepant partial response with the com-

plete responses observed in the other members of the family.

At T4H, a discrepant additional response was observed in a family

with type 2M VWD.

Conclusion: Within a family who present a moderate type 1 VWD, the

biologic response to DDAVP is identical between the members and

thereby the test could probably be delayed or cancelled in other mem-

bers especially in children. As expected the lower rate of response and

its variability in type 2, must to lead us to systematically perform a test

in each members.

PB 1.43-6
Low-dose ristocetin induced platelet aggregation.
Which dose is low enough?
Frontroth JP, Hepner MD, Pieroni G, Annetta ES, Sciuccati GB,

Feliu Torres AS and Bonduel M

Hospital de Pediatria Dr. JP Garrahan, Ciudad Autonomade

Buenos Aires, Argentina

Low-dose ristocetin induced platelet aggregation (RIPA) is used to

characterize Type 2B (VWD2B) and platelet-type (PT-VWD) von

Willebrand disease variants, evidenced by an enhanced aggregation. A

0.5 mg/mL dose is classically applied but recent studies indicate that

some VWD2B patients may need up to 0.80 mg/mL of ristocetin to

evidence this behavior.

The aim of this study is to evaluate the effect of different doses of rist-

ocetin on platelet-rich-plasmas (PRP) of healthy individuals and to

determine the dose to be used in the screening diagnosis of variants

with enhanced response to low doses of this agonist.
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One hundred and fifteen normal PRPs of healthy individuals (median

age 33 year old; range: 19–65, 65 blood group O and 50 blood group

non-O) were analyzed testing RIPA at different doses of ristocetin

from 1.00 to 0.40 mg/mL. All assays were performed using the same

batch of ristocetin in order to avoid batch-to-batch variations. Maxi-

mal percent aggregation was measured. All individuals had no history

of bleeding symptoms or drug use or thrombocytopenia. Twenty out

of 65 (30.8%) of the blood group O and 19/50 (38.0%) of the blood

group non-O individuals presented > 30% maximal aggregation at

0.80 mg/mL. Four out of 65 (6.2%) of the group O and 10/50 (20.0%)

of the non-O group individuals presented > 30% maximal aggregation

at 0.70 mg/mL. No individual presented RIPA at doses of 0.60 to

0.40 mg/mL. We found that a percentage of normal individuals had

aggregation at doses > 0.7 mg/mL of ristocetin.

Different responses to the ristocetin doses were observed in healthy

individuals according to their blood group. It is necessary to establish

a local normal reference range for RIPA and the lowest dose of rist-

ocetin able to differentiate enhanced PRP aggregation, in order to

avoid under or over-diagnosis of VWD2B and PT-VWD variants.

PB1.44 – Von Willebrand factor – I

PB 1.44-1
Alterations in aberrant and alternative endothelial
splicing of von Willebrand factor under high laminar
shear stress
Hawke LK1, Poon M-C2, Scully M-F3 and James PD1

1Queen’s University, Kingston, ON; 2University of Calgary,

Calgary, AB; 3Memorial University, Saint John’s, NF, Canada

Background: von Willebrand factor (VWF) mutations have been iden-

tified which affect splicing leading to von Willebrand disease (VWD).

Although alterations in splicing are not always pathogenic, no alterna-

tive splice variants have been described for VWF thus far. Shear stress

is an important environmental factor contributing to endothelial cell

phenotype, altering many cellular processes, including the expression

of transcription factors.

Aim: To investigate the effect of shear stress on the production of aber-

rant and alternative VWF splice variants in blood outgrowth endothe-

lial cells (BOEC) from type 1 VWD patients and normal controls

using an in vitro flow system.

Methods: BOEC were derived from two type 1 VWD patients; one

with the consensus splice site mutation, c.5842+1G>C, and one with

the putative exonic splicing mutation, c.3538G>A, as well as three nor-

mal controls. Platelet and BOEC-derived mRNAs were reverse tran-

scribed and sequenced to identify VWF transcripts which were

quantified by qRT-PCR. Additionally, BOEC were subjected to high

laminar shear stress (30–50 dynes/cm2) for 48 h and the ratios of the

transcripts were compared to those from BOEC grown under static

conditions.

Results: Three VWF transcripts were identified from heterozygous

c.5842+1G>C BOEC: wildtype, in-frame exons 33–34 skipped, and

exon 33 skipped, comprising 50%, 28%, and 22% of the patient’s

VWF mRNA respectively. The exon 33 skipped transcript was tran-

scribed from the patient’s wildtype allele, and represented 13% of

VWF mRNA in normal BOEC and platelets, suggesting it was pro-

duced by alternative splicing. Under high laminar shear stress patient

and normal BOEC significantly up-regulated this alternative transcript

2.6 fold; exon 33 was skipped in 68% of the patient’s (P < 0.05) and

34% of normals’ (P < 0.005) VWF mRNA. The proportion of the

double exon skipping transcript relative to wildtype remained compa-

rable regardless of shear stress. Therefore, the up-regulation of the

alternative transcript shifted the patient’s total VWF transcript com-

position to 22% wildtype, 68% exon 33 skipping, and 10% exons 33–
34 skipping.

Four in-frame VWF transcripts were identified in the heterozygous

c.3538G>A BOEC grown under static conditions: wildtype (2%), exon

23 skipped (22%), exon 26 skipped (64%), and exons 23 and 26

skipped (11%). The patient’s platelet VWF RNA exhibited these tran-

scripts in the same ratios. RNA from statically cultured normal BOEC

contained exon 23 skipped or exon 26 skipped VWF transcripts at lev-

els between 15% and 25%. Exposure to high laminar shear stress

increased wildtype expression making the exon 23 skipped transcript

negligible and decreasing the exon 26 skipped transcript to 3% in nor-

mal (P < 0.05). This shift was also observed in the patient BOEC

under high laminar flow where expression of the exons 23/26 skipped

transcript was also abolished under high laminar shear, producing a

modified patient VWF population of 93% wildtype and 7% exon 26

skipped (P < 0.0001).

Conclusions: This study identified three potential alternative VWF

splicing variants and found VWF mRNA in platelets is similar to that

from static BOEC. Additionally this study highlights the influence of

laminar shear stress on the regulation of VWF alternative and aber-

rant splicing and expression.

PB 1.44-2
Potential thiol isomerase activity of conserved CXXC
motifs in D3, D4 and C1 domains of von Willebrand
factor
Shapiro SE, Laffan MA and McKinnon TAJ

Centre for Haematology, Imperial College London, London, UK

Background: A CXXC motif constitutes the active site of thiol isome-

rases. VWF propeptide contains two CGLC motifs. Whilst the isomer-

ase activity of the propeptide has not been demonstrated directly, there

is indirect evidence that these motifs are active in the Golgi, promoting

interchain disulphide bonds to form multimers. We noted that VWF

contains 14 other CXXC sites, three of which are similar to these motifs

in the propeptide (994CGLC in D3, 2085CGIC in D4 and 2304CGLC in

C1). Because the -XX- residues are important in determining thiol

isomerase activity, we chose these three for further study. In silico anal-

ysis showed that they are conserved across domains and species. We

postulated that these motifs might either be important for the intracel-

lular synthesis of VWF or in the extracellular promotion of thiol-disul-

phide exchange suggested to meditate VWF lateral self-association.

Aims: To examine whether the conserved CG (L/I)C motifs in D3, D4

and C1 possess thiol isomerase activity by expressing recombinant

mutants and studying their structure and function.

Methods: Two complementary types of full-length VWF mutants were

made:

1 D2 replacement mutants. The D2 domain (thiol isomerase activity

essential for mutlimerisation) was replaced by either the D3 or D4

domain.

2 Glycine insertion mutants. Each motif was modified by insertion of

a glycine (to form CXGXC), which is known to disrupt thiol isom-

erase activity, creating the mutants GlyD2, GlyD3, GlyD4, GlyC1.

Additionally GlyD3 was made in the D’D3 fragment of VWF. The

constructs were expressed in HEK293T or HEK293 cells.

Results: Neither of the D2 domain replacement mutants secreted.

GlyD4 and GlyC1 secreted and showed similar expression levels, colla-

gen binding activity, and multimer pattern to wild-type (wt) recombi-

nant VWF. However they both showed a relative increase in free thiols

compared to wt VWF. When perfused over collagen, GlyD4 and

GlyC1 showed similar platelet capture to wt over a range of shear

(800–3000/s).
GlyD2 and GlyD3 were retained intracellularly, although a small

amount of GlyD2 was secreted which was largely dimeric.

Wt D’D3 expressed as a monomer, detected in both media and lysate.

Interestingly whilst GlyD3 in D’D3 did not secrete, the lysate

contained higher order oligomers which were reduced to monomers by

b-mercaptoethanol. The multimers were more marked when the intra-

cellular pH was elevated by monensin or ammonium chloride. Co-

expression with wt D’D3 did not rescue the secretion of GlyD3 in

D’D3.
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Summary: These data demonstrate that neither D3 nor D4 can substi-

tute for the D2 domain. Whilst disrupting CG (L/I)C motifs in D4 and

C1 resulted in increased free thiols, the integrity of these motifs is not

essential for secretion, normal multimer structure, static collagen bind-

ing activity or platelet binding. Conservation of D3-CGLC is essential

for secretion, suggesting that it has a critical intracellular role. The

higher order oligomers in the lysate of GlyD3 in D’D3 is compatible

with D3-CGLC regulating aberrant disulphide bond formation in the

endoplasmic reticulum. A similar role has previously been reported for

the CGLC motif in the D3 domain of submaxillary porcine mucin.

PB 1.44-3
An evaluation of the age-related quantitative and
qualitative pathophysiology of von Willebrand factor
Alb�anez S, Michels A, Sponagle K, Grabell J, James PD

and Lillicrap D

Queen’s University, Kingston, ON, Canada

Background: Plasma levels of von Willebrand factor (VWF) are influ-

enced by a variety of both genetic and environmental factors. Several

studies have shown that VWF levels increase with age, but the mecha-

nisms mediating these age-related changes are unknown.

Aim: To determine the changes in VWFduring aging in healthy humans

andmice, and to begin to characterize the underlying mechanisms.

Methods: VWF antigen (VWF:Ag), VWF propeptide (VWFpp), Fac-

tor VIII (FVIII:C), ADAMTS13 activity, platelet count, Ristocetin co-

factor (VWF:RCo) and total carbonyl content were measured in three

normal human populations comprised of 172 individuals; 52 young

(7 � 5 years), 42 middle-aged (41 � 6 years) and 78 old individuals

(70 � 7 years), similar in gender and ABO blood type. Additionally,

we measured murine VWF:Ag, VWFpp, FVIII:C and ADAMTS13

activity in a minimum of 10 normal C57BL/6 mice at 9-, 55- and 97-

weeks of age, as well as in young and old ADAMTS13 KO and VWF

KOs (9- and ≥ 55-weeks). Infusions with 200 U/kg of recombinant or

plasma-derived murine VWF were performed in young and old VWF

KO mice to evaluate VWF clearance.

Results: VWF levels increased progressively with age in humans and

mice (P < 0.0001), and no difference was observed with gender

(P = 0.55). VWF levels were positively correlated with increased

FVIII:C and reduced ADAMTS13 activity in the human population

(P < 0.0001). VWFpp levels were only increased in the old human

population (P < 0.0001), while no difference was observed in mice

throughout aging (P = 0.83). Therefore, the VWFpp/VWF:Ag ratio

decreased progressively with age in both humans and mice

(P < 0.0001), suggesting a reduction in VWF clearance. Although no

difference was observed in the clearance of recombinant mouse VWF

in young and old mice (P = 0.95), VWF glycan composition may be a

key determinant in this process as initial studies following murine pd-

VWF infusions have shown marked prolongation of the VWF half-

life. In the human population, a significant difference was observed in

the increase in VWF levels with age in individuals with blood types A

and B, compared to type O subjects (P < 0.005). In type O subjects,

VWF levels increased minimally with age. ADAMTS13 was not asso-

ciated with the increase in VWF levels, as similar levels were observed

in ADAMTS13 KO mice compared to age-matched normal mice

(P = 0.40). However, a decrease in ADAMTS13 activity with age and

the aforementioned increase in VWF levels were both positively corre-

lated with a decrease in platelet count in humans (P < 0.05). VWF lev-

els were also correlated with an increase in VWF:RCo (P < 0.0001),

however, there was no difference in the VWF:RCo/VWF:Ag ratio

between the three populations (P = 0.49). Although no correlation

was observed between VWF and total protein carbonyl levels

(P = 0.17), higher carbonyl levels were observed in older individuals

(P < 0.0005), suggesting that oxidative stress could contribute to

altered processing and function of VWF in later life.

Summary/Conclusions: Our findings suggest that the age-related

increase in VWF levels occurs progressively due, at least in part, to

reduced clearance from plasma, possibly mediated through VWF gly-

can content. The results also show that there is enhanced VWF activity

and secretion in later life.

PB 1.44-4
High-resolution, functional mapping by phage display
of VWF residues required for platelet binding
Yee A, Dai M, Meng F and Ginsburg D

University of Michigan, Ann Arbor, MI, USA

Background: Binding of von Willbrand factor (VWF) via its A1

domain to the platelet receptor, GPIb, initiates platelet-VWF interac-

tion. This interaction is influenced by the residues in and around the

A1 domain, particularly the cysteines (C1272 and C1458) responsible

for forming the intramolecular disulfide loop within the A1 domain.

Aims: To define a minimal VWF fragment required for optimal plate-

let binding and to test the effect of the C1272-C1458 disulfide bond on

platelet binding.

Methods: M13 filamentous phage libraries constructed with random

VWF cDNA fragments (400–100 bp or 300–1000 bp) were composed

of 8.6 9 105–2.7 9 106 independent clones. Accounting for VWF con-

tent (3/4), frame (1/3 at the 5′ and 3′ ends), orientation (1/2), and the

fraction of VWF fragments large enough to encompass C1272 and

C1458, these libraries were expected to display 754–2073 independent

peptide fragments of the A1 domain. Phage clones were also con-

structed to display either a wild type VWF A1 fragment, a mutant

VWF A1 fragment in which the C1272-C1458 disulfide bond was dis-

rupted by alanine substitutions (C1272/1458A), or a wild type VWF

A3 fragment. Phage libraries or phage clones screened against forma-

lin-fixed platelets were subsequently analyzed by Sanger or high-

throughput DNA sequencing.

Results: Following a single-round screen in the presence of botrocetin,

DNA sequencing of randomly selected phage clones revealed a signifi-

cant enrichment of VWF fragments containing the A1 domain (7/24,

P < 10�16). Surveying larger sample sizes of phage clones (~1x105) by
high-throughput DNA sequencing resulted in ~1.24 9 107–1.35 9 107

reads. Applying in silico filtration for VWF cDNA and for correct ori-

entation and reading frame at the VWF-phage cDNA junctions identi-

fied a minimal, overlapping VWF segment spanning V1252-C1458

(> 9-fold enrichment over pre-screened phage) and found no evidence

for VWF segments outside the A1 domain. No specific VWF frag-

ments were enriched in the absence of botrocetin. All enriched VWF

fragments encompassed C1272 and C1458, consistent with a require-

ment for formation of this intramolecular disulfide bond to confer an

optimal A1 domain structure for platelet binding. Further analyses of

a mutant VWF A1 fragment (C1272/1458A) vs. a wild type VWF A1

fragment by competitive screening against platelets in the presence of

excess VWF A3 fragment confirmed this observation. Formation of

the C1272-C1458 intramolecular disulfide bond in E. coli was verified

by western blotting.

Summary: These results demonstrate the utility of phage display for

functionally mapping VWF residues with high resolution and confirm

the importance of the C1272-C1458 intramolecular disulfide bond in

VWF-platelet interaction.

PB 1.44-5
Investigation of the effect of CLEC4M on plasma von
Willebrand factor level in the general population
Mufti A1, Lillicrap D2, Peake IR1, Goodeve AC1 and Hampshire D1

1Sheffield University, Sheffield, UK; 2Queen’s University, ON,

Canada

Background: von Willebrand factor (VWF) is a large multimeric

plasma glycoprotein with an important role in haemostasis. VWF

levels vary considerably (between 50 and 200 IU/dL in 95% of the
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general population) with low levels associated with von Willebrand

disease (VWD) while high levels are associated with increased risk of

thrombosis, stroke and myocardial infarction. Several factors have

been associated with VWF plasma level including ABO blood group,

age, and genetic variations in VWF and other novel genetic loci identi-

fied by the CHARGE genome wide association study. These include

CLEC4M which is expressed in liver endothelial cells and lymph nodes

and encodes L-SIGN, a transmembrane receptor involved in pathogen

adhesion and recognition, which binds glycosylated products. The

CLEC4M intronic single nucleotide variant (SNV; rs868875,

c.631+73A>G) and a 23 amino acid variable number tandem repeat

(VNTR; ranging from 4 to 9 repeats in size) have both been reported

to be significantly associated with VWF plasma level in the general

population and type 1 VWD patients respectively.

Aim: To further investigate the contribution of CLEC4M genetic vari-

ation on VWF plasma level in the general population.

Methods: In silico prediction tools were used to identify SNVs in

strong linkage disequilibrium (LD) with c.631+73A>G (Haploview

v4.2) and to assess the effect of CLEC4M SNV on splicing (NetGene2

and NNSPLICE v0.9). SNVs were genotyped in healthy controls (HC)

from the MCMDM-1VWD study, for whom extensive phenotypic

data (including VWF:Ag level and ABO blood group genotype) was

available. The VNTR was genotyped on an ABI 3730 and the size of

the amplified product containing the repeat determined using Peak

Scanner v1.0. The association of the SNVs and the VNTR with VWF

level was investigated using Mann–Whitney and Kruskal–Wallis tests.

Results: c.631+73A>G was not predicted to influence CLEC4M splic-

ing or L-SIGN expression. However, SNV rs2277998 (c.718G>A) in

exon 5, in perfect LD with c.631+73A>G, altered an amino acid

(p.Asp240Asn) present on the outer surface of the L-SIGN receptor

suggesting a possible influence on ligand binding sensitivity. c.718G>A
accounted for ~5% variation in VWF level in 921 genotyped HC with

the non-reference allele associated with higher plasma levels (GG:

93.0 IU/dL; GA: 96.0 IU/dL; AA: 98.0 IU/dL; P > 0.05). The VNTR

also accounted for ~5% variation in plasma level in 928 genotyped HC

when divided into small/small (4–6/4–6; 95.5 IU/dL), small/large (4–6/
7–9; 97.0 IU/dL) and large/large (7–9/7–9; 101.5 IU/dL) repeats

(P > 0.05). These observations between c.718G>A and the VNTR

with VWF level while failing to reach significance remained after cor-

recting for ABO blood group. c.718G>A and the VNTR demonstrate

~74% LD.

Conclusion: Both the VNTR and SNV in CLEC4M may account for

~5% variation in VWF plasma level within the general population.

LD between both variants may indicate a combined influence.

PB 1.44-6
Comparative pharmacokinetic analysis of 1200/500 IU
vWF/FVIII and 900/800 IU vWF/FVIII concentrate in
patient with type 3 vWillebrand disease
Nagy A, Reger B, Toth O and Losonczy H

University of Pecs, Pecs, Hungary

Background: von Willebrand disease (vWD) is the most frequently

inherited bleeding disorder, its incidence is of 1–2%. Type 3 is the most

serious form of vWD with an autosom recessive inheritance, having a

FVIII activity of < 1–2%. These patients have a haemophilia type

bleeding tendency with joint bleeds. Our type 3 vWD patient was a

46 year old caucasian male scheduled for an elective hip prosthesis sur-

gery. The baseline level of his Factor VIII procoagulant activity

(FVIII:C) and vWF Ristocetin cofactor activity (vWF:RCo) were 3%

and < 1% respectively.

Aim: For the determination of a proper dose of perioperative bleeding

prophylaxis dose, we compared the pharmakokinetics (PK) of two

plasma-derived coagulation factor concentrates composed of coagla-

tion factor VIII (FVIII) and von Willebrand factor (vWF). Concen-

trate A contains FVIII/vWF in 1: 2,4, whereas concentrate B in 1:1

ratio, similar to that of normal plasma.

Methods: Simplate II bleeding time, FVIII:C and vWF:RCo activities

were followed for 72 h. Baseline, then post bolus determinations were

done at 15, 30, 60 min, respectively thereafter each hour untill 12, then

at 24, 48 and 72 h. The wash-out period was 15 days between the

administration the two concentrates.

Results: The calculated vWF:RCo activity for achieving 100% was

97 U/kg, i.e. 3492 IU from concentrate A and B as well. The measured

peak vWF:RCo activity at 30 min after bolus infusion was 103%

(recovery: 103%) in the case of concetrate A and 117% (recov-

ery:117%) in concentrate B. The calculated activity of FVIII in the

case of concentrate A was 41.6%, in concenrate B 109%. The mea-

sured FVIII activity was 40% (recovery: 95.45%) in the case of con-

centrate A and 98% (recovery: 89%) in the concentrate B. The half-

time life of concentrates was the following: with concentrate A of

vWF:RCo was 13 h that of FVIII was 44 h. For concentrate B the

half-life of vWF:RCo was 10.5 h and that of FVIII was 48 h.

Conclusion: At both concentrates the recovery and the half-life (vWF:

RCo, FVIII) was sufficient, similar and long enough, respectively. At

concentrate B with higher FVIII level and higher peak activity, the

half-life was the same as with concentrate A, having lower FVIII level.

Both concetrates can be administered safely in the treatment of type 3

vWD. The pharmacokinetic examination is useful and advised at the

planning of a personalized treatment strategy.

PB1.45 – Anticoagulant Agents – II

PB 1.45-1
Does anticoagulant treatment duration vary by the risk
of venous thromboembolism recurrence in clinical
practice?
Kaatz S1, Fu AC2, AbuDagga A2, LaMori JL3, Bookhart BK3,

Damaraju CV4, Tan H2, Schein J3 and Nutescu E5

1Hurley Medical Center, Flint, MI; 2HealthCore Inc., Wilmington,

DE; 3Janssen Scientific Affairs, LLC, Raritan, NJ; 4Janssen

Research & Development, LLC, Raritan, NJ; 5University of Illinois

Hospital & Health Sciences System, Chicago, IL, USA

Background: Although the American College of Chest Physicians

(ACCP) guidelines on venous thromboembolism (VTE) treatment pro-

vide recommendations for anticoagulant treatment duration based on

patient-specific risk factors, it is unclear how well these recommenda-

tions are adopted in clinical practice.

Aims: This retrospective observational study examined whether antico-

agulant treatment duration varies by risk of VTE recurrence among

patients with a first observed VTE.

Methods: Data from the HealthCore Integrated Research Database, a

commercial health plan database representing 45 million US members,

were used. Study patients were identified by a first observed VTE event

between June 2007 and September 2011; all patients were na€ıve to anti-

coagulants (including warfarin, low molecular weight heparin, unfrac-

tionated heparin, and fondaparinux). The index date was the date of

the first observed VTE event. Patients who filled ≥ 1 anticoagulant

within 7 days of the index event, were ≥ 18 years old, and had

≥ 12 months pre- and post-index health plan eligibility were included.

Patients with a prior VTE event, atrial fibrillation, mechanical valve

replacements, or rivaroxaban or dabigatran use were excluded. Based

on the 8th ACCP guidelines (current at the time of this study), VTE

patients were categorized into three risk categories for anticoagulant

treatment duration: provoked VTE (secondary to a transient risk fac-

tor); VTE associated with active cancer (cancer-related); and unpro-

voked VTE. Anticoagulant treatment duration was defined as the

period from initiation to discontinuation of anticoagulant treatment,

based on prescription fills with an allowable gap of 90 days or an INR

test of every 42 days. Kaplan–Meier curves and Cox proportional

hazards models were performed to evaluate how VTE recurrence risk

categories were associated with anticoagulation duration, while
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controlling for baseline characteristics and bleeding risks (recent major

bleeding, creatinine levels > 1.2 mg/dL, anemia, cancer, clinically

overt pulmonary embolism, and age > 75 years).

Results: A total of 2002 patients were identified (52.3% males, mean

age 57 � 15 years), including: 21.4% provoked, 16.4% cancer-related,

and 62.1% unprovoked VTE. The average anticoagulant treatment

duration was 306 � 269 days (mean follow-up period:

734 � 245 days). A total of 20.2%, 22.0%, and 24.9% of patients dis-

continued anticoagulant therapy within 90, 180, and 365 days, respec-

tively. Patients with provoked, cancer-related, and unprovoked VTE

had anticoagulant treatment durations of: 266 � 243, 309 � 277, and

319 � 275 days, respectively. After adjusting for demographics and

clinical characteristics, provoked and cancer-related VTE patients

were 30% (95% CI: 12–52%, P < 0.001) and 35% (95% CI: 6–71%,

P = 0.037) more likely to discontinue anticoagulants than were unpro-

voked VTE patients, respectively. No differences were observed

between provoked and cancer-related VTE patients.

Summary/Conclusion: The observed anticoagulation duration for VTE

in clinical practice may not be concordant with guidelines, which rec-

ommend a longer duration of anticoagulant treatment for cancer-

related and unprovoked VTE and a shorter duration for provoked

VTE. While patients with unprovoked VTE had the longest treatment

duration, the average length of therapy was only about 2 months

longer compared with provoked VTE. Moreover, cancer-related VTE

did not have a discernibly longer treatment duration than provoked

VTE. Further studies are needed to explore potential reasons.

PB 1.45-2
Differential stimulation of fibrinolysis by vitamin
K-antagonists alone and associated with low-
molecular-weight heparin
Colucci M1, Galasso R1, Incampo F1, Carrieri C1, Marino R2,

Ettorre CP2 and Semeraro N1

1University of Bari; 2Policlinico, Bari, Italy

Background and Aim: Treatment with Vitamin K antagonists (VKA)

has been shown to reduce fibrinolytic resistance of blood and plasma

clots through the inhibition of thrombin-mediated TAFI activation.

Because low-molecular weight heparin (LMWH) is co-administered

with VKA during initiation of anticoagulant treatment, we evaluated

the impact of LMWH and VKA combination on fibrinolytic resis-

tance.

Patients and Methods: Three different groups were studied: (i) patients

on stable warfarin treatment for more than 1 month (n = 35);(ii)

patients starting oral anticoagulant therapy, who were evaluated both

during the co-administration of enoxaparin and warfarin and 3–
10 days after the withdrawal of enoxaparin (n = 30); 3) healthy sub-

jects (n = 15). In patient groups, only the samples with an INR > 2

were considered. The resistance of tissue factor-induced clots to t-PA-

induced fibrinolysis was evaluated in blood and plasma by thrombo-

elastography (TEG) and turbidimetry, respectively. Results were

expressed as fibrinolysis time.

Results: In healthy subjects, the median fibrinolysis time of blood clots

(TEG) was 42 min [IQR: 36–58]. Patients on VKA only displayed a

significantly shorter fibrinolysis time (P < 0.001), regardless of

whether they were in group 1 (32 min [27–37]) or group 2 (32 min [26–
39]). In patients receiving VKA and enoxaparin, fibrinolysis time

amounted to 24 min [14–29] and was significantly shorter than the val-

ues recorded in the same patients after enoxaparin withdrawal and in

patients on stable warfarin (P < 0.005). INR values were similar in all

patient groups (2.7 [2.4–3.1]). Moreover, there were no differences in

red blood cells, hematocrit, leucocytes and platelets. Concerning other

TEG parameters, the clotting time (R) was slightly longer under dual

anticoagulant treatment as compared to VKA only (8.8 min [7.3–12.2]
vs. 7.6 min [6.0–8.9], P = 0.03) whereas the maximal amplitude was

visibly smaller (22.5 mm [8.3–34] vs. 34.7 mm [27–42], P = 0.0003),

suggesting that co-administration of enoxaparin markedly reduced

clot strength. Thrombin generation assay in platelet-poor plasma

showed that dual anticoagulation had no effect on lag time as com-

pared to VKA only (7.0 min [6.3–9.8] vs. 7.3 min [5.4–9.9]) but

reduced both the thrombin peak (22.4 nM [5.7–42] vs. 69 nM [41–
101], P < 0.0001) and ETP (442 nM*min [35–590] vs. 559 nM*min

[439–727], P = 0.01). Rather surprisingly, fibrinolysis time of plasma

clots, at variance with blood clots, was similar in patients receiving en-

oxaparin+VKA and VKA only (47 min [44–56] vs. 56 min [46–66],
P = 0.08). Most likely, thrombin generation in these groups was below

the threshold concentration required to activate anti-fibrinolytic

amounts of TAFI, as suggested by the fact that PTCI, a specific inhibi-

tor of TAFIa, did not shorten the fibrinolysis time in either group.

Conclusions: These data show that the co-administration of LMWH in

patients under VKA treatment has a marked effect on the fibrinolytic

resistance of blood but not plasma clots, suggesting a cell-mediated

mechanism. Further studies are warranted to assess the clinical impli-

cations of these findings.

PB 1.45-3
Evaluation and introduction of direct thrombin
inhibitor assay to assess dabigatran anticoagulant
effect in patients undergoing direct current
cardioversion
Needham J, Lewis H, Lock J, Brookes C and Rangarajan S

Hampshire Hospitals NHS Foundation Trust, Basingstoke, UK

Background: Oral direct thrombin inhibitors (DTI) are now increas-

ingly being used in clinical practice as anticoagulant of choice in reduc-

ing thrombotic risk. Whilst outcome of clinical trials negates

requirement for regular monitoring in there are clinical situations

where assessment of DTI anticoagulant activity is required to ensure

adequate anticoagulation and assessment in bleeding complications.

Traditionally patients undergoing direct current cardiversion (DCCV)

would require warfarin prior to procedure to reduce the risks of

thrombo-embolism, however this is associated with need for monitor-

ing and frequent cancellation of DCCV if not in range. The use of da-

bigatran following risk assessment offers advantages over warfarin

both in procedure scheduling and monitoring removal. Patients were

prescribed a standard dose of dabigatran150 mg bd unless contraindi-

cated.

Aims: To evaluate and establish a quantitative assay for measuring the

anti-IIa activity of the DTI dabigatran and to assess the presence of an

anticoagulant effect in patients, prior to undergoing DCCV.

Methods: Biophen DTI chromogenic assay (DTIChr) and the Hemo-

clot Thrombin Inhibitors clotting assay (DTICt – Hyphen BioMed)

for dabigatran were established and optimised on the Destiny Max

coagulation analyser (Stago). Citrated samples (n = 28) were collected

as part of routine pre-operative assessment from dabigatran patients

prior to undergoing DCCV. Activated partial thromboplastin time

(APTT) using TriniCLOT aPTT HS (Stago) and thrombin time (TT)

using TriniCLOT thrombin time (Stago) were performed. Plasma was

frozen and DTI assays were performed in batches. Samples were col-

lected randomly prior to DCCV which commenced 4–6 h post last

dose of dabigatran provided prolongation of TT and APTT.

Results: There was good correlation between the APTT and DTIChr

r = 0.92 (r2 = 0.84) and DTICt r = 0.90 (r2 = 0.80) and between the

DTIChr and DTICt r = 0.97 (r2 = 0.95) although DTICt gave lower

results (median = 0.19 and 0.09 respectively) there was no statically

significant difference P = 0.21. The TT was over sensitive with ‘no

clot’ detected above levels of 0.03 lg/mL. The DTIChr had greater

sensitivity to both low and high levels of dabigatran compared to the

DTICt. Within the patient group lowest level detectable was 0.03 lg/
mL by DTIChr, APTT and TT, however TT at this level was > 180s.

The APTT below 0.03 lg/mL gave a normal clotting time. Dabigatran

concentration in patient group ranged from 0.0 to 0.52 lg/mL with
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mean 0.16 lg/mL. At time of testing based on PETRO trial data for

maximum and trough levels of dabigatran 90.5% by DTIChr and

81.0% by DTICt were in the range 0.03–0.44 lg/mL with correspond-

ing APTT and TT times.

Summary/Conclusions: APTT prolongation demonstrated a dose

response in patients that had detectable levels of dabigatran by the

DTIChr and would provide a rapid test for anticoagulant effect. TT

can also be used but is oversensitive. The DTIChr offers improved sen-

sitivity for quantifying dabigatran effect over a wide dose range. To

minimise cancelling DCCV, testing prior to day of procedure 4–6 h

post dose would potentially identify patients with no anticoagulant

effect and establish a dabigatran dose range for procedure.

PB 1.45-4
Outcome of patients treated with plasma or
prothrombin complex concentrates for warfarin related
intracerebral hemorrhage
Majeed A1, Meijer K2, Larrazabal R3, Arnberg F1, Roberts RS3

and Schulman S3

1Karolinska Institutet, Stockholm, Sweden; 2University Medical

Center, Groningen, The Netherlands; 3HGH, McMaster

University, Hamilton, ON, Canada

Background: Prothrombin complex concentrates (PCC) can rapidly

normalize prolonged prothrombin time, induced by vitamin K antago-

nists (VKA). It is unclear whether this rapid reversal of VKA coagul-

opathy would lead to improved survival compared to transfusion of

plasma in patients with warfarin-related intracerebral hemorrhage.

Aims: To investigate whether the use of PCC improves the outcome of

patients with warfarin-related intracerebral hemorrhage as compared

to plasma.

Methods: We conducted a retrospective study at three centers in as

many countries (Canada, The Netherlands and Sweden). We included

consecutive patients with warfarin-related intracerebral hemorrhage

treated either with plasma (mainly in Canada) or PCC (The Nether-

lands and Sweden) for the reversal of the anticoagulant effect of warfa-

rin between 2002 and 2010. Data on age, sex, indication for

anticoagulation, concomitant antiplatelet therapy, diabetes, and inter-

national normalized ratio (INR) on admission were collected. The vol-

ume of intracerebral hematoma was calculated from the first

computed tomography (CT) scan. Bleeding localization, intraventricu-

lar hematoma extension and surgical evacuation were also docu-

mented. The unadjusted and adjusted odds ratio for 30-day all cause

mortality in both treatment groups was calculated using logistic

regression.

Results: Patients who received plasma (N = 35) had a significantly

higher prevalence of diabetes, more concomitant use of antiplatelet

therapy, and more frequent intraventricular hemorrhage on the initial

CT scans as compared to patients who received PCC (N = 100). The

median INR on admission was 3.0 (interquartile range 2.4–3.9) The
volume of intracerebral hematoma was larger in the group treated with

a median of 4 units of plasma compared to the group treated with a

median of 1750 units PCC (hematoma, median 37.1 vs. 22.9 cm3;

P = 0.063). The unadjusted odds ratio for all-cause 30-day mortality

in the PCC group was 0.40 (95% confidence interval, 0.18–0.87;
P = 0.021) compared to the plasma group. After adjusting for the

hematoma volume, bleeding localization and age, the effect of PCC on

mortality became non-significant.

Conclusion: Treatment with PCC for warfarin reversal in patients with

intracerebral hemorrhage does not seem to reduce the 30-day all cause

mortality compared to plasma. Further studies are needed to clarify

whether certain subsets of patients might benefit from warfarin rever-

sal with PCC.

Keywords: warfarin, intracerebral hemorrhage, prothrombin complex

concentrates, plasma.

PB 1.45-5
Therapeutic concentrations of dabigatran inhibit factor
XIa
Kluft C1, Van Leuven K1, Laterveer R1 and Burggraaf J2

1Good Biomarker Sciences; 2Centre of Human Drug Research,

Leiden, The Netherlands

Background: As the thrombin inhibitor dabigatran inhibits APTT

(two-fold increase at 250 ng/mL dabigatran) stronger than it inhibits

PT (two-fold increase at 465 ng/mL dabigatran), we suspected addi-

tional effects to thrombin, particularly on enzymes of the intrinsic

coagulation pathway.

Aims: Therefore we evaluated possible pleiotropic effects of dabigatran

in vitro.

Methods: Purified enzymes were purchased and measured on their

advised chromogenic substrate. A factor Xa generation assay using

plasma was developed, excluding thrombin participation by adding

excess hirudin. The test was started with micronized silica and cal-

cium/lipids. Thrombin generation was done with the TGA-RCH�

from Technoclone.

Results: Inhibition tests with purified enzymes of the intrinsic coagula-

tion pathway using chromogenic substrates showed that dabigatran

only significantly inhibited factor XIa and not factor XIIa, kallikrein

or factor IXa. The inhibition of factor XIa (Ki = 1400 ng/mL) was

well above the therapeutic range of dabigatran. We subsequently uti-

lized the Xa-generation test using contact activation of whole plasma

for factor XIa generation to investigate more of its physiological roles

such as reciprocal activation of factor XII, while in complex with

HMW-kininogen. The chromogenic test excluded thrombin involve-

ment by excess hirudin, and this was confirmed by benchmarking the

test with prothrombin deficient plasma. The Xa-generation test

showed a Xa peak which was confirmed by using factor X- and factor

IX-deficient plasma, showing inhibition by rivaroxaban, and the pro-

duction of a similar Xa peak when purified factor IXa was used as

starter.

Addition of dabigatran showed a dose dependent shift in time to peak

and in peak level with an IC50 for peak height of 450 ng/mL. Reduc-

ing factor XI level by mixing depleted plasma with normal plasma

showed a delayed and lower factor Xa peak with IC50 at 10% factor

XI. When using the thrombin generation test, dabigatran (IC50:

420 ng/mL) caused significant peak reduction, while this could not be

achieved with hirudin and bivalirudin at comparable concentrations.

Summary/Conclusion: Dabigatran in therapeutic concentrations

showed in vitro significant inhibition of factor XIa in factor Xa genera-

tion with an IC50 for FXI inhibition equivalent to 10% residual factor

XI function. This inhibition is similar to peak reduction in the TGT

test confirming inhibition potency of around 400–450 ng/mL dabiga-

tran. Although the inhibition of factor XIa in vitro may not represent

the actual inhibition in the clinic, the additional effect of therapeutic

concentrations of dabigatran on factor XIa may be physiologically rel-

evant. This may regard efficacy and bleeding as observed in patients

with factor XI deficiency and should be investigated further.

PB 1.45-6
Assessment of dabigatran activity using the activated
clotting time assay with concomitant heparin in vitro:
comparison of two different point of care tests
Van Ryn J, Schurer J and Clemens A

Boehringer Ingelheim Pharma GmbH & Co KG, Biberach,

Germany

Background: Intraprocedural anticoagulation (AC) in patients receiv-

ing dabigatran or warfarin is achieved using unfractionated heparin

(UFH), with or without discontinuation of the oral anticoagulant. The

level of AC during procedures such as catheter ablation or angioplasty

is usually monitored using activated clotting time (ACT). These assays
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have been validated for use with heparins, however, it is unknown if

the combination of dabigatran and heparin has additive effects on

clotting time as shown by these assays.

Aims: The purpose of this study was to determine whether there is an

interaction between dabigatran and unfractionated heparin (UFH) in

ACT assays as measured by commonly used PoC systems.

Methods: Human whole blood (no anticoagulant) from healthy volun-

teers (n = 4) was obtained and increasing concentrations of heparin

(UFH, 0.5–2 U/mL, ratiopharm�), dabigatran (125–500 ng/mL) or a

combination was added. Samples were immediately tested in Hemo-

chron Signature Elite�, Hemochron Response� or i-Stat� Point of

Care (PoC) systems, using both kaolin and celite ACT assays. Assay

results were obtained in seconds, and additive effects of known

amounts of heparin and dabigatran were compared to each alone.

Results: Baseline clotting ranged between 115 and 122 s for kaolin

tests and 124–125 s for celite-based tests. There was a concentration-

dependent increase in all PoC assays with increasing concentrations of

dabigatran and UFH alone, with i-Stat kaolin assay showing the

greatest sensitivity to dabigatran (ratio of 3.8 and 5.1 over baseline,

respectively, for 500 ng/mL dabigatran and 2 U/mL UFH). When da-

bigatran and UFH were combined in whole blood, measured increases

were similar to the calculated additive effect when each was measured

alone. At the lower concentration of UFH (0.5 U/mL), dabigatran

activity tended to be slightly overestimated. At 1 and 2 U/mL UFH,

this effect was no longer seen.

Conclusions: This study shows there is minimal interaction between

UFH and dabigatran in vitro in these PoC assays. These results suggest

that additive AC activity can be measured via ACT in dabigatran-trea-

ted patients given UFH, i.e. during intraprocedural AC. However PoC

test results with concomitant warfarin and UFH treatment may

respond differently than dabigatran and UFH. Particularly if dabiga-

tran is stopped before the intervention, more UFH may be required to

achieve a similar level of AC than in warfarin-treated patients due to

the shorter half life of dabigatran.

PB1.46 – Anticoagulant agents – III

PB 1.46-1
Oral and parenteral antithrombotic agents
differentially inhibit tissue factor mediated generation
of thrombin in prothrombin complex concentrates
Fareed J, Kahn D, Hoppensteadt D, Jeske W, Walenga JM

and DeChristopher PH

Loyola University Medical Center, Maywood, IL, USA

Introduction: Several parenteral (hirudin, angiomax, argatroban) and

oral antithrombin agents (ximelagatran and dabigatran) have been

developed for various clinical indications. While the parenteral agents

do not require any endogenous activation, the oral agents do require

activation. Both groups of these agents inhibit thrombin at varying

intensities. However their effects on the generation of thrombin are

not fully explored. All of these agents have been reported to be weaker

inhibitors of thrombin generation. The purpose of this investigation

was to differentiate between the parenteral and oral thrombin inhibi-

tors in biochemically defined systems.

Materials: Hirudin, Angiomax and bivalirudin were obtained from

commercial sources. The active form of dabigatran exetilate was

obtained from Selleckchem (Houston, TX) whereas the melatagran

was of synthetic origin. All agents were reconstituted at 100 lg/mL.

Cofact brand of prothrombin complex concentrate (PCC) was pur-

chased from Biotest (Drerich, Germany) and reconstituted to 10 U/

mL. Recombiplastin was purchased from Instrumentation Labora-

tory. The PCC was supplemented with recombiplastin and the gener-

ated thrombin and other cleavage products were evaluated using a

SELDI-TOF mass spectrometer method and immunoblotting tech-

niques using anti-bovine thrombin antibodies. To investigate the

effects of various thrombin inhibitors, each agent was added to the

PCC prior to the recombiplastin activation at graded concentrations

of 20, 200 and 2000 ng/mL. Saline was used as a control. The reaction

was stopped at 15 min with the addition of EDTA and the mass spec-

trometeric profile was carried out using the gold chip in the molecular

weight range of 3.0–150 kDa. Western blot analysis was carried out to

determine the generation of thrombin and activation products.

Results: The native Cofact showed a single distinct band at 71 kDa

representing prothrombin whereas upon activation with recombipla-

stin the 71kDa peak disappeared and a prominent peak at 36 kDa rep-

resenting thrombin appeared. Parenteral thrombin inhibitors did not

inhibit the generation of thrombin at any concentration. Similarly, da-

bigatran and melagatran failed to inhibit the generation of thrombin,

however in addition to the thrombin peak (36 kDa) an additional peak

at 50 kDa was generated representing prethrombin. The western blot

analysis was consistent with the SELDI-TOF analysis. An additional

biomarker peak in activated Cofact at 12.6 kDa was generated and

was absent from the native Cofact. This peak was also present in all of

the parenteral and oral thrombin inhibitors supplemented mixtures.

Conclusion: These studies demonstrate that upon activation with TF,

PCCs such as the Cofact can be activated into thrombin and other

activation products. Furthermore, the oral thrombin inhibitors differ

from the parenteral thrombin inhibitors and result in the generation of

prethrombin along with thrombin. Thus besides being a weaker inhibi-

tor of thrombin generation, dabigatran and melagatran facilitate the

formation of prethrombin. This differentiation between the parenteral

and oral thrombin inhibitors may impact on the safety and efficacy of

these agents in the management of anticoagulation.

PB 1.46-2
Evaluation of edoxaban in Japanese patients with
severe renal impairment undergoing lower-limb
orthopedic surgery
Fuji T1, Fujita S2, Abe Y3, Tachibana S4 and Kawai Y5

1Osaka Koseinenkin Hospital, Osaka; 2Takarazuka Daiichi

Hospital, Takarazuka; 3Kumamoto Chuo Hospital, Kumamoto;
4Mishuku Hospital; 5International University of Health and

Welfare, Tokyo, Japan

Background: There are limited therapeutic options in Japan for pre-

vention of venous thromboembolism (VTE) in patients with severe

renal impairment (SRI; creatinine clearance [CLCR] ≥ 15–< 30 mL/

min) undergoing lower-limb orthopedic surgery (LLOS) such as total

knee arthroplasty (TKA), total hip arthroplasty (THA) and hip frac-

ture surgery (HFS). Edoxaban, an oral direct factor Xa inhibitor, is

approved in Japan for VTE prevention in patients undergoing LLOS

(TKA, THA, HFS), but contraindicated in those with SRI.

Aims: Compare the safety and pharmacokinetics of edoxaban 15 mg

in Japanese patients with SRI with that of edoxaban 30 mg in patients

with mild renal impairment (MiRI; CLCR ≥ 50–≤ 80 mL/min) and of

fondaparinux 1.5 mg in patients with SRI (CLCR ≥ 20 to < 30 mL/

min) undergoing LLOS.

Methods: Patients ≥ 20 years of age undergoing unilateral LLOS with

SRI or MiRI were enrolled in this open-label study. Patients undergo-

ing or planning to undergo hemodialysis, at risk for bleeding or VTE,

receiving antithrombotic therapy, evidence of hepatic dysfunction or

unable to take oral medication were excluded. Patients with CLCR

≥ 20 to < 30 mL/min were randomized to edoxaban 15 mg or fonda-

parinux 1.5 mg once-daily (QD). All patients with CLCR ≥ 15–
< 20 mL/min received edoxaban 15 mg. Patients with MiRI received

edoxaban 30 mg. Treatments were administered for 11–14 days.

Blood samples for measurement of plasma drug concentrations and

determination of prothrombin time (PT) were collected on treatment

Day 7 and treatment completion day at pre-dose, 1–3 and 4–8 h post-

dose. Safety endpoints included incidence of major bleeding, clinically
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relevant non-major (CRNM) bleeding, any bleeding event, and

adverse events (AEs).

Results: Of 80 patients enrolled, 29 received edoxaban 15 mg, 21

fondaparinux 1.5 mg, and 30 edoxaban 30 mg; 74 completed the study

(45 SRI and 29 MiRI). Most patients were female (91%). Mean age

was 88, 86, and 78 years, mean body weight was 43, 46, and 55 kg,

and median CLCR was 26.15, 26.17, and 62.71 mL/min, for edoxaban

15 mg, fondaparinux 1.5 mg, and edoxaban 30 mg, respectively. On

Day 7, plasma concentrations of edoxaban and PT ratios overlapped

between the SRI and MiRI groups. Any bleeding event occurred in 6

(20.7%), 8 (40.0%), and 10 (33.3%) patients in the edoxaban 15 mg,

fondaparinux 1.5 mg, and edoxaban 30 mg groups, respectively. No

major bleeding events occurred in any treatment group. CRNM bleed-

ing occurred in 1 (3.4%), 1 (5.0%), and 2 (6.7%) patients in the edox-

aban 15 mg, fondaparinux 1.5 mg, and edoxaban 30 mg groups,

respectively. The incidence and nature of adverse events other than

bleeding events was comparable among the treatment groups. No seri-

ous AE was considered related to study drug and the majority

occurred after completion of treatment.

Summary/Conclusions: These results suggest that edoxaban 15 mg QD

appears to be safe and may be a therapeutic option in Japanese

patients with SRI undergoing LLOS.

PB 1.46-3
Clinical profile of patients with low quality of oral
anticoagulation in regular medical care
Coldewey M1, Keller K1, Hendelmeier M1, Prochaska J1,

Sebastian G2, Lamparter H1, Ullmann A1, Walter U1, Munzel T1

and Wild P1

1University Medical Center of Mainz; 2German Center for

Cardiovascular Research, Mainz, Germany

Background: Vitamin-K antagonists (VKA) are frequently used to pre-

vent or treat thromboembolism. Thereby the time in therapeutic range

of anticoagulation is a marker of quality of anticoagulation.

Aims: We investigated the clinical profile of patients with low quality

of anticoagulation with vitamin-K antagonists.

Methods: In the observational, multi-center thrombEVAL-trial,

patients treated with VKA in regular medical care for at least

4 months were eligible. The clinical status was recorded and quality

of therapy assessed by the individual time in therapeutic range

(TTR), excluding phase of initiation. Data were obtained by a clinical

visit, from medical reports and anticoagulation pass. Subjects with

adequate documentation of INR measurements were included into

analysis.

Results: The sample (N = 892) was split into subgroups with low qual-

ity (N = 298) and normal or high quality (N = 594) of OAC by the

lowest vs. the two upper tertiles of TTR. The cutoff for TTR was

56.7%. There was no difference in indications for OAC in both

groups. Subjects with low quality were older at initiation of therapy

(66.03 vs. 64.24 years, P = 0.048) and had shorter measurement inter-

vals (14.8 vs. 17.5 days, P = 0.0033). They had more diabetes and less

frequently a positive family history of MI or stroke. Diabetes was

independently associated with low quality (OR 1.15 [1.1, 2.0],

P = 0.012) in a logistic regression model adjusted for all classical risk

factors. The Charlson comorbidity index was significantly higher in

patients with low quality than in all others (3.5 � 2.8 vs. 2.8 � 2.5,

P = 0.00036). Low quality was independently associated with chronic

kidney disease (OR 1.5 [1.1, 2.2], P = 0.014), heart failure (OR 1.4

[1.0, 1.9], P = 0.031), and COPD (OR 1.4 [1.0, 2.0], P = 0.047). In this

survivor cohort, bleeding events were more often reported in low qual-

ity (Rate ratio 1.32 [1.08, 1.61], P = 0.00058), whereas no difference

was present in thromboembolic events (P = 0.42).

Conclusion: For clinical practice, lower quality of oral anticoagulation

should be considered in patients with diabetes and a larger number of

comorbidities, especially chronic kidney disease, heart failure and

COPD.

PB 1.46-4
Low intensity and good-controlled anticoagulant
therapy can prevent thromboembolism but cannot
reduce bleeding in AF patients with both hemodialysis
and mechanical valve replacement
Murasaki KM, Shimatani Y, Uetsuka Y and Nobuhisa H

Tokyo Women’s Medical University, Tokyo, Japan

Background: The prevalence of atrial fibrillation (AF) in end-stage

renal failure is high, with an increased risk of thromboembolism and

bleeding. However, there is little evidence that assess the real risk/ben-

efit of anticoagulation in patients with severe renal impairment. Never-

theless there is an AF population that is required life-long

anticoagulation due to mechanical heart-valve replacement. However,

patients on hemodialysis (HD) may not derive the same benefit from

warfarin as the general population. There might be a prompt answer

to anticoagulant therapy in AF patients with end-stage renal failure

for now.

Aims: The aim of this study is to clarify whether low intensity antico-

agulant therapy and good controlled anticoagulant therapy can pre-

vent thrombotic and reduce bleeding events in AF patients with both

hemodialysis and mechanical valve replacement.

Methods: To evaluate the risk of thromboembolic events (TEs) and

ISTH major bleeding events (BEs) of Japanese patients on Hemodialy-

sis (HD), 22 consecutive AF patients on HD underwent mechanical

valve replacement operations were evaluated. From the same institute

mechanical valve replacement of 550 patients, we randomly sampled a

control non HD group of 44 patients, frequency matched to the cases

by age, sex, other risk factors and calendar year. A nested case-control

analysis assessed the risk of these events. Target PT-INR was set 1.5–
2.5 according to Japanese guidelines for high risk of bleeding.

Results: Patients were followed up for a mean of 6.6 years. TTR for

HD group was 76.8% and non-HD group was 78.2%. There were four

TEs and nine BEs (ICH1, GI bleeding 8) in HD group. There was no

significant association between TEs (2.0, 95% CI 0.30–13.3) between
both groups. However, compared with non HD patients, patients with

HD had a significantly increased risk of bleeding (risk ratio 4.0, 95%

CI 1.10–14.50). The five-year survival of HD group was 66%. This rate

is superior to those of generall hemodialysis patients in Japan.

Conclusion: In this well-controlled and low anticoagulant intensity,

AF patients with HD have similar risk for TEs, but have significantly

increased risk of BEs compared with non-HD patients. HD group

have a good life expectancy compared with general hemodialysis

patients without heart valve replacement.

Close and careful anticoagulant control should be needed in order to

avoid thromboembolism and bleeding in patients with end-stage renal

failure and mechanical valve replacement.

PB 1.46-5
Increased anticoagulant response to drugs targeting
thrombin, but not to drugs targeting FXa, in plasma
from patients with cirrhosis
Potze W, Arshad F, Adelmeijer J, Blokzijl H, Van Den Berg AP,

Porte RJ and Lisman T

UMCG, Groningen, The Netherlands

Background: Chronic liver disease was previously considered as the

prototype of acquired coagulopathy responsible for bleeding because

of a decreased number and function of platelets, decreased synthesis of

coagulation factors by the diseased liver, and hyperfibrinolysis.

Recently, laboratory studies and clinical observations have provided

evidence for a rebalanced hemostatic status in patients with chronic

liver disease due to a concomitant decline in pro- and antihemostatic

proteins. However, this balance can be easily tipped over to a hyperco-

agulable or a hypocoagulable state with the risk of both bleeding

complications and clinical thrombotic events. In fact, treatment and
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prevention for thrombotic complications is frequently required. Never-

theless, patients with liver disease are often withheld from anticoagu-

lant therapy, because of the perceived bleeding diathesis and as a

result of the limited clinical experience the anticoagulant of choice for

the various indications is still not known. A recent study demonstrated

an increased anticoagulant response to low molecular weight heparin

in plasma from patients with cirrhosis. This potentially increased

response of cirrhotic patients to anticoagulant drugs may require dose

adjustments to prevent unwanted bleeding complications.

Aims: Here we evaluated the in vitro effect of clinically approved anti-

coagulant drugs in plasma from cirrhotic patients at different stages of

liver disease.

Methods: We studied the anticoagulant potency of antithrombotic

drugs by performing thrombin generation tests (Calibrated Automated

Thrombinography) in the presence of thrombomodulin, which allows

the evaluation of the balance between pro- and anticoagulant factors

in plasma. Thirty patients with cirrhosis (10 with mild, 10 with moder-

ate, and 10 with severe disease) and 30 healthy controls were studied.

The study was approved by the local medical ethical committee

(METc 2012/122 Nl40435.042.12) and informed consent was obtained

from all subjects. Thrombin generation was determined before and

after addition of unfractionated heparin (0.1 U/mL), low molecular

weight heparin (0.2 U/mL), fondaparinux (0.5 lg/mL), dabigatran

(300 ng/mL), and rivaroxaban (25 ng/mL).

Results: We observed an increased anticoagulant response in plasma

from cirrhotic patients to anticoagulants targeting thrombin. The

endogenous thrombin potential was reduced by 85.7 � 8.5% by hepa-

rin in patients, and a 79.6 � 10.8% reduction was observed in controls

(P = 0.038). Addition of dabigatran led to a much more pronounced

reduction in peak thrombin generation in patients compared to con-

trols (69.6 � 26.6% reduction in patients vs. �3.3 � 27.8% reduction

in controls, P < 0.0001). The enhanced effects of both drugs on throm-

bin generation were proportional to the severity of disease. In contrast,

a similar anticoagulant response to low molecular weight heparin and

even a reduced response to fondaparinux and rivaroxaban, which

exclusively target factor Xa, was observed in plasma from cirrhotic

patients as compared to control plasma.

Conclusions: We observed an increased anticoagulant response to

drugs targeting thrombin in plasma from patients with cirrhosis. Fur-

thermore, in contrast to a recently published study, we observed no

increased response to drugs targeting factor Xa. These results may

imply that drugs targeting factor Xa are the drugs of choice for pre-

vention and treatment of thrombotic complications in cirrhotic

patients.

PB 1.46-6
Risk factors for suboptimal efficacy of 3-factor
prothrombin complex concentrates in emergency
reversal of anticoagulation with vitamin K antagonists
in patients with major bleeding
Dentali F1, Imberti D2, Tamborini Permunian E3, Croci E4

and Ageno W3

1University of Insubria, Varese; 2Hospital of Piacenza, Piacenza;
3Insubria University, Varese; 4Piacenza Hospital, Piacenza, Italy

Background: Three-factor prothrombin complex concentrates (PCC)

are commonly used for reversal of international normalized ratio

(INR) in patients who are bleeding or require emergency surgery.

However, there is little information regarding the optimal dosing strat-

egy for achieving adequate INR reversal.

Aim of the Study: To investigate potential risk factors for suboptimal

efficacy of 3-factor prothrombin complex concentrates in emergency

reversal of anticoagulation with vitamin K antagonists in patients with

major bleeding.

Methods: Patients receiving VKAs and suffering from acute major

bleeding were eligible for this study if their international normalized

ratio (INR) was higher than or equal to 2.0. Stratified 35–50 IU/kg

PCC doses were infused based on initial INR. Patients may also be

treated with intravenous infusion of vitamin K. INR was controlled

within 30 min from the infusion of PCC. Characteristics of patients

who had an adequate INR reversal (INR ≤ 1.5) and inadequate INR

reversal were compared.

Results: One hundred and seventy-three patients (mean age

77.46 years, range 34–97 years, 100 males) were included in the study.

Main indication for anticoagulation was atrial fibrillation. Mean INR

at the time of inclusion was 3.74 (range 2.01–12.80). After PCC admin-

istration the mean INR was reduced to 1.51 (range 0.94–3.96), 163
(94.2%) had the INR a < 2.00 and 109 patients (63.0%) had the INR

< 1.5. Intravenous vitamin K was used in 147 patients. At the univari-

ate analysis INR value at the time of inclusion, use of intravenous vita-

min K, major bleeding site and cause of bleeding were associated with

rate of success in the INR reversal. At multivariate analysis only high

baseline INR values (> 3.74) (OR 3.78, 95% CI 1.71, 8.32) and the

non-use of intravenous vitamin K (OR 2.98, 95% CI 1.22, 7.33) were

significantly associated with a suboptimal INR reversal (INR > 1.5).

Conclusion: our study confirms a general efficacy of 3-factors PCC in

correcting INR in patients treated with VKAs with a major bleeding

complication. Use of intravenous vitamin K increases the efficacy of

PCCs Conversely in patients with a high INR 3-factors, PCC seems to

have a suboptimal efficacy in correcting supratherapeutic INR. Future

studies are necessary to evaluate the best treatment of this subgroup of

patients.

PB1.47 – Anticoagulant Agents – IV

PB 1.47-1
Patients with atrial fibrillation undergoing PCI and
subsequent triple therapy with aspirin, clopidogrel and
VKA – results from a single center retrospective study
Kaiser M, Hehrlein C, Bode C and Ahrens I

Heart Center Freiburg University, Freiburg, Germany

Background and Aims: Patients with atrial fibrillation (AF) are of

increased risk for stroke and systemic embolism and often have con-

comitant coronary artery disease (CAD). In many of these patients

bleeding risk correlates with the risk of stroke according to the

CHA2DS2VASc and HASBLED score systems. Current clinical prac-

tice in patients with AF and CAD undergoing percutaneous coronary

interventions (PCI) with stent implantation involves dual antiplatelet

therapy and the continuation of oral anticoagulation. Although gener-

ally perceived as a high bleeding risk population, there is uncertainty

about the bleeding rates in these patients. Furthermore the necessity

and duration of triple therapy are currently the topic of an intensive

debate. We analyzed subsequent patients treated with PCI and stent

followed by triple therapy who were admitted to a university hospital

medical center (2000 until 2011).

Methods: The fulltext inpatient and cathlab database including dis-

charge summaries and cathlab reports were screened for the key words

PCI, Stent, Aspirin, Clopidogrel, and Phenprocouomon (Marcumar).

We identified 88 patients that received aspirin, clopidogrel and oral

anticoagulation with phenprocoumon for at least 4 weeks following

stent implantation and for whom follow up within the inpatient data-

base was available. CHA2DS2VASc and HASBLED scores were cal-

culated on the basis of the current patient diagnosis at the time of the

index PCI. Major bleeding events were defined as gastrointestinal, pul-

monary, retroperitoneal, intracerebral, intraocular or intraarticular

bleeding.

Results: Out of the 88 patients, 72% received triple therapy because of

AF and 28% received triple therapy for other reasons (including mark-

edly reduced ejection fraction, left ventricular thrombus and pulmo-

nary embolism). Fifty-five percent of all patients had persistent and

17% had intermittent AF at the time of the index PCI. The mean

CHA2DS2VASc and HASBLED scores of the patients receiving triple
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therapy were 3.3 and 2.7 respectively. Forty-four percent of the

patients had a reduced renal function (GFR < 60 mL/min). The mean

duration of triple therapy was 17.3 weeks. During this period there

was no stent thrombosis or target vessel revascularization in the

observed population. Major bleeding occurred in 9.1% of all patients,

while gastrointestinal bleedings were the most frequent bleeding events

(5.7%) of all patients on triple therapy followed by pulmonary bleed-

ings (3.4%). No intracerebral bleedings were observed in the studied

population.

Conclusion: Triple therapy consisting of dual antiplatelet therapy with

aspirin and clopidogrel and oral anticoagulation with phenprocoumon

is associated with an elevated risk for major bleeding events. In a real-

world retrospective analysis of patients treated with PCI and stent fol-

lowed by triple therapy for at least 4 weeks in a university hospital

medical center, we observed major bleeding events with a frequency of

9.1% with gastrointestinal (GI) bleedings representing the majority of

all bleeding events. These data are in line with reports of other groups

and generate the hypothesis that GI-bleedings are the major obstacle

associated with triple therapy. Future multicenter clinical studies on

triple therapy vs. clopidogrel + oral anticoagulant are needed to define

the optimal medical therapy for patients on oral anticoagulants under-

going PCI and stent implantation.

PB 1.47-2
Vitamin K antagonists (VKA) for stroke prevention in
atrial fibrillation (AF) in very elderly na€ıve patients
Granziera S, Bertozzo G, Marigo L, Petruzzellis F, Rossi K,

Infante T, Pletti S, Nante G, Manzato E and Pengo V

University of Padua, Padua, Italy

Background: Prevalence of atrial fibrillation AF increases with age.

Similarly, the incidence of thromboembolism is higher among elderly

with AF compared with younger patients. Although VKA strongly

reduce stroke in AF, they are underused in the elderly and this mainly

depends on the fear of bleeding. In an observational study Hylek et al.

found a rate of major bleedings significantly higher in patients

≥ 80 years compared with patients ≤ 80 in the first year of treatment

(13.1 vs. 4.7 per 100 patient-years). On the other hand, in a large pro-

spective study with a mean follow up of 2.3 years Poli et al. found a

rate of bleeding among patients ≥ 80 years old, followed by a specifi-

cally trained centre, of 1.87 per 100 patient-years. Guidelines suggest

anticoagulation treatment in elderly patients with AF but they are dis-

continuously applied by clinicians.

Aims: The aim of this study was to analyse the outcomes in terms of

major bleeding, thromboembolic events and deaths in a cohort of very

elderly (≥ 85 years) na€ıve patients starting VKA for stroke prevention

in AF.

Methods: This is a retrospective observational study. Electronic

records of patients referred to our anticoagulation clinic between 2007

and 2012 were analysed. Major bleedings were considered according

to ISTH definition. Ischemic events were classified as stroke or periph-

eral embolism. Thromboembolic risk profile was ascertained by

CHADS2 score. Cardiovascular and non cardiovascular deaths were

also registered.

Results: During a mean follow up of 2.25 years, 55 major bleedings

occurred in 356 studied patients (7.0%pt-yrs). INR at the time of

bleeding was above 3.0 in 20 pts (36.4%). Seven patients were on VKA

and antiplatelet therapy (12.7%). Seventeen of 55 major bleedings

(2.4%pt-years) were intracranial bleedings and 11 (1.4%pt-years) were

fatal. There was no correlation between major bleedings and the

CHADS2 score as well as among its single components. Moreover no

relation between gender and major bleedings was found. Systemic

thromboembolic events were 19 (2.4%pt-years; 16 were stroke and

three were peripheral embolism). The INR at the time of thromboem-

bolic events was below 2.0 in 7 pts �36.8% (below 1.5 in 1 pt �5.2%).

The mean CHADS2 score in the cohort was 2.67. Seventy-four

patients (20.8%) died during follow up and among these 42 (56.7%)

were cardiovascular deaths.

Conclusions: According to our data the rate of major bleeding is high

over 85 years of age in patients treated with VKA for stroke preven-

tion in AF. There is no relationship between analyzed risk factors and

major bleeding. A close monitoring of anticoagulation is suggested.

PB 1.47-3
Determination of dabigatran and rivaroxaban in serum
samples from patients on treatment
Du S1, Kr€amer S1, Weiss C2, Kr€amer R3 and Harenberg J1

1Clinical Pharmacology; 2Biometry and Statistics, Mannheim;
3Institute Inorganic Chemistry, Heidelberg, Germany

Background: Coagulation analysis and determination of the effects of

anticoagulants is currently performed from plasma samples. Determi-

nations of the concentration of anticoagulants from serum samples are

made using specific and laborious methods such as various chromato-

graphic or mass spectrometry techniques. These methods are not suit-

able for rapid determinations required in clinical routine for patient

care. We have developed specific and sensitive method to determine

new oral anticoagulants (NOAC) in serum and urine namely oral

thrombin inhibitors (international patent application No. PCT/

EP2012/002540) and factor Xa inhibitors (international patent PCT/

WO2012/069139A1). Serum samples have several advantages over ci-

trated plasma samples regarding reduced pre-analytical errors. They

are taken almost always from patients, can be stored for longer time

periods and frozen if clinical conditions may require later testing for

specific parameters.

Aim: We have compared the concentration of plasma and serum sam-

ples of patients on treatment with 10 mg rivaroxaban od and 110 or

150 mg dabigatran od to identify the feasibility of the determination

of the NOACs from serum samples for clinical routine.

Methods: In a prospective study we analysed 120 serum and plasma

samples from patients with atrial fibrillation during therapy with 110

or 150 mg dabigatran bid. Samples were taken 2–4 h after intake of

the medication. In another prospective study patients (n = 150)

received 10 mg rivaroxaban od. Before and 4–6 days after initiation of

therapy plasma and serum samples were taken in the morning 12 h

after intake of the anticoagulant. Both studies were accepted by the

local ethics committee and patients gave written informed consent

prior to participation. The methods for determination of the concen-

tration of dabigatran and rivaroxaban used purified human thrombin

and factor Xa as enzymes and substrates 2238 for the thrombin assay

and S2222 for the factor Xa assay. The methods for detection of da-

bigatran and rivaroxaban are described in the patents.

Results: Dabigatran and rivaroxaban were purified from commercially

available Pradaxa� and Xarelto�, respectively. The purity of the com-

pounds was characterized by analytical methods and was quantified in

plasma samples using the thrombin specific S2238 and factor Xa spe-

cific S2222 chromogenic substrate assays. The concentrations of dabig-

atran and rivaroxaban were read from dilution curves from pooled

plasma samples spiked with defined amounts of the purified of the

NOACs. In controls concentrations of dabigatran in plasma and

serum were 15 + 5 ng/mL and 21 + 12 ng/mL, and of rivaroxaban

15 + 12 and 18 + 17 ng/mL, respectively. During therapy concentra-

tion of dabigatran were 163 + 116 and 120 + 102 ng/mL, and or riva-

roxaban 67 + 41 and 82 + 40 ng/mL, respectively. The correlations

between plasma and serum concentrations were r = 0.5 for dabigatran

and r = 0.6 for rivaroxaban.

Conclusion: The study demonstrates the feasibility of the determina-

tion of NOACs from serum samples. Dabigatran and rivaroxaban can

be determined specifically in serum samples as in plasma samples using

the described method. This is of advantage in specific clinical situation

when plasma samples are not available or if later testing may be

required.
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PB 1.47-4
Assessment of cross-reactivity in three different fecal
occult blood test systems with dabigatran and
dabigatran etexilate: identification of useful test
methods for gastrointestinal bleeding
Goss AM1, Van Ryn J2, Schurer J2 and Clemens A2

1Boehringer Ingelheim Pharmaceuticals Inc., Ridgefield, CT, USA;
2Boehringer Ingelheim Pharma GmbH & Co KG, Biberach,

Germany

Background: Anticoagulant therapy can elevate the risk of gastrointes-

tinal (GI) bleeding and may affect its management. Fecal occult blood

tests (FOBT) are non-invasive, widely-used tests that can aid in detect-

ing early and thus treatable stages of GI lesions or bleeding in patients

on these therapies. The literature suggests that use of anticoagulants

does not diminish the positive predictive value of FOBT, however a

potential limitation and concern of these tests is the possibility for

drug interactions with test components which may lead to false posi-

tives. Dabigatran is a new oral, reversible, direct thrombin inhibitor

currently approved for stroke prevention in patients with atrial fibrilla-

tion. Dabigatran etexilate (DE) is the prodrug of the active ingredient

dabigatran, and is converted by non-specific esterases in plasma and

liver to dabigatran. Approximately 6.5% of DE in Pradaxa� is bio-

available and absorbed in the gut with the remaining 93.5% eliminated

in the feces.

Aims: The purpose of this study was to investigate any potential cross-

reactivity of dabigatran, DE or Pradaxa� with three commonly-used

commercial fecal occult blood tests (FOBTs) with different detection

methods.

Methods: Common methods of detection in FOBTs used worldwide

include guaiac oxidation in hemoccult tests, immunochromatographic

methods (membrane strip precoated with hemoglobin antibody), or

the benzamidine method (heme in hemoglobin induces a blue/green

color change). Examples of each method were tested. The Hemoccult

II� SENSA� (Beckman Coulter Inc.), EZ DETECT (Biomerica Inc.),

and BioNexia� Hb/Hp Complex Professionell (FROST Diagnostika

GmbH) FOBT were were used for this study and all tests were con-

ducted according to manufacturer’s protocol. DE, dabigatran or the

contents of a single Pradaxa� capsule were suspended in a 0.5% cellu-

lose solution. Vehicle solution was used as negative control and human

blood used as a positive control.

Results: Isolated human blood samples generated positive results in all

three FOBTs as expected, whereas vehicle solution did not. Exposure

to DE, dabigatran or Pradaxa� suspensions did not result in positive

readouts with any detection method of the tested FOBTs.

Conclusions: These studies show that the prodrug DE and its active

drug form dabigatran, as well as any further excipients in the Pra-

daxa� formulation do not cross-react with a set of commonly-used

fecal occult blood tests. This supports the usefulness of these three

tests in dabigatran etexilate-treated patients.

PB 1.47-5
Low molecular weight heparin monitoring
Testa S, Paoletti O, Bassi L, Cancellieri E, Cogrossi A, Damiolini E,

Zambelli S and Zimmermann A

Haemostasis and Thrombosis Center-A.O. Istituti Ospitalieri,

Cremona, Italy

Background: Anti-Xa activity (aXa) can be used as biological marker

of low molecular weight heparins (LMWHs). LMWH prophylactic

and therapeutic ranges have been defined for a large part of molecules

and aXa commercial tests are currently available. Because of clinical

trials have been conducted without any laboratory monitoring, aXa

testing is not routinely recommended and debates are ongoing about

clinical utility of laboratory testing. Anyhow, because aXa could be

indicated in selected clinical conditions at risk of drug accumulation

such as renal disease, over-underweight, prolonged therapy, preg-

nancy, our local guidelines follow this indication.

Aims: The aim of this study was to describe the prevalence of aXa lev-

els out of range, both in prophylaxis and therapeutic regimens, in

patients treated with enoxaparin during hospitalization in two medical

and one surgical division of our hospital.

Methods: We prospectively monitored aXa activity in 373 consecutive

patients during year 2011. Two hundred and fifty-two determinations

were performed on patients treated with therapeutic regimen, while

121 were on patients on prophylaxis. Blood samples were collected

after 4 h from the last LMWH injection, in patient treated at least

from 2 days. Anti-Xa activity was measured on fresh plasma, by Stago

Rotachrom heparin kit chromogenic assay (Diagnostica Stago) on

magneto-mechanical instrument (STA-R Roche,Basel). The following

protocol of dose adjustement is on use in our hospital: dose/kg stan-

dard posology as recommended by international guidelines, but

reduced posology by 30% in patients with renal impairement (creati-

nine clearance < 30 mL/min) and in patients obese, underweight and

elderly (age > 80y). We considered the following ranges for enoxapa-

rin: prophylactic range = 0.20–0.49UI/mL, therapeutic range = 0.5–
1.0 UI/mL.

Results: aXa out of range were 38% and 34% of the total therapeutic

and prophylactic regimen, respectively. Mean creatinine level

was = 1.16 � 0.25 mg/dL in standard group and 2.46 � 0.42 mg/dL.

We analyzed separately results obtained in patients on adjusted doses

compared with standard regimen, both in therapeutic and prophylactic

regimen. One hundred and seventy-eight patients treated with thera-

peutic dose in standard regimen and 74 patients in adjusted protocol

showed 41.6% and 29.6% out of range respectively. Considering pro-

phylaxis we found 39.6% out of range in 91 patients in standard pro-

phylaxis and 16.7% out of range in 30 patients in adjusted dose.

Conclusions: Confirming recent studies, also our experience show high

frequency out of range both in prophylaxis and in therapeutic regimen.

LMWH adjusted doses resulted more frequently in recommended

range. Anti-Xa activity can easily be performed in a routine coagula-

tion laboratory and could guide LMWH dose adjustment avoiding

potentially dangerous out of range in special populations.

PB 1.47-6
Surgical safety threshold in patient under long term
Rivaroxaban treatment: is quick PT suitable?
Dierge L, Fosse E, Alewaeters A, Chevalier C, Govaerts D

and Cauchie PH

CHU de Charleroi, Montigny-le-Tilleul, Belgium

Aims: The oral direct factor Xa (FXa) inhibitor Rivaroxaban has been

developed for treatment and prophylaxis of thrombo-embolic disor-

ders. Most conventional coagulation tests, and especially some Pro-

thrombin Time (PT) assays, are affected by Rivaroxaban. The purpose

of this study is to evaluate if the new proposed safety threshold

(GIHP, http://site.geht.org/site/Pratiques-Professionnelles/Nouveaux-

anticoagulants-oraux/Propositions-du-GIHP-NACO-et-Urgences-de-

cembre-2012_96_810.html) for urgent surgery may be adequately esti-

mated with our thromboplastins (STA-NEOPLASTINER, Stago and

Owren’s PT, MediRox).

Methods: Rivaroxaban was spiked at increasing concentrations into

normal human PPP from five healthy volunteers. Two Prothrombin

Times (Quick PT, STA NEOPLASTINE R, Stago and Owren PT,

Owren’s PT, MediRox), activated partial thromboplastin time (aPTT)

(PTT-A, Stago and Actin FS, Siemens), thrombin time (TT – Throm-

bin10, Stago), were measured. Tests were performed on a STA-R

(Stago) and responsiveness to Rivaroxaban was assessed. PT and

aPTT were also evaluated on selected Rivaroxaban treated patients

and correlated extemporaneously with their Rivaroxaban concentra-

tions (Liquid anti-Xa� Stago).

Results: Rivaroxaban prolonged Quick and Owren PT in a concentra-

tion-dependent way with increased inter-variability at high concentra-
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tions levels. Our Quick PT assay was more sensitive compared to the

Owren PT assay. In addition, Neo-R demonstrated a high sensitivity

to Rivaroxaban. aPTT was also prolonged in a concentration-depen-

dent manner but this test seemed less sensitive than PT. Similar results

were observed on ex-vivo samples. Individual variability did not allow

the use of PT to estimate Rivaroxaban concentration. With our

reagents, these preliminary results indicate that a PT > 80% (as pro-

posed by GIHP) ensures a Rivaroxaban level lower than 30 ng/mL.

However, with this cut off, about eight patients out of 10 will be inade-

quately postponed.

Conclusions: Despite the use of a high sensitive Quick PT reagent to

Rivaroxaban, the individual variability does not allow an estimation

of the anticoagulant concentration. Particularly, in front of an urgent

surgical procedure, too many patients would be delayed. Therefore, in

case of an abnormal PT, a specific test is required for this purpose.

PB1.48 – Anticoagulant Agents – V

PB 1.48-1
Association between CYP2C9, VKORC1 and CYP4F2
genetic variants in anticoagulation related outcomes
during initiation period in acenocoumarol therapy
Cerezo-Manchado JJ1, Gonzalez-Conejero R2, Ana isabel A2,

Constatino M2, Perez-Andreu V1, Nuria GB2, Jose P2, Vicente V2

and Vanessa R2

1Centro Regional de Hemodonaci�on, Hospital Morales Meseguer;
2Centro Regional de Hemodonaci�on, Hospital Morales Meseguer,

UMU, IMIB, Murcia, Spain

Background: Acenocoumarol (AC) is a widespread used anticoagulant

with a high inter-personal variability in required dose to achieve a sta-

ble INR. Thus, it needs careful clinical management to balance the

risks of over-anticoagulation and bleeding with those of under-antico-

agulation and thrombosis. Such adjustment mainly depends on both

clinical and genetic factors (SNPs). There is an abundant evidence of

the role of certain SNPs on the pharmacogenetics of AC. The strongest

SNPs are CYP2C9 isoforms and �1639G>A change of VKORC1.

Recently, the influence of rs2108622 in CYP4F2 gene in AC dose has

been described as slighter but significant. Despite the relevance of these

SNPs on the dose required to achieve a stable anticoagulation has been

deeply studied, the relationship between these SNPs and other out-

comes has not been well defined in the first stages of AC therapy.

Aims: We evaluated the influence of VKORC1, CYP2C9 and CYP4F2

SNPs in time to over-coagulation and time to achieve stable dosage in

our population.

Methods: Characteristics of our primary cohort has been described

previously1. We performed a retrospective study with patients who

had started therapy from 1995 to 2009 and that are being controlled at

our Unit. The primary outcomes considered for 2 first months of ther-

apy were: time to stable dosage and time to first INR>4. Statistical
analyses were done using SPSS 16.0 (SPSS Inc., Chicago, IL). All sta-

tistical tests were two-sided and a P ≤ 0.05 was considered statistically

significant.

Results: A total of 973 patients were enrolled. The relationship

between genetic and clinical factors with INR>4 was evaluated by Cox

regression model: age, body surface area, antiplatelet therapy,

CYP2C9, VKORC1, and CYP4F2 SNPs were statistically significant

(univariate analysis, all P < 0.15). However, in the multivariate analy-

sis only CYP2C9, VKORC1, and CYP4F2 SNPs remained significant:

CYP2C9 3* carriers and VKORC1 �1639AA patients had a higher

risk to over-anticoagulation (HR 1.19, CI95% 1.06–1.34 and HR 1.37,

CI95% 1.21–1.54, respectively). Interestingly, in this model CYP4F2

TT subjects had a low risk to suffer an INR>4 (HR 0.87, CI 95%

0.77–0.99, P = 0.037). Time to stable dosage was also evaluated using

a Cox regression model where only VKORC1 SNPs remained signifi-

cant. Thus, VKORC1 �1639AA patients spent less days to achieve sta-

ble dosage (HR 1.38, CI95% 1.01–1.90, P = 0.045).

Summary: Our data show that the main determinants in required dose

to achieve a stable INR, VKORC1 and CYP2C9 SNPs, have a signifi-

cant impact on the risk of overdosing in the 8 first weeks of AC ther-

apy. Moreover, we show for first time that CYP4F2 SNPs, with a

slighter weight on AC stable dose, is also influencing the INR over-

shooting at early stages of therapy. These findings suggest that these

four polymorphisms should be included in pharmacogenetic algo-

rithms to guide the first weeks of AC therapy.

Reference:

1. JJ Cerezo-Manchado et al. Thrombosis and Haemostasis 2013.

PB 1.48-2
The effect of dabigatran on the activated partial
thromboplastin time and thrombin time as determined
by the hemoclot thrombin inhibitor assay in patient
plasma samples
Hapgood G, Butler J, Malan E, Chunilal S and Tran H

Monash Medical Centre, Melbourne, Vic., Australia

Background: Dabigatran is an oral direct thrombin inhibitor available

for stroke prevention in non-valvular atrial fibrillation. Although da-

bigatran does not require routine laboratory monitoring, an assess-

ment of its anticoagulant effect in certain clinical settings, such as

urgent surgery or bleeding is desirable. To date, our understanding of

the effect of dabigatran on coagulation assays is based on the analysis

of dabigatran-spiked plasma.

Aim: We examined the relationship between dabigatran levels, as

determined by the hemoclot thrombin inhibitor assay (HTI) (Hyphen

Biomed, France), and the activated partial thromboplastin time

(aPTT) and the thrombin time (TT) using patient plasma samples.

Methods: Seventy five samples from 47 patients receiving dabigatran

were analysed. Thirty-three patients were assessed for dose-appropri-

ateness, seven patients required urgent surgery/procedure, including

three requiring neurosurgery, and seven patients presented with bleed-

ing. These were random plasma samples taken from mainly inpatients

and some outpatients. The HTI assay was established to measure da-

bigatran concentration using three lyophilised dabigatran calibrators

(ranging from 30 to 480 ng/mL) to establish a standard curve

(R2 = 0.995). aPTTs were performed using our local TriniCLOT aPTT

S reagent (Trinity Biotech). We assessed three additional aPTT

reagents: aPTT SP (Instrumentation Laboratory), aPTT SS (Instru-

mentation Laboratory) and Actin FS (Siemens).

Results: Our local aPTT demonstrated a modest correlation with the

dabigatran level (r = 0.80, R2 = 0.645) with the aPTT range of 46–54 s

corresponding to the therapeutic dabigatran level of 90–180 ng/mL.

An aPTT of ≥ 64 s correlated with a supra-therapeutic dabigatran

level of ≥ 300 ng/mL. The correlation became less reliable at high con-

centrations. A dabigatran level of 10 ng/mL correlated with an aPTT

of 36 s (our reference range 22–32 s). The aPTT reagents differed in

their sensitivity to dabigatran with different values obtained across the

therapeutic range. The aPTT range for a therapeutic dabigatran level

(90–180 ng/mL) and R2 for additional aPTT reagents was: aPTT SP

61–71 s, 0.505; aPTT SS 51–60 s, 0.663; and aPTT FS 54–64, 0.636.
The TT was extremely sensitive to the presence of dabigatran. A da-

bigatran level of 60 ng/mL resulted in a TT of greater than our report-

able limit (> 300 s). The withholding of dabigatran until

normalisation of the TT was associated with favourable outcomes in

the three patients requiring neurosurgery. Conversely, supra-therapeu-

tic levels were not associated with excessive bleeding in three patients

requiring urgent surgery or a procedure. The inability to reverse dabig-

atran contributed to the one fatality in our series.

Conclusion: The aPTT demonstrated a modest correlation with the da-

bigatran level, as determined by the HTI assay. In our lab, an aPTT of

between 46 and 54 s corresponds to the therapeutic range of dabiga-

tran. aPTT reagents differ in their reactivity to the presence of dabiga-

tran, thus making it difficult to compare values between laboratories
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and to make recommendations regarding monitoring. The TT is useful

to exclude the presence of dabigatran. The aPTT and TT provide com-

plementary information to assess the presence of dabigatran in guiding

peri-procedural management and bleeding scenarios. This data repre-

sents our ‘real-world’ experience of monitoring the anticoagulant

effect of dabigatran in patient samples.

PB 1.48-3
Personalised clopidogrel therapy by teststrip-based
CYP2C19 genotyping
Oberkanins C, Puehringer H and Rauscher B

ViennaLab Diagnostics, Vienna, Austria

Background: Clopidogrel (Plavix[TRADEMARK]) is widely pre-

scribed to reduce recurrent ischaemic complications in patients with

acute coronary syndromes and/or post-percutaneous interventions.

High interindividual variations in and non-responsiveness to clopido-

grel-induced platelet inhibition often complicate the treatment.

Genetic polymorphisms in the CYP2C19 gene, which encodes the prin-

ciple enzyme responsible for the bioactivation of this prodrug, lead to

reduced enzyme activity and reduced levels of clopidogrel’s active

metabolite. Patients carrying defective CYP2C19 variants have a

higher risk for major adverse cardiovascular events than noncarriers,

whereas individuals with increased enzyme activity are more at-risk

for developing bleeding.

Methods: A genetic test (StripAssay) was developed for the detection

of the CYP2C19 loss-of-function alleles *2, *3, *4, *5, *6, *7 and *8,

as well as for the gain-of-function allele *17. The StripAssay is based

on multiplex PCR, followed by reverse-hybridisation of biotin-labeled

amplification products to a parallel array of allele-specific oligonucleo-

tides immobilised on membrane teststrips.

Results: Genotyping for functionally enhanced (*17) or defective (*2–
*8) CYP2C19 variants allow the classification of patients into ultra-

rapid, extensive and poor metabolisers for clopidogrel. Favourable

properties, such as the rapid DNA extraction protocol, ready-to-use

reagents and teststrips, as well as the potential for automation of the

hybridisation/detection step, make the StripAssay convenient and easy

to perform within < 6 h.

Conclusion: A simple and reliable diagnostic tool was developed for

predicting the response of patients to clopidogrel treatment. The

CYP2C19 StripAssay will assist clinicians to achieve a more individua-

lised antiplatelet therapy.

PB 1.48-4
A novel synthetic heparin antagonist neutralizes the
anticoagulant actions of branded and generic
enoxaparins in the whole blood clotting assay used
during interventional cardiology
Iqbal O1, Hoppensteadt D1, Lewis B1, Khan H1, Walenga JM1,

Scott R2 and Fareed J1

1Loyola University Medical Center, Maywood, IL; 2Polymedix,

Inc., Radnor, PA, USA

Introduction: Heparin and low molecular weight heparins (LMWHs)

are commonly used in the management of cardiovascular disorders

and interventions. LMWHs, such as enoxaparin, are also used intrave-

nously in the management of cardiovascular patients. Delparentag

(PMX 60056, Heptagonist; Polymedix, Radner, PA) is a synthetic

LMWH neutralizing agent, which has been shown to also neutralize

LMWHs, such as enoxaparin. During interventional cardiology and

surgery, the anticoagulant effects of heparin and related drugs are usu-

ally monitored using whole blood celite Activated clotting time (ACT)

and similar tests. LMWHs produce relatively weaker anticoagulant

effects on this test, however, are capable of prolonging this test

proportional to the concentration. Recently, generic versions of enox-

aparin have also been introduced. In the US there are two generic

products available, namely Sandoz enoxaparin (SE) and Watson enox-

aparin (WE). The purpose of this study is to compare the neutraliza-

tion effect of the Delparentag with protamine sulfate (PS) on

enoxaparin supplemented whole blood.

Materials and Methods: Four individual batches of SE and three indi-

vidual batches of WE, along with four batches of branded enoxaparin

(BE) were commercially obtained. The whole blood anticoagulant

effects of each of these agents were measured using celite ACT at a

fixed concentration. Whole blood samples from healthy volunteers

were supplemented with each of these drugs at 25 lg/mL. To deter-

mine the neutralization profile, equigravimetric amounts of either Del-

parentag or PS were added to individual tubes (n = 4–7). The results

were compiled in terms of cumulative means of the different batches

for the native, enoxaparin supplemented and enoxaparin supple-

mented with both PS and Delparentag.

Results: The baseline ACT values in the native whole blood ranged

from 124 to 164 s in the different groups. Supplementation of enox-

aparin at 25 lg/mL resulted in a prolongation of celite ACT, result-

ing in a clotting time of 219–265 s. No significant differences were

noted between the generic and BE preparations. Supplementation of

Delparentag at 25 lg/mL to each of these different enoxaparin sup-

plemented whole blood resulted in the neutralization of the anticoag-

ulant effects, resulting in a decrease in the clotting times in the range

of 137–174 s. While some differences in the batches of BE, SE and

WE were noted, these were not significantly different. Overall, the

cumulative neutralization of the ACT by Delparentag was compara-

ble for each group of enoxaparins. Similarly, in the neutralization

studies with PS, comparable results were observed in all groups. The

relative neutralization of the anticoagulant effects of both agents were

comparable, resulting in 80–95% neutralization of the anticoagulant

effects of enoxaparin.

Conclusions: These studies suggest that both generic and branded ver-

sions of commercial enoxaparins produce comparable anticoagulant

effects in native whole blood, which can be monitored using celite

ACT. At 25 lg/mL, all agents produced a > 200 s prolongation of the

celite ACT in comparison to the control (< 140 s). Although minor

batch-to-batch differences existed among the generic and branded e-

noxaparins, the cumulative means were comparable. The relative neu-

tralization of the anticoagulant effects of enoxaparin by both PS and

Delparentag was comparable, resulting in > 80% neutralization of

these effects.

PB 1.48-5
Antidotal effects of non-specific reversal agents on
anticoagulant-induced inhibition of thrombin
generation
Pillitteri D, Pilgrimm-Thorp AK, Krause M, Scholz T

and Kirchmaier C

Deutsche klinik f€ur Diagnostik, Wiesbaden, Germany

Introduction: Reversal of pharmacologic anticoagulation is an issue

that arises when an anticoagulated patient has a major bleeding or

when an emergency surgery needs immediate correction of coagula-

tion. However, the new oral anticoagulants (NOAC) Rivaroxaban

(anti-FXa) and Dabigatran (anti-FIIa) lack specific antidotes and only

limited data is available regarding the antidotal effect of non-specific

haemostatic agents.

In this ex vivo study reversal of anticoagulant activity after the admin-

istration of either 20 mg Rivaroxaban or 150 mg Dabigatran was

tested in vitro using two different PCC (Beriplex, Cofact), aPCC (FEI-

BA; factor eight inhibitor bypassing activity) or rFVIIa (NovoSeven)

at various concentrations.

Method: Ten healthy subjects were first randomized to receive either

20 mg Rivaroxaban or 150 mg Dabigatran in one oral dose.
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Citrated venous blood was taken right before (T0) and 2 h after

administration (T2) of either Dabigatran or Rivaroxaban. The poten-

tial of four haemostatic agents to reverse the anticoagulant effect of

the NOACs was evaluated:

Beriplex: 0.25; 0.5; 1; 2 U/mL

Cofact: 0.25; 0.5; 1; 2 U/mL

FEIBA: 0.25; 0.5; 1; 2 U/mL

NovoSeven: 1.25; 2.5; 5; 10 lg/mL

Thrombin generation was the primarily applied assay, along with the

parameters aPTT, PT, thrombin time, Rivaroxaban- and Dabigatran

levels and Ecarin time. Parameters of interest concerning the thrombin

generation assay (TGA) were ETP, Peak and Lag time. Thrombin gen-

eration in platelet poor plasma was initiated by adding 1 pM tissue

factor and 4 lM phospholipids.

Results: Two hours after administration (T2), Rivaroxaban showed

remarkable inhibitory effects on the investigated TGA parameters

ETP, Peak and Lag time, with a more pronounced inhibitory effect on

the Peak. In contrast, Dabigatran at T2 only showed a slight effect on

ETP and no effect on the Peak whereas LT was significantly pro-

longed.

Rivaroxaban-induced inhibition of ETP and Peak were reversed by

FEIBA in a concentration dependent manner with an over-correction

for the two highest concentrations (1 and 2 U/mL). Cofact and rFVIIa

restored ETP dose-dependently and both reached baseline T0 at their

highest concentrations. Compared to FEIBA, rFVIIa and Cofact only

had a slight but dose-dependent effect on the Peak. Interestingly, the

other PCC, Beriplex, did not show any reversal effects on ETP and

Peak.

Regarding Rivaroxaban-prolonged LT all concentrations of rFVIIa

and FEIBA were responsible for a significant LT-reduction close to

baseline, whereas both PCCs did not correct prolonged LT.

Regarding Dabigatran, all doses of rFVIIa, Cofact and FEIBA

reduced the LT, with a more pronounced and dose-dependent effect of

Cofact and FEIBA. For Beriplex only a slight reduction in LT was

observed.

Conclusion: FEIBA and rFVIIa showed significant reversal of antico-

agulant activity already at low therapeutic concentrations for both an-

ticoagulants in TGA. Surprisingly, regarding both investigated PCCs,

only Cofact showed an antidotal effect on TGA parameters, especially

in higher therapeutic concentrations. Considering that the main differ-

ence between the two PCCs is that Beriplex contains small amounts of

heparin and Cofact does not, it is conceivable that this may explain

the observed differences in TGA. Further clinical validation is needed.

PB 1.48-6
D-dimers levels evolution during heparin therapy of
patients with cerebral venous thrombosis
Tardy B1, Chalayer E1, Piot M2, Chapelle C2, Garnier P3

and Tardy-Poncet B1

1Inserm CIE3; 2EA 3065; 3CHU Nord, Saint Etienne, France

Background: Heparin therapy is widely used as the first line treatment

in patients with cerebral vein thrombosis (CVT). However, near 20%

of patients presented poor outcome (deaths or major handicaps) dur-

ing the first weeks of heparin therapy. The aim of this prospective

study was to evaluate the evolution of D-dimers levels during the first

2 weeks of anticoagulant treatment.

Methods: All consecutive patients with CVT, admitted in our ICU

before heparin treatment initiation, were included in this prospective

study. Patients with duration of their symptoms more than 2 weeks

before admission, or related to a cancer, an infectious disease or a

recent neurosurgery, were not included. All patients were treated with

therapeutic doses of UFH for a minimum of 5 days. The heparin dose

was adjusted so that the initial APTT was at least doubled. Then, oral

anticoagulants (OA) were initiated (INR values between 2 and 3) for a

3–6 month period. Plasma D-dimers levels were evaluated for each

patient on admission and then each days during heparin therapy until

the biological efficiency of the treatment with oral anticoagulant alone.

Outcome assessment: Patients were clinically assessed daily by a clini-

cian unaware of the results of D-dimer test. In case of clinical worsen-

ing during the two first weeks of anticoagulant therapy, CT scan or

MRI had to be performed. D-Dimers were compared from day 1 to

day 14 between the presence or the absence of: a lesion, an aggrava-

tion, an infection, more than two sinuses, an hemorrhage, a coma and

an epilepsy. The coefficients of equation of the curves of D-dimers evo-

lution were compared between groups using a student’s t-test.

Results: Thirty-one patients were included (25 women and six men,

mean age: 37.2). The median D-Ddimers levels (Q1-Q3) were, on

admission, 1327 ng/mL (836–2410) and at day 417 ng/mL (141–1852).
During the two first weeks of anticoagulation therapy, eight patients

presented a clinical worsened course related with a thrombosis exten-

sion (three patients), a new intracerebral hemorrhage (three patients)

or an isolated increase of brain edema (two patients). In patients

(n = 17) with initial hemorraghic or ischemic intracerebral lesions, D-

dimer levels at day 0 were significantly higher than those (n = 14) with-

out lesions (median: 1885 vs. 955; P = 0.04). The coefficients of equa-

tion of the curves of D-dimers evolutions were not statistically

different between patients with neurological aggravation and patients

without aggravation. No significant difference was also observed

between patients with initial coma or epilepsy and patients without

coma or epilepsy, between patients with more than two thrombosed

sinuses and patients with less two thrombosed sinuses and between

patients with brain hemorrhagic complication and patients without

hemorrhagic complication.

Conclusion: The evolution of D-dimers levels I patients with CVT is

not correlated with the clinical evolution of patients.

PB1.49 – Anticoagulant Agents – VI

PB 1.49-1
Short-term prognosis of intracranial haemorrhage in
patients on oral anticoagulant and antiplatelet drug:
the VAIP study
Squizzato A1, Melchio R2, Sironi A1, Girando AV2, Dentali F1,

Fenoglio LM2 and Pomero F2

1University of Insubria, Varese; 2Cuneo Hospital, Cuneo, Italy

Background: Intracranial hemorrhage (ICH) is the most serious and

feared complication of oral vitamin K antagonists (VKAs) and anti-

platelet drugs. Despite medical and surgical approach are promptly

conducted, a very high rate of mortality and severe disability has been

reported in case of VKA-related intracerebral bleeding. Only few data

are available on the clinical course of other sites of antithrombotic

drug-related ICH, on the efficacy of available treatments and on prog-

nostic risk factors.

Aims: To investigate determinants of short-term prognosis of anti-

thrombotic drug-related ICH.

Methods: The Vka- and Antiplatelet drug-related Ich Prognosis

(VAIP) is designed as a retrospective study. Consecutive adult patients

with an ICH objectively documented by neuroimaging (cerebral com-

puted tomography or magnetic resonance), occurring during treatment

with VKA (warfarin or acenocoumarol), defined by an international

normalized ratio (INR) of 1.5 or more, or with an antiplatelet drug

(aspirin, ticlopidine, or clopidogrel) at the time of hospital admission,

were included. Patients were identified by searching the administrative

database of the Cuneo hospital, Piedmont Region, Italy, from 2005 to

2010. As a control group, we randomly selected patients with ICH not

on treatment with VKAs or antiplatelet drugs and admitted in the

same hospital during the same period.

Results: Overall, 451 patients were included: 75 on VKA, 96 on anti-

platelet drug, and 280 as a control group. Patients on VKA were, in

comparison with the control group, older (77.7 vs. 72.9 years old;

P < 0.05), more likely to have a subdural haematoma (49.3% vs. 30%;

P < 0.05) and less likely an intracerebral haemorrhage (45.3% vs.
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66.4%; P < 0.05), at higher risk of death during hospital stay (33.3%

vs. 22.1%; P < 0.05). Patients on antiplatelet drug were, in compari-

son with the control group, older (77.3 vs. 72.9 years old; P < 0.05)

with a greater proportion aged more than 80 years (44.8% vs. 32.1%;

P < 0.05), with a worst Glasgow Come Scale (GCS) at admission

(< 8%, 10.4% vs. 26.8%; P < 0.05) and a modified Rankin scale at

discharged (4–6, 50.0% vs. 37.9%; P < 0.05). At the multivariate Cox

regression analysis, independent predictors of in-hospital death for

ICH were: age > 80 years (HR 2.3, 95% CI 1.5–3.5), GCS < 8 (HR

7.8, 95% CI 5.0–12.1), treatment with VKAs (HR 2.0, 95% CI 1.2–
3.4), and treatment with antiplatelet drug (HR 1.8, 95% CI 1.05–3.0);
surgical treatment is an independent predictor of survival (HR 0.5,

95% CI 0.3–0.96). Independent predictors of combined outcome in-

hospital mortality and disability, defined as modified Rankin scale 4–
6, were: age > 80 years (HR 2.1, 95% CI 1.6–2.8), GCS < 8 (HR 3.0,

95% CI 2.2–4.0), and treatment with antiplatelet drug (HR 1.5, 95%

CI 1.1–2.1); surgical treatment is an independent predictor of good

outcome (HR 0.7, 95% CI 0.5–0.97).
Conclusions: Our data suggest that both VKAs and antiplatelet drugs

worsen short-term prognosis of ICH and that a prompt surgical treat-

ment is life saving, in particular for patients with a subdural haema-

toma.

PB 1.49-2
Risk factors for death and thromboembolic
complications in patients with major or clinically
relevant non-major bleeding while on oral
anticoagulant treatment
Franco L1, Becattini C1, Masotti L2, Sbrojavacca R3, Nitti C4,

Cappelli R5 and Agnelli G1

1Internal and Cardiovascular Medicine-Stroke Unit, University of

Perugia, Perugia; 2Internal Medicine, Cecina Hospital, Cecina;
3Emergency Medicine, Ospedale Santa Maria della Misericordia,

Udine, Udine; 4Medicina d’Urgenza, Ospedali Riuniti Umberto I,

Lancisi, Salesi, Ancona, Ancona; 5Internal Medicine, University of

Siena, Siena, Italy

Background: The incidence of major bleeding (MB) complications is

about 3% per-year during oral anticoagulant treatment. Optimal man-

agement strategies and their effect on thromboembolic complications

remain unclear.

Methods: CLIMBING is an Italian, prospective, observational, cohort

study including patients on oral anticoagulant therapy admitted to the

Emergency Department for MB or clinically relevant non-major bleed-

ing (CRNMB). The aim of the study was to evaluate the clinical man-

agement and outcome of MB or CRNMB. MB was defined according

to ISTH criteria. The primary endpoint of the study is death or major

thromboembolic complications (acute coronary syndrome, ischemic

stroke, systemic cardioembolism, pulmonary embolism). The second-

ary endpoint is bleeding-related or treatment-related adverse events

and recurrent bleeding during hospitalization.

Results: As for January 1st 2013, 202 patients were included in the

study, 161 with MB (79%). Both previous bleeding (53.6% vs. 13.6%,

P < 0.001) and HASBLED score ≥ 3 (65.8% vs. 42.8%, P < 0.001)

were more common in patients referred for CRNMB than for MB. No

association was found between clinical presentation as MB or

CRNMB respect to age, gender, indication for anticoagulation, INR

at admission, ongoing antiplatelet therapy or recent trauma. Fresh fro-

zen plasma (FFP) or prothrombin complex concentrates (PCCs) were

used only in patients suffering MB.

Among patients with MB, previous intracranial hemorrhage (ICH)

was more common in patients admitted for ICH (7% vs. 0%,

P = 0.05) while HASBLED score ≥ 3 (53.7% vs. 37.4%, P < 0.05)

was more common in patients with non-ICH-MB. FFP was used in

similar proportions of patients with and without ICH while PCCs was

more commonly used in patients with ICH (49.5% vs. 25.9%, P

0.004). In-hospital death occurred in 34 patients with and in seven

patients without ICH (31.8% vs. 12.9%, P = 0.01) and rebleeding in

12 and eight patients, respectively (16.6% vs. 11.4%, P = ns). ICH

(OR 3.09, 95% CI 1.26–7.61, P = 0.01) but not HASBLED score ≥ 3

(OR 0.93, 95%CI 0.44–1.97) nor any of the HASBLED components

was an independent risk factors for death. During hospitalization, an

acute coronary syndrome occurred in four patients (all non-ICH),

ischemic stroke in three patients (all ICH), pulmonary embolism in

two patients (both ICH). No significant difference was observed in the

incidence of thromboembolic complications between patients receiving

and those not receiving PCCs (three out of 67, 4.5% vs. six out of 94,

6.4%, P = ns).

Among patients with ICH, age (83 � 6 vs. 77 � 9, P < 0.001), Glas-

gow Coma Scale at admission (9 � 4 vs. 14 � 2, P < 0.001) and

parenchymal localization of ICH (44.1% vs. 16.3%, P = 0.004) were

associated with death, while no association was observed between gen-

der, hypertension, renal failure, previous ICH, INR at admission, the

use of PCC or FFP and death.

Conclusions: Among patients with MB while on oral anticoagulant

treatment, the risk for death is substantial in those with ICH and is

not associated with HASBLED score. The incidence of thromboembo-

lic complications during hospitalization seems not to be associated

with PCCs use.

PB 1.49-3
The synthetic pentasaccharide fondaparinux attenuates
myocardial ischemia-reperfusion injury in rat via
STAT-3
Guillou S, Moussa W, Tamareille S, Lamon D, Prunier D, Prunier F

and Macchi L

Universit�e d’Angers, EA 3860, Angers, France

Background: Acute myocardial infarction is a leading cause of death

worldwide. Although highly beneficial, reperfusion of myocardium is

associated with reperfusion injury. Pharmacologic inhibition of factor

Xa has been shown to attenuate ischemia-reperfusion (I/R) injury but

the cellular mechanism is poorly understood.

Aims: To determine the role of blood in fondaparinux (FDX)-induced

cardioprotection and the involvement of RISK and SAFE pathways,

two major survival signalling cascades commonly associated with pro-

tection against I/R injury.

Methods: We investigated the ability of FDX to prevent I/R injury in

vivo, in a model of transient coronary ligation, and ex vivo in a model

of crystalloid-perfused isolated-heart. In the in vivo model, 40-min of

myocardial ischemia was followed by 120-min of reperfusion. FDX

(10 mg/kg) was injected intraperitoneally 10-min before reperfusion.

In the isolated-heart model, FDX (0.1 mg/mL) was administrated in

the recirculating buffer. In both models, infarct size was assessed after

120-min of reperfusion. Myocardial tissues were collected at 15- and

30-min reperfusion for western-blots analysis.

Results: In vivo, FDX decreased infarct size by 29% (44.28% vs.

61.98% in FDX-treated rats and controls respectively, P < 0.05).

FDX induced a significant phosphorylation of STAT-3 and GSK3b as

compared with controls. Addition of AG490, an inhibitor of JAK/

STAT pathway before I/R prevented the phosphorylation of STAT-3

and GSK3b and abolished the FDX-induced cardioprotection. On the

contrary, FDX had no effect on infarct size and hemodynamic param-

eters in the isolated-heart model.

Conclusion: FDX decreased I/R injury in vivo but not in a crystalloid-

perfused isolated-heart. The protective effect was mediated through

the phosphorylation of STAT-3. In our experimental conditions, FDX

needed whole blood to be protective but its beneficial effect was not

directly related to anticoagulant effect but to the activation of the

SAFE pathway.
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PB 1.49-4
A pharmacodynamic comparison of otamixaban and
bivalirudin in primates
Jeske W, Walenga JM, Escalante V, McGeehan E, Khan H,

Fareed J and Bakhos M

Loyola University Medical Center, Maywood, IL, USA

Background: Preventing blood clots is important in the treatment of

myocardial infarction and unstable angina. Research on new anticoag-

ulants continues to develop safer and/or more effective drugs. It is not

yet clear whether there is an advantage in terms of safety (less bleed-

ing) or effectiveness (less clotting) to inhibiting factor (F) Xa rather

than thrombin in such patients.

Aims: The purpose of this study was to compare the pharmacody-

namic relationships for bivalirudin (direct thrombin inhibitor; The

Medicines Company) and otamixaban (direct FXa inhibitor; Sanofi-

Aventis Paris) following iv administration to primates.

Materials and Methods: Following anesthesia, primates (Macaca mul-

atta; n = 8) were administered bivalirudin (0.185, 0.375 or 0.75 mg/kg)

or otamixaban (0.05, 0.1 and 0.2 mg/kg) intravenously with a 1 week

washout period between treatments. Blood samples were collected

over a 60 min period. Celite ACT (Hemochron) and tissue factor acti-

vated thromboelastography (Haemonetics TEG) were assessed using

fresh whole blood. Plasma aliquots were used for clotting (PT, aPTT,

Heptest), amidolytic (anti-Xa, anti-IIa) and fluorogenic (thrombin

generation; Technoclone) assays. Area under the curve values were

determined by trapezoidal approximation (SigmaPlot 12; Systat Soft-

ware). Differences between treatment regimens (drug/dose) for all

study endpoints were tested for significance by two-way analysis of

variance (SigmaPlot 12); P-values ≤ 0.05 were considered significant.

Results: Using anticoagulant monitoring tests, otamixaban and biva-

lirudin were both cleared rapidly from the circulation, with the drug

effect in most assays gone by the 30 min. Comparable prolongations

of the ACT could be achieved 5 min following administration of ota-

mixaban (278.1 � 19.1 s) or bivalirudin (270.3 � 8.2 s), although ota-

mixaban was more potent, producing this effect at a dose of 0.2 vs.

0.75 mg/kg for bivalirudin. Dose-dependent increases in clotting time

could be measured by aPTT and Heptest for both drugs. PT, however,

was only prolonged by bivalirudin. Using assays to analyze the mecha-

nism of the anticoagulant action of these two types of drugs, in the tis-

sue factor supplemented TEG assay, bivalirudin prolonged the

clotting time (R-time), reduced the rate of clot formation (angle) and

decreased clot strength (maximal amplitude). In contrast, otamixaban

produced different effects on these parameters suggesting differential

mechanisms for modulating clot formation dynamics. In a fibrinoki-

netic clot formation assay, bivalirudin completely inhibited clot forma-

tion, while otamixaban did not. Furthermore, otamixaban more

effectively inhibited thrombin generation than did bivalirudin, and

otamixaban more effectively inhibited thromboplastin-induced platelet

activation.

Conclusions: The anticoagulant effects of otamixaban and bivalirudin

exhibit comparable plasma time courses which can be effectively moni-

tored by the ACT suggesting that otamixaban may be useful in surgi-

cal or interventional indications. However, the observed differences in

the effect of these two types of drugs on the dynamics of clot forma-

tion, thrombin generation inhibition and platelet activation inhibition

reveals a different balance among the inhibitory effects on the various

hemostatic parameters, suggesting that otamixaban may have superior

safety and/or efficacy advantages over bivalirudin. The mechanistic

differences between the thrombin inhibitor and the FXa inhibitor war-

rant further investigation to determine how they translate into clinical

outcomes in patients undergoing interventional procedures.

PB 1.49-5
Evaluation of the new DG-Chrom Anti-Xa kit from
Grifols for detection and quantification of new oral
anti-Xa anticoagulants
Ambros R, Montanini V and Civit G

Grifols, Parets del Vall�es, Spain

Background: A new chromogenic kit for the detection and quantifica-

tion of anti-Xa activity (DG-Chrom Anti-Xa) was evaluated by Grif-

ols. This kit will offer an assay capable to detect and quantify anti-Xa

activity of the new oral anticoagulants.

Aims: The aim of this study is to evaluate the preliminary performance

of this new kit with Rivaroxaban in a wide range of concentrations.

Methods: The study was performed in the optical coagulometer Q He-

mostasis Analyser (Grifols).

Linearity of the calibration curve was analyzed using two different sets

of commercial Rivaroxaban calibrators. A precision study was per-

formed using three commercial controls containing three different con-

centrations of Rivaroxaban during five different days. The accuracy of

the concentration determination was also tested.

Results: Linearity was found acceptable in the range of 0.0–433.3 ng/

mL showing correlation coefficients higher than 0.99 using log-lin axis

transformations. Linearity was found acceptable in the range of 0.0–
145.6 ng/mL showing correlation coefficients higher than 0.99 using

lin-lin axis transformations. Precision results showed appropriate coef-

ficients of variation (CV) of 5.6% for the high control, 7.9% for the

medium control and 10.2% for the low control Accuracy was found

acceptable showing the following% of bias, 2.5% for high control,

4.3% for medium control and 1.3% for low control.

Conclusion: DG-Chrom Anti-Xa, a new chromogenic kit for detection

and quantification of new oral anti-Xa anticoagulants, was found

acceptable in terms of linearity, precision and accuracy with a wide

range of concentrations of Rivaroxaban tested in Q Hemostasis

Analyzer.

PB 1.49-6
Can high quality vitamin K-antagonist treatment be
further improved?
Skov J, Bladbjerg E-M and Jespersen J

University of Southern Denmark, Esbjerg, Denmark

Background: The safety and efficacy of vitamin K-antagonist treat-

ment depend on the clinical setting, and specialized anticoagulant clin-

ics using computer-assisted dosage have been shown to provide

treatment of high quality. To achieve further improvements, a focus

on specific groups of patients seems necessary. In example, patients

with venous thrombotic disorders (VTE) have been shown to be par-

ticularly vulnerable to the thrombotic complications of under-antico-

agulation in a large multicenter study.

Aims: We investigated whether three groups of potentially vulnerable

patients were prone to unstable responses to anticoagulant treatment.

These were patients with VTE, patients with variant alleles of the

CYP2C9 and VKORC1 genes and young patients.

Methods: Consecutive patients (n = 308, 67% men, median age

67 years) from a nurse-managed anticoagulant clinic at a Danish hos-

pital were interviewed about health-related behaviour and socio-demo-

graphics at baseline and followed for 1 year. The majority of the

patients had received anticoagulant therapy for more than 1 year, and

the most common indications were atrial fibrillation (n = 180) and

VTE (n = 83). Most of the patients were on warfarin (n = 300). The

patients received standard care provided by the clinic, except that the

longest accepted interval between INR measurements was 4 weeks

(usually, intervals of 6 weeks are accepted). Information about clinical

variables was found in DAWN, the dosage-assisting software used in

the clinic. Time in therapeutic range of INR (TTR) was calculated by

Rosendaals method.
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Results: The mean TTR during the follow-up period (307 patient-

years) was 73.9% and seven patients experienced a total of eight clini-

cal events; two thrombotic (one stroke, one transient ischemic attack)

and six hemorrhagic, none of which were fatal. There were no differ-

ences in TTR or time spent below therapeutic range among the differ-

ent indications for anticoagulant therapy. Patients heterozygous for

the common VKORC1 rs9934438 polymorphism had a slightly, but

significantly reduced TTR of 71.8% (n = 154, P = 0.04), while the six

patients with two variant alleles of CYP2C9 (*2/*3 or *3/*3) had a

substantially reduced TTR of 60.5% (P = 0.03). The 34 patients below

50 years had a significantly lower TTR compared with the remaining

patients (67.4% vs. 74.7%, P = 0.01). The young patients had a higher

score on the perceived stress scale at baseline (mean score 15.5 vs. 8,

P < 0.01) and were more likely to report their general health as ‘poor’

or ‘fair’ than the older patients (46% vs. 24%, P = 0.01).

Conclusions: Since the number of clinical events was too low for statis-

tical analysis, the surrogate marker TTR was used to assess quality of

treatment among different groups of patients. The results did not indi-

cate that patients with VTE were at particular risk of unstable antico-

agulation, and only a small minority of patients had a clinically

relevant reduction in TTR due to genetic polymorphisms. Interest-

ingly, the youngest patients had both lower TTR and higher levels of

perceived stress, and therefore constitute a relevant and easily identifi-

able target group for increased attention and support from the clinical

staff at anticoagulant clinics.

PB1.50 – Blood Coagulation
System – I

PB 1.50-1
Association of D-dimer levels with all-cause mortality
in a healthy adult population: findings from the MOLI-
SANI study
Iacoviello L, Di Castelnuovo A, De Curtis A, Costanzo S,

Persichillo MR, Olivieri M, Zito F, Donati MB and De Gaetano G

Catholic University, Campobasso, Italy

Background: Elevated D-dimer levels are reportedly associated with

higher risk of total mortality in patients with different diseases. We

investigated if a similar association could be found in a large appar-

ently healthy population.

Methods: Seventeen thousand three hundred and fifty-nine (47% men,

age ≥ 35) individuals free of clinically recognized cardiovascular and

cancer disease, for whom baseline D-dimer was available, were studied

within the MOLI-SANI cohort, randomly recruited from the general

adult population of the Molise region, Italy. The cohort was followed

for a median of 4.2 years (73,807 person-years). D-dimer was mea-

sured on fresh citrated plasma by an automated latex-enhanced immu-

noassay (HemosIL-IL, Milan). Hazard ratios (HRs) were calculated

using three Cox-proportional hazard models (Table 1).

Results: Two hundred and eighty deaths could be recorded. When

modeled as a continuous variable, D-dimer at baseline showed a non-

linear association with mortality, whose incidence increased only in

the upper quartile of the distribution (D-dimer ≥ 221 ng/mL). Thus,

the group of individuals with D-dimer < 221 ng/mL (75% of the pop-

ulation) acted as the reference group, while the remaining individuals

were subdivided in tertiles that were compared with the former group.

Multivariable HRs for mortality were 1.06, 1.45 and 1.97, respectively

(P for trend < 0.0001) across the three categories of increasing D-

dimer. The association was slightly attenuated, but still highly signifi-

cant (P for trend 0.0002), after further adjustment for white blood cell

count and C-reactive protein.

Conclusions: Elevated D-dimer levels were independently associated

with increased risk of death for any cause in an apparently healthy

adult population.

PB 1.50-2
Phosphatidylserine exposure on platelets’surface upon
binding to rigid fibrin scaffold
Brzoska T1, Suzuki Y1, Mogami H2, Sano H1 and Urano T1

1Hamamatsu University School of Medicine; 2Hamamatsu

University, Hamamatsu, Japan

Background: An adequate surface exposure of phosphatidylserine (PS)

on the platelet outer membrane leaflet promotes thrombin formation

by providing a catalytic membrane surface for vitamin-K dependent

coagulation factors. Difficulties to evoke PS exposure on platelet sur-

face in fluid-phase suggest the requirement of additional stimuli.

Recently, by employing intra-vital confocal microscopy, we demon-

strated that platelets expose PS and fibrin accumulate only in the cen-

ter of the thrombus but not in its periphery.

Aim: To address the question how exposure of platelet anionic phos-

pholipids is regulated within the thrombus, an in-vitro experiment has

been designed.

Methods: Confocal Laser Scanning Microscopy was employed to

study the PS exposure on the platelet surface incorporated into fibrin

network.

Results: Almost all platelets exposed PS after treatment with tissue fac-

tor, thrombin or ionomycin, and platelet PS exposure was strictly

dependent on the sustained intracellular calcium concentration

[Ca2+]i. Argatroban abrogated fibrin network formation in all sam-

ples, however, platelet PS exposure was inhibited only in tissue factor-

and thrombin-treated samples but not in ionomycin-treated samples.

FK633, an aIIbb3 antagonist, and cytochalasin B impaired platelet

binding to the fibrin scaffold and significantly reduced PS exposure

evoked by thrombin. Gly-Pro-Arg-Pro amide abrogated not only

fibrin network formation, but also PS exposure on platelets without

suppressing platelet binding to fibrin/fibrinogen.

Conclusions: Our data confirm that PS exposure evoked by TF or

thrombin is [Ca2+]i dependent and precisely regulated by time- and

space-dependent mechanisms. Integrin outside-in signals generated by

platelet binding to a rigid fibrin network, and resulting in generation

of mechanical foci through this binding, appear to be essential for

modulation of anionic phospholipids’ exposure. Such regulation of

platelet PS exposure may play an important physiological role in the

control of hemostasis.

PB 1.50-3
The effect of tissue factor pathway inhibitor (TFPI) on
thrombin generation and post-operative bleeding in
patients undergoing surgery requiring
cardiopulmonary bypass
Percy CL1, Hartmann R2, Panholzer E2, Kolm A2, Mehta D3,

Balachandran S3, Hall JE1, Dockal M2, Scheiflinger F2

and Collins PW1

1Cardiff School of Medicine, Cardiff, UK; 2Baxter Innovations

GmbH, Orth an der Donau, Austria; 3University Hospital of

Wales, Cardiff, UK

Background: TFPI is an important inhibitor of the initiation phase of

coagulation. Its release is stimulated by heparin. Therefore it may play

a role in determining bleeding in patients undergoing surgery requiring

the use of cardiopulmonary bypass

Aim: To measure TFPI concentrations before and after cardiopulmo-

nary bypass, correlate these with thrombin generation and investigate

the effect of inhibiting TFPI as a potential therapeutic target.

Methods: One hundred and two patients undergoing valve surgery,

surgery on the thoracic aorta or undergoing coronary bypass grafting

plus another procedure, were recruited. Informed consent was

obtained and the study received approval from the local research eth-

ics committee. Blood samples were collected into 3.2% citrate (for
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TFPI measurement) and 3.2% citrate with 20 lg/mL Corn Trypsin

Inhibitor (for thrombin generation experiments), in the anaesthetic

room before heparin was given, and then in the operating theatre

30 min after reversal of heparin. An ELISA was used to quantify full-

length and total TFPI using an anti-c-terminus and anti-KD2 anti-

body respectively. Thrombin generation experiments were performed

by calibrated automated thrombography using Thrombinoscope PPP

Low trigger reagents. Thrombin generation was measured in the pres-

ence and absence of a polyclonal anti-TFPI antibody (AF2974, R&D

Systems, Abingdon, UK) at a concentration of 100 nM. Post-opera-

tively patients were observed for evidence of bleeding for 24 h. Abnor-

mal bleeding was defined as drain loss of more than 1 L at 24 h, more

than 200 mL/h for two consecutive hours, more than 2 mL/kg/h for

two consecutive hours in the first 6 h, the need for haemostatic treat-

ment or the need to return to theatre for bleeding. SPSS software was

used to analyse the data.

Results: Compared to pre-cardiopulmonary bypass samples the med-

ian full-length TFPI concentration was lower in the post-cardiopulmo-

nary bypass samples (20.4 vs. 16.6 ng/mL, P < 0.001). In contrast,

median total TFPI levels increased (55.7 vs. 112.4 ng/mL, P < 0.001).

There was no observed difference in either full-length or total TFPI

levels in those who bled excessively compared to those who did not.

Thrombin generation was also reduced in the post-cardiopulmonary

bypass samples compared to those pre-surgery (median ETP

530.3 nM/min pre vs. 108.5 nM/min post, P < 0.001; peak thrombin

42.7 nM pre vs. 5.4 nM post, P < 0.001). There was a weak inverse

correlation between full-length TFPI concentration and thrombin gen-

eration. Addition of AF2974 resulted in a significant increase in

thrombin generation parameters in both pre and post-cardiopulmo-

nary bypass samples (ETP 1352.3 nM pre, peak thrombin 245.5 nM

pre P < 0.001; ETP 1045 nM post, peak thrombin 223.8 nM post,

P < 0.001) the change being greatest in the post-surgery samples.

Conclusions: Post-cardiopulmonary bypass full-length TFPI is lower

than pre-surgery whilst total TFPI is increased. Measurement of TFPI

at the time points chosen does not correlate with observed bleeding.

Inhibition of TFPI significantly enhances thrombin generation and

may be a therapeutic target in patients suffering from excess bleeding.

PB 1.50-4
Safety and effectiveness of anti inhibitor coagulation
complex (AICC) in routine clinical management: a
post-authorization safety study (PASS)
Novack A1, Romanov V1, Pirck M2 and Numerof RP1

1Baxter Healthcare Corporation, Bioscience, Westlake Village,

CA, USA; 2Baxter Innovations GmbH, Bioscience, Vienna, Austria

Background: Hemophilia patients with inhibitors present a treatment

challenge due to an increased risk of difficult-to-treat bleeds. Activated

prothrombin complex concentrate, AICC [FEIBA NF], has been a key

therapeutic option for the prevention and management of bleedings in

patients with inhibitors for over three decades. FEIBA NF has been

approved in more than 60 countries with a prophylaxis indication in

more than 40 countries. Launched in 2008, FEIBA NF is essentially

the same as the previous formulation of FEIBA (VH) but with an

additional viral removal step (35 nm nano-filtration) added during the

final stages of manufacturing.

Aims: FEIBA NF PASS is a prospective open-label, observational sur-

veillance program that documents the adverse events (AEs) and hemo-

static effectiveness associated with FEIBA NF use in routine practice.

Data collection includes dosage of FEIBA NF (total dose, number of

infusions) required for prophylaxis or bleed resolution, infusion rates,

physician rated efficacy assessment, bleed type and location, incidence

of non-serious and serious adverse events related and unrelated to FE-

IBA NF, and anamnestic response.

Methods: An electronic data collection system is utilized to monitor

the safety and effectiveness of FEIBA NF in subjects for

12 � 2 months. Standard quality of life assessment tools (SF-36,

Peds-QL and EQ-5D) are used at time of enrollment and at the end of

the observation period. Furthermore, the surveillance will attempt to

identify best practices in managing hemophiliacs with inhibitors on

regular FEIBA prophylaxis. All patients gave informed consent and

the study was conducted according to the Declaration of Helsinki and

its amendments.

Results: As of January 2013, 44 study sites in 10 countries have been

initiated and eighty five patients have been enrolled. Sixty two patients

have completed a 1 year study period. Enrollment has closed in the

UK, France, Germany, Spain, Belgium, Sweden, Poland, Italy, and

the United States but is still ongoing in Canada. At enrollment, 86%

of patients have been diagnosed with congenital hemophilia A, 13%

with acquired hemophilia A and 1% with congenital hemophilia B. At

screening, 41 subjects were prescribed regular prophylaxis and 39 were

prescribed on-demand treatment for bleeding episodes. Subject profiles

highlighting bleeding episodes and treatments over the study period

were created for every patient and representative graphs were gener-

ated. Three related serious adverse events (haemarthrosis, catheter

related infection, and thrombophlebitis superficial) have been

reported, all associated with on demand treatment.

Summary: The development of inhibitors is the most serious complica-

tions in the treatment of hemophilia and their management continues

to challenge health care professionals. FEIBA NF PASS provides an

opportunity to collect data on hemophilic patients with inhibitors dur-

ing routine care, and serves as an invaluable tool for documenting the

safety and effectiveness of FEIBA NF in a variety of clinical settings

including prophylaxis, surgery and bleed management during ITI.

PB 1.50-5
Thrombin generation profile of dehydrated solvent/
detergent treated plasma and FFP
Gorkun O1, Bode A2 and DaCorta JA2

1University of North Carolina at Chapel Hill, Chapel Hill, NC;
2Entegrion Inc, Research Triangle Park, NC, USA

Background: The risk of infection during transfusion of plasma was

significantly reduced with introduction of solvent/detergent (S/D)

treatment. Also the S/D plasma delivers reduced antibody titers,

reduced lipids and microparticles, reduced non-hemolytic transfusion

reactions and more consistent content of clotting factors as compared

to standard single donor FFP. S/D plasma, like banked FFP, remains

dependent on frozen shipment and storage. Dehydrated plasma on the

other hand, has been shown to possess stability at higher temperatures,

and quicker availability due to elimination of the thawing step. Dehy-

drated plasma has been shown to function in vitro and in vivo in a simi-

lar manner to banked frozen FFP. Dehydration methods currently in

development are lyophilization, and spray drying. However, there

have been no reports in the literature of comparisons of these.

Methods: Effect on thrombin generation and inhibitions.

Aims: To compare the effect of dehydration methods on thrombin gen-

eration coagulation factor recovery and hemostatic function of S/D

plasma as compared to banked FFP.

Methods: For the current comparison, spray dry and lyophilized plas-

mas were prepared in-house using S/D plasma from Kedrion (Lucca,

Italy) or blood bank FFP (UNC Hospital, NC). All dry plasmas were

reconstituted with 5 mM Citric/Phosphate pH 3.5 buffer, producing

fully rehydrated plasma of the same pH and protein concentration as

the original plasma before drying. We used calibrated automated

thrombography (CAT) to evaluate hemostatic function of plasma.

Using Thrombinoscope (Stago), we measured thrombin generation in

S/D plasma or FFP and in their reconstituted spray-dried and lyophi-

lized forms. In addition, we measured concentration of major clotting

factors using STA-Compact Analyzer (Stago) and assessed plasma

coagulation function with rotational thrombelastography (ROTEM,

TEM Systems, NC).
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Results: We found that the lyophilization of S/D plasma generated

small but significant changes in thrombin generation profile but that

spray-drying had a negligible effect: at 1pM TF, the

ETP = 1354 nM*min for SDSDP vs. 1301 for S/D plasma and 1430

for lyophilized S/D, at 5pM TF the ETP = 1258 for SDSDP vs. 1286

for S/D plasma and 1372 for lyophilized S/D. The results with FFP

products were more variable with ETPs 10–30% less than their S/D

counterparts. Despite faster thrombin generation in S/D plasma and

its derivatives, thrombin inhibition was equally fast, suggesting of

intact thrombin inhibition pathways. ROTEM did not detect these

same differences. There were variations in clotting factor levels

between spray-dried and lyophilized preparations but not consistently

across the S/D plasma vs. FFP groups, except for a reduced level of

vWF activity in spray-dried plasmas.

Summary: In general, the thrombin generation profile of SDSDP was

remarkably similar to the S/D plasma from which it was prepared.

Both S/D plasma and SDSDP have shorter thrombin generation times

and more rapid thrombin inhibition than FFP or its dried forms.

Additional investigation is needed to understand the significance of

the differences between lyophilized and spray-dried techniques on he-

mostatic function.

PB 1.50-6
Comparision of recombinant coagulation factor VII
(ARYOSEVENⓇ) with NOVOSEVENⓇ in patients with
FVIII & IX deficiency with an inhibitor
Faranoush M1, Hassan A2, Karimi M3, Toogeh G4, Eshghi P1,

Managchi MR4, Hamid H5, Kamyar K6, Heshmat R4

and Baghaiepour MR7

1Iranian Blood Transfusion Organization; 2Shahid Beheshti

University of Medical Sciences, Tehran; 3Shiraz University of

Medical Sciences, Shiraz; 4Tehran University of Medical Sciences;
5Isfahan University of Medical Sciences, Isfahan; 6AryoGen

Biopharma Company, Karaj; 7Iranian Hemophilia Care Centers,

Tehran

Introduction: Coagulation factor replacement therapy in severe hemo-

philia prevents disabling arthropathy and improves life expectancy

and quality of life. This treatment is ineffective in patients with neu-

tralizing antibodies to the deficient coagulation factor (inhibitors), in

which case treatment with FVIIa is an option. The aim of this study

was to compare the efficacy of a new biosimilar recombinant factor

VIIa (Aryoseven�) with Novoseven� in controlling bleeding episodes

in patients with hemophilia A or B with inhibitors.

Methods: A double blind clinical trial was conducted in comprehensive

hemophilia care centers in Iran. Inclusion criteria were: 1-congenital

hemophilia A and B and an inhibitor titer > 5 Bethesda units (BU); 2-

age > 2 years; 3- intravenous access. Exclusion criteria were: 1- any

other coagulation disease; 2- immune tolerance induction treatment

during the last month with Novoseven�; 3- platelet count < 50,000/

mL; 4-presence of anti-FVII antibodies; 5. history of advanced arthro-

sclerosis due thormbogenic of rFVIIa. We randomized 61 consenting

male patients into two groups, with four consecutive block randomiza-

tion, for treatment of one hemorrhage. Group A (28 patients, 45.9%)

received Aryoseven� and group B (33 patients, 54.1%) received Novo-

seven�. Factor VII dosage was 90 lg/kg intravenously. Primary out-

come was self-reported joint pain and joint movement with the

Kavakli scoring system 9 h after infusion of FVIIa

Results: Mean age was 21 year (range: 2–53) and similar in both

groups. Mean plasma level of Factor VII: C at inclusion was 104.3

(range 78–106) IU/dL in group A and 98.5 (range 76.2–119) IU/dL in

group B. Mean inhibitor level was 36.9 BU (SD 45.7) in group A and

28.9 (SD 35.7) BU in group B. Time from self-reported start of bleed-

ing symptoms to FVIIa infusion was similar in both groups (group

A:1377 � 1082, group B:2333 � 1795 min). There were 28 bleeds

treated with Aryoseven� and 33 bleeds with Novoseven�. Median

Kavakli score for post-infusion pain and joint movement was similar

in the two groups, at 7.00 (range 6.00–8.00). Response to treatment

was positive in 27 (96.4%) in group A, and 29 (87.9%) in group B by

self-reporting joint pain severity.

Discussion: We tested a biosimilar FVIIa concentrate in comparison

with the standard concentrate in patients with neutralizing antibodies

to FVIII or FIX, in the treatment of acute joint bleeding. The response

to concentrate infusion was the same for both concentrates.

PB 1.51-1
Control of vitamin-K antagonist treatment by
measuring thrombin generation in whole blood – effect
of thrombomodulin
Bloemen S1, De Laat M1, Ten Cate-Hoek AJ2, Ten Cate H2, De

Laat B1, Hemker CH1 and Al Dieri R1

1CARIM, Maastricht University; 2Maastricht University Medical

Centre, Maastricht, The Netherlands

Background: Whole blood thrombin generation (TG) testing has been

recently introduced. If it can be used for evaluating the effect of anti-

thrombotic treatment this would be a starting point for the develop-

ment of point of care and home control of vitamin K antagonist

(VKA) treatment. The antithrombotic action of VKA treatment

results from the fact that its effect on factors II, VII, IX and X over-

rules the concomitant decreases of the natural anticoagulants protein

C and S. In clotting tests the effect on anticoagulant factors goes unob-

served, but not in TG experiments. We therefore also investigated the

effect of addition of soluble thrombomodulin (TM).

Aims: To compare, in samples from patients taking VKA, TG in whole

blood to TG in plasma and to investigate the effect of activation of the

APC system with TM in both types of test and to relate the results to

the degree of anticoagulation as assessed by the International Normal-

ized Ratio (INR).

Methods: In blood samples from 105 consenting patients on VKA

treatment (mainly because of atrial fibrillation) TG was measured with

calibrated automated thrombinography (CAT) in the absence and

presence of exogenous TM. This was performed in whole blood, plate-

let rich and platelet poor plasma (PRP, PPP). The INR was deter-

mined in PPP of the same patients.

Results: Endogenous thrombin potential (ETP), peak height, lag time

and time to peak (ttpeak) measured in whole blood were all signifi-

cantly correlated with the ones determined in plasma (P-value < 0.01).

The concentration dependent parameters of TG (ETP and peak) from

whole blood, PRP and PPP of the patients correlated significantly to

the inverse of the INR (P-value < 0.01). The time dependent TG

parameters (lag and ttpeak) correlated linearly with the INR (P-

value < 0.01).

In the majority of the patients, addition of TM (20 nM) to a level that

reduced the ETP to around 50% in normal plasma, caused less inhibi-

tion in plasma from the patients: 29.8 � 12.8% in whole blood,

28.5 � 19.8% in PRP) and 39.6 � 12.0% in PPP. This effect was vir-

tually independent of the INR (1.1–5.9).
Conclusion: This study demonstrates that whole blood thrombin gen-

eration can be considered as a reliable tool for determining the antico-

agulant activity of vitamin K antagonists. VKA therapy induces TM -

resistance when assessed by TG in whole blood as well as in plasma.

This effect appears to be independent of the level of anticoagulation.
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PB 1.51-2
False-positive results for a lupus anticoagulants occur
in patients on low molecular weight heparin but not
fondaparinux, by dilute activated partial
thromboplastin time
Platton SJ, Nahar B, Dale C and MacCallum P

Barts Health NHS Trust, London, UK

Background: Recent International Society for Thrombosis and Hae-

mostasis guidelines on the detection of lupus anticoagulants (LA) state

that screening for LA in the presence of low molecular weight heparin

(LMWH) is possible, and that the thrombin time (TT) should be used

to identify the presence of heparin. We describe how reliance on the

TT may lead to the mis-diagnosis of LA by dilute activated partial

thromboplastin time (APTT) in patients on LMWH (prophylactic/

therapuetic), and how the diagnosis of LA is not affected by fondapar-

inux.

Aims: To show that the dilute APTT cannot be used to detect LA in

patients on LMWH; that TT cannot be used to rule out the presence

of LMWH; and that fondaparinux does not affect LA results.

Methods: Plasma samples sent for routine LA testing from non-antico-

agulated patients previously found to be negative by dilute Russell’s

viper venom time and dilute APTT were spiked with either enoxapa-

rin, tinzaparin or fondaparinux. All samples were tested for LA by

dilute APTT and TT.

Results: Twenty-five samples were spiked with enoxaparin. At

0.20 IU/mL, 9 (36%) of these gave results above the locally-derived

cut-off for the dilute APTT assay, and of these 2 (8%) showed correc-

tion sufficient to make a false diagnosis of LA. At 0.80 IU/mL, all

results were above the assay cut-off, with 5 (20%) giving a false posi-

tive diagnosis of LA.

Sixteen samples were spiked with tinzaparin. At 0.20 IU/mL, 11

(69%) of these gave results above the locally-derived cut-off for the

assay, and of these 9 (56%) showed correction sufficient to make a

false diagnosis of LA. At 0.80 IU/mL, all results were above the assay

cut-off, with 3 (19%) giving a false positive diagnosis of LA.

Twenty samples were spiked with fondaparinux. At 0.20 lg/mL, 3

(15%) of these gave results above the locally-derived cut-off for the

assay, but none of these showed correction sufficient to make a false

diagnosis of LA. At 0.80 lg/mL, 5 (25%) gave results above the assay

cut-off, but none of these showed correction sufficient to make a false

diagnosis of LA.

When measuring TT on samples spiked with enoxaparin or tinzaparin,

TT was raised only when anti-Xa activity exceeded 0.25 IU/mL. This

is above the level of LMWH observed to affect LA assays by dilute

APTT. TT measurements were not affected by fondaparinux.

Conclusions: The results of this study suggest that LA cannot be

measured accurately in the presence of LMWH, and that prophylac-

tic levels of LMWH will not affect the thrombin time. Fondapari-

nux did not interefere with the detection of LA by dilute APTT in

our study.

PB 1.51-3
Monitoring of parenteral anticoagulant drugs with the
prothrombinase induced clotting time (PICT)
Hoppensteadt D, Walenga JM, Cunanan J, Iqbal O and Fareed J

Loyola University Medical Center, Maywood, IL, USA

Introduction: Several parenteral direct thrombin inhibitors have been

approved for the anticoagulation in heparin compromised patients.

These agents include hirudin (Refludan, BayerHealthcare, Germany),

argatroban (Acova, Mitsubishi, Japan) and angiomax (Bivalirudin,

Medicines, Co, Parsippany, NJ). The parenteral thrombin inhibitors

do not require antithrombin as a cofactor and have a short half

life. They are used in the anticoagulation of patients undergoing percu-

taneous coronary angioplasty (PTCA). These agents do not require

monitoring however, in some patients such as those with liver or kid-

ney disease, monitoring may be necessary.

Materials: Citrated blood was drawn from five donors and spun at

3000 rpm to obtain platelet poor plasma (PPP). The PPP was supple-

mented with hirudin, argatroban or angiomax in a concentration

range of 0–10 lg/mL. The plasma samples were analyzed using three

PT/INR reagents (Innovin, Dade-Behring, Germany; Recombiplastin,

Instrumentation Laboratories, Bedford, MA; Neoplastin, Stago, Par-

sippany, NJ), two APTT reagents (Platelin, TCoag, Ireland; Actin

FSL, Instrumentation Laboratories, Bedford, MA), Heptest and the

two stage PICT (Pentapharm, Basal, Switzerland). The PICT assay is

a new clot-based assay that was developed for the monitoring of anti-

coagulant drugs. In the two step assay, FXa, phospholipid and RVV-

V are incubated with the sample. The formed thrombin is inhibited by

the presence of the thrombin inhibitor. Following recalcification the

clotting time is measured. All assays were performed on the ACL 300

Plus (Instrumentation Laboratories, Bedford, MA). The PICT was

also run on the ST4 (Stago, Parsippany, NJ).

Results: In the citrated plasma the hirudin, angiomax and argatroban

demonstrated assay dependent differences in the clotting times. In the

PT/INR, angiomax showed the strongest response with Innovin, how-

ever using Neoplastin or Recombiplastin both angiomax and argatro-

ban gave similar results. Hirudin showed the weakest activity. In the

APTT assay, angiomax was strongest, but similar results were

observed for both hirudin and argatroban. In the Heptest, argatroban

was the strongest. In the two stage PICT assays all three agents dem-

onstrated a concentrated dependent response. Hirudin showed the

strongest prolongation of the PICT at 5 lg/mL followed by angiomax

and argatroban (Hirudin, 190.7 + 17.8 s; Angiomax, 131.6 + 15.3 s;

Argatroban, 95.3 + 9.7 s),.

Conclusion: These results demonstrated the different reagents, within

the same assay, show differential responses to the parenteral anti-

thrombin agents. Therefore depending on the type of reagent used dif-

ferent response can be measured using the same test. The two stage

PICT is a simple, fast assay that can be adapted to any coagulation

instrument and is sensitive to all types of anticoagulants including the

parenteral antithrombin agents. Therefore the PICT assay may be a

universal clot-based method that can be used to monitor all types of

anticoagulant drugs.

PB 1.51-4
Evaluation of in-house normal pool plasma for
activated partial thromboplastin time mixing test as a
part of diagnosting protocol for lupus anticoagulant
detection
Margetic S, Butorac T, Vrkic N and Novosel R

Medical School University Hospital, Zagreb, Croatia

Background:Mixing test is commonly used as screening assay for labo-

ratory investigation of inhibitors, thus respresenting an integral part of

routine diagnostic protocol for lupus anticoagulant (LA) detection.

The first criterion in identifying LA is prolongation of at least one lab-

oratory test dependent of phospholipids, such as the activated partial

thromboplastin time (APTT). This prolonged test must then be

repeated on a mixture of patient¢s plasma and normal plasma (APTT

mixing test, APTTmt) to distinguish between inhibitor such as LA and

a single factor deficiency.

Aims: The aim of this study was to evaluate in-house pool normal

plasma (NP) for APTTmt compared with commercial NP that is rou-

tinely used in our laboratory in the diagnosting protocol for LA detec-

tion.

Methods: A total of 158 subjects were evaluated for LA, of which 11

subjects were LA positive. In-house pooled NP was obtained from 40

subjects directed to routine screening for prothrombin time (PT) and

APTT, without any known coagulation disorder and with PT and

APTT results within reference interval. Immediately after collection
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and centrifugation (3000 rpm 10 min), in-house pooled NP was

divided into aliquots and frozen at �20 °C until analysis. Immediately

before use, aliquoted in-house NP was thawed at 37 °C for 15 min.

Commercial NP (Control plasma N, Siemens, Germany) was routinely

used for APTTmt (Actin FSL, Siemens, Germany). Patient¢s samples

were mixed in the equal volume (1 + 1) with commercial NP as well as

with in-house pool NP and evaluated in parallel for APTTmt. For in-

house prepared pool NP we determined within-run precision by 10

consecutive measurements of APTTmt and between-run precision by

measuring of APTT in 10 consecutive days after freezing and thawing

of aliquoted in-house NP. Comparison of APTTmt results with com-

mercial NP and in-house NP was evaluated by Passing-Bablok regres-

sion and Bland and Altman difference plot.

Results: Within-run coefficient of variation (CV) was 1.5% for APT-

Tmt determined with in-house pool NP. Between run CV was 2.4%

for APTT determined in aliquoted pooled NP. The results of APTTmt

(seconds) comparison expressed as median (range) were as follows: in-

house NP 27.0 (22.0–32.0); commercial NP 27.0 (23.0–33.0). Passing
and Bablok regression analysis showed that there were no significant

constant or proportional differences between the two methods regres-

sion line equation y = 0.000 + 1.000x; 95% confidence interval (CI)

for intercept 0.000–5.200 and 95%CI for slope 0.800–1.000, thus indi-
cating good agreement, linear relationship and statistically unbiased

results between in-house and commercial NP used for APTTmt. These

results were also confirmed by Bland and Altman difference plot.

Commercial NP and in-house NP gave the same number of positive

screening LA results (11/11) and positives were detected in the same

specimens.

Conclusions: Comparison between in-house pool NP and commercial

NP for APTTmt indicated that a careful selection of donors allows use

of in-house pooled NP that fits the quality demands for routine APT-

Tmt. Our results confirmed that use of in-house prepared NP could be

implemented in routine diagnostic protocol for LA detection.

PB 1.51-5
Prothrombin time with recombiplastin 2G correlates
strongly with plasma rivaroxaban levels
Tait RC1, McGurk M2, Hickman GM1, Conkie J1, Lawrence C1

and Bagot C1

1Royal Infirmary; 2Western Infirmary, Glasgow, UK

Background: The new oral anticoagulants are now being increasingly

used in clinical practice. Although routine monitoring of their antico-

agulant activity or plasma level is not indicated there is a realisation

that, in certain situations (e.g. acute haemorrhage or emergency sur-

gery), the ability to estimate residual anticoagulant effect may be clini-

cally useful. Therefore, it has been suggested that haemostasis

laboratories develop suitable quantitative assays as well as determining

the sensitivity of their routine coagulation assays, prothrombin time

(PT) and activated partial thromboplastin time (APTT), to these

agents.

Aims: To calibrate an anti-Xa chromogenic assay for rivaroxaban

plasma concentration, and assess the sensitivity of our local PT and

APTT assays to rivaroxaban levels.

Methods: The Liquid Anti-Xa chromogenic assay (IL, Instrumentation

Laboratories) run on an IL TOP 700 was calibrated using lyophylised

standard rivaroxaban plasmas (Hyphen Biomed, France) to create a

rivaroxaban assay linear between 0 and 400 ng/mL. Lyophylised plas-

mas from Diagnostica Stago (France) were used for internal quality

control. Citrated plasma samples were obtained at routine clinic visits

from patients receiving therapeutic dose rivaroxaban for treatment, or

secondary prevention of DVT. All patients had been receiving rivarox-

aban, and had avoided other anticoagulant therapy (low molecular

weight heparin or warfarin), for at least 7 days (median 3 weeks). PT

(Recombiplastin 2G, laboratory reference range 9–13 s) and APTT

(Synthasil, laboratory reference range 27–38 s) were determined on IL

TOP 700.

Results: Samples from 20 patients receiving rivaroxaban (six during

15 mg bd dosing and 14 during 20 mg od dosing) were obtained

either around peak (1–4 h, n = 10) or trough (12–30 h, n = 10) time

points. Anti-Xa rivaroxaban levels around peak were generally higher

than expected (median 378 ng/mL, range 204–707 ng/mL) while

trough levels were as expected (median 45 ng/mL, range 11–215 ng/

mL). One patient with a 2.5 h ‘peak’ level of only 35 ng/mL was sus-

pected of medication non-compliance. Corresponding PT results

(range 10–29 s) showed a strong linear correlation with anti-Xa riva-

roxaban levels (correlation co-efficient 0.971) whereas APTT results

(range 30–52 s) were less well correlated (correlation co-efficient

0.461). All eight patients with PT ≤ 13 s had an anti-Xa rivaroxaban

level < 60 ng/mL.

Conclusions: We have demonstrated that the IL Liquid Anti-Xa chro-

mogenic assay can be easily calibrated to measure plasma rivaroxaban

levels. Routine PT (using Recombiplastin 2G on an IL TOP 700),

more so than APTT, may provide an approximate estimate of rivarox-

aban anticoagulant activity. A PT ≤ 13 s appears to imply a low riva-

roxaban level of < 60 ng/mL, perhaps inferring suitability for surgery

or other invasive procedure. However, these findings will require vali-

dation in a larger cohort (including rivaroxaban-treated patients

scheduled for invasive procedures).

PB 1.51-6
A global hemostasis assays in laboratory monitoring of
low molecular weight heparin treatment in patients
after surgery
Poletaev AV1, Balandina A2, Rabotinskiy S1, Orel E1,

Ataullakhanov F1 and Shulutko E1

1National Research Center for Hematology; 2Center of Pediatric

Hematology, Oncology and Immunology, Moscow, Russian

Federation

Background: Low molecular weight heparin (LMWH) treatment can

be complicated by such adverse events like bleedings or thrombosis, so

the laboratory control of the LMWH effect can be useful.

Aims: To investigate the efficacy of the global hemostasis assays to

monitor the LMWH treatment in patients after surgery.

Methods: Twenty one patients after surgery were enrolled in the study.

Thrombosis risk was scored by Caprini risk assessment model: two

patients had low risk (but coagulation tests showed hypercoagulation

state direct after surgery), six patients had medium risk and 13 patients

had high risk. Five patients also had thrombocytopenia

(< 150 9 109 platelets/mL). The thromboelastography (TEG),

Thrombodynamics, D-dimers and anti-Xa activity were determined

before LMWH treatment (daily bemiparin injection 2500 or 3500 IU),

then before and 3 h after each injection during 3 days. Thrombody-

namics is a new global assay based on a spatial fibrin clot growth regis-

tration; the stationary clot growth rate (Vst) and spontaneous clotting

(SC, indicator of prothrombotic risk) are registered.

Results: These global tests showed procoagulant deviation from nor-

mal state in patients with high thrombosis risk. Before LMWH injec-

tion, TEG parameters R, K, Angle and MA demonstrated the

hypercoagulation state in 38% of measurements, but the average val-

ues were normal: 14.2 � 5.5 min, 4.6 � 2.8 min, 46.6 � 14.5° and

64.2 � 10.9 mm, respectively (the normal ranges were 9–27 min, 2–
9 min, 22–58° and 44–64 mm, respectively). The Thrombodynamics

parameter Vst was increased in 70% of measurements and the average

value was 33 � 6 lm/min (the normal range was 20–30 lm/min). SC

was observed in eight patients. D-dimers were increased in 85% of

measurements.

After LMWH injection, all parameters of global assays except MA

returned back to normal or even mild hypocoagulation state. R and K

increased in 1.6 � 0.8 and 2.7 � 1.8 times respectively, Angle and Vst

decreased in 2.0 � 1.1 and 2.0 � 0.5 times respectively. No SC in

Thrombodynamisc was observed. Anti-Xa activity was 0.88 � 0.39;
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yet it is known that this parameter indicates only LMWH activity in

blood plasma but not overall hemostasis state of patients.

All parameters of laboratory tests performed before LMWH injection

did not show any dynamics within the first 3 days after the surgery;

the same picture was observed for the tests performed after LMWH

injection. The one exception was observed: SC in Thrombodynamics

registered in six patients on 1st day, three patients on 2nd day and two

patients on 3rd day. There was no difference between patients with or

without thrombocytopenia (P > 0.05).

Conclusion: Thrombodynamics and thromboelastography assays are

sensitive to hypercoagulation in patients with high thrombosis risk

and can be effective in monitoring LMWH treatment.

PB1.52 – Blood Coagulation
Tests – III

PB 1.52-1
Comparison of calibrated automated thrombogram and
chronometric or chromogenic assays for the
monitoring of DOACs in patients with non-valvular
atrial fibrillation
Douxfils J1, Classen J-F2, Baudar J2, Walbrecq S2, Chatelain C2,

Chatelain B2, Dogn�e J-M1 and Mullier F2

1University of Namur, Namur; 2CHU UCL Mont-Godinne-Dinant,

Yvoir, Belgium

Background: Direct oral anticoagulants (DOACs) include anti-IIa

agent (dabigatran etexilate: DE) and anti-Xa agents (rivaroxaban,

apixaban and edoxaban). DOACs do not require monitoring nor fre-

quent dose adjustment. However, searching for the optimal dose in the

individual patient may be useful in some situations. Recent studies

have shown that activated partial thromboplastin time (aPTT), Hemo-

clot Thrombin Inhibitor� (HTI) and ecarin clotting time could be used

to monitor dabigatran whereas PT and anti-Xa chromogenic assays

are preferable to monitor anti-Xa agents. HTI, aPTT and PT only

measure the initiation phase of the coagulation cascade. Calibrated

Automated Thrombogram (CAT) which measures the entire thrombin

generation process could be used to better discriminate the inhibitory

profile of DOACs in patients.

Aims: The aim of this study is to assess the impact of DE and rivarox-

aban in patients suffering from non-valvular atrial fibrillation by

thrombin generation assay. Results will be compared to other tradi-

tional chronometric and chromogenic assays.

Methods: Five patients under DE (150 mg bid) and five patients under

rivaroxaban (20 mg od) for atrial fibrillation were included in this

study. Blood samples were taken at 2 and 3 h after drug administra-

tion, and just before the next scheduled intake of the drug (Ctrough:

12 h for DE and 24 h for rivaroxaban). The following tests were per-

formed at each time-point.

Calibrated Automated Thrombogram: The most sensitive reagents

were used based on results from previous in house in vitro studies.

PPP-Reagent and PPP-Reagent High were used for rivaroxaban (Peak

and mVRI). For DE, PPP-Reagent Low and PPP-reagent were used

(Lag Time and Tmax).

Chronometric and chromogenic assays: For rivaroxaban, PT was

assessed using Triniclot PT Excel S� and Innovin�. Biophen Direct

FXa Inhibitors was used to estimate the plasma drug concentrations,

For DE, aPTT was assessed using CK-Prest� and Synthasil�. The

HTI was also performed to estimate the plasma drug concentrations.

Results and Discussions: The correlation between rivaroxaban plasma

concentration and the Peak showed an exponential decay relation

(r2 = 0.98 and 0.94 for PPP-Reagent and PPP-Reagent high respec-

tively). The same relation was observed for the mVRI (r2 = 0.98 and

0.95). The correlation between PT and CAT parameters is less pro-

nounced than those with the estimated plasma concentration

(r2 < 0.90).

The correlation between dabigatran plasma concentration and the Lag

Time showed no specific relation (r2 for linear correlation = 0.45 and

0.25 for PPP-Reagent and PPP-Reagent Low, respectively). The same

dispersion in the results is observed with other parameters. There is no

good correlation between CAT parameters and the aPTT (r2 < 0.35).

Conclusion: In this pilot study, CAT results obtained in patients trea-

ted with DE are inconclusive. On the other hand, the good correlation

results obtained between CAT parameters (Peak and mVRI with PPP-

Reagent) and plasma drug concentrations in patients treated with riva-

roxaban is encouraging. Such data should be confirmed in a larger

cohort study with the aim of providing cut-offs CAT parameters

reflecting a therapeutic level of anticoagulation.

PB 1.52-2
Minimizing the impact of preanalytical variables on
intrinsic coagulation during blood collection improves
sample quality for thromboelastography and the
calibrated automated thrombogram
Sinquett FL and Moskowitz KA

BD Diagnostics, Preanalytical Systems, Franklin Lakes, NJ, USA

Background: Thrombelastography (TEG) is useful in testing coagula-

tion efficiency of whole blood (WB) and has found important applica-

tions during surgery and anesthesiology. The calibrated automated

thrombogram (CAT) assay performed in plasma is used to investigate

patients with hypo- or hypercoagulopathies. These assays are highly

sensitive relative to traditional coagulation tests and vulnerable to con-

tact activation where accumulated FXIIa in citrated specimens can

markedly augment down-stream thrombin generation (TG). Accord-

ingly, we examined the effect of blood collection tubes comprised of

different polymeric containment materials and the select use of tar-

geted intrinsic pathway inhibitors on select outputs of the TEG and

CAT assays.

Methods: Citrated human WB was transferred from a blood collection

bag into coated (siliconized) glass or plastic blood collection tubes, or

uncoated glass, polypropylene (PP), polystyrene (PS), or polyethylene

terephthalate (PET) conical bottom tubes, either alone or in the pres-

ence of inhibitors targeting kallikrien or FXIa. After 15 min incuba-

tion, the TEG R value was obtained immediately after addition of

10 mM CaCl2. Matched plasma specimens were analyzed by the CAT

in the presence and absence of 1pM Tissue Factor (TF) and by APTT

(Stago Compact). Data were analyzed by ANOVA with Tukey’s post-

test and by linear regression.

Results: Plastic blood collection tubes delivered significantly higher

WB clotting ‘R’ times (CT) (15.0 � 1.02 min) than either uncoated

glass (6.3 � 0.73) or coated glass tubes (9.9 � 0.58) P < 0.01 while

providing equivalent results to all other plastic containers which ran-

ged from 15 � 1.0 to 17.7 � 1.9 min, P > 0.05 APTT assays were

insensitive to differences between uncoated glass (29.5 � 1.6 s) and

PP (29.8 � 0.6 s) tubes. Moreover, CAT peak thrombin levels were

significantly lower in plastic collection tubes relative to coated glass

both in the absence (22.2 � 4.4 vs. 167.7 � 2 nM, P < 0.05) and pres-

ence (16.7 � 3.4 vs. 127.3 � 9 nM (P < 0.05) of TF. TEG WB CT

correlated well with TF-initiated CAT lag time (R2 = 0.8116), time to

peak TG (R2 = 0.8308) and peak TG, the latter in the absence of

intrinsic inhibitors (R2 = 0.8401). Targeted inhibition of kallikrien also

increased WB CT in uncoated glass samples from 4.9 � 0.30 to

27.5 � 8.30, which was significantly higher than both coated glass

tubes (9.4 � 0.40) or plastic tubes (14.3 � 2.60) in the absence of

inhibitor (P < 0.001). Similarly, targeted inhibition of FXIa increased

WB TEG CT in coated glass and plastic tubes above 18 min and abro-

gated TG in the absence of TF.

Conclusions: Plastic blood collection tubes offered advantages over

coated glass for the CAT and TEG while the APTT was insensitive to

these polymeric differences. Inhibition of kallikrein, even in uncoated

glass, elevated WB CT beyond that of plastic suggesting additional
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benefits of contact pathway inhibition beyond those polymer-medi-

ated. Inhibiting FXIa abolished TG in the absence of TF, suggesting

quantitative intrinsic pathway blockade may require inhibition down-

stream of FXIIa.

PB 1.52-3
Spatial fibrin clot growth dynamics: interlaboratory
evaluation of the assay reproducibility and
standardization
Korotina N1, Vuimo TA1, Balandina A2, Shcherbina I3,

Sokolova L1, Potapova N1, Khrapkova O1, Panteleev MA4

and Ataullakhanov F5

1LLC, HemaCore; 2National Research Center for Hematology;
3Centre of Pediatric Hematology, Oncology and Immunology;
4Moscow State University; 5Center for Theoretical Problems of

Physicochemical Pharmacology RAS, Moscow, Russian

Federation

Background: A new global clinical test of blood coagulation, Throm-

bodynamics, based on the in vitro spatial clot growth imaging has

recently become available. Thrombodynamics mimics the in vivo blood

plasma coagulation processes occurring during the vessel damage.

Aims: To develop and test a stable and user-friendly assay protocol,

consumables and controls.

Method: The standard operating procedure of the assay includes putt-

ing the recalcified platelet free plasma sample into a special plastic cuv-

ette and contacting it with the activator insert containing surface-

immobilized tissue factor. Plasma clotting process propagates from the

activation surface into the bulk of plasma. Fibrin is detected by light

scattering videomicroscopy and numerical parameters characterizing

clot formation are calculated with a specially designed software1.

Results: A new kit including lyophilized reagents with long term shelf

life was developed. Aliquots of reagents allowed quick, comfortable

and unified test performing. Besides, lyophilized form removed addi-

tional dilution of the sample and precisely dosed amount of reagents.

Specially developed lyophilized plasma control allowed to verify all

test measurements. To study the test reproducibility using the new kit,

there were four analytical series of measurements performed, each one

with a new lot of reagents (not less than n1 = 400 tests each, n2 = 3226

tests total). Each analytical series was performed by different opera-

tors (3�5) at four different laboratories using four pools of fresh blood

plasma (from at least five healthy donors each one), respectively. The

coefficient of variation measured for the spatial velocity of fibrin clot

growth did not exceed 6% in each analytical series and was equal 5%

between analytical series, respectively. For the test verification

research using plasma control (n3 = 572 tests total), the coefficient of

variation measured for the parameters of spatial fibrin clot growth did

not exceed 10%.

Conclusion: The obtained data confirm sufficient reproducibility of

Thrombodynamics both within and between the reagent lots, and both

within and between laboratories. The developed reagent kit and con-

trol plasma meet the laboratory requirements of usability and stan-

dardization.

Reference:

1. Thromb Haemost 2005;3:321–31; J Thromb Haemost 2011;9:1825–
34.

PB 1.52-4
Assessment of rotational thromboelastometry in
cardiac surgery: correct prediction of clinically relevant
thrombocytopenia and hypofibrinogenaemia after
5 min
Olde Engberink HG, Kuiper JAJM, Wetzels JH, Nelemans PJ,

Lanc�e MD, Beckers AM and Henskens YMC

Maastricht University Medical Center, Valkenswaard, The

Netherlands

Background: Rotational thromboelastometry (ROTEM) has proven to

be an important diagnostic tool in cardiac surgery partiallydue to its

short turn around time (TAT) compared to conventional laboratory

tests. Multiple guidelines still recommend the conventional laboratory

measurements in situations of major blood loss but appoint that

thromboelastometry might be an important diagnostic tool to assist in

characterizing the coagulopathy and in guiding haemostatic therapy

and therefore need to be studied further.

Aims: In the present study we have prospectively investigated whether

ROTEM could predict a clinically relevant thrombocytopenia and

hypofibrinogenaemia in cardiac surgery using the clot amplitude after

5 min (A5) compared with the established A10 and maximal clot for-

mation (MCF). A new parameter, PLTEM, in which the contribution

of fibrinogen is eliminated by subtracting FIBTEM from EXTEM,

was investigated. TAT for ROTEM tests and conventional laboratory

tests were determined in the central laboratory.

Methods: In a prospective study including 97 cardiac surgical patients,

the correlation between EXTEM/FIBTEM A5 and A10/MCF values,

EXTEM A5/A10/MCF and platelet count, and FIBTEM A5/A10/

MCF and fibrinogen was evaluated using the Pearson’s correlation

coefficient. Moreover, predictive values of ROTEM tests for clinically

relevant thrombocytopenia and hypofibrinogenaemia were evaluated

using receiver operating characteristic (ROC) curves and correspond-

ing areas under the curve (AUCs). The study was approved by the

medical ethical committee of the Maastricht University Medical Cen-

ter (MUMC+).
Results: EXTEM A5 and FIBTEM A5 showed an excellent linear cor-

relation with A10 (R:0.99, 0.99) and MCF values (R:0.97, 0.99). The

correlation between EXTEM A5 and platelet count (R:0.75) was com-

parable with A10 (R:0.74) and MCF (R:0.70), and FIBTEM A5 pre-

dicted fibrinogen levels (R:0.88) as well as A10 (R:0.88) and MCF

(R:0.88). PLTEM A5/A10 (R:0.86/0.85) correlated better with platelet

count than EXTEM A5/A10 (R:0.75/0.74) and showed significantly

better AUC values in ROC-curves than EXTEM for predicting clini-

cally relevant thrombocytopenia (A5 P = 0.025; A10 P = 0.019).

Turnaround time of emergency requests for platelet count and fibrino-

gen level were 13 and 26 min respectively and TAT for ROTEM tests

was approximately 12 min.

Conclusion: ROTEM is able to detect hypofibrinogenaemia and

thrombocytopenia during cardiac surgery using A5, instead of the fre-

quently used A10. PLTEM predicts platelet count and thrombocyto-

penia more accurately than EXTEM. Implementation of these

parameters in ROTEM guided-transfusion protocols might reduce the

use of blood products. Further studies are needed to evaluate whether

implementation of EXTEM A5, FIBTEM A5 and PLTEM A5 in RO-

TEM-guided transfusion protocols will result in improved transfusion

management.
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PB 1.52-5
Calibrated automated thrombography in identification
of patients with high bleeding risk on vitamin K
antagonists treatment
Shmeleva V, Namestnikov Y, Matvienko O, Saltikova N,

Soldatenkov V and Papayan L

Russian Research Institute of Hematology and Transfusion, St-

Petersburg, Russian Federation

It is suggested that an individual’s potential to generate thrombin bet-

ter correlate with patients phenotype compared to traditional coagula-

tion tests and so it may allow individualized treatment with vitamin K

antagonists (VKA), particularly in patients with thrombophilia. VKA

treatment affects the protein C system as well as the procoagulant sys-

tem and this aspect can be assessed if thrombin generation (TG) is

evaluated in the presence of thrombomodulin (TM). Aim of our study

was to evaluate relationship between TG parameters both in the pres-

ence and in the absence of thrombomodulin (TM) and international

normalized ratio (INR) – standardized method of wide clinical utility.

Methods. The study involved 28 controls and 48 patients with venous

thromboembolism (VTE) in the extended-treatment phase (M/F 24/

24, mean age 54.6 � 15.8 years). Duration of VKA was of 1.5–
4 years, and INR range of 0.9–3.3. Thrombin generation in platelet

poor plasma was measured using the Calibrated Automated Thromb-

ogram (CAT), developed by Hemker et al. The concentrations of tis-

sue factor and phospholipids in the test system were 4 pm 5 lm
respectively. The procedure was carried out with an automated fluo-

rometer (Fluoroscan Ascent, Thermolab system, Finland). Thrombin

generation curves were calculated using the Thrombinoscope software

(Thrombinoscope BV, The Netherlands). Four parameters were

derived from the thrombin generation curves: Lag time (min), endoge-

nous thrombin potential ETP (nMmin), peak height for thrombin

(nM), time to peak (min). STATISTICA 6.1 was used, data are given

as mean � SD. Results. Lag time, ETP, peak height for thrombin,

time to peak obtained with and without TM demonstrated strong posi-

tive correlation (R between 0.93 and 0.98, P < 0.05). Both in the

absence and in the presence of TM strong inverse correlation with

INR was found for ETP (R = �0.85 and R = �0.79, respectively,

P < 0.05) and peak height (R = �0.84 and R = �0.79, respectively,

P < 0.05). Lag times and times to peak showed a positive correlation

with INR both in the absence of TM (R = 0.61 and R = 0.57, respec-

tively, P < 0.05) and in the presence of TM (R = 0.60 and R = 0.59,

respectively, P < 0.05). ETP and peak height for thrombin measured

in the absence of TM were higher than those measured in the presence

of TM. In patients (n = 15) with INR 2-3, which is considered optimal,

ETP was 358 � 210 nMmin in the absence of TM and

293 � 167 nMmin in the presence of TM. Importantly in one patient

with INR 2.8 having no bleedings at the time of observation ETP and

peak thrombin either in the absence or presence of TM were markedly

decreased (73 and 71 nMmin; 4.6 and 4.9 nM respectively), lag-time

and time to peak were markedly prolonged (31.0 and 24.3 min; 41.6

and 34.3 min respectively). Summary. A strong correlation between all

TG parameters and INR was observed both in the absence and in the

presence of TM. We suggest that in certain patients with INR within

therapeutic range high risk of bleeding can be assessed by CAT and

these patients could benefit from dose adaptation under CAT control.

PB 1.52-6
The value of epistaxis as a predictor of a bleeding
disorder: a prospective study in an Egyptian cohort of
children
Abdelwahab M1, Ismail R1, Fathy A1 and Nancy A2

1Cairo University Pediatric Hospital; 2Zarayeen Hospital, Cairo,

Egypt

Background: Epistaxis is a common problem in children with 40–56%
presenting by at least one episode by age of 5–10 years. Some studies

showed that one third of children referred for recurrent epistaxis have

a diagnosable coagulopathy.

Aim: To identify prevalence of previously undiagnosed bleeding disor-

der in Egyptian children with significant epistaxis and determine pre-

dictors of such an underlying disorder.

Patients and Methods: A prospective study recruiting all children 2–
18 years old presenting to the Pediatric Ear Nose and Throat (ENT)

and Hematology outpatient clinics, emergency department and inpa-

tient wards over a 6 months period with the following inclusion crite-

ria, not having a known bleeding disorder with recurrent epistaxis

lasting longer than 10 min and/or requiring intervention. All were sub-

jected to the questionnaire of a bleeding disorder including personal,

family and bleeding history as well as physical examination including

ENT. Severity of epistaxis was graded using epistaxis scoring system

by Katsanis et al,1988. All patients underwent testing for haemostasis

including complete blood count, full coagulation screen and specific

tests accordingly.

Results: The study included 63 children (84.1% ≤ 10 years, 52.4%

males) with 38.1% of consanguineous marriage and 47.6% having

similar condition. Epistaxis was severe in 41.3% of patients leading to

anemia in 38%, bilateral in 65.1% precipitated by hot weather in 43%

and post-traumatic in 19% of children. Other bleeding symptoms were

reported in 30 (47.6%) children though a diagnosis of a bleeding diath-

esis was only reached in 18 (28.6%). This included eight with thrombo-

cytopenia, eight with inherited disorders; platelet dysfunction

(4Glanzmann’s thrombasthenia and 4Bernard Soulier syndrome), one

mild hemophilia A and one von Willebrand Disease type 1. Interest-

ingly, 39.7% had ENT causes and 31.7% were idiopathic. Clinical pre-

dictive factors for having a bleeding diathesis were explored and

included young age, consanguinity, epistaxis severity, the presence of

other bleeding symptoms and decreased hemoglobin level (P 0.004,

< 0.001, < 0.001, < 0.001, < 0.001) respectively.

Conclusion: Children with recurrent significant epistaxis should be

screened for an underlying bleeding tendency especially if having any

predictor factors.

PB1.53 – Blood Coagulation
Tests – IV

PB 1.53-2
The impact of reference ranges in platelet aggregation
study
Matos MF, D�oi AM, Taniguchi E, Finazzo C and Duarte A

Hospital do Corac�~ao, S~ao Pauo, Brazil

Background: Platelets play an important role in primary hemostasis,

however may have deleterious effects, participating in the athero-

thrombotic process and in the pathogenesis of Acute Coronary Syn-

dromes. More than 30 years have been studying the use of antiplatelet

drugs in the prevention of thromboembolic events. However, some

patients, even under antiplatelet therapy may have thrombotic events

that may be related to an ineffective inhibition of platelet function.

Studies show that factors such as patient’s clinical condition, risk fac-

tors and genetic polymorphisms may be related to different degrees of

reactivity and responsiveness to antiplatelet therapy. There is no con-

sensus in establishing laboratory criteria which may be used to

describe a poor response to antiplatelet agents. However, some labora-

tory methods have been described and evaluated, such as the platelet

aggregation test by Light Transmittance Aggregation (LTA) or

Impedance Method.

Aims: This study aimed to compare the results of platelet aggregation in

patients in use of antiplatelet drugs (aspirin and clopidogrel) obtained

by impedance method and LTA applying local reference ranges.

Methods: For this comparative study, platelet aggregation was per-

formed in 53 patients. The reference range (RR) for the impedance

method was performed in 41 normal subjects.
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The LTA was performed in platelet rich plasma (PACKS-4 – Helena

Laboratories) and impedance method in whole blood (Multiplate

Platelet Function Analyer- Dynabyte). The agonists used in compara-

tive studies were: Adenosine diphosphate – ADP (final concentration –
LTA: 2.5 lM; impedance method: 6.5 lM) and Arachidonic Acid –
AA (final concentration – LTA: 50 lg/mL; impedance method:

0.5 mM). For LTA the response was considered normal when the final

percent final aggregation was higher than 60% (for AA and ADP).

The impedance RR recommended by the manufacturer is 38–85 AUC

for ADP and for 16–71 AUC for AA. The RR obtained from 41 nor-

mal subjects were 45–89 AUC for ADP and 39–83 AUC for AA.

Results: Comparing the two methods, we realized that using the refer-

ence values recommended by the manufacturer we had a lower concor-

dance between both methods (69.3% and 57.7%) than when we used

the calculated RR (75% and 77%) for ADP and AA respectively.

When evaluating results of patients in use of aspirin, we found that

88% were poor responsive for AA in LTA. We noted lower rates in

impedance method (29% with AA) when using RR method recom-

mended by the manufacturer. By using the RR calculated rates rise

76.5% with AA.

Regarding patients in use of clopidogrel, 100% of patients were poor

responsive with ADP in LTA method. We noted lower rates in imped-

ance method (40% with ADP) when using reference range method rec-

ommended by the manufacturer. The rates increase to 80% with ADP

when we use the RR calculated for impedance method.

Conclusions: Consistent data are observed when using the impedance

methodology based on calculated reference values. We conclude that it

is essential to define RR specific to each lab, obtained from a local nor-

mal population to interpret platelet aggregation by the impedance

method.

PB 1.53-1
A new clotting biomarker for predicting sepsis severity
Davies GR1, Mills GM1, Stanford SN1, Lawrence MJ1, Davies N1,

Aubrey R1, Williams R2, Thomas D3 and Evans PH1

1Morrisston HBRU; 2Swansea University; 3Morriston Hospital

ABMU LHB, Swansea, UK

Background: It is well known that the regulation of the coagulation

cascade is abnormal in sepsis. A procoagulant state is induced due to

exposed tissue factor and inflammatory modulation of the coagulation

cascade [1]. Fibrinolysis is also inhibitied due to an increased activity

of PAI-1, impaired thrombomodulin activity and reduced active pro-

tein C [2]. A procoagulant state and inhibited fibrinolysis can lead to

formation of microthrombi throughout the vasculature known as Dis-

seminated Intravascular Coagulation (DIC). It is hypothesised that

these microthrombi contribute to multi-organ failure in sepsis by

impairment of circulation and perfusion into the major organs [3].

Formation of thrombi systemically can eventually lead to consump-

tion coagulopathy, in which bleeding is prevalent. We hypothesise that

the progression and severity of sepsis can be detected from observation

of the clot formation process in these patients. This project aims to

assess the potential of a novel new clotting biomarker of clot structure,

Df [4], in predicting the severity of sepsis by comparison with organ

failure assessment scores.

Methods: This study was undertaken with full ethical approval from

the local research ethics committee. Informed written consent was

given by all patients that had capacity to do so. Informed written

ascent was given in cases where consent was not possible. Patients with

a diagnosis of sepsis were recruited on admission to the Intensive Ther-

apy Unit in a large teaching hospital in Wales. Blood was taken for

routine testing, ROTEM thromboelastometry, and rheological analy-

sis (New biomarkers TGP and Df) on admission, at 2–6, 24 h and

3–7 days to assess progression. Disease Severity was assessed by

APACHEII Score on admission and by SOFA score at each sampling

point. Eighteen patients were recruited: nine with Severe Sepsis and

nine Septic Shock. Eighteen Healthy volunteers were recruited as a

matched control.

Results: Mean Df in the control group was 1.74 � 0.04. Mean Df in

the severe sepsis and septic shock groups was 1.67 � 0.09 and

1.64 � 0.07 respectively. A moderate but non-significant negative cor-

relation was observed between Df and APACHEII at baseline (Pear-

son correlation coefficient = �0.36, P = 0.1). A weak correlation

between Df and SOFA was observed at baseline (Pearson correlation

coefficient = �0.26), however when compared at sequential data

points, a moderate significant correlation between Df and SOFA was

observed (Pearson = �0.36, P < 0.05).

Summary: Df correlates with severity in sepsis patients on admission to

ITU and, furthermore, significantly correlates with organ failure in

these patients when observed at sequential data points.

It is unclear if a weakened clot structure in the more severe patients is

due to disease progression or more aggressive treatment that could be

received by these patients i.e. fluid resuscitation.

Further analysis is required to assess the impact of treatment on Df.

If sensitive to dilution, Df could be a useful biomarker of adequate

fluid resuscitation. This will have to be investigated further.

References:

1. Satran and Almog: IMAJ 2003;5:516–520.
2. Toshiaka et al.: J Am Coll Surg 1998;187:321–329.
3. Levi: Crit Care Med 2007;35:2191–2195.
4. Evans et al.: Blood 2010;116:3341–3346.

PB 1.53-3
Robustness of the thrombin generation assay in factor
VIII-supplemented hemophilic plasma
Woodle A, Gourley M, Lee TK and Ovanesov MV

U.S. Food & Drug Administration, Bethesda, MD, USA

Background: Fluorogenic thrombin generation assay (TGA) is a pop-

ular global hemostasis assay extensively used in preclinical and clini-

cal evaluation of hemophilia A treatments. Some researchers believe

that TGA has advantages over current methods of treatment moni-

toring, e.g., because TGA may better reflect clinical endpoints. How-

ever, published evidence on the clinical utility of the TGA in

hemophilia is inconsistent and controversial despite several standardi-

zation exercises and a decade of studies that utilized a fairly harmo-

nized protocol.

Aims: We hypothesized that inconsistent predictive value of the TGA

may be related to poor robustness of the existing method implementa-

tion. Therefore, we evaluated the effects of analytical variables, instru-

mentation and software algorithms on the fundamental property

needed for treatment monitoring: the ability to discriminate between

Factor VIII (FVIII)-deficient plasma samples before and after FVIII

supplementation.

Methods: We used several fluorescent microplate readers as well as

manual and automated pipetting techniques. In house and commercial

software were used for evaluation of thrombin generation curves using

a variety of published algorithms. The potential effects of small varia-

tions of analytical variables on the TGA outcomes were evaluated

using commercial congenital FVIII-deficient human plasma supple-

mented with FVIII.

Results: Thrombin peak height (TPH) was chosen as the most robust

and sensitive measurement of procoagulant activity in hemophilic

plasma. The following parameters were found to affect the absolute

value of the TPH: tissue factor (TF) concentration and specific activ-

ity, lipid concentration and specific activity, fluorogenic substrate and

calcium concentrations, ratio of human plasma volume to the TF and

calcium concentrations. Mathematical algorithms, e.g., correction of

substrate consumption, instrument noise and non-linearity (inner filter

effect) were non-consequential under typical conditions. However, the

relative difference between the FVIII-deficient and FVIII-supple-

mented plasmas and the low limit of FVIII detection depended almost
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entirely on the plasma source and the presence of exogenously added

or contact-activated intrinsic factors IXa and XIa.

Conclusions: Stability and lot-to-lot variability of reagents used for the

TGA may negatively affect the robustness of the method. Use of exter-

nal plasma calibrator, e.g., reference plasma sample, may potentially

correct for these deficiencies. These studies may assist in establishing

the consensus pre-analytical and analytical test conditions by which

TGA can be standardized across laboratories.

Disclosure: This is an informal communication and it represents

authors’ own best judgment. These comments do not bind or obligate

FDA.

PB 1.53-4
Results of performance assessment of CoaguChek XS
INR monitors by external quality control
Meijer P and Kluft C

ECAT Foundation, Leiden, The Netherlands

Introduction: External quality assessment (EQA) of test results is a

manner to establish whether a laboratory is able to produce accurate

results as well as to assess the between-laboratory variation for a par-

ticular test. EQA is nowadays a well-known and accepted procedure

for the assessment of the quality of regular laboratory testing. How-

ever, EQA for point-of-care testing (POCT) has not yet been widely

introduced. One of the problems is the availability of suitable control

material. POC monitors are designed for the use of whole blood.

Unfortunately it is difficult to distribute to participants stable whole

blood samples suitable for measurement of the International Norma-

lised Ratio (INR).

Aim: Fortunately with the CoaguChek XS monitor, the most widely

used monitor inEurope, it is also possible to use citrated plasma. The

ECAT Foundation therefore designed an EQA programme for Coagu-

Chek XS INR monitors using lyophilised plasma pools of patients on

anticoagulants. Because of the direct relationship between the mea-

sured INR value and the treatment of the patient it is important that a

POCT monitor measure the correct INR value. Therefore in our EQA

approach for the CoaguChek XS we focus on the trueness of measure-

ment (accuracy).

Methods: The quality set consists of four different plasmas, covering

the whole therapeutic range (INR 2–4.5). The results of all four mea-

surements are evaluated in an integrated linear regression model. With

this model it can be assessed whether it is possible to measure accurate

results over the entire therapeutic range. The assigned values are estab-

lished by the Dutch Reference Laboratory for Anticoagulation (RE-

LAC) using different lot numbers of test strips as well as different

monitors and are traceable to the international human thromboplastin

reference preparation. The quality control (QC) samples are stable for

up to 6 h after reconstitution. Acceptance criteria are based on the

deviation from the target value (target value � 15%), slope

(0.77 < slope < 1.79), intercept (�1.78 < intercept < 0.72) and corre-

lation coefficient (> 0.900). The acceptance criteria are established by

modelling the regression analysis.

Results: Up to now 150 different CoaguChek monitors have been eval-

uated. The established acceptance criteria were met by 136 monitors.

Thrombosis Service Centers may test monitors batch-wise with one set

of QC samples. In the case of 10 batch-wise-tested monitors a system-

atic error in one of the QC samples could be observed, which may indi-

cate a pre-analytical error. This means that only four out 150 monitors

did not met the acceptance criteria for accurate testing. The between-

monitor variation varied between 2.3% and 6.6%. No differences were

observed between different lot numbers of test strips.

Conclusion: Current experience with this novel EQA programme for

CoaguChek XS monitors shows that it is a valuable tool for quality

control of POC INR testing. In the first experience with this EQA pro-

gramme < 3% of the monitors fail to met the acceptance criteria which

indicates a good performance of the CoaguChek XS monitors.

PB 1.53-5
Comparison of Biophen DiXaIⓇ, prothrombin time
with a reference HPLC-MS/MS method to monitor
patients receiving rivaroxaban
Douxfils J1, Tamigniau A2, Classen J-F3, Baudar J3, Walbrecq S3,

Chatelain C3, Chatelain B3, Mullier F3, Wallemacq P2

and Dogn�e J-M1

1University of Namur, Namur; 2UCL, Clinique Universitaire Saint-

Luc, Woluw�e; 3CHU UCL Mont-Godinne-Dinant, Yvoir, Belgium

Background: Pharmacokinetic properties of rivaroxaban seemed to be

relatively predictable. However, dependence of renal or hepatic func-

tion could result in considerable variation in drug plasma concentra-

tions. Moreover, according to the recent update of the EU-SmPC of

rivaroxaban, a reduction of the dose from 20 mg once daily to 15 mg

once daily should be considered if the patient’s assessed risk for bleed-

ing outweighs the risk for recurrent DVT and PE in patients with mod-

erate or severe renal impairment. This may suggest that monitoring

could be used to assess the response of an individual patient. Further-

more, it may also be useful in patients with hepatic impairment, drug

interaction, severe bleeding, recurrence of thrombosis, in case of anti-

coagulation bridging, before urgent or elective surgery, in infants or

pregnant women or in patients with extreme body weights. PT or chro-

mogenic anti-Xa assays such as Biophen Direct Factor Xa Inhibitor

(DiXaI)� have been proposed to estimate plasma drug concentration

but these findings are based on in vitro analysis.

Aims: To compare the measurement of calibrated PT and Biophen

DiXaI� with the reference High Performance Liquid Chromatography

coupled with tandem mass spectrometry (HPLC-MS/MS) in patient’s

plasma samples.

Methods: Fifty-two plasmas from patients treated with rivaroxaban

were included in this study. Calibrated PT was performed using the

most sensitive reagent (Triniclot PT Excel S�) and home-made calibra-

tors to give results expressed in ng/mL. Biophen DiXaI� has been per-

formed according to the instructions of the manufacturer on a STA-R

Evolution� coagulometer. For the HPLC-MS/MS, after preparation

of the sample, separation of the analytes was achieved on a Phenome-

nex Kinetex� column shield RP18 and the detection was performed

using a MICROMASS QUATTRO Micro� mass spectrometer oper-

ating in positive electrospray ionization mode.

Results: The plasma-concentration range was from 0 to 485 ng/mL as

measured by the HPLC-MS/MS method.

The Biophen DiXaI� and HPLC-MS/MS are highly correlated (Pear-

son correlation coefficient [r2] of 0.95 [95% confidence interval: 0.91 to

0.97; P-value: < 0.0001]). The Bland-Altman analysis showed a mean

difference of �16 ng/mL (standard deviation (SD): 25 ng/mL; 95%

limits of agreement: �65 to 32 ng/mL). The limits of detection were 9

and 3 ng/mL for Biophen DiXaI� and HPLC-MS/MS, respectively.

The calibrated PT and HPLC-MS/MS were poorly correlated (Pear-

son correlation coefficient [r2] of 0.53 [95% confidence interval: 0.33–
0.70; P-value: < 0.0001]). The Bland-Altman analysis showed a mean

difference of �24 ng/mL (SD: 79 ng/mL; 95% limits of agreement:

�179 to 132 ng/mL).

Conclusions: There is an important inter-individual variability with

Triniclot PT Excel S� and even calibrated, it poorly correlates with

rivaroxaban plasma concentrations in patients measured by HPLC-

MS/MS. Therefore, PT should not be used to estimate plasma drug

concentrations. On the contrary, Biophen DiXaI� is highly correlated

with HPLC-MS/MS and is poorly influenced by inter-individual vari-

ability. Biophen DiXaI� should therefore be recommended to estimate

rivaroxaban plasma concentration.
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PB 1.53-6
Relationship between thromboelastometry
measurements, hemostasis factors and two global
hemostasis tests: thrombin generation and
thromboplastin-thrombomodulin-mediated time
Llobet D, Borrell M, Font M, Morera A, Vallv�e C, Carrasco M,

Mateo J, Souto JC and Fontcuberta J

Hospital de la Santa Creu i Sant Pau, Barcelona, Spain

Background: Global hemostasis assays have been used for decades as

the first step to study the hemorrhagic tendency of patients. In the last

years the interest has focused on global assays that generate informa-

tion regarding thrombophilia tendency. Here we describe the correla-

tion between Thromboelastometry (TEM) and hemostasis factors such

as fibrinogen and coagulation factors as well as Thrombin generation

(TG) and Thromboplastin-Thrombomodulin- mediated time (Tp-

TM.T).

Material and Methods: Subjects: Blood samples were examined from

137 individuals unrelated to each other (69 women and 68 men) with a

mean age of 52 years (range 27–85).
Hemostasis assays: TEM Rotem�: device (Pentapharm GmbH,

Munich, Germany) was used for thromboelastometric analysis deter-

mined in citrated blood with the reactive intem (with ellagic acid). We

studied the Maximal Clot Firmness (MCF) and the maximal Velocity

(maxVel)

Thrombin generation (TG) was studied with the Calibrated Auto-

mated Thrombograpy method and the Fluoroskan Ascent instrument.

It was determined in platelet poor plasma with 5 pM tissue factor and

4 lM phospholipids. We studied the endogenous thrombin potential

(ETP) and the maximal thrombin generation (Peak height)

Tp-TM.T: a modified prothrombin time (1) in the presence and

absence of thrombomodulin. The results are expressed as R1: ratio of

the patient’s clotting time vs. control clotting time using the reactive

with thrombomodulin and R2: the same ratio using the reactive with-

out thrombomodulin.

Fibrinogen, platelet count, FVII, FVIII, FIX, FXI, FXII was deter-

mined by standard methods.

Statistical analysis: Relationship among TEM parameters and the

other tests were studied with the Pearson correlation coefficient. A

value of P < 0.05* or P < 0.01** was considered statistically signifi-

cant.

Results: The MCF showed a significant correlation with the following

parameters: Fg (r = 0.59**), platelet count (r = 0.53**), FVII

(r = 0.27**), FIX (r = 0.26**), FXI (r = 0.36**).
Also it showed a significant correlation with Tp-TMT R1

(r = �0.32**), Tp-TMT R2 (r = �0.43**) and TG ETP (r = 0.30**),
TG Peak (r = 0.28**). No correlation was found with levels of FVIII

and FXII.

- The MaxVel showed a significant correlation with the same param-

eters with the following coefficients: Fg (r = 0.43**), platelet count

(r = 0.52**), FVII (r = 0.2*), FIX (r = 0.17*), FXI

(r = 0.34**), Tp-TM.T R1 (r = �0.26**), Tp-TM.T R2

(r = �0.29**), TG ETP (r = 0.32**), TG Peak (r = 0.28**).

Again no correlation was found with FVIII and FXII.

Conclusions:

- TEM activated with ellagic acid (MCF and MaxVel) is sensitive to

levels of the studied parameters except for FVIII and FXII. TEM

also has a good correlation with Tp-TM.T (R1 and R2) and TG

(ETP and Peak)

- MCF and MaxVel are good parameters to evaluate thromboelas-

tometry as indicators of coagulation physiology.

Reference:

1. Haematologica 2002; 87:415–419.

PB1.54 – Blood Coagulation
Tests – V

PB 1.54-1
Normalized ratio for silica clotting time and dilute
Russell venom time is an excellent tool for diagnosis of
lupus anticoagulant
Nardi MA

NYU School of Medicine, New York, NY, USA

Background: The laboratory criteria for the lupus anticoagulant (LA)

diagnosis have been updated (JTH, 2009;10:1737–40). The report rec-

ommends a% correction (%CORR), as calculated by the equation

[(screen result – confirm result)/screen result] 9 100%, greater than

the locally determined cut-off value be considered as positive. The

package inserts for the Hemosil Silica Clotting Time (SCT) and the

Hemosil LAC Screen (LAC-S)/LAC Confirm (LAC-C) tests (Instru-

mentation Laboratory), however, recommend the use of a Normalized

Ratio (NR) to determine positivity for LA. The NR is calculated by

dividing the Screen Ratio (patient screen result/mean of screen normal

range) by the Confirm Ratio (patient confirm result/mean of confirm

normal range). The normalization using the mean normal value for

each individual test is intended to compensate for any day-to-day vari-

ation associated with the test as well as the differences in the normal

ranges of the individual tests.

Aim: This laboratory sought to compare the final interpretation of lab-

oratory results using the %CORR vs. the NR for consecutive samples

submitted for LA testing.

Methods: Blood collection and processing of specimens submitted for

LA testing were done according to the LA Scientific Standardisation

Committee (LA-SCC) recommendations. Using a single aliquot, the

SCT and the LAC-S/LAC-C tests were performed simultaneously on

an ACL TOP CTS 500 (Instrumentation Laboratory) with the Hemo-

sil reagents. The PT/INR and Thrombin Time (TT) were measured on

all specimens to detect significant anticoagulant therapy. The results

for LA testing on 1556 consecutive samples, with INR < 1.5 and

TT < 80 s, were analyzed using both the calculated % CORR and the

NR. The normal value cut-off for each test was set at the 99th percen-

tile as obtained from 50 normal donors (SCT-%CORR < 35%, SCT-

NR < 1.33, LAC-%CORR < 33% and LAC-NR < 1.33).

Results: Positivity for %CORR vs. NR for SCT [6.3% vs. 5.8%) and

for LAC (15.2% vs. 14.5%) showed 96% and 91% concordance,

respectively. The mean � 1SD of positive results were 50.8 � 13.7%

(SCT-%CORR), 2.07 � 0.82 (SCT-NR), 60.5 � 3.7% (LAC-%

CORR) and 1.61 � 0.36 (LAC-NR). All discordant samples were in

the lower range of the %CORR for both SCT (mean = 35.5, range

35.5–36.0) and LAC (mean = 33.7, range 33.5–33.8%). Regression

analysis of %CORR vs. NR demonstrated excellent correlation for

both SCT (semi-log relationship, r2 = 0.9416, P < 0.001) and LAC

(linear relationship, r2 = 0.9907, P < 0.001).

Conclusions: The NR for the determination of the presence of LA

shows excellent agreement by concordance and regression analysis

with the %CORR, the method currently recommended by the LA-

SCC. The small percentage of discordance seen here may be accounted

for by the determination of the cut-off values and/or by the natural

variation seen in the performance of these tests. In conclusion, the use

of NR for the determination of the presence of LA is a viable alterna-

tive to the %CORR.
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PB 1.54-2
Dynamic APTT characteristics in a case–control study
of venous thrombosis
Ziyatdinov A1, Morera A2, Borrell M2, Orantes V2, Llobet D2,

Mateo J2, Fontcuberta J2 and Souto JC2

1IIB-Sant Pau; 2Unitat d’Hemost�asia i Trombosi. Hospital de Sant

Pau, Barcelona, Spain

Background and Aims: High levels of clotting factors (VIII, IX, XI)

and short Activated Partial Thromboplastin Time (APTT) have been

related with venous thrombosis risk. Recently, dynamic APTT param-

eters have been assessed in venous thrombosis patients (B. Sørensen

and J. Ingerslev, J Thromb Haemostas 2012;10:244–50). We explored

this relation among a sub-group of patients in the framework of an

ongoing case-control study of venous thromboembolism (RETROVE

project: Riesgo de Enfermedad TROmboemb�olica VEnosa). The aim

of RETROVE project is to investigate algorithms for predicting the

individual risk of venous thrombosis.

Methods: An initial group of 37 individuals of RETROVE project

where included in this analysis. The data set contained 27 subjects (14

females and 13 males, aged 22–88 years old) and 10 controls (four

females and six males, aged 20–87 years old).

The APTT was measured in a ACL-TOP analyzer using SynthAsil as

a reagent, both from Instrumentation Laboratory, Spain. The clotting

time digital signals were recorded by the equipment, which had an out-

put profile consisting of the normalized signal and its first derivative.

Both were cleared of high-frequency noise artifacts. The digital signals

allowed us to extract two static and two dynamic parameters: (i) maxi-

mum clot firmness or APTT-MCF, (ii) time to maximum clot firmness

or APTT-t-MCF; (iii) maximum velocity or APTT-MaxVel, and (iv)

time to maximum velocity or APTT-t-MaxVel. We applied the Welch

student’s t-test with a significance level less than P = 0.1 to measure

the statistical difference between the patients and the controls.

Results: Both the APTT-t-MaxVel and the APTT-t-MCF were shorter

in the patients than in the controls (P-values 0.0881 and 0.0774 respec-

tively). However, we have not found any statistically significant differ-

ence in the other two parameters (APTT-MCF and APTT-MaxVel).

Conclusions: We have confirmed the previous results concerning the

relation of dynamic APTT characteristics and thrombosis. Our analy-

ses are preliminary, due to the small sample size, although the results

could be considered as promising. In the future we plan to test a larger

set of dynamic APTT phenotypes and on a larger sample of individu-

als. Also, we will attempt to apply multi-variate and time-series meth-

ods for a better description of the dynamics of APTT signals.

PB 1.54-3
Comparison between different point of care systems
for PT INR testing
Bassi L, Paoletti O, Cancellieri E, Damiolini E, Cogrossi A,

Dellanoce C, Zimmermann A and Testa S

Haemostasis and Thrombosis Center-A.O. Istituti Ospitalieri,

Cremona, Italy

Background: Portable coagulation systems are used to perform PT-

INR test on capillary blood, to monitor antivitamin K antagonists

(AVK). Differences in PT INR determination depend on reagents, co-

agulometers and calibrations. Agreement between portable monitors

and reference systems should be evaluated.

Aims: Evaluate microINR and Coagucheck XS, two commercial por-

table monitors, in comparison with PT-INR provided by central labo-

ratory reference system, using two different thromboplastins

Methods: PT INR was performed on two portable monitors: Coagu-

check XS (Roche Diagnostics, Basel, Switzerland) using freeze-dried

rabbit thromboplastin with ISI of 1.84 and microINR (IL Instrumen-

tation Laboratory – Werfer Group) using human thromboplastin with

ISI of 1.00. As reference system for PT-INR determination from

venous blood specimens a magneto-mechanical coagulation analyzer

was used (STA-R, Stago France). All venous samples were tested with

two different thromboplastins: a rabbit thromboplastin with an

ISI=1.28 (Neoplastin Plus Stago Paris, France) and a recombinant

thromboplastin (Hemosil IL International Laboratory) with an ISI =
0.99.

One hundred and fifty-three AVK patients, with PT INR ranging from

2 to 4 (INR range 2–4), were evaluated. In the same daily session

venous blood samples were collected, centrifuged and frozen at �80 °C
and capillary PT-INR test was performed on the two portable moni-

tors. Statistical analysis was performed by linear regression and Bland

Altman method.

Results: The correlation among different systems was good showing:

Coaguchek XS vs. neoplastin plus = 0.953 and vs. Hemosil = 0.965;

microINR vs. Neoplastin Plus = 0.883 and vs. Hemosil 0.910. Differ-

ences in PT INR > � 0.5 were observed in about 5% of the total

patient population, except for the comparison between Coaguchek XS

and Hemosil, that showed a higher disagreement (PT INR

> � 0.5 = 14.4%). Bias calculated by Bland Altman are the following:

Coaguchek XS vs. Neoplastin Plus = 7.8; Coaguchek XS vs. Hemosil =
13.3; microINR vs. Neoplastin Plus =1.9; microINR vs. Hemosil = 3.1.

Conclusion: Results showed good correlation between the different

methods. MicroINR ratio system is simple to use and sufficiently accu-

rate. The disagreement showed by Bland Altman method probably

depends on thromboplastin calibrations and their different sensitivity.

The correlation among portable monitors and reference methods is

good and improves comparing systems with homogeneous reagents.

Before use a portable monitor we suggest to evaluate the agreement

with reference system. Companies should communicate ISI value of

thromboplastin used in portable monitors and calibration model

PB 1.54-4
Local verification and assignment of ISI values: recent
mayo clinic experience and outcome
Tange I, Grill D, Koch C, Ybabez R, Krekelberg BJ, Wiese C,

Block DR, Karon B, Chen D and Pruthi R

Mayo Clinic, Rochester, MN, USA

Background: Warfarin dosing relies on an accurate international nor-

malized ratio (INR) which is calculated from the prothrombin time

(PT), International Sensitivity Index (ISI) of the PT reagent (thrombo-

plastin), and geometric mean (GM) of PT. FDA approved certified

plasma’s and ISI assignments are not available for all instruments. ISI

varies with reagent/instrument combinations and change with each lot

of thromboplastin. Failure to harmonize INR results may result in the

same patient to receive varying warfarin dosing instructions when

tested at different anticoagulation clinics utilizing different instruments

and/or thromboplastins. CLSI guidelines encourage laboratories to

verify/establish local ISI and GM, however, the process is challenging.

Aims: To develop a standardized process that will verify/establish ISI

and GM assignments of a single thromboplastin across multiple

instruments.

Methods: Over a 2 year period, two lots of thromboplastin (Recombi-

PlasTin 2G, R2G, Instrumentation Laboratories, Medford, MA) were

compared at 4 (lot# 1) and 6 (lot# 2) sites on four different instru-

ments: ACL TOP (Instrumentation Laboratory, Bedford, MA) and

the STA-R Evolution, Compact, and Satellite (Diagnostica Stago, Par-

sippany, NJ). For lot# 1, the ISI for the thromboplastin on the ACL

TOP (established by Instrumentation Laboratory) was verified on site

by orthogonal regression analysis using 31 stable warfarin patients

and 20 random normal donors; establishing the TOP as the reference

method. Using the same 51 samples, PT results from the reference

method were plotted against PT results from the other three sites and

analyzed by orthogonal regression to assign individual ISI’s. Forty

random healthy donor samples were recruited to verify GM at each

testing site. For lot# 2, 13 sets of pooled plasma samples (INR range:

1.3–4.0) were created from 142 stable warfarin patients. The manufac-
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turer’s assigned ISI was first verified on the reference method, then at

the additional five sites using orthogonal regression analysis. GM at

each site was verified or established by both small scale normal range

verification procedure (using 25 random healthy donor samples) and

the intercept of INR linear regression analyses as described by Faval-

oro et al (2012). Finally, both local ISI and GM were further verified

by three sets of WHO certified plasma samples.

Results: Lot# 1: the manufacturer assigned ISI (1.05) and laboratory

established GM (11.0) were verified on the TOP. Locally assigned ISI

and GM values were derived as follows, respectively: Evolution, 1.14,

12.3; Compact, 1.12, 10.9; and Satellite, 1.11, 10.6. Linear correlations

of the INR results from all four laboratories demonstrated an r2 of

> 0.99. Post implementation internal proficiency tests among all four

laboratories demonstrated excellent agreement. Lot#2: (manufacturer

assigned ISI of 0.95), locally derived ISI and GM values as follows,

respectively: TOP, 0.95, 11.0; Evolution, 1.04, 11.6; Compact, 1.02,

11.5; and Satellite, 0.99, 10.9. Linear correlations of the INR results

from all six laboratories demonstrated an r2 > 0.98.

Summary/Conclusion: This method for ISI and GM verification/

assignment across instruments provides a simple, robust and reproduc-

ible approach. The data confirm the change in ISI on different instru-

ments with different lots of thromboplastin reaffirming the need for

this exercise.

PB 1.54-5
Thrombin generation and post-operative bleeding in
patients undergoing surgery requiring
cardiopulmonary bypass
Percy CL1, Jones M1, Mehta D2, Balachandran S2, Hall JE1,

O’Donnell VB1 and Collins PW1

1Cardiff School of Medicine; 2University Hospital of Wales,

Cardiff, UK

Background: Bleeding following surgery requiring cardiopulmonary

bypass is a major cause of morbidity. Evidence has suggested throm-

bin generation (TG) assays may identify patients at risk of excessive

post-operative bleeding. However, TG lacks standardisation and opti-

mal conditions remain to be finalised. Altering the conditions may

improve the ability of TG to identify an increased risk of bleeding.

Aim: To measure TG in the presence and absence of corn trypsin

inhibitor (CTI), at different concentrations of tissue factor (TF) and

correlate the results with post-operative bleeding.

Methods: After ethical approval and informed consent, 102 patients

were recruited who were undergoing elective valve surgery, surgery on

the thoracic aorta or undergoing coronary bypass grafting plus

another procedure. Blood samples were collected into 3.2% citrate

with or without 20 lg/mL CTI before heparin, and 30 min after hepa-

rin reversal. TG was performed using the method of Hemker. Trigger

solutions contained 0.5, 1, 5 and 10 pM of TF and 4 lM phospholip-

ids (20% PE, 20% PS, 60% PC). Commercially available trigger solu-

tions (PPP low and PPP, a gift from Stago) were also used. Before TG

assays, the 96-well plate was warmed to 37 °C for 30 min.

Abnormal post-operative bleeding was defined as drain loss of more

than 1 L at 24 h, more than 200 mL/h for two consecutive hours,

more than 2 mL/kg/h for two consecutive hours in the first 6 h, the

need for haemostatic treatment or the need to return to theatre for

bleeding.

Results: For samples collected into CTI, the median Endogenous

Thrombin Potential (ETP) with 0.5 pM TF pre-surgery was 59.33 vs.

5.25 post (P < 0.0001); 1 pM TF 133 nM/min pre, 77.67 nM/min post

(P = 0.337); 5 pM TF 605 nM/min pre, 530.33 nM/min post

(P = 0.013); 10 pM TF pre 756.67 nM/min, 614.33 nM/min post

(P < 0.0001); PPP low 339 nM/min pre, 191.67 nM/min post

(P < 0.0001); PPP 987.67 nM/min pre, 777.50 nM/min post

(P < 0.0001).

When collected into citrate alone the median ETP with 0.5pM TF was

710 nM/min pre vs. 197.67 nM/min post (P < 0.0001); 1 pM TF

640 nM/min pre, 228 nM/min post (P < 0.0001); 5 pM TF

754.67 nM/min pre, 543.33 nM/min post (P < 0.0001); 10 pM TF

806.33 nM/min pre, 639.50 nM/min post (P < 0.0001); PPP low

841.67 nM/min pre, 345.67 nM/min post (P < 0.0001); PPP 1087 nM/

min pre, 806.33 nM/min post (P < 0.0001). The ETP was lower for

samples collected into CTI, regardless of the trigger used (P < 0.0001

except for 5 pM TF post where P = 0.003, and PPP where P = 0.460).

There was a significant increase in the ETP with increasing concentra-

tions of TF (P < 0.0001).

The only statistical difference in the ETP between those who did and

did not bleed excessively was seen in pre-operative samples using 0.5

and 1 pM TF and blood loss > 200 mL/h as an end-point (P = 0.029

and 0.023 respectively).

Conclusion: TG assays performed in the manner and time points

selected in this study do not identify those at increased risk of post-

operative bleeding. CTI and different TF concentrations produce dif-

ferent results but do not change sensitivity to predict bleeding.

PB 1.54-6
The overall haemostasis potential; A novel global
coagulation assay for use in canine plasma
Dengate A and Morel-Kopp MC

Kolling Institute for Medical Research, St Leonard’s, Australia

Background: The overall haemostasis potential (OHP) is a turbidimet-

ric global coagulation assay, dynamically measuring fibrin generation

(overall coagulation potentialcurve, OCP) and lysis (OHP curve). By

subtracting the OHP from the OCP, we can calculate the overall fibri-

nolytic potential (OFP). Thromboembolism and hypercoagulability is

increasingly being recognised in canine patients, though cost and lim-

ited availability of global assays impede our ability to pre-empt and

recognise these conditions. The OHP is cost effective and can be run

with common absorbance spectrophotometry equipment.

Aims: The purpose of this study was to optimise the OHP assay for

use with canine platelet poor plasma, determine normal ranges, and

compare OHP results with those for a thrombin generation assay

(CAT) and thromboelastography (TEG).

Methods: Citrated plasma was collected from 40 clinically healthy

dogs. The OHP assay and standard coagulation assays (prothrombin

time [PT], activated partial thromboplastin time [APTT], and fibrino-

gen [Fg]) were performed for each sample. TEG and OHP was per-

formed in nine dogs, and CAT and OHP in 23 dogs.

Results: Modifications to the published methodology for the OHP

assay were required, with less coagulation activator (thrombin) and

more fibrinolytic agent (tPA). The canine fibrin-time curve was gener-

ated faster and had a lower maximal optical density (MaxOD) than

the human curve. Males had a higher OHP than females (P = 0.04).

Stress during sampling was associated with increase in speed of clot

generation (P = 0.02). High fibrinogen levels were associated with

increased Max OD and OCP (P ≤ 0.05), and a reduced PT was associ-

ated with increases in Max OD, OCP, OHP & Maximum slope

(P ≤ 0.05). The OHP parameter correlated with TEG parameters K

(speed of clot generation), angle, maximum amplitude and G (clot

strength) (P < 0.05). The OHP parameter correlated with the peak

thrombin generation in the CAT assay (P = 0.02).

Summary: These results support the use of the OHP assay as an acces-

sible, cost-effective global coagulation assay for use in canine plasma

as an alternative to TEG andCAT.
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PB1.55 – Coagulation Factor VIII – II

PB 1.55-1
Amino acid sequence epitope mapping of four factor
VIII monoclonal antibodies
Batty P1, Skelton S2, Shepherd AJ3 and Hart DP2

1Royal London Hospital; 2Barts and the London School of

Medicine and Dentistry, QMUL; 3Birkbeck, University of London,

London, UK

Background: Inhibitory antibodies (inhibitors) form the greatest chal-

lenge in the care of haemophilia A. The majority of inhibitors in con-

genital haemophilia A are polyclonal (IgG) directed primarily against

the A2 and C2 domains of Factor VIII (FVIII). There is as yet no high

throughput technology to define amino acid specificity of inhibitors.

We describe the first application in haemophilia of a novel, ELISA

based re-usable microarray (Pepscan�) to describe the amino acid

sequence epitope of a series of domain characterised anti-FVIII mono-

clonal antibodies. This platform uses overlapping 20-mer linear pep-

tide or 15-mer overlapping looped peptide libraries. Usage of looped

peptides aims to mimic secondary structure, creating a conformational

epitope that may enhance antibody binding. This technology has pre-

viously been used to describe the binding epitope of two anti-CD20

monoclonal antibodies (rituximab and GA101).

Aims: To assess the amino acid binding sequence epitopes of six anti-

FVIII monoclonal antibodies and correlate these with their known

domain specificities.

Methods: Six anti-FVIII monoclonal antibodies (mAb): 58.12 (anti-

A1), C5 (anti-A1), R8B12 (anti-A2), 2D2 (anti-A3), GMA-8011 (anti-

A3) and B02C11 (anti-C2) were tested on both linear and looped

arrays. A negative control (buffer media) was tested prior to and in

between each monoclonal antibody tested. R8B12 was tested in two

separate experiments using the linear and looped FVIII arrays to dem-

onstrate reproducibility of its identified epitope. This antibody was

also tested using a FIX looped and linear array to demonstrate FVIII

specificity.

Results: Of the six monoclonal antibodies, binding peaks were seen for

four antibodies (58.12, C5, R8B12 and 2D2) on both linear and looped

arrays (shared epitopes). All epitopes demonstrated solvent accessibil-

ity as modelled on PyMOL. All four of these antibodies showed bind-

ing within their previously described domains. Of the two non-binding

antibodies (GMA-8011 and B02C11), B02C11 has been documented

as having a complex discontinuous epitope. The amino acid sequence

epitopes were as follows: mAb 58.12 YLGAVELSWD (A1 domain

positions 6–15); mAb C5: TDSEMDVVRF (a1 domain positions 351–
360); mAb R8B12: ISAYLLSKNN (a2 domain positions 726–735)
and mAb 2D2: EPRKN (A3 domain positions 1801–1805). The bind-
ing epitope of R8B12 was reproducible on repeat testing and no bind-

ing was seen on the negative control array (FIX linear or looped

arrays). The R8B12 epitope we describe is discrete from the previously

published discontinuous epitope. No demonstrable carry-over of bind-

ing was seen between testing of monoclonal antibodies on this re-

usable platform.

Conclusions: This approach offers a simple novel technique for amino

acid epitope mapping of FVIII monoclonal antibodies. Data from our

experiments has demonstrated solvent accessible binding within the

domains previously described. We describe candidate amino acid bind-

ing sequences for three monoclonal antibodies not previously charac-

terised to this level. We continue to optimise this technology for wider

applications.

PB 1.55-2
Excretion and pharmacokinetics of glycopegylated
rFVIII (N8-GP) after single intravenous dose
administration to rats
Bjoernsdottir I1, Kappers WA1, Sternebring O1, Kornoe HT1,

Kristensen JB1, Thygesen P1, Stow R2, Fernyhough P2

and Bagger M1

1Novo Nordisk A/S, Maaloev, Denmark; 2Covance Laboratory

Limited, Harrogate, UK

Background: N8-GP is a FVIII (turoctocog alfa) which is O-glycoPE-

Gylated in the B-domain and currently in clinical development for

prophylaxis and on-demand treatment of bleeding in haemophilia A.

The B-domain contains a single 40 kDa branched PEG.

Aims: Excretion data for N8-GP with focus on the fate of the [3H]-

labelled PEG moiety will be presented together with PK parameters of

total plasma radioactivity. The results will be compared with data

obtained from rats dosed with the [3H]-labelled 40 kDa PEG moiety

only.

Methods: Han Wistar rats (n = 3) were dosed with a single intravenous

dose of either [3H]-labelled N8-GP (0.23 mg/kg, ~1900 U/kg, and a

PEG load of 0.05 mg/kg) or 40 kDa [3H]PEG (1, 12, 100 or 200 mg/

kg). Animals were kept in metabolism cages continuously for the first

3 days of the study period and thereafter for 24 h intervals on a

weekly basis up to 12 weeks. Recoveries of radioactivity were extrapo-

lated to obtain accumulated recovery data. Plasma samples were col-

lected for up to 12 weeks at all dose levels and analysed by liquid

scintillation counting (LSC) and HPLC coupled to a radiochemical

detector. Selected urine samples were also analysed by HPLC. All

pharmacokinetic parameters were calculated using a standard two-

compartment model.

Results: For [3H]N8-GP, an estimated mean recovery of total radioac-

tivity of 103% was found over the 12 week period, with 60% excreted

renally and 33% recovered in faeces. Low levels of radioactivity were

still detected in excreta and plasma 12 weeks post-dose. Terminal

plasma half-life (t½) of radioactivity was 12.5 days. The total volume

of distribution (Vss) was estimated to be 325 mL/kg – the volume of

the central compartment (Vc) being 50 mL/kg and the peripheral (Vp)

280 mL/kg. The total plasma clearance (CL) was 1.9 mL/h/kg. For

[3H]PEG, an estimated mean recovery was found in the range of 88–
93% for the different dose levels with 58–68% excreted renally and

12–13% in faeces. Dose linearity was confirmed between the four dose

levels, but the t½, Vp and therefore also Vss were found to vary with

dose. The t½ increased with dose (range: 25–54 days), which appeared

to be driven by an increase in Vp (range: 310–680 mL/kg), while Vc

(80–90 mL/kg) and CL (range: 0.8–1.1 mL/h/kg) were found to be

constant.

Summary/Conclusions: [3H]N8-GP and the 40 kDa [3H]PEG moiety

were shown to be excreted both via urine and faeces – urine being the

major excretion route for radioactivity pertinent to both compounds.

[3H]N8-GP was excreted to a higher degree in faeces compared to

40 kDa [3H]PEG which may be associated with N8-GP being cleared

by the liver.

This observation is supported by a 2-fold higher plasma CL of [3H]

N8-GP compared with [3H]PEG. Further, terminal half-life of [3H]N8-

GP was 12.5 days compared to 25 days for [3H]-PEG at 1 mg/kg. In

conclusion, 40 kDa [3H]PEG has been shown to be excreted both via

urine and faeces. The clearance of [3H]N8-GP was twice as high as for

[3H]PEG, probably due to liver-specific clearance of N8-GP.
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PB 1.55-3
Accessibility to thrombin cleavage does not limit the
circulating half-life of longer-acting factor VIII
molecules
Tang L, Kretschmer P, Manzana W, Xia W, Tran K, Sim D,

Mallari C, Shiroma D, Ho E and Murphy JE

Bayer HealthCare Pharmaceuticals, San Francisco, CA, USA

Background: A number of strategies, including Fc-fusion and PEGyla-

tion, have been used to prolong the circulating half-life (t½) of factor

VIII (FVIII). Strikingly, all of these strategies attain the same upper

limit of 1.5- to 2-fold prolongation of t½ in preclinical and clinical test-

ing. Thus, it is possible that there is a common limiting factor. Because

thrombin cleavage is an essential step in the activation of FVIII, all

longer-acting FVIII molecules have been designed to maintain the

ability to be cleaved by thrombin. Once cleaved by thrombin, activated

FVIII (FVIIIa) is subject to numerous clearance pathways. Cleavage

releases von Willebrand factor, which has been shown to protect FVIII

from receptor-mediated clearance by low-density lipoprotein receptor-

related protein (LRP) and from binding to membranes where it is sub-

ject to further degradation by activated protein C. Furthermore,

thrombin cleavage is hypothesized to change the conformation of the

A2 domain, exposing an additional LRP binding site. Finally, FVIIIa

is highly unstable because of rapid A2 dissociation. It is therefore pos-

sible that low-level basal activation of FVIII by thrombin may play an

important role in the clearance of FVIII and variants of FVIII that are

designed to be longer acting.

Aim: To explore the possibility that accessibility to thrombin cleavage

is the common limiting factor in FVIII t½ prolongation.

Methods: To test this hypothesis we expressed and purified variants of

FVIII, including a PEGylated FVIII from which the thrombin cleav-

age sites were removed (R373Q and R1690Q). The pharmacokinetics

of the thrombin-resistant FVIII and thrombin-sensitive FVIII were

identical when tested in FVIII knockout hemophilia A (HemA) mice.

Results: Combination of thrombin-site mutants with site-specific

PEGylation, which has been previously shown to increase t½ by

approximately 2-fold in HemA mice, did not lead to a significant

improvement beyond this 2-fold threshold.

Conclusion: In this study we have demonstrated that susceptibility to

cleavage by thrombin does not limit the circulating t½ of longer-acting

FVIII.

PB 1.55-4
Evaluation of recombinant canine FVIII production
from three cell types transduced with either a B
domain deleted or codon optimized and truncated B
domain cFVIII transgene
Crawford BA, Ozelo MC, Harpell L, Hegadorn C, Powell S,

Hough C and Lillicrap D

Queen’s University, Kingston, ON, Canada

Background: Historically, canine cryoprecipitate has been used to

maintain the severe hemophilia A dog colony at Queen’s University.

Recombinant canine FVIII (rcFVIII) provides a substitute consistent

with animal care principles of replacement, refinement, and reduction.

However, expression of FVIII is significantly lower than other recom-

binant proteins of similar size.

Aims: To develop an expression system for colony-scale rcFVIII pro-

duction and characterize the effect of vector engineering and host cell

type on productivity and efficacy in the canine hemophilia A model.

Methods: A codon-optimized (CO) transgene was developed from

canine B-domain-deleted (BDD) FVIII with the addition of a Kozak

consensus sequence, the re-introduction of a portion of the 5′
B-domain sequence containing six N-linked glycosylation sites flanked

by SQ-linkers, and 24% base pair substitution to optimize translation

efficiency with respect to canine codon bias. Both transgenes (BDD

and CO) are regulated by the ubiquitous EF1a promoter with the addi-

tion of a strong endothelial enhancer element (EPCR). VSV-G pseudo-

typed lentiviral vectors containing either transgene were used to

transduce canine blood outgrowth endothelial cells (cBOEC), Madin-

Darby canine kidney (MDCK), and human endothelial kidney (HEK)

293T cells at MOIs between 5 and 250. FVIII activity was measured

using a 1-stage assay against a canine pooled-plasma standard. Inte-

grated transgene copy numbers were determined with qPCR using

human or canine b-actin as an endogenous reference. rcFVIII was puri-

fied with anion and cation exchange chromatography. Candidates for

larger-scale production were expanded in triple-flasks or on collagen-

coated microcarrier beads to produce test lots for pharmacokinetic

(PK) evaluation in three hemophilia A dogs. Treatment-scale lots were

tested for endotoxin and dogs were administered 20–29 U/kg. FVIII

levels were determined at 0.5, 1, 2, 4, 8, 12, 24, and 48 h post-infusion.

Results: Regardless of cell type, the CO transgene showed significantly

greater (P < 0.001) FVIII productivity per transgene copy than the

BDD version, representing a 3.4-, 6.4-, and 6.5-fold increase for HEK

293T, MDCK, and cBOECs respectively. Additionally, CO cBOECs

showed the highest specific productivity at 2.0 U/106 cells/24 h. How-

ever, this protein was also the least stable, as rcFVIII activity was

reduced to 79% following a 2 h incubation in hemophilic plasma at

physiological temperature. Inefficient expression following culture

polarization in MDCK cells procluded the use of these cells for larger

scale production. Pharmacokinetic evaluation in three hemophilia A

dogs showed that the CO cBOEC protein achieved less than half the

dose-normalized peak recovery of the BDD cBOEC protein, and also

demonstrated significantly reduced (P = 0.037) bioavailability mea-

sured by area-under-the-curve (AUC).

Summary/Conclusions: Six cell lines were developed to express either

CO or BDD cFVIII transgenes. Although the CO transgene showed

markedly improved productivity, the resulting rcFVIII had reduced

performance in procoagulant stability and efficacy. HEK 293T prod-

ucts were more cost-effective per activity unit due to high cell densities

and simple media requirements. Production efficiencies will be further

developed from a process engineering perspective.

PB 1.55-5
Instability of the His118Arg mutation in both factor
VIII and activated factor VIII causing discrepancy in
FVIII assays
Ding Q, Guoling Y, Min W and Xuefeng W

Ruijin Hospital, Shanghai Jiaotong University School of

Medicine, Shanghai, China

Background: A wide range of factor VIII activity (FVIII:C) levels is

presented in different haemophilia A (HA) patients with an identical

missense mutation in the F8 gene, which usually causes a mild or mod-

erate HA. Studies to date, however, have not elucidated the reasons

clearly for discrepant FVIII:C levels based on genetic factors and

molecular mechanisms.

Objective: To assess the effect of the FVIII His118Arg mutation on

FVIII:C assays.

Patients and Methods: Two patients from the same family with severe

laboratory phenotype but mild bleeding expression were investigated.

To evaluate the stability of FVIII in the patients, FVIII:C was deter-

mined with one-stage assay kept at 25 and 4 °C for designed times dur-

ing 2 h after samples collecting, as well as after storing at �20 or

�80 °C for indicated days. The amount of FVIII heterodimer was

assayed with ELISA using an anti-FVIII light chain monoclonal anti-

body as a capture antibody and a radish peroxidase-conjugated heavy

chain monoclonal antibody as a detection antibody. To evaluate the

stability of the patients’ FVIIIa, FVIII:C was detected by chromogenic

assay after indicated incubation times. Genetic analysis of the F8 gene

was carried out by directly sequencing.

Results: Plasma FVIII:C levels were dramatically reduced over the

indicated times from 18.9 to 1.6 IU/dL (at 25 °C) and to 0.8 IU/dL
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(4 °C) for 2 h in patient 1, from 14.7 to 0.9 IU/dL and to 0.9 IU/dL in

Patient 2. After storage at �20 and �80 °C for 2, 14 and 28 days,

plasma levels of FVIII:C in both patients were dramatically reduced to

the range of 2.6–4.6 IU/dL at 2 days and to ≤ 1 IU/dL at 14 days

with a similar reduction pattern between �20 and �80 °C. The intra-

molecular stability of FVIII was calculated as the residual amounts of

FVIII heterodimer relative to initial values (%). The data showed that

the amount of FVIII heterodimer decreased rapidly to < 2% in plasma

of the two patients. Plasma FVIII:C levels decreased significantly dur-

ing incubation from 3 to 5 min, and continued to decrease up to

10 min in both patients using chromogenic assay, indicating that the

stability of FVIIIa was reduced. His118Arg mutation in the F8 gene

was identified in the patients. These data revealed that the instability

exhibited by the His118Arg mutant FVIII in both the FVIII and

FVIIIa forms caused discrepancies observed in FVIII assays.

Conclusion: Our results indicate that FVIII genotypes causing destabi-

lization of both FVIII and FVIIIa may be associated with discrepant

FVIII:C values and misdiagnosis of the severity of HA.

PB 1.55-6
Functional characterization of rVIII-SingleChain and
comparison with commercially available recombinant
FVIII products
Horn C, Watzka B, Metzner HJ, Dickneite G and Schulte S

CSL Behring GmbH, Marburg, Germany

CSL Behring is developing a novel recombinant human coagulation

factor VIII product for the prophylaxis and treatment of acute bleed-

ing episodes in haemophilia A patients. It is expressed in Chinese ham-

ster ovary cells as a single-chain factor VIII molecule (rVIII-

SingleChain) with a molecular weight of approximately 170 kDa. The

harvests containing rVIII-SingleChain are subjected to a sequence of

chromatographic and virus inactivation/removal process steps, formu-

lated and lyophilized. The aim of the present study was the functional

characterization of rVIII-SingleChain, also in comparison to commer-

cially available, recombinant factor VIII products.

The activation of rVIII-SingleChain using thrombin was analyzed by

SDS-PAGE and Coomassie Blue staining. rVIII-SingleChain fully

activated by thrombin resulted in a band pattern consisting of light

chain, A1-domain, and A2-domain. The pattern was comparable to

activated commercially available rFVIII products.

The thrombin generation potential of rVIII-SingleChain in FVIII

depleted plasma initiated by either intrinsic or extrinsic activators was

investigated by a thrombin generation assay. With increasing activity

rVIII-SingleChain showed a decline of the time-to-peak values and an

increase of the peak height, respectively. The results were in good

agreement with other commercially available rFVIII products.

The activated FVIII (FVIIIa) dependent activation of factor X by acti-

vated factor IX was analyzed by a chromogenic, FXa-specific sub-

strate. rVIII-SingleChain revealed a time dependent increase in

absorbance comparable to that of the rFVIII comparators that was

leveling off at the maximum incubation period.

The inactivation of activated FVIIIa in absence or presence of acti-

vated protein C (APC)/protein S was analyzed by a one-stage FVIII

clotting assay. In absence of APC/protein S the activated rVIII-Single-

Chain and rFVIII comparator products showed a comparable decline

of the activity down to 10–20% of the initial value within a period of

about 20 min. As expected, in presence of APC and protein S, an

accelerated activity decrease down to 1–3% within 20 min was

observed for all products investigated.

In summary, this study demonstrated the characteristics of rVIII-Sin-

gleChain concerning the activation by thrombin, the thrombin genera-

tion assay, the co-factor function of FVIIIa, and the inactivation of

FVIIIa in absence or presence of APC and protein S. The comparison

of rVIII-SingleChain with commercially available rFVIII products

demonstrated a comparable behavior on the basis of the methods

used.

PB1.56 – Tissue Factor – I

PB 1.56-1
Platelets do not express the oxidized or reduced forms
of tissue factor
Bouchard BA, Gissel MT, Whelihan M, Mann KG and Butenas S

University of Vermont, Burlington, VT, USA

Background: Tissue factor (TF) expression and activity on the platelet

surface is controversial and dependent upon the laboratory and

reagents used. Due to the recent characterization of two forms of TF,

it can be hypothesized that these discrepant results may be due to the

expression of oxidized (active) vs. reduced (inactive) TF on the platelet

surface. Previous observations by our laboratory, based on flow cyto-

metric analyses using a well-characterized monoclonal antibody (anti-

TF-5) that recognizes the oxidized form of TF and functional assays,

demonstrate a lack of active TF expression by unactivated or activated

platelets.

Aims: The goal of this study was to extend our observations by assess-

ing platelet TF expression using a specific polyclonal antibody and

biotinylated active site-blocked factor VIIa, both of which recognize

the oxidized and reduced forms of TF.

Methods: Expression of TF by platelets activated under different con-

ditions was determined by flow cytometry. In additional experiments,

active TF expression was measured using functional and immuno-

assays that can detect picomolar concentrations of factor Xa and fac-

tor IXa.

Results: Western blotting analyses of full-length, recombinant and nat-

ural placental TF under reducing and non-reducing conditions demon-

strated that, in contrast to anti-TF-5, a sheep polyclonal antibody

directed against human TF (sheep anti-hTF) recognizes both reduced

and oxidized forms of TF. As we previously have shown using anti-

TF-5, there is no expression of oxidized or active TF on the platelet

surface. Sheep anti-hTF was used to confirm these observations and

determine whether platelets express the reduced or inactive form of TF

on their membrane surface. Unactivated platelets or platelets activated

for 15 or 120 min with thrombin receptor agonist peptide (SFLLRN-

NH2) (100 lM) were used. Platelet activation was confirmed by flow

cytometry using a specific fluorescently-labeled monoclonal antibody

directed against the activation-dependent marker, P-selectin. Addi-

tional flow cytometric analyses demonstrated that fluorescently-

labeled sheep anti-hTF did not react with the surface of unactivated

platelets or platelets activated under either condition. This observation

was confirmed using 10 nM biotinylated, active site-blocked factor

VIIa: no binding was observed by flow cytometry following its detec-

tion with fluorescently-labeled streptavidin. Similarly, and consistent

with these observations, no factor Xa or factor IXa generation was

observed on the surface of these platelets in the presence of 10 nM

active factor VIIa using highly sensitive functional assays. The specific-

ity of these reagents and assays was confirmed in parallel experiments

using lipopolysaccharide-treated monocytes as a positive control.

Summary/Conclusions: Platelets do not express either the active or

inactive forms of TF.

PB 1.56-2
Inflammation and tissue factor expression by acute
promyelocytic leukemia cells
Kruithof E and Dunoyer-Geindre S

HUG, Gen�eve 4, Switzerland

Background: Acute promyelocytic leukemia (APL) is a subtype of

acute myeloid leukemia, mostly characterized by a chromosomal

translocations t(15;17) resulting in creation of PML- RARa fusion

protein that inhibits cell differentiation. APL cells show a high expres-

sion of tissue factor (TF) and of annexin 2, a receptor for tissue-type

plasminogen activator (t-PA), which strongly increases the activity of
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t-PA. The combined action of these prothrombotic and pro-fibrino-

lytic activities contributes to the severe bleeding complications that are

characteristic for APL. Of these activities TF is the triggering factor

for the complications. APL used to be invariably fatal, but introduc-

tion of treatment with all-trans retinoic acid (ATRA) and chemother-

apy has considerably reduced mortality. Still, severe hemorrhage is

responsible for death in 5% of the patients. APL cells express besides

the inflammatory cytokines, tumor necrosis factor (TNF) and interleu-

kin 1b, which are capable of increasing TF expression in many cell

types.

Aim: The study the role of inflammation in expression of TF by APL

cells.

Methods: Two cell lines were used: NB4 cells, an APL cell line contain-

ing the t(15;17) translocation; treatment with high ATRA concentra-

tions counteracts the effect of the PML- RARa fusion protein and

leads to differentiation. U937/PR9 is a myeloid cell line stably trans-

fected with DNA encoding PML- RARa under control of the methal-

lothionin promoter. U937/PR9 cells express PML- RARa only when

treated with Zn2+. We used quantitative PCR to investigate the effect

on TF and TNF expression of treatment with ATRA, with inhibitors

of TNF (adalimumab) of IL-1b (ANAKINRA) or with drugs that

inhibit the inflammatory signaling proteins NFkB (inhibitor BAY11-

7085) or p38 (SB203580, SB202190 or Birb796)

Results: Treatment of U937/PR9 cells with Zn2+ for 24 h induced an

increase in TF (3.3 � 1.0 – fold, mean � SD) and in TNF (4.8 � 1.1

– fold). Treatment of NB4 cells with ATRA reduced TF and TNF

mRNA (by 95 � 2% and 86 � 3%, respectively), but increased IL1b

mRNA. Inhibition of TNF reduced TF expression by 50%, whereas

inhibition of IL1b had only a modest effect (< 20% reduction). Inhibi-

tion of the inflammatory signaling protein NFkB reduced TF mRNA

and TNF mRNA (by 65 � 10% and 78 � 14%, respectively),

whereas inhibition of p38 reduced TF mRNA (at a maximum by

38 � 11%) and rather increased TNF mRNA. The maximal inhibi-

tory effect of NFkB inhibition was attained within 30 min.

Conclusions: The PML- RARa fusion protein is responsible for an

increased expression of TNF and TF by APL cells. ATRA-mediated

differentiation of APL cells strongly reduces expression of TNF and

TF. At least part of the elevated TF in APL cells seems to be due to an

autocrine inflammatory stimulation by TNF, but not by IL1b. Inhibi-

tion of the signaling intermediate NFkB rapidly reduces TF and TNF

expression. Clinically, inhibition of inflammatory signal transduction

should be investigated as an adjunctive therapy to further reduce hem-

orrhagic complication in APL in the early treatment phase.

PB 1.56-3
Disulfide reduction abolishes tissue factor cofactor
function
Butenas S, Krudysz-Amblo J, Jennings ME, Knight T,

Matthews DE and Mann KG

University of Vermont, Colchester, VT, USA

Background: Tissue factor (TF), an in vivo initiator of blood coagula-

tion, is a transmembrane protein and has two disulfides in the extracel-

lular domain. The integrity of one cysteine pair, Cys186-Cys209, has

been hypothesized to be essential for an allosteric ‘decryption’ phe-

nomenon, presumably regulating TF procoagulant function, which

has been the subject of a lengthy debate. The conclusions of published

studies on this subject are based on indirect evidences obtained by the

use of reagents with potentially oxidizing/reducing properties.

Aim: To evaluate the influence of disulfides on the TF co-factor func-

tion.

Methods: The status of disulfides in recombinant TF1-263 and natural

placental TF in their non-reduced native and reduced forms (with or

without alkylation) was determined by mass-spectrometry. Activity-

based assays were performed to assess TF cofactor function and im-

munoassays were used to evaluate TF binding to factor VIIa.

Results: In native proteins, all four cysteines of the extracellular

domain of TF are oxidized. Upon reduction, TF retains factor VIIa

binding capacity but completely loses the cofactor function in both a

membrane-independent fluorogenic assay using a low molecular

weight synthetic substrate and a membrane-dependent extrinsic factor

Xase.

Conclusion: The reduction of TF disulfides (with or without alkylation)

eliminates TF regulation of factor VIIa catalytic function.

PB 1.56-4
Perioperative plasma tissue factor levels in patients
with advanced coronary heart disease and heart failure
subjected to off-pump coronary bypass grafting
Sovershaev M1, Sovershaev T2, Egorina E1, Sovershaeva S3,

Gubkina V3, Hansen JB1 and Sovershaev M1

1University of Tromsø; 2University Hospital of North Norway,

Tromsø, Norway; 3Northern State Medical University,

Arkhangelsk, Russian Federation

Background: Disturbances in the coagulation system after coronary

bypass grafting (CBG) surgery is a major cause of perioperative mor-

tality. In circulation, tissue factor (TF), a major initiator of blood

coagulation, is found on the surface of activated monocytes and as a

soluble protein in plasma. To date, levels of soluble TF in patients with

advanced coronary heart disease (CHD) subjected to off-pump CBG

has never been assessed.

Aims: We wanted to investigate plasma TF before and after CBG sur-

gery.

Methods: The study has been approved by the institutional committee

on the research ethics. Twenty eight patients with established three-

vessel CHD were initially enrolled in the prospective study after the

informed consent has been obtained. Twelve patients withdrew there

participation, two patients were lost to follow up. Patients did not

receive anticoagulants or platelet inhibitors for a minimum of 3 days

prior to surgery. Blood samples were collected 2 days prior to, 1 and

17 weeks after surgery. Plasma TF levels were measured using ELISA

kit (Hyphen BioMed, France), as well as plasma pro-BNP, NYHA

heart failure functional class, left ventricle ejection fraction (LVEF),

end diastolic volume (LVEDV), end systolic volume (LVESV) were

assessed at the same times. Multiple regression analyses were per-

formed between variables, group means were compared using t-test,

two-sided P < 0.05 were considered significant. Data are presented as

percentages, or mean � SEM.

Results: The study included 11 males and three females aged

56.0 � 7.9 years, with following distribution of NYHA classes (I-IV):

21.4%, 64.3%, 7.1%, 7.1%, respectively, prior to surgery (2.0 � 0.2

on average), and 71.4%, 21.4%, 7.1%, and 0%, respectively, at

17 weeks postop (1.4 � 0.2 on average). Average preop levels of

plasma TF were 102.1 � 8.5 pg/mL and were 133.3 � 27.5 pg/mL in

NYHA I patients, 96.9 � 7.1 pg/mL in NYHA II, and

78.5 � 20.7 pg/mL in NYHA III/IV, with a strong negative correla-

tion between preop NYHA class and plasma TF levels (R = �0.568,

P = 0.034). Preop LVEF, LVESV, LVEDV and pro-BMP levels corre-

lated well with NYHA class. After surgery, TF plasma levels tempo-

rarily decreased to 87.0 + 5.2 pg/mL (P > 0.05) after 1 week and

came back to the preop levels after 17 weeks postop. Noteworthy, we

found strong positive correlation between plasma TF levels prior to

surgery with plasma TF levels 1 week postop (R = 0.671, P = 0.009)

and 17 weeks postop (R = 0.737, P = 0.003).

Conclusions: Preoperative values of plasma TF correlates well with

short-term and long-term postoperative TF values as well as clinical

parameters of heart failure in patients with advanced CHD subjected

to CBG surgery.
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PB 1.56-5
Eicosapentaenoic acid and docosahexaenoic acid
suppress the release of tissue factor as cell-derived
microparticles, from cancer cell lines
Xiao Y, Collier MEW, Harley MA, Ettelaie C, Hardege JD

and Maraveyas A

The University of Hull, Hull, UK

Background: Recent studies suggest that treatment of cancer patients

with the polyunsaturated omega-3 fatty acids eicosapentaenoic acid

(EPA) and docosahexaenoic acid (DHA) may have beneficial influ-

ence. EPA and DHA have been reported to downregulate pro-inflam-

matory and pro-angiogeneic factors and have been shown to inhibit

the growth of cancer cells in vitro. Cell derived microparticles have

been implicated in the pathogenesis of a number of chronic diseases

and in particular, tissue factor (TF)-bearing microparticles have been

implicated in the promotion of cancer-related venous thromboembo-

lism. However, the beneficial potential of EPA and DHA treatment on

the release of TF as cell derived microparticles has not been investi-

gated.

Aim: In this study, we have examined the influence of EPA and DHA

supplementation on the release of TF-microparticles and the associ-

ated procoagulant activity in cancer cell lines from five different tis-

sues.

Methods: Five cells lines representing pancreatic (AsPC-1), breast

(MDA-MB-231), colocarcinoma (Caco-2), ovarian (SKOV-3) and

melanoma (A375) cancers were cultured in the recommended complete

media and were supplemented with EPA (0–90 mg/mL) or DHA (0–
60 mg/mL). The conditioned media were harvested at intervals for up

to 7 days. Microparticles were isolated from the conditioned media by

ultracentrifugation and the density of microparticles determined using

the Zymuphen microparticle assay. Microparticles were resuspended

in PBS and the microparticle-associated TF antigen and activities were

measured using an ELISA and a thrombin generation assay, respec-

tively. Cell numbers were determined by crystal violet staining. Total

cell surface TF antigen was analysed by flow cytometry and ELISA.

Analysis of the incorporation of EPA and DHA into the cells and

microparticle membranes was carried out by tandem gas chromatogra-

phy-mass spectroscopy.

Results: Incubation of cells with a low dose of EPA (30 lg/mL) or

DHA (10 lg/mL) resulted in increased release of microparticles from

all the cells examined. In contrast, both the total concentration of the

released TF and the adjusted values, calculated as the ratio against the

respective microparticle densities, were reduced in the majority of the

cell line examined. Treatment of cells with EPA or DHA also resulted

in the suppression of cell proliferation in an EPA/DHA concentration-

dependent manner, in all the cell lines tested. Furthermore, the reduc-

tion in cell numbers correlated with the amount of EPA and DHA

incorporated into cell membrane but was cell-type dependent. How-

ever, increased levels of cell death, together with augmented TF release

were observed at higher concentrations of omega-3 fatty acids.

Conclusions: Our studies suggest that omega-3 fatty acids may have

anti-inflammatory properties which may in turn alter the procoagulant

potential of cancer cell-derived microparticles. Our findings agree with

previous data suggesting that these fatty acids may also be anti-prolif-

erative, and at higher concentrations they may induce cell death.

Throughout this study, we have used concentrations of fatty acids

which encompassed those that may be detected as a consequence of an

omega-3-rich diet. Therefore, omega-3 fatty acids may have an anti-

inflammatory influence which may be helpful in the prevention of

thromboembolism in susceptible individual including cancer patients.

PB 1.56-6
Plasma tissue levels and risk factors for cardiovascular
disease in the cancer (EPIC)-Italy cohort
Iacoviello L1, Agnoli C2, Guarrera S3, Krogh V2, Mattiello A4,

Matullo G3, Panico S4, Sacerdote C5, Tumino R6, Vineis P7,

Lorenzet R1 and Donati MB1

1Catholic University, Campobasso; 2National Cancer Institute,

Milano; 3Human Genetic Foundation HuGef, Torino; 4Federico II

University of Naples, Napoli; 5Cancer Prevention Centre (CPO)

Piemonte, Torino; 6Cancer Registry ASP, Ragusa, Italy; 7Imperial

College, London, UK

Background: Tissue factor activity has been associated with risk factors

for cardiovascular disease. However few studies have evaluated such

an association for circulating levels of TF. We evaluated the associa-

tion between plasma TF and risk factors for cardiovascular disease in

a random subcohort of four out of five of the (EPIC)-Italy cohort.

Materials and Method: We measured TF in 834 men and women, in

citrate plasma samples collected at baseline (1993–1997) and stored in

liquid nitrogen.

TF levels was measured by ELISA (IMUBIND, TF ELISA, Instru-

mentation Laboratories, Milan, Italy). The association between TF

levels and cardiovascular risk factors was evaluated by linear regres-

sion and expressed as b and 95% CI.

Results: The levels of TF in our cohort of apparently healthy subjects

ranged from 0.070 to 2318.0 pg/mL (median: 310.7, interquartile

range: 192.2–491.2 pg/mL). TF levels were significantly lower in

women (b �131.62; 95%CI �174.36, �88.88) and they were inversely

associated with HDL-cholesterol (b �3.19; 95%CI �4.91, �1.47)) and

positively associated with triglycerides (b 0.76; 95%CI 0.43, 1.10),

insulin (b 5.63; 95%CI 2.52, 8.73) and waist circumference (b 3.19;

95%CI 1.39, 5.00).

Conclusions: Our data further support the evidence for a link between

TF levels and risk factors for cardiovascular disease in the population.

High TF levels could represent a link between metabolic risk and car-

diovascular disease.

PB1.57 – Fibrinogen/Fibrin – II

PB 1.57-1
Dysfibrinogenemia associated with obstetric
complications in four unrelated female patients
Zhou J1, Jiang L2, Ding Q3, Xi X2, Wang X3 and Wang H2

1Shanghai Institute of Hematology, Ruijin Hospital; 2Shanghai

Institute of Hematology; 3Ruijin Hospital, Shanghai, China

Background: Women with dysfibrinogenemia are at risk of vaginal

bleeding, recurrent miscarriages, plancental abruption, fetal death,

postpartum haemorrhage and so on, although the incident rate is rela-

tively lower than that in women with afibrinogenemia or hypofibrino-

genemia.

Aims: Our study is to investigate the obstetric complications occurred

in four unrelated female patients with dysfibrinogenemia.

Methods: The antigen level (Fg:Ag) and activity level (Fg:C) of fibrino-

gen in plasma of the patients were detected by immunoturbidimetric

assay and clauss assays, respectively. Thromboelastogram (TEG) test

was performed to evaluate the comprehensive coagulation status of

patients. PCR amplification and direct sequencing technology were

used to identify the mutations in these patients. Aa, Bb and u chains of
fibrinogen were detected by Western blot. Fibrinogen polymerization

and fibrinolysis measurement were applied to evaluate the function of

fibrinogen in patients.

Results: Proband A experienced vaginal bleeding twice during her

pregnancy, while proband B had indication of threatened premature

labor. Proband C, gravida 2 para 1, suffered fetal death after her

seven-month pregnancy and proband D, gravida 4 para 1, underwent
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fetal death and abnormal embryo growth throughout her life. Fg:C in

them were 0.57, 0.84, 0.22 and 0.46 g/L, respectively. The ratio of Fg:

C and Fg:Ag was < 0.5 in all four probands, so they were diagnosed as

dysfibrinogenemia. Since Fg:Ag in proband C was < 1.5 g/L, so she

was diagnosed as hypodysfibrinogenemia. CI value in TEG test in pro-

band A and B were both within the normal reference range, while that

in proband C and D were lower than the low limit of normal reference

range, with the value of �13.1 and �6.3, respectively, which was con-

sistent with their severe clinical manifestations. Heterozygous

AaArg16Cys, AaPro18Leu, cAla327Thr and cTrp208Leu were identi-

fied in four probands, respectively. Western blot showed normal

molecular weight of three chains in probands except proband C, who

had abnormal glycosylated c chain caused by cAla327Thr mutation.

In the fibrinogen polymerization measurement, the take-off time of

proband A, B and D was prolonged compared to that of normal

pooled plasma, suggesting impaired fibrinogen polymerization caused

by these mutations. Fibrinolysis rate in these four probands was much

slower than that in normal pooled plasma. At the end of fibrinolysis

test, only the fibrin formed by proband D can be dissolved completely

with the addition of plasminogen and uPA, with the dissolving rate of

100%, while it was 20.8% and 26.7% in proband A and B respectively,

and 0% in proband C, indicating the fibrinolysis defects in them.

Conclusion: Dysfibrinogenemia patients caused by heterozygous

AaArg16Cys, AaPro18Leu, and cTrp208Leu mutations may have

obstetric complications due to impaired fibrinogen polymerization,

while cAla327Thr mutation may lead to the generation of insoluble

embolus, causing fetal death during pregnancy in affected women.

TEG was applied in our study, first highlighting its sensitivity and

accuracy in predicting the severity of obstetric complications and its

vital role in guiding the replacement therapy in pregnant women with

dysfibrinogenemia.

PB 1.57-2
Optimisation of fibrin clot microstructure: mechanical
and microstructural properties of fibrin clots, from
incipiency to the acquisition of haemostatic
functionality
Hawkins KM1, Chernysh I2, Curtis DJ1, Badiei N1, Brown R1,

Evans A1, Lawrence MJ1, Weisel J2 and Williams R1

1Swansea University, Swansea, UK; 2University of Pennsylvania

School of Medicine, Philadelphia, PA, USA

Background: Fractal analysis of the mechanical properties of whole-

blood clots provides a method of quantifying clot microstructure of

the incipient clot in terms of a fractal dimension, df, which can be used

as a functional biomarker of haemostasis [1]. A recent haemorheologi-

cal study of healthy volunteers (n = 52) showed a narrow range of df
for healthy blood (= 1.74 � 0.04) and significant correlations of df
(P < 0.005) with fibrinogen concentration [2].

Aims: The aims of the present study were to investigate the possibility

that the narrow range df encountered in healthy volunteers represents

a highly efficient mechanism of clot assembly, in terms of the amount

of polymerised mass required to establish a functional network capa-

ble of achieving haemostatic functionality.

Methods: Concurrent rheological measurements and Confocal Laser

Scanning Microscopy (CLSM) were performed on fibrin gels formed

by polymerisation of Fibrinogen (10 mg/mL) in the presence of a

range of thrombin (0.02–0.2 NIH Units/mL). The latter technique

provides the high speed imaging during fibrin network formation nec-

essary for real time visualization of microstructure during the early

stages of polymerization and provides assessments of the instant at

which the fibrin networks acquire sufficient mechanical rigidity to

withstand motion (i.e. become static).

Results: The incipient clot formed at 0.02 NIH/mL is characterized by

the lowest value of df (1.82), indicating that its fibrin network is rela-

tively open and tenuous whereby the incipient gel formed at 0.2 NIH/

mL is characterized by a higher value of df (2.03), indicating the for-

mation of a far tighter, more densely structured fibrin network. Assess-

ment of the CLSM images showed that, in the case of high thrombin

levels, approximately 95% of the mass required to perform haemostat-

ic functionality is present at incipiency. This is in stark contrast to clots

formed at low thrombin levels, where < 20% of the mass required to

perform haemostatic functionality is present at incipiency. In the lat-

ter, it is evident that a significant part of the incipient clots rapid

growth is attributable to its ability to scavenge additional polymerized

mass by incorporating adjacent, pre-existing clusters.

Conclusions: The clots formed at relatively low levels of thrombin may

represent the optimal mechanism for the efficient construction of a

functional clot insofar as (i) the incipient clot can be established in the

most parsimonious manner in terms of the polymerized mass required

and (ii) the clot is capable of rapid enhancement to attain sufficient

elasticity to withstand motion. Large levels of thrombin result in incip-

ient clots which are relatively inefficient, in the sense that their produc-

tion involves the incorporation of extravagant amounts of mass and

results in extravagant levels of elasticity. The consequences of such

clots forming must be assessed in terms of their resistance to lysis and

fluid mechanical stresses.

References:

1. Weisel (2010); Blood: 116(17) 3123–3214.
2. Evans et al (2010); Blood: 116(17) 3341–3346.

PB 1.57-3
Investigation of exogenous fibrinogen substitution on
fibrinogen synthesis in a chronic pig model of blunt
liver injury
Zentai C1, Van Der Meijden PEJ2, Rossaint R1, Ten Cate H2,

Spronk HMH2 and Grottke O1

1RWTH Aachen University Hospital, Aachen, Germany;
2Maastricht University Medical Center, Maastricht, The

Netherlands

Background: The early application of fibrinogen concentrate has been

shown to be effective to reduce blood loss in trauma-induced coagul-

opathy. As fibrinogen is an acute phase protein with proinflammatory

properties, a potential influence of exogenous fibrinogen substitution

on endogenous fibrinogen synthesis may have important consequences

for immune response.

Aims: In a coagulopathic pig model with blunt liver injury we investi-

gated the effects of fibrinogen substition on endogenous fibrinogen

synthesis over 24 h.

Methods: After local ethical approval this study was performed in 20

anaesthetised male pigs. After cannulation, haemorrhagic shock and

grade III blunt liver injury were induced. A 10 min shock phase was

followed by re-transfusion of washed red blood cells to avoid early

death from severe anaemia. Subsequently animals were randomized to

receive either fibrinogen (100 mg/kg; F-group, n = 10) or normal sal-

ine (NF-group, n = 10). Plasma fibrinogen (both Clauss method and

porcine specific ELISA), synthesis of fibrinogen mRNA (rtPCR from

liver tissue), thromboelastometry (ROTEM), and thrombin generation

were monitored for 24 h and blood loss was measured. Statistical anal-

ysis was performed using ANOVA with Tukey post hoc. A P < 0.05

value was considered as statistically significant.

Results: Haemorrhagic shock and trauma caused a significant alter-

ation of coagulation parameters, as indicated by a prolongation of

ROTEM clot formation (baseline: 45 � 9 s; post-injury: 130 � 21 s)

and prothrombin time (baseline: 9 � 1 s; post-injury: 18 � 2 s). Cor-

respondingly, clot strength (baseline: 72 � 4 mm; post-injury:

48 � 4 mm) and concentrations of fibrinogen (baseline: 150 � 28 mg/

dL; post-injury: 43 � 5 mg/dL) were significantly reduced (P < 0.05

for all). The substitution with fibrinogen restored clot strength

(63 � 3 mm), shortend clot formation time (70 � 11 s) and was

associated with reduced blood bloss (1062 � 216 mL) compared to
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non-treated animals (1643 � 244 mL, P < 0.05). Although fibrinogen

supplementation initially increased plasma fibrinogen levels (Clauss-

method) as expected, a significant decline in plasma fibrinogen was

observed in the 360 min following fibrinogen administration, although

major blood loss was already terminated 120 min post-injury. Corre-

spondingly, the mean difference in fibrinogen levels between treated

and non-treated animals decreased over time. In contrast, both ELISA

and rtPCR analysis revealed an increase of fibrinogen (starting 6 h

post-inury) and mRNA levels (starting 2 h post-injury), respectively.

The levels of the proinflammatory cytokines, interleukin-6, and tumor

necrosis factor-a showed a modest increase over time, but did not sig-

nificantly differ between the groups. Aside, only small effects of fibrin-

ogen on thrombin generation were detected.

Conclusions: The substitution of exogenous fibrinogen has no impact

on endogenous synthesis of fibrinogen nor on the inflammatory

response, and is not associated with adverse events. Despite termina-

tion of major bleeding the constant gradual reduction in plasma con-

centrations of fibrinogen over time suggests that exogenously provided

fibrinogen might be metabolised. The clinical importance and the

pathway of clearance need further investigations.

PB 1.57-4
Effects of homocysteine-thiolactone on fibrin networks
Genoud V1, Lauricella AM2, Kordich L2 and Quintana I3

1Quintana, Irene, Facultad de Ciencias Exactas y Naturales, UBA;
2Facultad de Ciencias Exactas y Naturales, UBA; 3Facultad de

Agronom�ıa, Universidad de Buenos Aires, Buenos Aires,

Argentina

Background:Hiperhomocysteinemia has been proposed as an indepen-

dent risk factor for vascular disease. Non enzymatic chemical reactions

between biological molecules and homocysteine or homocysteine-thio-

lactone (HTL) are named S or N-homocysteinylation. HTL reacts

with proteins by acylation of free basic amino groups; in particular,

the epsilon-amino group of lysine residues form adducts and induces

structural and functional changes in plasma proteins.

Aim: To study the effects of HTL on plasma fibrin networks.

Methods: Normal human plasma was incubated with HTL solutions

(final concentrations: 0 – 100 – 500 and 1000 lM); 18 h, 37 °C. Sal-
ine solution was used as control. Determinations of protrombin time

(PT), activated partial tromboplastin time (APTT) and thrombin time

(TT) were assayed according to established methods. In order to per-

form fibrinoformation studies, clots were generated by adding throm-

bin (0.05 IU/mL) and calcium chloride (20 mM) to the preincubated

plasma. The kinetics was evaluated measuring optical density (OD) at

405 nm every 1 min up to constant values. Assays were carried out in

polystyrene strips. The sigmoid curves obtained (OD vs. time) were

characterized by three parameters: lag phase, maximum velocity

achieved and final network OD. All assays were performed in qua-

druplicate. Suitable fibrin networks were evaluated by electronic

microscopy. Each network was characterized measuring number of

fibers per field, network percentage (ratio between total surface of the

fibers and the total field area x 100), and width and length of the

fibers.

Results: HTL significantly prolonged global coagulation tests in con-

centration dependent manner respect to control. For HTL (1 mM) the

increases were 7.3%, 14.5% and 7.2% for PT, APTT and TT respec-

tively. Fibrinformation kinetic parameters showed statiscally signifi-

cant differences between HTL treated plasma respect to control in

concentration dependent manner. In particular, with HTL 1 mM, lag

phase: 19.30 � 0.88 vs. 11.58 � 0.22 min; Vmax: 0.044 � 0.005 vs.

0.087 � 0.004/min and final network OD: 0.884 � 0.009 vs.

0.939 � 0.011; in all cases, P < 0.01. Electronic microscopy analysis

showed that HTL related networks were more compact (network%:

81 � 7 vs. 63 � 8; number of fibers/field: 61 � 7 vs. 39 � 4) and

shorter than control (length: 0.82 � 0.20 lm vs. 2.87 � 0.83 lm). No

significant differences in fibers width were observed.

Conclusions: N-homocysteinylation process modifies the structure of

fibrin networks and alters the kinetics of fibrin formation.

PB 1.57-5
The clinically asymptomatic dysfibrinogenemia (FGG
H103N) is associated with abnormal polymerization
but no thrombin generation impairment
Hanss M1, Devignes J2, De Mazancourt PH3 and Ffrench P1

1Hospices Civils de Lyon, Bron; 2CHU Nancy, Vandoeuvre-les-

Nancy; 3Universit�e de Versailles St-Quentin, Versailles, France

Background: Dysfibrinogenemia is a rare disease characterized by an

abnormal fibrinogen present in plasma with a normal amount but an

abnormal function. It is due to occurrence of a mutation of one of the

three coding genes, FGA, FGB and FGG. Moreover fibrinogen has

been shown to potentiate thrombin generation when using a fluoro-

genic thrombin substrate (Hemker HC and coll., Pathophysiol Hae-

most Thromb 2003).

Aims: To look for potential implication of fibrin polymerization in the

facilitating effect of fibrinogen on thrombin generation in a new case

of dysfibrinogen.

Methods: Plasma fibrinogen was measured by Clauss functional and

immunonephelometric assays. Fibrinogen was extracted from plasma

by Kazal precipitation and further studied by SDS PAGE, fibrinopep-

tide liberation by thrombin, repolymerization of fibrin monomers,

facilitating effect on thrombin generation. For this last technique, the

thrombin generation was evaluated by calibrated automated thrombi-

nography in presence of fibrinogen depleted normal plasma, 1 g/L

patient fibrinogen, 4 lM phospholipids and 5 pM tissue factor.

Results: A case of familial dysfibrinogenemia was discovered in a 9-

year old patient presenting on emergency ward with a Human Herpes

Virus 6 infection. Symptoms (fever and lymphopenia, late cutaneous

eruption) were spontaneously regressive. A clear discrepancy was

found between decreased plasma coagulable fibrinogen concentration

(0.60 g/L, normal values = 1.8–4.1 g/L) and antigenic concentration

(2.9 g/L, 1.80–3.5 g/L). These values were confirmed several months

after initial diagnosis and found also in the mother. APTT and PT

were slightly prolonged; reptilase time was prolonged over 120 s. None

of both affected family members presented any thrombotic or hemor-

rhagic features, even following several dental extractions for the child

and a breast surgery for the mother. Sequence analysis revealed a het-

erozygous C2587>A mutation of the gene coding for the gamma chain

(FGG) in both affected family members, leading to a p.H129N muta-

tion in the native protein (His103Asn in the circulating protein).

Gamma chain appeared as a duplicate on electrophoresis under reduc-

ing conditions, with similar amounts for each band. Fibrinopeptide

liberation was found normal. However patient’s fibrin monomers were

not able at all to repolymerize as compared to controls. The effect of

extracted fibrinogen on thrombin generation was similar to controls.

Summary/Conclusions: A case of gamma chain mutation has been

found in an asymptomatic patient and his asymptomatic mother. It is

associated to the expression of two gamma chains found in plasma

with similar amounts. The heterozygous mutation is awaited to change

a His by an Asn in the coiled coil portion and give rise to a NXS

sequence, a potential new glycosylation site (asparagine-X-serine).

Such a glycosylation could explain the clear electrophoretical mobility

difference. The only noticed functional impairment is a deficient

monomer repolymerization, as often found in case of gamma chain

impairment. It could be due to abnormal steric interactions of mono-

mers with each other. The normal capacity of dysfibrinogen to

enhance thrombin generation is not in favour of a role of monomer

polymerization in facilitating thrombin generation.
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PB 1.57-6
A new automated D-Dimer assay optimized for
minimizing interferences to heterophilic antibodies
Esteve F

Diagnostica Stago, Gennivilliers, France

D-Dimers are the terminal products of stabilized fibrin degradation.

D-Dimer assays represent an important aid in the diagnosis of the

exclusion of venous thromboembolic disease. Immunoassays, which

are commonly used in diagnostic testing, may be prone to interferences

with heterophilic antibodies when present in patient plasma.

The prevalence of these interferences with D-Dimer assays in the diag-

nosis of VTE is low but may cause an overestimation of the result.

The new STA� – Liatest� D-Di PLUS has been developed, based on

the same formulation as the well-known STA� – Liatest� D-Di with

an improvement aimed at minimizing these interferences.

The dosage buffer includes a blocking agent targeting heterophilic anti-

bodies, therefore minimizing the interference toHAMAand eliminating

the interferences to Rheumatoid Factor (RF) up to 1000 IU/mL.

The level of RF which does not interfere has been determined with

plasma RF levels to be < 1000 IU/mL. This limit has been confirmed

based on a regression study using serial dilutions of plasma with RF

using a plasma pool with a D-Dimer concentration of 1.0 lg/mL

FEU. Four patient plasmas of known RF concentration were also

analyzed and correlated using an ELISA assay (which is insensitive to

RF) and STA�-Liatest� D-Di Plus.

In addition, a correlation study on 200 plasmas with D-Dimer levels

ranging from 0.28 to 18.21 lg/mL FEU has been carried out with

STA�-Liatest� D-Di PLUS and STA�-Liatest� D-Di. Results

obtained are as follow: r = 0.998, slope = 1.006 and inter-

cept = �0.057.

In conclusion, the STA� – Liatest� D-Di PLUS performs as well as

STA� – Liatest� D-Di with additional benefits as it is insensitive to

rheumatoid factor levels up to 1000 IU/mL.

PB1.58 – Other Coagulation
Factors – I

PB 1.58-1
A platelet-targeted factor VIIa. XTEN fusion protein
with increased circulating half-life and improved
clotting activity
Tan S1, Salas J1, Chen K1, Kistanova E1, Ashworth T1, Acosta M1,

Johnson B1, Pape B1, Pierce GF1, Light D1, Mei B1,

Schellenberger V2, Peters RT1 and Jiang H1

1Biogen Idec Hemophilia, Waltham, MA; 2Amunix Inc.,

Mountain View, CA, USA

Background: Recombinant activated factor VII (rFVIIa) is used for

treatment of bleeding in hemophilia A and B patients with inhibitors.

Because of its short circulating half-life of 2–3 h and low binding affin-

ity to activated platelets, rFVIIa is primarily limited to on-demand

treatment and often requires repeated dosing for efficacy. A long-last-

ing and more potent form of rFVIIa will significantly improve the clin-

ical management of hemophilia patients with inhibitors and the

prevention and treatment of bleeding episodes.

Aims: To develop a rFVIIa variant using a strategy that combines

half-life extension and activity improvement. The approach is to

extend the circulating half-life of rFVIIa by fusing with XTEN, a

hydrophilic and unstructured polypeptide that increases the hydrody-

namic radius of proteins, while enhancing the coagulation activity by

targeting it to platelets with a single chain fragment variable region

(scFv) that binds to receptor aIIbb3 with high affinity.

Methods: rFVIIa variants were expressed in HEK293 cells by transient

transfection and purified from conditioned media. The clotting activity

of purified rFVIIa variants was measured by soluble tissue factor-

dependent prothrombin time (sTF-PT) assay, thrombin generation

assay (TGA), and rotational thromboelastometry (ROTEM). The

pharmacokinetics in hemophilia A mice was determined using sTF-PT

assay. Effect of rFVIIa variants on human platelet clearance was eval-

uated in human platelet transfused NOD/scid/gamma (NSG) mice.

Results: rFVIIa-XTEN288, which was produced by recombinantly fus-

ing the XTEN sequence of 288 amino acids into rFVIIa, was found to

have a terminal half-life of about 9 h in hemophilia A mice, represent-

ing an 8-fold increase in half-life compared with rFVIIa. However, the

activity of rFVIIa-XTEN288, based on the whole blood ROTEM

assay, was lower than that of rFVIIa. To improve its activity, we

incorporated a platelet-targeting scFv into rFVIIa-XTEN288. This

scFv was derived from a monoclonal antibody that specifically recog-

nizes the human platelet receptor aIIbb3. When fused to rFVIIa, the

scFv increased binding of the protein to platelets with no detectable

effect on platelet activation and clearance in vitro and in vivo. Further-

more, we identified an optimal configuration that allows recombinant-

ly fusing both the XTEN288 and the platelet-targeting scFv into

rFVIIa to obtain a platelet-targeted rFVIIa–XTEN fusion protein

with enhanced binding to platelets, and more importantly, with a sig-

nificant increase in clotting activity compared to rFVIIa, as measured

by TGA and ROTEM assays.

Conclusions: Combining XTEN and platelet-targeting is a novel

approach that results in marked improvements in both the circulating

half-life and clotting activity of rFVIIa. Our results demonstrate the

potential for developing a long-lasting, platelet-targeted rFVIIa suit-

able for both on–demand and prophylactic treatments of hemophilia

A and B patients with inhibitors.

PB 1.58-2
Hepatocyte growth factor down-regulates protein C
inhibitor expression in hepatocytes via MEK pathway
Akita N1, Okamoto T2, Nishioka J3, Suzuki K3 and Hayashi T4

1Suzuka University of Medical Science, Suzuka; 2Mie University

School of Medicine, Tsu; 3Faculty of Pharmaceutical Sciences,

Suzuka University of Medical Science, Suzuka; 4Department of

Biochemistry, Mie Prefectural College of Nursing, Tsu, Japan

Background: Protein C inhibitor (PCI), a member of the SERPIN fam-

ily, inhibits an anticoagulant activated protein C (APC), which inacti-

vates blood coagulation cofactors, factors Va and VIIIa in plasma. We

have shown that PCI is expressed in various human tissues, including

liver and kidneys, and suppresses the tumor infiltration by inhibiting

urinary plasminogen activator (uPA), and tumor metastasis by inhibit-

ing angiogenesis. Recently, we demonstrated that PCI also plays a role

as an inhibitor for hepatocyte growth factor activator (HGFA), a fac-

tor XIIa-like serine protease, which is an activator of HGF precursor

to HGF. HGF plays an important role in tissue repair and regenera-

tion, and the precursor of HGFA (proHGFA) is activated by throm-

bin generated at the sites of tissue injury. Thus, PCI may control liver

regeneration by regulating the activation of HGF precursor by means

of the HGFA inhibition.

Aim: In this study, we investigated the effect of HGF on expression of

proHGFA and PCI in hepatocytes.

Methods: Concentrations of proHGFA and PCI in culture medium of

primary hepatocytes or HepG2 cells were measured using specific

ELISA for each protein. PCI mRNA expression in HepG2 cells was

evaluated by real-time PCR analysis. Binding of HGF to c-Met, a

receptor of HGF on hepatocytes, was determined by Western blot

analysis using antibody to phosphorylated c-Met. The signal transduc-

tion pathway related to the HGF-induced change of PCI expression in

HepG2 cells was analyzed by measuring the PCI production using

specific ELISA in the presence of HGF and inhibitors of signal

transduction factors.

Results: HGF showed no effect on the proHGFA production in both

primary hepatocytes and HepG2 cells, but it dose-dependently reduced
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the PCI production in both cells by reducing the mRNA expression of

PCI. Western blot analysis showed that HGF induces c-Met phos-

phorylation in HepG2 cells. The HGF-induced decreased expression

of PCI in HepG2 cells was restored by MEK inhibitor, but not

restored by NFjB inhibitor, nor by inhibitors of various signal trans-

duction factors such as JUN kinase, and p38 MAP kinase.

Conclusion: The present study suggests that, in liver regeneration,

HGF down-regulates the expression of PCI, an inhibitor of HGFA,

by means of the phosphorylation of c-Met followed by the activation

of MEK, to enhance the HGFA-mediated activation of HGF precur-

sor, which may lead to further promotion of the hepatocyte regenera-

tion.

PB 1.58-3
Quantitative whole body autoradiography (QWBA)
study on the biodistribution of a recombinant factor
rVIIa linked to human albumin
Herzog E1, Harris S2, McEwen A2, Pragst I1, Dickneite G1,

Schulte S1 and Zollner S1

1CSL Behring GmbH, Marburg, Germany; 2Quotient Bioresearch,

Rushden, UK

Background: The recombinant fusion protein linking the human coag-

ulation factor VIIa to recombnant human albumin, rVIIa-FP (CSL

Behring GmbH), is currently undergoing clinical investigation in the

clinical trial program PROLONG-7FP.

Aim: The present study was conducted to evaluate the effects of albu-

min fusion on the biodistribution of rVIIa-FP.

Methods: [3H]-rVIIa-FP, [3H]-rFVIIa or [3H]-albumin, labeled using

the N-Succinimidyl [2,3,-3H] propionate (NSP) method, were adminis-

tered intravenously to male rats at a single radioactive dose of approx-

imately 400 lCi/kg. Using whole-body autoradiography (QWBA),

tissue radioactivity was determined up to 24 ([3H]-rFVIIa) or 240

([3H]-rVIIa-FP, [3H]-albumin) hours (h). In addition to full body sec-

tions, the hind limbs were separately subjected to QWBA to obtain

more detailed information on the products’ distribution within the

bone marrow and knee joint region. In parallel, plasma, urine and

feces were collected at several time points throughout the observation

period to calculate excretion balance and assess physiological elimina-

tion pathways. The radioactivity associated with the [3H]-labelled pro-

teins was determined by quantitative radiochemical analysis (QRA)

and high performance liquid chromatography (HPLC). The radioac-

tivity associated with plasma, urine and feces samples was also deter-

mined by QRA. Biological activity of rFVIIa and rVIIa-FP after [3H]-

labeling was confirmed measuring FVII activity by means of a chro-

mogenic assay.

Results: For both proteins, [3H]-rVIIa-FP and [3H]-rFVIIa, the major

route of elimination was urinary excretion accounting for approx.

80% of total. While 144 h were required for the urinary excretion of

72% of [3H]-rVIIa-FP associated radioactivity, equal proportions of

[3H]-rFVIIa radioactivity could be recovered within 24 h, indicating

accelerated clearance of [3H]-rFVIIa compared to [3H]-rVIIa-FP.

However, the biodistribution profile of [3H]-rVIIa-FP and [3H]-rFVIIa

were comparable, both distributing predominantly into well vascular-

ized tissues and major metabolic organs with both proteins being rap-

idly present within the bone marrow. Analysis of the knee joint region

also confirmed distribution of [3H]-rVIIa-FP and [3H]-rFVIIa to syno-

vial and mineralized joint regions where they seemed to mostly localize

to the zone of calcified cartilage within the growth plate regions of

long bones. The longest retention time was observed in the bone mar-

row and endosteum of long bones. In contrast, the biodistribution of

[3H]-albumin appeared to be different with only very low initial pene-

tration of bone marrow and liver but rapid, homogeneous distribution

throughout the whole body including muscle, skin and connective tis-

sue. While both [3H]-rVIIa-FP and [3H]-albumin were well detectable

over 72 h after administration, comparable [3H]-rFVIIa derived sig-

nals could only be observed up to 24 h further supporting the extended

tissue half-life of [3H]-rVIIa-FP due to albumin fusion.

Summary/Conclusion: Consequently, this study shows that rVIIa-FP

exhibits biodistribution characteristics comparable to competitor

products but clearly distinguishes itself by its extended plasma half-life

and tissue retention potentially allowing a reduction in dosing fre-

quency leading to increased convenience and compliance in haemo-

philia patients with inhibitors.

PB 1.58-4
Utilization of FXIII concentrates by FXIII deficiency
patients in Canadian hemophilia treatments centers:
10 years national data from the canadian hemophilia
assessment and resource management system
Traore AN1, Chan AK2, Warner M2, Heddle N1, Ritchie B2,

St-Louis J2, Walker I2 and Wu J2

1McMaster Transfusion Research Program, Hamilton, ON;
2Association of Hemophilia Clinic Directors of Canada, Toronto,

ON, Canada

Background: Factor XIII (FXIII) deficiency is a rare inherited bleeding

disorder affecting both females and males. It is associated with a risk

of life-threatening bleeds (intracranial hemorrhage); hence, infusions

of FXIII concentrate for both prophylaxis and treatment of bleeds is

recommended. The Canadian Hemophilia Assessment and Resource

Management System (CHARMS) tracks the use of factor concentrates

(FC) by patients in hospitals and at home.

Aim: To identify the number of patients with FXIII deficiency, FXIII

concentrate usage and indications over a 10 years period.

Methods: All 26 Canadian Hemophilia Treatment Centres (HTCs)

received infusion data from hospitals and patients’ bleed diaries. HTCs

export their local CHARMS data to the national CHARMS database

(CentrePoint) which is validated and analyzed.

Results: From 2001 to 2010, data for 50 patients with FXIII deficiency

(mild, moderate and severe) were sent to CHARMS CentrePoint.

More than half (58%) were female and 21 patients (42%) had 10 years

infusions data available. The number of patients increased from 26 in

2001 to 40 in 2010. Overall, 92% of patients (46/50) were registered in

the Canadian Hemophilia Registry (CHR) at the time of the infusion;

that number was at 98% by 2010. Over 10 years, these patients infused

a total of 7,614,500 units of FXIII concentrates (Fibrogammin P�).

The yearly total of units infused ranged from 992,750 in 2001 to

1,234,500 in 2005 (in large part due to immune tolerance induction in

a single patient) then dropped to 435,750 in 2010. At 250 units per

vial, the 2010 amount corresponds to 1743 vials for 40 patients. On

average, pediatric patients used two vials per infusion for prophylaxis

and one for bleeding whereas adults used respectively four and two.

Infusions were mostly done for prophylaxis: 56–81% total units

infused yearly; 80% in 2010. Only 1–4% of FXIII concentrates was

infused for bleeding (maximum 7 patients a year). One patient had

infusions for immune-tolerance in 2004, 2005 and 2006; the units

infused corresponded respectively to 35%, 37% and 19% overall units

infused by all patients.

Conclusion: This analysis showed that these FXIII deficiency patients

were mostly infused with FXIII concentrates for prophylaxis as rec-

ommended. The single digit proportions of amount infused for bleed-

ing seems to indicate that few patients have bleeding episodes each

year. The longitudinal follow up of FC utilization by these rare bleed-

ing disorder patients was possible because of the combination of the

national registry (CHR) and FC tracking system (CHARMS).
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PB 1.58-5
Ex vivo factor XIII supplementation dose-dependently
improves clot stability in blood samples from cardiac
and scoliosis surgery patients
Carling MS1, Shams Hakimi C2, Brisby H1, Radulovic V3

and Jeppsson A2

1Institute of Clinical Sciences, Sahlgrenska Academy, University

of Gothenburg; 2Institute of Medicine, Sahlgrenska Academy,

University of Gothenburg; 3Sahlgrenska University Hospital,

Gothenburg, Sweden

Background: Excessive blood loss remains a significant problem during

and after major surgical procedures. Factor XIII (FXIII) contributes

to clot stability and it has therefore been suggested that supplementa-

tion with FXIII concentrate may be used clinically to improve periop-

erative hemostasis. However, little is known about the functional

effects of FXIII supplementation in surgical patients and the relation-

ship between dose and response. Furthermore it is not known if poten-

tial effects are maintained when FXIII is combined with other

prohemostatic blood products.

Aims: We assessed the effects of increasing doses of FXIII on clot for-

mation, – alone or in combination with fibrinogen or platelets, in

blood samples from two distinctly different surgical populations, car-

diac and scoliosis surgery patients.

Methods: Whole blood samples were collected immediately after sur-

gery in cardiac surgery patients (n = 6) and scoliosis surgery patients

(n = 6). All blood samples were supplemented with three increasing,

clinically relevant doses (+20, +40 and +60%) of plasma-derived FXIII

concentrate (Fibrogammin
�O, CSL Behring, Marburg, Germany) alone

or in combination with a fixed dose of fibrinogen concentrate (+1.0 g/

L) (Riastap
�O, CSL Behring) or fresh apheresis platelets (+92 9 109/L)

from the institutional blood bank. Clot formation was assessed with

modified rotational thromboelastometry (ROTEM�) with FIBTEM

maximum clot firmness (MCF) and EXTEM clotting time (CT).

Results: Cardiac surgery patients were markedly older and had higher

BMI than scoliosis patients. Postoperative platelet count was lower in

cardiac surgery patients (136 � 32 vs. 233 � 54 9 109/L, P = 0.004),

while fibrinogen levels (2.8 � 0.5 vs. 2.0 � 0.4 g/L, P = 0.019) and

FXIII activity was higher (82 � 13% vs. 62 � 9%, P = 0.013).

Despite differences in preoperative and postoperative variables, sup-

plementation with FXIII had comparable effects on clot formation in

postoperative samples from cardiac and scoliosis patients. FXIII alone

caused a dose-dependent increase in FIBTEM-MCF in both cardiac

surgery patients (+17% (10–25) with the highest dose (median and in-

terquartile range), P = 0.028) and in scoliosis patients (+24% (14–33),
P = 0.028) (P = 0.71 between groups). EXTEM-CT tended to

decrease in both cardiac and scoliosis surgery patients when FXIII

was added (P = 0.07 both).

The effect on FIBTEM-MCF was markedly more pronounced when

fibrinogen was added to FXIII (+133% (88–150) for cardiac patients

and +150% (140–166) for scoliosis patients, P = 0.028 both, P = 0.69

between groups). The dose-response effect of FXIII on FIBTEM-

MCF was sustained also when fibrinogen was added. As expected,

addition of platelets to FXIII did not influence FIBTEM-MCF.

EXTEM-CT was shorter when fibrinogen or platelets was added to

FXIII compared to supplementation with only FXIII. No dose-

response effect of FXIII on EXTEM-CT could be detected in the pres-

ence of fibrinogen or platelet concentrates.

Conclusions: Ex vivo supplementation with clinically relevant doses of

FXIII dose-dependently improved clot stability in blood samples from

different groups of surgical patients, both when given as monotherapy

and in combination with fibrinogen. The effect of FXIII on clot stabil-

ity and clot initiation was however markedly less pronounced than the

effect of fibrinogen.

PB 1.58-6
Compositional differences in commercially available
prothrombin complex concentrates
Fareed J1, Sadeghi N1, Kahn D1, Cunanan J1, Hoppensteadt D1,

Jeske W1, Harenberg J2 and DeChristopher Ph1

1Loyola University Medical Center, Maywood, IL, USA;
2University of Heidelberg, Mannhein, Germany

Introduction: Prothrombin complex concentrates (PCCs) are used to

manage bleeding complications with warfarin. Since PCC activation

generates factor Xa and IIa, these agents may neutralize Xa and

thrombin inhibitors. This study compared the composition of cur-

rently available PCC’s.

Material and Method: Protein content of PCCs was measured using

Lowry’s method. SDS-PAGE and Western blot analysis was per-

formed to determine the presence of prothrombin, prethrombin, and

thrombin. Native and tissue factor activated prothrombin complexes

were characterized using surface-enhanced laser desorption/ionization

(SELDI) mass spectrometry. Tissue factor mediated thrombin genera-

tion by each PCC was studied using a fluorometric method (Techno-

clone, Vienna, Austria).

Results: The protein content of the PCCs ranged from 18 to 106 mg/

100 U. SDS-PAGE showed multiple protein bands ranging from 15 to

250 kDa. Other PCCs contained bands ranging from 15 to 66 kDa

representing albumin and other degradation products. SELDI analysis

was consistent with the SDS-PAGE profile. The immunoblotting stud-

ies showed a major band 70–75 kDa (prothrombin) along with a

50 kDa band (prethrombin). Feiba� exhibited a distinct additional

37 kDa band (thrombin). SELDI analysis indicated varying amounts

of prothrombin peaks. Thrombin was generated upon activation of all

PCCs. Functional thrombin generation by each prothrombin complex

was concentration dependant and ranged from 103 to 1044 nM/

1.25 units/mL. Octaplex and Cofact produced the strongest responses

whereas Beriplex and Prothromplex produced the weakest effects.

Conclusion: This study showed that at equivalent Factor IX unit

potency, PCCs widely vary in their composition. Beriplex� and profil-

nine� were relatively purer preparations. Upon activation by tissue

factor each PCC is capable of generating different amounts of throm-

bin. Thus, each of these products should be considered as a distinct

drug and their efficacy individually determined in a given indication.

PB1.59 – Coagulation:
Miscellaneous – I

PB 1.59-1
Absence of variation in tissue factor and procoagulant
phospholipid activity after plasmapheresis in lung
transplantation patients
Vasse M1, Bourrienne M-CH1, Franc�ois D1, Parquin F1, Van

Dreden P2, Fischler M1, Woodhams B3 and Vasse M1

1Hôpital Foch, Suresnes; 2Diagnostica Stago, Gennevilliers,

France; 3HaemaCom Ltd, Bromly, Kent, UK

Background: Plasmapheresis (PPR) is commonly used to prevent

humoral rejection in lung transplantation. The replacement of patient

plasma by a human serum albumin solution is frequently used but

causes transient deficiencies of coagulation factors, which could increase

the hemorrhagic risk. Despite a marked decrease of coagulation factors

in some cases [prothrombin time (PT) < 10% and fibrinogen < 0.1 g/L],

none of the patients exhibited a hemorrhagic syndrome after PPR.

Aims: We postulated that procoagulant activity could counteract the

decrease in coagulation factors. To test this hypothesis we measured

tissue factor activity (TFa), the main trigger of coagulation, and

procoagulant phospholipids (PPL) before and after PPR, along with
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classical hemostasis tests – PT, activated partial prothrombin time

(APTT), fibrinogen and D-dimers.

Methods: In 20 cases of PPR, PPL and TFa were measured. PPL activ-

ity was measured using a factor Xa-based coagulation assay in which

shortened clotting times are associated with increased levels of PPL.

TFa was measured in a one-stage kinetic chromogenic method. This

assay measures the ability of TF-FVIIa to activate factor X to factor

Xa. D-Dimers were quantified using an latex immunoassay.

Results: The median PPL level of 31 healthy volunteers was 68.4 s

(range 51.2–84.2) and 0.25 pM/L for TFa (range 0.08–0.45). Before
PPR, TFa and PPL activity was significantly higher (P < 0.001) than

in healthy controls (0.76 pM/L and 44.4 s, respectively). PT, fibrino-

gen and D-dimer were significantly decreased after PPR and the APTT

were prolonged, due to the plasma dilution. Median PT before PPR

was 99%, post PPR 43%, P < 0.001. The median APTT ratio before

PPR was 1.1, post PPR 1.78 (P < 0.01), median fibrinogen before PPR

was 2.2 g/L, post PPR 0.74 g/L (P < 0.001) and median D-dimer

before PPR was 0.7 lg/L, post PPR 0.4 (P < 0.01). The variations in

TFa and PPL were not significant (TFa after PPR 0.4 pM/L,

P = 0.13, PPL after PPR 45.1 s, P = 0.84).

Conclusion: The persistence of elevated levels of TFa and PPL post

PPR could indicate injury of the vessel wall or stimulation of TF syn-

thesis by the endothelium or the leukocytes. This could induce a

procoagulant state which counteracts the absence of any hemorrhagic

state despite the decrease in coagulation factors

PB 1.59-2
Activation of FXII-dependent coagulation pathway by
hand heating
Skov J1, Gram AS1, Ploug T2, Sidelmann J1, Stallknecht BM2

and Bladbjerg E-M1

1University of Southern Denmark, Esbjerg, Denmark; 2University

of Copenhagen, Copenhagen, Denmark

Background: In many studies of metabolic variables, ‘arterialized’

venous blood is used as a proxy for arterial blood. The arterialization

is usually induced by heating of the hand, which opens arterio-venous

shunts. The considerable overlap between metabolic disorders, inflam-

mation and cardiovascular disease emphasizes the potential scientific

and clinical interest to determine biomarkers of metabolism, inflam-

mation and cardiovascular risk in the same setting. Nevertheless, the

possible effect(s) of the arterialization process on cardiovascular bio-

markers is still unknown.

Aims: We investigated whether arterialization of venous blood by

hand heating affects selected biomarkers of inflammation, coagula-

tion, fibrinolysis and endothelial function.

Methods: Venous blood samples were drawn from the cubital vein of

10 healthy, non-fasting volunteers after the subjects rested in the

supine position for 20 min. Thereafter, the contralateral hand and

wrist joint were covered for 10 min. with a heating pad, in order to

generate arterialized venous blood, which was drawn from a dorsal

hand vein. Concentrations of albumin, C-reactive protein (CRP), tis-

sue-type plasminogen activator (t-PA), plasminogen activator inhibi-

tor type 1 (PAI-1), and von Willebrand factor antigen (vWF) were

measured in platelet poor plasma (2000 g at 4◦) by validated assays.

Thrombin generation was determined by the calibrated automated

thrombogram method.

Results: The average sO2 in blood drawn from the heated hand into a

preheparinized syringe was 91.8% (SD: 3.9%) and pO2 64.5 mmHg

(SD: 16.4 mmHg), demonstrating that an arterialization of venous

blood took place. The concentrations of the liver-synthesized proteins

albumin and CRP were slightly but significantly lower in arterialized

than in venous blood (albumin: 43.8 and 44.8 g/L, P = 0.02), indicating

that normal haemoconcentration was reduced by the arterialization

process. Concentrations of t-PA and PAI-1 did not differ between

venous and arterialized blood with or without adjustment for albumin

concentration. The concentration of vWFwas lower in arterialized than

in venous blood, but the difference was no longer statistically different

after adjustment for albumin concentration. The endogenous thrombin

potential (ETP, area under the thrombin generation curve) was signifi-

cantly higher in arterialized blood (1929 vs. 1872 nM*min, P = 0.02),

and the difference became even more pronounced after adjusting

for albumin concentration. When the FXIIa inhibitor Corn Trypsin

Inhibitor (CTI) was added before the thrombin generation test, no dif-

ferences in ETPwere detected between arterialized and venous blood.

Conclusions: The present results suggest that arterialization of venous

blood by hand heating induces less haemoconcentration compared to

normal capillary perfusion. Thrombin generation was enhanced by the

arterialization process, reflected as an increased ETP. Since this effect

was eliminated in the presence of CTI, we suggest that hand heating

activates the FXII-dependent coagulation pathway.

PB 1.59-3
Severe factor XII deficiency presenting as over-
heparinisation prior to urgent cardiac surgery for a
right atrial myxoma
Low J, Rebeiro P, Jarvis S and Joseph J

St Vincent’s Hospital, Sydney, NSW, Australia

Background and Aims: FXII (Hageman Factor), the zymogen form of

FXIIa, is a plasma serine protease considered to play no active role in

physiological haemostasis. Recent literature suggests a potential role

of FXII in pathological thrombosis. Here we present the case of a

patient with an incidental finding of severe FXII deficiency and its

implications in the setting of cardiopulmonary bypass surgery.

Methods and Results: A 51 year old female presented with dyspnoea,

cough and impaired exercise tolerance. Echocardiogram demonstrated

a right atrial myxoma. The patient was admitted to a local hospital

prior to transfer for urgent cardiac surgery. She was commenced on a

heparin infusion and her initial coagulation screen demonstrated a

markedly prolonged APTT. This was initially thought to be due to

over-heparinisation as a baseline APTT had not been conducted.

However, repeated testing demonstrated a persistently prolonged

APTT despite heparin cessation. She was then referred to our facility

where further investigations were conducted. The APTT was > 150 s

(reference interval 25–35 s). The thrombin time was normal which

excluded heparin contamination. Mixing studies with pooled normal

plasma demonstrated a correction of the APTT to 34s, suggesting the

presence of a factor deficiency. Factor assays demonstrated a FXII

level of < 5% (RI 60–150%) indicating a severe deficiency. A review of

the literature suggested the use of the activated clotting time (ACT) to

manage the heparinisation required for cardiopulmonary bypass

(CPB). Baseline ACT was markedly prolonged at 906s. Two units of

fresh frozen plasma (FFP) were administered, resulting in a correction

of the ACT to 204s prior to a bolus of 70,000 units of heparin being

administered for CPB. ACT was measured at 30 min intervals and

was 999 s until the cessation of CPB. On the completion of CPB,

800 mg of protamine was administered resulting in an ACT of 204 s.

In view of ongoing mild bleeding, a further 200 mg of protamine and

2 units of FFP were administered with a resulting ACT of 190s. The

patient was warfarinised post operatively and discharged when stable.

Six days following discharge she represented with a syncopal episode

(INR 2.7) and was found to have a pericardial effusion with compres-

sion of the left ventricle. This was drained and a decision to cease war-

farin at that time was made. Two months later she presented to her

cardiologist and was found to have a pulmonary embolism.

Conclusion: This case demonstrates the complexity of managing intra-

venous heparin in patients with FXII deficiency and highlights the

importance of performing baseline coagulation studies prior to antico-

agulation, as well as the challenges in managing such a patient for

CPB. The administration of FFP prior to surgery helped to normalise

the ACT to a measurable level initially. This case further illustrates

that there may be an increased risk of pulmonary embolism in patients

with Factor XII deficiency.
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PB 1.59-4
Spectrum of the factor XI mutations in Chinese
population and TEG apply to patients with factor XI
deficiency
Cao Y and Dong L

Shanghai Ruijin Hospital, Shanghai, China

Background: Factor XI deficiency is a mild tendency bleeding disorder

with an autosomal heredity. There were found several mutations occur

in particular ethnic groups.

Aims: Our research is to investigate the mutation spectrum of FXI in

Chinese patients with FXI deficiency and analyze the TEG use in evu-

late the FXI deficiency patients’ coagulation.

Methods: Thirty-seven unrelated patients from different places of

China were enrolled in this study. We analyzed their clinical and coag-

ulation features, and used direct sequencing of the whole FXI gene to

figure out the mutations in these patients. Two patients were analyzed

by TEG to evaluate their coagulation condition comprehensively.

One, in particular, was monitored by TEG before and after a surgery

under the infusion of FFP.

Results: Twenty-eight different sequence variants were found in 37

patients from non-consanguineous families with FXI deficiency,

including 14 missense mutations、six nonsense mutations、six splice

site mutations and two small deletions. These mutations concentrate

on exons 7, 8 and 11,12,13. Four mutations, W228X (p.W246X)、

G400V (p.G418V)、C.1136-4 delGTTG and Q263X (p.Q281X),make

up more than half of all. Out of the four mutations, W263X

(p.W281X) and C.1136-4delGTTG have not been reported in

other population except Chinese. In the use of coagulation condition

evaluate, TEG showed a sensitive result of the coagulation condition

evaluation.

Conclusion: Factor XI gene mutations remain highly heterogeneous at

molecular level. Chinese FXI deficiency gene mutations have its special

characteristic which is different from other races. Furthermore, the

TEG may work as a useful measurement in patient with FXI

deficiency.

PB 1.59-5
Understanding platelet-virus interaction
Negrotto S1, De Giusti CJaquenod2, Alberdi L2, Fondevila C3,

Schattner M1 and Gomez RM2

1Institute of Experimental Medicine, Buenos Aires; 2Institute of

Biotechnology and Molecular Biology, La Plata; 3Bazterrica

Clinic, Buenos Aires, Argentina

Background: Although the direct interaction between viruses and

platelets was described many years ago, it is not yet clear whether

platelets, by taking up viruses, contribute to the dissemination of infec-

tion, to the host antiviral defense or both. The ssRNA Coxsackievirus

B (CVB), classified as an Enterovirus of the Picornaviridae family, rep-

resent an excellent candidate to study the platelet-virus interaction as

the coxsackie adenovirus receptor (CAR) is expressed on the platelet

surface, the CVB replication cycle is short (< 12 h) and platelets have

the required machinery to translate constitutive mRNAs into proteins

and hence, to potentially allow CVB replication.

Aims: To understand the interaction between platelets and virus and

the role of platelets in viral infections.

Methods: Human blood platelets depleted of leukocytes were infected

with CVB1 and CVB3 strains at 0.1–10 MOI for 1 h at 37 °C and then

exhaustive washed to ensure viral removal. Supernatants and pellets

were collected at different hours post-infection (hpi) in order to

measure infectivity and analyze viral replication at a molecular levels.

Results are expressed as mean � SEM, n = 5–7, *P = 0.05 by

ANOVA.

Results: We found that platelets interact with CVB1 and three as both

RNA and a CVB1 capsid protein were detected at 24 hpi by RT-PCR

and immunoblotting/immunofluorescence, respectively. Surprisingly,

while CVB binding to HeLa cells was inhibited by a CAR-blocking

antibody, this inhibitory effect was not observed in platelets, suggest-

ing that CVB-platelet interaction might be mediated by platelet surface

glycoproteins. Although RT-PCR amplification of intermediate nega-

tive strand was negative, implicating that platelet were not susceptible

to a replicative infectivity cycle, titration assays with HeLa cells

showed that infectious viral particles were detected in supernatants

and pellets from CVB-infected platelets at 6, 24, 48 and 72 hpi. Flow

cytometry analysis indicated that CVB binding to platelets resulted in

an increased basal P-selectin expression (crucial mediator of platelet-

leukocyte interaction) and phosphatidylserine exposure (phagocytosis

signal for monocytes) after 1 hpi (2.2 � 0.2* and 2.1 � 0.6* fold

change vs. control, respectively) but not after 4, 24 or 48 hpi, suggest-

ing that the augmented platelet reactivity was associated with the ini-

tial contact of platelets with CVB.

Conclusions: Our data suggest that platelets play an ambivalent role in

CVB infection: on one hand, platelets might contribute to viral dissem-

ination as they can harbor infectious CVB by several days and on the

other hand, CVB enhances the exposure of surface proteins that medi-

ate interaction with leukocytes, probably increasing platelet phagocy-

tosis and subsequent destruction of the virus.

PB 1.59-6
Regulation of blood coagulation by poly-phosphate
Arneth B, Chavakis T and Siegert G

Technische Universit€at Dresden, Dresden, Germany

Background: Poly-Phosphate (Poly-P) is a large inorganic polyphos-

phate molecule localized in the dense and alpha granules of platelets.

Recent studies have described initiation of the blood coagulation cas-

cade by poly-P via activation of factor XII and pre-kallikrein.

Aims and Methods: Here, we determined the influence of poly-P on

activation of blood coagulation by studying endogenous thrombin

potential (ETP). To this end, we used n = 45 poly-P, which approxi-

mates platelet poly-P in vivo. Interestingly, the area under the curve

(AUC) of the ETP was significantly reduced when increasing concen-

trations of poly-P were added to the standard plasma (unical). To fur-

ther analyze this finding, we investigated the effect of poly-P in factor

II-, V-, VII- and X-dependent coagulation, by engaging one-stage fac-

tor clotting assays.

Results: Factor V-dependent coagulation was prolonged in the pres-

ence of poly-P in a dose-dependent manner, whereas factor II-, VII- or

X-dependent coagulation was unaffected by poly-P.

Summary: In conclusion, poly-P inhibits coagulation factor V-medi-

ated thrombin generation. Given the storage of both factor V and

poly-P in platelet granula1) and their release upon platelet activation,

our present findings suggests a new potential regulatory role of plate-

let-derived poly-P in factor V function.

Reference:

1. Docampo R., Human Platelet Dense Granules Contain Polyphos-

phate and Are Similar to Acidocalcisomes of Bacteria and Unicellu-

lar Eukaryotes; J Biol Chem. 2004 October 22;279(43):44250–7.

PB1.60 – Cancer and Thrombosis – II

PB 1.60-1
Role of Gas6 in cancer-induced venous thrombosis
Aghourian Namagerdy M, Lemarie CA and Blostein MD

Lady Davis Institue for medical research/McGill University,

Montreal, QC, Canada

Background: Venous thrombosis is the most common morbid compli-

cation related to cancer and its treatments. The onset of cancer predis-

poses patients to an increased risk of developing venous thrombosis.
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Growth arrest specific 6 (gas6) is a vitamin K dependent secreted pro-

tein that is expressed by different cell types and is involved in several

cellular processes such as cell proliferation, adhesion and survival.

Gas6 null mice are protected against life threatening thrombosis, and

develop smaller thrombi in venous thrombosis models as compared to

wild type mice.

Aims: The objective of the present study is to elucidate the role of gas6

in cancer-induced venous thrombosis.

Methods: To test this hypothesis, wild type (WT) and Gas6 null (�/�)

mice received an intravenous injection of M27 murine lung cancer

cells. After 2 weeks, WT and Gas6�/� mice developed end stage can-

cer. Venous thrombosis was induced using 10% ferric chloride.

Thrombus size was measured by (i) ultrasonography measuring sur-

face area and (ii) pathologically using clot weight. For mechanistic in

vitro studies we co-cultured murine endothelial cells, prepared from

lungs of both WT and Gas6�/�mice, with M27 cells. RNA was

extracted from endothelial cells and whole genome microarray analysis

was used to identify differential gene expression induced by cancer in

the presence or absence of gas6.Microarray results were confirmed

using real-time qPCR, western blot analysis and ELISA.

Results: We found that thrombi induced in WT mice with cancer were

larger than those induced in healthy mice by both ultrasound

(P < 0.05) and pathologically (P < 0.05). Furthermore, Gas6�/� mice

were protected against the larger thrombi induced by cancer cells.

Microarray analysis revealed that 28 genes were differentially

expressed in WT or Gas6�/� cells in the presence of cancer. Of interest,

when exposed to cancer, we found that thrombospondin 2 was down-

regulated in WT endothelial cells and even further decreased in Gas6�/

� cells. We confirmed these results using real-time qPCR and western

blot analysis (P < 0.05). Preliminary results also confirm that plasma

levels of thrombospondin 2 levels is lower in Gas6�/� mice with cancer

as compared to WT mice with cancer.

Summary/Conclusions: These results suggest the possibility that gas6,

through the downregulation of thrombospondin 2, has a pathophysio-

logic role in cancer-induced thrombosis.

PB 1.60-2
Acceleration of lung metastasis of melanoma cells in
mice fed a high-fat diet: changes in circadian
expressions of thrombotic factors and cell-adhesion
molecules through day-night reversal feeding
Horie S1, Nakamura S1, Oishi K2 and Hiraishi S1

1Kagawa Nutrition University, Saitama; 2Natl. Inst. Adv. Ind. Sci.

Tech., Tsukuba, Japan

Background: Circadian clocks, which primarily comprise transcrip-

tional/translational feedback loops involving set of clock genes, and a

number of studies in mammals have indicated a connection between

circadian clocks and feeding behavior, and peripheral oscillators can

be strongly affected by daily feeding cycles. It is also known that there

is a definite relationship between diabetes and increased risk of colon

and rectal cancer, and recent studies have shown that metabolic syn-

drome may play a role in several cancers. Further, epidemiologic stud-

ies on large numbers of night and rotating shift workers have

suggested an increase in the incidence of breast and colon cancer in

these populations.

Aims: In the present study, we measured the number of metastatic col-

onies and expression levels of various factors including invasion, coag-

ulation/fibrinolysis in lung of mice fed a high-fat diet under the day-

night reversal schedule after administration of B16BL6 melanoma

cells, to understand whether or not fluctuations of these factors might

affect on cancer metastasis under the bad dietary habit.

Methods: Six-week-old wild and clock mutant mice were divided into

each four groups and were fed a normal (5.2% fat) or a high-fat (24%

fat) diet under the condition of daytime or mid-night feeding for

8–10 weeks. At 2 weeks before end of the feeding, BL16B6 melanoma

cells were injected via tail vein and mice were sacrificed under anesthe-

sia 2 weeks later, and then the number of colonies was determined. In

the same time, plasma, lung, liver were recovered and, in addition to

lipid level, antigens of adipocytokines, PAI-1, thrombomodulin, and

gene expressions of molecular clocks (per2, bmal-1), adhesion mole-

cules and MMP-2, were measured.

Results: The values of glucose tolerance test, fasted insulin, cholesterol,

leptin in plasma from high-fat diet fed wild mice were higher than

those from normal diet fed mice. The number of metastatic colonies in

the lung was increased in the group of high-fat fed mice by 40% com-

pared with that of control, regardless of its eating time. The colonies

were also increased with significance in wild mice fed normal diet dur-

ing daytime compared with the nighttime feeding. No difference was

observed in clock mutant mice under the same condition. Comparing

values from mice fed normal diet, those fed high-fat diet increased

MCP-1 and PAI-1 in plasma, and reduced thrombomodulin in lung,

and these changes were associated with disturbed expressions of per2

and bmal-1. Expressions of per2 and bmal-1 in mice fed the diet in

daytime were phase advanced and those of PAI-1 and thrombomodu-

lin were also phase shifted. Expressions of p-selectin and vcam-1 in the

lung of mice increased under the same condition, though that of mmp-

2 did not change.

Conclusion: These observations demonstrate that not only excess eat-

ing of high-fat diets but also irregular eating habit is objectionable to

prevent cancer cell invasion, since tumor cell metastasis was acceler-

ated by disturbed fluctuations of circadian clocks accompanied by

changes in diurnal variation of thrombotic activities.

PB 1.60-3
Microvesicles bearing tissue-factor: a new potential
biomarker for thrombosis in acute promyelocytic
leukemia
Gheldof D1, Mullier F2, Devalet B2, Bailly N2, Chatelain B2,

Dogn�e J-M3 and Chatelain C2

1Department of Pharmacy Namur Thrombosis and Hemostasis

Center (NTHC) -Narilis, Namur; 2NTHC-NARILIS, CHU UCL

Mont-Godinne-Dinant, Mont-Godinne; 3NTHC-NARILIS,

University of Namur, Namur, Belgium

Introduction: Patients with hematological malignancy have a 28-fold

increased risk of venous thromboembolism (VTE). Among patients

with acute myelogenous leukemia (AML), the 2-year cumulative inci-

dence of VTE is 5.2%. The induction mechanism of a hypercoagulable

state is not fully understood. Multifactorial aspects such as patients’

immobility, chemotherapy adverse effects or the overexpression of sev-

eral procoagulant substances (i.e. tissue factor (TF)) by cancer cells

are often evoked. Several studies strongly suggest that microvesicles

(MVs) harboring TF may have a procoagulant role in promoting deep

vein thrombosis and possibly disseminated intravascular coagulation

(DIC) commonly seen in acute promyelocytic leukemia (APL)

Objectives: The aim of this study is to assess the capacity of untreated

(APL) cells to shed procoagulant MVs.

Methods: APL cell lines (NB4 and HL-60) were cultured for 48 h in

liquid medium at 600,000 cells/mL. Cells and MVs were separated by

filtrations (Millipore 0.1-0.22-0.45-0.65 lm). The Pro-Coagulant

Activity (PCA) was assessed by thrombin generation assay. Alterna-

tively, MVs were incubated with anti-TF antibodies (10 lg/mL), with

annexin V (0.5 lM) to assess the contribution of TF and phospholip-

ids to the PCA. Alternatively, the cells were incubated with with HgCl2
(an activator of TF).

Results and Discussion: NB4 cells have a high PCA mainly triggered by

MVs of size under 0.45 lm. Thus, NB4 cells spontaneously release

MVs of various size, which can augment TGA. By using an anti-TF

antibody (HTF-1) and annexin V, we confirm that the PCA of MVs is

related to the expression of active TF and PL. Interestingly, we show

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

ABSTRACTS 591



that HL-60 cells have a weaker PCA since TF is mostly present in an

inactive form. Moreover HL-60, do not produce MVs < 0.65 lm asso-

ciated with PCA.

Conclusions: Microvesicles could have a predicting value for venous

thromboembolism and DIC in patients with acute promyelocytic leu-

kemia and could inform hematologists for the thrombosis prophylaxis.

PB 1.60-4
Pro-metastatic human breast cancer cell line, MDA-
MB-231 (MDA) and platelet interacctions in an ‘in
vitro’ aggregation assay
Alberto MF, Bermejo IE, Calderazzo JC, Meschengieser S,

Lazzari MA and S�anchez-Luceros A

Academia Nacional de Medicina, Buenos Aires, Argentina

Background: Metastasis remains the major cause of cancer treatment

failure. Platelets play a key role in hematogenous metastasis and con-

tribute to this process by both thrombin-dependent and -independent

mechanisms.

Aims: Our aim was to characterize interactions between pro-metastatic

human breast cancer cell MDA and platelets, and compare the effec-

tiveness of antiplatelet therapies to define strategies to study the plate-

let role in metastasis.

Methods: MDA were cultured at 37ºCand 5%CO2 in DMEM contain-

ing glucose and supplemented with 1% glutamine, 1% penicilin/strep-

tomycin and 10% heat-inactivated fetal bovine serum. Cells were

scraped, washed and suspended in Ca2+ Mg2+ Tyrode’s buffer 3 days

after being passed.

Blood was collected from healthy volunteers who had not taken any

drugs known to affect platelet function for at least 14 days prior to the

study. Washed platelets (WP) in Ca2+ Mg2+ Tyrode’s buffer were pre-

pared at 2.5 9 108 platelets/mL.

The interactions between WP and MDA were measured by light aggre-

gometry. WP were placed in a lumi-aggregometer (Chronolog), incu-

bated for 15 min at 37 °C, stirring at 1000 rpm, with increasing MDA

cells with or without citrated plasma (1/800 final dilution). The effects

of heparin (1 UI/mL) and three antiplatelet drugs (100 mM aspirin,

1 nM PGE1 and NO donnor 10 lM sodium nitroprusside) were

assayed. The time to produce 50% aggregation of WP was registered

(T50%).

Results: MDA cells were tested for their ability to induce WP aggrega-

tion. MDA cells (1.3 105–6.5 105 cells/mL) did not produce WP aggre-

gation when they were incubated in the aggregometer for 15 min at

37 °C in absence of citrated plasma. However when citrated plasma

was added, in a very low dilution (1/800) to avoid fibrin formation,

MDA cells induced WP aggregation in a concentration-dependent

manner (1.3 102; 1.3 103; �1.3 104 cells/mL). A linear relationship was

obtained when T50% was plotted vs. MDA cell concentration in lin-

ear-log mode. Heparin at 1 UI/mL completely inhibited WP aggrega-

tion suggesting a mechanism mediated by thrombin generation.

When WP were treated with asprin or PGE1, T50% increased a 45%

(n: 4, P = 0.03) and a 76% (n: 4, P = 0.03) respectively for 1.3

104 MDA cells/mL, keeping the same linear-log relationship for lower

MDA cell concentration. When NO donor sodium nitroprusside was

assayed, WP aggregation was completely inhibited at 1.3 102 and 1.3

103 cells/mL and T50% was increased a 280% (n: 4, P = 0.01) at 1.3

104 cells/mL.

Conclusion: In our ‘in vitro’study, MDA-MB-231 (distinguished by

their invasive phenotype) were capable of producing WP aggregation

in a thrombin-dependent manner at very low concentrations of clot-

ting factors and tumour cells, revealing their thrombogenic power.

Only the antiplatelet therapy with NO donor sodium nitroprusside

was effective, this finding may help to define strategies to study the

platelet role in metastasis in ‘in vivo’ models. Impairment of platelet

function within the tumour microenvironment may provide a clinically

useful approach to inhibit metastasis.

PB 1.60-5
Activation of coagulation by lenalidomide-based
regimens for multiple myeloma
Arai R, Isozumi Y, Fujimoto K and Koyama T

Tokyo Medical and Dental University, Tokyo, Japan

Background: Lenalidomide (Len) is a structural analogue of thalido-

mide. Combining Len with steroids led to improved response rates in

the treatment of multiple myeloma. However, deep vein thrombosis

(DVT) has been noted as one of the most serious side effects with this

regimen, and the mechanism by which Len-based regimens cause DVT

is unclear.

Aims and Methods: We investigated the procoagulant effects of Len-

based regimens, focusing on tissue factor (TF) and phosphatidylserine

(PS). Because we have previously shown that thalidomide- or Len-

based regimens did not induce procoagulant activity (PCA) on mye-

loma cells, we further examined the effects of a pharmacological con-

centration of Len with or without the steroid dexamethasone (Dex)

and the proteasome inhibitor bortezomib (Bor), using the human vas-

cular endothelial cell line EAhy926 and the monocytic cell lines THP-1

and U937.

Results: Cell surface PCA was induced by Dex-including regimens on

EAhy926, THP-1 and U937 cells. Expression of TF antigen on the cell

surface and of TF mRNA was markedly increased by Dex-including

regimens in all cell lines compared to control and Len alone. Exposure

of PS was modestly increased by the Len-based regimen in all cell lines.

Exposure of PS was modestly increased in EAhy926 cells, and mark-

edly increased in THP-1 and U937 cells by the Bor-including treat-

ment. An anti-TF monoclonal antibody almost completely blocked

the induced PCA.

Summary/Conclusions: When Len is given in combination with Dex,

PCA may be induced on endothelial cells and monocytes through TF

expression and PS exposure. In blood vessels, Len, with its antiangio-

genic activity, may disturb the repair of injured endothelium by other

anti-tumor agents, and make other drugs’ effects stronger and prolong

the induced PCA. Therefore, monitoring procoagulant markers, such

as D-dimers, and including prophylactic anticoagulant strategies

should be considered in Len-based combination regimens.

PB 1.60-6
Development of the overall haemostatic potential
assay for murine plasma and identification of elevated
fibrin and thrombin generation in tumour bearing mice
Reddel CJ, Allen J, Kritharides L, Curnow J and Robertson G

ANZAC Research Institute, Concord, NSW, Australia

Background: Patients with advanced malignancies have an increased

risk of thromboembolism which may be linked to elevated inflamma-

tion. While mouse tumour models provide opportunities to study the

underlying mechanisms, there is a need for functional assays to assess

coagulation potential in mice.

Aims: We aimed to optimise the overall haemostatic potential (OHP)

assay for use with mouse plasma, and to validate the assay by investi-

gating a murine model that exhibits features of enhanced clotting asso-

ciated with an inflammatory state and cachexia. We assessed changes

in ex vivo coagulation function in Colon 26 tumour-bearing mice using

fibrin and thrombin generation and related parameters.

Methods: The OHP assay was validated in mice as follows. Conditions

were optimised using plasma from non-tumour bearing mice. Four

groups of immuno-competent mice were then studied: i) Mice engraft-

ed subcutaneously with murine Colon 26 (C26) carcinoma cells

(n = 16), with 16% weight loss at 14 days post tumour implant; ii)

Mice engrafted with a variant C26 tumour that does not elicit cachexia

(n = 9); iii) Non-tumour bearing controls (n = 14); iv) Non-tumour

bearing mice pair-fed with food intake matched to the cachectic C26

tumour mice (n = 10). Plasma was prepared from citrated blood
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collected after 14 days. The OHP assay was used to measure overall

coagulation potential (OCP), delay to fibrin clot formation and clot

lysis time (CLT) in a subset of each group. A modified calibrated auto-

mated thrombogram (CAT) assay was also performed to measure

mean endogenous thrombin potential (ETP) and lagtime. Plasma

fibrinogen was measured by Western blot, while tissue factor pathway

inhibitor (TFPI) and IL-6 levels were measured by ELISA.

Results: The OHP assay was successfully adapted for murine plasma,

and tumour bearing mice were found to have elevated fibrin genera-

tion (OCP) compared with non-tumour bearing mice (0.1 arbitrary

units (AU)), with a trend towards even higher OCP in cachectic (3.7

AU) than non-cachectic mice (2.8 AU). There was no significant dif-

ference in CLT between any group. Cachectic mice had an ETP of

494.3 AU which was significantly higher than non-cachectic C26

tumour bearing mice (188.7 AU). Surprisingly, delay to fibrin forma-

tion and lag-time to thrombin generation were both significantly

increased in tumour bearing mice, which may be explained by signifi-

cantly higher levels of TFPI. Plasma fibrinogen was higher in tumour-

bearing mice, and more so in cachectic than non-cachectic mice. Circu-

lating IL-6 was below detection in non-tumour bearing mice and just

detectable in non-cachectic mice, while markedly elevated in cachectic

mice at 216 pg/mL.

Summary/Conclusion: We demonstrate a novel development of the

OHP assay in murine plasma and show increased fibrin generation in

C26 tumour variants, while fibrinolysis was not significantly altered.

The elevated coagulation potential persisted despite increased TFPI in

tumour bearing mice. The cachectic C26 variant had dramatically

higher levels of circulating IL-6 and demonstrated significantly elevated

thrombin generation and a trend towards higher fibrin generation.

PB1.61 – Cancer and
Thrombosis – III

PB 1.61-1
Pathogenesis of hemostatic abnormalities due to
L-asparaginase in children with acute leukemia
Yamashita A1, Nagae C2, Ashikaga T2, Muto S2, Akita M2,

Yamazaki S3, Takayama S4, Tatsunami S5 and Taki M1

1St.Marianna University School of Medicine, Yokohama City

Seibu Hospital, Yokohama; 2St. Marianna University School of

Medicine; 3St Marianna University School of Medicine Hospital,

Kawasaki; 4Daito Bunka University, Tokyo; 5St. Marianna

University School of Medicine, Kawasaki, Japan

Background: L-asparaginase (L-asp) is a key drug for treating acute

lymphoblastic leukemia in children. Injection of L-asp often causes he-

mostatic abnormalities, which are critical issues for continuing chemo-

therapy in these patients. L-asp-induced hemostatic abnormalities are

often associated with thrombotic rather than hemorrhagic events.

Therefore, prophylactic replacement of anti-thrombin (AT) is gener-

ally performed. However, this method is not supported by scientific

evidence, because the mechanism underlying the hemostatic abnormal-

ities caused by L-asp remains unclear.

Aims: In order to clarify the mechanism underlying the hemostatic

abnormalities caused by L-asp, we investigated hemostatic changes in

children with acute leukemia during chemotherapy including L-asp.

Methods: Eleven children with acute leukemia, who received a total of

15 courses of chemotherapy including L-asp, were evaluated for

thrombin generation potential (TGP) before and after L-asp injection.

To neutralize the effect of heparin contamination in blood samples

obtained via central venous catheter, heparinase was added to the sam-

ples just before coagulation tests including the thrombin generation

assay. The heparinase used was hep-TEM�Lyo from Finggal Link Co.

Ltd. To evaluate thrombin generation, Thrombogram� and PPP

reagent (phospholipid, 4 mM, tissue factor, 5pM), both from Thermo

Electron Corp, were used. Endogenous thrombin potential (ETP)

served as the main parameter of TGP.

Results: In general, ETP was significantly increased after L-asp injec-

tion (1410 � 341 nM*min) as compared with before

(1164 � 180 nM*min) (P = 0.018), indicating that L-asp induces a

thrombotic tendency. This hemostatic change was suggested to be

strongly associated with decreases in both AT and protein C (PC). We

examined the effects of L-asp on hemostatic abnormalities during each

treatment phase. ETP was increased in three cases and decreased in 2,

after L-asp injection in the induction phase (n = 5), indicating that

contradictory hemostatic changes involving thrombosis or hemorrhage

are likely to occur with L-asp in this phase. ETP was increased in nine

cases after L-asp injection in the re-induction or consolidation phase

(n = 10), indicating that thrombosis is likely to occur with L-asp in

these phases. There was a negative correlation between ETP and AT

(r = �0.66, P < 0.001), while ETP correlated positively with CRP

(r = 0.45, P = 0.02), on multiple regression analysis. Thrombotic

change was related to decreased AT and the presence of infection.

Summary/Conclusion: In children with acute leukemia, the hemostatic

abnormalities caused by L-asp involved mainly a thrombotic tendency,

reflecting decreased AT and PC. Infection during chemotherapy exac-

erbated this thrombotic tendency. Therefore, we must keep in mind a

high risk of thrombosis during the re-induction or consolidation

phase, especially when infection is present.

PB 1.61-2
Simple laboratory variables are prognostic factors in
hospitalized cancer patients with acute pulmonary
embolism
Riva N, Squizzato A, Turato S, Grazioli S, Dentali F and Ageno W

Department of Clinical and Experimental Medicine, Insubria

University, Varese, Italy

Background: The Pulmonary Embolism (PE) Severity Index has a poor

prognostic value in hospitalized oncological patients with PE, because

cancer is already included as a predictor. Only limited evidences are

available on the clinical impact of laboratory variables on mortality

rate.

Aims: The aim of this analysis was to assess the prognostic value of the

most common laboratory tests performed in oncological patients with

PE.

Methods: Consecutive patients admitted to the tertiary hospital of Va-

rese (Italy) with an objectively diagnosed PE between January 2005

and December 2009 were included. Information on clinical presenta-

tion, risk factors, blood tests, treatment and mortality rate at 1-month

follow-up was collected. This sub-analysis examines the 150 oncologi-

cal patients extracted from the entire population.

Results: Mean age was 69.6 (� SD 11.6) years and 84 (56%) patients

were male. Most common primary sites of cancer were lung (25.2%),

colon-rectal (13.3%) and bladder (8.4%). Active cancer was present in

121 patients, of whom 47 had a metastatic disease. Overall mortality

rate was 20.7% (95% CI, 15.0–27.8%) at 1-month.

In the subgroup of patients with active cancer, clinical predictors and

laboratory test results, significantly associated with mortality at the

univariate analysis, were: age > 80 years old (29.2% vs. 11.3%,

P = 0.049), systolic blood pressure below 100 mmHg (37.5% vs.

7.2%, P = 0.001), altered mental status (16.7% vs. 0%, P = 0.001),

leukocytes > 11,000/mm3 (60.9% vs. 31.9%, P = 0.010) and creatinine

clearance < 30 mL/min according to MDRD formula (20.8% vs.

6.3%, P = 0.044); while concomitant deep vein thrombosis was a pro-

tective factor (25.0% vs. 58.8%, P = 0.003).

These factors were therefore tested in a multivariate Cox regression

analysis. Apart from well-established clinical variables (low blood

pressure and altered mental status), also leucocytosis (HR 3.01, 95%

CI 1.19–7.63, P = 0.020) and severe renal insufficiency (HR 2.91, 95%
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CI 1.04–8.19, P = 0.043) emerged as independent risk factors for

mortality.

Conclusion: The results of this analysis suggest that laboratory param-

eters should be merged with clinical variables in the creation of a new

prediction rule, in order to redefine the risk of death in cancer PE

patients.

PB 1.61-3
Bleeding rates and thrombotic complications in
patients with hematological malignancies admitted to
hospital
Peterson EA1, Merkeley H1, Leena C1, Hocevar S2, Yeung J2

and Lee AYY1

1University of British Columbia; 2Vancouver General Hospital,

Vancouver, BC, Canada

Background: Thromboprophylaxis is recommended for cancer patients

admitted to hospital. But for patients receiving high dose chemother-

apy or undergoing allogeneic stem cell transplantation (SCT) for

hematological malignancies, the risk of bleeding might outweigh the

risk of thrombotic events. The incidence, management and outcomes

of these complications are poorly studied in this patient population.

Aims: The objectives of this study are to determine (i) the bleeding

rates and severity in the hospitalized leukemia/bone marrow trans-

plant (LBMT) population; (ii) the rates and clinical outcomes of

patients with symptomatic venous thrombotic events (VTE), including

catheter-related thrombosis (CRT); and (iii) the prevalence of antico-

agulant thromboprophylaxis.

Methods: A retrospective review of all admissions to the Vancouver

General Hospital LBMT unit from January 1, 2010 to June 30, 2010

was performed. Only the first admission for each patient during the

study period was included. Admissions to other hospital units or those

lasting < 48 h were excluded. Data were extracted from chart review

using standardized forms. Only objectively confirmed VTE were

included. All bleeding events were graded according to ISTH criteria.

Each patient’s records were evaluated independently by two study

members.

Results: One hundred and sixty-six patients with one or more admis-

sion during the study period were included. Median age was 52 years

(range 18–76 years), 61.4% were male, and the median length of hos-

pital stay was 19 days (range 2–182 days). Underlying diagnosis was

acute leukemia in 51.8%, lymphoma in 28.3%, multiple myeloma in

9.0%, chronic myeloid leukemia 2.4%, myelodysplastic syndrome

2.4% and other 6.0%. VTE risk factors included prior VTE in 16

patients (9.6%), and indwelling central venous catheter in 145 patients

(87.4%). Reason for admission was administration of high-dose che-

motherapy in 39.2%, allogeneic SCT in 16.3%, autologous SCT in

16.9%, immunosuppressive therapy in 1.2% and acute medical man-

agement in 26.5%. At least one dose of VTE prophylaxis was pre-

scribed during 11 (6.6%) admissions (seven received unfractionated

heparin, four received low molecular weight heparin) and veno-occlu-

sive disease prophylaxis with intravenous unfractionated heparin was

prescribed in 29.5% of admissions. Bleeding events occurred in 31

patients (19%); 12 had major bleeding episodes and 13 had clinically

relevant non-major bleeding episodes. Bleeding was associated with

organ dysfunction in five patients and was fatal in two patients. 9/72

patients (12.5%) who received any anticoagulant compared with 23/98

patients (23%) without anticoagulation experienced bleeding. Throm-

botic complications occurred in six patients (4%), including DVT and/

or PE in three patients, CRT and PE in one patient, splenic infarct in

one patient and superficial thrombophlebitis in one patient; only one

patient received thromboprophylaxis prior to VTE diagnosis. Four

patients were started on therapeutic anticoagulation during admission

for documented (4/6) thrombotic events. Therapeutic anticoagulation

was associated with a major bleeding episode requiring anticoagulant

discontinuation in two patients.

Conclusions: Patients undergoing aggressive chemotherapy or SCT for

treatment of hematological malignancies have high rates of clinically

significant bleeding, even in the absence of anticoagulants. Further

studies evaluating the risks and benefits of thromboprophylaxis in this

patient population are needed.

PB 1.61-4
Management and outcomes of venous
thromboembolic events in patients with concomitant
cancer-associated thrombocytopenia: a retrospective
cohort study
Kopolovic I and Wu C

University of Alberta, Edmonton, AB, Canada

Background: Hospitalized patients with active malignancy have an

increased incidence of both venous thromboembolic events (VTE) and

thrombocytopenia. Thrombocytopenia increases the risk of hemor-

rhage but does not confer protection from VTE. The optimal manage-

ment of VTE in patients with thrombocytopenia is not established,

and outcomes in such patients are largely unknown.

Aims: Our Objectives were to (i) describe a cohort of hospitalized can-

cer patients diagnosed with VTE in the setting of concomitant throm-

bocytopenia, (ii) describe management strategies implemented in this

cohort (iii) determine incidences of and factors associated with subse-

quent thrombotic and hemorrhagic outcomes.

Methods: Retrospective cohort study of all inpatients admitted to the

University of Alberta Hospital’s hematology service, or the Cross Can-

cer Institute (Edmonton, AB) between 2006 and 2011. All adult

patients (> 17 years) with imaging-confirmed VTE (excluding superfi-

cial venous thrombosis) and concomitant thrombocytopenia (plt

< 100) were included. Primary outcome of interest was the composite

of hemorrhagic and thrombotic events within 3 months of the index

VTE.

Results: Seventy-four patient charts were reviewed. Mean (SD) age

was 59 (15) years, 35 (47.3%) were male, 56 (75.7%) had hematologic

malignancy, and 48 (64.9%) were undergoing chemotherapy at the

time of the event. Median [IQR] platelet count at the time of VTE

was 49[28,78] with median[IQR] nadir platelet count of 15 [8,46].

Thrombocytopenia was attributed to cytotoxic chemotherapy in 26

(35.1%) patients, marrow involvement with cancer in 15 (20.3%), a

combination of marrow involvement and chemotherapy in 19

(25.7%), immune-mediated mechanisms in 4 (5.4%) and an unknown

or other etiology in 10 (13.5%). Prolonged thrombocytopenia

(> 1 month duration) was observed in 50 (67.6%) patients. Fifty-two

patients (70.3%) had proximal limb deep vein thromboses, of which

21 were lower extremity, 31 were upper extremity, and 28 were cathe-

ter-associated. Twenty-seven patients (36.5%) had pulmonary embo-

lism, and 3 (4.1%) patients had VTE at other sites. Patients were

divided into treatment categories: 17 (23.0%) patients did not receive

any anti-thrombotic therapy, 30 (40.5%) completed a minimum 3-

month course of full-dose antithrombotic therapy, and 27 (36.5%)

received a modified course of antithrombotic therapy. Over the 3-

month period following the index VTE, 29 (39.2%) patients experi-

enced a total of 36 events; 23 (31.1%) patients experienced a second

symptomatic thrombotic event, and 13 (17.6%) suffered a clinically

significant bleeding event (WHO class ≥ 2). Compared to those not

suffering a hemorrhagic or recurrent thrombotic event, those who

experienced an event were less likely to have received a full course of

antithrombotic therapy (13.8% vs. 57.8%, P < 0.001), and were more

likely to have received a partial course of therapy (55.2% vs. 24.4%,

P = 0.002). Other factors associated with reaching the primary end-

point were duration of thrombocytopenia > 1 m (82.8% vs. 57.8%,

P = 0.04), and hematologic malignancy (96.6% vs. 62.2%,

P < 0.001). There were a total of 23 deaths; none were attributed to

hemorrhage, and two were due to pulmonary embolism precipitating

respiratory failure.
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Conclusions: There remains considerable variability in the management

of VTE in the setting of thrombocytopenia. This population carries a

high risk of both recurrent thrombosis and hemorrhage. Future stud-

ies should aim to determine the optimal management of this complex

clinical situation.

PB 1.61-5
Patients with advanced stage germ cell tumors have a
high risk of thromboembolic events
Gordy L, Brames MJ, Einhorn LH and Manchanda N

Indiana University School of Medicine, Indianapolis, IN, USA

Background: Venous and arterial thromboembolism (TE) accounts

for significant morbidity and mortality in cancer patients[1][2]. Rates

of TE have been reported ranging from 0.9% to 28.0%, depending

on the population and malignancy[3]. In patients with germ cell

tumors, studies have reported a 4.0–8.4% risk of TE immediately

following administration of chemotherapy with cisplatin-containing

regimens[4][5].

Aims: Our population of germ cell tumor patients comprises a higher-

risk population with advanced disease, many of whom receive high-

dose chemotherapy and peripheral blood stem cell rescue. To more

completely understand the role played by advanced germ cell tumors

in causing TE events in addition to the risk presented by administra-

tion of chemotherapy, we sought to evaluate these events in patients

with long-term follow-up.

Methods: Data were collected through a retrospective chart review of

germ cell tumor patients with regard to patient, disease and treatment

variables, as well as clinical TE events, from diagnosis until the occur-

rence of a TE event (ranging from TE on presentation to almost

20 years after diagnosis). A logistic regression model was fitted to

determine variables that predispose patients to TE.

Results: Forty-four consecutive patients visiting our germ cell tumor

clinic between 11/05/2012 and 1/22/2013 were selected for the study.

Seven patients (15.9%) were identified as having had venous throm-

boembolic events whereas none had arterial events. Five of seven

patients (11.4%) had TE events within 16 weeks of chemotherapy,

two had TE events 10 and 19 years after diagnosis, respectively. Two

had bilateral pulmonary emboli (PE) (4.5%), three had upper or

lower extremity DVTs, or both, and one patient had both bilateral

PE and multiple DVTs. Five of seven patients with TEs had non-

seminomatous germ cell tumors, two had non-testis primaries, four

had relapsed disease, two with late relapse (> 7 years after initial

diagnosis), six of seven had metastatic disease, three had retroperito-

neal lymph node dissection, and all seven received platin-based

chemotherapy. In logistic regression analysis, significant risk factors

for TE included relapse (P = 0.016), bulky retroperitoneal lymph-

adenopathy (P = 0.006), alpha-fetoprotein > 10,000 (P = 0.047)

beta-HCG > 1000 (P = 0.020), chemotherapy (P = 0.031), and

platin-refractory disease (P = 0.055).

Conclusions: Germ cell tumor patients have a high risk of venous TE.

Those with relapsed disease, bulky retroperitoneal lymphadenopathy,

platin-based chemotherapy, and platin-refractory patients are at

increased risk. Our risk estimates are higher than quoted in the litera-

ture and do not include any arterial events. To confirm these findings,

we plan to extend this study to include 100 consecutive patients, most

of whom have advanced disease states. If confirmed, these unique fea-

tures of TE events may reflect advanced staging of disease in our

patients and long-term follow-up.
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PB 1.61-6
Venous thromboembolism-related mortality in cancer
patients
Garcia-Garcia JA, Parra- Esquivel P and Lopez-Alonso RJ

University Hospital of Valme, Seville, Spain

Background: Thrombotic risk is increased in patients with cancer.

Venous thromboembolism (VTE) is the second most common cause of

death in this population. In this sense, it is important to provide infor-

mation on predictors of mortality in cancer patients with VTE based

in clinical data.

Aim: To determine the mortality and risk factors related to VTE

among patients with cancer.

Methods: In a retrospective study, the survival of cancer patients

admitted as a consequence of VTE between 2006 and 2010 was ana-

lyzed. The etiology of death was registered. Covariables included in

the study were age, sex, functional status, comorbidities as Charlson

index, and blood parameters such as hemoglobin, platelets, leukocytes

and INR levels at the time of the event. Factors related cancer were

the location, date of diagnosis and presence of metastasis. Cancer

treatment and previous admissions were also included. All patients

were followed until death or the date of the end of study on 31st

December 2011.

Results: One hundred and eighty patients were included in the study.

Of them, 130 (72%) died during the follow-up. The causes of death

were: 36 (28%) due to VTE and 68 (52%) secondary to advanced can-

cer. Primary cancer included lung, gastrointestinal and breast in 23%,

18%, 12%, respectively. One hundred and four (58%) subjects were

admitted as a consequence of pulmonary thromboembolism. Metasta-

sis and cancer treatment was present in a 68% and 58%, respectively.

Factors related associated with VTE-mortality were: previous admis-

sion, leukocytes > 13,000/lL, hemoglobin < 9 g/dL, advanced age, the

presence of cancer metastasis and the ausence of anticoagulant ther-

apy. No differences were found between low molecular weight hepar-

ine and oral anticoagulants.

Conclusions: Venous thromboembolism (VTE) is the cause of death in

a high proportion of cancer patients. Cancer patients with older age,

recent admission and metastasis are in high risk to fatal event after

VTE. In these subjects, secondary prophylaxis should not be disconti-

nuated.

PB1.62 – Antiphospholipid – II

PB 1.62-1
Autoantibodies against component of complement 1
contribute to the complement activation and to the
manifestations of refractory antiphospholipid
syndrome (APS)
Oku K, Amengual O, Toshiyuki W, Yuusaku K, Yuuichiro F,

Toshiyuki B, Tetsuya H, Shinsuke Y and Tatsuya A

Hokkaido University Graduate School of Medicine, Sapporo,

Japan

Backgrounds: In the pathogenic mechanisms of antiphospholipid syn-

drome (APS), it is recognized that pathogenicity of antiphospholipid

antibodies (aPL) has dominant effects. Complement is part of the

innate immune system and is one of the main effector mechanisms of

antibody-mediated immunity. We have previously reported that com-

plement activation prevalently coexists in sera of APS patients and

functions as source of procoagulant cells activation. Recently, autoan-

tibodies against C1q, the component of complement 1, were reported

to correlate with complement activation in patients with systemic

lupus erythematosus (SLE). They are not neutralizing antibodies but

target the neoepitopes of deformed C1q bound to various molecules

such as anionic phospholipids. The binding of anti-C1q antibodies to

C1q induces accelerated activation of complement pathway. There are
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no previous studies discussing the involvement of anti-C1q antibodies

in APS patients.

Aim: To investigate the existence and significance of anti-C1q antibod-

ies in APS patients.

Methods: This study was comprised of 54 consecutive primary APS

patients that visited Hokkaido University Hospital rheumatology

clinic from 2002 to 2011. Informed consent was obtained from every

patients and the study was approved by the ethics committee of the

Hokkaido University Hospital. All the patients were retrospectively

analyzed of their clinical manifestations and laboratory data. Refrac-

tory APS was defined as a clinical status of relapsing thrombosis or

pregnancy morbidity during adequate secondary prophylaxis. Twenty

patients with non-SLE connective tissue disease and 20 healthy control

subjects were also included. An enzyme-linked immunosorbent assay

(ELISA) was used to measure serum levels of anti-C1q antibody titers

and anaphylatoxins (C3a,C4a). Association between anti-C1q anti-

body titers and the clinical or laboratory data were statistically ana-

lyzed.

Results: Anti-C1q antibodies were more frequently detected in primary

APS patients (18/54) than in non-SLE connective tissue disease

patients (2/20) or healthy control (0/20) (P < 0.01 for each). In APS

patients, anti-C1q antibody titers were significantly correlated with

serum C4a level (P = 0.007) and inversely correlated with serum C4

level (P = 0.01). Serum C3a and C3 levels showed positive and inverse

association with anti-C1q antibody titer, respectively, but failed to

arrive statistical significance (P = 0.09 and 0.11, respectively).

The prevalence or the titers of anti-C1q antibodies were not associated

with any of the specific clinical manifestations of APS such as arterial/

venous thrombosis, pregnancy morbidity or thrombocytopenia. Also,

the prevalence of anti-C1q did not associate with specific aPL and the

titer of anti-C1q antibody did not correlate with aPL score. However,

all of the refractory APS patients had positive anti-C1q antibodies (7/

7) while APS patients without flare had low prevalence (11/47). The

titer of anti-C1q antibodies was significantly higher in the refractory

APS patients compared with APS patients without flare. (refractory

APS vs. APS without flare: 32.5 � 4.72 vs. 9.91 � 1.58 U/mL,

P = 0.0000016). With cut off level of anti-C1q antibodies 20 units/

mL, odds ratio of refractory APS was 61.5 (5.85–646 95% CI,

P = 0.00007).

Summary/Conclusions: These findings indicate that anti-C1q antibod-

ies are associated with complement activation in APS and may con-

tribute to the manifestation especially in the refractory cases.

PB 1.62-2
Exploring the diagnostic opportunities of the
measurement of circulating procoagulant
phospholipids by a coagulation based assay in lupus
anticoagulant positive samples
Coucke L and Devreese KMJ

Ghent University Hospital, Ghent, Belgium

Background/Aims: Cellular microparticles (MP) are associated with

thromboembolic diseases, including the antiphospholipid syndrome

(APS). In plasma the procoagulant phospholipids (PPL) mainly come

from MP. We evaluated whether the presence of increased activity of

PPL measured through STA-Procoag-PPL is applicable in patients

with a lupus anticoagulant (LAC). LAC, one of the laboratory criteria

of APS, has an in vitro anticoagulant effect resulting in prolongation

of phospholipid-dependent coagulation assays and interference with

the clotting time (CT) measured by STA-Procoag-PPL is expected.

Methods: Shortening of the CT (in seconds, s) of the STA-Procoag-

PPL of the patient plasma (PP) means an increase in PPL. The CT is

dependent of the patient’s PPL only since in the test procedure, the PP

is diluted 1:1 in PPL-depleted normal pooled plasma (MPfree NPP).

The STA-Procoag-PPL was performed on citrated plasma in duplicate

on STAR Evolution (both from Stago BNL B.V., Brussels, Belgium).

Normal (n = 25), factor deficient (n = 10), LAC positive (n = 60) and

LAC negative samples (n = 22) were analysed. To evaluate the sensi-

tivity of the assay the CT was compared with the number of MP in a

serial dilution of NPP spiked with MPs. Semi-quantitative MP analy-

sis was performed by flow cytometry (CD41-Annexin V derived MP).

Predilutions of LAC positive samples (n = 7) were made to dilute the

LAC effect and to evaluate the effect on the CT in function of the

number of MP. Equally, the change in CT was evaluated on prediluted

(1/20 and 1/40) MPfree NPP spiked with MP.

Results: CT was comparable between LAC negative samples, normal

and factor deficient samples. LAC positive samples showed a signifi-

cantly prolonged CT compared to the normal samples.

NPP spiked with MP showed a clear correlation between the CT and

the number of MP. A decrease in MP amount (e.g. 50*10³/lL, 20*10³/
lL, 2.5*10³/lL or 0.5*10³/lL) resulted in a prolongation of the CT

(14s, 3s, 1.2s, 1.0s, respectively).

The effect of LAC on the CT in undiluted LAC positive samples was

variable. The STA-Procoag-PPL in prediluted samples up to 1/80 with

MPfree NPP indicated that a 1/20 or 1/40 predilution may neutralize

the LAC effect, but inherently results in dilution of the amount of MP.

Therefore, MPfree NPP was spiked with MP and diluted up to 1/80

with MPfree NPP. The dilution series showed a good correlation

between the change in CT and the change in number of MP: a decrease

of 10*10³MP/lL caused an increase of 12 s CT; a decrease of 200 MP/

lL still showed an increase of 6 s CT.

Summary: The presence of increased activity of PPL in APS patients

measured through STA-Procoag-PPL might be a good alternative for

more labour intensive assays for MP analysis. The presence of LAC

interfering with the STA-Procoag-PPL CT can be overcome by predi-

lution of the samples. We demonstrated that in highly prediluted sam-

ples theSTA-Procoag-PPL CT still responds with the number of MP.

This opens options to analyse LAC positive samples. Further study is

needed to evaluate the clinical relevance of measuring the STA-Proco-

ag-PPL in patients with APS.

PB 1.62-3
Beta2-glycoprotein I plasma levels are in relation to
antiphospholipid antintibody profile in
Antiphospholipid Syndrome
Banzato A, Traverso J, Buzzanca F, Bison E, Bracco A, Denas G,

Padayattil S and Pengo V

University of Padova, Padova, Italy

Background: Antiphospholipid Syndrome (APS) is characterized by

the presence of antiphospholipid (aPL) antibodies associated with

thrombosis or pregnancy morbidity. The antibodies mainly involved

in these disorders are directed against b2-Glycoprotein I (b2GPI).

Aim: The purpose of this study was to evaluate the plasma concentra-

tion of b2GPI in patients with different aPL antibody profiles.

Methods: It was set up a ‘sandwich’ enzyme-linked immunoadsorbent

assay (ELISA) using a rabbit polyclonal anti-human b2GPI coated

into plate, and a mouse monoclonal anti-human b2GPI to detect the

plasma concentration of bound b2GPI. The system was developed by

using a phosphatase-labeled goat anti mouse antibody. Increasing con-

centrations of human purified b2GPI were used to create a calibration

reference curve. Plasma of 23 patients with APS and triple positivity

(LAC+, IgG aCL+, IgG ab2GPI+), eight with double positivity (IgG

aCL+, IgG ab2GPI+, LAC negative), five with single positivity (IgG

ab2GPI+, LAC and aCL negative) and 20 controls were evaluated.

Median values between groups were compared by Mann-Whitney test.

Results: A linear dose-dependent optical density was obtained by using

Increasing concentrations of purified b2GPI (from 0.05 to 0.8 mg/

mL). Mean b2GPI concentration in control plasmas was 0.175 mg/

mL. Plasma from patients with triple positivity (LAC+, IgG aCL+,
IgG ab2GPI+) showed a significantly higher mean b2GPI concentra-

tion than that obtained in control subjects (0.4 vs. 0.175 mg/mL,
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P = 0.009). Plasma from double (IgG aCL+, IgG ab2GPI+) and single

(IgG ab2GPI+) positive patients showed mean b2GPI levels not differ-

ent from those obtained in control subjects: 0.240 and 0.260 mg/mL,

respectively.

Conclusions: Our results demonstrate for the first time that patients

with antiphospholipid syndrome (APS) and high risk aPL profile (tri-

ple positivity) have significantly higher b2GPI plasma concentration

compared to controls. On the other hand no difference from controls

in double and single positivity was found. These data may be of help

in understanding the pathogenic mechanism underlying the clinical

manifestations of APS.

PB 1.62-4
The influence of anti-tissue factor pathway inhibitor
(TFPI) antibodies on thrombin generation (TG) in
thrombotic patients with and without antiphospholipid
syndrome
Efthymiou M1, Mackie IJ1, Lawrie AS1, Machin SJ1 and Cohen H2

1University College of London; 2University College London

Hospitals NHS Foundation Trust, London, UK

Background: Anti-tissue factor pathway inhibitor antibodies (aTFPI)
have been reported in the antiphospholipid syndrome (APS). It has

been suggested that these antibodies may impair TFPI activity, con-

tributing to the observed hypercoagulability in these patients. TFPI

acts as the principal inhibitor of the tissue factor (TF)-induced activa-

tion of the coagulation cascade, by forming a quaternary inhibitory

complex with TF-FVIIa, and FXa.

Aim: To investigate the influence of aTFPI on thrombin generation

(TG) in thrombotic patients with and without APS.

Methods: Ninety-one patients with arterial and/or venous thromboem-

bolism, 46 with APS and 45 non-APS receiving warfarin anticoagula-

tion, and 74 healthy normal subjects were studied. IgG aTFPI was

measured using recombinant human TFPI (Chiron Corp, California,

USA) by an optimised in-house ELISA. Results were expressed in

arbitrary units (U/mL) with reference to a plasma sample from an

index high titre aTFPI APS patient arbitrarily considered as 100 U/

mL. A cut-off value of 60.8 U/mL was determined to be the 99th cen-

tile in the 74 normal subjects. TG was assessed using the automated

calibrated thrombogram with PPP-reagent (5 pM TF, 4 lM phospho-

lipid; Diagnostica Stago). Endogenous thrombin potential (ETP),

peak, and lag time were assessed. Unless otherwise indicated, results

are expressed as median and observed range.

Results: aTFPI levels were detected in 29.7% of the thrombotic

patients, both APS and non-APS (45.7, 2.3–213 U/mL). Subgroup

analysis revealed a higher prevalence of aTFPI in APS compared to

non-APS patients, with aTFPI present in 37.0% (17/46) of the APS

and 22% (10/45) of the non-APS group respectively (P = 0.0413).

There was also a trend towards higher aTFPI values in the APS (52.2,

17.1–213.3 U/mL) compared with the non-APS (34.3, 2.3–167.0 U/

mL) patients. Twelve of the 46 APS patients (26%) and only 4/45

(8.7%) of the non-APS patients had markedly raised aTFPI (> 100 U/

mL) (P < 0.001). INR values were comparable in both APS (2.5, 1.0–
4.4) and non-APS (2.2, 1.0–4.8) patients. However, evaluation of TG

revealed longer lag times in both APS (9.8, 5.3–55.7 min) and non-

APS patients (6.7, 3.7–15.6) when compared to normal subjects (4.3,

3.7–5.3). No association was observed between prolonged lag times

and either aTFPI or LA positivity in either APS or non-APS patients.

APS patients however, exhibited lower ETP and peak values com-

pared to non-APS patients (median ETP 20.4 and 29.9 and median

peak 26.5 and 38.5, respectively). No significant differences were

observed between aTFPI positive and aTFPI negative APS patients in

terms of lag time, ETP, and peak.

Conclusion: Our results suggest that the presence of aTFPI does not

appear to have an effect on any of the parameters of TG in either APS

or non-APS thrombotic patients. Possible influences on the protein C/S

coagulation pathway that may modulate TG are under investigation.

Despite comparable INR values and the observed prolongation of lag

time in both thrombotic patient groups, APS patients tended to exhibit

a greater prolongation of lag time, lower ETP and peak values com-

pared to non-APS patients.

PB 1.62-5
Lack of association of serum mannose binding lectin or
ficolins with complement activation in patients with
antiphospholipid antibodies
Breen KA1, Kilpatrick D2, Swierzko AS3, Cedzynski M3

and Hunt BJ1

1Guys and St.Thomas’ NHS Foundation Trust, London; 2Scottish

National Blood Service, Edinburgh; 3Polish Academy of Sciences,

Lodz, UK

Background: Complement activation is proposed to play a role in the

pathogenesis of thrombotic and obstetric complications of APS with

most evidence for this demonstrated in murine models of APS.

Recently, we demonstrated increased levels of complement activation

products, Factor Bb and C3aDesArg, in a large group of patients with

primary APS (PAPS) or isolated antiphospholipid antibodies (aPL),

confirming previous smaller studies but it is unclear how complement

activation is occurring in these patients.

Complement activation occurs via the classical, alternative or lectin

pathway. Mannose/mannan binding lectin (MBL), L-, H- and M-fico-

lins are components of the lectin pathway involved in recognition of

pathogen-associated molecular patterns on microbial surfaces, leading

to activation of complement by stimulation of MBL-associated serine

proteases (MASPs). Most studies of the association of lectins with dis-

ease have been in patients with infection, although the lectin pathway

has been implicated in development of autoimmune diseases such as

systemic lupus erythematosus (SLE), but have not been studied in

patients with aPL.

Aims: We hypothesised complement activation in patients with APS

might be occurring through activation of the lectin pathway and

sought to measure lectin pathway components in patients with PAPS

or isolated aPL.

Method: Following approval from our local ethics committee, we

obtained samples from patients at our institution who had PAPS

according to International Consensus statement criteria, or had persis-

tent aPL without associated complications. Patients with PAPS

included 100 patients (median age 44, range 20–73 years) of whom 42

had previous thrombotic complications (venous and/or arterial), 27

had obstetric complications and 31 had isolated aPL. Thirteen healthy

controls (median age 35, range 20–60 years) were also recruited.

ELISA assays measuring MBL, L- and H-ficolins were performed.

Statistical analysis of results was performed using Graphpad Prism

statistical software. A P-value of < 0.05 was considered statistically

significant.

Results: There were no significant differences in levels of MBL (mean

1.1 lg/mL, SD 1.0, P = 0.6), L- or H-ficolin levels (mean L-ficolin

1.9 lg/mL, SD 0.9, P = 0.3, H-ficolin 19.9 lg/mL, SD 8.1, P = 0.09)

in patients with aPL/PAPS compared to healthy controls (mean MBL

1.1 lg/mL, SD 1.0, L-ficolin 1.7 lg/mL, SD 0.7, H-ficolin 21.6 lg/
mL, SD 7.6), or when patients were analysed according to clinical phe-

notypes of aPL (thrombotic PAPS, obstetric PAPS or isolated aPL).

MBL, L- and H-ficolin levels observed in this study were similar to

previously reported human serum concentrations.

Conclusion: Low levels of C3 and C4 have been demonstrated previ-

ously in patients with aPL in addition to increased levels of comple-

ment activation products, C3a-desArg and Factor Bb so complement

activation rather than deficiency has been proposed as a potential

mechanism. Our findings of normal levels of potential initiating factors

MBL, L- and H-ficolins provide no support for activation of the lectin

pathway.
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In conclusion, we have demonstrated normal levels of lectins, MBL,

L- and H-ficolin in patients with aPL. Further studies of the mecha-

nism of complement activation in patients with aPL are required.

PB 1.62-6
Resistance to anticoagulant activity of annexin A5 in
patients with antiphospholipid syndrome with and
without systemic lupus erythematosus receiving
hydroxychloroquine
Breen KA1, Wu X2, Rand JH2 and Hunt BJ1

1Guys and St.Thomas’ NHS Foundation Trust, London, UK;
2Montefiore Medical Center, New York, NY, USA

Background: Disruption of the annexin A5 (AnxA5) anticoagulant

shield has been proposed to play a role in the pathogenesis of throm-

bosis and obstetric complications in patients with antiphospholipid

antibodies (aPL)1. Hydroxychloroquine has been reported to decrease

thrombotic events in patients with antiphospholipid syndrome (APS)

and systemic lupus erythematosus (SLE)2–4 and in vitro has been

shown to reverse binding of aPL to syncytiotrophoblasts and restore

AnxA5 expression5. To date there have been no human studies of the

effects of hydroxychloroquine on the laboratory parameters of

patients with aPL.

Aims: The aim of our study was to assess resistance to AnxA5 antico-

agulant activity in patients with aPL before and after commencing hy-

droxychloroquine.

Methods: Following approval from our local ethics committee, we

obtained samples from 18 patients with primary and secondary APS

(16 females, two males, median age 55 (range 18–70) years). Eleven
patients had primary APS and seven had APS in association with

SLE. Of the patients with primary APS, 10 had previous thrombotic

events and one patient had previous apl related obstetric complica-

tions. Of the patients with aPL associated with SLE, five had previous

thrombosis, and two had previous apl related obstetric complications.

Twelve patients were receiving Vitamin K antagonists and four were

receiving aspirin. AnxA5 anticoagulant activity of patient plasma was

assessed before, and 3 months after starting hydroxychloroquine

200 mg daily. The anticoagulant activity of AnxA5 was calculated as

follows: AnxA5 anticoagulant ratio = (coagulation time in the pres-

ence of AnxA5/coagulation time in the absence of AnxA5) 9 100%.

Results: No significant differences in AnxA5 anticoagulant activity

ratio were observed in patients 3 months after commencing hydroxy-

chloroquine (mean 193% SD 31.0). compared to before commence-

ment (mean 187.3% SD 29.4)

Conclusions: In conclusion, no changes in resistance to AnxA5 antico-

agulant activity were found in this small patient cohort with APS after

commencing hydroxychloroquine.
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PB1.63 – Arterial Vascular
Disorders – I

PB 1.63-1
Effects of exercise stress testing on blood coagulation
and fibrinolysis in asymptomatic aortic stenosis
Undas A1, Trela R2 and Fil K2

1Jagiellonian University Medical College; 2John Paul II Hospital,

Krakow, Poland

Background: A role of haemostasis in aortic valve stenosis (AVS) is

still unclear. Enhanced thrombin formation combined with platelet

activation in circulating blood and fibrin deposition on the aortic valve

were observed in AVS patients. Recently, we have reported that hypo-

fibrinolysis is more common in these patients than in controls. Acute

physical exercise is known to increase blood coagulation and fibrinoly-

sis in healthy subjects.

Aim: We sought to investigate changes in coagulation and fibrinolysis

parameters in AVS caused by physical strain.

Methods: Exercise stress echocardiography was performed by 32 con-

secutive asymptomatic moderate to severe AVS patients. We measured

peak thrombin generated [Cmax] using the calibrated automated

thrombogram, clot lysis time [CLT], thrombin activatable fibrinolysis

inhibitor [TAFI], plasminogen activator inhibitor-1 [PAI-1], tissue

plasminogen activator [tPA], and plasminogen four times: at rest, at

peak exercise, 1 and 24 h after exercise. Thirty-two age-and sex-

matched individuals served as controls.

Results: The duration of echocardiography stress test was shorter in

AVS group (P = 0.008), and mean workload reached 81.3 Watt. Cmax

at peak exercise was 25% higher (median, 309.8 vs. 253.7 pg/mL,

P < 0.001) in AVS group, and reached its highest level 24 h from exer-

cise, while it gradually decreased with time post exercise in controls.

CLT was 13% longer in AVS patients at baseline (median, 104.5 vs.

92.3 min, P = 0.006) and further increased at peak exercise in AVS

group, while decreased in controls; the intergroup difference was 28%

(P < 0.001). CLT decreased in AVS patients by 41% 1 h after exercise

reaching a level similar to the control group. Twenty hours after physi-

cal strain CLT became longer with its 15% higher value than in con-

trols (P < 0.001). TAFI activity was higher in AVS group than in

controls in all time points (all P < 0.001). TAFI tended to increase at

peak exercise, and after 1 h its activity decreased (P < 0.001), and

after following 24 h reached a higher value than prior to the exercise

(P = 0.003). No such changes in TAFI activity were observed in the

control group. Plasminogen was higher in AVS group at peak exercise

(P = 0.023), and then one (P < 0.001) and 24 h after its termination

(P = 0.019). Under exertion no changes in PAI-1 and tPA antigens

were observed in AVS patients. There were no associations of coagula-

tion and fibrinolysis markers with disease severity and exercise induced

changes in echocardiographic parameters.

Conclusion: This study is the first to show that asymptomatic moderate

or severe AVS patients respond to physical activity with a more pro-

nounced increase in thrombin activation and impaired fibrinolysis

compared with age and sex-matched controls. The prothrombotic in

AVS patients following exercise may promote fibrin deposition on aor-

tic valve leaflets, thus enhancing the progression of this heart disease.
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PB 1.63-2
Fibrin clot formation and fibrinolysis in patients with
coronary stent thrombosis
Godschalk TC1, Konings J2, Govers J2, Ten Berg JM3,

Hackeng CM4 and Ten Cate H2

1St. Antonius Hospital, Nieuwegein; 2CARIM, Maastricht

University Medical Center, Maastricht; 3Department of

Cardiology, St. Antonius Hospital; 4Department of Clinical

Chemistry, St. Antonius Hospital, Nieuwegein, The Netherlands

Background: Coronary stent thrombosis (ST) is a feared complication

of percutaneous coronary intervention (PCI) leading to high morbidity

and mortality. The incidence of ST is approximately 1–5%, despite

dual antiplatelet therapy with aspirin and clopidogrel. Multiple factors

underlie the pathophysiological mechanisms of ST, such as stent un-

derexpansion and high residual platelet reactivity. Fibrin clot forma-

tion and fibrinolysis may be different in ST patients compared to

patients not suffering from ST and thus play a role in the occurrence

of ST. A single study by Undas et al. (ATVB, 2010) showed that, com-

pared to control patients, ST patients formed denser fibrin clots which

were more resistant to lysis, suggesting that alterations in fibrin clot

formation and lysis could indeed contribute to the pathophysiology of

ST.

Aim: The present study aimed to assess the plasma fibrin clot forma-

tion and fibrinolysis of ST patients compared to control patients.

Methods: A single-center case-control study was performed. Cases had

a history of an angiographically confirmed ST (Academic Research

Consortium criteria). Controls had a stent implantation without ST

during follow-up (minimal 12 months) after index PCI. Controls were

matched based on indication and time of the index PCI of cases. Sub-

jects using oral anticoagulants at the time of blood collection were

excluded. Fibrin clot formation was measured with a turbidity assay

for the parameters lag time and maximal absorbance. Platelet poor

plasma (PPP) samples were diluted 1:1 with Hepes buffer (25 mM He-

pes, 150 mM NaCl, pH = 7.5) and 0.75 nM human thrombin, 16 mM

CaCl2, and 10 lM phospholipids were added to initiate clot forma-

tion. All concentrations were final concentrations. Fibrinolysis was

measured with a clot lysis assay for the parameter clot lysis time

(defined as time from 50% clot formation to 50% clot lysis). PPP sam-

ples were diluted similar to the turbidity assay and 50 ng/mL tissue

plasminogen activator (tPA) was added to start fibrinolysis. Fibrino-

gen levels were determined using the von Claus method. All subjects

provided written informed consent. The study was approved by the

local institutional review board and was conducted according to the

principles of the Declaration of Helsinki.

Results: A total of 27 cases and 27 controls were included. From the

cases, 12 patients had experienced an early ST (≤ 30 days after PCI)

and 15 patients a late ST (> 30 days after PCI). Fibrin clot formation

was not significantly different between cases and controls; lag time

173 � 47 vs. 161 � 27 s (P = 0.26), maximal absorbance 0.78 � 0.16

vs. 0.83 � 0.21 (P = 0.36). In addition, no difference in clot lysis time

was observed for cases compared to controls; clot lysis time

69.2 � 20.1 vs. 71.3 � 25.3 min (P = 0.75). Fibrinogen levels were

comparable in cases vs. controls (3.50 � 0.73 vs. 3.60 � 0.74,

P = 0.65).

Summary/Conclusion: Plasma fibrin clot formation and fibrin clot lysis

for ST patients are comparable to control patients. Based on the

results of these ex vivo tests, a role for fibrin clot formation and lysis

in the process of stent thrombosis is less likely. The reasons for this

apparent discrepancy with previous data warrants further exploration.

PB 1.63-3
Risk of myocardial infarction and ischaemic stroke and
the impact of hypercoagulability – the RATIO case
control study
Siegerink B1, Maino A2, Rosendaal FR1 and Algra A3

1LUMC, Leiden, The Netherlands; 2Angelo Bianchi Bonomi

Hemophilia and Thrombosis Center, Milan, Italy; 3UMCU,

Utrecht, The Netherlands

Background: Myocardial infarction (MI) and ischaemic stroke (IS) are

both acute forms of arterial thrombosis. Some risk factors are shared,

but others are not, indicating possible different pathophysiological

mechanisms.

Aims: This study aims to determine whether measures of hypercoagu-

lability have a comparable impact on the risk of MI and IS.

Methods: The RATIO study is a case control study involving young

women (< 50 years) with MI, non-cardioembolic IS and healthy con-

trols. To compare the impact of prothrombotic factors we calculated

relative odds ratios (ORIS/ORMI) and their corresponding confidence

intervals based on published results. Additionally, we calculated popu-

lation attributable fractions (prevalence in cases *(OR-1/OR)), which

reflect the fraction of cases prevented if the exposure were to be elimi-

nated from the general population. Informed consent was obtained

from all participants and the study protocol was approved by the med-

ical ethic committees from al participating hospitals.

Results: In total, 30 prothrombotic risk factors were identified as

measures of hypercoagulability (see Figure 1). The population attrib-

utable fractions show that measures of hypercoagulability have a big-

ger impact on IS risk than for MI. Twenty-one of these risk factors

have a relative odds ratios > 1, 14 > 2, and 6 > 2.75 being high levels

of activated FXI and FXII, combination of oral contraceptive use

and factor V Leiden trait, the presence of lupus anticoagulans, and a

single nucleotide polymorphism in the gene coding for coagulation

factor XIII.

Conclusion: Overall, prothrombotic factors have a bigger impact on

the risk of IS that than of MI, suggesting a different role of hypercoag-

ulability in the underlying mechanism of these two diseases. The

results from the RATIO study are subject to potential sources of these

biases, such as reverse causation and residual confounding. However,

because we compare results within a single study, the impact of this

bias is similar for the MI and IS analyses and therefore cannot explain

the observed contrast.

PB 1.63-4
A pig model of primary angioplasty of acute
myocardial infarction in human like conditions
Drouet L1, Sideris G1, Magkoutis N1, Bonneau M2, Kang C3, Bal

dit Sollier C4 and Henry P1

1AP-HP, Paris; 2INRA-CR2I, Jouy En Josas; 3IVS- CR2I; 4IVS,

Paris, France

Background: The principal challenge in primary angioplasty is not to

achieve culprit vessel reopening (which is regularly obtained) but to

prevent the myocardial microvascular obstruction: the no-reflow phe-

nomenon which determines initial and long term prognosis of patients.

The main factors of the no-reflow are the micro-thrombotic distal

embolizations from the main thrombus and the ischemia reperfusion

which includes endothelial reactivity induced by numerous cellular

reactions. Although pig is a suitable animal to test human materials

and conditions, as it is close to human thrombotic and vascular reac-

tivity, the experimentally used animal model is usually a very young

animal (to fit the size) with optimal endothelial reactivity. Besides the

animal, the model of coronary occlusion is usually achieved mechani-

cally, thus the existing models are poorly predictive of the human

pathological conditions.
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Aim: Thereby, we set up a new model of thrombotic coronary occlu-

sion for primary angioplasty in elderly downsized naturally hypercho-

lesterolemic pigs characterized by a major endothelial dysfunction.

Materials and methods: Coronary artery thrombotic occlusion was

achieved by placing a commercially available coil (for reproducibility)

into the right coronary artery (RCA) (size adapted to animal coronary

size) via a guiding catheter in 13 elderly downsized swines genetically

selected to be spontaneously hypercholesterolemic (FBM pigs). The

RCA was chosen in order to limit the risk of irreversible ventricular

fibrillation. Repeated angiographic imaging confirmed the progressive

(mean time 20 min, from 1 to 60 min) RCA total thrombotic occlu-

sion. After 1 h of waiting (aiming to mimic human conditions) the ani-

mal was treated with the usual antiplatelet and anticoagulant

pharmacological preparation so as to allow to proceed to recanaliza-

tion with a guidewire pre-dilatation with a semi compliant balloon.

Thrombus was visualized and quantified with Optical Coherence

Tomography (OCT) imaging and, finally, deployment of a stent (of a

proportional to the coil length and diameter) and repeated OCT. Total

occlusion time 90 min, mean recanalization time 15 min and post rep-

erfusion waiting time till sacrifice 180 min. Myocardial infarction was

confirmed by ECG, biochemical, histological, macroscopic examina-

tion and TTC (triphenyltetrazolium chloride) staining in all animals.

Results: Thrombotic occlusion has been acutely achieved in all 13 pigs.

Eight of them presented ventricular tachycardia (VT) or/and ventricu-

lar fibrillation (VF) episodes in the early phase of revascularization∙
transthoracic direct current (DC) electrical cardioversion was suc-

ceeded in all these situations. MI was confirmed in all animals. Besides,

all animals survived until the previously selected time for sacrifice.

Conclusion: The generation of thrombotic occlusion in atherosclerotic

pigs is feasible by percutaneous intracoronary placement of a coil. The

above described model is suitable for the purpose of experiments in

materials and treatments efficacy. The model of elderly genetically

selected to be hypercholesterolemic pigs allows short term evaluation

as well as long term evolution of these animals. The whole experimen-

tal model is highly representative of usual AMI patients.

PB 1.63-5
Increased arterial thrombo-embolic events and major
bleeding in patients with atrial fibrillation and chronic
kidney disease on vitamin K-antagonist treatment
Kooiman J, Spaans B, Van De Peppel R, Van Beers CAJ,

Cannegieter SC, Van Der Meer FJM, Rabelink TJ

and Huisman MV

Leiden University Medical Center, Leiden, The Netherlands

Aim: To analyze the risk of arterial thrombotic events (ATEs), major

bleeding and its predictors in patients with chronic kidney disease

(CKD) compared with non-CKD patients, treated with vitamin K-

antagonists (VKAs) for atrial fibrillation (AF).

Methods: Medical records of 417 CKD and 300 non-CKD (GFR

> 60 mL/min) patients starting VKA therapy between 1997 and 2005

were searched for ATEs and major bleeding. ATE was defined by

myocardial infarction, stroke/transient ischemic attack, claudicatio in-

termittens, unstable angina, carotid or peripheral bypass graft/angio-

plasty. Major bleeding was defined by bleeding being fatal, causing a

drop in Hb level ≥ 1.24 mM, requiring transfusion of ≥ 2 units of

whole blood/red cells, or being symptomatic in a critical area.

Results: ATEs occurred in 108/737 (14.7%, 95%CI 12.3–17.4)
patients. Patients with a GFR < 30 mL/min were at increased risk of

ATE compared with non-CKD patients (hazard ratio (HR) 3.4 (95%

CI 2.1–5.6). ATEs occurred as frequent in patients with GFR 30–
60 mL/min as in non-CKD patients (HR 1.1, 95%CI 0.7–1.7). Major

bleeding occurred in 115/737 patients (15.6%, 95%CI 13.2–18.4). The
risk of major bleeding increased in patients with a GFR < 30 mL/min

compared with non-CKD patients (HR 1.8, 95%CI 1.1–3.0). Major

bleeding risk was not increased in patients with a GFR 30–60 mL/min

compared with non-CKD patients (HR 0.9, 95%CI 0.6–1.4). Low

GFR levels were associated with high variability within a patients INR

values (correlation term �0.17, P ≤ 0.001). INR variability > 0.5 (HR

1.5, 95% 1.0–2.4) increased the major bleeding risk.

Conclusion: Patients with a GFR < 30 mL/min are at increased risk of

ATEs and major bleeding compared with non-CKD patients. The

increased bleeding risk may be due to high INR variability, a marker

of suboptimal VKA therapy.

PB 1.63-6
Thromboembolic complications or intracerebral
haemorrhages in patients with atrial fibrillation in the
emergency departments. Complications of atrial
fibrillation in Bologna: the CAF-BO study
Cosmi B1, Salomone L1, Cavazza M1, Guizzardi G2, Binetti N3,

Procaccianti G2, Puddu GM1 and Palareti G1

1S.Orsola-Malpighi University Hospital; 2Maggiore Hospital;
3Bologna North Area Hospital, Bologna, Italy

Background/Aims: To establish the incidence of thromboembolic and

cerebral haemorrhagic events in subjects with non valvular atrial fibril-

lation in the area of Bologna, Italy. Design and setting: prospective

study in the Emergency Departments in the area of Bologna, Italy.

Patients and Methods: In the area of Bologna a web based network of

anticoagulation clinics allows the surveillance of approximately 8000

(57%) patients on vitamin K antagonists out of estimated 14 000

patients with atrial fibrillation in our area. We evaluated consecutive

patients with atrial fibrillation referred to the Emergency Departe-

ments with either thromboembolic complications or spontaneous

intracerebral haemorrhages from January to June 2012. All patients

underwent computed tomography and on the day of admission demo-

graphic data were collected along with the presence of atrial fibrilla-

tion, use of vitamin K antagonists or antiplatelet agents.

Results: We recorded 178 patients with cardioembolic events and 20

patients with spontaneous intracerebral haemorrages. The majority of

patients with events were in the age range 70–90 and females (66%).

Atrial fibrillation was persistent in 97 (49%) patients, paroxysmal in

65 (33%) and diagnosed during hospitalization in 12 (6%). Thrombo-

embolic events were cerebral in 159 (89%) and peripheral in 19 cases

(11%). Patients with cardioembolic events were receiving vitamin K

antagonists in 17% of cases, antiplatelet agents in 58% of cases and

no anti-thrombotic treatment in 22% of cases. In patients treated with

vitamin K antagonists the INR was in the therapeutic range in 42% of

cases and subtherapeutic in 52% of cases. Among patients with spon-

taneous intracerebral haemorrhages, 12 were on vitamin K antagonists

and the INR was in theraputic range in 85% of cases. The inhospital

mortality rate was 19% (34 cases) in subjects with thromboembolic

events and 45% (9) cases in patients with intracerebral haemorrhages.

We can extrapolate that in patients with non valvular atrial fibrillation

older than 70 year the incidence of thromboembolic events is 0.56%

patients years while on vitamin K antagonists and 4.54% patients

years when on antiplatelet agents or no treatment (relative risk reduc-

tion: 88%). The estimated incidence of intracerebral haemorrhages is

0.27% patients years on vitamin K antagonists and 0.26% patient-

years when on antiplatelet agents or no treatment.

Conclusions: A relevant number of subjects with atrial fibrillation do

not receive vitamin K antagonists and the estimated incidence of intra-

cerebral haemorrhages is similar in patients treated with vitamin K

antagonists and in patients treated with antiplatelet agents or not

receiving any treatment.
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PB1.64 – Diagnosis of VTE – I

PB 1.64-1
Clinical validity of a quantitative point of care d-dimer
assay in an acute ambulatory DVT service
Strong J, Patel N, Briggs H, Clarke-Drury R, Coultas K, Dent J,

Eggleston J, Frimpong V and Thornton D

University Hospitals of Leicester, Leicester, UK

Background: University Hospitals of Leicester acute ambulatory DVT

service assesses 3000 patients a year. All patients are initially assessed

using the modified Wells 2 level score. D dimer testing is carried out in

patients with DVT unlikely scores and those with positive d-dimers

have whole leg compression ultrasound (CUS) scans. Calf DVTs are

treated. Turnaround time for laboratory d-dimer results is several

hours. In an attempt to reduce patient waiting times and decrease the

time to scan a pilot of a quantitative point of care (POC) d-dimer assay

(Cardiac d-dimer, Roche) using the cobas h232 POC instrument was

carried out. The initial pilot included 49 patients with the POC d-

dimer with parallel laboratory d-dimer testing. Patients with a positive

d-dimer by either method underwent whole leg CUS. Two patients

(4%) with negative POC test but positive laboratory d-dimers had calf

DVTs on CUS and this prompted a larger clinical validation study.

Aims: To clinically validate the performance of the POC d-dimer test

in our acute ambulatory DVT service.

Methods: Five hundred patients with DVT unlikely Wells scores under-

went parallel d-dimer testing with the POC d-dimer test and in the lab-

oratory using the rapid STA Liatest method on the STA-R analyser.

Patients with a positive d-dimer by either method had whole leg CUS.

Those with negative d-dimers or CUS were followed up at 90 days.

Results: Two hundred and five of the 500 patients (41%) were dis-

charged without a CUS scan as the POC and laboratory d-dimers were

negative. Of the 295 scans performed 248 were negative for DVT.

Forty-seven of the 295 (16%) of CUS scans demonstrated DVTs; 27

proximal (9%) and 20 distal (7%). There were 63 discordant d-dimer

results (13%). 62/63 had negative POC results and positive laboratory

results. Using the POC test alone with a cut off of 0.5 lg/L would have

lead to three small calf DVTs being missed. The sensitivity and nega-

tive predictive value for the POC d-dimer for proximal DVTs was

100% using a cut off of 0.5 lg/mL. At this d-dimer cut off the sensitiv-

ity of the POC d-dimer for calf vein thrombosis was 86.9% and a neg-

ative predictive value (NPV) of 98.9%. Using the laboratory d-dimer

test alone 59 of 62 positive POC d-dimer results (20% of CUS scans)

would have been CUS scan negative and could have been avoided if

the POC test had been used alone. Using a POC d-dimer cut off of

0.4 lg/mL there were 29 discordant results all with positive laboratory

results. The sensitivity and negative predictive value for proximal and

distal DVT was 100% with the POC d-dimer and would still have

reduced the scans required by 29 (10%).

Conclusion: POC d-dimer testing in the initial screening of patients

with suspected DVTs would reduce the number of CUS scans for

patients with DVT unlikely Wells scores by 20% compared with our

very sensitive laboratory method using a cut off of 0.5 lg/mL. Lower-

ing the POC d-dimer threshold to 0.4 lg/mL is not justified for the

minimal improvement in NPV from 98.9% to 100%.

PB 1.64-2
A review of computed tomography pulmonary
angiograms in three teaching hospitals: the rise of sub-
segmental pulmonary emboli and their management
Goy J, Lee J, Levine O, Chaudhry S and Crowther M

McMaster University, Hamilton, ON, Canada

Background: The availability of Computed Tomography Pulmonary

Angiography (CTPA) has led to an increase in the number of investi-

gations for Pulmonary Embolism (PE). With more widespread use of

these high resolution scans, the frequency of identification of isolated

Small Sub-segmental Emboli (SSPE), which are of undetermined clini-

cal significance, is also expected to increase.

Aims: To review the frequency of Pulmonary Embolism and Sub-seg-

mental Pulmonary Embolism identified through CTPA as well as their

management

Methods: Retrospective review of 1525 patient charts who underwent

CTPA in three Hamilton teaching hospitals from 2009 to 2011. In

depth chart review of patients with SSPE was undertaken to determine

the indications for, frequency and complications of anticoagulation.

Results: Our patient population (mean age 64) consisted of 758 medi-

cal inpatients (50%), 512 surgical inpatients (34%) and 256 (17%)

emergency department patients.

The frequency of PE was 26% (n = 392). Of these, the largest pulmo-

nary filling defects were SSPEs in 58 patients (4% of total scans and

15% of identified PEs). In 40 of these 58 SSPEs, an alternative diagno-

sis to PE was identified on CT to explain the patients’ symptoms. Iso-

lated SSPE were present in 18 patients.

Approximately 44% (n = 26) received anticoagulation for SSPE.

Of the 1133 CTPAs that did not identify PE, an alternative diagnosis

to account for the patient’s symptoms was identified on CT in 737

(65%) and no alternative cause was found in 361 (35%).

Summary/Conclusions: Our study demonstrated a much lower fre-

quency of pulmonary embolism in comparison to the 50% rate of PE

reported in CTPA studies in the literature. SSPEs account for 15% of

all PEs found in our study population – and were present in 4% of all

patients undergoing CTPA. A substantial proportion of patients were

anti-coagulated SSPE, though the safety and efficacy of this practice is

unknown.

PB 1.64-3
Diagnostic accuracy of lung ultrasound for pulmonary
embolism: a systematic review and meta-analysis
Squizzato A1, Rancan E1, Dentali F1, Bonzini M1, Guasti L1,

Steidl L1, Mathis G2 and Ageno W1

1University of Insubria, Varese, Italy; 2Landeskrankenhaus

Hohenems, Hohenems, Austria

Background: Computed tomographic pulmonary angiography (CTPA)

has simplified the diagnostic approach to patients with suspected pul-

monary embolism (PE). However, PE diagnosis is still probabilistic

and CTPA should be used with caution in some patient groups, such

as patients with severe renal insufficiency and pregnant women.

Among alternative imaging tests, lung ultrasound is the most promis-

ing technique.

Aims: We aimed to systematically assess the diagnostic accuracy of

lung ultrasound for PE diagnosis.

Methods: Studies evaluating the diagnostic accuracy of lung ultra-

sound for the diagnosis of PE were systematically searched in the

MEDLINE and EMBASE databases (up to June 2012). QUADAS – 2

tool was used for the quality assessment of the primary studies. A

bivariate random-effects regression approach was used for summary

estimates of both sensitivity and specificity.

Results: Ten studies, for a total 887 patients, were included. A compos-

ite reference test was used in six studies, with single-row detector

CTPA as the principal imaging test in four studies. Overall, seven stud-

ies used a proper reference test. Lung ultrasound bivariate weighted

mean sensitivity was 87.0% (95% confidence interval [CI] 79.5,

92.0%), whereas bivariate weighted mean specificity was 81.8% (95%

CI 71.0, 89.3%).

Conclusion: Our findings suggest that lung ultrasound may be a useful

diagnostic tool in the management of patients with suspected PE.

However, several methodological drawbacks of the primary studies

limit any definite conclusion. Further well-designed accuracy studies

are necessary before planning diagnostic management studies, in

particular in those with a contraindication for CTPA
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PB 1.64-4
Diagnosis, management and outcome of non-catheter
related proximal upper extremity deep vein thrombosis
Chan N1, Chunilal S1, Tran H1 and Merriman E2

1Monash Medical Centre, Clayton, Australia; 2North Shore

Hospital, Auckland, New Zealand

Background: Upper extremity deep vein thrombosis (UEDVT) occurs

less commonly than leg DVT but is increasing in incidence given the

use of central catheters. Studies often do not differentiate between

catheter and non-catheter related UEDVT. There is a paucity of data

regarding the diagnosis, management and prognosis of non-catheter

related proximal UEDVT.

Aim: To explore the diagnosis, risk factors, management and outcome

of proximal UEDVT in patients without central venous catheter.

Method: A retrospective case series of patients with objectively diag-

nosed proximal (axillary/subclavian) UEDVT identified through the

radiology database at Monash Medical Centre (AUS) and through a

pre-existing database at North Shore hospital (NZ) in the period of

01/2007 to 03/2012. Central venous catheter (CVC), or pacemaker

associated UEDVT were excluded.

Results: We identified 65 patients (M:F = 36:29, mean age 51.6 years)

with non-CVC UEDVT, categorised at diagnosis as: 32 (49.2%) pri-

mary, 8 (12.3%) minimally provoked, and 25 (38.5%) secondary

UEDVTs. Twenty four (36.9%) patients had a history of active cancer

at the time of diagnosis, and a further three out of 41 patients were

diagnosed with cancer following UEDVT at a median age of 61 years,

giving an incidence rate of 4.5 cancer diagnoses per 100 person-years

for those categorised as primary UEDVT. In particular, the incidence

rate of newly diagnosed cancer was 11.4 per 100 person-years if the

over 50 years old were considered. Four (6.2%) patients suffered from

concurrent symptomatic PE at presentation. All patients started anti-

coagulation with LMWH (95.4%) or heparin (4.6%). None underwent

thrombolysis. Subsequently, 28 (43.1%) and 47 (56.9%) patients con-

tinued anticoagulation with LMWH (median duration = 3 months)

and warfarin (median duration = 7 months) respectively. One patient

underwent rib resection because of marked PTS. The patients with

cancer related proximal UEDVT were older than the non-cancer

UEDVT (mean age 63.8 vs. 44.5 years, P < 0.001). Cancer related

UEDVT patients had a short median survival of 11.1 months, and

higher estimated cumulative incidence of VTE recurrence at

12 months compared to the non-cancer group: 9.2% (95% CI: 2.5–
34.6%) vs. 2.6% (95%CI: 0.4–18.2%). All VTE recurrences in the can-

cer associated UEDVT were pulmonary embolism. Overall major

bleeding rate was 2/65 (3.1%, 95%CI: 0.2–11.2%). Repeat ultrasound

showed residual defects in 29 (61%) patients in the 47 patients who

were rescanned. Dynamic venography were performed in 12 patients

with primary UEDVT. Evidence of a significant thoracic outlet

obstruction defined by occlusion to flow > 90% on abduction was

observed in five patients (41.7%, 95% CI: 19.4–68.1%). Quality of life

and PTS score surveys are currently pending.

Conclusion: Age identified patients at higher risk of cancer associated

UEDVT which has poorer prognosis both in terms of VTE recurrence

(occurring as primarily PE) and mortality. Younger patients typically

presented with primary UEDVT, with a diagnosis of thoracic outlet

syndrome commonly observed in those assessed for it. Anticoagula-

tion therapy alone appeared sucessful in managing most patients in

our cohort with few undergoing lytic therapy or first rib resection.

PB 1.64-5
Development and accreditation of a standardized
training program in thrombosis and vascular medicine
– a Canadian initiative
Gonsalves CL1, Bates SM2, Wells P3, Kahn S4, Carrier M3,

Douketis JD2 and Rodger M3

1The Ottawa Hospital, University of Ottawa, AIME, Ottawa, ON;
2McMaster University, Hamilton, ON; 3The Ottawa Hospital,

University of Ottawa, Ottawa, ON; 4Jewish General Hospital,

Montreal, QC, Canada

Background: Having a policy statement on the educational mandate of

a training program – a formal curriculum – is imperative in pursuing

the goals of developing appropriate learning and evaluation strategies

for trainees and providing quality care for patients on the receiving

end of the products of clinical and research training initiatives. While

the field of Thrombosis Medicine has rapidly evolved over the last few

decades with respect to clinical and scientific advancements that con-

tinue to change the way consultants practice, there has been a distinct

lack of progress in the development of standardized and accredited

training programs in Canada and abroad that are accountable to

licensing and government bodies. Canada has been a leader in the

training of thrombosis consultants producing globally recognized pro-

lific research and clinical careers. However, all thrombosis programs

currently in existence are based on informal, locally developed curric-

ula. The benefits of a formal and nationally accredited curriculum,

which not only holds up an explicit standard to which teaching and

learning take place, but also provides stakeholders with a measuring

stick against which educational activities can be considered in view of

practice requirements, cannot be ignored in this era of competency

based education reforms and calls for greater accountability by the

stakeholders in health care.

Aims: To develop and implement a standardized and nationally

accredited training program in Thrombosis and Vascular Medicine

through the Royal College of Physicians and Surgeons of Canada

(RCPSC – the main licensing body for specialist physicians).

Methods: A multi-phase needs assessment was completed, and subse-

quently a committee was recruited and a curriculum document created

based on the CanMEDS (RCPSC) framework of essential competen-

cies for physician specialists. An application for formal national recog-

nition and accreditation of a program in Thrombosis and Vascular

Medicine was submitted to the RCPSC in the new area of accredita-

tion designation, an ‘Area of Focused Competence’.

Results: The application detailing the benefits of standardization and

accreditation of training in Thrombosis and Vascular Medicine along

with the extensive and practice-based Competency Training Require-

ments document have received favourable recognition and have been

accepted for further review with the RCPSC. The proposed curriculum

contains competency-based training requirements in areas of both

venous and arterial thrombosis.

Conclusion: Canadian thrombosis training programs, accessed by

national and international physicians, are on the route to obtaining

formal, national, accreditation status. Given the ongoing growth in

clinical care and research in Thrombosis and Vascular Medicine,

establishing a standardized, validated curriculum is necessary to pro-

mote the highest standards of training and thus patient care. Similar

training programs in other countries may find guidance in the needs

assessment and formal curriculum to adapt them to their own popula-

tion of trainees and clinical practice requirements. Future efforts will

focus on the development of specific practice modules and assessment

for this curriculum.
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PB 1.64-6
An improved screening system for protein S type II
deficiency: expanded versatility of total protein S
activity assay
Tomohide T1, Xiuri J1, Hiroko T2 and Naotaka H3

1Shino-Test Corporation, Sagamihara; 2Nakamura Gakuen

University, Fukuoka; 3Nagasaki International University, Sasebo,

Japan

Background: We have developed a total protein S-assay system to

screen protein S type II deficiency (Tsuda, T. et al., Blood Coagul Fibri-

nolysis 23: 56–63, 2012). This assay system measures both the activity

and quantity of total protein S at a high precision by using a com-

monly-used general-purpose automated analyzer and is proved to be a

useful tool to screen molecular abnormalities of protein S.

Aims: The activity assay part of the system, a three-reagent system,

comprises three reagents (R1, R2 and R3) and a dilution buffer (DilB)

and requires 22 min for one assay. Because of these facts, not all ana-

lyzers can accommodate the assay. In the present study, we modified it

to increase its applicability to a greater variety of instrument types in

laboratories.

Methods: We modified the chemical compositions and the assay proto-

col of the total protein S activity assay to fit into a two-reagent system

(R1, R2 and DilB), a more popular and less time consuming configura-

tion, as opposed to the original three-reagent system (R1, R2, R3 and

DilB). In the new assay, R1 contains activated factor V, R2 activated

factor X, prothrombin, and a thrombin substrate S-2238 and DilB

activated protein C. These chemical compositions were adjusted to

obtain similar time course profiles to that of the original three-reagent

assay. All data were collected using a Hitachi 7170S automated ana-

lyzer.

Results: The new two-reagent assay has fewer components which

reduced reaction steps and assay time (10 min) compared with the ori-

ginal 22 min assay. The data of plasma samples (n = 33) obtained with

the new two-reagent assay were well correlated with those with the

three-reagent system (y = 0.94x + 2.0, r = 0.93), while intra- and

inter-assay reproducibilities are better in the new one. The intra-assay

C.V. improved to 0.9–2.0% from 1.4% to 4.5% of that of the three-

reagent assay. Likewise, the inter-assay C.V. improved to 1.1–3.2%
from 2.8% to 5.6%.

Conclusions: The modification presented here not only expanded the

versatility of the total protein S activity assay but also shorten the

assay time and made the reproducibility better. This enables us to

screen molecular abnormality of protein S more efficiently and easily,

and the screening system of protein S type II deficiency is now more

practical.

PB1.65 – Diagnosis of VTE – II

PB 1.65-1
Health-related quality of life after pulmonary
embolism – a case–control study
Tavoly M1, Wik HS2, Nori F3 and Ghanima W3

1Sahlgrenska University Hospital, G€oteborg, Sweden; 2Oslo

University Hospital Rikshospitalet, Oslo, Norway; 3Østfold

Hospital Trust, Fredrikstad, Norway

Background: Pulmonary embolism (PE) is a common acute medical

emergency. Research and clinical practice mainly focuses upon the

medical treatment and clinical outcomes of PE. Surprisingly the psy-

chological aspects and the impact of acute PE on quality of life (QoL)

have not been studied properly.

Aims: The study aimed to determine Health-Related Quality of Life

(HRQoL) in patients surviving acute pulmonary embolism compared

to age- and sex-matched population having no previous history of

venous thromboembolism (VTE).

Methods: This case-control study evaluated HRQoL using the generic

QoL questionnaire EQ-5D among patients who had objectively veri-

fied PE between 2002 and 2011 in Oestfold Hospital Fredrikstad –
Norway. Each patient was asked to hand over the same questionnaire

to two age- and sex-matched (� 5 years) relatives or friends having no

previous history of VTE, so called Buddy Controls. The questionnaire

consists of the following five dimensions: mobility, self-care, usual

activities, pain/discomfort and anxiety/depression. It also includes a

vertical self-rated grading scale for total health-condition from 0 to

100, called EQ-VAS scale. Lower scores represent worse QoL. The

EQ-5D dimensions can be converted to a single summary index value

obtained from the general population. The study was approved by the

Regional Ethics Committee; written and informed consent was

obtained from all patients.

Results: A total of 208 patients (mean age 61 years; range 23–86 years)

and 114 controls completed the questionnaire. When the five dimen-

sions of health profile (mobility, self-care, activity, pain and anxiety)

were dichotomized into no problems and problems, a statistically sig-

nificant difference was found between cases and controls throughout

all dimensions. The mean index value of EQ-5D was 0.81 (SD 0.22)

among patients and 0.92 (SD 0.16) among controls. The difference

between cases and controls in mean index value was 0.11. This differ-

ence was statistically significant (P < 0.001, Mann-Whitney) and also

likely to represent a clinically meaningful difference (≥ 0.08). On the

EQ-VAS patients reported a significantly lower mean score than con-

trols, 67.2 (SD 21.3) and 81.3 (SD 16.9), respectively (P < 0.001, t-

test).

Summary/Conclusions: This study indicates that the quality of life is

reduced in patients who have sustained an acute pulmonary embolism

as compared to age- and sex-matched population without previous his-

tory of VTE. These results confirms previous reports by Klok et al

showing reduced QoL after PE in comparison to Dutch population

norms, using the generic questionnaire SF-36. To our knowledge this

is the first study in which health-related quality of life (HR-QoL) was

compared to age- and sex-matched VTE – free controls. This is a novel

research-field concerning PE, which should be further investigated spe-

cifically regarding the factors affecting HR-QoL and the socio-eco-

nomic consequences after PE.

PB 1.65-2
Treatment patterns of venous thromboembolism in a
real world population: the Q-VTE study cohort
Tagalakis V, Patenaude V, Kahn SR and Suissa S

Lady Davis Institute for Medical Research/Jewish General

Hospital, Montreal, QC, Canada

Background: Describing treatment patterns of venous thromboembo-

lism (VTE) in a real world population may identify remedial gaps in

patient care.

Aim: We aimed to characterize anticoagulant use following incident

VTE in a real world setting.

Methods: We used the linked administrative healthcare databases of

the province of Qu�ebec, Canada, including the hospitalization, univer-

sal healthcare services, and out-patient prescription databases. We

identified all beneficiaries with an incident DVT or PE between 2000

and 2009, which we classified as definite or probable VTE using a pri-

ori determined diagnostic algorithms based on ICD-9-CM or ICD-10-

CA diagnosis codes. We formed two patient cohorts, one with definite

and the other including definite or probable first-time VTE, that were

followed until death or end of study (December 31, 2009). Anticoagu-

lant out-patient prescription patterns were analyzed for both patient

cohorts.

Results: From 245,452 Qu�ebec residents between 2000 and 2009 with

at least one VTE diagnosis in RAMQ or MED-�ECHO, we formed the

definite VTE cohort including 40,776 definite cases and the any VTE

cohort consisting of 54,803 definite or probable cases. In the definite

cohort, 13,858 (34%) cases required hospitalization for VTE, 24,203
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(59%) developed VTE during hospitalization, and 2715 (7%) were

diagnosed and managed in the out-patient setting. In the any VTE

cohort, 13,214 (24%) cases were hospitalized for VTE, 23,152 (42%)

developed VTE in hospital, and 18,437 (34%) were diagnosed in the

out-patient setting. In the definite cohort, 74% of cases filled an out-

patient prescription for an anticoagulant, and most received a vitamin

K antagonist (VKA) either alone or in combination with low molecu-

lar weight heparin (LMWH) (54% VKA alone, 33% VKA and

LMWH, and 10% LMWH alone).

In the any VTE cohort, 71% were dispensed an anticoagulant. In the

definite cohort, out-patient prescription dispensation varied according

to the setting of diagnosis (91% for cases requiring hospitalization for

VTE; 66% for cases diagnosed with VTE while hospitalized; and 55%

for cases diagnosed and managed in the out-patient setting). Similar

findings were found in the any VTE cohort, although a greater propor-

tion of cases (63%) in the out-patient setting filled a prescription for

an anticoagulant. Among definite cases who were dispensed a VKA

and filled more than one VKA prescription (n = 26,684), 64% discon-

tinued VKA within 3 months, 13% between 3 and 6 months, and 9%

after 6 months of initiating therapy. In all, 50% of cases discontinued

VKA after 64 days of use. The mean duration of VKA therapy was

109 days (Standard Deviation 164). Similar findings were found in the

any VTE cohort.

Conclusions: Our study provides useful information on VTE manage-

ment in a real world population. Our results suggest that there may be

important treatment gaps since only 74% of patients with VTE were

dispensed a prescription for an anticoagulant, those managed in the

out-patient setting were less likely to fill a prescription for an anticoag-

ulant than patients who had been hospitalized, and a significant pro-

portion of patients discontinued VKA therapy early.

PB 1.65-3
Single whole-leg compression ultrasound for exclusion
of deep vein thrombosis in symptomatic ambulatory
patients: a prospective observational cohort study
Horner D1, Hogg K2, Body R1, Nash MJ1 and Mackway-Jones K1

1Central Manchester University Hospitals NHS Foundation Trust,

Manchester, UK; 2The Ottawa Hospital, Ottawa, ON, Canada

Background: United Kingdom guidance has recently recommended

serial proximal compression ultrasound (CUS) as first line imaging for

suspected deep vein thrombosis (DVT). Single whole-leg CUS is a rou-

tine alternative diagnostic strategy that can reduce repeat attendance

and identify alternative pathology.

Aims: We sought to assess the performance characteristics of an estab-

lished emergency department ambulatory protocol incorporating

whole-leg CUS by non-physicians for exclusion of DVT.

Methods: A prospective observational cohort study. Consecutive,

ambulatory, adult patients with suspected DVT and negative or incon-

clusive whole-leg CUS had anticoagulation initially withheld and were

followed up after 3 months.

The primary outcome was a predefined clinically relevant adverse

event rate: a subsequent diagnosis of symptomatic venous thromboem-

bolism (VTE) or VTE related death during 3 month follow up. Sec-

ondary outcomes included alternative diagnoses, technical failure rate

and patient characteristics associated with failure.

Results: Two hundred and twelve patients agreed to participate and

were followed for 3 months. One patient was subsequently diagnosed

with a calf DVT. The adverse event rate was thus 1/212, 0.47% (95%

Confidence Interval [CI] 0.08–2.62%). For patients deemed at high

clinical risk by Wells scoring prior to ultrasound (n = 47), the adverse

event rate was 2.1% (95% CI 0.4–11.1). One patient died during the

follow up period. This death was deemed unrelated to VTE by the cen-

tral adjudication committee.

150/212 patients were provided with a clear documented alternative

diagnosis. CUS directly contributed to or confirmed the alternate

diagnosis in 55/150 patients, of which the top three diagnostic labels

were musculoskeletal injury, Bakers cyst and venous incompetence.

Technical imaging failure occurred in 11.3% of cases (95% CI 7.7–
16.3). Several potential predictors of an inconclusive result were identi-

fied on multivariate analysis: obesity (odds ratio 4.15, 95% CI 1.5–
11.2), recent immobilzation (odds ratio 4.9, 95% CI 1.5–16.2), active
cancer (odds ratio 7.9, 95% CI 1.5–41.7) and acute infection (odds

ratio 2.9, 95% CI 1.1–8.0).
Conclusion: Patients who have anticoagulation withheld following a

negative or inconclusive whole leg CUS for suspected DVT have a low

rate of adverse events at 3 months. In addition, whole leg CUS pro-

vided additional diagnostic information and confirmed an alternative

diagnosis in over a quarter of patients within this study.

Technical failure remains an issue: several factors were significantly

associated with an inconclusive result in our cohort and their presence

may warrant an alternative diagnostic approach.

PB 1.65-4
Retrospective audit of incidental VTE events over
3 years in a large teaching hospital
Rowswell HR and Nokes TJC

Plymouth Hospitals NHs Trust, Plymouth, UK

Background: Studies previously reported the prevalence of incidental

pulmonary embolism (PE) in patients having CT scans for reasons

other than PE investigation. A subsequent meta-analysis of these stud-

ies found a mean prevalence of incidental PE of 2.6% (CI 1.9–3.4).
Further retrospective review has elucidated the mean prevalence of

abdominal vein Deep vein thrombosis as 1.74% (CI 1.29–2.34). We

recently reported incidental VTE events from a 900 bed teaching hos-

pital, with numerous tertiary services, as 1.64% (55 of 3358 scans) over

2011. The three most common VTE risk factors were Age, > 60 year

(85%), active cancer (76%) and significant medical co morbidity

(36%). Other associated information was the prevalence of Hospital

Acquired Thrombosis (HAT) and the reason for CT scanning. The

mortality associated with these diagnoses was 39 of 55 (71%), occur-

ring a mean of 120 days after diagnosis, with 12 month mortality of

36 of 55 (65%).

Aims: Data has been collected for the last 3 years on incidental VTE

events, to see if the prevalence, risk factors and association with HAT

changed over that time. Also, to compare incidental findings pick-up

rate with those scans that were targeted to investigation for VTE and

to compare mortality.

Methods: The hospital radiology reporting system (CRIS) has been

reviewed retrospectively, to determine incidental VTE diagnoses in CT

scans of chest, abdomen and pelvis (or combination there of). This

information was cross-checked with the hospital patient administra-

tion system (PIMS) to identify whether the patient event qualified as

HAT.

Results: The incidental VTE prevalence rates for 2010, 2011 and 2012

were 76 of 6079 (1.25%), 55/3358 (1.64%) and 57/4914 (1.16%), for

non-VTE targeted CT scans. HAT events were 28%, 20% and 33%

respectively, yielding prevalence for HAT incidental findings of

0.34%, 0.33% and 0.39%. The pick-up rates for all VTE targeted

investigations for the same periods were: 640/3819 (16.8%), 751/4660

(16.1%) and 738/4818 (15.3%). For HAT events, the targeted CT scan

pick-up rates were: 31%, 31% and 27%.

The most prevalent risk factors for incidental findings in 2010, 2011 &

2012 are: age > 60 years: 78%, 85% and 91% respectively, Cancer:

68%, 76%, 67% and serious medical comorbidity: 32%, 36%, 30%.

The overall mortality for incidental VTE events is: 57/76 (75%) from

2010, 39/55 (71%) from 2011 and 29/57 (51%) for 2012, giving

12 month mortality rates of 63% for 2010 and 65% for 2011.

The three most common reasons for CT scanning, in order were: stag-

ing for cancer, further investigation for abnormal findings on previous

scans and unexplained weight loss, for all 3 years.
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Summary: As expected, this radiology outcome data identifies inciden-

tal VTE to be relatively low prevalence, when compared to targeted

scans for VTE. Twelve month mortality associated with incidental

VTE (63% and 65%) is significantly greater than published data

related to all cause VTE events (15%). This is not surprising, acknowl-

edging the high mortality associated with cancer the second most com-

mon risk factor.

PB 1.65-5
Provision of an external quality assessment
programme for D-dimer point of care testing kits
Kitchen D, Munroe-Peart S, Kitchen S, Jennings I, Woods TAL

and Walker ID

UK NEQAS BC, Sheffield, UK

Background: There is a drive towards Point of Care Testing (POCT) in

areas of haemostasis other than INR monitoring and recent develop-

ments have led to the availability of POCT devices for D-dimer testing.

These devices are portable desktop analysers that are well suited to

non laboratory areas but still require quality control to ensure reliable

test results. External Quality Assessment (EQA) is already available to

laboratories with 681 centres registered in the UKNEQAS BC labora-

tory programme for D dimer testing.

Aims: To develop a specific programme for D-dimer testing to meet

the needs of POC users.

Methods: In-house studies had previously been performed which vali-

dated the use of lyophilised plasma for EQA testing with the quantita-

tive methods -Cobas h232 (Roche) and Triage (Alere) and with

qualitative- Clearview Simplify kits (Alere). The precision of results on

this material and the accuracy of results compared to the UK NEQAS

BC laboratory programme medians for these samples were assessed.

Interested POCT centres were then approached to take part in a series

of pilot studies to evaluate the use of lyophilised material for POC D-

dimer EQA testing. Samples were distributed over a period of 3 years

with Cobas users receiving 14 samples and Clearview users receiving 7.

Patient scenarios were introduced in pilot 4–7 (four samples for Clear-

view and eight for Cobas users). Users were asked to indicate whether

deep vein thrombosis (DVT) could or could not be excluded using

their result and the patient scenario provided. Seven pilot studies have

taken place over a period of 3 years with up to 42 Clearview users and

35 Cobas users. Users of the Cobas device received two samples per

pilot study with sample medians ranging from 0.17 to 1.2 lg/mL

FEU. Users of the Clearview device received one sample per study and

were asked to state if it was positive or negative.

Results: Precision for the Cobas device was similar to that observed in

theUKNEQASBC laboratory programme for D dimer testing with

coefficients of variance between 8% and 25% (outliers excluded –
some results being clear outliers) from the median value. Of the seven

samples circulated to the Clearview users only two samples had results

on which all centres agreed. For those samples with patient scenarios

provided the clinical interpretations (DVT excluded or not excluded)

showed full agreement in 4/8 of the samples for Cobas users and 1/4

samples for the Clearview users. An exercise will take place for the Tri-

age users in early 2013.

Conclusion: EQA is required for POC D-dimer tests and lyophilised

UKNEQAS BC samples are suitable for this purpose. Our data shows

that there is not only variance in both the results achieved and in their

interpretation.

PB 1.65-6
Modified strain gauge plethysmography as an
additional screening test for patients with suspected
deep vein thrombosis
Hughes AS1, Hall B2, Piper B2, Jennings K2, Smith C2, Charova F3

and Dzora F3

1North East London Foundation Trust; 2South West Essex

Community Services, Brentwood; 3Broomfield Hospital,

Chelmsford, UK

Background: Only 15% of patients with suspected DVTs have Doppler

scan confirmed thrombi. The use of clinical decision rules (e.g Wells

score) and d-dimer testing can exclude DVT in 25–50% of patients

presenting with suspected DVTs thus decreasing the need for confir-

matory Doppler scanning. The introduction of point-of-care (POC) d-

dimer testing has enabled DVT assessment to be carried out in the

community. In 2009 at Brentwood Community Hospital we estab-

lished a nurse led, haematologist supported primary care DVT screen-

ing service using the modified Wells score and a quantitative POC d-

dimer test (cardiac d-dimer, Roche). Doppler scanning was carried out

on site by vascular sonographers on patients who either had a Wells

score of > 1 (DVT likely) or a Wells score of < 2 (DVT unlikely) but a

raised d-dimer (cut off 0.5 lg/mL). Over the first 2 years 80% of

referred patients required Doppler scans, but only 20% were positive.

Aims: To assess the potential usefulness of computerised Strain Gauge

Plethysmography (SGP; Venometer V3, Amtec), utilising new software

with a modified algorithm, as an additional screening test, to see if this

might improve DVT screening effectiveness and decrease the number

of Doppler scans necessary.

Methods: All patients continued to have modified Wells scores and

POC d-dimer testing performed as above and the results continued to

be the main determinant for Doppler scanning. In addition SGP scans

were carried out by the trained nursing staff on patients with their ver-

bal agreement but were not used to determine further management.

Results: One hundred and eighty-seven patients had all three screening

tests carried out, Wells score, d-dimer and SGP, and also had Doppler

scans performed. One hundred and eighteen patients had negative

SGP scans and in only three were Doppler scans positive (2.5%; all

being distal calf DVTs). Thus the sensitivity and negative predictive

value (NPV) of a negative SGP scan for excluding proximal DVT was

100%. If all DVT positive Doppler scans were considered, the sensitiv-

ity and NPV of a negative SGP scan for excluding any DVT was 89%

and 97% respectively. If all three screening tests were positive, 65% of

patients had Doppler scan confirmed DVTs. If two out of three tests

were positive, 11% had positive Doppler scans. If only one out of

three tests were positive, only 5% of Doppler scans were positive.

Selective use of SGP in our patients with discordant Wells scores and

d-dimer results would have decreased the need for Doppler scans from

65% to 35%. Two distal calf DVTs would have been missed.

Conclusion: The addition of modified SGP to the Wells score and a d-

dimer in the initial screening of patients with a suspected DVT

improved the efficiency of DVT screening and could make more cost-

effective use of Doppler scanning. This is a potential advantage when

screening takes place in a primary care setting where Doppler scanning

might not be locally or readily available. It is suggested that further

prospective studies are undertaken to validate this approach.
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PB1.66 – Hormones, Pregnancy,
Women’s Issues – I

PB 1.66-1
The pregnancy health-care program: a model for the
prevention of venous thromboembolism in pregnancy
Testa S1, Passamonti SM2, Paoletti O1, Zimmermann A1,

Bucciarelli P2, Ronca E3, Riccardi A4 and Martinelli I2

1Haemostasis and Thrombosis Center-A.O. Istituti Ospitalieri,

Cremona; 2A. Bianchi Bonomi Hemophilia and Thrombosis

Center, IRCCS-Policlinico, Milano; 3Obstetrics Health Care Unit,

ASL, Cremona; 4Obstetrics and Gynaecology Division, AO Istituti

Ospitalieri, Cremona, Italy

Background: Venous thromboembolism (VTE) is the leading cause of

maternal mortality and morbidity in developed countries, with an

annual incidence 7–10 times higher than outside pregnancy. There is a

great variability of individual risk profiles, and recommendations on

antithrombotic prophylaxis are based on case-control studies or

experts’ opinions that do not entirely satisfy the individual optimal

management of pregnant women.

Aims: The aim of this study was to develop and use a ‘Pregnancy

Health-care Program’ (PHP) that allows clinicians to tailor antithrom-

botic prophylaxis in pregnant women applying uniform criteria for

evaluation of the individual risk of VTE.

Methods: The PHP was created inCremona, Italy, by a working group

of haematologists who trained gynaecologists, obstetricians and medi-

cal practitioners. A number of risk factors, including personal and

family history of VTE, several medical conditions, age, parity, BMI,

and thrombophilia (when available), were expressed as odds ratios

obtained from published studies and converted in a severity risk score

ranging from 0.5 to 3. On the basis of different score ranges, women

were stratified in three different categories and received clinical obser-

vation, compression stockings, LMWH or their combination during

pregnancy. Visits were scheduled at the end of each trimester and if a

woman changed risk category, antithrombotic prophylaxis changed

accordingly. Physicians who did not join the PHP followed their preg-

nant women according to their clinical practice. Data on pregnancy

outcome of the non-PHP women were obtained after delivery through

hospital discharge records.

Results: From January 2008 to December 2010, 3715 deliveries

occurred in Cremona hospital, of which 3697 were live births and 18

were intrauterine fetal deaths. The PHP reached 1787 pregnant

women, whereas the remaining 1996 were managed without specific

risk assessment. LMWH prophylaxis or therapy was prescribed to 85

women. In the PHP group only a pudenda vein thrombosis occurred.

In the non-PHP group, eight events were recorded (0.4%), five VTE

and three lower limb superficial vein thrombosis. The risk of VTE was

higher in the non-PHP than in PHP group (c square test 4.49,

P < 0.03). Thrombophilia abnormalities were searched in the nine

symptomatic women and found in four of them (two homozygous and

one heterozygous factor V Leiden, one heterozygous G20210A pro-

thrombin mutation). Four women in the non-PHP group had positive

family history of VTE in one 1st degree relative at an age < 50 years.

No major bleeding was observed in LMWH users.

Conclusion: Management of pregnant women with our PHP based on

stratification of individual risk of VTE resulted in a significant reduc-

tion of VTE events.

PB 1.66-2
Influence of maternal thrombophilia status on the
outcome of assisted reproduction
Orlando C and Jochmans K

UZ Brussel, Brussels, Belgium

The chances of pregnancy after a first attempt of assisted reproduction

technologies (ART) are about 30%. Pregnancy rate progressing to

term and resulting in live birth of a child is somewhat lower, 25%.

Repeated cycles of ART increase success rate. However, a substantial

number of couples fail to achieve pregnancy after three cycles. Throm-

bophilia has been suggested to play a role in failure of ART by inter-

fering with embryo implantation and placentation but available

evidence remains controversial. Large prospective studies to confirm

this hypothesis are lacking.

The objective of our study is to investigate the association of thrombo-

philia with outcome of ART in women with recurrent, unexplained

failure of assisted reproduction.

We set up a prospective study including women with a history of at

least three failures of fresh ART cycles with replacement of one or two

good quality embryos.

Blood samples are taken before the start of a next treatment cycle to

avoid influence of ovarian stimulation on coagulation parameters. All

women are tested for inherited thrombophilia (antithrombin activity,

protein C activity, free protein S antigen, factor V Leiden and pro-

thrombin G20210A mutation) and evaluated for the presence of anti-

phospholipid antibodies (lupus anticoagulant, anticardiolipin and

anti-b2GPIb antibodies).

Study end point is reached after live birth or failure of ART after six

treatment cycles. Follow-up information is obtained from the patients’

medical records.

Implantation rate, clinical pregnancy rate and live birth rate are

defined according to the ICMART glossary of ART terminology.

Stimulation cycles where aspirin, low molecular weight heparin and/or

corticosteroids were used, were excluded as these drugs could influence

outcome.

This study was approved by the medical ethics committee of the Uni-

versity Hospital of Brussels. All patients signed informed consent.

Between 2008 and 2012, 136 women were enrolled. Today, sixty-one

women have reached study end point. Twenty-one women had a live-

born baby while 40 did not. There were no significant differences in

prevalence of thrombophilia between the two groups. Positivity for an-

tiphospholipid antibodies was the most prevalent parameter among

the two study groups, 5% (1/21) in the live birth group and 22% (9/

40) in the non-live birth group (P = 0.13).

After inclusion, these 61 women underwent a total of 111 ART cycles.

Cycles with interfering drug use were excluded, leaving 77 cycles for

investigation. Implantation rate and clinical pregnancy rate were not

statistically different in women with inherited and/or acquired throm-

bophilia compared to women without thrombophilia. There is, how-

ever, a trend towards lower live birth rate in the patient group with

thrombophilia compared to the group without, 4.8% (1/21) and

18.5% (10/54) respectively (P = 0.13).

These results suggest that there is no significant association between

maternal thrombophilia and failed embryo implantation. A slight

trend towards lower live birth rate in women with thrombophilia was

observed. The results presented here are the preliminary data of a

large, prospective study that is still ongoing and thus need to be con-

sidered with caution. Failure to demonstrate statistical significance

may be due to the limited sample size of this interim analysis.
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PB 1.66-3
Pelvic vein thrombosis after cesarian-section delivery
Magalh~aes GHR1, Ribeiro D2, Rezende SM2, Reis MGC2

and Costa GAR2

1Minas Gerais Federal University; 2University Hospital,

Universidade Federal de Minas Gerais, Belo Horizonte, Brazil

Background: Venous thrombosis (VT) constitutes the leading cause of

maternal mortality in the developed world. Pelvic vein thrombosis

(PVT) is an important cause of VT during pregnancy and post-par-

tum. Few studies have evaluated the occurrence and natural history of

PVT after cesarian C-section delivery in the postpartum period.

Aims: Evaluate the incidence and natural history of PVT after cesarian

C-section delivery.

Methods: Informed consent was obtained of all subjects. This study

comply with the Declaration of Helsinki. We prospectively studied a

cohort of 50 women after C-section delivery. Women underwent mag-

netic resonance venography (MRV) in the early postpartum period (1–
7 days) and were followed for 3 months. Analysis considered two

groups classified as low- and high-risk for venous thrombosis.

High-risk subjects had one or more of following characteristics: age

above 35 years; obesity defined as body mass index above 35 kg/m2

before pregnancy; immobility above 3 days; personal history of VT;

hypertension grade 2 (≥ 160 mmHg systolic blood pressure and/or

≥ 100 mmHg diastolic blood pressure) or higher; congestive heart fail-

ure class III or IV; preeclampsia or eclampsia; current infection; multi-

parity, i.e., above four previous deliveries; current gemelar pregnancy;

current smoking and need for urgent modification of delivery mode

(vaginal to C-section). Low-risk subjects had none of the characteris-

tics cited above.

Results: We identified definite asymptomatic PVT in four women

(8%), of whom one out of 25 (4%) in the low risk group and three out

of 25 (12%) in the high risk group (RR 3.27; 95% CI [confidence inter-

val], 0.34–31.46). Duplex scan of both legs was performed in all four

women and proximal VT was detected in one. Anticoagulation was

not instituted.

All four patients underwent a new MRV after 3 months, which

showed complete disappearance of the intra-luminal filling defects. No

symptomatic thrombosis developed in the remaining 46 women after

3 months’ follow-up.

Conclusion: PVT occurs in the early postpartum period as an asymp-

tomatic event in women undergoing C-section. The risk of developing

PVT seems to be higher in women with high risk factors for VT. There

was no complication of the PVT within 90 days’ follow-up.

PB 1.66-4
The coagulation profile of preterm delivery
Keren Politansky A, Breizman T, Brenner B, Sarig G and Drugan A

Rambam Health Care Campus, Haifa, Israel

Background: The trigger initiating preterm birth is, in most cases, elu-

sive and unidentified. Not all premature uterine contractions cause

preterm birth, challenging to predict in which cases contractions will

lead to preterm delivery. Coagulation anomalies were suggested to be

etiologically involved in the development of preterm birth, however

the coagulation state of preterm parturients is still incompletely

revealed.

Aims: The aim of this study was to evaluate the haemostatic system of

pregnant women with premature uterine contractions, and to observe

the coagulation state of their infants.

Methods: This cohort study population consisted of healthy pregnant

women admitted with regular uterine contractions before 37 weeks of

gestation. Blood samples were collected from the recruited women, the

clinical outcome and the week of gestation at delivery were recorded.

The study group consisted of 38 women who experienced preterm

birth, 14 of which were with preterm premature rupture of membranes

(PPROM). The control group included 38 women who had premature

contractions but eventually had normal term deliveries. Both groups

were matched for maternal age, number of births and gestational age

at admission. Blood samples were tested for parameters of the haemo-

static system and coagulation activation markers. Furthermore, sam-

ples of umbilical cord blood were collected at delivery for coagulation

studies from 43 patients with premature uterine contractions.

Results: We documented significantly shorter activated partial throm-

boplastin time (aPTT) in study than in the control group (25.7 � 2 vs.

27.4 � 2.7 s, P = 0.003). Prothrombin time (PT) was also shorter in

the study group (9.96 � 0.5 vs. 10.1 � 0.4 s, P = 0.05). There was no

significant difference between the two groups in the level of other hae-

mostatic markers: Fibrinogen, D-Dimer, Protein C-Global, Free Pro-

tein S antigen (fPS), Factor VIII activity, von willebrand factor

antigen, Plasminogen activator inhibitor-1, Prothrombin Fragment

F1 + 2 (PT F1 + 2), and Tissue factor.

Within the study group, PT F1 + 2 levels were significantly lower in

association with PPROM than with preterm deliveries without rupture

of membranes (351 � 99 vs. 561 � 242 pM, P = 0.003).

All the haemostasis markers mentioned above were evaluated also in

43 umbilical cord blood samples collected at delivery. aPTT was found

to be significantly longer in neonates that were delivered prematurely

compared to neonates that were delivered at term (38.8 � 7.5 vs.

34.4 � 3.1 s, P = 0.024). fPS levels were remarkably lower in cord

blood samples of prematurely delivered neonates than in normal term

neonates samples (38.3 � 11.6% vs. 48.7 � 10.2%, P = 0.004).

Conclusions: Our findings suggest that shortened aPTT and PT time in

women with premature contractions might be associated with preterm

birth. Furthermore, low levels of PT F1 + 2 were found with PPROM

preterm delivery. In addition, longer aPTT and decreased fPS levels at

the neonate may be associated with premature delivery. These findings

document increased thrombotic activity affecting both mothers and

newborns in cases of ‘real’ preterm delivery, suggesting that a short-

ened aPTT and PT may be a sign that premature contractions will

eventually lead to preterm labor.

PB 1.66-6
The effect of thrombotic markers on severity of
bleeding symptoms in women with inherited bleeding
disorders
Davies JS, Chi C, Shareif L, Tuddenham E and Abdul-Kadir R

Royal Free Hospital NHS Foundation Trust, London, UK

Background: Women with inherited bleeding disorders demonstrate

heterogenicity in bleeding symptoms that does not always correlate to

underlying clotting factor levels. This is problematic when predicting

the bleeding risk, especially when haemostatic challenge is anticipated.

The bleeding tendency is influenced by haemostatic factors and throm-

botic variables that have the potential to counteract one another. The

effect of thrombotic variables in reducing the overall bleeding ten-

dency, have demonstrated a protective effect on bleeding disorders

such as haemophilia. The correlation of clotting factor levels, presence

of thrombotic variables, and bleeding score in women with inherited

bleeding disorders have not been thoroughly investigated.

Aims: To assess the correlation between bleeding tendency, haemostatic

and thrombotic variables in womenwith inherited bleeding disorders.

Method: Quantitative measurement of the bleeding tendency was

assessed using the standardized ISTH Bleeding Assessment Tool. Fifty

women with inherited bleeding disorders (42 with von Willebrand dis-

ease and eight carriers of haemophilia) and 20 women without any

bleeding disorders were included. Blood samples were then obtained

from the individuals for assessment of clotting factors (factor VIII and

von Willebrand factor) and thrombophilia screen (lupus anticoagu-

lant, antithrombin, protein C and protein S, factor V Leiden mutation

and Prothrombin G20210A mutation).
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Results: Bleeding score was inversely related to von Willebrand factor

antigen (VWF:Ag), ristocetin cofactor (VWF:RCo) levels and factor

VIII activity. So far no correlation has been demonstrated between

bleeding score and protein C, protein S and antithrombin activity.

Two women tested positive for prothrombotic mutation, one with

lupus anticoagulant (bleeding score of 5) and another with factor V

Leiden mutation (bleeding score of 7).

Conclusion: Although bleeding score is not influenced by levels of anti-

thrombin, protein C and protein S activities this study is still in pro-

gress and further data is required for sufficient statistical analysis. It is

useful to consider the history (bleeding score) as well as the possibility

of underlying thrombotic markers, when performing a bleeding risk

assessment.

PB1.67 – Inflammation: Basic – I

PB 1.67-1
PI3Kinase is a key regulator of CD40L surface
expression and release from activated platelets
Grosdidier C1, Chabert A1, Bernot D2, Morange PE2, Alessi M-C1

and Canault M1

1UMR Inserm1062, INRA 1260, Aix-Marseille University;
2Laboratoire d’H�ematologie, Hôpital de la Timone, AP-HM,

Marseille, France

Background: Beside their crucial role in haemostasis, platelets are con-

sidered as important modulators of the immuno-inflammatory reac-

tion. Among the inflammatory molecules expressed by platelets, CD40

Ligand (CD40L, CD154) is of interest since it is directly involved in

the modulation of the immune response and inflammation. Activated

platelets release large amounts of soluble CD40L (sCD40L). Platelets

have been postulated to be the major source of circulating sCD40L.

Aims: Mechanisms regulating platelet CD40L availability are not fully

understood. We aim to determine signaling pathways leading to

CD40L expression and release by human activated platelets.

Methods: Flow Cytometry; CD40L ELISA; Gelatin Zymography;

Western blot.

Results: Here, we show that PI3K pharmacological inhibition dimin-

ishes by 50% the release of sCD40L from human activated platelets

with thrombin and PAR1 agonist, whereas the inhibition reaches

100% upon PAR4 stimulation. sCD40L release requires the aIIbb3 in-

tegrin activation that is controlled by PI3K. MnCl2 that forces inte-

grins to take an active conformation independently of intracellular

signal, did not restore normal sCD40L release in presence of PI3K

inhibitors. Thus, PI3K independently regulates sCD40L release and

aIIbb3 activation. Then, we asked whether the PI3K involvement in

sCD40L release could be a consequence of CD40L surface expression

modulation. Inhibition of PI3K fully blocked CD40L surface expres-

sion when activated by PAR4 (500 lM AYPGKF), whereas it was not

affected when induced via PAR1 (10 and 50 lM SFLLRN). The phar-

macological inhibition of PI3K isoforms indicates the only contribu-

tion of PI3K-beta in CD40L surface expression during PAR4

activation. These results argue in favor of a differential implication of

PI3K in the regulation of CD40L surface expression and release

regarding the PAR engaged.

The observation that PI3K inhibitor decreases sCD40L release but has

no effect on surface CD40L upon PAR1 stimulation prompted us to

explore the involvement of PI3K in MMP2 release and activation.

Indeed, MMP2 was shown to cleave CD40L from platelet surface. Zy-

mography and western blot analysis of PAR1-activated platelet relea-

sates did not show any implication of PI3K in MMP2 release and

activity. Ongoing experiments of MMP2 activity measurement on

platelet surface will help us to unravel the role of PI3K in sCD40L

release through MMP2 activity.

Conclusion: PI3K regulates platelet CD40L bioavailability. However,

its implication differs regarding the PAR engaged. Nevertheless, PI3K

represents a key element of the platelet-mediated inflammatory process.

PB 1.67-2
T cells, inflammation and tissue factor in gastric
malignancy
D’Elios M, Benagiano M, Amedei A, Della Bella C, Niccolai E,

Grassi A, Silvestri E, Emmi G and Prisco D

University of Florence, Florence, Italy

Background: Thrombosis significantly contribute to the morbidity and

mortality of patients with malignancy.

Aims: We investigated the role of T-cell subsets in the induction of

tissue factor (TF) production by human monocytes in patients with

gastric cancer. Helicobacter pylori is type I oncogenic factor for gastric

adenocarcinoma and H. pylori-related inflammation contributes to

gastric oncogenesis.

Materials and Methods: We derived T-cell clones from seven patients

with gastric adenocarcinoma and we studied the ability to induce TF

production of 10 T helper (Th) 1, 10 Th2 and 10 Th17 clones. T-cell

blasts of antigen-specific clones (8 9 105/mL) were cocultured for

16 h with autologous monocytes (4 9 105/mL) in the presence of med-

ium, mitogen or the specific antigen. TF was quantitated by a specific

enzyme-linked immunosorbent assay kit (American Diagnostica Inc,

Greenwich, CT).

Results: After activation, all T-cell clones with Th1 and Th17 cytokine

profile, but not Th2 clones, induced TF production. T-cell blasts from

Th1 and Th17 activated clones were fixed with paraformaldehyde and

added to monocytes in the presence of medium alone or their superna-

tants. Addition of Th1/Th17 cells or supernatants induced low TF

production (1.3 ng/mL + 0.13), whereas addition of cells/supernatants

resulted in higher TF synthesis (2.9 ng/mL + 0.5). No TF synthesis

was induced by Th2 cells, whereas addition of Th2 cells and Th1 or

Th17 induced TF production. The addition of anti-IFN-gamma anti-

body, anti-IL-17 or Th2 supernatants to monocytes stimulated with

Th1/Th17 cells plus supernatant resulted in inhibition of TF synthesis.

Summary: CD8+ and CD4+ T cells, Th1/Th17, but not Th2, T cells

can help TF production. Both cell-to-cell contact with activated T

cells, Th1-type and Th17 cytokines, in particular IFN-gamma and IL-

17, are crucial for optimal TF synthesis, whereas Th2-derived cyto-

kines (IL-4, IL-13, and IL-10) are inhibitory.

Conclusion: The results obtained so far are of potential interest for the

development of novel future preventive or therapeutic strategies of

thrombosis in patients with malignancy.

PB 1.67-3
Protease activated receptor 4 contributes to host
defense in streptococcus pneumoniae induced
pneumonia
De Stoppelaar SF, Van‘t Veer C, Van Den Boogaard E,

Nieuwland R, Hoogendijk AJ, De Boer OJ, Roelofs JTH and Van

Der Poll T

Academic Medical Center, Amsterdam, The Netherlands

Background: Streptococcus (S.) pneumoniae is a common causative

pathogen of pneumonia and sepsis. Pneumonia and sepsis are associ-

ated with enhanced activation of coagulation, resulting in the produc-

tion of several host derived proteases at the primary site of infection

and in the circulation. Serine proteases cleave protease activated recep-

tors (PARs), which form a molecular link between coagulation and

inflammation. PAR4 is one of four subtypes of PARs and is widely

expressed by multiple cell types in the respiratory tract implicated in

pulmonary inflammation, by immune cells and by platelets. In mice,

PAR4 is the only thrombin receptor expressed by platelets.

Aims: To determine the contribution of PAR4 to the host response

during pneumococcal pneumonia.

Methods: Pneumonia was induced by intranasal inoculation with S.

pneumoniae in PAR4-deficient (par4�/�) and wild-type mice. Mice
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were sacrificed after 6, 24 or 48 h. Blood, lungs, liver and spleen were

collected for analyses.

Results: After 48 h of infection, higher bacterial loads were found in

the lungs of par4�/� mice (P < 0.05), accompanied by higher histopa-

thology scores and increased cytokine levels (P < 0.05). At 24 h post

infection par4�/� mice displayed lower plasma and lung thrombin-

antithrombin complex (TATc) levels, whereas they showed higher

TATc concentrations at 48 h. Of interest, par4�/� mice displayed a

trend towards lower plasma platelet factor 4 levels at this latter time

point, indicative of decreased platelet activation in spite of the appar-

ently increased thrombin formation.

Conclusion: Our findings suggest that PAR4 contributes to antibacte-

rial defence during murine pneumococcal pneumonia.

PB 1.67-4
Increased systemic interleukin-1b accelerates the onset
of stroke in stroke-prone spontaneously hypertensive
rats
Nakazawa T1, Tsuyoshi C2, Itoh T3, Tabuchi M3 and Satou T3

1Otsuka Pharmaceutical Co., Ltd., Tokushima; 2National Institute

of Health and Nutrition, Tokyo; 3Kinki University School of

Medicine, Osaka, Japan

Background: Epidemiological data suggest that interleukin (IL)-1b is a

potential cause of stroke. However, there is no direct evidence to sug-

gest that IL-1b accelerates stroke onset.

Aims: We therefore examined the effect of IL-1b on stroke onset in

stroke-prone spontaneously hypertensive rats (SHRSP).

Methods: We measured plasma IL-1b levels in male Wistar Kyoto rats

(WKY), spontaneously hypertensive rats (SHR), and SHRSP. IL-1b
signal-related gene expression was measured in cerebrovascular endo-

thelial cells (CVECs) from each strain. To determine the direct effects

of IL-1b on stroke onset, IL-1b or goat anti-rat IL-1b polyclonal anti-

body were administered continuously to SHR or SHRSP using an

osmotic pump.

Results: At 10 weeks of age, plasma IL-1b levels were significantly

higher in SHRSP than in WKY (P < 0.001 vs. SHRSP) and SHR

(P < 0.001 vs. SHRSP). Expression levels of IL-1b signal-related genes

in CVECs, including IL-1b, IL-1 receptor (IL-1R)-1, IL-1R-2, cas-

pase-1, monocyte chemoattractant protein-1 (MCP-1), and intercellu-

lar adhesion molecule-1 (ICAM-1), were significantly higher in

SHRSP than in WKY or SHR. Furthermore, IL-1b (10 ng/mL) treat-

ment significantly increased MCP-1 and ICAM-1 mRNA expression

levels in CVECs. Continuous administration of IL-1b (2 lg/day) using
an osmotic pump slightly increased the incidence of stroke in SHR

(P = 0.046) and significantly accelerated the onset of stroke in SHRSP

(P = 0.006) compared with vehicle controls. In addition, continuous

administration of anti-rat IL-1b antibody (600 lg/day) to SHRSP

slightly, but not significantly, delayed the onset of stroke compared

with control. One rat in the control group, none in the IL-1b group,

and three in the anti- IL-1b antibody group showed no signs of stroke

at the end of the 4-week administration period.

Conclusions: SHRSP had increased plasma IL-1b levels compared with

WKY and SHR prior to the onset of stroke. Further, exogenous IL-1b
accelerated stroke onset. These results suggest that a stimulated IL-1b
signal might be a cause of stroke onset under conditions of concomi-

tant severe hypertension, and suppression of the IL-1b signal might

thus be a target for stroke prevention.

PB 1.67-5
Diverse roles of alphaMbeta2 integrin in
lipopolysaccharide-mediated inflammation
Yu YB1, Su KH2, Gau J-P1, Hsu HC1, Tzeng CH1 and Lee TS2

1Taipei Veterans General Hospital; 2National Yang-Ming

University, Taipei, Taiwan

Background: Several lines of evidence indicate that aMb2 integrin

mainly expresses on leukocytes and plays a crucial role in the differen-

tiation of monocyte and macrophage.

Aim: Here we investigated the individual role of CD11b and CD18,

the two major subunits of aMb2 integrin, in the lipopolysaccharide

(LPS)-induced inflammatory responses in macrophages.

Methods/Results: Our data showed that LPS treatment significantly

increased the levels of tumor necrosis factor (TNF)-a, interleukin (IL)-

1b, IL-10 and nitric oxide (NO) production. Preincubation with CD18

neutralizing antibody completely abrogated the LPS-induced IL-10

expression, but CD18 neutralizing antibody administration did not

affect the expressions of TNF-a, IL-1b and nitric oxide (NO) produc-

tion. In contrast, CD11b neutralizing antibody up-regulated the LPS-

induced IL-10 expression with partial inhibition of TNF-a, IL-1b and

NO production. In addition, inhibition of CD18 abrogated the LPS-

induced activation of signal transducer and activator of transcription-

3 (STAT-3), whereas blockade of CD11b had no such effect on STAT-

3 activation. Moreover, inhibition of CD11b, but not CD18, attenu-

ated the LPS-induced NF-jB activation. We also found that LPS

increased the interaction of Toll-like receptor 4 and CD11b/CD18

complex in macrophages.

Summary: We proposed CD11b and CD18 may display differential

regulatory roles during LPS-mediated inflammatory responses. These

results will provide new insights into the diverse roles of CD11b/CD18

in LPS-mediated inflammation, which is important in the therapy of

sepsis in the future.

PB 1.67-6
Plasmin induces in vivo monocyte recruitment through
protease-activated receptor-1, MEK/ERK and CCR2
mediated signaling
Carmo AAF1, Costa BRC1, Vago JP1, Oliviera LC2, Tavares LP1,

Nogueira CRC1, Brasil BSF2, Dusse LM1, Barcelos LS3, Bonjardim

CA2, Teixeira MM3 and Sousa LP4

1Departamento de An�alises Cl�ınicas e Toxicol�ogicas;
2Departamento de Microbiologia, Instituto de Ciências

Biol�ogicas; 3Imunofarmacologia- Departamento de Bioqu�ımica e

Imunologia, Minas Gerais; 4Federal University of Minas Gerais,

Belo Horizonte, Brazil

Background: The Plasminogen/Plasmin (Plg/Pla) system is associated

with a variety of biological activities beyond the classical dissolution

of fibrin clots, including cell migration, tissue repair and inflammation.

Although the capacity of Plg to induce cell migration is well defined,

the mechanism in vivo underlying this process is elusive.

Aims: To investigate the effect of Pla on cell migration in vitro and in

vivo and the role of mitogen-activated protein kinase (MAPK) ERK1/

2, protease activated receptor-1 (PAR-1) and CCL2/CCR2 axis in this

process.

Methods: We performed in vitro migration assay (wound healing

assay) in culture of MEFs (Mouse Embryonic Fibroblasts) or mouse

leukemia monocyte macrophage (RAW 264.7). The cells were treated

with Pla (2 lg/mL) at different times, or pretreated with the MEK1/2

inhibitor U0126 (15 lM), a serine protease inhibitor Leupetin (25 lg/
mL) or the lysine analog tranexamic acid (0.01 M) 60 min. prior to

and throughout Pla treatment and processed for microscopic counting

of migrating cells or western blot analysis for phosphorylated ERK1/

2. BALB/C mice were challenged by i.pl. (intrapleural) injection of Pla

(2 lg/cavity) and the cells present in the pleural cavity harvested at dif-
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ferent times or 48 h after pre-treatment with specific inhibitors (U0126

60 lg/cavity, i.pl.; leupeptin 100 lg/mouse, i.p.; SCH79797, 5 mg/kg,

i.p.) 1 hour before Pla. Cells were processed for total and differential

leukocyte counts and western blot analysis for P-ERK1/2 and IkB-a.

Pleural levels of cytokines IL-1b, IL-6 and TNF-a and the chemokine

monocyte chemoattractant protein 1 (MCP-1/CCL2) were analyzed

by ELISA. CCR2 knockout mice and wild-type littermates were

injected with plasmin and the cells present in the pleural cavity were

harvested at 48 h after and processed for total and mononuclear cell

count. All procedures described here had prior approval from the Ani-

mal Ethics Committee of Universidade Federal de Minas Gerais (CE-

TEA/UFMG, Protocol number: 19/2011).

Results: Pla induced in vitro migration of murine fibroblast and macro-

phages dependent on MEK/ERK pathway and by requiring its proteo-

lytic activity and lysine binding sites on cell surfaces. Plasmin injection

into the pleural cavity of mice induced a time-dependent influx of

mononuclear cells that was associated with augmented ERK1/2 and

IkB-a phosphorylation and increased levels of CCL2 and IL-6 in pleu-

ral exudates. In vivo inhibition of protease activity by using leupeptin

or a PAR-1 antagonist (SCH79797) prior to Pla injection abolished

Pla-induced mononuclear recruitment and ERK1/2 and IkB-a phos-

phorylation. Interestingly, inhibition of MEK/ERK pathway abol-

ished Pla-induced CCL2 upregulation and mononuclear cell influx. In

agreement with a requirement for CCL2 to Pla-induced cell trafficking,

CCR2�/� mice were not responsive to Pla-induced mononuclear

recruitment.

Conclusion: Pla-induced mononuclear cell recruitment in vivo was

dependent on PAR-1 activation of the MEK/ERK/NF-kB pathway

which led to the release of CCL2 and activation of CCR2.

Financial Support: FAPEMIG, CNPq and PRPq-UFMG.

PB1.68 – Inherited Risk Factors
Venous Thrombosis: Basic – I

PB 1.68-1
Identification of rare variants in ADAMTS13 through
next generation sequencing implicated in pediatric
stroke
Stoll M1, Barysenka A1, Witten A1, Arning A1, Manner D2

and Nowak-G€ottl U2

1Leibniz-Institute for Arteriosclerosis Research, M€unster;
2University Clinics Schleswig-Holstein, Kiel, Germany

Background: Recently we reported a gene network of ADAMTS genes

implicated in pediatric stroke through a genome-wide association

study (GWAS)1. However, the causative variants underlying the asso-

ciation remain elusive.

Aim: To identify rare variants in ADAMTS13 contributing to stroke

risk in children using next generation sequencing (NGS) in 48 affected

children and 48 unaffected siblings.

Methods: Genomic regions implicated through our GWAS 1 were

enriched using the Nimblegen EZ choice target enrichment kit yielding

a target region for NGS of ~6.8 MB genomic sequence comprising

total 48 genes from 15 chromosomes, among them ADAMTS13. The

enriched paired-end libraries from 96 children were subsequently

sequenced on 2 flow cells and 2 9 100 cycles using an Illumina Hi-

Scan-SQ instrument yielding a total of ~180 Gb sequence data at an

average coverage of < 50X. Sequence mapping was performed using

the BWA algorithm followed by bioinformatic analysis using the

GATK software for variant detection, and Annovar and SNPEff for

functional annotation. Statistical significance of found variants in 46

siblings was determined using the Sibship Disequilibrium Test (SDT).

A collapsing test (CALPHA) was used to calculate the cumulative

effect of rare variants in the ADAMTS13 gene on stroke risk. Promis-

ing genetic variants were subsequently verified using capillary sequenc-

ing and an ABI 3730 automated sequencer, followed by TaqMan

genotyping of the full cohort comprising 248 nuclear families.

Results: A total of 194 SNPs were identified in the ADAMTS13 gene

and its proximity (5Kb upstream and downstream), 23 of which are

not present in dbSNP135. In addition, 16 indels were found, six of

which are novel. One hundred and forty-six SNPs reside in intronic

regions, 40 SNPS are located upstream and 10 downstream of the AD-

AMTS13 gene. Eight SNPs lead to synonymous, and seven SNPs leads

to non-synonymous changes in the ADAMTS13 coding region. Four

SNPs reside in the 5′untranslated region (UTR). One intronic SNP,

rs4962153, was previously reported in a GWAS on liver enzyme levels,

10 SNPs affect transcription factor binding sites and two SNPs fall

within a conserved genomic region. All exonic SNPs are involved in

splicing regulation and alter splicing enhancer binding sites or tran-

scription factor binding sites. Of the 194 SNPs, 65 have a minor allele

frequency of < 0.02, 22 of which are novel. The CALPHA test for

cumulative association of these SNPs shows a P-value of 6.3 9 10�5

and an association with pediatric stroke.

Summary and Conclusion: Our data support the presence of novel vari-

ants in the ADAMTS13 of functional relevance, which may shed light

on the genetic architecture underlying the association between AD-

AMTS13 and pediatric stroke. Further studies are underway to char-

acterize the functional consequences of these genetic variants on

ADAMTS13 expression, splicing patterns as well as activity.

Reference:

1. Arning et al., Blood 2012.

PB 1.68-2
Identification of mutations in the protein C gene in a
panel of 83 Spanish families with protein C deficiency
Martos L1, Medina P1, L�opez-Fern�andez MF2, T�assies D3,

Rold�an V4, Gonz�alez-Porras JR5, Gonz�alez-L�opez TJ6, Herrero S7,

Espa~na F1 and Navarro S1

1Hospital Universitario y Polit�ecnico La Fe Campanar, Valencia;
2Complejo Hospitalario Universitario, A Coru~na; 3Hospital Clinic,

Barcelona; 4Hospital Universitario Morales Meseguer, Murcia;
5Hospital Cl�ınico, Salamanca; 6Complejo Asistencial

Universitario, Burgos; 7Hospital Universitario, Guadalajara, Spain

Background: There are no data on characteristics and molecular basis

of the hereditary protein C (PC) deficiency in Spain.

Aims: To analyze a panel of probands with PC deficiency from symp-

tomatic Spanish families.

Methods: We sequenced the nine exons (E) and their flanking intron

(I) regions of the PROC in 83 unrelated probands with venous throm-

boembolism (VTE) and 174 relatives of 52 probands. Informed con-

sent was obtained from all subjects of the study and it was approved

by the ethics committee of our Institution.

Results: In 71 probands (86%) we found 35 different mutations in het-

erozygosis associated with the PC deficiency, 20 of them not yet

reported. One mutation was localized in I1, four in E3, one in I3, three

in E5, three in I5, three in E6, one in I6, six in E7, three in E8, one in

I8 and nine in E9. Twenty-eight mutations resulted in the change of

one nucleotide (nt), mainly missense mutations, but five caused a pre-

mature stop codon. Three mutations with one nt, four nt and 16 nt

deletion caused a frameshit. One mutation resulted in a three nt dele-

tion (p.Ile321del) and one in a six nt insertion (p.Lys241_Glu242 ins-

LeuAsp). About 40% of the point mutations were localized in CpG

dinucleotides. Three mutations were localized in two unrelated fami-

lies, three in three families, four in four families and one in eight fami-

lies. Three caused type II mutations, one in E3 (identified in four

unrelated families) resulting in a p.Glu16Lys change in the PC Gla

domain, one also in E3, resulting in the change p.Arg-1His, and one in

exon 8 (p.Lys193Glu). The mean minus 2 SD PC level in 436 healthy

individuals and 325 VTE patients without PC deficiency was 67% and

63%, respectively. In 10 probands with PC levels from 49% to 70%
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and in two probands on coumarin therapy we did not find any muta-

tion. Twenty-four relatives with PC levels ranging from 51% to 73%

from 16 PC deficiency families did not carry the mutation found in the

proband.

Conclusion: This is the first Spanish registry of PC deficiencies and con-

firms the considerable heterogeneity in the genetic abnormalities. The

data suggest that the Glu16 is essential for the in vivo expression of the

anticoagulant PC function, possibly by allowing a correct folding of

the Gla domain. The study has provided genetic counseling to those

patients and relatives whose PC levels were near lower normal limit.

Thus, by adding a genetic test it is possible to assign a subject to either

the normal or the deficiency group, and estimate precisely the correla-

tion between the PC deficiency and thrombosis. The spectrum of

recurrent mutations in the Spanish population is completely different

from that found in the Netherland, where the most frequent mutations

were Gln132 and Arg230, and is more similar to that of one French

study where the most frequent were Arg178 and Pro168. In the present

study, Val 297 (eight families) and Tyr124, Pro168, Arg178 and Lys16

(four families) were the most prevalent.

PB 1.68-3
What is the origin of factor V Leiden mutation in East
Mediterranean Arabs and has it occurred there first?
Jadaon M, Dashti A and Lewis HL

Faculty of Allied Health Sciences, Kuwait University, Sulaibekhat,

Kuwait

Background: Studies reported high prevalence of factor V Leiden

mutation (FVL; G1691A) in Caucasian populations (1–15%) and

patients with venous thrombosis (15–65%), but FVL was rare or

absent in non-Caucasians like Africans and Asians. Molecular studies

on Caucasians of European origin reported FVL to be associated with

one haplotype consisting of nine single nucleotides polymorphisms

(SNPs) in the Factor V gene. These data suggested that FVL should

have occurred as a single event in the far past in a single European

Caucasian ancestor whose offspring are the current carriers of FVL.

However, more recent studies found a relatively higher prevalence of

FVL in Arab populations living in Eastern Mediterranean countries

(5–27%), who are not generally considered as Caucasians. This ques-

tioned the origin of FVL in Arabs: is it the same ancestor for Cauca-

sians or a different one? Also, where did this mutation occur first?

Aims: This study was conducted focusing on Arab carriers of FVL to

find what alleles they have at the nine SNPs positions associated with

FVL, and whether Arabs have the same or a different haplotype than

the one present in Caucasian carriers. Results should provide answers

for the above mentioned questions.

Subjects/Methods: A total of 300 Arab subjects were studied: 100 cases

known to have FVL from previous studies (18 homozygous and 82

heterozygous) and 200 cases without it. Real-time PCR was performed

on DNA samples of all cases to confirm FVL (wild-type G or mutant

A alleles) and determine nine SNPs in the Factor V gene: 327A/G,

495G/A, 1470C/T, 1806G/A, 2298T/C, 2325C/T, 2391G/A, 2833A/T

and 5380A/G.

Results: The haplotype of nine SNPs reported to be associated with

FVL in Caucasians [G, A, C, G, C, T, A, A, A] was found in our Arab

cases. First and foremost it was present in all the 18 homozygous cases

(100%) indicating complete association with FVL mutation. Also it

was present in 17 of the heterozygous cases with FVL (20.7%), which

was significantly more than its presence in non-carriers of the mutation

(15 out of 200; 7.5%).

Conclusions: The results of this study argue that Arab and Caucasian

carriers of FVL had most probably descended from the same ancestor,

which is especially reflected in the homozygous cases. The study also

combines the molecular results obtained here with the epidemiological

and anthropological facts to strongly and systematically suggest that

FVL should have occurred first in the East Mediterranean area and

then moved to Europe.

PB 1.68-4
Molecular characterization of PCE29K missense
mutation
Ye X

Second Affiliated Hospital of Guangzhou Medical University,

Guangzhou, China

Background: We have detected compound heterozygous missense

mutations of protein C (PC) E29K and PC R147W in a young male

patient with hereditary PC deficiency and pulmonary embolism. The

novel PC E29K missense mutation was also detected in his father with

PC deficiency. The proband’s father had experienced portal venous

thrombosis in his forties.

Aims: To investigate the molecular pathogenesis of PC E29K gene mis-

sense mutation in patients with PC deficiency.

Methods: Expression vetor of PC E29K mutation was constructed by

site-directed mutation method using wild-type PC plasmid as template.

The plasmids were transfected into COS-7 cells by lipofectin transfec-

tion method and cultured. PC antigen levels of the supernatant and

cell lysis medium of the COS-7 cells transfected with PC E29K plasmid

were measured by ELISA method. Laser confocal microscope was

used to detect the cellular immunofluorecent localization of the cul-

tured cells.

Results: PC antigen level of the supernatant of COS-7 transfected with

PC E29K plasmid was 23.7% of that of wild-type ones. The PC anti-

gen level in the cell lysis medium of COS-7 cells transfected with

mutant plasmid was 81.1% of that of the wild-type. PC E29K mutated

protein was mostly trapped in the endoplasmic reticulum and its con-

centration was decreased in Golgi bodies.

Conclusion: Only part of PC E29K mutated protein was secreted from

the cells and part of it was degraded inside the cells. Impaired secretion

and partial degradation is the cause of PC deficiency resulting from

PC E29K missense mutation.

PB 1.68-5
Venous thrombosis in adolescent girls on oral
contraceptives – association with estrogen gene
polymorphisms
Zia A, Callaghan M, Lusher J, Chitlur M and Rajpurkar M

Wayne State University, Troy, NY, USA

Background: Adolescent girls on oral contraceptive pills (OCPs) are at

a high risk for venous thromboembolism (VTE). OCP induced

changes on coagulation and fibrinolytic pathways are complex with

high inter-individual variability. An increased risk of thrombosis

related to the estrogen receptor a polymorphism (ESR-ap, c.454-

397T>C) has been reported in post-menopausal women. Data in the

adolescent age group are lacking.

Aims: Our study aims were to: (i) Determine the prevalence of ESR–ap
in patients with OCP induced VTE (Cases) (ii) Correlate the preva-

lence of ESR–ap with markers of hypercoagulability as determined by

global coagulation assays in healthy adolescent girls who started OCPs

(Prospective cohort)

Methods: Cases: On 14 girls with OCP induced VTE, data were col-

lected for age, ethnicity, sites of thrombosis, presence of other thromb-

ophilic markers and the time interval between OCP initiation and

occurrence of VTE. Archived DNA was available on 10 of the 14 cases

and was tested for ESR-ap.
Prospective Cohort: In this ongoing study, 45 healthy non-pregnant

adolescent girls starting OCPs were enrolled after IRB approval. Sam-

ples were obtained prior to and after 3 months of initiating OCPs and

were analyzed for clotting and anticoagulant factor assays, tissue fac-

tor initiated thromboelastography (TF-TEG), with t-PA (tissue plas-

minogen activator) modification for detecting fibrinolysis (t-PA-TEG),

thrombin generation +/� thrombomodulin (TM)(TG+/� TM) and
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estrone levels. All participants were genotyped for FV Leiden,

F2 G20210, plasminogen activator inhibitor-1 (PAI-1) promoter poly-

morphism and ESR-ap. SNP genotypes were compared to TG and

TEG parameters and differences pre and on OCPs were examined.

Results: Cases: The median age of cases was 15 years with eight Cau-

casian, five African American and one Hispanic girls. The median time

interval between the initiation of OCPs and occurrence of the throm-

botic event was 3 months (range: 1–6 months). The sites of thrombosis

were: lower extremity DVT (n = 7), PE (n = 2), both PE and DVT

(n = 2), cortical sinus thrombosis (n = 2) and mesenteric thrombosis

(n = 1). The ESR-ap was present in the heterozygous state in 55% and

homozygous state in 33% of cases.

Prospective Cohort: Median age of participants was 17 years (range

13–20). All were African American except one Caucasian participant.

The ESR-ap was present in the heterozygous state in 51% and homo-

zygous state in 15% of the participants respectively. Although, CT

and CC genotype was associated with shorter lag time at baseline with

TG-TM (2.7 � 0.25 vs. 1.7 � 0.14 min, P = 0.026) and not with TF-

TEG, no correlation was found with TG-TM or TF-TEG after initia-

tion of OCPs. The ESR-ap polymorphisms did not correlate with

estrone levels or other coagulation parameters in participants.

Conclusions: ESR-ap were highly prevalent in adolescent girls with

OCP induced thrombosis but did not correlate with markers of hyper-

coagulability as tested by global coagulation assays in healthy girls

who started OCPs. OCP induced VTE may be caused by mechanisms

other than ESR-ap and larger studies are needed to further elucidate

this mechanism.

PB 1.68-6
A common PROS1 variant and its association with
reduced free Protein S levels in patients of African
ancestry; a risk factor for thrombosis?
Wheeler RB1, Cutler J2 and Mitchell M1

1St Thomas’ Hospital; 2GSTS Pathology, London, UK

Protein S is a vitamin K dependent plasma glycoprotein which is an

important anticoagulant. It functions in both an activated Protein C-

dependent manner, acting as a non-enzymatic co-factor of activated

Protein C in the degradation of FVa and FVIIIa, and in an APC- inde-

pendent anticoagulant pathway. Protein S circulates in the plasma as 2

fractions, a bound fraction complexed to the complement C4b binding

protein and an unbound free fraction. Only free Protein S, which com-

prises approximately 40%, has anticoagulant activity.

Protein S deficiency is an autosomal dominant disorder associated

with an increased risk of venous thrombosis. Patients with hereditary

Protein S deficiency usually present with free Protein S levels in the

35–60% range. The laboratory diagnosis of Protein S deficiency is

fraught with difficulty as free Protein S levels are influenced by a num-

ber of factors, including age, gender, use of oral contraceptives, use of

anticoagulants etc. Recently it has been observed that free Protein S

levels also vary between different ethnic groups, with Black Africans

having significantly lower free Protein S levels than age matched

Whites. There is an increased risk of thrombosis in Africans and Afro-

Caribbean’s and reduced free Protein S levels may be a contributing

factor.

Over the last few years there has been a significant increase in the num-

ber of African patients sent for PROS1 analysis in our laboratory fol-

lowing a phenotypic diagnosis of Protein S deficiency. Causative

mutations have been identified in only a subset of these patients. In

1994 a variant in exon two was described (p.Arg40Leu; c.119G>T/
Arg-2Leu; rs7614835) which was found only to occur in individuals of

African descent with a minor allele frequency of 0.007/15. This variant

is located close to the propeptide cleavage site and has been shown to

be associated with abnormal carboxylation of the Gla domains of the

mature peptide. The status of this variant as either a polymorphism or

mutation has not yet been fully elucidated. The initial identification of

the variant suggested that it was associated with Type IIb Protein S

deficiency so it was classified as a mutation, however a 2010 study sug-

gested that it be classified as a polymorphism based on its high fre-

quency in African populations; the heterozygous genotype is seen in

approximately 6% of Yoruba and Luhya individuals.

We have observed this polymorphism at a higher than expected fre-

quency in African patients who presented with consistently low free

Protein S levels and in whom no other PROS1 mutation was been

identified. The polymorphism was not observed in a cohort of African

patients with thrombosis but normal free Protein S levels. We suggest

that the p.Arg40Leu variant is pathogenic and may be sufficient to

explain the phenotype of reduced free Protein S in these patients.

PB1.69 – Non-Inherited Risk Factors
VT – I

PB 1.69-1
Obesity measures and future risk of venous
thromboembolism and myocardial infarction
Braekkan SK, Enga KF, Nyegaard C, Njolstad I and Hansen JB

University of Tromso, Tromso, Norway

Background: The prevalence of obesity has increased dramatically in

populations of developed countries during the last decades. Obesity is

recognized as a major risk factor for both venous thromboembolism

(VTE) and myocardial infarction (MI). Previous studies have sug-

gested that obesity, assessed by body mass index (BMI), is more

strongly associated with future risk of VTE than MI. Moreover, differ-

ent obesity measures have displayed different impact on risk estimates

for VTE and MI in independent studies. It is not known whether the

relationship between obesity and future outcome is mediated by the

same mechanism for VTE and MI. Investigation of obesity measures

for VTE and MI within the same population ensures that the degree of

known and unknown confounding is similar, and allows for compari-

son between the two outcomes.

Aims: To compare risk estimates for VTE and MI by various obesity

measures in a prospective cohort recruited from a general population,

and to explore whether adjustment for traditional atherosclerotic risk

factors affected the risk estimates.

Methods: BMI, waist circumference (WC) and waist-to-hip ratio

(WHR) were registered in 6708 persons without prior cardiovascular

diseases, aged 25–84 years, who were enrolled in the Tromsø study in

1994–95. Obesity was classified according to predefined cut-off values

for BMI, WC and WHR normally used for Caucasian populations.

Incident events of VTE and MI during follow-up were registered

through 2010 (study end). Cox-regression models were used to esti-

mate age- and multivariable-adjusted hazard ratios (HR) with 95%

confidence intervals (CI95). Analyses were stratified for sex. Multivari-

able analyses included age, smoking, systolic blood-pressure, total

cholesterol, HDL cholesterol, diabetes mellitus and estrogen supple-

mentation (women only) as covariates. The study was approved by the

regional committee for research ethics, and participants gave informed

written consent to participate.

Results: There were 288 validated incident VTE-events and 925 MIs

during a median of 13.3 years of follow-up. BMI and WC exhibited

higher risk estimates for VTE than for MI in both women and men,

whereas WHR displayed similar risk estimates for VTE and MI. In

women, BMI ≥ 30 kg/m2 yielded a HR of 2.05 (CI95: 1.34–3.11) for
VTE and 1.27 (0.97–1.66) for MI compared to BMI < 25 kg/m2. For

WC > 88 cm the HR was 2.44 (1.59–3.76) for VTE and 1.17 (0.91–
1.51) for MI compared to WC < 80 cm. In men, BMI ≥ 30 kg/m2

yielded a HR of 1.60 (0.91–2.82) for VTE and 1.61 (1.23–2.09) for MI.

WC > 102 cm vs. < 94 cm yielded a HR of 1.96 (1.28–2.98) for VTE
and 1.54 (1.25–1.90) for MI. Multivariable adjustments for traditional

atherosclerotic risk factors substantially weakened all risk estimates

for MI, whereas the risk estimates for VTE remained essentially

unchanged.
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Conclusions: Our study indicates that obesity, assessed by BMI and

WC, displays higher risk estimates for VTE than for MI. The substan-

tial weakening of risk estimates for MI, but not for VTE, by tradi-

tional atherosclerotic risk factors implies that these factors are key

intermediates for the relationship between obesity and MI, and that

other mechanisms are likely to mediate the risk of VTE by obesity.

PB 1.69-2
Postoperative complication is the main risk factor for
venous thromboembolism after bariatric surgery
Celik F1, Bounif F2, Vd Laar A1, Van Dielen FMA3, Cense HA4,

Wagensveld BA5, Janssen IMC6, Brandjes DPM7 and Gerdes VEA7

1Slotervaart Hospital; 2Academic Medical Center, Amsterdam;
3M�axima Medical Centre, Eindhoven/Veldhove; 4Rode Kruis

Hospital, Beverwijk; 5Sint Lucas Andreas Hospital; 6Rijnstate

Hospital, Arnhem; 7Slotervaart Hospital/Academic Medical

Centre (AMC), Amsterdam, The Netherlands

Background: Deep vein thrombosis and pulmonary embolism are

important causes of morbidity and mortality after bariatric surgery.

The overall incidence of venous thromboembolism (VTE) after bariat-

ric surgery and using thrombosis prophylaxis has been reported to

range from 0.2% to 3.4%. Knowledge of factors associated with a

higher risk of VTE after bariatric surgery may be essential to select

patients who may benefit from either prolonged or intensified throm-

bosis prophylaxis.

Aims: The objective of this study is to determine the risk factors for

VTE after bariatric surgery.

Methods: A retrospective multicenter case-control study was per-

formed in patients who had bariatric surgery (gastric banding, gastric

bypass, sleeve gastrectomy, duodenal switch, revisional procedures)

between January 2008 and September 2011. All medical records were

manually reviewed for the presence of all forms of VTE until 6 months

after surgery, and all patients were called to ascertain the results. For

every case of VTE after surgery, six control patients were selected who

were matched for gender, age, participating center and type of surgery.

Risk factors for VTE before and after surgery and duration of throm-

boprophylaxis were registered. Also postoperative complications

(infection, major bleeding, leakage of the anastomosis, myocardial

infarction), length of stay and intensive care admission were evaluated.

Results: A total of 2050 patients were included. In 12 patients a VTE

occurred within 6 months after bariatric surgery (incidence 0.59%,

95% CI = 0.25–0.93). The majority of VTEs occurred within 1 month

(67%). There was a very strong impact of complications after surgery

(cases 83.3%, controls 9.7%, OR 46.4; 95%CI = 8.4–255.9) or inten-
sive care admission (cases 58.3%, controls 6.9%, OR = 18.8; 95%

CI = 4.3–81.1). The majority of postoperative complications were

leakage or infection (90%), and these patients did not have a contrain-

dication for therapeutic dose low molecular weight heparin. There was

no clear association between classical thrombosis risk factors and post-

operative VTE, only immobility was more present among the cases

(16.7%) compared to the controls (2.8%, OR 7.0; 95% CI = 0.9–
55.4).

Conclusions: The incidence of VTE is low after bariatric surgery using

thrombosis prophylaxis. However, there is a very strong association

between postoperative complications and VTE. Patients with a com-

plication after surgery may benefit from more intensive thrombosis

prophylaxis.

PB 1.69-3
In-hospital prevention of venous thromboembolism:
how should we do it? Comparison of a surveillance
project with the use of a validated risk score for
thrombotic risk assessment
Faioni EM1, Andreano A1, Lussana F2, Iannuzzi P1, Bertinato E2,

Ferraroni M1, Decarli A1 and Cattaneo M1

1University of Milano; 2Ospedale San Paolo, Milano, Italy

Background: Venous thromboembolism (VTE) is a leading cause of

mortality and morbidity in hospitalized patients. Despite evidence on

the efficacy of prophylaxis in preventing VTE in the hospital, it is lar-

gely underused worldwide. The absence of widely accepted procedures

to identify patients at risk contributes to this shortcoming. Aims. To

analyze the validity of a program for in-hospital antithrombotic pro-

phylaxis and to compare it with the use of the Padua Prediction Score

(PPS).

Methods: A risk chart within the hospital prophylaxis project (STOP)

was developed and used by physicians throughout the hospital to eval-

uate the thrombotic risk of all patients at admission (n = 5195

patients), from May 2010 to August 2011. It contained risk factors

chosen among those reported in the literature that were the most fre-

quent and/or had the highest associated risk. After filling in the risk

chart, doctors administered prophylaxis based on their own judgment.

Prophylaxis hospital guidelines were prepared together with the ward

doctors. In a random sample of patients (n = 433), PPS results and the

attending physician judgment, made through the STOP risk chart,

were compared to the risk assessment of two experts who retrospec-

tively evaluated risk factors and indication to prophylaxis from clinical

records. The concordance between the two specialists was assessed

using Cohen K statistic. Sensitivity and specificity in evidencing

patients at risk for VTE were estimated for both the PPS and the

attending physician, in the whole sample as well as stratifying for med-

ical vs. surgical departments.

Results: Percentage of risk charts within the STOP project filled in by

the attending physician over the study period and taken as a measure

of adherence to VTE risk evaluation, decreased over time. In 2010, five

wards were above 70%, considered the goal threshold, and 10 above

the 50% threshold, while in 2011 there were three wards above 70%

and five above 50%. No significant differences in adherence were

observed between surgical and medical wards. Prophylaxis was pro-

vided in 46% of patients overall (32% medical, 52% surgical, 84%

critical care). Concordance between the two hematologists in the

whole sample was high (k = 0.78). Overall, the PPS had a high speci-

ficity (99%, 96%) and a lower sensitivity (66%, 76%) compared to the

evaluation of each expert, while the opposite was true for the attending

physician (specificity = 68%, 62%, sensitivity = 72%, 73%). The

highest number of discrepancies between the evaluation of the PPS,

the attending physician and the experts was observed for the risk fac-

tor ‘acute infection’.

Summary/Conclusion: In-hospital VTE surveillance is time and

resource consuming and most surveillance models fail over time. One

of the problems that leads to failure is personnel turnover, which

requires large investments in permanent education. We showed that

the thrombotic risk assessment performed by the attending physician,

even when educated within a hospital-wide surveillance project, per-

forms worse than a validated risk score, that automatically provides

an indication for prophylaxis. The PPS showed high specificity com-

pared to expert evaluation, and can be used to select patients at throm-

botic risk both in medical and surgical departments.
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PB 1.69-4
Impact of chronic obstructive pulmonary disease on
future risk of venous thromboembolism in a general
population – the Tromsø study
Borvik T, Enga KF, Brækkan SK, Melbye H and Hansen JB

University of Tromsoe, Tromsoe, Norway

Background: Hospitalization for exacerbations of chronic obstructive

pulmonary disease (COPD) is associated with a substantial risk of

venous thromboembolism (VTE). VTE in patients hospitalized for

COPD exacerbations is associated with prolonged hospital stay and

increased 1-yr mortality rate. It is not known, however, whether the

risk of VTE in patients hospitalized for exacerbations of COPD is

caused by the respiratory failure or by other associated factors such as

immobilization and bronchial superinfections.

Aims: We wanted to investigate the association between COPD and

future risk of VTE in a prospective cohort recruited from the general

population.

Methods: Spirometry were measured in 8645 unique men and women,

aged 25–84 years, who participated in one or two surveys of the

Tromsø study (Tromsø 5; 2001–2, and Tromsø 6;2007–8). COPD was

defined according to the Global Initiative for Chronic Obstructive

Lung Disease (GOLD) criteria. Incident VTE-events were registered

from the date of inclusion through the end of follow-up, December 31,

2010. Cox-regression models were used to calculate crude and multi-

variable-adjusted hazard ratios (HR) with 95% confidence interval

(CI). The analyses were adjusted for age, sex, body mass index, smok-

ing, and cardiovascular diseases. Moreover, to minimize regression

dilution effects, Cox-regression was performed in subjects with two

recordings of spirometry during follow-up, allowing for time-depen-

dency of the exposure variable and important co-variates. The study

was approved by the regional committee for research ethics, and all

participants gave their informed written consent to participate

Results: There were 1727 (20%) subjects with COPD (FEV1% < 70)

at baseline, and in total 187 subjects in the population developed VTE

(3.56 per 1000 person-years) of which 53 subjects with COPD (28.3%

of VTE events) during a median follow-up of 6.72 years. Subjects with

COPD did not have higher risk of total VTE (Multivariable HR 1.19,

95% CI 0.85–1.66) and provoked VTE (Multivariable HR 1.48, 95%

CI 0.98–2.22) compared to subjects without COPD. Moreover, the

risk of VTE did not increase across advancing stages of COPD (P for

trend 0.5). Only minor changes in risk estimates were observed in

time-dependent analyses.

Conclusions: There was no association between the presence of COPD

and risk of total VTE in the general population, but subjects with

COPD had higher risk estimates for provoked VTE. Our findings may

suggest that the risk of VTE in patients hospitalized with exacerba-

tions of COPD is precipitated by additional predisposing factors such

as immobilization and respiratory infections.

PB 1.69-5
The number of venous valves in the legs does not
explain the association between body height and risk
of venous thrombosis
Van Langevelde K1, Segers AE2, B€uller HR3 and Cannegieter SC1

1LUMC, Leiden; 2ICTOM; 3Academic Medical Center,

Amsterdam, The Netherlands

Background: Several studies have shown that increasing body height is

associated with risk of venous thrombosis, yet the mechanism remains

unclear. It has been suggested that leg length could explain the associa-

tion between body height and thrombotic risk. Thrombus formation

often starts around venous valves, in local widenings of the veins called

sinuses, where blood flow velocity is low and hypoxia adds to the

thrombotic potential. When tall people would have more venous

valves, the likelihood of thrombus formation increases, which could

explain the risk. Alternatively, when relatively fewer valves are present,

higher hydrostatic pressure and venous stasis may lead to more throm-

bus formation.

Aims: In this study we aimed to relate the number of valves in the

upper leg deep veins to leg length, to increase our understanding of the

mechanism underlying the association between tall stature and venous

thrombosis risk.

Methods: This study was performed as a separate analysis in the

Thrombo Genics study, a double blind, randomized clinical trial on a

novel factor VIII inhibitor (TB-402). We assessed the number of valves

in 54 patients who underwent contrast enhanced venography 3 weeks

after elective hip surgery. Consent and ethical approval was obtained.

We counted the number of venous valves in the deep veins from the

popliteal fossa up to the level of the inguinal ligament. As in the calf

superficial and deep veins are numerous, and their diameters are small,

assessment of the number of venous valves is not possible here.

Besides, we assessed whether there were double popliteal or superficial

femoral vein segments. Body height and weight were documented, and

leg length was measured. We analyzed the data using Poisson regres-

sion and assessed the effect of body height in tertiles.

Results: Patients came from six different countries and from 11 different

medical centers. Mean age of the patients was 61 years (range 33–82).
Twenty three (43%) patients were male. Body height was on average

1.68 m (range 1.52–1.85), whereas leg length was on average 88 cm

(range 75–101). None of the patients had a history of PE or DVT. A

positive history of varicose veins was present in nine of 54 (17%)

patients. Patients had a median of three valves in the upper leg veins,

with a range of 0–7 valves. Eighteen of 54 patients (33%) had a double

venous segment, mostly the superficial femoral vein. We found no asso-

ciation between body height and the number of valves (RR 0.98; 95%

CI 0.97–1.00). Stratified data for sex showed no association either.

Summary/Conclusions: We conclude that increased body height does

not increase the probability of having more valves. The relatively

lower number of valves present over an increased venous distance in

people of tall stature suggests that higher hydrostatic pressure and

venous stasis explain the increased thrombotic risk.

PB 1.69-6
Incidence of symptomatic venous thromboembolism
among hospitalized patients with lung cancer in China
Jing ZC1, Qi HW1, Wang L1, Xu X1, He J1, Wu DC1, Wu WH1,

Konstantinides S2 and Fan L-H1

1Shanghai Pulmonary Hospital, Tongji University School of

Medicine, Shanghai, China; 2FESC Center for Thrombosis and

Hemostasis (CTH), Johannes Gutenberg University, Mainz,

Germany

Background: Cancer patients are at high risk of venous thromboembo-

lism (VTE); however, the incidence, risk factors and prognosis of

symptomatic hospitalized VTE in patients with lung cancer in China

have not been well determined.

Aims: To determine the incidence of hospitalized symptomatic VTE of

lung cancer in China and identify risk factors and prognostic impact

of VTE.

Methods: A retrospective analysis was conducted to assess the inci-

dence of VTE and clinical characteristics and laboratory test results

associated with VTE in patients with new diagnosis of lung cancer in

2009. Univariate and multivariate logistic regression analysis was used

to identify risk factors predictive of VTE. Kaplan-Meier analyses were

performed to estimate and to compare death risk among patients with

or without VTE. Cox proportional hazard models were used to iden-

tify the prognostic effect of VTE on survival.

Results: A total of 3741 patients with lung cancer were included in

analyses. In all, 84 patients developed symptomatic VTE within two-
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year follow-up, including 28 had pulmonary embolism (PE), 40 had

deep venous thrombosis (DVT), and 16 had concurrent PE and DVT.

The incidence of VTE was 2.2%. Multivariate analysis identified

tumor stage IV, adenocarcinoma histology, and a baseline D-dimer

level ≥ 500 lg/L as independent risk factors for VTE and VTE was a

statistically significant factor affecting survival (P < 0.001).

Conclusions: The incidence of symptomatic VTE was about 2.2% in

Chinese hospitalized patients with lung cancer. Advanced cancer stage,

adenocarcinoma and high level of D-dimer were associated with

increased risk of VTE and it is a poor prognostic factor for survival.

PB 1.70-1
Thyroid function, assessed by thyroid stimulating
hormone, and future risk of venous thromboembolism
-the Tromsø study
Lerstad G1, Enga KF1, Jorde R2, Brodin E1, Brækkan SK1,

Njølstad I3, Svartberg J2 and Hansen JB1

1Hematological Research Group, University of Tromsø;
2Endocrine Research Group, University of Tromsø; 3Department

of Community Medicine, University of Tromsø, Tromsø, Norway

Background: Thyroid hormones are known to affect the coagulation

system by influencing plasma levels of factor VIII and von Willebrand

factor, and low levels of these factors in hypothyroidism are normal-

ized by hormone substitution. Thyroid stimulating hormone (TSH) is

generally considered the most sensitive measure of thyroid function.

However, a recent population-based nested case-cohort study reported

that high levels of free thyroxine (FT4) were associated with increased

risk of venous thromboembolism (VTE), whereas TSH levels were

inversely and less pronouncedly associated with VTE. No prospective

cohort study has so far investigated the association between TSH lev-

els and future risk of VTE.

Aims: The purpose of the present study was to examine the association

between TSH and future risk of VTE in a prospective cohort recruited

from a general population.

Methods: TSH was measured in 11,965 subjects, aged 25–89 years,

who participated in one or more surveys of the Tromsø study, starting

in 1994–95 (Tromsø 4; 1994–95, Tromsø 5; 2001–2, and Tromsø 6;

2007–8). Incident events of VTE were recorded to the end of follow-

up, December 31, 2010. Cox‘s proportional hazard regression models

were used to estimate crude and multivariable-adjusted hazard ratios

with 95% confidence intervals. The analyses were adjusted for age,

sex, body mass index and smoking. TSH was analyzed in predefined

categories (< 0.2 mU/L; low (11% of the population), 0.2–4.0 mU/L;

normal, and > 4.0 mU/L; high (38% of the population) and as a con-

tinuous variable. Moreover, to minimize regression dilution effects,

Cox-regression was performed in subjects with at least two recordings

of TSH during follow-up, allowing for time-dependency of the expo-

sure variable and important covariates. The study was approved by

the regional committee for research ethics, and all participants gave

their informed written consent to participate.

Results: There were 289 validated first VTE events (2.94 per 1000 per-

son years), of which 114 were unprovoked, during a mean of

8.20 years of follow-up. TSH was not significantly associated with

future risk of VTE in analyses treating TSH either as a continuous var-

iable or in predefined categories. The risk of VTE decreased by 1% per

1 SD (2.04 mU/L) increase in TSH (Multivariable-adjusted HR 0.99;

95% CI 0.89–1.10). In subjects with low and high TSH levels accord-

ing to predefined criteria, the risk estimates for VTE were somewhat

increased (HR 1.13; 95% CI 0.47–2.76 and HR 1.15; 95% CI 0.71–
1.86, respectively). The risk estimates for deep vein thrombosis (DVT)

for low and high TSH levels vs. normal levels were even higher (HRs

1.73; 95%CI 0.64–4.72 and 1.59; 95% CI 0.90–2.82, respectively). All

risk estimates were essentially similar in time-dependent analyses.

Conclusion: We found no significant associations between TSH levels

and future risk of VTE in a prospective population-based cohort.

However, low (< 0.2 mU/L) and high (> 4.0 mU/L) TSH levels were

associated with higher risk estimates for sole DVT. The latter observa-

tion may imply that factors other than thyroid hormones alone con-

tribute to increased risk of VTE in thyroid dysfunction.

PB 1.70-2
Cardiovascular profile of individuals with deep vein
thrombosis: results of the Gutenberg Health Study
(GHS)
Ariza L1, Keller K2, Schulz A2, Zeller T2, Lankeit M2,

Konstantinides S2, Espinola-Klein C2, Munzel T2 and Wild P2

1University Medical Center of the Johannes Gutenberg-

University Mainz, Mainz; 2University Medical Center Hamburg-

Eppendorf, Hamburg, Germany

Background: Recent studies have shown that venous thromboembo-

lism and arterial diseases may be related.

Aim: Our objective was to assess the cardiovascular (CV) profile of

individuals with deep vein thrombosis (DVT) in a large-scale popula-

tion sample.

Methods: GHS is an observational population-based cohort study

(N = 15,010) comprising individuals aged 35–74 years selected repre-

sentatively from local registry offices. Sociodemography, classical car-

diovascular risk factors (CVRF), CV and other diseases were

documented by computer-assisted personal interview, clinical assess-

ment and laboratory examinations. DVT was defined as self-reported

history of DVT, diagnosed by a physician in life time. Data underwent

detailed quality control.

Results: The population-weighted prevalence for DVT was 3.6%

(N = 534). The majority of individuals with DVT were women

(62.1%; n = 362) and older than individuals without DVT (non-DVT;

60.2 � 10.2 vs. 54.8 � 11.1 years). CVRF like hypertension, diabetes,

dyslipidemia, obesity and family history of myocardial infarction

(MI), as well as cardiovascular comorbidities (coronary artery disease,

MI, stroke, PAD, atrial fibrillation, heart failure) and cancer were

more frequent in individuals with DVT. As expected, PE events were

less frequently reported by non-DVT individuals (0.0% vs. 3.3%,

P < 0.0001). In multivariable logistic regression analysis adjusting for

all CVRFs, only sex (OR 1.86[1.55–2.22], P < 0.0001), age (OR 1.86

[1.55–2.22]; P < 0.0001) and obesity (OR 1.86[1.55–2.22]; P < 0.0001)

were independently associated with DVT. Frequency of peripheral

arterial disease (PAD) was remarkably higher in DVT compared to

non-DVT individuals (19.1% vs. 2.7%, P < 0.0001). After adjusting

for CVRF, PAD (OR 6.67[5.16–8.61]; P < 0.0001) was the strongest

independently associated CVD with DVT (adjusted for all CVRFs),

followed by heart failure (OR 2.54[1.51–4.26]; P = 0.0004) and atrial

fibrillation (OR 1.86[1.29–2.64]; P = 0.0095). Stroke and cancer

showed a weak association only. Overall, individuals with DVT pre-

sented a higher 10-year risk for incident cardiovascular disease (calcu-

lated by Framingham CVD Risk Score at time of data assessment)

compared to non-DVT (9.0% vs. 7.2%; P < 0.0001).

Summary/Conclusion: DVT is related with a higher prevalence of

CVRF and cardiovascular diseases. These findings may have implica-

tions for risk assessment and secondary prevention.
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PB 1.70-3
Incidence of venous thromboembolism in patients
undergoing laparoscopic surgery for colorectal cancer
Giustozzi M1, Becattini C1, Rondelli F2, Boncompagni M3,

Camporese G4, Balzarotti R5, Flamini O6, Donini A7,

Vedovati MC1 and Agnelli G1

1Internal and Cardiovascular Medicine and Stroke Unit,

University of Perugia; 2Oncologic Surgery, University of Perugia;
3General Surgery, S. Maria della Misericordia Hospital, Perugia;
4Unit of Angiology, University Hospital of Padua, Padova;
5General Surgery, Niguarda Hospital, Milan, Milano; 6Angiology,

S. Giovanni Battista Hospital, Foligno, Italy, Foligno; 7General

and Emergency Surgery, University of Perugia, Perugia, Italy

Background: The incidence of venous thromboembolism (VTE) after

laparoscopic surgery for colo-rectal cancer is unknown.

Aims: We performed a prospective multicenter study aimed at assess-

ing the incidence of and risk factors for VTE in patients undergoing

elective laparoscopic surgery for colorectal cancer.

Methods: Complete compression ultrasonography of the lower limbs

was performed at day 8 � 2 after surgery. The primary outcome of

the study was the incidence of any VTE at day 8 � 2 after surgery. No

restriction was given regarding antithrombotic prophylaxis.

Results: Overall, 298 consecutive patients were evaluated for inclusion

in the study. Twenty-three patients were excluded (six conversion to la-

parotomic surgery; seven consent refusal; 10 indication for anticoagu-

lant therapy). Thus, 275 patients were included in the study, 55%

males, mean age 66 � 11 years. Obesity (BMI ≥ 30) was found in 7%,

bed rest in 1% and previous VTE in 2%. Mean surgery duration was

175 � 74 min and mean post-surgery immobilization 33 � 21 h. All

patients received prophylaxis with low molecular weight heparin start-

ing from 12 h after surgery to ultrasound assessment. After

6.2 � 2.5 days, 46 VTEs were observed (16.7%), all deep vein throm-

bosis of the lower limbs. Thrombosis was symptomatic in two patients

(0.7%) and proximal in two other patients (0.7%) for an overall inci-

dence of major VTE of 1.4%. Bilateral DVT was found in 17 patients

(6.2%). After surgery, one patients had a major bleeding and one

patient had a clinically relevant non-major bleeding. Obesity (HR 3.4,

95% CI 1.5–7.6) and age ≥ 70 years (HR 3.7, 95% CI 1.9–7.1) were
independent predictors for postoperative VTE. No correlation was

observed between VTE and gender, comorbidities, surgical site, sur-

gery duration or stage of malignancy.

Conclusion: The risk of developing VTE after laparoscopic surgery for

colorectal cancer is substantial despite antithrombotic prophylaxis.

Obesity and advanced age were risk factors for VTE.

PB 1.70-4
Outpatient treatment for PE and risk factors for
mortality, recurrent VTE and pulmonary hypertension
in a 6-month follow-up – results of a retrospective
registry
Werth S1, Kamvissi V1, Stange T2, Kuhlisch E2, Weiss N1

and Beyer-Westendorf J1

1University Hospital, C.G.Carus Dresden; 2Technical University

Dresden, Medical Faculty, Dresden, Germany

Background: Over the last 15 years, outpatient treatment for deep vein

thrombosis (DVT) has become standard but most patients with pul-

monary embolism (PE) are still hospitalized due to more severe comor-

bidities and a higher mortality. Recently, PE risk scores identified low-

risk PE patients, for which outpatient treatment could be feasible.

However, little is known about the distribution of PE risk categories,

the management and outcome of unselected PE patients in daily care.

Aims: To evaluate distribution of PE risk categories, outcome and risk

factors for mortality, recurrent VTE and pulmonary hypertension

(PAH) in patients 6 month after PE.

Patients and Methods: Retrospective analysis of all outpatient PE

patients presenting at our academic hospital between January 2000

and December 2010. Patients were identified in the PE-database of our

Vascular Center and different hospital databases using ICD 10-code

‘I26.x’. Patients with non-acute or asymptomatic PE were excluded.

Data for 6 month FU were extracted from the PE-database of our

Vascular Center, where all VTE patients are routinely seen after

6 month (echocardiography performed only in patients with suspected

pulmonary hypertension).

Results: Between 2000 and 2010, a total of 439 patients presented as

outpatients with symptomatic PE (mean age of 64.4 � 16.7 years;

55.4% male; 82.7% with concomitant DVT). Of these, 49 patients

(11.2%) were treated as outpatients (OP; in hospital < 24 h), 63

patients (14.4%) were discharged within 72 h (ED) and 327 patients

(74.5%) were hospitalized for longer than 72 h (HO).

At 6 month, 17 patients (3.9%) had recurrent VTE, 48 (10.9%) had

bleeding complications, 23 (5.2%) were found to have pulmonary

hypertension and 47 (10.7%) were dead (0% HO; 3.2% ED and

13.8% HO, respectively).

In multivariate analysis, risk of recurrent VTE was significantly

increased by low ESC-category (OR 2.4), initial RVESP > 40 mmHg

(OR 3.2), symptomatic DVT (OR 2.4) and proximal DVT (OR 2.6).

Increasing age was found to reduce the risk for recurrent VTE (OR

0.97; P = 0.005).

In all patients undergoing echocardiography at 6 month for suspected

PAH, risk of PAH was significantly increased in patients with docu-

mented initial RVESP > 40 mmHg (OR 3.0), right heart strain in

ECG at baseline (OR 6.6) and known thrombophilia (OR 8.4).

Mortality risk was significantly increased by age (OR 1.1/year;

P < 0.001), concomitant diabetes mellitus (OR 4.2), underlying malig-

nant disease (OR 4.4), right heart strain (OR 4.3), high ESC risk cate-

gory (OR 8.7), but most strongly by INR values > 2 at diagnosis of PE

(OR 59.0). In contrast, mortality was not increased by outpatient or

early discharge treatment.

None of the tested parameters at initial VTE presentation were found

to be predictive for bleeding complications.

Conclusion:We conclude that in cohorts of unselected PE patients, low

risk PE can exactly be identified. Consequently, in daily care settings

about 25% of patients can safely be treated as outpatients or early dis-

charged. Our analysis identified several significant risk factors for

unfavourable outcomes, some which are not described in the literature

and might further improve decision making in PE treatment.

PB 1.70-5
Increased incidence of VTE prior to surgery in patients
with renal cell carcinoma and tumor thrombus
Yokom DW1, Ihaddadene R1, Le Gal G2, Moretto P3

and Carrier M2

1University of Ottawa; 2Ottawa Hospital Research Institute and

University of Ottawa; 3The Ottawa Hospital Cancer Centre,

Ottawa, ON, Canada

Background: Patients with kidney cancers are at increased risk of

venous thromboembolism (VTE) with rates varying between 1% and

3% within 6 months of cancer diagnosis. Tumor thrombosis occurs

frequently among patients with renal cell carcinoma (RCC) and has

been reported to occur in 5–10% of all RCC patients. Venous tumor

thrombosis disrupts vascular integrity and disturbs venous blood flow

which could potentially increase the risk of VTE. The clinical impact

of tumor thrombus and its potential association with increased risk of

VTE in patients with RCC is unknown.
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Aims: To determine if the presence of tumor thrombus in patients with

RCC increases the incidence of VTE prior to radical nephrectomy and

thrombectomy.

Methods: A retrospective cohort study of all late-stage (stage 3–4)
RCC patients that underwent a radical nephrectomy at our institution

between January 1, 2005 and July 1, 2012 was conducted. Radiological

imaging data was reviewed for all patients to identify patients with

tumor thombus seen on imaging. Tumor thrombus was defined as the

presence of an intra-luminal filling defect in the renal, hepatic, portal

or IVC directly extending from a renal mass detected on computed

tomography or magnetic resonance imaging. Patients with VTE prior

to or at cancer diagnosis were excluded. The primary outcome was the

incidence of VTE between cancer detection and surgery. Venous

thromboembolism was defined as proximal lower limb (popliteal vein

or more proximal) deep vein thrombosis or pulmonary embolism. A

two-sided Fisher exact test was used to compare the incidence of VTE

between patients with and without tumor thrombus.

Results: A total of 179 RCC patients were included in the study. Fifty-

six (31.3%) RCC patients had tumor thrombus diagnosed on imaging.

The total population had a mean age of 62.5 years, men represented

68.2%. The number of patients at stage 3 was 51.4%. None of these

patients received anticoagulation prior to surgery.

Three patients with tumor thrombus (5.4%; 95% CI: 1.1–14.6%)

developed a VTE while awaiting surgery whereas none (0%; 95% CI:

0–2.9%) of the patients without tumor thrombus had an event

(P = 0.030). Median time to VTE from tumor thrombus diagnosis was

15 days (range 5–21 days) and median time to surgery was 24 days

(range 1 to 213 days) in the tumor thrombus group.

Conclusions: Tumor thrombus on imaging is a frequent finding among

late-stage RCC patients awaiting radical nephrectomy. The presence

of tumor thrombus in these patients increases the incidence of pre-

operative VTE. Larger prospective studies are required to confirm

these findings and assess the role of thromboprophylaxis in RCC

patients with tumor thrombus.

PB 1.70-6
Incidence of Congestive Heart Failure-associated
Venous Thromboembolism in Korean Population: from
Health Insurance Review and Assessment Service
database
Oh D1, Jang MJ1, Seo SE1, Kwon HM2 and Jeong MO3

1Department of Internal Medicine, School of Medicine, CHA

University, Seongnam; 2Department of Internal Medicine,

College of Medicine, Yonsei University, Seoul; 3The Heart

Research Center of Chonnam National University Hospital,

Gwangju, South-Korea

Background: Congestive heart failure (CHF) has been known to be a

major risk factor for venous thromboembolism (VTE) in Western

countries. The reported incidence of VTE in CHF has ranged 1.65-

59% in Caucasian population. However, its contribution to VTE risk

has not been established in an Asian population so far. To address this

issue, a population-based study was carried out to know the incidence

and risk factors of VTE in Korean patients with CHF.

Methods: This population-based study used the Korean Health Insur-

ance Review and Assessment Service database. VTE patients with

CHF from 2004 to 2008 were retrospectively identified by both diag-

nostic codes and medication codes for drugs used in initial treatment

of VTE.

Results:During the 5 years of the study, 20,737 VTE cases were identi-

fied among 2,424,206 CHF patients and the incidence of VTE with

CHF was 0.855% (95% confidence interval [CI], 0.844–0.867). The
incidence increased steadily with advancing age, from 0.422% (95%

CI, 0.405–0.439) at 40–59 years of age, 0.991% (95% CI, 0.974–1.008)
at 60–79 years of age, up to 1.061% (95% CI, 1.029–1.094) in patients

over 80 years of age. The annual VTE incidence in patients with CHF

was 0.573% (95% CI, 0.552–0.594) in 2007, 0.713% (95% CI, 0.690–
0.737) in 2008, 0.862 (95% CI, 0.836–0.889) in 2009, 0.971% (95% CI,

0.944–0.998) in 2010, and 1.188% (95% CI, 1.156–1.221) in 2011

which suggested a yearly increasing incidence of VTE in patients with

CHF in the Korean population.

Conclusions: The incidence of VTE in patients with CHF was lower in

the Korean population than in Caucasians, However, it also demon-

strates a yearly increasing incidence of VTE in patients with CHF in

the Korean population.

PB1.71 – Paediatric Thrombosis – I

PB 1.71-1
Vitamin K antagonists (VKAs) for venous
thromboembolism (VTE) in a pediatric cohort with
persistent antiphospholipid antibodies (aPL)
Bonduel M, Hepner MD, Sciuccati GB, Annetta ES, Feliu

Torres AS, Pieroni G, Cervio C, Pepe C and Frontroth JP

Hospital de Pediatria Dr. JP Garrahan, Ciudad Autonoma De

Buenos Aires, Argentina

Persistent aPL is associated with an increased risk of VTE in children,

and high rates of recurrent thrombosis were described. The intensity of

anticoagulation in childhood has been extrapolated from adults. How-

ever, the optimal duration of this therapy is currently uncertain, and

should be evaluated for the risk-benefit of extended therapy.

Objective: To determine the rate of recurrent thrombosis and major

bleeding in a prospective pediatric cohort with VTE and persistent

APLs, receiving acenocoumarol until the clinical risk factor is resolved

and until aPL disappears.

From May 1992 to July 2012, 371 children, < 18 years old with objec-

tively confirmed VTE were evaluated. Newborns were excluded. All

the patients (pts) were given acenocoumarol at a target INR range of

2.0–3.0. Age-adjusted initial doses were given according to published

guidelines. Lupus anticoagulant (LA), anticardiolipin antibodies

(aCL) IgG/IgM and anti-b2-glyprotein I (anti-b2GPI) IgG/IgM were

tested, according to recommendations, every 3–6 months until LA

became undetectable and low titers of aCL and anti-b2GPI were

achieved. Inherited thrombophilia was also assessed. Age-related local

cut-off values were used.

During a 20-year period, 24pts (6.5%) with VTE, 15females, median

age 5.1 years (range 0.2–16.9) were identified with persistent aPL and

were evaluated for a total of 64.1 patient-years. The patients are

described according to their clinical conditions (unprovoked VTE,

SLE, Streptococcus or Staphylococcus infections, uremic hemolytic

syndrome (UHS) and catheters along with other risk factors) and aPL

profiles. One pt with an unprovoked VTE and 3/7 pts with SLE had

triple positivity (LA, IgGaCL, IgGanti-b2GPI). Another 3/7 pts with

SLE had positive LA and IgGaCL, and the remaining pt. with SLE

had LA alone. All these 8 pts. still showed persistent aPL at their last

control or discharge to an adult center, median time positivity aPL of

22.3 months (range 7.8–91.2). Five pts. with infections showed exten-

sive VTE and LA for a median time of 20.6 months (range 8.7–29.7);
in one of them, an inherited combined prothrombotic disorder was

also found. One pt. with UHS had IgGanti-b2GPI for 9.6 months.

Ten pts with catheters showed aPL positivity for a median time of

9.7 months, (range 3.0–13.9), eight of them showed single aPL positiv-

ity. The INR values at the ranges of 2.0–3.0 or 1.5–1.9 were observed

for 47.6% and 43.7% of the follow-up time respectively. One to three

monthly controls were required to maintain INR in the target range.

Two adolescents with SLE who discontinued acenocoumarol pre-

sented recurrent thrombosis and died afterwards of arterial ischemic

stroke and sudden death, respectively. No pt. had major bleeding.

Conclusion: This is the first prospective pediatric cohort with VTE and

persistent aPL who received VKAs until the clinical risk was resolved

and LA became undetectable or low titers of aCL and anti-b2GPI

were achieved. Neither recurrent thrombosis nor major bleeding was
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observed in patients with different clinical settings, maintaining INRs

values within moderate and low-intensities acenocoumarol most of the

long follow-up time. Further prospective multicenter studies are

needed to investigate the optimal intensity and duration of the anti-

thrombotic therapy taking into account the clinical entities and aPL

profiles.

PB 1.71-2
Evaluating the impact low molecular weight heparin on
quality of life for children and their families
Bruce AK, Bauman M and Massicotte P

University of Alberta, Canada

Background: Low molecular weight heparin (LMWH) is a common

treatment available for long term anticoagulation in infants and chil-

dren. LMWH appears to be safe and effective in preventing thrombo-

sis, requires two injections per day which are painful and cause

bruising. How LMWH impacts families has not been evaluated and

requires assessment considering the launch of new anticoagulants

believed to provide similar efficacy. Given the expense of these new

agents it is essential to demonstrate superiority through patient prefer-

ence and patient quality of life The GRADE system for evaluating

quality of evidence calls for appraisal of patient outcomes such as

health-related quality of life (HRQOL). HRQOL describes the

patients’ perception of their physical, social, and mental wellbeing.

HRQOL is influenced by type of treatment. The objective measure-

ment of HRQOL in children receiving LMWH will provide important

information to guide clinicans, funding agencies and the family in

treatment choices. The KIDCLOT PAC QL© (Pediatric AntiCoagula-

tion Quality of Life inventory) for pediatric patients on vitamin K

antagonists has undegone both validity and realibility testing and is

currently being employed internationally to assess the impact of oral

anticoagulation on the HRQOL of children and their families. This

study is the first to develop and validate an inventory that objectively

measures HRQOL in children receiving LMWH. This information will

provide guidance to improve anticoagulant treatment options for chil-

dren.

Aims: To modify an existing pediatric HRQOL inventory that assesses

the impact of oral anticoagulation (KIDCLOT PAC QL©) for

LMWH use. The modified inventory will describe the variables which

represent the impact of LMWH on the lives and well-being (HRQOL)

of children and their families.

Methods: Modification of the inventory requires the removal of irrele-

vant questions and addition of therapy specific questions. The new

questions will be validated using cogntive debriefing interviews with

both children and parents. The cognitive debriefing interviews will

ensure clarity of wording, sentence structure, and inclusion of all rele-

vant information. If two or more participants have difficulty under-

standing a question the question will be rewritten and additional

interviews will be conducted to confirm clarity. Any suggested areas of

missing data will be added to the inventory and tested to ensure clar-

ity. Informed consent and ethics approval was obtained.

Results: A final inventory was developed and validated to assess the

impact of LMWH on HRQOL of children and their families. Parent

cognitive debriefing interviews were held and child/teen interviews

were conducted. The LMWH PAC QL inventory is complete and the

inventory will be available to be used internationally to measure

HRQOL in children receiving LMWH.

Summary: The HRQOL measure for children receiving LMWH pro-

vides a novel, important strategy for assessing treatment choices espe-

cially with the introduction of novel anticoagulant therapies. It is

validated and available for use. Modifications for international use

such as cultural adapation must be considered prior to implementa-

tion.

PB 1.71-3
Chylothorax in neonates and children: diagnosis and
antithrombotic therapy of a complication associated
with upper venous system thrombosis (UVST)
Cervio C1, Sciuccati GB2, Hepner MD1, Sierre S1, Feliu Torres AS2,

Frontroth JP1, Pieroni G1, Annetta ES1 and Bonduel M1

1Htal de Pediatria J.P. Garrahan; 2Htal de Pediatria Garrahan,

Buenos Aires, Argentina

Introduction: Chylothorax is a relatively rare complication with high

morbidity and mortality, most frequently described in neonates and

children after cardiothoracic surgery. Diet modification, octreotide

and pleural drainage remain the standard initial therapy. Severe anti-

thrombin loss in the chylous pleural effusion was reported. Only few

cases of chylothorax related to UVST and its specific treatment have

been published.

Objectives: To describe the demographic data, underlying diseases,

clinical signs, imaging findings, treatment and outcomes of a series of

neonates and children with chylothorax related to UVST evaluated in

a single center.

From July 2006 to June 2012, 14 consecutive patients (pts.), seven

females (50%), median age 51 days (range 10 days–8.8 years) with

chylothorax and UVST were evaluated. The underlying diseases were:

cardiac surgery, 7pts; infection, 2pts; preterm neonates with hyaline

membrane disease, 2pts; hematopoietic stem cell transplant, 1pt., liver

transplant, 1pt., congenital diaphragmatic hernia surgery, 1pt. All the

patients had central venous access devices in the upper venous system.

Twelve pts (85.7%) weighed < 10 kg. Clinical signs of UVST when the

pleural effusion appeared were: swelling of the ipsilateral related limb,

2pts. and superior vena cava syndrome, 2pts. The median time

between chylothorax onset and thrombosis diagnosis was 5 days

(range 1–66), and it was longer than 7 days in 42.8% of the cases. The

thrombosis was confirmed by ultrasonography, 11pts.; venography,

2pts. and angiotomography, 1pt. The involved veins were: subclavian,

13pts.; jugular, 6pts.; innominate, 1pt.; and extracardiac conduit fol-

lowing Fontan surgery, 1pt. The chylothorax was: right-sided, 3pts.;

left-sided, 4pts. and bilateral, 7pts. All the pts. received standard initial

management. Two children died due to their cardiovascular diseases

before antithrombotic therapy could be started. Treatment in the

remaining 12pts. was: Tissue plasminogen activator (tPA), median

dose 0.2 mg/kg/h (range 0.1–0.5) for 3–6 h, 8pts.; heparin 12pts.; and

vitamin K antagonists, 1pt. AT plasma levels were tested in 13pts. and

its median minimum value was 0.33 U/mL (range 0.07–1.08). Levels
below 0.45 U/mL were found in 11pts. AT concentrate or fresh frozen

plasma were indicated in 11pts. to maintain AT levels above 50%.

Chylothorax resolution was observed in the 12pts. in whom anti-

thrombotic therapy was administered. The maximum drainage volume

was, median 54 mL/kg/day (range 10–400). The median (range) dura-

tion of chylothorax in patients treated with tPA was 8 days (5–37)
while in pts. without thrombolytic therapy, it was 17 days (11–24).
Two pts. with Fontan surgery required pleurodesis.

Conclusion: Chylothorax related to UVST is underdiagnosed, espe-

cially in neonates and infants. Since extensive UVST was observed in

most of the patients (71.4%) without clinical signs of thrombosis

other than chylothorax, high clinical suspicion is necessary for an

early diagnosis. UVST should be investigated even in patients with a

recent cardiothoracic surgery. Acquired AT deficiency was found in

most of the patients (84.6%), possibly increasing their thrombotic

risk and heparin resistance. The use of antithrombotic therapy

including thrombolytic agents and AT supplementation could reduce

morbidity and mortality.
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PB 1.71-4
Evaluating the impact of thrombophilia testing on
health-related quality of life in children: development
of an inventory
Bruce AK, Reynolds C, Bauman M and Massicotte P

University of Alberta, Canada

Background: Thrombophilia testing is one of the most common types

of genetic testing performed in children. The impact of this testing on

health related quality of life (HRQOL) has not been evaluated. The

concept of HRQOL focuses on dimensions of QOL related to health

and therapeutic management strategies. HRQOL must be measured to

develop effectual therapeutic choices, create research strategies, and

change policies for improvement of health care adherence and out-

comes. HRQOL is now considered the ‘gold-standard’ measurement

for patient relevant outcomes. A HRQOL inventory for children with

thrombophilia would assess general constructs that are salient for this

population. Identification and evaluation of these constructs is critical

to recognizing influences on patients HRQOL. This then facilitates

improvements in care and helps to determine potential benefits and

harms in testing for thrombophilia in families.

Aims: To develop a pediatric HRQOL inventory that describes vari-

ables which represent the impact of thrombophilia on the lives and

well-being (QOL) of children and their families.

Methods: Focus groups identified items and themes significant to chil-

dren and parents with thrombophilia. After items and themes were

identified participants rated variables as to the level of frequency and

severity using a Likert scale. Items were grouped into themes and a

conceptual framework generated. The inventory was pre-tested to

ensure that patients understood the questions and there is a full range

of responses. Data was analysed using SPSS 20© for item level vari-

ability (frequency distributions, means, standard deviations and bar

graph), and reliability (precision) for item reduction. Finally, cognitive

debriefing interviews were held to ensure that patients understood the

questions and there is a full range of responses for validity. Collected

demographics include type of thrombophilia, age of patient, and gen-

der. Informed consent and ethics approval was obtained.

Results: Focus groups with parents revealed concrete (medical, insur-

ance, and activity related concerns), emotional (worry, stress, guilt),

reproductive (concern regarding oral contraceptive use, future preg-

nancies and labour), and generational concerns (fear and guilt regard-

ing passing the thrombophilia to child). While focus groups with

adolescents had clearly positive (increased activity level and knowl-

edge) and negative (restriction of activities, changes in lifestyle and

emotional distress) themes in response to living with thrombophilia.

Two inventories have been created a child/teen and a parent inventory.

A total of 25 parents and 15 teens have completed the inventories. The

final inventories had 35 and 43 questions on the child/teen inventory

and the parent proxy respectively. Cronbach’s alpha for the parent

inventory is 0.899 and the child/teen is 0.934.

Summary/Conclusions: The newly generated HRQOL inventory for

children with suspected or confirmed thrombophilia is validated and

useful to determine confounders to diagnosis and facilitate partnership

in care. Once confounders are identified the ‘best’ management

(improved QOL associated with the safety and efficacy) for this patient

population can be established.

PB 1.71-5
Warfarin knowledge retention in families participating
in a home INR monitoring program
Monagle KE1, Monagle P1, Jones S2 and Newall F2

1The University of Melbourne; 2The Royal Children’s Hospital,

Melbourne, Vic., Australia

Background: Treating children with warfarin is highly complex. The

Royal Children’s Hospital’s home International Normalised Ratio

(INR) program enables families to perform INR’s at home, as

required. This assists maintenance of the INRs within a strict target

therapeutic range, with minimal impact on family life. Every family

participates in an education program focusing on the mechanism of

action, interactions and adverse effects of warfarin. Prior to commenc-

ing home INR monitoring, families must demonstrate a requisite level

of knowledge and skill relating to warfarin management. Previous

evaluations demonstrate this training program facilitates a high level

of knowledge retention 6 months post training, however longer-term

knowledge retention has not previously been measured.

Aim: To determine the long term warfarin knowledge retention of par-

ents and patients participating in the Home INR Program.

Method: All parents and patients who successfully completed Home

INR training between 2003 and 2011 were invited to complete a ques-

tionnaire evaluating the same knowledge content assessed at the time

of completing their training. The results were compared to their origi-

nal results using descriptive statistics, to assess knowledge retention.

Results: One hundred and one questionnaires were sent out to 88 fami-

lies as in some families, both parents and older children had previously

completed the education and questionnaire. Fifty-seven questionnaires

(40 parents, 17 children) were returned (56%). The average length of

participation in the Home INR program was 26.7 months (Range:

6.0–97.9). The mean questionnaire result at the time of original train-

ing was 29.1 (Range: 14–37) out of 40. The mean result from the repeat

questionnaires mailed-out was 22.0 (Range: 14–30.5) out of 40, repre-
senting a statistically significant (P < 0.001) difference, with a mean

decrease in knowledge of 7.1 marks. Of the 57 returned surveys, 24.6%

(n = 14) said that they did not see a doctor in the clinical haematology

outpatients department every 12 months. Furthermore, 38.6%

(n = 22) of respondents said that they did not receive timely ongoing

education about their child’s warfarin therapy. The group who had an

annual clinic review had an average questionnaire score decrease of

�6.8. In comparison those who did not have an annual clinic review

had an average decrease of �8.0. Whilst there was less of a knowledge

reduction in those who had an annual clinic review compared to those

that did not, this reduction was not statistically significant, most likely

due to the small study numbers.

Conclusion: There was significant loss of warfarin knowledge between

the two time points. Strategies need to be implemented to support fam-

ilies’ ongoing knowledge retention and acquisition of new knowledge

regarding warfarin management in children. This education could be

delivered during annual clinic reviews, and we suggest these families

attend a Haematology outpatient appointment at least every

12 months.

PB 1.71-6
A successful implementation of a pediatric thrombosis
program to promote assistance to children, adolescent
and young adults with cancer
Terzian CN1, Gamba J1, Senerchia A1, Brand~ao LR2 and Petrilli AS1

1Instituto de Oncologia Pediatrica, S~ao Paulo, Brazil; 2The

Hospital for Sick Children (SickKids), Toronto, ON, Canada

Background: Venous Thromboembolism (VTE) is a serious complica-

tion in patients with cancer and this problem is increasingly being rec-

ognized in pediatric practice. Recently, literature has demonstrated a

dramatic increase in the prevalence of VTE at children’s hospitals

worldwide. It is also suggested by the American College of Chest Phy-

sicians Evidence-Based Clinical Practice Guidelines that pediatric

hematologists with experience in VTE manage such patients. In order

to fulfill this recommendation, the Instituto de Oncologia Pedi�atrica/

Grupo de Apoio ao Adolescente e �a Crianc�a com Câncer (IOP/GRA-

ACC), S~ao Paulo, Brazil, organized a dedicated thrombosis team to

promote the care of children with VTE within our institution.

Aims: To evaluate the VTE epidemiology and demographics findings

by the thrombosis team since the program started at our institution.
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Methods: Children, adolescences and young adults with cancer who

developed VTE between February 2011 and December 2012 were stud-

ied retrospectively. Demographics and clinical characteristics related

to thrombosis and cancer were evaluated. Chi-square test was per-

formed to evaluate the relationship between low molecular weight hep-

arin (LMWH) interval and recurrent thrombosis.

Results: The incidence of VTE was 5%. Of 34 patients diagnosed with

symptomatic VTE, the median age at diagnosis was 12.3 years

(IQR = 9), and 62% were female. The most common types of condi-

tions associated with thrombosis were extra cranial solid tumor (56%),

leukemia (26%), brain tumor (15%), and lymphoma (3%). Cancer

and VTE were diagnosed at their initial presentation in 7 (21%)

patients [extra cranial solid tumor (5)]. VTE were located in thorax

(n = 17), lower venous system (n = 8), upper venous system (n = 7),

neck vessels (n = 7), intra-abdominal vessels (n = 7), and CNS vessels

(n = 3). Of note, pulmonary embolism (PE) and intra-cardiac throm-

bosis was documented in 44% (n = 15) of patients. An identified

thrombosis risk factor was present in 88% of patients (central venous

lines 26/34 [74%]). Anticoagulation therapy comprised LMWH [q24 h

(n = 22), q12 h (n = 8)], oral anticoagulant therapy (n = 2) and others

(n = 2). The duration of anticoagulation treatment was < 3 months in

three patients, between 3 and 6 months in eight and more than

6 months in 23. VTE recurrence occurred in seven of 28 patients who

survived. Six died due tumor progression. Heparin interval administra-

tion (q24 or q12) was not significantly associated with recurrent

thrombosis (P = 0.71).

Summary/Conclusion: The creation of a new pediatric thrombosis pro-

gram within a tertiary pediatric oncology academic center allowed a

better characterization of VTE within our population. While some of

our findings were consistent with the previously described findings in

the literature, a much higher frequency of PE and intra-cardiac throm-

bus in children with extra-cranial tumors was noted. In terms of

LMWH interval and VTE recurrence, an interesting information will

merit further exploration.

PB1.72 – Thrombophilia – I

PB 1.72-1
The F2G1787T prothrombin gene mutation is not
present in a representative cohort of Spanish patients
with venous thromboembolism or controls
Mateo J, Tirado I, Coll I, Souto JC, Santamaria A, Borrell M

and Fontcuberta J

Hospital St Pau, Barcelona, Spain

Background: Known genetic abnormalities explain < 40% of patients

with deep vein thrombosis. That is why there is an increasing interest

in finding new mutations and new pathophysiologic explanations for

this common disease. Recently, a new prothrombin gene mutation

(p.Arg596Leu F2 variant) has been identified in a Japanese family with

hereditary thrombophilia. This mutant prothrombin was shown to

have reduced activity in clotting assays and the produced thrombin

was markedly resistant to inhibition by antithrombin (Miyawaki,

NEJM 2012; 366: 2390).

Aims: We have investigated the presence of this mutation in a cohort

of consecutive Spanish patients with venous thromboembolism previ-

ously reported (Tirado, Thromb Haemost 2005; 93:468).

Methods: We analyzed the F2G1787T prothrombin gene mutation by

PCR. The fragment of 467 pb of exon 14 of F2 gene was amplified

using these primers: forward F214-A-5′- AGGGCCTGGTGAA

CACATCTTC-3′ and reverse F214-B-5′- CCAGGTGGTGGATTCT-

TAAGTCTTC-3′. The 467-bp PCR product was digested with the

restriction endonuclease MspI (Biolabs) and electrophoresed in a

Qiaxcel machine (Qiagen). The G allele leads to a cutting site for Msp

I that digests the 369-pb fragments into 280 and 187 pb fragments.

The pattern was confirmed by direct sequencing. Other classical

thrombophilic parameters such as factor V Leiden mutation,

PTG20210A mutation, antithrombin, protein C, protein S deficiencies,

and ABO blood genotype were analyzed and reported previously (Ti-

rado, Thromb Haemost 2005; 93:468).

Subjects: A Spanish cohort of Caucasian unselected patients with

venous thromboembolism (n = 249; 111 males and 138 females;

47.1 � 14.0 year) and unrelated matched controls (n = 248; 109 males

and 139 females; 49.0 � 14.9 year) was analyzed.

Results: The frequency of the classical parameters of thrombophilia in

patients and controls was found to be consistent with a representative

population of Spanish patients and controls. None of the patients or

controls had the F2G1787T prothrombin mutation.

Conclusion: The F2C1787T prothrombin mutation seems to be very

uncommon in the Spanish population and screening is not recom-

mended in patients with venous thromboembolism.

PB 1.72-2
Thrombophilia in young patients with isquemic stroke.
A prospective national study
Ceresetto JM1, Duboscq C1, Genoud V2, Shanley C1,

Stemmelin G1, Rabinovich O1, Palmer S1, Bullorsky EO1

and AISYF3

1Hospital Brit�anico de Buenos Aires; 2Quintana, Irene, Facultad

de Ciencias Exactas y Naturales, UBA; 3AISYF, Buenos Aires,

Argentina

Background: A Thrombophilia (TF) panel is usually performed as part

of the work up in young patients with stroke, especially when there is

no apparent cause for the event. Even though a clear relationship

between TF and stroke has not yet been established and prospective

and adequate data is scarce, almost 25% of the TF studies are done in

the arterial setting. The Argentinean Initiative of Stroke in the Young

and Fabry disease (AISYF) is a unique opportunity for centralized

and adequate testing of TF in this population.

Objective: To evaluate a TF panel in a prospective young population

with confirmed ischemic stroke.

Methods: This is a Multicenter National Study for the detection of Fa-

bry disease in young patients (18–55 years old) with Stroke. Twenty

selected Centers from all over the country enrolled patients within

180 days of the event. All cryptogenic strokes were included in this

analysis. Thrombophilia studies were centrally performed (Antithrom-

bin, Protein C and free Protein S, Anti Cardiolipin Antibodies Ig G

and M, Lupus Anticoagulant, Factor V Leiden (FVL), the Prothrom-

bin G20210 A gene mutation (P20210) and the PAI 4G/5G mutation).

Results: One hundred and eighteen patients with stroke were evaluated

in the last 2 years for Fabry disease in the AISYF study. Thirty

patients were excluded from this analysis (six with a cardioembolic

stroke, six with cerebral vein thrombosis, eight with a hemorrhagic

stroke and 10 with arterial dissection). A thrombophilia panel was per-

formed in the remaining 88 patients with a Cryptogenic ischemic

stroke. Mean age was 41 years old, 39 women. Three patients (3.4%)

had an Antiphospholipid Syndrome and warfarin was indicated, four

(4.5%) had FVL (one Homozygous and also anticoagulated), two

(2.2%) were heterozygous for the P20210 mutation, one patient who

was not taking warfarin had a PC level of 24% and another patient

Antithrombin of 35%. The PAI mutation was present in 50% of the

idiopathic strokes (17% Homozygous 4G/4G and 33% heterozygous)

just like in the normal Argentinean population.

Conclusions: (i) A positive TF test was found in 12.5% of the Crypto-

genic strokes but only four patients (4.5%) were anticoagulated

because of this. (ii) The frequency of the PAI mutation was similar to

the frequency found in our normal population and should not be rou-

tinarly performed. (iii) We don‘t know yet the importance of testing

TF as part of the screening work up in ischemic stroke, even in

patients with an idiopathic event, since only a few patients required

anticoagulation and without a clearly defined benefit in this setting.
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PB 1.72-3
Prothrombin G20210A and oral contraceptives are risk
factors for cerebral venous thrombosis
Landau M1, Campanate G2, Juliana V2, Irene B2, Nelson S2

and Telma G2

1Hospital Naval Marc�ılio Dias; 2Universidade Federal do Rio de

Janeiro, HUCFF/URFJ, Rio de Janeiro, Brazil

Background: Prothrombin variant G20210A (PT G20210A) and the

use of oral contraceptives (OC) are major risk factors for cerebral

venous thrombosis (CVT). A synergism between these factors has also

been reported. However, the role of factor V Leiden (FV Leiden) and

PT G20210A as independent risk factors for CVT according to gender

and the intensity of the synergism with OC remain controversial

Aims: This study aimed to evaluate the association between FV Leiden

and PT G20210A with CVT in each gender and also the interaction

with oral contraceptives. The results were also compared with those

observed in patients with venous thromboembolism of the lower limbs

(VTE).

Methods: Ninety-one patients (73 women and 18 men) diagnosed with

CVT were studied. A control group of 284 individuals with no history

of thrombosis and a group of 343 patients (218 women and 125 men)

with VTE were also studied. Cases and controls were tested for the

presence of FV Leiden and PT G20210A.

Results: The presence of PT G20210A in women using OC were associ-

ated with a high risk of CVT (OR, 45, CI 95%, 5–346) and also with

VTE (OR, 14, CI 95%, 2–115).
Conclusions: Our results confirm that PT G20210A is an independent

risk factor for CVT, with a much higher risk than that observed in

patients with VTE. The risk was similar in men and women. The asso-

ciation of PT G20210A with OC use had a strong synergistic effect. In

contrast with the observed for VTE, FV Leiden was not a risk factor

for CVT.

PB 1.72-4
Thrombophilia screening in malaysian patients with
arterial & venous thrombosis – a cause for concern?
Ayadurai T1, Afandi F2 and Karim F2

1University Malaysia Sabah, Kota Kinabalu, Sabah; 2National

Blood Centre, Kuala Lumpur, Malaysia

Background: The pathogenesis of arterial and venous thrombosis is

quite complex involving universally recognized risk factors that are

multifactorial. However, thrombosis may even occur under trivial and

unusual or paradoxical conditions. The different pathogenesis for arte-

rial and venous thrombosis warrants different clinical managements;

the use of antiplatelet drugs in the former and anticoagulants for the

latter. The complexity shrouding this clinical condition compounded

with the lack of competent health care professionals in this specialty

has impeded the development of thrombophilia-care in the country.

Aims: To investigate the relevance of thrombophilia screening in

Malaysian patients with arterial and venous thrombosis and justify its

incorporation as an important tool in the diagnosis and management

of a clinical disorder that is considered a leading cause of morbidity

and mortality in the world today.

Methods: Three hundred and seventy patients (236 arterial, 134

venous) with confirmed thrombosis were investigated for thrombophil-

ia using recognized standard procedures. FVL and PTG20210A were

confirmed by real-time PCR; protein C (PC), protein S (PS), anti-

thrombin (AT), lupus anticoagulant (LA) and anti-phospholipid anti-

bodies (APA) were identified using clotting, chromogenic and ELISA

tests.

Results: Eighty-three patients (42 males and 41 females) had abnormal

thrombophilia profile. Thrombophilia was identified in 12.3% (29 of

236) of the patients with arterial thrombosis, of which 86.2% (25 of

29) were inherited and 13.8% (four of 29) acquired. Of the 134 patients

with venous thrombosis, 40.3% (54 of 134) had thrombophilia with

87.0% (47 of 54) inherited and 13.0% (seven of 54) acquired. PC, PS

and AT deficiencies were identified in 29, 18 and four patients respec-

tively. LA and APA were identified in six patients. There were no

patients with acquired and inherited thrombophilia occurring simulta-

neously, however, there were four patients who had both PC and PS

deficiencies. None of the patients had FVL or PTG20210A mutations.

Conclusions: Abnormal thrombophilia profile was identified in two-

fifths (40.3%) of the patients with venous thrombosis and in more than

one-tenth (12.3%) with arterial thrombosis. The prevalence of inher-

ited thrombophilia far exceeded the acquired form by a factor of at

least 6.6. The significant prevalence of thrombophilia in the local

thrombosis-patients is indeed a ‘wake-up’ call for health care profes-

sionals in the country, to warrant the inclusion of ‘Thrombophilia pro-

file’ as an integral part of laboratory investigations for thrombosis.

The results of which would contribute towards competent clinical

management in terms of identifying high-risk patients and providing

diagnostic, prophylactic and therapeutic services. Another finding of

interest is the complete absence of FVL and PTG20210A mutations in

all the 370 patients. This is contradictory to the numerous papers pub-

lished in the West citing FVL mutation as the most prevalent inherited

thrombophilia marker in the Caucasians. Is FVL and PTG20210A

mutations confined to the Caucasian population only? Are Asians

‘immune’ to these two thrombophilia markers and are therefore less

susceptible to thrombotic events? These are some of the pertinent

questions that need to be verified with in-depth studies involving the

local patient-population.

PB 1.72-5
Thrombophilia and cerebral venous thrombosis: a
systematic review
Lauw MN, Barco S, Coutinho JM and Middeldorp S

Academic Medical Center, Amsterdam, The Netherlands

Background: Cerebral venous thrombosis (CVT) is a rare manifesta-

tion of venous thrombosis with considerable morbidity and mortality.

Several factors contribute to the pathogenesis of this disease, among

which thrombophilia.

Aims: To estimate the strength of the association between thrombo-

philia and incidence of CVT. Also, the strength of the association

between thrombophilia and recurrence of (cerebral) venous thrombo-

sis, as well as between thrombophilia and an adverse prognosis of

CVT were explored.

Methods: We systematically searched The Cochrane Central Register

of Controlled Trials (CENTRAL, The Cochrane Library, Issue 1

2013), MEDLINE (January 1966 to January 2013 (week 2); accessed

via Pubmed) and EMBASE (January 1980–2013 (week 2); accessed via

OVID). We also checked references of included studies. Studies were

eligible if they met all of the following criteria: (i) diagnosis of CVT

was objectively confirmed; (ii) patients were compared with a control

group of non-genetically related subjects, or (iii) patients were ana-

lyzed in a moderate to large-size retrospective or prospective cohort

study of consecutive patients (n ≥ 40); (iv) prevalence of at least one of

the following thrombophilic factors was assessed: factor V Leiden

mutation; prothrombin G20210A mutation; antithrombin, protein C

or protein S deficiency; antiphospholipid syndrome (presence of anti-

cardiolipin antibodies, anti-b2 glycoprotein antibodies, and/or lupus

anticoagulant); JAK2 mutations; hyperhomocysteinemia or MTHFR

mutations; high factor VIII levels; or PAI-I polymorphisms; and (v)

inherited or acquired thrombophilic factors were measured in an

objectively and commonly accepted manner. Both studies that assessed

prevalence of CVT or thrombophilia, as well as therapeutic interven-

tions for CVT, such as anticoagulation treatment, were eligible. Two

authors independently assessed eligible articles for inclusion in this

review and systematically extracted data from selected articles. Confer-

ence abstracts were only considered if sufficient data on study design,

participants, events and outcome measures was available for data
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extraction. Duplicate reports of the same study were excluded to avoid

publication bias and the most recent full-text paper was used. If neces-

sary, study authors were contacted for more information. Discrepan-

cies were resolved through discussion or with the opinion of a third

author. Risk of bias, quality of evidence, potential heterogeneity

and reporting biases were explored, a sensitivity analysis applied if

applicable.

Results: Of 1355 identified citations 207 articles were selected for full-

text evaluation. Cross-referencing of articles yielded another 10 arti-

cles. Finally, 66 papers enrolling 5898 patients with CVT and 8270

controls fulfilled our inclusion criteria and were included in this

review.

Conclusions: Final results of this review will be published at the

meeting.

PB 1.72-6
Thrombin generation in Cushing’s and metabolic
syndrome
Spiezia L, Koutroumpi L, Bon M, Maggiolo S, Gavasso S,

Woodhams B, Scaroni C and Simioni P

University of Padova, Padova, Italy

Background: The glucocorticoid excess found in patients with Cushing

‘s syndrome (CS) is thought to have both direct and indirect effects on

the vasculature and the haemostatic system. CS is associated with an

increased mortality, where hypercoagulability seems to play a crucial

role in the development of both arterial and venous thrombosis.

In several recent studies in CS various abnormalities of coagulation

have been described. These studies have concentrated on the use of sin-

gle haemostatic and/or fibrinolytic marker. A better approach could

be the use of a global test like the thrombin generation test (TGT).

Aims: To evaluate TGT in Cushing ‘s syndrome compared to patients

with metabolic syndrome (MetS) and healthy individuals.

Methods: TGT (using the CAT method – Thrombinoscope, The Neth-

erlands) as well as classical clotting markers (PT, aPTT, FVIII, anti-

thrombin (AT), protein C and S) were evaluated in 33 CS patients and

compared with both a group of 28 patients matched for the features of

MetS and 31 healthy individuals. As well as the above haemostasis

assays a full battery of endocrine and metabolic assays were measured

using the routine hospital procedures – plasma, salivary and urinary

cortisol, plasma ACTH, cholesterol, LDL, HDL and TG. All samples

were only collected after obtaining informed consents from the

patients.

Results: For the classical coagulation tests, PT was increased

(P < 0.0001) in both CS and MetS patients, while PTT was shorter

(P < 0.0001) in CS compared to both MetS and healthy group

(P < 0.0001). FVIII, AT, protein C and S were increased only in CS

patients (P < 0.0001). Both CS and MetS patients had a shorter TGT

lag time (P < 0.0001), higher peak and ETP (P < 0.0001) than the

healthy controls. The lag time was less reduced in CS (P < 0.0001)

compared with the MetS group. BMI correlated negatively with lag

time (r = �0.40; P = 0.0001) and positively to peak and ETP

(r = +0.34; P = 0.001, r = +0.28; P = 0.008, respectively). Obese and

diabetic patients had shorter lag time (P = 0.0005; P = 0.0002, respec-

tively), higher ETP (P = 0.0006; P = 0.007, respectively) and peak

(P = 0.0003; P = 0.0005, respectively) as well as a more prolonged PT

(P = 0.04; P = 0.009, respectively). Hypertensive individuals had

higher ETP (P = 0.004), Peak (P = 0.0008) and FVIII (P = 0.001).

Conclusions: Our findings confirm that a prothrombotic state could be

seen in both CS and MetS patients using TGT. The lag time is shorter

in the MetS than the CS patients indicating that the MetS patients

may be at higher thrombotic risk then the CS patients. The high levels

of endogenous physiological anticoagulants seen only in the CS

patients could possibly represent a protective mechanism against the

hypercoagulability in this patient group and account for the longer lag

time in CS than MetS.

PB1.73 – Atherosclerosis:
Miscellaneous – I

PB 1.73-1
Metabolic changes in rabbit atherosclerotic arteries:
increased glucose uptake and metabolite levels of
glycolysis, pentose phosphate pathway, tricarboxylic
acid cycle and nucleotides
Yamashita A1, Zhao Y2, Matsuura Y1, Yamasaki K2, Sugita C1,

Kawai K3, Tamaki N2, Zhao S2, Kuge Y2 and Asada Y1

1University of Miyazaki, Miyazaki; 2Hokkaido University,

Sapporo; 3Kanazawa University, Kanazawa, Japan

Background: Glucose utilization in atherosclerotic arteries is largely

affected by inflammation and possibly hypoxia, which could alter

many metabolic systems. However, metabolic changes in atheroscle-

rotic plaques remain unknown.

Aims: The present study aims to demonstrate changes in metabolic sys-

tems in atherosclerotic arteries of rabbits relative to glucose uptake

and hypoxic condition.

Methods: Macrophage-rich or smooth muscle cell (SMC)-rich neointi-

ma was created by balloon injury with or without a 0.5% cholesterol

diet in rabbit femoral arteries. We evaluated comprehensive arterial

metabolism in the non-injured femoral artery and in femoral arteries

with SMC- or macrophage-rich neointima by performing metabolo-

mics analyses of central carbon metabolites, nucleotides, amino acids,

and others (56 metabolites) using capillary electrophoresis-time of

flight mass spectrometry. We also evaluated glucose uptake and its

relationship to vascular hypoxia using 18F-fluorodeoxyglucose (18F-

FDG) and pimonidazole, a marker of hypoxia.

Results: The levels of many metabolites increased in the femoral arter-

ies with macrophage-rich neointima, compared with femoral arteries

that were not injured and those with SMC-rich neointima (glycolysis,

four of nine; pentose phosphate pathway, four of six; tricarboxylic

acid cycle, four of six; glyconeogenesis/glycogenolysis, one of one; nu-

cleotides, 10 of 20; amino acids five of six and nicotinamide, two of

two). Only gluconic acid among metabolites differed between femoral

arteries with or without SMC-rich neointima. Pimonidazole immuno-

reaction and nuclear translocation of hypoxia inducible factor-1a were

closely localized with hexokinase II expression in macrophage-rich

neointima, and were undetectable in femoral arteries that were not

injured or had SMC-rich neointima. The uptake of 18F-FDG in arte-

rial walls measured by autoradiography increased in femoral arteries

with macrophage- but not SMC-rich neointima (6.1 � 3.6 [n = 69], vs.

1.8 � 0.8%ID 9 kg/m2 [n = 72]; P < 0.001), and positively correlated

with macrophage- and pimonidazole-immunopositive areas (r = 0.76,

and r = 0.59 respectively; n = 69 for both; P < 0.0001). Although

more 18F-FDG was uptaken in areas with, than without macrophages

(3.9 � 1.4 [n = 24] vs. 2.2 � 0.8%ID 9 kg/m2 [n = 12]; P < 0.001),
18F-FDG uptake in macrophage areas did not change irrespective of

hypoxia (non-hypoxic vs. hypoxic areas: 3.7 � 1.3 vs. 4.1 � 1.6%

ID 9 kg/m2; both n = 12).

Conclusions: Infiltrative macrophages and hypoxia in atherosclerotic

arteries affect metabolic systems and glucose uptake in arteries.

PB 1.73-2
The transmembrane chemokine CXCL16 mediates
platelet adhesion to von Willebrand factor, HUVECs
and human arteries under physiologic flow conditions
Meyer dos Santos S

University Hospital Frankfurt, Frankfurt, Germany

Background: CXCL16 is a member of the transmembrane chemokines

and expressed at sites predisposed to atherosclerotic lesion formation

and mediates monocyte adhesion to the endothelium.
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Aim: In the present study platelet adhesion to CXCL16 is investigated.

Methods: Flow chamber experiments with CXCL16 immobilized in l-
slides and perfused with platelets in reconstituted were performed. Cal-

cium Imaging was used to measure intra-platelet CXCL16 induced cal-

cium flux. CXCR6 expression was demonstrated by western blotting

and immunofluorescence techniques.

Results: Platelets in flowing blood adhered to CXCL16 transiently up

to shear rates of 1800/s: platelets rolled on CXCL16 for 37 � 3 lm
before detachment (control was 13 � 1 lm, P < 0.001) and rolling

velocity was 0.43 � 0.03 lm/s (control was 0.73 � 0.12 lm/s,

P = 0.001). However, for stable adhesion at these elevated shear rates

the presence of additional adhesion ligands, such as von Willebrand

factor (vWf) was mandatory (138.4 � 6.2% of control, P < 0.001).

CXCR6 is highly expressed in platelets and the cognate receptor for

CXCL16 induced activation and intra-platelet calcium flux. CXCL16

is expressed on activated HUVECs and induced platelet adhesion in a

CXCR6-dependent manner. Furthermore, CXCL16 is elevated

expressed in TNF- and IFN-stimulated human internal mammaria

arteries.

Conclusion: Therefore, CXCL16 is responsible for CXCR6 dependent

platelet activation and more important, for platelet adhesion to HU-

VECs and vWf at shear rates up to 1800/s. Further flow experiments

will be performed with human artery segments to evaluate CXCL16-

CXCR6 dependent platelet adhesion to the endothelium of human

vessels. These results demonstrate new mechanisms by which platelets

might induce and accelerate atherosclerosis.

PB 1.73-3
Integrative bioinformatics analysis of genomic and
proteomic approaches to understand the
transcriptional regulatory program in coronary artery
disease pathways
Vangala RK, Ravindran V, Madan G, Shankar J, Arvind P

and Kakkar VV

Thrombosis Research Institute, Bangalore, India

Background: Patients with coronary artery disease (CAD) show a

panel of differentially regulated serum biomarkers indicative of

modulation of several pathways from disease onset to progression.

Some of these biomarkers have been proposed for multimarker risk

prediction methods. The underlying mechanism of the expression

changes and modulation of the pathways in risk assessment needs

to be addressed.

Aim: Our present work focuses on understanding the regulatory

mechanisms at transcriptional level by identifying the core and spe-

cific transcription factors that regulate the CAD associated path-

ways.

Methods: Using the principles of systems biology we integrated the ge-

nomics (gene expression data of 10 CAD affected and 10 unaffected)

and proteomics (400 affected and 400 unaffected) data with computa-

tional tools. The two sets of samples for gene expression and proteome

analysis were selected from ongoing Indian Atherosclerosis Research

Study (IARS) (Indian Heart J, 2010;6:286–95) which was designed

according to the guidelines of World Medical Association Declaration

of Helsinki and Indian Council of Medical Research and approved by

Institutional Ethics Committee. Patients living in India for at least two

generations were enrolled after signed informed consent was obtained

(male ≤ 60 years and female ≤ 63 years at onset of disease, diagnosed

as CAD) and all the blood samples were collected after overnight fast-

ing of 12–14 h and stored at �80 °C. We selected biomarkers from

seven different pathways based on their association with the disease

and assayed 30 biomarkers by ELISA and built network modules

using STRING database. The biomarkers selected were inflammation:

Interleukin-6, Interleukin-8, Interleukin-10, Interleukin-12A, Interleu-

kin-12B, Interleukin-18, Monocyte chemoattractant protein-1, High

sensitive C reactive protein, Interferon gamma, Matrix metallopro-

tease-9 and secretary Phospholipase A2 and Gamma-glutamyltransfer-

ase-5, coagulation: Factor VII, Fibrinogen, Prothrombin,

Plasminogen activator inhibitor-1, Plasminogen, Tissue factor, von

Willebrand Factor, Platelet derived growth factor, cell adhesion: Clus-

terin and P-selectin, obesity: Adiponectin and Leptin, oxidative stress:

Myeloperoxidase, stress: HSP27, HSP60, HSP70 and renal function:

Cystatin C. The promoter sequence analysis for transcription factor

binding sites was performed using Genomatrix software and micro-

array data was analyzed using R package v2.14.2.

Results: The Genomatrix software predicted 443 transcription factors

binding profile in 30 different biomarkers, however, in global mRNA

expression only 34 transcription factors were found to be differentially

expressed in CAD affected and unaffected subjects. Out of these five

transcription factors binding sites were highly represented in the pro-

moter sequences of all 30 biomarkers thus forming the core regulatory

transcription machinery which might influence the differential levels of

biomarkers in serum of CAD affected subjects in comparison to unaf-

fected. The five core transcription factors were PPARG, EGR1,

ETV1, KLF7 and ESRRA and their combinatorial regulation may

influence all the seven important pathways associated with CAD as

outlined above.

Conclusions: Our analysis suggests that a profile of five core transcrip-

tion factors binding to the promoters may play a major role in differ-

ential levels of biomarkers associated with CAD and thus use of this

profile of transcription factors may be useful to identify new biomar-

kers which may play a role in risk assessment in CAD.

PB 1.73-4
CLL V-1, a synthetic phenanthrene compound, inhibits
TNF-a-induced adhesion molecule expression through
affecting reactive oxygen species production and NF-?
B signaling in human endothelial cells
WuWB1, Lai TH2, Hwang TL3 and Wu PH1

1Fu-Jen Catholic University, New Taipei City; 2Cathay General

Hospital, Taipei; 3Chang Gung University, Tao-Yuan, Taiwan

Background: Cardiovascular diseases (CVD) are a major leading cause

of death in the world and the dominant risk factor responsible for

CVDs is atherosclerosis. Inflammatory mediators such as TNF-a and

interleukins, which can upregulate expression of leukocyte adhesion

molecules on endothelium and enhance circulating monocyes adhesion

to endothelium, leading to a chronic inflammatory environment dur-

ing atherogenesis.

Aim: This study was to investigate the anti-inflammatory effects of sev-

eral synthetic and natural compounds on human umbilical vein endo-

thelial cells (HUVECs) and to elucidate their underlying action

mechanism.

Methods: Western blotting and RT-PCR were used to determine adhe-

sion molecule protein and mRNA expression, respectively. Fluores-

cence microscopy and measurement was used for determining

monocyte-endothelial cell interaction and intracellular ROS produc-

tion. Western blotting and Electrophoretic mobility shift assay

(EMSA) was used to examine NF-jB signaling and NF-jB-DNA

interaction, respectively.

Results: Of the screened compounds, CLL V-1, a synthetic phenan-

threne compound, was found to be the most potent on TNF-a-
induced adhesion molecule expression. CLL V-1 inhibited TNF-a-
induced ICAM-1 and VCAM-1 expression in a concentration-depen-

dent manner, 1 lM was sufficient to exert its inhibitory effect. CLL

V-1 also functionally reduced monocyte adhesion to endothelial

monolayer. These effects did not result from its cytotoxicity. A fur-

ther analysis revealed that CLL V-1 affected ICAM-1 and VCAM-1

mRNA expression in HUVECs. CLL V-1 attenuated TNF-a-induced
IjB phosphorylation and degradation and NF-jB p65 and p50 trans-

location from cytosol to nucleus. In addition, CLL V-1 compromised

TNF-a-induced NF-jB-DNA interaction and attenuated H2O2-
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induced intracellular reactive oxygen species level and IjB phosphor-

ylation.

Conclusion: We have demonstrated that CLL V-1 affected TNF-a-
induced endothelial adhesion molecule expression through inhibition

of ROS production and NF-jB signaling pathway.

PB 1.73-5
Early postoperative thrombosis following bypass
surgery and remote endarterectomy in patients with
peripheral arterial disease: a comparative analysis
Arsenyev A, Gamzatov T and Svetlikov A

North-Western State Medical University named after

I.I.Mechnikov, Saint-Petersburg, Russian Federation

Background: Over the last decades there has been a tremendous

increase in the number of with peripheral arterial disease (PAD).

Results of surgical treatment of this common pathology are shadowed

by high rate of early and late postoperative complications. Thrombosis

of the reconstructed arterial segment following successful surgery

remains one of the cornerstones in the management of patients with

PAD. Controversies exist regarding optimal surgical treatment in

patients with PAD suffering from isolated superficial artery occlusion.

Aims: To compare the rate of early postoperative thrombosis in

patients with PAD following remote endarterectomy (RE) and fem-

oro-popliteal bypass grafting (FPBG) for isolated superficial femoral

artery (SFA) occlusion.

Materials and Methods: Fifty-seven consecutive PAD patients (57

lower limbs to be treated) from two vascular surgery units underwent

surgical intervention for isolated SFA occlusion. FPBG was per-

formed on 23 lower extremities while the alternative technique (RE)

was used to revascularize remaining 34 limbs. RE as well as FPBG

was done through a uniform surgical approach involving two vertical

skin incisions: one in the groin and another one in the lower third of

the thigh along its medial aspect. RE involved two longitudinal arteri-

otomies followed by the remote endartectomy of SFA using metallic

Vollmar ring dissectors and autologous vein angioplasty at the site of

arteriotomy incisions. FPBG was done using 8–9 mm synthetic

(Dacron) grafts.

Results: Age median for RE and FPBG groups were comparable:

63.3 � 6.5 and 6.7 � 6.8 respectively. Early postoperative thrombosis

defined as thrombotic occlusion of SFA or bypass graft within the first

6 months after surgery was diagnosed in four patients following RE

(11.8%) and one patient (4%) after FPBG. Additional clinical param-

eters was brought to the analysis including duration of reconvales-

cence period, number of local complications, rate of repeated surgical

interventions and dynamics in the degree of chronic arterial insuffi-

ciency during 6 months following successful revascularization. Two

patients (5.9%) with early thrombosis following RE required repeated

thrombectomies of the operated arterial segment, but developed irre-

versible ischemia of the extremity and further demanded major ampu-

tation. Early postoperative thrombosis in the group of FPBG was

found in one patient (4%) and required a repeated femoral-popliteal

below-the-knee bypass with complete resolution of symptoms.

Conclusions: FPBG is superior to RE in the management of PAD

patients with isolated SFA occlusion since it is associated with lower

risk of early postoperative complications including thrombosis of the

operated arterial segment and better resolution of symptoms of

chronic lower limb ischemia.

PB1.74 – Acquired Coagulation
Disorders – I

PB 1.74-1
Acquired haemophilia: clinical manifestations and
management. A 15 years experience from a single
centre
Kouramba A, Anastasopoulou I, Kotsi P, Chanos A,

Kanellopoulou G, Gavalaki M and Katsarou O

Laiko General Hospital, Athens, Greece

Background: Acquired haemophilia (AH) is a rare, often life-threaten-

ing haemorrhagic disorder, in individuals with no prior history of clini-

cal bleeding. It is caused by autoantibodies commonly against

coagulation factor VIII, rarely to other coagulation factors. Manage-

ment of this disorder consists in rapid accurate diagnosis, control of

bleeding and eradication of the inhibitor by immunosuppression.

Aim: We report a retrospective cohort of 28 patients with acquired

haemophilia A and 1pt with acquired FXIII deficiency in a Greek hae-

mophilia center.

Methods: Data derived from patient files. Inhibitor presence was sus-

pected by the prolongation of aPTT, in patients with acquired bleeding

tendency and confirmed by detection of FVIII inhibitor measured by

NIijmegen modification of the Bethesda assay (cut off < 0.5 BU). An

inhibitor titer > 5 BU was considered as high inhibitor. FXIII inhibi-

tor was measured with a mixing test. Complete response (CR) to ther-

apy was defined as negative inhibitor titer at the end of

immunosuppressive regimen.

Results: The twenty-nine patients, median age 61 (range, 25–85) years,
were diagnosed between 1997 and 2012. The most common symptoms

in admission were spontaneous haemorrhages into the skin (80%),

muscle or soft tissue haematomas (85%), mucosal bleeding (17%) and

post trauma and surgical bleeding (3%). Haemarthroses were uncom-

mon (2 pts). In 12 (40%) patients no underlying disease could be iden-

tified. 17/29 pts in whom a cause associated with inhibitor appearance

was diagnosed, four had malignancies, six autoimmune disorder, one

MGUS, four were postpartum and two had diabetes mellitus. Factor

VIII:C was < 5% in 20 (74%) patients; An inhibitor titer > 5 Bethesda

units (high responder) was measured in 23 (60%) patients. At the time

of diagnosis a drop of Ηb levels requiring RBC transfusions was

observed in 20 (75%) patients. Bleeding in these patients was con-

trolled with recombinant factor VIIa (NovoSeven), or activated pro-

thrombin complex concentrate (FEIBA). No difference in efficacy was

observed between the two agents. Inhibitor eradication strategy

included: Prednisolone (1mg/kg/day), with a 4–6 weeks tapering based

on clinical status and FVIII inhibitor titre, (eight pts) or in combina-

tion with oral cyclophosphamide (1.5–2.0 mg/kg/day) for a maximum

of 6 weeks (21 pts). Bleeding diathesis stopped by the time of inhibitor

disappearance, independently of FVIII:C increase. Rituximab has

been used to treat two of our patients (1pt with post-partum and 1pt

with MGUS) with very high inhibitor and non response to common

strategy. The post-partum inhibitor had a CR, while MGUS patient

failed to response. Overall median time to CR was 4 weeks (range 2–
6). Relapse has been reported in 20% of our patients most of them

diagnosed with cancer and was associated with uncontrolled underly-

ing disease. Mortality was associated with underlying disease. No

patient died from bleeding complications.

Conclusions: Prompt recognition and early initiation of immunosup-

pressive treatment together with control of severe bleeding using by

passing agents, are essential for the outcome of AH. Inhibitor eradica-

tion strategy can be adapted to clinical severity and patient’s comor-

bidities.
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PB 1.74-2
An immunological mechanism underlies the
development of acquired von Willebrand syndrome
(AvWS): clinical usefulness of an ELISA system
detecting anti-VWF antibodies
Kishimoto M1, Suzuki N2 and Matsushita T2

1Nagoya University, Nagoya; 2Nagoya University Hospital,

Nagoya, Aichi, Japan

Background: Acquired von Willebrand Syndrome (AvWS) causes

bleeding due to acquired reduction of von Willebrand factor (vWF).

AvWS develops and is associated with underlining lymphoproliferative

or myeloproliferative disorders, other neoplasia, immunological and

cardiovascular disorders. Cause of AvWS is widely variable but it

might depend either on immunological or non-immunological mecha-

nisms. Under immunological mechanisms, anti-VWF immunoglobulin

binds VWF and higher molecular weight VWF multimers might be

extensively cleared from circulation.

Aims: We experienced a case of AvWS and examined the spectrum of

anti-VWF antibody by specific ELIZA method and found auto-VWF

IgG antibody caused severe AvWS.

Description of a Case: A 36 years old woman who had extensive purp-

ula and mucosal bleeding during past 6 months and was referred to

our hospital. She had been prescribed valproic acid due to depression

but there was no previous history of typical underlining disorders of

AvWS. She had no family history of hemorrhagic diseases, nor suf-

fered from any hemorrhagic manifestations. At initial presentation,

her activated partial thromboplastin time (APTT) was 48.3 s (35.2 s in

normal), factor VIII procoagulant activity (FVIII:C) was 20%, plasma

ristocetin cofactor activity (VWF:RCo) was below 6%, and immuno-

reactive VWF antigens (VWF:Ag) was 23%, respectively. APTT

cross-mixing test showed factor deficiency pattern. Microtiter plates

were coated with purified human plasma VWF obtained from com-

mercial plasma VWF concentrates. After blocking, serially diluted

plasma samples were overlaid for 1 h at 22 °C. Washed plates were

added by HRP-conjugated either rabbit anti-human IgG serum

(Dako) or goat anti-human IgM serum (Sigma) and incubated for 1 h

22 °C, followed by quantification of color development at 490 nm

absorbance. Similarly, each IgG subclass was determined using anti-

human IgG 1, 2, 3, 4 mouse serum. As a result, IgG1 type of anti-

VWF antibody was detected and autoantibody against VWF was a

cause of her AvWS. Soon after diagnosis, she needed immediate hospi-

talization because of left ovary hemorrhagic rupture. The bleeding

stopped by administration of 2000 units (40 IU/kg) of plasma VWF

concentrates twice a day for 3 days. One hour after infusion, VWF:

RCo, VWF:Ag, and FVIII:C elevated to 27%, 107% and 52% of nor-

mal, respectively, suggesting that higher molecular weight VWF multi-

mers might be selectively inhibited. Recovery of VWF and factor VIII,

however, returned to baseline 15 h after administration, indicating

shortened VWF half life. Seven days after the first bleeding, right

ovary bleeding happened and we tried DDAVP and her abdominal

pain was relieved. Two hours after infusion of DDAVP, VWF:RCo,

VWF:Ag, and FVIII:C elevated to 46%, 10% and 46%, respectively.

VWF:RCo returned to baseline level 4 h after administration, whereas

VWF:Ag and FVIII:C returned to baseline level 12 h after administra-

tion. Although several reports have indicated that children prescribed

with valproic acid had lower VWF activities, this is the first report of

severe von Willebrand disease with autologous anti-VWF antibody

that appeared to be associated with valproic acid usage.

Conclusion: The AvWS diagnosis were rapidly capable of by using spe-

cific ELISA method and may be useful and sensitive for screening of

suspected von Willebrand syndrome with bleeding diathesis.

PB 1.74-3
Managing acquired haemophilia A: relating the
European acquired haemophilia registry (EACH2) data
to experience in a South London centre, St George’s
Hospital
Luo PL, Mhonda D, Uprichard J and Austin S

St George’s Hospital, London, UK

Background: Acquired haemophilia A (AHA) remains a rare and

potentially fatal bleeding disorder characterised by the development of

autoantibodies directed against coagulation factor VIII. Recently, the

EACH2 Registry has provided the largest observational dataset from

117 European centres on the management of AHA. As a large tertiary

referral unit in South London, AHA is a part of our regular practice.

Aims: To audit our AHA experience and to compare it to the data pre-

sented in the EACH2 registry.

Method: A single centre retrospective analysis of all AHA patients reg-

istered at our centre between 2006 and 2012. Data collected through

paper and electronic records included demographics, aetiology, bleed-

ing characteristics, immunosuppression and haemostatic agents used

to control the first bleeding episode.

Results: We identified 11 female and five male patients with AHA. The

median age at diagnosis was 78 years (40–99). At presentation, the

median haemoglobin concentration, FVIII:C and inhibitor titre were

94 g/L (46–138) 2 IU/dL (0–20) and 14 BU/mL (< 1 to > 6000).

2/11 patients required surgical intervention for life-threatening bleed-

ing. Severe bleeding, as defined by the EACH2 registry, was observed

in 62% of patients. This group had higher peak inhibitor titres com-

pared to those without severe bleeding (32 vs. 9 BU/mL). The overall

survival was 75% with one acute fatality.

Only one patient did not receive any haemostatic agents. Of the

remainder, 8/15 were treated with aPCC only, 3/15 received rFVIIa

only and 5/15 required sequential therapy using both agents, primarily

for invasive procedures. No patients were treated with desmopressin

or factor VIII concentrate. To control the first bleeding episode, the

median dose of aPCC was 47000iu. Of the few patients (3/15) who

received rFVIIa, the median dose was 20 mg.

11/16 patients received dual immunosuppressive therapy with cyclo-

phosphamide and prednisolone. Rituximab was reserved for poor

response and administered to 3/16 patients.

Those treated with Rituximab took longer to achieve remission (nega-

tive inhibitor 183 days, normal FVIII 120 days).

An inhibitor titre < 16 BU/mL (8/16) was associated with quicker

inhibitor eradication (10 days vs. 90 days) and quicker normalisation

of FVIII:C (23 vs. 48 days)

Relapse was observed in five patients with the majority receiving sub-

sequent rituximab. This group had a higher historical peak inhibitor

titre than those who had sustained remission.

Summary: Our findings are not dissimilar to the data in the EACH2

registry. Despite the older age of our patients, all other baseline patient

demographics and bleeding characteristics were similar. Bypassing

agents were used to treat all patients with clinical bleeding, unlike only

70% in the EACH2 registry. Our patients received a higher total dose

of haemostatic agent, which may reflect the frailty of our older patient

population. Unlike the EACH2 registry, severe bleeding was more

common in those with a higher peak inhibitor titre. However, our

study did reinforce the finding of the EACH2 registry that an inhibitor

titre < 16BU/mL was associated with reduced time to remission. Given

the limitations of patient number, this single centre audit supports the

importance of collecting registry data in rare diseases.
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PB 1.74-4
Acquired hemophilia A: retrospective analysis of 49
cases from a single Chinese hemophilia center
Yang Y, Xuan M, Xue F, Fu R, Zhou F, Zhang L, Ji L and Yang R

Institute of Hematology and Hospital of Blood Diseases, Tianjin,

China

Background: Acquired hemophilia A (AHA) is a rare bleeding disorder

caused by the autoantibody directed against factor VIII in patients

without previous history of a bleeding disorder. Its clinical features

range from harmless bruises to life-threatening bleedings with a high

mortality rate.

Aims and Methods: We retrospectively analyzed the characteristics and

outcomes of 49 patients with AHA diagnosed in our center from Feb-

ruary 1994 to December 2012. This study was approved by the medical

ethic committee of Hospital of Blood Diseases, Peking Union Medical

College. All patients signed an informed consent.

Results: The median age was 49 years (range 14–78 years). Associated

diseases were observed in 9 (18%) patients. Nine patients had comor-

bidities. The most common symptoms were ecchymosis and hema-

toma. Twenty-four patients with acute bleeding episodes were treated

with prothrombin complex concentrate (PCC) at a relative low dose of

30–50 U/kg/day and achieved good outcomes without adverse reac-

tion. Corticosteroids alone or in combination with cyclophosphamide

were used as first-line therapy to eradicate the inhibitors. In 39 evalu-

able patients, 35 (89.7%) achieved complete remission (CR). Four

patients died of hemorrhage. The response time was not related to the

titers of FVIII:C and inhibitor.

Conclusions: This study demonstrates that when bypassing agents such

as recombinant activated factor VII and activated prothrombin com-

plex concentrate are not affordable or available, low dose PCC is effec-

tive and safe to control acute bleeding in AHA patients.

Corticosteroids alone or in combination with cyclophosphamide used

as first-line therapy achieved good outcomes with CR rate of 89.7%.

The comorbidities and side-effect of immunosuppressive agents in

these patients probably have adverse impact on the prognosis.

PB 1.74-5
Telemedicine: physician supported rural hemophilia
treatment center (HTC) making a difference for
patients
Witkop ML1, Hall M1, Rushlow D1, Wischman S1, Andersen J2

and Kulkarni R3

1Munson Medical Center, Traverse City, MI; 2Barbara Ann

Karmanos Cancer Institute, Detroit, MI; 3Michigan State

University Bleeding & Coagulation Center, East Lansing, MI, USA

Background: Telemedicine is defined as ‘the use of medical information

exchanged from one site to another via electronic communications to

improve patients’ health status.’1 Persons with bleeding disorders

(PWBD) live in wide geographic areas and often have to travel great

distances to see specialists who understand and are able to treat their

disorders.

The Northern Regional Bleeding Disorders Center (BDC) is located in

Northern Michigan and provides services to approximately 200

patients covering a geographic area of > 11,000 sq miles/28,490 sq

km. It is the only HTC in the USA that does not have a physician on

site but collaborates with physicians from other HTCs to provide care

for patients closer to their home. Traveling to distant HTCs would sig-

nificantly add hours, if not days, to their schedules.

The HTC began telemedicine in 2010 with both pediatric and adult

patients. Presented are metrics of the program including: demograph-

ics of patient population, description of miles/km traveled and miles/

km saved by the patient, number of labs ordered, and patient/provider

satisfaction scores.

Aim: Describe metrics from telemedicine visits at a BDC over a period

of 2 years (2011–2012).
Methods: Pediatric and adult patients seen via telemedicine over a per-

iod of 2 years (2011–2012) were offered a patient satisfaction survey

after their visit. Data was collected from their visit including: labs

ordered, mileage, estimated time and travel costs saved by participat-

ing in telemedicine visit. Participating providers were queried on their

satisfaction with telemedicine.

Results: Between 2011 and 2012, 48 patients (pediatric-11, adults-37)

were seen via telemedicine. A total of 191 labs were ordered (pediatric-

44, adults-147) for diagnostic, continued monitoring, and surgical

planning. These 48 patients traveled 2419 actual miles/3893 actual km,

saving a cumulative total of 17,980 miles/28,936 km by utilizing tele-

medicine. Eight 40 h work weeks were saved over 2 years by patients

not traveling to a distant site to see the bleeding disorder specialist

(17,980 m/55 mph = 326.9/40 h work week = 8.2 work weeks over

2 years). This equates to one working month per year saved by not

traveling to a distant site. No adverse outcomes were experienced by

any patients utilizing telemedicine.

Patients either agreed or strongly agreed in all areas of the patient sat-

isfaction survey: they could clearly see and hear the distant provider,

they knew what to expect and felt comfortable discussing their issues

during the interview, they felt their questions were answered, their pri-

vacy was respected, the provider answered their questions thoroughly,

by using telemedicine they were able to see the specialist sooner than if

they had traveled to the distant site, they would recommend telemedi-

cine to others, and the quality of their medical care met their expecta-

tions. Providers expressed satisfaction with telemedicine.

Conclusion: Telemedicine is an effective tool to utilize for evaluation

and follow up in PWBD given the distance many patients live from an

HTC. Patients, families and providers are very satisfied. Significant

time and travel was saved. High quality care, including surgical and

birth planning was provided with no adverse outcomes.

PB 1.74-6
Diagnosis and management of acquired haemophilia A
(AHA) patients: experience of a single center
Mercanti C, Santoro C, Baldacci E, Abbruzzese R, Barone F,

Bochicchio RA, Di Mauro R, Parlanti L and Mazzucconi MG

Hematology, Sapienza Univeristy, Rome, Italy

Background: AHA is a rare bleeding disorder with an incidence of 1.5/

million/year. Mortality rate is high (9–22%), if diagnosis is delayed

and treatment is not promptly established.

Aims: Retrospective evaluation of AHA affected patients diagnosed

and followed at our Institution. Patients characteristics, bleeding

symptoms and treatment, eradication therapy and response, occur-

rence of possibly related diseases have been considered.

Patients. Between 1984 and 2012, 34 patients (M, 14; F, 20), were diag-

nosed with AHA. Diagnosis median age: 70.2 years (25–89); median

time from the first bleeding symptoms and diagnosis: 48.5 days (4–
264); median follow-up (FU): 19.7 months (2.6–215.4).
Results: At diagnosis, bleeding symptoms were present in 33/34

patients (97%) (28 muscle haematomas, three haematuria, two post-

partum haemorrhages, 1GI bleeding, one haemoperitoneum, one

haemarthrosis, two post-surgery bleedings); median inhibitor title was

9.6 BU/mL (2.5–138), median FVIII:C level, 2% (0.01–21); in 16

patients FVIII:C level was < 1%. Clinical conditions triggering the

inhibitor appearance were present in 17 cases (50%): previous delivery

in 9, autoimmune diseases in 4, cancer in 4.

First-line eradication therapy was prescribed in all patients: predni-

sone (PDN) (median dose 1 mg/kg/day, range 0.5–2) for 4 weeks, in

23 (68%), dexamethasone (DXM) (median dose 24 mg/day, range 24–
40) for 4-day courses, in 7 (20%), azathioprine (AZA) 100 mg/day for

3 months, in 2 (6%), cyclophosphamide (CTX) (0.5 and 1.5 mg/kg/

day) plus PDN (standard doses) for 2 months, in 2 (6%). Thirty-one

patients are evaluable for response, 27 treated with PDN/DXM, four
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with other immune suppressive drugs. Inhibitor eradication (undetect-

able inhibitor, normal FVIII:C levels, absence of bleedings), was

obtained in 24/31 patients (77%) (22/27 [81%] on PDN/DXM, 2/4

[50%] on other immune suppressants).

Second-line therapy was administered in 4/7 no responder patients:

CTX + PDN in 2, DXM in 1, PDN in 1. Inhibitor eradication was

obtained in 1. Third-line therapy was performed in 2/3 second-line no

responder: 1 CTX + PDN, 1 AZA + PDN. No one responded. One of

these two patients was treated with Rituximab, obtaining finally per-

sistent inhibitor eradication. Three patients relapsed after first-line

treatment (3/24, 12.5%).

At last control, 23 patients maintained persistent inhibitor eradication

(median FU: 25.9 months [2.6–150.9]).
Bypassing agents (rFVIIa or FEIBA) were used in 21 patients with a

high efficacy to control bleeding symptoms: FEIBA in 11, rFVIIa in 7,

either FEIBA or rFVIIa in 3. A severe bleeder no responder, is on FE-

IBA prophylaxis three times a week with a good control of hemor-

rhagic events.

During FU, occurrence of diseases possibly related to the inhibitor

presence (cancer) was recorded in 2/17 idiopathic cases (11.7%); 5/34

deaths, not bleeding related, were recorded.

No relapses were observed in two post-partum inhibitor affected

patients who underwent three deliveries after a period of 2, 3.6, 7.3,

years respectively after inhibitor eradication.

Conclusions: We confirm literature data as regard as idiopathic AHA

cases percentage (50%). We observed a high response rate after steroid

administration (81%). Bypassing agents were efficacious in all treated

patients. Relapse rate was relatively low (12.5%). A good management

of AHA reduce the mortality risk bleeding related.

PB2.21 – Antiplatelet Agents: ADP
Receptors – III

PB 2.21-1
Absence of off-target prolongation of the bleeding
time in prasugrel-treated rats and mice: additional
evidence for selective P2Y12 inhibition by prasugrel
Sugidachi A1, Ohno K1, Jakubowski JA2 and Tomizawa A1

1Daiichi Sankyo Co., Ltd., Tokyo, Japan; 2Eli Lilly and Company,

Indianapolis, IN, USA

Background: Prasugrel is the 3rd generation thienopyridine prodrug

exhibiting more optimal pharmacokinetics and pharmacodynamics

compared with clopidogrel. This profile results in both more effective

platelet inhibition and greater clinical benefit in acute coronary syn-

drome (ACS) patients undergoing percutaneous coronary interven-

tion. Ticagrelor is a cyclopentyl-triazolo-pyrimidine and non-

competitive P2Y12 antagonist recently approved for reducing the rate

of thrombotic cardiovascular events in ACS patients.

Aims: Recent data suggest that thienopyridines result in off-target

effects at the vessel wall that contribute to bleeding in mice (J. Pharma-

col. Exp. Ther. 338, 22–30, 2011). However, our pilot non-clinical

studies showed that high-dose prasugrel resulted in a similar prolonga-

tion of the bleeding time (BT) as a non-thienopyridine P2Y12 antago-

nist, ticagrelor, suggesting no off-target effect of prasugrel. In the

present study, we further examined the individual and combined effect

of prasugrel and ticagrelor on BT in rats, wild-type mice and in P2Y12

knock-out mice.

Methods: Four hours after the administration of single or combined

agents to mice or rats, a needle (23 or 21G, respectively) was advanced

0.5 or 1 cm into each tail vein at a 4.5 or 3 cm point from the tail end

and immediately withdrawn. Blood was blotted every 5 s with a filter

paper and when blood no longer appeared the bleeding time was

recorded with control (vehicle) values of 92 � 5 s (n = 10) and

104 � 6 s (n = 10) in mice and rats, respectively. In mice, additional

experiments included measurement of platelet aggregation in platelet-

rich plasma stimulated with 20 lM ADP 30 min after BT determina-

tion.

Results: A single dose of prasugrel alone (10 mg/kg, p.o.) or ticagrelor

alone (30 mg/kg, p.o.) resulted in significant prolongation of the bleed-

ing time in rats to 228 � 23 s (P < 0.001 vs. vehicle, n = 10) and

231 � 23 s (P < 0.001 vs. vehicle, n = 10), respectively. Combined

administration of prasugrel (10 mg/kg) with ticagrelor (30 mg/kg)

resulted in similar extent of prolongation of bleeding time

(255 � 21 s, P < 0.001 vs. vehicle, n = 10) compared to each individ-

ual dosing group. In wild-type mice, both prasugrel (3 and 10 mg/kg,

p.o.) and ticagrelor (10 and 30 mg/kg, p.o.) prolonged BT in a dose-

related manner with high-dose values for prasugrel and ticagrelor

being 148 � 7 s (P < 0.001, n = 10) and 149 � 10 s (P < 0.001,

n = 10), respectively. In P2Y12 knock-out mice, similar prolongation

of the bleeding time was observed in the vehicle group (146 � 7 s,

n = 10) and neither prasugrel nor ticagrelor had any significant pro-

longation of the bleeding time compared to the vehicle group. Platelet

aggregation studies showed that both prasugrel and ticagrelor substan-

tially inhibited platelet aggregation in wild-type mice, and these values

were similar to those in all groups of P2Y12 knock-out mice including

the vehicle group.

Summary/Conclusion: These results support the contention that prasu-

grel is a selective P2Y12 inhibitor with an apparent absence of off-tar-

get effects that influence the bleeding time or inhibition of platelet

aggregation.

PB 2.21-2
Impact of cigarette smoking on clopidogrel antiplatelet
effect in diabetic patients
Addad F, Oueslati C, Hammami N, Jebri F, Ibn El Hadj Z,

Gargouri S, Ben Halima A, Kammoun I and Kachboura S

A. Mami University Hospital, Ariana, Tunisia

Background: High on-clopidogrel platelet reactivity (HPR) is associ-

ated with an increased risk of adverse events after coronary stenting

and acute coronary syndromes. Pharmacodynamic studies have shown

that residual HRPP is more common in patients with diabetes. Recent

data suggest that cigarette smoking might enhance clopidogrel medi-

ated platelet inhibition. Indeed, cigarette smoking is an inducer of

cytochrome P450 1A2, a hepatic enzyme involved in clopidogrel

metabolism.

Objective: The aim of our study was to investigate the influence of cig-

arette smoking on clopidogrel mediated platelet inhibition in diabetic

patients presenting with an acute coronary syndrome.

Methods: This is a prospective study including 30 diabetic patients

(mean age: 58.9 � 9.7 years, 17 men) admitted with ACS without ST

elevation who received 600 mg clopidogrel loading dose followed by a

maintenance dose of 150 mg. 60.8% of patients were active smokers.

Evaluation of platelet function was performed by the VerifyNow

P2Y12 Test, 24 h after the loading dose and at the third day. Residual

HPR under clopidogrel was defined as a PRU value > 230 at H24.

Results: The mean H24 PRU was significantly lower in diabetic smok-

ers compared to non smokers (172.1 � 61.7 vs. 255.6 � 62.4,

P = 0.001). HPR rate on clopidogrel in diabetic patients smoking was

significantly lower on day 1 (17.6% vs. 69.2%, P = 0.008). Only 5.9%

of diabetic smokers had HPR at the third day. In the multivariate

analysis, current smoking has emerged as a protective factor of HPR

on clopidogrel (OR = 0.08, CI 95% [0.007–0.9]; P = 0.04).

Conclusion: This pilot study confirms the enhancement of the antiplat-

elet effect of cigarette smoking even in coronary diabetic population

admitted for ACS. This confirms that the main mechanism of HPR in

this population is associated with a reduced production of active

metabolite.
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PB 2.21-3
The experience of the antiplatelet therapy by
clopidogrel in the West-Siberian region of Russia: the
effects of CYP2C19 and ABCB1 allelic variants
Knauer N, Voronina E and Lifshits G

Institute of Chemical Biology and Fundamental Medicine SB

RAS, Novosibirsk, Russian Federation

Background: Clopidogrel is known to be one of the principal drugs for

modern antiplatelet therapy. However, the interindividual variability

of the response to clopidogrel has been also shown. This variability

depends both of the presence of certain genetic polymorphisms, in par-

ticular, allelic variants of CYP2C19 and ABCB1 genes, and of clinical

factors. Clinical trials revealed the regional features of abundance of

genetic polymorphisms influencing clopidogrel metabolism.

Aims: To examine frequencies of occurrence of allelic variants

CYP2C19 *2, *17 and ABCB1 C3435T among the patients of the

West-Siberian region of Russia receiving clopidogrel and to determine

contribution of these markers to the clopidogrel laboratorial efficacy.

Methods: One hundred and fifty-eight patients with cardiologic pathol-

ogy receiving clopidogrel were enrolled. The allelic variants of ABCB1

and CYP2C19 were determined by means of real-time PCR. The rela-

tive change of platelet aggregation with ADP before and 48 h after

taking of loading dose of clopidogrel (600 mg) referred to as resistance

index (RI) was assessed. RI was assumed to be a measure of the clopi-

dogrel laboratorial efficacy. The relation of allelic variants of ABCB1

C3435T and CYP2C19 *2, *17 to RI was estimated. The study proto-

col was approved by the local ethic committee of the ICBFM SB RAS.

Results: Depending on RI the following subgroups of patients were

assigned: sensitive (RI > 30%, 58.9%), semi-responders (RI = 10–
30%, 20.9%), non-responders (RI = 0–10%, 7.6%), and 12.7% of

patients demonstrated paradoxical laboratorial response: platelet

aggregation increased after clopidogrel taking.

According to genetic analysis data, the CYP2C19 gene was presented

by allelic variants *1/*2 (24.7%), *2/*2 (0.6%); *1/*17 (17.0%) and

*17/*17 (1.0%), and the ABCB1 gene by 3435 CC (20.3%), CT

(41.8%) and TT (37.9%) variants. The correlation analysis revealed

the connection between CYP2C19*2 and RI. Both CYP2C19*17 and

ABCB1 C3435T allelic variants have not been shown to make an effect

in changes of platelet aggregation after clopidogrel taking. None sta-

tistically significant connection between considered genetic variants

and paradoxical laboratorial response on clopidogrel was found.

Depending on the type of drug metabolism patients were divided into

five subgroups: fast (*17/*17, *1/*17), extensive (*1/*1), intermediate

(*1/*2, *1/*3), slow (*2/*2), ‘uncertain’ (*2/*17). Significant differ-

ences (P < 0.05) were found between average RI in groups of fast and

extensive metabolizers and in groups of fast and «uncertain» metabo-

lizers. As a result, the influence of allelic variant CYP2C19*2 is more

significant than the influence of the variant CYP2C19*17 in the group

of patients under study.

Summary/Conclusions: The frequencies of occurrence of CYP2C19

and ABCB1 allelic variants in a group of patients from West-Siberian

region of Russia receiving clopidogrel therapy were calculated and the

effect of these genetic variants on clopidogrel laboratorial efficacy was

examined. 12.7% of patients in the group under study were found to

demonstrate paradoxical laboratorial response on clopidogrel. Such

unusual response has not been shown to be associated with genetic

variants considered. CYP2C19*2 has been shown to make an effect on

the laboratorial response on the clopidogrel. RI in the subgroup of fast

metabolizers is higher than in subgroups of extensive and «uncertain»
metabolism.

PB 2.21-4
The VerifyNow PRU is associated with optimal
duration of clopidogrel interruption prior to CABG
surgery: sub-Analysis of TARGET CABG study
Gurbel PA1, Mahla E2, Kevin BP1, Tantry US1, Jeong YH1,

Gesheff M1 and Dahlen JR3

1Sinai Center for Thrombosis Research, Baltimore, MD, USA;
2Medical University of Graz, Graz, Austria; 3Accumetrics, Inc, San

Diego, CA, USA

Background: The utility of thrombelastography (TEG) to determine

the timing of CABG in pts treated with clopidogrel was evaluated in

the first prospective study, TARGET CABG which showed that pts

non-responsive by TEG had no greater chest tube output when oper-

ated within 24 h of last clopidogrel dose compared to clopidogrel

na€ıve pts. The utility of VN to optimally time CABG is unknown.

Methods: In TARGET CABG, we also analyzed platelet function

recovery (PFR) using VerifyNow P2Y12 assay in 81 patients on aspi-

rin and clopidogrel therapy undergoing elective first time isolated on-

pump CABG. CABG was done within 1 day (nonresponse), 3–5 days

(moderate response), and > 5 days (high response) based on ADP

induced platelet-fibrin clot strength (MA-ADP) as measured by

thrombelastography. Proportion of patients achieving pre-surgical

PRU > 208 was used indicate PFR.

Results: Baselines PRUs were in agreement with MA-ADP within each

response group and there was significant difference in mean baseline

PRUs between response groups (P < 0.05) (Figure 1). Ninety-seven

percent of patients demonstrated PFR prior to surgery. The total

amount of red blood cells transfused did not differ between response

groups.

Conclusions: PFR by VN-P2Y12 assay agrees with TEG, suggesting

that PFR specific to the P2Y12 receptor significantly influenced the pri-

mary results of TARGET-CABG. The use of platelet function testing

may allow for improved pre-surgical management of P2Y12 inhibitor

therapy prior to major surgery, and further investigation is warranted.

PB 2.21-5
Comparison of the antiplatelet effect of crushed
clopidogrel vs. whole tablet in diabetic patients
presenting with an acute coronary syndrome
Addad F1, Oueslati C1, Ibn El Hadj Z1, Hammami N1, Jebri F1, Ben

Halima A1, Kammoun I1, Yaalaoui S2 and Kachboura S1

1Department of Cardiology; 2Department of Biology, A. Mami

University Hospital, Ariana, Tunisia

Background: Pharmacodynamic studies have shown that persistently

high residual platelet reactivity (HRPP) is common in patients with

diabetes in spite of clopidogrel treatment. Even, a 600-mg clopidogrel

loading dose is not sufficient to overcome this effect, especially in dia-

betic patients with ACS. This can be explained by altered resorption,

altered liver metabolism, or altered platelet response. Recently, it was

demonstrated that clopidogrel given crushed provided faster absorp-

tion and greater rate of clopidogrel inactive metabolite in healthy sub-

jects.

Objective: The hypothesis of the study was that 600 mg clopidogrel

loading dose (LD) administered crushed may provide more effective

platelet inhibition than an equal clopidogrel dose taken orally as whole

tablets in patients with type 2 diabetes mellitus presenting with ACS.

Methods: In a prospective, single-center, single-blind study, 30

(58.9 � 8.4 years; 17 males) ACS diabetic patients were randomized

to either 600 mg crushed clopidogrel (n = 15) or whole tablets (n = 15)

follow by a maintenance dose of 150 mg, respectively. Pharmacody-

namic assessment was performed by VerifyNow P2Y12 system accu-

metrics at 24 h and 3 days post LD. High Residual platelet reactivity

(HRPR) was defined as platelet reactivity units (PRU) > 235.
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Results: The baseline characteristics were no different in the two

groups. We noted no difference between the antiplatelet effect pro-

duced by 600 mg crushed clopidogrel compared with whole tablets at

both 24 h (PRU = 199.73 � 79.3 vs. 216.9 � 70.1; P = 0.53) and at

3 days (PRU = 164.3 � 92.9 for crushed clopidogrel vs. 160.5 � 73.5

for whole tablet; P = 0.9). HRPR rate also was similar in the two

groups, 40% (P = 1) at 24 h and diminished significantly in both

groups at 3 days to 20% of patients (P < 0.001).

Conclusions: Despite the small sample size, the present study demon-

strates that clopidogrel given crushed in diabetic ACS patients is as

effective as whole tablets.

PB 2.21-6
Rebound of ADP mediated platelet aggregation after
abrupt cessation of long-term clopidogrel therapy
positively correlate to thrombin and arachidonic-acid
dependent platelet aggregation
Obradovic S1, Djukanovic N1, Todorovic Z2, Njegomirovic S1,

Prostran M2, Djenic N1 and Ostojic M3

1Military Medical Academy; 2Institute for Medical Statistics and

Informatics; 3Academy of Science, Belgrade, Serbia

Background: The interplay between various platelet agonist-receptor

interactions during and after stopping antiplatelet therapy is insuffi-

ciently known and possible rebound phenomena may have important

adverse consequences.

Aim: To investigate the influence of abrupt cessation of long-term

clopidogrel therapy on platelet aggregation to adenosine diphosphate

(ADP), arachidonic acid (AA) and thrombin receptor-acivating pep-

tide (TRAP) in patients with coronary heart disease on aspirin.

Patients and methods. Two-hundred patients who underwent to elec-

tive PCI with stent who were on 1 year dual antiplatelet therapy (aspi-

rin + clopidogrel) and had no adverse events during that time were

enrolled in the study. Platelet function was measured by multiple elec-

trode aggregometry using three agonists [ADP with PGE1 (ADPHS-

test), AA (ASPI-test), and TRAP (TRAP-test)] at the last day of clopi-

dogrel therapy and 90 days after stopping the drug.

Results: Platelet aggregation on ADP [320.5 AU 9 min (212.7–461.7)
vs. 838.5 AU 9 min (728.0–968.7), P < 0.001], AA [155.0 AU 9 min

(115.0–211.0) vs. 228.0 AU 9 min (154.0–375.7), P < 0.001] and

TRAP (1134.7 � 176.6 vs. 1158.1 � 175.3 AU 9 min, P = 0.041) sig-

nificantly increase after 90 days. Levels of TRAP and ASPI at 90 day

significantly increase according to quartiles of DADP (difference

between the ADP test at 90 day and baseline) P < 0.001 and

P = 0.021, respectively.

Conclusion: Patients with higher increase of ADP dependent platelet

aggregation after stopping clopidogrel had higher platelet aggregation

on TRAP and AA.

PB2.22 – Platelet Function Tests:
Clinical

PB 2.22-1
Platelet-reactivity tests identify patients at risk of
secondary cardiovascular events: a review and meta-
analysis
Wisman PP, Roest M, Asselbergs WF, De Groot PG, Moll FL, Van

Der Graaf Y and De Borst GJ

UMC Utrecht, Utrecht, The Netherlands

Background: Antiplatelet therapy is standard treatment for the preven-

tion of cardiovascular events (CVE). High-on-treatment platelet reac-

tivity (HPR) is a risk factor for secondary CVE in patients prescribed

aspirin and/or clopidogrel. Numerous platelet-function tests are avail-

able that assess HPR for aspirin (HAPR) or clopidogrel (HCPR).

Aims: The present review and meta-analysis aimed to assess the ability

of individual platelet-function tests to reliably identify patients at risk

of secondary CVE while being treated with aspirin and/or clopidogrel.

Methods: Data Sources: A systematic literature search using the terms

‘aspirin resistance’ and ‘clopidogrel resistance’ was conducted to iden-

tify studies on platelet-reactivity measurements and CVE. The years of

publication ranged from January 1966 to September 2012; the publica-

tions were in English.

Study Selection: Main inclusion criteria were: (i) study design was pro-

spective; (ii) study medication was aspirin and/or clopidogrel; (iii) a

platelet-function test was performed at baseline; and (iv) data on base-

line platelet-function-test outcome and CVE during follow-up avail-

able. The latter criterion was necessary to extract dichotomous

frequency data. Of 2676 identified studies, 89 (3.3%; reporting on

29,018 patients) were included in the meta-analysis.

Data Extraction: Data abstraction and data-quality and -validity

assessment were executed independently by two observers.

Results: With regard to HAPR, 21 different tests were discussed in 49

studies (12,687 patients). Pooled analysis showed that HAPR was

diagnosed in 29.0% of patients, and associated with an increased risk

of developing CVE (RR: 2.08; 95%CI: 1.74–2.48). The negative pre-

dictive value (NPV) was 89.8%, the positive predictive value (PPV)

19.0%. When the individual HAPR tests were compared, 11 showed

an increased risk of CVE in patients with HAPR. As regards HCPR,

50 studies (21,037 patients) discussed 14 different tests and reported

HCPR being present in 38.5% of patients and associated with an

increased CVE risk (RR: 2.90; 95%CI: 2.44–3.44). The NPV of the

HCPR tests was 95.2%, the PPV10.6%.

Conclusion: HPR is seen in a large number of patients on antiplatelet

therapy. Patients with HPR are inadequately protected against future

cardiovascular complications. Some HAPR and HCPR tests can iden-

tify patients at higher risk of secondary CVE.

PB 2.22-2
The real world relationship between VerifyNow PRU
and device-reported percent inhibition: analysis from
the GRAVITAS trial
Dahlen JR1 and Price MJ2

1Accumetrics, San Diego, CA; 2Division of Cardiovascular

Diseases, Scripps Clinic, and the, La Jolla, CA, USA

Background: The VerifyNow P2Y12 Test is a rapid, point-of-care

platelet function test that has been extensively validated as a tool for

measuring the antiplatelet effect of P2Y12 receptor inhibitors. The VN

P2Y12 Test reports results as P2Y12 Reaction Units (PRU) and

device-reported percent inhibition of platelet reactivity (%I), based on

using thrombin receptor-induced platelet aggregation as a substitute

for a baseline, P2Y12 inhibitor na€ıve PRU result. The PRU result is

highly specific for P2Y12 receptor blockade due to the effect of a

P2Y12 inhibitor and is an absolute measure of the drug effect. The%I

result is a relative measure of the drug effect because the absolute

effect is normalized using baseline, thrombin-receptor induce platelet

aggregation. PRU results have been clinically validated to identify

patients at increased risk for thrombosis and bleeding due to the pres-

ence of a P2Y12 inhibitor antiplatelet effect.%I results have been clini-

cally validated to correlate to a return to baseline platelet function

following P2Y12 inhibitor cessation. The relationship between these

two results has not been extensively described.

Aims: The objectives for this study were to (i) compare the actual rela-

tionship of PRU and%I results to a model based on true baseline

platelet reactivity and (ii) determine the agreement of PRU and &I

results at published clinical decision points.

Methods: Matched PRU and%I results were evaluated using measure-

ments obtained from the GRAVITAS trial. A total of 10,375 Verify-
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Now P2Y12 Test measurements from 5429 subjects were used for the

analysis. The manufacturer-reported 95% confidence interval PRU

reference range of baseline platelet reactivity (194–418) represents the
range of PRU results when the ‘true’ %I is 0%. A PRU result of 0 is

the expected result when ‘true’ %I is 100%. Taken together, a model

for the relationship of PRU and%I was constructed using an inferred

range of PRU results at each level of ‘true’ %I. Because the reference

range is the 95% confidence interval of baseline PRU results, the

model is therefore a prediction of the relationship between PRU and%

I for at least 95% of the observations. The percent of actual measure-

ments that were in agreement with the model was determined, and the

agreement of results using PRU < 208 and % I > 20% cutoffs also

was determined.

Results: 96.8% of the matched PRU and%I results were within the

theoretical model, which was within the expected > 95% of results.

The PRU > 208 cutoff reported to define high on-treatment platelet

reactivity was 95% specific for the %I < 20% reported to define a

baseline platelet function.

Summary/Conclusion: The results of this investigation confirm there

the PRU and device-reported%I results from the VerifyNow P2Y12

Test are highly correlated and are consistent with a prediction model

of their relationship. These observations suggest that device-reported

%I is an acceptable surrogate for true percent inhibition calculated

from a pre-drug and on-treatment PRU result. In addition, the results

indicate that there is consistency between the clinically validated PRU

and device-reported%I decision points.

PB 2.22-3
High platelet reactivity is associated with increased D-
dimer levels in acute coronary sindrome patients
Marcucci R, Gori AM, Giusti B, Paniccia R, Fedi S, Romagnuolo I,

Palombella AM, Priora R and Abbate R

University of Florence, Florence, Italy

Background: High platelet reactivity (HPR) on dual antiplatelet treat-

ment is an independent predictor of adverse ischemic events in acute

coronary syndrome (ACS) patients undergoing percutaneous coronary

intervention (PCI). Few data are available on the possible association

of this phenotype with coagulation and inflammation.

Aims: To investigate the relationship between HPR – by both arachi-

donic acid and ADP – and markers of clotting and fibrinolysis activa-

tion and inflammatory response.

Methods:We recruited 646 ACS patients undergoing PCI on dual anti-

platelet therapy. Platelet reactivity was assessed by light transmission

aggregometry by 10 lM ADP and by 1 arachidonic acid (AA). D-

dimer levels were assessed by immunoturbidimetric method (IL Labo-

ratory, Milan). HPR by ADP was diagnosed in the presence of LTA

by ADP ≥ 55% according to our previous published data; HPR by

AA in the presence of LTA ≥ 20%.

Results:D-dimer, fibrinogen and ESR levels were respectively: (median

and interquartile range) 229.5 (119.7–413.2) ng/mL, 534.0 (451.5–
612.2) mg/dL, 15.0 (11.0–21.0) mm/h.

HPR by ADP was detected in 357/646 (55.2%) and HPR by AA in

189/646 (29.2%).

LTA by AA values significantly correlated with D-dimer, fibrinogen

and ESR values (D-dimer: r = 0.15, P < 0.001; fibrinogen: r = 0.16,

P = 0.02, ESR: r = 0.25, P < 0.001).

D-dimer, fibrinogen and ESR levels were significantly higher in

patients with HPR by AA than in patients without HPR by AA [D-

dimer: 293 (156.5–537) ng/mL vs. 194 (107.8–376.3) ng/mL,

P < 0.001; Fibrinogen: 549 (467–627.5) mg/dL vs. 525 (437.5–598.2)
mg/dL, P = 0.04; ESR 25 (15–45) mm/h vs. 17.5 (8–27.7) mm/h,

P = 0.004].

According to HPR by ADP we found significantly higher D-dimer and

ESR levels in patients with HPR than in patients without HPR by

ADP [D-dimer: 238 (124–456.5) ng/mL vs. 204 (112.7–363.2) ng/mL,

P = 0.03; ESR 22 (12–36.5) mm/h vs. 16 (8–30) mm/h, P = 0.03].

Conclusions: HPR is associated with a prothrombotic and proinflam-

matory state suggesting a possible role of the antithrombotic therapy

in modulating this phenotype associated with a higher incidence of

ischemic events.

PB 2.22-4
Aspirin resistance and C-reactive protein predict long
term mortality in STEMI patients
Marcucci R, Cau V, Valente S, Chiostri M, Lazzeri C, Saracini C,

Galora S, Bucherelli S, Gensini G and Abbate R

University of Florence, Florence, Italy

Background: Data on long term prognostic value of high platelet reac-

tivity (HPR) on aspirin in patients with acute coronary syndrome

(ACS) undergoing PCI are limited. On the other hand, C reactive pro-

tein levels has been suggested to be associated with post-PCI athero-

thrombotic events.

Methods and Results: We evaluated 494 STEMI patients (366 M/

128 F; age: 65.8 � 12.4 years) undergoing PCI with stent implanta-

tion.

Platelet reactivity was assessed by light transmission aggregometry by

1 arachidonic acid (AA). HPR by AA was diagnosed in the presence

of LTA ≥ 20%. At a median follow-up of 27.8 months (13.1–48.8), 58
patients died (11.7%).

Median values of LTA by AA were significantly higher in patients died

with respect with the alive: 24.18 � 21.1% vs. 16.2 � 11.4%,

P > 0.001. By the ROC curve analysis, 18% was found to be the value

of LTA by AA associated with the higher specificity and sensitivity for

death.

CRP values were significantly higher in patiebts died with respect with

the others: 55.86 � 62.46 mg/L vs. 24.68 � 37.12 mg/L, P < 0.001.

By the ROC curve analysis, 12 mg/L was found to be the value of

CRP associated with the higher specificity and sensitivity for death.

Patients with HPR by AA were not at significantly higher risk of death

[HR = 1.57 (0.5–4.9); P = 0.440]; patients with elevated levels of CRP

were at higher risk of death [HR = 2.72 (1.1–6.76); P = 0.031]; the

presence of both HPR by AA and elevated CRP levels was associated

with the highest risk of death [HR = 4.19 (1.67–10.55); P = 0.002].

Conclusion: These results document that both HPR by AA and ele-

vated CRP levels identify a subgroup of STEMI patients at signifi-

cantly higher risk of death, for whom it might be crucial to optimize

antithrombotic therapy.

PB 2.22-5
Pharmacogenomic study of clopidogrel poor response
Calderon Cruz B1, Manzo Francisco LA1, Roman Perez A1,

Rodriguez Galvan K1, Herrera Gonzalez A1, Vargas Alarcon G2,

Fragoso JM2, Pe~na Duque MA2, Reyes Gomez CA2 and De La

Pe~na Diaz A1

1UNAM; 2National Institute of Cardiology, Mexico, Mexico

Background: The use of antiplatelet therapy with aspirin and clopido-

grel, reduces significantly recurrent cardiovascular events in patients

with acute coronary syndrome. Clopidogrel is a pro-drug, its absorp-

tion in the intestine is limitedby the P-Glycoprotein, encoded in the

ABCB1 gene. It ismetabolized in the liver by theenzymes of the cyto-

chrome P450 superfamily (CYP) to produce the activemetabolite that

antagonizes the P2Y12 platelet receptor. There is a wide interindividu-

al variability in response to clopidogrel. The poor response to clopido-

grel has been associated with polymorphisms in ABCB1, CYP and

P2RY12 genes. In Mexican population the frequency of these poly-

morphisms and their relation with clopidogrel poor response is

unknown.

Aims: Determine the frequency of clopidogrel poor response and its

relation with polymorphisms of the ABCB1, CYP2C19, CYP3A5 and
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P2RY12 genes in patients underwent percutaneous coronary interven-

tion.

Methods: A total of 276 patientswho underwent percutaneous coro-

nary intervention and received a clopidogrel loading dose of 300 or

600 mg were included. Platelet aggregation was performed by a turbi-

dimetric method on a Lumiaggregometermodel 810 AC AGGRO soft-

ware/LINK Chrono-log, Havertown, PA, USA. Different

concentrations of ADP (0.58–10 lM) were used as agonist to determi-

nate clopidogrel’s poor response. Single nucleotide polymorphisms

(ABCB1, CYP2C19*2, CYP2C19*3, CYP3A5*3 and two polymor-

phic sites of the P2RY12 gene G52T and C34T) in genomic DNA were

performed using 5′exonuclease TaqMan assays by a 7900HT Fast

Real-Time PCR System (Applied Biosystem, Foster City, CA, USA).

All patients signed informed consent, this protocol is according to the

Helsinki declaration and it was approved for the ethics committee of

the National Institute of Cardiology.

Results: Sixty one (22.1%) of the 276 patients included in the study,

were clopidogrel poor responders. ABCB1 TT allelehas a frequency of

18.1% in our studied population OR2.4P = 0.015 (CI 1.23–4.66). A
logistic regression model showed that omeprazole increase the risk to

7.82 (P = 0.023) of being clopidogrel poor responder.

The studied CYP and P2RY12 polymorphisms were not related with

clopidogrel poor response, and had frequencies below 9% in our pop-

ulation.

Conclusions: Carriersof ABCB1 TT allele had a higher risk of being

clopidogrel poor responders, compared with CC and CT carriers.

Polymorphisms of the CYP and P2RY12 genes were not related to

clopidogrel poor response and their frequencies were lower than

reported for Caucasian populations.

PB 2.22-6
Prevalence of CYP2C19 variant alleles and
pharmacodynamic variability of aspirin and clopidogrel
in American Indians
Oestreich J1, Best GL2, Crowe BW1 and Dobesh P1

1University of Nebraska Medical Center, Omaha, NE; 2Turtle

Mountain Community College, Belcourt, ND, USA

Background: Extensive variability to clopidogrel has been identified,

and genetic variation in the metabolic enzyme cytochrome P450

(CYP) 2C19 is one important factor. The prevalence of important

genetic polymorphisms of the CYP2C19 gene has been determined in

most groups, but not in American Indians. Furthermore, the overall

effectiveness of clopidogrel and aspirin has not been studied in the

American Indian population, even though this group has some of the

highest mortality rates in the U.S.A. for cardiovascular disease and

diabetes.

Aims:

1 Identify the prevalence of CYP2C19 variant alleles in American

Indians of the Oglala Sioux Tribe of South Dakota, U.S.A.

2 Assess the antiplatelet pharmacodynamic variability and the influ-

ence of candidate clinical and genetic predictors in American Indi-

ans.

Methods: Our protocol was approved by the appropriate medical eth-

ics committees. We recruited and obtained consent from 50 American

Indians of the Oglala Sioux Tribe with coronary artery disease (CAD)

taking aspirin and clopidogrel. Whole blood was collected for analysis

by the VerifyNow P2Y12 and aspirin tests. Saliva samples from the

CAD patients and 50 additional healthy volunteers (n = 100 total)

were genotyped for known CYP2C19 variants (*2, *3, and *17). Geno-

typing was conducted by real-time polymerase chain reaction (Taq-

Man assay) at a regional Tribal college. We analyzed single predictors

of platelet reactivity with the Kruskal-Wallis and chi-square tests.

Results: The observed genotype distributions were in Hardy-Weinberg

equilibrium. Genotype frequencies were: CYP2C19 *1/*1, n = 62; *1/
*2, n = 20; *2/*17, n = 2; *1/*17, n = 13; *17/*17, n = 1. Twenty-two

percent of American Indians were heterozygous for the *2 loss-of-

function allele (allele frequency = 11%; 95% CI = 7–16%), and 16%

of American Indians carried at least one CYP2C19*17 allele (allele fre-

quency = 9%; 95% CI = 5–13%). The pharmacodynamic effective-

ness of clopidogrel in American Indians (median = 194 P2Y12

reaction units (PRU), range = 29–400) was not statistically different

from a historical control of primarily Caucasian patients

(median = 186 PRU, range = 85–331; P = 0.70). There was no signifi-

cant effect of genotype on platelet aggregation as measured by the Ver-

ifyNow P2Y12 test (P = 0.72; median and range for CYP2C19*1/*1
and *2/*17 = 218, 29–400 PRU; *1/*2 carriers = 194, 108–242 PRU;

*17 carriers = 171, 74–354 PRU). The median aspirin reaction units

(ARU) for American Indians was 437 (range = 350–659), and 73%

had ARU values < 550. Higher PRU values were associated with

never smoking (P = 0.018), a history of coronary artery bypass graft-

ing (P = 0.043), no previous percutaneous coronary intervention

(P = 0.042), and low aspirin dose (81 mg; P = 0.013). Never smokers

(P = 0.044), low aspirin dose (P = 0.037) and age ≤ 65 years

(P = 0.005) were significant predictors of high ARU values.

Conclusions: The variability to aspirin and clopidogrel in American

Indians of the Oglala Sioux Tribe is consistent with reported values for

other groups as measured by the VerifyNow assay. However, the

tested CYP2C19 genotypes (*2, *3, and *17) did not explain the vari-

ability of clopidogrel response. Future work will further characterize

genetic variation in a larger sample of this population with significant

health disparities.

PB2.23 – Platelet Activation:
Receptor Changes – I

PB 2.23-1
Modulation of a-thrombin function by platelet
glycoprotein Iba
Ruggeri ZM, Zarpellon A, Zampolli A, Roberts JR

and Mendolicchio GL

The Scripps Research Institute, La Jolla, CA, USA

Background: The protease a-thrombin (FIIa) interacts with several

substrates to orchestrate biochemical reactions and cellular functions

in response to vascular injury. Platelets – key participants in such

events, including hemostasis and thrombosis – express glycoprotein

(GP) Iba on their membrane; this is the most abundant FIIa binding

site, but its function relative to that of protease activated receptors

(PARs) signaling after proteolytic cleavage remains unclear. We previ-

ously demonstrated that FIIa binding to GPIba concurrently involves

two independent sites – site 1 in the proximity of exosite I and site 2

involving exosite II. Thus, one FIIa interacts with two distinct GPIba
molecules and each GPIba interacts with two distinct FIIa molecules.

Aims: The long term goal of our studies is to characterize in detail the

functional consequences, in vivo and ex vivo, of FIIa binding to

GPIba.
Methods: To achieve our goal, we have generated mice expressing

human (hu) GPIba with wild type (WT) sequence or mutated at resi-

dues interacting selectively with FIIa site 2 (D277N) or both site 1 and

2 (Y276/278/279F).

Results: Mouse platelets expressed �9000 WT or mutant huGPIba
molecules; �10,000 FIIa molecules bound to huGPIba-WT (with an

apparent 1:1 stoichiometry and KD of �3 nM), while binding to

mutant huGPIba was essentially abolished. Mice with defective FIIa

binding to platelet GPIba exhibited a pronounced prothrombotic phe-

notype, with a significantly (P < 0.01) shorter time to carotid artery

occlusion following ferric chloride injury (median 550.5 s; n = 18) than

mice with normal FIIa binding to platelets (median 1980 s; n = 19).

Accordingly, the platelet-rich plasma (PRP) of mice with defective

FIIa binding exhibited a significantly shorter clotting time in the pres-

ence of 4 nM FIIa and significantly enhanced intracytoplasmic Ca2+

transients and platelet aggregation following stimulation by 0.5 nM
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FIIa. Mouse and human platelets differ significantly with respect to

expressed PAR receptors, as the former express PAR3 and PAR4,

while human platelets express PAR1 and PAR4. Human platelets bind

FIIa like mouse platelets, with a 1:1 stoichiometry relative to expressed

GPIba and KD of �3 nM. FIIa binding to human platelets is abol-

ished by the previously characterized monoclonal antibody LJ-Ib10.

In agreement with the results obtained with mutant mouse PRP lack-

ing FIIa binding to platelets, addition of LJ-Ib10 significantly short-

ened the clotting time. However, in marked contrast, this antibody

greatly reduced intracytoplasmic Ca2+ transients and platelet aggrega-

tion following stimulation by 1 nM FIIa.

Summary/Conclusions: Our findings identify GPIba as a relevant FIIa

activity modulator with respect to platelet activation and clotting.

However, the consequences on platelet aggregation vary depending on

the specific PAR type expressed. Human platelets depend on FIIa

binding to GPIba for efficient PAR1 cleavage and subsequent signal-

ing. In contrast, binding to GPIba competes for FIIa cleavage of

PAR4 on mouse platelets and subsequent activation. Common in the

two species is the competing effect of GPIba binding of FIIa on fibrin-

ogen clotting. Thus, through distinct mechanisms influenced by the

expression of specific PAR subtypes, GPIba can modulate FIIa func-

tion in hemostasis and thrombosis both with prothrombotic or anti-

thrombotic consequences.

PB 2.23-2
Thrombin is a selective inducer of heparanase release
from platelets via protease-activated receptor-1
Nadir Y1, Shapira M2, Axelman E1, Keren-Politansky A3,

Bonstein L4 and Nadir Y1

1Rambam Health Care Campus; 2Hematology Laboratory, Hillel

Yaffe Medical Center, Hadera; 3Hematology Laboratory,

Rambam Health Care Campus, Haifa; 4Blood Bank, Rambam

Health Care Campus, Haifa, Israel

Background: Heparanase, known to be involved in angiogenesis and

metastasis, was shown to form a complex with tissue factor (TF) and

to enhance the generation of factor Xa (Nadir et al, Haematologica,

2010). Platelets contain abundant amount of heparanase and were the

primary source for the protein purification.

Aims: To identify the inducer and pathway of heparanase release from

platelets.

Methods: Pooled platelet rich plasma from platelet units obtained from

the blood bank or healthy donors was incubated with ADP, epineph-

rine, collagen, ristocetin, arachidonic acid and thrombin. Level of hep-

aranase released from platelets was studied by ELISA and western

blot analysis. The effect of selective protease-activated receptor-1

(PAR-1) inhibitor (FR171113) and thrombin receptor activator pep-

tide (TRAP) were assessed using platelet aggregometry and heparan-

ase procoagulant activity assays. In-house synthesized inhibitory

peptides to TF/heparanase complex were used to evaluate platelet hep-

aranase involvement in activation of the coagulation system.

Results: Heparanase was released from platelets only by the induction

of thrombin while ADP, epinephrine, collagen, ristocetin and arachi-

donic acid exerted no effect on heparanase release. Level of heparan-

ase in the plasma after thrombin induction was 250 folds higher

compared to heparanase baseline plasma level. Activation of PAR-1

by TRAP dramatically increased heparanase procoagulant activity

and was significantly decreased by the addition of PAR-1 inhibitor or

TF/heparanase complex inhibitory peptides.

Conclusions: Heparanase is selectively released from platelets by

thrombin via PAR-1 receptor. Platelet heparanase is involved in acti-

vation of the extrinsic coagulation pathway. The present study widens

our understanding regarding potential anticoagulant effect, in addition

to anti-platelet effect, of the new clinically studied PAR-1 inhibitors.

PB 2.23-3
Can platelet surface markers synchronize differential
platelet secretion?
Miao X, Huang Z, St�alesen R and Li N

Karolinska Institute, Stockholm, Sweden

Background: Platelet a-granules contain a number of pro-angiogenic

(e.g., vascular endothelial growth factor, VEGF, and stromal cell-

derived factor-1a, SDF-1a) and anti-angiogenic regulators (thrombo-

spondin and endostatin). Recent evidence indicates that different

angiogenic regulators may be stored in different a-granules and differ-

entially released upon different stimuli. Platelet surface expression of

granule membrane embedded P-selectin is widely used as an indicator

of platelet secretion/degranulation. Platelets also express specific

receptors to some platelet angiogenic regulators (such as glycoprotein

IV/CD36 for thrombospondin), which allows surface binding of those

angiogenic regulators upon release. Our hypothesis is that distinct

release of angiogenic regulators can lead to their distinct expression/

binding on platelet surface.

Aims: To explore the possibility of using a multicolor flow cytometric

assay of platelet surface markers to monitor differential release of

platelet angiogenic regulators and the underlying signaling mecha-

nisms.

Methods:Hirudinized or citrated whole blood samples from 15 healthy

volunteers were stimulated at 37 °C for 10 min with a panel of platelet

agonists: the thrombin receptor PAR1-activating peptide (PAR1-AP;

10 lM), PAR4-AP (100 lM), collagen-related peptide (CRP; 10 lg/
mL), the thromboxane A2 analogue U46619 (1 lM), and ADP

(100 lM). The samples were then labeled with various panels of differ-

ent fluochrome-conjugated antibodies detecting P-selectin (a general

marker of platelet secretion), fibrinogen (a platelet aggregability mar-

ker), SDF-1a (a proangiogenic regulator), and thrombospondin (an

antiangiogenic regulator).

Results: Platelet activation by PAR1-AP led to marked elevations of

platelet P-selectin expression (e.g., from 1.9 � 1.0% of rest to

95.0 � 3.1%), but milder elevation in fibrinogen binding (4.0 � 2.7%

to 77.5 � 15.0%) and thrombospondin expression (1.9 � 0.4%–
50.7 � 11.8%), and a minimal increase in SDF-1a expression

(2.5 � 1.0%–4.2 � 2.4%). PAR4-AP stimulation elevated P-selectin,

fibrinogen, and thrombospondin expression similarly (98.2 � 0.4%,

99.0 � 0.5%, and 89.6 � 5.5%, respectively), but did not increase

SDF-1a expression (2.5 � 1.0% vs. 3.3 � 1.6%). CRP stimulation

induced similar responses as by PAR4-AP, while U46619 and ADP

arose milder responses (e.g., 57.9 � 33.8% and 68.8 � 1.8% P-selec-

tin expression, respectively). Moreover, multicolor analyses showed

that there were not distinct platelet subpopulations expressing throm-

bospondin but not SDF-1a or vice versa. Follow-up work was hence

focused on possible different impacts of intracellular signaling inter-

ventions on platelet P-selectin and thrombospondin expression using a

panel of inhibitors: Src (PP2, 50 lM), PI3K (LY294002, 50 lM), Akt

(Akt1/2 kinase inhibitor; 50 lM), and p38 (SB203580; 25 lM). None

of these inhibitors influence PAR1-AP or PAR4-AP-induced P-selectin

expression, whilst p38 inhibition mildly reduced PAR1-AP-induced

thrombospondin expression. In CRP, U46619, and ADP-stimulated

platelets, Src and PI3K inhibition reduced, while p38 inhibition most

markedly decreased platelet P-selectin and thrombospondin expression

in a similar manner. Hence, above signaling interventions did not elicit

any distinct effects on the two platelet secretion markers.

Conclusion: Multicolor flow cytometry using whole blood samples

seems to be less than an optimal approach to demonstrate differential

releases of platelet angiogenic regulators, albeit it has the advantage

displaying multiple surface markers on individual platelets.
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PB 2.23-4
The effect of omega-3 supplementation on platelet
GPVI levels
Gardiner E1, Tan CW2, McEwen BJ2, Arthur JFJ1, Morel-

Kopp MC2, Ward CM2 and Andrews RK1

1Monash University, Melbourne, Vic.; 2Kolling Institute,

University of Sydney, Sydney, NSW, Australia

Background: The primary platelet receptor for collagen, glycoprotein

(GP) VI plays a critical role in arterial thrombosis. GPVI is extremely

stable on the surface of circulating platelets but is rapidly shed by a

disintegrin and metalloproteinase (ADAM) sheddases, primarily

ADAM10, upon GPVI ligand engagement or exposure of platelets to

elevated shear. Statin therapeutics which work to reduce membrane

cholesterol levels, have been shown to elevate ADAM10 activity in cell

culture. Common therapeutic strategies to prevent cardiovascular dis-

ease such as cholesterol reduction and omega-3 supplementation may

affect membrane GPVI and plasma soluble GPVI (sGPVI) levels.

Aims: To assess the effect of modulation of platelet cholesterol and

membrane biochemistry on surface and soluble GPVI levels in plate-

let-rich plasma (PRP) under resting and shear-activated conditions.

Methods: In experiments conducted in vitro, PRP from healthy donors

was treated with 5–15 mM methyl-b-cyclodextrin (MbCD) to remove

cholesterol then resuspended in autologous plasma. Samples of citrat-

ed PRP were isolated from healthy donors before and after 1 month

daily ingestion of 120 mg eicosapentaenoic acid (EPA) and 520 mg

docosahexaenoic acid (DHA). All PRP samples were either untreated

or exposed to 7500–10,000/s uniform shear stress using a cone-plate

viscometer for up to 10 min. Shear-activated metalloproteolytic shed-

ding of GPVI was monitored by flow cytometry and sandwich ELISA,

and platelet-associated ADAM10 activity was measured using a

quenched fluorescent peptide with unique sequence matching the

ADAM10 cleavage site within GPVI (GPVI-FRET).

Results: Platelet suspensions that were treated with 5–15 mM MbCD
had up to 8-fold increases in sGPVI in the absence of shear activation.

Exposure to 10,000/s shear stress resulted in 16-fold increases in shed-

ding of GPVI that was enhanced a further 20% by cholesterol deple-

tion. Increased GPVI-FRET cleavage was observed in PRP samples

that had been treated with 5- 15 mM MbCD compared to untreated

PRP indicating that platelet ADAMs activity was enhanced by choles-

terol depletion. Depletion of platelet membrane cholesterol may ren-

der GPVI more susceptible to proteolysis under both resting and high

shear conditions. Levels of platelet GPVI on resting platelets were

reduced by 11% in samples from eight healthy donors after 1 month

ingestion of omega-3 fatty acids. The plasma lipid composition, as

ascertained by mass spectrometry, was altered by omega-3 fatty acid

ingestion.

Summary/Conclusion: Common therapeutic approaches to reduce cho-

lesterol levels also modulate GPVI receptor density on resting platelets

and accentuate shear-induced GPVI shedding, potentially reducing the

risk of arterial thrombosis in patients with coronary artery disease.

Future experiments will assess the consequences of accelerated loss of

GPVI on platelet function, however our data imply an additional

pleiotropic effect of omega-3 fatty acids in vivo that is cardioprotective.

PB 2.23-5
Lipid rafts in platelets: their role for TXA2-induced
platelet activation
Moscard�o A1, Vall�es J2, Latorre A2, Madrid I3 and Santos MT2

1IIS La Fe; 2Research Center, La Fe University Hospital; 3Intensive

Care Unit, University Hospital La Fe, Valencia, Spain

Background: Aspirin is the mainstay antiplatelet treatment in patients

with cardiovascular disease; its best-characterized effect is the irrevers-

ible inhibition of cyclooxygenase 1 and the subsequent formation of

thromboxane A2 (TXA2), a potent vasoconstrictor and platelet agonist

acting on its specific receptor. Lipid rafts are cholesterol-rich microdo-

mains present in the plasma membrane that are believed to serve as

platforms for signal transduction processes by localizing or excluding

receptors and signaling molecules. Lipid rafts play an important role

in signal transmission in different cell types, including platelets. Cur-

rently is unknown if they regulate TXA2-induced platelet responses.

Aim: To analyze the participation of lipid rafts in platelet responses to

TXA2.

Methods: Platelets from normal subjects were washed and aggrega-

tion was assessed by optical aggregometry. The release of adenine nu-

cleotides was quantified by HPLC, the cytosolic concentration of

calcium by fluorimetry in FURA 2AM-loaded platelets, and platelet

activation (P-selectin and PAC-1) by flow cytometry. Lipid rafts iso-

lation was performed by sucrose gradient ultracentrifugation of plate-

let lysates. The different fractions were analyzed for specific proteins

by immunoblotting. The fractions corresponding to lipid rafts were

identified by the presence of CD36, a protein commonly used as a

marker of lipid rafts. The functional role of lipid rafts was studied by

disrupting them with methyl-b-cyclodextrin (MbCD) prior to platelet

activation.

Results: Disruption of lipid rafts with MbCD decreased platelet aggre-

gation induced by the TXA2 analogs U46619 or IBOP (> 85%), dense

granule release (> 70%) and P-selectin exposure (> 80%). This demon-

strates the importance of TXA2 receptor association with lipid rafts

for TXA2-induced platelet function. However, platelet aggregation

induced by U46619 could be at least in part mediated by the platelet-

released ADP through the ADP receptor P2Y12, which has been pre-

viously demonstrated to be associated with the lipid rafts (1). There-

fore, disruption of lipid rafts could also affect P2Y12 mediated effects.

To elucidate this question, we explored two platelet responses known

to be directly dependent on TXA2 receptor: the cytosolic calcium

increase and the activation of the integrin IIbIIIa (PAC-1+) (1). We

found that disruption of lipid rafts also decreased platelet responses

directly linked to the TXA2 receptor, supporting the concept that lipid

rafts are involved in signal transmission mediated by the TXA2 recep-

tor. In addition, the isolation of lipid rafts allowed the detection in the

fraction corresponding to the rafts (CD36+) of a significant percentage

(38%) of total TXA2 receptor as determined by densitometry. MbCD-

treatment strongly reduced the presence of both CD36 and the TXA2

receptor in the lipid rafts. Using cholera toxin-Alexa488 as a marker

of rafts simultaneously with the TXA2 receptor antibody, we con-

firmed by confocal mycroscopy the co-localization of TXA2 receptor

associated with platelet lipid rafts.

Conclusion: These results demonstrate for the first time the importance

of lipid rafts for the TXA2-induced platelet responses, a process which

could be related to the presence of the TXA2 receptor associated with

lipid rafts. Grants: PI07/0463; Retics06/0026. (1) Dorsam RT, JCI

2004;113:240

PB 2.23-6
Soluble CLEC-2 was released upon platelet activation
and detected in human plasma
Inoue O1, Nakamura J2, Osada M1, Oosawa M2, Ozaki Y1

and Suzuki-Inoue K1

1University of Yamanashi, Yamanashi; 2Mitsubishi Chemical

Medience Corporation, Chiba, Japan

Background: CLEC-2 is a recently-identified platelet activation recep-

tor, which binds to snake venom rhodocytin or a membrane protein

podoplanin. Soluble membrane proteins were released from activated

platelets. However, whether soluble human CLEC-2 is released upon

platelet activation has not been fully investigated.

Aims: The aim of this study is to investigate whether soluble CLEC-2

is released upon platelet activation and whether soluble CLEC-2 is

detected in human plasma.

Methods: Human washed platelets were stimulated with various agon-

ists for 2 h at 37 °C. Reactions were terminated by addition of EDTA.
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The stimulated platelets were centrifuged at 13,000 G for 1 min.

Resultant supernatants were further ultra-centrifuged at 100,000 G for

3 h. Supernatants after centrifugation (Sup), pellets after centrifuga-

tion (Pel), supernatants after ultra-centrifugation (ultra-Sup), and pel-

lets after ultracentrifugation (ultra-Pel) were separated by SDS-PAGE

and Western blotted with anti-CLEC-2 or anti-GPVI antibody.

ELISA system to measure soluble CLEC-2 was established using

mouse monoclonal anti-CLEC-2 antibodies. Blood samples from 40

healthy volunteers were taken into plastic tubes with EDTA, sodium

citrate, or inhibitor cocktails for measurement of platelet factor-4

(PF4) and beta thromboglobulin (betaTG) to obtain plasma. Then,

soluble CLEC-2, PF4, and betaTG in three kinds of plasma were mea-

sured by ELISA. Written informed consent was provided according to

the Declaration of Helsinki.

Results: In the Sup fraction of rhodocytin-stimulated platelets, anti-

CLEC-2 antibody detected 32/40 kD and 25 kD bands. However,

only 32/40 kD bands were observed in the ultra-Sup fraction, and only

25 kD bands were observed in the ultra-Pel fraction, suggesting that

soluble CLEC-2 is released both as a shed form and a membrane-asso-

ciated form on the surface of microparticles. In the case of GPVI, how-

ever, membrane-associated form was only faintly observed. CLEC-2

shedding was almost equally observed upon platelet activation induced

by various agonists including rhodocytin, thrombin, collagen-related

peptide, whereas GPVI shedding was significantly increased in the

presence of the GPVI agonist. CLEC-2 shedding, but not GPVI shed-

ding, was significantly inhibited by recombinant tissue Inhibitors of

metallo-proteinase 2, an intrinsic MMP-2 inhibitor. Concentrations of

PF4 and betaTG were markedly increased in EDTA serum and

sodium citrate serum compared with that in inhibitor cocktail plasma.

On the other hand, concentration of soluble CLEC-2 is similar among

three kinds of plasma. Concentration of soluble CLEC-2 in EDTA

plasma of healthy volunteer was 63 � 80 pg/mL.

Conclusions: Soluble CLEC-2 and soluble GPVI are released upon

platelet activation by a different mechanism. Soluble CLEC-2 mea-

surement is more convenient than measurement of PF4 and betaTG,

because soluble CLEC-2 can be measured using frequently used

EDTA or sodium citrate plasma. CLEC-2 can be used as a useful bio-

marker for platelet activation in vivo.

PB2.24 – Platelet mRNA/Protein
Expression

PB 2.24-1
Differences in platelet microRNA profiles after aspirin
use are associated with differences in whole blood
aggregation and might identify aspirin resistance
Kok MG1, Mandolini C2, Nieuwland R3, Creemers E4, Meijers JC5

and Pinto S-J6

1Academic Medical Center; 2Department of Experimental

Vascular Medicine, Academic Medical Center; 3Department of

Clinical Chemistry, Academic Medical Center; 4Heart Failure

Research Center, Academic Medical Center; 5Academic Medical

Center Amsterdam; 6Department of Vascular Medicine,

Academic Medical Center, Amsterdam, The Netherlands

Background:MicroRNAs have been established as markers for cardio-

vascular disease in many studies. However, most of the patients

included in these studies were treated with aspirin for secondary pre-

vention reasons. It is known, that there are individual differences in

the response of platelets to aspirin. Whether the response of platelets

to aspirin shows differences in miRNA expression is not know. We

therefore, studied the influence of aspirin on microRNA expression

levels, in isolated platelets of healthy volunteers. Additionally we ana-

lyzed, whether the in vitro response of platelets to indometacine, a sur-

rogate for aspirin, in ADP-mediated whole blood aggregation was

related to differences in miRNA profiles.

Methods and Results:We measured relative expression levels of platelet

microRNAs using microarrays before and after 2 weeks of aspirin use

(100 mg, once daily) in 15 healthy individuals (age 45–65 years). Based

on aspirin-induced changes in microRNA profile, two subgroups

could be distinguished: a group of individuals (n = 9) with similar and

a group with different (n = 6) miRNA profiles before and after aspirin

use. Additionally, we performed in vitro whole blood aggregation stud-

ies to determine whether the observed difference in microRNA profile

before and after aspirin use, could be linked to platelet function.

Whole blood from the same individuals, in the absence of aspirin, was

tested using Multiplate� aggregometry and was incubated with indo-

metacine to mimic aspirin use. The subjects with a similar microRNA

profile had significantly reduced ADP-mediated aggregation as com-

pared to the group in which the microRNA profile was different before

and after medication.

Conclusion: Differences in platelet microRNA profiles after aspirin use

are related to differences in ADP-mediated indometacine-treated

whole blood aggregation. This could imply that differences in miRNA

profiles might identify individuals with aspirin resistance.

PB 2.24-2
Next generation sequencing analysis of human platelet
polyA+ mRNAs
Osman A, Lindahl T, Kissopoulou A and Jonasson J

University Hospital, Link€oping, Sweden

Background: Platelets are small anucleate cells circulating in the blood

vessels where they play a key role in hemostasis and thrombosis. Platelet

gene expression has been investigated in the past mainly by mRNA

quantification using microarray and qPCR techniques, and the results

published thus far contain considerable disagreements in both the mag-

nitude and the nature of the platelet transcriptome. Here we used next

generation sequencing (RNA-seq) to characterize the profile of the

polyadenylated (polyA+) mRNA in purified human blood platelets.

Results: We utilized the Illumina HiSeq 2000 platform to sequence

cDNA converted from platelet polyA+ RNA. We detected 58,155,680

high-quality reads which were mapped against the set of chromosomes

of the Human Feb. 2009 (GRCh37/hg19) assembly. We found

35,322,009 (60.7%) reads of ~100 bp long that could be uniquely

mapped to the human genome. Analysis of this data generated a list of

highly abundant platelet transcripts (> 10,000 reads) encoding anno-

tated as well as novel genes. We identified high transcript levels for

genes related to the cytoskeleton function, chemokine signalling, cell

adhesion, aggregation, as well as receptor interaction between cells.

Consistent with previous findings our data also suggests that nearly

two-thirds of the platelet transcriptome comprise mitochondrial-

expressed genes.

Conclusion: We report on the global architecture of platelet transcrip-

tome and identify genes that may hold significant functions in platelets

in addition to several novel transcripts, at single-base resolution. We

conclude that platelet-expressed transcripts are well-defined but lim-

ited in number, presumably reflecting the lack of ongoing transcription

in the anucleate platelets combined with selective degradation of those

transcripts that are unnecessary for platelet function.

PB 2.24-3
Mass spectrometry analysis showed comparable
releasates and phosphorylation profiles after PAR-1 or
PAR-4 stimulation of platelets
Van Holten TC1, Bleijerveld OB1, Wijten P2, De Groot PG1,

Heck AJR2, Scholten A2 and Roest M1

1UMC Utrecht; 2University of Utrecht, Utrecht, The Netherlands

Background: Platelets play a crucial role in haemostasis and the

regulation of inflammation, angiogenesis and atherogenesis. It has
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been proposed that differential release profiles of pro- and anti-

angiogenic factors in response to stimulation of the protease activated

receptors (PAR)-1 and -4 is important for the regulation of angiogene-

sis. Such analyses have been performed only for a small number of

granule proteins. Such phenomena could be better studied in the con-

text of the entire releasate. In addition, if differential release indeed

occurs, clues as to how differential release is regulated should be

obtained.

Aims: To comprehensively analyze differences in the releasates and

intra-cellular phosphorylation profiles of unstimulated, and PAR-1

and PAR-4 stimulated platelets.

Methods: Isolated platelets from three different donors were maxi-

mally stimulated with PAR-1 agonist, PAR-4 agonist, or left

unstimulated. These were lysed and subjected to differential stable

isotope labelling. For determining platelet releasate, isotope-labeled

samples were subjected to 2-dimensional chromatography and LC-

MS/MS analysis. PF-4, b-TG, PDGF-AB, RANTES and thrombo-

spondin levels were measured in the platelet releasate from four dif-

ferent donors with ELISA. Global analysis of serine/threonine

phosphorylation was performed with Western blots. A more detailed

analysis of the platelet phosphoproteome occurring upon PAR-1

and PAR-4 stimulation was performed using differential stable iso-

tope labeling of the PAR-1, PAR-4, and control samples followed

by strong cation exchange chromatography based enrichment, and

LC-MS/MS analysis.

Results: We measured the quantitative release of 93 proteins from

platelets stimulated with PAR-1 and PAR-4. A strong correlation

between the proteins released after either stimulus was observed

(Spearman’s r: 0.93, r2: 0.86, P < 0.0001). Quantification of the

released proteins after stimulation with PAR-1 or PAR-4 with ELISAs

showed a comparable release for PF-4 (PAR-1: 103.7 � SEM 2.7 ng/

mL, PAR-4: 119.2 � SEM 5.1 ng/mL; not significant), b-TG (PAR-1:

141.5 � SEM 15.7 ng/mL, PAR-4: 107.0 � SEM 0.8 ng/mL; not sig-

nificant), PDGF-AB (PAR-1: 4.0 � SEM 0.1 ng/mL, PAR-4:

4.9 � 0.3 ng/mL; not significant), and RANTES (PAR-1:

32.8 � SEM 3.7 ng/mL, PAR-4: 45 � SEM 6.7 ng/mL; not signifi-

cant). Release of thrombospondin was slightly reduced for PAR-1

induced release (7.2 � SEM 0.3 lg/mL), compared with PAR-4

(9.8 � SEM 6.7 lg/mL; P < 0.05). Downstream signal transduction

measurements after stimulation with PAR-1 and PAR-4 agonist

revealed similar phosphorylation patterns on Western blot. With

quantitative mass spectrometry 244 phosphorylation events on 183

proteins were quantified upon PAR-1 and/or PAR-4 stimulation. A

significant correlation between PAR-1 and PAR-4 phosphorylation

quantity was observed (Spearman’s r: 0.49, r2: 0.24; P < 0.0001).

Conclusions: After proteomics we did not observe different release pat-

terns for any of the 93 proteins analyzed. PAR-4 stimulation showed

stronger release of granules that PAR-1 stimulation. The difference in

thrombospondin is probably due to overall stronger activation of

platelets by PAR-4. Furthermore, we did not detect differences in sig-

nal transduction downstream of PAR-1 and PAR-4

PB 2.24-4
Proteins’ synthesis in platelets: the key role of
platelet’s receptors
Sirotkina OV1, Laskovets A2, Andoskin AP1, Taraskina A1

and Vavilova TV2

1B.P.Konstantinov Petersburg Nuclear Physics Institute; 2North-

Western State Medical University named after I.I Mechnikov, St-

Petersburg, Russian Federation

Background: Although platelets lack a nucleus or genomic DNA, they

are able to translate mRNA into proteins de novo. Megakaryocytes

and their progeny, circulating anucleate platelets, retain a subset of

pre-mRNAs and it is spliced into mature mRNA in response to cellu-

lar activation.

The Aim of Our Study: To analyze the platelet’s receptors GP IIb-IIIa,

GP VI, GP Ia-IIa, GP Iba, P2Y1, P2Y12, P2X1 including numbers on

platelet’s membrane and pre-mRNA and mRNA of their genes in rest-

ing and activated platelets.

Methods: cDNA prepared from total RNA isolated from platelets of

50 healthy donors, the level of mRNA was analyzed by RT-PCR using

the TaqMan assay, the presence of pre-mRNA and mature mRNA

was detected by PCR with primers specified to exon-exon junction or

intron. The GP IIb, GP IIIa, GP Iba, GP VI, GP Ia and P2Y12 genes’

polymorphism were determined by PCR-RFLP. The numbers of GP

IIb-IIIa, GP Iba, GP VI, GP Ia-IIa and P2 platelet’s receptors and IL-

1beta were analyzed by flow cytometry with FITC labeled antibodies

as mean fluorescence intensity. The platelet’s activation was analyzed

both by photometric method (ADP-induced aggregation) and by flow

cytometry (P-selectin expression per platelet).

Results: We found Spearman correlation between the levels of pre-

mRNA GP IIIa, GP IIb, GP Iba (R from 0.67 to 0.87, P from 0.02

to 0.0004). And the level of mature mRNA was higher in donors with

high level of platelet aggregation (R from 0.31 to 0.52, P from 0.08 to

0.003). Genetic variants Leu33Pro GP IIIa, Ile843Ser GP IIb, G36T

P2Y12 and Thr145Met GPIba didn’t influence gene expression and

level of mRNA. At the same time, in resting platelets from carriers of

mutant allele C18T P2Y12 the level of mature mRNA was higher

compared with non-carriers, who had pre-mRNA mainly (R = 0.59,

P = 0.04). The numbers of GPIIb-IIIa, GPIba and P2Y12 on plate-

let’s membrane didn’t depend on the level of respective mRNA. Only

the number of GP IIb-IIIa receptors on platelet correlated weakly

with level of mRNA of GP IIb gene – R = 0.4 (P < 0.1). However,

we found strong positive correlation between the level of mRNA GP

IIIa and numbers of ADP-receptors P2Y1 (R = 0.71; P = 0.008) and

P2Y12 (R = 0.71; P = 0.009). On the other hands, the level of mRNA

P2Y12 correlated with numbers of GP IIb-IIIa on platelet’s mem-

brane – R = 0.34; P = 0.09. The correlation between numbers of

receptor GP IIb-IIIa and receptor P2Y12 on platelet’s membrane was

detected too (R = 0.55, P = 0.00002). According to above mentioned

we may conclude that synthesis of GP IIb-IIIa and P2Y12 proteins is

interdependent on levels of transcription and translation. The num-

bers of GP IIb-IIIa, GP Iba, P2Y1, P2Y12, P2X1 and IL-1beta were

changed in activated platelets (by 10 mkM ADP). Moreover, in acti-

vated platelets we observed transformation of GP IIIa, GP IIb, GP

Iba pre-mRNAs into mature mRNAs. This process was inhibited by

selective blocker of GP IIb-IIIa receptors.

Conclusion: the GP IIb-IIIa receptor may play a key role in regulation

of proteins’ synthesis in platelets de novo.

PB 2.24-5
Quantitative PCR of platelet specific mRNA reveals
significant upregulation of TLR-2 in patients with non-
ST elevation myocardial infarction
Albrecht M1, Duerschmied D1, Colberg C1, Zirlik A1, Peter K2,

Bode C1 and Ahrens I1

1Heart Center Freiburg University, Freiburg, Germany; 2Baker IDI

Heart and Diabetes Institute, Melbourne, Vic., Australia

Background and Aim: Recent evidence highlights the importance of

platelets as part of the innate immune system in the pathogenesis of

atherosclerosis and its clinical sequelae the acute coronary syndrome.

Platelets do express several functionally active immune receptors of

the toll-like receptor (TLR) family including TLR-2, which has been

linked to the development of atherosclerosis. Platelets are capable of

de novo protein synthesis via platelet specific mRNA. We hypothe-

sized that platelet TLR-2 is involved in the pathogenesis of atheroscle-

rosis and its clinical sequelae myocardial infarction.

Methods: Highly purified platelets from patients with NSTEMI and

patients without coronary artery disease (CAD) sampled after coro-

nary angiography were used for extraction of platelet specific mRNA.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

ABSTRACTS 635



Analysis of human TLR-2 mRNA expression was done by plasmid-

based quantitative real-time PCR with beta-actin as house-keeping

gene. Soluble TLR-2, which may act as a decoy receptor, was assessed

by ELISA in serum of patients with NSTEMI and non-CAD controls.

Results: Mean age of patients was 59.4 � 2.9 (SEM) years. Mean

platelet count was 236.1 � 21.25 K/lL for NSTEMI patients (n = 13)

and 227.4 � 12.06 K/lL for non-CAD patients (n = 11, P = ns for

patients vs. controls). NSTEMI patients included patients with 3-ves-

sel (31%), 2-vessel (46%) and single vessel (23%) disease. Mean CK

and CK-MB levels for patients with NSTEMI were 321.8 � 108.9 and

76.33 � 28.02 U/L respectively. Platelet TLR-2 mRNA was signifi-

cantly elevated in NSTEMI patients (12.10 e-005 � 2.391e-005 copies

in relation to platelet beta-actin) vs. non-CAD controls (4.738e-

005 � 7.128e-006 copies in relation to platelet beta-actin, P = 0.012).

Plasma soluble TLR-2 was not significantly different in patients with

NSTEMI (0.38 � 0.17 ng/lL) compared to non-CAD (0.52 � 0.21

ng/lL, P = 0.679) patients.

Conclusion: We identified significantly elevated platelet TLR-2

mRNA expression in Patients with NSTEMI compared to non-

CAD patients, which was not accompanied by increased serum solu-

ble TLR-2. Up-regulation of TLR-2 mRNA in platelets indicates a

crucial role of platelet mediated innate immunity in the pathogenesis

of ACS. Further exploration of platelet TLR-2 function in athero-

sclerosis is warranted as platelet targeted anti-inflammatory thera-

pies may represent a novel therapeutic approach in the preventive

treatment of ACS.

PB 2.24-6
Regulatory role of proteasome in determination of
platelet life span
Nayak MK, Kulkarni P and Dash D

Institute of Medical Sciences, Banaras Hindu University,

Varanasi, India

Limit of platelet life span (8–10 days) is determined by the activity of a

putative ‘internal clock’ composed of Bcl-2 family proteins, while role

of other molecular players in this process remains obscure. Here, we

sought to establish a central role of proteasome in platelet life span

regulation.

Administration of mice with inhibitors of proteasome peptidase activ-

ity induced significant thrombocytopenia. This was associated with

enhanced clearance of biotin-labeled platelets from circulation and

reduction in average platelet half life from 66 to 37 h. Cells pretreated

in vitro with proteasome inhibitors exhibited augmented annexin V

binding and drop in mitochondrial transmembrane potential indicative

of apoptotic cell death and decreased platelet life span. These cells

were preferentially phagocytosed by monocyte-derived macrophages,

thus linking proteasome activity with platelet survival. Decisive role of

proteasome in this process was underscored from enhanced expression

of conformationally active Bax in platelets with attenuated protea-

some activity, which was consistent with pro-apoptotic phenotype of

these cells. The present study establishes a critical role of proteasome

in delimiting platelet life span ostensibly through constitutive elimina-

tion of the conformationally active Bax. These findings bear potential

implications in clinical settings where proteasome peptidase activities

are therapeutically targeted.

PB2.25 – Platelet Disorders:
Screening

PB 2.25-1
Evaluation of the diagnostic potential of a whole blood
remote assay in assessment of platelet function in
bleeding disorders
Dovlatova N1, Lordkipanidz�e M2, Lowe GC2, May J1,

Heptinstall S1, Fox SC1 and Watson SP2

1University of Nottingham, Nottingham; 2University of

Birmingham, Birmingham, UK

Background: Platelet function tests are widely used to diagnose inher-

ited platelet function disorders. Light transmission aggregometry

(LTA) is still regarded as the gold standard, however it is time con-

suming, requires a considerable volume of blood and samples must be

processed within a finite time period after venepuncture. Among

patients with excessive bleeding and suspected platelet dysfunction

only around 60% are found to have an abnormality in platelet

responses with lumi-aggregometry, implying that the remaining 40%

may have defects in other parts of the haemostatic pathway (Dawood

et al, Blood 2012; 120(25):5041–5049). We have developed an assay for

platelet function where fresh whole blood samples are manipulated in

a simple way that does not require specialized staff or equipment. The

samples are then fixed, which stabilizes them for up to 9 days, and can

be shipped for analysis to a central laboratory.

Aim: To assess the diagnostic potential of remote platelet function test-

ing (RPFT) in the diagnosis of platelet function defects in patients with

excessive bleeding.

Methods: Participants were recruited to the Genotyping and Phenotyp-

ing of Platelets study (GAPP, ISRCTN 77951167) from April 2012 to

January 2013. This study was approved by the National Research Eth-

ics Service Committee and all participants signed informed consent.

Platelet function was assessed in 55 patients who had a history of

excessive bleeding, and in 44 healthy volunteers using RPFT and lumi-

aggregometry used as the reference method. For RPFT, blood was

stimulated with the combinations of ADP (10 lM)/U46619 (1 lM)

and arachidonic acid (0.5 mM)/epinephrine (100 lM), with TRAP

(20 lM) alone and vehicle. Following stimulation blood samples were

stabilized with a patented fixative solution (Platelet Solutions, Not-

tingham) and the expression of P-selectin and CD63 was measured by

flow cytometry.

Results: Reference ranges for all measured parameters were set as

mean � 2SD obtained from healthy volunteers. Overall agreement

between lumi-aggregometry and RPFT was good, with the diagnosis

of a platelet function defect matching in 80% of cases (j = 0.602,

P < 0.0001). In 26 patients, platelet function appeared normal using

lumi-aggregometry and RPFT. Twenty-eight patients were identified

as having a platelet defect with lumi-aggregometry and 18 of these

were also detected by RPFT. The majority of patients who had an

abnormal pattern of response on lumi-aggregometry but not on RPFT

had a mild platelet function defect based on dynamic kinetic informa-

tion from lumi-aggregometry. In one further patient with a normal

pattern of response in lumi-aggregometry, an isolated defect in alpha

granule secretion (P-selectin) was detected using RPFT, whereas dense

granule secretion was normal by both lumi-aggregometry and RPFT

(CD63).

Conclusion: Our observations suggest that remote platelet function

testing may be useful as an easy to use pre-test to select which patients

with bleeding disorders would benefit from further extensive platelet

phenotyping. This assay can be performed remotely and requires a

small volume of blood, both of which offer significant advantages over

lumi-aggregometry. Expression of glycoprotein receptors and immu-

nologic platelet count can also be assessed in the fixed samples for

RPFT and further evaluation of the test in patients with thrombocyto-

penia is warranted.
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PB 2.25-2
Investigation of the utility of the ISTH bleeding
assessment tool (BAT) in predicting platelet defects in
participants with clinically diagnosed bleeding
disorders
Lowe GC, Lordkipanidz�e M and Watson SP

Birmingham Platelet Group, Birmingham, UK

Background: The ISTH/SSC Bleeding Assessment Tool (BAT) was

developed as a tool to accurately record bleeding symptoms and to aid

diagnosis in patients referred with a possible bleeding disorder. It is

also a valuable research tool in studies that examine patients with

excessive bleeding, allowing documentation of the severity of their

bleeding. However, it has not been validated in patients with suspected

inherited platelet function disorders.

Aims: To investigate the utility of the ISTH BAT in predicting platelet

defects in participants with clinically diagnosed bleeding disorders.

Methods: Participants with clinically diagnosed excessive bleeding

and healthy volunteers were recruited to the Genotyping and Pheno-

typing of Platelets study (GAPP, ISRCTN 77951167) from October

2011 to December 2012 from UK Comprehensive Care Haemophilia

Centres. The study aimed to determine whether these patients had

underlying platelet function defects and what the prevalence of these

defects were in this patient group. The ISTH BAT was carried out

in all participants by experienced personnel. Platelet function testing

was carried out by light transmission aggregometry alongside mea-

surement of ATP secretion. The bleeding assessment scores were

compiled at entry to the study and therefore blinded to the platelet

function testing results. This study was approved by the National

Research Ethics Service Committee and all participants gave written

informed consent.

Results: One hundred participants were included (n = 79 with sus-

pected platelet function defects and n = 21 healthy volunteers). A

platelet defect was found on platelet function testing in 56% of par-

ticipants with bleeding symptoms (44% had no demonstrable platelet

defect, 20% had a Gi-type defect, 18% had a dense granule secretion

defect, 8% had a defect in the thromboxane pathway and 10% had a

complex phenotype). The score obtained through the ISTH BAT in

participants with suspected platelet function defects (12; IQR 8–16)
was significantly higher than in healthy volunteers (0; IQR 0–0)
(P < 0.001), thus confirming the clinical diagnosis of a bleeding dis-

order. There was no significant difference between participants in

whom a platelet defect was detected by platelet function testing (11;

IQR 8–16) and in whom platelet function was deemed normal (12;

IQR 9–14) (P > 0.05). There was no association between the type of

platelet defect detected and the ISTH BAT score. A ROC curve anal-

ysis was carried out to evaluate whether the ISTH BAT could dis-

criminate between patients with and without a demonstrable platelet

defect on platelet function testing. The area under the curve was

0.513 (95% CI 0.383–0.642, P = 0.85) thus demonstrating a lack of

discriminative ability. Moreover, the ISTH BAT score was not asso-

ciated with a demonstrable platelet defect on platelet function testing

in a simple logistic regression model (OR 0.997 [95% CI 0.92–1.08],
P = 0.95).

Summary/Conclusions: The ISTH Bleeding Assessment Tool is a useful

tool in assessing and recording recurrent mild bleeding symptoms and

appropriately documents the lifelong bleeding history. However, the

score obtained is not predictive of the presence of a platelet defect on

platelet function testing.

PB 2.25-3
Five year report of a multicenter project for
characterization of inherited platelet disorders (IPD) in
the Iberian Peninsula. Diagnosis of 23 severe IPD and
identification of 14 new genetic variants
S�anchez Guiu I1, Ant�on AI1, Padilla J1, Gonz�alez-Manch�on C2,

Vicente V1, Lozano ML1 and Rivera J1

1Centro Regional de Hemodonaci�on, Hospital Universitario

Morales Meseguer, Murcia; 2Departamento de Medicina Celular

y Molecula, Madrid, Spain

Background: Inherited platelet disorders (IPDs) comprise a heteroge-

neous group of uncommon diseases characterized by abnormalities of

platelet function/production giving rise to lifelong bleeding diathesis

of variable intensity. Notwithstanding a century of research on IPDs,

early identification and characterization of affected patients remain a

challenge due to: heterogeneity of clinical and laboratory presentation;

lack of specificity and complexity of platelet function assays; large

number of causative genes; and absence of genotype-phenotype corre-

lations. Multicentre projects on IPDs, consensus guides for diagnosis,

and reference centers networks, could help to overcome this challenge.

Objective: To assist and to encourage the characterization of IPD

patients in the Iberian Peninsula, we set up a project, under the scien-

tific sponsorship of the Spanish Society of Thrombosis and Haemosta-

sis.

Methods: In 5 years, around seventy unrelated patients with suspected

IPD were referred from hospitals of twenty cities of Spain and Portu-

gal. Clinical features were assessed by their hematological and bleeding

manifestations graded by a unique simple scale. We received blood

samples and performed a platelet phenotype characterization includ-

ing: full blood count and film examination; PFA-100 tests; light trans-

mission aggregation (LTA) with distinct agonists (mostly: arachidonic

acid, ADP, epinephrine, TRAP, ristocetin, and collagen); flow cytome-

try (FC) assessment of surface receptors (Ib/IX/V, IIb/IIIa, Ia/IIa),

activation status and granule secretion (PAC-1, CD62, CD63); and in

some cases vWF binding, clot retraction assay, 14C-serotonin uptake/

release, and electron microscopy. A patient′s parallel control and a

healthy volunteer freshly extracted were always studied in parallel.

DNA and RNA were extracted from peripheral blood. If laboratory

results guided diagnosis of a particular IPD, candidate causative genes

were chosen for PCR amplification and sequencing.

Results: Variable degree of platelet dysfunction, not attributable to

acquired factors, was confirmed in most patients. In about one third of

them, laboratory findings suggested defective platelet secretion or sig-

nalling of unknown aetiology. Platelet function testing (PFT) and

molecular studies confirmed diagnosis of severe IPD as follows: Glanz-

mann Thrombastenia (GT) in 12 out of 18 suspected cases; Bernard-

Soulier Syndrome (BSS) in eight out of 12; Hermansky-Pudlak syn-

drome (HPS) in one out of three; and Chediak-Higashi Syndrome

(CHS) in the two suspected cases. Among these, we found eight novel

molecular variants of GT: three in ITGB3 [c.773–774delTG, c.647A/G

(p.Tyr190Cys), c.431T/G (p.Met118Arg)]; and five in ITGA2B

[c.1644G/T (p.Glu507STOP), c.2637delC, c.2964delG, g.9860–
9862delAT, c.2473_2481del insTCACCTGGTC]. We identified three

new mutations causing BSS: c.259T/C in GP9 [p.Trp71Arg], 268 C/T

[p.Pro90Ser] in GPIBB, and a rare heterozygous 358–366del9pb
[p.Gln90_Leu92del] in GPIBA. Lastly, we recognised two new muta-

tions in LYST, c.11362 G>A [p.Gly3725Arg] and c.961T>C,
[p.Cys258Arg], in patients presenting with ‘severe accelerated phase’

and ‘mild’ forms of CHS, and a novel HPS type-1 caused by c.844G>T
[p.Glu204Stop] change in HPS1. One suspicion of platelet-type-vWD

and two of MYH9 were not confirmed.

Summary: This work illustrates the feasibility and usefulness of multi-

center projects at international level to assist biological and molecular

characterization of IPDs. Clinical suspicion of severe IPD was con-

firmed by both PFT and genetic studies in 23 (60%) out of 38 patients,

among which 14 represent novel molecular variants.
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PB 2.25-4
Storage pool disorder: a continuous whole blood flow
cytometric method for the measurement of platelet
calcium flux using an Accuri C6 cytometer
Pickering WM1, Riddell A2, Gomez K2 and Chowdary P2

1Novo Nordisk A/S, M�aløv, Denmark; 2Royal Free Hospital,

London, UK

Background: Storage Pool Disorder (SPD) results from abnormalities

in the secretory mechanism or from deficiencies of platelet specific

granules. Platelet dense granules are intracellular storage sites for cal-

cium (Ca2+), ADP, ATP, pyrophosphate and serotonin. The labora-

tory diagnosis of SPD is normally based upon abnormal platelet

aggregation and demonstration of platelet nucleotide deficiencies.

Other specialised investigations include the analysis of dense granule

contents (serotonin, Ca2+), flow-cytometry of mepacrine-treated

platelets and electron microscopy of ultrastructure. A problem with

measuring Ca2+ flux by flow-cytometry is that most analysers use a

closed sampling system making analysis non-continuous.

Aim: The Accuri C6 Cytometer operates using an open fluid system.

This allows the continuous recording of dynamic Ca2+ measurement

after the addition of agonists. To validate the system and investigate

its utility in the diagnosis of SPD, platelets in whole blood were

exposed to different agonists and calcium modifying agents: ADP,

Bovine Thrombin, Thrombin receptor-activating peptide (TRAP),

U46619 (thromboxane receptor agonist), Calcium Ionophore

(A23187) and EGTA a Ca2+ chelating agent.

Method: Citrated whole blood was diluted 1:10 using Ca2+free Ty-

rode’s buffer and loaded with an equal volume of 5 mΜ Fluo-4 (a

Fluo calcium indicator) at 37 °C for 30 min. Cells (100 lL) were then
stained with CD41FITC and CD62PE to identify the platelet population

and to detect activated samples. Cells were resuspended in 4 mL

Ca2+free Tyrode’s buffer. Ca2+ fluorescence was detected through the

585/40 band pass filter and collected in FL1-A. Fluorescence levels

were recorded for 2 min at baseline and then a further 2 min following

the addition of 5 or 10 lM ADP or other agonists. The difference

between baseline and post agonist peak fluorescence was Ca2+ indica-

tive of flux.

Results: Platelet Ca2+ flux was investigated in two groups: (i) Normal

aggregation trace and normal nucleotide ADP (0.22–0.59 pmoles/109

platelets), n = 12 (ii) Abnormal aggregation trace and low nucleotide

ADP and clinical features of a bleeding disorder, n = 5. The results are

expressed as a ratio � 2SD (Peak fluorescence induced by agonist/

Baseline fluorescence) and compared using the t-test. Normal platelets

responded in a dose-dependent manner to ADP (2 – 100 lΜ). The dif-

ference between the two groups was significant (P < 0.05 and

P < 0.005) using 5 and 10 lM ADP, 1.86 � 1.15 verses 1.10 � 0.04

and 2.48 � 1.41 verses 1.13 � 0.05, respectively. Suggesting that

10 lM ADP is the concentration that discriminates SPD best. In both

groups 10 mM EGTA totally inhibited Ca2+ release, 0.99 � 0.08 and

1.00 � 0.05, respectively. TRAP (500 lM) produced an impaired

Ca2+ flux response in the SPD group, 1.23 � 0.14 verses 2.66 � 1.46,

respectively (P < 0.005). In normal platelets Ca2+ flux could be

induced by bovine thrombin (1 IU/mL), U46619 (10 lΜ) and A23187

(10 lM).

Conclusion: The Accuri C6 allows the continuous monitoring of

Ca2+flux in platelets and has utility in the diagnosis of dense granule

SPD. Because of the heterogeneity of SPD further evaluation of this

method is ongoing.

PB 2.25-5
Prevalence of disease and relationships between
laboratory phenotype and bleeding severity in platelet
primary secretion defects
Lotta LA1, Maino A1, Tuana G2, Rossio R2, Lecchi A2, Artoni A2

and Peyvandi F2

1Angelo Bianchi Bonomi Hemophilia and Thrombosis Center;
2Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico,

Milan, Italy

Background: The prevalence of platelet primary secretion defects

(PSD) among patients with bleeding diathesis is unknown. Moreover,

there is paucity of data on the determinants of bleeding severity in

PSD patients.

Aims: To determine the prevalence of PSD in patients with clinical

bleeding and to study the relationships between the type of platelet

defect and bleeding severity.

Methods: Data on patients referred for bleeding to the Angelo Bianchi

Bonomi Hemophilia and Thrombosis Center, Milan (Italy) in the

years between 2008 and 2012 were retrieved to study the prevalence of

PSD. Demographic, clinical and laboratory information on 32 patients

with a diagnosis of PSD was used to compare patients with or without

associated medical conditions and to investigate whether or not the

type and extension of platelet defects were associated with the bleeding

severity score (BSS; crude and age-normalized) or with the age at first

bleeding requiring medical attention.

Results: The estimated prevalence of PSD among 207 patients with

bleeding diathesis and bleeding severity score above 4 was 18.8%

(95% confidence interval [CI]: 14.1–24.7%). Patients without associ-

ated medical conditions had earlier age of first bleeding (18 vs.

45 years; difference: �27 years; 95% CI: �46 to �9 years) and differ-

ent platelet functional defect patterns (Fisher’s exact test of the distri-

bution of patterns, P = 0.007) than patients with accompanying

medical conditions. The number of agonists eliciting reduced secretion

was not associated with BSS, age-normalized BSS or age at first bleed-

ing requiring medical attention at linear regression analysis (BSS, beta:

�0.4; 95%CI: �2.0 to 1.3; P = 0.675; age-normalized BSS, beta:

�0.05; 95%CI: �0.19 to 0.09; P = 0.442; age at first bleeding requiring

medical attention, beta: 5.8; 95%CI: �2.1 to 13.8; P = 0.144). The

median values of the different proxies of bleeding severity were not dif-

ferent across patterns of platelet defect (pattern type vs. BSS,

P = 0.635; pattern vs. age-normalized BSS, P = 0.301; pattern vs. age

at first bleeding requiring medical attention, P = 0.277; all P-values

calculated by Kruskal–Wallis test).

Summary/Conclusions: PSD is found in approximately one fifth of

patients with clinical bleeding. PSD patients display mild to moderate

bleeding tendency, the severity of which is largely unrelated to the type

and extension of laboratory defect.

PB 2.25-6
Lumi-aggregation is useful for better defining platelet
function defects in response to weak agonists
Peerschke E1 and Dembitzer FR2

1Memorial Sloan-Kettering Cancer Center; 2Mount Sinai School

of Medicine, New York, NY, USA

Background: Platelet function studies are important for the diagnosis

of patients with disorders of primary hemostasis. The diagnostic inter-

pretation of platelet aggregation in response to weak agonists is often

problematic, and it is uncertain if an evaluation of platelet dense gran-

ule secretion is useful in this regard.

Aims: To evaluate whether measurement of platelet dense granule

ATP secretion by lumi-aggregation (Chrono-Log Corp., Havertown,

PA) would clarify platelet aggregation defects in response to weak ag-

onists (4 lM ADP, 100 lM epinephrine, 1.6 mM arachidonic acid),

especially when the response to only one of these agonists is abnormal.
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Methods: Platelet function studies (n = 146) in non thrombocytopenic

patients with bleeding histories, who were referred for hemostasis con-

sultation, were reviewed retrospectively. All patients were thought to

have mild bleeding disorders by their consulting hematologist. Results

from platelet aggregation and secretion studies in response to weak ag-

onists were compared in 119 adults (29 male, 90 female, ages 21–
85 years) and 27 children (13 male, 14 female, ages 7 months–
18 years). Repeat testing was performed on 19 patients within 8 days

to 11 months of the initial platelet function study, including seven

studies ordered for confirmation of an isolated platelet function defect

in response to a single agonist.

Results: Concordant aggregation and secretion findings were con-

firmed in 125/146 cases, including 25 (17%) that were classified as nor-

mal. Isolated abnormal aggregation in response to a single agonist was

identified in 35/146 (24%) cases: 27 (77%) abnormal responses to

ADP alone, 7 (20%) abnormal responses only to epinephrine, and 1

(3%) abnormal response to arachidonic acid alone. Both abnormal

platelet aggregation and secretion in response to the same single ago-

nist were demonstrated in 14/35 (40%) cases. In the remaining 21/35

(60%) cases, which comprised all of the platelet function studies with

discordant platelet aggregation and secretion findings, abnormal plate-

let aggregation with normal dense granule secretion was observed in 5/

21 (24%) cases, and secretion defects in response to multiple agonists

were documented in 16/21 (76%) cases. Repeat analysis confirmed the

original platelet function abnormality in six of 7 (86%) of the original

14/35 cases with isolated abnormal platelet aggregation in response to

a single agonist, when concomitant abnormal secretion was present.

Clinicians did not repeat platelet function testing on patients with iso-

lated abnormal platelet aggregation in response to a single agonist

when secretion studies were normal. Similar findings were obtained in

a subanalysis of results from pediatric patients.

Conclusion: Platelet dense granule secretion measured by lumi-aggre-

gation is useful for better defining platelet function defects in response

weak agonists, ADP, epinephrine, and arachidonic acid, especially

when an isolated aggregation defect in response to a single agonist is

noted. In our case series, nearly one quarter of aggregation studies per-

formed resulted in inconclusive findings (abnormal aggregation in

response to a single weak agonist). In 60% of these cases, lumi-aggre-

gation allowed discrimination between normal and abnormal platelet

function.

PB2.26 – Platelet Procoagulant
Activity

PB 2.26-1
Targeting platelet GPIbb decreases GPIb-dependent
signaling, platelet procoagulant activity and arterial
thrombosis
Maurer E, Schaff M, Bourdon C, Receveur N, Ravanat C,

Hechler B, Gachet C, Lanza F and Mangin PH

UMR_S949, Inserm, Universit�e de Strasbourg, EFS-Alsace,

Strasbourg, France

Background: The GPIb-V-IX complex regulates the adhesion, activa-

tion and procoagulant activity of platelets. We previously reported

that RAM.1, a rat monoclonal antibody directed against the extracel-

lular domain of mouse GPIbb, diminished adhesion of platelets and

CHO cells transfected with the human GPIb-IX complex to von Wille-

brand factor under flow conditions.

Aims: The aim of the study was to evaluate the functional importance

of GPIbb by studying the impact of RAM.1 on GPIb-mediated plate-

let responses and in vitro and in vivo thrombus formation.

Methods: GPIb-dependent signaling was monitored on the ability to

extend filopodia and by measuring intraplatelet Ca2+ variations after

adhesion of platelets or GPIb-IX transfected CHO cells to immobi-

lized von Willebrand factor under static conditions. Procoagulant

activity was measured with the Calibrated Automated Thrombin Gen-

eration method. PS exposure was determined by Annexin-V binding

using flow cytometry. In vitro thrombus formation was assessed fol-

lowing perfusion of hirudinated blood over a collagen matrix. Throm-

bus formation was also evaluated in two in vivo models, after a laser-

injury of mesenteric arteries and a forceps-injury of the aorta. Hemo-

stasis was evaluated using a tail bleeding assay.

Results: RAM.1 dramatically reduced GPIb-mediated filopodia exten-

sion of murine platelets and CHO GPIb-IX cells and inhibited GPIb-

mediated Ca2+ signaling of murine platelets after adhesion to von

Willebrand factor. RAM.1 inhibited thrombin generation triggered by

tissue factor or collagen in platelet-rich plasma, but interestingly did

not impair phosphatidylserine exposure in response to strong agonists

such as thrombin, CRP and A23187. In addition, RAM.1 reduced

thrombus formation after perfusion of mouse whole blood over colla-

gen in a shear-dependent manner. This effect was also observed in vivo,

since injection of RAM.1 F(ab)’2 diminished thrombus formation

induced by laser beam injury of mesenteric arterioles and forceps

injury of the abdominal aorta. In contrast, RAM.1 F(ab)’2 did not

increase the tail bleeding time and the volume of blood lost.

Conclusions: These findings provide new evidence that targeting a sub-

unit other than GPIba can lead to an antithrombotic effect via the

GPIb-V-IX complex. This could represent an alternative way to reduce

thrombus formation without impairing hemostasis.

PB 2.26-2
Aggregation of PS exposing platelets and activated
(non-PS exposing) platelets
Choo H and Jobe S

Emory University and Children’s Healthcare of Atlanta, Atlanta,

GA, USA

Background: A common feature of platelets with high levels of PS

exposure, whether initiated by agonist or ABT-737 mediated path-

ways, is a loss of mitochondrial membrane potential. Recently a novel

form of PS exposing platelets with intact mitochondrial membrane

potential and active integrin aIIbb3 was described by Topalov et al

(ATVB, 2012). Formation of this novel procoagulant platelet

(PSDwm+) was promoted by an increased platelet concentration or

shaking and mediated by integrin aIIbb3.
Aims: To investigate the molecular mechanisms responsible for forma-

tion of the novel PS exposing platelet subpopulation in human and

murine models.

Methods: Platelet activation and mitochondrial membrane potential

were evaluated by flow cytometry. To assess platelet aggregation, sepa-

rated platelets (1 9 108 cells/mL) were labeled with either Cell tracker

green or violet. The labeled platelets were washed twice, and then incu-

bated with TMRM for evaluating loss of Dwm. The separate popula-

tions were mixed, stimulated for 15 min with thrombin, labeled with

APC-annexin V and/or PE-JON/A, and evaluated either by standard

flow cytometry or ImagestreamX[TRADEMARK]. ImagestreamX

[TRADEMARK] images were analyzed with IDEAS[TRADE-

MARK] software.

Results: As reported by Topalov et al stimulation of either human or

murine platelets with 100 nM thrombin resulted in a concentration-

dependent increase of a PS exposing platelet subpopulation with intact

mitochondrial membrane potential, low levels of intracellular calcium,

and integrin aIIbb3 activation (PSDwm+). Absence of Bax/Bak did not

affect PSDwm+ platelet formation. Somewhat surprisingly, absence of

cyclophilin D (CypD) markedly decreased PSDwm+ platelet formation,

despite CypD’s known role in mediating mitochondrial permeability

transition pore formation and Dwm loss.

A feature of the PSDwm+ platelet subpopulation was its characteristic

high side scatter and forward scatter within the activated platelet sub-

population. This phenomenon suggested the possibility that PSDwm+

platelets might represent an aggregate. Cell tracker green or violet

(CTG or CTV)-labeled platelets were examined after thrombin stimu-
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lation. Evaluation of the PS Dwm+ platelet subpopulation revealed its

close correspondence with a CTG+/CTV+ platelet subpopulation.

ImageStreamX[TRADEMARK] was used to directly visualize the

PSDwm+ platelet subpopulation. This visual evaluation by high resolu-

tion microscopy revealed that almost the entirety of the PSDwm+plate-

let subpopulation consisted of a platelet aggregate of an annexin V+,

JON/A�, Dwm� platelet and an annexin V-, JON/A+, Dwm+ platelet,

thus lending the PSDwm+ subpopulation its fluorescence characteris-

tics.

Conclusions: Formation of the PSDwm+ platelet subpopulation is

dependent on the mitochondrial protein CypD. However, Image-

StreamX[TRADEMARK] and population labeling experiments sug-

gest that the PSDwm+ platelet subpopulation may represent a

misleading result of heterogenously aggregated platelets, thus explain-

ing this platelet subpopulation’s fluorescence characteristics, concen-

tration and integrin aIIbb3 dependence, and regulation by CypD.

PB 2.26-3
Signalling via CLEC-2 generates a procoagulant
response in human platelets
Alsahli MA1, Appleby J1, Pollitt AY2, Turnbull E1, Hughes CE2,

Hamali HA3, Watson SP2 and Goodall AH1

1University of Leicester, Leicester; 2University of Birmingham,

Birmingham, UK; 3King Khalid University, Abha, Saudi Arabia

Background: The C-type lectin receptor CLEC-2 is a recently described

platelet receptor that plays important roles in platelet cross talk and in

development. It has also been shown to play a crucial role in thrombus

stability. A natural ligand for CLEC-2 is podoplanin which is

expressed on lymphatic endothelial cells, where it plays a role in vascu-

lar development, and on inflammatory macrophages, where it can acti-

vate platelets via CLEC-2. CLEC-2 can also be activated by the snake

venom, rhodocytin. CLEC-2 signalling results in Src and Syk-depen-

dent tyrosine kinase signalling and activation of PLCc2 via a single

YxxL hemITAM sequence. The downstream signalling pathway

through CLEC-2 resembles signalling through another tyrosine kinase,

ITAM-signalling receptor, the collagen GPVI/FccR receptor complex,

which is the major receptor that, on its own, is capable of generating a

procoagulant response in platelets.

Aim: We sought to determine whether signalling through CLEC-2 is

also capable of generating a procoagulant response in human platelets.

Methods: Platelets from healthy consenting donors were stimulated

with either rhodocytin or podoplanin, and analyzed by flow cytometry

for markers of a procoagulant response (Annexin V binding) and

degranulation (P-selectin). Procoagulant phospholipid (PPL) activity

was measured by the Calibrated Automated Thrombogram (CAT)

assay using 1 pM TF reagent to trigger thrombin generation, and

using peak thrombin (PT) as a measure for PPL activity.

Results: Rhodocytin induced Annexin V binding in a subset of

24 � 4.9% of platelets (n = 5) accompanied by the release of Annexin

V+ve microparticles, with a maximum effect at 30 nM. At the same

dose P-selectin was expressed on the majority (81 � 4.9%) of the

platelets (n = 5). These levels were similar to those induced by the

GPVI-specific collagen-mimetic peptide CRP-XL. Addition of ADP,

thrombin, U-46619 and CRP-XL showed synergism with rhodocytin

resulting in a 1.47, 3.10, 1.81 and 2.52, fold increase in the percentage

of Annexin V positive platelets respectively (P = 0.0003). The platelet

procoagulant response to rhodocytin was inhibited by 37% with aspi-

rin (P = 0.0337; n = 5) and was enhanced 1.61 � 0.07 fold by platelet-

platelet aggregation by (P = 0.0019; n = 7). Mouse podoplanin

(20 lg/mL) also generated platelet Annexin V binding in 26 � 3.1%

of platelets (n = 6). In addition, 41 � 12.4% of platelets became Ann-

exin V positive (n = 3) when incubated with human podoplanin-

expressing CHO cells. Both mouse podoplanin and human podopla-

nin-expressing CHO cells induced platelet microparticle generation.

Rhodocytin-activated platelets showed significant PPL activity in the

CAT assay with PT of 356 � 2 compared to control samples 172 � 6

(P = 0.0019; n = 3). Additionally, platelet-derived microparticles gen-

erated either by rhodocytin or human podoplanin-expressing CHO

cells showed significant increase in PT with 88 � 1 and 121 � 4 com-

pared to 17 � 1 and 33 � 5 respectively in control samples

(P = 0.0003 and 0.0024 respectively; n = 3). Immunofluorescence stud-

ies showed that platelets bound to podoplanin-expressing CHO cells

and expressed a procoagulant surface and P-selectin.

Conclusion: Signalling in platelets via CLEC-2 induces a procoagulant

response in platelets and the generation of procoagulant microparti-

cles. The response of platelets to CLEC-2 resembles signalling through

GPVI. These data suggest novel findings of a procoagulant role for

CLEC-2 in human platelets.

PB 2.26-4
Evidence for necrotic platelets in collagen dependent
thrombus formation in vivo
Hua M, Hogg PJ and Chen VM

Lowy Cancer Research Centre, University of New South Wales,

Sydney, NSW, Australia

Background and Aims: Platelets display heterogeneity in response to

agonist stimulation with regards morphology and surface characteris-

tics. Activation by strong agonists ex-vivo results in a phosphatidylser-

ine expressing, highly procoagulant platelet subpopulation that has

recently been proposed to be necrotic. It has been difficult to track the

contribution of the ‘necrotic’ population to thrombus formation due

to an overlap between markers of activation and necrosis, thus the

functional relevance of these platelets is uncertain. Fluorescent tagged

small trivalent arsenical (4-(N-(S-glutathionylacetyl) amino) phenylar-

sonous acid) named ‘tagged-GSAO’ is known to label late apoptotic

and necrotic nucleated cells via covalent bonding with closely spaced

di-thiol proteins in the cytoplasm. Here we aim to investigate tagged-

GSAO as a potential marker of activated, ‘necrotic’ platelets after ago-

nist stimulation and to determine if we could use this marker to

explore the contribution of necrotic platelets to thrombus formation in

vivo.

Methods and Results: Flow cytometry analysis of washed human plate-

lets stimulated with dual agonists, collagen 5 lg/mL and thrombin

1 U/mL generated a subpopulation of P-selectin positive platelets that

co-labelled with tagged-GSAO compared to its control, tagged-GSCA.

This subpopulation is characterised by high annexin-V staining and a

spectrum of calcein retention suggesting it encompasses platelets in the

process of losing viability. Pre-incubation with control vs. pancaspase

inhibitor did not affect this GSAO+ve population (74.1% vs. 74.5%)

suggesting a caspase independent pathway. The GSAO+ve population
was collagen dependent. Thrombin alone at doses up to 10 U/mL gen-

erated a minor GSAO+ve population compared with control

(2.5 � 1.2% vs. 0.2 � 0.3%, P = 0.03), however collagen 5 lg/mL

resulted in a significant increase in GSAO+ve platelets (0.2 � 0.3% vs.

33 � 5.7%, P = 0.0015). Dual stimulation increased this subpopula-

tion of platelets further (33 � 5.7% vs. 49.03 � 16%, P = 0.0002).

Generation of GSAO+ve platelets was dependent on exogenous cal-

cium (20.42 � 0.25% vs. 49.52 � 0.34%, P = 0.0002). Treatment

with calcium ionophore resulted in > 90% GSAO+ve platelets with

high annexin- V binding. This data supports the concept that these

platelets are necrotic.

To determine if tagged-GSAO compound could be used to track this

platelet sub-population during thrombus formation in-vivo, we demon-

strated that tagged-GSAO did not affect in-vitro platelet aggregation

or coagulation studies. To assess the contribution of necrotic platelets

in-vivo, we used confocal intra-vital microscopy to compare two mouse

models of thrombosis: laser injury (thrombin dependent) and ferric

chloride (collagen and thrombin dependent). We used platelet marker

anti-CD42b-dylight 649 and tagged GSAO. Rhodamine-2 was used to

monitor platelet calcium response. The laser injury model of thrombo-

sis showed no co-localisation of tagged-GSAO and platelets in the first

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

640 ABSTRACTS



3 min of thrombus formation, consistent with our thrombin alone in-

vitro data. This is in contrast to the ferric chloride model, where plate-

let aggregates co-labelled with tagged-GSAO indicating a potentially

necrotic platelet clot. GSAO+ve platelet aggregates were also Rhoda-

mine-2 positive indicating prolonged high calcium state. The non-ag-

gregatory platelets did not label with GSAO and were Rhodamine-2

negative.

Conclusion: Tagged-GSAO labels a platelet subpopulation likely

undergoing necrosis. These platelets are seen to play a role in collagen

dependent thrombosis, but not in early thrombin mediated aggrega-

tion in-vivo.

PB 2.26-5
Quantification of the platelet channelome in ultra-
purified human platelet samples highlights the high
expression level of TMEM16F
Wright JR1, Amisten S2, Goodall AH1 and Mahaut-Smith MP1

1University of Leicester, Leicester; 2King’s College, London,

London, UK

Ion channels play crucial roles in many aspects of cellular function.

Approximately twenty ion channels have already been reported in

platelets and/or megakaryocytes, although for many their relative

expression and importance remains unclear. The human genome

encodes more than 400 proteins that form or regulate functional ion

channels, therefore platelets are likely to express additional ion chan-

nel proteins with as yet unidentified roles. We recently demonstrated

that quantitative-PCR was a key tool in identifying Kv1.3 (KCNA3)

as the sole K+ channel responsible for one of the largest ionic conduc-

tances of platelets and megakaryocytes. Nevertheless, quantification of

the platelet channelome using quantitative-PCR raises two main chal-

lenges; ion channels need only be present at small levels to regulate

function, and platelets contain lower levels of mRNA than other blood

cells.

We aimed to further develop our methodology to isolate ultrapure

platelet mRNA, for use in assessing the platelet channelome using

quantitative-PCR.

Platelet rich plasma (PRP) from healthy consenting donors was pre-

pared from Acid-Citrate-Dextrose-anti-coagulated whole blood. Plate-

let activation was further inhibited with 2 mM EDTA, 0.1 lM PGE1

and 0.3 lM acetylsalicylic acid and only the upper portion of PRP iso-

lated. A series of immunomagnetic depletion steps removed leukocytes

and platelet-leukocyte complexes using CD45, and erythrocytes using

CD235a. Platelets were positively selected using CD42b-tagged mag-

netic beads, then washed and lysed for isolation of mRNA. Following

reverse transcription, platelet cDNA was analysed by quantitative-

PCR using 400 in-house-validated QuantiTect primer assays (Qiagen)

for ion channel or channel regulatory genes (the ‘channelome’).

Expression levels were normalised to GAPDH.

All platelet cDNA samples were screened for expression of platelet,

erythrocyte and leukocyte markers. No sample was positive for

CD235a, and any that showed trace CD45 levels were discarded. The

top 33 most abundantly expressed channelome transcripts included 10

channels previously reported in platelets. Of note, by far the most

abundantly expressed was TMEM16F (2.685 � 0.847 relative to

GAPDH). Originally described in platelets as an anion channel (Su-

zuki et al, 2010, Nature, 468, 834), a recent study suggests this is a

Ca2+-permeable cation channel (Yang et al, 2012, Cell 151, 111). The

order of expression of other known channelome genes was P2RX1

(0.529 � 0.269) > KCNA3 (0.332 � 0.083) > ORAI1 (0.165 � 0.038)

> ITPR2 (0.120 � 0.055) > STIM1 (0.114 � 0.030) > TPCN1 (0.076

� 0.052) > TRPC6 (0.068 � 0.042) > CLIC1 (0.041 � 0.007) >
ITPR1 (0.020 � 0.002) relative to GAPDH. These results correlate

closely with estimations of relative channel density reported in patch

clamp recordings and/or relative importance of the channels in func-

tional studies. In addition, we identified several transcripts that encode

for ion channels or their regulators, which have not previously been

reported in platelets.

We have developed an approach to ultra-purify platelet mRNA for

the purpose of detecting transcripts for proteins that may play a role

even at low levels of expression, such as ion channels. A channelome

screen confirmed the expression of 10 channel-related proteins previ-

ously reported in the platelet or megakaryocyte and highlights the high

expression of TMEM16F. Further ion channel-related proteins were

also detected which require additional work to validate the presence of

functional protein and potential roles in platelet/megakaryocyte func-

tion.

Funded by the British Heart Foundation (PG/11/56).

PB 2.26-6
Perturbations in local clot hemodynamics triggers
intraluminal thrombus contraction
Muthard RW and Diamond SL

University of Pennsylvania, Philadelphia, PA, USA

Background: Hemodynamic conditions vary throughout the vascula-

ture, creating diverse environments in which platelets must respond.

To prevent blood loss, a growing platelet deposit must be assembled in

the presence of fluid wall shear stress (tw) and a transthrombus pres-

sure gradient (DP) that drives bleeding.
Aims: Our aim was to investigate clot development and contraction in

response to controlled perturbations in transthrombus pressure gradi-

ent and wall shear stress.

Methods: We designed a microfluidic device capable of side view visu-

alization of a developing thrombus forming on collagen � tissue fac-

tor (TF), while independently controlling DP and tw. Unlike

traditional in vitro clot contraction studies, this device incorporates the

critical mechanical and biological properties that can only be obtained

under flow conditions. Platelet deposits were formed at an arterial

shear rate (1130/s) for 10 min while maintaining a physiologic trans-

thrombus pressure gradient (DP = 0–23.4 mm Hg). Side view visuali-

zation of thrombosis with transthrombus permeation allowed for

quantification of clot structure, height, and composition at various

DP.
Results: When DP was increased from 20.8 to 23.4 mm Hg at constant

arterial shear stress, clot height was reduced 20% on collagen/TF and

28% on collagen alone. Using a fluorescent reporter of thrombin pro-

duction, we observed a 62% reduction in thrombin’s ability to pene-

trate into the luminal side of the clot as DP was increased from 0 to

23.4 mm Hg. This was consistent with convective removal of thrombo-

genic solutes due to pressure-driven permeation. Following thrombus

development, the clot was perturbed by either reducing or increasing

flow. Unexpectedly, the 20-lm thick platelet layer underwent massive

platelet retraction upon flow reduction. Contraction rates 1–2 min

after flow reduction/cessation significantly increased by 6.5-fold

(upstream region) and 4.6-fold (downstream region) (P < 0.05), com-

pared to the rate before perturbation. In our rigid wall microfluidic

device we added 1 lM SQ-29,548 (TXA2 receptor antagonist) or

10 lM MRS-2179 and 50 lM 2-MeSAMP (P2Y1 and P2Y12 platelet

receptors, respectively) to investigate the role of soluble autocrine

mediators ADP and TXA2. Both antagonists significantly reduced the

total clot contraction as compared to buffer. ADP antagonists had the

largest effect, reducing the total contraction nearly 75% over 7 min,

whereas TXA2 antagonist reduced the contraction by 44%. Interest-

ingly, when flow was increased to pathophysiological shear rates

(15,000/s), vWF mediated platelet aggregation resulted in clot struc-

tures exceeding 100 lm in height. These protruding deposits diverted

flow from the downstream portion of the clot to allow rapid trailing

edge retraction.

Summary/Conclusions:We have recently described a novel microfluidic

platform that allows for side view visualization of thrombus growth in

the presence of a transthrombus pressure gradient. Using this tech-

nique we report that small reductions in transthrombus pressure drop
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(11%) result in significant increases in average clot height (20–28%).

We observed that reducing flow causes a rapid clot contraction medi-

ated by ADP and TXA2. Flow dilution of these platelet autocrine

mediators during intraluminal clotting balances the platelet contractile

apparatus with prevailing hemodynamics, a newly defined flow sensing

mechanism to regulate clot function.

PB2.27 – Platelets in Cardiovascular
Disease

PB 2.27-1
Search for a predictive signature of coronary artery
disease in platelet transcriptome
Camera M1, Colombo GI2, Brambilla M2, Piacentini L2,

Rossetti L2, Canzano P2, Teruzzi G2, De Metrio M2 and Tremoli E1

1Universit�a degli Studi di Milano, Milano; 2Centro Cardiologico

Monzino IRCCS, Milan, Italy

Background: Platelets retain a small but significant amount of func-

tionally active megakaryocyte-derived mRNA as well as protein and

molecular machinery necessary for translation. The platelet transcrip-

tome may change in coronary artery disease (CAD). We previously

showed that differentially expressed transcripts do exist in platelets

from patients with non-ST elevation acute coronary syndrome

(NSTE-ACS) compared to those with stable angina (SA), suggesting

that ACS platelets are potentially preconditioned at the transcriptional

level to a higher degree of reactivity, which eventually lead to the

thrombotic event.

Aims: (i) To assess in the platelet transcriptome a predictive signature

of the CAD type. (ii) To identify transcriptional variations related to

the CAD type as compared to healthy subjects.

Methods: Total RNA was isolated from leukocyte-depleted platelets

from 41 NSTE-ACS and 37 SA patients, age- and sex-matched and

with no comorbidities (diabetes and kidney disease). Gene expression

profiling was performed using the HumanHT v.12 BeadChips (Illu-

mina). Data variance stabilizing transformation and robust spline nor-

malization were conducted with the lumi R package. Genes were

filtered out if < 10% of expression data have at least a 1.35-fold

change in either direction from gene’s median value, and statistical dif-

ferences and prediction classifiers were assessed using the BRB-Array-

Tools v.4.3.0-beta2 package. Functional annotation clustering was

done using the DAVID v.6.7 Bioinformatics Resources. Platelet acti-

vation state was assessed by flow cytometry, using anti-CD41, CD62,

PAC1, and Tissue factor antibodies.

Results: Microarray analysis identified 4000 � 670 transcripts

expressed in patients’ platelets. Interestingly, the number of transcripts

that passed the quality control criteria was lower in NSTE-ACS than

in SA patients (3770 � 598 and 4141 � 733, respectively, P < 0.02).

Differential analysis was performed on the 2687 transcripts expressed

in all samples: 138 were found significant with a permutation P-value

≤ 0.001 and a FDR < 2% (121 decreased and 17 overexpressed in

NSTE-ACS vs. SA platelet). Notably, 58 of these transcripts are unan-

notated genes. Functional annotation analysis of the remaining 73

unique genes revealed that the Gene Ontology classes ‘Translation and

Elongation’ and the KEGG pathway ‘Ribosome’ were significantly

enriched in NSTE-ACS downregulated transcripts (17 and 10 genes,

respectively, adjusted P-value 2.36E-10 and 1.14E-08). Prediction anal-

ysis of microarray (PAM) identified a classifier composed of 17 unique

genes: cross-validation, used to assess the performance of the PAM

classifier, showed that it had a rate of correct classification of 70%.

Comparison with 10 age- and sex-matched healthy subjects and func-

tional analysis showed that several biological processes and cell com-

partments are altered in CAD platelets (adjusted P-value < 0.05), e.g.

‘Wound healing’, ‘Glycolysis’, ‘Regulation of metabolic processes’,

‘Membrane-bound vesicle’, and ‘Platelet alpha-granule’ genes. Of

interest, CD41 mRNA is overexpressed in NSTE-ACS compared to

both SA and healthy platelets, and this is paralleled by the higher anti-

gen level assessed by flow cytometry.

Conclusion: The observed decrease of translational elongation genes in

NSTE-ACS might point out an exhausted capability of de novo protein

synthesis, which has been already exploited to sustain the platelet hy-

perreactive state found in unstable patients. The partial predictive

capacity of the PAM classifier suggests that other variables may act as

confounders.

PB 2.27-2
Plasma-derived microparticles as a source of
biomarkers in acute coronary syndromes: a proteomic
study comparing ST-elevation myocardial infarction
patients and stable coronary artery disease controls
V�elez P1, Pargui~na AF1, Rosa I1, Alonso-Orgaz S2, De La

Cuesta F2, Grigorian L3, Barderas MG2, Moreu J4, Gonz�alez-

Juanatey JR3 and Garc�ıa A1

1CIMUS, Universidad de Santiago de Compostela, Santiago de

Compostela; 2Hospital Nacional de Parapl�ejicos, Toledo;
3Complejo Hospitalario Universitario de Santiago de

Compostela, Santiago de Compostela; 4Hospital Virgen de la

Salud, Toledo, Spain

1 Microparticles (MP) are cell-derived submicron size membrane ves-

icles known to be increased in the blood of patients with acute cor-

onary syndromes [Mallat Z et al. (2000) Circulation 101:841–843].
They derive from various cells, most notably platelets, but also leu-

cocytes, lymphocytes, erythrocytes and endothelial cells. MP are

present in a small amount in the circulation of healthy individuals,

but their levels increase in a high range of pathological conditions.

2 Our objective was to compare the proteome of plasma-derived mi-

croparticles from ST-elevation myocardial infarction (STEMI)

patients and stable coronary artery disease (SCAD) controls. Our

goal was to detect MP proteins differentially regulated that could

serve as biomarkers for the acute event.

3 Plasma MP were isolated from 10 STEMI patients and 10 SCAD

matched controls. We followed a standardized procedure to guar-

antee the purity of the microparticle population [Ramacciotti E et

al. Thromb Res. 2010;125:e269-e274]. MPs were characterized by

FACS with FITC-conjugated mouse anti-human CD41 monoclo-

nal antibody, and by electron microscopy. Proteome analysis was

based on two-dimensional differential in-gel electrophoresis (2D-

DIGE) and mass spectrometry (MALDI-MS/MS and LC-MS/

MS). For the DIGE analysis, CyDye-labeled proteins were sepa-

rated by 24 cm 4–7 IPG strips for the first dimension, and 11%

SDS-PAGE for the second. Image analysis was performed with

Progenesis SameSpots software (NonLinear Dynamics). Valida-

tions were by 1D- and 2D-western blotting in an independent

cohort of patients.

4 Due to the low amount of protein obtained from the patients, two

pools were done, one for each condition (STEMI and SCAD). The

DIGE analysis included four gels (technical replicates). Following

image analysis, 1228 spots were detected per gel. The number of

differentially regulated spots was of 115 (fold change ≥ 2 and

P < 0.05). Form those, 71 were up-regulated in MP from STEMI

patients, whereas 44 were up-regulated in MP from SCAD con-

trols. So far we successfully analyzed 76 differentially regulated

spots by mass spectrometry. Proteins identified include comple-

ment C4-A, fibrinogen, haptoglobin, apolipoprotein A-1, etc. Inter-

estingly, alpha-2-macroglobulin and cardiotrophin-like cytokine

factor 1 (CLCF1) were found to be up-regulated in STEMI sam-

ples. The former plays an important role in thrombogenesis and

has been recently found to be up-regulated in plasma MP from

deep venous thrombosis patients. The latter is a cytokine with B-

cell stimulating capability that we recently found to be present in

platelet-derived MP.
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5 We performed the first high-resolution proteome analysis of MP

from STEMI and SCAD patients. We provide a repertoire of pro-

teins up-regulated in STEMI MP that could serve as biomarkers

for the acute event. We believe our data open a new line of investi-

gation that will allow a better understanding of the pathophysio-

logical mechanisms underlying acute myocardial infarction. Our

results demonstrate plasma-derived MP are a promising source of

biomarkers for the acute event.

PB 2.27-3
P-selectin compared to other tests as a simple-to-use
approach for assessing platelet function in cardiac
patients
May JA, Fox SC, Johnson A, White AE, Glenn JR, Dovlatova N,

Wijeyeratne Y and Heptinstall S

University of Nottingham, Nottingham, UK

Background: There are several tests of platelet function that are used

to monitor the effects of antiplatelet agents, particularly aspirin and

P2Y12 antagonists, in patients with acute coronary syndromes. We

have developed tests based on measurement of platelet surface-bound

P-selectin following platelet stimulation. The tests differ from other

approaches to measuring platelet function in that they are simple-to-

use and measurements can be performed remotely, e.g. in GP’s surger-

ies or in people’s homes. Treated blood samples are stable for up to

9 days and are posted to a central laboratory for analysis. All tests,

including the P-selectin tests, demonstrate that high residual platelet

function in patients taking the P2Y12 antagonist clopidogrel have a

significantly increased risk of further thrombotic events.

Aim: The P-selectin test is being developed for commercial use by

Platelet Solutions Ltd. The aim of this study was to compare the

results obtained with other forms of platelet function testing in the

same patients.

Methods: For measurement of P-selectin platelets in citrate anti-coagu-

lated whole blood are activated and fixed after 5 min using a unique

stabilising agent (patent applied for). We have compared the P-selectin

aspirin and P2Y12 tests with three aspirin and four P2Y12 commercial

tests including PRP aggregometry (PRP), Multiplate (MP), VerifyNow

(VN) and Biocytex VASP (VASP). Blood samples were obtained from

patients following treatment for 1 month with either aspirin plus clopi-

dogrel (n = 78) or aspirin plus the more potent P2Y12 antagonist,

prasugrel (n = 28).

Results: All of the P2Y12 tests demonstrated variability in the effective-

ness of clopidogrel to inhibit platelet function while prasugrel treat-

ment resulted in greater inhibition. Spearman correlations of P-

selectin P2Y12 test results compared with the other P2Y12 tests were all

good with r values of 0.5958 (PRP), 0.6268 (VN), 0.6227 (MP) and

0.4986 (VASP) all P < 0.0001. All of the aspirin tests consistently iden-

tified four patients as either non-responders or non compliant while all

other patients demonstrated inhibition by aspirin using all tests.

Conclusions: The P-selectin tests, with their potential for remote test-

ing, were at least as effective in determining the inhibitory effects of

antiplatelet therapies as the other tests used in this study.

PB 2.27-4
Comparison of the optimul assay with light
transmission aggregometry for the detection of aspirin
resistance in patients with stable coronary artery
disease
Floyd CN1, Warner TD2 and Ferro A1

1King’s College London; 2Barts & The London School of Medicine

and Dentistry, London, UK

Background: Clinical studies into aspirin resistance (ASA-R) predomi-

nantly utilise point-of-care tests based on surrogate measures of

platelet function, as light transmission aggregometry (LTA) which is

widely considered the gold standard, is not suitable for clinical applica-

tion. These surrogate tests demonstrate poor correlation with LTA

and so the clinical need for an improved standardised test remains.

The 96-well plate assay (Optimul) is based on LTA but requires less

technical expertise and enables rapid testing at a range of agonist con-

centrations. In healthy subjects, it has demonstrated good ability to

determine response (both in vitro and in vivo) to antiplatelet agents and

good correlation with LTA in both healthy subjects and in patients

with mild bleeding defects. ASA-R by LTA is generally defined as

> 20% aggregation in response to 1.6 mM arachidonic acid (AA). No

such criteria have been defined for the Optimul assay.

Aims:

1 To assess the correlation between LTA and Optimul following in

vivo aspirin therapy in subjects with cardiovascular disease

2 To define criteria for ASA-R by Optimul

Methods: Whole blood was drawn into citrate (final concentration

0.32%) from patients with coronary artery disease receiving 75 mg

aspirin daily (n = 15). Aggregation of platelet-rich plasma was per-

formed by LTA in a PAP-8E aggregometer (Bio/Data) in response to

0.6, 1.0 and 1.6 mM AA (Sigma-Aldrich). Aggregation using the 96-

well technique was performed using a plate reader (Tecan Sunrise) at

absorbance 595 nm in response to 0.03, 0.1, 0.3, 0.6, 1.0 and 1.6 mM

AA. Hundred percent aggregation was defined as the optical density

of platelet-poor plasma.

Correlation of Optimul and LTA was performed using a Pearson cor-

relation and paired t-test. Receiver operating characteristic (ROC)

analysis curves were performed to assess the ability of 96-well aggre-

gometry to identify ASA-R. Statistical analyses were performed using

Prism 4 (GraphPad). Statistical significance was taken as P < 0.05.

The study was approved by local ethics committee and all subjects pro-

vided informed consent.

Results: Optimul was found to be positively correlated to LTA for all

AA concentrations tested (0.6 mM, r2 0.59, P < 0.001; 1.0 mM, r2

0.82, P < 0.001; 1.6 mM, r2 0.81, P < 0.001). No significant difference

was found between the two assays (P = 0.1868). ROC analysis using

above the criteria to define ASA-R, yielded non-significance at all con-

centrations (P > 0.05). Modifying ASA-R criteria to > 30% aggrega-

tion by LTA improved significance, in particular at 1.6 mM AA (0.6

and 1.0 mM, AUC 0.91, 95%CI 0.75–1.01, P = 0.063; 1.6 mM, AUC

1.00, 95%CI 1.00–1.00, P = 0.024). For the 1.6 mM ROC at 30%

LTA aggregation, a cut-off of < 27.73% yielded 100% sensitivity and

specificity.

Summary/Conclusions: Optimul and LTA correlate well within

patients with stable coronary artery disease, with no significant differ-

ence seen in results. ROC analysis trended to significance for all con-

centrations of agonist, but with significance only achieved following

acceptance of a more stringent LTA definition of ASA-R. A degree of

this discrepancy is likely to reflect measurement error from an imper-

fect gold standard. These findings suggest that the Optimul assay may

be a suitable clinical tool for the detection of ASA-R.

PB 2.27-5
Role of platelets in driving the thrombotic risk and
protective processes associated with exposure to
diesel exhaust particles
Emerson M, Solomon A, Smyth E, Vydyanath A, Luther P

and Tetley TD

Imperial College London, London, UK

Background: There is an established link between exposure to air born

pollution and the incidence of respiratory and cardiovascular diseases.

Inhalation of ambient particulate matter enhances the risk of platelet-

driven cardiovascular diseases such as myocardial infarction in at-risk

individuals. The nanoparticulate fraction of ambient air (i.e. particu-

late matter of diameter < 100 nm) is thought to be the most damaging
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to health. Nanoparticles induce inflammation and cytotoxicity and

have been shown to translocate the pulmonary epithelium to blood

and internal organs. Urban ambient air is rich in nanoparticulate die-

sel exhaust particles (DEP) produced from industrial, public and pri-

vate vehicular emissions.

Aims: We aimed to investigate the ability of DEP to interact physically

and functionally with platelets as well as the ability of endothelial

mediators to offer protection against DEP-induced platelet activation.

Methods: The interaction of DEP and carbon black (CB, which con-

sists of the carbon core of DEP without the transmission metals and

organic compounds associated with the surface of DEP) with platelets

was examined by transmission electron microscopy, while the func-

tional consequences of exposure were assessed by measuring in vitro

and in vivo platelet aggregation using established methods.

Results: Electron microscopy revealed DEP and CB to be present in

a mixture of individual, chained and agglomerated nanoparticles.

Following exposure, both DEP and CB were internalised and seen

in proximity with the open canalicular system in platelets. DEP

induced concentration-dependent human platelet aggregation in vitro

whereas CB had no effect. DEP induced Ca2+ release, dense granule

secretion and surface P-selectin expression, but not toxicologic mem-

brane disruption. Low concentrations of DEP potentiated agonist-

induced platelet aggregation in vitro and in vivo. A nitric oxide

donor was found to exert a similar inhibitory effect upon DEP-

induced platelet aggregation to that occurring with a conventional

platelet agonist.

Summary/Conclusions: DEP associate physically with platelets in par-

allel with a Ca2+-mediated aggregation response displaying the con-

ventional features of agonist-induced aggregation. The ability of DEP

to enhance the aggregation response to platelet stimuli would be

expected to increase the incidence of platelet-driven cardiovascular

events should they be inhaled and translocate into the blood and pro-

vides a potential mechanism for the increased thrombotic risk associ-

ated with exposure to ambient particulate air pollution. Our study also

suggests that the healthy vascular endothelium would be expected to

provide protection against the platelet-mediated pro-thrombotic

effects of DEP. A lack of endothelial-mediated inhibition of nanopar-

ticle-induced platelet aggregation during endothelial dysfunction may

provide a mechanism for the enhanced risk observed in individuals

with underlying cardiovascular conditions upon exposure to particu-

late ambient pollution.

PB 2.27-6
Platelet and leukocyte ROS production and
lipoperoxidation are associated with high platelet
reactivity in acute coronary syndrome patients on dual
antiplatelet treatment
Becatti M1, Fiorillo C1, Gori AM1, Marcucci R1, Paniccia R1,

Giusti B1, Violi F2, Pignatelli P2, Gensini GF1 and Abbate R1

1University of Florence, Florence; 2Sapienza-University of Rome,

Rome, Italy

High platelet reactivity (HPR) on dual antiplatelet therapy is a risk

factor for adverse vascular events in acute coronary syndrome (ACS)

patients.

Several studies have shown that reactive oxygen species (ROS) may be

involved in modulating platelet function.

In ACS patients we investigated: (i) the relationship between the

amount of ROS production/lipoperoxidation of cellular elements (by

FACS analysis) and platelet activation through different pathways; (ii)

the association of cellular ROS production with the presence of high

platelet reactivity to ADP and arachidonic acid (AA) stimulation in

ACS patients on dual antiplatelet therapy.

Significantly higher levels of platelet and leukocyte-derived ROS were

detected in 49 dual HPR (with platelet aggregation by 1 mM AA

≥ 20% and by 10 lM ADP ≥ 70%) with respect to non-HPR patients

(n = 49). Similarly, dual HPR patients had significantly higher platelet

and leukocyte lipoperoxidation than non-HPR patients.

After adjustment for several potential confounders, platelet-, leuko-

cyte-derived ROS and platelet and leukocyte lipoperoxidation

remained significantly associated to dual HPR [platelet-ROS:2.53

(2.28–5.01), P < 0.001; leukocyte-ROS:1.13 (1.06–1.21), P < 0.001;

platelet-lipoperoxidation:1.92 (1.10–1.35), P < 0.001; leukocyte lipo-

peroxidation: 1.59 (1.28–1.98), P < 0.001].

The significant predictors of ADP, AA, and collagen platelet aggrega-

tion at multiple linear regression analysis, after adjusting for age, car-

diovascular risk factors, procedural parameter, medications, leukocyte

number and MPV, were platelet-, leukocyte-derived ROS and platelet

and leukocyte lipoperoxidation.

Our results demonstrate that in patients with ACS on dual antiplatelet

therapy ROS production by and lipoperoxidation of platelets are

strictly correlated to the different pathways of platelet aggregation and

that ROS production and lipoperoxidation of platelets and leukocytes

are predictors of nonresponsiveness to dual antiplatelet treatment.

PB2.28 – Platelet Activation:
Miscellaneous – I

PB 2.28-1
Streptococcus pneumoniae triggers platelet activation
and platelet-leucocyte complex formation in a strain
dependent and toll-like receptor 2 independent manner
De Stoppelaar SF, Schaap MCL, Van Der Poll T, Nieuwland R

and Van‘t Veer C

Academic Medical Center, Amsterdam, The Netherlands

Background: Streptococcus pneumoniae strains vary considerably in

their ability to cause invasive disease, and this is associated with the

capsular serotype. The S. pneumoniae capsule inhibits complement-

and phagocyte-mediated immunity. Septic patients often develop

thrombocytopenia, which is associated with higher mortality. Besides

the role of platelets in hemostasis, platelets exert a role in the immune

continuum through release of regulatory proteins, platelet-neutrophil

complex formation, and secretion of antimicrobial peptides.

Aims: To determine how S. pneumoniae activates human platelets.

Methods: Streptococcus pneumoniae serotypes used: D39, TIGR4 and

6303 and mutant unencapsulated D39. Human platelet aggregation

was measured in citrate-anticoagulated platelet rich plasma by light

transmission aggregometry. Platelet degranulation and platelet-leuko-

cyte complexes were measured by flow cytometry. Platelet and neutro-

phil killing capacity was determined in incubation experiments with

S. pneumoniae.

Results: Unencapsulated S. pneumoniae induced platelet aggregation

in a capsule-dependent manner; aggregation was not induced by

encapsulated strains, or by direct toll-like receptor (TLR) ligands.

Aggregation was inhibited by IgG receptor blocking antibody anti-

FccRII, but not by anti-TLR2. Whole blood incubation with all

S. pneumoniae serotypes resulted platelet degranulation and platelet-

granulocyte and platelet-monocyte complex formation. These reac-

tions were inhibited by PGE1 but not by anti-FccRII, anti-TLR2 and

4. Platelets had no antimicrobial effect on S. pneumoniae, nor did

platelet-neutrophil complex formation enhance neutrophil killing

capacity.

Conclusions: Streptococcus pneumoniae causes FccRII mediated plate-

let aggregation through a mechanism that is inhibited by its capsule.

All S. pneumoniae serotypes are potent inducers of platelet degranula-

tion and platelet-leukocyte complex formation in a TLR2 independent

manner.
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PB 2.28-2
Multiple sites on Streptococcus gordonii surface
protein PadA mediate outside-in signaling in platelets
Kerrigan SW1, Keane C1, Petersen H2, Tilley T1, Haworth J2,

Cox D1 and Jenkinson HF2

1Royal College of Surgeons in Ireland, Dublin, Ireland;
2University of Bristol, Bristol, UK

Background: Infective endocarditis (IE) is a life threatening disease

caused by a bacterial infection of the endocardial surfaces of the heart.

The oral pathogen, Streptococcus gordonii is amongst the most com-

mon pathogens isolated from IE patients. Previously we identified a

novel cell wall protein expressed on S. gordonii called platelet adher-

ence protein A (PadA). This protein interacts with platelet GPIIb/IIIa

resulting in platelet adhesion, dense granule secretion and platelet

spreading. Proteomic analysis of the PadA protein identified two short

amino acid motifs (RGD and AGD) which have been previously

shown to be important for fibrinogen binding to GPIIb/IIIa and con-

tributing to the generation of outside-in signalling.

Aim: The aim of this project was to determine if either or both of these

motifs found on S. gordonii PadA have any role in mediating outside

in signalling in human platelets.

Methods: Bacteria were grown in Brain Heart Infusion Broth over

night under static conditions. The regions encoding potential platelet

interactive motifs AGD and RGT were subjected to alanine-substitu-

tion mutagenesis. Dense granule secretion was measured by luminom-

etry using a luciferin/luciferase assay. Platelet interactions with

immobilized bacteria under shear were assessed using a parallel flow

chamber. Platelet spreading on native and mutated PadA was visual-

ised by confocal microscopy with differential interference contrast or

using an argon laser at 488 nm.

Results: Site directed mutagenesis on the PadA protein in which the

454AGD and 383RGT was substituted to AAA resulted in the RGT

motif having no role in supporting platelet adhesion (P = NS) how-

ever plays a role in dense granule secretion (P < 0.005) and platelet

spreading (P < 0.005). The AGD motif on the PadA protein however

has no role to play in supporting firm platelet adhesion or dense gran-

ule secretion (P = NS) however plays a role in platelet spreading

(P < 0.01).

Conclusions: The work presented here extends previous knowledge in

S. gordonii platelet interactions by identifying two motifs on PadA

that are similar to the known binding motifs in fibrinogen that recog-

nise GPIIb/IIIa. Of particular interest is the role these motifs play in

platelet function. It appears that the RGT motif has no role in sup-

porting platelet adhesion however plays a role in dense granule secre-

tion and platelet spreading. In contrast to this, AGD has no role in

supporting platelet adhesion or dense granule secretion, however plays

a role in platelet spreading. These results suggest for the first time that

multiple sites on S. gordonii PadA generate outside in signals through

GPIIb/IIIa to mediate platelet responses that likely contribute to the

thrombotic complications of IE.

PB 2.28-4
Effects of high-amount high-intensity exercise on in
vivo platelet activation: modulation by lipid
peroxidation and AGE/RAGE axis
Santilli F, Vazzana N, Iodice P, Lattanzio S, Liani R, Bellomo R,

Perego F, Saggini R and Dav�ı G

University of Chieti, Chieti, Italy

Background: Physical activity is associated with cardiovascular risk

reduction, but the effects of exercise on platelet activation remain con-

troversial.

Aims: We investigated the effects of regular high-amount, high inten-

sity aerobic exercise on in vivo thromboxane (TX)-dependent platelet

activation and plasma levels of platelet-derived proteins, CD40L and

P-selectin, and whether platelet variables changes may be related to

changes in HDL and in the extent of oxidative stress and oxidative

stress-related inflammation, as reflected by urinary isoprostane excre-

tion and endogenous soluble receptor for advanced glycation end-

products (esRAGE), respectively.

Methods: Urinary excretion of 11-dehydro-TXB2 and 8-iso-prosta-

glandin (PG) F2a and plasma levels of P-selectin, CD40L and esRAGE

were measured before and after a 8-week standardized aerobic high-

amount-high-intensity training program in 24 low-to-intermediate-risk

sedentary subjects with low HDL cholesterol.

Results: Exercise training had a clear beneficial effect on HDL choles-

terol (+11%, P = 0.014) and triglyceride (�27%, P = 0.009) concen-

tration. In addition, a significant (P < 0.0001) decrease in urinary 11-

dehydro-TXB2 (27%), 8-iso-PGF2a (22.4%), plasma P-selectin (29%),

CD40L (35%) and a 61% increase in esRAGE were observed. Multi-

ple regression analysis revealed that urinary 8-iso-PGF2a

[beta = 0.393, SEM = 73.4, P = 0.004] and esRAGE (b = �0.30,

SEM = 48.2, P = 0.024) were the only significant predictors of urinary

11-dehydro-TXB2 excretion rate over the training period.

Conclusions: Regular high-amount-high-intensity exercise training,

with minimal weight change, in sedentary, low- or intermediate-risk

people, together with increases in fitness (as measured by peak oxygen

consumption), has broad beneficial effects on platelet activation mark-

ers, paralleled and possibly associated with changes in the lipoprotein

profile and in markers of lipid peroxidation and AGE/RAGE axis.

Our findings may help explaining why a similar amount of exercise

exerts significant benefits in preventing cardiovascular events, and may

guide the optimization of the exercise protocol in patients with differ-

ent degrees of cardiovascular burden, including those with chronic

ischemic heart disease, based on the effect on lipoprotein profile as well

as on platelet activation and oxidative stress markers.

PB 2.28-5
Effect of hydrogen sulphide (H2S) on human platelet
adhesion and clot retraction
Bermejo IE1, Alberto MF1, Saenz DA2, Rosenstein RE2

and Lazzari MA1

1Haematological Research Institute of the National Academy of

Medicine; 2Facultad de Medicina, Universidad de Buenos Aires,

Buenos Aires, Argentina

Background: Hydrogen sulphide (H2S) is increasingly recognized as a

member of a growing family of ‘gasotransmitters’, together with its

two counterparts, NO and CO. Actually, H2S is emerging as an impor-

tant endogenous modulator which exhibits beneficial effects on the

cardiovascular system, without producing toxic metabolites.

Objective: The present work was designed in vitro to study the effect of

H2S on human blood platelets adhesion and clot retraction.

Methods: Tests were performed using platelet rich plasma (PRP) or

washed platelets (WP) (300 9 109 plat/L). Sodium hydrogen sulfide

(NaHS) was used as H2S donor. A platelet suspension was treated with

10 mMNaHS or buffer.

Adhesion: Microplate wells were coated with 100 lL of fibrinogen

solution (20 lg/mL) and blocked with 200 lL of BSA solution. WP

(100 lL) preincubated with buffer or 10 mM NaHS were added to

wells coated with fibrinogen and incubated at room temperature for

1 h. The wells were rapidly filled with 100 lL of 0.1 M citrate buffer,

pH 5.4, containing 5 mM p-nitrophenyl phosphate and 1% Triton X-

100 (v/v). After 60 min incubation at room temperature, the reaction

was stopped by the addition of 70 lL of 2 M NaOH. The p-nitrophe-

nol produced was measured with a microplate reader at 405 nm

against a platelet-free blank.

The amount of platelets adherent to protein-coated wells was esti-

mated by measurement of the platelet acid phosphatase activity using

a calibration curve.
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Clot retraction: PRP pre incubated with buffer or 10 mM NaHS.

Plasma was induced to coagulate with 0.4 UI/mL thrombin. The clots

were allowed to retract at 37 °C and were photographed at various

times (15, 25, 35 and 45 min). Two-dimensional sizes of retracted clots

on photographs were quantified using NIH ImageJ software, and

retraction was expressed as percentage retraction [1 � (final clot size/

initial clot size)].

Statistical significance was determined using Mann-Whitney test, con-

trol vs. H2S (n = 5).

Results: H2S significantly inhibited platelet adhesion to fibrinogen

coated plates (P < 0.01). In clot retraction, no difference was observed

at the end point (45 min). However PRP incubated with NaHS had a

delay with statistical significance at 25 and 35 min (P = 0.001 and

P = 0.04 respectively), changing from hyperbola to sigmoid the kinetic

curve of clot retraction.

Conclusion: It has been demonstrated that ligand binding to integrin

aIIbb3 induces outside-in signaling-mediated Rap1b. It is crucial for

the activation of a second pool of Rac1, which is important for clot

retraction and platelet spreading. Our results suggest that a pathway,

such as CalDAG-GEFI/Rap1-Rac1, could be affected by H2S. In con-

clusion, several evidences are accumulating to demonstrate that H2S

donor compounds exert significant effects on antiadhesive activity in

prevention of thrombotic states.

PB 2.28-6
A novel real-time whole blood flow cytometric assay
identifies a sub-population of platelets that rapidly
bind Annexin-V upon stimulation
Jones CI1, Garner SF2 and Gibbins JM1

1University of Reading, Reading; 2University of Cambridge,

Cambridge, UK

Background: The rate of platelet activation may be critical in determin-

ing the dynamics of thrombus formation, yet the regulation of platelet

kinetics has received less investigation than the maximum extent of

platelet response.

Aims: Here we report the development a novel flow cytometric assay

designed to measure the kinetics of platelet activation, with the aim of

measuring makers of platelet activation that occur rapidly upon acti-

vation.

Methods: Whole citrated blood was diluted in Hepes buffered saline

containing (i) Fluo4-NW (Invitrogen), or (ii) FITC-anti-fibrinogen

antibodies (Dako), PE-anti-P-selectin antibodies (BD), and Cy5-Ann-

exin-V (BD) in combination. All reagents were dialyzed prior to use.

Samples, maintained at 37 °C during data acquisition, were stimulated

with CRP-XL (1 lg/mL) together with CaCl2 (2 mM) and gly-pro-

arg-pro peptide (0.5 mg/mL) (Sigma). Data were acquired for 5 min

at approximately one platelet per 1 ms. All data were analysed using

R (www.r-project.org) by fitting LOESS curves to the raw data from

which the maximum response, the rate and acceleration (rate at which

the rate changes) of platelet response were derived.

Results: Coefficient of variation (CV) was below 10% for all assays

except acceleration in P-selectin exposure (CV = 16%) which showed

increased variability due to the slow rate of P-selectin exposure. No

correlation existed between the maximum level and the rate or acceler-

ation of calcium flux, fibrinogen binding, P-selectin exposure or Ann-

exin-V binding (n = 10). This assay revealed a small (< 2%)

population of platelets that bind Annexin-V rapidly following stimula-

tion. This population is reduced at lower concentrations of CRP-XL,

absent with CaCl2 alone, they are small, have high levels of P-selectin

exposure, and curiously show differential levels of fibrinogen binding.

Summary/Conclusions: We have developed a robust, reproducible and

sensitive assay for the measurement of the kinetics of platelet activa-

tion, and identified a sub-population of platelets that bind Annexin-V

rapidly after activation. It is intriguing to postulate how this negatively

charged population of platelets appearing early in thrombus formation

might alter thrombus growth and development.

PB2.29 – Vascular Progenitor and
Stem Cells

PB 2.29-1
Evaluation of endothelial dysfunction and regeneration
in an elderly population: the Mugello Study
Gori AM1, Cesari F2, Vannetti F3, Sereni A1, Molino Lova R3,

Sofi F1, Sticchi E1, Abbate R1, Gensini GF1 and Macchi C1

1University of Florence; 2Thrombosis Center; 3Don Carlo Gnocchi

Foundation, Florence, Italy

Background: The precise mechanisms underlying the relationship

between increasing age and increased risk for vascular diseases are not

completely elucidated.

Circulating progenitor cells (CPC), endothelial progenitor cells

(EPCs), and circulating endothelial cells (CEC) may play a role in the

development and progression of atherosclerosis.

Clinical studies have demonstrated in young and middle-aged popula-

tion that EPCs inversely correlated with the presence of traditional

cardiovascular risk factors and with circulating pro-inflammatory mol-

ecules, but scarce data in the elderly are available.

Aims: We used data from the Mugello Study, a prospective study

which enrolled ultranonagenarian subjects, who lived in the Mugello

Area to evaluate the relationship between EPC, CPC, CEC and

advanced age.

Methods: Circulating CEC, CPCs and EPCs were assessed by flow cy-

tometric analysis and were defined as CD146+/CD31+/CD45�/

CD61� (CEC), CD34+, CD133+, CD34+/CD133+ (CPC) and

CD34+/KDR+, CD133+/KDR+, CD34+/CD133+/KDR+ (EPC)

respectively. We also evaluate circulating levels of C-reactive Protein

(CRP) and white blood cell count.

Results: We enrolled 270 ultranonangenarians (198F/72M) with a

median age of 92 (90–103) years.
Ultranonagenarians showed a significant higher number of CEC[3 (0–
187) vs. 1 (0–23) cells/106 events, P < 0.001] and a lower number of

EPC[CD34+/KDR+:2 (0–28) vs. 10 (3–43) cells/106 events; CD133+/
KDR+:3 (0–23) vs. 10 (4–45) cells/106 events;CD34+/CD133+/
KDR+:2 (0–23) vs. 9 (3–43) cells/106 events, P < 0.001] with respect to

younger (median age 65 years, 45–78 years) control population. In

elderly and younger subjects CPC number was similar [CD34+:340
(30–1030) cells/106 events vs. 336 (259–414) cells/106 events;

CD133+:314 (30–1030) vs. 321 (246–396) cells/106 events; CD34+/
CD133+:307 (30–1010) vs. 294 (224–364) cells/106 events].
In the Mugello population CEC, CPC and EPC number was not

affected by traditional cardiovascular risk factors. Furthermore, we

found a significant relationship between CPC and EPC and leukocyte

number [CPC: CD34+:r = �0.162, CD133+: r = �0.165, P = 0.005;

CD34+/CD133+:r = �0.190, P < 0.01; CD34+/KDR+:r = �0.142;

CD133+/KDR+:r = �0.148; CD34+/CD133+/KDR+:r = �0.144,

P < 0.05 respectively] and between CEC, EPC number and CRP

serum levels [CEC: r = 0.142, P = 0.050; CD34+/KDR+: r = �0.317,

P < 0.001; CD133+/KDR+: r = �0.306, P < 0.001; CD34+/CD133+/
KDR+: r = �0.312, P < 0.001 respectively].

Conclusions: Our results demonstrate the presence of an endothelial

dysfunction, as documented by high CEC and low EPC number in

ultranonagenarians. Moreover the positive relationship between CEC

and CRP and the negative relationship between EPC and CRP suggest

that an inflammatory state, which is commonly present in the elderly,

significantly affects the endothelial function by promoting vascular

damage and by reducing the endothelial regenerative capacity.
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PB 2.29-2
Adherence to lifestyles’ modifications after a cardiac
rehabilitation (CR) program and endothelial progenitor
cells (EPCs): a 6-months follow-up study
Cesari F1, Marcucci R1, Gori AM1, Burgisser C2, Francini SM2,

Sofi F1, Gensini G1, Abbate R1 and Fattirolli F1

1Azienda Ospedaliero-Universitaria Careggi, University of

Florence; 2Cardiac Rehabilitation Unit, University of Florence,

Azienda Ospedaliero-Univers, Florence, Italy

Background: A significant increase of EPCs number among acute coro-

nary syndrome (ACS) patients participating in a CR program has

recently been reported, but no data on the impact of adherence to life-

style recommendations provided during a CR program on EPCs num-

ber are available.

Aim: To investigate the effects of adherence to lifestyles’ recommenda-

tions on EPCs, inflammatory and functional parameters after

6 months from a CR program in ACS patients.

Methods: One hundred-ten out of 112 ACS patients (90M/20 F; mean

age 57.9 � 9.4 years) completed the study. EPCs, high sensitivity C-

reactive protein (hsCRP), NT-ProBNP levels, and cardiopulmonary

testings were determined at the end of the program (T1) and at a

6 month follow-up (T2). At T2, a questionnaire assessing dietary hab-

its and physical activity in the previous 6 months was obtained. EPCs

were defined as CD34+KDR+, CD133+KDR+ and CD34+CD133+
KDR+. hsCRP and NT-ProBNP were measured by nephelometric

and immunometric method, respectively.

Results: At T2, we observed a significant decrease of all the three types

of EPCs [CD34+KDR+ 10 (0–37) vs. 7 (0–43) P = 0.01;

CD133+KDR+ 10 (0–33) vs. 7 (0–43) P = 0.03; CD34+CD133+KDR+
10 (0–33) vs. 7 (0–43) P = 0.03], of CRP (P = 0.009) as well as of NT-

ProBNP (P < 0.0001). On the basis of dietary habits and physical

activity we divided patient population into three categories (no/low

adherence to lifestyles’ recommendations, moderate adherence; high

adherence). An increased adherence to lifestyle recommendations asso-

ciated to a significant increase in EPCs and Watt max variations

between T1 and T2 was observed (D CD34+KDR+ p for trend = 0.04;

D CD133+KDR+ p for trend = 0.02; D CD34+CD133+KDR+ P for

trend = 0.02; D Watt max P for trend = 0.003).

Moreover, the group of patients who reported at the end of the CR

program an increase of EPCs and baseline levels of CRP in the lowest

tertile (< 2.2 mg/dL) showed, at a 6-month of follow-up, significant

higher levels of EPCs (P = 0.03), Watt max (P = 0.003) and VO2max

(P = 0.002) and significant lower CRP levels (P = 0.01).

Conclusions: Adherence to lifestyles recommendations provided during

a CR program is able to influence variations of EPCs’ and Watt max,

at 6-month follow-up.

PB 2.29-3
Extracellular acidosis inhibits the proangiogenic
responses and the tissue regeneration capacity of
endothelial progenitor cells
Negrotto S1, Fondevila C2, Boisson-Vidal C3 and Schattner M1

1Institute of Experimental Medicine; 2Bazterrica Clinic, Buenos

Aires, Argentina; 3University of Paris Descartes, Paris, France

Background: We have previously demonstrated that extracellular aci-

dosis, a characteristic feature of inflammation, induces apoptosis of

hematopoietic progenitors (CD34+ cells). Endothelial progenitor cells

(EPC) are a subpopulation within the CD34+ cells which are mobilized

from the bone marrow after vascular damage to the site of injury and

contribute to tissue revascularization.

Aims: To study the impact of acidosis on the proangiogenic responses

and the tissue regeneration capacity of EPC.

Methods: EPC were seeded in EBM medium supplemented with fetal

bovine serum, VEGF1, SDF1 and bFGF. The pH of the culture

medium (normal value: 7.4) was adjusted at pH values of 7.0 and 6.6

by the addition of an isotonic solution of HCl (n = 4–5. *P < 0.05 vs.

pH 7.4, ANOVA).

Results: We found that while the survival of EPC was not affected by

pH, the exposure to acidic medium for 24 h inhibited the proliferation

(18 � 1 and 26 � 1*% of inhibition at pH 7 and 6.6 respectively,

pNPP assay), migration (55 � 3* and 61 � 6*%, Boyden chamber),

wound repair (9 � 1 and 69 � 4*%, mechanical damage of the mono-

layer) and tubule formation (58 � 2* and 77 � 5*%, Matrigel). We

also evaluated how acidosis influences the EPC contribution to tissue

regeneration in a murine model of hind limb ischemia induced by liga-

tion of the femoral artery. To this end, EPC were previously incubated

for 24 h at pH 7.4 or 6.5 and then transplanted intravenously (5 h

post-surgery). After 7 days, the percentage of blood flow recovery

within the ischemic area was analyzed (Doppler scanning). While the

percentage of flow recovery in non-transplanted mice was 49 � 6%, in

those transplanted with EPC grown at pH 7.4 the flow recovery was

78 � 10*%. However, when the EPC were exposed at pH 6.6, the flow

recovery was similar to the non-transplanted animals (48 � 8%, n = 4

nude mice per group).

Summary/Conclusion: Our results suggest that extracellular acidosis

inhibits EPC proangiogenic responses in vitro and the tissue regenera-

tion capacity of EPC in a murine model of hind limb ischemia.

PB 2.29-4
Down-regulation of TIPE2 in peripheral blood
mononuclear cells is associated with low levels of
circulating endothelial progenitor cells in patients with
type 2 DM
Xiong S, Wang Q, Zheng L and Bao J

Nanfang Hospital, Southern Medical University, Guangzhou,

China

Backgroud: Activation of the innate immunity system and systemic

inflammation are closely involved in the pathogenesis of diabetes and

its vascular complications. Circulating endothelial progenitor cells

(EPCs) play an important role in the neovasculogenesis and mainte-

nance of vascular homeostasis. Tumor necrosis factor alpha induced

protein-8 like-2 (TIPE2) is a very recently identified negative regulator

of inflammation that maintains immune homeostasis.

Aims: This study was performed to investigate the relationship

between peripheral blood mononuclear cells (PBMCs) TIPE2 and cir-

culating EPCs number in Type 2 Diabetes Mellitus (T2DM).

Methods: Peripheral blood mononuclear cells (PBMCs) were collected

from 36 normal subjects and 31 patients with T2DM. Mononuclear

cell TIPE2 was measured by real-time PCR. EPCs were defined by

CD133(+)/CD34(+)/VEGFR2(+) and quantified by flow cytometry.

Results: The TIPE2 mRNA and the EPCs number in the T2DM group

were significantly lower than those in normal controls (P < 0.01). The

changes of TIPE2 showed significant correlation with the changes of

EPC number (r = 0.341, P = 0.003). Furthermore, the urine albumin/

creatinine ratio (UACR) negatively correlate with the TIPE2 mRNA

levels (r = �0.5221, P = 0.0013) and the number of circulating EPCs

(r = 0.8441, P = 0.0003) in all the T2DM patients.

Conclusion: TIPE2 and circulating EPCs number are closely related

and could be considered as potential markers of inflammation and

renal impairment in T2DM.
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PB 2.29-5
Mechanistic study of the proangiogenic effect of
osteoprotegerin
Benslimane-Ahmim Z1, Poirier F2, Delomenie C3, Lokajczyk A1,

Galy-Fauroux I1, Mohamadi A1, Fischer AM1, Heymann D4,

Lutomski D2 and Boisson-Vidal C1

1Inserm UMR_765, Paris; 2CNRS CSPBAT, LBPS, UFR SMBH,

Bobigny; 3IFR-141-IPSIT, Chatenay Malabry; 4Inserm, UMR-S

957, Nantes, France

Background: Osteoprotegerin (OPG), a soluble tumour necrosis factor

receptor family member, inhibits RANKL-mediated osteoclastogene-

sis. We have previously reported that OPG enhances the proangiogen-

ic properties of endothelial colony-forming cells (ECFC) in vitro, and

promotes vasculogenesis in vivo. Here we investigated how OPG pro-

motes neovascularisation.

Methods: Umbilical cord blood samples were collected from consent-

ing mothers. Endothelial cells were isolated from human umbilical

cords and ECFC from human umbilical cord blood. One day before

experiments, cells were growth-arrested for 18 h in EBM2, 3% FCS

and released from growth arrest by adding EBM2, 5% FCS, with or

without various concentrations (0–0.4 nM, 0–25 ng/mL) of OPG at

37 °C. Proteomic analysis was used to reveal and identify proteins that

were differentially expressed in OPG-stimulated and control ECFC.

Some of the proteins involved in angiogenesis were further validated

and characterized by RT-qPCR, western blot and apoptosis experi-

ments. In vitro angiogenesis assay and in vivo Matrigel plug assay were

performed to validate OPG mechanism of action.

Results: Proteomic experiments showed that OPG pretreatment

affected ECFC protein expression in two ways, 23 spots being down-

regulated and six upregulated. These spots corresponded to proteins

involved in cell motility, adhesion, signal transduction and apoptosis.

In keeping with these proteomic results, we found that OPG induced

ECFC adhesion to activated endothelium in shear stress conditions,

promoting intermediate but not focal adhesion to fibronectin and col-

lagen. Treatment with OPG induced a reorganization of the ECFC

cytoskeleton, with the emergence of cell protrusions characteristic of a

migratory phenotype. These effects correlated with decreased FAK

phosphorylation and enhanced integrin aVb3 expression. OPG drasti-

cally reduced caspase-3/7 activities and maintained ECFC viability

after 48 h of treatment. All these effects were significantly attenuated

by ECFC incubation with the CXCR4 antagonist AMD-3100, and by

prior heparan sulphate proteoglycan disruption. The proangiogenic

properties of OPG appeared to be mediated by the proteoglycan synd-

ecan-1, although OPG 1-194 lacking its heparin-binding domain still

had pro-vasculogenic effects in vitro and in vivo.

Conclusion: These results suggest that OPG may interact with ECFC

by binding to HSPGs/syndecan-1, thereby induce an anti-adhesive

effect and promoting ECFC migration through a SDF-1/CXCR4

dependent pathway.

PB 2.29-6
Protease-activated receptor 1 and 2 stimulate
endothelial colony forming cell vasculogenesis in a
vascular endothelial growth factor- and extracellular
signal-regulated kinase-dependent manner
Pula G1, Fortunato T1 and Wheeler-Jones C2

1University of Bath, Bath Spa; 2The Royal Veterinary College,

London, UK

Background: Endothelial cells line the inner side of blood vessels and

perform critical physiological functions. Besides guaranteeing normal

blood flow through the inhibition of platelets, endothelial cells also

play a critical role in vascular repair and angiogenesis. Endothelial

dysfunction is associated with atherosclerotic and ischemic syndromes

of the cardiovascular system and is a critical cause of cardiovascular

diseases. Endothelial progenitor cells (EPCs) are circulating stem-like

cells able to differentiate into mature endothelial cells and replenish

the endothelial lining at the sites of vascular damage. Their utilisation

for cell therapies aiming to restore healthy endothelial lining of blood

vessels and stimulate neovascularisation of ischemic tissues has been

the object of intense investigation. Different types of EPCs exist

depending on the isolation and culture procedure. In this study, we uti-

lise the most recent and promising type of EPCs denominated endo-

thelial colony-forming cells (ECFCs), which is characterised by the

ability to proliferate efficiently in vitro, to differentiate into fully func-

tional mature endothelial cells, and to form a vascular capillary net-

work both in vitro and in vivo.

Aims: Following the identification of both protease-activated receptor

(PAR) 1 and 2 in ECFCs, we investigated the role of these receptors in

the regulation of proliferation, differentiation and tubulogenesis

within this cell type.

Methods: The stimulation of PAR1 or PAR2 was obtained with selec-

tive activating peptides (H-Thr-Phe-Leu-Leu-Arg-NH2 and 2-Furoyl-

Leu-Ile-Gly-Arg-Leu-Orn-NH2, respectively). The effect of PAR stim-

ulation on ECFC proliferation was assessed using a metabolic tracer,

while the effect on ECFC differentiation was assessed by immunoblot-

ting for mature endothelial markers, such as platelet endothelial cell

adhesion molecule (PECAM-1), vascular endothelial growth factor

receptor 2 (VEGFR2), VE-cadherin and von Willebrand Factor

(VWF). The effect on the vasculogenic activity of ECFCs was tested in

a Matrigel[TRADEMARK]-based tube formation assay. Finally, the

molecular mechanism underlying ECFC regulation by PAR1 and

PAR2 was dissected using phospho-specific immunoblotting for active

extracellular signal-regulated kinase (ERK) and by inhibiting either

ERK (e.g. PD98059) or VEGF (e.g. VEGF inhibiting antibody) in dif-

ferent functional assays.

Result: ECFC proliferation was not affected by PAR1 or PAR2 stimu-

lation. On the other hand, both PAR1 and PAR2 stimulation resulted

in a significant increase of mature endothelial marker expression. In

particular, VEGFR2 expression was between 2 and 4 times higher in

ECFCs treated with PAR1- or PAR2-activating peptides compared to

controls. This upregulation of VEGFR2 was abolished by the ERK

inhibitor PD98059. The stimulation of either PARs also resulted in a

significant increase in the activation of ERK and in a potentiation of

the vasculogenic response of ECFCs cultured on Matrigel[TRADE-

MARK]. Interestingly, the inhibition of ERKs with pharmacological

tools (e.g. PD98059) or the antibody-based inhibition of VEGF

resulted in the ablation of the PAR-stimulated tube formation.

Summary/Conclusions: Taken together, PAR1/2 activation promotes

the maturation of ECFCs and stimulates their vasculogenic activity in

an ERK- and VEGFR2-dependent manner. Therefore, activating

PAR1 and PAR2 either in vivo or ex vivo may represent a valid

approach for the stimulation of ECFC-dependent vascular repair or

ischemic tissue revascularisation.

PB2.30 – Microparticles and
Disease – II

PB 2.30-1
Characterization of circulating microparticles in
pancreatic and colorectal cancers and chronic
inflammatory diseases
Mege D1, Panicot-Dubois L1, Ouaissi M2, Robert S1, Farge-

Bancel D3, Sastre B2, Dignat-George F1 and Dubois C1

1Inserm UMR 1076; 2Digestive Surgical Department, Marseille;
3GFTC, Paris, France

Background: Microparticles have intensively been described as poten-

tial biomarkers and biovectors in coagulation, inflammation and
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cancer. Pancreatic and colorectal cancers (CRC) are known to have

elevated annexin V-positive microparticles in the plasma. Procoagu-

lant activity of microparticles seems also to be elevated in these two

types of cancer and in an inflammatory context. However, to date, no

study has compared the quantity and the repartition of circulating mi-

croparticles in cancer and chronic inflammatory diseases.

Aims: The aim of the present study was to compare the quantity and

the origin of circulating microparticles between cancers associated

with thrombosis and chronic inflammatory diseases.

Methods: A prospective cohort included patients with pancreatic ade-

nocarcinoma (n = 29), CRC (n = 83), chronic pancreatitis (n = 14)

and Crohn’s disease (n = 14). Healthy controls (n = 19) were also

included. Microparticles were isolated from blood samples. High-sen-

sitivity flow cytometry using fluorescents beads with appropriate sizes

was performed to identify and quantify annexin-V-, platelet-, endothe-

lial-, erythrocyte- and leukocyte-derived microparticles.

Results: Patients with a pancreatic cancer had significantly increased

levels of annexin-V positive microparticles compared to patients suf-

fering from a CRC (P < 0.001). Surprisingly, we didn’t observe signifi-

cant difference in the level of annexin-V positive microparticles,

between each cancer (pancreas and CRC) and its equivalent inflamma-

tory state (chronic pancreatitis and Crohn’s disease, respectively).

Although the repartition of microparticles according to their origin

was similar in pancreatic and CRC, there was a significant difference

compared to chronic pancreatitis or Crohn’s disease. Platelets-derived

microparticles were significantly increased and endothelial cell-derived

microparticles were significantly decreased in chronic inflammatory

diseases in comparison with cancers (P < 0.03). Theses significant dif-

ferences were amplified with healthy controls.

Conclusions: The repartition of cells-derived microparticles signifi-

cantly differs between cancer, chronic inflammatory disease and

healthy controls. This difference allows allocating a hallmark for the

different pathologies.

PB 2.30-2
Increased microparticles activities as a marker of
platelet activation after percutaneous coronary
intervention
Setiabudy RD, Suryaatmadja M, Yuniardi Y and Salim AK

Faculty of Medicine, University of Indonesia, Jakarta Utara,

Indonesia

Background: Percutaneous coronary intervention (PCI) is a procedure

to open the occlusive coronary artery. It was reported that restenosis

of coronary artery may occurred after PCI. Balloons pumping during

PCI can cause de-endothelialisation that result in exposure of suben-

dothelial tissue which may activates platelets. There are several bio-

markers of platelet activation, among others is microparticle which is

mainly consist of phospholipid with procoagulant activities.

Aims: To compare microparticles activities in coronary artery before

and after percutaneous coronary intervention as an evidence of plate-

let activation due to de-endothelialisation.

Methods: Twenty three MCI patients consisted of seven female and 16

male who underwent PCI were enrolled in this study. Three mL of

blood were withdrawn from coronary artery just before ballooning

and immediately after stenting, and then mixed with sodium citrate as

anticoagulant. Determination of microparticle or phospholipid (PPL)

activities were done based on clotting time of a mixture of plasma sam-

ple and phospholipid deficient plasma with the addition of activated

factor X and calsium ion. The result of PPL activities were expressed

as PPL ratio, i.e. clotting time of patient plasma divided by average of

clotting time in healthy subjects. The proposal of this study has been

approved by the ethical committee of Harapan Kita Cardiac Center

and all of the subjects has given informed consent.

Results: The median (range) of PPL ratio before PCI (ballooning) was

1.3 (0.7–3.1) while after PCI it was 1.1 (0.5–1.5). The difference was

statistically significant. The clotting time after PCI was shorter com-

pared with that before PCI indicated higher phospholipid activities in

the plasma sample after PCI.

Conclusions: The microparticle activities after PCI was higher than

that before PCI indicated platelet activation occurred during PCI.

PB 2.30-3
Microparticle detection in human plasma using
nanoparticle tracking analysis and scanning ion
occlusion sensing
Mørk M, Pedersen S, Nejlund S and Kristensen SR

Aalborg University Hospital, Aalborg, Denmark

Background: In recent years cell-derived microparticles (MPs) have

attracted growing attention as possible contributors to a wide range of

physiological and pathological processes in the human body, including

coagulation and thrombogenesis. Although showing promising poten-

tial as biomarkers and therapeutic targets the diversity of the size and

composition of MPs as well as their susceptibility to being affected by

pre-analytical handling entail a major challenge when it comes to stan-

dardizing their measurement and interpreting the results.

Aims: We evaluate the ability of two recently developed methods

applicable for detection of MPs at the lower end of the MP size range

to perform precise particle size and concentration measurements as

well as the influence of pre-analytical parameters and instrument set-

tings on the results. In continuance we will establish preliminary refer-

ence intervals for MP concentrations for the two methods using

defined instrument settings.

Methods: Within- and between-day variation, effect of freezing at

�80 °C, storing and diluting (with DPBS buffer) plasma samples as

well as the impact of collecting postprandial vs. fasting samples is

assessed using nanoparticle tracking analysis (NTA; Nanosight�) and

scanning ion occlusion sensing (SIOS; qNano�). Preliminary reference

intervals for MP concentration in fasting as well as non-fasting indi-

viduals will be calculated from measurements performed on plasma

samples from 20 healthy individuals.

Results: Whereas NTA and SIOS do not agree on the absolute MP

concentrations and size distributions they separately exhibit a within-

and between-day variation that suggests they will be applicable for

plasma MP level measurements in studies of patients. For SIOS we

find direct proportionality between the calculated and measured MP

concentration within the examined range of dilution factors. Freezing

significantly changes and generally increases MP levels but variably.

Preliminary results show that postprandial samples have a significantly

higher concentration of MPs compared to fasting samples, and with

the rise of MP concentration as a result of food intake being of sub-

stantially varying magnitude the reference intervals for non-fasting

individuals is expected to be considerably broader than for fasting

individuals.

Conclusions:NTA and SIOS display promising abilities as methods for

MP level detection in plasma samples and while they cannot be

expected to provide exact absolute concentrations and size distribu-

tions over the whole range of MPs present in plasma they complement

each other and existing methods for MP measurement such as flow

cytometry in order to identify differences in MP levels between healthy

persons and relevant patient populations. Based on our preliminary

results we recommend MP measurements to be performed on fresh

plasma samples from fasting individuals as results from non-fasting as

well frozen samples should be interpreted with certain reservations.
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PB 2.30-4
Microparticles do not modify the antithrombotic
properties of brain microvascular cells
Faille D1,2, Ollivier V3, Huisse MG1,2, Couraud PO4, Jandrot-

Perrus M3, Mazighi M5 and Ajzenberg N1,2

1Inserm U698, Universit�e Paris Diderot; 2Department of

Hematology, Bichat Hospital; 3Inserm U698; 4Institut Cochin,

CNRS UMR 8104-INSERM U567, Universit�e Ren�e Descartes;
5Department of Neurology, Bichat Hospital, Paris Cedex 18,

France

Background: High levels of membrane-shed submicron microparticles

(MP) circulate in the peripheral blood of patients with thrombotic dis-

eases including ischemic stroke. While circulating MP are useful bio-

markers of cell activation/apoptosis, their role in the development of

thrombosis remains uncertain.

Aims: To study the potential effects of MP from ischemic stroke

patients on the antithrombotic properties of brain microvascular com-

pared to macrovascular endothelial cells focusing on the interactions

between platelets and endothelial cells under static and flow conditions

and on thrombin generation.

Methods: MP were purified from lipopolysaccharide-stimulated blood

or from blood of patients with ischemic stroke (n = 16) or stroke mim-

ics (n = 8). MP were then quantified and characterized by flow cytome-

try. After 24 h co-incubation of MP (3000 annexin V+/lL) with

human brain microvascular endothelial cells (hCMEC/D3) or human

umbilical vein endothelial cells (HUVEC), adhesion of platelets to

endothelial cells under static conditions was quantified by fluorescent

microscopy using a CD42b labelling. Platelet adhesion was also

assessed under high shear stress (1800/s) in a parallel flow chamber

and strings of von Willebrand factor covered by calcein-loaded plate-

lets were quantified by fluorescence microscopy. Modulation of the an-

tithrombotic properties of endothelial cells by MP was assessed by

measuring thrombin generation at the cell surface by means of the Cal-

ibrated Automated Thrombography method in platelet-rich plasma in

the absence of tissue factor.

Results: In resting conditions, platelet adhesion was less intense on

hCMEC/D3 than on HUVEC under both static and flow conditions

(covered surface: 0.3 � 0.1 vs. 1.6 � 0.5%, P = 0.05 and 0.9 � 0.03

vs. 5.8 � 1.9 arbitrary units, respectively). Platelet adhesion increased

after agonist stimulation of HUVEC only (4.7 � 1.4% vs.

1.6 � 0.5%, P = 0.09 after stimulation with tumor necrosis factor/

interferon-gamma for static experiments and 28.9 � 11.6 vs. 5.8 � 1.9

arbitrary units after stimulation with IBMX/forskolin for flow condi-

tions). These differences could be related to the less intense expression

of von Willebrand factor by hCMEC/D3 than by HUVEC. When pre-

incubated with endothelial cells, MP from stimulated whole blood did

not modify platelet adhesion on either hCMEC/D3 or HUVEC. To

evaluate the modification of antithrombotic properties of the endothe-

lium by MP, we measured thrombin generation at the endothelial cell

surface. Under resting conditions, thrombin generation was higher at

the surface of hCMECs/D3 compared to HUVEC (peak 47.9 � 14.7

vs. 9.5 � 4.3 nM, P = 0.02) but lower than in absence of endothelial

cells (peak 60.4 � 6.3). Incubation with whole blood-derived MP for

4 h prior to thrombin generation led to a slight but not significant

increase in peak (18.8 � 3.7 vs. 9.5 � 4.3 nM, P = 0.15) and decrease

of lagtime (17.3 � 2.3 vs. 25.4 � 6.2 min, P = 0.2) only on HUVEC.

MP isolated from stroke patients or stroke mimics did not modify

thrombin generation on both cell lines.

Conclusions: In this study, we found that MP isolated from stimulated

whole blood or from stroke patients did not promote either platelet

adhesion or thrombin generation on endothelial cells from brain

microvascular (hCMEC/D3) or from macrovascular (HUVEC) origin.

However, we provide evidence that these endothelial cells differ

regarding their relation to haemostasis that could be useful in under-

standing the physiopathology of stroke.

PB 2.30-5
Circulating microparticles in patients with colorectal
cancer
Chalabi M1,2, Leers MPG1 and Jie KSG1

1Atrium Medical Center, Heerlen; 2Department of Internal

Medicine, Maastricht, The Netherlands

Background: Microparticles (MPs) are subcellular fragments shed

from cell membranes of different cell types through a process of vesic-

ulation and are believed to play a role in thrombus formation in vivo.

Numerous studies have found increased levels of microparticles in

patients with solid and haematological malignancies. Few of these

studies, however, have focused on patients with colorectal carcinoma

(CRC).

Aim/Objective: In this prospective study we aimed to investigate

whether levels of endothelial (EMPs; CD62+), platelets (PMPs;

CD41+) and Tissue Factor-bearing MPs (TF + MPs) are elevated in

patients with stage 1–3 CRC compared to healthy subjects and to

determine whether these levels decrease significantly after surgical

resection of the tumor.

Materials and Methods: MPs plasma levels were measured in 36

patients with colorectal cancer and 16 healthy controls, using a multi-

parameter flow cytometric assay. Blood samples were taken pre-opera-

tively and during 5 months after surgery.

Results: When compared to controls, patients showed significantly

higher median levels of PMPs (2268 and 280079 mp/L; P < 0.0001)

and EMPs (2268 and 2807 mp/L; P < 0.0001). This was also the case

for TF + MPs (1613 and 15028 mp/L; P < 0.0001). Patients with

more advanced stages of cancer seemed to have higher levels of MPs,

but no significant difference was found.

There was no significant decrease in any of the MPs levels during the

5 months after surgery. Subanalysis of groups with early and more

advances stages of CRC did not change these results.

Conclusions: Our results show that patients with CRC have signifi-

cantly higher levels of circulating MPs when compared to controls. No

significant decrease in MPs levels were found In the 4 months after

surgery.

PB 2.30-6
Biological markers in the progression of asymptomatic
carotid stenosis
Mart�ınez-Sales V, Vila V, Tembl J, Parkhutik V, Contreras T,

Aguilera C and Lago A

Hospital Universitario y Polit�ecnico la Fe, Valencia, Spain

Background: Asymptomatic carotid stenosis presents a high risk of suf-

fering an ischemic stroke, and it is important to stratify said risk in

order to select the cases that could benefit from preventive interven-

tional treatment.

Aim: To determine biomarkers that relate to the progression of carotid

stenosis.

Patients and Methods: We studied 40 patients with asymptomatic

> 50% carotid stenosis and 40 healthy subjects. Circulating markers of

endothelial damage (circulating endotelial cells, CECs; circulating mi-

croparticles, MPs; von Willebrand factor, vWF), inflammation (Inter-

leukin-6, IL6; C-reactive protein, CRP; Fibrinogen, Fg) and tissue

factor (TF) were determined.

Results are expressed as mean values � standard deviations (SD).

Data were analyzed using SPSS version 15.0., P-values < 0.05 were

considered statistically significant. Statistical comparisons were per-

formed using the Student′s t test, and the analysis of variance (ANO-

VA) with Bonferroni post hoc analysis. Spearman’s correlation test (IC

95%) was used.

Results: The levels of all markers studied were statistically higher in

patients compared to controls: (i) endothelial damage markers, CECs

(90 � 61 vs. 10 � 6 cell/mL, P < 0.0001), MPs (13344 � 7944 vs.
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8916 � 5820 event/120s, P < 0.05) and vWF (220 � 60 vs.

102 � 29%, P < 0.0001); (ii) inflammatory markers: CRP (3.7 � 5.3

vs. 1.1 � 0.87 mg/dL, P < 0.01); Fg (316 � 45 vs. 248 � 37 mg/dL,

P < 0.0001), and IL6 (2.5 � 2.9 vs. 0.8 � 0.7 pg/mL, P < 0.02).

MP levels showed a positive, significant correlation with TF (r = 0.43)

and CRP (r = 0.42) (P < 0.05). Furthermore, levels of IL6 correlated

with those of TF (r = 0.61; P < 0.001) and CRP (r = 0.39; P < 0.5),

and Fg levels with CRP (r = 0.42; P < 0.05).

Conclusions: Asymptomatic carotid stenosis patients show elevated cir-

culating markers of endothelial damage and inflammation. Our results

indicate that markers of endothelial damage are those with the greatest

increase, supporting, therefore, its role in carotid stenosis. We have

presented initial data from a study whose purpose is to ascertain which

set of biological markers and parenchymal or functional MRI findings

can serve as predictive factors in asymptomatic carotid stenosis.

Supported by grant FIS PI10/00473.

PB2.31 – Endothelium and Disease

PB 2.31-1
Circulating endothelial cells in venous
thromboembolism
Campos M1, Torres C1, Matos R1, Morais S1 and Lima M2

1Centro Hospitalar Porto; 2Centro Hospitalar do Porto, Porto,

Portugal

Background: The sequence of events leading to venous thrombosis is

not well known. Recently it was suggested that activation of the coag-

ulation system mediated by tissue factor precedes platelet activation in

venous thrombosis. The source of tissue factor is not clear. Activated

endothelial cells have been shown to express tissue factor in vitro and

probably they may promote expression of tissue factor in intact venous

endothelium.

Aims: To quantify CEC (circulating endothelial cells) and CEP (circu-

lating endothelial progenitors) and evaluate soluble markers of endo-

thelial activation levels in patients with venous thromboembolism

(VTE). To characterize the CEC for the expression of activation

(CD54, CD62E) and procoagulant (CD142) markers and investigate

whether the expression of these markers correlates with other clinical

and laboratorial data.

Methods: We recruited 16 patients with previous VTE (at least

1 month after the thrombosis) and 20 healthy individuals. The CEC

were characterized and quantified by flow cytometry (FACS Calibur�,

Becton Dickinson) using a single-platform method. The antibodies

used were anti-CD146, anti-CD45, anti-CD133, anti-CD54, anti-

CD62E and anti-CD142. CEC were identified as CD146 + CD45-

CD133-. The soluble markers of endothelial activation evaluated by

ELISA essays were: sP-selectin, sE-selectin, sICAM-1, sVCAM-1

(eBioscience); IMUNOBIND Tissue Factor (American Diagnostica

Inc); vWF Ag (Siemens). We also collected the number of thrombosis

episodes and the levels of fibrinogen, homocysteine, D-dimmers,

FVIII, protein S, protein C and anti-thrombin.

Results: In VTE patients the number of CEC was increased

(P < 0.001) and the number of CEP was decreased (P = 0.029). There

was a statistically significant increase in the number of activation

(CD54, CD62E) and procoagulant (CD142) markers, although the sol-

uble markers levels (sICAM-1, sE-Selectin and sTF) weren’t increased.

There was a statistically significant increase in the levels of sVCAM-1

and vWF:Ag. The number of CD142+ CEC and the level of sTF were

correlated with the number of thrombosis.

Conclusion: In our study, the number of CEC in patients with previous

VTE is increased and they express activation and procoagulant mark-

ers. These results suggest that CEC are involved in the pathophysiol-

ogy of venous thrombosis.

PB 2.31-2
Endotelial nitric-oxide synthase gene polymorphisms
in early and late-onset severe preeclampsia
Alpoim PN1, Carvalho Z2, Carvalho Godoi L2, Lemos Jardim L2,

Fernandes AP2, Braga Gomes K2 and Dusse LMS2

1Faculdade Farm�acia da UFMG, Contagem; 2Faculdade de

Farm�acia da UFMG, Belo Horizonte, Brazil

Backgound: Preeclampsia (PE) is a systemic syndrome that occurs in

3–5% of pregnant women and classically manifests as new-onset

hypertension and/or proteinuria after 20 weeks of gestation. PE is a

leading cause of maternal and neonatal morbidity and mortality. PE

progresses with vasoconstriction, hipercoagulability and endothelial

dysfunction, but the mechanisms are not fully understood. The L-argi-

nine-NO pathway appears to play a central role in both normal preg-

nancy and PE. Several polymorphisms affecting endothelial nitric

oxide synthase (eNOS) production levels or function were described,

including G894T (Glu298Asp; exon 7), VNTR b/a (variable-number

27-bp tandem repeat; intron 4) and T-786C (promoter) polymor-

phisms in eNOS gene.

Aim: To investigate the frequency of these polymorphisms in early and

late-onset severe preeclamptic and normotensive women.

Methods: This case-control study enrolled 53 women with early-onset

severe PE, 45 women with late-onset severe PE and 103 nomotensive

pregnant. DNA was extracted from whole blood using a mini Spin

Kit. G894T (MboI) and T-786C (MspI) genotyping was performed by

PCR-RFLP analysis. The VNTR b/a polymorphism was detected by

PCR allele specific. Statistical analysis was performed by qui square

test (SPSS 13.0).

Results: The frequency of TT genotype (G894T) in the late-onset

group (20%) was higher than control group (1.9%) (P = 0.002). The

frequency of aa genotype (VNTR b/a) in the early-onset group

(13.2%) was higher than late-onset group (2.2%) and control group

(1.0%) (P = 0.002). No difference was observed for T-786C polymor-

phism among the groups.

Conclusion: Considering these genotypes frequencies, these results sug-

gest that NO synthesis can be involved in vasoconstriction, hipercoag-

ulability and endothelial dysfunction in PE cases, mainly in the late-

onset form.

Keywords: Preeclampsia, nitric oxide, polymorphisms, endothelium.

PB 2.31-3
Evidence of endothelial dysfunction in patients with
major depression: recovery after treatment with a
selective serotonin reuptake inhibitor (SSRI)
Lopez-Vilchez I1, Navarro V2, Serra M2, Molina P1, Hernandez R1,

Diaz-Ricart M1, Gasto C2, Escolar G1 and Galan AM1

1Department of Hemotherapy-Hemostasis, Hospital Clinic, CDB,

IDIBAPS; 2Clinic Psychiatry Institute, Hospital Clinic, Barcelona,

Spain

Background: New emerging concepts suggest an association between

major depression, inflammation and cardiovascular risk. Alterations

of serotonergic mechanisms and its modulation could be involved not

only in the enhanced cardiovascular risk in major depression, by pro-

moting the activation of platelets and coagulation mechanisms, but

also inducing endothelial dysfunction at the vascular level.

Aims: To investigate the possible association between major depres-

sion and endothelial dysfunction and the potential corrective effect of

an antidepressive treatment with a selective serotonin reuptake inhibi-

tor (SSRI).

Methods: To compare the degree of endothelial damage in samples

from healthy subjects (CON) and major depressive patients at the time

of diagnosis (P0), and after 8 (P8) and 24 weeks (P24) of treatment

with a SSRI (S-citalopram), different markers were analyzed: (i) circu-
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lating endothelial cells (CEC) and endothelial progenitor cells (EPC),

by flow cytometry, (ii) soluble levels of von Willebrand factor (vWF)

and VCAM-1 in plasma samples, by ELISA techniques; and (iii)

changes in the expression of the adhesion receptor ICAM-1 on cul-

tured endothelial cells (HUVEC) exposed to sera from both groups by

immunofluorescence.

Results: Levels of CEC in P0 samples were increased with respect to

healthy controls (99.9 � 11.5 vs. 48.5 � 7.2 CEC/mL, P < 0.01).

Along the SSRI treatment, levels of CEC decreased progressively

reaching values similar to controls (P8: 81.2 � 15.6 and P24:

49.7 � 7.5 CEC/mL, respectively). The EPC values were lower in P0

samples compared to healthy subjects, without reaching statistical sig-

nificance. Plasma levels of VWF and VCAM-1 in P0 samples were

increased vs. healthy controls (vWF: 126.5 � 11.7% vs. 87.1 � 8.1%,

P < 0.01; and sVCAM-1: 768.7 � 110.4 vs. 532.8 � 31.2 ng/mL,

P < 0.05 respectively), but no significant differences were observed

during the SSRI treatment. The exposure of HUVEC to P0 sera sam-

ples resulted in an increment of the expression of ICAM-1 on the cell

surface with respect to CON cells. Expression of ICAM-1 was normal-

ized when HUVEC were exposed to samples from patients under SSRI

treatment for 24 weeks (P24).

Conclusions: Our results confirm the presence of endothelial dysfunc-

tion associated with major depression and indicate that treatment with

a selective serotonin reuptake inhibitor have a potential protective role

in the modulation of the pro-inflammatory state developed in these

patients.

PB 2.31-4
Endothelial activation in patients with superficial vein
thrombosis (SVT) of the lower limbs
Falcinelli E1, Cosmi B2, Filippini M2, Petito E1, Legnani C2, Cini M2,

Migliacci R3, Gualtiero P2 and Gresele P1

1University of Perugia, Perugia; 2S.Orsola-Malpighi University

Hospital, Bologna; 3Ospedale della Valdichiana, S. Margherita,

Cortona, Italy

Background: The association between venous thromboembolism

(VTE) and arterial cardiovascular events has been confirmed by sev-

eral epidemiologic and experimental studies in the last few years. We

have previously shown that patients with spontaneous VTE present an

endothelial dysfunction, suggesting that endothelium is the link

between venous and arterial thrombosis. Superficial vein thrombosis

(SVT) of the lower limbs has long been considered a benign disorder,

but more recently several studies have demonstrated that SVT shares

the same risk factors of VTE and carries a relevant risk of thromboem-

bolic complications. As a result, it has been advocated that SVT

should be considered the superficial venous manifestation of VTE. No

data are available on SVT and endothelial function.

Aims: Aim of the present study was to establish whether patients with

symptomatic SVT of the lower limbs have altered circulating markers

of endothelial activation.

Methods: One hundred and twenty-four patients with SVT of the inter-

nal or external saphenous veins or their collaterals of at least 4 cm in

length underwent blood sampling for measuring soluble P-selectin and

von Willebrand factor antigen (vWFAg), markers associated with

damage of the endothelium, on the day of diagnosis, before starting

treatment. The severity of symptoms was also determined using the

Visual Analogue Score (VAS) for pain.

One hundred and seventeen healthy controls, matched for sex and age

(M/F:53/64, mean age 65), were simultaneously studied. A subgroup

of SVT patients (n = 22) was reassessed at a subsequent time, distant

from the event (2 months later).

Results: Soluble P-selectin was signficantly higher in SVT patients (M/

F:56/68, mean age 66), than in controls (mean � SD: 38 � 13.4 ng/

mL vs. 34 � 25 ng/mL; P = 0.029). vWFAg was also higher in

patients than in controls (mean � SD: 209 � 82% vs. 154 � 75%;

P < 0.0001). At follow up, P-selectin and vWFAg remained signifi-

cantly higher in SVT patients than in controls (42.2 � 3.2 ng/mL and

189.1 � 8.2% respectively), without significant differences with the

acute phase.

No correlation was observed between the levels of vWFAg or P-sel

and the extension of SVT or the rate of subsequent recurrent SVT

events.

sPsel levels, but not VWF:Ag levels, were significantly higher in

patients with a Visual Analogue Score for pain > 5 (27.4 � 2.5 ng/mL

vs. 22 � 2.55 ng/mL; P = 0.047).

Conclusions: Patients with symptomatic SVT of the lower limbs have a

systemic perturbation of endothelial function, as revealed by signifi-

cantly higher plasma levels of markers of endothelial activation. Endo-

thelial dysfunction is not due to the inflammatory reaction

accompanying acute SVT. Increased endothelial-activation markers

do not seem to predict recurrent superficial events

PB 2.31-5
Toll-like receptor 4 and the inflammasome NALP3
mediate the activation and damage of endothelial cells
in advance chronic kidney disease: protective effect of
defibrotide
Martin S1, Caballo C1, Molina P1, Guti�errez G1, Vera M2,

Cases A2, Escolar G1 and Diaz-Ricart M1

1Department of Hemotherapy-Hemostasis, Hospital Clinic, CDB,

IDIBAPS; 2Department of Nephrology, Hospital Clinic, IDIBAPS,

Barcelona, Spain

Background/Aim: Endothelial dysfunction (ED) is a common patho-

logic condition for the development of atherothrombotic complica-

tions in many diseases. Our group has been able to reproduce in vitro

and characterize the ED associated with chronic kidney disease

(CKD). However, the relative contribution of the uremic environment,

the impact of the substitutive therapies, and the precise molecular

mechanisms involved are still under investigation. Involvement of the

innate immunity receptor Toll like receptor (TLR) 4 and the inflam-

masome NALP3 in the inflammatory response of endothelial cells was

explored.

Methods: Cultured endothelial cells were exposed to sera from three

groups of CKD patients, under: conservative treatment (predialysis)

(PreD), undergoing hemodialysis (HD) and peritoneal dialysis (PD).

Activation of the inflammation related proteins p38MAPK, Akt, and

the transcription factor NFkappaB, changes in the expression of

TLR4 and ICAM1 and activation of the NALP3 components were

evaluated in these cells. The effect of the novel pharmacological agent

with pleiotropic actions on hemostasis, defibrotide, was also investi-

gated in this in-vitromodel.

Results: TLR4 was found to be expressed in EC both in the cytoplasm

and at the surface. After exposure to the sera under study, there was

an increase in the expression of TLR4 and a redistribution to their

luminal surface in the three situations (PreD, HD and PD). This effect

was paralleled by activation of the stress protein Akt and the tran-

scription factor NFjB, together with a higher expression of ICAM1 at

the EC surface, which was partially prevented by an antibody to

TLR4. Exposure of EC to the sera from PreD, HD and PD groups led

to the assembly of NALP3 and TXNIP proteins, with the activation of

caspase-1 and release of IL-1b. This inflammatory response was

observed in association with the three uremic groups, being more

intense in response to the sera from dialyzed patients. Defibrotide was

able to prevent these changes.

Conclusion: TLR4 and the multiprotein oligomer NALP3 inflamma-

some, two crucial elements of the innate immune response, were found

to be associated with the development of endothelial activation and

damage in response to chronic inflammation and oxidative stress. Fur-

ther research is needed to explore their usefulness as potential targets to

prevent the development of endothelial damage. In addition, defibro-

tide showed a preventive effect on the inflammatory reaction observed.
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PB 2.31-6
Biomarkers of endothelial dysfunction in cerebral
autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL)
Cesari F1, Pescini F2, Gori AM1, Giusti B1, Donnini I2, Zicari E3,

Federico A3, Balestrino M4, Abbate R2 and Inzitari D2

1Azienda Ospedaliero-Universitaria Careggi, University of

Florence; 2University of Florence, Florence; 3University of Siena,

Siena; 4University of Genoa, Genoa, Italy

Background: Cerebral Autosomal Dominant Arteriopathy with Sub-

cortical Infarcts and Leukoencephalopathy (CADASIL), is an inher-

ited disease due to cerebral microangiopathy presenting with variable

pictures, including stroke, progressive cognitive impairment and dis-

ability. Among pathogenic processes, endothelial dysfunction has been

hypothesized.

Aim: To evaluate the role of biomarkers of endothelial dysfunction

(EPCs and CPCs, von Willebrand factor [vWF], and thrombomodulin

[TM]) in a large CADASIL series.

Methods: Forty-five CADASIL patients and 33 sex and age-matched

controls were enrolled. EPCs were measured by using flow cytometry

and defined as positive for CD34/KDR, CD133/KDR and CD34/

CD133/KDR; CPCs as positive for CD34, CD133 and CD34/CD133.

vWF and TMweremeasured using commercially available ELISA kits.

Results: In comparison with controls, CADASIL patients presented

significantly lower EPCs levels [CD34/KDR:0.07 vs. 0.1 cells/lL,
P = 0.009; CD133/KDR:0.07 vs. 0.1 cells/lL, P = 0.008; CD34/

CD133/KDR:0.05 vs. 0.1 cells/lL, P = 0.002], significantly higher

vWF activity [130.2 vs. 91.7%, P = 0.014] and similar levels of TM

[29.2 vs. 27.4 ng/mL, P = 0.955].

CPCs were not significantly lower in CADASIL, but patients with

stroke or dementia had significantly reduced CPCs levels than patients

without [CD34:1.85 vs. 2.83 cells/lL, P = 0.014; CD133:1.77 vs.

2.78 cells/lL, P = 0.009; CD34/CD133:1.77 vs. 2.73 cells/lL,
P = 0.009]. Both vWF and TM were not significantly higher in the

same subgroup of CADASIL patients with a more severe phenotype.

Conclusions: This is the largest series of CADASIL patients in which

biomarkers of endothelial dysfunction have been studied. We con-

firmed the previously reported association between EPCs and CPCs

and the disease, and we found an association with vWF, supporting

the hypothesis of the presence of endothelial dysfunction in this dis-

ease and its potential role in modulating phenotype.

PB2.32 – Immune
Thrombocytopenia Purpura – II

PB 2.32-1
Restrospective analysis of the incidence of refractory
ITP and response to second line treatments. Experience
in a single centre.
Gomez-del-Castillo MC

Complejo Hospitalario Universitario A Coru~na, A Coru~na, Spain

Background: Primary Immune Thrombocytopenia (ITP) is an acquired

autoimmune disease. It is characterized by an accelerated destruction

and an inadequate production of platelets. Corticosteroids are com-

monly used as first line treatment but the incidence of recurrent ITP

and response to second line treatments is not well established.

Aims: The aim of this review is to analyze the incidence of recurrent

ITP and its response to second-line treatments.

Methods: We conducted a retrospective, observational study based on

the follow-up of patients diagnosed with ITP at our centre during the

last 28 years. Patients were classified by first and second line treatment

administrated and by the obtained response and its duration. We

defined a complete response as platelet count > 100 9 109/L for more

than 6 months without treatment and with no bleeding symptoms.

Maintained response was defined as platelet count > 50 9 109/L, for

more than 6 months without treatment and with no bleeding symp-

toms.

Results: Seventy-one patients were diagnosed with ITP, receiving treat-

ment 90.1% (64 patients). Sixty-two of them (96.8%) were treated with

corticosteroids as first line treatment. Global response was 74.2%, but

only 11.3% could be classified as complete responses and 19.3% as

maintained responses. The rest of the patients did not achieved

response according to the criteria defined above. Average time of

response were 48.5 months (8–156) and 58.1 months (16–156) for

complete and maintained response respectively.

Most frequent second line treatments were romiplostim, rituximab

and splenectomy. Twenty four patients (37.5%) received romiplostim,

70.1% of them as second line treatment. 8.3% obtained a complete

response with an average duration of response of 18 months (10–26).
Twenty-four percent of them (10 patients) obtained response but are

still on treatment. A synergistic effect seems to exist in associating low

dose corticosteroids and romiplostim, but this fact is not analyzed in

this review due to short time follow-up.

Twelve patients (18.7%) received rituximab. Three of them (25%)

achieved complete response, that lasted an average time of 62 months

(25–80 months). One of them achieved a maintained response that

lasted for 24 months.

A total of twenty one patients (32.8%) underwent splenectomy. 28.6%

of them (six patients) reached complete response. Average time of

response was 53 months (10–108). One patient reached a maintained

response that lasted 14 months.

Conclusions: First-line treatment for ITP was corticosteroids in the

majority of patients. However, the incidence of recurrent ITP is higher

than expected, reaching 76%. Almost 20% of the patients reached a

maintained response.

Second line treatments rescued 31.4%, all of them reaching long term

complete responses. Rituximab and esplenectomy achieved the best

durable responses.

It is too soon to analyze the incidence of long term complete responses

related to romiplostim, although an 8.3% of the patients reached a

complete response. It is an effective salvage therapy, although it is

hard to discontinue treatment.

16.2% of the patients receiving second line treatments achieved a

maintained response, concluding that 47% of refractory/recurrent

patients were rescued with second line treatments

PB 2.32-2
Differential effects of All-Trans Retinoid on expansion
of CD4+CD25+Foxp3 Treg subpopulations in patients
with chronic immune thrombocytopenia
Dai L

Key Lab of Thrombosis and Hemostasis, Jiangsu Institute of

Hematology, the First, Suzhou, China

Objective Immune thrombocytopenia (ITP) is an immune-mediated

disorder. In addition, T-cell is also involved in platelet destruction or

marrow suppression. During immune responses CD4+ T cells can dif-

ferentiate into a range of cell types, including T helper type 17 (Th17)

and regulatory T cells (Treg). The goal of the present study is to inves-

tigate the therapeutic effects of all-trans-retinoic acid (ATRA) plus

prednisone treatment on adult refractory idiopathic thrombocytopenic

purpura (RITP) and to further explore the underlying mechanisms.

Methods: The concentrations of the peripheral blood CD4+ T cells

(TH17,nTREG and mTREG) were analyzed by flow cytometry,the

levels of IL-17, IL-10, TGF-b cytokines were confirmed by enzyme-

linked immunoassay (ELISA), and the expression of RORc, Foxp3
were detected by semiquantitative reverse-transcription polymerase

chain reaction (RT-PCR) in 45 RITP patients before and after treat-

ments, with 20 normal individuals as respective controls.
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Results: The overall response rate of ATRA plus prednisone treatment

in RITP patients was 48.9%, 22.2% (n = 10) of patients with a com-

plete response and 26.7% (n = 12) of patients with a partial response.

The levels of regulory T cells were significantly increased in patients

after ATRA plus prednisone treatment,especially CD31�CD4+

CD25+CD127+CD45RO+ mTreg (P < 0.05); The concentrations of

IL-10, TGF-b was increased (P < 0.05),whereas IL-17 factor showed

no obvious change in the effective groups after treatment (P > 0.05).

The expression levels of Foxp3 enhanced dramatically after treatment

in real-time RT-PCR analysis (P < 0.05). However, the concentrations

of ROR-c showed no obvious change after the therapy in real-time

RT-PCR analysis (P > 0.05).

Conclusions: Sixty percent of ARITP patients recovered after ATRA

plus prednisone treatments. The therapeutic effects of ATRA plus

prednisone may be involved in the increased levels of mTreg cells in

peripheral blood.

PB 2.32-3
Nonclassical monocytes are expanded and involved in
the pathogenesis of immune thrombocytopenia
Yang Y, Zhang D, Zhang X, Xuan M, Fu R, Xue F, Liu X, Zhang L

and Yang R

Institute of Hematology and Hospital of Blood Diseases, Tianjin,

China

Background:Human monocytes are heterogeneous and play an impor-

tant role in the inflammatory and autoimmune response. CD16+
monocytes have been described to increase in active immune thrombo-

cytopenia (ITP) patients. Recently, based on function and phenotype,

monocytes are classified into three subsets, with the CD16+ subset fur-

ther subdivided into the intermediate (CD14++CD16+) and the non-

classical (CD14+CD16++) group.
Aim: To investigate the distribution of monocyte subsets in ITP

patients and their possible role in the pathogenesis of this disease.

Methods: Seventy-three patients diagnosed with ITP (47 females and

26 males, median age: 40 years; median platelet counts: 23 9 109/L)

were enrolled in this study after informed consent obtained. This study

was approved by the medical ethic committee of our hospital. All

patients had not been treated for at least 1 month before sampling.

The frequencies of monocyte subsets were determined by flow cytome-

try. Cytokine production from monocyte subsets was measured by

ELISA. The sorted monocyte subsets were co-cultured with CD4+T
cells and autologus platelets (n = 12) respectively. The proliferation of

auto-reactive CD4+ T cells was determined by BRDU ELISA. To

detect the relationship between monocyte subsets and T cell differen-

tion, the intracellular IL-17A, IFNG and IL-4 levels of T cells co-cul-

tured with different monocyte subsets were analyzed by flow

cytometry. Nonparametric statistic tests were used: Mann-Whitney U

test or Wilcoxon test was performed for independent or related two-

group analysis, respectively. P < 0.05 was considered significant and

results were described as median [inter-quartile range].

Results: The frequency of nonclassical monocytes was significantly

increased in active patients (n = 73) compared with controls (n = 49),

(untreated ITP: 5.44% [7.52%] vs. Ctrl: 1.83% [2.34%] P < 0.001). In

23 patients, the monocyte subsets were reevaluated after treatment

with glucocorticoids for 7 days, nonclassical monocytes were

decreased markedly (untreated: 4.95% [4.7%] vs. treated: 0.96%

[4.35%] P < 0.001). The frequency of intermediate monocytes was

increased in active patients (untreated ITP: 10.54% [3.58%] vs. Ctrl:

7.6% [6.2%] P < 0.001) and remained stable after glucocorticoids

therapy (untreated: 10% [4.2%] vs. treated: 9.79% [9.18%]

P = 0.798). The frequency of classical monocytes was decreased in

active patients (untreated ITP: 82.6% [7.21%] vs. Ctrl: 90.18%

[7.31%] P = 0.001) but recovered after glucocorticoids therapy

(untreated: 83.15% [9.32%] vs. treated: 88.62% [7.73%] P = 0.019).

Compared to the controls, serum TNF-a (P = 0.004) and IL-1b
(P < 0.05) levels in ITP patients were elevated. After stimulation with

LPS for 20 h, nonclassical monocytes produced more TNF-a
(P < 0.05) and IL-1b (P = 0.057) than the intermediate. However, the

three subsets showed no difference in the proliferation of platelet reac-

tive T cells. Further studies demonstrated that nonclassical monocytes

skewed Th1/Th2 response (Th1/Th2: nonclassical 15.36 � 4.25 vs.

Ctrl 8.92 � 3.67, P < 0.05) and promote the expansion of Th17 cells

(nonclassical/T cells 1.26%[1.02%] vs. Ctrl 0.73% [0.67%], P < 0.05).

Conclusion: This study demonstrated that nonclassical monocytes may

hallmark the activity of ITP and be involved in the immune disfunc-

tion of this disease.

PB 2.32-4
CXCL-10/IP-10 chemokine expression in patients with
immune-mediated thrombocytopenia
Eissa DS, Shalaby NA, Ismail MA and Eissa DG

Faculty of Medicine, Ain Shams University, Cairo, Egypt

Background: Immune thrombocytopenic purpura (ITP) is a heteroge-

neous clinical syndrome characterized by immune-mediated increase in

platelet clearance through the production of autoantibodies against

platelet glycoproteins, resulting in enhanced Fc-mediated destruction

of platelets by reticuloendothelial system macrophages. CXC chemoki-

ne ligand-10/interferon-c-inducible protein-10 (CXCL-10/IP-10), the

prototype of the CXC family, is a T-helper (Th) 1 cytokine that exhibits

a chemotactic activity for activated Th1 cells and is suggested to be

involved in various Th1-dominant autoimmune diseases including ITP.

Aims: This study aimed to evaluate the plasma level of CXCL-10/IP-

10 in patients with ITP as well as investigate its role in the pathogene-

sis and diagnosis of the disease.

Methods: Plasma CXCL-10/IP-10 was evaluated using enzyme-linked

immunosorbent assay (ELISA) in 90 patients with ITP; 60 with de-

novo active untreated ITP and 30 with remitted ITP, compared with

20 healthy volunteers.

Results: Significantly higher levels of CXCL-10/IP-10 were detected in

both active (P < 0.001) and remitted (P = 0.01) ITP compared with

controls, and in active compared with remitted patients (P < 0.001).

The best cut-off value of 120 and 70 pg/mL were able to sharply dis-

criminate between active ITP and controls, and remitted ITP and con-

trols, respectively. No significant correlation was found between

CXCL-10/IP-10 and platelet counts of either active or remitted patient

subgroups.

Conclusions: CXCL-10/IP-10 is significantly elevated in active ITP,

consistent with the Th1 characterization of the disease, suggesting

CXCL-10/IP-10 as a pathogenetic and diagnostic marker of ITP.

PB 2.32-5
Detection of autoantibodies against platelet
glycoproteins in patients with idiopathic
thrombocytopenic purpura by a flow cytometric bead
array
He Y, Zhao YX, Zhu MQ and Ruan C

The First Affiliated Hospital Soochow University, Suzhou, China

Background: Idiopathic Thrombocytopenic Purpura (ITP) is an auto-

immune disorder characterized by premature platelet destruction

induced by autoantibodies directed against platelet glycoproteins.

Despite being a clinically important disorder, ITP lacks a feasible diag-

nostic assay for routine clinical use.

Aims: The aim of this study is to establish a flow cytometric bead array

(CBA) to detect autoantibodies against platelet glycoproteins (GPs) in

patients with ITP.

Methods: Polystyrene beads of different fluorescent intensities were

coated with monoclonal antibodies against human platelet GPs Ib/IX

(SZ1), Ib (SZ2), IIIa (SZ21), GPIIb (SZ22), and P-selectin (SZ51), and
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incubated with platelet lysates from patients with ITP or control indi-

viduals. The captured platelet antigen-autoantibody complexes were

detected by an FITC-labeled goat anti-human IgG antibody by flow

cytometry. The mean fluorescence intensity (MFI) in samples from 50

ITP patients, 37 non-ITP patients and 49 healthy controls was deter-

mined. The results were compared with that from the traditional

monoclonal antibody immobilization of platelet antigen (MAIPA)

technique.

Results: The newly established CBA was designed to detect five plate-

let-specific autoantibodies against GPIb/IX, GPIb, GPIIIa, GPIIb,

and P-selectin simultaneously. Coefficients of variation (CVs) of intra-

assay were 9.25%, 5.25%, 3.32%, 2.33% and 2.51%, respectively, and

those of inter-assay were 10.89%, 6.58%, 8.65%, 7.12% and 7.98%,

respectively. The MFI values of SZ1, SZ2, SZ21, SZ22 and SZ51 in

ITP group were all higher than those in non-ITP or healthy groups

(SZ1: 5.03 � 3.90 vs. 1.91 � 0.64 or 1.88 � 0.84, P < 0.01; SZ2:

4.67 � 3.66 vs. 2.36 � 1.16 or 2.16 � 0.93, P < 0.01; SZ21:

2.70 � 1.31 vs. 1.08 � 0.32 or 1.14 � 0.41, P < 0.01; SZ22:

2.52 � 1.19 vs. 1.10 � 0.41 or 1.28 � 0.57, P < 0.01; and SZ51:

2.33 � 1.19 vs. 0.96 � 0.40 or 1.06 � 0.67, P < 0.01). In ROC analy-

sis, with a cut-off value of 1.35, 0.60, 0.49, 0.48 and 0.63, respectively,

the area under curve of the CBA was 0.84 (SZ1), 0.81 (SZ2), 0.89

(SZ21), 0.90 (SZ22) and 0.92 (SZ51). When the data of five antibodies

were combined, the sensitivity of the CBA was 72.0% (36/50), signifi-

cantly higher than that of MAIPA (48.0% (24/50), c2 = 6.00,

P < 0.05).

Conclusion: We developed a CBA with five monoclonal antibodies to

detect autoantibodies against human platelet GPs. Our results show

that this assay was more sensitive than traditional methods, indicating

that the assay may be used to improve the diagnosis of ITP.

PB2.33 – ADAMTS13: Clinical – II

PB 2.33-1
Importance of measuring circulating ADAMTS13
immune complexes in addition to free antibodies in
patients with acquired TTP
Turecek PL, Ferrari S, Palavra K, Gruber B, Plaimauer B,

Rottensteiner H and Scheiflinger F

Baxter Innovations GmbH, Vienna, Austria

Background: A functional deficiency of ADAMTS13 results in accu-

mulation of uncleaved, highly adhesive Willebrand factor (VWF) mul-

timers in plasma leading to increased platelet aggregation and

thrombus formation in the microcirculation. Anti-ADAMTS13 au-

toantibodies are the main cause of severe ADAMTS13 deficiency in

acquired thrombotic thrombocytopenic purpura (aTTP). Circulating

ADAMTS13-specific immune complexes (IC) as a potential factor in

disease pathogenesis have been described in the plasma of aTTP

patients.

Aim: We analyzed plasma samples from a large cohort of patients with

aTTP for the presence of circulating IC and correlated these data with

free anti-ADAMTS13 antibodies, ADAMTS13 activity (ADAMTS13:

Ac), ADAMTS13 antigen (ADAMTS13:Ag) and inhibitor.

Material and Methods: We developed an ELISA assay to specifically

determine IC levels in which the antigen portion is captured by a poly-

clonal anti-ADAMTS13 IgG and the immunoglobulin component

detected by a class-specific antibody. Co-immunoprecipitation of AD-

AMTS13 with total IgG was employed as an orthogonal method. All

other ADAMTS13 parameters were determined by standard protocols.

Results: Eighty-eight patients were analyzed in the acute phase. Free

and ADAMTS13-bound IgG anti-ADAMTS13 antibodies were

detected in 94% and 96% of patients, respectively. In both instances,

IgG4 was the most prevalent IgG subclass (free: 94%, complexed:

93%). ADAMTS13:Ac and ADAMTS13:Ag were undetectable in

most patients or very low. In remission (25 patients, median length of

remission 12 months), 80% of patients still had detectable free IgG

antibodies, mainly IgG4 (70%) followed by IgG1 (50%). ADAM-

TS13-specific ICs were found in 96% of patients, with IgG4 being

again the most prevalent subclass (92%). Importantly, in 20% of

patients, ADAMTS13-IgG IC were detected in plasma although free

IgG antibodies were absent.

A comparison of ADAMTS13:Ac and ADAMTS13:Ag levels between

acute and remission phase samples showed a statistically significant

increase in both parameters at remission, whereas ADAMTS13 inhibi-

tor and IgG anti-ADAMTS13 (total and subclasses) antibody titers

were decreased. A trend towards reduced or undetectable titers at

remission was also observed for ADAMTS13-specific IC of the IgG1,

IgG2 and IgG3 subclasses, but not for the IgG4 subclass.

Conclusions: Our analysis provided for the first time a complete picture

of the autoantibody response in aTTP. ADAMTS13-specific IC were

mainly of the IgG4 subclass and persisted for a long time, as they

could be detected in plasma of aTTP patients not only in the acute

phase but also in remission. Our study suggests that in addition to

characterization of autoantibodies against ADAMTS13, ADAM-

TS13-specific IC also need to be determined at the time of diagnosis

and during remission to obtain a full picture of disease status.

PB 2.33-2
Mutations and polymorphisms in adult onset
pregnancy related TTP
Langley KM, Underwood M, Lane P, Lamb K, Scully M

and Machin SJ

UCL, London, UK

Background: Thrombotic thrombocytopenia purpura (TTP) is a rare

but potentially fatal microangiopathic haemolytic anaemia (MAHA)

which afflicts approximately six individuals per million per year. It is

characterised by a congenital, autoimmune or idiopathic reduction in

ADAMTS13 (a disintegrin and metalloprotease with thrombospondin

type 1 motif). Adult onset TTP is often precipitated by physiological

stress and pregnancy related TTP is a subgroup which may represent

up to one third of annual TTP cases. It can be difficult to diagnose and

is characterised by recurrent foetal loss, maternal morbidity and mor-

tality.

Aims: We examined the differences in the ADAMTS13 gene in our

subjects compared to wild type, including intronic, silent and missense

polymorphisms and mutations.

Method: DNAwas extracted from EDTA samples in 15 pregnancy

related TTP subjects on the UK TTP Registry after informed consent.

ADAMTS13 exons and exon- intron boundaries were amplified using

polymerase chain reaction (PCR) and sequenced. Any variations

between the ADAMTS13 genotype of patients from our reference

sequence were recorded. The variations found were assessed for their

frequency in the general population using the 1000 genome project

and Hapmap.

Results: All 15 patients had an ADAMTS13 activity of < 5% (NR 66–
120%) on admission. We found that our cohort had a number of AD-

AMTS13 variations in common which have a very low prevalence in

the general population. For example the R7W polymorphism is pres-

ent in 13% of the European population, but occurred in 11/15 (73%)

of our patients. Each patient had at least two variations from wild type

ADAMTS13. We focused on three variations which occur in exons 23

and 24: the A1033T SNP is often co-inherited with the R1060W muta-

tion (which is associated with decreased ADAMTS13 activity due to

decreased secretion); 12/15 (80%) of our cohort had both variations,

where the general prevalence is 2% and < 1% respectively. None of

our cohort had inherited one variation without the other. Upstream

from this pairing, the V970V SNP was found in 9/15 (60%), but occurs

at a frequency of 2% across all ethnic groups. Of the 12 patients who

had inherited both A1033T and R1060W, 8/12 (67%) also had inher-

ited V970V.

Conclusion: The potential impact of ADAMTS13 non synonymous

polymorphisms has received little investigation and synonymous poly-
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morphisms have been regarded as devoid of clinical significance. How-

ever both appear to occur far more often in the disease state than

anticipated from general population frequencies. Some of these may

potentially have a real effect on the secretion or activity of ADAM-

TS13 whereas others may be linked to the mutations responsible for

the disease. Further investigation would be needed to determine if this

is the case. It is of particular interest that patients with the R1060W

mutation presented later on in life during pregnancy and that this

mutation was found to occur frequently with the A1033T polymor-

phism and V970V synonymous polymorphism. This is something that

should be considered for in vitro studies as there may be possible mod-

ulatory effects.

PB 2.33-3
Variability in measurement of ADAMTS13: a UK
NEQAS multicentre exercise for ADAMTS13 assays
Jennings I1, Mackie IJ2, Fretwell R3, Kitchen S1, Kitchen D1,

Woods T1 and Walker I1

1UK NEQAS (Blood Coagulation), Sheffield; 2University College

London Haemostasis Research Unit, London; 3Sheffield

Haemophilia and Thrombosis Centre, Sheffield, UK

Background: ADAMTS13 is a plasma metalloprotease which regulates

the multimeric size of VWF by cleaving the protein at Tyr1605-

Met1606. ADAMTS13 deficiency (acquired or congenital) is fre-

quently observed in thrombotic thrombocytopenic purpura (TTP).

This disease primarily requires a clinical diagnosis, but ADAMTS13

assays can provide confirmation, help characterise the phenotype of

the deficiency, may be useful in monitoring treatment, and can be used

to identify family members with ADAMTS13 deficiency.

Methods: We describe here a multicentre exercise for ADAMTS13

assays, in which 22UKand International centres performed assays on

three lyophilised plasma samples. AD12:01 was a normal plasma sam-

ple; AD12:02 was from a 22 year old female diagnosed with TTP, who

had received 8 days of plasma exchange and Rituximab; AD12:03 was

from a 58 year old female with acquired TTP, who had 10 days of

plasma exchange prior to sample collection.

Results: All centres performed activity assays, with six also performing

antigen assays, and nine performing IgG anti-ADAMTS13 assays.

Median (and range) ADAMTS13 activity in each sample was:

AD12:01 78% (25.3–104.0), AD12:02 60.5% (33.0–71.5), and

AD12:03 < 3% (0.0–37.1). All but one centre reported ADAMTS13

activity below 10% for sample AD12:03. However, two centres

reported higher ADAMTS13 activity levels in sample AD12:02 than in

sample AD12:01. One of these also reported a level of 37% activity in

sample AD12:03. In total, three centres reported activity assay results

on sample AD12:01 below the lower limit of their reference range.

Seven centres reported results below their reference range for sample

AD12:02. Results amongst centres using collagen binding assay

(CBA)-based methods were lower than for centres using other method-

ologies by an average 46%. Nine centres used the Technozym ADAM-

TS-13 INH kit for anti-ADAMTS13 assays, assays (manufacturer’s

cut-off 15 l****/mL), but agreement was suboptimal. Median (CV)

anti-ADAMTS13 activity in each sample was: AD12:01 9 l**/mL

(37%), AD12:02 14.5 l***/mL (29%), and AD12:03 26.7 l***/mL

(27%). Frequency of testing clinical samples in different centres varied

markedly – two centres reported that they perform fewer than two

assays per annum, with five centres reporting more than 100 assays

each year.

Conclusions: Currently no international standards or any other exter-

nal quality assessment programme are available for ADAMTS13

assays. Development of both will assist in standardisation and there-

fore improved clinical utility of these assays.

PB 2.33-4
Decreased ADAMTS13 activity and its clinical
significance in patients with idiopathic portal
hypertension
Takaya H, Uemura M, Fujimoto M, Ishii S, Morioka C,

Kawaratani H, Hayakawa M, Matsumoto M, Fujimura Y

and Fukui H

Nara Medical University, Kashihara, Nara, Japan

Background: Idiopathic portal hypertension (IPH) is characterized by

a noncirrhotic portal hypertension with hypersplenism, but is dis-

tinctly different from liver cirrhosis (LC) with regenerative nodules.

The characteristic hepatic lesions in IPH are the occulusive changes of

intrahepatic portal branches and portal fibrosis, but its pathogenesis

has not been fully clarified. Deficiency of ADAMTS13 activity

(ADAMTS13:AC) results in the accumulation of unusually large von

Willebrand factor multimers (UL-VWFM) and platelet thrombi for-

mation. We demonstrated that an imbalance between the decreased

ADAMTS13:AC and the increased substrates may reflect the predis-

posing state for platelet thrombi formation in advanced LC patients

(Thromb Haemost, 2008; 99:1019).

Aims: The aim of this study was to analyze ADAMTS13:AC and its

related parameters, and to explore the clinical significance in patients

with IPH in comparisons with LC.

Methods: Patients studied were chronic hepatitis (CH) in 33, LC in 109

(Child A-LC in 35, Child B-LC in 33 and Child-LC in 41), and IPH in

15. The diagnosis of IPH was based on the definition and diagnostic

criteria described in the Japan IPH Research Committee. Liver biopsy

under laparoscopic examination and angiography were performed in

all patients with IPH. Plasma ADAMTS13:AC was determined by

both a classic VWFM assay and a chromogenic ELISA. VWF:Ag was

measured by ELISA, and VWFM patterns were analyzed by SDS-

0.9% agarose gel electrophoresis.

Results: The ADAMTS13:AC measured by ELISA strongly correlated

with those determined by the VWFM assay. ADAMTS13:AC was

57% (mean) in IPH compared to 100% in healthy controls, 87% in

CH, 79% in Child A-LC, 63% in Child B-LC, and 31% in Child C-

LC. No patients with IPH whose ADAMTS13:AC showed severe defi-

ciency (< 3% of controls) were found, while five end-stage LC had

severe deficiency. VWF:Ag was 254% in IPH compared to 100% in

normals, 245% in CH, 320% in Child A-LC, 436% in Child B-LC,

and 486% in Child C-LC. As a result, the ratio of VWF:Ag to AD-

AMTS13:AC was 5.4 in IPH, 1.0 in normals, 2.9 in CH, 4.3 in Child

A-LC, 13.3 in Child B-LC, and 43.2 in Child C-LC. UL-VWFM was

not found in IPH, whereas it was detected in LC with the lowest AD-

AMTS13:AC (23%) and the highest values of Child-Pugh score (12.4),

serum creatinine (2.4 mg/dL) and blood ammonia (144 lg/dL), which
corresponded to 16% of LC patients whose ADAMTS13:AC showed

< 50%. In IPH, ADAMTS13:AC decreased in patients with hepatic

encephalopathy and severe liver atrophy than those without (41% vs.

67%, P < 0.05). The ratio of VWF:Ag to ADAMTS13:AC inversely

correlated with platelet count (r = �0.534, P < 0.05), hemoglobin

(r = �0.501, P < 0.05), and serum albumin (r = �0.579, P < 0.05).

Conclusions: In IPH, ADAMTS13:AC decreased to 57% of normals,

the value of which corresponded to Child B-LC patients. VWF:Ag

increased 2.5 times higher than normals. The imbalance of enzyme to

substrate indicates platelet hyperaggregability, and may contribute to

anemia, reduced functional liver capacity, and the occurrence of hepa-

tic encephalopathy together with the development of liver atrophy in

patients with IPH.
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PB 2.33-5
An unbalance between von Willebrand Factor and its
cleaving protease ADAMTS13 in acute liver failure:
implications for hemostasis and correlations with
clinical outcome
Hugenholtz GCG1, Adelmeijer J1, Meijers JC2, Porte RJ1,

Stravitz TR3 and Lisman T1

1University Medical Center Groningen, Groningen; 2Academic

Medical Center Amsterdam, Amsterdam, The Netherlands;
3Virginia Commonwealth University, Richmond, VA, USA

Background: Liver diseases are frequently associated with substantial

changes in the hemostatic system. Traditionally these changes were

believed to result in a hypocoagulable state. Recent clinical and labo-

ratory studies have challenged this concept an it has now been well

established that patients with chronic liver diseases are in ‘hemostatic

rebalance’, which results from a commensurate decline in pro- and an-

tihemostatic drivers, and from the presence of compensatory mecha-

nisms sustaining an appropriate hemostasic function. In acute liver

failure (ALF), the net effect of all hemostatic changes is not clear,

partly because these alterations in the hemostatic system in these

patients have been less well defined when compared to those in

patients with chronic liver failure. In an effort to elucidate this issue,

we are systematically studying consequences of hemostatic defects in

patients with ALF.

Aims: In the present study, we assessed levels and functionality of the

platelet-adhesive protein von Willebrand factor (VWF) and its cleav-

ing protease ADAMTS13 in plasma of patients with acute liver injury

and acute liver failure (ALI/ALF). Furthermore, we explored possible

associations between VWF, ADAMTS13 and disease outcome, as

plasma levels of these molecules have been associated with progressive

liver failure.

Methods: We measured functional parameters of VWF and ADAM-

TS13 in plasma of 50 patients taken on the day of admission for ALI/

ALF. In addition, we investigated the ability of patient plasma to sup-

port platelet adhesion and aggregation in a flow-based model. Finally,

we explored possible relationships between VWF/ADAMTS13 and

ALI/ALF specific complications, frequency of liver transplantation,

spontaneous survival and death rates. Plasma of 40 healthy volunteers

served as controls.

Results: VWF antigen levels were highly elevated in patients with

ALI/ALF. In contrast, the collagen binding activity as well as the

VWF ristocetin cofactor activity/VWF antigen ratio were significantly

decreased when compared to healthy controls. Also the proportion of

high molecular weight VWF multimers was reduced, despite severely

decreased ADAMTS13 levels, suggesting proteolysis of VWF by

enzymes other than ADAMTS13. In spite of these functional defects,

platelet adhesion and aggregation were better supported by plasma of

patients with ALI/ALF when compared to control plasma. Low AD-

AMTS13 activity, but not high VWF antigen, was associated with

poor outcome in patients with ALI/ALF as evidenced by higher

grades of encephalopathy, higher transplantation rates and lower sur-

vival.

Summary/Conclusion: Strongly elevated levels of VWF in plasma of

patients with ALI/ALF support platelet adhesion, despite a relative

loss of function of the molecule, suggesting a rebalanced primary he-

mostatic function in ALF. Furthermore, low ADAMTS13 activity is

associated with progressive liver failure in the patient cohort. An

unbalance between VWF and ADAMTS13 has been shown to lead

platelet-induced thrombosis, and intrahepatic thrombosis has been

shown to accelerate liver failure progression. We therefore speculate

that a substantially unbalanced VWF/ADAMTS13 ratio, as observed

in the present study, results in the formation of platelet-rich micro-

thrombi in the diseased liver and in turn adversely affects disease pro-

gression in patients with ALI/ALF.

PB 2.33-6
Relationship of von Willebrand factor, D-Dimer and
ADAMTS13 with hypercoagulability in type 1 diabetic
patients with and without nephropathy
Domingueti CCP1, F�oscolo RB2, Reis JS3, Dusse LMS4,

Carvalho MG4, Gomes KB4 and Fernandes AP4

1Universidade Federal de Minas Gerais, Belo Horizonte;
2Faculdade de Medicina, Universidade Federal de Minas Gerais;
3Instituto de Ensino e Pesquisa da Santa Casa de Belo Horizonte;
4Faculdade de Farm�acia, Universidade Federal de Minas Gerais,

Belo Horizonte, Brazil

Background: Diabetic nephropathy is an important risk factor for car-

diovascular complications. Some studies have shown that increased

plasma levels of Von Willebrand factor (VWF) and reduced of AD-

AMTS13 are associated with diabetic nephropathy and an increased

risk of cardiovascular events in type 2 diabetic patients. However,

these relationships have not been investigated in type 1 diabetic

patients and a better understanding of the role that these parameters

play in type 1 diabetic patients is still lacking.

Aims: Evaluate plasma levels of VWF, ADAMTS13 and D-Dimer

(DDi), and VWF/ADAMTS13 ratio in type 1 diabetic patients.

Methods: Patients were classified according to glomerular filtration

rate (GRF) and urinary albumin excretion in three groups: without

renal dysfunction (GFR ≥ 90 mL/min/1.73 m2 and normoalbuminuri-

a, n = 49), with mild renal dysfunction (GFR ≥ 60 and < 90 mL/min/

1.73 m2 and/or microalbuminuria, n = 35) and with severe renal

impairment (GFR < 60 mL/min/1.73 m2 and/or proteinuria, n = 41).

A group of 35 individuals without diabetes or renal dysfunction was

also included. Individuals undergoing hemodialysis and those with

liver disease, alcoholism, coagulation disorder, cancer, history of renal

transplantation and pregnancy were excluded. VWF, ADAMTS13

and DDi were measured by ELISA method. Statistical comparisons

were performed by Mann-Whitney test. Differences were considered

significant when P < 0.05.

Results: Diabetic patients without renal dysfunction had higher levels

of VWF, 1031.600 mU/mL (778.100–1142.200 mU/mL), than individ-

uals without diabetes, 730.800 mU/mL (575.600–962.600 mU/mL),

P = 0.002. VWF levels increased with renal function impairment,

being increased in diabetic patients with mild renal dysfunction,

1233.200 mU/mL (904.900–1486.400 mU/mL), compared with those

without renal dysfunction, P = 0.013, and even higher in patients with

severe renal impairment, 1358.000 mU/mL (1164.000–1751.600 mU/

mL), P = 0.029. Levels of ADAMTS13 were reduced in patients with-

out renal dysfunction, 296.760 ng/mL (221.335–440.415 ng/mL), com-

pared to healthy subjects, 444.960 ng/mL (362.180–594.345 ng/mL),

P < 0.001. However, an increase in ADAMTS13 levels was also

detected in patients with mild, 502.600 ng/mL (293.730–601.975 ng/

mL), and severe renal impairment, 567.640 ng/mL (363.050–
654.365 ng/mL), compared to those without renal dysfunction,

P < 0.001. Furthermore, VWF/ADAMTS13 ratio was increased in

patients without renal dysfunction, 3.161 (2.028–4.204), and with mild,

2.569 (1.878–3.122), and severe renal dysfunction, 2.427 (1.908–3.454),
compared to non-diabetic subjects, 1.653 (1.368–1.881), P < 0.001, but

no significant differences were observed between diabetic patients with

and without renal dysfunction. DDi levels were higher only in patients

with severe renal impairment, 363.607 ng/mL (223.470–508.604 ng/

mL), compared to other groups, 177.055 ng/mL (130.350–264.494 ng/

mL), 176.845 ng/mL (131.935–259.828 ng/mL) and 217,251 ng/mL

(142.361–297.972 ng/mL), P < 0.001.

Conclusion: The gradual increase in VWF levels as nephropathy pro-

gress suggests that endothelial dysfunction may contribute to the

development and progression of vascular complications in type 1 dia-

betic patients. However, increased levels of VWF are accompanied by

a concomitant increase in ADAMTS13 levels, the enzyme responsible

for cleavage and inactivation of VWF, either as a compensatory mech-

anism or due to a compromised renal function that may affect the
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renal excretion of these proteins. This hypothesis is corroborated by

increased levels of DDi observed in the severe renal impairment group,

indicating a hypercoagulable state in these patients.

PB2.34 – Fibrinolytic System:
Basic – II

PB 2.34-1
Regulation of fibrinolysis by polyphosphate is
dependent on the plasminogen activator
Whyte CS and Mutch NJ

University of Aberdeen, Aberdeen, UK

Background: The modes of action of the plasminogen activators (PA),

tissue plasminogen activator (tPA) and urokinase (uPA) differ. Effi-

cient tPA-mediated plasminogen activation requires binding to fibrin.

In contrast, uPA is fibrin independent but is associated with its cellular

receptor uPAR. We have previously shown that polyphosphate

(polyP), a biomolecule released from platelet dense granules, alters

fibrin structure and attenuates tPA and plasminogen binding to fibrin

thereby down-regulating fibrinolysis.

Aims: The aim of this study is to determine if polyP-induced changes

in fibrin structure influence uPA-mediated fibrinolysis

Methods: Fibrin clots were formed from fibrinogen (2.4 lM), glu-plas-

minogen (0.24 lM) and tPA (20 pM) or uPA (180 pM) � polyP65

(5 lM). Clotting was initiated by thrombin (0.25 U/mL) and CaCl2
(5 mM) and fibrinolysis monitored at 340 nm. Fibrin degradation

products (FDPs) were collected and analyzed by Western blotting

using an anti-human fibrin(ogen) antibody. Plasmin generation in clots

was quantified by incorporating the fluorogenic substrate D-VLK-

AMC (excitation 360 nm emission 460 nm). Confocal microscopy was

used to visualize fibrin structure and localization of proteins during

fibrinolysis. Clots were prepared with fibrinogen (2.65 lM, 9% was

DyLight 488-labelled), plasminogen (1.25 lM, 20% was DyLight 633-

labelled), thrombin (0.25 U/mL), CaCl2 (5 mM) and fibrinolysis initi-

ated by exogenous PA (75 nM).

Results: As previously reported polyP65 delayed tPA-mediated clot

lysis (50% lysis times 102.6 � 2.3 vs. 69.8 � 1.9 min; P < 0.001).

Plasmin generation during tPA-mediated fibrinolysis was delayed and

reduced 1.3-fold in polyP65 containing clots (1860 � 82 vs.

2475 � 155 average FU/min P < 0.001). Confocal microscopy also

showed delayed tPA-mediated fibrinolysis in clots containing polyP65.

Plasminogen was visualized at the edge of the lysis front as a tight

band. In marked contrast to tPA, uPA-mediated clot lysis was

enhanced by polyP65 (50% lysis times 64.5 � 1.7 vs. 108.2 � 3.8 min;

P < 0.001). This was reflected as an increase in FDPs generated during

uPA-mediated lysis of clots containing polyP65 and a 1.6-fold increase

in plasmin generation (3961 � 73 vs. 2434 � 123 average FU/min;

P < 0.0001). Confocal microscopy also showed enhanced uPA-medi-

ated lysis by polyP65, with a broader zone of plasminogen visible com-

pared to that observed with tPA. The signal of 633-plasminogen was

unchanged upon conversion to plasmin, suggesting the observed dif-

ferences result from accumulation of plasminogen on fibrin at the lysis

front.

Varying the plasminogen concentration (0.125–1 lM) in clot lysis only

marginally affected tPA-mediated fibrinolysis, conversely, uPA-medi-

ated lysis was dramatically accelerated by increased plasminogen. The

effect of polyP65 on uPA-mediated fibrinolysis and plasmin generation

was overcome by additional plasminogen, while the down-regulation

of tPA-mediated lysis and plasmin generation was unaffected.

Summary: PolyP65 has opposing effects on tPA- and uPA-mediated

fibrinolysis. The cofactor function of fibrin in tPA-mediated plasmino-

gen activation is attenuated by polyP. In contrast, as uPA does not

bind fibrin, it is feasible that polyP may act as a template to facilitate

the interaction between uPA and plasminogen thereby accelerating

fibrinolysis.

PB 2.34-2
The expression of plasminogen activator inhibitor
type-1 is post-transcriptionally regulated by
sphingosine-1-phosphate and SERPINE1 mRNA
binding protein
Fujii S1, Iwaki S1, Yamamura S1, Sanagawa A1, Asai M1

and Sobel B2

1Nagoya City University, Nagoya, Japan; 2University of Vermont,

Burlington, VT, USA

Background: Plasminogen activator inhibitor type-1 (PAI-1), the major

physiologic inhibitor of fibrinolysis and proteolysis produced in liver

and vascular cells, is implicated in thrombosis and atheroscleroosis.

Sphingosine-1-phosphate (S1P) is a breakdown product of sphingosine

released from platelets upon activation and regulates various gene

expressions and alters PAI-1 expression in several cells. Nevertheless,

posttranscriptional regulation of PAI-1 by S1P has not been eluci-

dated.

Aims: We aimed to determine whether S1P is involved in posttran-

scriptional regulation of PAI-1 expression.

Methods: We analyzed the promoter activity, mRNA levels, 3′-
untranslated region (UTR) activity and protein levels of PAI-1 using

human liver derived HepG2 cells.

Results: S1P (500 nM) increased PAI-1 promoter activity by three fold

(luciferase assay) and the expression of PAI-1 mRNA by two fold

(RT-PCR) at 4 h. Transcriptional induction of PAI-1 by S1P was tran-

sient. S1P decreased expression of PAI-1 mRNA to 0.6 fold and inhib-

ited the accumulation of PAI-1 protein into the conditioned media at

24 h (Western blot). Human PAI-1 mRNA exists in two subspecies

(3.2 and 2.2 kb) and S1P decreased the baseline luciferase activity of

1 kb fragment of the 3′ terminus (+2177–3176 nt) of 3′-UTR of the

3.2 kb PAI-1 mRNA [3′-UTR (+2177–3176)]. Mutation of AU-rich

element 3 (ARE3) inhibited the decreased activity of PAI-1 mRNA [3′-
UTR (+2177–3176)] by S1P. S1P destabilized 3.2 kb PAI-1 mRNA

(Northern blot), suggesting that S1P decreased the expression of PAI-

1 protein by regulating PAI-1 expression at the posttranscriptional

level and thereby affecting mRNA stability. S1P increased SERPINE1

mRNA binding protein (SERBP1) through S1P1 receptor and facili-

tated binding of SERBP1 to PAI-1 mRNA (pull-down assay). Small

interfering RNA against SERBP1 prevented the decrease of PAI-1

mRNA induced by S1P, suggesting that SERBP1 and ARE3 in the 3′-
UTR were cooperatively involved in the posttranscriptional regulation

by S1P.

Summary/Conclusion: Our data indicate that brief transcriptional

induction of PAI-1 by S1P is followed by S1P-mediated destabilization

of 3.2 kb PAI-1 mRNA mediated by specific effects on the 3′-UTR

through SERBP1 and ARE3. These effects are associated with

decreased expression of PAI-1 protein potentially leading to regulation

of fibrinolysis.

PB 2.34-3
Investigation of possible exosite interactions between
plasmin(ogen) and antiplasmin
Horvath AJ, Lu B, Law RHP and Coughlin PB

Monash University, Melbourne, Australia

The inhibition of plasmin by antiplasmin (AP) is usually understood

as a two step-process; the binding of the C-terminal region of AP to

the kringle domains of plasmin(ogen) followed by the inhibitory inter-

action between the AP reactive centre loop and active site of plasmin.

Our previous work has shown that the binding affinity between a2-an-
tiplasmin lacking the C-terminal region to active site-blocked plasmin

remains strong, Kd = 50 nM. This raised the possibility that additional

exosite region(s) may exist beyond the C-terminus/kringle domain

interaction. To further explore this possibility we performed binding

studies of AP with various plasminogen conformations (Glu and Lys-
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plasminogen (PLG), active plasmin, micro-plasmin, active site-blocked

plasmin and micro-plasmin). Binding of these plasmin(ogen) variants

with full-length and C-terminally truncated antiplasmin was assessed

by surface plasmon resonance. Our results show that in the closed,

Glu-PLG conformation, where the kringle domains and protease

active site are unavailable the binding affinity for AP(wt) remains high

(KD = 30 nM) and that this interaction is not influenced by the

removal of the C-terminus of AP (KD = 50 nM). As expected the bind-

ing affinity is increased in the open and active conformations

(KD = 7.8 nM and 1.6 nM) with Lys-PLG and active site blocked

plasmin respectively. However, C-terminal truncation of AP resulted

in a 20–30 fold decrease in binding affinity for Lys-PLG and active site

blocked plasmin. A dramatic loss in binding affinity was observed for

micro-PLG (KD = ~1.4 lM) with both AP(wt) and AP(c-trunc). These

results suggest that the high affinity interaction observed between AP

and Glu-PLG may involve exosites within the AP core domain and the

kringle domains of plasmin(ogen). This is further supported by the

observation that there is a 3-fold loss in binding affinity of plasmin-

CMK with AP(C-trunc) compared to micro-plasmin-CMK with AP

(C-trunc). Mutagenesis of residues in b-sheet C of human a2-antiplas-
min was also carried to further explore regions in AP involved in exo-

site interactions with plasmin(ogen).

PB 2.34-4
Comparison of thrombolytic efficacy of plasmin and rt-
PA in an in vitro flow system
Bizjak N1, Bajd F1, Vidmar J2, Blinc A3, Marder VJ4,

Novokhatny V5 and Ser�sa I1

1Institute Jo�zef Stefan; 2Institute of Physiology, Medical Faculty

of Ljubljana; 3University of Ljubljana Medical Centre, Ljubljana,

Slovenia; 4Division of Hematology/Medical Oncology, David

Geffen School of Medicine at UCLA, Los Angeles, CA; 5Grifos,

Inc., Triangle Research Park, NC, USA

Background: Plasmin, a directly acting thrombolytic agent has been

recently tested in phase I clinical studies. While plasmin demonstrated

a very favorable safety profile upon intra-arterial delivery to the clot

site, its thrombolytic efficacy remains to be further assessed.

Aim: To test in a model system if there are differences in thrombolysis

between clots exposed to equimolar concentrations of plasmin and rt-

PA after partial vessel recanalization.

Methods: Model blood clots were prepared in a glass chamber

enabling direct observation by dynamic optical microscopy. The incu-

bation of clots with plasmin (2.4 mg/mL) or rt-PA (2.63 mg/mL),

allowing for the initial biochemical clot degradation, was followed by

‘flushing’ the clots with tangentially directed plasma flow devoid of a

thrombolytic agent, mimicking blood flow after partial vessel recanali-

zation. The acquired images were analyzed for non-dissolved blood

clot area as a function of time.

Results: With both thrombolytic agents, the relative clot area

decreased rapidly in the first 30 s after initiation of perfusion due to

‘flushing’ the degraded clot fragments (after plasmin by 0.26 � 0.22

and after rt-PA by 0.34 � 0.21, P = 0.60). In the following minutes

the clot size showed a linear time dependence: after incubation with

plasmin the clot size did not change substantially any more, while after

incubation with rt-PA the clot size continually decreased. The slopes

of the regression lines differed significantly (rpl = �8.9 9 10�3/min vs.

rrtPA = �44.1 9 10�3/min, P < 0.01).

Conclusion: The thrombolytic action of plasmin was terminated rap-

idly by contact with flowing blood plasma, while the thrombolytic

action of rt-PA was prolonged.

PB 2.34-5
Antibody-engineered bispecific inhibitor against TAFI
and PAI-1 with improved expression and efficacy
Wyseure T, Develter J, Tziarou E, Gils A and Declerck PJ

KU Leuven, Leuven, Belgium

Background: Targeting Thrombin Activatable Fibrinolysis Inhibitor

(TAFI) and Plasminogen Activator Inhibitor-1 (PAI-1) constitutes a

potential strategy to increase thrombolytic efficiency of plasminogen

activators without aggravating safety concerns. Additionally, the syn-

ergistic profibrinolytic effect caused by dual targeting of human TAFI

and PAI-1 has been demonstrated in vitro to be even more pronounced

when using a diabody (Db) than the combined addition of the parental

monoclonal antibodies (MA) (Develter et al., JTH, 2008). Db’s are bi-

specific antibody fragments with a size of 58 kDa allowing better clot

penetration. To evaluate this dual targeting strategy in vivo, a novel

Db was generated from two potent MA’s against rat TAFI and PAI-1.

However, this Db encountered stability problems hampering further

evaluation.

Aims: Improving the plasma stability of a bispecific Db against rat

TAFI and PAI-1 by adding a stabilizing flexible linker (single-chain

diabody, scDb) and by CDR-grafting on a stable scaffold in order to

evaluate this dual targeting strategy in vivo.

Methods: Db and scDb were constructed by cloning and assembling

the variable domains of MA-33H1F7 (inhibiting rat PAI-1) and MA-

RT36A3F5 (destabilizing rat TAFIa), followed by expression in bacte-

ria (Db) and HEK293T cells (scDb), and subsequent purification.

Since instability of (sc)Db is caused by the variable domains of MA-

RT36A3F5, CDR-grafted variants (CDR-Db and CDR-scDb) were

constructed on a stabilized scaffold (scFv-4D5 derived from Hercep-

tin, Kelley et al., Biochemistry 1992). Functional stability was deter-

mined through an ELISA assessing simultaneous binding to rat TAFI

and PAI-1. Inhibitory properties against rat TAFI and PAI-1 were

measured via chromogenic assays. An in vitro clot lysis assay was used

to evaluate the profibrinolytic effect of parental MA (0.7 lM) or (sc)

Db (1.4 lM, corresponding to an equal amount of binding sites as

0.7 lMMA) in rat plasma.

Results: CDR-grafting improved expression of CDR-Db in bacteria

(three-fold increase vs. Db) and of CDR-scDb in HEK293T cells (10-

fold increase vs. scDb). Upon incubation of Db for 3 h at 37 °C in ci-

trated plasma, 13% residual binding capacity was observed. In con-

trast, residual binding capacity under these conditions was 44 � 9%,

62 � 10% and 88 � 13% for scDb, CDR-Db and CDR-scDb, respec-

tively. Inhibitory properties of the parental antibodies were preserved

in Db, CDR-Db and CDR-scDb, but could not be determined for

scDb due to insufficient production. The profibrinolytic effect of Db,

CDR-Db and CDR-scDb was 2%, 46% and 85%, respectively, com-

pared to that of MA-RT36A3F5 against TAFI. The contribution of

the effect of the PAI-1 inhibiting moiety could not be evaluated in the

plasma-based assay system due to the low baseline plasma levels of

PAI-1.

Conclusion: Our efforts to increase the plasma stability of an unstable

bispecific antibody-based inhibitor against rat TAFI and PAI-1

resulted in a CDR-scDb, exhibiting a seven-fold increased stability

and a 43-fold increased profibrinolytic effect. In order to explore the

full potential of the dual TAFI/PAI-1 inhibitor, in vivo thrombolysis

experiments in which both TAFI and PAI-1 contribute, are in

progress.
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PB 2.34-6
Plasminogen alterations mediated by N-
homocysteinylation processes
Genoud V1, Sinito MA2, Gionco S2, Quintana I3

and Lauricella AM2

1Quintana, Irene, Facultad de Ciencias Exactas y Naturales, UBA;
2Facultad de Ciencias Exactas y Naturales, UBA; 3Facultad de

Agronom�ıa, Universidad de Buenos Aires, Buenos Aires,

Argentina

Background: Hyperhomocysteinemia is a risk factor for atherothrom-

bosis. Plasma homocysteine exists in several chemical species such as

protein bound, oxidized to form dimers, free reduced homocysteine

and as its cyclic thioester homocysteine thiolactone (HTL). N-homo-

cysteinilation reactions are mediated by HTL, which is N-linked to

epsilon amino group of lysine residues resulting in modified proteins

named HTL adducts.

Aim: To evaluate the effects of HTL on plaminogen (Plg) structure,

activation kinetics and plasmin activity.

Methods: Human purified Plg (1.5 mg/mL) was incubated with HTL

(molar ratio Plg:HTL = 1:150; 3 h 37 °C); saline solution was used as

control. Samples were dialyzed to remove unreacted HTL. The homo-

cysteinylated Plg (Plg-HTL) was analyzed by native and denaturing

polyacrylamide gel electrophoresis (PAGE and SDS-PAGE), crossed

immunoelectrophoresis (CIE) and capillary electrophoresis. Plg-HTL

(0.3 lM) activation with tissue Plg activator (t-PA, 360 U/mL) was

studied through kinetic amydolitic assays with chromogenic substrate

S-2251 (0.5 mM), evaluating paranitroaniline release over time. Lysis

activity of t-PA (11 U/mL) activated Plg-HTL over fibrin obtained in

the presence of purified fibrinogen (2.6 mg/mL), thrombin (0.5 U/mL)

and CaCl2 (20 mM), was kinetically studied. All experiments were per-

formed in quadruplicate.

Results: There were no significant differences in the electrophoretic

profiles between Plg-HTL and control in PAGE, SDS-PAGE and cap-

illary electrophoresis. However, CIE showed two fractions for Plg-

HTL, one coinciding with the fraction of Plg control and another with

a different displacement, related to the heterogeneity of the homocy-

steinylated protein. Amydolitic assays showed an increased activation

time for Plg-HTL compared to control (41 � 2 vs. 34 � 1 min;

P = 0.01) and a decreased enzyme activity (0.0053 � 0.0002 vs.

0.0066 � 0.0004/min; P = 0.01). In accordance, fibrin lysis times with

Plg-HTL were significantly prolonged respect to control (51 � 2 vs.

40 � 1 min; P < 0.05).

Conclusions: Lysis of fibrin networks was diminished by N-homocyste-

inylated plasminogen. It can be suggested that Plg of patients with

high homocysteine plasma levels would have less fibrinolytic activity

and therefore, be associated to the prothrombotic state of hyperhomo-

cysteinemia.

PB2.35 – Haemophilia A: Basic
Research – II

PB 2.35-1
Prediction by cellular expression of impact of four
novel F8 molecular variations identified in isolated
female with low FVIII:C levels suspected of being
haemophilia A carriers
Fretigny M1, Nougier C2, Talagrand E1, Costa C3, Roualdes O1,

Pellechia D1, Negrier C1 and Vinciguerra C1

1Hospices Civils de Lyon; 2Universite Lyon 1, Lyon; 3AP-HP, CHU

Henri Mondor, Creteil, France

Background: Haemophilia A (HA) is an inherited X-linked disorder

that typically affects males, while females are carriers. However, car-

rier status of HA may also be raised in females with low clotting factor

VIII (FVIII) level and without HA family history once no alternative

diagnosis can be retained.

Aim: The aim of the present study was to predict the carrier status in

four female without family history of bleeding with decreased FVIII:C

levels (< 50 IU/dL) in whom we identified unreported F8 gene varia-

tion.

Methods: Prediction of the causal impact of these four novel molecular

variations was studied by two strategies: bioinformatics approaches

and site-directed mutagenesis followed by cellular expression. Molecu-

lar modelling was performed using Alamut�-Mutation Interpretation

Software 2.1 and sequences alignments of the homologous FVIII

(human, pig, canine, mouse and fish FV/FVIII). Mutant plasmids

were generated through site-directed mutagenesis. Plasmid DNA of

FVIII WT and FVIII mutants were transfected into COS-1 monkey

cells. For each construct, three series of duplicate assays were per-

formed. To evaluate specific activities, FVIII activity (FVIII:C) and

FVIII antigen (FVIII:Ag) levels were measured in the conditioned

media of COS-1 by using one-stage aPTT clotting assay and ELISA.

Results: We identified four novel nucleotide variations. Three were

missense substitution: p.Pro521Leu, p.Ser577Tyr and p.Leu2032Pro

and one was a duplication: p.Ala315dup. No other nucleotide change

was found in the F8 coding region or in exon-intron boundaries.

Analysis with molecular modelling tools showed that p.Pro521Leu

and p.Ser577Tyr substitutions were probably damaging for the FVIII

function. The p.Leu2032Pro substitution analysis led to discrepant

results, but impact on splicing cannot be excluded. All novel missense

changes were fully conserved among mammalian species. Specific

activity of factor VIII mutants relative to WT showed that expression

of FVIII mutant p.Leu2032Pro was similar to WT in COS-1

(P = 0.69) while FVIII mutants p.Pro521Leu, p.Ser577Tyr and

p.Ala315dup led to a significant decrease (P < 0.01). FVIII activities

were undetectable in conditioned media for FVIII mutant p.Ser557Tyr

and p.Ala315dup while p.Pro521Leu variant displayed a mild impair-

ment of WT FVIII activity (38% of WT FVIII:C).

Conclusion: In this study we identified four novel mutations detected

in female with low FVIII level. The p.Pro521Leu substitutions could

lead to a mild HA while p.Leu2032Pro could be considered as F8

polymorphism. Both p.Ser577Tyr and p.Ala315dup lead to severe

dysfunctions of FVIII. These two mutations could be responsive of

severe HA. A prenatal diagnosis could be offered to carriers with

these mutations.

PB 2.35-2
Cellular stress in synoviocytes, chondrocytes and
osteoblasts and increased osteoclast activity induced
by plasma derived factor VIII products in vitro
Brodde MF1, M€uller A1 and Kehrel BE2

1OxProtect GmbH; 2Universit€at M€unster, M€unster, Germany

Aim: By effective treatment of bleeding and thereby reducing blood

induced joint damage factor concentrate replacement therapy has dra-

matically improved the quality of life of patients with haemophilia.

However, plasmatic factor concentrates contain many co-purified pro-

teins that might impact the influence of these blood products on joint

cells after bleeding. As these products induce mild cellular stress in

blood cells, we compared the effect of factor VIII products on joint cell

viability and morphology.

Method: The effect of three different recombinant FVIII (rFVIII)

products and four plasma derived FVIII (pdFVIII) products was

investigated. Primary cells, straight from the human knee tissue (Pro-

moCell, Heidelberg, Germany), were cultured and factor VIII concen-

trates were added to a final factor FVIII concentration of up to 1 IU/

mL. Osteoclast formation was induced from human peripheral blood

mononuclear cells. Cell viability was tested by cell viability assay

(MTT) and cell counting. The influence of FVIII products on synovio-

cytes, chondrocytes, osteoblasts and osteoclasts was investigated in

addition by microscopy.
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Result: About 1 IU/mL of all different pdFVIII concentrates strongly

increased human synoviocytes proliferation, while all different rFVIII

concentrates (1 IU/mL) had no influence. The effect of the pdFVIII

concentrates on chondrocytes and osteoblasts was dramatic. Twenty-

four hours incubation with pdFVIII products induced cell membrane

blebbing and cell shrinkage in many osteoblasts. The incubation of

pdFVIII products induced detachment of many chondrocytes from

the matrix. RFVIII products did not induce any of these effects.

RFVIII treated osteoblasts and chondrocytes showed a typical picture

of undisturbed human cells in culture with a ‘smooth’ membrane sur-

face. Osteoclasts differentiated in the presence of plasma derived factor

VIII concentrates showed after 7 days significantly more nuclei as os-

teoclasts that were differentiated in the presence of recombinant factor

VIII concentrates.

Conclusion: Enhanced synoviocyte proliferation clearly indicates that

the tested pd FVIII products, in contrast to the rFVIII products,

might amplify the damaging effect of blood on synoviocytes. As

chondrocytes produce all the components of cartilage and as bone

destruction is induced by severely impaired osteoblast activity, chon-

drocyte and osteoblast destruction by the tested pdFVIII concen-

trates might lead to an enhanced destruction of the cartilage and

bone, while the tested rFVIII concentrates do not. As a positive cor-

relation between the number of nuclei per osteoclast and the volume

of the pit (resorption bays) made has been described in the literature,

this result again indicates a potential harmful effect of plasma derived

factor VIII concentrate in comparison to recombinant factor VIII.

PB 2.35-3
An aberrant pattern for intron 1 inversion with
concomitant large duplication and deletion within the
F8 gene in a severe hemophilia A
Chi K and You G

Ruijin Hospital, Shanghai, China

Background: Hemophilia A (HA) is the most common X-linked reces-

sive bleeding disorder and caused by mutations in the F8 gene, result-

ing in a quantitative and qualitative abnormality of coagulation factor

VIII. There is a wide spectrum of mutations in the F8 gene causing

HA. Inversion of intron 1 is responsible for about 2% of HA cases

and results from intrachromosomal homologous recombination

between a 1041 bp region (int1h-1) of intron 1 and an extragenic copy

(int1h-2) approximately 140 kb telemetric to the F8 gene.

Aims: To disclose the complex molecular mechanism for the aberrant

pattern of intron 1 inversion associated with gross genomic rearrange-

ments causing severe HA.

Methods: All 26 exons and flanking intron/exon boundaries of F8 gene

were amplified and sequenced directly. Intron 1 inversion was detected

by long-fragment PCR described by Bagnall et al. (2002). We used the

AccuCopy technology, a copy number variation (CNV) genotyping

method based on multiplex competitive amplification, for quantitative

analysis of copy number of all 26 exons in the F8 gene. Affymetrix Cy-

toScan HD array was also applied to detect CNVs of the whole gen-

ome. Breakpoints of gross genomic rearrangements were identified by

primer walking strategy and genome walking technique.

Results: No point mutation was identified in all 26 exons, flanking

intron/exon boundaries, promoter, 5′ and 3′ regions of the F8 gene.

An abnormal pattern of intron 1 inversion was detected in the index

patient: one corresponding to the normal int1h-2 region (1191 bp) and

the other corresponding to the band with the inversion of the int1h-2/1

sequence (1776 bp). AccuCopy showed normal dosage of all 26 exons

in the F8 gene. Affymetrix CytoScan HD array revealed a duplicated

region between F8A2 and int1h-2, which included three genes: VBP1,

RAB39B and CLIC2. In addition, a deleted region between int1h-1

and exon 2 of F8 gene was detected. We successfully characterized the

breakpoints of the deleted region, revealing that a genomic rearrange-

ment occurred between the deleted region and the additional copy of

the fragment between F8A2 and Int1h-2 in the process of intron 1

inversion.

Conclusions: We presented the case of a patient with an aberrant pat-

tern of intron 1 inversion in the F8 gene causing severe HA and illus-

trated the complex molecular mechanism of the inversion associated

with gross genomic rearrangements.

PB 2.35-4
Hemarthrosis-induced heme oxygenase-1 reduces the
immune response to FVIII in hemophilic mice
Peyron I, Dimitrov JD, Delignat S, Kaveri SV and Lacroix-

Desmazes S

Inserm U872, Paris, France

Background: Major bleedings in patients with hemophilia A are trea-

ted by on-demand administration of therapeutic FVIII. The role of

bleeding severity has been evoked as a possible risk factor for the

development of anti-FVIII ‘inhibitory’ antibodies. It remains unclear

however whether the increased risk for inhibitor development is a

direct consequence of bleeding, that presumable creates a local inflam-

matory microenvironment, or of the elevated dose of infused FVIII.

Aim: We evaluated the impact of induced hemarthrosis on the

development of an anti-FVIII immune response in FVIII-deficient

mice.

Methods: Hemarthrosis was induced in the left knee of 6–7-week old

FVIII-deficient mice by intra-articular space insertion of a needle. One

week later, mice received 1 IU FVIII once a week for 3 weeks. The lev-

els of inhibitory anti-FVIII IgG titers were evaluated by ELISA and

Bethesda assay. Induction of arthropathy was validated 3 weeks after

injury by measuring knee diameters. Expression of heme oxygenase-1

(HO-1) was assessed by Western-blot in spleen, liver and knee joint

extracts 1 week after hemarthrosis induction.

Results: Induction of hemarthrosis lead to the development of arthrop-

athy 3 weeks after injury with knee diameters of 3.48 � 0.08 mm in

the injured left knee and 3.07 � 0.02 mm in the untouched right knee

(P < 0.0001). Unexpectedly, levels inhibitory anti-FVIII IgG were sig-

nificantly lower in injured mice as compared with sham-treated mice

after 3 weeks of FVIII administration, as measured by ELISA

(mean � SEM: 132 � 32 vs. 334 � 46 lg/mL, respectively, P < 0.05)

and Bethesda assay (29 � 8 vs. 111 � 22 BU/mL, respectively,

P < 0.005). We then assessed the induction of the heme detoxifying

enzyme HO-1. Induction of hemarthrosis was associated with the

induction of HO-1 in the injured knee, but not in the untouched knee,

spleen or liver.

Conclusions: The induction of hemarthrosis in hemophilic mice reduces

the intensity of the anti-FVIII immune response against exogenously

administered FVIII. This reduction is associated with a local induction

of HO-1 on week after injury, at the time of the first FVIII administra-

tion. Our previous data had shown that the systemic induction of HO-

1 upon heme injection was able to drastically reduce the onset of the

anti-FVIII immune response in experimental hemophilia A. The pres-

ent data indicate that the local induction of HO-1 in a non-immuno-

logical compartment is sufficient to modulate the immune response to

FVIII. Our results showing that major bleeds in mice, leading to extra-

vascular blood release and hemolysis, induce HO-1, thus reducing the

immune response to FVIII, are in contrast with empirical observations

in hemophilia A patients. Indeed, in patients, major bleeds and the

ensuing administration of large doses of FVIII, have been proposed as

predisposing factors for inhibitor development. Of note, while patients

are generally treated as soon as bleeding occurs, the mice received

FVIII 1 week after injury. Whether differences in timing of bleeding

induction and FVIII administration, or in the intrinsic capacity to

induce HO-1 are responsible for the observed discrepancy, remains to

be elucidated.
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PB 2.35-5
The development and binding mechanism of FVIII
Trp1707Ser related inhibitors
Lu Y

Ruijin Hospital affiliated to Medical College of JiaoTong

University, Shanghai, China

Background: Haemophilia A is due to the mutations of F8 gene. The

replacement of factor VIII is the most effective treatment now. But

FVIII antibodies develop in approximately 20–50% of patients with

HA, which complicates the management of hemorrhage.

Aims: To investigate the binding mechanism of inhibitors in

FVIIITrp1707Ser missense mutation.

Methods: LD-PCR and PCR were adopted for the screening of the

INV22 and INV1 respectively. The F8 coding and boundary sequences

were analyzed by sequencing. Inhibitors were reacted with different

segments of FVIII (Heavy chain, light chain, A1, A2, A3, C1, C2), and

corrected test was used to measure the remaining FVIII:C(%) by add-

ing pooled plasmas of normal persons. Inhibitors in plasma were puri-

fed by affinity chromatography. After labeling purified inhibitors with

biotin, wesern blot was used to further confirm the binding reactions

between inhibitors and segments which employed each segment as an

antigen and biotin-labeled inhibitors as antibodies.

Results: F8 gene direct sequencing showed that the HA patient with

inhibitor had the missence mutation c.97223G>C in exon 14 of F8

gene (p.Trp1707Ser). Corrected method detected that the remaining

FVIII:C were increased when inhibitors reacted with FVIII heavy

chain and light chain, and the reaction with heavy chain was increased

more obvious. The remaining FVIII:C were also increased in the A2

and C2 domain reactions, and the A2 domain reaction was increased

more obvious. No significant differences were seen in the A1, A3 and

C1 domain reactions. The western blot results further confirmed the

previous results as bands were seen when degenerated B-domain

deleted recombinant FVIII, heavy chain, light chain, A2 and C2 were

used as antigens. The bands were more darker when heavy chain and

A2 were used as antigens. No band was detected in the reaction with

A1, A3 and C1 domain.

Conclusions: The binding sites of the FVIII Trp1707Ser related inhibi-

tors were in the A2 domain of FVIII heavy chain and C2 domain of

the light chain. The binding reaction was more intense with the A2

domain of the heavy chain. Inhibitors binding to A2 domain may

affect FVIII to activate FIX as a cofactor, and inhibitors binding to

C2 domain may block the interations between FVIII and phospholip-

ids or VWF.

PB 2.35-6
Functional FVIII assays and bleeding phenotype in 13
patients with mild haemophilia A due to the
p.Tyr365Cys mutation
Graves EA1, Talks K1, Sergeant K2, Vowles J1, Hanley J1

and Biss T1

1Newcastle Upon Tyne Hospitals; 2International Centre for Life,

Newcastle Upon Tyne, UK

Aims: The aim of this study was to define the laboratory characteristics

and bleeding phenotype of a cohort of individuals with an identified

p.Tyr365Cys mutation.

Methods: The Institute of Genetic Medicine at the International Cen-

tre for Life, Newcastle upon Tyne, identified all individuals with the

p.Tyr365Cys mutation registered on our North of England database.

Their bleeding history was evaluated and historical one stage and

chromogenic FVIII assays were recorded. Factor XI assay, von Wil-

lebrands disease screen and platelet aggregation studies were per-

formed to rule out a coincidental additional bleeding disorder.

Results: Thirteen individuals had haemophilia A with the p.Tyr365Cys

mutation. Median age at diagnosis was 34 years: range 1–69 years. Six

were identified incidentally when coagulation screening showed a pro-

longed APTT, three were identified by family screening and three pre-

sented with bleeding symptoms. The route to diagnosis for one patient

was unclear.

Recurrent severe epistaxis was reported by one individual; further

investigation confirmed the co-existence of Type 2N von Willebrands

disease. A second patient had recurrent spontaneous muscle haemato-

mas and was found to have an additional F8 mutation associated with

a moderate bleeding phenotype.

Prior to diagnosis six individuals experienced bleeding (five dental,

four trauma-induced, one post-surgical); in only one case was this

bleeding sufficient to prompt investigation and diagnosis of a bleeding

disorder. Two of these patients had experienced haemostatic chal-

lenges (surgical and dental) at other time-points with no significant

haemorrhage. Two individuals had undergone dental extraction as

their only haemostatic challenge without any bleeding.

Median One Stage FVIII level was 33% (range: 8–46%) and Chro-

mogenic assay 62% (range: 30–113%) with inverse discrepancy seen

in all patients. FXI level and platelet aggregation studies were nor-

mal. One individual was found to have von Willebrands disease (type

2N).

Nine individuals received haemostatic treatments (DDAVP or FVIII

concentrate) following diagnosis. In nine of thirteen treatment

episodes the treatment was prophylactic: dental extraction (3), spinal

surgery or regional anaesthesia (3), amputation of limb (1), orthopae-

dic surgery (2). Two individuals were treated following significant

trauma and one was managed with FVIII concentrate for spontaneous

haematomas (this patient had a second F8 mutation and moderate

haemophilia A). No haemorrhagic complications occurred.

Conclusions: Our data support previous publications in which patients

with the p.Tyr365Cys mutation are reported to have minimal bleeding

symptoms and a significantly higher chromogenic FVIII concentra-

tion. Prophylactic haemostatic treatment prior to intervention may

not be required and may represent unnecessary exposure to FVIII con-

centrate. In addition we can confirm the value of carefully investigat-

ing patients with significant bleeding in this patient group, as co-

existent bleeding disorders are likely to be identified and will require

specific treatment.

PB2.36 – Haemophilia A: Clinical
Research – VI

PB 2.36-1
Low titre FVIII inhibitor assay may substitute the
recovery and half-life measurements in detection of
tolerance after immune tolerance induction therapy
Dardikh M1, Gascoigne E2, DiMichele D3, Hay CRM4, Van

Heerde W5 and Verbruggen B6

1University Medical Center Nijmegen (NL) & University Medical

Center Goethe D, Nijmegen, The Netherlands; 2Bio Products

Laboratory Ltd, Elstree, UK; 3Weill Cornell Medical College, New

York, NY, USA; 4Manchester University, Manchester Royal

Infirmary, Manchester, UK; 5University Medical Center Nijmegen

(NL), Nijmegen; 6Jeroen Bosch Hospital, ’sHertogenbosch, The

Netherlands

Background: Immune tolerance induction is so far the only proven

method to eradicate FVIII inhibitors in patients with severe haemo-

philia A. Tolerance is currently defined as normalization of FVIII

pharmacokinetic parameters after administration of FVIII, especially

FVIII half-life and 30-minutes FVIII recovery. FVIII recovery below

66% and half-life < 6 h were taken as indicative of the presence of

FVIII inhibitors in the International Immune Tolerance Study (I-ITI

Study). However, pharmacokinetic evaluations in patients are burden-

some because of the need for multiple blood samples.
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Methods: In order to investigate whether inhibitors assays can be used

as significant parameters to detect the state of tolerance, the Nijmegen

assay (NA), the Bethesda assay (BA) and the Low titre assay (LTA)

were performed on plasma samples from 13 pharmacokinetic studies

on those subjects in the I-ITI study who had successfully achieved

immune tolerance. Both the sensitivity and specificity of each FVIII

inhibitor assays were investigated relative to the pharmacokinetic

parameters. In addition, the usefulness of measuring FVIII-recovery

within 30 min was explored.

Results: The inhibitor data were all within the normal range (0.0–
0.2 BU/mL) using the NA but varied from 0.2 to 0.9 BU/mL with the

BA including two subjects with abnormal inhibitor values (0.8

resp.0.9 BU/mL). The LTA varied between 0.00 and 0.18 BU/mL.

Neither BA levels (P = 0.70) nor NA levels (P = 0.91) correlated sig-

nificantly with FVIII half-life. In contrast, the LTA correlated signifi-

cantly with the corresponding half-life (P = 0.02).

FVIII-recovery was normal in all patients and no correlation was

detected between the half-life and recovery 30 min post-infusion. Fur-

thermore, FVIII half-life of 7.0 h was established as the minimum nor-

mal half-life and was used for further analysis of the results. The

Receiver Operating Characteristic (ROC) curves of the BA, the NA,

LTA and FVIII recovery were calculated using a half-life of 7.0 h as

inhibitor status criterion. The highest specificity (75%) combined with

a sensitivity of 100% was observed for the LTA representing a cut off

value of 0.04 BU/mL.

Conclusion: The low titre assay is a reliable tool to exclude the presence

of low titre of FVIII inhibitors, and therefore, may represent a new

and important parameter in the determination of successful immune

tolerance induction outcome.

PB 2.36-2
A retrospective observational multicenter cohort study
on peri-operative factor VIII consumption in
hemophilia A (‘OPTI-CLOT’ studies)
Lock J1, Hazendonk HCAM1, Bouzariouh H1, Fijnvandraat KJ2,

Peters M2, Polinder S3, De Wildt SN1, Leebeek FWG3,

Mathôt RAA4 and Cnossen MH1

1Erasmus Medical Center, Sophia Children’s Hospital, Rotterdam;
2Academic Medical Center, Emma Children’s Hospital,

Amsterdam; 3Erasmus Medical Center, Rotterdam; 4Academical

Medical Center, Amsterdam, The Netherlands

Background: Hemophilia A is an X-linked bleeding disorder, caused

by a deficiency of clotting factor VIII (FVIII). Treatment of hemo-

philia with coagulation factors is costly. Previous studies have demon-

strated that FVIII consumption in prophylactic treatment can be

significantly reduced by individualized dosing regimens. However,

data on peri-operative FVIII consumption, clearance and modifying

factors are scarce.

Aims: To evaluate peri-operative FVIII consumption and achieved

FVIII levels in hemophilia A with attention to patient and surgical

characteristics.

Patients and Methods: In this retrospective observational multicenter

cohort study, we included patients with severe and moderate hemo-

philia A (FVIII levels < 0.05 IU/mL), without an inhibitor, undergo-

ing elective, and low or medium risk surgery from January 2000 until

July 2012, from three Dutch Hemophilia Treatment Centers. The

study was not subject to the Medical Research Involving Human Sub-

jects Act and was approved by the Medical Ethics Committee. FVIII

concentrates were administered with the aim to achieve the following

target levels advised by the Dutch Hemophilia Consensus: day 1: 0.8–
1.0 IU/mL; day 2–5: 0.5–0.8 IU/mL; >day 6: 0.3–0.5 IU/mL. The

achieved FVIII plasma levels were generally checked daily. Data were

collected on clinical and surgical characteristics, peri-operative dose

and mode (bolus infusion: BI or continuous infusion: CI) of FVIII

concentrate administration, achieved FVIII levels and bleeding com-

plications.

Results: A total of 176 surgical procedures was performed in 99

patients: 61 adults (123 surgeries; median age 43 years; median weight

80 kg) and 38 children (53 surgeries; median age 4 years; median

weight 18 kg). In adults, mainly orthopedic surgeries were performed

(46%), in children mainly intravenous catheters were inserted or

removed (55%). Peri-operative bleeding complications were reported

in 28 procedures (16%), not associated with low FVIII levels; in seven

patients (4%) reoperation was required for persistent bleeding.

Median amount of infused FVIII concentrate during hospitalisation

was 20,063 IU (443 IU/kg) per surgical procedure. Sixty-one percent

of achieved peri-operative levels in steady state was above highest

required levels (median +0.27 IU/mL) according to the Dutch Hemo-

philia Consensus. Only 25% was within target range and 14% of levels

was below the target range (median �0.14 IU/mL).

CI was used more frequently (64%) than BI (36%), especially in chil-

dren compared to adults (51% vs. 31%). CI and BI did not differ in

bleeding complications or achieved FVIII levels. For adults the med-

ian amount of infused FVIII concentrate was significantly higher when

treated by CI (445 IU/kg) compared to BI (161 IU/kg) (P < 0.001),

after correction for duration of hospitalisation this difference did not

persist; CI: 40 IU/day and BI: 38 IU/day (P = 0.51). Further analy-

ses are ongoing to differentiate between indications for surgery.

Conclusion: Sixty-one percent of peri-operative FVIII levels was above

the predefined target levels. These data support that there is room for

improvement in the efficacy of peri-operative dosing. PK-guided dos-

ing with iterative pharmacokinetic modelling in the peri-operative per-

iod is therefore promising.

PB 2.36-3
Bleeding frequency and consumption of FVIII
concentrate during on-demand and prophylactic
treatment with Human-cl rhFVIII in prospective clinical
studies in adult patients with severe haemophilia A
Tiede A1, Oldenburg J2, Knaub S3 and Bichler J3

1Hannover Medical School, Hannover; 2University Clinic Bonn,

Bonn, Germany; 3Octapharma AG, Lachen, Switzerland

Background: There is ample evidence to support prophylactic treat-

ment with factor VIII (FVIII) in children with severe haemophilia A

(HA). Adults with severe HA, however, are often treated on-demand

only and the potential benefit of regular prophylaxis is linked to a

higher consumption of costly FVIII concentrates. During the clinical

development of Human-cl rhFVIII, the first recombinant FVIII con-

centrate expressed in a human cell line, its efficacy and safety was eval-

uated in previously treated adult patients (PTPs) during on-demand

treatment only (GENA-01) and prophylaxis (GENA-08). The two

studies were similarly designed, e.g. regarding required study duration,

and analyzed, e.g. regarding documenting, characterizing and treating

bleeding episodes (BE).

Aims: To compare post-hoc the BE frequency and the use of FVIII

concentrate in patients treated exclusively on-demand with those trea-

ted prophylactically.

Methods: Both prospective multi-centre studies were approved by the

Ethics Committees of each participating institution and informed con-

sent was obtained from the patient prior to any trial-related activity.

In GENA-01, patients were to be treated on-demand for ≥ 6 months

and ≥ 50 exposure days with protocol recommended doses ranging

from 20 to 60 IU/kg, depending on the severity of the BE. In GENA-

08, patients were to be treated prophylactically with Human-cl

rhFVIII every other day with 30–40 IU/kg for ≥ 6 months. Human-cl

rhFVIII was also to be used in case of breakthrough BEs using the

same doses as in GENA-01.

Results: Twenty-two PTPs with severe HA were enrolled in GENA-01,

and 32 in GENA-08. The study populations were reasonably well com-
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parable to each other (GENA-01 vs. GENA-08), regarding age

(39.6 � 14.1 vs. 37.3 � 13.6 years), BMI (23.9 � 4.8 kg/m2), haemo-

philia joint health score (38.4 � 30.3 vs. 34.6 � 32.2), race (> 80%

White in both studies) and historical bleeding sites. In GENA-08, the

majority of patients (65.6%) had been treated prophylactically prior

to study entry. Their historical mean BE rate/month was 0.540, and

their mean prophylactic dose/month was 293 IU/kg. The other

patients who had been treated on-demand had a mean BE rate/month

of 3.924. In GENA-01, all but two patients were treated on-demand

prior to study entry. The historical mean BE rate/month of all GENA-

01 patients was 4.07. During the studies, the GENA-08 patients experi-

enced a mean of 0.19 � 0.31 BEs per month, and the GENA-01

patients 4.77 � 2.54 BEs per month. Their respective mean drug con-

sumption was 475.5/kg/month (466.1 for prophylaxis, 9.4 IU/kg/

month for treatment of breakthrough BEs) and 156.9 IU/kg/month,

respectively.

Conclusion: The data suggest that regular prophylactic treatment with

Human-cl rhFVIII in adult PTPs with severe HA results in an approxi-

mately 25-fold reduction of BE rate, and 4-fold increase of FVIII con-

centrate consumption.

PB 2.36-4
Atrial fibrillation in people with hemophilia: a cross-
sectional evaluation in Europe
Schutgens REG1, Klamroth R2, Pabinger I3, Malerba M4

and Dolan G5

1UMC Utrecht, Utrecht, The Netherlands; 2Vivantes-Klinikum,

Berlin, Germany; 3Medical University of Vienna, Vienna, Austria;
4Ospedale Maggiore Policlinico, Milan, Italy; 5Nottingham

University Hospitals, Nottingham, UK

Background:With increasing life expectancy of people with hemophilia

(PWH) in developed countries, the number of PWH affected with age-

related diseases is also increasing. Atrial fibrillation is a common

health problem in the general population, but in PWH, evidence-based

guidelines for the management of AF are lacking.

Aims: The aim of this cross-sectional pan-European study is to analyze

the prevalence of AF and risk factors for stroke in our adult hemo-

philia population and to document current anticoagulation practice.

Methods: The ADVANCE Working Group consists of members from

14 European hemophilia centers. Each center retrieved data on the

number of PWH with AF in their hemophilia population, as well as

their total number of adult PWH. For each person with AF, a case

report form was completed.

Results: In total, 29 PWH with AF were documented of whom 25

(86%) with hemophilia A and 4 (14%) with hemophilia B. The mean

age was 68.2 years (IQR 62–75.5). Hemophilia was severe in 6

(20.6%), moderate in 6 (20.6%) and mild in 17 (58.6%) patients. The

prevalence in the total studied hemophilia population was 0.94% (29/

3094) and increased with age; in patients > 40 years it was 1.7% (29/

1723) and in patients > 60 years 3.6% (23/635). The median

CHA2DS2-Vasc score was 1.0 (IQR 0–2). Hypertension was reported

in 12 patients (41.4%), diabetes in 3 (10.3%), previous stroke or TIA

in 1 (3.4%), peripheral vascular disease in 4 (13.8%). In 11 patients

(37.9%), anticoagulation was started of whom nine low dose aspirin

and two vitamin K antagonists. Of these 11 patients, nine had mild

hemophilia, one moderate and one severe with FVIII prophylaxis.

During follow-up after diagnosis (mean follow-up 52.9 months), there

were no thrombotic events reported, nor increases in bleeding severity.

Conclusion: In this largest cohort of PWH with AF so far, the preva-

lence of AF in hemophilia increases with age and is predominantly

present in mild hemophilia. Based on the population based CHA2DS2-

Vasc risk scores, PWH have a low stroke risk that might be even lower

considering the hypocoagulable state. Hemophilia doctors prescribe

anticoagulation therapy approximately in half of their mild hemo-

philia patients and very few in moderate and severe.

PB 2.36-5
BeriateⓇ P in the treatment of patients with
haemophilia A: update of a long-term
pharmacovigilance
Klamroth R1, Heller C2, Holzhauer S3, J€urs M4 and Kurnik K5

1Vivantes Klinikum in Friedrichshain, Berlin; 2Comprehensive

Care Center for Thrombosis and Haemostasis J.W.Goethe

University, Frankfurt; 3University Hospital Charit�e, Berlin; 4CSL

Behring GmbH, Marburg; 5Dr. v. Haunersches Childrens’

Hospital, University Hospital, Munich, Germany

Pharmacovigilance studies are effective tools to collect data on prod-

ucts in the post authorization period. This study assessed the long-

term efficacy, tolerability and safety of a high purity plasma-derived

FVIII concentrate, Beriate� P (CSL Behring GmbH, Marburg).

Previously untreated – and previously treated patients at any age with

haemophilia A, who had received Beriate� P and who fulfilled the

inclusion criteria were enrolled. Based on the proceeding at the centres,

patients were routinely screened every 3–12 months. Parameters docu-

mented comprised efficacy-, safety-, pharmacoeconomic- and pharma-

cokinetic data.

Up to now, 86 patients were included into this study [median duration:

44 months (0–115)] and data from 809 visits were available for analy-

sis. Seventy-one patients suffered from severe-, 10 patients from mod-

erate- and four patients from mild haemophilia A. In one patient, the

information on severity of haemophilia A was missing. There was no

proven virus transmission for hepatitis A-, hepatitis B-, hepatitis C- or

human immunodeficiency virus. Median patient age was 19.8 years

(0.1–74.6).
Eighty-two percent of the patients (N = 68) received prophylaxis with

at least one infusion per week. Median average number of bleeds per

year was 3.23 (0–42.98) and a median of 2.0 infusion per bleeding was

administered. Seventy-four percent of patients (N = 72) experienced

no major bleeds and 11% experienced no bleed at all with regard to all

sorts of bleeding. Efficacy of Beriate� P was assessed as good or excel-

lent in 98.5% of patients with minor bleeds and 94% in patients with

major bleeding.

Two cases of inhibitor development were reported; one inhibitor was

transient and the second inhibitor was treated with immune tolerance

therapy. The results included in this interim analysis confirm the very

good efficacy, tolerability and safety of Beriate� P.

PB 2.36-6
Comorbidities in patients with haemophilia and other
rare bleeding disorders: a cross sectional study
Marquardt N, Schwerdtfeger C, Goldmann G, Horneff S, Klein C,

Ivaskevicius V, Brackmann H-H and Oldenburg J

University Clinic Bonn, Bonn, Germany

Background: Broad availability of virus-inactivated clotting factor

concentrates and newer treatment options for HIV and HCV infected

individuals has led to a near normal life expectancy in people with hae-

mophilia (PWH) and other rare bleeding disorders (RBD). Thus, this

patient cohort is facing comorbidities that are common in the general

population but may pose a challenge to healthcare professionals due

to the underlying bleeding disorder.

Aims: The aim of this study was to quantify comorbidities among

PWH and patients with other RBD aged over 40 years who are regu-

larly treated at the Haemophilia Center Bonn. The present sub-analy-

sis focused on cardiovascular risk factors and diseases.

Methods: We conducted an observational, descriptive, cross-sectional

study in PWH and patients with other RBD who were treated at the

Haemophilia Center Bonn in 2011. We considered inclusion of

patients with haemophilia A and B, type 2 and 3 von Willebrand dis-

ease (VWD) as well as patients with deficiency of clotting factors I,
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VII, XI or XIII. Patients with type 1 VWD and carriers of haemophilia

were excluded. Eligible patients were identified in our electronic

patient database and comorbidity information was extracted from

medical records.

Results: In total, 348 (42.8%) out of 814 patients were aged over

40 years. From these 348 patients 165 (47.4%) had severe forms of

haemophilia or other RBD, 100 (28.7%) were moderate and 83

(23.9%) had a mild form of disease. One hundred and twenty-one

(34.8%) patients had active HCV, 52 of these patients had mild to

moderate liver fibrosis (F1-F2) and 43 patients had high-grade liver

fibrosis or cirrhosis (F3-F4) as documented by transient elastography.

HIV-infection was present in 87 (25%) patients over 40 years of age.

Body mass index (BMI) was calculated in 343 out of 348 patients: four

patients (1.2%) were underweight (BMI < 18.5 kg/m2), 143 (41.7%)

were of ideal body weight (BMI 18.5–25 kg/m2), 152 (44.3%) were

overweight (BMI 25–30 kg/m2) and 44 (12.8%) were obese (BMI

> 30 kg/m2). The following cardiovascular diseases were identified:

arterial hypertension in 109 (31.3%) patients, coronary heart disease

in 19 (5.5%) patients, myocardial infarction in 8 (2.3%) patients, atrial

fibrillation in 7 (2%) patients and apoplexy in 3 (0.9%) patients. Mean

age at diagnosis of coronary heart disease was 63.12 years (42–
83 years, standard deviation 11.93) and for atrial fibrillation

65.57 years (50–79 years, standard deviation 11.01).

Summary/Conclusion: Comorbidities, especially cardiovascular risk

factors and diseases are present in a substantial proportion of patients

with haemophilia and other RBD aged over 40 years. Careful assess-

ment of comorbidities and guidance of affected patients is of increas-

ing importance in haemophilia care.

PB2.37 – Haemophilia A: Clinical
Research – VII

PB 2.37-1
FXIII- a novel treatment in haemophilia
Rea CJ1, Foley JH2, Mickelson J3, Monroe D4 and Sorensen B5

1Haemostasis Research Unit, London, UK; 2University of British

Colombia, Vancouver, BC, Canada; 3McAllister Heart Institute,

UNC School of Medicine; 4Hematology/Oncology, UNC School

of Medicine, Chapel Hill, NC, USA; 5University of Aarhus,

Aarhus, Denmark

Background: Clot stability and structure are normalised if factor XIII

(FXIII) is added to Factor VIII (FVIII) deficient plasma. FXIII could

be an effective, novel therapy in haemophilia.

Aims: Investigate the effect of supra-physiological levels of FXIII in

whole blood from patients with severe haemophilia A and evaluate the

mechanisms of FXIII in haemophilia.

Methods: Six patients with severe haemophilia A and four healthy con-

trols were included. Blood was drawn into citrate and CTI 30 lg/mL

and spiked with rFVIII (0, 0.025, 0.05, 0.1, 1 IU/mL), plus FXIII (0,

0.5, 1 or 2 IU/mL). Clotting was triggered with tissue factor (TF, In-

novin, 1:50000) plus calcium and measured using thromboelastometry.

To assess clot stability the above assay was performed with t-Pa

1.5 nM. Area under the elasticity curve (AUEC) was the endpoint.

Thrombin generation (TG) was recorded in FVIII deficient plasma

spiked with FVIII and FXIII as above using TF (1PM) and the CAT

method (Thrombinoscope BV).

Effects of increasing concentrations of FXIII on FXIII activation were

investigated using FXIIIa fluorogenic sustrate. TF (1:50000), Phos-

pholipid (4 nM) and FXIIIa fluorogenic substrate peptide (A101, Zed-

ira, 50 lM) were combined in microtiter wells. FVIII deficient plasma

spiked with FVIII plus FXIII as above was added and coagulation

triggered with calcium. FXIII activation was recorded as changes in

the fluorescent signal.

A bleeding model in FIX deficient mice was used to see if infusion of

FXIII (up to 50–200 IU/kg) could improve average time to haemosta-

sis following saphenous vein incision compared to controls.

Results: FXIII added to whole blood resulted in a significant dose-

dependent increase in clot stability at all concentrations of FVIII

(P < 0.05, ANOVA). Mean clot stability in haemophilia patient sam-

ples could be normalised at low concentrations of FVIII when FXIII

was administered as an adjunct as shown by a normalised AUEC with

0.08 IU/mL of FVIII plus FXIII 0.5 or 0.05 IU/mL FVIII combined

with 2 IU/mL FXIII. FXIII had no significant effect of parameters of

clot formation. FXIII significantly enhanced thrombin generation,

shortening ttPeak and lagtime (P < 0.05). ELISA excluded FXIII con-

tamination by FVIII.

The dynamic FXIII activation assay showed that addition of FXIII

stoichiometrically regulates efficiency of conversion to FXIIIa, even at

low FVIII concentrations.

The data from the mouse-bleeding model indicated that FXIII did not

significantly change average time to haemostasis. Infusion of FXIII

did not result in animal death.

Conclusion: The study shows that exogenous FXIII is able to normal-

ise clot stability in whole blood samples from haemophilia patients.

The failure to enhance haemostasis in the mouse model may reflect

high endogenous FXIII and an inability to induce supra-physiological

levels. FXIII enhances TG and this may provide a novel explanation

for the clot modifying effects previously reported. We demonstrated

that supra-physiological FXIII stoichiometrically enhances FXIII acti-

vation, providing a rational for the clot stabilising effects of FXIII in

the presence of the abnormal thrombin generation of haemophilia.

These results support the use of FXIII as a novel treatment in haemo-

philia and merits initiation of clinical trials.

PB 2.37-2
Bleeding pattern and median time interval between
bleeding episodes amongst patients receiving on -
demand and prophylaxis therapy
Valentino LA1, Ewenstein BM2, Guzm�an-Becerra N3, Wong WY2,

Schoenig-Diesing C4 and Romanov V4

1Rush University Medical Center, Chicago, IL; 2Baxter

Healthcare, Research and Development; 3Baxter Healthcare,

Biostatistics Department; 4Baxter Healthcare, Global Medical

Affairs, Westlake Village, CA, USA

Background: Prophylaxis with factor VIII (FVIII) is considered the

optimal treatment for the management of hemophilia A patients with-

out inhibitors. The recently published ADVATE (rAHF-PFM) Pro-

phylaxis Study1 compared the efficacy of two prophylaxis regimens

(pooled prophylaxis) and between on-demand and either standard or

PK-tailored prophylaxis treatments. Previously on-demand-treated

patients of median age 26 (range: 7–59 years; (N = 53 PP population)

with FVIII levels ≤ 2% received 6 months of on-demand treatment

and then were randomized to 12 months of either standard (20–40 IU/

kg every other day) or pharmacokinetic (PK)-tailored (20–80 IU/kg

every third day) prophylaxis, both intended to maintain FVIII trough

levels ≥ 1%. Twenty-two (33.3%) patients on prophylaxis experienced

no hemorrhages, whereas no patients treated on-demand were hemor-

rhage-free. The annual bleeding rate (ABR) for the two prophylaxis

regimens were comparable, whereas differences between on-demand

and either prophylaxis regimen were statistically significant

(P < 0.0001).

Objectives: To evaluate the bleeding pattern and median bleed-free

intervals (days) in patients who have taken part in the rAHF-PFM

Prophylaxis Study1.

Results:Herein, we report on an analysis of the joint bleeding and total

hemorrhages among patients in the ADVATE (rAHF-PFM) Prophy-

laxis Study. Among all patients in the per protocol analysis set

(N = 53), 1351 total hemorrhages occurred during the on-demand
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phase, of which 1164 were hemarthroses. Seventy-seven hemorrhages

(55 hemarthroses) occurred among patients randomized to the stan-

dard prophylaxis arm and 75 (72 hemarthroses) among patients in the

PK prophylaxis arm (P < 0.0001 for both total and joint bleeding

between either prophylaxis arm and on -demand).

The median differences in the interval (days) between bleeding events

was significant comparing on-demand to either prophylaxis arm: with

median time (days) between bleeding for on-demand of 6.3 days vs.

184.5 days in the standard prophylaxis arm and 183 days in the PK

prophylaxis arm (P < 0.0001). When investigating the trough levels in

the two prophylaxis arms the median trough levels differed: 2.5 IU/dL

in the standard prophylaxis arm (N = 24) and 1.0 IU/dL in the PK

prophylaxis arm (N = 23). It appears that trough level of 1.0 IU/dL in

the PK prophylaxis arm was enough to achieve 1 ABR in this study.

No deaths, inhibitors or cases of hypersensitivity related to rAHF-

PFM occurred during the conduct of this study.

Conclusions: These results provide additional evidence for the superi-

ority of prophylaxis compared to on-demand treatment in severe

hemophilia A and further indicate that a PK-tailored regimen may be

effectively administered every third day.

PB 2.37-3
AURIGA: study of adherence to prophylaxis in patients
with severe haemophilia A
Garc�ıa-Das�ı M1, Aznar JA1, Jim�enez Yuste V2, Mingot E3, Luc�ıa F4,

Altisent C5, Jim�enez F6, L�opez F7, Marco P8, P�erez R9,

Fern�andez A10, Paloma J11, Galmes B12, Herrero S13 and Garc�ıa-

Talavera JA14

1Hospital Universitario y Polit�ecnico La Fe, Valencia; 2Hospital La

Paz, Madrid; 3Hospital Carlos Haya, M�alaga; 4Hospital Miguel

Servet, Zaragoza; 5Hospital Vall d′Hebron, Barcelona; 6Hospital
Torrec�ardenas, Almer�ıa; 7Hospital Juan Canalejo, A Coru~na;
8Hospital General de Alicante, Alicante; 9Hospital Virgen del

Roc�ıo, Sevilla; 10Hospital Central de Asturias, Asturias; 11Hospital

Virgen del Camino, Pamplona; 12Hospital Son Espases, Mallorca;
13Hospital General de Guadalajara, Guadalajara; 14Hospital de la

Candelaria, Tenerife, Spain

Background: An international study performed in 18 countries showed

reduced adherence to prophylaxis in adolescent patients compared

with patients aged < 12 years (Geraghty et al. Haemophilia.

2006;12:75–81).
Aim: To assess adherence to prophylaxis with factor VIII (FVIII) in

patients with severe haemophilia A aged 6–21 years.

Methods: We assessed adherence to prophylaxis by comparing the

amount of FVIII administered by the patient with the amount pre-

scribed by their physician over a 2-year period. To evaluate adherence

from the patient’s perspective, we developed a questionnaire ad hoc to

assess the benefits of prophylaxis, barriers to adherence, patient percep-

tion of self-efficacy (patient′s belief that he is able to self-administer the

treatment and take care of his own health), and self-care practices. The

Haemo-QoL questionnaire was administered to assess patient quality

of life. The study was approved by the medical ethics committees of

participating hospitals. Informed consent was obtained of each patient.

Results: Seventy-six patients were recruited from 14 centres in Spain

between November 2011-November 2012. Patient data were retrospec-

tively collected over a 2-year period before the date of inclusion in the

study. Patient adherence ranged from 35.6% to 100%, with a mean

(SD) of 95.0% (11.5%). Children aged < 12 years had a slightly higher

adherence rate (95.7%) than adolescents (94.9%) (P = 0.64). Adher-

ence scores ranged from 25 to 119 (mean, 87.3; higher scores indicate

better adherence). The mean score for patients aged ≤ 7 years was

88.9; for patients aged 8–12 years, 86.4; for patients aged 13–16 years,

85.6; and for patients aged ≥ 17 years, 80.9 (P = 0.18). Adherence was

higher when parents were responsible for administration (95.7%) than

when patients self-infused (93.8%) (P = 0.50). Patients with lower

adherence had more joint problems than those with better adherence

(P > 0.01). The average Haemo-QoL score for patients aged ≤ 7 years

was 74.5; for patients aged 8–12 years, 77.9; for patients aged 13–
16 years, 78.8; and for patients aged ≥ 17 years, 89.0 (P < 0.05). The

quality of life reported by patients (77.6) was higher than that reported

by their parents (73.8) (P = 0.03).

Conclusions: Minimal differences in adherence between age groups

were observed in Spanish patients with haemophilia A, unlike studies

published in other European countries, in which adherence dramati-

cally decreased during adolescence. This may be because in Spain, the

transfer of responsibility for treatment from the parent to the child

does not occur until early adulthood. Regarding the influence of psy-

chological variables, patient-reported scores on the adherence ques-

tionnaire indicate that, as patients become older, they perceive more

barriers to continuing treatment (time, effort, and day-to-day interfer-

ences), fewer benefits of prophylaxis, and less self-efficacy (ie, they

believe they are less able to take care of their own health). If this trend

continues, it could lead to adherence issues in adulthood. As expected,

patients with lower adherence had more joint problems and, therefore,

worse general health. The improvement in quality of life seen with

patient age may reflect that patients are better able to accept and adapt

to haemophilia as they get older.

PB 2.37-4
Major surgery in severe haemophilia A with inhibitors
using a recombinant factor VIIa/activated prothrombin
complex concentrate hybrid regimen
Van Veen J1, Maclean RM1, Hamer A2, Hampton K2

and Makris M1

1Sheffield Haemophilia and Thrombosis Centre; 2Sheffield

Teaching Hospitals NHS Trust, Sheffield, UK

Background and Aim: Major surgery in haemophilia A and inhibitors

is increasingly performed with recombinant FVIIa (rFVIIa) or acti-

vated prothrombin concentrate (APCC). Evidence of superiority of

one agent over the other is lacking. Dosing recommendations are

available but the optimal regimen remains unclear. We report a hybrid

regimen of rFVIIa and APCC (FEIBA�) in six total knee replace-

ments (TKR), one emergency orchidectomy and one emergency open

appendectomy in four patients with haemophilia A and inhibitors per-

formed at our centre.

Methods: All patients received rFVIIa 90 lg/kg 2 hourly for at least

48 h and switched to FEIBA between days 2 and 5. RFVIIa was

reduced to 90 lg/kg 3 hourly on the days 2 and 3 and 90 lg/kg 4

hourly on days 4 and 5. All received tranexamic acid 1gram QDS and

this was stopped 12 h before switching to FEIBA�. FEIBA� 200 U/

kg/day in three divided doses was given when switched up to day 5

and 100–150 U/kg/day in two divided doses thereafter.

Results: The joint functionality was excellent after all TKR at 1 year.

In three (patients 1 and 4) there were no haematological bleeding com-

plications (one had a surgical bleed that stopped immediately after

ligation of a spurting vessel). Patient 2 developed a possible muscle

bleed on day 5 following a TKR on 150 U/kg/day FEIBA� and was

switched back to rFVIIa, 90 lg/kg 2 hourly for 24 h after which FEI-

BA� was resumed without further complications. Patient 3 developed

a quadriceps haematoma on day 6 after a TKR whilst on 100 U/kg/

day FEIBA�. He was switched to rFVIIa in reducing frequency for

the remainder of his treatment without further complications. Patient

4 had three other procedures. An emergency orchidectomy was com-

plicated by a large hemiscrotum haematoma on day 10 after stopping

treatment with FEIBA� on day 9. An emergency open appendectomy

was complicated by a large intra-abdominal haematoma on day 1 on 2

hourly rFVIIa 90 lg/kg. This settled on increasing doses, 150 lg/kg 2

hourly for eight doses, after which he was switched to FEIBA� with-

out further complications. Finally, wound site bleeding developed on

day 1 after a second TKR on 2 hourly rFVIIa 90 lg/kg, unresponsive
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to increased doses of rFVIIa, but settled after switching to FEIBA�

200 U/kg/day. He rebled on day 6, on the same dose of FEIBA�.

Sequential treatment with rFVIIa (105 lg/kg 2 hourly and FEIBA�

62.5 U/kg 12 hourly) was given for 12 h. The bleeding settled and

treatment with FEIBA� was continued.

Conclusion:We report a hybrid regimen of rFVIIa and APCC in major

surgery. There was bleeding in two patients (five procedures, including

one surgical bleed). There were no long term sequelae and joint func-

tionality after TKR was excellent. To our knowledge there have been

no reports of the systematic use of a hybrid regimen combining the

flexibility of rapid dose changes of rFVIIa and less frequent dosing

with APCC. A further advantage is a significant cost saving compared

to the use of monotherapy with rFVIIa.

PB 2.37-5
HelixateⓇ NexGen for the treatment of hemophilia A:
update of a long-term pharmacovigilance project
Oldenburg J1, Auerswald G2, Petrini P3, Faradji A4, Pabinger I1,

Niekrens C5, Stockschl€ader M6, Gutowski-Eckel Z6 and Staritz P7

1University Hospital, Bonn; 2Prof. Hess Childrens Hospital,

Klinikum Bremen-Mitte, Bremen, Germany; 3Karolinska

Sjukhuset, Stockholm, Sweden; 4CHU de Hautepierre,

Strasbourg, France; 5Klinikum Delmenhorst gGmbH,

Delmenhorst; 6CSL Behring GmbH, Marburg; 7Hemophilia Center

SRH, Heidelberg, Germany

This multinational (Austria, France, Germany, Italy, Sweden) project

is assessing the long-term efficacy, tolerability and safety of Helixate�

NexGen (CSL Behring, Marburg), a recombinant FVIII concentrate,

in the post authorization period.

PUPs and PTPs with hemophilia A at any age treated with Helixate�

NexGen are eligible for enrollment. Patients are routinely screened

every 3–12 months.The following parameters, as determined routinely

for these patients (non-interventional design), were documented: over-

all clinical response, bleeding events, adverse drug reactions including

the incidence of inhibitors, laboratory safety and virus safety parame-

ters, relevant concomitant diseases, relevant concomitant medication.

Pharmacokinetic data were also collected if available. Treatment

modalities with Helixate� NexGen, including average factor consump-

tion per month and exposure days were recorded.

Data from a total of 223 patients with a total of 2306 visits were avail-

able for this update. The majority of the patients (82%) had severe

hemophilia A. The median age was 23.0 years (range: 15 days–
68 years). Median time between visits to the respective center was

4 months (range: 0–48 months).

The majority of patients are under prophylactic treatment (83%). The

most common prophylaxis regimen was 2–3 infusion (64.5%) per

week. The median number of bleeds per year was 2.57 per patient. A

median number of two infusions were administered per bleeding.

Eighty-two percent of the patients had no major bleeding and 14%

experienced no bleed at all. During the up to 11-year observation per-

iod only three cases of inhibitor development were reported.

Efficacy of Helixate� NexGen in the treatment of bleeding was

assessed as good or excellent in 97% of all documented bleeds. The

results included in this interim analysis confirm the excellent efficacy,

tolerability and safety of Helixate� NexGen.

PB 2.37-6
Applicability of the ESC guidelines on management of
acute coronary syndromes to people with haemophilia
– an assessment by the ADVANCE Working Group
Staritz P1, De Moerloose Ph2, Schutgens REG3, Huth-Kuehne A4

and Dolan G5

1SRH Kurpfalzkrankenhaus Heidelberg, Heidelberg, Germany;
2Faculty of Medicine of Geneva, University Hospitals, Geneva,

Switzerland; 3Van Creveldkliniek, University Medical Center

Utrecht, Utrecht, The Netherlands; 4SRH Kurpfalzkrankenhaus,

Heidelberg, Germany; 5Nottingham University Hospitals, Queens

Medical Centre, Nottingham, UK

Background: There are no evidence-based guidelines for antithrombot-

ic management in people with haemophilia (PWH) presenting with

acute coronary syndrome (ACS)

Aim: Review of current European Society of Cardiology guidelines,

and to consider how best they should be adapted for PWH.

Methods: Structured communication techniques based on a Delphi-

like methodology were used to achieve expert consensus on key aspects

of clinical management.

Results: The main final statements are: a) ACS and myocardial revas-

cularization should be managed promptly by a multidisciplinary team

that includes a haemophilia expert, b) Each comprehensive care centre

for adult PWH should have a link to a cardiology centre with an emer-

gency unit and 24 h availability of PCI, c) PCI should be performed as

soon as possible under adequate clotting factor protection, d) Bare

metal stents are preferred to drug eluting stents, e) Anticoagulants

should only be used in PWH after replacement therapy, f) Minimum

trough levels should not fall below 5–15% in PWH on dual antiplatelet

therapy, g) The duration of dual antiplatelet therapy after ACS and

PCI should be limited to a minimum, h) PWH receiving antiplatelet

therapy should be offered gastric protection, i) The use of GPIIb-IIIa

inhibitors is not recommended in PWH other than in exceptional cir-

cumstances, j) The use of fibrinolysis may be justified in PWH when

primary PCI (within 90 min) is not available ideally under adequate

clotting factor management.

Conclusion: It is hoped that the results of this initiative will help to

guide optimal management of ACS in PWH.

PB2.38 – Haemophilia A: Clinical
Research – VIII

PB 2.38-1
Heterogeneity of bleeding classification among
randomized studies in hemophilic patients
Chan HW1, Li C2, Chan N3, Lau K1 and Chan AK1

1McMaster University, Hamilton, ON; 2Western Ontario

University, London, ON; 3University of Waterloo, Waterloo, ON,

Canada

Background: Bleeding in patients with hemophilia includes intraarticu-

lar bleeding, intramuscular bleeding, and mucocutaneous bleeding.

Bleeding classifications, as defined by EMEA and ISTH, do not corre-

late well with the type of bleeding as experienced by patients with

hemophilia. This makes it difficult, if not impossible, to make clear

comparisons between studies evaluating bleeding events in this popula-

tion.

Aim: This is a systematic review to determine the degree of homogene-

ity of bleeding classifications among randomized interventional studies

for patients with hemophilia.

Methods: A literature search was conducted utilizing Pubmed data-

base, retrieving the publications between 1981 and 2012 using ‘hemo-

philia’ ‘bleeding’ and ‘randomized’ as keywords. Only original

randomized studies were included in the final review. Meta-analyses,
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antiviral studies and studies that did not define bleeding as the end

point of the study or did not include details regarding bleeding defini-

tion were excluded. Data regarding the definition of bleeding in hemo-

philic patients were extracted and classified into two major categories:

those defining the location of bleeding and those defining the severity

of bleeding. The I2 statistic was used to assess the heterogeneity of

bleeding classifications. An I2 index of > 50% was considered as large

heterogeneity.

Results: Two hundred and twenty-nine publications were found in the

primary search and 28 eligible trials were identified. There were three

studies on perioperative managements and 25 studies on non-operative

hemophilic patients. Thirteen studies used nominal data, nine used

ordinal data and one used combined data to analyze bleeding. The I2

statistic index for perioperative studies and non-operative studies was

50% and 77.5% respectively. Even among the definitions regarding

joint bleeding, the I2 index was as high as 79%.

Summary/Conclusion: Among the randomized studies on hemophilic

patients, highly variable characteristics were used to report bleeding.

Although bleeding into the joints is the most common hemorrhagic

complication in these patients, the studies did not have universal and

objective criteria when describing its symptoms or signs, disallowing

commensurable analysis. Various scoring systems have been developed

to evaluate chronic joint deformity, but acute hemorrhage into the

joint is usually dependent on subjective, self-reporting mechanisms.

The data in this systematic review serves as a call for collaboration in

our community to reach a consensus so that a reproducible evaluating

system for haemorrhages in patients with hemophilia can be estab-

lished.

PB 2.38-2
Combined T- and B-cell immunomodulatory therapy
for immune tolerance induction in four hemophilia
patients with poor risk inhibitors
Buckner TW, Nielsen B, Weston B and Monahan P

University of North Carolina, Chapel Hill, NC, USA

Background: Development of inhibitory antibodies in patients with

hemophilia remains the most significant complication of treatment

with coagulation factor concentrates. Immune tolerance induction

(ITI) using high-dose factor VIII (FVIII) or factor IX (FIX) is now

considered the standard of care for children with inhibitors. However,

ITI is associated with a failure rate of ~30% in hemophilia A and up

to 70% in hemophilia B. Individuals with factor IX inhibitors (who

have a risk of anaphylaxis and nephrotic syndrome with standard ITI)

and individuals with factor VIII inhibitors who have failed tolerance

attempts with high dose clotting factor and anti-CD20+ are unlikely to

gain tolerance without immunomodulation (altering the T cell interac-

tion with B cells).

Aim: To describe four consecutive patients with high-titer inhibitors

treated with ITI and combined immunomodulatory therapy.

Methods: Patients were treated with high-dose daily FVIII/IX plus the

combined immunomodulatory (IP) regimen described by Beutal (Hae-

mostaseologie, 2009): rituximab 375 mg/m2/dose 9 4 doses, myco-

phenolate mofetil (MMF) 300 mg/m2/dose b.i.d 9 50 days,

dexamethasone 12 mg/m2/day divided b.i.d for 4 days in weeks 2, 4,

and 7, and intravenous immunoglobulin (IVIg) 1 g/kg/day 9 2 doses

with each dexamethasone pulse. Hemophilia B patients with inhibitors

were started on IP simultaneously with ITI, whereas only those hemo-

philia A patients who were refractory to standard ITI plus rituximab

received ITI + IP.

Results: Patient 1 is a 33-month old boy with severe hemophilia B due

to whole gene deletion. ITI + IP resulted in complete remission of

inhibitor that persists 10 months later, after full recovery of CD20+
cells. He currently receives FIX 100 unit/kg q.o.d. Patient 2 is a 5 year

old boy with severe hemophilia B due to a frameshift mutation (F9

c.97delT (p.Leu-24HisfsX10)). ITI + IP resulted in complete remission

of inhibitor that persists 4 months later, with partial recovery of

CD20+ cells. He receives daily FIX 60 units/kg. Patient 3 is a 5 year

old boy with severe hemophilia A due to intron 22 inversion who failed

ITI plus rituximab. ITI + IP resulted in partial remission of inhibitor

(inhibitor titer: 1 BU); CD20+ testing is pending. He receives daily

MMF and FVIII 200 units/kg q.o.d. Patient 4 is a 6 year old boy with

severe hemophilia A due to intron 22 inversion who had failed ITI plus

rituximab. ITI + IP resulted in complete remission of inhibitor that

persists 1 month later, with no recovery of CD20+ cells. He receives

daily MMF and FVIII 40 unit/kg q.o.d. Patient #2 had a single epi-

sode of hypersensitivity to FIX, treated with antihistamine. No patient

exhibited nephrotic syndrome during therapy.

Summary/Conclusion: ITI + IP resulted in marked improvement in

quality of life for all patients. Durability of the remissions is yet to be

determined, as only one patient has demonstrated full recovery of

CD20+ cells. Successful eradication of inhibitors in these patients, all

at high risk of treatment failure, suggests that modulating the interac-

tion of B- and T-cells plays an important role in ITI for select patients.

The IP regimen described should be considered for further study in

clinical trials.

PB 2.38-3
On-demand treatment costs of Italian haemophilia
patients with inhibitors: an exploratory lifetime
economic model
Weatherall JH1, Lee W2, Petrilla AC2, Bilir P2 and Trochlil K2

1Novo Nordisk A/S, Soeborg, Denmark; 2IMS, Falls Church, VA,

USA

Background: Quantifying the health economic and the health related

and quality of life (HRQoL) impact of on-demand (OD) treatment of

bleeding episodes has not been done in Italian haemophilia patients

with inhibitors.

Aims: this study estimated lifetime OD costs and HRQoL associated

with recombinant activated Factor VIIa (rFVIIa) and plasma-derived

activated prothrombin complex concentrate (pd-aPCC) from the Ital-

ian payer perspective.

Methods: A lifetime semi-Markov cohort model, reflecting 2-year old

male haemophilia patients with high-responding inhibitors, was used

to calculate outcomes associated with OD treatment of bleeds with

rFVIIa or pd-aPCC. Using a 3-month cycle length, the model simu-

lates patient transitions through eight health states: pre-ITI, delayed

ITI, low-dose ITI, high-dose ITI, tolerised, partially-tolerised, non-tol-

erised, and death. Throughout the model, patients can experience

mild-to-moderate bleeds (treated initially at home) and major bleeds,

which require hospitalisation. Published international studies

informed efficacy, utility, and other clinical inputs, while Italian cost

schedules informed cost parameter values. Outcomes include life

expectancy, quality-adjusted life expectancy, cost per bleeding episode,

and direct treatment costs over time. Costs and effects were discounted

at 3% in the base case analysis.

Results: Default analysis showed lower lifetime and per-bleed costs

with rFVIIa compared with pd-aPCC (lifetime:€4,583,205 vs.

€5,366,519 and per-bleed:€23,477 vs. €24,406, respectively). Hospitiali-

sation length of stay is important for non-drug costs as length of stay

for less than a day, costs €387 whereas stays of > 1 day costs were

€4241. Patients treated with rFVIIa also had slightly higher quality-

adjusted life expectancy, by 0.07 QALYs in base case analysis; this

value may rise as high from 0.92 to 3.48 QALYs if pain relief from ear-

lier bleed resolution improves underlying utility value by 5–20% com-

pared to pd-aPCC.

Summary/Conclusion: Treatment with rFVIIa can lead to lower costs,

with the difference attributable to lower costs of ITI, a less expensive

dosing schedule, and improved bleed resolution, which reduces hospi-

talizations. If faster bleed resolution leads to earlier pain relief, rFVIIa

treatment may improve quality-adjusted survival as well.
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PB 2.38-4
Multi-centre Australia wide study comparing FVIII
assay variation in haemophilia A patients receiving
two different recombinant FVIII products using the one
stage and chromogenic assays
Khoo TL1, Kershaw G1, Matthews S1, Clare W1, Bowyer A2,

Kitchen S2 and Dunkley S1

1Institute of Haematology, Sydney, Australia; 2Royal Hallamshire

Hospital, Sheffield, UK

Background: In Australia, Xyntha (B domain deleted) and Kogenate

(full length) are the two recombinant antihaemophilic factor VIII

products available. Two common assays, chromogenic assay (FVIII:

Chr) and one stage assay (FVIII:1S) are used to measure Factor VIII

replacement levels (FVIII IU/dL) in patients with haemophilia A

(HA). Discrepancies in FVIII IU/dL levels have been reported

between these assays. Furthermore, it is uncertain how these different

recombinant FVIII products could potentially affect the measurement

of FVIII IU/dL levels by the FVIII:1S method. This has created an

uncertainty in clinical practice for accurate replacement of FVIII in

HA patients.

Aims: This multi-centre study aimed to evaluate the (i) inter-labora-

tory variability in the FVIII:1S assay and (ii) discrepancies between

FVIII:1S and FVIII:Chr in severe HA patients receiving either Xyntha

or Kogenate.

Methods: Fifteen Australian laboratories and one international labora-

tory (Sheffield UK) participated in this study. Samples from five

patients receiving Xyntha and four patients receiving Kogenate were

evaluated. Samples were collected between 1 and 20 h post FVIII

treatment. All laboratories performed FVIII assays on the samples

provided using their standard reagents and instrumentation. All assays

were calibrated with commercially available human plasma standards.

Fifteen laboratories performed the FVIII:1S assay and five performed

the additional FVIII:Chr assay. A Bland and Altman difference analy-

sis was also performed to assess bias and differences when comparing

FVIII IU/dL levels using the FVIII:1S and FVIII:Chr assays.

Results: The mean FVIII level in the nine patient samples ranged from

16 to 124 IU/dL (FVIII:1S) and 22–187 IU/dL (FVIII:Chr). There

was good inter-laboratory agreement in the results. The co-efficient of

variation (CV%) for FVIII:1S ranged from 14.1% to 20.1% (Xyntha);

and 10.4% to 12.5% (Kogenate). The CV% for FVIII:Chr ranged

from 8.7% to 14.4% (Xyntha); and 4.2% to 6.9% (Kogenate). The

FVIII:Chr method measured higher FVIII results compared to the

FVIII:1S with a 1.5 times (range 1.5–1.7) increase in FVIII levels

(Xyntha) but only a 1.2 times (range 1.0–1.3) increase in FVIII levels

(Kogenate). The degree of agreement between FVIII:1S and FVIII:

Chr when assessed using the Bland Altman analysis showed the FVIII:

Chr assay had a positive bias of 42, standard deviation (SD) of

bias = 31 (Xyntha); and a positive bias of 25, SD of bias = 13 (Kogen-

ate).

Conclusion: There is a wider range of variation (CV%) when measur-

ing FVIII levels in patients on Xyntha replacement compared to

patients on Kogenate when using the FVIII:1S method. FVIII levels

measured using the FVIII:Chr method resulted in an average 1.5 times

higher level compared to FVIII:1S in patients on Xyntha replacement.

This study highlights the challenges in measuring FVIII levels in

patients on the two available FVIII replacement products available in

Australia. Thus, depending upon the assay used, a patient with HA

may receive vastly different quantities of FVIII replacement therapy.

A product specific concentrate standard may be useful in standardiz-

ing FVIII measurements and allow the appropriate dose of FVIII to

be administered to HA patients.

PB 2.38-5
Introducing the KAPPA prospective registry in
hemophilia A: design, objectives and progress
Osooli M1, Astermark J2, Baghaei F3, Holmstrom M4, Lindvall K2,

Steen Carlsson K5 and Berntorp E2

1Lund University; 2Skane University Hospital, Malmo;
3Sahlgrenska University, Gothenburg; 4Karolinska Institute,

Stockholm; 5Faculty of Medicine, Lund University, Malmo,

Sweden

Background: A recent Swedish health technology assessment of replace-

ment treatment strategies in moderate and severe haemophilia, high-

lighted the lack of suitable data available for analyzing comparative

effectiveness and cost-effectiveness. As a consequence, studies pub-

lished to date have been limited by retrospective and incomplete data,

small sample size, lack of generalization due to specific and narrow tar-

get populations, and sometimes inappropriate design. Notably, there is

a paucity of data on outcomes of on-demand treatment, which is the

only treatment available for many patients in a global perspective.

Aims: To introduce and present the aims, design and progress of the

KAPPA (Key Aspects of medical Practice in Patients with haemo-

philia A) registry

Methods: Lund University (LU) has initiated the KAPPA project to

collect valid evidence on the impact of treatment regiments on Health

Related Quality of Life (HRQL) of haemophilia A patients. We will

enrol 1000 patients from eight different centres in Algeria, Denmark,

Norway, Latvia, Lithuania, Sweden, Tunisia and Turkey between

February 2013 and January 2016. We use an online Electronic Data

Capturing (EDC) system for data collection and storage. KAPPA

database is in English and includes questions encompassing the follow-

ing: socio-demographics, treatment, bleeds, HRQL, Haemophilia

Joint Health Score (HJHS), co-morbidities and adverse reactions. Phy-

sicians will consecutively enrol eligible patients as they visit the centre.

Eligibility criteria include: a Factor VIII activity at diagnosis equal to

or < 5%, the patient must visit the centre at least once a year and pro-

vide informed consent. Clinicians have access to their patients’ identi-

fying information for treatment’s follow-up, however we will transfer

anonymous data for the study. The Ethics Committee (EC) of LU

approved the study and separate permissions from EC in each partici-

pating country will be obtained. In a multivariate model, we will pre-

dict the utility of treatment after adjustment for age, socio-economic

status and co-morbidities.

Results: As of January 2013, we have assessed and confirmed the feasi-

bility of performing the study in each centre, prepared the EDC, and

have submitted ethics proposals in the pilot sites. We will implement

the pilot study between February and March 2013 with the aim of test-

ing the database’s functions and the study’s training package as well as

communication process between the centres and study teams. An

interim report will be prepared at the end of 2013.

Summary/Conclusion: Prospective registries are the best choice for

collecting evidence for research as well as recording patients’ data for

better clinical decisions. By providing the infra-structure for collect-

ing and summarizing real world patient data, the KAPPA registry

will also assist patients, clinicians and health decision makers. It

enables clinicians to develop and maintain a comprehensive and

secure haemophilia database for use in the clinic and for future

research. Better decisions can be made by clinicians through access to

patients’ treatment history. Finally, the final report of KAPPA will

enable health decision makers to be better informed when having to

make decisions on resource utilization and budget allocation for the

haemophilia A treatment.
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PB 2.38-6
Social status of adult haemophilia patients: preliminary
results of a comparative single-centre cohort study
with thrombophilia patients
Von Mackensen S, Holstein K, G€assler J, Lentz B, Bokemeyer C

and Langer F

University Medical Centre Hamburg-Eppendorf, Hamburg,

Germany

Background: The impact of the disease on the social status of haemo-

philia patients is not well established. Joint bleeds may lead to arthrop-

athy with potential effects on school education and professional

career. Recent studies on social status in adult haemophilia patients

showed a higher rate of unemployment and occupational disability

compared to the general male population in the Netherlands or to age-

and sex-matched controls. With the introduction of prophylactic fac-

tor replacement, younger haemophilia patients have less joint damage,

but it is unclear how this affects their social status.

Aim: We therefore explored the social status of patients with haemo-

philia (PWH) from our centre in comparison to an age- and sex-

matched group of patients with thrombophilia (PWT).

Methods: PWH routinely visiting the Haemophilia Treatment Centre

completed a questionnaire including socio-demographic data, ques-

tions regarding social status and a generic quality of life questionnaire

(SF-36) as did PWT. Social status is usually defined through

education, employment and income; quality of life (QoL) assessment

provides insight into social and role functioning. In addition, clinical

data were collected from patient files in both groups.

Results: So far, data from 40 PWH (27 severely affected) and 40 PWT

have been analysed. The majority of PWH received on-demand treat-

ment (61.5%). PWH had a mean number of 8.03 + 10.3 bleeds, a med-

ian number of target joints of 0 (0–3) and a mean orthopaedic joint

score of 9.61 + 9.0. Mean age of PWH and PWT was 43.8 + 14.8 and

45.2 + 13.4 years, respectively. There was no significant difference

concerning partnership, number of children and school or professional

education between the groups. However, there was a trend towards

higher graduation in PWT. By contrast, more PWT (P < 0.02) were

actually working (85.0%) compared to PWH (62.5%); similar propor-

tions of PWT and PWH were retired (P = 0.057), while only PWH

were either retired due to their disease (n = 6) or unemployed (n = 3).

No difference was found with regard to the amount of working time

(full-time vs. part-time) and the type of occupation. Monthly income

was lower in PWH (P < 0.027). With regard to QoL, PWH reported

worse values in the domains ‘physical functioning’, ‘pain’ and ‘general

health’ of the SF-36 compared to PWT; the physical summary score

(PCS) was significantly worse as well (P < 0.001)

Conclusions: Despite the availability of factor concentrate for bleeding

prophylaxis and treatment, PWH still have a lower social status with

respect to employment and income compared to an age- and sex-

matched group of PWT.

PB2.39 – Acquired Coagulation
Disorders – II

PB 2.39-1
Heat treatment and immunological testing
substantially improves the detection of factor VIII
antibodies in acquired haemophilia A
Platton SJ1, Batty P2, Bowles L1, Pasi J2 and Hart DP2

1Barts Health NHS Trust; 2Barts and the London School of

Medicine and Dentistry, QMUL, London, UK

Background: Acquired haemophilia A is a rare bleeding disorder

resulting from the development of auto-antibodies to the factor VIII

(FVIII) pro-coagulant protein. Although good response rates are seen

to conventional immunosuppressive treatment, it is associated with

significant morbidity and mortality. The laboratory monitoring of

treatment response is guided by the Bethesda assay despite samples

often having significant amounts of residual FVIII present. In congeni-

tal haemophilia A, a FVIII ELISA kit (Hologic, previously GTI Diag-

nostics) and a modification (heat treatment) to the Bethesda assay

have been described previously for the detection of FVIII antibodies.

These techniques do not form a part of routine laboratory practice in

the United Kingdom. We describe the application of these techniques

in the setting of acquired haemophilia A.

Aims: To compare the Bethesda assay with a FVIII ELISA and to

investigate the effect of heat treatment in the detection of FVIII anti-

bodies in acquired haemophilia A.

Methods: Plasma samples sent for routine inhibitor testing from

patients with acquired haemophilia A were tested using the Bethesda

assay in parallel with the FVIII ELISA before and after heat treatment

at 58 °C for 90 min.

Results: Thirty-nine samples from eight patients were tested in parallel

by the Bethesda assay and FVIII ELISA before and after heat treat-

ment. In the untreated samples, only two samples (5.1%) were positive

by the Bethesda assay with 11 samples (28.2%) being positive by

ELISA. Following heat treatment 20 samples (51.2%) were positive by

the Bethesda assay and 16 (41.0%) positive by ELISA. If both tests

were used in parallel, 12 samples (30.8%) were positive without heat

treatment and 24 samples (61.5%) were positive following heat treat-

ment by one or more technique. All samples that were positive follow-

ing heat treatment showed significant levels of FVIII in the sample

prior to this step (median FVIII:C 61.25 IU/dL, range 24.1–362.4 IU/

dL). Of the eight patients tested, a change from negative to positive

would have occurred in one or more samples from six of the patients if

these tests had been part of routine clinical care.

Conclusions: The results of this study suggest the Bethesda assay in iso-

lation may significantly underestimate the presence of FVIII auto-anti-

bodies in acquired haemophilia A, with potential clinical

repercussions. The relevance and clinical utility of FVIII antibody

detection using these methods would ideally require further explora-

tion in collaborative trials.

PB 2.39-2
FEIBHAC study: prospective clinical and biological
evaluation of antihemorrhagic treatment with aPPCs
(Factor eight inhibitor bypassing activity) in Acquired
Hemophilia A (AHA)
Borg J-Y1, N�egrier C2, Durieu I3, L�evesque H4, Dolimier E5

and Villette B5

1Haemophilia Treatment Centre, Rouen University Hospital,

Rouen; 2Haemophilia Treatment Centre, Edouard Herriot

Hospital, Lyon; 3Department of Internal Medicine, Edouard

Herriot Hospital, Lyon; 4Department of Internal Medicine, Rouen

University Hospital, Rouen; 5Baxter Healthcare Corporation,

Maurepas, France

Background: AHA is a rare disease due to autoantibodies anti FVIII,

characterized by bleeds. Recommended as first line treatment for the

severe acute bleed, rFVIIa and aPPCs (FEIBA) have a similar efficacy

and tolerability.

Aim: To assess FEIBA posology according to the haemostatic efficacy

in patients with AHA and bleed treated by FEIBA in first or second

line therapy.

Method: French prospective observational multicenter longitudinal

(3 months) registry for 3 years. The bleed characteristics, the physician

evaluation of FEIBA efficacy and its consequences on the posology,

the reasons for initiating haemostatic treatment and choosing FEIBA,

the anamnestic response, the adverse events (AEs) related to FEIBA

and fatal outcome were analyzed.
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Results: Thirty-three patients were evaluated: median age: 83 years [IQ

76–87]; sex ratio H/F: 1/1.54. AHA had already been known in five

patients. At Inclusion: median FVIII: 2.00% (IQ 1.00–3.00), median

INH titre: 15 BU/mL (IQ 8–60). Among the 28 patients without AHA

known before, the delay in diagnosis after the bleed onset was 3 days

(IQ 1.00–14); this delay had a significant impact on the interval

between the bleeding onset and the start of FEIBA (P < 0.001).

Approximately 75% of the haemorrhages were spontaneous and tissu-

lar (muscular hematomas with or without ecchymosis in 45%). The

severe score of bleeding was independent of the FVIII level and INH

titre. In 87.5%, the bleed was the reason for the treatment. In 85%,

FEIBA was prescribed in 1st line therapy. The initial median posology

was 76 U/kg, every 12 h in 54.5% and 8 h in 33.4%; it was indepen-

dent of the severity score of bleeding. After 24 h, 10.7% of the haem-

orrhages were controlled, 75% stabilized or improved. When the

physician concluded in stabilization, dosage and frequency weren’t

modified; in case of aggravation or improvement, the frequency was

changed in 27%. The total mean duration was 8.5 days; the mean

delay between the start of FEIBA and the disappearance of the active

sites (7.6 days) rose with the increase of the duration of the treatment

(P < 0.001).The delay between the disappearance of the active sites

and the stop of FEIBA (2.46 days) rose with the duration of the treat-

ment (P = 0.084). In three patients, FEIBA was stopped.

There were no anamnestic response; one non serious AE was related

to FEIBA (lack of efficacy), six serious AEs were possibly related to

FEIBA (two biological DIC, two venous thrombosis (one deep) in the

same patient and two fibrinogen decreased in the same patient); six

deaths were reported and one possible related to FEIBA (Acute coro-

nary syndrome). Per protocol, all unrelated serious and non serious

AEs (exception of fatal outcome) were not collected.

Conclusion: AHA is still diagnosed with delay and this has a negative

impact on the start of the hemostatic treatment. The FEIBA posology

was relatively stable during the treatment whatever the physician eval-

uation, and independent of the severity score of bleeding. FEIBA

prescription is often continued for a few days while the active sites

have disappeared. FEIBA was efficient and tolerated in this elderly

population.

PB 2.39-3
Treatment characteristics and associated costs of factor
replacement and immunosuppressive therapy among
patients with acquired hemophilia A
Escobar MA1, Chong K2 and Khleif A1

1Gulf States Hemophilia and Thrombophilia Center; 2Memorial

Hermann Hospital, Texas Medical Center, Houston, TX, USA

Background: Acquired hemophilia A (AHA) is a rare, potentially life-

threatening hemostatic disorder caused by autoantibodies against

coagulation factor VIII (FVIII). The management strategy for patients

diagnosed with AHA requires a two-step approach, the first directed

at controlling the bleeding and the second aimed at inhibitor elimina-

tion. Standard therapeutic agents used for bleed treatment include

recombinant activated FVII (rFVIIa) and FVIII inhibitory bypassing

activity (FEIBA), while treatments for inhibitor eradication are more

varied and include the use of different immunosuppressive agents.

Due to the rarity and limited number of AHA diagnoses, it is nearly

impossible to determine the relative value of each of these different

treatment strategies, however the therapeutic agents used to care for

persons diagnosed with AHA are incredibly expensive and early detec-

tion and prompt diagnosis are essential in ensuring improved health

outcomes.

Aims: The primary objectives of this study were to evaluate treatment

characteristics and assess the costs associated with factor replacement

and immunosuppressive therapy among persons with AHA.

Methods: Eligibility was limited to patients with a clinical diagnosis of

AHA, who received care at the Gulf States Hemophilia and Thrombo-

philia Center between 2002 and 2012. We conducted a retrospective

study, and data were obtained from the patients’ medical charts, and

pharmacy and hospital records. Medicare reimbursement rates were

used to calculate the per-unit cost of factor and immunosuppressive

therapy as well as associated hospital physician fees.

Results: During the observation period, 15 patients were diagnosed

with AHA, however complete data were only available for 12 of these

patients. The majority of the sample were women (58%), were

> 60 years of age (67%), and were followed for an average of

68.4 weeks. Inhibitor levels ranged from 19 to 11,000 BU (mean 1352

BU). Complete remission was achieved in 50% of the patients. Two

deaths occurred (bleeding contributed to one), giving an overall mor-

tality rate of 17%. Conditions associated with AHA were identified at

diagnosis or subsequent follow-up and included autoimmune diseases

(25%) and malignancies (17%). Roughly 58% of cases were idio-

pathic. Bleeding episodes were treated with rFVIIa and/or FEIBA

(one patient also received FVIII), and all patients received a single

agent or a combination of cyclophosphamide, rituximab, and/or pred-

nisolone for inhibitor treatment (42% of patients received combina-

tion therapy). A total of $3.3 million USD was spent by 12 patients

during the observation period (mean $277,000 per patient). The great-

est costs were associated with factor replacement therapy $3,000,000

(over 2 million units dispensed) followed by immunosuppressive treat-

ment, which accounted for approximately $283,000. Patients stayed an

average of 24 nights in the hospital due to AHA related complications

and the physician fee associated with their stay accounted for roughly

$36,000.

Conclusions:While over $3 million was spent to treat 12 AHA patients,

this figure only represents the cost of factor, immunosuppressive ther-

apy, and physician fees, and does not take into account any other costs

including hospital, laboratory, and pharmacy costs. To the author’s

knowledge, this is the first study to examine the costs associated with

AHA treatment.

PB 2.39-4
Enzyme-linked immunosorbent assay (ELISA) detecting
antibodies to von Willebrand factor in patients with
Acquired von Willebrand Syndrome (AVWS): clinical
significance
Franchi F1, Stufano F2, Canciani MT2, Cozzi G2, Baronciani L2,

Siboni SM2, Mistretta C2, Biguzzi E2 and Peyvandi F1

1Angelo Bianchi Bonomi Hemophilia and Thrombosis Center,

University of Milan; 2Angelo Bianchi Bonomi Hemophilia and

Thrombosis Center, Fondazione IRCCS Ca’ Gra, Milano, Italy

Background: Acquired von Willebrand Syndrome (AVWS) is a rare

bleeding disorder, similar to the congenital disease in terms of labora-

tory findings. However, unlike congenital VWD, it arises in individuals

with no personal or family history of bleeding. The disease displays

bleeding tendency, with bleeding episodes typically affecting mucocu-

taneous or gastrointestinal districts. AVWS is usually associated with

a variety of underlying conditions, including lynphoproliferative and

myeloproliferative disorders (45–60%), solid tumours, immunological

and cardiovascular disorders. As regards the lynphoproliferative disor-

ders, monoclonal gammopathy of undetermined significance (MGUS)

is the condition most frequently associated with AVWS. The preva-

lence of autoantibodies against VWF in patients with gammopathy

varies from 18% to 66%.

Aim of the Study: To develop a sensitive ELISA assay to detect IgG

and IgM antibodies against VWF and to verify the prevalence of au-

toantibodies in AVWS.

Methods:We developed an ELISA assay using recombinant VWF pro-

tein immobilized on polystyrene plates and sheep/goat polyclonal anti-

human IgG or IgM labelled with peroxidase. AVWS was defined as

follows: VWF below normal range, negative personal or family history
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of bleeding diathesis, late onset of bleeding symptoms (spontaneous or

after challenge). Twenty-three consecutive patients (12 males, 11

females) affected by AVWS, who referred to the Angelo Bianchi Bo-

nomi Hemophilia and Thrombosis Center (Milan, Italy) between 2006

and 2012, were enrolled. A group of 40 healthy subjects (20 males and

20 females) was also tested in order to calculate the cut point value

and the Normalization Factor during pre-study validation. This

enabled us, during analytical study, to calculate a floating cut point:

samples with OD above the floating cut point were considered positive

for antibodies to VWF.

Results: The median age was 66 years (interquartile range [IQR]: 55–
72 years). Twenty-one patients (93%) had an associated disease: 13

(57%) monoclonal gammopathy (11 monoclonal gammopathy of

undetermined significance, one Waldestrom disease, one chronic lym-

phocytic leukemia), one Crohn’s disease, two cardiovascular disorders,

one lung cancer, four thrombocythemia. Two patients presented idio-

pathic AVWS. With our ELISA assay we detected auto-antibodies in

10 patients out of 23 (43%) (eight patients positive for both IgG and

IgM, one patient positive only for IgG and one patient positive only

for IgM). Twelve patients (52%) had VWF:RCo < 10%: of these, nine

(75%) had IgG or IgM monoclonal component. Four (44%) of these

nine patients were positive for autoantibodies to VWF (both IgG and

IgM). Three more patients with VWF:RCo < 10% and other associ-

ated diseases (Crohn’s disease, cardiovascular disease and cancer) were

positive for anti-VWF autoantibodies. Three patients with VWF:

RCo ≥ 10% were positive for autoantibodies to VWF.

Conclusion: The identification of anti VWF autoantibodies might help

to diagnose patients affected by AVWS. With the present ELISA assay

10 patients out of 23 were positive for antibodies to VWF.

PB 2.39-5
Haemostatic changes following military trauma and
major blood loss
Hunt BJ1, Woolley T2, Parmar K1, Midwinter M2, Pribul V2,

Peach C2, Watts S3, Bishop J4 and Kirkman E3

1Guy’s & St Thomas’ NHS Foundation Trust, London; 2Royal

Centre for Defence Medicine, Birmingham; 3Defence Science and

Technology Laboratory, Salisbury; 4University of Birmingham,

Birmingham, UK

Background: Military trauma in Afghanistan is predominantly blast

and high velocity gunshot wounds with associated high degree of soft

tissue disruption and major haemorrhage.

Haemorrhage is controlled immediately at the point of wounding,

often with tourniquets. Evacuation is usually via helicopter where pre-

hospital administration of tranexamic acid and blood products occurs

where appropriate before reaching the hospital. The effect of military

trauma on haemostasis has not previously been studied and under-

standing the defect would help improve management.

Aims: To assess haemostatic changes in individuals with major military

trauma received at Joint Force Hospital, Camp Bastion, Afghanistan.

Methods: Thirty-three sequential patients with blast and gunshot inju-

ries with major blood loss presenting to the hospital, and who survived

into their first surgery, were assessed and blood taken on admission

for haemostatic studies. An injury severity score (ISS) of > 15 signifies

major trauma.

Samples were collected in a ratio of 9:1 in 0.102M citrate & processed

and frozen locally, then shipped back by a cold chain to the United

Kingdom where they were stored at �80 °C. For each assay samples

were analysed together to prevent interassay variability.

Results: Thirty-two out of 33 patients were male, with a median

(range) age of 25 (19–35), On admission, pulse rate 110 (0–176) bpm,

pH 7.17 (6.68–7.32), base deficit 7 (27–5), Injury severity score 27 (1–
75). In the first 24 h total median (range) PRBC 10 (0–39), FFP 8 (0–
36), Platelets 2 (0–12) cryoprecipitate 1 (0–11). Two patients received

fresh whole blood (2 and 3 units respectively). Fifty-eight percent had

received tranexamic acid prior to admission.

Admission haemostatic values showed median (range) [normal

range] values of Platelet count 235 (178–298) [150–450] 9 109/L;

Clauss fibrinogen 1.56 (0.57–2.2) [1.5–4] g/L; PT 19.9 (13.8–30.9)
[12–15.9]sec; prothrombin Fragment1 + 2 1382 (129–2380) [200–
1200] pM; soluble tissue factor 216 (102–589) [40–300] pg/mL;

D-dimer 3106 (536–6001) [< 145] ng/mL; t-PA antigen15 (4–108) [1–
15] ng/mL; PAI-1 activity 34 (11–119) [0–33] ng/mL; Plasmin-

antiplasmin complexes 6980 (1041–45,200) [150–800] ug/L; pro-

thrombin levels 0.69 (0.37–1.16) [0.5–1.5] iu/mL; factor X 0.68

(0.33–1.09) [0.5–1.5] iu/mL; factor VII 0.66 (0.31–1.63) [0.5–1.5]
iu/mL; Factor V 0.51 (0.08–1.06) [0.5–1.5] iu/mL.

Summary/Conclusions: Patients are coagulopathic with markedly

reduced fibrinogen and factor V levels, with a lesser reduction of other

coagulation factors. Markers of fibrinolysis (t-PA, PAP and D-dimers)

are greatly increased with evidence of good thrombin generation (ele-

vated PF 1 + 2). The study is ongoing.

PB 2.39-6
Long term follow-up in patients with acquired
hemophilia: the role of immunosuppressive therapy
Saccullo G, Malato A, Santoro M, Napolitano M, Vaccarella G

and Siragusa S

Policlinico Paolo Giaccone, Palermo, Italy

Background: Acquired hemophilia is a rare but potentially life-threat-

ening bleeding disorder caused by development of auto-antibodies

against FVIII. Recent data of European registry (EACH 2) and from

United States (Boles et. al) confirm the efficacy of immunosuppressive

therapy with corticosteroid alone or in association with Rituximab at

standard regimen (375 mg/m2 1 dose per week for 4 weeks) to obtain

complete remission (CR) of AHA (defined as the proportion of

patients who are in CR without relapse during follow-up). However,

the reported duration of patients’ follow-up (< 2 years) does not allow

to make firm conclusions about the long-term effect of such therapy.

Now we report data on AHA patients followed-up for a median time

of 3.4 years.

Aims: To assess the long-term response after immunosuppressive

therapy.

Patients and Methods: We retrospectively analyzed data from 15 con-

secutive patients diagnosed with idiopathic and secondary AHA, eval-

uated between June 2001 and December 2012. Primary objective was

to assess the role of immunosuppressive drugs (steroids with or with-

out Rituximab) after a follow-up of at least 3 years, by comparing its

effectiveness with published data. All patients was treated first with

steroids regimen while Rituximab was added in refractory cases.

Refractory has been defined as the lack of clinical response, mainte-

nance of severe FVIII deficiency (< 1%) and inhibitor.

Results: Among our population, the median follow-up was 3.4 years;

detailed data of main outcomes are reported in Table 1. Two patients

(13%) had spontaneously inhibitor disappearance, without immuno-

suppressive treatment, 5 (33%) were treated with regimens containing

rituximab (in combination with steroids), 8 (53%) with steroids alone.

Rituximab was administered according to the standard regimen above

reported. All Rituximab-based regimens obtained CR as well as ste-

roids-based regimes. However, the average time to obtain the CR was

shorter in steroids-based regimen than that in rituximab-based regimes

(4.8 vs. 1.5 months, respectively). The rate of relapse of patients trea-

ted with rituximab was similar to that of patients treated with steroids

(60% vs. 50%, respectively). Seven (46.6%) patients (three treated

with Rituximab, four with steroid alone) have experienced relapse

after a mean time of 2.6 years. All relapsed patients had idiopathic

AHA.

Conclusions: In our population, refractory patients treated with Ritux-

imab based regimes, obtain a CR in all cases. This is clinical relevant

since our median follow-up is much longer than previously reported

(1232 vs. 262 days of EACH2 registry). However, this response was

not maintained in long-term follow-up.
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With a median time to relapse of 708 days, 60% of patients treated

with rituximab experienced a relapse. The efficacy of subsequent

rituximab after the first relapse deserve further and appropriate inves-

tigations.

PB2.40 – Heparin-Induced
Thrombocytopenia (HIT): Basic

PB 2.40-1
Staphylococcal panton-valentine leukocidin activates
platelets via neutrophil secretion products
Bertling A1, Schlott B2, Peters G3, Heilmann C3, L€offler B3

and Kehrel BE4

1University Hospital Muenster, Muenster; 2Leibnitz Institute for

Age Research, Jena; 3Institute of Medical Microbiology,

University Hospital Muenster; 4Anaesthesiology, University

Hospital Muenster, Muenster, Germany

Background and Aims: Expression of the toxin Panton-Valentine Leuk-

ocidin (PVL) by Staphylococcus aureus has been linked to severe life-

threatening, necrotizing haemorrhagic pneumonia and fulminant sep-

ticemia with poor prognosis especially in young, immunocompetent

patients. These complications are often accompanied by thrombotic

events. We therefore tested the effect of PVL on human platelets in the

presence and absence of isolated human neutrophils.

Methods: Human neutrophils were isolated from citrate anticoagulat-

ed whole blood using Percoll gradients. The effect of recombinant

PVL on platelet activation and microparticle formation in the presence

or absence of autologous neutrophils was measured by flow cytometry.

PVL induced lysis of neutrophils was assessed by propidium iodid

staining. Release of neutrophil myeloperoxidase and defensins was

detected by ELISA technique.

Results: PVL strongly induced platelet activation, but only in the pres-

ence of human neutrophils. In the presence of neutrophils, PVL treat-

ment induced fibrinogen binding to human platelets as well as

microparticle formation. PVL induced neutrophil lysis and release of

defensins and myeloperoxidase, known mediators of platelet activa-

tion. PVL-induced platelet activation in the presence of neutrophils

was inhibited by known defensin inhibitors as well as by the antioxi-

dants resveratrol and glutathione (GSH).

Conclusions: PVL activated human platelet not directly, but indirectly

via human neutrophils. This was elicited by binding to neutrophils, cell

lysis and release of defensins and myeloperoxidase. Inhibitors of defen-

sin and myeloperoxidase/HOCl modified protein induced platelet acti-

vation inhibited the action of PVL. Platelet activation by PVL-treated

neutrophils is therefore likely to depend on HNP release and HOCl

formation. These findings might help to combat complications associ-

ated with PVL-expressing S. aureus strains.

PB 2.40-2
Fibronectin inhibits anti-PF4/heparin antibody induced
platelet activation and low fibronectin levels are a
potential risk factor for developing clinical HIT
Krauel K, Valentin P, F€urll B, Hammer E, Brandt S, Jensch I,

Kreimann M and Greinacher A

Ernst-Moritz-Arndt-Universit€at Greifswald, Greifswald, Germany

Background: In heparin-induced thrombocytopenia (HIT) immuno-

globulin G (IgG) antibodies against complexes of the positively

charged chemokine platelet factor 4 (PF4) and the negatively charged

anticoagulant heparin activate platelets which can lead to thrombocy-

topenia and life-threatening thrombotic disorders. Not all patients

with anti-PF4/heparin antibodies develop clinical HIT. As diagnostic

assays using washed platelets are more sensitive than assays using

platelet-rich plasma (PRP), plasma factors may influence platelet acti-

vation by anti-PF4/heparin antibodies.

Aims: The aim was to determine a risk factor contributing to clinical

breakthrough of HIT.

Methods: Different plasma fractions were analyzed for inhibiting: (i)

PF4 binding of gel-filtered platelets by flow cytometry, (ii) antibody

binding to PF4/heparin complexes by ELISA, and (iii) antibody

induced platelet activation using the heparin-induced platelet activa-

tion test (HIPA). The inhibitory mechanisms were further character-

ized by surface plasmon resonance (SPR) and photon correlation

spectroscopy (PCS). Sera from patients with serologically- and clini-

cally-confirmed HIT and from patients with serologically-confirmed

HIT without thrombotic complications were compared concerning the

levels of highly potential risk factors.

Results: Plasma and serum had the same inhibitory effect on PF4 bind-

ing to platelets. After affinity chromatography the inhibitory activity

of serum disappeared. Among others the chromatographic matrix

adsorbed IgG, complement factors, alpha-2-macroglobulin, vitronec-

tin and fibronectin. Fibronectin was the only serum factor showing

inhibition in all assays tested which was due to direct interaction with

PF4/heparin complexes leading to their disruption. Fibronectin serum

levels were higher in patients without clinical HIT compared to

patients with clinical breakthrough.

Conclusions: Fibronectin protects from platelet activation induced by

anti-PF4/heparin antibodies. This might be an explanation for the

higher sensitivity of washed platelet assays. As a diagnostic tool elimi-

nating fibronectin from PRP could be a faster and easier alternative to

the washing procedure. More importantly, reduced fibronectin plasma

levels seem to bear a risk for clinical breakthrough of HIT and might

be useful as a prognostic marker.

PB 2.40-3
Usefulness of a murine monoclonal antibody against
human platelet factor 4/heparin complexes to select
donor platelets in platelet activation assays for
diagnosis of heparin- induced thrombocytopenia
Asada R1, Wanaka K2, Miyashita K2, Kaneko C2, Hoshino N3,

Oosawa M3, Okamoto U2 and Matsuo M1

1Hyogo Cancer Center, Akashi; 2Kobe Research Projects on

Thrombosis and Haemostasis, Kobe; 3Mitsubishi Chemical

Medience Corporation, Chiba, Japan

Background: Platelet activation assays are extremely useful for detect-

ing anti-platelet factor 4 (PF4)/heparin complex antibodies (HIT anti-

bodies) that cause heparin-induced thrombocytopenia (HIT). The

sensitivity of platelet activation assays depends on the reactivity of

donor platelets to HIT antibodies. Therefore, selection of donor plate-

lets is very important. However, it is difficult to evaluate the reactivity

of donor platelet to HIT antibodies because sufficient quantities of

plasma cannot be collected from HIT patients. We developed a murine

monoclonal antibody against human PF4/heparin complexes (HIT-

MoAb) and reported that HIT-MoAb-induced platelet activation pos-

sesses characteristics comparable to human HIT antibody-induced

platelet activation.

Aims: We examined whether the reactivity of HIT-MoAb with donor

platelets could be used as an index to select donor platelets, which are

highly reactive with HIT antibodies.

Methods: HIT-MoAb was prepared by the ordinal polyethylene glycol

method. Human HIT antibody immunoglobulin-G (HIT-IgG) was

purified from HIT patient serum using a protein A column. The plate-

let aggregation test (PAT) was used to investigate platelet activation.

HIT-MoAb or HIT-IgG was mixed with donor platelet-rich plasma

(PRP) in a 1:1 ratio and incubated at 37 °C for 10 min. Subsequently

platelet aggregation was measured by adding heparin (final concentra-

tion, 1 U/mL). Both HIT-MoAb and HIT-IgG were used in concen-

trations of 60, 120, and 200 lg/mL. A maximum aggregation rate of
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≥ 20% was considered to be positive aggregation. The area under the

curve (AUC) was calculated from the platelet aggregation response

curve. The AUC value was used to evaluate the reactivity of donor

platelets because AUC is considered to indicate platelet aggregation

strength.

Results: PAT with HIT-MoAb (60, 120, and 200 lg/mL) was per-

formed using donor PRPs (n = 11). As a result, 9.1% PRP (1/11) and

63.6% PRP (7/11) showed positive aggregation at ≥ 60 lg/mL and

≥ 120 lg/mL, respectively, whereas, 27.3% PRP (3/11) showed nega-

tive aggregation at all concentrations tested. These results indicated

that the degree of HIT-MoAb-induced platelet aggregation varied

among donor platelets. The total AUC (sum of AUC values at 60,

120, and 200 lg/mL), which is considered as the reactivity of donor

platelets, was used to rank donor PRPs from high to low values. The

relationship between the reactivity of donor platelets to HIT-MoAb

and HIT-IgG was investigated. The ratio of positive aggregation with

HIT-IgG was higher when the higher ranked donor PRP was used.

Moreover, the total AUCs for HIT-MoAb and HIT-IgG were signifi-

cantly correlated (Spearman’s rank correlation: rs = 0.973;

P = 0.0021).

Conclusion: Donor platelets showing high reactivity to HIT-MoAb

also exhibited high reactivity to human HIT antibodies, indicating that

HIT-MoAb would be useful for evaluating and selecting donor plate-

lets in platelet activation assays for HIT diagnosis.

PB 2.40-4
Evaluation of three new fully automated quantitative
immunoassays on diagnosis of heparin-induced
thrombocytopenia
Miyashita K1, Wanaka K1, Kaneko C1, Walenga JM2, Prechel M2,

Escalante V2, Asada R3, Matsuo M3 and Okamoto U1

1Kobe Research Projects on Thrombosis and Haemostasis, Kobe,

Japan; 2Loyola University Medical Center, IL, USA; 3Hyogo

Cancer Center, Akashi, Japan

Background: The cause of heparin-induced thrombocytopenia (HIT) is

the generation of anti-platelet factor 4 (PF4)-heparin antibodies (HIT

antibodies). HIT is a clinicopathologic syndrome, implying that diag-

nosis of HIT depends on both clinical and pathologic criteria being

present. Functional and immunologic assays for detecting HIT anti-

bodies are available. 14C serotonin release assay (SRA) is still consid-

ered to be the gold-standard. However, unfortunately, it is done only

in a few laboratories. Conversely, the enzyme immunoassays are

widely used. Recently, three new fully automated quantitative immu-

noassays, the HemosIL� AcuStar HIT-IgG(PF4-H), specific for IgG,

and the HemosIL� AcuStar HIT-Ab(PF4-H) and HemosIL� HIT-

Ab(PF4-H), detecting IgG, IgM and IgA of HIT antibodies were intro-

duced into the market by Instrumentation Laboratory Co Ltd. The

HemosIL� AcuStar HIT-IgG(PF4-H) and HemosIL� AcuStar HIT-

Ab(PF4-H) are based on a chemiluminescent immunoassay, and Hemo-

sIL� HIT-Ab(PF4-H) is based on a latex particle enhanced immnuno-

turbidimetric assay. In this study, we compared the performance

among the SRA, the ELISA kit (PF4 Enhanced�, GTI) and the three

new immunological assays.

Subjects/Methods: We measured HIT antibodies in 112 HIT suspected

patients and 10 healthy normal subjects by using (A) PF4 Enhanced�,

(B) HemosIL� AcuStar HIT-Ab(PF4-H), (C) HemosIL� AcuStar HIT-

IgG(PF4-H), and (D) HemosIL� HIT-Ab(PF4-H). We used 0.4 OD units

for (A), 1.0 U/mL for (B), (C) and (D), and 50% for SRA as a cut-off

value, respectively.

Results: Co-positivity with SRA in four immunological assays (A, B,

C, D) was 100%, 100%, 82% and 92%, and that of co-negativity was

63%, 66%, 73% and 66%, respectively. Spearman’s rank correlation

coefficient of (A) with each of the three immunological assays (B, C,

D) was 0.924 (P < 0.001), 0.912 (P < 0.001) and 0.803 (P < 0.001),

respectively. Furthermore, the correlation coefficients between (B) and

(C), and (B) and (D) were also significant (0.954 and 0.865, respec-

tively). Co-positivity and co-negativity between (A) and (B) were 95%

and 98%, respectively. These values were higher than co-positivity

(84%) and co-negativity (85%) between (A) and (D).

Conclusion: Co-positivity and co-negativity of the SRA with each of

the three new immunological assays were similar to those of the SRA

with PF4 Enhanced�, especially the HemosIL� AcuStar HIT-Ab(PF4-

H) showed the most agreement among the assays. Furthermore, the

PF4 Enhanced�correlated more significantly with HemosIL� AcuStar

HIT-Ab(PF4-H) than with HemosIL� HIT-Ab(PF4-H). These results

show that the performances of the three new fully automated quantita-

tive immunoassays are comparable to the PF4 Enhanced�. However,

further investigation is needed to clarify clinical significance of these

assays on HIT diagnosis.

PB 2.40-5
Significance of the measurement of HIT antibodies on
diagnosis of heparin-induced thrombocytopenia in the
patients with hemodialysis
Wanaka K1, Miyashita K1, Kaneko C1, Walenga JM2, Prechel M2,

Asada R3, Matsuo M3 and Okamoto U1

1Kobe Rearch Projects on Thrombosis and Haemostasis, Kobe,

Japan; 2Loyola University Medical Center, IL, USA; 3Hyogo

Cancer Center, Akashi, Japan

Introduction: Heparin-induced thrombocytopenia (HIT) is a side effect

of heparin characterized by thrombocytopenia and thrombus forma-

tion (blood clotting in the dialysis circuit is frequently observed in the

hemodialysis patients with HIT). HIT is caused by the appearance of

antibodies to platelet factor 4 (PF4)/heparin complex (HIT antibod-

ies). Therefore, the detection of HIT antibodies as well as clinical find-

ings including thrombocytopenia is an important point for the

diagnosis of HIT. The diagnosis of HIT is confirmed if the results of

functional and immunological assays are both positive, and excluded

if they are both negative. However, the diagnosis is controversial if

only one is positive. Therefore, we studied the relationship between

HIT antibodies and clinical findings, and evaluated the significance of

the measurement of HIT antibodies in the diagnosis of HIT.

Methods: The subjects were 165 patients (96 males and 69 females with

a mean age of 67.9 � 14.0 years) for whom the measurement of HIT

antibodies was requested due to suspected HIT in 2003–2008. The
HIT antibody level was measured using the 14C-serotonin release assay

(SRA) and ELISA (PF-4 Enhanced�, GTI; Waukesha, WI, USA). A

release rate of 50% or higher on SRA and an OD value of 0.4 or

higher on ELISA were judged to be positive.

Results: The patients were classified on the basis of the results of HIT

antibody measurements into four groups: Groups A [SRA(+)/ELISA
(+)] (n = 45), B [SRA(+)/ELISA(-)] (n = 9), C [SRA(-)/ELISA(+)]
(n = 48), and D [SRA(-)/ELISA(-)] (n = 63), and the rate of reduction

in the platelet count, timing of thrombocytopenia, the presence or

absence of thrombosis, acute reactions, clotting in the dialysis circuit,

and the presence or absence of other causes were evaluated. No signifi-

cant difference was observed among the four groups in the rate of

reduction in the platelet count (A: 62 � 26%, B: 62 � 16%, C: 52 �
25%, D: 54 � 28%), timing of thrombocytopenia (A: 15 � 13 days,

B: 14 � 10 days, C: 19 � 20 days, D: 22 � 23 days), the presence or

absence of thrombosis, or acute reactions. Clotting in the dialysis cir-

cuit was observed in 87% (39/45) in Group A, 56% (5/9) in Group B,

81% (39/48) in Group C, and 41% (26/63) in Group D, and its fre-

quency was significantly higher in the ELISA(+) than in ELISA(-)

groups. Other causes were noted in 11% of the patients in Group A,

33% in Group B, 13% in Group C, and 43% in Group D, and their

frequency was significantly lower in Groups A and C than in Group

D. Therefore, the risk of HIT is considered to be high in Group C as

well as Group A. In Group B, four patients were positive for another

ELISA (antigen: r-PF4/heparin, IgG only), suggesting the presence of
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HIT antibodies not detected by the ELISA (antigen: PF4/PVS) used in

this study.

Conclusion: The possibility of HIT is considered to be high in hemodi-

alysis patients with clinical findings of HIT (thrombocytopenia, clot-

ting in dialysis circuit, etc.) if HIT antibodies are detected on either

functional or immunological assays.

PB 2.40-6
In-vitro inhibition of thrombin generation in heparin
induced thrombocytopenia by dabigatran and
rivaroxaban
Gregor H, Alena S, Thomas T and Greinacher A

Universit€atsmedizin Greifswald, Greifswald, Germany

Background: In heparin induced thrombocytopenia (HIT), platelet

activating antibodies cause increased thrombin generation despite the

presence of the thrombin inhibitor heparin. Currently approved

thrombin inhibtors such as danaparoid or lepirudin were recently

shown to decrease thrombin generation in HIT.

Aims: To evaluate the effect the novel coagulation inhibitors dabiga-

tran and rivaroxaban on in vitro thrombin generation in HIT.

Methods: To determine degree of thrombin generation inhibition, the

final in vitro concentration of dabigatran or rivaroxaban was diluted

to low (5%), intermediate (50%), or high (95%) levels of the respective

drug’s in vivo concentration. Samples from five patients with platelet

activating antibodies were mixed with platelet rich plasma from

healthy donors, unfractionated heparin at 0.2 U/mL, and dabigatran

or rivaroxaban at the different concentrations. Thrombin generation

was measured by Calibrated Automated Thrombinogram with the

endogenous thrombin potential (ETP) as primary parameter.

Results: At high and intermediate dabigatran concentrations, ETP was

significantly decreased (48 nM [15–51] and 162 [96–360] vs. 511 nM

[400–860], P = 0.002 and P = 0.02, respectively). The low concentra-

tions of dabigatran did not significantly reduce the ETP (265 [183–723]
vs. 511 nM [400–860], P = 0.18). A high concentration of rivaroxaban

significantly decreased median ETP (15 nM [10–133] vs. 511 nM [400–
860], P = 0.004). The intermediate and low final concentrations of riv-

aroxaban did not significantly reduce the ETP, but showed a trend

towards a lower thrombin generation (128 [35–398], P = 0.05 and 239

[176–731], P = 0.13, respectively).

Conclusion: Both dabigatran and rivaroxaban decreased in vitro

thrombin generation in HIT. As the high concentrations of both drugs

reduced thrombin generation more efficiently than lower concentra-

tions, high concentrations may be required to treat HIT in vivo.

PB2.41 – Rare Bleeding
Disorders – III

PB 2.41-1
Investigation of medical indications for PNH screening
experiment by flow cytometry
Zhu M, Chen L, Shen W, Dai L and Ruan C

The First Affiliated Hospital of SoochowUniversity, Suzhou, China

Background: Paroxysmal Nocturnal Hemoglobinuria (PNH) is an

acquired hematopoietic stem cell disorder leading to a partial or abso-

lute deficiency of all glycophosphatidyl-inositol (GPI)-linked proteins.

The classical approach to diagnosis of PNH by cytometry involves the

loss of at least two GPI-linked antigens on RBCs and neutrophils.

Flow cytometry (FCM) is firmly established as the method of choice

for screening of PNH. In 2010, technical guidelines were published in

order to standardize the diagnosis of PNH by mutiparameter FCM.

But there is not a uniform consensus about the medical indications for

PNH clone testing by FCM.

Methods: Three thousand and thirty-seven individuals were submitted

for diagnostic screening of PNH. CD59was used forRBC analysis based

upon physical parameters. We combined FLAER with CD45, CD24,

allowing the simultaneous analysis of FLAER and the GPI-linked

CD24 on neutrophil andmonocyte lineages by CD45 vs. side scatter.

Results: PNH clone cells were found in 189/3037 (6.2%) cases. Most

commonly individuals were screened because of hemoglobinuria (730/

3037,24.0%), followed by aplastic anemia (486/3037,16.0%), MDS

(448/3037,14.8%), pancytopenia (395/3037,13.0%), hemolytic anemia

(298/3037,9.8%), bone marrow failure (211/3037,6.9%), atypical

venous thrombosis (64/3037,2.1%), other (405/3037,13.3%). Essen-

tially all patients with classic PNH (95/189,50.3%) report gross hemo-

globinuria at some point during the course of their illness. This

symptom were absent in patients with PNH-subclincal (e.g. PNH/

aplastic anemia or PNH/MDS) (9/189,4.8%) because the clone size

is often relatively small. PNH clone cell often were found in PNH

combined with another specified bone marrow disorder, including AA

(58/189) MDS (23/189) pancytopenia (4/189).

Conclusion: Analysis of the different clinical and biological findings

that may contribute to better selection of cases for PNH screening

experiment by FCM. The FCM screening of GPI-deficient cells shows

that the rate of positive results is higher when cases were tested because

of hemoglobinuria, anemia, thrombosis and pancytopenia, and much

higher in cases previously diagnosed of aplastic anemia or MDS, and

therefore screening for PNH in patients with aplastic anemia, or MDS

even in the absence of clinical evidence of hemolysis, is recommended

at diagnosis and at least yearly during follow-up.

PB 2.41-2
Genotype and phenotype relationships in 10 unrelated
Pakistani patients with inherited FVII deficiency
Borhany M1, Boijout H2, Pellequer J-L3, Shamsi T1, Fatima H1,

Moulis G2, Schved J-F2 and Blaizot M2

1National Institute of Blood Disease, Karachi, Pakistan; 2CHU

Montpellier, D�epartement d’H�ematologie biologique, Hôpital

Saint-Eloi, Montpellier; 3CEA, iBEB, Service de Biochimie et

Toxicologie Nucl�eaire, F-30207 Bagnols sur C�e, Bagnols sur

C�eze, France

Background: Inherited factor VII (FVII) deficiency is one of the com-

monest rare bleeding disorders (RBD). It is characterized by a wide

molecular and clinical heterogeneity and an autosomal recessive pat-

tern of inheritance.

Aims: FVII deficient patients are still scarcely explored in Pakistan

albeit rare bleeding disorders became quite common as a result of tra-

ditional consanguineous marriages. This study aims to give a first

insight of F7 gene mutations in Pakistani population.

Material and Methods: The study was conducted in 10 unrelated

patients with inherited FVII deficiency living in Pakistan. A clinical

questionnaire was filled out for each patient who was then graded

according to two previously published classifications for RBD (Ma-

raini et al 2005, and Peyvandi et al 2012) and a bleeding score (Tosetto

et al 2006). The FVII: C and FVII:Ag levels were determined using a

human recombinant thromboplastin (RecombiPlastin 2G, IL) and an

ELISA (Asserachrom FVIIAg Diagnostica Stago) respectively. Direct

sequencing was performed on the coding regions, intron/exon bound-

aries and 5′ and 3′ untranslated regions of the F7 gene.

Results: Ten unrelated FVII-deficient Pakistani patients (median FVII:

C = 2%; ranges = 2–37%) were investigated. Molecular analysis

allowed us to identify nine different mutations; among these, five were

novel: (c.-57 C>T, p.Cys82Tyr, p.Cys322Ser, p.Leu357Phe,

p.Thr410Ala). Only one mutation was located within the F7 promoter

(c.-57C>T) and is predicted to alter the binding site of transcription

factor HNF-4. Quantitative deficiency is expected, due to decrease in

mRNA transcription. Both p.Cys82Tyr and p.Cys322Ser mutations

involved essential disulfide bridges either forming a loop in the Gla
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domain or linking both heavy and light chains of activated FVII,

respectively. The Leu 357 is located in an external loop of the catalytic

domain, involved in the interaction between FVII and its substrate,

but also in the catalytic conversion of FVII. The remaining novel

p.Thr410Ala mutation changed a polar residue into an Alanine with

hydrophobic side chain presumably leading to a pathogenic impact on

the FVII molecule. Six out of seven patients with FVII:C levels below

10% were homozygous in connection with the high percentage of con-

sanguinity in our series. Comparison of the three previously published

classifications showed that both clinical classifications were corrobo-

rating in our small series. Conversely the bleeding score appears to bet-

ter qualify the bleeding tendency when comparing the three patients

with the same F7 genotype.

Conclusion: Molecular analysis of an even small series of 10 FVII-

deficient patients allowed us to report five novel mutations. The

p.Cys82Arg mutation was the most frequent in our series. Moreover,

the use of the Tosetto’s bleeding score can be a promising tool to clas-

sify patients with rare bleeding disorders.

PB 2.41-3
Mild fibrinogen disorders: correlation between
genotype and phenotype
Castaman G1, Giacomelli S1, Biasoli C2, Veneri D3, Radossi P4,

Borchiellini A5 and Tosetto A1

1San Bortolo Hospital, Vicenza; 2Bufalini General Hospital,

Cesena; 3University of Verona, Verona; 4General Hospital,

Castelfranco Veneto; 5Molinette Hospital, Torino, Italy

Background: Fibrinogen is a complex dimeric protein of 340 kD, syn-

thesized in hepatocytes as a hexamer composed of three pairs of non

identical polypeptides (Aa, Bb and c chains, identified by a different

gene FGA, FGB and FGG). Inherited fibrinogen disorders are classified

according to a complete (afibrinogenemia) or partial (hypofibrinogen-

emia) fibrinogen deficiency and to an abnormal circulating molecule

(dysfibrinogenemia) in plasma. The risk of bleeding or thrombosis

conferred by partial deficiency or qualitative abnormality remains

unclear.

Aim of the Study: We evaluated the clinical manifestations and the

genotype of 24 families (54 patients) showing laboratory mild fibrino-

gen abnormalities.

Results: Abnormalities at thrombin-cleavage site in alfa chain

(Arg16Cys, Arg16His and Arg19Gly) did not cause bleeding, while

thrombotic events can be associated with Bbeta mutations at the same

site (Arg14Cys). A significant bleeding tendency with impaired wound

healing was reported with a novel Ile105Thr mutation in gamma

chain. Overall, bleeding tendency was usually very mild and most

patients did not require specific treatment. A woman with partial hyp-

ofibrinogenemia (fibrinogen 45 mg/dL) associated with a novel

Leu344Phe mutation in gamma chain was treated prophylactically

with fibrinogen concentrate during pregnancy because of an early pla-

centa detachment with uterine bleeding. Familial increased risk of

venous thromboembolism was associated with a novel Trp208Arg

mutation in gamma chain. Four additional novel mutations

(Arg57Lys in alfa, IVS5 + 2T>A and Ter462Gln in beta, and Cys339-

Ser in gamma chain) were also detected.

Conclusions: Mild disorders of fibrinogen concentration and function

are important to establish the structure-function relationships and

clinical correlates of different mutations.

PB 2.41-4
Characterization of adult patients with a mild to
moderate bleeding phenotype from the Vienna
Bleeding Biobank
Haselb€ock J, Panzer S, Janig F, Kepa S, Mannhalter C

and Pabinger I

Medical University Vienna, Vienna, Austria

Background: Mild bleeding disorders (MBDs) manifest in a variety of

clinical symptoms and are a common cause for thorough hemostaseo-

logical investigation in adults. Still, no diagnosis can be established in

the majority of patients.

Aim: Establishment of a Biobank of clinically extensively characterized

patients with MBD for identification of underlying causes.

Methods: Patients aged > 18 years were consecutively enrolled after

giving written informed consent. The severity of bleeding was esti-

mated using a standardized bleeding score (Rodeghiero,

J.Thromb.Hameost.2005:3:2619). Routine coagulation tests, von

Willebrand factor antigen (vWF:Ag) and activity (vWF:RCo), single

clotting factors, and platelet function, assessed by platelet function

analyzer (PFA-100), aggregometry, and glycoprotein expression were

performed.

Von Willebrand syndrom (vWS) was considered as definite when

vWF:RCo was < 30%, and as possible vWS when vWF:RCo was

between 30% and 50%. When platelet function tests revealed repeat-

edly abnormal results definite thrombocytopathy was diagnosed;

possible thrombocytopathy was diagnosed when results were abnor-

mal in only one available investigation.

Results: From 11 to 2009 until 12 to 2012 215 patients (female = 176,

82%) were enrolled. Seventy-three patients (34%) had a positive fam-

ily history for bleeding. Median age [Interquartile (IQR) range] was 41

[29–54] years. There was no age difference between female and male

patients. Patients with MBDs had a median bleeding score of 4 (IQR

2–6). We observed no difference in the severity of bleeding between

male and female patients.

Common bleeding symptoms comprised skin manifestations in 66%,

post-surgical bleeds in 51%, of which 53% demanded revision. Fur-

ther manifestations were bleeding after tooth extraction in 33%,

repeated episodes of epistaxis in 28%, small wound bleeding in 28%,

and oral cavity bleeding in 11%. Nine percent of patients had gastro-

intestinal bleeding, one patient reported muscle and two joint bleed-

ing. Twenty-five percent women suffered from hypermenorrhagia,

and 13% of the women, who had given birth, reported postpartum

bleeding.

In five patients (2%) definite vWS was diagnosed and in 13 patients

(6%) vWS was considered possible. A not further characterized defi-

nite thrombocytopathy was confirmed in 11 patients (5%), in 27

patients (13%) a platelet function disorder was suspected (possible

thrombocytopathy). Six patients (3%, female = 1) had factor VIII

deficiency with levels of < 50% (< 30% in three of them), excluding

those with vWS type Normandie. In one patient dysfibrinogenemia

was diagnosed. Of patients without an established diagnosis, one each

had repeated prolongations of APTT and PFA measurements of

unknown cause; further six had deficiency of one or two single clotting

factors, which could not be attributed to a bleeding tendency. In 151

(female = 129) patients (70%) all tests showed normal results and no

diagnosis could be established. The median bleeding score was 4 (IQR

2–6) in patients with a definite or assumed diagnosis and 3 (2–5) in
those without any identified abnormality (P = 0.25).

Summary: Like in previous studies, a definite or possible diagnosis

explaining the bleeding tendency could be established in only 30% of

patients with MBDs. The severity of bleeding, however, was almost

equal in patients with an established diagnosis as in those without.

Further mechanisms responsible for MBDs still have to be identified.
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PB 2.41-5
Long-term prophylaxis in patients with severe factor
VII deficiency
Siboni SM1, Biguzzi E2, Mistretta C2, Garagiola I3 and Peyvandi F3

1Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,

University of Milan; 2A Bianchi Bonomi, Fondazione IRCCS Ca’

Granda –Ospedale Maggiore Policlinico; 3Angelo Bianchi

Bonomi Hemophilia and Thrombosis Center, University of Milan,

Milan, Italy

Introduction: According to the recent paper by the European Network

of Rare Bleeding Disorders, there is a weak association between FVII

levels and bleeding manifestations. In patients with a previous episode

of intracranial bleeding, prophylaxis is generally initiated to prevent

subsequent cerebral bleeding episodes.

Aim of the Study and Methods: To describe two patients on long-term

prophylaxis with plasma-derived factor VII concentrate

Results: Case 1: A 53-years-old woman affected by severe congenital

FVII deficiency (< 1%) presented a significant bleeding history (easy

bruising, severe epistaxis, recurrent spontaneous hemartrosis, bleeding

after tooth extractions, severe menorrhagia requiring treatment) from

childhood, but the hemorrhagic disorder was diagnosed only when she

was 18-years-old. Between 43 and 50 years, she presented several epi-

sodes of gastrointestinal bleeding (due to angiodysplasia), that

required hospitalization. Long-term prophylaxis was started at the age

of 50, because of the gastrointestinal bleeding. She was treated with

plasma-derived FVII concentrate (pdFVII) twice a week (600U; 12 U/

kg). The patient had no bleeding episodes for 3 years and did not

require any additional treatment with pdFVII (except for surgical pro-

cedures). After 3 years, prophylaxis was interrupted for 1 month (due

to the unavailability of the drug). During this period the patient pre-

sented another severe episode of gastrointestinal bleeding requiring

hospitalization and treatment with activated recombinant FVII

(rFVIIa) and red blood cells transfusion. After this episode the patient

started again the prophylaxis with pdFVII (same dosage as before).

The molecular analysis of factor VII gene showed compound heterozy-

gosity: C.430 + 1 G/A; VS7 + 7 A>G; Thr419Met.

Case 2: A 23-year-old young woman affected by severe congenital FVII

deficiency (< 1%) was diagnosed 4 days after birth, because of melena

and extensive bruising that required treatment with fresh frozen plasma.

In the first 7 years of life the patient had several episodes of spontane-

ous and post-traumatic hemartrosis/hematomas and four episodes of

intracranial bleeding (the first at the age of 3 months, after which sur-

gery was performed and a cerebral ventriculo-peritoneal shunt was

positioned) treated with infusion of pdFVII every 6 h. At the age of

7 years, she started the long-term prophylaxis with daily infusions of

pdFVII (50 U/kg; actually 3000 U). Since then (follow-up 16 years) the

patient did not present any bleeding episodes that needed any more

treatment. Themolecular analysis of factor VII gene showed compound

heterozygosity: Cys135Arg; 17 bp deletion at nucleotide 10585.

Discussion: Prospective studies that evaluate the efficacy of long-term

prophylaxis are not available, as well as data regarding the prevalence

of patients on prophylaxis with pdFVII or with rFVIIa. The theoretic

advantage of pdFVII should be the longer half-life of the drug (and

consequentially the less frequent administrations), but recently

patients using successfully only one weekly infusion of rFVIIa were

described. In this report we described two patients on long-term pro-

phylaxis with pdFVII; in the two patients, a different dose regimen

was used because of the different indication and because no evidence

based guidelines are available on the minimal treatment to successfully

avoid life-threatening hemorrhages in factor VII deficient patients

PB 2.41-6
Survey of practices: difficulty of venipuncture practice
and contribution of a vein locating device in patients
requiring multiple peripheral venipunctures
Guillon P1, Makhlouifi M2, Baillie S3, Roucoulet C4, Dolimier E5

and Villette B5

1Haemophilia Treatment Center, Caen University Hospital, Caen;
2Haemophilia Treatment Center, Necker Hospital- Enfant

malades, APHP, Paris; 3Haemophilia Treatment Center, Lille

University Hospital, Lille; 4Haemophilia Treatment Center,

Maison Blanche Hospital, Reims; 5Baxter Healthcare

Corporation, Maurepas, France

Background: As part of the treatment or monitoring of their disease, a

significant number of patients may have multiple venipunctures. This

is the case, in particular, for patients with clotting disorders, who

undergo regular punctures as well as self-treatments. These repeated

punctures may result in weakening of the veins, making venous access

difficult and inducing a negative feeling for the patient (increased pain

and stress).

The existence of a peripheral vein locating device ‘AccuVein�’ in this

context could facilitate the practice of venipunctures and provide us

with the opportunity to assess the venipuncture practices and the inter-

est of this device in this population.

Aim: To describe practices for venipunctures and their difficulty for

patients with multiple peripheral venipunctures and the contribution

of a peripheral vein locating device ‘AccuVein�’.

Methods: French, pilot, survey of practices carried out in France, in

four university hospital units (CHU Caen, Paris, Lille and Reims).

According to the use or not of the device, the nurses collected the num-

bers of attempted punctures, the pain and the stress of patients before

and during the punction and the stress of the nurses as well.

Results: To date 150 patients have been analyzed:For the group with-

out venous difficulty with or without device (AccuVein�): no differ-

ence in the number of attempts (0 in median for the two sub-groups),

or in the pain and stress of the patient. For the group with venous dif-

ficulty with or without device (AccuVein�): median number of punc-

ture attempts �0.5 (the device) and 0 (without the device), a trend in

favor of the device.

In the subgroup with AccuVein�: less stress for the patient

(P = 0.055), a reduction in pain (P = 0.003). The main reason for

using AccuVein� was to locate the vein immediately.

Conclusion: The device ‘AccuVein�’ seems to bring an interest to the

practice for venipuncture in patients with difficult venous access with a

decrease in the number of attempted puncture, pain and stress.

PB2.42 – Von Willebrand Disease:
Clinical – III

PB 2.42-1
Molecular characterisation and discrimination of
patients with Type 2 Von Willebrand disease
Jenkins VP1, Byrne MB1, Keenan C1, Holden F1, Nolan B2,

O’Connell N1 and O’Donnell JS3

1St. James’s Hospital; 2Our Lady’s Childrens Hospital; 3Trinity

College, Dublin, Ireland

Background: Diagnosis of von Willebrand disease (VWD) sub-type is

important in guiding patient treatment and genetic counselling. VWD

discrimination is based on laboratory analysis of VWF levels and func-

tion. However mutation analysis of the VWF gene complements labo-

ratory measurement and aids in distinguishing qualitative (Type 2)

and quantitative (Types 1 and 3) deficiency of VWF. Most mutations

associated with types 2A, 2B and 2M VWD occur in VWF exon 28

which encodes the functionally important VWF-A1 and A2 domains.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

ABSTRACTS 677



Therefore a targeted approach to mutation analysis allows detection

of most mutations associated with these sub-types.

Aims: To screen and identify mutations associated with Type 2 VWD

in a cohort of Irish patients with VWD.

Methods: Samples were collected from patients with a diagnosis of

VWD and prior VWF:RCo/VWF:Ag ratio of ≤ 0.7. VWF:Ag was

measured by an immuno-turbidometric method, VWF collagen bind-

ing (VWF:CB) was measured by ELISA, and VWF:RCo levels deter-

mined by platelet aggregometry. VWF multimers were analysed by

discontinuous slab agarose gel electrophoresis. VWF exon 28 was

amplified in four separate overlapping PCR reactions and the resulting

product sequenced by standard di-deoxysequencing methods. Analysis

of GP1B was also performed in a single kindred. In-silico structural

analysis was also performed.

Results: Twenty-six discrete mutations were detected in VWF exon 28

in a total of 42 kindred, comprising 61 patients analysed. Twenty-three

of the 26 mutations were associated with Type 2 VWD and a dominant

family history. Six different mutations associated with 2A VWD were

detected in 10 kindred comprising 14 patients. A novel candidate

mutation was detected in three apparently unrelated kindred

(p.Gln1541Arg). All patients were heterozygous for mutations that

predicted amino-acid substitutions in the A2 domain. Four mutations

associated with 2B VWD were detected in five kindred, an additional

family had a mutation in GP1B (p.Gly249Val) causing platelet-type

VWD. Ten different mutations causing 12 amino-acid substitutions

were associated with definite 2M VWD. VWF:RCo/Ag ratios varied

from 0.24 to 0.64 whereas VWF:CB/Ag ratios varied from 0.67 to 0.96

and HMW multimers were present. Notably two candidate gene con-

version events between pseudogene and VWF exon 28 were associated

with 2M VWD. One event predicting the amino-acid substitutions

p.Pro1266Leu; p.Val1279Ile in the A1 domain was detected in three

apparently unrelated kindred. A second candidate gene conversion

event that predicted p.Val1229Gly and Asn1231Thr was detected in

two unrelated patients. This has been previously associated with Type

1 VWD. Mutations predicting p.Arg1374Cys/His/Leu in the A1

domain were detected in six kindred. Mutation at this residue reduces

VWF:Ag (0.14–0.25 IU/mL) and further reduces VWF:RCo (< 0.1–
0.12 IU/mL). The mutations also affects VWF:CB (ratio 0.5–0.7) with
a modest reduction of HMW multimers, thus classification of these

patients is difficult. In additional two novel mutations; resulting in

type 1 quantitative deficiency were detected: c.3675-1G>A splice site

mutation, and p.Arg1566*. The latter mutation was also present in

trans with the modifying polymorphism p.Tyr1584Cys.

Conclusions:Novel candidate mutations with unique molecular mecha-

nisms were identified as causing type 2VWD. Molecular analysis com-

plements laboratory measurement and provides further insight into

the basis of VWD.

PB 2.42-2
Use of double virally inactivated FVII/vWF in 30
children and young people with von Willebrands
disease – a single centre experience
Khair K, Efford J, Mathias M and Liesner R

Great Ormond Street Hospital for Children NHS Foundation

Trust, London, UK

Background: Children and young people (CYP) with von Willebrands

disease (vWD) have mild to severe bleeding manifestations which

appear spontaneously or following trauma or surgical intervention.

Treatment is given to prevent or treat bleeding; for some this requires

treatment with plasma derived concentrates. UK treatment guidelines

recommend using plasma products which have been manufactured to

the highest standards to limit exposure to potential blood borne viral

disease.

Aims: A double virally inactivated FVIII/vWF concentrate was

licensed for use in the UK in September 2009. All children treated at

this centre since then have received this new product. A prospective

monitoring record documenting safety and efficacy and outcomes of

treatment was established, recording dose frequency, response to treat-

ment and adverse events.

Methods: Since introduction of the new product, treatment of CYP,

unresponsive to Desmopressin, has been recorded on a central data-

base. All treatments are recorded including reason for treatment, dose,

and response to treatment: bleed resolution, breakthrough bleeds for

those on prophylaxis, surgical outcomes and adverse events.

The data is analysed regularly to assess results of treatment, adverse

events and treatment outcomes.

Results: To date 30 CYP (14 girls:16 boys, 21 type 1, 1 type 2M, 6 type

3 vWD, 2 acquired) aged 1 day to 17.8 years have been treated either

on demand for bleeds (four subjects for 23 bleeds, four have had con-

tinuous prophylaxis and 27 subjects have undergone 35 surgical proce-

dures).

Surgical procedures varied from minor to major surgery (dental

extractions to spinal, cardiac and neurosurgery) treatment was admin-

istered for 1–5 days. For major procedures FVIII and vWF levels were

monitored to ensure adequate haemostatsis without any evidence of

accumulation of vWF postoperatively.

No postoperative bleeding, complications or adverse events were seen.

The CYP treated prophylactically have experienced no breakthrough

bleeds on a dose regimen of 28–53 iu/kg/dose, administered at home

every 48–72 h maintaining a 48 h trough > 1 iu/dL.

CYP treated on demand have responded to a single dose of ~50 iu/kg.

Summary/Conclusion: This study, of a heterogeneous group of CYP

with vWD confirms data obtained in clinical trials that this product is

efficacious, safe and well tolerated. Bleed resolution or prevention is

100% in this cohort. For CYP on home treatment ease of reconstitu-

tion and infusion and absence of breakthrough bleeding promotes

treatment concordance.

PB 2.42-3
Results of a prospective, non-interventional clinical
study in 170 VWD patients with a new generation of
VWF/FVIII concentrate in Germany
Von Depka M1, Feddern J2, Halimeh S3, Kadar J4, Miesbach W5,

Nowak-G€ottl U6 and Scharrer I7

1Werlhof Institut, Hannover; 2Octapharma GmbH, Langenfeld;
3Coagulation Centre Rhein-Ruhr, Duisburg; 4Laboratory and

Medical practice for Transfusion Medicine, K€oln; 5Hemophilia

Center Frankfurt, Frankfurt; 6Institute of Clinical Chemistry, Kiel;
7Johannes Gutenberg-University Medical Center, Mainz,

Germany

Background: With marketing authorisation in 2005, a non-interven-

tional study (SET = Surveillance of Efficacy and Tolerability) with a

double virus inactivated VWF/FVIII concentrate (Wilate) was initi-

ated in Germany. After duration of 7 years, the inclusion of patient

documentation was terminated to finally evaluate the study data. At

data lock point, 170 patients suffering from von Willebrand’s disease

(VWD) had been included. Some of the results from the final evalua-

tion regarding safety and efficacy will be presented.

Aim: The presented study was performed to evaluate the haemostatic

efficacy and safety of a newly introduced VWF/FVIII product in the

treatment of all types of VWD patients in every day clinical setting

and to validate the results from pivotal clinical trials.

Methods: Patients of any age suffering from hereditary or acquired

VWD requiring replacement therapy were included. Apart from demo-

graphic and anamnestic data, details of all injections for treatment of

bleeding episodes, surgeries and prophylactic treatment were docu-

mented. Clinical efficacy and tolerability were rated by the treating

physician using four-point verbal scales. All data underwent a pre-

defined data management process including double data entry and

plausibility checks by an independent statistical institute.
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Results: Twenty-six treatment centres provided data of 170 patients

suffering from VWD reflecting the broad spectrum of disease severity.

About two thirds of the patients are female; the age ranges from 1 to

85 years at study entry. Six cases of acquired VWD and 7 type 3 VWD

were included. Type 2 of various subtypes accounts for about 30% of

the patients and the remainder suffers from type 1 VWD. One hundred

and eight surgical procedures in 82 patients were documented. In all

rated surgical procedures, the efficacy of the concentrate was assessed

to be ‘excellent’ or ‘good’. Efficacy in 156 bleeding episodes was

assessed as ‘excellent/good’ in 95.2% of ratings. Prophylactic treat-

ment of 13 patients resulted in a drop of bleeding frequency of under 1

bleed per month. Five patients had experienced suspected adverse drug

reactions – all without sequelae. The ADR rate per injection was as

low as 0.1%.

Conclusion: The results, reflecting the experience of routine use in all

types of VWD in all types of clinical settings, confirm the excellent effi-

cacy and tolerability which had been demonstrated during the exten-

sive panel of clinical trials.

PB 2.42-4
Thrombin generation in platelet-rich plasma is
sensitive for the activation status of Von Willebrand
Factor
Kelchtermans H1, Pelkmans L2, Miszta A1, Al Dieri R1 and De

Laat B2

1Synapse BV, Cardiovascular Research Institute Maastricht,

Maastricht University; 2Department of Biochemistry,

Cardiovascular Research Institute Maastricht, Maastricht, The

Netherlands

Background: Von Willebrand Factor (VWF), a multimeric protein,

plays a key role in hemostasis through its interactions with platelet

glycoprotein Ib (GPIb), Factor (F) VIII and subendothelial collagen.

VWF in plasma is unable to interact with GPIb, unless it is structurally

modified by binding for example to subendothelial collagen. More

recently, evidence exists that under flow conditions VWF can bind to

formed fibrin and subsequently GPIb, thereby activating platelets.

Von Willebrand Factor disease (VWD), the most common inherited

bleeding disorder in humans, results from deficits in the quantity (Type

I; reduced levels of normal functional VWF/Type III; complete

absence of VWF) or function (Type II) of VWF. Type IIA VWD is

characterized by a loss of high molecular weight VWF, due to faulty

assembly or enhanced proteolysis, while in type IIB VWD a mutation

in VWF results in its spontaneous binding to GPIb. Type IIN VWD

represents an inherent VWF defect causing defective FVIII binding.

Aims: In this study we have investigated the impact of the quantity

and activation status of VWF on the thrombin generation in platelet-

rich plasma (PRP).

Methods: Thrombin generation (TG) was determined by calibrated

automated thrombography in platelet poor vs. rich plasma of healthy

controls (HCs; N = 9) and of patients with VWD type IIA (N = 5),

IIB (N = 5), IIN (N = 3) and type III (simulated by VWF deficient

plasma). PRP samples were prepared from platelet-poor plasma (PPP)

by adding washed platelets from a HC sample, to a final concentration

of 3 9 108 platelets/mL. TG was initiated with 1 pM TF and 4 lM
phospholipids (PPP only). Both in PPP and PRP, all results were nor-

malized to the average of the HC samples. Subsequently the ratio of

PRP/PPP was determined for the four parameters of the TG (lag time,

time to peak (ttP), endogenous thrombin potential (ETP) and peak).

Results: In most samples of VWD patients, thrombin generation in

PPP was found to be lower compared to the HCs, probably because of

the reduced FVIII levels present in the samples. The ratios for the lag

time and ttP were not significantly affected in VWD samples compared

to HCs, apart from a small increase in type III VWD. However, a sig-

nificant increase in the ratio PRP/PPP was observed for both the ETP

and peak in type IIB patients compared to HCs. This increase was not

found in type IIA or type III samples, and only marginally in type IIN

samples. This increase is likely to be explained by the spontaneous

interaction of the mutated VWF in type IIB patients with GPIb, induc-

ing the activation of platelets.

Conclusion: By comparing TG in PRP and PPP from different VWD

patient samples, we have demonstrated that the TG is sensitive to the

activation status of VWF.

PB 2.42-5
Comprehensive classification of patients with von
Willebrand Disease after systematic genotypic analysis
Schoormans S, Van Duren C, Diekstra A, Hoefsloot L and Van

Heerde WL

Radboud University Nijmegen Medical Centre, Nijmegen, The

Netherlands

Background: Von Willebrand disease (vWD) is a bleeding disorder

caused by abnormalities in Willebrand factor concentration and/or

function. The prevalence is 1: 100, but only 1:10,000 cases have a clini-

cal significant bleeding tendency. VWD can be divided in three differ-

ent subclasses, but classification remains difficult if based on well-

standardized laboratory assays.

Aims: Since classification is still a challenge we initiated a national ref-

erence centre for von Willebrand factor genomic analysis. The aim of

this center is to improve vWF classification. To do so, genetic abnor-

malities in the vWF gene in patient suspected to suffer from vWD will

be correlated to the other vWF parameters.

Methods: DNA of patients suffering from vWD was analyzed by San-

ger sequencing the coding regions including the intron-exon bound-

aries of the vWF gene. Large deletions and duplications in the vWF

gene were detected by MLPA.

Results: Up to December 2012, 186 patients were analyzed. One hun-

dred and eight patients had a genetic abnormality. The mutations

found were eight nonsense mutations, 105 missense mutations, nine

small deletions, four duplications, and four large deletions detected by

MLPA. In 78 patients no mutations were found. Of all mutation

detected 104 were reported previously and 16 were novel. Thirteen of

the novel mutations were missense mutations, one nonsense and two

small deletions. Twenty-nine patients were carrying the D1472H poly-

morphism affecting the von Willebrand Factor Ristocetin cofactor

activity as reported by Flood et al, Blood, 2010. The de novomutations

were further analyzed by in silico analysis.

Summary/Conclusions: Our systematic genotypic approach resulted in

58% of the cases in a confirmation of von Willebrand disease. Further-

more, we were able to confirm in 90% of the cases a vWD classifica-

tion. Finally, we expect that our approach will result in the

identification of specific haplotypes since the rate of polymorphisms in

von Willebrand factor is high. The results of our analyses will be

included in the appropriate ISTH/WFH-related registries.

PB 2.42-6
Evaluation and clinical application of von Willebrand
factor antigen and ristocetin cofactor by
chemioliminiscence in a new analyzer ACL AcuStar in
the diagnosis of von Willebrand disease
Costa-Pinto MJ, Gomez-del-Castillo M, Perez-Rodriguez A,

Galego A, Lour�es E, Rodriguez-Trillo A, Martinez-Marini T,

Iglesias T, Batlle J and L�opez-Fern�andez MF

Complejo Hospitalario Universitario A Coru~na, La Coru~na, Spain

Background: Von Willebrand disease (VWD) is the most common con-

genital bleeding disorder, caused by inherited quantitative and qualita-

tive defects of the von Willebrand factor (VWF). An effective

diagnosis of VWD includes assessment of FVIII coagulant activity,
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VWF antigen (VWF:Ag) determined usually by ELISA, and VWF

ristocetin cofactor (VWF:RCo) by aggregometry. Since its introduc-

tion, various modifications of VWF:RCo were proposed due to com-

plexity, performance time, poor reproducibility and poor sensitivity to

low levels of VWF. The ACL Acustar is the first analyzer that intro-

duces chemioluminiscence technology in the detection of VWD. This

new instrument allows to perform automated quantitative assays of

VWF:Ag and VWF:RCo.

Aims: Comparison of the results of VWF:Ag and VWF:RCo obtained

by conventional methods with the ones by new automatic analyzer

ACL Acustar, in normal subjects and in patients with VWD. Evalua-

tion of the performance of ACL Acustar in terms of imprecision, sensi-

bility, specificity and probability to make a correct VWD diagnosis.

Methods: Citrated plasma samples were obtained from n = 146

patients with previously diagnosed congenital VWD (Type 1, n = 51;

Type2A, n = 35; Type 2B, n = 16; Type 2M, n = 30; Type 2N, n = 5;

Type 3, n = 9) and n = 30 healthy normal subjects. The VWF levels

were analyzed by ELISA (VWF:Ag-ELISA) (DG-EIA VWF, Diag-

nostic Grifols), by light transmission aggregometry with lyophilized

fixed platelets and ristocetin (VWF:RCo-LTA) (Helena Biosciences),

and in the ACL AcuStar were tested reagents HemosIL� Acustar

VWF:Ag (VWF:Ag-IL) and HemosIL� Acustar VWF:RCo (VWF:

RCo-IL) (Instrumentation Laboratory). VWF:RCo/VWF:Ag ratio

and multimeric distribution (SDS-agarose gel) of VWF were determi-

nated in all samples VWD and genetic analysis in 77/146. Statistical

analysis performed with Analyse-It v2.30.

Results: Normal ranges were: VWF:Ag-ELISA 41–156 U/dL, VWF:

RCo-LTA 50–158 U/dL, VWF:Ag-IL 41–156 U/dL and VWF:RCo-

IL 50–158 U/dL. The lower limit level detected of VWF:RCo-LTA in

our laboratory is 4U/dL. Diagnosis algorithm considered VWF levels

lower than 30 U/dL for the diagnosis of type 1 VWD and a cut-off of

ratio VWF:RCo/VWF:Ag 0.7. ACL Acustar methods showed low lev-

els of intra-assay and inter-assay imprecision (CV < 10%). Passing

Bablok regression comparing VWF:Ag-ELISA and VWF:Ag-IL

methods, yielded a slope of 1.07 (95% CI: 1.04–1.11), intercept of 1.49
(95% CI: 0.58–2.29). Comparing VWF:RCo-LTA and VWF:RCo-IL,

slope was 1.18 (95% CI: 1.13–1.24), intercept 0.09 (95% CI: �0.23–
1.24). Pearson r was 0.98 (95% CI: 0.94–0.99) comparing VWF:Ag

methods and 0.97 (95% CI: 0.96–0.98) comparing VWF:RCo meth-

ods. Kappa test between original diagnosis and found diagnosis with

both methods was > 0.8, being higher with ACL Acustar methods. A

3.4% (5/146) diagnosis discrepancies between two methods can be

explained by limitations in sensitivity of VWF:RCo-LTA. Discrepan-

cies between original and new method based diagnosis were 2.7% (4/

146). Multimeric and genetic analysis were of help in clarifying these

discrepancies.

Conclusion: New chemioliminiscence methods analyzed in ACL Acu-

Star can detect VWD and discriminate between type 1, 3, and variant

forms. They offer a automated, faster, reproducible, more sensitive

and less cumbersome alternative to conventional assays, specially

VWF:RCo-LTA. In conjunction with multimer analysis and genotype

they are reliable methods for the laboratory diagnosis of VWD.

PB 2.43-1
Dextran sulfate blocks assembly of UL-VWF strings on
the surface of endothelial cells
Dragt BS1, Kragten A1, Hofman M1, De Laat B2 and Voorberg J1

1Sanquin Research, Amsterdam; 2CARIM, Maastricht, The

Netherlands

Background: Vascular endothelial cells (ECs) provide a highly interac-

tive barrier between blood and the underlying tissues and are of vital

importance in maintaining vascular homeostasis. ECs contain specific

cigar-shaped storage organelles, designated Weibel-Palade bodies

(WPBs), which upon stimulation release various components into the

bloodstream. The main protein stored in WPBs is von Willebrand fac-

tor (VWF), a multimeric glycoprotein which is crucial for binding of

platelets under shear stress. Upon exocytosis of WPBs VWF multimers

assemble into ultra large VWF (UL-VWF) strings that remain

anchored to the surface of endothelial cells. Our current knowledge on

the conversion of VWF tubules as stored in WPBs into UL-VWF

strings is limited.

Aim: In this study we investigated the ability of different pharmacolog-

ical compounds to interfere with assembly of UL-VWF strings on the

surface of endothelial cells.

Methods: Human umbilical vein endothelial cells were cultured in

flowchambers, pre-incubated with various pharmacological inhibitors

and stimulated with histamine or ionomycin under flow (2.5 dyn/cm2)

to release UL-VWF strings. UL-VWF strings were visualized by perfu-

sion of beads coated with a monoclonal or polyclonal anti-VWF anti-

body or washed platelets. Images were taken of 20 randomly chosen

optical fields and analyzed for number and length of VWF strings.

VWF and VWF propeptide release was measured in medium from

statically stimulated cells with or without pharmacological inhibitors

by ELISA. Confocal microscopy of histamine-treated HUVEC

employing an Alexa488 labeled polyclonal antibody was used to visu-

ally monitor the effects of the different inhibitors.

Results: The effect of different pharmacological inhibitors on assem-

bly of UL-VWF strings was evaluated. Increasing concentrations of

heparin (50–250 lg/mL) did not prohibit the number and length of

UL-VWF strings (ranging from 50 to over 400 lm) on endothelial

cells following stimulation with histamine. Also mannan (0.5–5 mg/

mL) did not affect UL-VWF string formation, indicating that man-

nan-sensitive C-type lectins do not contribute to formation of UL-

VWF strings. Incubation with the sulfated poly-anion dextran sulfate

(at concentrations of 50–250 lg/mL) completely abolished histamine-

induced formation of UL-VWF strings on the surface of endothelial

cells. Also, ionomycin induced formation of UL-VWF strings was

impaired under these conditions indicating that the dextran sulfate

did not block the interaction of histamine with its receptor. We sub-

sequently monitored whether dextran sulfate blocked release of WPBs

under static conditions. Dextran sulfate showed a marked inhibition

of histamine- and ionomycin -induced VWF release. Strikingly,

release of VWF propeptide was not affected by dextran sulfate. Con-

focal microscopy revealed that VWF containing clusters, most likely

originating from fused WPBs, were present on the plasma membrane

of cells stimulated in the presence of dextran sulfate. In control cells

stimulated with histamine in the absence of dextran sulfate these

structures were not observed.

Summary/Conclusions: Our findings show that anionic dextran sulfate

polymers interfere with assembly of UL-VWF strings on the surface of

endothelial cells. Confocal microscopy suggests that dextran sulfate

prevents the conversion of newly released VWF multimers into

UL-VWF strings following fusion ofWPBs with the plasmamembrane.

PB 2.43-2
Platelet aggregates developed at high shear rate grow
rapidly, are unstable, and incorporate vWF
Colace TV and Diamond SL

University of Pennsylvania, Philadelphia, PA, USA

Background: At sites of vascular injury, von Willebrand factor (vWF),

a large multimeric protein, aids in the arrest and aggregation of plate-

lets. We have demonstrated that vWF can form large fibril aggregates

(> 100 lm in length) when perfused over immobilized collagen type I

surfaces under elevated shear rate conditions. In platelet free plasma

(PFP) we observed a threshold shear rate of 30,000/s, while we found a

threshold of 10,000/s in whole blood (WB). We believe that the fibril

aggregates consist of many cross-linked vWF molecules based on their

long length and width (~300 nm). Here we report that exposure of sol-

uble vWF to high shear rates in whole blood enhances the incorpora-

tion of vWF into growing platelet aggregates resulting in rapid and

embolic platelet adhesion.
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Aim: We sought to investigate the role of soluble vWF in the process

of platelet deposition onto a collagen type I surface under elevated

shear rates mimicking those found in stenosed coronary arteries.

Methods: Whole blood from healthy donors was collected into

100 lM PPACK to inhibit the generation of thrombin. Samples were

perfused through a microfluidic channel via syringe pump over a colla-

gen type I surface. Platelet and vWF deposition was visualized using

fluorescently labeled antibodies and epifluorescence microscopy.

Results: Perfusion of WB at 200/s over a collagen type I surface

resulted in platelet adhesion which reached steady state after ~20 min

and incorporated no detectable vWF. These aggregates represented

the balance between the activating forces (ADP and Thromboxane

A2) aiding the capture of flowing platelets and shear forces which

mechanically remove adhered platelets. Based on our previous efforts

to model shear rate as a function of aggregate growth we estimate this

value to be ~1000–2000/s. Counterintuitively, we found that platelet

adhesion was restored by increasing the local wall shear rate

(> 10,000/s) after steady state was achieved. The resulting aggregates

grew rapidly (~5-fold faster), were embolic, and incorporated vWF.

We believe that the enhanced deposition of vWF onto the aggregate

resulted in elongated platelet contact times with the steady state

deposit. We have previously demonstrated that fibril aggregates of

vWF form on these surfaces of platelets under plasma perfusion.

Rapid and embolic platelet adhesion (at > 10,000/s) could also be

achieved from surfaces of collagen and required aIIbb3 as well as

Gp1b. In addition, sharp transitions in the adhesive mechanism (with

incorporation of vWF) were observed starting with intermediate bulk

shear rates (1000–2000/s). Approximately 50–60% of channel occlu-

sion starting from these conditions resulted in shear rates above the

critical value (~10,000/s).
Conclusions Under conditions of high shear rate that mimick coro-

nary stenosis, vWF can form long fibril aggregates on surfaces of col-

lagen and platelets. These aggregates appeared to be the nucleating

event for rapid and embolic platelet deposition under WB flow in

microfluidic channels. This vWF mediated mechanism of platelet

adhesion may underlie ischemic events that result from full vessel

occlusion or embolus.

PB 2.43-3
Functional role of von Willebrand factor (VWF) triplet
bands in glycoprotein Ib-mediated platelet adhesion
and thrombus formation under flow
Fuchs B1, De Witt SM2, Solecka BA1, Kr€oning M1, Obser T3,

Cosemans JMEM2, Schneppenheim R3, Heemskerk JWM2

and Kannicht C1

1Octapharma R&D, Berlin, Germany; 2Cardiovascular Research

Institute Maastricht, Maastricht University, Maastricht, The

Netherlands; 3University Medical Center Hamburg-Eppendorf,

Hamburg, Germany

Background: Multimeric glycoprotein von Willebrand factor (VWF)

exhibits a unique triplet structure of individual oligomers, resulting

from ADAMTS13 (a disintegrin and metalloproteinase with thrombo-

spondin type 1 motifs 13) cleavage. The faster and slower migrating

triplet bands of a given VWF multimer have one shorter or longer N-

terminal peptide sequence, respectively. Within this peptide sequence,

the A1 domain regulates interaction of VWF to platelet glycoprotein

(GP)Ib.

Aim: Distribution of VWF triplet bands is significantly altered in

some types of von Willebrand’s disease (VWD). Since the properties

of individual VWF triplet bands have not been investigated so far,

we analyzed platelet-adhesive function of VWF preparations with

different triplet composition with regard to differential functional

activities.

Methods: Two VWF preparations with similar multimeric distribution

but different triplet composition obtained by size exclusion in addition

to heparin affinity chromatography were investigated. Preparation A

was enriched in intermediate triplet bands, while preparation B pre-

dominantly contained larger triplet bands, which was confirmed by

VWF multimer analysis. Collagen- and GPIb-binding was determined

by surface plasmon resonance (SPR). Platelet adhesion under flow

using either reconstituted blood or blood from a type 2A VWD patient

was determined using parallel-plate flow chamber models.

Results: Binding studies revealed that preparation A displayed a

reduced affinity for recombinant GPIb, but an unchanged affinity for

collagen type III, when compared to preparation B. Under high-shear

flow conditions, preparation A was less active in recruiting platelets to

collagen type III. Furthermore, when added to blood from patients

with (VWD), defective thrombus formation was less restored.

Conclusion: Thus, VWF forms lacking larger size triplet bands appear

to have a decreased potential to recruit platelets to collagen-bound

VWF under arterial flow conditions. By implication, changes in triplet

band distribution observed in patients with VWD may result in altered

platelet adhesion at high-shear flow.

PB 2.43-4
Characterization of recombinant VWF73 peptide in
different prokaryotic expression systems
Jian S, Xia B, ZhenNi M and Changgeng R

The 1st Affiliated Hospital of Suzhou, Suzhou, China

Background: VWF73 peptide, the well known susbtrate of ADAM-

TS13 (a disintegrin and metalloproteinase with thrombospondin motif

13), has been modified by attachment of fluorescein moities to assay

ADAMTS13 activity widely in clinic.

Aims: To probe its production in different prokaryotic expression sys-

tems and to compare its FRET(fluorescence resonance energy trans-

fer)effect by modification in different specific amino acid, we set out to

commit this experiment.

Methods: The wild sequence of VWF73 was amplified using the

pSVHVWF1 plasmid (provided by Professor J. Evan. Sadler) as the

template and the primers containing BamHI and Hind III plus stop

codon in the 5′and 3′ end respectively. The PCR product was cloned

into the pQE30 and PET-20b plasmid.

Regarding to the pQE30 plasmid containing wild VWF73, a pair of

cysteine (Q1599C + N1610C/Q1599C + P1611C) was introduced to

the VWF73 sequence using site-directed mutagenesis, meanwhile, the

BamHI cleavage site was removed by deletion mutagenesis, and the

final product expressed by pQE30 plasmid was as follows:

MRGSHHHHHH plus the VWF73 sequence (Q1599C + N1610C/

Q1599C + P1611C). The modified pQE30 plasmid was transformed to

the M15 E. coli and the corresponding peptide was induced using

1 mM IPTG overnight at 30 °C, and the induced peptide was con-

firmed by Western-Blot using anti-His antibody-HRP. The expressed

peptide was purified by Ni column and treated by TCEP followed by

attachment with M-5-F (fluorecein-5-Maleimide) in pH 7.0 condition.

The fluorescein-attached VWF peptide was dialyzed against Tris-HCL

buffer (pH8.0) thoroughly to remove unattached M-5-F. And the

FRET effects of two fluorescein version of VWF (Q1599C + N1610C/

Q1599C + P1611C) were assayed using the sequentially diluted nor-

mal plasma as the source of ADAMTS13 in Bis-Tris buffer containing

CaCl2.

The PET-20b plasmid containing wild VWF73 sequence was modified

by several rounds of mutagenesis and the final product sequence

expressed by PET-20b was the same as the peptide expressed by the

pQE30 plasmid, i.e., MRGSHHHHHH plus the VWF73 sequence

(Q1599C + N1610C/Q1599C + P1611C). The modified PET-20b plas-

mid was transformed to the E. coli B.L21 (DE3) and the correspond-

ing peptide was induced using 1 mM IPTG overnight at 30 °C, and
the induced peptide was confirmed by Western-Blot using anti-His

antibody-HRP.

Results: The modified pQE30 and PET-20b plasmid containing VWF

was confirmed by DNA sequencing. Western-Blot domenstrated an
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intact one band existed regarding to the pQE30/M15 expression sys-

tem. However, there existed two bands regarding to the PET20-b/DE3

expression system, implying that certain enzyme (enzymes) lurked in

the E. coli B.L21, which could specifically/unspecifically cleave the

VWF peptide. the FRET effects of two fluorescein version of VWF

(Q1599C + N1610C/Q1599C + P1611C) derived from the pQE30/

M15 expression system showed that fluorescence release from the pep-

tide of Q1599C + N1610C was approximately two fold compared to

the fluorescence release from the peptide of Q1599C + P1611C when

the same amount of ADAMTS13 was used.

Conclusion: PET20-b/DE3 expression system is not suitable for the

expression of VWF73 peptide while pQE30/M15 expression system is

feasible for this expression purpose. And the VWF peptide modified at

Q1599C plus N1610C is better than the peptide modified at Q1599C

plus P1611C cause the FRET effect of former is almost two fold com-

pared to the latter.

PB 2.43-5
Von willebrand factor levels are strongly associated
with atherosclerosis in patients with ischemic stroke
Sonneveld MAH, Van Dijk AC, Van Den Herik EG, Van Loon JE,

De Lau ML, Van Der Lugt A, Koudstaal PJ, De Maat PM

and Leebeek FWG

Erasmus University Medical Center, Rotterdam, The Netherlands

Background: Increased von Willebrand Factor (VWF) levels are asso-

ciated with an increased risk of ischemic stroke. As VWF levels are

known to be associated with endothelial dysfunction, atherosclerosis is

expected to play a role in this association. It is yet unknown what the

association between VWF and atherosclerosis is in ischemic stroke

patients.

Aims: We investigated the relationship between atherosclerosis and

VWF antigen (VWF:Ag) levels in 925 consecutive patients with tran-

sient ischemic attack (TIA) or ischemic stroke, using an advanced

measurement of atherosclerosis.

Methods: Calcification volumes (mm3) were scored in the aortic arch

and both carotid arteries using multidetector computed tomography

(CT) angiography of the craniocervical vessels. VWF antigen (VWF:

Ag) levels were measured using ELISA technique. Underlying ischemic

events in the patients were classified according to the TOAST criteria.

The associations between the calcium volumes and VWF:Ag levels

were assessed using linear regression analysis and adjusted for poten-

tial confounders.

Informed consent was obtained and the study was approved by a

recognised medical ethics committee.

Results: Mean VWF:Ag levels were significantly higher in the presence

of calcification in either the aortic arch (1.54 vs. 1.26 IU/mL

[P < 0.0001]) or the carotid arteries (1.56 vs. 1.27 IU/mL

[P < 0.0001]). Levels of VWF:Ag rose with increasing aortic arch

(P = 0.005 for trend) and carotid calcification volume (P < 0.0001 for

trend). Patients with a small vessel TIA or ischemic stroke had signifi-

cantly lower VWF:Ag levels compared with the other TOAST sub-

types (P = 0.003). High VWF:Ag levels were significantly associated

with an unfavorable outcome (modified Rankin Scale > 2 vs. ≤ 2; 1.70

vs. 1.40 IU/mL, [P < 0.0001]).

Summary/Conclusion: Our study showed a strong association between

atherosclerosis in either the aortic arch or the carotid arteries and high

VWF levels in patients with TIA or ischemic stroke. This finding sup-

ports the hypothesis of a pathophysiologic role of VWF in ischemic

stroke which seems to be influenced by the extent of atherosclerosis

and could therefore have a prognostic value.

PB 2.43-6
A comparative evaluation of two new automated
assays for von Willebrand factor ristocetin cofactor
activity and von Willebrand factor antigen
Stufano F1, Lawrie AS2, La Marca S1, Canciani MT1, Franchi F3,

Cozzi G1, Baronciani L1 and Peyvandi F3

1Angelo Bianchi Bonomi Fondazione IRCCS Ca’ Granda –
Ospedale Maggiore Policlinic, Milano, Italy; 2University College

London, London, UK; 3University of Milan, Milano, Italy

Background: von Willebrand’s disease (VWD) is the most common

congenital bleeding disorder caused by a quantitative or qualitative

plasma deficiency of the von Willebrand factor (VWF). The initial lab-

oratory classification of VWD is dependent on the measurement of

von Willebrand Factor Antigen (VWF:Ag) and VWF activity, usually

by ristocetin cofactor activity assay (VWF:RCo).

Aim: To compare the performance of two new automated VWF:Ag

and VWF:RCo assays systems from Instrumentation Laboratory (IL,

Bedford, USA).

Methods: One hundred and seventy-one healthy normal subjects and

72 patients with VWD (14 type 1, 52 type 2, 6 type 3) were evalu-

ated. VWD patients have been previously characterized, according

to the ISTH-SSC guidelines, using a home-made ELISA VWF:Ag

determination and a platelet-based VWF:RCo assay on an ACL-

9000 (Lattuada et al, 2004), as reference first-level tests. All samples

were obtained after informed consent. VWF:Ag and VWF:RCo were

performed using fully automated assays that utilised different princi-

ples: immunoturbidimetric assays (HemosIL VWF:RCo and Hemo-

sIL VWF:Ag) were performed on an ACL TOP analyser and

chemiluminescent assays (AcuStar VWF:RCo* and AcuStar VWF:

Ag*) were performed on an ACL AcuStar instrument. Both Hemo-

sIL VWF:RCo and AcuStar VWF:RCo assays use recombinant

GPIb in the presence of ristocetin. Assay imprecision was assessed

using commercial control plasmas. All reagents and analysers were

from IL.

Results: VWF:Ag and VWF:RCo determination performed on the

ACL AcuStar exhibited low levels of intra- and inter-assay imprecision

for normal and pathological control plasmas (CV% range 3.3–6.9).
The VWF:Ag and VWF:RCo assays performed on ACL TOP also

gave low levels of intra- and inter- assay imprecision for normal and

pathological control plasmas (CV% range 0.8–4.7). For both normal

(observed range: VWF:Ag 44.6–173.9 U/dL; VWF:RCo 43.1–
191.5 U/dL) and VWD (observed range: VWF:Ag 0.3–115.1 U/dL;

VWF:RCo 0.5–57.2 U/dL) samples there was good correlation

between the two VWF:Ag and VWF:RCo Methods: (Pearson correla-

tion coefficient r = 0.92 and r = 0.82 respectively).

Both new assays systems gave consistent results compared to the previ-

ous diagnosis.

AcuStar VWF:RCo and VWF:Ag demonstrated superior lower level

of detection compared to HemosIL VWF:RCo and VWF:Ag (0.5 vs.

6 U/dL and 0.3 vs. 12 U/dL respectively).

Conclusions: The VWF:Ag and VWF:RCo assays performed on ACL

AcuStar and on ACL Top seem to be reliable and precise. The use of

these tests for the VWD diagnosis merits further evaluation in a larger

VWD population.

*In development. Not currently saleable.
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PB 2.44-1
Haemophilia and home treatment: optimizing
knowledge and practical skills by an e-learning
program
Mulders G1, De Wee E1, Vahedi Nikbakht M2, Kruip JHA1,

Elfrink E1 and Leebeek FWG1

1Erasmus Univesity Medical Center, Rotterdam; 2Rotterdam

Univesity of Applied Sciences – Expertise Center Innovations in

Care, Rotterdam, The Netherlands

Background: Home treatment was first described in 1974, and is cur-

rently the standard of care for patients with severe haemophilia. The

advantages of home treatment are evident and well-known, and have

been recorded in numerous publications. Home treatment increases

the responsibility of the patients for their treatment and care. Mistakes

may occur by incorrect diagnosis of a bleeding episode, lack of compli-

ance to the proposed treatment regimen, or under dosing in case of

life-threatening bleeding events. With home treatment the responsibili-

ties for correct treatment are in part transferred from the physician to

the patient or his parents. Adequate education of the patient and/or

parent is therefore required. Hence, it is of utmost importance to

attain high level of knowledge and practical skills.

Aim: The primary aim of this study was to obtain insight in the knowl-

edge and skills of haemophilia patients who have treated themselves at

home for several years. A second aim was to study whether or not the

introduction of an educational program by means of an e-learning

module, created especially for this purpose, improved the knowledge

and skills in the group of patients that were examined. The e-learning

program takes maximum of 20 min.

Methods: We performed a randomised intervention study. Participants

who were already on home-treatment and had undergone extensive

home-treatment training in the past were recruited at theHaemophilia-

TreatmentCenter of the Erasmus University Medical Centre. Patients

were divided into two groups: the intervention group who had an e-

learning training, and the control group, that had no additional train-

ing. Subjects had to complete a test at two occasions, which consisted

of the intravenous injection of clotting factor concentrate while being

observed, and completed a questionnaire with 77 items. After

1 month, all participants completed the same questionnaire (post-test)

and were again observed and scored during self infusion. The interven-

tion group received an e-learning program before the second test.

Results: At base-line, the patients (n = 30) showed a relatively low level

of knowledge (24 of 48 questions correct) the practical skills of injec-

tion are performed correctly by 75% of the patients. At second mea-

surement the e-learning group (n = 16) showed a higher level of

knowledge in comparison with the control group (n = 14) who did not

receive an e-learning program (36 of 48 questions correct). In the

observation of practical skills a difference between the two groups was

found as well (using a 20 items checklist, at baseline the patients scored

11 out of 20, at second observation 16 out of 20). Finally, the survey

shows a clear association between self-efficacy of the patients and the

level of knowledge.

Conclusion: This study shows that patients with haemophilia, who are

on home treatment, have a relatively low level of knowledge and skills.

This can be improved by an educational intervention, such as an e-

learning program. In our centre the e-learning is already implemented

for patients with haemophilia in the transition from children to adult

care and in the management of home treatment care (as a follow-up

training).

PB 2.44-2
Personalised prophylaxis in haemophilia A: how low
can you go?
Greig AL, Austin S and Uprichard JN

St Georges Healthcare NHS Trust, London, UK

Background: The United Kingtom Haemophilia Centre Doctors’

Organisation (UKHCDO) recognises that the pharmacokinetics of

Factor VIII (FVIII) varies considerably amongst adult patients with

severe Haemophilia A (between 8 and 23) hours. This is influenced by

a number of physiological and pathological variables. In our haemo-

philia centre we encourage a strict prophylaxis regimen for all severe

haemophilia patients, and encourage regimens that are individualised.

This is in line with the UKHCDO which recommends that prophylaxis

regimens in adults should be personalised using bleeding phenotype

and pharmacokinetics.

Aims: We decided to review all prophylaxis regimens in adult patients

with severe Haemophilia A, with the aim of reducing the amount of

concentrate to the minimum effective level. To date we have collected

data from nine patients (from a possible 38) and data collection is on-

going.

Methods: We have found that using prospectively assessed trough lev-

els and bleed diaries in all evaluable patients with severe Haemophilia

A, we have been able, in some cases, to significantly reduce the amount

of prescribed FVIII administered, with the aim of improving cost

effectiveness.

Results: Prior to this review, doses of FVIII for prophylaxis varied

between 10 and 40 IU/kg (mean 27 IU/kg). To date, we have found

that the number of units per kilogram of FVIII concentrate required

for effective prophylaxis ranges from 6 to 40 IU/kg (mean 24.4 IU/

kg). In many cases, through patient education, we have been able to

reduce trough levels to < 3 IU/dL. This is an ongoing project and we

are continuing to reduce the FVIII usage further in patients whose

trough is > 3 IU/dL. Dosing regimens are further influenced by

patient lifestyle with some requiring infusions every 24, 48 or 72 h.

Collecting trough samples can be challenging for a number of reasons,

including missed doses, missed appointments and reluctance to return

to the clinic for repeated sampling.

Summary: In conclusion, it is clear that in order to be cost-effective

and clinically effective, prophylaxis regimens in severe Haemophilia A

need to be individualised. The amount of FVIII required may be sig-

nificantly lower then previously thought. Bleeding phenotype, as well

as half-life are important. We have also found that weight reduction

initiatives have also reduced consumption of FVIII in some of these

patients. Future work includes correlation of FVIII mutation with

minimum prophylaxis dose required, and addressing other factors that

may be predictors in detmining the miniumum effective dose of FVIII

concentrate. There are further challenges; addressing patients mis-con-

ceptions about their prophylaxis regimens and ensuring they are fully

informed and involved in all treatment decisions.

PB 2.44-3
Buprenorphine does not influence the inflammatory
response in haemophilia A mice with experimentally
induced haemarthrosis
Groth MP1, Kristensen AT2, Øvlisen KA1 and Tranholm M1

1Novo Nordisk A/S, M�aløv; 2University of Copenhagen,

Frederiksberg, Denmark

Background: Haemarthrosis is the most common clinical manifesta-

tion of haemophilia and is responsible for major morbidity in haemo-

philia patients. After an intraarticular bleeding episode blood is

removed by absorption to the synovial tissue and with recurrent

bleeding episodes degradation products of red blood cells accumulate

in the tissue triggering an inflammatory response. The murine experi-

mentally induced knee bleeding model is an important model in hae-
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mophilia research and as the inflammatory response is a crucial part

of the pathogenesis of haemophilic arthropathy any administration of

analgesics should ideally not alter this response. Currently it is

unknown if the use of analgesia in this model might impact the inflam-

matory response.

For animal welfare and ethical reasons however, the full analgesic pro-

tocol in this model should be continued and the response of buprenor-

phine on the inflammatory response evaluated.

Aim: The aim of the present study was to investigate the inflammatory

response after a needle induced knee bleed in haemophilia A mice trea-

ted with buprenorphine or saline.

Materials and Methods: One hundred and sixty mice were randomized

in two groups to blindly receive buprenorphine or saline. All mice were

anaesthetized and knee injury was induced by inserting a 30G needle

into the right knee joint. At t = 6, 24, 48 and 72 h twenty mice from

each group were terminated and the following parameters were

assessed: Change in bodyweight, change in joint diameter, Visual

Bleeding Score (VBS), white blood counts, haematocrit, platelet

concentrations, haemoglobin, plasma haptoglobin and plasma and

synovial fluid levels of 23 different cytokines (IL-1a, IL-1b, IL-2, IL-3,
IL-4, IL-5, IL-6, IL-9, IL-10, IL-12(p40), IL-12(p70), IL-13, IL-17,

eotaxin, G-CSF, GM-CSF, IFN-c, KC, MCP-1, MIP-1a, MIP-1b,
RANTES and TNF-a). Twenty mice were terminated at t = 0 receiv-

ing no injury or treatment to provide baseline measures.

Results: No significant alterations were observed in joint diameter,

VBS, white blood counts, haematocrit, platelet concentrations and

haemoglobin. Furthermore, 21 cytokines in plasma and 22 cytokines

in synovial fluid, were unaffected by the administration of buprenor-

phine. Slight alterations in bodyweight (P < 0.01), of plasma G-CSF

(P < 0.05) and haptoglobin at t = 48 h (P < 0.05), plasma and syno-

vial eotaxin (P < 0.05 for both) were found in buprenorphine treated

mice.

Conclusion: We have demonstrated that buprenorphine does not over-

all impact the inflammatory response and the use of buprenorphine in

the knee bleeding model in haemophilic mice should be continued.

Perspectives: These data should call for further investigation in other

inflammatory in vivomodels and be included in the ethical and 3R con-

siderations applied when working with these models.

PB 2.44-4
Identification and characterization of an L1 insertion in
intron 16 of F8 in a patient with hemophilia A
Inaba H, Shinozawa K, Otaki M, Hagiwara T, Amano K

and Fukutake K

Tokyo Medical University, Tokyo, Japan

Background: A wide variety of genetic abnormalities in the coagulation

factor VIII gene (F8) have been found to cause hemophilia A. Among

these abnormalities, insertion mutations are relatively rare.

Aim: We aimed to investigate a case of hemophilia A in whom the

PCR amplification products from a part of F8 could not be obtained.

Patient and Methods: The patient was a Japanese male with severe

hemophilia A. He had a target joint, which had repeated bleeding epi-

sodes, and occasionally had serious bleeding such as iliopsoas muscle

bleeding or pharyngeal bleeding. No other cases of hemophilia were

found in his family. Genomic DNA was extracted from blood cells

using the EZ1 DNA Blood 350 lL Kit (Qiagen) on a BioRobot EZ1

workstation (Qiagen). All 26 exons and their flanking intronic regions

of F8 were amplified independently by PCR and the nucleotide

sequence was determined. Each amplicon was purified and directly

sequenced by the dideoxy method using a BigDye Terminator Kit

(Applied Biosystems). Sequencing was performed on a 48-capillary

3730 DNA Analyzer (Applied Biosystems). The nucleotide sequences

were compared with reference sequences.

Results: We could not obtain PCR products from exon 16 or 17 ampli-

fication. We therefore considered that intron 16, which was common

to both amplifications, might include some genetic abnormality. The

PCR product amplified from exons 16–18 of the patient’s F8 was

apparently 3 kb larger than that of normal control. This result indi-

cated the possibility that the patient had a large insertion in intron 16.

The sequencing of the patient’s abnormally large PCR product

revealed an insertion size of 2134–2137 bp and indicated that the

nucleotide sequence was a part of L1 [LINE (long interspersed ele-

ments)-1, non-LTR retrotransposons]. L1 was inserted 98 bp 3’ from

the end of exon 16 and was flanked by a 10–13 bp target site duplica-

tion. The insertion contained 3’ portions, which comprised most of the

latter half of the L1 sequence, including the poly(A) tract. The inser-

tion was divided into two blocks of sequence, each connected by a

head-to-head arrangement. We also identified an intron 22 inversion

from the patient’s F8.

Summary/Conclusion: We identified a quite rare L1 insertion from the

F8 of a patient with hemophilia A. Thus far, such insertions have been

reported in only three cases. Two of these three insertions, detected in

an exon, were thought to be an etiology of hemophilia A. However, it

is reported that the remaining insertion detected in an intron was not

an etiology. In this patient, the direct etiology of hemophilia A is

intron 22 inversion. If the L1 insertion causes hemophilia, abnormal

splicing can be presumed because the possibility that the inserted

sequence included a potential splice site was confirmed by in silico

analysis. However, there is no direct evidence that this insertion causes

hemophilia A. Further study is required to determine whether this

insertion causes hemophilia A.

PB 2.44-5
Haemophilia A with and without historical inhibitors
evaluation of T regulatory and memory B lymphocytes
populations
Sevivas T1, Coucelo M2, Domingues S2, Pedreiro S3, Benedito M2,

Salvado R2, Martins N2, Ribeiro LML2 and Roda ASB1

1Hematologia CHC- CHUC; 2Servic�o Hematologia CHC- CHUC;
3Centro de Histocompatibilidade do Centro, Coimbra, Portugal

Background: FVIII inhibitor (IN) development is the most feared com-

plication of substitutive therapy in patients with Haemophilia A (HA).

Its major clinical impact justifies thorough investigation of factors that

may elucidate the underlying pathophysiology and their modulating

factors.

CD4+ CD25+ T regulatory cells (Treg) are involved in the induction

of tolerance and prevention of the T helper (Th) response which is

responsible for IN development. In the immune response to antigen T-

dependent, such as FVIII, the immunological memory is generated via

CD19+ CD27+ memory B cells.

Tolerance to FVIII in patients with IN can thus be theoretically

obtained by two pathways: increased Treg response and/or CD19+
CD27+ B cell anergy.

Could the characteristics of these two lymphocyte populations be pre-

dictive of IN development?

Aims: To evaluate circulating Treg and CD19+ CD27+ cells in HA

patients with (HAI) and without (HAnI) history of IN and in a group

of healthy volunteer controls (Ctl)

Methods: flow citometry analysis of peripheral blood samples from six

HAI, mean age 23y (14–42), 10 HAsI, mean age 18y (2–36) and 14 Ctl,

mean age 22y (3–40).
Three HAI were low responders, and three high responders, only one

had IN > 5UB at the time the study was performed.

Lymphocytes were gated based on size (FSC) and complexity (SSC).

Treg were characterised as CD4+ CD25+ CD127low lymphocytes, and

memory B cells as CD19+ CD27+ lymphocytes.

Results: Percentage of CD4+ CD25+ CD127low cells: HAI 8.6 � 1.1,

HAnI 8 � 1.6 and Ctl 7.6 � 1.7. CD19+ CD27+ cells: HAI

32.6 � 19.2, HAnI 26.6 � 14.3 and Ctl 30.1 � 10.9. We did not docu-

ment any statistically significant difference between the three groups

studied. The proportion of lymphocytes T and B was similar between

the groups.
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Conclusion: Given its relevance in the suppression of the antibody-

mediated response to substitutive therapy, we would expect a decrease

of Treg in the HAI group, which was not observed in this sample.

Treg and CD19+ CD27+ frequency were similar between HAI, HAnI

and Ctl groups. We hypothesise the results might be different if all

HAI patients had high IN titres at the time of analysis, in keeping with

what has been described by other research groups who documented a

decrease of circulating CD19+ CD27+ in these patients. In our series,

the only patient with IN > 5UB was not significantly different from

the HAsi or Ctl. Although the number of patients enrolled is still

reduced, our results hint to a lack of predictive value of circulating

Treg and CD19+ CD27+ percentage in the development of IN in HA

patients

PB 2.44-6
Stop codon readthrough with PTC-124 and gentamycin
in hemophilia B caused by nonsense mutations
Chen J1, Yang L1, Zhang Y1, Zhang R1 and Chai B2

1The Second Hospital of Shanxi Medical University; 2Shanxi

University, Taiyuan, China

Background: One of the most important molecular mechanisms in

severe hemophilia B, which is caused by the mutations in the factor IX

gene, is nonsense mutation, carrying premature termination codon

(PTC), which lead to the production of nonfunctional truncated pro-

tein. Aminoglycoside antibiotics, such as Gentamycin, could induce

readthrough of PTC and increase the production of the protein with

nonsense mutation. However, using of high dosage of aminoglycosides

for the readthrough therapy, has significant adverse effects including

the nephrotoxicity and ototoxicity. PTC-124, a novel and non-toxic

chemical compound, could be able to accomplish this task.

Aims: At present, due to lacking of the eradicative therapy, the hemo-

philia B patients should infusion the expensive blood coagulation fac-

tor in their lifetime. So searching for the new drugs has significantly

social effects. Through our study, we want to compare the read-

through ability of different concentrations of PTC-124 and Gentamy-

cin in hemophilia B caused by different PTC and provide the basis for

the further researches of readthrough therapy.

Methods: The international hemophilia B mutation database was ana-

lyzed for finding the hot spots of nonsense mutation sites in FIX gene.

The nonsense mutants were constructed by site-directed mutagenesis.

Detecting the HEK-293 cells viability after treated with different con-

centrations of PTC-124 and Gentamycin for 48 h, using CCK-8 (Cell

Counting Kit-8). Then, HEK-293 cells were transfected with either the

wild-type or mutated constructs by liposome-mediated gene transfer

method, then treated with different concentrations of PTC-124 and

Gentamycin for 48 h. The mRNA expression levels of FIX gene were

detected by real-time PCR. The procoagulant activity (FIX∶C) and

antigen (FIX∶Ag) of FIX in the cell lysate were detected using one

stage method and ELISA, respectively.

Results: The hot spots of nonsense mutation sites and our objects in

FIX gene were R29X,R116X,W194X,R333X. Except the designed

sites, there was no other nucleotide mutations in the sequences of four

mutants. The IC50 of PTC124 and Gentamycin in HEK-293 cells were

111.585 � 9.597 and 4.23 � 0.32 mM respectively, then select differ-

ent concentrations of PTC124 and Gentamycin for the readthrough

study. Compared with the untreated controls, the mRNA expression

levels of FIX gene and the FIX∶C and FIX∶Ag of FIX in the cell

lysate treated with different concentration of PTC124 and Gentamycin

were significantly elevated (P < 0.05) in those four mutants.

Conclusion: From our data, the PTC124 and gentamycin possessed the

similar efficiency of read-through, while with less concentration and

toxicity. In hemohilia B, even a small increase in FIX expression level

can dramatically ameliorate the clinical phenotype, so the readtrhough

approach can be a good therapeutic strategy. Although the aminogly-

coside antibiotics, such as Gentamycin, could increase the functional

protein prodution, however, these drugs have serious side effects at

therapeutically relevant concentrations. PTC124, which is not struc-

turally related to aminoglycosides, could be able to provide a better

treatment for hemophilia B caused by nonsense mutation.

PB2.45 – Acquired Coagulation
Disorders – III

PB 2.45-1
Hemostasis disorders are indicators of early infectious
complications in severe burned
Presniakova M, Kyznetsova V, Borisevich A and Puchenkina E

Nizhny Novgorod Reserch Institute of Traumatology and

Orthopedics, Nyzhny Novgorod, Russian Federation

Introduction: Early infectious complications – sepsis and pneumonia

developing in acute burn disease are of serious risk for patients with

severe heat injury. These complications are characterized by a fulmin-

ant, severe course, complex diagnostics, and high case fatality rate.

However, the role of hemostasiological disorders in the development

of both generalized, and local infections in severe burned is taken into

account insufficiently.

Aim: The aim of the investigation was to study the characteristics of

hemostasis disorders in the development of purulent-septic complica-

tions in acute burn disease.

Methods and Materials: We studied hemostasis state and biochemical

measurements of blood in 167 patients with burn area over 20% of

body surface, within the period from the 1st to 12th days after burn.

In 33 patients acute burn diseases was complicated by sepsis develop-

ment, in 67 patients – by pneumonia, and 67 patients had no complica-

tions in the form of sepsis and pneumonia. The groups under study

were balanced in age, damage area and severity. Sepsis and pneumonia

were revealed in clinical picture in the period from the 4th to 12th days

after burn. DIC syndrome diagnosis was made according to standard

criteria: the presence of an etiological factor, hemostasis system imbal-

ance, and dysfunction of shock-organs.

Results: The comparative analysis of findings showed the development

of infectious complications in early burn diseases to be preceded by

the increase of hemostasis system disregulation. The suppression of

endogenous anticoagulants, fibrinolysis depression, and thrombocyto-

penia were accompanied by the enhancement of procoagulant link of

hemostasis system and the decreased functional activity of detoxica-

tion organs – the kidneys and the liver. Throughout the study period

the hemostasiological indices reflecting the DIC syndrome severity

correlated with biochemical blood metabolites indicating hepatorenal

failure progression (r = 0.55–0.85; P < 0.05).

The patients with advanced sepsis and pneumonia had reduced anti-

thrombin III that characterized the functional activity of anticoagu-

lant element, and exhibited prognostic characteristics in terms of poor

outcome of burn disease and the development of both generalized

(v2 = 10.6; df = 2; P = 0.004), and local (v2 = 14.3; df = 2;

P = 0.0008) infectious processes. We found the following causes of

antithrombin III reduced activity in acute burn disease: elastase inhibi-

tion of polymorphonuclear leukocytes on day 1–2 after burn

(r = �0.49; P = 0.02), the use of protein synthesis function of the liver

due to blood coagulation activation on day 1–3 (r = 0.44–0.60;
P < 0.05) and the decrease of this function on day 3–12 (r = 0.34–
0.85; P < 0.05).

Retrospective chat analysis of severe burned with verified sepsis and

pneumonia showed the changes of hemostasiological indices corre-

sponding to acute DIC syndrome to appear 1–8 days earlier than sep-

sis and pneumonia manifestations.

Conclusion: ‘Early’ infectious complications of burn disease develop

against the background of profound disorders of hemostasis system

corresponding to acute DIC syndrome. Disregulation of hemostasis

system is a favourable condition for sepsis and pneumonia, and can be

the predictor of their development.
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PB 2.45-2
Haemostatic markers predict survival in African
patients with burn injuries
Abegunde SO, Abikoye FO and Chira MK

National Orthopaedic Hospital, Lagos, Nigeria

Background: Burn injuries remain a major problem in the developing

countries of Africa. They rank among the leading cause of trauma

deaths seen in Nigeria due to inadequate health care facilities. Hemor-

rhage and thrombosis constitute two of the most serious complications

of thermal injuries. Significant haemostatic abnormalities can be

detected in majority of patients with thermal injuries and these abnor-

malities underlie the characteristic thrombotic and hemorrhagic diath-

esis seen in these patients.

Aims: We therefore hypothesized that some molecular markers of

coagulation and haemostatic activation may be of clinical predictive

relevance in burn patients.

Methods: We studied a total of thirty five patients (mean age

33.7 � 15. 1; 22 males, 13 females) admitted to the Burns intensive

care unit within 24 h of injury and followed up during the period of

the first week of burns along with twenty healthy control individuals.

Blood was withdrawn on days 1, 2, 3, 5 and 7 or until discharge if

< 7 days, and analyzed for hemoglobin (Hb), erythrocyte sedimenta-

tion rate (ESR), prothrombin time (PT), activated partial thrombo-

plastin time (APTT), plasma fibrinogen (PFC), and D-dimer (DD)

using standard techniques. Clinical variables evaluated include per-

centage total body surface area burns, percentage full thickness burns,

presence or absence of inhalational injury. Results were statistically

analyzed using student’s t-test and Pearson correlation coefficient.

Probability values less or equal to 0.05 were significant.

Results: Showed that there is no significant difference in PT, APTT,

PFC and DD in patients with < 5% total body surface area burns

compared to controls (P > 0.05). However PT, APTT and DD were

significantly increased in patients with Burns > 5%, compared to con-

trols (P < 0.05), and therefore suggestive of significant hyper coagula-

tion in early phase of burns. There were significant negative

correlations between PFC and the percentage of the total body surface

area burnt and the percentage of the full thickness burns size.

(r = �0.63; r = �0.59 respectively P < 0.05). Severe burns > 45% was

associated with a significantly higher frequency of consumptive coag-

ulopathy compared to those with lesser percentage of burns

(P < 0.05).

Conclusion: PFC may be useful as a marker for predicting survival

in burns patients and therefore represent a suitable tool for risk

stratification.

PB 2.45-3
Traditional and whole blood coagulative profiles in
patients with left ventricle assist devices
Spiezia L1, Tarzia V2, Campello E1, De Franceschi M1, Bejco J1,

Bortolussi G1, Vasques F1, Bottio T1, Gerosa G1 and Simioni P1

1University of Padova, Padova; 2University of Padua, Padua, Italy

Background: Left ventricle assist devices (LVAD) are increasingly

adopted when treating refractory heart failure patients with the indica-

tion of either bridge-to-transplant or destination therapy, which is an

alternative to cardiac transplantation. According to the flow they pro-

duce, LVADs are divided in pulsatile- and continuous-flow devices;

the latter – nowadays the most frequently used – are further divided

into axial and centrifugal pumps. Antithrombotic prophylaxis is an

invaluable mainstay of postoperative LVAD patients’ management

because of the intrinsic device thrombogenicity and the consequent

thromboembolic risk of those patients.

Aims: To compare the impact of two different continuous-flow devices

on the traditional and whole blood coagulative profiles: Jarvik 2000,

axial flow pump vs. HeartWare HVAD, centrifugal device based on

magnetic levitation.

Methods: Data of traditional and whole blood coagulative profiles,

and namely thromboelasometric (performed by ROTEM) and aggreg-

ometric (performed by Multyplate) evaluations, were reviewed and a

comparison between 13 patients with Jarvik 2000 and eight patients

supported with HeartWare HVAD was performed.

Results: Platelets count were significantly higher in the HeartWare

group than in the Jarvik group (D7 P = 0.01; D14 P < 0.0001; D21

P = 0.0002, D28 P = 0.003, D60 P = 0.002). Maximum clot firmness

(MCF) was significantly higher in the HeartWare group than in the

Jarvik group (INTEM: D5 P = 0.007, D13 P = 0.0104, D21

P = 0.0004, D28 P < 0.0001; EXTEM: D5 P = 0.04, D13 P = 0.02,

D21 P < 0.0001, D28 P = 0.0001; FIBTEM: D5 P = 0.03, D13

P = 0.02, D21 P = 0.09). The Area Under the Curve (AUC) was

higher in the HeartWare group than in the Jarvik group (TRAPtest:

D5 P = 0.005, D21 0.04, D28 P = 0.01, D13 P = 0.05; COLtest D5

P = 0.004, D21 P = 0.01, D28 P = 0.02).

Comparison of the two groups showed significantly higher levels of

platelets count, Intem-Extem-Fibtem MCF, TRAP e COL tests in the

HeartWare than in the Jarvik group.

Conclusions: Comparison between Jarvik 2000 and HeartWare HVAD

proved that the two pumps have almost different effects on coagulative

system. Because of the direct implication of ventricular assist devices

in the development of acquired von Willebrand syndrome we speculate

on the possible different role of each of the two pumps in order to

modulate von Willebrand factor plasma levels causing different

impairment of the coagulative profile. Larger studies are needed to

confirm our findings and to evaluate the possible causative role of von

Willebrand factor in the imbalance of coagulation cascade.

PB 2.45-4
Comparison between defects of hemostasis and
ROTEM parameters in children with dengue infection
Sosothikul D, Paisan P and Seksarn P

Chulalonkorn University, Bangkok, Thailand

Background: Dengue virus causes a febrile illness, dengue fever (DF),

and less frequently a life-threatening illness, dengue hemorrhagic fever

(DHF). Bleeding in dengue patients is caused by vasculopathy, throm-

bocytopenia, platelet dysfunction and coagulopathy.

Aims: To evaluate whether ROTEM, a new global hemostsis analyser,

correlate with standard coagulation tests to detect severity of bleeding

diathesis in these patients.

Methods: A prospective observational study. Blood was obtained from

70 children: 41children with dengue infection on day 4–6 of the illness

(22 with DF,19 with DHF) and 30 age-matched healthy children as

controls. Standard coagulation tests and ROTEM parameters were

analyzed and compared.

Results: DHF patients had significant higher in PT, aPTT than DF

patients but there is no significant difference in fibrinogen level

between two groups. DHF patients had a significant longer time in

clotting time (CT), clot formation time (CFT) in EXTEM and INTEM

than DF patients. In addition, DHF patients had significant lesser

maximum clot firmness (MCF) and lower amplitude (A10,A20) than

DF patients. We observed a good correlation between platelet count

and both INTEM-MCF (r = 0.82, P < 0.001) and EXTEM-MCF

(r = 0.83, P < 0.001), a moderate correlation between PT and

EXTEM-MCF (r = �0.51, P < 0.001), aPTT and INTEM-MCF

(r = �0.58, P < 0.001) and a weak correlation between fibrinogen and

FIBTEM-MCF (r = 0.34, P < 0.001).

Conclusions: The abnormalities of hemastasis in dengue infection were

significant different between disease severity (DF and DHF) as deter-

mined by both standard coagulation tests and ROTEM analysis. We

also found a strong correlation between platelet count and both

INTEM-MCF and EXTEM-MCF.
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PB 2.45-5
The ratios of pro to anticoagulant factors: index of
hemostatic imbalance in cirrhotic patients
Labidi A, Baccouche H, Mahjoub S, Bssila S, Fekih M, Filai A

and Ben Romdhane N

La Rabta University Hospital, Tunis, Tunisia

Background: Patients with liver cirrhosis are characterized by

decreased levels of most pro- and anti-coagulant factors. This state

result in an unstable balance. Therefore, patients are prone to hemor-

rhagic and thromboembolic events particularly in advanced stages.

Aim: The aim of this study was to evaluate the ratios of procoagulant

to inhibitor coagulation factors in cirrhotic patients according to dis-

ease severity.

Methods: A case control study including 51 cirrhotic patients and 51

healthy subjects matched by age and sex was conducted. Patients were

stratified according to Child Pugh classification. Procoagulant factor

activity (factor VII, II, V, VIII, XII) and inhibitor factor activity: Pro-

tein C (STACLOT PC), protein S (STACLOT PS, antithrombin

(STACHROM AT) were determined. All tests were performed on

STA COMPACT STAGO. Mean value of procoagulant to inhibitor

coagulation factor ratios were compared to those in controls and

investigated in patients according to Child Pugh classification. Statisti-

cal analysis was performed with SPSS software version 19.0.

Results: Mean age was 56.8 years old [range16–86]. Sex ratio was 0.9.

Patients were classified in Child Pugh A in 13 patients (25.5%), B in

23 patients (45.1%), C in 15 patients (29.4%). Among ratios, II/PC,

V/PC, VII/PC, XII/PC were significantly higher in cirrhotic patients

than in controls (respectively, P = 0.001, P = 0.002, P = 0.001,

P = 0.001) but not between Child Pugh classes. Likewise, VIII/PC,

VIII/PS and VIII/AT were significantly higher in cirrhotic patients

than in controls (P < 0.001) and increased significantly from class A

to C (P < 0.001), reaching a value of 5. On the other hand, II/PS is

lower in cirrhotic patients than in controls showing marginal signifi-

cance (P = 0.04). However, II/PS,V/PS, VII/PS decreased significantly

from class A to C.

Conclusion: The ratios of pro- to anti-coagulant factors can be consid-

ered as indexes of the coagulation imbalance. This hypothesis was sup-

ported by some authors hypothesizing that hypercoagulability was due

to high factor VIII combined with low PC. Moreover it should be eval-

uated in larger studies in cirrhotic patients particularly with thrombo-

embolism events.

PB 2.45-6
Shortened blood coagulation times in two distinct
visceral obesity models, WBN/Kob-Lepr(fa) rats and
diet-induced obese mice
Asai F, Nagakubo D, Kaji N, Takahashi S, Shirai M and Ito K

Aazabu University, Kanagawa, Japan

Background: Visceral obesity is associated with a high incidence of

ischemic heart disease, and many cases are complicated by impaired

glucose tolerance, hyperlipidemia, and high blood pressure. The blood

coagulation system plays a major role in thrombus formation. How-

ever, little is known about the relationship between visceral obesity

and blood coagulation.

Aims: The aim of this study was to investigate blood coagulation times

in genetically obese rats and diet-induced obese (DIO) mice in order to

clarify the relationship between visceral obesity and blood coagula-

tion.

Methods: In this study, we used two distinct obese animal models,

genetically obese rats and diet-induced obese mice. In both animal

models after body weight had plateaued, blood coagulation times were

compared with those of respective control animals. In blood coagula-

tion assays, activated partial prothrombin time (aPTT), prothrombin

time (PT), and thrombin time (TT) were measured in citrated plasma.

The homeostasis model assessment of insulin resistance (HOMA-IR)

was used as an indicator of insulin resistance.

Results: The WBN/Kob-Leprfa (fa/fa) rat is a new congenic rat cre-

ated by introducing the Leprfa gene (a mutant gene derived from the

Zucker fatty rat) into the WBN/Kob rat. The fa/fa rats at 10 weeks of

age exhibited a significantly (P < 0.01) shorter aPTT and PT than age-

matched Wistar rats. C57BL/6J mice fed a high-fat diet (60%) for

10 weeks, a DIO model, exhibited significantly (P < 0.01) shorter

aPTT, PT, and thrombin time than lean mice fed a standard diet. Sig-

nificantly higher body weight, visceral fat weight, and insulin resis-

tance were also shared by fa/fa rats and DIO mice.

Summary/Conclusions: These results suggest that visceral obesity is

related to accelerated blood coagulation in addition to disrupted

metabolism of glucose and lipids. This study showed the existence of

accelerated blood coagulation in two distinct visceral obese animal

models. To the best of our knowledge, this is the first report on short-

ened blood coagulation times in fa/fa rats and DIO mice. In addition

to visceral obesity, both models exhibited hyperlipidemia and

increased insulin resistance. The fa/fa rat and DIO mouse can be con-

sidered useful obesity models for research on the biomarkers of cardio-

vascular disease.

PB2.46 – Anticoagulant
Agents – VIII

PB 2.46-1
Inhibition of coagulation by the low molecular mass
metalloprotease from Indian cobra (Naja naja) venom
Kempaiah K1, Kumar MS1 and Girish KS2

1University of Mysore, Mysore, Mysore; 2Tumkur University,

Tumkur, India

Background: Snake venom metalloproteases (SVMPs) are an interest-

ing class of enzymes known to play key role in snake venom induced

pharmacological effects especially, vascular damage and platelet func-

tions. In contrast to P-III class SVMPs which are known for vascular

damage causing massive hemorrhage, P-I and P-II class SVMPs are

less destructive. SVMPs with fibri(noge)nolytic and platelet aggrega-

tion inhibitory properties may serve as therapeutic lead molecules in

the management of cardiovascular diseases. In this study, a non-toxic

P-I class SVMP which is basic in property that inhibit plasma coagula-

tion and collagen induced platelet aggregation has been isolated and

studied from Indian cobra (Naja naja) venom.

Aims: To understand the molecular mechanisms of anticoagulant, and

antiplatelet properties of the isolated P-I class of SVMP.

Methods: CM-Sephadex C-25 column chromatography, SDS-PAGE,

MALDI-TOF mass spectrometry, caseinolytic, plasma re-calcification

time, APTT, PT, TCT, fibrinogenolytic, fibrinolytic, fibronectinolytic

and collagenolytic activities have been assayed. Preparation of platelet

rich and poor plasma, and washed platelets from human and agonists

induced platelet aggregation studies have been performed.

Results: In this study a relatively simple and an efficient protocol has

been adopted to isolate a low molecular mass metalloprotease which is

basic in property from cobra venom. A tandem two step chromatogra-

phy on a CM-Sephadex C-25 column results in a pure metalloprotease

sample that revealed single sharp peak with the molecular mass of

13.87 kD in MALDI-TOF mass spectrometry. Both EDTA and 1,10-

phenanthrolene abolished casein, fibrinogen, fibrin, and fibronectin

degrading properties and as well as collagen induced aggregation of

human washed platelets by the enzyme. The enzyme is devoid of

lethality, edema, hemorrhage, dermo- and myonecrosis. Collagens

type-I and IV are resistant to proteolytic digestion. But, the enzyme

strongly inhibited coagulation of citrated human plasma with a pro-

longed APTT, PT and TCT responses. It is an a-fibrinogenase with a

selective specificity on the Aa-chain of fibrinogen, in addition it hydro-

lyzed the a-polymer and a-chains of fibrin clot. Of the several agonists
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tested, the enzyme specifically inhibited the collagen induced aggrega-

tion of human washed platelets with an IC50 of 147 � 10 nM.

Summary/Conclusion: A non-toxic low molecular mass metallopro-

tease that inhibits plasma coagulation and collagen induced platelet

aggregation has been isolated and characterized. Further, studies on

the possible mechanisms of inhibition are in progress.

PB 2.46-2
Long-term oral anticoagulant management associated
with routine medical care (RMC) in patients with non-
valvular atrial fibrillation (NVAF) in Canada
Selby R1, Mittmann N2, Isogai P2, Kaus L1, Koo M2 and Sealey F1

1Sunnybrook Health Sciences Centre; 2Health Outcomes and

PharmacoEconomic (HOPE) Research Centre, Toronto, ON,

Canada

Background: There are no prospective, long-term studies describing

the process and quality of care (including time in therapeutic range),

resource utilization (RU), and quality of life (QoL) associated with

being on warfarin for non-valvular atrial fibrillation (NVAF) patients

managed through routine medical care (RMC) in Canada.

Methods: Resource utilization associated with Oral Anticoagulant

Management (ROAM) is a prospective cohort study conducted across

nine Canadian provinces whose objective is to describe the process and

quality of care, RU, clinical events and utility scores associated with

long-term oral anticoagulant (warfarin) therapy in patients with

NVAF. Eligible, consenting patients are followed for 48 weeks and

complete a weekly diary providing data on international normalized

ratio (INR) test dates and values, RU associated with warfarin moni-

toring, and all physician visits, procedures and hospitalizations. INR

values, test dates and source documentation related to patient-

reported clinical events are also collected from the participating physi-

cians. Utility scores, representing the patient’s health state, measured

using the EuroQol-5D (EQ-5D) standardized QoL instrument are col-

lected every 4 weeks.

Results: Five hundred and fifty-one patients were recruited from April

2008 to July 2012, 92% from RMC (primary care physicians and spe-

cialists) and 8% from anticoagulant clinics. Median age [range] was 74

[66, 80] years with 218 females (39.5%). Four hundred eighty-two

patients who completed the study and had physician provided INR

results are included in this preliminary analysis. Comorbid conditions

included hypertension (67%), diabetes (26%) and ischemic heart dis-

ease (30%). Physicians reported a total of 6705 INR tests over the

study duration (mean � SD: 15.3 � 8.3 tests per patient) while

patients recorded 7260 tests being completed in their diaries over the

same time period (16.8 � 9.5 tests per patient). Of the patient reported

tests 5781 INR results (80%) were communicated to patients, most

often by telephone (55%) or in person (21%) within a mean of

1.4 � 2 days. Average time in therapeutic range (TTR) using the Ro-

sendaal method was 70% using physician reported values and 69%

based on patient reported values. Mean INR testing frequency was

28.4 days following an INR in the therapeutic range, 22.9 days follow-

ing an INR < 2, and 19.3 days, following an INR > 3. The mean base-

line [95% CI] utility score was 0.85 [0.84, 0.87]. Mean [95% CI] change

in utility scores per 6 months was �0.007 [�0.013, �0.001].

Conclusions: This is the first prospective cohort study of NVAF

patients on long-term warfarin therapy being monitored primarily

through RMC in Canada. The majority of patients are monitored by

telephone with 80% receiving INR results and discrepancies between

patient and physician recorded INR test dates. TTR is higher than pre-

viously reported for RMC, which may suggest a self-selection bias for

better quality physician-patient combinations. Although frequency of

testing was appropriate for in-range INRs, the times to testing after

out-of-range results appear delayed. Analysis of utility scores showed

generally high scores for this community dwelling population, stable

over the duration of the study.

PB 2.46-3
Edoxaban, an oral direct factor Xa inhibitor, inhibits
tissue-factor induced human platelet aggregation and
clot-bound factor Xa in vitro
Morishima Y, Honda Y and Kamisato C

Daiichi Sankyo Co., Ltd., Tokyo, Japan

Background: Tissue factor-induced platelet aggregation and factor Xa

(FXa) bound to clot contribute to the formation and growth of throm-

bus. Edoxaban is an oral, direct, once-daily and selective FXa inhibi-

tor in late-stage clinical development. Fondaparinux is a parenteral

indirect (antithrombin-dependent) FXa inhibitor.

Aims: To determine the effects of edoxaban on human platelet aggre-

gation induced by tissue factor and clot-bound FXa in vitro and to

compare the effects of edoxaban, a direct FXa inhibitor, with an indi-

rect FXa inhibitor (fondaparinux).

Methods: Citrated human platelet-rich plasma (PRP) from healthy

subjects was treated with 3 mM H-Gly-Pro-Arg-Pro-OH AcOH to

prevent fibrin polymerization, and spiked with edoxaban or fondapari-

nux. Human tissue factor (Innovin or RecombiPlasTin) plus 7.5 mM

CaCl2 were added to PRP and platelet aggregation was measured with

an optical aggregometry. The area under the curve of 5 min-aggrega-

tion response was measured. Whole blood clot was formed by incubat-

ing human blood with 25 mM CaCl2 for 60 min at 37 °C and washed

with ice-cold buffer for four times. The clot was incubated with

0.9 lM prothrombin in the absence or presence of FXa inhibitors for

10 min at 37 °C. For fondaparinux, 2 lM antithrombin was added.

The amount of prothrombin fragment F1 + 2 (F1 + 2) was measured

with an ELISA. Activity of free FXa was measured using human FXa

and its chromogenic substrate S-2222.

Results: Both types of tissue factor (Innovin and RecombiPlasTin)

activated human platelets and evoked aggregation. Edoxaban inhib-

ited tissue factor-induced platelet aggregation in a concentration-

dependent manner. The IC50 values for Innovin and RecombiPlasTin-

induced aggregation were 150 and 110 nM, respectively. At 300 nM,

edoxaban completely inhibited the aggregation response. Fondapari-

nux inhibited RecombiPlasTin-induced aggregation with IC50 of

9.3 lM, but did not show complete inhibition up to 30 lM. Fonda-

parinux had no effect on Innovin-induced platelet aggregation. Incu-

bation of clot with prothrombin generated F1 + 2, indicating the

activity of FXa in clot. Edoxaban concentration dependently inhibited

both free and clot-bound FXa. The IC50 values were 2.3 and 8.2 nM,

respectively. Fondaparinux inhibited free FXa with IC50 of 5.4 nM,

but concentrations 40-times higher were required to inhibit clot-bound

FXa (IC50 = 217 nM).

Conclusions: In this study, edoxaban, a direct FXa inhibitor, was

determined to be a more potent inhibitor of tissue factor-induced

platelet aggregation and clot-bound FXa than fondaparinux, an indi-

rect FXa inhibitor. We previously reported that edoxaban is superior

to fondaparinux in preventing arterial thrombosis (1). The present

findings may explain the difference in the effects on arterial thrombosis

between these FXa inhibitors and suggest the benefits of direct inhibi-

tion of FXa.

Reference:

1. Fukuda T. et al. Comparison of antithrombotic efficacy between e-

doxaban, a direct factor Xa inhibitor, and fondaparinux, an indirect

factor Xa inhibitor under low and high shear rates. Thromb Haemost.

2011;106:1062–8.
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PB 2.46-4
Antithrombotic effect of direct oral anticoagulants as
compared to warfarin evaluated experimentally in
treated patients
Mendolicchio GL1, Marchese P2, Colombo A1, Lodigiani C1,

Scardino M1, Ferrari MC1, Grappiolo G1, Rota L1 and Ruggeri ZM2

1IRCCS Istituto Clinico Humanitas, Rozzano, Milano, Italy; 2The

Scripps Research Institute, La Jolla, CA, USA

Background: Patients undergoing total knee replacement develop deep

vein thrombosis if not given thromboprophylaxis; 0.1–1.7% will suffer

fatal pulmonary embolism (PE). Oral anti-vitamin K anticoagulants

(such as warfarin) are effective for preventing venous thrombosis, but

require laboratory monitoring to maintain a therapeutic range as

defined with the International Normalized Ratio (INR). New oral an-

ticoagulants directly inhibiting coagulation factor (F) Xa have proven

similarly effective and are currently administered in a fixed ‘one fits all’

dose without laboratory monitoring.

Aims: Our goal was to compare the antithrombotic effect of a FXa

inhibitor (rivaroxaban) and warfarin, each administered according to

guidelines, measuring platelet aggregation and fibrin deposition in

blood perfused over fibrillar collagen type I at two different shear rates.

Methods: Blood containing 0.011 M trisodium citrate was recalcified

with 5 mM calcium chloride and perfused over a surface coated with

fibrillar collagen type I at the wall shear rate of 300 or 1500/s. Platelets

and fibrin were detected in situ through distinct fluorochromes. We

tested 10 normal controls, 12 patients treated with warfarin (INR

between 1.94 and 2.90) and 10 patients treated with rivaroxaban

between 8 and 16 days from the initiation of therapy. The volume of

platelet aggregates and fibrin deposited onto collagen was measured

from stacks of confocal optical sections separated by 1.5 lm in height.

Results are reported here as mean � standard error of the mean; sta-

tistical analysis was performed by one-way analysis of variance.

Results: There was no significant difference in the volume of platelet

aggregates formed in blood of normal controls and patients treated

with either warfarin or rivaroxaban perfused over collagen at 300 or

1500/s. In contrast, the volume of fibrin formed around and between

platelet aggregates was significantly reduced in the warfarin-treated

patients both in blood perfused at 300/s (controls: 286749 �
53104 lm3; patients: 62105 � 44282 lm3; P < 0.001) and 1500/s (con-

trols: 231,999 � 142,998 lm3; patients: 6724 � 4131 lm3; P < 0.001).

The results in rivaroxaban treated patients were different because the

volume of deposited fibrin (215,472 � 115,956 lm3) was not signifi-

cantly different from control in blood perfused at 300/s but was signifi-

cantly decreased (54,626 � 66,988 lm3; P < 0.001) in blood perfused

at 1500/s. Of note, in warfarin treated patients all individual fibrin vol-

umes were below the lower limit of the normal range; of the rivarox-

aban treated patients, 7/10 had normal fibrin volume in blood

perfused at the lower shear rate, and 2/10 remained normal even at the

higher shear rate.

Summary/Conclusions: Treatment with the direct FXa inhibitor, riva-

roxaban, at the dose prescribed according to current guidelines results

in a lesser in vitro anticoagulant effect than caused by warfarin admin-

istration controlled by individual INR testing. The significance of

these findings using ex vivo blood perfusion relative to the results of

present and future clinical trials remains to be established.

PB 2.46-5
The relationship between anti-Xa activity and
complications in orthopaedic patients receiving
prophylactic fondaparinux
Matsumoto T1, Wada H2, Masahiro H2, Wakebayashi H2,

Yoshida K2, Miyamoto N2, Ohishi K1, Shimokariya Y1, Yamada N2

and Sudo A2

1Mie University Hospital; 2Mie University Graduate School of

Medicine, Tsu, Japan

Introduction: Preventing the development of deep vein thrombosis

(DVT) is clinically important, because pulmonary embolisms (PEs)

caused by DVTs are often fatal. Orthopaedic surgery is associated with

a very high rate of postoperative venous thromboembolism (VTE).

The thromboprophylaxis by fondaparinux is useful in patients after

orthopaedic surgery. This study evaluated anti-Xa activity and hemo-

static markers in patients who underwent major orthopaedic surgery,

and were treated for the prophylaxis of deep vein thrombosis (DVT)

with fondaparinux to examine the relationship between anti-Xa activ-

ity and DVT or decrease of haemoglobin (Hb).

Methods: The relationship between anti-Xa activity and complications

was examined in 176 patients with major orthopaedic surgery treated

with 1.5 mg of fondaparinux once a day for 14 days. One hundred

forty-two patients were treated with Fondaparinux for 14 days (com-

plete administration; CA group) but 34 patients discontinued prophy-

laxis due to low Hb level by physician in charge (withdrawal group).

All patients also were intermittent pneumatic compression stockings

from the day of surgery until postoperative day 2, and they also wore

graduated compression stockings continuously. Anti-Xa activity,

fibrin and fibrinogen degradation products (FDP), D-dimer, soluble

fibrin (SF) and AT activity were measured in 176 patients after THA

or TKA before, and on day 1, day 4, day 8, and day 15 of the adminis-

tration of fondaparinux. The decrease of Hb was calculated from the

value obtained on day 1 to the lowest value obtained during 14 days.

Results: The frequency of deep vein thrombosis DVT and Hb decrease

were significantly higher in the withdrawal group. The frequency of

DVT tended to be higher in the group treated with < 0.2 mg/L of anti-

Xa activity and the frequency of > 2 g/dL of Hb decrease was signifi-

cantly higher in the group with > 0.4 mg/L of anti-Xa activity on day

1. The weight, body mass index and body surface index were the high-

est in the group with 0–0.2 mg/L of anti-Xa activity, and the Hb

decreasing was the highest in the group with > 0.4 mg/L of anti-Xa

activity.

Conclusion: The continuous administration of fondaparinux is recom-

mended after major orthopaedic surgery, and anti-Xa activity should

be controlled < 0.4 mg/L on day 1.

PB 2.46-6
Association of warfarin therapy after prosthetic heart
valve replacement with risk of thromboembolic
complications, bleeding and mortality
Murasaki KM, Shimatani Y, Murasaki KM, Uetsuka Y

and Nobuhisa H

Tokyo Women’s Medical University, Tokyo, Japan

Background: Bioprosthetic valves are more commonly used because

many of these patients are elderly and/or have comorbid conditions

that render them at increased risk of bleeding with the prolonged anti-

coagulation therapy that would be required with implantation of a

mechanical valve.

Especially in patients with hemodialysis, long-term anticoagulant ther-

apy thought to be controversial for the patients with atrial fibrillation

(AF) alone. If these patients have bioprosthetic valve, this may be more

complex and difficult problem because with the limited evidence to date

based on limited data, the trade-off between reduced thromboembolic

events with warfarin and increased bleeding remains uncertain.
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Aims: To clarify the association of warfarin treatment with the risk of

thromboembolic events (TEs), bleeding events (BEs), and cardiovascu-

lar deaths after heart valve replacement surgery in patients with he-

modialysis.

Methods: Between January 1, 2004, and May 31, 2011, total number of

patients having heart valve replacement in this institute was 501

patients. Of these patients, hemodialysis patients were identified 33

patients. Target PT-INR was set 1.5–2.5 according to Japanese guide-

lines for high risk of bleeding.

Primary events studied included strokes, thromboembolic events, car-

diovascular deaths, bleeding events and all cause of death. Valve types,

valve position, ejection fraction, atrial fibrillation, other comorbid dis-

ease and risk factors for thromboembolism and bleeding were also

evaluated.

Results: Two people were excluded because of perioperative death.

Patients were followed up for a mean of 2.2 years. A total of 14

patients were continuing on warfarin (group A) treatment after sur-

gery. TTR of this group was 80.9% throughout study periods.

Seventeen patients discontinued warfarin treatment (group B) at the

first 3 month after surgery. Baseline characteristics were not different

from two groups. There were nine TEs, nine BEs and seven deaths

(cardiovascular death 3)

There was no thromboembolic event in group A. On the other hand,

group B have nine TEs (Ischemic stroke 4, Myocardial Infarction 4).

However, there was no significant increase of BEs (Group A 4cases,

Group B five cases, P = 0.959) between both groups. All cause of

death and cardiovascular death were also no significant difference

between two groups

Conclusion: In this well-controlled and low anticoagulant intensity,

valve replacement patients with hemodialysis have similar risk for BEs

despite warfarin therapy, but have significantly increased risk of TEs

without warfarin therapy. Close and careful anticoagulant control is

useful for those hemodialysis patients with heart valve replacement.

PB2.47 – Anticoagulant Agents – IX

PB 2.47-1
Biochemical and pharmacological differentiation of
dabigatran, apixaban and rivaroxaban
Fareed J, Syed D, Kahn D, Jeske W, Escalante V, Iqbal O,

Hoppensteadt D, Cunanan J and Walenga JM

Loyola University Medical Center, Maywood, IL, USA

Introduction: New oral anticoagulants represent synthetic low molecu-

lar weight (< 500 daltons) peptidomimetic inhibitors of thrombin and

factor-Xa. To date, limited data to compare the active form of dabiga-

tran with apixaban and rivaroxaban in biochemical and pharmacolog-

ical studies is available. The purpose of this study is to compare the

three drugs in various biochemical and pharmacological studies to

establish differences, which may predict their safety and efficacy profile

in different indications.

Materials and Methods: The active form of dabigatran was purchased

from Selleckcham (Houston, TX). Apixaban and rivaroxaban were

obtained commercially and were of synthetic origin. The whole blood

anticoagulant activities of these agents were measured using celite

ACT by supplementing in native human whole blood (n = 10–12) at a
concentration of 1 lg/mL. The TEG profile was also determined at

concentrations < 250 ng/mL. The anticoagulant studies were carried

out at a range 0–2.5 lg/mL utilizing various aPTT, PT, Heptest and

PICT test. Thromboplastin induced thrombin generation was mea-

sured using a fluorimetric method (Technoclone Austria) in a concen-

tration range of 0-1 lg/mL in PPP and PCCs. Proteomic analysis of

thromboplastin activated PCCs and its inhibition by the three agents

was also studied, followed by western blotting analysis to characterize

cleavage products. Platelet aggregation studies were carried out in

human PRP (n = 15–20) using ADP, epinephrine, collagen, arachi-

donic acid and 2.5U thrombin reagent. The bleeding profile of each

agent was measured in a modified rat-tail bleeding time.

Results: In the ACT studies at 1 lg/mL, dabigatran produced signifi-

cantly higher anticoagulant effects (306 � 16) vs. saline (124 � 6), in

contrast to apixaban (142 � 5) and rivaroxaban (149 � 6.8). In the

TEG analysis, dabigatran produced marked alterations of such TEG

parameters as r-time, k-time, ma and angle in contrast to both rivarox-

aban and apixaban, which exhibited weaker effects. In the PT, aPTT,

and Heptest, dabigatran produced relatively stronger anticoagulant

effects in comparison to rivaroxaban and apixaban. In the PICT test,

dabigatran produced relatively stronger anticoagulant effects,

whereas, rivaroxaban exhibited somewhat weaker effects and apixaban

showed the weakest effects. In PPP, dabigatran produced stronger

thrombin generation inhibition (IC-50 = 0.19–0.23 lg/mL) in compar-

ison to apixaban (IC-50 = 0.22–0.39 lg/mL) and rivaroxaban (IC-

50 = 0.43–0.90 lg/mL); however, in the PCCs (Octaplex and Beri-

plex), dabigatran (IC-50 = 0.41–1.12 lg/mL), apixaban (IC-

50 = 0.05–0.06 lg/mL) and Rivaroxaban (IC-50 = 0.05–0.06 lg/mL).

In the proteomic analysis in PCCs, while both apixaban and rivarox-

aban inhibited the generation of thrombin as evident by the absence of

36 kDa peak, dabigatran did not inhibit the generation of the 36 kDa

peak. All agents did not have any effect on agonist induced platelet

aggregation, except dabigatran, which inhibited thrombin induced

platelet aggregation. In the rat-tail bleeding studies, at 100 lg/mL, da-

bigatran produced the strongest effects (32 � 6 min) followed by riva-

roxaban (21 � 4 min) followed by apixaban (7 � 2 min).

Conclusions: These studies demonstrate that the oral anti-Xa and IIa

inhibitors not only inhibit their target enzymes but produce their anti-

coagulant, anti-protease and thrombin generation inhibition effects by

multiple mechanisms. The inhibitory profile of each agent exhibited a

different spectrum and is matrix dependent. Dabigatran appears to

produce stronger anticoagulant effects in comparison to rivaroxaban

and apixaban. Differences in thrombin generation inhibitory profiles

among these agents were also noted.

PB 2.47-2
Bone density in patients with VTE treated with VKA.
Follow-up of 25 patients over 10 years
Hajduk B, Wawrzynska L, Kuca PJ and Tomkowski WZ

The National Tuberculosis and Lung Diseases Research Institute,

Warsaw, Poland

Background: There are still areas of uncertainty as regards the correla-

tion between reduction in bone density and long-term anticoagulant

prophylaxis with vitamin K antagonists (VKA).

Aims: To estimate the reduction in bone mineral density (BMD) in

venous thromboembolism (VTE) patients anticoagulated long-term

with VKA and receiving or not osteoporosis prophylaxis (OP).

Methods: In the period from 1998 to 2011 25 VTE patients were per-

manently treated with VKA. (INR target = 2.5). Among them nine

patients received additionally OP (OP included Alfacalcidol 0.25 lg
and Calcium Carbonate 1500 mg daily). During follow-up in every

patient there was assessed three times BMD – at the beginning of the

study and after 5 and 10 years of observation. Two different bones

(femoral neck and lumbar spine 2–4) were studied.
Results: In 15 patients without OP after 5 and 10 years the mean

reduction in femoral neck BMD was 0.087 g/cm2 (min. �0.008 g/cm2,

max. 0.212 g/cm2, median 0.093, SD 0.066) and 0.217 g/cm2 (min.

0.048 g/cm2, max. 0.437 g/cm2, median 0.207, SD 0.106) respectively.

The reduction in lumbar spine BMD after 5 and 10 years was 0.060 g/

cm2 (min. �0.205 g/cm2, max. 0.391 g/cm2, median 0.047, SD 0.141)

and 0.205 g/cm2 (min. 0.003 g/cm2, max. 0.539 g/cm2, median 0.190,

SD 0.125) respectively. In nine patients with OP after 5 and 10 years

the mean reduction in femoral neck BMD was 0.060 g/cm2 (min.

�0.091 g/cm2, max. 0.232 g/cm2, median 0.503, SD 0.102) and

0.122 g/cm2 (min. �0.133 g/cm2, max. 0.402 g/cm2, median 0.148, SD

0.167) respectively. The reduction in lumbar spine BMD after 5 and
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10 years was 0.056 g/cm2 (min. �0.190 g/cm2, max. 0.381 g/cm2, med-

ian 0.075, SD 0.154) and 0.092 g/cm2 (min. �0.181 g/cm2, max.

0.239 g/cm2, median 0.144, SD 0.136) respectively.

Conclusions: In VTE patients treated with VKA without OP the reduc-

tion in BMD was noted earlier and was more profound (especially

between 5 and 10 years of observation) in comparison with those with

OP.

PB 2.47-3
Effect of Dabigatran and Rivaroxiban on
thrombomodulin mediated activation of protein C and
thrombin activated fibrinolysis inhibitor (TAFI)
Hoppensteadt D, Cunanan J, Lewis B and Fareed J

Loyola University Medical Center, Maywood, IL, USA

Introduction: The new oral anticoagulant agents Dabigatran and Riv-

aroxiban target thrombin and factor Xa to mediate their anticoagulant

effects perspectively. This study was designed to investigate the effects

of active form Dabigatran and Rivaroxiban on the activation process

of protein C and TAFI by thrombin-thrombomodulin complex.

Materials and Methods: The active form of Dabigatran was synthe-

sized. While Rivaroxiban was extracted from commercially available

tablets. Both agents were dissolved in appropriate solutionmatrices at a

stock concentration of 100 lg/mL. Thrombin-thrombomodulin medi-

ated activation of protein C and TAFI were measured using specific

chromogenic substrate based methods at a concentration of 0–10 lg/
mL in different matrices. The activation of Protein C and TAFI was

laso measured usingmass spectrometric and immunoblotting methods.

Results: Dabigatran produced a strong inhibition of the generation of

both the activated protein C and TAFI (IC50 < 1.0 lg/mL) whereas

Rivaroxiban did not produce any inhibition of the activation of either

of these proteases. Dabigatran also inhibited the amidolytic actions of

thrombin-thrombomodulin complex whereas Rivaroxiban did not

produce any effect. Neither Dabigatran nor Rivaroxiban produced a

direct inhibition of activated protein C or TAFI at concentrations of

up to 10 lg/mL. Mass spectrometric and immunoblotting methods

showed that Dabigatran blocked the activation of both TAFI and

Activation C by thrombin-thrombomodulin complex.

Conclusions: The persistant inhibition of thrombin and its regulatory

effects by Dabigatran may differentiate its pharmacologic profile from

Rivaroxiban. Since thrombin plays several regulatory functions, its

persistent inhibition may compromise hemostatic regulation. The

observed adverse events such as the reported myocardial infarction

signal may be related to the indiscriminate inhibition of thrombin.

PB 2.47-4
Are global hemostasis assays superior to prothrombin
time (INR) for the assessment of hemostatic correction
after warfarin withdrawal before invasive procedures?
Mavri A, Vene N, Ostasevski-Fernandez N, Vucnik M

and Segnar M

University Medical Centre, Ljubljana, Slovenia

Background: In patients on chronic warfarin therapy who require inva-

sive procedures (e.g. endoscopy, biopsy, major surgery etc.), warfarin

is temporarily withdrawn. For monitoring of hemostatic correction

after warfarin withdrawal prothrombin time (INR) is currently the test

of choice, although there is only a weak association between INR and

bleeding after these procedures.

Aim: To establish whether global hemostasis assays are superior to

INR for establishing the risk of bleeding after invasive procedures.

Methods: Forty-two patients (68 � 12 years, 12 women) were included

after informed consent was obtained and followed for 30 days after

the invasive procedure. The study was approved by the Slovene Ethics

Committee. INR, thrombin generation (Technothrombin�), overall

hemostasis potential (OHP), overall coagulation potential (OCP) and

overall fibrinolytic potential (OFP) were determined in venous blood

obtained during warfarin treatment and after warfarin withdrawal on

the day of invasive procedure.

Results: During warfarin treatment median INR value of 2.5 (2.1–2.8)
decreased to 1.3 (1.2–1.4, both values inter-quartile range) on the day

of the procedure. Comparing values during warfarin treatment with

values after warfarin withdrawal enhanced thrombin generation was

observed (lag time: 19.2 vs. 14.0 min, P < 0.001; peak thrombin: 73.0

vs. 182.0 nM, P < 0.001; time to peak: 23.7 vs. 18.5 min, P < 0.001;

endogenous thrombin potential: 955.5 nM 9 min vs. 2163.4, nM x

min, P < 0.001, respectively) and global hemostasis was increased

(OHP: 17.4 Abs-sum vs. 21.9 Abs-sum, P = 0.002; OCP: 23.2 Abs-

sum vs. 26.2 Abs-sum, P = 0.002; OFP 22.7% vs. 17.9%, P < 0.001,

respectively, all values medians).

During warfarin treatment INR values negatively correlated with

endogenous thrombin potential (R = �0.38, P < 0.5), but no associa-

tion was observed between INR and OHP, OCP or OFP. On the other

hand significant associations were observed between thrombin genera-

tion variables (lag time: R = 0.55, P < 0.001; peak thrombin:

R = 0.44, P < 0.01; time to peak: R = 0.58, P < 0.001; endogenous

thrombin potential: R = 0.35, P < 0.05), OHP (R = 0.27, P = 0.09),

OCP (R = 0.62, P < 0.001), and OFP (R = 0.47, P < 0.01) determined

during warfarin treatment with those determined after warfarin with-

drawal.

Eight out of 42 patients (19%) suffered one major (after prostatecto-

my) and seven minor bleedings (after colon dilatation, colonoscopy,

revision after prostatectomy, prostate biopsy, coronary bypass sur-

gery) in the follow-up. Patients who bled did not differ significantly

from patients with no bleeding in any of the measured variables.

Conclusions: Global hemostasis assays were not superior to prothrom-

bin time (INR) for the assessment of hemostatic correction after war-

farin withdrawal, since with these assays we were not able to

differentiate between patients who bled after invasive procedure from

those who did not. The most important predictors of haemostatic pro-

file in an individual patient after warfarin withdrawal were her/his

parameters during warfarin treatment.

The study was supported by the Slovenian Research Agency, Grant

no. J3-2128.

PB 2.47-5
Off-label use of recombinant factor VIIa: results from a
10-year university hospital study
Khleif A1, Chong K2 and Escobar MA1

1Gulf States Hemophilia and Thrombophilia Center; 2Memorial

Hermann Hospital, Texas Medical Center, Houston, TX, USA

Background: Recombinant factor VIIa (rFVIIa; NovoSeven, Novo

Nordisk, Denmark) was first approved for use by the Food and Drug

Administration roughly 15 years ago to treat patients with congenital

or acquired hemophilia and inhibitors. Despite concerns regarding the

effectiveness and safety of its off-license indications, rFVIIa has

increasingly been used to prevent and treat excessive bleeding due to

trauma and/or surgery in clinical settings.

Aims: The primary objectives of this study were to examine off-label

rFVIIa use in non-hemophilic patients by ordering service, dose, and

patient survival. Survival was determined by the patient’s discharge

status either to their home, or transfer to an outside facility including

a nursing home, long-term care facility or hospice.

Methods: We performed a retrospective evaluation among patients

who received rFVIIa and were admitted to Memorial Hermann Hospi-

tal – Texas Medical Center (MHH-TMC) between August 2002 and

December 2012. The Medication Use Evaluation (MUE) was utilized

to track rFVIIa use, and all data for this study were obtained from

clinical pharmacy records. Administration of rFVIIa was based on a

stringent protocol and required approval by the attending hematolo-
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gist as well as clinical pharmacist. Recombinant FVIIa was only uti-

lized as an adjunct therapy to standard of care procedures and conven-

tional methods of hemostasis were used prior to rFVIIa consideration,

which included the use of blood products, surgical therapy, topical he-

mostatic agents, and/or interventional radiology. Patients were eligible

to receive the drug based on the following criteria: (i) the patient had

received at least 10 units of packed red blood cells and fresh frozen

plasma, (ii) the patient had a fibrinogen level > 200 mg/dL, and (iii)

the patient had a platelet count > 50,000/mm3.

Results: During the 10-year study period, a total of 889 patients

received off-label rFVIIa at MHH-TMC. Between 2002 and 2007,

there was greater than a five-fold increase in the number of patients

receiving rFVIIa for off-label indications, after which utilization was

consistently steady. Cardiovascular surgery (n = 212) was the most fre-

quent context for use of rFVIIa followed by trauma (n = 169), pediat-

ric services (n = 117) and neurosurgery (n = 117), and neurology

(n = 102). Doses ranged from 20 to 90 lg/kg of body weight (each

patient received an average of 4000 lg per dose) with an average of 1.2

doses given per patient, which is well below the allowable two doses

allotted by the protocol. Roughly 56% of patients receiving off-label

rFVIIa were discharged from the hospital during the reporting period.

In addition, the ratio of off-label to label use of rFVIIa at MHH-TMC

was 87% and 13%, compared with the national ratio of 97% and 3%.

Conclusions: Recombinant FVIIa continues to be used for off-license

indications in hospital settings with varying patient outcomes. Further

research regarding the efficacy and safety associated with the drug’s

off-label use is necessary.

PB 2.47-6
Measurement of dabigatran and rivaroxaban in primary
prevention of venous thromboembolism in 106
patients, who have undergone major orthopedic
surgery. An observational study
Samama MM1, Guinet C1, Le Flem L1 and Debue J-M2

1Biomnis Laboratory, Ivry-sur-Seine; 2Clinique des Maussins,

Paris, France

Background: No routine coagulation laboratory test is recommended

during rivaroxaban or dabigatran treatment. However measuring drug

concentration and/or anticoagulant activity can be helpful in some

special clinical settings, such as bleeding, thrombosis recurrence, rever-

sal monitoring or emergency surgery.

Aims: The effects of dabigatran etexilate and rivaroxaban on various

coagulation assays have been previously studied in normal plasma

spiked with increasing concentrations of the drug. In contrast, few

data are available in routinely treated patients. In order to perform

and to interpretate the results of these tests, it is necessary to determine

the usual responses of patient’s plasma.

Methods:We have used several coagulation tests in a prospective study

including 106 patients receiving thromboprophylactic treatment with

dabigatran 150 or 220 mg od and rivaroxaban 10 mg od for major

orthopaedic surgery. The most common tests – prothrombin time (PT)

and activated partial thromboplastin time (aPTT) – give results, which

vary according to the reagent used. To overcome this limitation, we

advocate the use of plasma calibrators, which suppresses the inter-lab-

oratory heterogeneity of results. Anti-Xa measurement and Hemo-

Clot, a thrombin diluted clotting assay, are specific assays which have

been proposed for rivaroxaban and dabigatran respectively. These

tests, conventional PT, aPTT and thrombin generation (TG) have

been performed.

Results: We demonstrated that measurements of both drugs can deter-

mine reliably the drug concentration in patients’ plasmas. PT is more

prolonged with rivaroxaban than with dabigatran. Interestingly, the

pattern of TG was clearly different in relation to the difference in the

mechanism of action of the two new anticoagulants.

Conclusion: A significant inter-individual variability of response is

demonstrated. The mean Cmax of rivaroxaban is 140 ng/mL

(extremes 0–412). This result is in good correlation with the previous

French similar study (Freyburger G. et al. 2011) showing the feasibility

of this measurement. Rivaroxaban induces a greater increase of PT

than dabigatran. aPTT is sensitive to dabigatran. Rivaroxaban con-

centrations were in good agreement with two other studies while unex-

plained lower concentrations than expected were found in dabigatran

patients receiving 220 mg once a day [mean Cmax 60 ng/mL (extremes

0–320)]. An interference by pantoprazole, which was given to each

patient and which reduces dabigatran absorption, could explain the

observed lower than expected results. A complementary study is in

progress to confirm this hypothesis.

PB2.48 – Anticoagulant Agents – X

PB 2.48-1
Ambulatory treatment of venous thrombosis in
patients older than 85 years
�Stalc M, Vizintin-Cuderman T and Kovac A

University Medical Centre, Ljubljana, Ljubljana, Slovenia

Background: Incidence of venous thrombosis (VT) increases markedly

with age. Treatment of VT in very old patients presents unique prob-

lems related to aging such as renal insufficiency, low body weight and

numerous co-morbid conditions. Age is also an independent risk fac-

tor for major bleeding during anticoagulant therapy. Since elderly

patients are often excluded from clinical trials, treatment regimens

based on results from clinical trials might not be suitable for very old

patients with VT. Furthermore, data on outpatient management and

outcome in very old patients treated for VT is scarce.

Aim: The aim of our study was to analyse clinical characteristics and

outcomes of patients with VT who were older than 85 years and were

treated in outpatient ambulatory setting.

Methods: In the retrospective study, data of consecutive patients trea-

ted for VT at our centre from January 2010 to December 2012 were

analysed. Only patients aged ≥ 85 years were included in further anal-

ysis. Clinical characteristics and outcome (bleeding, VT recurrence

and death) within 30 days of therapy were identified by manually

reviewing the patients’ records. Also, the patients and/or their caregiv-

ers were contacted by telephone. Categorical data were compared

using c2 test.

Results: Among 1100 patients with objectively confirmed VT of lower

legs, 102 (9.3%) patients were older than 85 years. Ninety-five

(93.1%) were eligible for ambulatory treatment (mean age 88.7 (85.1–
97.9) years, 71.6% women, 96.8% proximal VT, 82.1% first event).

40.0% of ambulatory treated patients were residents of nursing homes

and 44.2% had chronic kidney disease or heart failure. On average,

the number of concomitant drugs in these patients was 5.3. VT was

provoked in 58% of patients, the most common risk factor being poor

mobility (32%) followed by cancer (15.8%). The latter was newly diag-

nosed in 14/15 patients. All cancer patients were treated with low

molecular weight heparin (LMWH). Non-cancer patients were initially

treated with once daily LWMH followed by warfarin (INR 2–3). Aver-

age time to therapeutic INR was 8.8 days. Self-injection of LMWH

was performed in 42% of patients. At 30 days, major non-fatal bleed-

ing events were registered in three (3.2%) patients (two gastrointesti-

nal, one haematoma in abdominal wall). There were two (2.1%)

recurrences of VT, both in patients on warfarin at INR values in thera-

peutic range. Two (2.1%) patients died; one from cancer, for the other

the cause of death could not be established. Among several variables

we examined for possible association with adverse outcomes (self-

injection of LMWH vs. injection by professional, kidney disease or

heart failure, warfarin vs. LMWH, nursing home vs. home treatment),

none proved statistically significant.

Summary: The incidence of major bleeding in our patients exceeds the

incidence of VTE recurrence, but neither incidence is higher than those
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already reported in a cohort of patients older than 65 years. Therefore,

even in very old patients with several concomitant diseases treatment

of VT on outpatient basis seems safe and reasonable.

PB 2.48-2
Self-reported adherence with warfarin and new oral
anticoagulants in patients on chronic oral
anticoagulant therapy
Carrier M1, Van der Salm K2, Wells PS1, Rodriguez RA1,

Duchesnes L3 and Erkens PGM2

1Ottawa Hospital Research Institute, Ottawa, ON, Canada;
2Maastricht University, Maastricht, The Netherlands; 3Ottawa

Heart Institute, Ottawa, ON, Canada

Background: Non-adherence to prescribed medications is a common

clinical problem among patients with chronic conditions. The efficacy

and safety of anticoagulation therapy might be significantly decreased

in patients with poor adherence. Recently approved new oral anticoag-

ulants (NOAC) have a shorter half-life compared to vitamin-K antag-

onists (VKA) and therefore there are theoretical concerns that patients

with non-adherence on NOACs might be at higher risk of adverse

events (recurrent venous thromboembolism or stroke/systemic embo-

lism). Furthermore, poor dose timing (i.e. delay between the time tak-

ing during the day) might also be a concern among patients taking

NOACs, especially if taken once daily. Self-reported adherence of

patients on anticoagulant therapy (warfarin and NOACs) is seldom in

the literature.

Aims: To assess the self-reported adherence of patients on oral antico-

agulant therapy and compare adherence between patients on VKA

and NOAC (rivaroxaban and dabigatran).

Methods: A cross-sectional study, of consecutive patients followed at

our oral anticoagulants clinic was performed. All patients completed

an anonymous survey (22 questions) including the 4-item Morisky

score to assess self-reported adherence. The Morisky score has been

previously validated to assess non-adherence and its reliability is high

(Chronbach alpha 0.61). Non-adherence was defined as patients with

one or more positive answers to one of the four questions from the

Morisky score. Timing adherence and a preference towards reminders

were also investigated.

Results: A total of 273 patients on anticoagulant therapy that com-

pleted the survey. The median age was 72 (range 19–92). Fifty one

(18.7%) patients were using NOAC (13.6% rivaroxaban and 5.1% da-

bigatran). Non-adherence was reported by 40.5% (95% CI: 34.0–
47.3%) of patients in the VKA group and 43.1% (95% CI: 29.3–
57.8%) of patients in the NOAC group (38.4% and 53.8% for rivarox-

aban and dabigatran respectively). Dose timing adherences were 90%

for both groups (90.2% for NOAC and 93.2% for VKA group).

Finally, 25.8% of the total patients agreed that a regular reminder

would be beneficial. The preference for frequency was either weekly or

daily and e-mail was the most popular reminder tool.

Summary/Conclusions: Rates of non-adherence to anticoagulants are

high among patients requiring long-term anticoagulotherapy. There

are no major differences in self-reported rates of adherence between

VKA and NOAC. Given the short half-life of NOACs, future trials

evaluating the risk of arterial or venous events in patients without ade-

quate adherence are needed.

PB 2.48-3
Non-clinical safety and efficacy of prothrombin
complex concentrates (PCC) for the reversal of
dabigatran mediated anticoagulation
Herzog E1, Kaspereit F1, Krege W1, Van Joanne R2, Dickneite G1

and Pragst I1

1CSL Behring GmbH, Marburg; 2Boehringer Ingelheim Pharma

GmbH & Co. KG, Biberach, Germany

Background: Prothrombin complex concentrates (PCC) have been suc-

cessfully used for the acute treatment and perioperative prophylaxis of

bleeding in acquired deficiency of the prothrombin complex coagula-

tion factors in case of vitamin K antagonist overdose. Recently, PCC

mediated reversal of bleeding could also been shown following treat-

ment of rabbits with high doses of the direct thrombin inhibitor dabig-

atran [Pragst et al., 2012].

Aims: It was the aim of the present study to evaluate the potential

procoagulant risk associated with the use of PCC for anticoagulation

reversal.

Methods: Rabbits were anesthetized and an arterial-venous shunt

(AV-shunt) was created by connecting the right jugular vein and left

carotid artery via a catheter both jointed by a glass body. An ear

artery catheter served to monitor hemodynamic, coagulation and

hematological parameters. Following baseline measurements, animals

received an intravenous (IV) loading dose (t = 0 min) followed by a

continuous IV infusion of dabigatran (BIBR-953), the active metabo-

lite of dabigatran etexilate (Boehringer Ingelheim, Germany) via the

ear vein (t = 1–90 min) to maintain stable plasma levels exceeding clin-

ically relevant doses. At 5 min prior to opening of the AV-shunt, PCC

(Beriplex P/N, CSL Behring) was administered (t = 15 min). The AV-

shunt was temporarily opened, and blood flow, thrombotic occlusion

time and thrombus wet weight determined over 30 min (t = 20–
50 min). Afterwards, anticoagulation-induced bleeding and reversal

was assessed following a standardized kidney injury. Total blood loss

and time to hemostasis were monitored over a 30 min observation per-

iod (t = 60–90 min). Furthermore, blood samples were collected to

determine thrombin inhibition levels (HTI assay), thrombin generation

(TGA), prothrombin time (PT), D-Dimers, thrombin-antithrombin

(TAT) complexes and F1 + F2 fragments. Finally, kidney, heart, lung

and brain tissue were prepared for histopathological evaluation with

special focus on possible procoagulant changes.

Results: Dabigatran anticoagulation was observed following loading

doses of ≥ 75 lg/kg as indicated by reduced incidence of thrombotic

occlusion, increased thrombotic occlusion time and reduced thrombus

wet weight after opening of the AV-shunt. At doses ≥ 200 lg/kg, even
the addition of PCC at high doses of 300 U/kg could not fully reverse

dabigatran induced anticoagulation within the AV-shunt model. At

the same dabigatran doses (≥ 200 lg/kg), marked bleeding signals

were obtained following kidney incision compared to control, which

were reversed dose-dependently by IV infusion of PCC. Treatment

with 300 U/kg of PCC resulted in the formation of lung thrombi

(grade 1 = minimal). However, the incidence of lung thrombi was

reduced dose-dependently with increasing plasma levels of dabigatran

measured.

Summary/Conclusion: Overall, the study confirmed the effective rever-

sal of dabigatran induced bleeding by PCC while maintaining dabiga-

tran’s expected anticoagulant effects. Furthermore, the potential

procoagulant effects of high dose PCC could be markedly reduced or

even completely inhibited in the presence of dabigatran.
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PB 2.48-4
Rivaroxaban for the treatment of symptomatic deep
vein thrombosis and/or pulmonary embolism in
Chinese patients: a subgroup analysis of the EINSTEIN
DVT and PE studies
Wang Y1, Wang C2, Chen Z3, Zhang J4, Liu Z5, Jin B6, Ying K7,

Shao Y8 and Meng IL9

1Zhongshan Hospital, Shanghai; 2Beijing Institute of Respiratory

Medicine Beijing Chaoyang Hospital, Beijing; 3Beijing Chaoyang

Hospital, Beijing; 4Renji Hospital, School of Medicine, Shanghai

Jiao Tong University, Shanghai; 5Cardiovascular Insititute &

Fuwai Hospital, Fuwai; 6Huazhong University of Science and

Technology, Huazhong; 7Sir Run Run Shaw Hospital Affiliated

with School of Medicine, Zhejiang, China; 8The 2nd Affiliated

Hospital of Harbin Medical University, The Netherlands; 9Bayer

HealthCare, Berlin, Germany

Background: The worldwide EINSTEIN DVT and EINSTEIN PE

phase III programme included 8282 patients with acute symptomatic

deep vein thrombosis (DVT) and/or pulmonary embolism (PE) and

showed that a single-drug approach with fixed-dose rivaroxaban, an

oral Factor Xa inhibitor, was as effective as dual-drug combination

therapy with enoxaparin, overlapping with and followed by interna-

tional normalized ratio-guided vitamin K antagonist (VKA) therapy,

in reducing the risk of symptomatic recurrent venous thromboembo-

lism (VTE). In a pooled analysis of these studies, rivaroxaban was also

associated with a significant reduction in the occurrence of major

bleeding (P = 0.002). The EINSTEIN programme is the first time that

Chinese hospitals have participated in a worldwide programme for the

treatment of DVT and PE.

Aim: To assess the efficacy and safety profile of rivaroxaban for the

treatment of VTE in a subgroup of patients from China.

Methods: A total of 439 Chinese patients who had acute symptomatic

DVT (n = 211), or PE with or without DVT (n = 228), were random-

ized to receive rivaroxaban (15 mg twice daily for 3 weeks, followed

by 20 mg once daily) or standard therapy with enoxaparin (1 mg/kg

twice daily) overlapping with and followed by an adjusted-dose VKA

for 3, 6 or 12 months. The primary efficacy outcome was symptomatic

recurrent VTE. The principal safety outcome was major or non-major

clinically relevant bleeding. Major bleeding was a prespecified second-

ary outcome.

Results: The primary efficacy outcome occurred in 7 (3.2%) of 220

patients in the rivaroxaban group and in 7 (3.2%) of 219 patients in

the enoxaparin/VKA group (hazard ratio, 1.04; 95% confidence inter-

val, 0.36–3.0; P = 0.94). The principal safety outcome occurred in 13

(5.9%) of 219 patients in the rivaroxaban group and in 20 (9.2%) of

218 patients in the enoxaparin/VKA group (hazard ratio, 0.63; 95%

confidence interval, 0.31–1.26; P = 0.19). No major bleeding was seen

in patients receiving rivaroxaban, while major bleeding was observed

in 5 (2.3%) patients receiving enoxaparin/VKA therapy. In frail

patients (defined as age > 75 years and/or creatinine clearance

< 50 mL/min and/or body weight ≤ 50 kg), major or non-major clini-

cally relevant bleeding occurred in 4 (8.9%) of 45 patients receiving

rivaroxaban compared with 7 (15.2%) of 46 patients receiving enoxap-

arin/VKA therapy.

Summary/Conclusions: In Chinese patients with acute symptomatic

DVT and/or PE, rivaroxaban appeared to be as efficacious as standard

enoxaparin/VKA therapy. Consistent with the results in the overall

analysis, Chinese patients who received rivaroxaban were observed to

have fewer major bleeding events than Chinese patients who received

enoxaparin/VKA. The results obtained with rivaroxaban in Chinese

patients are consistent with those seen in the larger worldwide pro-

gramme.

PB 2.48-5
Comparison of use of prothrombin complex
concentrates vs. recombinant factor VIIa (rVIIa) in
warfarin related intracranial hemorrhage
DeLoughery TG

Oregon Health & Science University, Portland, OR, USA

Background: Intracranial hemorrhage (ICH) related to warfarin is a

devastating occurrence with high rates of morbidity and mortality. It

is thought that prompt reversal of the warfarin effect is crucial for

improved outcomes. Although there is data that outcomes are

improved with the use of prothrombin complex concentrates (PCC), in

the United States the four-factor PCC are not available. For years

after its introduction rVIIa was used to reverse warfarin and was rec-

ommend for this purpose in several guidelines. Recent data has been

published showing effectiveness of a 3-factor PCC – low dose rVIIa

(PCC-rVIIa) combination in warfarin related ICH.

Aims: This abstract reviews our 4 year sequential experience with first

using rVIIa and then PCC-rVIIa for warfarin-ICH.

Methods: Permission was obtained from the IRB to review 67 charts of

patients with warfarin -ICH who received either PCC or rVIIa.

Patients either had spontaneous ICH or ICH related to a ground level

fall (GLF). Patients on warfarin with ICH due to more extensive

trauma were not analyzed. The standard warfarin-ICH reversal proto-

col from 2009 to 2011 was 40 lg/kg of rVIIa. In 2011 this was changed

to 4000 units of Profilnine plus 1 mg of rVIIa to provide VII activity.

(Sarode R, et al. J Neurosurg. 2012;116(3):491–7.)
Results: Sixty-seven patients were identified during this time period – 23
received rVIIa and 44 received PCC-rVIIa. Age, clinical indications for

anticoagulation, and type of ICHwere well matched in the two groups.

PCC-rVIIa rVIIa

Mean age 72.6 � 2.0 75.5 � 2.6

Reason for anticoagulation (%)

Atrial fibrillation 28 (63) 16 (69)

Cardiac valves 6 (14) 4 (17)

Deep venous thrombosis 8 (18) 3 (13)

Spontaneous 22 (50) 10 (43.5)

GLF 22 (50) 13 (56.5)

Intracerebral hemorrhage 25 (57) 13 (56.5)

Subdural hematoma 15 (34) 10 (43.5)

INR before treatment 3.6 � 0.4 2.9 � 0.3

INR after treatment 0.8 � 0.02 0.93 � 0.17

Change in INR 2.8 � 0.4 2.0 � 0.3

FFP units 0.8 � 0.2 2.1 � 0.4*

Died 13 (29) 8 (34)

Discharged to home 18 (40) 3 (13)*

Conclusion: Effectiveness of warfarin reversal as measured by INR was

the same in both groups. Despite similar death rates more patients who

receive PCC-rVIIa were able to be discharge to home rather than to a

care facility. In conclusion while it appears that PCC-VIIa may be asso-

ciated with better functional outcomes, ICH in warfarin patients has a

considerable mortality rate no matter what agent is used for reversal.

PB 2.48-6
Is clot structure impaired in patients on warfarin?
Adamidou D1, Riddell A2, Aghishi S2, Mohadam L2, Priest P2

and Chowdary P2

1Ippokratio Hospital, Thessaloniki, Greece; 2Katharine Dormandy

Haemophilia Centre and Thrombosis Unit, Royal Free Hospital,

London, UK

Background: Global assays for monitoring patients on warfarin have

been proposed in cases where conventional INR fail to correlate the

clinical phenotype.
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Aim: We investigated the anticoagulant effect of warfarin on clot

strength by means of whole blood coagulation assays.

Methods:We enrolled in the study 56 patients (27 male/29 female) with

a median age of 66 (18–89) years. They were on long term anticoagula-

tion for a median period of 3 (0.5–16) years. Twenty nine were on war-

farin for primary prophylaxis (22 atrial fibrilation-7 valve

replacement) and 27 for secondary prevention (thrombotic events). All

patients were in steady state at the time of sampling with INR of 2.5

(1.5–4.1) and on no other medication affecting haemostasis. Platelet

counts were within normal. Changes in clot structure were assessed by

HAS (Hemodyne Hemostasis Analysis System) measuring clot elastic

modulus (CEM), TEG (Tromboelastography) measuring maximum

amplitude (MA) and ROTEM (Thromboelastometry) expressed by

maximum clot firmness (MCF). Citrated whole blood containing corn

trypsin inhibitor (20 lg/mL) was clotted in the presence of CaCl2 and

low tissue factor (0.35 pM) and was evaluated using TEG and RO-

TEM whereas for HAS we used native recalcified whole blood. Refer-

ence ranges were based on measurements of 20 normal individuals

under the same experimental conditions and internal quality control

was run in parallel. Plasma levels of clotting factors (F) FII, FVII, FX,

FIX and Clauss fibrinogen were also measured.

Results: We found significant reduction in CEM on patients receiving

warfarin compared to normals (mean 12.5 � 1.1 vs. 28.3 � 2.8) Kdy-

nes/cm2 but no changes for MCF (mean 56.2 � 2.2 vs. 55.2 � 0.8)

mm and MA (mean 58.5 � 1.4 vs. 60 � 0.9) mm respectively. Fibrin-

ogen levels 3.3 (2.2–8.1) g/L correlated strongly with all clot strength

parameters: CEM (r 0.7), MA (r 0.6), MCF (r 0.5) (P < 0.001). There

was no correlation between INR and any of the markers used to assess

clot stiffness. MCF and MA were strongly correlated with each other

(r 0.8) with no difference in absolute values (P < 0.001).

Conclusions: The dose effect of warfarin expressed by INR was not

found on any of the clot strength markers. Fibrinogen as expected was

the only factor of those examined related to clot stiffness. Nevertheless

we noticed a discrepancy among the tests applied in this setting. The

big reduction found with HAS was not detectable with neither RO-

TEM or TEG. One explanation for our findings could be the different

principle of function between the machines used leading to different

sensitivity towards factors affecting clot strength. The possible impair-

ment of clot elastic properties as reflected in HAS may be through

platelet interactions and could offer an explanation for the diversity in

clinical phenotype often found in patients anticoagulated with warfa-

rin sharing the same INR.

PB2.49 – Anticoagulant Agents – XI

PB 2.49-1
Quality of anticoagulation and bleeding and
thrombotic risk in relation to CHADS2 score: analysis
AF cohort of Epica study
Daniela P1, Antonucci E2, Cenci C2, Paoletti O3, Ageno W4,

Palareti G5 and Testa S3

1AOU Careggi; 2University of Florence, Florence; 3AO Istituti

Ospitalieri di Cremona, Cremona; 4University of Insubria, Varese;
5AOU Sant’Orsola-Malpighi, Bologna, Bologna, Italy

Background: The quality of anticoagulation expressed as time in thera-

peutic range (TTR) is associated to both bleeding and thrombotic

events during vitamin K antagonists treatment. It is unknown if TTR

in patients with Atrial Fibrillation (AF) is related to their baseline

stroke risk.

Aim: Aim of this study is to evaluate TTR in relation to CHADS2
score in the AF cohort of EPICA Study (1).

Methods: We defined patients with TTR ≥ 60% as adequately antico-

agulated. We calculated the distribution of patients with TTR < 60%

and the rate of bleeding and thrombotic events in relation to

CHADS2 score.

Results: We studied 3015 AF patients (males 45%; median age

83 years, range 80–102; 7620 patient-years). The total quality of anti-

coagulation measured as time spent within, above and below the TTR

was 63%, 14% and 23%, respectively (IQR for TTR = 50–75). During

follow-up 132 major bleeding and 112 thrombotic events were

recorded. The distribution of patients with TTR < 60% and bleeding

and thrombotic events in relation to CHADS2 score is reported in

table.

Conclusion: As expected, the rate of major bleedings and of thrombotic

events increase with CHADS2 score. Instead, no difference in the qual-

ity of anticoagulation is found in relation to CHADS2 score.

Reference:

1. Poli D, Antonucci E, Testa S, Tosetto A, Ageno W, Palareti G; Ital-

ian Federation of Anticoagulation Clinics. Bleeding risk in very old

patients on vitamin K antagonist treatment: results of a prospective

collaborative study on elderly patients followed by Italian Centres for

Anticoagulation. Circulation. 2011;124:824–9.

PB 2.49-2
Fixed vs. variable dosing protocols for prothrombin
complex concentrate (PCC) for the emergency reversal
of warfarin anticoagulation at two university teaching
hospitals
Appleby N1, Keane N2, O’Rourke A3, Enright H3, Leahy M2,

O’Leary H2, McHugh J3 and O’Keeffe D2

1Meath and National Children’s Hospital, Adelaide; 2University

Hospital Limerick, Limerick; 3Adelaide, Meath and National

Children’s Hospital, Dublin, Ireland

Background: Four factor PCC is recommended for the emergency

reversal of warfarin anticoagulation but the optimal dosing strategy

remains unclear.

University Hospital Limerick (UHL) employs a fixed dosing protocol

of 25 iu/kg of PCC. The Adelaide, Meath and National Childrens

Hospital (AMNCH) protocol advises 25 – 50 iu/kg of PCC depending

on INR at baseline.

Our study compares the performance of two dosing protocols for the

emergency reversal of anticoagulation in a real world clinical setting.

Methods: Consecutive patients treated with PCC for reversal of warfa-

rin anticoagulation at two university teaching hospitals over a 3 year

period were identified from hospital transfusion records. Indication

for anticoagulation, indication for and dose of PCC, survival and inci-

dence of thrombosis for 30 days following PCC were recorded. INR at

1 and 4 h following PCC infusion were recorded.

The primary outcome was the proportion of patients achieving an

INR ≤ 1.5 at 1 and 4 h post infusion of PCC. Secondary outcomes

were survival and incidence of thrombosis.

Results: One hundred and fifty-three patients (84 at UHL and 69 at

AMNCH) received PCC for the reversal of warfarin anticoagulation

from 1st January 2010 to 31st December 2012. The median age, indica-

tion for anticoagulation, reason for emergency reversal and baseline

INR were similar between the two groups.

All patients at UHL received PCC at 25 iu/kg.

At AMNCH, 44.9% of patients received PCC at 25 iu/kg, 18.1% at

35 iu/kg and 25.4% at 50 iu/kg.

The median INR was similar between the fixed dose and the variable

dose group at 1 h (INR 1.5 vs. INR 1.3) and at 4 h (INR 1.5 vs. INR

1.2) post infusion of PCC.

The proportion of patients achieving an INR ≤ 1.5 at 1 h was not sig-

nificantly different between the fixed dose and the variable dose

(53.3% vs. 70%, P = 0.37). There was no significant difference in the

percentage of patients achieving INR ≤ 1.5 between the two groups at

4 h post infusion (73.3% vs. 81.4%, P = 0.069).

In the subgroup of patients with INR ≥ 5.0 at baseline, the median

INR between the fixed and variable dosage groups was similar at 1 h

(INR 1.8 vs. INR 1.5) and at 4 h (INR 1.6 vs. INR 1.4). At 1 h,
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46.2% of patients in the fixed dose group and 50% of patients in the

variable dose group achieved an INR ≤ 1.5.

There were 18 deaths within 24 h of PCC infusion. This subgroup had

a higher median INR at baseline (median INR 5.0) but responded to

PCC, achieving a median INR 1.2 at 4 h post infusion. The most fre-

quent cause of death was intracranial bleeding.

One pulmonary embolism occurred 28 days post PCC infusion.

Conclusion: Prothrombin complex concentrate prescribed with fixed

dosing protocol performs as well as a variable dosing protocol for

emergency reversal of warfarin anticoagulation in a real world clinical

setting.

PB 2.49-3
Chronic anticoagulation: how the population is
changing
Testa S, Paoletti O, Bassi L, Cancellieri E, Damiolini E, Zambelli S

and Zimmermann A

Haemostasis and Thrombosis Center-A.O. Istituti Ospitalieri,

Cremona, Italy

Background: In the last 20 years we observed a huge increase of

patient on life-saving anticoagulant therapies for both treatment of

venous thromboembolism and cardioembolic stroke prevention

related to atrial fibrillation and heart valve replacements.

At present inItaly, Anticoagulation Clinics (ACs) manage patients

chiefly on antivitamin K antagonists (AVKs). Even before the intro-

duction of the direct oral anticoagulants (DOA), in the last 10 years

patient population has already changed because of an increase of

chronic treatments with other anticoagulant drugs, such as low molec-

ular weight heparin (LMWH) or pentasaccharides, which require dif-

ferent management systems.

Aims: The aim of the present study was to analyse patient characteris-

tics, clinical and laboratory controls, considering patient management

in an AC in 2002 compared to 2012.

Besides, suitability of our net-telemedicine system to support patient

management was evaluated.

Methods: We analyzed laboratory and clinical data stored in our cen-

tralized net supported program -TAOnet� Roche – based on a tele-

medicine system activated from 2001, bi-directional connected with

peripheral health care units (Nursing Homes, Groups of General Prac-

titioners and other hospitals of the area).

Each patient has an informatic record, updated in real time, including

information on: general clinical conditions, complications, diet intake

and drug co-medication, general compliance and drug adherence, sig-

nificant clinical events such as hospitalizations, surgery and invasive

procedures, laboratory test like PT INR (venous or capillary) for

AVK patients and aXa activity for LMWH and fondaparinux

patients, blood cell count, renal function.

Results: The 10 years activity comparison (2002–2012) showed a sig-

nificant rise of the patient population from 2122 to 4352 pts, with a

mean age that increased from 74 years (range 21–94 year) to 78 (range

14–103 year). Atrial fibrillation was the most frequent clinical condi-

tion that increased from 43% of the total population in 2002 to 52%

in 2012; venous thromboembolism passed from 17% to 15.4%, while

cardiac prosthesis from 20.7 to 12%. Within anticoagulant drugs war-

farin is the most frequent used (89% of the total patient population in

2012), while acenocumarol showed a significant decrease (�22%) com-

pared with 2002. We observed a more frequent use of LMWH on long

term treatments, from 0.4% in 2002 to 3.6% in 2012. Also clinical and

laboratory management has changed in relation to type of drug used,

as confirmed by frequency of visits, increase of anti-Xa activity and

blood cell count testing and creatinine determination. Our telemedi-

cine system gave the opportunity to re-modulate management in rela-

tion to different molecules, assuring a good standardization of clinical

control for each patient.

Conclusion: This evaluation gave us some important indications:

1 The population of anticoagulated patients has changed in the last

10 years also for type of drug used and management, even before

the introduction of the direct oral anticoagulants in our country

2 Patient management has been adapted for each type of anticoagu-

lant

3 Our clinical-lab program, through a telemedicine system, has given

the possibility to modulate management in relation to patient-drug

characteristics

PB 2.49-4
Pilot-scale production and purification of snake
venom-derived antiplatelet agents
Jugder BE, Dashnyam P, Buyanbadrakh B, Byambasuren S

and Buyanbat A

Mongols Sciences Institutes, Ulaanbaatar, Mongolia

Background: Snake venom toxins have been reportedly used as a rich

source of a number of proteins of biotechnological interest due to their

wide range of effects on haemostasis. These effects vary greatly: coagu-

lant, anticoagulant, platelet-activating, anti-platelet, fibrinolytic and

hemorrhagic, in either enzymatic or non-enzymatic pathways. Gloydius

venom contains a variety of proteins that possess antiplatelet activities.

Methods: This study presents recent development in our laboratory to

produce and purify antiplatelet proteins/peptides derived from G.

blomhoffii brevicaudus snake venom. Different matrices of HPLC (size

exclusion, ion exchange, affinity and reverse phase chromatography)

were employed for purifying the enzymes and their biological and bio-

chemical properties were characterized by using thrombin time assay,

SDS-PAGE, 2-D electrophoresis, enzyme electrophoresis, platelet

aggregation assay, coagulation assay and MALDI-TOF mass spec-

trometry.

Results: A purified phospholipase A2 (PLA2) was an acidic protein

with Mr of 13 kDa, pI 4.17 and pH optimum 8.5. The PLA2 exhibits

90% ADP-induced platelet aggregation inhibition with a specific activ-

ity of 240 U/mg. The fibrino(geno)lytic enzyme (Mr 20 kDa, pH opti-

mum 6.0, pI 7.0) inhibits platelet aggregation 85% and delays

thrombin time test by more than 6 min. The protein C activator (Mr

30 kDa, pH optimum 8.0, pI 5.0) also shows an antithrombotic effect

(60–70%) in rabbits. Moreover, the isolated plasminogen activator

(Mr 27 kDa, pI 6.0) did not activate nor degrade phrothrombin and

factor X, serine protease.

Conclusion: Bioprocesses to produce and purify active antiplatelet

agents from G. blomhoffii brevicaudus venom have been developed,

using modern liquid chromatography matrices and, as a result, the

patents of novel purification processes were obtained. The satisfactory

activities comparable to similar commercially available enzymes have

been demonstrated. Ongoing work to optimize large-scale production

process is being undertaken.

PB 2.49-5
Telemedicine via CareOnline-system in patients with
vitamin-K-antagonist-therapy
Zeiter B, Hecking C, Hendelmeier M, Kr€amer I, Wild P, Walter U

and Schinzel H

Universit€atsmedizin Mainz, Mainz, Germany

Background: The thrombosis service at the University Hospital Mainz

(TDM) was established in 2008 along the lines of the model in the

Netherlands to optimized the VKA-therapy. Good INR adherence is

essential for the safety and efficacy of vitamin K antagonist (VKA)

therapy. In order to care patients living far away from the center the

CareOnline-system was established.

Aims: The main objective was to evaluate the impact of specific med-

ico-telemedicine care on the effectiveness of VKA-therapy in patients

who could not reach the center.
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Methods: Twenty-four patients were attended in the therapeutic drug

monitoring (TDM) via the CareOnline-system. The patients or mem-

bers of the family or local nurses received an extensive consultation on

the anticoagulation therapy, the CareOnline-system and were educated

in INR-self-testing. The INR-values, the health-data e.g. medical

changes, acute illness, bleeding complications, thromboembolism,

changes in comedication were documented in a standardized schedule.

The data were transfered via scanner and telephone-adapter to the

computer of the center. The INR-management (dosage recommenda-

tion, INR-monitoring) was performed by special educated staff via

telefone and in addition via a letter on the same day. The duration of

the pilot study was 12 month. The endpoint was time in therapeutic

range (TTR – Rosendaal-method) after stable INR-adjustment (three

consecutive INR values within the therapeutic range and VKA intake

for a minimal period of 4 weeks). The ideal INR-range was 2–3, the
extended INR-range was 1.8–3.2. The INR was routinely measured

every 7 days.

Results: A total of 1086 INR-value were measured during the the

observation time. The median of the TTR in ideal INR-range (2.0–3.0)
was 80.6%. In the extended INR-range (1.8–3.2) the TTR was reached

by 88.3%. Neither severely bleeding complications nor thromboembo-

lic events were observed.

Conclusion: Patients with VKA-therapy living far away from coagula-

tion-centers could be treated with a specialized medico-telemedicine

care-system. The first results of the pilot study are encouraging. Medi-

cal care out of towns/centers will become more difficult in the near

future (lack of doctors countryside). Therefore new structure are nec-

essary to quarantee treating patients with high qualty.

PB 2.49-6
First experience of structured introduction of new oral
anticoagulants in a Swedish health care district:
dabigatran as an alternative to warfarin in atrial
fibrillation
Arbring K, Chaireti R, Janzon M, Uppugunduri S, Jansson K

and Lindahl T

Faculty of Health Sciences, Link€oping, Sweden

Background: The number of patients on oral anticoagulants (OAC) in

Sweden is approaching 200,000 and the treatment is still almost exclu-

sively warfarin. Roughly half of these patients are treated with OAC

for stroke prevention in atrial fibrillation.

Dabigatran was the first new oral anticoagulant (NOAC) for stroke

prevention in non-valvular atrial fibrillation on the Swedish market.

Even though Swedish warfarin treatment is of very high quality with

an excellent time in therapeutic range even in routine care, and warfa-

rin still is the drug of choice for many patients, the NOACs have the

potential of increasing the number of atrial fibrillation patients on

OAC. On the other hand, the cost of dabigatran treatment is expected

to be higher than warfarin treatment.

Choosing the patients that will benefit the most from dabigatran treat-

ment (as an alternative to warfarin) will be the best possible use of eco-

nomical resources. The Anticoagulation clinics (ACCs) provide an

organization possible to use for a follow-up program to gain experi-

ence of the drug under Swedish ‘real life’ conditions.

Aims: To optimize medical benefit and resource utilization by a

structured introduction of new oral anticoagulants in our catchment

area.

Methods: In the ~Osterg€otland County Council area (approx. 430,000

inhabitants) a multi professional group developed an introduction and

follow-up program for NOAC treatment. Dabigatran was the first

NOAC drug to be introduced.

The program consists of: A physician check list with inclusion and

exclusion criteria for dabigatran treatment as in the RELY study as

well a local additional criterion (warfarin treatment not suitable, e g

difficulties in achieving a stable INR)

A referral procedure to the ACC. If deemed eligible for dabigatran

treatment by the ACC physician, the patient is started on dabigatran,

otherwise warfarin treatment is initiated or continued if possible.

A follow-up program for at least 12 months.

A reimbursement model where the referring unit has no cost for dabig-

atran treatment when prescribed within the introduction program, but

is charged the full cost for prescriptions outside the program.

Results: Until now approximately 100 patients have been referred to

the introduction program, and approximately half of these patients

were started on dabigatran treatment in the central health care district

of ~Osterg€otland. Medical contraindications as well as referring physi-

cian and patient misconceptions were reasons not to start dabigatran.

Almost no patients were started on dabigatran treatment outside the

introduction program.

Summary/Conclusion: We propose that a structured introduction, as

described here, may assist the referring physician and the patient in

choosing the optimal OAC for the individual patient, while at the same

time achieving optimal use of economical resources. In ~Osterg€otland

introduction programs will be designed for upcoming NOACs, next

rivaroxaban and apixaban, as well.

PB2.50 – Blood Coagulation
System – II

PB 2.50-1
Identification of hypercoagulability in the rat model of
microvascular thrombosis using spatial clot growth
dynamics
Surov S1, Vuimo TA2, Semenova EA3, Kaplanskaia IB3,

Ataullakhanov F1 and Panteleev MA1

1Center for Theoretical Problems of Physicochemical

Pharmacology; 2HemaCore LLC; 3National Research Center for

Hematology, Moscow, Russian Federation

Background: Thrombotic complications of vascular diseases are the

leading cause of mortality worldwide. Conventional diagnostic assays

are often poorly sensitive to thrombotic complications and hypercoag-

ulability (i.e. a tendency to the occurrence of thrombosis or abnor-

mally high blood clotting). Evolving techniques that allow imaging of

clot growth during thrombus formation and evaluation of sensitivity

of such techniques are of great interest.

Aims: The aim of the study was to investigate the ability of the spatial

clot growth assay (thrombodynamics) to detect hypercoagulability

and thrombotic complications in the rat model of systemic collagen/

epinephrine-induced thrombosis.

Methods: Microvascular thrombosis was provoked in Wistar male rats

by administration of epinephrine/collagen solution (60 and 0.5 mg/kg,

respectively) via the femoral artery. Blood samples for analysis of

coagulation were withdrawn at the baseline and 5, 15, 30, 60, 120 min

after administration. The performed thrombodynamics assay is based

on videomicroscopic observation of fibrin clot propagation in a non-

stirred layer of platelet-free plasma activated by the immobilized tissue

factor. The following parameters of clot growth were determined on

the basis of the image series: lag time (tlag), initial (Vin) and stationary

(Vst) clot growth velocity, presence of activator-independent clotting

(characteristic for hyper-coagulation). The aPTT was measured using

the standard laboratory assay following the manufacturer’s protocol.

Biopsy samples (heart, lung, kidney, liver) were retrieved and pro-

cessed for hystopathological examination using Martius Scarlet Blue

fibrin staining to identify microvascular thrombi.

Results: Rats undergoing microvascular thrombosis showed evidence

of hypercoagulability indicated by the thrombodynamics assay, that

is: presence of spontaneous clots of different intensity at 5 min and

later after administration of collagen/epinephrine which indicated the

severity of thrombosis and did not allow to detect Vin and Vst; increase

of both Vin and Vst (if these parameters are detectable after induced
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thrombosis) with the maximum at 15 min after administration – Vin

and Vst increased from 49 � 7 and 25 � 3 lm/min at the baseline to

74 � 7 and 34 � 3 lm/min, respectively. Although severity and dura-

tion of thrombotic complications measured with thrombodynamics

are various and have individual differences, hypercoagulability is

clearly visible by this method as opposed to the aPTT test which does

not indicate the hypercoagulable state. aPTT was only shortened once

(from 19.7 � 0.1 to 15.1 � 0.1 s) in case of severe thrombosis which

led to death. A slight hypercoagulability was detected in the control

group with the maximum at 30 min (spontaneous clots did not appear

here), this can be explained by surgical intervention and trauma while

inserting the femoral artery catheter. Microvascular thrombi of differ-

ent intensity were found in all organs in the experimental group, at the

same time single thrombi of minimal intensity were found in the con-

trol group.

Summary/Conclusions: Spatial clot growth assay (thrombodynamics)

is sensitive to a hypercoagulable state in the rat model of microvascu-

lar thrombosis indicating its diagnostic utility for the evaluation of hy-

percoagulability and thrombotic risk.

PB 2.50-2
Effects of shear flow on the microstructure and
elasticity of incipient clots in whole blood and fibrin-
thrombin gels
Badiei N, Curtis DJ, Campbell AI, Hawkins KM, Lawrence MJ,

Sowedan A, Evans PA and Williams PR

Swansea University, Swansea, UK

Background and Aims: The effect of flow on the rate of blood coagula-

tion has been extensively studied, both in vitro and in vivo, but little is

known about the effects of shear flow on the underlying clot micro-

structure. The aim of the work presented herein was to investigate the

influence of an imposed shear stress on the incipient microstructure of

clots formed in both whole blood and fibrin gel systems. The incipient

clot is defined herein as the clot that exists when the sample undergoes

a transition from viscoelastic liquid to viscoelastic solid like behaviour

and hence marks the point at which the rudimentary clot forms.

Methods: Incipient clot microstructure has been characterised by

studying the response of the forming clot to small amplitude oscilla-

tory shear stress waves, a technique known as small amplitude oscilla-

tory shear (SAOS). In order to investigate the effect of an imposed

shear field a steady stress has been superimposed onto the small ampli-

tude oscillatory waveform. Hence it has been possible to probe

changes in incipient clot microstructure induced by the presence of the

steady shear field. Visualisation of mature fibrin clot microstructure

has also been carried out using laser scanning confocal microscopy

(LSCM) and SEM.

Results: In both fibrin gels and whole blood, fractal dimension, Df

(which characterises the complexity of the incipient clot microstructure

in the range 1 < Df < 3) increased significantly, from a range of

1.99 � 0.01 (fibrin clots) and 1.74 � 0.12 (whole blood) at conditions

of zero superimposed shear, to a maximum of 2.34 � 0.04 (fibrin

clots) and 2.2 � 0.09 (whole blood) at the maximum level of superim-

posed steady shear stress studied herein, suggesting that the clots

become more dense and compact under shear. These results are in

good agreement with both LSCM and SEM images, which show dra-

matic changes in fibrin clot morphology with increasing steady shear

stress. Increasing applied steady stress resulted in compact stretched

bundles of fibrin fibers with few empty spaces.

Summary and conclusions: Significant compaction of incipient blood

clots and fibrin gels has been observed as a consequence of applied

steady shear stress during coagulation/gelation. The clinical signifi-

cance of this work can be explained in terms of the potential conse-

quences for fibrinolysis; the nature of clot microstructure under in-vivo

conditions; and to aid development of thrombolytic or ‘clot busting’

treatments.

PB 2.50-3
The alterations of hemostasis and thromboelastometry
in children after hematopoietic stem cell
transplantation
Sirachainan N1, Iamsirirak P1, Pakakasama S1, Hongeng S1,

Kadegasem P1, Sirireung S2 and Chuansumrit A1

1Department of Pediatrics, Faculty of Medicine; 2Department of

Nursing, Faculty of Medicine, Ramathibodi Hospital, Bangkok,

Thailand

Background: Hematopoietic stem cell transplantation (HSCT) is cur-

rently a curative therapy for malignant and non-malignant hematolog-

ic disorders. The disturbance of hemostasis, demonstrated by

increased coagulation markers and decreased coagulation and antico-

agulation proteins, was reported during the early period post-HSCT.

Thromboelastometry, a point-of-care measurement, can assess global

hemostasis involving the interaction between coagulation and antico-

agulation proteins, fibrinolysis and platelets. Therefore, it may be an

alternative method for predicting of an abnormal hemostasis and

deciding on the appropriate treatment.

Aims: To demonstrate the changes of hemostasis and thromboelastom-

etry in children post-HSCT and to demonstrate hemostasis complica-

tions in children post-HSCT.

Methods: A prospective cohort study was conducted on children who

had undergone HSCT. Following informed consent, blood was col-

lected for thromboelastrometry, coagulation markers[thrombin anti-

thrombin complex (TAT), D-dimer, prothrombin fragment (F1 + 2)

and anticoagulation proteins (protein C, protein S and antithrombin

activities) at pre-HSCT, day 0 (day of stem cell infusion), 14, 30, 60, 90

and 180 post-HSCT.

Results: Twenty patients (six autologous and 14 allogeneic HSCT) and

40 controls were enrolled. Mean + SD for the age of patients

(9.0 + 4.8) and the controls (8.3 + 4.6) were similar. There were 10

patients with severe Thalassemia, eight with malignancy and two with

other diseases.

At pre-HSCT, protein C and AT activities were significantly lower in

patients compared to the levels in the controls. Thromboelastrometry

parameters included clotting time (CT) in extem, was significantly

longer in patients compared to the level in the controls. Maximum clot

firmness (MCF) in extem and fibtem, and lysis index at 60 min (intem)

were lower in patients compared to the levels in the control group.

During SCT period, platelet counts were significantly lower on during

day 0 until day 180 post-HSCT when compared to the level at pre-

HSCT. F1 + 2 levels were significantly higher on day 14, 30 and 90

post-HSCT when compared to the levels at pre-HSCT. On day 90,

post-HSCT Protein C and AT activities returned to control levels. The

thromboelastometry parameters included CT (intem), lysis index at

60 min (intem) significantly increased on day 14, and day 0 and 14,

respectively while MCF (extem) significantly decreased on day 0, 14,

30 and 60 post-HSCT.

Nine patients developed 11 bleeding episodes. Fifty-five percent of the

total bleeding episodes occurred on day 0 and 14. Veno-occlusive dis-

ease (VOD) was found in four patients between days 8 and 22 post-

HSCT. Three significant differences, the platelet count at day 60, AT

activity at day 30, MCF (extem) at day 14 and 30, were found in VOD

group when compared to the levels of the patients without complica-

tion. MCF (extem) on day 14 was significant difference in VOD group

compared to the level in bleeding group.

Conclusions: To our knowledge, this study was the longest prospective

study and the first to demonstrate the changes of thromboelastometry

in HSCT. The abnormal hemostasis was demonstrated at pre-HSCT

and post-HSCT, and returned to normal values on day 180 post-

HSCT. The abnormalities of thromboelastrometry may result from

the decreased clotting factors, low platelet counts and hypofibrinolysis.

In the future, thromboelastometry may be used to predict VOD and

bleeding complications and to guide the treatment of these complica-

tions.
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PB 2.50-4
Self-assessed Villalta score in DVT patients and in
matched venous thrombosis-free controls
Utne KK, Wik H, Sandset PM and Ghanima W

Østfold Hospital, Fredrikstad, Norway

Background: A substantial number of patients with deep vein throm-

bosis (DVT) subsequently develops post-thrombotic syndrome (PTS).

The Villalta score has been recommended by the International Society

of Thrombosis and Haemostasis for diagnosing PTS. The score con-

sists of five symptoms and six signs, none of which are disease specific.

Aims: (i) to assess the rate of PTS after DVT using a modified and self-

assessed Villalta score; (ii) to estimate Villalta score in a non-DVT

population.

Methods: This cross-sectional study included consecutive patients trea-

ted for DVT at Oestfold Hospital, Norway, 3–9 years prior to the

inclusion. Villalta score was assessed in the ipsi- and contralateral

extremities and in controls using adapted scheme for self-assessment

of the Villalta score previously developed and used by our group (cor-

relation coefficient = 0.84 when compared to conventional Villalta

score). The study subjects were requested to find two sex and age-

matched, venous thrombosis free controls, so called buddy controls.

PTS was classified into four categories: severe (> 14), moderate (10–
14), mild (5–9) and absent (< 5). The study was approved by the

Regional Ethics Committee and written informed consent was

obtained from all patients.

Results: Median duration of observation following DVT in 114

patients [median age 61 years; males 76 (66%)] was 5.5 years (range

3.5–8.7). Twenty-one patients had greater than one DVT in the ipsilat-

eral extremity, but none had DVT in the contralateral extremity.

Mean (SD) of Villalta scores in ipsilateral extremities was 7.3 (7.2), in

contralateral 3.7 (4.7), and in right and left of controls (n = 83) 2.7

(3.7)/2.4 (3.7), respectively. There was a mediocre correlation between

Villalta in ipsi- and contralateral extremities (r = 0.5; P = 0.001). In

Ipsilateral extremity 48 patients (42%) had no PTS, 40 (45%) mild, 11

(10%) moderate, and 15 (23%) had severe PTS. Corresponding distri-

bution of Villalta scores [n (%)] in contralateral extremity were 83

(73%), 16 (14%), 8 (7%) and 7 (6%), and in controls, right and left

extremities, were 63 and 70 (76–85%), 17 and 10 (21–12%), 2 (2%)

and 1 (1%), respectively

Summary/Conclusions: The rate of PTS measured by self-assessed Vill-

alta score in the ipsilateral extremity (59%) was comparable to other

studies in which Villalta was assessed by qualified personnel. Villata

score of > 4 points was found in 27% of the contralateral extremities

and in up to 24% of the controls. Villalta score > 9, indicating moder-

ate-severe PTS was mainly found in ipsilateral (23%) extremity; equiv-

alent scores were substantially less in the contralateral (13%)

extremities and in controls (3%). Mean score and distribution of Vill-

alta grades were comparable in contralateral and in controls. To our

knowledge, this is the first study to determine Villalta score in a con-

trol population with no previous DVT. Self-assessment of the Villalta

score may represent a limitation of this study.

In conclusion, our results indicate the low specificity of Villalta score

particularly at scores < 10. Increasing the threshold of the Villalta

scores for diagnosing PTS may thus be required to improve the accu-

racy of Villalta score.

PB 2.50-5
Oxidized phosphatidylcholine and ethanolamine from
12- and 15-lipoxygenase significantly enhance tissue
factor dependent thrombin generation in vitro
Slatter DA1, Garcia-Diaz Y2, Porter N2, Aldrovandi M1, Jenkins V3,

O’Donnell VB1 and Collins PW1

1Cardiff University, Cardiff, UK; 2Vanderbuilt University,

Nashville, TN, USA; 3St James’s Hospital, Dublin, Ireland

Background: On activation, platelets generate a family of six oxidized

phospholipids (PL) via 12-lipoxygenase activity. These comprise 12-

hydroxyeicosatetraenoic acids (HETE) attached to either phosphati-

dylethanolamine (PE) or phosphatidylcholine (PC). Macrophage and

neutrophils can generate 15- and 5-HETE PLs respectively.

Aim: To characterise the effects of HETE-PE and HETE-PC on coag-

ulation reactions.

Methods: Liposomes (5% unoxidised PS, 55–65% unoxidised-PC, 20–
30% unoxidised-PE and 0–10% either HETE-PE or HETE-PC) were

generated incorporating recombinant tissue factor (rTF, 10pM). The

rTF/liposomes (final PL concentration 4 lmol) were used to trigger

coagulation (TG) in normal plasma, or FVIII deficient plasma and

thrombin generation (TG) measured by use of a Thrombinoscope.

Separately, the liposomes (without rTF) were tested for their ability to

support the tenase, prothrombinase and TF/FVIIa complexes in puri-

fied protein reactions.

Results: TG in the presence of liposomes made from unoxidised (con-

trol) PLs and rTF resulted in a peak thrombin (PT) of 3 nM. When

liposomes were composed of 10% HETE-PL, PT rose to 88 nM with

12-HETE-PE, 72 nM with 15-HETE-PE, and 11 nM with 5-HETE-

PE added. Of note, oxidised PC also enhanced TG. PT rose to

133 nM with 15-HETE-PC, 87 nM with 12-HETE-PC and 29 nM

with 5-HETE-PC added. The HETEs retained their effects in FVIII

deficient plasma. PT in FVIII deficient controls was zero, but in 10%

HETE-PL, this rose to 21 nM with 12-HETE-PE or 15-HETE-PE,

5 nM with 5-HETE-PE, 38 nM with 15-HETE-PC, 32 nM with 12-

HETE-PC, or 16 nM with 5-HETE-PC added. Increased PT corre-

lated with a reduced lag time. Differences between HETE isomers were

statistically significant (P < 0.01) except that between 12- and 15-

HETE-PE in normal plasma, and values were taken from a representa-

tive experiment of two. A concentration dependent relationship was

demonstrated for 12- and 15-HETE-PE, with incremental increases

from 0% to 10% of the total phospholipid content causing equally

incremental effects on PT (n = 2 experiments). The lowest quantities

of oxidised lipid that showed a statistically significant effect (P < 0.01)

was 1% 12-HETE PE with a PT of 17 nM, and 3% 15-HETE-PE

which had a PT of 18 nM. Concentration dependency is being investi-

gated for the HETE-PCs.

15-HETE-PE did not affect the tenase, prothrombinase, TF/FVIIa, or

soluble sTF/FVIIa reactions (n = 5–8 experiments).

Conclusion: HETE-PEs and HETE-PCs significantly elevate thrombin

generation even in factor VIII deficient plasma. The mechanism(s)

involved are under investigation.

PB 2.50-6
A case with reduced coagulation factor VII level caused
by novel compound heterozygous mutations
Seki R, Yoko S, Takata Y, Osaki K, Nagafuji K and Okamura T

Division of Hematology and Oncology, Kurume University

School of Medicine, Kurume, Japan

Background/Aims: Coagulation factor VII is a plasma serine protease

precursor with a critical role in initiation of the blood coagulation pro-

cess. VII deficiency is a rare coagulation disease. We investigated the

molecular mechanisms of a FVII deficiency in a patient with com-

pound heterozygous mutations.
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Clinical history: A 50-year-old Japanese male was referred to our hos-

pital because of resection of thyroid tumor. He had no bleeding his-

tory. However, by preoperative screening test, prothrombin time (PT)

was prolonged 31sec). The activated partial thromboplastin time

(APTT) was in normal range. The VII activity and antigen were

greatly reduced (activity, 5.0%; antigen, 6.5%). Other hemostatic data

were normal. VII deficiency was diagnosed. The parents were not con-

sanguineous, although family examination could not be done.

Methods: Genomic DNA was extracted from peripheral blood leuko-

cytes by a standard method. All exons, exon-intron boundaries and

the 5’ promoter regions were amplified by PCR. Cyclic sequencing was

performed by using an Applied Biosystems DNA sequencing analyzer

310.

The electrophoretic mobility shift assay (EMSA) was analyzed by

incubation of PCR products with wild-typed and mutated promotor

sequences and nuclear extracts of HepG2 cells.

Results: Sequence analysis revealed that the patient was identified to

be a compound heterozygote. One allele showed a point mutation

(L26->P) in the central hydrophobic core of the signal peptide, which

was previously reported inJapan. Another allele had a novel point

mutation of a �58G to C substitution before the translation start site

in the hepatocyte nuclear factor 4 (HNF-4) binding site. A moderate

reduction in binding affinity of a specific nuclear protein to the �58C-

containing oligonucleotide was found by EMSA assays.

Discussion: Several promoter mutations cause VII deficiency due to

disruption of specific binding of nuclear protein to promoter elements.

It is known that �61T->G and �55C->T show severe bleeding pheno-

type, in the other hand, asymptomatic or mild bleeding in �60T->C
and �59 T->G. In this study, a mutation with �58 G->C was found to

retain the mild binding ability with HNF-4. Kavlie et al. reported that

the results from EMSA competition comparison are also in agreement

with the severity of the clinical symptoms found in the affected

patients. A L26->P mutation have been reported inJapanas a VII Mor-

ioka that caused an impaired secretion through translocation to and

retention in ER with extensive intracellular degradation.

Summary/Conclusion: We reported an asymptomatic compound het-

erozygous VII deficiency that was identified to be a L26->P and a

novel mutation of �58 G->C.

PB2.51 – Blood Coagulation
Tests – VII

PB 2.51-1
Investigation of methodological sources of bias in the
measurement of vitamin K1 (phylloquinone) in human
serum at endogenous concentrations
Card DJ1, Shearer MJ2, Schurgers LS3, Ruwona P2

and Harrington DJ2

1Nutristasis Unit; 2St. Thomas’ Hospital, London, UK; 3University

of Maastricht, Maastricht, The Netherlands

Background: Vitamin K is an essential micronutrient involved in the

posttranslational modification of various Gla proteins including coag-

ulation factors II, VII, IX and X, proteins C and S, osteocalcin and

matrix Gla protein. Serum or plasma vitamin K1 (phylloquinone) con-

centrations correlate with dietary intake and functional markers of

vitamin K status (e.g. undercarboxylated factor II (PIVKA II)) and

provide a useful guide to tissue stores. The Vitamin K External Quality

Assurance Scheme (KEQAS) is dedicated to the harmonisation of

vitamin K measurement, enabling more reliable cross-comparison of

studies of vitamin K status. Previous data has shown that assay bias

contributes to about 30% variance seen in comparison of inter-labora-

tory vitamin K1 analysis.

Aims: The aim of this study was to quantify the assay bias for each

KEQAS participant and to attempt to link the data to specific method-

ological variations.

Methods: Sources of bias were investigated by distributing a question-

naire to all KEQAS participants (n = 25, response rate = 100%) spe-

cifically relating to key methodological information. Bias was

calculated for vitamin K1 results returned between February 2009 and

October 2012 generated from serum (n = 22) and ethanolic (n = 10)

samples. During this period the majority of KEQAS participants

employed HPLC with in-line chemical reduction and fluorescence

detection, however two laboratories employed HPLC with mass spec-

trometry (HPLC-MS).

Results: Mean individual laboratory bias ranged from �28 to 30%.

Laboratory bias ranking altered very little when results from ethanolic

samples were removed indicating bias did not originate from chro-

matographic interferences in the serum. The two HPLC- methods

returned the two most negatively biased values of �22 and �28%

respectively. A major finding was that seven groups (28%) using a

commercially available calibrator, returned results with positive bias

(range = 13–23%, mean = 19%).

Conclusion: The KEQAS Steering Committee is currently in talks with

the manufacturer of the calibrator in order to investigate the reasons

for the disparity between KEQAS participants using this commercial

calibrator and participants using calibrators prepared in-house. Cur-

rently it is not possible to determine the significance of the negative

bias seen in results from the two HPLC-MS methods. This may reflect

their status as an improved method, free from interferences or may be

a result of other confounding methodological factors. Measurement of

vitamin K1 by HPLC-MS represents a potential reference method

although further evidence is required to establish this.

PB 2.51-2
The effect of dabigatran on the PTT, thrombin time and
clauss fibrinogen assays
Szkotak A, Nahirniak S and Stang L

University of Alberta, Edmonton, AB, Canada

Background: Dabigatran is the only oral Direct Thrombin Inhibitor

(DTI) in clinical use. While it does not require routine coagulation

monitoring, testing may be necessary in patients with complications

such as bleeding. The sensitivity of the PT and PTT assays is limited,

and the Thrombin Time (TT) has been suggested as a simple and

widely available alternative. However, the TT may be also be affected

by changes in fibrinogen level. Further, the most common method of

measuring the fibrinogen level, the Clauss assay, is essentially a cali-

brated dilute TT and may therefore show interference by Dabigatran.

Aims: To compare the sensitivity of the PTT and TT to Dabigatran in

patients with acute bleeding or thrombosis. To assess the potential for

using TT combined with the Clauss fibrinogen assay as a method of

Dabigatran evaluation.

Methods: Data and blood samples were collected between September

1, 2011 and November 1, 2012 on patients taking Dabigatran and pre-

senting to the Emergency Department with an acute complication. PT,

PTT, TT, and the Clauss fibrinogen test were performed and com-

pared to the results of the Hemoclot Direct Thrombin Inhibitors

(Hyphen Biomed/Aniara) assay calibrated for Dabigatran level mea-

surement. In addition, plasma samples with various fibrinogen levels

were spiked in vitro with Dabigatran ranging from low trough (10 ng/

mL) to the highest supratherapeutic concentrations reported in vivo in

overdosed patients (5000 ng/mL). Interference in the Clauss fibrinogen

assay was assessed using the following commercial reagents: STA-

Fibrinogen 5 (Diagnostica Stago), HemosIL Fibrinogen-C (Instru-

mentation Laboratory Company), HemosIL QFA Thrombin (Instru-

mentation Laboratory Company) and Dade Thrombin (Siemens

Healthcare Diagnostics Products GmbH).

Results: Seventeen patients were captured, 14 of which presented with

bleeding, one of which had an ischemic stroke and two in which the

presenting complaint was not identified. These patients demonstrated

a significant negative bias in PTT results for Dabigatran level com-

pared to normal plasma. TT remained highly sensitive (at least 10 ng/
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mL) to the presence of Dabigatran under all clinical circumstances

investigated. There was wide variation in the sensitivity of commercial

fibrinogen assays to Dabigatran. One assay (HemosIL Fibrinogen-C)

showed interference at supratherapeutic as well as therapeutic levels

resulting in falsely low fibrinogen levels. Interference could however be

mitigated by re-testing at a higher plasma dilution factor. Conclusions

The utility of the PTT is compromised in patients with acute complica-

tions while on Dabigatran therapy and is not recommended for mea-

surement of drug clearance. The TT assay is a simple and reliable

alternative, particularly when used in combination with the fibrinogen

level. However, there is wide variation in commercial fibrinogen assay

sensitivity to Dabigatran and we would recommend against the use of

assays that demonstrate interference in the therapeutic range.

PB 2.51-3
Prediction of unfavourable outcome with rotational
thromboelastometry in patients with acute liver injury/
failure
Habib M1, Roberts L2, Patel R2, Bernal W3 and Arya R2

1King’s College Hospital; 2King’s Thrombosis Centre; 3Liver

Institute at King’s, London, UK

Background: Patients with liver disease often show profound haemo-

static abnormalities which may be better characterised by global coag-

ulation assays such as Rotational Thromboelastometry (ROTEM).

Aim: We used ROTEM, which measures several parameters of clotting

whole blood, to define the haemostatic profile in patients with acute

liver injury/failure (ALI/F), defined as acute liver dysfunction with co-

agulopathy � hepatic encephalopathy (HE), in comparison with

healthy controls.

Methods: We recruited 35 patients with ALI/F and 40 matched con-

trols between July 2011 and September 2012. Standard coagulation

assays (PT, APTT) and detailed haemostatic profiling including plate-

let count, fibrinogen, D-dimer, coagulation factors (FII, FV, FVII,

FVIII) in addition to ROTEM were performed. Parameters assessed

by ROTEM were Clotting time (CT, seconds), Clot firmness time

(CFT, seconds) Alpha-angle (degrees) and Maximum clot firmness

(MCF, mm) using EXTEM, INTEM and FIBTEM to initiate clot for-

mation.

Results: Mean patient age was 34 years, with 63% male. Aetiology

was acetaminophen hepatotoxicity in 60%. Fifty-four percent of

patients had ALF, 40% with HE grade ≥ 3; median bilirubin, AST

and creatinine were 88 lM, 3131 IU/L and 159 lM respectively. Five

(14%) patients had unfavourable outcome; 4 (11%) underwent liver

transplantation and 1 (3%) died, while 30 (86%) had transplant-free

survival (TFS). Five patients had minor bleeding.

All patients had abnormal coagulation profiles with median INR 3.22

(IQR 2.46–6.93), APTR 1.56 (1.28–1.95), platelet count 110 9 109/L

(66–167), D-dimer 8000 ng/mL (5950–8000) and decreased coagula-

tion factors compared to controls (P < 0.001 for all comparisons),

except for FVIII which was increased 247 u/dL (214–356) compared

to 123 u/dL (97–139; P < 0.001).

For both Extem and Intem Median CT, CFT were significantly longer

in patients than controls while median MCF and a-angle were signifi-
cantly lower (P < 0.001; for all comparisons). Patients also had longer

Fibtem CT with lower MCF than controls (P < 0.001).

CT correlated directly to lactate, AST, INR and APTR and inversely

to Fibrinogen, FII, FV and FVII while CFT correlated inversely to

platelet count, fibrinogen and FVIII. In contrast MCF correlated

directly to platelet count, fibrinogen and FVIII as did a-angle to plate-

let count and FVIII.

Patients with unfavourable outcome had a significantly more hypoco-

agulable ROTEM profile with a significantly longer Extem_CT 110

(89–243), Intem_CT 244 (212–352), Fibtem CT 94 (71–571),
Extem_CFT 301 (160–598) and Intem_CFT 385 (149–717) and lower

Extem_MCF 38 (33–54), Intem_MCF 38 (28–53), Extem_a-angle 47

(33–67) and Intem_a-angle 45 (31–67) when compared to those with

TFS Extem_CT 68 (557–81; P = 0.003), Intem_CT 207 (177–224;
P = 0.025), Fibtem CT 60 (53–81; P = 0.022), Extem_CFT 146 (126–
184; P = 0.034) and Intem_CFT 121 (105–159; P = 0.034)

Extem_MCF 51 (47–54; P = 0.04), Intem_MCF 51 (47–55;
P = 0.038), Extem_ a-angle 63 (59–68; P = 0.034) and Intem_a-angle
70 (65–72; P = 0.033). In identification of ‘non-survivors’ ROC analy-

sis reveals Extem-CT (0.92) to be a better predictor of poor outcome

than other clotting parameters though numbers are small. There was

no significant difference in standard coagulation assays.

Conclusion: All patients with ALI/F showed hypocoagulable ROTEM

profiles without major bleeding. Patients with unfavourable outcome

had abnormal ROTEM profiles, with Extem-CT potentially of use in

identifying patients at risk for unfavourable outcome.

PB 2.51-4
Impact of dabigatran on routine and specific
coagulation assays in patients treated by dabigatran.
Gemen E, Kariman A, Van Dijk J, Van Eck M and Pequeriaux N

Jeroen Bosch Hospital, ‘s-Hertogenbosch, The Netherlands

Background: Dabigatran, as a new oral anti coagulant (NOAC), is a

direct thrombin inhibitor which is used in patients with non-valvular

atrial fibrillation, to reduce the risk of stroke. With a half-life-time of

14–17 h and a renal clearance of 80%, no need of follow up of dabiga-

tran plasma concentrations is necessary in normal situations. In case

of bleeding, overdose and before (urgent) surgery, it is recommended

to investigate plasma levels of dabigatran and activated partial throm-

boplastin time (aPTT). For other purpose coagulation tests are

required and the clinician and the laboratory specialist must be aware

of the impact of the NOAC’s on the coagulation assays to avoid misin-

terpreting test results.

Aim: The aim of our study was to investigate the effect of dabigatran

on the thrombin enzyme or -substrate depended routine and specific

coagulation assays in patients treated by dabigatran. Until now, most

of the studies are in vitro studies with dabigatran spiked plasma.

Methods: Nineteen patients with non-valvular atrial fibrillation treated

by dabigatran (> 5 years) were included. The daily oral dose of dabig-

atran was twice 110 or 150 mg. We measured in citrated platelet poor

plasma the following coagulation assays/reagens: international nor-

malized ratio (INR)/STA Hepato Quick�, prothrombin time (PT)/

STA Neoplastin plus�, activated partial thromboplastin time (aPTT)/

STA APTT kaolin�, fibrinogen/STA fibrinogen�, antithrombin III

(ATIII)/STA antithrombin III�, lupus anticoagulant (LAC)/STA

CLOT DRVV� screen and confirm and PTT-LA�, and the extrinsic

and intrinsic pathways factors II-V-VII-X-VIII-XI-XI-XII/STA fac-

tors� on a STA-R Evolution� coagulation analyser (Diagnostica Stag-

o, France). Although we measured activated protein C resistance

(APC)/Pefakit APC-R factor V Leiden� (Pentapharm, Basel, Swiss)

and dabigatran concentration with Hemoclot thrombin inhibitors�

(Hyphen Biomed, Neuville-sur-Oise, France) on the STA-R Evolu-

tion�.

Our patients have no coagulation disorders before entering the study.

Ethical approval was obtained for conducting the study at the Jeroen

Bosch Hospital.

Results: In 18 patients with dabigatran levels ranged from 16 to

240 ng/mL, we found the following results. aPTT rises to abnormal

values (range 30.6–67.3 s) as dabigatran concentration increases. As

expected, factors of the intrinsic pathway (VIII-IX-XI-XII) were

strongly underestimated as dabigatran concentration increases. PT

was less affected. Extrinsic factors II-V-VII-X were less underesti-

mated. LAC diagnostic tests were strongly prolonged. APC-R was

extremely influenced and was not measurable in our patients. All

affected assays seemed to respond in a dose-dependent manner. INR,

fibrinogen (Clauss method) and ATIII (based on inhibition of throm-

bin) were not affected.
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One patient showed a dabigatran level of 639 ng/mL. In this patient

all assays were strongly affected, except INR and fibrinogen.

Summary/Conclusion: Our results are in accordance with previous

results reported in studies with dabigatran spiked plasma. We showed

the effect of dabigatran on routine and specific coagulation assays.

Most of the assays are influenced, sometimes strongly, which makes

the daily interpretation of routine and specific coagulation results a

challenge.

PB 2.51-5
The prothrombin time is a poor indicator of plasma
rivaroxaban levels in ex-vivo samples from patients
taking rivaroxaban
Zebeljan D1, Kershaw G2, Motum P1, Mui B3, Hsu D1 and Steve L1

1Liverpool Hospital, Liverpool; 2Royal Prince Alfred Hospital;
3Concord Hospital, Sydney, NSW, Australia

Background: Plasma rivaroxaban levels can be measured by prothrom-

bin time (PT)-based or anti-Xa-based assays calibrated with sets of

plasma samples spiked with rivaroxaban. Studies have shown linear

dose-responses of PT to rivaroxaban levels when normal pooled

plasma is spiked with rivaroxaban over a wide range of concentra-

tions, and that the slope of the dose-response line varies with the type

of thromboplastin reagent used. There is limited data on the effect of

rivaroxaban on the PT of plasma in patients taking rivaroxaban.

Aims: To assess the degree of variability between PT and plasma riva-

roxaban concentration in samples from patients receiving rivarox-

aban.

Methods: Double-spun citrated plasma samples (n = 46) from out-

patients and in-patients (n = 33) taking prophylactic doses of rivarox-

aban were stored deep-frozen until tested. The plasma rivaroxaban

levels were determined by anti-Xa based commercial chromogenic

assay (Diagnostica Stago). PTs were determined with three recombi-

nant thromboplastins (Innovin, Recombiplastin, Neoplastine R), one

rabbit brain thromboplastin (Neoplastine CI Plus) and one human

placenta thromboplastin (Thromborel S). All PTs were run on two

analysers employing different clot detection principles: optical (Beh-

ring coagulation system) and mechanical (STA-R Evolution).

Results: Rivaroxaban levels ranged from 8 to 508 ng/mL, with a med-

ian of 119 ng/mL. For all 10 thromboplastin-analyser combinations

there was a dose-dependent increase in PT with increasing rivaroxaban

level (P < 0.0001 for all). The increase in PT with rivaroxaban levels

was more consistent with use of recombinant thromboplastins com-

pared to tissue-derived reagents. Values for r2 for the five thrombo-

plastins were, for BCS and STA-R analysers, respectively: Neoplastine

R 0.839 and 0.856; Recombiplastin 0.776 and 0.738; Innovin 0.638 and

0.628; Neoplastine CI Plus 0.491 and 0.572; Thromborel S 0.409 and

0.508. These r2 values were only marginally different, and not always

improved, when PT values were converted to INR. Inspection of indi-

vidual scatterplots shows a wide range of rivaroxaban concentrations

between patients with the same PT. These differences in rivaroxaban

levels were 2-fold to 4-fold in many instances. For the reagent with the

highest r2 values, Neoplastine R, a PT of > 30 s on the STA-R and

> 35 s on the BCS was indicative of rivaroxaban levels > 400 ng/mL.

Summary/Conclusions: There is wide variation between different

thromboplastins in their sensitivity to plasma rivaroxaban concentra-

tion as measured by the PT. In none of the 10 reagent-analyser combi-

nations were these relationships close enough to allow the PT to

reliably predict the plasma rivaroxaban level. Therefore assessment of

plasma rivaroxaban requires a specific assay.

PB2.51 – Blood Coagulation
Tests – VII

PB 2.51-6
Impact of sample preparation procedure in the spatial
clot growth assay
Dashkevich NM1, Vuimo TA2, Ovsepyan RA2, Soshitova NP2,

Surov S2, Panteleev MA1, Ataullakhanov F1 and Negrier C3

1Center for Theoretical Problems of Physico-Chemical

Pharmacology; 2HemaCore LLC, Moscow, Russian Federation;
3Hopital Edouard Herriot, Lyon, France

Thrombodynamics is a new global coagulation assay based on spatial

separation of coagulation activation and propagation phases. Coagu-

lation is activated by immobilized tissue factor and propagates in thin

layer of non-stirred plasma. Clot growth is monitored by light-scatter-

ing videomicroscopy system and the rate of clot growth is measured.

To be used as a diagnostic tool Thrombodynamics assay requires stan-

dardization and validation. In this study we examined the key stages

of the sample preparation procedure to minimize variability due to

pre-analytical conditions.

Blood was collected into sodium citrate tubes at a 9:1 volume ratio. It

was processed by centrifugation at 1600 g during 15 min to obtain

platelet-poor plasma (PPP). To obtain platelet free plasma (PFP), the

supernatant was centrifuged 5 min at 10,000 g. To avoid contact acti-

vation 200 lg/mL of Corn Trypsin Inhibitor was used.

Eight types of citrate blood collection tubes of four manufactures were

tested: Sarstedt Monovette, BD Vacutainer (glass and plastic tubes),

Greiner Bio-One Vacuette (3.2%, 3.8% of sodium citrate and CTAD),

Terumo Venosafe (3.2% and 3.8% of sodium citrate). All the tubes

were tested for ≥ 10 apparently healthy volunteers. Rate of clot growth

in PFP was not significantly different (P = 0.05) for seven types of the

tubes (all of them were plastic). Values obtained with glass Vacutainer

tubes were significantly higher (P = 0.05). Mean values of clot growth

rate for all the plastic tubes ranged from 25.5 � 1.9 to 27.6 � 2.1 lm/

min. The mean value for Vacutainer glass tubes was 30.8 � 3.8 lm/

min. There was no significant correlation for clot growth rate for dif-

ferent types of the tubes showing random error introduced by the

tubes choice.

APTT values were not significantly different for all the tubes tested

(P = 0.05).

For 44 healthy individuals we compared the results with plasma

obtained by single blood centrifugation for 15 min at 1600 g (PPP)

and plasma that was additionally centrifuged 5 min at 10,000 g (PFP).

The significant increase in clot growth rate (P = 0.05) was observed in

PPP (28.5 � 4.2 lm/min) compared to PFP (24.3 � 2.9 lm/min).

There was a significant correlation for the clot growth rate (r = 0.77,

P = 0.05) that shows a systematic shift of values obtained with a single

centrifugation.

Different centrifugation protocols were studied: the second centrifuga-

tion was performed at 10,000 g for 5 min and at 1600 g for 20 min.

No significant difference was observed for these methods (n = 7,

P = 0.05). If the second centrifugation was performed there was no

difference between 1600 and 2100 g for the first 15 min centrifugation

(n = 8, P = 0.05).

Twelve samples of fresh and frozen-thawed PFP were compared. Clot

growth rates significantly increased for frozen plasma (27.4 � 2.8 lm/

min) compared to non-frozen samples (25.3 � 1.9 lm/min)

(P = 0.05). There was a significant correlation for the clot growth rate

(r = 0.65, P = 0.05)

In summary, we showed that glass blood collection tubes cannot be

used for the Thrombodynamics assay probably due to increased con-

tact activation, but most of the plastic tubes are suitable. Plasma

obtained with one centrifugation and frozen plasma can be used but it

requires the corresponding reference values.
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PB 2.52-1
Validation of methods for determination of
procoagulant activities in immunoglobulins using the
NIBSC reference reagent for FXIa
Jose M, Pons B, L�opez L, Faro M, L�opez M and Jorquera JI

Instituto Grifols, Parets del Valles, Spain

Background: An increased rate of thromboembolic adverse event

reports associated with the use of an intravenous immunoglobulins

(IVIG) from a specific manufacturer has been ascribed to increased

residual activated coagulation factor XI (FXIa) and possibly other

impurities. Since no reference material was available, the National

Institute for Biological Standards and Control (NIBSC) developed a

FXIa reference reagent prior to the development of a International

Standard to promote standardization of analytical methods.

Aims: To validate the methods for testing procoagulant activities in

IVIG using the NIBSC Reference Reagent for Activated Blood Coag-

ulation Factor XI (FXIa) code 11/236.

Methods: The following activation markers were validated: Non-acti-

vated partial thromboplastin time (NaPTT) and thrombin generation

(TGT) test (both using normal platelet poor plasma -PPP- and FXI

deficient plasma), FXI antigen -Ag- using an enzyme immunoassay

and FXIa by chromogenic assay. The NaPTT was tested at 1/5 and 1/

10 dilutions. In all cases, a standard curve with the NIBSC reference

reagent that contains 10 arbitrary units (U) per mL was used. Using

this reagent all methods were validated in terms of linearity of FXIa

and limit of detection (LOD) and limit of quantitation (LOQ) of

FXIa. The validation parameters of specificity, accuracy and robust-

ness were also established.

Results: The NaPTT-PPP showed a LOD of 0.018 U/mL and the

LOQ for its technique was 0.055 U/mL. The NaPTT-FXI has a LOD

of 0.003 U/mL and the LOQ was established at 0.008 U/mL. For both

TGT (TGT-PPP and TGT-FXI), the LOD and LOQ were 0.001 and

0.002 U/mL, respectively. In case of FXI assays, the LOD and LOQ

for FXI:Ag were 0.35 and 1.06 U/mL, respectively. With the chromo-

genic FXIa assay, the LOD was 0.0005 U/mL and the LOQ was

0.0015 U/mL. The linearity FXIa range was established in all cases.

Summary: In order to standardize homogenize the procoagulant test

applied to discard the thromboembolic risk of IGIV, NaPTT and

TGT tests, FXI:Ag and chromogenic FXIa assay have been validated

using the NIBSC Reference Reagent for Activated Blood Coagulation

Factor XI (FXIa) code 11/236 with satisfactory results. The validated

methods were specific, accurate, precise and robust as well as applica-

ble to final product and production intermediate materials.

PB 2.52-2
Human thrombin liquid reagent for fibrinogen
determination in samples containing dabigatran
Camacho E, Bono M and Martorell D

Diagnostic Grifols, Parets del Vall�es, Spain

Background: New oral anticoagulant drugs have recently emerged in

the pharmaceutical market. Dabigatran is an oral direct thrombin

inhibitor that reaches peak plasma concentrations in the range

between 100 and 400 ng/mL, and trough concentrations in the range

between 20 and 150 ng/mL. DG-FIB L Human is a liquid reagent

from Grifols for the quantitative determination of fibrinogen using the

Clauss method, characterized by a broad measurement range, which

avoids the need of retesting samples with abnormally high or low levels

of fibrinogen. It has been reported that dabigatran can interfere with

fibrinogen Clauss tests, leading to erroneous results. A slight modifica-

tion of the current procedure set for DG-FIB L human in Q Hemosta-

sis Analyzer (Grifols) has been tested in order to avoid the dabigatran

interference in fibrinogen determination.

Aims: To study the performance of the reagent DG-FIB L Human in

Q Hemostasis Analyzer for the quantitative determination of fibrino-

gen in human plasma that contains dabigatran.

Methods: All tests were performed in the optical coagulometer Q He-

mostasis Analyzer (Grifols). The modified procedure involves a modi-

fication of the ratio between plasma and thrombin concentration in

the reaction. Linearity and limits of detection and quantification were

determined using DG-Ref (Grifols) as calibrator plasma. Precision

and accuracy were studied at different levels of fibrinogen with or

without spiked dabigatran. The performance of the current and the

new procedures was compared in 28 normal and 48 abnormal fibrino-

gen samples from patients not treated with dabigatran. The effect of

dabigatran on the new procedure was studied determining the fibrino-

gen Clauss of high, normal and low fibrinogen samples (n = 31) at

three concentrations of dabigatran (0, 200 and 400 ng/mL).

Results: Both procedures, the current and the new, showed similar

performance in terms of precision, accuracy and linearity in samples

without dabigatran. With the new procedure the measurement range

was 85–1300 mg/dL of fibrinogen, which is an improvement com-

pared to the current method (70–950 mg/dL). The new procedure

showed comparable precision results between the samples with or

without dabigatran at 200 ng/mL, with coefficients of variation of

4.25% and 4.19% for the normal and 7.14% and 7.12% for the

abnormally low fibrinogen level, respectively. The addition of 400 ng/

mL of dabigatran to the samples did not affect the accuracy (maxi-

mum bias of 9.0%). In the method comparison study using samples

without dabigatran, a good correlation of results using the current

and the new procedure was observed and no significant differences

were detected in a Passing Bablok fit and a difference plot (allowable

bias of 15%). The addition of dabigatran to fresh frozen samples at

concentrations of 200 and 400 ng/mL produced no significant differ-

ence (allowable bias of 15%) in fibrinogen results obtained with the

new procedure.

Conclusions: DG-FIB L Human reagent is suitable for routine deter-

mination of fibrinogen Clauss. A new procedure is available for quan-

tification of fibrinogen in human plasma samples, including those

from dabigatran treated patients containing a dabigatran concentra-

tion up to 400 ng/mL.

PB 2.52-3
The rate of reduction in D-dimer level for patients with
venous thromboembolism responding to
antithrombotic therapy
Chan HW1, Li N2, Lau K1 and Chan AK1

1McMaster University, Hamilton, ON; 2Western Ontario

University, London, ON, Canada

Background: D-dimer is a degradation product from the breakdown of

cross-linked fibrin. The absence of D-dimer was used to rule out the

diagnosis of venous thromboembolism (VTE). Newer D-dimer assay

allows quantitative measurement of D-dimer levels. It has been shown

that elevated D-dimer level may be associated with higher risk of

recurrence when antithrombotic therapy is discontinued. Yet, when

patients with venous thrombosis responding to anticoagulant treat-

ment, the dynamic profile of D-dimer is still obscure.

Aim: This study was to evaluate the rate of reduction in D-dimer levels

when venous thrombosis was resolving after anticoagulant treatments

in patients without other confounding conditions causing high D-

dimer levels.

Methods: A retrospective chart review was performed for consecutive

patients with newly diagnosed VTE and was treated in a regular fash-

ion with low-molecular-weight heparin (LMWH), bridged to warfarin

with a target international normalized ratio (INR) of 2.0–3.0. Patients
were excluded if falsely elevated D-dimer level might occur in the fol-

lowing conditions: concurrent bleeding, after resuscitation or trauma,

post-thrombolysis, recurrence or progression of venous thromboem-

bolism within 3 months from the first day of diagnosis, disseminated

intravascular coagulation, hemolysis, hepatic or renal failure. Quanti-

tative immunoturbidimetric assay was used to determine D-dimer level
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every 1–2 weeks. Patients were followed regularly in the clinic for at

least 3 months. In this study, patients were defined as responders if no

recurrence was detected, either clinically or with radiological imaging,

within 3 months. Correlation of coefficient (R2-value) was used to

evaluate the measurable D-dimer level (500–4000 mg/L FEU) against

time interval. Student’s t-test was used to compare the rate of changes

in D-dimer levels among between patient groups. A P-value of < 0.05

was considered statistically significant.

Results: D-dimer level were evaluated in 13 patients, nine with DVT

only and four were complicated by PE. There was a linear decrease in

the D-dimer levels when patients with venous thromboembolism were

treated with anti-thrombotic drugs. The R2-value was 0.949, suggest-

ing D-dimer level decreased at the average rate of 119.4 mg/L FEU/

day with the median rate at 96.9 mg/L FEU/day and the 25th and

75th percentile were 85.4 and 130 mg/L FEU/day respectively. There

was no statistical difference when comparing patients with deep vein

thrombosis (DVT) only and those complicated by pulmonary embo-

lism (PE). The rate of reduction in D-dimer level was not associated

with the duration to achieve target INR when warfarin therapy was

first initiated.

Summary/Conclusion: For patients with newly diagnosed VTE

responding to antithrombotic therapy, D-dimer level decreased at a

constant rate when it is in the measurable range. Consequently, in the

absence of other comorbid conditions causing falsely elevated D-dimer

levels, managing physicians may use serial quantitative measurements

of D-dimer to monitor the response of therapy, thus allowing early

intervention in case of treatment failure. In the absence of other con-

founding factors, reduction in D-dimer levels appears to be a good sur-

rogate marker for the resolution of thrombus. This is potentially an

informative tool for comparing the efficacy of various antithrombotic

therapies.

PB 2.52-4
Specific and global coagulation assays in the diagnosis
of mild haemophilia A
Bowyer AE1, Van Veen J1, Goodeve AC2, Kitchen S1

and Makris M1

1Sheffield Teaching Hospitals; 2University of Sheffield, Sheffield,

UK

Background: FVIII activity (FVIII:C) can be measured by three meth-

ods; one (FVIII:C1) or two-stage clotting (FVIII:C2) and chromogenic

(FVIII:CR). The FVIII:C of most individuals with mild haemophilia

A (MHA) is the same regardless of the method employed. Approxi-

mately 30% of MHA patients demonstrate marked discrepancy in

FVIII:C activity measured with the different methods. There are two

types of assay discrepancy; the lower two-stage form (reduced FVIII:

C2 or FVIII:CR with higher FVIII:C1) which is linked to a bleeding

diathesis and the lower one-stage form (reduced FVIII:C1 and higher

FVIII:C2 or FVIII:CR) where the bleeding risk is minimal or unclear.

The current ISTH definition does not define the type of assay to be

used in diagnosis and misclassification of some patients with MHA

and normals can occur.

Objective: To investigate the incidence of assay discrepancy, assess the

impact of alternative reagents on FVIII:C activity assays and deter-

mine the usefulness of global assays of haemostasis in MHA.

Methods: The APTT, FVIII:C1, FVIII:C2 and FVIII:CR were mea-

sured in 84 individuals with MHA using different reagents. Assay dis-

crepancy was defined as two-fold or greater differences between FVIII:

C1 and FVIII:C2. Rotational thromboelastometry (ROTEM) and cal-

ibrated automated thrombography (CAT) were performed in discrep-

ant and non-discrepant patients.

Results: Two-fold or greater assay discrepancy was observed in 31%

of individuals; 12% with the lower FVIII:C2 form and 19% with the

lower FVIII:C1 form. An individual’s genotype did not always predict

their phenotype. A normal APTT was demonstrated in 11% patients.

No statistically significant difference was noted between FVIII:C2 and

three FVIII:CR kits (P < 0.05). The ROTEM did not discriminate

well between MHA and normal subjects. The CAT parameters, ETP

and peak thrombin, correlated well with FVIII:C1 and FVIII:CR lev-

els (r > 0.75) in our cohort. We showed the meanETPto be 66% of

normal in the lower two-stage group and 69% of normal in the non-

discrepant group. Mean peak thrombin was 33% and 43% of normal

respectively. Patients and carriers of p.Tyr365Cys which is linked to

lower one-stage discrepancy and, in our cases no bleeding, had normal

ETP and normal or only mildly reduced peak thrombin.

Conclusions: Thirty-one percent of MHA patients exhibited significant

(two-fold or greater) assay discrepancy. In our study, 4% of MHA

patients would not be diagnosed by laboratories employing only

FVIII:C1 assays. Laboratories should utilise both one stage and two-

stage (or chromogenic) assays in the diagnosis of patients with possible

mild haemophilia A. The APTT cannot be relied on as a screening test

where FVIII:C is > 30 IU/dL and in some patients with the lower two-

stage form of assay discrepancy where the APTT is within normal lim-

its. Chromogenic assays are a suitable alternative to FVIII:C2. The

clinical utility of global assays of coagulation still remains to be

defined although some CAT parameters did correlate with phenotype

in this small study of assay discrepant patients.

PB 2.52-5
An ECT based assay for thrombelastometry using solid
lyophilized pellet reagents
Erber M and Lee G

Friedrich – Alexander University Erlangen – Nuremberg, Erlangen,

Germany

Background: Along with the development of new anticoagulant drugs

the Ecarin clotting time (ECT) became an important method to mea-

sure their activity in plasma. The ECT is insensitive for both heparin

and classical oral anticoagulants but sensitive for direct thrombin

inhibitors (DTI). Unlike aPTT the ECT increases linearly with plasma

DTI concentration and therefore provides a method to monitor DTI

plasma levels.

Aims: In solution ecarin is stable for 24 h at room temperature. The

aim of this work is to develop a stable point – of – care system for

thrombelastometry using lyophilized ecarin pellets. These pellets were

designed to dissolve immediately in order to add them directly to the

whole blood sample right before measurement.

Methods: Droplets were generated using a micro annular gear pump

(HNP Mikrosysteme) connected to a Sterican� needle (Braun) and

were frozen in liquid nitrogen. The lyophilization process was con-

ducted using a Vertis Freeze dryer (SP Scientific). Whole blood (WB)

coagulation profiles were determined using a thrombelastometry

device (ROTEM�; Tem International GmbH). Citrated WB was

received from the university medical center’s blood donation service.

Ecarin activity after freeze drying was determined by measuring the

ECT and using the respective volume of the initial solution (stored at

�80 °C) as a reference. The pellet system was also compared to the

standard ROTEM� ECATEM procedure using 20 lL of an ecarin

solution (c = 21.5U/mL). The references were recalcified using 20 lL
of a 0.2 M CaCl2 solution. The pellet system was recalcified using

CaCl2 pellets which were also produced by lyophilization and con-

tained the respective amount of Ca2+.

Results: The liquid pellet formulation contained trehalose as a bulking

agent and 125 U/mL ecarin. The lyophilized ecarin pellets (diameter:

1.67 � 0.03 mm) had a mean mass of 0.72 � 0.02 mg corresponding

to an initial droplet volume of 3.45 � 0.04 lL. The activity of ecarin

after FD was 102.18 � 7.52%. The results for ECT obtained with the

pellet system did not differ from the results obtained using the stan-

dard liquid system (CTpellet = 73.0 � 4.7s, CTliquid = 73.8 � 1.0s;

n = 10; P < 0.05). Melagatran served as a DTI and was added to the

whole blood sample covering concentrations from 0 up to 1.6 mg/mL.

The ECT for the liquid system as well as for the pellet system increased

linearly with increasing Melagatran concentration. Since stability is
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another key aspect ecarin pellets were placed under controlled condi-

tions (40 °C; 50% ambient humidity) in a climate chamber. The activ-

ity of ecarin did not significantly (P < 0.05) decrease during a 4 week

storage period.

Conclusion: In summary it is possible to avoid the stability issue of eca-

rin solutions and preserve activity by using lyophilized pellets instead

of liquid reagents. Therefore the pellet system might become a ready –
to – use tool to determine DTI levels in clinical practice by measuring

ECT. In addition other coagulation assays could be manufactured as

lyophilized pellets as well to avoid additional dilution of the sample.

PB 2.52-6
The effect of platelet poor plasma storage time on
thrombin generation inter-assay variability using
calibrated automated thrombography
Bennett AS, Roberts L, Patel R and Arya R

King’s Thrombosis Centre, London, UK

Background: There is increasing use of calibrated automated thromb-

ography (CAT) in the investigation of haemostatic disorders. To be a

clinically relevant assay methods must be standardised and results

reproducible. Sample storage time may influence results, particularly if

collection takes place over a prolonged period. The acceptable storage

time of PPP for thrombin generation testing is currently undefined.

Aims: To assess the effect of PPP storage time on the inter- assay vari-

ability obtained in a single centre on the most commonly reported

parameters; lag time (LT), time to peak (ttP), peak thrombin (peak)

and estimated thrombin potential (ETP).

Methods: Venous blood was collected from five healthy male volun-

teers with minimal stasis using 21-gauge butterfly needles. The first

5 mL was discarded and the second draw divided into BD vacutainers

containing 0.109M trisodium citrate; corn trypsin inhibitor (CTI) at a

final concentration of 18.3 lg/mL was added to half the samples. PPP

prepared following double centrifugation at 4750 g for 10 min was

pooled prior to freezing at �40 °C. Hemker’s thrombin generation

method was carried out by a single user with the ThrombinoscopeTM

assay, utilising reagents obtained from the manufacturer (Thrombino-

scope BV, Maastrichts, Netherlands). Pooled male plasma was tested

at 4, 5, 6, 7, 8, 9, 13, 14, 18, 20, 21 and 52 weeks using three thrombin

generation assays. The first involved 5pM tissue factor (TF) and 4 lM
phospholipids (PL). The second incorporated thrombomodulin (TM),

a protein C pathway sensitising agent, at a final concentration of

6 nM TM, found in pre-testing to correspond to suppression of ETP

by approximately 50%. The third (1pM TF and 4 lM PL) tested PPP

in the presence of CTI. All samples were run in triplicate with calibra-

tion wells. Intra-assay variability was tested on PPP derived from one

healthy female volunteer, collected and prepared as above. Four weeks

after freezing, all three assays were performed, each consisting of 16

samples run in triplicate with a calibrator.

Results: Inter-assay variability for the standard 5pM TF assay was

excellent, with coefficients of variation (CV) < 6% for all parameters

over 52 weeks. In the presence of TM, CV was < 10% for all parame-

ters up to 13 weeks but increased over time; peak thrombin and ETP

were predominantly affected reaching 11.8% and 13.6% at 52 weeks

respectively. The 1pM TF assay produced CV that were still accept-

able at < 8.5% across 21 weeks for all parameters. Intra-assay CV was

excellent throughout (LT 4.8%, 4.2%, 3.1%; ttP 3.3%, 2.5%, 2.4%;

Peak thrombin 2.8%, 3.1%, 3.7% and ETP 2.5%, 5.4% and 3%) for

the three assays; 5pM TF without TM, 5pM TF with TM, 1pM TF in

the presence of CTI respectively.

Summary: Reproducibility of the method is demonstrated, with excel-

lent intra-assay variability. Inter-assay CV’s were acceptable (< 10%)

for all assays using PPP stored for up to 3 months. These results dem-

onstrate that study samples should be analysed at a consistent time

point following their collection, and that batch testing at the end of

studies may lead to less reliable data.

PB2.53 – Blood Coagulation
Tests – IX

PB 2.53-1
Effect of clot detection method on total error calculated
by CLSI protocol EP-10
Duboscq C1, Ceresetto J1, Trobo S2, Stemmelin G1, Shanley C1,

Rabinovich O1 and Bullorsky EO1

1Hospital Britanico; 2Hospital Pirovano, Buenos Aires, Argentina

Nowdays, the most accepted approach for analytical performance

goals is based on the biological variation (BV). In haemostasis labora-

tory, there are no reliable data on BV of all the investigated analytes.

On the other hand, required optimal analytical quality set by biologi-

cal variation is difficult to achieve.

The aim of this study is to compare the total error (TE) calculated by

CLSI protocol EP-10 (preliminary evaluation of quantitative clinical

laboratory measurement procedures) with three different detection

method in automatic coagulometers: optic, nephelometric and viscos-

ity. The performed tests were PT, FVII and FVIII in% (one stage clot-

ting assay with two dilutions) and fibrinogen (FBG) in mg% by Clauss

method. The used thromboplastin ISI was instrument specific:

ISI = 1.15 for optic, ISI = 1.11 for nephelometric detection and an

ISI = 1.34 for viscosity detection.

The TE values were compared with allowed TE (TEa) fixed by BV and

CLIA requirements. Normal and low commercial controls (NC and

LC) with target value were used; the control medium levels (MC) was

prepared mixing 3.5 vol of NC and 1.5 vol of LC for PT and equal vol

of each control for factors and fibrinogen.

Results: The TE determined for PT were: nephelometric 8.9%, optic:

5.8% and viscosity 6.2%. For fibrinogen, TE was: nephelometric

10.5%, optic 10.4% and viscosity 10.8%. For FVII TE were: nephelo-

metric 10.6%, optic 9.5% and viscosity. 10.2% and for FVIII the TE

were: nephelometric 12%, optic 10 .5% and viscosity 11.3%.

None of the TE determined in our laboratory achieved the optimum

TEa fixed by BV, but the obtained FBG, FVII and FVIII Total Error

were within desirable limits fixed by BV by all detection methods. The

PT -TE determined with optic and viscosity method were within TE

desirable limits fixed by BV but the nephelometric method only

achieved the minimum level of quality requirement established by VB.

Quality requirement fixed by CLIA for TP and Fibrinogen were reach

by the three detection methods.

Conclusions:

1 There were no differences in TE calculated by EP-10 between dif-

ferent methods of clot detection

2 Although our laboratory is participating successfully in an external

quality program and also use internal quality control, it is very dif-

ficult for clot detection methods to reach the optimum quality

requirements fixed by BV. It is particularly true for PT, a global

test, whose result depends on the interaction of several factors. The

question is: which is the desirable quality for a reliable application

of these tests as screening tests for patients with blood coagulation

abnormalities or for monitoring anticoagulated patients with war-

farin.
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PB 2.53-2
INR portable monitors: efficacy of a quality control
system
Paoletti O, Bassi L, Cancellieri E, Dellanoce C, Zimmermann A,

Delpero N and Testa S

Haemostasis and Thrombosis Center, A.O. Istituti Ospitalieri,

Cremona, Italy

Background: Since 2001 our Haemostasis andThrombosisCenter

decentralized anticoagulation patient management through using por-

table monitors (PM) in a telemedicine system, bi-directional connected

with peripheral health care units (PHU) such as Nursing Homes,

Groups of General Practitioners and other hospitals of the area.

One of the main problem in decentralization management is the assur-

ance of the quality provided by systems used.

Aims: The aims of the project were: (i) define a quality control (QC)

analytical system for coagulation portable monitors used in the web

organization; (ii) measure precision and accuracy in each single periph-

eral site to ensure good global analytical quality

Methods: Central laboratory coagulometer (STA-R; Roche) was con-

sidered as reference system. In PHU were used Coaguchek XS

(Roche). Based on current guidelines for laboratory QC, the following

criteria were defined:

1 PM suitabily: (i) precision calculated on normal plasmas pool,

repeated 10 times, acceptable if CV < 5%; (ii) accuracy, evaluated

on 10 pathological specimens with INR < 4.0, accettable if INR

differences < � 0.5.

2 Intra-assay precision: each PHU elaborates monthly the Lewej-Jen-

nings cards. Internal QC, provided by the company, was performed

at the beginning of each session and every 20 samples. A CV

between � 20% was considered acceptable.

3 Quaterly accuracy to assess the agreement between analytical instru-

ments: three samples at different therapeutic range were analyzed

in duplicate. Differences £ 0.5 INRwas considered acceptable.

4 External quality assessment (NEQAS): it considers both laboratory

data and clinical treatment, to assess the accuracy of the global

therapeutic management.

Results: In the nine PHU, 18 portable monitors were used to perform

18,210 test/year. Analytical precision was very good with a CV always

< 5%. Control system showed only two controls out of range (on 360

total controls = 0.55%), giving practical indication for immediate

instrument replacement. The external QC NEQAS was optimal.

Conclusions: The adopted QC protocol give an accurate and precise

control of PM in use, ensuring the quality of analytical data and, by

consequence, optimal patient therapeutic management. QC is a mean

to ensure good results and we think that national authorities should

garantee the application of correct protocols to allow PM use.

PB 2.53-3
Conventional and new global haemostasis laboratory
test reveal hypercoagulation in primary multiple
myeloma patients
Gracheva M1, Urnova ES2, Mendeleeva LP2, Sinauridze E2,

Balandina A3, Tarandovskiy ID2, Vasiliev SA2, Parovichnikova EN2,

Savchenko VG2 and Ataullakhanov F3

1Federal Research Center for Pediatric Hematology, Oncology

and Immunology; 2National Research Center for Hematology;
3Center for Theoretical Problems of Physicochemical

Pharmacology RAS, Moscow, Russian Federation

Background: During diagnosis and induction polychemotherapy

patients with Multiple Myeloma (MM) have an increased thrombotic

risk so anticoagulant treatment is prescribed. In some cases standard

preventive anticoagulant therapy is insufficient and thrombosis occurs.

Aims: The aim of this study is to reveal laboratory tests that can detect

increased thrombotic risk.

Methods: The study included 18 primary MM patients. The following

assays were performed: activated partial thromboplastin time (aPTT),

thrombin time (TT), International normalized ratio (INR), XIIa

dependent fibrinolysis, D-dimers, thrombin generation test (TGT),

thromboelastography (TEG), Thrombodynamics (a new method

based on a spatial fibrin clot growth registration). Thrombodynamics

is characterized by initially clot growth rate (Vi) and spontaneous clot-

ting (indicator of prothrombotic risk).

Results: TGT indicated hypercoagulation in 15 patients (83%): A max

was increased in 14 whereas ETP was increased in four patients.

Among this group hypercoagulation was confirmed by Thrombody-

namics in nine patients (increased Vi and/or spontaneous clotting),

aPTT in five patients, D-dimers in seven patients, TEG in four

patients. There were three cases with hypercoagulation by TGT where

all other performed tests detected normal or hypocoagulation state.

In a group with normal TGT (three patients) Vi was in norm, there

were no spontaneous clotting; aPTT was extended in two cases and

normal in one case, D-dimers were increased in one patient and in

norm in two cases, TEG was in norm.

TT was extended in seven patients, others in normal region. INR was

increased in four patients, others in normal region. Correlation

between D-dimers and XIIa dependent fibrinolysis time was detected

(R = 0.94, P < 0.05).

One patient had iliofemoral thrombosis in 16 days after the survey.

The following results during the primary assay had been registered:

increased peak Amax = 225 nM (normal range 50–170 nM),

Vi = 62 lm/min (normal range 36–56 lm/min), no spontaneous clot-

ting, shortened aPTT = 30 s (normal range 32–37 s), extended D-

dimers level 8.1 mg/L (normal range 0–0.5 mg/L) and all TEG param-

eters in normal range.

Conclusion: In primary MM patients hypercoagulation state was

revealed in nine cases (50%) at least by two tests: TGT and Thrombo-

dynamics. In patient with occurred thrombosis aPTT, D-dimers, TGT

and Thrombodynamics revealed increased thrombotic risk.

PB 2.53-4
Thrombin generation test: a new and simplified
expression of results
Dellanoce C, Paoletti O, Bassi L and Testa S

Haemostasis and Thrombosis Center, AO Istituti Ospitalieri,

Cremona, Italy

Background: Thrombin generation (TG) is a global test which

describes the haemostatic patient assessment. Because of poor stan-

dardization and automation, and difficulties in assigning an individual

clinical value TG is not currently available in routine clinical practice.

Another actual limitation of TG use is represented by difficulties in

finding methodologies able to express synthetic results useful to practi-

cal and comprehensive interpretation.

Aims: Aims of the present study were: (i) evaluate haemostatic assess-

ment using TG in four populations: normal patients, congenital/

acquired haemophilia, congenital thrombophilia, patients with pro-

longed aPTT, afferring to emergency department; (ii) evaluate a meth-

odology to simplify the expression of TG results

Methods: A total of 100 patients were studied: 40 healthy donors (I);

20 congenital/acquired haemophilias (II), 20 congenital thrombophilia

patients (III) and 20 with prolonged aPTT (IV). TG was performed on

Calibrated Automated Thrombogram (CAT-Stago, France) a semi-

automatic instrument using fluorogenic substrate. The activation of

coagulation was obtained by adding small amounts of tissue factor

and phospholipids using PPP reagent (CAT- Stago, France). Blood

samples for TG study were collected, immediate centrifuged and poor

platelet plasma stored at �80 °C. The results calculated were: lag time

(min), peak (nM), time to peak (min), velocity index (nM/min), endog-

enous thrombin potential-ETP (nM*min).

To evaluate the possibility to describe a thrombin potential as expres-

sion of the activation phase related to the total amount of thrombin
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generated in relation to the peak, we used the following formula: Peak

related to Thrombin Generation – PTG (nM) = area under the curve

from t0 to time to peak (activation phase ETP) (nM*min)/total ETP

(nM*min) 9 peak (nM).

Results: The four populations showed the following results expressed

as mean � 1DS:

1 Normal subjects: ETP (nM*min) = 1494.4 � 307.2; PTG (nM) =

91.6 � 16.0

2 Haemophilia: ETP (nM*min) = 507.1 � 256.3; PTG (nM) =

11.2 � 8.3

3 Thrombophilia: ETP (nM*min) = 1692.8 � 269.2; PTG (nM) =

104.7 � 15.5

4 Prolonged aPTT: ETP (nM*min) = 1207 � 515.3; PTG (nM) =

64.9 � 41.3

Results obtained in the fourth group, selected on the base of a pro-

longed aPTT in patients afferring to the emergency department, are

expression of the differences in haemostatic profiles, both hyper- and

hypo-coagulable, as shown by standard deviation

Conclusion: Thrombin generation, as expression of the balance

between hyper- and hypo-coagulability, has well defined the four pop-

ulation studied, both through ETP results than PTG. In our opinion

PTG has the advantage to better describe the haemostatic assessment,

including the three main parameters of TG test. Further studies are

required to validate its value as screening test in daily clinical practice.

PB 2.53-5
Procoagulant changes in blood plasma as a result of
plasmapheresis
Surov S1, Ovsepyan RA1, Vysochin I2, Serebriyskiy I3, Kobzeva N2,

Khvatov VB2, Ataullakhanov F1 and Vuimo TA3

1Center for Theoretical Problems of Physicochemical

Pharmacology; 2N.V. Sklifosovsky Institute of Urgent Care;
3HemaCore LLC, Moscow, Russian Federation

Background: Although plasmapheresis donation is a relatively safe

technique commonly used today, there are reported cases of severe,

sometimes lethal complications if it is applied in donors with thrombo-

philia or other thrombotic risk factors. Presently, insufficient attention

is paid to either donor coagulation state before plasmapheresis and

coagulation parameters of collected plasma.

Aims: The aim of the study was to evaluate the donors’ coagulation

status prior to plasmapheresis and to compare it with that of collected

plasma using spatial clot growth assay (thrombodynamics) previously

reported to be sensitive to procoagulant changes in plasma.

Methods: The study involved 50 male subjects aged 20–45 with plasma

donation experience of not less than five times. Analysis of coagulation

was carried out at different points: (i) 1 min prior to plasmapheresis;

(ii) in the collected plasma product; (iii) in the thawed collected plasma

product (fresh frozen plasma). At every point, different types of

plasma were examined. They were: (i) platelet-free plasma (Sample

PFP) and frozen platelet-poor plasma (Sample fPPP); (ii) product

platelet-free plasma (Sample pPFP); (iii) product fresh frozen platelet-

poor plasma (Sample fPPP*). The method used, thrombodynamics, is

based on a videomicroscopic observation of fibrin clot propagation in

a non-stirred layer of plasma activated by the immobilized tissue fac-

tor. The following parameters of clot growth were determined on the

basis of the image series: lag time (tlag), initial (Vin) and stationary

(Vst) clot growth velocity, presence of activator-independent clotting.

Results: Compared with PFP, sample pPFP had evidence of hyperco-

agulability as indicated by a significantly higher median [range] of Vin

and Vst (58 lm/min [44–72 lm/min] vs. 46 lm/min [36–55 lm/min]

and 30 lm/min [21–41 lm/min] vs. 25 lm/min [20–29 lm/min],

respectively. P < 0.05). Compared with fPPP, sample fPPP* had also

evidence of hypercoagulability as indicated by a significantly

(P < 0.05) higher median [range] of Vin and Vst (64 lm/min [56–

74 lm/min] vs. 60 lm/min [50–69 lm/min] and 37 lm/min [29–
48 lm/min] vs. 35 lm/min [27–43 lm/min], respectively. P < 0.05).

Moreover, there were four cases when plasmapheresis led to activator-

independent spontaneous clotting in product plasma, which indicates

the high rate of hypercoagulability. Two of them showed slight hypo-

coagulability prior to plasmapheresis as well.

Summary/Conclusions: Plasmapheresis procedure shifts coagulation

parameters from normo- to hypercoagulable state, as shown by throm-

bodynamics assay. Thrombodynamics can have a potential utility for

the evaluation of both donors’ coagulation status prior to plasmaphe-

resis and product plasma collected using plasmapheresis.

PB 2.53-6
Thrombin Dynamics Test: a new global coagulation
assay for the evaluation of the propagation phase of
thrombin generation
Gerotziafas T, Ketatni H, Elalamy I and Galea V

Tenon University Hospital, Paris, France

Introduction: Prothrombin Time and aPTT are routinely used for the

evaluation of coagulation but they ignore thrombin generation (TG)

process. The rate of the propagation phase of TG, which is governed

by the formation of the enzymatic complexes prothrombinase and

intrinsic tenase, is related to the presence of hypercoagulability and is

decreased by the anticoagulant treatment. Thrombin Dynamics Test

(TDT) is a new assay that measures the rate of the propagation phase

of thrombin generation. In the present study we evaluated the perfor-

mance of the assay.

Materials and methods: TDT was performed as follows: 60 lL of plate-

let poor plasma (PPP) are mixed with 40 lL of NaCl (0.9%) and

20 lL In-TDT activator. After 3 min incubation at 37 °C 60 lL of In-

TDT Reagent were added. Thrombin generation, triggered by aPTT/

elagic acid based reagent, is detected by fast thrombin-based conver-

sion of a chromogenic substrate and release of p-nitro-aniline which is

continuously recorded at 405 nm (ThermoScientificMultiskan FC).

Fibrin formation in the sample is inhibited by the addition of fibrin

polymerization inhibitor (Pefabloc). All reagents were kindly offered

by Pentapharm (Basel Switzerland). The Peak value of the 1st deriva-

tive of thrombin formation representing the maximum velocity of the

propagation phase of thrombin generation was analysed. To establish

normal range and to control the performance of the assay TDT was

done on PPP from 50 healthy individuals. TDT was also performed on

samples from patients treated with VKA (n = 50) and patients with

endogenous thrombin potential (ETP) higher than 2500 nM 9 min,

tested with Calibrated Automated Thrombogram (n = 50). Values of

the tested samples are expressed as percentage versus a normal control

sample (Calibrator) supplied from Pentapharm.

Results: The intra- and inter-assay variability was 2% et 6% respec-

tively. The inter-individual variability was 15%. The thrombin dynam-

ics in healthy individuals was 106.7 � 16.5% and the Lower and

Upper Normal Limit were 74% and 140%. TDT was not influenced

by the sex and the age of healthy individuals. In VKA treated patients

TDT was correlated with the INR (r = 0.5, P = 0.006). No corr�elation
was found between TDT and the values of Endogenous Thrombin

Protential.

Conclusion: The TDT, using aPTT-like reagents is a user friendly glo-

bal coagulation assay not requiring any particular pre-analytical con-

ditions. TDT showed a very satisfactory performance and low inter/

intra- assay variability and is not influenced by the age and the sex of

the studied individuals. The inter-individual variability was 15% being

similar to that of other global coagulation assays and is sensitive to

detect hypocoagulablity induced by VKA treatment. TDT measures a

different parameter of thrombin generation than the ETP of thrombo-

gram.
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PB2.54 – Coagulation Factor XI – I

PB 2.54-1
Ongoing risk of thrombosis with factor XI concentrate:
5 years experience in two centres
Batty P1, Honke A2, Uprichard J3, Bowles L1, Hart DP2, Pasi J2

and Austin S3

1Royal London Hospital; 2Barts and the London School of

Medicine and Dentistry, QMUL; 3St George’s Hospital, London,

UK

Background: Factor XI (FXI) deficiency is an autosomally inherited

bleeding disorder of variable clinical phenotype. Treatment options

in the peri-operative period include expectant management, anti-

fibrinolytics and plasma derived (pd) FXI concentrates. Two pd FXI

concentrates are currently available in the United Kingdom. Initial use

of both concentrates was complicated by reports of thrombosis. These

episodes typically occurred in elderly patients, especially those with

vascular risk factors. Since these episodes, changes have been made to

the manufacturing process of both concentrates, but the relevance to

thrombotic risk is unknown.

Aims: To retrospectively review the indications for FXI concentrate

usage, efficacy and thrombotic events over a five-year period at two

haemophilia treatment centres.

Methods: The clinical and laboratory data for all factor XI concen-

trates issued between November 2006 – November 2011 at both cen-

tres were reviewed, using paper and electronic records.

Results: Twenty-nine (17 male/12 female) patients with FXI deficiency

were treated over the study period. The median age was 59 years (14–
92). Twenty-one patients had severe FXI deficiency (FXI:C ≤ 15 IU/

dL) and eight mild FXI deficiency (FXI:C > 15 IU/dL). The median

baseline FXI:C was 9 IU/dL (< 1–51). A total of 93 doses of FXI con-

centrates were issued (31 Hemoleven (LFB) and 62 FXI (BPL)) over

64 treatment episodes. The indications for FXI infusions were to cover

surgery in 87.5% (56/64), trauma/bleeding in 7.8% (5/64), non-surgi-

cal delivery in 3.1% (2/66) and as a test dose prior to surgery in 1.6%

(1/64). The median number of infusions per treatment episode was 1

(1–10). The median dose of FXI concentrate used was 17 U/kg (6–42).
The median peak FXI:C obtained was 61 IU/dL (26–172). Pharmaco-

logical thromboprophylaxis was used during 17.2% (11/64) of treat-

ment episodes. There were six episodes of clinically significant bleeding

with four requiring infusion of a FXI concentrate, two additional med-

ical review, one a blood transfusion and one oral iron replacement

therapy. The lowest recorded peak FXI:C in this group was 44 IU/dL.

Three of these patients (3/6) were receiving pharmacological thrombo-

prophylaxis. Two thrombotic episodes (2/64) were documented in the

study period. Both occurred in patients using Hemoleven to cover sur-

gery. The first (multiple pulmonary emboli) occurred in a patient with

traditional vascular risk factors following complex orthopaedic sur-

gery (peak FXI:C 50 IU/dL) not covered by pharmacological throm-

boprophylaxis. The second (transient ischaemic attack) occurred in a

patient with no known cardiovascular risk factors following major

urological surgery (peak FXI:C 70 IU/dL). No immune or infective

complications were reported.

Conclusions: Our retrospective review demonstrates the efficacy and

safety issues of using FXI concentrates across a wide range of indica-

tions. There were six episodes of clinically significant bleeding all of

which were controlled with a single additional dose of FXI concentrate

or standard intervention. Two thrombotic episodes occurred following

major surgery, despite cautious FXI use. We suggest thorough assess-

ment of vascular risk factors in patients requiring FXI concentrate to

cover surgical procedures. Consideration of pharmacological throm-

boprophylaxis remains essential.

PB 2.54-2
Identification of two novel mutations in sequential
nucleotides of the factor XI gene in a Dutch Caucasian
family with inherited factor XI deficiency
Mulder R, Wiewel-Verschueren S, Meijer K and Mulder A

UMCG, Groningen, The Netherlands

Background: Factor XI deficiency is an autosomal recessive disorder

and is predominantly present in Ashkenazi Jews. To achieve sufficient

haemostasis the haemostatic level of factor XI needs to be between

15% and 20%. However, the correlation between factor XI level and

bleeding tendency is weak and inconsistent. Factor XI gene contains

15 exons and 14 introns located on the long arm of chromosome 4

(4q35) and more than 240 mutations have been reported.

Aim: We performed an analysis in order to determine the molecular

background of factor XI deficiency in a Dutch Caucasian family.

Methods: Factor XI activity levels were determined by an one-stage

clotting assay (Siemens, Marburg, Germany), which was standardised

using a home-made normal plasma pool. The reference interval, based

on a locally performed reference range, was 65–150 U/dL. The assay

was performed using a Sysmex CA-7000 (Siemens, Marburg, Ger-

many). Direct sequencing analysis of all 15 exons and flanking introns

of factor XI gene was performed to detect mutations.

Results: Sequencing analysis showed in all three subjects with factor

XI deficiency the presence of two novel heterozygous mutations in

sequential nucleotides in exon 3 of the factor XI gene: a silent muta-

tion (NM_000128.3(FXI):c.177C>T) that preserves amino acid Phen-

ylalanine at position 59 and a potential missense mutation

(NM_000128.3(FXI):c.178A>C). These mutations were not found in

another sister and two daughters with normal levels of factor XI.

NM_000128.3(FXI):c.178A>C may lead to a conversion of hydro-

philic and median sized Threonine at position 60 to hydrophilic large

Proline. Multiple alignment analysis of the human factor XI gene

sequence with sequences of other vertebrates was performed using

OMA browser. The alignment showed that Threonine is highly con-

served among other species. To evaluate the possible effect of Threo-

nine to Proline substitution on the molecular structure of factor XI,

we used a computer-based model (2f83) in Swiss PDB Viewer.

Threonine 60 interacts with Phenylalanine 30, Serine 96, and Valine 77

through strong hydrogen bonds. After substitution, only an interac-

tion remains with Valine 77. Furthermore, due to its biochemical prop-

erties, Proline might result in steric hindrance with Phenylalanine 59.

To prove that the novel mutations are not polymorphisms, we also

performed sequence analysis in 100 unrelated healthy volunteers. No

healthy volunteer carried these mutations. Additionally, these muta-

tions may inactivate exon splicing enhancers (ESEs), leading to failure

of splicing and exon skipping or inclusion of intron segments in

mRNA. To test the possibility that these mutations cause a splicing

defect, we used the motif-scoring matrices in a web-based program

called ESEfinder. The two novel mutations did not result in an addi-

tional or abolishment of ESE.

Conclusions: It is likely that the presence of these two novel heterozy-

gous mutations may modify the factor XI function and are associated

with factor XI deficiency in a Dutch Caucasian family.
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PB 2.54-3
Comparison of thromboelastographic parameters
before and after fresh frozen plasma treatment in
patients with factor XI deficiency and with ex-vivo
samples spiked with FXI concentrate
Pike GN1, Thachil J1, Cumming A1, Burthem J1 and Bolton-

Maggs P2

1Manchester Royal Infirmary; 2National Blood Service,

Manchester, UK

Background: The options for perioperative management of patients

with factor XI deficiency include Solvent Detergent Fresh Frozen

Plasma (SD-FFP) or factor XI concentrates. Although FXI:C levels

are often monitored peri-operatively, it has been previously shown

that there is poor correlation between FXI:C levels and bleeding ten-

dency in these patients. For this reason, we used the technique of

thromboelastography as an investigative tool to assess treatment

response in patients with factor XI deficiency. Previous studies have

demonstrated prolonged Clot Formation Times (CFT) and alpha

angles on thromboelastography in these patients.

Aims: To determine the various thromboelastographic parameters

before and after SD-FFP treatment in patients with factor XI defi-

ciency undergoing surgery and after ex-vivo samples were spiked with

factor XI concentrate.

Methods: Five patients with partial FXI deficiency (baseline FXI:C

levels 34–47 IU/dL) and one patient with severe FXI deficiency (FXI:

C level < 1 IU/dL) were treated with SD-FFP prior to surgery (dose

range 13.3–24.3 mL/kg). FXI:C levels and ROTEM� thromboelastog-

raphy parameters (triggered with a tissue factor concentration of

0.12 pm) were analysed prior to and after treatment with SD-FFP. In

addition, in one patient with partial FXI deficiency, baseline whole

blood samples were spiked ex-vivo with different amounts of FXI con-

centrate (equivalent to 10, 20, 30 and 40 units/kg) and similar mea-

surements were performed.

Results: Following administration of SD-FFP to the six patients, the

FXI:C levels increased by a median of 20 IU/dL (range 14–27 IU/dL).

Following the ex-vivo spiking of the whole blood with factor XI con-

centrate, the FXI:C levels increased to 76 IU/dL (with 10 units/kg),

102 IU/dL (with 20 units/kg), 118 IU/dL (with 30 units/kg) and

143 IU/dL (with 40 units/kg).

The CFT values shortened by a median of 164s (range 45–179 s) and

the alpha angle increased by a median of 21° (range 7–27°) with SD-

FFP. Interestingly, although CFT values decreased to 131s and 102s

and the alpha angle increased to 65° and 70° respectively with 10 and

20 units/kg of the concentrate, no further improvement were notice-

able with the higher doses beyond that achieved with 20 units/kg

although there was an increase in factor XI levels. This indicates a pos-

sible ceiling effect of FXI concentrate dosage on these parameters.

Importantly, for clinical purposes, it was noticeable that a lower CFT

(92s vs. 102s) and higher alpha angle (72° vs. 70°) were achieved with

the SD-FFP in-vivo compared to the FXI concentrate.

Summary: Improvement in Clot Formation Time and alpha angle

parameters on thromboelastography are seen following the treatment

of FXI deficient patients with SD-FFP and in one patient with partial

FXI deficiency following ex-vivo spiking experiments with FXI con-

centrate up to a dose of 20 units/kg. SD-FFP is at least as effective as

factor XI concentrate in correcting thromboelastographic abnormali-

ties in factor XI patients undergoing surgery.

PB 2.54-4
Factor XI in the relation to fetal loss: the frequency of
the risk alleles
Sokol J1, Kamil B2, Juraj C3, Maria S4, Anna A5, Jan S3, Lenka L3,

Jan D2 and Peter K3

1Jessenius Faculty of Medicine in Martin, Comenius University,

Martin; 2Department of Gynecology and Obstetrics, Jessenius

Faculty of Medicine; 3Department of Hematology and

trasfusiology, Jessenius Faculty of Medicine; 4Department of

Biochemistry, Jessenius Faculty of Medicin Jessenius Faculty of

Medicine, Slovakia; 5Department of Oncology, Hematology

Service, Institute Gustave Roussy, Paris, France

Background: Pregnancy is a prothrombotic state and a pathological

exaggeration of this hypercoagulability has been increasingly linked to

pregnancy loss and placenta-mediated complications. Pregnancy loss

is a very significant public health issue, associated with maternal mor-

bidity and mortality and psychological trauma. Thrombophilia (some-

times hypercoagulability or a prothrombotic state) is an abnormality

of blood coagulation that increases the risk of thrombosis. The corre-

lation between a high level of F XI and the risk of the occurrence of

venous thrombosis influenced also by genetic factors was confirmed by

Leiden Thrombophilia Study and MEGA study. High levels of factor

XI are associated with thrombotic diseases, and severe factor XI defi-

ciency shows protective effects against deep vein thrombosis (DVT)

and ischemic stroke

Aims: In our study we focused on coagulation factor XI, which plays

the main role in the coagulation cascade. We compared the level of

coagulation factor XI between patients with fetal loss vs. control sub-

jects with no history of fetal loss and thrombosis. Subsequently evalu-

ate the frequency of the risk alleles in the relation to fetal loss.

Methods: The study was approved by the Ethical committee, Jessenius

Faculty of Medicine, Comenius University – No. EK950/2011.

Informed consent was obtained from each participant.

Factor XI was determining using a coagulometer (Sysmex, CA 1500,

Japan). Two single-nucleotide polymorphisms (SNPs) of factor 11

gene and one SNP of CYP4V2 gene were evaluated. DNA was

extracted from peripheral blood leukocytes. Isolation of genomic

DNA from the whole blood was performed with SiMaxTM Genomic

DNA Extraction kit (SBS Genetech Co., Ltd., China) according to the

manufacturer′s instructions. The gene polymorphisms were identified

with the use of restriction fragment length polymorphism and high res-

olution melt analysis (in the check on process of one of tag SNP), with

in-house design of individual polymerase chain reaction.

Results: We examined 55 patients with fetal loss (the average age of

31.9 � 4.1 years) and 31 healthy controls (the average age of

32.74 � 8.94 years). A total number of patients with one to four spon-

taneous abortions were: 22 (40%), 24 (44%), 6 (11%) and 3 (5%),

respectively.

We found significantly higher level of factor XI (P < 0.04) in patients

with fetal loss vs. control subjects. The occurrence of two SNPs

(rs2289252, rs2036914) of the factor 11 gene and one SNP

(rs13146272) of CYP4V2 gene were not significantly different between

patients with fetal loss and control subjects.

Summary/Conclusion: Increased levels of factor XI may be a potential

risk factor for fetal loss. High levels of factor XI diagnosed at the

women with fetal loss are not probably dedicated to the presence of

risk alleles (rs2289252, rs2036914, rs13146272).

Acknowledgements: The study was supported by grants VEGA 1/0016/

12, VEGA 1/0029/11, APVV-0222-11, UK/381/2012 by projects ‘Cen-

tre of Excellence for Perinatological Research’ co-financed from EU

sources (ITMS 262201200016 and 26220120036) and CEPYVET, co-

financed from EU sources (ITMS 26220120053).
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PB 2.54-5
A newly diagnosed with congenital factor XI deficiency
in a mild hemophilia A patient by gene analysis
Otaki M, Shinozawa K, Inaba H, Chikasawa Y, Seita I, Amano K

and Fukutake K

Tokyo Medical University, Tokyo, Japan

Introduction: Congenital factor XI deficiency is a rare autosomal reces-

sive bleeding disorder that is highly prevalent in Ashkenazi Jews but

rare in other ethnic groups. In Japan, only 28 cases were registered in

the national survey for blood coagulation disorders carried out in

2011. Patients with factor XI deficiency show a widely varied bleeding

tendency after trauma and surgery. Hemophilia A is a congenital X-

linked bleeding disorder caused by various mutations in the factor

VIII gene. Patients with severe hemophilia experience joint and muscle

bleeding, whereas bleeding symptoms in patients with mild hemophilia

are usually caused only as a result of surgery or major injury. In the

present study, we investigated the genes responsible for both factor

VIII and XI deficiency and newly diagnosed factor XI deficiency in a

patient with mild hemophilia A.

Methods: The study was approved by the Ethics Committee of Tokyo

Medical University, and the patient gave his written informed consent.

Genomic DNA was extracted from leukocytes. The coding regions

and exon/intron boundaries in both the factor VIII and XI genes were

amplified by polymerase chain reaction (PCR). The PCR products

were purified and direct sequenced with an Applied Biosystems 3730

DNA Analyzer.

Patient and Results: The patient, a Japanese man in his early 70s, pre-

sented to a local hospital with nasal and gingival bleeding after tooth

extractions; he was previously diagnosed as having mild hemophilia A

in his 40s. He received on-demand treatment with factor VIII concen-

trate at that hospital. He was then admitted to our hospital for cata-

ract surgery. His activated partial thromboplastin time was very

prolonged at 125.9 s as compared with usual mild hemophiliacs. His

prothrombin time was normal. Factor VIII and XI levels were 20%

and 1.5%, respectively. Levels of other coagulation factors acting in

the intrinsic pathway, factors IX, XII, and von Willebrand factor,

were within normal range. Factor VIII and IX inhibitor, lupus antico-

agulant, and anti-CLbeta2GPI and anticardiolipin antibodies were not

detected. We diagnosed combined factor VIII and XI deficiency after

considering these results. In the genetic analysis, we identified a novel

missense mutation, Ile2032Thr, in exon 20 of the factor VIII gene. A

homozygous missense mutation, Phe221Ser, in exon 7 was also identi-

fied in the factor XI gene by direct sequencing. Interestingly, this fac-

tor XI mutation was not detected in Ashkenazi Jews; however, it was

reported previously in two unrelated Japanese cases.

Discussion: A recombinant Phe221Ser mutant protein expression study

reported that the mutant in the factor XI gene would cause a secretion

defect (Jpn J Thromb Hemost. 2005;16:304–311). Although difficult to

diagnose only from the patient’s mild bleeding symptoms, his diagno-

sis was confirmed by gene analysis

Conclusion: We identified both a novel lle2032Thr mutation located in

the A3 domain of the factor VIII protein and a previously reported

homozygous Phe221Ser mutation located in the apple 3 domain of the

factor XI protein as a mutation causing hemophilia A and factor XI

deficiency.

PB 2.54-6
Pharmacodynamic tests for factor XI participation in
haemostasis
Kluft C, Van Leuven K and Laterveer R

Good Biomarker Sciences, Leiden, The Netherlands

Background: Patients with factor XI deficiency show an increased risk

of bleeding up till 50% factor XI antigen level. Below 50% factor XI

antigen bleeding risk is increased but does not correlate to antigen lev-

els.

Correction of clotting time in the APTT is already practically achieved

at low concentrations of 10% factor XI (IC50 = 5%)

This shows a clear discrepancy between APTT testing and clinical

effects. A functional method to evaluate individual risks and responses

to treatment below 50% factor XI is lacking

Aims: To help to solve a diagnostic need.

To develop a functional method that shows a clear dose response

between 0% and 50% antigen levels of factor XI mimicking the

patient information as a potential pharmacodynamic method to

include individual aspects and monitor factor XI supplementation.

Methods: We prepared mixtures of normal and factor XI depleted

plasma and evaluated the response on read outs of various global

methods, compared to the APTT. The methods evaluated were:

thrombin generation (TGA-RCH � of Technoclone, with 5 pM tissue

factor); a newly devised chromogenic test for Xa generation, started

with micronized silica, made independent of thrombin by addition of

an excess of hirudin; thromboelastography (Rotem � with tissue factor

or contact activation) with and without induced lysis by adding t-PA.

Results: For all methods we studied the dose response between 0%

and 100% factor XI.

We identified two methods with a higher dose response range.

These methods were the newly devised factor Xa generation test and

thromboelastography with low tissue factor (1:250 diluted Extem �)

and with added t-PA.

The first method revealed that the peak of factor Xa generation was

clearly dose-dependently decreased and delayed in the range of antigen

concentrations of factor XI below 50%. The IC 50 was found to be

10% for peak height.

The thromboelastography method showed that the lysis rate of

thrombi was dose-dependently increased over the whole range from

100% to 0% factor XI. This effect may add to occurrence of less per-

sistent haemostatic plugs.

Conclusion: We have identified two methods showing sensitivity to low

factor XI in a physiological relevant range of 0–50%, thus correlating

with clinical data. They represent phenotypes other than clotting times

(as in APTT), notably factor Xa generation and clot lysability. These

global functional methods are candidates for pharmacodynamic meth-

ods which may express effects of individual factors and might help to

explain bleeding risks in patients and be useful for monitoring need/

effect of supplementation in deficient patients.

PB2.55 – Coagulation Factor
VIII – IV

PB 2.55-1
Factor VIII level correlates with hemolysis and may
contribute to the hypercoagulability of children with
sickle cell disease
Noubouossie D1, Lê PQ2, Rozen L2, Willems D1, Ngalula

Mujinga M2, Ferster A2 and Demulder A1

1CHU Brugmann; 2Hôpital Universitaire des Enfants Reine

Fabiola, Brussels, Belgium

Background: Factor VIII (FVIII:C) level is often increased in sickle cell

disease (SCD) which is considered as a hypercoagulable state. This

state is evidenced by increased markers of coagulation activation and

increased thrombin generation (TG). It is influenced by the rate of

hemolysis. However, the contribution of factor VIII level to this hy-

percoagulability is still unclear.

Aims: (i) to assess the relationship between FVIII level, von Wille-

brand factor antigen level (vWF Ag), markers of hemolysis and mark-

ers of inflammation (ii) to assess the contribution of elevated FVIII

levels in TG and DDimers level in SCD children at steady-state.
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Methods: FVIII level, vWF Ag, TG and DDimers were measured in 50

SCD children at steady-state aged between 2 and 18 years (median: 9).

TG was triggered in platelets-poor plasma using 1 pM tissue factor

and 4 lM phospholipids with and without thrombomodulin. The

amount of thrombomodulin added was that expected to produce a

50% reduction of total thrombin generated. Only the endogenous

thrombin potential (ETP), the peak height and the percentage reduc-

tion of ETP with addition of thrombomodulin (RETP) were analyzed

for TG. FVIII level (%) was measured using a one stage clotting assay.

DDimers and vWF Ag levels were measured using immunoturbidimet-

ric assays. FVIII, vWF Ag and DDimers assays were performed using

the STA-evo coagulation automate (Stago, Asni�eres-sur-Seine,

France). Total hemoglobin (THb), reticulocyte count (Retic) and lac-

tate deshydrogenase (LDH) level were also measured as markers of

hemolysis. Highly sensitive C-reactive protein (hsCRP) was measured

as marker of inflammation. Correlations between variables were

assessed using the Spearman’s test. P < 0.05 was considered signifi-

cant.

Results: Median (IQR) values of FVIII, vWF Ag and hsCRP levels

were respectively: 258.5% (194.8–307.8), 170% (127–198) and

3.14 mg/L (1.34–6.98).
FVIII level strongly correlated with vWF Ag (r = 0.77; P < 0.001),

LDH (r = 0.50; P = 0.001) and reticulocytes count expressed as per-

centage (r = 0.62; P < 0.001). More modest but significant correlation

was also observed with THb (r = �0.32; P = 0.023), absolute reticulo-

cytes count (r = 0.38; P = 0.009), DDimers level (r = 0.34; P = 0.030),

ETP (r = 0.37; P = 0.009), peak height (r = 0.35; P = 0.015) and

RETP (r = �0.39; P = 0.006) of TG. No significant correlation was

found between FVIII level and hsCRP (r = 0.20; P = 0.214).

Conclusion: As expected, elevation of FVIII level in SCD is associated

to parallel increase of vWF level. However, the results of this study

suggest that elevation of FVIII level seems to be related to hemolysis

rather than chronic inflammation. Significant correlations with DDi-

mers level and TG indicate a probable contribution of elevated FVIII

level to the hypercoagulability observed in SCD children. The negative

correlation observed with RETP in TG suggests that elevated FVIII

level may also contribute to increased resistance to activated protein C

after addition of thrombomodulin.

PB 2.55-2
Molecular changes in LRP1 and FVIII genes in patients
with venous thromboembolism and high FVIII levels
Bittar LF, Siqueira LH, De Paula EV and Annichino-Bizzacchi JM

University of Campinas, Campinas, Brazil

Background: Venous thromboembolism (VTE) is a multifactorial dis-

ease, and increased levels of factor VIII (FVIII) has been demon-

strated as risk factor for VTE. The low-density lipoprotein receptor-

related protein 1 (LRP1) is a multifunctional receptor which plays an

important role in endocytosis and catabolism of its ligands, including

the FVIII.

Aims: The aim of the study was investigate if after a long-term follow-

up, patients with high levels of FVIII after anticoagulant treatment.

Moreover, we investigated in these patients, the presence of molecular

changes in specific exons of LRP1 and FVIII genes which encode

regions of interaction between these two proteins.

Design and Methods: Our initial cohort consisted of 300 adult patients

with a first episode of acute VTE occurring between January 1990 and

September 2004. In 2004, in a first assessment, FVIII levels were evalu-

ated in all these patients and in 300 matched controls. In 2011, all

patients from this initial cohort who originally presented FVIII levels

above the 90th percentile (n = 100) were recruited for a second assess-

ment of FVIII activity (FVIII:C). In total, 68 patients agreed to partic-

ipate. Control subjects were again selected according to age, gender,

ABO blood group. FVIII levels were measured by a one-stage clotting

assay. The regions of LRP1 and FVIII genes of VTE patients were

analyzed by automated capillary sequencing.

Results: Median age of the 68 patients (19 male and 49 female) was

47 years, and median of the first DVT episode was 10 years. In the

first measure of FVIII, in our initial cohort, the median of the first

DVT episode was 3 years. The control group consisted of 74 subjects

(28 male and 46 female) with a median age of 45 years.

FVIII levels was significantly higher in patients when compared to

controls [158.0 IU/dL, (82.0–216.0) vs. 126.1 IU/dL, (83.4–187.1);
P < 0.001]. Those patients also showed higher plasma FVIII when

compared to controls [235.8 IU/dL, (200.3–510.0) vs. 127.2 IU/dL,

(80.1–211.0); P < 0.001] when previously analyzed. FVIII levels were

significantly lower at the moment when compared to the initial assess-

ment (P < 0.001).

We evaluated the exons 14–20 and junctional intronic regions of LRP

gene, and the exons 10, 11, 16, 26 and junctional intronic regions of

FVIII gene. We identified five molecular changes in the LRP gene,

including two silent alterations not previously described, C2767T and

G3376A (Ser970Ser), two intronic alterations in the intron 16:

G3137 + 81A (previously described), C3137 + 54T and one in the

intron 18 (T3380 + 114C) both not previously described. None molec-

ular change was found in the regions of FVIII gene.

Conclusions:We demonstrated a persistent increase of FVIII levels in a

subset of patients after 10 years of the first DVT, but in a much lower

magnitude than that observed in the first 3 years of the disease.

Despite we have found five molecular changes in the LRP gene oh

VTE patients, further evaluations in a healthy group with normal

FVIII levels are necessary to determine the role of these molecular

changes on the modulation of FVIII levels and/or VTE risk.

PB 2.55-3
Effect of unstructured polypeptide insertions on the
recombinant expression of human factor VIII
Kumar SR1, Liu T1, Kulman J1, Chang P-YB2, Ding S2, Bardan S1,

Moore N1, Patarroyo-White S1, Pierce GF1, Schellenberger V2,

Jiang H1, Mei B1 and Peters RT1

1Biogen Idec, Waltham, MA; 2Amunix, Inc, Mountain View, CA,

USA

Background: Fusion of unstructured polypeptides of defined amino

acid composition and low immunogenic potential, known as XTEN

technology, has proven to be an effective means of extending in vivo

half-life of biotherapeutics. We are employing the XTEN technology

to improve the half-life of human coagulation factor VIII (hFVIII).

One or more XTENs at varying lengths were inserted to inter-domain

sites, intra-domain sites, and/or C terminus of hFVIII. The insertion

sites were identified based on FVIII structure analyses excluding

genetic mutations reported in hemophilia A patients.

Aim: The aim of this study was to determine the effect of XTEN inser-

tion(s) on the expression of recombinant hFVIII.

Methods: An expression vector encoding human B-domain-deleted

FVIII (BDD-FVIII) was constructed using pcDNA4.1, and the

XTEN modifications were generated following optimized molecular

cloning procedures. The XTENs used in this study were of three

different lengths (composed of 42, 144 or 288 amino acids) and of

two types with slightly different amino acid compositions – AE

XTEN (containing A, E, G, P, S and T) and AG XTEN (contain-

ing A, G, P, S and T). The FVIII-XTEN fusion constructs were

transiently expressed in HEK293F cells using polyethyleneimine as

a transfection agent. Five days post transfection the conditioned cell

culture media were analyzed for FVIII activity using a chromogenic

assay (Coatest); for FVIII variants with single XTEN insertion, the

conditioned media were also analyzed for FVIII antigen level by

ELISA.

Results: The impact of XTEN insertion on FVIII expression was

found to be insertion site dependent. FVIII-XTEN remained active

after single XTEN insertions at many sites, predominantly in the A

domains, while insertions at some sites abolished expression. We iden-
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tified three insertion sites, B domain (N745), a3 domain (Q1656) and

C terminus, where a single XTEN resulted in consistently higher levels

of antigen and activity than non-modified BDD-FVIII, though this

could be due to either higher expression or greater stability of the pro-

tein in the cell culture media due to the XTEN insertion. Increasing

the number of insertions (up to six) decreased the observed activity in

a progressive fashion. In the case of multiple insertions, an XTEN at

a3 domain (Q1656) partially rescued the suppression of expression

resulting from XTEN insertion at another site such as those in A1, A2

and A3 domains. In general AG XTENs resulted in slightly higher

observed activity than AE XTENs.

Conclusions: Human FVIII retained activity following the insertion(s)

of one or more XTENs when insertion points are appropriately

selected, even when one or more insertions were at intra-domain sites

of FVIII. Single XTEN insertions at three specific sites enhanced the

FVIII activity level. These results indicate that active FVIII-XTEN

fusion proteins can be generated, providing multiple candidates for

assessment of half-life extension in in vivo studies.

PB 2.55-4
Pharmacokinetic results from a Phase I/III study of a
novel recombinant single-chain factor VIII (rVIII-
SingleChain) compared to octocog alfa in severe
haemophilia A patients
Pabinger I1, Klamroth R2, Valentino LA3, Gill JC4, Levy H5,

Samuels R5, Parasrampuria R5 and For the CSL 627-1001 Strudy

group5

1Medizinische Universitaet Wien, Vienna, Austria; 2Vivantes

Hospital, Berlin, Germany; 3Rush University Medical Center,

Chicago, IL; 4Medical College of Wisconsin, Milwaukee, WI;
5CSL Behring, King of Prussia, PA, USA

Background: rVIII-SingleChain (CSL627, CSL Behring, Marburg) is a

homogeneous, more stable recombinant FVIII containing a covalent

bond linking the light and heavy chains. It has increased affinity to

von Willebrand factor (VWF) resulting in faster and more efficient

binding compared to other rFVIII molecules. VWF, the natural carrier

protein of FVIII, increases the half-life of all FVIII. After activation,

the resultant FVIIIa is identical to that derived from activation of a

two-chain FVIII.

Aims: This multinational (Austria, Germany, Italy, USA) clinical trial

is designed to assess the pharmacokinetics (PK), efficacy, tolerability

and safety of rVIII-SingleChain. We report on the PK of rVIII-Single-

Chain compared with octocog alfa (Baxter, Westlake Village, CA)

Methods: Up to 30 PTPs ≥ 18 year-old with severe hemophilia A

(FVIII:C < 1%) with > 150 exposure days to factor VIII were eligible

for enrollment. Following an infusion of 50 IU/kg octocog alfa, PK

was measured over 72 h, and after a 4 day washout, PK was repeated

after an infusion of rVIII-SingleChain. Subjects were then assigned to

treatment with rVIII-SingleChain either as prophylaxis or on-demand

treatment for a minimum of 6 months and 50 EDs. Prophylaxis sub-

jects were treated with rVIII-SingleChain at 20–40 IU/kg every second

day or 20–50 IU/kg two to three times per week at the investigator’s

discretion. Patients were assessed monthly: reviewing bleeding events,

response to rVIII-SingleChain, adverse drug reactions including the

incidence of inhibitors, laboratory safety and virus safety parameters.

The pharmacokinetics of rVIII-SingleChain and octocog alfa were

assessed on the basis of FVIII activity measured using both the one-

stage and chromogenic substrate assay. The following PK parameters

were calculated for baseline-corrected FVIII activity using a non-com-

partmental model analysis with WinNonlin Phoenix (Version 6.3): The

area under the plasma activity-time curve from time zero to the last

quantifiable concentration (AUClast); the area under the plasma activ-

ity-time curve from time zero to infinity (AUCinf); the observed maxi-

mum plasma activity after drug administration (Cmax); incremental

recovery (IU/mL/IU/kg) defined as FVIII activity (IU/mL) obtained

30 min following infusion; clearance (CL), and terminal elimination

half-life (t½).

Results: Currently 25 patients (median age 32 years, range: 19–
60 years) have completed PK studies with octocog alfa and rVIII-Sin-

gleChain and the study continues to recruit subjects for PK and treat-

ment. Individual plasma and median activity-time profiles for rVIII-

SingleChain and octocog alfa were compared and show favorable

kinetics for incremental recovery, AUClast and half-life. Differences

between FVIII levels measured with one-stage and chromogenic sub-

strate assay were noted.

We will present detailed PK for rVIII-SingleChain and comparator,

safety and efficacy data.

Summary/Conclusions: rVIII-SingleChain has excellent PK, and satis-

factory safety and efficacy to advance to late-stage development. PK

parameters indicate advantages over two-chain rFVIII.

PB 2.55-5
Influence of age on recombinant factor VIII
pharmacokinetics: results from clinical pharmacology
studies of turoctocog alfa
Recht M1, Cerqueira M2, Karim A3 and Møss J4

1Oregon Health & Science University, OR, USA; 2HEMORIO, Rio

de Janeiro, Brazil; 3National Blood Centre, Kuala Lumpur,

Malaysia; 4Novo Nordisk A/S, Søborg, Denmark

Background: Five open-label, multi-centre clinical studies (three phase

1 and two phase 3 trials) conducted in 18 countries worldwide (Brazil,

Croatia, Germany, Israel, Italy, Japan, Lithuania, Macedonia, Malay-

sia, Poland, Russia, Serbia, Spain, Switzerland, Taiwan, Turkey, the

UK and the US) have explored the pharmacokinetics (PK), safety and

efficacy of turoctocog alfa, a human recombinant coagulation factor

VIII (rFVIII) developed for the prevention and treatment of bleeding

in patients with haemophilia A.

Aims: To investigate the influence of age on the PK characteristics of

turoctocog alfa.

Methods: PK characteristics of turoctocog alfa were assessed in previ-

ously-treated paediatric (< 12 years of age) and adolescent or adult

(≥ 12 years of age) patients with severe haemophilia A (FVIII activity

level ≤ 1%) in a non-bleeding state and with no history of FVIII inhib-

itors. PK parameters were assessed following a wash-out period

(≥ 3 days in paediatric patients; ≥ 4 days for adolescent/adult

patients) and a subsequent single intravenous 50 IU/kg dose of turoc-

tocog alfa. All patients were previously treated with ≥ 50 exposure

days (paediatric patients) and ≥ 150 exposure days (adolescent/adult

patients) to any FVIII product. Blood was sampled at regular intervals

throughout a 48-hour period post-dose. PK parameters (incremental

recovery of FVIII, AUC, and terminal half-life [t½]) were based on

FVIII activity, measured using a one-stage clot assay and a two-stage

chromogenic substrate assay. Plots of mean PK endpoints by age or

bodyweight across trials were used for a descriptive evaluation of

dependency.

Results: Data from a total of 61 patients (aged 1’ ‘54 years, including

28 patients < 12 years of age) were included, totalling 83 assessments.

PK parameterswere comparable between young children (aged 0’

‘< 6 years) and older children (aged 6’ ‘ ≤ 12 years). Overall, AUC

and t½ tended to increase with increasing age, with lower AUC and

shorter t½ seen in children (aged 6’ ‘≤ 12 years) compared with adults

(aged ≥ 18 years), whereas there was no clear relationship between age

and incremental recovery of FVIII. Similar apparent relations between

age and pharmacokinetic parameters (AUC and t½) were also

observed within the adult population alone (> 18 years). However, it

cannot be excluded that factors other than age also may have influ-

enced the differences observed.

Summary/Conclusions: Our results suggest that there may be differ-

ences in the PK characteristics of turoctocog alfa according to age.

The observed apparent positive relation between age and PK parame-
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ters for turoctocog alfa is in line with previous findings for commer-

cially available FVIII products.

PB 2.55-6
N-Glycosylation of rVIII-SingleChain, a novel
recombinant single-chain factor VIII
Schmidbauer S, Witzel R, Robbel L, Metzner H, Weimer T

and Schulte S

CSL Behring GmbH, Marburg, Germany

rVIII-SingleChain represents a novel type of factor VIII (FVIII) prod-

uct, a homogeneous recombinant single-chain FVIII, that is currently

under clinical development. Commercially available FVIII products so

far are two-chain molecules consisting of light and heavy chains. The

pharmacokinetic properties as well as activity and immunogenicity of

a protein may be affected by its post-translational modifications. Espe-

cially N-glycosylation of a protein has an impact on size, hydrophobic-

ity and charge. It is known that the N-glycosylation pattern of

recombinant proteins strongly depends on the cell type used for

expression. Production cells should therefore also be selected thor-

oughly in view of the resulting N-glycosylation. In the present study

the N-glycosylation pattern of rVIII-SingleChain was investigated and

was also compared to different commercially available rFVIII prod-

ucts.

rVIII-SingleChain was expressed in CHO cells and purified by chro-

matographic methods. BDD rFVIII and full-length rFVIII were

obtained from commercial sources. The investigation of the respective

carbohydrate structures was performed after release of N-glycans by

PNGase F and subsequent fluorescence labeling. The labeled N-gly-

cans were analyzed by anion exchange chromatography at high pH

(HPAEC) and ESI-MS.

rVIII-SingleChain manufactured in CHO cells is characterized mainly

by complex type, core fucosylated N-glycan structures that are highly

sialylated. As expected also high mannose type N-glycan structures

were detectable. A similar pattern was observed for commercially

available recombinant rFVIII products, a BDD rFVIII and a full-

length rFVIII product, both expressed in CHO cells. The N-glycan

structures of human plasma-derived FVIII expressed in the liver were

also considered for comparison purposes. Plasma-derived FVIII con-

tains sialylated bi-antennary complex type N-glycans as main structure

besides some high mannose type oligosaccharides (T. Hironaka et al.,

JBC (1992), 267(12): 8012–8020). Based on the experimental and

clinical experience with the commercially available rFVIII molecules it

can be assumed that the known CHO cell-type specific N-glycosylation

patterns of rFVIII are suitable models when choosing a cell line for

expression of a new biocompatible and safe rFVIII product.

PB2.56 – Natural Anticoagulants – II

PB 2.56-1
Gas6 plasma levels in elderly patients with acute
venous thromboembolism (VTE) predict major
bleeding under anticoagulation and mortality but not
recurrent VTE
Angelillo-Scherrer A1, Calzavarini S2, M�ean M3, LImacher A4,

Rodondi N3 and Aujesky D3

1University Hospital of Lausanne (CHUV); 2Lausanne University

Hospital, Lausanne; 3Bern University Hospital and University of

Bern, Bern; 4University of Bern, Bern, Switzerland

Background: Growth arrest-specific gene 6 (Gas6) product is a vitamin

K-dependent protein which plays a role in thrombus stabilization as

Gas6 deficient mice are protected against venous and arterial thrombo-

sis. Patients with venous thromboembolism (VTE) display elevated

Gas6 plasma levels as compared to healthy volunteers.

Aims: We aimed to assess whether elevated Gas6 levels are associated

with VTE recurrence, major bleeding, and all-cause mortality.

Methods: In a multicenter Swiss cohort, we prospectively enrolled con-

secutive patients aged ≥ 65 years with acute, symptomatic VTE

between September 2009 and March 2012. Follow-up was until octo-

ber 2012. Gas6 level was measured in plasma at baseline by ELISA.

We defined elevated Gas6 levels as results above the median, low Gas6

levels being those below the median. Baseline characteristics of

patients were compared with Gas6 levels below and above the median.

We estimated the cumulative incidence of a first VTE recurrence,

major bleeding under anticoagulation, or death event using the Kap-

lan-Meier technique and compared incidence rates among patients

with elevated and low Gas6 levels by logrank tests. Associations

between Gas6 levels and the time to the first event were assessed by

Cox-regression. Adjustment was done for age, gender, and known risk

factors for VTE recurrence, bleeding, and mortality.

Results: Of the 853 patients studied, 435 (51%) patients had elevated

Gas6 levels. The median follow-up time was 18 months (interquartile

range 9.5–24.2). Patients with elevated Gas6 were older (76 vs.

74 years) and were more likely to have immobilization, active cancer,

post-thrombotic syndrome, history of major bleeding, chronic liver

disease, anemia, high risk of fall, and a lower arterial oxygen satura-

tion than patients with low Gas6.

The cumulative incidence of recurrent VTE did not differ between

patients with elevated and low Gas6 levels (5.3 vs. 4.8 events per 100

patient-years; P = 0.71). However, patients with elevated Gas6 had a

significantly higher cumulative incidence of major bleeding (10.5 vs.

5.9 events per 100 patient-years; P = 0.03) and overall mortality (18.6

vs. 5.7 events per 100 patient-years; P ≤ 0.001) than patients with low

Gas6. After adjustment, Gas6 levels were significantly associated with

major bleeding (hazard ratio [HR] 2.13, 95% confidence interval [CI]

1.07–4.26) and overall mortality (HR 6.55, 95% CI 4.01–10.70) but
not with recurrent VTE (HR 1.50, 95% CI 0.62–3.60).
Conclusions: Our study demonstrates that patients with elevated Gas6

levels are older and sicker than those with low Gas6 levels. Elevated

Gas6 levels at baseline are significantly associated with future major

bleeding under anticoagulation and overall mortality but not with

VTE recurrence.

PB 2.56-2
Influence of the 3K3A-activated protein C variant on
the in vitro fibrinolytic activity of tPA
Fernandez JA1, Mosnier LO1, Davis TP2, Zlokovic BV3

and Griffin JH1

1The Scripps Research Institute, La Jolla, CA; 2Blood Brain Barrier

Research Laboratory, College of Medicine, University of Ariz,

Tucson, AZ; 3Zilkha Neurogenetic Institute, University of

Southern California, Keck School of, Los Angeles, CA, USA

Background: Tissue plasminogen activator (tPA) is used to treat ische-

mic stroke, but its use is limited by a narrow safety window and by

increased bleeding risk. Activated protein C (APC) is neuroprotective

in preclinical ischemic stroke models. Remarkably, APC, in spite of

having intrinsic anticoagulant activity, reduces tPA-induced bleeding

and neurotoxicities primarily due to its ability to initiate cell signaling

that provides anti-inflammatory and anti-apoptotic activities and sta-

bilizes vascular endothelial barriers, thereby reducing leakage.

Aims: The APC variant 3K3A-APC in which the three lysines 191–193
are replaced by three alanines is neuroprotective in stroke models and

the subject of current efforts for translation to a novel biologic for

ischemic stroke therapy when combined with tPA. Because APTT and

fibrinolytic in vitro assay data have implications for bleeding risks and

for achieving reperfusion, we used these assays to study 3K3A-APC

and tPA combinations.
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Methods: APTT assays were performed in the presence of recombinant

tPA and human plasma-derived APC or recombinant 3K3A-APC.

Fibrinolytic turbidometric assays employed plasma clots containing

tPA, APC and/or 3K3A-APC. Clot lysis time was defined as the time

for 50% clot lysis.

Results: The anticoagulant potency of APC and of the 3K3A-APC

variant in the presence or absence of 3.0, 1.0, and 0.5 lg/mL of tPA

was determined from the prolongation of the APTT. Data showed that

in the absence of tPA, the mutations in the 3K3A-APC variant caused

loss of approximately 90% of anticoagulant activity compared to

APC. There was no significant effect of tPA on the anticoagulant

activity of 3K3A-APC, although at the highest concentration of tPA

(3.0 lg/mL) in presence of 90 and 140 nM, several additional seconds

of APTT prolongation was seen. When human normal pooled plasma

that contained 20 nM APC or 3K3A-APC and tPA at varying concen-

trations was clotted by addition of thrombin and then clot lysis was

monitored over several hours, the clot lysis time was dose-dependently

shortened by increasing tPA. The presence of 20 nM of either normal

or variant APC had no statistically significant effect on the ability of

tPA to induce clot lysis compared to buffer controls. When the fibrino-

lytic activity of 0.25 lg/mL tPA was assayed in the presence of varying

concentrations of each APC species, there was no statistically signifi-

cant effect for either APC species when the APC level was ≤ 50 nM.

However, plasma-derived APC exhibited profibrinolytic effects when

present at ≥ 70 nM. But the 3K3A-APC mutant with its greatly

reduced anticoagulant activity did not influence the fibrinolytic activity

of tPA even when present at levels up to 140 nM.

Conclusions: Based on these results, when 3K3A-APC is present at

very high levels in plasma, there appears to be no deleterious effects of

tPA on the APTT or of 3K3A-APC on the fibrinolytic activity of tPA.

Thus, if one considers tPA and 3K3A-APC combinations for ischemic

stroke, this study failed to generate concerns about any undesirable

effects of one agent on the other agent’s activities that are reflected in

APTT and fibrinolytic assays.

PB 2.56-3
Differences in isoforms of antithrombin in infants and
adults
Karlaftis V1, Attard C1, Monagle P2 and Ignjatovic V1

1Murdoch Childrens Research Institute; 2The University of

Melbourne, Melbourne, Vic., Australia

Background: Antithrombin (AT), a key anticoagulation protein, has

been shown to exist in various isoforms in adult plasma: native AT

(NAT), cleaved AT, pre-latent AT (pre-LAT) and latent AT (LAT).

The NAT isoform is present in two glycoforms, a-AT and b-AT,

where a single glycosylation site difference leads to a significant differ-

ence in the affinity of these isoforms for heparin. The AT isoforms

present in infants and children are yet to be characterized and are

likely to play an important role in the interaction of AT with heparin.

Knowing that 15% of patients at tertiary paediatric hospitals are

administered some form of heparin therapy, research focusing on age-

specific differences AT isoforms may have vast clinical implications.

Aims: To investigate the differences in AT isoforms in healthy infants

compared to adults.

Methods: Citrated, platelet-poor plasma samples from infants

(28 days–1 year old) and adults were collected and stored at �80o. All

participants were healthy individuals, without previous thromboembo-

lic events, family history of bleeding or thrombosis, and not subjected

to any form of anticoagulant therapy. This protocol was approved by

the Royal Children’s Hospital, Melbourne, Ethics Committee (#

20031).

AT was purified from plasma using an AKTA FPLC system and a

1 mL HiTrap NHS-activated column (GE Healthcare) which was cou-

pled with 6 mg of polyclonal sheep anti-human AT-specific antibody

(Affinity Biologicals). The elution profiles were compared between the

pooled sample from infants and adults.

Results: The AT elution peak obtained for the adult samples was made

up of two peaks with a retention time of 27.65 and 28.07 min in com-

parison to the single AT elution peak for infants with a retention time

of 28.07 min.

Summary/Conclusions: These results indicate that there are differences

in the AT isoforms between infants and adults. The profiles indicate

that the AT isoforms present in infants may be more similar to the first

peak observed in the adult samples which elute at the same times. This

needs to be confirmed in a larger number of samples. The specific dif-

ferences in AT between the samples will be further characterised using

mass spectrometry to retrieve sequence information, and to establish

the precise molecular weight of the different AT isoforms. Further-

more, the specific heparin binding of the different AT isoforms has

never been determined.

The final results regarding age-specific differences in the ratio of these

isoforms in age-specific plasma samples is important when considering

the clinical implications that these variations may have on heparin

therapy.

PB 2.56-4
Effect of functional alpha2macroglobulin and
antithrombin concentration on thrombin generation
and decay in liver cirrhosis patients
Kremers RMW1, Ninivaggi M1, Bloemen S1, Chayouâ W1,

Kleinegris MC1, Koek GH2, Ten Cate-Hoek AJ2, Wagenvoord R1

and Hemker CH1

1CARIM, Maastricht University; 2Maastricht University Medical

Center, Maastricht, The Netherlands

Background: a2Macroglobulin (a2M) has been reported to increase

two- to four-fold in liver cirrhosis patients, whereas the level of anti-

thrombin and other serpins (AT) as well as of procoagulant factors

decreases proportionally to the severity of the disease. a2M and AT

are responsible for the decay of thrombin. The increase of one inhibi-

tor and the decrease of others may result in a net change in the inhibi-

tory capacity of the plasma. A net decrease of the over-all inhibitory

capacity might counterbalance the decrease of procoagulant factors.

Aims: To relate the over-all decay constant of thrombin as well as the

isolated a2M dependent decay constant to the plasma levels of a2M
and AT, both in a set of normal controls as well as in a series of

patients with liver cirrhosis.

Methods: AT concentrations were determined by titration with puri-

fied a-thrombin. a2M was determined by saturation with excess a-
thrombin and removal of excess free thrombin with AT-heparin.

Thrombin generation was measured with the whole blood (WB) CAT

technique. The pseudo first order decay constant of thrombin was

obtained from the descending slope of the TG curves; the pseudo-first

order constant of a2M-dependent decay from the formation velocity

of the a2M-thrombin complex. Inhibitor concentrations were corre-

lated to decay parameters by Pearson’s correlation analysis. Differ-

ences in decay parameters and inhibitor concentrations between the

patient and control group were analysed with the Mann-Whitney test.

Results: The a2M and AT assays performed well, with intra-assay CVs

of 5.1% and 3.1% and inter-assay CV’s of 11.9% and 7.8%. Mean

a2M and AT concentrations in the group of healthy subjects were

3.6 � 0.9 and 2.1 � 0.3 lM, respectively, which is comparable to val-

ues reported in the literature. a2M levels in liver cirrhosis plasma sam-

ples were significantly increased (5.0 � 1.0 lM; P = 0.002) compared

to the control group, and AT levels were found to be significantly

decreased (1.6 � 0.7 lM; P = 0.037). The over-all thrombin decay

constant in healthy controls was 0.375 � 0.030/min (CV 8%) and the

a2M dependent one 0.028 � 0.013/min (CV 46%). In the cirrhosis

group these figures were 0.285 � 0.083 and 0.036 � 0.013/min.

In the ensemble of the samples total thrombin decay and thrombin

decay by serpins is significantly correlated with the AT level

(P = 0.005 and P = 0.001, respectively). The a2M level is significantly
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associated with the a2M dependent decay parameter only (P = 0.002).

The overall parameter of thrombin decay in a TG curve was on the

mean 24% lower in cirrhosis patients than in controls (P = 0.006),

showing that an increase in a2M cannot completely compensate for

the loss of AT in liver cirrhosis patients.

Conclusion: Inter-individual variation in thrombin inhibitor concentra-

tions causes variation in thrombin decay (CV 8%) and thereby con-

tributes to variation in net thrombin generation (CV 16%). In liver

cirrhosis AT decreases and a2M increase but the latter increase cannot

compensate for the former decrease. This makes that over-all TG is

less affected than could be expected from the decrease of procoagulant

factors.

PB 2.56-5
Antithrombin assays can vary in sensitivity to
homozygous antithrombin Budapest III, a defect that
causes heparin resistance
Cooper PC1, Hickey KP2, Beauchamp NJ3, Horn L4, Hughes C5,

Bellamy M6, Maclean RM2, Kitchen S2 and Makris M7

1Sheffield Teaching Hospitals (NHS Foundation Trust), Sheffield;
2Royal Hallamshire Hospital, Sheffield Teaching Hospitals NHS

Foundation Trust; 3Sheffield Diagnostic Genetics Service,

Sheffield Children’s NHS Foundation Trust; 4Department of

Haematology, St James’s University Hospital; 5Department of

Specialist Laboratory Medicine, St James’s University Hospital;
6Department of Anaesthetics, St James’s University Hospital,

Leeds; 7Department of Cardiovascular Science, University of

Sheffield, UK

Background: Antithrombin (AT) is an important inhibitor of thrombin

and FXa, and deficiency results in increased tendency to venous

thrombosis. AT deficiency may be due to lack of production (type I)

or to production of functionally defective AT (type II), the defect may

affect the reactive site (type RS), heparin binding site (type HBS) or

have more than one effect (type PE). Subjects with homozygous HBS

defects may have an inadequate laboratory response to heparin ther-

apy. Low molecular weight heparin (LMWH) may be measured using

anti-FXa reagents that may or may not include added AT. Antithrom-

bin level is routinely assayed by measuring AT inhibition of thrombin

or FXa in the presence of heparin, by means of chromogenic sub-

strates.

Aims: We present data on two patients homozygous for the type II AT

deficiency, AT Budapest III. Both patients showed poor laboratory

response to LMWH when tested with a chromogenic anti-Xa assay

that does not include added AT (AFXaA). We report discrepancies

between commercial AT assays.

Methods: Blood from two subjects (A and B) was taken into 0.109M

sodium citrate approximately 4–6 h post injection of LMWH, and

plasma anti-FXa activity was measured by Coamatic AFXaA on

Sysmex analyser. Antithrombin activity was measured on ACL TOP

analyser (Instrumentation Laboratory, IL) by four chromogenic

assays: Berichrom (Siemens) bovine thrombin-based assay modified by

using 30s inhibition time; Innovance human FXa-based assay (Sie-

mens); Liquid Antithrombin assay using bovine FXa (IL); and Coa-

matic assay utilising bovine FXa (Quadratech). Antithrombin antigen

was measured by Liatest ATIII assay (Stago) modified for ACL TOP

analyser. Two dimensional electrophoresis (2d CIE) of AT was per-

formed in the presence and absence of heparin using antibodies from

Dako, and genetic analysis was carried out by direct sequencing of

SERPINC1.

Results: Both patients had anti-FXa levels of < 5 IU/dL 4–6 h post

injection of maximal therapeutic dose LMWH, and this level did not

increase when mixing patient plasma with an equal volume of normal

plasma. AT activity (Berichrom) and AT antigen levels were reduced

in both patients, (activity/antigen IU/dL) levels were 38/50 in patient

A and 45/60 in patient B. In both subjects 2d CIE of AT indicated

defective heparin binding, and both were found to be homozygous for

AT Budapest III. Chromogenic AT level also varied by FXa-based

assay, patient A had Liquid Antithrombin level of 41 IU/dL and Inno-

vance AT level of 17 IU/dL, whereas patient B had Liquid Antithrom-

bin level of 52 IU/dL and Innovance AT level of 14 IU/dL. In one

sample from patient A, Berichrom AT was 31 IU/dL, and Coamatic

AT was 30 IU/dL.

Summary/Conclusions: The inadequate anti-FXa response 4–6 h after

injection of therapeutic dose LMWH was not corrected by addition of

AT (pooled normal plasma), which may indicate increased clearance

of plasma LMWH. AT activity levels varied by assay type, and the

assay utilising human FXa showed significantly lower AT activity than

the other assays, the lower level might better explain the poor anti-

FXa response to LMWH in these two patients with AT Budapest III.

PB 2.56-6
Anticoagulant effect of two new estrogens (R- and S-
Fenetame)
Flores M1, Fern�andez JMG2, Marin RO3, Uribe-Lezama EC4,

Herrero-D�ıaz F4, Fourtoul van der TG5, Pinzon E6, Torres I6,

Salgado V6 and De la Pena-D�ıaz A6

1Instituto Nacional de Cardiolog�ıa Ignacio Ch�avez; 2UNAM,

Instituto de Qu�ımica; 3UNAM, Facultad de Qu�ımica; 4UNAM;
5UNAM, Facultad de Medicina, Departamento de Biolog�ıa

celular y Tisular; 6UNAM, Facultad de Medicina, M�exico, D.F.,

Mexico

Introduction: Estrogenic therapies increase the risk of thrombosis.

Continuing with our program of design and synthesis of new estrogen

compounds with antithrombotic activity, we had designed and

synthesized N-[(3-Hydroxy-1,3,5(10)-estratriene-17b-il)]-(R)-(+)-b-
methylphenethyl-amine (R-fenetame) and N-[(3-Hydroxy-1,3,5(10)-

estratriene-17b-il)]-(S)-(+)-b-methylphenethyl-amine (S-fenetame).

Aim: Characterize by X-ray spectroscopy R- and S-fenetame and

determine the whole blood clotting time.

Material and Methods: The estrogens derivatives were designed and

synthesized at the Institute of Chemistry, UNAM. The compounds

were dissolved in DMSO and administered subcutaneously to male

mice, 29–33 g of weight, strain CD1 which remained at controlled tem-

peratures 21–24 °C, food and water ad libitum, light-dark cycles of

12–12 h. After 24 h of the administration, we measured the whole

blood clotting time with 25 lL of a whole blood sample, obtained of

the dorsal vein of the mice. The blood was made alternately flow by

gravity between two marks in a capillary tube (angles � 60° with

respect to the horizontal plane). We record the time until the blood is

clot and stop to flow in the capillary tube. The protocol was approved

by the institutional scientific and ethic committees.

Results: We obtained the the X-ray molecular structure of (i) R-fene-

tame and (ii) S-fenetame, in a solid state. The blood clotting time was

measured by (sec, mean and SE). Results show the difference respect

to the control group (in percent). Both estrogen enantiomers treated

mice have to increase de blood clotting time. S-fenetame and R-fene-

tame, to dose of 1, 2 year 4 mg/kg: increased 16, 43 and 20% and 61,

184* and 27%, respectively. *P ≤ 0.05 vs. vehicle. ANOVA, with

Dunnett. Prism 5.0

Conclusions: The results show that both enantiomers increased the

blood clotting time in a dose dependent manner. R-fenetame showed a

two times stronger increase the blood clotting time compared with

S-fenetame.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

ABSTRACTS 715



PB2.57 – Fibrinogen/Fibrin – III

PB 2.57-1
Genotype and phenotype of a large series of patients
with congenital dysfibrinogenemia
Casini A1, Boehlen F1, Neerman-Arbez M2 and De Moerloose Ph1

1University Hospitals of Geneva; 2University of Geneva Faculty of

Medicine, Geneva, Switzerland

Background: Congenital dysfibrinogenemias (CD) are characterized by

biosynthesis of a structurally abnormal fibrinogen molecule that exhib-

its reduced functional properties compared to level of fibrinogen anti-

gen. To date a large number of mutations have been identified in

patients with CD, although few are predictive of the clinical pheno-

type. In order to better understand the clinical complications in rela-

tion to the genotypes, we report a survey of 65 CD diagnosed in our

laboratory.

Methods: Biological and clinical characteristics were recorded at recep-

tion of samples using a standardized case report. After isolation of

genomic DNA, exons and intron-exon junctions of the fibrinogen

genes were amplified by polymerase chain reaction (PCR) and

sequenced.

Results: Between 2005 and 2012 we diagnosed 65 CD. Samples were

sent to our laboratory principally to perform a familial screening

(n = 23, 36%), before surgery (n = 14, 21%), following thrombosis

(n = 8, 12%) and for investigation of bleeding (n = 7, 11%). The med-

ian age at time of DNA analysis was 36 years (range 1–76 years). The

median fibrinogen activity (Clauss method) was 0.66 g/L (range 0.1–
2.3) and the median antigen fibrinogen was 3.5 g/L (range 1.4–5.3).
Mutations were identified in the coding sequences of fibrinogen genes

in all 54/54 (100%) probands. Heterozygous missense mutations in

residues Arg35(Arg19) of FGA in exon 2, Arg301(Arg275) of FGG

exon 8 and surrounding residues accounted for almost 75% of CD.

Twenty-three patients (43%) had mild bleeding episodes, easy bruis-

ing, epistaxis and menorrhagia being the most frequent. Thirteen

(20%) and 3 (5%) patients experienced at least one venous or arterial

thrombosis, respectively. A total of 30 pregnancies were reported,

including 6 (20%) miscarriages. Deliveries were not associated with

bleeding complications.

Conclusions: Mutations in exon 2 of FGA and in exon 8 of FGG

are the most frequent causes of CD. At the time of diagnosis half of

patients experienced mild bleeding or thrombotic events. CD is associ-

ated with miscarriage. An ongoing trial is evaluating the long term

follow-up of these patients in order to better define the true incidence

of bleeding complications and/or thrombotic events during the course

of disease.

PB 2.57-2
Proteases in human pancreatic juice degrade both
liquid and carrier-bound fibrin sealants in vitro
Adelmeijer J, Porte RJ and Lisman T

University Medical Center Groningen, Groningen, The

Netherlands

Background: Fibrin sealants are used in a variety of surgical proce-

dures mainly to control bleeding and to reinforce suture lines. Further-

more, these products are frequently applied to enhance tissue sealing

for purposes other than induction of hemostasis in procedures includ-

ing liver, lung, and pancreatic surgery. We have previously shown that

fibrin sealants are unstable in the presence of human bile, and this

observation may explain the lack of efficacy of fibrin sealants to avoid

bile leak-related complications following liver surgery. Fibrin sealants

have been used in pancreatic surgery for almost 35 years with the main

aim of preventing fistula formation as a consequence of leakage of

pancreatic juice. However, the clinical efficacy of this approach is still

unclear.

Aims: Here we investigated the stability of commercially available

liquid and carrier-bound fibrin sealants in the presence of pancreatic

fluid using in vitro experimentation.

Methods: Fibrin clots were generated in vitro from two commercially

available liquid fibrin sealants and exposed to saline or human pancre-

atic fluid. Degradation of clots was assessed by weighing clots or by

examination of release of fibrin degradation products. Also, pancreatic

fluid was exposed to the carrier-bound fibrin sealant Tachosil, and sta-

bility of the sealant was assessed qualitatively and quantitatively by

measuring fibrin- and collagen degradation products.

Results: Clots generated from liquid fibrin sealants degrade rapidly in

pancreatic fluid, but not in normal saline, as evidenced by a rapid

reduction in clot weight and release of fibrin degradation products.

Exposure of Tachosil to pancreatic fluid results in rapid degradation of

both the fibrin and collagen part of the sealant, as evidenced by release

of fibrin- and collagen degradation products and a visual inspection of

sealant integrity. Protease inhibitor cocktails or individual serine prote-

ase inhibitors reduce breakdown of both liquid sealants and Tachosil,

and a collagenase inhibitor reduces breakdown of Tachosil.

Conclusions: Proteases present in pancreatic juice effectively degrade

both liquid and carrier-bound fibrin sealants in vitro. These results

may imply that the use of these products in pancreatic surgery with the

aim to prevent fistula formation as a result of leakage of pancreatic

fluid may serve limited purpose.

PB 2.57-3
The same mutations in patients with congenital
dysfibrinogenemia leading to different clinical
manifestations
Zhou J1, Jiang L2, Ding Q3, Xi X2, Wang X3 and Wang H2

1Shanghai Institute of Hematology, Ruijin Hospital; 2Shanghai

Institute of Hematology; 3Ruijin Hospital, Shanghai, China

Background: Congenital dysfibrinogenemia is known as a disorder

with various manifestations. Fifty percent of affected people are

asymptomatic, while 25% of affected ones suffer bleeding and the

other 25% have thrombotic risk.

Aims: This study is to investigate the different clinical manifestations

appeared in two unrelated dysfibrinogenemia families with the same

mutations. Proband A has haemorrhagic manifestations, while pro-

band B undergoes thrombosis performance.

Methods: PCR amplification and direct sequencing technology were

used to identify the mutations in these patients. The antigen level (Fg:

Ag) and activity level (Fg:C) of fibrinogen patients were detected by

immunoturbidimetric assay and clauss assays, respectively. Routine

thromboelastogram (TEG) test was performed to evaluate the compre-

hensive coagulation status of patients and functional fibrinogen TEG

test was carried out to evaluation the level of functional fibrinogen in

patients. Fibrinogen clottability, fibrin polymerization and fibrinolysis

measurement were applied to evaluate the functional fibrinogen in

patients. Aa, Bb and u chains of fibrinogen were detected by Western

blot.

Results: The value of Fg:C in these two probands was 0.35 and 0.6 g/

L, and the ratio of Fg:C and Fg:Ag was lower than 0.5 in both of

them, which can diagnose them as dysfibrinogenemia. We identified

the same compound heterozygous: AaArg289Gln, which is a novel

mutation, and cArg275Cys in these two patients, as well as their fam-

ily members. The molecular weight of Aa, Bb and u chains of fibrino-
gen in these two probands were the same as that in normal pooled

plasma shown by western blot results. The CI value in TEG test was

�8.1 in proband A, showing hypocoagulated status in her body, while

that in proband B was within the normal reference range, which may

due to antithrombotic drugs she had taken. The MA value in func-

tional fibrinogen TEG test totally depends on the levle of functional

fibrinogen. It was 2.8 in proband A and 3.2 in proband B, which was

lower than the low limit of normal reference range (10~25), suggesting
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the reduced level of functional fibrinogen in both patients, which was

also consistent with their diagnosis as dysfibrinogenemia. The fibrino-

gen clottability rate was 18.15% and 47.26%, respectively, in proband

A and proband B, compared to that in normal control. The fibrinogen

polymerization curve of proband A was almost on the baseline, sug-

gesting bleeding manifestation in this patient. The takeoff time in the

curve of proband two was earlier than that in normal control, indicat-

ing its thrombosis risk, although its peak value was relatively lower.

The fibrinolysis rate of proband B was slower than that of proband A,

and the dissolving rate was 38% in proband A and 20% in proband B,

further indicating thrombosis risk in proband B.

Conclusion: Our results were consistent with clinical manifestations of

the patients, which can further explain the different manifestations in

these patients. We have excluded all the other polymorphisms related

to thrombosis. So, we propose a hypothesis that it may be the different

assembly of proteins that leads to the different clinical manifestations

in these two patients.

PB 2.57-4
Novel fibrinogen gamma-chain mutation p.Asp342Asn
(fibrinogen Pisa) associated with hepatic fibrinogen
storage disease and hypofibrinogenaemia
Robusto M1, Braidotti P1, Nastasio S2, Maggiore G2, Peyvandi F3,

Asselta R1 and Duga S1

1University of Milan, Milano; 2Universit�a di Pisa, Pisa;
3Fondazione IRCCS C�a Granda Ospedale Maggiore Policlinico,

University of Milan, Milan, Italy

Background: Type I fibrinogen deficiencies (hypofibrinogenemia and

afibrinogenemia) are rare congenital disorders characterized by low or

unmeasurable plasma fibrinogen antigen levels. Their genetic bases are

represented by mutations within the three fibrinogen genes, FGA,

FGB, and FGG, coding for Aalpha, Bbeta, and gamma fibrinogen

chains. So far, about 130 genetic defects have been reported to cause

a- or hypofibrinogenemia, but only four mutations, all located in the

fibrinogen gamma-chain gene, were shown to cause hepatic endoplas-

mic reticulum storage disease (ERSD).

Aims: To find the genetic basis of hypofibrinogenemia and to investi-

gate the possibility of hepatic fibrinogen storage disease in a 4-year-old

female with elevated serum aminotransferases.

Methods: Plasma functional and antigen fibrinogen levels were mea-

sured by an assay based on fibrin polymerisation time and by an

enzyme-linked immunosorbent assay, respectively. Mutational screen-

ing was performed by direct sequencing of PCR products covering the

coding sequence of FGA, FGB, and FGG genes. Liver histology was

evaluated by light microscopy and immunocytochemistry.

Results: The proband had concordantly reduced functional and immu-

nologic fibrinogen levels (136 and 117 mg/dL, respectively), distinctive

of hypofibrinogenemia. Molecular screening revealed the presence of a

novel heterozygous transition (c.1024G>A) in exon 8 of FGG, leading

to the p.Asp342Asn missense mutation (p.Asp316Asn, according to

the mature protein numbering). This non-conservative amino acid sub-

stitution involves a highly conserved residue located in the C-terminal

globular D-domain of the gamma chain. The same mutation was

found also in the proband’s mother and grandfather, who also had

similarly reduced plasma fibrinogen levels but no sign of liver disease.

Histological analysis of hematoxylin-eosin stained sections of proband

liver biopsy samples revealed hepatocyte cytoplasmic microvescicular

steatosis and the presence of small globular and needle-like inclusions.

These inclusions were negative with PAS-D and iron histochemical

reactions, not refracting with polarized light and not auto fluorescent.

All cytoplasmic inclusions of hepatocytes were strongly immunoreac-

tive with anti-fibrinogen antibody.

Conclusions: This work reports the identification of the fifth mutation

in the FGG gene leading to hypofibrinogenemia and liver ERSD. As

described in other families, our data confirm that the link between the

FGG mutation and ERSD is not as strong as that with hypofibrino-

genemia.

PB 2.57-5
Molecular characterization of the fibrinogen molecule
in seven unrelated patients from Cordoba, Argentina
Guglielmone H1, Minoldo S2, Jarchum G2, Rodriguez G1

and Bastos L2

1Universidad Nacional de C�ordoba, C�ordoba; 2Sanatorio Allende,

Cordoba, Argentina

Background: Inherited disorders of fibrinogen (Fg) are classified

according to a complete lack of Fg in plasma (afibrinogenaemia), a

partial deficiency (hypofibrinogenaemia) or evidence of an abnormal

circulating molecule (dysfibrinogenaemia). In addition, a mix of both

qualitative and quantitative conditions (hypodysfibrinogenaemia) has

been reported.

Aim: In the present report we describe the molecular characterization

of the Fg molecule from unrelated patients which show abnormal lab-

oratory results consistent with the presence of alterations in the Fg.

Materials and Methods: Blood samples from seven patients without

hemorrhagic or thrombotic history were analyzed by PCR using geno-

mic DNA under standard conditions. Primers were designed from the

sequence for each fribrinogen genes (GenBank accession numbers

M64982, M64983 and M10014). Activated partial thromboplastin

time (APTT), prothrombin time (PT), thrombin time (TT) and repti-

lase time (RT) were assayed on a semi-automatic coagulometer.

Plasma functional Fg (Fg:C) was performed by Clauss method and Fg

antigen (Fg:Ag) by Mancini test using specific polyclonal antibodies.

Results: All the samples analyzed showed a prolonged TT and RT

compared to normal values (42 � 15 vs. 12 � 2 s and 39 � 23 vs.

18 � 3 s respectively). According to the ratio Fg: C/Fg: Ag four

patients were included in the group of dysfibrinogenaemias

(0.39 � 0.22) and three in the hypofibrinogenaemias (0.83 � 0.13)

compared with normal values (> 0.75). In three patients with low

levels of Fg:C we found the same mutation in the gamma chain

(Phe281Leu). In the remaining patients the gamma chain showed a

described mutation (Arg275Hys) and in other cases new mutations

were found. Alpha and beta chain mutation were absent in all the

patients analyzed.

Discussion: New and known mutations in the gamma chain of Fg were

found in our cohort of patients from Cordoba, Argentina and the

most important finding was associated with the presence of Phe281Leu

mutation associated with low levels of Fg.

PB 2.57-6
Stream with high shear rate decreases tensile strength
of plasma clots
Savushkin AV

Chita State Medical Academy, Chita, Russian Federation

Coagulation problems are very important for many diseases and their

treatment. In natural conditions clotting mostly takes place into mov-

ing blood, but there is very little information in publications about

influence of a stream on properties of the clot and thrombus.

The aim of our work was to study if the stream conditions can influ-

ence on tensile strength of plasma clots.

The samples of blood were obtained from 30 volunteers. Centrifuga-

tion was used to get plasma. Clotting took place into the cell of the

special stretching measure equipment, where plasma had been flowing

before stop as the result of coagulation. After that cylindrical plasma

clot (diameter 6 mm) was slowly stretched before rupture and critical

force was registered. The clots formed in unmoving plasma were used
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as ‘the control’. Two regimes of plasma stream were examined: (i)

average shear rate was 45.4 + 15.8 (1/s); (ii) average shear rate was

55.1 + 23.0 (1/s). These speeds are natural for venous blood stream. In

control group the rupture force equaled 177 + 53 mN. In group A it

was less on 13 + 10 mN (authenticity coefficient 1.3), and in group B

it was less on 22 + 9 mN (authenticity coefficient 2.44).

Thus the clots formed in flowing plasma were shown to have less ten-

sile strength than ones formed in unmoving substrate.

PB2.58 – Other Coagulation
Factors – II

PB 2.58-1
Two novel mutations in the gamma carboxylase gene
causing VKCFD1
Watzka M, Blaurock N, Horneff S and Oldenburg J

Institute for Experimental Haematology and Transfusion

Medicine, Bonn, Germany

Background: Post-translational conversion of glutamic acid (Glu) in

gamma-glutamyl carboxyglutamic acid (Gla) is an essential step in

biosynthesis of biologically active vitamin K-dependent coagulation

factors including factor II, VII, IX, X, Protein C, and Protein S, as

well as active calcium binding proteins matrix Gla protein (MGP) and

osteocalcin (bone Gla protein, BGP). This conversion is catalyzed by

the microsomal enzyme gamma-glutamyl carboxylase (GGCX) which

requires vitamin K hydroquinone as a cofactor. The process generates

equimolar amounts of vitamin K 2,3-epoxide, which in turn is reduced

by vitamin K 2,3-epoxide reductase complex subunit 1 (VKORC1) to

vitamin K quinone and further to vitamin K hydroquinone in the vita-

min K cycle. Combined deficiency of these factors (VKCFD) is caused

by defects in either GGCX or VKORC1 and represents a very rare

autosomal recessive disorder.

Methods: Direct sequencing of VKORC1 and GGCX genes was

applied for mutation detection in a 13 year old girl originating from

Germany. Vitamin K dependant coagulation factor activity was signif-

icantly diminished. Furthermore, the girl was presented with atrial

septal defect, supra valvular pulmonary stenosis, cochlear hearing loss,

hypertelorism, short-neck, flat nasal bridge, and underdeveloped ear

helix. Treatment with 20 lg vitamin K/day results in mostly normal

VKD coagulation factor activity. This study was approved by the local

ethics committee and informed consent was obtained prior to genetic

analysis.

Results: In our patient, two compound heterozygous mutations in

GGCX gene were detected (p.Ser284Pro; p.Trp315*). Thus, VKCFD1

can be diagnosed as cause of combined vitamin K dependant coagula-

tion factor deficiency.

Conclusions: Due to its type, the nonsense mutation p.Trp315* must

be considered causative for the observed phenotype. The missense

mutation Ser284Pro to date has also not been reported, the sequence

around Ser284 is highly conserved and therefore functional relevance

is likely. Indeed, this region forms part of the interface of the fourth

transmembrane helix and the second ER-lumenal loop. As the result-

ing proline due to its structure is known as a ‘helix-breaker’, the

observed mutation might result in a disturbed topology of this enzyme.

The reported defects in heart, bone, and cartilage development most

probably are result of missing gamma-carboxalation of MGP, BGP,

and periostin. Treatment with high doses of vitamin K normalises

function of vitamin K dependent coagulation factors.

PB 2.58-2
Real-life use of high and standard initial doses of
activated recombinant Factor VII (rFVIIa) in patients
with haemophilia A and B with inhibitors – data from
the UKHCDO/NHD registry
Hay CRM1, Bjerre J2 and Dolan G3

1Manchester Royal Infirmary, Manchester, UK; 2Novo Nordisk,

Bagsværd, Denmark; 3Queens Medical Centre, Nottingham, UK

Background: Activated recombinant FactorVII (rFVIIa) is an estab-

lished treatment for bleeding episodes in haemophilia patients with

inhibitors. In the United Kingdom, rFVIIa is recommended at stan-

dard (3 9 90 lg/kg) or high (1 9 270 lg/kg) doses, the latter provid-
ing more rapid but equally effective control of bleeding. When

licensing the higher dose,EMA requested post-marketing surveillance

for thrombosis in patients receiving high-dose regimens.

Aims: A post-marketing surveillance study was conducted by the UK

National Haemophilia Database to assess the use and safety of low

and high initial rFVIIa doses.

Methods: The UK National Haemophilia Database (NHD) collected

treatment and safety data prospectively on patients treated with

rFVIIa from UK centres and submitted this quarterly to Novo Nor-

disk for transmission to EMA between 1/1/08 and 30/6/11. Safety data

included adverse drug reactions. Dosage was decided by the managing

clinician. The initial rFVIIa dose was categorised as low (≤ 90 lg/kg),
intermediate (90–180 lg/kg) or high (180–270 or ≥ 270 lg/kg). A sin-

gle-dose regimen was defined as one dose per >26 h. The study was

conducted in accordance with the Declaration of Helsinki and was ter-

minated when the EMA were satisfied.

Results: In total, 139 patients received rFVIIa for 1356 treatment epi-

sodes. Sixty-seven patients with haemophilia A or B were treated for

1057 (78%) episodes (median 7.0 episodes/patient, range 1–124).
Ninety-nine percent (1048) of episodes occurred in inhibitor patients.

Most (1009 episodes) were treatments, on demand, for non-surgical

bleeding. A high initial rFVIIa dose (≥ 180 lg/kg) was used for 406/

1057 (38%) of episodes, while 51% of episodes were treated with lower

rFVIIa doses (≤ 90 lg/kg, 16%; 90–180 lg/kg, 35%; incomplete data,

11%). Higher initial doses tended to be used in haemophilia patients

compared with other bleeding disorders (median 146.3 vs. 39.1 lg/kg;
mean 178.4 vs. 60.0 lg/kg). Forty-seven (70%) patients and 539

(51%) episodes were treated with a single dose of rFVIIa, representing

the most frequently-used regimen. In patients with any bleeding disor-

der, a single rFVIIa dose was ≥ 180 lg/kg suggesting a reduced need

for repeat dosing when higher-dose regimens are used. The duration of

treatment (median 2.5 h, range 2.5–1616.5) and number of required

doses (median 1; range 1–88) were also lower when initial doses

≥ 180 lg/kg, were used compared with lower doses (90–180 lg/kg:
median duration of treatment 5.1 h [range 2.5–2498.7], median num-

ber of required doses 2 [range 1–131]). No adverse drug reactions,

including thromboembolic events, disseminated intravascular coagula-

tion or anti-rFVIIa antibody formation, were reported in any patient.

Conclusions: Real-life data for the use of rFVIIa in patients with hae-

mophilia with inhibitors shows that a single dose is the most frequently

used regimen, especially with higher initial doses, and that the use of

higher initial dosing is associated with reduced treatment duration. No

thromboses or adverse drug reactions were reported for any rFVIIa

treatment or dosage. These data suggest that a high rFVIIa dose is

effective for treating bleeding episodes, decreases the number of doses

and duration of treatment without compromising safety.
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PB 2.58-4
Recovery of factor XIII and thromboelastometry during
pregnancy in a case of severe factor XIII deficiency
Poulsen LH, Larsen OH and Funding E

University Hospital of Aarhus, Aarhus, Denmark

Background: Severe factor XIII (FXIII) deficiency is a rare congenital

disorder associated with bleeding and spontaneous abortion, unless

replacement therapy is initiated early in pregnancy. Based on case

reports the recommendation is to maintain a FXIII level above 10%

from 5 weeks of gestation, but the ideal dose to secure pregnancy

remains to be elucidated. In vitro studies using global coagulation

assays such as thromboelastometry show significant alteration of coag-

ulation kinetics in FXIII-spiked whole blood. Thromboelastometry

may provide additional useful information on clot formation and sta-

bility in FXIII-deficiency, however, published data are sparse.

Aims: In a case of severe FXIII deficiency, we report the usefulness of

thromboelastometry in addtion to FXIII recovery measurements in

the successful management of pregnancy and delivery.

Methods and Results: A 31-year old woman weighing 95 kg with a typ-

ical history of recurrent miscarriages was referred to our department

for coagulation analyses. She was diagnosed with severe FXIII subunit

A deficiency with a FXIII antigen level of < 1% (HemosILTM). At the

time of diagnosis she was pregnant gestation week 8 with discrete vagi-

nal bleeding and replacement therapy with plasma derived FXIII (Fi-

brogammin�) was started immediately. Bleeding ceased, and there

were no further complications. Initially, the patient visited the out-

patient clinic every week with repeated evaluation of recovery by mea-

surement of FXIII antigen level. The suggested starting dose of 250 ie

FXIII weekly had to be increased to 500 ie before an acceptable trough

level close to 10% was achieved. Subsequently recovery was performed

every second week. From gestation week 27 the dose was further

increased to 750 i.e. weekly. Due to the increasing FXIII demands and

a continuous propensity for epistaxis, whole blood thromboelastome-

try (ROTEM�) was performed before and after in vivo FXIII replace-

ment in parallel with FXIII recovery in week 33. Standard assays in

addition to a low tissue factor assay was applied and normal whole

blood clot formation and stability was observed following in vivo

replacement in concordance with the FXIII recovery. Hence, the dos-

ing was considered safe and maintained unchanged. Before delivery by

sectio gestation week 40 the patient received 1500 i.e. of FXIII, and

there were no excess bleeding.

Conclusion: The required dose of FXIII replacement to maintain

FXIII levels above 10% was higher than reported in most cases, prob-

ably due to the patients increased bodyweight. As expected dose

requirements increased during the pregnancy. These observations

underscore the necessity of individualized coagulation monitoring dur-

ing the entire pregnancy. Furthermore, evaluation by thromboelas-

tometry aided dose adjustment and is a useful supplement to FXIII

antigen measurements.

PB 2.58-5
Health-related quality of life in hemophilia patients
with inhibitors receiving prophylaxis with anti-
inhibitor coagulant complex (AICC): results from AICC
prophylaxis study
Stasyshyn O1, Antunes S2, Mamanov V3, Ye X4, Xiong Y4

and Tangada S4

1Institute of Blood Pathology and Transfusion Medicine, Liviv,

Ukraine; 2UNIFESP, Sao Paulo, Brazil; 3Hematology Research

Center of the Russian Academy of Medical Sciences, Moscow,

Russian Federation; 4Baxter Healthcare, Deerfield, IL, USA

Background: Hemophilia patients with inhibitors face significant chal-

lenges in controlling bleeds and are at high risk for arthropathy which

may impact health-related quality of life (HRQoL).

Aims: This analysis aimed to determine whether prophylactic treat-

ment with FEIBA (AICC) for hemophilia patients with inhibitors

improved HRQoL compared to on-demand treatment as well as the

impact of annual bleed rates (ABRs) on HRQoL.

Methods: A one-year prospective, randomized, open-label and parallel

clinical study was conducted to compare the efficacy, safety, and

HRQoL of prophylactic vs. on-demand treatment in hemophilia A or

B patients with high-titer inhibitors and ≥ 12 bleeds a year. All

patients gave informed consent and the study was conducted accord-

ing to the Declaration of Helsinki and its amendments. Patients were

randomized into two study arms: prophylaxis 85 � 15 U/kg every

other day vs. on-demand over a course of 12 months. HRQoL was

assessed using the EQ-5D (age ≥ 14 years), hemophilia-specific QoL

instruments: Haem-A-QoL for adults (age ≥ 16 years) and Haemo-

QoL for pediatrics (age < 16 years), and Visual Analogue Scale (VAS)

for Pain (age ≥ 12 years). HRQoL was collected at baseline, 6-month

and termination for each arm. HRQoL changes from baseline to ter-

mination were compared between the two arms using the Student t-test

and were interpreted as being clinically meaningful if they exceeded

their respective minimally important difference (MID) threshold.

Regression for repeated measure using data at baseline, 6-month and

termination was conducted to assess the impact of ABRs on physical

HRQoL.

Results: Thirty-six subjects (mean age = 27.4 years) met the study cri-

teria, of these, 17 received prophylaxis and 19 received on-demand

treatment. After 12 months of follow up, patients on prophylaxis

reported a mean improvement of 0.075 on EQ-5D index score and

15.7 on EQ-5D VAS, both larger than the established MIDs for these

measures (0.07 and 7, respectively). Little change in EQ-5D scores was

seen in the on-demand arm. The EQ-5D health profile showed that a

larger percentage of patients reported improved function compared to

the on-demand patients, particularly in mobility (16.7% vs. 6.3%),

self-care (25.0% vs. 6.3%), and usual activities (25.0% vs. 12.5%).

With regard to Haem-A-QoL, prophylaxis, not on-demand, patients

reported improvement in physical HRQoL (21.9) and overall HRQoL

(9.5) larger than estimated MID thresholds (11.4 and 7.7, respectively).

For Haemo-QoL, analysis was limited due to the small number of

pediatric patients who completed the questionnaire. In addition, pro-

phylaxis patients showed a larger reduction in general pain as com-

pared to on-demand patients (23.2 vs. 5). While no statistically

significant differences in HRQoL were found between the treatment

arms, this study was not statistically powered to detect the difference

in these parameters. When controlling for age and time, ABR was

found to have significant negative impact on hemophilia-related physi-

cal HRQoL (P < 0.05). Patients experienced higher ABRs had signifi-

cantly worse physical HRQoL than those with lower ABRs.

Conclusions: Patients on prophylaxis showed greater improvement in

HRQoL than those who received on-demand treatment. In addition,

reduced ABRs led to better physical HRQoL among hemophilia

patients with inhibitors.
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PB 2.58-6
Plasma levels of factor VIIa-antithrombin complex in
normal pregnancy and in patients with pre-eclampsia
Spiezia L, Visentin S, Radu C, Bon M, Woodhams B, Cosmi E

and Simioni P

University of Padova, Padova, Italy

Background: Increasing tissue factor (TF)-dependent activity has been

reported to occur both during normal pregnancy and in patients who

develop pregnancy complications (e.g. pre-eclampsia (PE)). During

normal pregnancy there is a progressive increase in TF dependent

activity as the pregnancy advances making it difficult to differentiate

the advance of normal pregnancy from the development of pregnancy

complications like PE. Simple diagnostic tests are needed that may

give early warning of developing complications so that earlier treat-

ment can be initiated. At present no sensitive routine tests for TF

activity is available, probably as a consequence of the low concentra-

tions of TF in the circulation. In normal subjects, TF activity is consid-

ered to be < 10 pM, much lower than the sensitivity of any present

available routine assay. One approach that could be used is to use an

assay that can indirectly reflect increasing TF activity. One candidate

for this may to measure the plasma levels of factor VII-antithrombin

complex (FVIIa-AT). FVIIa-AT has been shown to reflect the degree

of intravascular exposure and production of TF and may thus have

some utility in monitoring pregnancy.

Aim: A case-control study to evaluate plasma levels of FVIIa-AT and

FVIIa during normal pregnancy and in patients with PE.

Methods: One hundred and five pregnant women referred to the Sec-

tion of Maternal Foetal Medicine of University Hospital of Padua,

were entered into the study. These included n = 30 women in the first

(T1), n = 30 in the second (T2), n = 30 in the third (T3) trimester of

pregnancy and 15 women with PE. As controls samples were collected

from 30 normal non-pregnant women. Samples were only collected

after obtaining informed consents from the patients.

FVIIa-AT complex levels were determined in plasma using a specific

ELISA and FVIIa measured using a clot based assay based on activa-

tion by truncated TF (both from Diagnostica Stago, Asnieres,

France).

Results: Plasma FVIIa-AT complex levels (mean � standard devia-

tion, SD) were significantly higher in pregnant (119 � 24pM) than in

healthy (103 � 18pM, P = 0.001) women. FVIIa-AT increased with

advancing pregnancy but the increase did not reach statistical signifi-

cance. No significant difference in FVIIa-AT levels between women

during T3 and with PE was observed. FVIIa levels were stable through

out pregnancy but were found to be lower in PE (this decrease did not

reach statistical significance). Women with PE had significantly higher

FVIIa-AT/FVIIa ratio than women during T3 and this change was

statistically significant (2.01 � 0.44 vs. 1.50 � 0.29, P = 0.001).

Conclusion: Increased levels of FVIIa-AT were found in normal preg-

nancy reflecting the expected increase in TF activity. Using either the

FVIIa-AT or FVIIa assay alone, could not be used to discriminate

patients with PE from advancing normal pregnancy. This study did

show that the FVIIa-AT/FVIIa ratio may have clinical utility for

detection of PE. Further studies are needed to confirm our results and

to see if the increase in FVIIa-AT/FVIIa ratio has clinical utility in

predicting the occurrence of PE. Studies are also needed to see if

this method can detect developing PE at an earlier stage than present

methods.

PB2.59 – Regulation of Coagulation
and Fibrinolysis – II

PB 2.59-1
Acute atherothrombotic stroke is not associated with
systematic enhancement of thrombin generation
Gerotziafas T1, Psychogios K2, Vemmos K2, Vandreden P3

and Elalamy I1

1Tenon University Hospital, Paris, France; 2Acute Stroke Unit,

Alexandra Hospital, University of Athens, Athens, Greece;
3Research and Development, Diagnostica Stago, Gennevilliers,

Paris, France

Background: Thrombosis and atherosclerosis are major contributors

to the development of ischemic atherothrombotic stroke. However

thrombosis is more than a local reaction leading to the obstruction of

the atherosclerotic vessel or the embolization of the vessels above the

atherosclerotic lesion. We hypothesised that arterial thrombosis trig-

gered by plaque rupture is related to a generalized hypercoagulable

state. In the present study we explored the evolution of thrombin gen-

eration in acute ischemic stroke patients.

Methods: We enrolled 21 patients with ischemic stroke. Eligibility cri-

teria were: age > 18 years, first-ever in life stroke of atherosclerotic

origin, symptom onset < 3 h before admission. Exclusion criteria: non

atherothrombotic stroke (i.e. lacunar, cardioembolic,cryptogenic),

liver or renal insufficiency, active cancer and recent chemotherapy,

rheumatoid disease, VKA, UFH or LMWH treatment during the last

15 days, contraindications to antiplatelet treatment. Platelet Poor

Plasma (PPP) samples were tested with Calibrated Automated

Thrombogram using PPP-5pM TF reagent. Samples were obtained at

the following time-points: T1: on admission (after the confirmation of

the diagnosis of acute stroke); T2: 12 h and T3: 24 h after initiation of

aspirin; T4: at discharge from the stroke unit at 10 days after treat-

ment initiation. Patients received prophylaxis LMWH after T3. The

control group consited of 21 age and sex-matched healthy individuals.

The endogenous thrombin potential (ETP), the Peak and the mean

rate index (MRI) of TG were analysed.

Results: At inclusion (T1), thrombin generation was not significantly

different between acute stroke patients and the control group. At time

points T2, T3 and T4 thrombin generation was not significantly differ-

ent as compared either to T1 or to the control group. s well as was sim-

ilar between controls and patients at time-points 1, 2 and 3. At time

point 4 a significant increase of ETP was observed, compared to the

control group and to the previous time points. A significant increase

was observed for the Peak of thrombine at time point 1 and 4. TtPeak

was slightly shorter at time-point 1. The mean rate index (MRI) of the

propagation phase of thrombin generation was significantly lower in

patients (at each studied time point) compared to the control group.

Conclusion: The present study demonstrates that patients with athero-

thrombotic stroke do not present biological signs of activation of

blood coagulation either at the acute phase or during the hospitaliza-

tion period. These data support the concept of the preponderance of

platelet activation in the pathogenesis of acute atherothrombotic

stroke.
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PB 2.59-2
A novel methodology for modulation of fibrin clot
lysis: the role of fibrinogen-targeted artificial binding
proteins
King R, Tiede C, McPherson M, Manfield I, Fishwick C,

Tomlinson D and Ajjan R

Leeds University, Leeds, UK

Background: Cardiovascular disease (CVD) remains the main cause of

morbidity and mortality in the developed world. Fibrin clot structure

and fibrinolysis can determine predisposition to CVD and manipulat-

ing the prothrombotic environment can reduce the risk of vascular

events. However, current treatment strategies are only partially effec-

tive at reducing the thrombotic milieu, and frequently associated with

adverse events secondary to bleeding. Therefore, identification of new

therapeutic targets is necessary to reduce thrombosis potential in high

risk subjects.

Aims: The aim of the research was to utilise an artificial binding pro-

tein (adhiron) phage display library to screen fibrinogen for binding

peptides that could interfere with clot lysis, in particular interaction

with plasminogen inhibitor (PI).

Methods: A phage display library consisting of two loops of nine

amino acids, constrained in a protein scaffold was used to screen

against fibrinogen (library size: 1010 adhirons). After multiple rounds

of panning, high affinity binding adhirons were released by the addi-

tion of excess PI. To determine if the adhirons were acting at function-

ally relevant sites, fibrinogen-binding adhirons were tested in

turbidimetric assays using plasma and purified systems. Time from full

clot formation to 50% lysis was taken as clot lysis time. In a plasma

system, adhiron/fibrinogen molar ratio was kept at 5:1, whereas this

ratio was reduced to 2:1 in the purified system.

Results: Numerous adhirons were seen to bind fibrinogen and there-

fore only those with the highest binding affinities were tested, includ-

ing a total of eight adhirons. In a plasma system, time to 50% clot

lysis was 840 s, with four adhirons increasing this by a mean of 894 s

(range 144–1872). One adhiron abolished clot lysis, another adhiron

reduced clot lysis by 48 s whereas two had no effect. We then tested

adhirons that prolonged, reduced and had no effect on plasma clot

lysis in a purified system, both in the presence and absence of PI.

In a purified system and in the absence of PI, adhiron A2 prolonged

clot lysis from (mean � SD) 648 � 34 to 996 � 85 s (P < 0.05),

whereas adhirons G2 and G4 had no significant effect at 708 � 51 and

672 � 34 s, respectively. Clot lysis time in the presence of PI was

1332 � 85 s, which was further increased to 2016 � 68in the presence

of adhiron A2, whereas G4 had the opposite effect with clot lysis time

reduced to 1152 � 68 s (P < 0.05). G2 had no significant effect on PI-

mediated prolongation of clot lysis (1356 � 51 s).

Summary: The use of a phage display system allows rapid screening of

proteins with numerous random peptides for the investigation of coag-

ulation protein interactions. In this instance the interactions between

fibrinogen and PI were analysed. We discovered two adhirons that

bind to fibrinogen at functionally active sites and were capable of

enhancing and reducing the effects of PI respectively. These adhirons

could be the focus of novel therapeutic agents for thrombotic disorders

and may even be beneficial in those with bleeding tendencies.

PB 2.59-3
Bradykinin enhances sympathetic nerve-induced
cardiac tPA release possibly by transactivation of the
b2-adrenergic receptor
Aspelin T, Eriksen M, Carlson CR, Ilebekk A and Lyberg T

Department of Medical Biochemistry, Oslo University Hospital,

Ullev�al, Oslo, Norway

Background: Both infusion of the endogenous vasodilator bradykinin

(BK) and stimulation of cardiac sympathetic nerves (SS), induce car-

diac tPA release. Electrophysiological studies on transfected frog oo-

cytes have shown that BK-receptor 2 (BK2R) and b2-adrenergic
receptors (b2-AR) form heterodimers which may allow cross-talk

between the receptors, and transactivation of b2-AR by BK (KK Ha-

ack et al, 2010). However, clinical consequences of this receptor inter-

action have so far not been shown.

Aims: In the present study in pigs, we investigated in vivo the interplay

between BK and SS stimulation on cardiac tPA release, and further-

more if ß-blocker had an effect on this potential interaction. Finally,

we examined interaction between BK2R and b2-AR in left ventricular

myocardium (LV).

Methods: Six pigs were subjected to 4 min of electrical SS1. Thirty min

later, 9 min of coronary BK1 infusion was given, and the last 4 min

with simultaneous SS2 (BK1/SS2). Subsequently, b-blocker (proprano-
lol) was given and the stimulations were repeated (BK2 and BK2/SS3).

Blood was collected frequently and simultaneously from a shunt in the

adjacent coronary vein and from the femoral artery, and cardiac tPA

release was determined. Mean of three samples in each stimulation

period was used to estimate total tPA release. Co-immunoprecipita-

tion studies in lysates from isolated LV biopsies were performed using

antibodies against b2-AR and BK2R.

Results: SS1 induced a 6.3 � 2.2-fold increase in tPA release compared

to baseline, whereas BK1 induced a 13.2 � 4.8-fold transient increase

in tPA release with return to baseline (at 3 min) despite continuing BK

infusion, probably due to desensitization. At this point of BK-desensi-

tization, SS2 combined with continued BK infusion induced

13.5 � 4.7-fold increase in cardiac tPA release, an increase of

2.3 � 0.3-fold as compared to SS1. Following b-blockade, BK2 and

BK2/SS3-induced tPA release was not significantly different from base-

line release. BK2R co-precipitated with b2-AR demonstrating interac-

tion between BK2R and ß2-AR in LV.

Summary/Conclusions: The present study demonstrates physical inter-

action between BK2R and ß2-AR in pig LV myocardium. Despite

desensitized BK2R in vivo, BK still enhanced SS-induced cardiac tPA

release indicating BK-transactivation of b2-AR. b-blocker seemed to

inhibit both BK and combined BK/SS-induced tPA releases. Impor-

tantly, this is the first in vivo study showing interplay between SS and

BK stimulation through BK-transactivation of ß2-AR, i.e. heterodi-

merized with BK2R, thus leading to enhanced SS-induced cardiac tPA

release.

PB 2.59-4
Processed vs. pooled plasma enhances thrombin
generation and reduces tissue factor pathway inhibitor
Jouppila A1, Sandset PM2 and Lassila R3

1HUCH Research Institute, Helsinki, Finland; 2Oslo University

Hospital, Oslo, Norway; 3Helsinki University Central Hospital,

Helsinki, Finland

Background: Standardized solvent/detergent treated pooled human

plasma (Octaplas�, Octapharma) is indicated for the management of

bleeding patients requiring replacement of multiple plasma coagula-

tion factors, for patients with coagulation deficiencies due to hepatic

disease, for patients undergoing cardiac surgery or liver transplanta-

tion, and for the treatment of thrombotic thrombocytopenic purpura

(plasma infusion or plasma exchange). Severe protein S deficiency is a

contraindication for administration of plasma, the reason being histor-

ical coincidence of thromboembolic complications. However, the

mechanism behind this contraindication remains uncertain, as the lev-

els of natural anticoagulants in Octaplas� are reported to represent

normal references.

Aim: Our aim was to study thrombin generation capacity and the con-

tent of tissue factor pathway inhibitor (TFPI) in various plasma sam-

ples.

Methods: As plasma samples Octaplas�, standard human plasma

(SHP, Siemens) for clinical chemistry grade and pooled unprocessed
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plasma (PP) (both fresh and freezed) were used. Thrombin generation

was measured with calibrated automated thrombogram (CAT,

Thermo Labsystems) in the absence of corn trypsin inhibitor and free

and total TFPI antigen with specific ELISA (Asserachrom� Free

TFPI, and Total TFPI, Stago). The lipid content regarding total cho-

lesterol, triglycerides (TG), low (LDL) and high density lipoproteins

(HDL) and protein S free antigen and protein C activity were mea-

sured with routine techniques and APTT with coagulometer (Amelung

KC4, Sigma) using Actin FSL reagent (Siemens).

Results: APTT baseline results were similar, 35, 30 and 30 s in Octa-

plas�, SHP and PP, respectively. In CAT, however, all variables indi-

cated enhanced thrombin generation in Octaplas�; time to peak

(ttpeak) was 4 s and peak 280 nM, in SHP ttpeak was 7 s and peak

225 nM, while in PP ttpeak was 8 s and peak only 155 nM (65% of

that with Octaplas�). Total TFPI concentration was compatible with

the CAT data. In PP total TFPI was highest, 53.7 ng/mL and free

TFPI was 12.5% of the total. In Octaplas� (two batches, blood group

O and A) total TFPI was 60% less, being 33.4 and 36.7 ng/mL, respec-

tively, but free TFPI was 25% of the total. In SHP total TFPI was

45.7 ng/mL free TFPI representing 25%. The lipid content was the

lowest in Octaplas� (TG 0.65; LDL < 0.1; HDL 0.49 mM) in compari-

son to SHP (TG 1.02; LDL 2.0; HDL 0.97 mM) and PP (TG 0.86;

LDL 2.5; HDL 1.55 mM). Protein S free antigen and protein C activ-

ity were 81% and 103% in Octaplas�, 90% and 98% in SHP and 95%

and 125% in PP, respectively.

Conclusions: Octaplas� demonstrated most thrombin generation and

least TFPI antigen concentration in comparison with SHP and pooled

plasma. This finding may bear implications in patients with deficien-

cies of natural anticoagulants, and suggest that Octaplas� units are

effective already at smaller quantities.

PB 2.59-5
Resveratrol and its dimers down-regulate protein S
mRNA expression in HepG2 cells
Tsuda H1, Nakazono E1, Sata S1, Kishi A2, Matsukawa T2

and Ohnuki K3

1Nakamura Gakuen University, Fukuoka; 2Mikakuto Co., Ltd.,

Osaka; 3Kyushu Nutrition Welfare University, Kitakyushu, Japan

Background: Protein S is an anticoagulant factor that acts as a cofactor

of activated protein C and its plasma level is decreased in high-estro-

gen conditions such as pregnancy and oral contraceptive use. Protein

S deficiency is known to be genetic as well as environmental risk factor

for venous thromboembolism. Resveratrol (3,5,4′-trihydroxy-trans-
stilbene), a phytoestrogen in red wine and various plants, has been

reported to possess many health benefit effects including anti-atherosc-

relotic, anti-cancer and anti-aging effects. We previously demonstrated

that resveratrol down-regulates protein S expression in HepG2 cells

independently of estrogen receptor (Hiroto Y. et al. Thromb Res

2011;127:e1-e7).

Aims: This study aimed to determine whether the newly synthesized

resveratrol dimers, having no affinity with estrogen receptor, affect

protein S expression in HepG2 cells.

Methods: The resveratrol dimers, UHA4002 and UHA4003, were pre-

pared by heat-treatment of resveratrol in alkaline solution, followed

by purification with reverse-phase HPLC and a LH-20 gel-column.

The structure of the dimers was determined by the physical data of

nuclear magnetic resonance and mass spectrometry. HepG2 cells were

incubated with resveratrol and resveratrol dimers, and then the

mRNA expressions of protein S, protein C and b chain of C4b-binding

protein (C4BP-b) were analyzed by reverse transcription-polymerase

chain reaction using a Thermal Cycler Dice Real Time System (Taka-

ra).

Results: One hundred mM resveratrol down-regulated protein S

mRNA expression in HepG2 cells to about 30% of control (0.1%

DMSO); however, protein C and C4BP-b mRNA expressions were

not affected, as previously reported. At a concentration of 10 mM,

both UHA4002 and UHA4003 down-regulated protein S mRNA

expression to 40–50% of control; while resveratrol showed no effect.

Although C4BP-b mRNA expression was not affected by resveratrol

dimers, protein C mRNA expression was inhibited by 10 mM

UHA4003.

Conclusion: Both resveratrol dimers down-regulated protein S mRNA

expression in HepG2 cells at a concentration of less than one-tenth of

resveratrol, furthermore, UHA4003 suppressed protein C mRNA

expression. These two dimers conserve the two hydroxyls at carbon-3

and -5 of resveratrol, which may be prerequisite for the protein S

mRNA suppression by resveratrol and its dimers.

PB 2.59-6
Twelve weeks of daily exercise reduces thrombin
generation in young, overweight males
Gram AS1, Skov J2, Bladbjerg E-M2, Ploug T1, Sj€odin A1

and Stallknecht BM1

1University of Copenhagen, Copenhagen; 2University of Southern

Denmark, Esbjerg, Denmark

Background: Physical activity has several acute effects on blood coagu-

lation. Notably, enhancement of coagulation can be detected immedi-

ately after exercise. Much less is known about the effects of long-term

exercise programs on coagulation variables, some of which are risk

markers for cardiovascular disease (CVD). Obesity is an important

risk factor for CVD, and treatment of obesity is challenging and the

results often disappointing. Therefore, individuals who are overweight

but not yet obese constitute a subpopulation that undoubtedly has a

potential of benefit regarding primary CVD prevention.

Aims: We hypothesized that 12 weeks of strictly controlled exercise

with-out diet modification would induce changes in thrombin genera-

tion in plasma from moderately overweight subjects. The present study

aimed to quantify these changes and investigate whether the effects of

exercise on thrombin generation were dose-dependent.

Methods: A total of 61 overweight (BMI: 25–30, percentage body fat:

≥ 25%) and sedentary (VO2 max < 45 mL/min/kg) male subjects

between 20 and 40 years were randomized to one of three groups. One

group was instructed to perform aerobic exercise corresponding to

600 kcal/day (~60 min/day, HIGH), another to perform aerobic exer-

cise corresponding to 300 kcal/day (~30 min/day, MOD) and the last

to maintain their habitual lifestyle (CON). Three times per week, the

subjects in the HIGH and MOD groups exercised at an intensity above

70% of VO2 max. The subjects were monitored throughout the pro-

gram and instructed not to change their dietary habits. Fasting venous

blood samples were collected before and after the intervention.

Thrombin generation was assessed by the automated calibrated

thrombogram method.

Results: The 12-week intervention was completed by 53 individuals,

who showed excellent training compliance (MOD: 98.9%; HIGH:

96.1%). There were no significant differences in the measured variables

between the three groups at baseline. The exercise-induced reduction

in body weight (MOD: �3.6 kg, P < 0.01; HIGH: �2.7 kg, P < 0.01)

and increases in aerobic capacity were significant in the HIGH and

MOD, but not the CON group. The endogenous thrombin potential

(ETP) was significantly reduced in the HIGH (2164 nM*min vs.

2001 nM*min, P = 0.038, n = 18) and MOD (2224 nM*min vs.

2044 nM*min, P < 0.01, n = 18), but not in the CON (2144 nM*min

vs. 2179 nM*min, P = 0.24, n = 17) group. The changes in ETP were

not significantly different between the HIGH and MOD group (�163

vs. �180 nM*min; P = 0.85). However, when the CON group was

compared with the HIGH and MOD group combined, the change in

ETP differed significantly (33 vs. �174 nM*min, P = 0.02).

Conclusions: We found that young, overweight men following an

intensive exercise program for 12 weeks had a significant reduction of

around 8% in ETP. The reduced coagulability is of clinical interest,
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since it could reflect a reduced risk for CVD. Notably, this effect was

not dependent on dose of exercise, since the reductions in ETP in the

HIGH and MOD group were similar, but different from the CON

group. Further studies are needed to elucidate whether the observed

effects can be ascribed to exercise alone or the induced weight loss.

PB2.60 – Cancer and Thrombosis –
V

PB 2.60-1
High resolution transcriptomic analysis of trousseau
syndrome
Dalkilic S1, Ozkeserli Z1, Ilk O2, Oguzulgen IK3, Akar N4

and Ozdag H1

1Ankara University Biotechnology Institute; 2Middle East

Technical University; 3Gazi University; 4TOBB ETU Hospital,

Ankara, Turkey

Background: As first described by Armand Trousseau in 1865, there is

a strong association between cancer and venous thromboembolic dis-

ease. This association has been validated in several studies demonstrat-

ing high incidence of malignancy in individuals who present

unprovoked venous thromboembolism. Although this association has

been validated by recent studies, its underlying molecular mechanisms

remain elusive.

Aims: In this study we have examined the association between cancer

and venous thromboembolism with the objective to determine whether

idiopathic thromboembolism, cancer, cancer plus thromboembolism

cases and healthy controls have a specific molecular signature charac-

terizing each of these groups.

Methods: One hundred and twenty blood samples (30 idiopathic

venous thromboembolism, 30 epithelial cancer, 30 epithelial cancer

plus venous thromboembolism and 30 healthy controls) were recruited

in this study. Peripheral blood samples were collected in PAXgene

tubes. Total RNA was isolated by PAXgene Blood RNA Kit accord-

ing to manufacturer’s instructions. RNA quantity was assessed spec-

trophotometrically (NanoDrop). RNA integrity was checked on

Agilent Bioanalyzer using RNA 6000 Nano Kit. cRNA samples were

prepared using Affymetrix GeneChip 3′ IVT Kit. RNA samples were

hybridized to Affymetrix GeneChip HGU-133 Plus 2.0 arrays. CEL

files were analysed by dCHIP software. Differentially expressed gene

lists were obtained for each comparison after the quality control, pre-

processing, variance filtering steps. Functional annotation cluster and

pathway analyses were conducted on DAVID bioinformatics

resources.

Results: We have determined differentially expressed gene sets for each

pairwise comparison using rigorous bioinformatic analyses. The num-

ber of genes in these sets was 278 for Cancer vs. Control, 98 for Cancer

vs. Idiopathic Venous Thrombosis, 217 for Cancer plus Thrombosis

vs. Control, 122 for Idiopathic Venous Thrombosis vs. Cancer plus

Thrombosis, 331 for Idiopathic Venous Thrombosis vs. Control, 147

genes for Cancer vs. Cancer plus Thrombosis groups. Hierarchical

cluster analysis showed that these gene sets were able to distinguish

four sample groups from each other. Pathway and gene ontology anal-

yses demonstrated that the genes in differentially expressed gene sets

mostly belong to cancer, spliceosome, Jak-Stat signaling pathway and

Leukocyte migration pathways.

Conclusions: In this exploratory study, we have identified specific gene

expression profiles that are able to distinguish the four sample groups

from each other. The ongoing confirmatory experiments along with

gene ontology and pathway analyses of these gene expression profiles

will shed light on the pathology of Trousseau syndrome.

PB 2.60-2
Estrogens downregulate TFPI expression in breast
cancer cells
Ali HO1, Stavik B1, Dørum E1, Iversen N2, Sandset PM1

and Skretting G1

1Research Institute of Internal Medicine, Rikshospitalet; 2Oslo

University Hospital, Ullevaal, Oslo, Norway

Background: Estrogens influence the pathology and development of

hormone-sensitive cancers such as breast, ovarian and endometrial

cancers. Tissue factor pathway inhibitor (TFPI) is a Kunitz-type serine

protease inhibitor of the extrinsic coagulation pathway and has

recently been associated with breast cancer cell development. More-

over, low levels of TFPI have been detected in the plasma of healthy

post-menopausal women receiving hormone replacement therapy

(HRT), indicating a possible link between estrogen and TFPI.

Aims: To investigate how estrogen and estrogen analogues may regu-

late TFPI expression.

Methods: Estrogen receptor alpha (ERa) expressing cells (MCF-7) and

ERa negative cells (MDA-MB-231) were treated with estrogen and

different estrogen analogues and the relative expression of TFPI

mRNA and protein was measured using qRT-PCR and ELISA,

respectively. Transient ERa overexpression in MDA-MB-231 and

downregulation in MCF-7 cells was induced by cDNA and siRNA

transfections, respectively, and was followed by stimulation with estro-

gens. Luciferase reporter gene constructs were used to evaluate

whether the effects of estrogens were mediated through the TFPI pro-

moter.

Results: The relative expression of TFPI mRNA and protein was sig-

nificantly downregulated by more than 50% after 6 h incubation fol-

lowing treatment with 17b- estradiol (E2) and another potent estrogen

agonist, 17a-ethynylestradiol (EE2), in ERa expressing MCF-7 cells,

but not in the ER negative MDA-MB-231 cells. Moreover, TFPI

mRNA was unaffected by raloxifene, a selective estrogen receptor

modulator (SERM). The E2 mediated downregulation of TFPI

mRNA was abolished by fulvestrant, an estrogen receptor antagonist.

Furthermore, the downregulation of TFPI was not dependent on

newly synthesised proteins suggesting that the estrogen mediated

downregulation of TFPI may be through the ERa receptor. Overex-

pression of ERa in MDA-MB-231 cells induced E2 mediated downre-

gulation of TFPI mRNA. Results from on-going ERa knockdown

studies in MCF-7 cells and TFPI promoter activity assays will also be

presented.

Conclusions: Estrogens significantly downregulate TFPI in ERa
expressing breast cancer cells and our results indicate that their effect

on TFPI promoter may be primary. These findings may help explain

the aggressiveness of hormone-sensitive breast cancers.

PB 2.60-3
Internalized Protein C inhibitor (PCI) reverses impaired
histone modification in Jurkat T-cell lymphoma cells
Furtmüller M1, Sarg B2, Lindner H2 and Geiger M1

1Medical University of Vienna, Vienna; 2Medical University

Innsbruck, Innsbruck, Austria

Background: Acetylation and methylation of Lys-residues in the tails

of histones has a crucial role in regulation of chromatin structure and

gene expression. In cancer epigenetic modification of histones is

altered. A significant loss of monoacetylation of Lys16 and trimethyla-

tion of Lys20 of histone H4 has been shown in lymphoma cells (Fraga

et al., 2005). So far little is known about mechanisms leading to

impaired histone modification in cancer cells. A nuclear isoform of

cathepsin L removes the N-terminal tail of histone H3 during differen-

tiation of mouse embryonic stem cells (Duncan et al., 2008). This H3

cleavage by cathepsin L removes binding sites for histone modifying
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enzymes: for methylation of H4Lys20, the methyltransferase Suv4-

20 h has to bind to H3Lys9 (Gonzalo, 2005).

PCI is a secreted serine protease inhibitor. Low PCI expression is asso-

ciated with malignant phenotype (Naggara et al., 2008). PCI inhibits

cathepsin L and decreases tumor cell migration (Fortenberry et al.,

2010). PCI is internalized by leukocytes and translocates to the nucleus

(Baumg€artner et al., 2007).

Aims: We wanted to determine if internalized PCI inhibits the process-

ing of histone H3 by cathepsin L in cancer cells, and thereby increases

the level of trimethylated Lys20 of histone H4.

Methods: Subcellular fractionation, Western blotting, acid extraction

of isolated nuclei, separation of histones by HPLC, separation of non-

acetylated H4 from monoacetylated H4 by capillary electrophoresis,

and estimation of the degree of methylation of these two H4 forms by

mass spectrometry.

Results: PCI prevented the cleavage of H3 by cathepsin L in vitro, as

judged from Western blots. Analysis of subcellular fractions of blood

leukocytes in Western blots revealed localization of PCI antigen in the

nuclei of normal lymphocytes. To assess whether PCI prevents H3

cleavage in vivo, Jurkat lymphoma cells, which contain very little

endogenous PCI, were incubated for 2 h with 300 nM recombinant

mouse PCI (mPCI) and subcellular fractions were prepared. Fractions

were analyzed by Western blotting with anti-mouse PCI, allowing dif-

ferentiating between endogenous PCI and internalized mPCI. mPCI

was found in different nuclear fractions. Cathepsin L colocalized with

mPCI in the nuclease- digested fraction and in the nuclease-resistant

fraction. In these fractions an additional high-molecular weight form

of cathepsin L, probably corresponding to a covalent complex of PCI

with cathepsin L, was seen. In cells incubated with mPCI no cathepsin

L cleavage product of H3 was detected, and histone H4Lys20 trime-

thylation was increased to 18.8% (nonacetylated form) compared to

7.3% in control cells. Monoacetylated H4Lsy20 showed 5.7% trime-

thylation in mPCI-treated cells and 2.1% in control cells.

Summary: We hypothesize that internalized PCI inhibits cathepsin L

thus preventing cleavage of histone H3 and rescuing trimethylation of

histone H4 at Lys20 in Jurkat lymphoma cells.

PB 2.60-4
The factor XII-driven intrinsic coagulation cascade
contributes to prostate cancer-associated pulmonary
embolism
Nickel KF and Renn�e T

Karolinska Institutet, Stockholm, Sweden

Background and Aim: Deep venous thrombosis and subsequent pulmo-

nary embolisms are frequent and life-threatening complication in pros-

tate cancer (PC) patients. Mechanisms of PC-driven thrombosis are

poorly understood and safe strategies to interfere with cancer-driven

procoagulant activity remain a major medical challenge. We report a

pathway by that PC-cell released particles (prostasomes) induce

thrombosis in vivo.

Methods and Results: Clotting analyses revealed that PC-cell derived

prostasomes are highly procoagulant in human and murine plasma.

Prostasome-driven procoagulant activity was defective in plasma lack-

ing the intrinsic pathway protease factor XII or its substrate factor XI.

Factor XII inhibitors interfered with prostasome-driven procoagulant

activity. To analyze the in vivo relevance of prostasomes for venous

thrombosis, we challenged genetically modified mice in a model of pul-

monary embolisms. Intravenous infusion of cell and PC patient puri-

fied prostasomes triggered lethal pulmonary embolism in wild-type

animals. In contrast, ablation of factors XII or XI, or combined defi-

ciency in factors XII and XI largely protected mice from prostasome-

induced lethal pulmonary embolism.

Conclusion: The data identify the factor XII-driven intrinsic coagula-

tion pathway triggered by prostasomes as a new player in PC-associ-

ated pulmonary embolisms. Inhibition of this pathway offers a novel

and safe therapeutic strategy to interfere with thrombosis in PC

patients.

PB 2.60-5
Analysis of the expression of RNase in blood cells
involved in homeostasis in the vascular system
Murata A1, Fujimoto K1, Nishio M2 and Koyama T1

1Tokyo Medical and Dental University, Tokyo; 2Research

Institute, National Center for Global Health and Medicine,

Tokyo, Japan

Background: Extracellular RNA may be released from cells in cases of

injury, vascular disease, or malignancy in the vasculature. It has been

recognized as a novel procoagulatory and permeability-increasing fac-

tor in vivo and in vitro and it is counteracted by pancreatic-type ribo-

nuclease (RNase 1) in endothelial cells (PNAS 2007;104:6388–93,
Thromb Haemost 2011;105:345–55). Based on the identification of

RNase 1 in plasma and serum, it is proposed that the enzyme is

expressed by vascular cells to regulate extracellular RNA. Conversely,

RNase inhibitor (RI) may be expressed in a variety of cells to protect

RNA against degradation by certain RNases.

Aims: Although a gene expression profile analysis of vascular vs. lym-

phatic endothelium revealed strong expression of RNase 1 in the vas-

cular endothelium, no detailed characterization of the expression and

functions of RNase in the vasculature has been carried out so far. We

aimed to investigate the expression and function of RNases in cells

which come in contact with blood, such as blood cells and malignant

cells.

Methods: We investigated the expression and activity of RNase 1

and RI using RT-PCR, western blot analysis, immunocytochemical

staining and RNase activity tests in various leukemia cell lines, a mul-

tiple myeloma cell line, peripheral blood mononuclear cells, platelets,

and red blood cells. We compared them with the human umbilical vein

endothelial cell line EAhy926.

Results: Analyzing cell lysates and supernatants, the expression of

RNase 1 and RI was determined variously at the mRNA and protein

levels in all blood cells. RI was ubiquitously expressed in the blood

cells. RNase activity in supernatants derived from EAhy926 cells was

higher than in supernatants derived from the other cells. When incu-

bated for different times in serum-depleted culture medium, RNase

activity in supernatants derived from EAhy926 cells increased progres-

sively, but it decreased gradually in supernatants from the other cells.

Summary/Conclusions: The RNA/RNase 1 in blood cells and malig-

nant cells may be a novel contributor to the regulation and mainte-

nance of vascular homeostasis.

PB 2.60-6
Inhibition of TFPI increases the sensitivity of thrombin
generation assay to procoagulant microvesicles
Gheldof D1, Mullier F2, Chatelain B2, Dogn�e J-M3

and Chatelain C2

1Department of Pharmacy Namur Thrombosis and Hemostasis

Center (NTHC)-Narilis; 2NTHC-NARILIS, CHU UCL Mont-

Godinne-Dinant, Mont-Godinne; 3NTHC-NARILIS, University of

Namur, Namur, Belgium

Introduction: Patients with cancer have a 7- to 10-fold increased risk of

developing venous thromboembolism (VTE). Circulating microvesicles

(MVs) could be a predictive biomarker for VTE in cancer. Thrombin

generation assay (TGA) is a useful technique to detect procoagulant

activity of MVs. However, TGA suffers from a lack of sensitivity due

to the presence of Tissue Factor Pathway Inhibitor (TFPI) in plasma.

Aims: To improve the sensitivity of TGA to tissue factor (TF) by limit-

ing the interference of TFPI.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

724 ABSTRACTS



Methods: Serial dilutions of MDA-MB231 cells were incubated for

45 min at 37 °C to generate MVs. Samples were then centrifuged and

supernatants which contain MVs were used for TGA. Normal pooled

plasma was incubated with inhibitor of TFPI or was diluted twice to

decrease plasma level of TFPI. Lagtime was used as a surrogate mar-

ker of TGA to detect procoagulant activity of MVs.

Results: (i) Inhibition of TFPI decreased twice the cell concentration

needed for a significant reduction of lagtime and decreased 2.4-fold

the intra-assay variability. (ii) Plasma dilution had no impact on the

TGA sensitivity when TGA was triggered by MVs derived from

MDA-MB-231.

Conclusions: Thrombin generation is a very sensitive method to study

the procoagulant activity of TF-MVs. The sensitivity can be increased

by inhibition of TFPI with specific monoclonal antibody against its

Kunitz Domain I. A two times plasma dilution is an interesting

cheaper alternative to study the procoagulant activity of MV by TGA

with a good sensitivity, especially when low plasma quantities are

available.

PB2.61 –Cancer and Thrombosis – VI

PB 2.61-1
Poor predictive value of the pulmonary embolism
severity index in hospitalized cancer patients with
acute pulmonary embolism
Squizzato A, Riva N, Grazioli S, Turato S, Ageno W and Dentali F

University of Insubria, Varese, Italy

Background: Active cancer increases the risk of pulmonary embolism

(PE) and the development of a thromboembolic event is associated

with a worse prognosis. Specific risk stratification tools are needed to

optimize the management of oncological patients with PE. The PE

Severity Index (PESI) and the Simplified PESI (sPESI) accurately clas-

sified the general PE population in low or high risk of mortality; how-

ever the prevalence of cancer patients did not exceed 25%.

Aims: The aim of this analysis was to evaluate the performance of

PESI and sPESI in oncological patients with PE.

Methods: Consecutive patients admitted to the tertiary hospital of Va-

rese (Italy) with an objectively diagnosed PE between January 2005

and December 2009 were included. Information on clinical presenta-

tion, diagnostic work-up, risk factors, treatment and mortality rate at

1- and 3-month follow-up was collected. This sub-analysis examines

the 150 oncological patients extracted from the entire population.

Results: Mean age was 69.6 (� SD 11.6) years and 84 (56%) patients

were male. Most common primary sites of cancer were lung (25.2%),

colon-rectal (13.3%) and bladder (8.4%). Active cancer was present in

121 patients, of whom 47 had a metastatic disease.

Overall mortality rate was 20.7% (95%CI, 15.0–27.8%) at 1-month

and 38.7% (95%CI, 31.2–46.7%) at 3-month. The high risk category

was overestimated, since the PESI classified 96.7% of patients and the

sPESI 100% of patients at high risk of mortality. As a result, the PESI

showed a high sensitivity but a very low specificity among cancer

patients (100% and 4.2% respectively at 1-month follow-up, 98.2%

and 4.3% respectively at 3-month follow-up). The accuracy of these

two prognostic rules was lower than in the general PE population

(AUC for PESI 0.66, 95%CI 0.57–0.75, and AUC for sPESI 0.69,

95%CI 0.59–0.79, at 1-month, P for comparison = 0.401). These

results were confirmed at the 3-month follow-up.

Conclusions: The results of this analysis suggest that PESI and sPESI

lose their discriminatory ability when applied to a pure oncological

population. The creation of a new clinical prediction rule is advisable

in order to redefine the risk of death in cancer PE patients.

PB 2.61-2
A retrospective review of myeloma patients over a
6 year period to investigate the prevalence of venous
thromboembolism (VTE) and the risk factors
associated with it
Crowley MP, Gilligan O and O’Shea S

Cork University Hospital, Cork, Ireland

Background: Multiple myeloma is a malignant disorder characterized

by clonal proliferation of plasma cells. VTE is one of the leading

causes of death in cancer patients. Patients with haematological malig-

nancies have the highest risk, adjusted for age and sex. Myeloma ther-

apies such as thalidomide and lenalidomide (IMiDs) further increase

the risk. There are few dedicated studies in the literature looking at the

prevalence of VTE in myeloma patients. Almost all published data is

extrapolated from treatment studies where they look at the incidence

of thrombotic side effects in highly selected populations. Myeloma is a

disease of the elderly and in this population, co-morbidities are inher-

ent. Therefore, looking at the rate of VTE in randomised controlled

trials designed to evaluate treatment efficacy may not be generalisable.

Many assessment scores have been suggested to estimate the risk of

VTE in the cancer setting such as the Khorana score (Khorana et al

Blood 2008) but these have mainly been validated in solid organ

tumours.

Aims: To estimate the prevalence of VTE in a ‘real world’ myeloma

population, to assess the risk factors associated with VTE and to

investigate the validity of the Khorana score to assess the risk of VTE

in myeloma patients.

Methods: The medical charts of patients with a diagnosis of myeloma

attending a tertiary referral centre in Ireland between Jan 1st 2007 and

Dec 31st 2012 were reviewed. The pre-treatment Khorana score was

then calculated.

Results: Two hundred and seventeen patients were identified with an

average age at diagnosis of 65 � 12.26 years (Range 30–89).The male

to female ratio was 5:3. Myeloma subtypes included IgG 53%, IgA

24%, Light Chain 17%, Non secretory 4%, IgD 2% and IgM < 1%.

The ISS stage was known for 77–28% (49/168) were stage I, 49% (82/

168) were stage II and 23% (39/168) were stage III. Sixty-six percent

(143) received 1–2 lines of therapy, 32% (69) received 3–4 and 2% (5)

received > 4. Sixty-nine percent (149) received IMiDs and 98%(146) of

these were administered with either high dose steroids or chemother-

apy. Seven percent had a second malignancy. Khorana scores were fol-

lows: 1–59%, 2–36%, 3–4% and 4–1%. Overall, there were

9675 months of follow-up with an average of 44.58 � 37 months

(Range 1–231 months) per patient. Twelve percent (27) had an episode

of VTE (7% PE, 5% DVT). Non-parametric tests were performed to

see if there was an association between use of IMiDs, co-existing

malignancy, no. of treatment courses or Khorana score and the occur-

rence of VTE in this population but none were significant.

Conclusions: The prevalence of VTE in this population was similar to

previously published reports. Myeloma patients have many risk fac-

tors for VTE but in this population, no one was predictive. The Khor-

ana score was not helpful in assessing risk in this population. This is

likely due to myeloma patients being under represented in cancer-asso-

ciated thrombosis studies. As myeloma therapies and outcomes are

rapidly changing, a dedicated prospective study is r.
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PB 2.61-3
Survival in renal cell carcinoma patients with venous
tumor thrombus: a retrospective case–control study
Ihaddadene R1, Yokom D2, Le Gal G1, Moretto P3, Reaume N4,

Canil C5 and Carrier M1

1Ottawa Hospital Research Institute and University of Ottawa,

Ottawa, ON; 2University of Ottawa, Ottawa, ON; 3The Ottawa

Hospital Cancer Centre, Ottawa, ON; 4Ottawa Regional Cancer

Center, Ottawa, ON; 5The Ottawa Hospital Cancer Centre and

University of Ottawa, Ottawa, ON, Canada

Background: Renal cell carcinoma (RCC) with tumor thrombus (TT)

remains a challenging topic in urological oncology. Approximately 4–
10% of RCC patients have tumor invasion of the venous system, with

extension into the renal vein (RV) and the inferior vena cava (IVC) in

65% and 35%, respectively. Despite advances in immunotherapy and

targeted therapy, the standard of care for RCC with tumor thrombus

is surgical resection, including radical nephrectomy and tumor

thrombectomy. While it has been well established that tumor throm-

bus is associated with a worse prognosis, controversy remains as to the

clinical importance of the localization of tumor thrombus. Some stud-

ies have shown survival differences based on the level of tumor throm-

bus (e.g. RV vs. IVC involvement) whereas others did not.

Aims: Our objective was to evaluate the impact of tumor thrombus

and tumor thrombus level on survival in RCC patients treated with

radical nephrectomy and tumor thrombectomy.

Methods: A case-control study of patients with RCC treated at our

hospital from January 1st, 2005 to July 1st, 2012 was undertaken.

Imaging studies and pathology reports of all included patients were

reviewed to identify TT and its location. TT was defined as the pres-

ence of vascular invasion on the pathology report or an intra-luminal

filling defect in the renal, hepatic veins, or IVC (infra and supradia-

phragmatic) directly extending from a renal mass detected on com-

puted tomography or magnetic resonance imaging. The primary

endpoint was overall survival during the follow-up period. Hazard

ratios (HR) for death and corresponding 95% confidence intervals

(CI) were obtained.

Results: From a cohort of 927 RCC patients, a total of 193 stage 3–4
patients that underwent surgery were included: 66.8% were males,

median age was 62.0 years (range 22–88) and 48.2% were stage 4.

Tumor thrombus was present in 108 cases (12%). TT was limited to

the RV in 70.4% (76/108), infradiaphragmatic IVC in 13.0% (14/108),

within the hepatic vein in 1.9% (2/108), and supradiaphragmatic IVC

in 13.0% (14/108). The median survival time was 47.0 months (95%

CI: 31.7–52.3) in the tumor thrombus group and 65.0 months (95%

CI: 42.2–87.8) in the control group. Compared with controls, all

patients with tumor thrombus had worsened overall survival

[HR = 1.8; 95% CI: 1.1–2.9; P = 0.02]. Patients with RV involvement

only did not have worsened overall survival compared to those with

infradiaphragmatic IVC [HR = 2.0; 95% CI: 0.9–4.3; P = 0.07] and

supradiaphgramatic IVC [HR = 1.6; 95% CI: 0.8–3.3; P = 0.2]. Fur-

ther, no significant difference in survival was noted between patients

with infra and supradiaphragmatic IVC involvement [HR = 1.3; 95%

CI: 0.5–3.4; P = 0.5].

Conclusions: Patients with RCC are at high risk of tumor thrombus

(12%). Patients with RCC and tumor thrombus undergoing radical

nephrectomy and tumor thrombectomy have a reduced survival com-

pared to surgical RCC patients without tumor thrombus. Localization

of tumor thrombus level was not associated with worse overall sur-

vival. New therapies are needed to complement surgical intervention

to improve survival among RCC patients with tumor thrombus.

PB 2.61-4
The association of folate-related gene polymorphisms
with colorectal cancer risk in Koreans
Kim NK1, Kim JO1, Jang MJ2, Kim JW2, Young Joo J1 and Oh D1

1CHa University; 2School of Medicine, CHA university,

Seongnam, South-Korea

Background: Folate is important for cell division and homeostasis

because it has the essential role in the synthesis of S-adenosyl-methio-

nine, which is the methyl donor required for all methylation reactions

in cells. In addition to the physiologic function of cell homeostasis, it

has been investigated that folate may has important role in the carci-

nogenesis, especially in colorectal cancer (CRC) development.

Aims: We performed this study to investigate relationship between

folate-related gene polymorphisms and CRC prevalence.

Methods: In the present study, we analyzed seven polymorphisms of

MTHFR (677C>T and 1298A>C), TS (TSER 2R/3R and 1494 0/

6 bp), and RFC-1 (�43T>C, 80G>A, and 696C>T), in 514 healthy

controls and 477 patients with CRC. The genotyping of was per-

formed using polymerase chain reaction or polymerase chain reaction-

restriction fragment length polymorphism assays.

Results: MTHFR 1298CC was associated with CRC in age > 62 years,

female, rectal cancer, and ≥ 5 cm cancer groups. TSER 2R2R was

connected to CRC prevalence of normotensive and non-lymph node

invasion groups. RFC-1 �43CC increased CRC risk in nondiabetic,

≥ 5 cm cancer, and lymph node invasion groups. In gene-environmen-

tal interaction analysis, MTHFR 1298CC with hypertension and

MTHFR 1298CC with diabetes mellitus showed synergistic risk

effects.

Summary/Conclusion: Our study suggests that the pivotal roles of

folate-related gene polymorphisms on CRC development.

PB 2.61-5
Chemotherapy as a risk factor of DIC and
thrombophilia in ovarian cancer patients
Vorobev A, Vorobev A and Makatsaria A

The First Moscow State Medical Sechenov University, Moscow,

Russian Federation

Background: Patients with gynecologic cancer represent group of the

highest risk of thrombotic and hemorrhage complications, especially

during chemotherapy. The chemotherapy are significant contributed

the risk of VTE and hemorrhage complications in cancer patients,

especial with widespread malignant process. Chemotherapy stipulates

for endothelium damage, direct platelet activation and reduction of

fibrinolytic activity.

Purpose: To determine necessary range of laboratory tests for a high-

grade estimation of haemostasis state in ovarian cancer patients under-

going chemotherapy.

Materials and Methods: One hundred and sixteen patients with ovarian

cancer undergoing chemotherapy were divides at random on two

groups: I group 56 has received biosimilar LMWH Hemapaxan

0.4 mL (4000 IU) before each chemotherapy curse and II group 60

has not received any anticoagulant prophylaxis during chemotherapy.

Laboratory tests: Platelet aggregation tests with different stimulators:

Adrenaline, Ristocetin and ADP in various concentrations, platelet

factor 4 (PF4). DIC and thrombophilia marker tests: D-dimer, TAT

complexes, F1 + 2 prothrombin fragments. Fibrinolytic activity tests:

determine PAI level, Protein C and S levels.

Results: Before operation thrombofilia and DIC was detected in 65%

cancer patients, subcompensated forms was in 35%.

In postoperative period in 96% cancer patient were detected thrombo-

filia and DIC, and about third of patients has thrombocytopatia and

coagulopatia. The rate of the subcompensated forms of DIC was 57%,

decompensated 21%.
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We have detected the sign of thrombofilia and DIC in more than 90%

patient during chemotherapy. The rate of the subcompensated forms

of DIC was 30%, decompensated 23%. It was observed damage of

fibrinolytic activity due to iatrogenic effects of chemotherapy: reduc-

tion in proteins C and S levels, increase PAI concentration, platelets

hyperaggregation in ristotetin presence.

In I group normalization of lab test results was detected during 2–
3 days after chemotherapy course in comparison with II group nor-

malisation was in 5–7 days in 22% and in 7–12 day in 58%, in 20%

was not registered spontaneous normalisation.

Conclusion: Due to endothelium protection activity LMWH in ovarian

cancer patients during chemotherapy significantly reduce intensity of

thrombofilia and DIC. 85–90% patients with cancer of female genitals

required permanent preventive anticoagulant prophylaxis.

PB 2.61-6
Prophylaxis for venous thromboembolism in patients
treated for acute lymphoblastic leukemia – a
systematic review
Lauw MN1, Hubers LM1, Barco S1, Van Ommen CH2,

Hutten BA1, Biemond BJ1 and Middeldorp S1

1Academic Medical Center; 2Emma Children’s Hospital,

Academic Medical Center, Amsterdam, The Netherlands

Background: Venous thromboembolism (VTE) occurs frequently in

patients with acute lymphoblastic leukemia (ALL). Reported inci-

dences vary between 2% and 36%. Occurrence is often associated with

treatment components, particularly asparaginase. The efficacy and

optimal approach of VTE prevention during ALL treatment are

unclear.

Aims: To investigate the efficacy and safety of systemic thrombopro-

phylaxis, using either blood-derived products, i.e. fresh frozen plasma,

cryoprecipitate or antithrombin concentrate, or anticoagulant agents,

i.e. (low-molecular-weight) heparin, fondaparinux or oral anticoagu-

lants (vitamin K antagonists), on VTE incidence in pediatric and adult

patients treated for primary ALL with asparaginase therapy. Also, the

impact of thromboprophylaxis on overall survival and treatment out-

comes of ALL were investigated.

Methods: We systematically searched The Cochrane Central Register

of Controlled Trials (CENTRAL, The Cochrane Library, Issue 7

2012), MEDLINE (January 1966 to August 2012; accessed via Pub-

med) and EMBASE (January 1980 to August 2012; accessed via

OVID). We handsearched conference proceedings and checked refer-

ences of included studies. Randomized controlled trials (RCTs) that

assessed the efficacy and safety of systemic thromboprophylaxis in

patients treated for primary ALL with asparaginase therapy were eligi-

ble. Interventions included any dose of fresh frozen plasma, cryopre-

cipitate, antithrombin concentrate, (low-molecular-weight) heparin,

fondaparinux or oral anticoagulants, in comparison with no interven-

tion or placebo, or a comparison of two different interventions. Three

authors independently assessed eligible articles for inclusion in the

review and systematically extracted the data from selected articles. If

necessary, study authors were contacted for more information. Dis-

crepancies were resolved by discussion or with the opinion of a fourth

author. Risk of bias, quality of evidence, potential heterogeneity and

reporting biases were explored, a sensitivity analysis applied if applica-

ble.

Results: Of 304 identified citations, 44 articles were selected for full-

text evaluation. Cross-referencing of articles yielded another 20 arti-

cles. Finally, one RCT enrolling 109 patients fulfilled our inclusion cri-

teria and was analyzed for our review. This study assessed a

randomization between antithrombin concentrate infusions (once

weekly for 4 weeks) and no intervention in children treated for pri-

mary ALL. Outcomes were symptomatic and asymptomatic thrombo-

sis (by radiographic screening following completion of the induction

phase), and bleeding events. seven of 25 analyzed children with anti-

thrombin had thrombosis (28.0%) vs. 22 of 60 patients without anti-

thrombin (36.7%; OR 0.67; 95% CI 0.3–2.3, P = 0.43). One major

bleeding event (1.7%) occurred in the non-antithrombin arm vs. no

major but two minor bleeds in the antithrombin arm. Impact of

thromboprophylaxis on survival or ALL treatment outcomes was not

assessed.

Conclusions: Only one RCT in children with ALL was identified. In

this study, no statistically significant effect of antithrombin infusions

was seen on the outcomes of interest, but the sample size was small

with a skewed randomization ratio, and may have missed a clinically

important effect. No RCTs were found addressing other blood-derived

products or anticoagulants. Therefore, the efficacy and safety of

thromboprophylaxis to prevent VTE during ALL treatment remain

unclear. The use of thromboprophylaxis during ALL treatment, in

particular during asparaginase therapy, needs to be assessed in ran-

domized controlled trials.

PB2.62 – Antiphospholipid – III

PB 2.62-1
Myocardial ischaemia and coronary atherosclerosis in
patients with antiphospholipid syndrome
Padjas A, Plazak W, Celinska-L€owenhoff M, Iwaniec T,

Swadzba J, Luberda T, Podolec P and Musial J

Jagiellonian University Medical College, Krakow, Poland

Background: In recent years it became apparent that mortality in

patients with generalized autoimmune diseases like antiphospholipid

syndrome (APS) and/or systemic lupus erythematosus (SLE) is mainly

due to severe cardiovascular complications. Conventional risk factors

for coronary artery disease do not explain this increased risk. Sug-

gested non-coventional factors include, among others, the presence of

antiphospholipid antibodies (aPL). Their elevated levels have been

associated with arterial and microvascular thrombosis.

Aims: To evaluate possible influence of aPL on myocardial ischaemia

assessed by single-photon emission computerized tomography

(SPECT) and coronary atherosclerosis assessed by multidetector com-

puterized tomography (MDCT) in APS patients.

Methods: SPECT (Tc 99 m sestamibi) and MDCT–based coronary

calcium scoring were performed in consecutive APS patients (12

females, four males, aged 28–62, mean 47.3) without clinical signs of

heart disease. Anticardiolipin (aCL) and anti-beta2 glycoprotein I

(ab2-GPI) antibodies (IgG and IgM class) were measured by ELISA

and lupus anticoagulant (LA) according to ISTH guidelines.

Results: SPECT revealed myocardial perfusion defects in 12 (75%)

patients: in 3 (19%) exercise-induced, and in 9 (56%) persistent.

MDCT revealed coronary calcifications in 5 (31%) patients. The num-

ber of plaques ranged from 1 to 11 (median 2), volume 3 – 201.7 mm3

(median 7), calcium scores 1.3–202.6 (median 5.7). In patients with

perfusion defects or coronary calcifications (n = 12), as compared to

patients without these pathologies (n = 4) the levels of IgG aCL and/

or IgG ab2-GPI antibodies were significantly higher and LA present

more often (IgG aCL: 63.25 � 23.1 vs. 19.22 � 8.8, P = 0.05; IgG

ab2-GPI: 44.05 � 21.3 vs. 11.25 � 5.3, P = 0.05; LA: 10/12 (83%) vs.

2/4 (50%), respectively). No such association was seen for IgM-class

antibodies.

Conclusions: In many symptom-free, relatively young APS patients

SPECT shows myocardial perfusion defects and, in one third of them,

coronary calcifications. These well-known cardiovascular risk mark-

ers, were associated with the presence of LA and higher levels of aCL

and ab2-GPI antibodies. In such patients advanced search for cardio-

vascular risk factors and proper preventive measures are warranted.
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PB 2.62-2
Confirmation of the initial antiphospholipid antibody
positivity depends on antiphospholipid antibody
profile
Denas G1, Ruffatti A2, Del Ross T2, Tonello M2, Cuffaro S2,

Hoxha A2, Banzato A2, Elisa B1, Alessia B1 and Pengo V1

1Clinica Cardiologica Padova; 2Rheumatology Unit, Padova, Italy

Background: The revised classification criteria for the antiphospholipid

syndrome (APS) state that antiphospholipid (aPL) antibodies [Lupus

Anticoagulant (LAC) and/or anticardiolipin (aCL) and/or anti b2-gly-
coprotein I (ab2GPI) antibodies] should be detected on two or more

occasions at least 12 weeks apart. Consequently, classification of

patients’ risk and adequacy of treatment may be deferred by

3 months.

Aims: In order to early classify patients risk, we evaluated whether ini-

tial aPL positive profiles were predictive of aPL persistence in patients

testing positive for aPL.

Methods: Consecutive patients, referred to our Center, initially testing

positive to one or more of the tests exploring the presence of aPL were

evaluated again after 3 months. Tests were performed according to the

latest guidelines. LAC, aCL and ab2GPI antibodies were considered

positive when their value was above the 99th percentile of 40 healthy

subjects. Positive aPL subjects were classified as triple positive (LAC+,
aCL+, ab2GPI+, same isotype), double positive (LAC-, aCL+,
ab2GPI+, same isotype) and single positive (LAC or aCL or ab2GPI

antibodies as the sole positive test).

Results: During a 4-year period, of the 1520 initially screened individu-

als, 225 were found positive to one or more tests for aPL. Of these 161

were available for confirmation after 3 months. Patients were classified

as triple positive (n = 54: LAC+, aCL+, ab2GPI+, same isotype), dou-

ble positive (n = 50: LAC-, aCL+, ab2GPI+, same isotype) and single

positive (n = 57: LAC or aCL or ab2GPI antibodies as the sole posi-

tive test). Among subjects with triple positivity at initial testing, 98%

(53 out of 54) had their aPL profile confirmed after 12 weeks. Double

and single positivity groups had data confirmed in 84% (42 of 50) and

40% (23 of 57) of the individuals, respectively.

Conclusions: Our results show that patients initially testing positive for

all three aPL tests (high-risk subjects with triple positive aPL profiles)

remain positive after 12 weeks. An anticipation of diagnosis may be

beneficial for an early decision on the type of antithrombotic treat-

ment.

PB 2.62-3
Establishment of standardized international units for
IgG anti-b2glycoprotein antibody measurement
Willis RA1, Grossi C2, Borghi MO2, Meroni P2, Lakos G3,

Crisostomo M4, Lopez L5, Olschowka N6, Watkins M4

and Pierangeli S1

1University of Texas Medical Branch, Galveston, TX, USA;
2Istituto Auxologico Italiano, Cusano Milanino, Italy; 3NOVA

Diagnostics, Inc., San Diego; 4Bio-Rad Laboratories Inc, Hercules,

CA; 5Corgenix Inc, Broomfield CO, USA; 6Thermo Fisher

Scientific, Phadia GmbH, Freiburg i. Br., Germany

Background: Current classification criteria for antiphospholipid syn-

drome (APS) calls for ‘standardized’ positive lupus anticoagulant,

IgG/IgM anticardiolipin (aCL) and/or IgG/IgM anti-b2glycoprotein
(ab2GPI) antibodies in the presence of classic symptoms for identifica-

tion of the disease. Despite numerous efforts aimed at standardization

of antiphospholipid testing there still exists considerable inconsistency.

Aims:We sought to prepare a reference preparation (RP) and to estab-

lish international consensus units (IU) for the measurement for IgG

ab2GPI antibodies.

Methods:Whole IgG fractions were affinity-purified (AP) from a blend

of sera from two primary APS patients (PAPS) with high IgG ab2GPI

levels using a Protein G Sepharose column followed by an NHS-acti-

vated Sepharose column coupled to b2GPI. Purity of b2GPI AP frac-

tions was confirmed using SDS-PAGE; fractions with high activity

were pooled, concentrated and sterile-filtered. The protein concentra-

tion of the AP material was determined using spectrophotometric mea-

surement at 280 nm and Bradford protein assays and assigned a value

based on the definition that 1 IU/mL equates to 1 lg/mL of AP

ab2GPI. A reference preparation (RP) serum blended from the two

original PAPS patients was assigned an IU value using original AP

material as a calibrator. The RP and 30 samples were sent to six com-

mercial companies for testing in their respective kits (eight total)

according to an approved protocol to enable evaluation of linearity,

unit equivalency and commutability. Companies (and kits) included

INOVA Diagnostics (QUANTA Lite � b2GPI IgG ELISA,

QUANTA Flash � b2GPI IgG chemiluminescent assay), Bio-Rad

Laboratories (BioPlex � 2200 APLS IgG Kit, Anti-b2Glycoprotein I

IgG EIA Test Kit) TheraTest (EL-b2GPI IgG kit), Corgenix (IgG

Anti-b2Glycoprotein I Test Kit), Phadia (EliA b2Glycoprotein I IgG)

and Instrumentation Laboratory (HemosIL� AcuStar anti-b2Glyco-

protein-I IgG).

Results: The pooled AP material had a protein concentration of

103.1 lg/mL (OD280 nm) and 108.8 lg/mL (Bradford) and was

assigned a value of 100 IgG ab2GPI IU/mL. RP had a value of 270

IgG ab2GPI IU/mL. The linearity (R2) of the RP curve for the various

assays ranged from 0.9600 to 0.9983 excluding the Bio-Rad EIA test

kit, which had a value of 0.8994. When a 4-PL curve was used for that

assay the correlation was improved. The value of the RP in the various

arbitrary kit units ranged from 115 to 9993.1 units. Commutability

samples fit very well within 95% prediction intervals and had excellent

correlation when comparing assays.

Conclusion: The RP demonstrates excellent linearity in the various

ab2GPI IgG assays and can be considered adequate to be used as a

calibrant/reference material. Available assays will be able to use this

RP material effectively since there is very good correlation of results of

commutability samples among the various assays, including ELISA

formats and some new assays with wider analytical measuring ranges

that use different arbitrary units of measurement for calibration. New

international consensus units as well as an adequate RP are now avail-

able to be used for the measurement of IgG ab2GPI antibodies. These

studies contribute significantly to the much-needed standardization of

ab2GPI immunoassays.

PB 2.62-4
An open-label prospective pilot mechanistic study of
fluvastatin in persistently antiphospholipid antibody-
positive patients
Willis RA1, Erkan D2, Murthy V1, Basra G1, Vega JA2, Ruiz-

Limon P1, Carrera-Marin AL1, Jatwani S1, Gonzalez E1

and Pierangeli S1

1University of Texas Medical Branch, Galveston, TX; 2Hospital

for Special Surgery, New York, NY, USA

Background: Antiphospholipid antibodies (aPL) induce a proinflam-

matory and pro-thrombotic state by upregulating the production of

various cytokines, chemokines, and tissue factor (TF). Fluvastatin

reduces TF expression and the thrombogenic effects of aPL as shown

in vitro and in mice studies.

Aims: The purpose of this prospective pilot study was to examine the

effects of fluvastatin on pro-inflammatory and pro-thrombotic bio-

markers in persistently aPL-positive subjects.

Methods: Persistently aPL-positive patients (as per APS classification

criteria) received fluvastatin 40 mg daily for at least 3 months. At

3 months, patients were instructed to stop fluvastatin and they were

followed for another 3 months. Serum samples were collected at base-
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line and monthly thereafter for 6 months. Exclusion criteria included

pregnancy, statin use, prednisone > 10 mg/day, and immunosuppres-

sive use (except hydroxychloroquine (HCQ). Interferon (IFN)-a,
Interleukin(IL)1b, IL6, IL8, inducible protein (IP)10, tumor necrosis

factor (TNF)-a, vascular endothelial growth factor (VEGF), and solu-

ble CD40 ligand (sCD40L) levels were determined by a multiplex assay

(Millipore, Billerica,MA) in the sera of patients and controls. Plasma

samples were used to detect sTF using a chromogenic assay. aCL

(IgG, IgM and IgA), ab2GPI (IgG, IgM and IgA), soluble intercellular

cell adhesion molecule (ICAM)-1, vascular cell adhesion molecule

(VCAM)-1, and E-selectin (E-sel) were evaluated by ELISA. We ana-

lyzed the monthly change in biomarker levels for the entire cohort

(Spearman test) and also for four subgroups (Kruskal–Wallis).

Results: Of 41 patients recruited, 24 completed the study (mean age:

44.6 � 13.6 year; female: 70%; Primary APS:8, SLE/APS:7, Asymp-

tomatic aPL:5; SLE/aPL:4; HCQ: 61%; and anticoagulation: 43%).

The withdrawal reasons were: 15 were lost at follow-up and two expe-

rienced muscle crumps with no evidence of elevated CPK or liver

enzymes. The treatment with fluvastatin resulted in decreased biomar-

ker levels and the proportion of patients with decreased levels ranged

from 25% to 89% of the 24 aPL positive patients that completed the

study. The mean maximum biomarker reduction was significant for

IL6, IL1b, VEGF, IFNa, IP-10, sCD40L, TNFa and sTF when com-

pared to baseline values. Fluvastatin did not significantly affect levels

of IL-8, sICAM-1, sVCAM1 and sE-sel. The mean maximum reduc-

tion of biomarkers was achieved between 30 and 54 days of treatment

for all biomarkers. aCL and anti-b2GPI titers remained unchanged.

After discontinuing treatment with fluvastatin, many patients that had

fluvastatin-induced reduction of biomarker levels had subsequent

increases in these levels. The proportion of patients that had a rebound

elevation in biomarker levels ranged from 14% to 90% for the various

biomarkers. The mean maximum biomarker increase after stopping

fluvastatin treatment was statistically significant for IL-1b, VEGF,

TNFa, IP-10, sCD40L, and sTF.

Conclusion: Our pilot study demonstrating that fluvastatin can revers-

ibly reduce the pro-inflammatory and prothrombotic biomarkers in

persistently aPL-positive patients with or without SLE provides the

basis for future larger randomized-controlled trials to examine the

effects of the statins on the aPL-induced biomarkers as well as on the

aPL-related clinical manifestations.

PB 2.62-5
Establishment of standardized international units for
IgM anti-b2glycoprotein antibody measurement
Willis RA1, Grossi C2, Borghi MO2, Meroni P2, Lakos G3,

Olschowka N4, Lopez L5, Hardy J6, Crisostomo M6

and Pierangeli S1

1University of Texas Medical Branch, Galveston, TX, USA;
2Istituto Auxologico Italiano, Cusano Milanino, Italy; 3NOVA

Diagnostics, Inc., San Diego, CA, USA; 4Thermo Fisher Scientific,

Phadia GmbH, Freiburg i. Br., Germany; 5Corgenix Inc,

Broomfield, CO; 6Bio-Rad Laboratories Inc, Hercules, CA, USA

Background: Current classification criteria for antiphospholipid syn-

drome (APS) calls for positive ‘standardized’ antiphospholipid tests

including IgG/IgM anti-b2glycoprotein (ab2GPI) antibodies in the

presence of classic symptoms for identification of the disease. Despite

numerous efforts aimed at standardization there still exists consider-

able inconsistency in antiphospholipid testing. We sought to prepare a

reference preparation (RP-M) and to establish international consensus

units (IU) for the measurement for IgM ab2GPI antibodies.

Methods: Whole IgM fractions were affinity-purified (AP) from sera

from APS patients with high IgM ab2GPI levels using a 2-mercato-

pyridine-coupled Sepharose column followed by an NHS-activated

Sepharose column coupled to b2GPI. Purity of b2GPI AP fractions

was confirmed using SDS-PAGE; fractions with high activity were

pooled, concentrated and sterile-filtered. The protein concentration of

the AP material was determined using Bradford protein assays and

assigned a value based on the definition that 1 IU/mL equates to 1 lg/
mL of AP ab2GPI. A reference preparation (RP-M) serum from an

APS patient with high titers of IgM ab2GPI activity was assigned an

IU value using original AP material as a calibrator. The RP-M and 30

samples were sent to several commercial companies for testing in their

respective kits according to an approved protocol to enable evaluation

of linearity, unit equivalency and commutability. Companies (and kits)

included INOVA Diagnostics (QUANTA Lite � b2GPI IgM ELISA,

QUANTA Flash � b2GPI IgM chemiluminescent assay), Bio-Rad

Laboratories (Anti-b2Glycoprotein I IgM EIA Test Kit) Corgenix

(IgM Anti-b2 Glycoprotein I Test Kit), and Phadia (EliA ß2-Glyco-

protein I IgM).

Results: The pooled AP material had a protein concentration of

15.125 lg/mL and was assigned a value of 15 IgM ab2GPI IU/mL.

The RP-M had a value of 220.3 IgM ab2GPI IU/mL. The linearity

(R2) of the RP curve for the various assays ranged from 0.9649 to

0.9983. The value of the RP-M in the various arbitrary kit units ranged

from 72.5 to 1143.4 units. Commutability samples fit very well within

95% prediction intervals and had excellent correlation when compar-

ing assays.

Conclusion: The RP-M demonstrates excellent linearity in the various

ab2GPI IgM assays and can be considered adequate to be used as a

calibrant/reference material. The results of commutability studies sug-

gest that this material can be used on a wide array of assays including

ELISA formats and some newer assay formats with wider analytical

measuring ranges that use different arbitrary units of measurement for

calibration. New international consensus units as well as an adequate

RP-M are now available to be used for the measurement of IgM

ab2GPI antibodies. These studies contribute significantly to the much-

needed standardization of ab2GPI immunoassays.

PB 2.62-6
Laboratory diagnosis of the antiphospholipid
syndrome: evaluation of two new automated
chemiluminescent assays for anticardiolipin and anti-
b2glycoprotein I detection
Novelli C, Morelli B, Bollini B and Grassi C

Legnano Hospital, Legnano (Milan), Italy

Background: The antiphospholipid syndrome (APS) identifies a condi-

tion of vascular occlusion increased risk and/or pregnancy complica-

tions. APS diagnosis requires the combination of at least one clinical

(vascular occlusion and⁄ or pregnancy complications) and one labora-

tory criterion; this has to be confirmed 12 weeks apart.

The Anticardiolipin (aCL), anti-b2glycoprotein I (ab2GPI) and Lupus

Anticoagulant (LAC) tests are the laboratory criteria for diagnosis of

APS. Standardization of aCL and/or ab2GPI assays still remain diffi-

cult, automation could be helpful to improve inter- and intra-labora-

tory variability.

Aim: Aim of our study is the evaluation of two new fully automated

chemiluminescent systems (ACL AcuStar and Zenit RA) for the detec-

tion of aCL (IgG – IgM) and ab2GPI (IgG – IgM).

Methods:Ninety retrospective patient samples (serum or platelets-poor

plasma; LAC pos:15/86 and LAC neg: 71/86), referred to our Center

for laboratory diagnosis of APS, have been tested for aCL (IgG –
IgM) and ab2GPI (IgG – IgM) on both analyzers.

Results: Positive samples according to manufacturer’s cut-off indica-

tions: 16/90 aCL IgG, 11/90 aCL IgM, 15/90 ab2GPI IgG and 8/90

ab2GPI IgM with ACL AcuStar; 13/90 aCL IgG, 12/90 aCL IgM, 14/

90 ab2GPI IgG and 13/90 ab2GPI IgM with Zenith RA, respectively.

Analytical agreement between the two methods were 92.2% for aCL

IgG and 96.7% for aCL IgM; 96.7% for ab2GPI IgG and 92.2% for

ab2GPI IgM.
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Eleven samples were positive for all of three tests including LAC with

both chemiluminescent systems evaluated.

Conclusion: In comparison to classic ELISA testings, these two fully

automated walk-away analyzers with random-access capabilities are

easy to use and significantly reduce the hands-on time.

We have observed good analytical agreement for both aCL and

ab2GPI assays. It is important that each laboratory will establish its

own reference intervals.

Despite last Lupus guidelines published in 2009, we have noticed that

only few request for diagnosis of APS were correct, including all three

panels together (aCL, ab2GPI and LAC), and ab2GPI was less fre-

quently requested.

PB2.63 – Arterial Vascular
Disorders – III

PB 2.63-1
Circulating beta antithrombin glycoform increases
during the acute ischemic cerebrovascular event
De La Morena-Barrio ME1, Mart�ınez-Mart�ınez I1, Mi~nano A1,

Garc�ıa A2, �Aguila S1, Navarro-Fern�andez J1, Bohdan N1,

Iniesta JA2, Vicente V1 and Corral J1

1Centro Regional de Hemodonaci�on, Hospital Morales Meseguer,

UMU, IMIB; 2Servicio de Nerulog�ıa, Hospital Universitario Reina

Sof�ıa, Murcia, Spain

Despite the control of thrombin is crucial in the development of ath-

erothrombosis, antithrombin, the main endogenous inhibitor of

thrombin, has been classically considered to play a role only in venous

thrombosis. Additionally, available methods to study antithrombin do

not discriminate between the two main glycoforms present in plasma.

Thus, no study has evaluated the levels of b-antithrombin in throm-

botic disorders, despite this glycoform lacking a glycan at N135 resi-

due, has higher heparin affinity and shows predominant vascular

localization. These features support that b-antithrombin might func-

tion as the major inhibitor of thrombin in vivo even being the less

abundant form in plasma (10%). Firstly, we have developed a simple,

cheap, and fast method able to specifically distinguish b-antithrombin

by using only few microliters of plasma. The method quantifies the

anticoagulant activity of b-antithrombin by activating the molecule

with heparin under a high salt concentration that does not allow a-

antithrombin activation. This method was validated with a and b gly-

coforms of antithrombin purified from plasma of healthy subjects, as

well as with recombinant antithrombin glycoforms. We used this novel

method and the classical one that determines the whole antithrombin

anticoagulant activity (a + b) in plasma of patients with ischemic cere-

brovascular disease during the acute event and 1 year later. We

recruited 117 consecutive and unrelated patients (mean age 73 years,

52% males). The total levels of antithrombin did not significantly dif-

fer from that of a cohort of 97 healthy control subjects (97.6 � 12.7%

vs. 99.9 � 6.4%, respectively P = 0.105) and did not significantly

change 1 year after the event on available samples (100 � 13.1%).

However, it is important to point out that five cases had significant

deficiency of antithrombin (values < 70%) during the acute event. In

two cases, a consumption of antithrombin can be suggested since val-

ues increased after 1 year and/or values of other anticoagulants (pro-

tein C or S) were also reduced during the acute event. In contrast, in

the other three cases, a congenital deficiency of antithrombin could be

suspected based on antithrombin levels 1 year after the event and/or

in relatives. Interestingly, sequencing of the SERPINC1 gene revealed

a heterozygous missense mutation responsible for the Budapest III

variant (L99F) in the patient with the strongest deficiency at the

moment of the stroke (32%): a 50 year-old male who suffered a lacu-

nar stroke but had no previous thromboembolic events. In contrast,

plasma b-antithrombin of patients during the acute event was signifi-

cantly higher than in the control cohort (105.0 � 17.7% vs.

97.1 � 12.2%, respectively; P < 0.001). Moreover, in available sam-

ples, we observed a significant decrease of b-antithrombin over 1 year

time (P = 0.04) and 1 year after the thrombotic event, b-antithrombin

levels reached values observed in controls. These results might be

explained by the release of b-antithrombin from the vascular compart-

ment to the circulation during the acute event.

Conclusions: These data sustain a role of antithrombin in stroke and

shows new knowledge on b-antithrombin, one potentially relevant gly-

coform that might be studied in different thromboembolic diseases

using the method that specifically detect this glycoform.

PB 2.63-2
Toll like receptor (TLR)-4 modulates the effects of
hyperglycemia and hyperinsulinemia on tissue factor
procoagulant activity in blood
Singh A, Rao AK and Boden G

Temple University School of Medicine, Philadelphia, PA, USA

Background: Tissue factor (TF) is the principal initiator of blood coag-

ulation. We have shown: (i) TF levels are elevated in type 1 and 2 dia-

betes mellitus (DM) patients; (ii) in healthy subjects and T2DM

patients hyperglycemia (HG), hyperinsulinemia (HI) and combined

HG + HI (24 h infusion clamps) increased whole blood TF-procoagu-

lant activity (TF-PCA); (iii). However, in T1DM patients, neither HG

or HI, nor HG + HI increased TF-PCA. Aims: To understand the

mechanisms for these differences, we studied the effects of HG and HI

in-vitro in whole blood from healthy individuals under unstimulated

and lipopolysaccharide (LPS)-stimulated conditions. T2DM patients

have enhanced platelet-monocyte activation and elevated plasma LPS,

a ligand for TLR-4. We postulated that TLR-4 modulates TF-PCA.

Methods: Glucose (200 mg/dL, HG) and insulin (1, 10 or 100 nM, HI)

were added either alone or in combination (HG + HI), in the presence

or absence of 1 mg/mL LPS to blood from six healthy subjects and

incubated for 4 h at 37 °C. TF-PCA (2 and 4 h) was measured in

whole blood lysates by a two-stage clotting assay and TLR-4 (4 h) by

ELISA.

Results: Basal plasma glucose and insulin were 75 � 4 mg/dL and

99 � 24 pM (n = 6, mean�SE), respectively. At 2 h HG increased

TF-PCA from 22 � 5 to 41 � 7 U/mL (P = 0.006). Insulin increased

TF-PCA: insulin 10 nM (to 33 � 8, P = 0.033) and 100 nM (to

44 � 12, P = 0.04). HG + HI (insulin 1, 10 or 100 nM) increased TF-

PCA to 42 � 6, 50 � 9 and 63 � 12 nM (all P < 0.05 over basal),

respectively. LPS markedly increased TF-PCA at 2 h (22 � 5 U/mL

to 826 � 93, P < 0.001). HG induced a small increase over LPS. How-

ever, insulin inhibited LPS-induced TF-PCA at 10 nM (from

826 � 93 to 587 � 119, P = 0.037) and 100 nM insulin. In presence

of LPS, HG + HI (1 nM) markedly increased TF-PCA over that with

LPS alone (from 826 � 93 to 2369 � 234 U/mL, P = 0.003). TLR-4.

HG alone increased TLR-4 (3.6 � 1–18 � 6, P = 0.04) with an

uptrend with HI. HG + HI (100 nM) increased TLR-4 to 15.6 � 3

(P = 0.02). LPS increased TLR-4 levels at 4 h by 11-fold (4.4 � 0.8–
49.3 � 5 ng/mL). Added HG did not cause further increase; however,

HI inhibited LPS-induced TLR-4 (1 nM HI: 14.6 � 4.8 vs.

41.7 � 9.7, P = 0.006). With HG + HI, TLR-4 levels were compara-

ble to those with LPS alone; thus, HG overrides insulin inhibition.

TLR-4 levels strongly correlated with TF-PCA (r = 0.71, P ≤ 0.0001).

Whole blood TLR-4 in T2DM subjects (0.7 � 0.1 ng/mL, n = 6) was

lower than in T1DM (3.2 � 0.9 ng/mL, n = 8) and healthy subjects

(3.6 � 1.1 ng/mL, n = 4).

Conclusions: (i) In non-diabetic subjects HG, HI and HG + HI

increased whole blood TF-PCA. Insulin inhibited LPS-induced

increase in TF-PCA. Thus, insulin effect is influenced by the cellular

activation state and HG overrides the inhibitory effect. (ii) TLR-4

plays a major role in modulating TF-PCA levels. (iii) Differences in

cellular activation state and TLR-4 levels may be the basis for the dif-

ferences in TF-PCA responses in healthy subjects, T1DM and T2DM

in our infusion studies.
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PB 2.63-3
Hemostatic factors as predictors of recurrent vascular
events up to 12 years after ischemic stroke: the
Sahlgrenska Academy Study on ischemic stroke
outcome
Pedersen A1, Redfors P1, Lundberg L1, Hanson E1, Blomstrand C1,

Gils A2, Rosengren A3, Declerck PJ2, Jood K1 and Jern C1

1Institute of Neuroscience and Physiology, Gothenburg, Sweden;
2Laboratory for Pharmaceutical Biology, Faculty of

Pharmaceutical Sciences, Leuven, Belgium; 3Institute of

Medicine, The Sahlgrenska Academy at University of

Gothenburg, Gothenburg, Sweden

Background: The hemostatic factors tissue plasminogen activator (t-

PA), vonWillebrand factor (VWF) and fibrinogen are known from pro-

spective studies to predict arterial thrombotic events. Previously we

reported an association between convalescent plasma levels of the

Thrombin Activatable Fibrinolysis Inhibitor (TAFI) activation peptide

(AP) with the composite outcome recurrent vascular events and/or

death within 2 years after stroke in the Sahlgrenska Academy Study on

Ischemic Stroke (SAHLSIS). Here, we examined the associations

between plasma levels of t-PA antigen, VWF, fibrinogen, and TAFI and

the long-term risk of recurrent vascular events in SAHLSISOutcome.

Methods: SAHLSIS Outcome comprises 600 consecutively recruited

ischemic stroke patients aged 18–69 years that have been prospectively

followed for up to 12 years. Blood was drawn under strictly standard-

ized conditions both in the acute (day 1–10, median 4) and the conva-

lescent phase, 3 months after index stroke. Plasma levels of fibrinogen

were measured by an automated clot-rate assay, and the levels of t-PA

antigen, VWF, intact TAFI and TAFI-AP by ELISAs. Vascular

deaths, recurrent stroke, and coronary events were registered through

national registers and medical records. Hazard ratios (HR) for associa-

tions between plasma levels and recurrent vascular events were calcu-

lated using Cox Regression models.

Results: The mean follow-up time was 8.5 (SD 1.6) years. No patient

was lost to follow-up. Seventy-five vascular deaths, 119 recurrent

strokes, and 53 coronary events were registered. In univariate analyses

acute and 3-month levels of t-PA antigen, VWF and fibrinogen, but not

TAFI or TAFI-AP, showed significant associations with vascular

death. Similar results were obtained when analysing all events com-

bined (n = 184). No significant associations were observed with recur-

rent stroke. In multivariate analyses, adjusting for vascular risk factors

and hsCRP, the association for t-PA and vascular death was retained;

HR per 1 SD increase in t-PA antigen 1.40 (95% CI 1.05–1.88,
P = 0.02).

Conclusion: In young and middle-aged ischemic stroke sufferers, the

convalescent plasma level of t-PA was an independent predictor of

long-term risk of vascular death. Levels of t-PA, VWF and fibrinogen

were associated with an increased risk of the combined outcome of

fatal and non-fatal vascular events, but these associations were not

independent of vascular risk factors in our study.

PB 2.63-4
Does the immature platelet function (IPF) in chest pain
patients presenting to the emergency department aid
in the diagnosis of acute coronory syndrome?
Berny-Lang MA1, Darling CE2, Frelinger AA AL1, Barnard M1,

Gerrits AJ1 and Michelson AD1

1Dana-Farber Cancer Institute, Harvard Medical School, Boston

Children’s Hospital, Boston, MA; 2University of Massachusetts

Medical School, Worcester, MA, USA

Background: Patients presenting to the emergency department (ED)

with chest pain and suspected acute coronary syndrome (ACS) are

assessed by history, physical examination, electrocardiogram and

serum markers of myocardial necrosis. However, early and accurate

identification of patients with ACS vs. non-cardiac chest pain remains

problematic. Previous studies reported that the mean platelet volume

(MPV) is elevated in ACS and that elevated MPV may be predictive of

recurrent myocardial infarction. Based on the hypothesis that platelet

turnover is increased in ACS, resulting in elevated levels of younger,

larger and potentially more active platelets, MPV may be an indirect

measure of the immature platelet fraction (IPF). Indeed, studies sug-

gest that the IPF is increased in ACS. We therefore hypothesized that

the IPF may assist in the diagnosis of ACS in chest pain patients in the

ED.

Aims: To determine if the measurement of IPF assists in the diagnosis

of ACS in patients presenting to the ED with chest pain.

Methods: In this single-center study, adult patients (≥ 18 years of age)

presenting to the ED with chest pain and/or suspected ACS were con-

sidered for enrollment. Exclusion criteria included trauma, pregnancy,

elevated serum creatinine, anemia, thrombocytopenia and evidence of

bleeding. In addition to routine ED admission laboratory tests, an

EDTA-anticoagulated blood sample was drawn. Within 24 h of collec-

tion, blood samples were analyzed in a Sysmex XE-2100 hematology

analyzer for platelet count, MPV and the percentage and concentra-

tion of immature platelets (IPF and IP concentration, respectively).

IRB-approved written informed consent was obtained for the use of

data from patients meeting enrollment criteria. Patients were followed

in the hospital to determine their final diagnosis. Results were stratified

into ACS or non-ACS (non-cardiac, non-thrombotic) patient groups.

Results: A total of 280 patients were enrolled in the study. Eleven sub-

jects were excluded due to measurement error, consent withdrawal,

inconclusive diagnosis or exclusions as per the study protocol. Two

patients were diagnosed as non-cardiac, thrombotic (i.e., not classified

as either ACS or non-ACS) and were excluded from analyses. Data

from 226 ACS-negative (non-cardiac, non-thrombotic) and 41 ACS-

positive patients were analyzed. Platelet counts and MPV were not sta-

tistically different between ACS-negative and ACS-positive patient

groups. The IPF was 6.0 � 1.3% and 5.1 � 0.4% and the IP concen-

tration was 10.0 � 0.3 and 11.7 � 1.3 9 103/lL for non-ACS and

ACS, respectively, with no statistically significant differences between

ACS-negative and ACS-positive groups for either measurement.

Summary/Conclusions: In patients presenting to the ED with chest

pain, no differences in IPF, IP concentration or MPV were observed

in non-ACS vs. ACS patients (n = 267). This study suggests that the

IPF, the IP concentration and MPV do not assist in the diagnosis of

ACS in chest pain patients presenting to the ED.

PB 2.63-5
Fractal dimension (Df): a novel biomarker to assess
change in clot structure in cerebrovascular disease
following therapeutic intervention
Stanford SN1, Sabra A1, Lawrence MJ1, Morris K2, Hawkins KM1,

Williams R1, Storton S1, Wani M3 and Evans PA3

1Swansea University, Swansea; 2Cardiff Metropolitan University,

Cardiff; 3ABMU Health Board, Swansea, UK

Background: Stroke is the second largest cause of death Worldwide.1

Abnormal haemostasis plays an important role in the pathophysiology

of cerebrovascular disease (CVD) due to the development of an abnor-

mally dense clot structure2,3. Standard techniques assessing clot struc-

ture have limited clinical use. Fractal Dimension (Df) (of the incipient

clot) is a promising novel biomarker 4 that can quantify clot structure.

Aims: This study aims to explore the role of Df in quantifying changes

in clot structure and evaluating the efficacy of therapeutic intervention

in stroke and Transient Ischaemic Attack (TIA).

Methods: A prospective observational study of 50 patients with CVD

(stroke/TIA) with a control group of 50 healthy volunteers. This study

was given a favourable ethical opinion by the South West Wales

Research Ethics Committee. Only patients or legal representatives
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who gave written informed consent or assent respectively were enrolled

onto the study. Rheological testing (Df analysis) was performed in

addition to standard coagulation tests. Further assessment took place

at 24 and 72 h to assess the effects of therapeutic intervention on clot

structure.

Results: Our previous analysis has confirmed that Df in normal sub-

jects is 1.74 (SD 0.04). On admission in CVD subjects mean Df was

1.78 (SD 0.05). After 24 and 72 h the mean Df was 1.78 (SD 0.05) and

1.74 (SD 0.05) respectively. Although there was no change in Df at

24 h, at 72 h it was significantly lower than the mean at presentation

(P < 0.05; one way ANOVA). These findings also show that Df is sig-

nificantly higher in patients with CVD than in healthy subjects at pre-

sentation but not at 72 h.

Conclusion: In this study Df accurately quantified the effects of CVD

and therapeutic intervention on clot structure. Df was significantly ele-

vated in the acute phase and returned to normal at 72 h.

PB 2.63-6
MMP-10: a new biomarker in peripheral artery
disease?
Roncal C1, Mart�ınez-Aguilar E2, Gomez-Rodriguez V3, Fernandez-

Alonso L2, Rodr�ıguez JA3, Orbe J3 and Paramo JA3

1Laboratory of Atherosclerosis and Inflammation; 2Hospital of

Navarra; 3CIMA-University of Navarra, Pamplona, Spain

Background: Peripheral arterial disease (PAD) is associated with a

poor prognosis in terms of cardiovascular morbidity and mortality.

Matrix metalloproteases (MMPs) contribute extensively to vascular

remodeling by degrading extracellular matrix (ECM) components.

Circulating levels of MMP-10 are associated with different inflamma-

tory markers, increased carotid intima media thickness, and the pres-

ence of carotid plaques. Moreover, MMP-10 expression is detected in

endothelial cells (ECs) and macrophages within human atherosclerotic

plaques in association with C-reactive protein (CRP), suggesting a role

for MMP-10 in cardiovascular diseases.

Aims and Methods: To analyze the role of this protease in PAD,

MMP-10 was measured in 139 patients (71 � 11 years), and sex and

age matched healthy controls (n = 148, 64 � 8 years). Moreover, the

role of MMP-10 in vitro was determined in endothelial cells from WT

and MMP-10 deficient mice (Mmp10�/�).

Results: Subjects with PAD were older, and presented higher fre-

quency of diabetes and hypertension (P < 0.05). The levels of fibrino-

gen (493 � 135 vs. 293 � 72 mg/dL; P < 0.01), hs-CRP (1.7 � 2.9 vs.

0.5 � 1.3 mg/L; P < 0.01) and MMP-10 (987 � 520 vs.

729 � 320 pg/mL; P < 0.01) were increased in PAD patients com-

pared to controls while TIMP-1 was reduced (205 � 88 vs.

410 � 61 g/mL; P < 0.01). We then divided the population in patients

presenting intermittent claudication (IC, n = 76), and critical leg ische-

mia (CLI, n = 63) based on Rutherford’s score. CLI subjects were

older, more diabetic and hypertensive compared to IC patients

(P < 0.05), and presented increased levels of fibrinogen (552 � 158 vs.

444 � 89 mg/dL; P < 0.01), hs-CRP (3.1 � 3.8 vs. 0.6 � 1.0 mg/L;

P < 0.01) and MMP-10 (1080 � 467 vs. 905 � 549 pg/mL; P < 0.01).

In vitro Mmp10�/� endothelial cells presented reduced migration,

proliferation and tube formation capacity compared to WT

(P < 0.05).

Conclusions: Our results suggest that MMP-10 may be a biomarker in

PAD and that it could be involved in the pathological changes under-

lying this disease.

PB2.64 – Diagnosis of VTE – III

PB 2.64-1
Are standardized algorithms used in clinical practice in
seven different European countries to aid in the
diagnostic work-up for suspected venous
thromboembolism?
Kristoffersen AH1, Ajzner E2, Roger D3, Sozmen EY4, Carraro P5,

Faria AP6, Watine J7, Meijer P8 and Sandberg S9

1Haukeland University Hospital, Bergen, Norway; 2J�osa Andr�as

Teaching Hospital, Ny�ıregyh�aza, Hungary; 3Clinical Hospital

Center Zagreb, Zagreb, Croatia; 4Ege University, Faculty of

Medicine, Izmir, Turkey; 5Hospital Sant’Antonio, Padova, Italy;
6Instituto Nacional de Sa�ude Dr. Ricardo Jorge, Lisbon, Portugal;
7Hôpital de la Chartreuse, Villefranche-de-Rouergue, France;
8The External quality Control for Assays and Tests (ECAT)

Foundation, Leiden, The Netherlands; 9Norwegian Quality

Improvement of Primary Care Laboratories (NOKLUS), Bergen,

Norway

On behalf of the working group in post-analytical external quality

assessment (WG-PEQAS) of the European Federation of Clinical

Chemistry and Laboratory Medicine (EFLM).

Background: It has been shown that the need for radiologic imaging

can be reduced by 30–40% if standardized algorithms consisting of

clinical decision rules (CDRs) and D-dimer tests are used in the diag-

nostic work-up for patients with suspected venous thromboembolism

(VTE).

Aims: The aim of this study was to explore if algorithms combining

CDRs and D-dimer testing are used as recommended in different

European countries.

Methods: Physicians working within emergency and internal medicine

departments were invited, through the national medical associations,

to answer a web based questionnaire. The physicians were presented

with two case histories with questions related to diagnosis and exclu-

sion of suspected pulmonary embolism (Patient A, high pretest proba-

bility) and deep venous thrombosis (Patient B, low pretest

probability). The physicians were asked to estimate the probabilities of

VTE before and after D-dimer testing, to answer how they would use

and interpret D-dimer and their use of radiologic imaging. They were

also asked if they regularly used clinical decision rules and type of rule.

Results: Altogether, 548 physicians from seven different European

countries responded, after exclusion of 78 physicians who did not reg-

ularly diagnose VTE. For patient A, most physicians (63%) suggested

a high pretest probability or likely diagnosis of PE. Still, 11.1% stating

high probability would request D-dimer alone and 68.8% both D-

dimer and radiologic imaging. Only 19% requested radiologic imaging

alone. If the D-dimer result was negative in this patient, 16.6% sug-

gesting a high probability even would regard PE as excluded. For

patient B, the majority (82.7%) of the physicians suggested a low pre-

test probability or unlikely DVT diagnosis. D-dimer alone was

requested by 65.6% of physicians, while 13% of clinicians would

request both D-dimer and radiologic imaging and 10.8% only radio-

logic imaging. CDRs were always or often used by 31.9% of the physi-

cians. The pretest probability estimates in percent varied substantially

for both patients A and B, regardless of the use of CDRs. If CDRs

were used often and/or always, the probability that the physician

would do the correct action was higher for several questions compared

to if CDRs were seldom or never used, but the probability estimates

for VTE were not different between these groups.

Conclusions: Exclusion of VTE by negative D-dimer results might un-

derdiagnose VTE in high probability patients and puts the patients

into significant risk. Applying radiologic imaging without or in parallel

with D-dimer testing in low probability VTE cases imply extra burden

on the health care system, and could be avoided if standardized algo-

rithms were followed. Results from this study suggest that standard-
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ized algorithms are not systematically followed by a substantial

amount of physicians.

PB 2.64-2
Association between treatment regimen and quality of
life assed by EQ-5D-3L and pain interference in adults
with haemophilia with and without inhibitors in the
global HERO study
Tricarico A

Ethos, Newtown, PA, USA

Background: Treatment options for congenital haemophilia A (HA)

and B (HB) with or without inhibitors include on-demand and prophy-

lactic factor replacement. Little is known about the relationship

between treatment regimen and quality of life (QoL) in people with

haemophilia (PWH) with and without inhibitors.

Aims: To examine the association between treatment regimen and

QoL in adult PWH with and without inhibitors from the Haemophilia

Experiences, Results and Opportunities (HERO) Study.

Methods: A post-hoc analysis of data from PWH ≥ 18 years from 10

countries (AR/DZ/CN/CA/DE/FR/IT/ES/GB/US)) participating in

the HERO Study. PWH completed a standard EQ-5D-3L[TRADE-

MARK] assessment. EQ-5D index was calculated based upon the US

method (Shaw et al. 2005).

Results: In total, 675 PWH completed qualitative and quantitative

questions on QoL and well-being. Most PWH reported HA (498), 86

reported HB and 91 reported HA/HB with inhibitors. Half (n = 45) of

those reporting inhibitors were from the US. PWH with inhibitors

were younger (median/maximum age 34/69 years) than those without

inhibitors (36/86 years). At a global level, treatment was somewhat

evenly split between on-demand (289, 43%) and prophylaxis (207,

31%); fewer reported on-demand plus situation prophylaxis (146,

22%). This was similar for PWH with inhibitors (on-demand 43 [47%]

including 20 US, prophylaxis 29 [32%] including 22 US, on-demand

with situational prophylaxis 7 [8%]). Most adult PWH (598, 89%) and

PWH with inhibitors (86, 95%) reported pain had interfered with their

daily life in the past 4 weeks; of those, 301 (50%) reported constant

pain (38 [44%] with inhibitors). Mean EQ-5D index for PWH with

inhibitors was 0.707; it was 0.745 for HA and 0.741 for HB; median

EQ-5D index was the same for HA, HB and PWH with inhibitors

(0.778). Mean EQ-5D for PWH on prophylaxis was 0.707, 0.712 for

PWH on-demand and 0.731 for PWH treated on-demand with situa-

tional prophylaxis. Almost half of PWH reported no issues with

mobility (HA: 41%, HB: 38%, inhibitors: 44%). Most PWH reported

no issues with usual activity (HA: 81%, HB: 79%, inhibitors: 74%).

For PWH with inhibitors, the percentage reporting no issues with

usual activity was similar across treatment regimens (on-demand:

72%, prophylaxis: 79%, on-demand with situational prophylaxis,

71%). Approximately half of PWH reported no issues with self-care

(HA: 56%, HB, 49%, inhibitors: 43%) or anxiety/depression (HA:

54%, HB: 53%, Inhibitors: 54%).. Few PWH denied any pain/discom-

fort (HA: 26%, HB: 28%, inhibitors: 19%). Self-care is the only index

that shows a significant difference between the types of haemophilia.

Statistical comparison for mobility and usual activity was not possible

due to the small number of PWH who responded to each question.

Conclusions: Globally, adult PWH with inhibitors in HERO had a

lower mean EQ-5D index and more frequently reported problems in

individual EQ-5D domains than those without inhibitors. While differ-

ences in age and treatment regimen across participating countries limit

descriptive analysis; multivariate analyses may yield further insights.

The underlying reasons for treatment regimens (e.g. pain vs. bleed con-

trol, desired activity participation, employment) likely also impact

quality of life, and need to be factored into future studies.

PB 2.64-3

Performance of fibrin monomer in the evaluation of
patients with suspected pulmonary embolism
Bates SM1, Parpia S2, McGrath J3, Johnston M4

and Hoogendoorn H3

1McMaster University; 2Ontario Clinical Oncology Group;
3Hemostasis Reference Laboratory, Inc., Hamilton, ON, Canada

Background: During thrombin generation, fibrinopeptide A is released

from the fibrinogen molecule, leading to the formation of fibrin mono-

mer and cross-linked fibrin. Simultaneous triggering of the fibrinolytic

system results in plasmin clipping of cross-linked fibrin with D-dimer

release. Fibrin monomer, therefore, is an early indicator of thrombin

generation. Studies evaluating this molecule for the exclusion of

venous thromboembolism have had inconsistent results; however, the

high specificity of fibrin monomer for venous thrombosis has been sug-

gested as a potential advantage over D-dimer in this setting.

Aim: We sought to evaluate the performance of fibrin monomer (STA

LIATEST�FM) in a large cohort of patients with suspected pulmo-

nary embolism (PE).

Methods: Seven hundred and ninety-four available frozen samples

from a prospective cohort study of 808 consecutive patients with sus-

pected PE were tested for both fibrin monomer and D-Dimer (STA

LIATEST�DDi), according to the manufacturer’s instructions. All

patients underwent pre-test probability assessment using the Wells

model. Patients were characterized as PE positive or negative accord-

ing to the results of objective testing and 3 month follow-up. Sus-

pected venous thromboembolism was adjudicated centrally. The study

protocol was approved by the institutional review board of each par-

ticipating center and is consistent with the principles of the Declara-

tion of Helsinki.

Results: One hundred and two patients (12.8%) were diagnosed with

PE. Five hundred sixty-five had low pre-test probability, while 172 and

57 were classified as having a moderate and high pre-test probability,

respectively. Concordance between D-dimer and fibrin monomer

results was moderate to low (Pearson r – 0.41). The normal range for

fibrin monomer is < 8.0 lg/mL. Using this cutpoint, the assay had an

overall sensitivity of only 42.2% (95% CI, 32.6–52.3%) and a specific-

ity of 88.7% (95% CI, 86.1–90.9%), with a corresponding negative

predictive value (NPV) of 91.2% (95% CI, 88.8–93.2%) and positive

predictive value (PPV) of 35.5% (95% CI, 27.2–44.8%). Decreasing

the cutpoint to 5.0 lg/mL resulted in a slight improvement in sensitiv-

ity (66.7%; 95% CI, 57.2–75.6%) with resultant loss in specificity

(66.6%; 95% CI, 63.0–70.1%). The NPV remained too low for this

test to be used to confidently exclude PE (93.1%; 95% CI, 90.4–
95.1%), even in patients with a low pre-test probability (95.9%; 95%

CI, 93.3–97.6%). In comparison, using a cutpoint of 0.5 lg FEU/mL,

the D-dimer assay had an overall sensitivity, specificity, and NPV of

98.0%, 42.5%, and 99.3%, respectively. Although increasing the fibrin

monomer cutpoint to 50 and 100 lg/mL resulted in specificities of

over 90%, even in patients with a high pre-test probability, the preva-

lence of disease was not sufficiently high (35.1%) to result in a PPV

sufficient to confidently rule-in PE (62.5% [95% CI, 25.9–89.8%] and

66.7% [95% CI, 24.1–94.0%], respectively). In order for a positive

result to generate a PPV of over 90%, the population prevalence of PE

would need to be at least 70%.

Conclusions: The fibrin monomer is not sufficiently sensitive to be used

to exclude PE, even in patients with a low pre-test probability.

Although this assay has a higher specificity than D-dimer, it is insuffi-

cient to be used to rule-in PE.
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PB 2.64-4
Assessment of thrombus age with contrast-enhanced
MR-Venography
Arnoldussen CWKP, De Graaf R, Strijkers R, Ten Cate-Hoek AJ

and Ten Cate H

Maastricht University Medical Centre, Maastricht, The

Netherlands

Background: Current treatment of DVT is limited to anticoagulation

and compression stockings. However, at least 20% of patients contin-

ues to have leg complaints even after 1 year of (extended) treatment.

Contrast-enhanced MR-Venography allows for high detail imaging of

the deep vein system. This enables us to visualize detailed thrombus

characteristics. Being able to assess thrombus age may contribute to

early identification of patients at risk for suboptimal treatment out-

comes and safer patientmanagement.

Aims: To assess the age of thrombus with CE-MR-Venography and

compare the results with the clinical estimate of the age of the DVT

based on duration of complaints.

Methods: Forty-one patients (27 male and 14 female), age 17–74 years

(mean 49, SD 17), underwent MR-Venography to evaluate the pres-

ence and extend of their DVT. Thrombus age was assessed at the level

of the common femoral vein (35 patients). For those patients in whom

the thrombus did not extend into the common femoral vein, the most

proximal extension was evaluated (six patients). Thrombus age was

scored, blinded to the clinical duration of complaints, as either acute,

subacute or chronic. Thrombus was identified as acute if the throm-

bosed vein was dilated, showed a thin enhancing wall and a homoge-

nous signal intensity. Thrombus was identified as subacute if the

thrombosed vein was still dilated, with a thicker enhancing wall and

signs of recanalization within the thrombus (visual as areas of lower

and higher intensity within the thrombus). Thrombus was identified as

chronic if the thrombosed vein was no longer evidently dilated, only

partially filled with thrombus and no evident signs of residual vein wall

enhancement were present. Additionally, signs of trabeculations or

fibrotic strands were identified as post-thrombotic. Results of image

assessment were subsequently compared to the clinical information

with regard to duration of complaints.

Results: In all 41 patients the radiologist was able to distinguish the

thrombus age into three categories (acute, sub acute, chronic), based

on MR characteristics. Thrombus was identified as acute in patients

with a mean duration of complaints of 6.5 days (range 2–13 days).

Thrombus was identified as sub acute in patients with a mean duration

of complaints of 13.4 days (8–18 days,). Chronic thrombus was identi-

fied in patients with a mean duration of complaints of 22.2 days (15–
32 days).

Summary/Conclusions: Contrast-enhanced MR-Venography may

enable differentiation between acute, sub acute and chronic thrombi.

This could potentially impact treatment options in both the acute and

chronic phase.

We might be able to predict suboptimal treatment outcomes, and con-

sider more aggressive treatment options, such as catheter directed

thrombolysis.

Keywords:DVT, thrombus, age, MR-venography.

PB 2.64-5
Values of pretest probability tests for diagnosis of
acute symptomatic proximal DVT in Thai patients
Sermsathanasawadi N, Pumpuang T, Hongku K, Wongwanit C,

Ruangsetakit C, Chinsakchai K and Mutirangura P

Siriraj Hospital, Bangkok, Thailand

Background: Clinical diagnosis of deep venous thrombosis is difficult

because clinical signs and symptoms lack sensitivity and specificity.

Some authors have developed pretest probability tests for diagnosis of

acute DVT based on history and physical examination before confir-

mation by objective testing such as duplex ultrasonography or venog-

raphy. These scores have not been evaluated for the accuracy of

diagnosis of acute symptomatic proximal DVT in Thai patients.

Aims: To compare the accuracy of clinical predictor scores in diagnosis

of acute symptomatic proximal deep vein thrombosis of lower extrem-

ity and to identify risk factors of acute proximal deep vein thrombosis

of lower extremity in Thai patients’

Methods: Patients who had symptoms suspected acute deep vein

thrombosis (DVT) were examined by duplex ultrasonography for

detecting proximal deep vein thrombosis at common femoral veins

and popliteal veins. Clinical predicting scores of acute deep vein

thrombosis including Wells, Kahn, and St. Andre′ and Ambulatory

constant scores were recorded. Sensitivity and specificity of all clinical

scores were calculated by comparing with the result of duplex ultraso-

nography. We also identified the clinical predicting factors associated

the diagnosis of acute symptomatic proximal deep vein thrombosis by

duplex ultrasonography by univariate and multivariate analysis. In

addition, we developed the new clinical predictor score (Siriraj DVT

score) by using the predicting factors which had statistical significant

in multivariate analysis.

Results: Five hundred patients who had symptoms suspected deep vein

thrombosis were included in this study. Proximal deep vein thrombosis

was confirmed by duplex ultrasonography in 133 patients (26.6%).

The Ambulatory constant score was a best predictor score in diagnosis

of deep vein thrombosis following by the Wells and St. Andre′ and
Kahn scores respectively. According to the Ambulatory constant

score, the area under the ROC curve was 0.646 (95% confidence inter-

val [95%CI]: 0.59–0.69), for the Wells score 0.644 (95%CI: 0.59–0.69),
0.575 (95%CI: 0.52–0.63) for the St. Andre′score, and 0.540 (95%CI:

0.48–0.59) for the Kahn score. We found that history of cancer, con-

finement to bed, unilateral lower limb pain, local warmth, whole limb

enlargement, calf enlargement more than 3 cm compared to the other

sites, and previous history of venous thromboembolism were statisti-

cally significant in univariate analysis. In multivariates analysis, con-

finement to bed, unilateral lower limb pain, calf enlargement > 3 cm

compared to the other sites and previous history of venous thrombo-

embolism were the predicting factor which had significant statistic. We

also developed the new predicting score (Siriraj DVT score) by these

four parameters and the area under the ROC curve was 0.717 (95%CI:

0.67–0.77).
Conclusion: Ambulatory constant score had highest accuracy in diag-

nosis of acute symptomatic proximal DVT in Thai patients. Confine-

ment to bed, unilateral lower limb pain, calf enlargement > 3 cm

compared to the other sites and previous history of venous thrombo-

embolism were the important clinical predicting factors for diagnosis

of acute symptomatic proximal deep venous thrombosis in Thai

patients.

PB 2.64-6
Using model-based clustering to identify patterns of
INR trajectories following warfarin initiation
Tagalakis V1, Xu CJ1 and Ciampi A2

1Lady Davis Institute for Medical Research/Jewish General

Hospital; 2McGill University, Montreal, QC, Canada

Background: Achieving stable warfarin therapy as defined by the Inter-

national Normalized Ratio (INR) being within the therapeutic range

is often challenging due to intra- and inter-individual variability

regarding patient response to warfarin. Characterizing patterns of

INR trajectories following initiation of warfarin may help identify

patients early on with stable vs. unstable INR patterns, and in turn

help guide management decisions in patients with venous thromboem-

bolism.

Aim: We aimed to identify distinct patterns of INR trajectories follow-

ing initiation of warfarin therapy by applying an approach to model-

based clustering of longitudinal data recently developed by the

authors.
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Methods: We analyzed retrospective data collected from 99 patients

presenting to the anticoagulation clinic at a single tertiary-care center,

who were also enrolled in a previous study. We determined INR values

at the time of warfarin initiation and up to 6 months thereafter. Our

approach to model-based clustering of longitudinal data treats a sub-

ject’s observed trajectory as arising from a finite mixture of probabilis-

tic models for curves, such that each component identifies a distinct

pattern of time evolution (described by a mean curve and variance-

covariance matrix). Our algorithm estimates from a sample of

observed curves both the number of distinct patterns and the parame-

ters describing each pattern. The algorithm also produces estimates,

for each individual, the probabilities of a patient belonging to each

pattern.

Results: In all, we included 99 patients with an average number of

INR values per patient of 13 (Standard Deviation (SD) 4) following

warfarin initiation and a mean follow-up of 189 days (SD 31). We

identified two distinct patterns of INR trajectories. The most frequent

pattern included 80% (n = 79) of the population and describes

patients with favorable INR control. They achieved target INR values

(between 2.0 and 3.0) early after warfarin initiation and maintained

stable INR control during follow-up. The mean INR was 2.3 (SD 0.8).

The less frequent pattern describes 20% of the population (n = 20)

with less favorable INR control. In this group, INR instability was

observed early during initiation of warfarin therapy with target INR

values difficult to achieve and maintain. The mean INR was 2.8 (SD

1.4).

Conclusion: Our study shows that using model-based clustering can

identify stable and unstable patterns of INR trajectories in patients ini-

tiating warfarin therapy. Future work is needed to verify our method

in a larger population, and to determine patient characteristics predic-

tive of INR patterns. Ultimately, predicting INR instability may help

identify patients who may benefit from alternate anticoagulants.

PB2.65 – Diagnosis of VTE – IV

PB 2.65-1
Clinical impact of findings supporting an alternative
diagnosis on computed tomography pulmonary
angiography in patients with suspected pulmonary
embolism
Van Es J1, Douma RA1, Schreuder SM1, Middeldorp S1,

Kamphuisen PW2, Gerdes VEA1 and Beenen L1

1Academic Medical Center, Amsterdam; 2University Medical

Center Groningen, Groningen, The Netherlands

Background: Computed tomography pulmonary angiography (CTPA)

is commonly used as the first-line imaging test in the diagnostic work-

up of patients with suspected pulmonary embolism (PE). Other CTPA

findings may provide an alternative explanation for the signs and

symptoms in this group of patients; however, the clinical impact of

these findings is not clear.

Aims: To assess the clinical impact of findings supporting alternative

findings on CTPA ordered in the diagnostic work-up for PE, in terms

of diagnostic or therapeutic consequences. Besides, we investigated

whether findings supporting alternative diagnoses were already estab-

lished or highly suspected before CT-scanning.

Methods: In 203 consecutive patients with suspected PE, the clinical

implication of abnormalities on CTPA was prospectively evaluated.

Alternative diagnoses were defined on clinical grounds prior to per-

forming CTPA; afterwards, all findings were systematically registered.

Diagnostic and therapeutic consequences were assessed using a priori

defined criteria.

Results: A total of 39 (19%) patients were diagnosed with PE and 61

(30%) had no abnormality on CTPA. Before CTPA, alternative diag-

noses were suspected in 97 (48%) patients. Findings supporting an

alternative diagnosis were detected in 88 (43%) patients. In 28 patients

this was a new finding, in 18 patients, a conclusive alternative diagno-

sis for the complaints was made based on the outcome of the CTPA.

Overall, findings supporting alternative diagnoses had therapeutic con-

sequences in 10 (4.9%) patients. Incidental findings (nodules/lymph

nodes) requiring diagnostic procedures were present in 17 (8.4%)

patients, of which one (0.5%) had a therapeutic consequence.

Conclusion: In patients undergoing CTPA for suspected PE, findings

supporting alternative diagnoses were found in almost half of the

patients. However, in only few patients this had therapeutic conse-

quences. Hence, CTPA should principally be used to find or exclude

PE in high probability patients but not to establish an alternative diag-

nosis.

PB 2.65-2
Inter-observer agreement for Wells DVT score and
empiric unstructured estimate of pretest probability
Courtney MD, Brucker K, Dore L, Chevrier A, McConnell R

and Sears J

Northwestern University, Chicago, IL, USA

Background: Evaluation for potential DVT is challenging due to inade-

quacy of clinical exam to identify clot and lack of 24 h duplex Doppler

ultrasonography in some settings. The Wells DVT score has achieved

less attention by clinicians and researchers than the corresponding

score for PE. Increased use of an approach to identify of low probabil-

ity patients (< 10%) could facilitate increased use of D-dimer testing

with improved diagnostic efficiency. Currently most patients in US

EDs are evaluated primarily with ultrasonography as the primary and

only diagnostic tool.

Objectives: To determine interobserver agreement among two clini-

cians for components of the Wells DVT score, as well as agreement for

empiric clinician judgment.

Methods: We conducted a prospective, observational single site study

including patients evaluated in the emergency department for possible

lower extremity DVT. IRB approval was provided for human subjects

research. We excluded patients with: known DVT on warfarin with

INR > 2.0 or other non-aspirin anticoagulation, DVT diagnosed

within last 1 month regardless of INR, or known results of duplex

Doppler. Two clinicians (attending, resident or mid-level) indepen-

dently evaluated each patient prior to test results and completed a

web-based data collection instrument including components of the

Wells Score and overall clinician empiric estimation of DVT probabil-

ity (< 10%, 10–19%, ≥ 20%). Structured medical record review deter-

mined combined VTE outcome (any acute DVT or PE over 45d).

Kappa statistic assessed inter-observer agreement.

Results: One hundred and thirty-six patients were enrolled; mean age

was 54 years, 64% were female. The median time to obtaining a

duplex Doppler was 3.4 h. Acute DVT was diagnosed in 18% (95%

CI 12–26%) acute PE without DVT in 2% (5–6%). Forty-four percent

of patients were pretest probability < 10% by clinician unstructured

estimate and 49% were DVT unlikely by Wells. Kappa values (and

agreement%) were: previous DVT 0.90 (98%), active cancer 0.85

(98%), leg immobility 0.75 (97%), bedridden or surgery 0.56 (92%),

calf swelling 0.58 (81%), entire leg swelling 0.42 (77%), unilateral pit-

ting edema 0.36 (72%), alternative diagnosis at least as likely 0.32

(70%), deep venous system tenderness 0.23 (66%), superficial collat-

eral veins 0.15 (86%). Kappa for binary empiric unstructured gestalt

(< 10% vs. ≥ 10%) was 0.42 with 71% agreement. Prevalence of acute

DVT/PE in the empiric < 10% group was 8.3%. Acute DVT/PE in the

Wells ≤ 1 ‘unlikely’ group was 12.5%.

Conclusion: Highest precision exists for the patient history components

of the Wells DVT score rather than physical exam components.

Almost half of the patients were non-high probability, suggesting pos-

sible increased opportunity for a combined pretest probability and D-

dimer testing strategy.
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PB 2.65-3
Accuracy of diagnosing incidental pulmonary
embolism on routinely performed contrast-enhanced
CT-imaging in patients with malignancy
Van Der Hulle T1, Den Exter PL1, Klok FA1, Kroft LJM1,

Huisman MV1 and Jim�enez D2

1Leiden University Medical Centre, Leiden, The Netherlands;
2Ram�on y Cajal Hospital, IRYCIS and Alcal�a de Henares

University, Madrid, Spain

Introduction: The routine use of modern CT scanners has led to an

increased detection of incidental PE. The accuracy of diagnosing PE

on normal CT scans that were not performed for diagnosis of clinically

suspected PE is unknown.

Methods: Consecutive patients with active malignancy in whom inci-

dental PE was diagnosed were included. All CT-images were reas-

sessed in a blinded fashion by an experienced thoracic radiologist, to

determine the location of the emboli, the obstruction index by the

method of Qanadli and the level of confidence in diagnosis. A sample

of 19 cancer patients, who had undergone staging CT-imaging, in

whom no incidental PE was reported, were included to ensure blind-

ness and control of the expert reader.

Results: A total of 62 patients with incidental PE were included. A cen-

tral pulmonary embolism was diagnosed in 32.8%, and a segmental

localization in 67.2%. All patients received anticoagulant treatment

upon diagnosis. In only one patient (1.6%; 95% CI: 0.04–8.7%) expert

reading refuted the diagnosis of PE. The Kappa level of agreement

between initial reading and expert reading for the diagnosis of PE was

0.97. The median obstruction index was 17.5% (IQR: 10–30%), which

was lower compared to a reference sample of 113 patients with symp-

tomatic PE diagnosed on CTPA (P = 0.008).

Conclusion: This study is the first to assess the accuracy of diagnosing

PE on CT-scans that were conducted for other reasons than symptom-

atic PE. It demonstrates an excellent agreement between initial reading

and expert reading for the diagnosis of incidental PE.

PB 2.65-4
Fibrin monomer (FM) might be used as a marker for
venous thromboembolism in pregnancy
Kristoffersen AH1, Hyltoft Petersen P2 and Sandberg S2

1Haukeland University Hospital; 2Norwegian Quality

Improvement of Primary Care Laboratories (NOKLUS), Bergen,

Norway

Background: Pre-test probability of VTE combined with D-dimer mea-

surement can be used to decide on exclusion of venous thromboembo-

lism (VTE) or further diagnostic work-up (radiologic imaging) in non-

pregnant patients when VTE is suspected. Although we have suggested

a model for interpretation of D-dimer based on the within-subject var-

iability of D-dimer in pregnancy, the usefulness of D-dimer measure-

ment in pregnancy and post-partum period, when VTE is suspected, is

complex. There is a gradual increase in D-dimer concentration during

pregnancy, not returning to normal levels until about 6 weeks post-

partum. Studies have suggested that fibrin monomer (FM) can be used

as a biomarker for VTE. But to be used in pregnancy, FM concentra-

tion should first be shown to be stable throughout the whole preg-

nancy in healthy women.

Aims: The aim of this study was to compare FM concentration in

healthy pregnant and non-pregnant women to evaluate if FM concen-

tration is as stable in healthy pregnant as in healthy non-pregnant

women.

Methods: Blood samples were obtained every 4 weeks in 20 healthy

non-pregnant women and every 4 weeks during pregnancy in 20

healthy pregnant women. D-dimer (STA Liatest D-dimer, Stago) and

FM (STA Liatest FM, Stago) were analysed on all samples. Informed

consent was obtained and the study was approved by the Regional

Committee of Medical Ethics (REK) of Western Norway.

Results: The median FM in non-pregnant women was 4.75 lg/mL

(97.5th percentile 8.2 lg/mL) and in pregnancy 6.2 lg/mL (97.5th per-

centile 15.4 lg/mL), after exclusion of two pregnant women who had

elevated concentrations of both FM and D-dimer in several samples

(one of the women was Factor V Leiden homozygous). The median

fibrin monomer concentration were slightly lower in the 1st trimester

(5.7 lg/mL) compared to 6.2 and 6.8 in the 2nd and 3rd trimester, but

there was a large overlap of concentrations in the three trimesters, and

there was no statistical significant increasing trend from the 1st to the

3rd trimester (linear regression, P = 0.55). The analytical variation

(CVa) based on duplicate measurements was 11% and 14% in samples

from pregnant and non-pregnant, respectively.

Summary/Conclusion: The concentration of FM seems to be relatively

constant during pregnancy, as opposed to D-dimer. The suitability of

FM to be used in the exclusion of VTE in pregnant women should be

assessed in clinical studies.

PB 2.65-5
Age adjusted D-dimer for exclusion of venous
thromboembolism: results from a hospital emergency
department
Scalia P, Padmore R, Wells P and Giulivi A

University of Ottawa, Ottawa, ON, Canada

Background: A clinical decision rule, the Wells score, can be used to

exclude venous thromboembolism (VTE), when used in conjunction

with a normal D-dimer test. The instrument/reagent combination

CS2100i Sysmex coagulation analyzer along with the INNOVANCE�

D-dimer is used for the conventional 500 lg/L FEU D-dimer cut-off.

Higher cut-off values may provide advantage for low Wells score. An

age-adjusted cut-off of the D-dimer (patient’s age x 10) may increase

the number of elderly patients in whom VTE can be safely excluded.

Methods: D-dimer data was collected in a hospital laboratory prospec-

tively and sequentially over a period of 38 days. Four hundred and

fifty-eight consecutive patients were included of whom 266 were

> 50 years (58%). No patients were excluded. The patients in the data-

set were all from the emergency department. We retrospectively

assessed the presence or absence of VTE and theWells Score using chart

reviews. This included review of the hospital charts on all emergency

department visits and with additional follow-up information on those

patients admitted to hospital, but not on those patients discharged

from the emergency department. The proportion of patients in whom

VTE could be excluded, with low Wells score, combined with age-

adjusted D-dimer test was calculated and compared with the conven-

tional D-dimer cut-off of 500 lg/L and a higher cut-off of 650 lg/L.
Results: When combined with a low Wells score (0–2) the negative pre-
dictive value for negative D-dimer results is excellent (100%) for con-

ventional, higher and age adjusted cut-offs. For patients under the age

of 50, raising the conventional D-dimer cut-off to 650 lg/L yields a

higher specificity than the 500 lg/L cut-off. Lastly, for patients over

the age of 50, the age-adjusted D-dimer cut-off yields a modest

improvement in specificity for a low Wells score and a doubling of the

specificity (20% to 41%) for moderate probability Wells score, com-

pared to using the conventional D-dimer cut-off, with no change in

sensitivity.

Conclusion: Using age-adjusted cut-off yields a higher specificity for

both the low and moderate (2–6) Wells scores in emergency depart-

ment patients.
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PB 2.65-6
Patient delay in the diagnosis of acute pulmonary
embolism does not lead to higher thromboembolic
burden or worse right ventricular function
Pasha SM, Klok FA, Van Der Bijl N, De Roos A, Kroft LJM

and Huisman MV

LUMC, Leiden, The Netherlands

Background and Aims: It has earlier been demonstrated that the time

between symptom onset and objective diagnosis of pulmonary embo-

lism (PE) – does not influence outcome on re-thrombosis and mortal-

ity. It is unknown whether the patient’s delay – defined as time

between symptom onset and presentation at the hospital – is of influ-

ence on the thromboembolic burden and right ventricular function.

We sought to evaluate this by measuring Qanadli-score and RV/LV-

ratio in PE patients with and without patient’s delay.

Materials and Methods: Post-hoc analysis of an observational prospec-

tive outcome study in 113 consecutive CT proven PE patients. In all

patients Qanadli-score and RV/LV ratio were scored and duration

from symptom onset until the clinical presentation was requested. Also

mortality and hospital readmission in a 6-weeks follow-up period were

collected.

Results: Twenty patients with and 93 patients without delay, defined as

more than 7 days after symptom onset, with identical baseline charac-

teristics and co-morbidities, were included. In a linear analysis, Qana-

dli-scores were not correlated to delay with a R2 of 0.021 (P = 0.130).

RV/LV-ratio had a R2 < 0.001 (P = 0.991). Likewise, longer delay

was not associated to 6-week mortality (Odds ratio: 0.65; 95%CI

0.08–5.57) or hospital readmission (Odds ratio: 0.75; 95%CI 0.15–
3.65).

Conclusion: In our patient cohort, patient’s delay was not associated

with higher thrombus load or right ventricular dysfunction. This could

provide a possible explanation for the lack of association between delay

in diagnosing PE and clinical outcome as found in earlier studies.

PB2.66 – Hormones, Pregnancy,
Women’s Issues – II

PB 2.66-1
Oral contraceptive formulations with estetrol as an
estrogen, in combination with levonorgestrel or
drospirenone, show minor effects on haemostasis
Kluft C1, Neuteboom J1, Klipping C2, Foidart J-M3, Zimmerman Y4

and Coelingh Bennink H4

1Good Biomarker Sciences, Leiden; 2Dinox BV, Groningen, The

Netherlands; 3Estetra S.A., Grâce-Hollogne, Belgium; 4Pantarhei

Bioscience, Zeist, The Netherlands

Introduction: Current contraceptive preparations contain either ethinyl

estradiol or the natural 17b-estradiol. The natural fetal estrogen,

estetrol, has recently been added to the estrogen portfolio and was suc-

cessfully evaluated for contraconception and vaginal bleeding patterns

with either levonorgestrel or drospirenone as progestogen.

Aims: To determine the effects on haemostasis variables (in relation to

estrogenicity markers) of combinations of estetrol (5, 10, 20 mg) with

levonorgestrel (LNG:150 lg) and estretrol (5 and 10 mg) with dro-

spirenone (DRSP: 3 mg) in comparison with Yaz� (20 lg ethinyl

estradiol with 3 mg DRSP). All combinations were administered

according to a 24–4 day regimen.

Methods: A randomised, open-label, comparative, parallel study in

111 assigned women of which 109 were actually treated with six differ-

ent hormone combinations was performed with analysis of variables at

the pre-treatment sample, after one cycle at day 22–23, after three

cycles at day 22–23 and post treatment after 1 month.

Yaz� effects were taken as reference; the third cycle data were taken

for comparisons.

Results: We selected to compare the results for 10 mg estetrol with

either LNG or DRSP with the results of Yaz�.

The change from baseline in the third cycle was respectively + 15%

and �23% for SHBG and + 19% and �9% for angiotensinogen rela-

tively compared to Yaz� (set at 100%) (P < 0.001). This indicates a

low estrogenicity with DRSP and shows the estrogen-antagonistic

effect of LNG.

Comparisons for important haemostatic variables shows a reduction

in APC-resistance of 1% and 10% for DRSP and LNG respectively

while Yaz� shows an increase of 179% (P < 0.001). Free TFPI shows

a reduction of 17% for DRSP and an increase of 7% for LNG while

Yaz� shows a decrease of 45% (P < 0.001). Antithrombin shows

increases of 2% and 1% for DRSP and LNG respectively, while Yaz�

shows a decrease of 5% (n.s.). Protein S activity showed increases of

3% and 17% for DRSP and LNG and a decrease of 27% with Yaz�

(P < 0.001).

Most remarkable were decreases in F 1 + 2 of 3% and 10% for DRSP

and LNG respectively while Yaz� showed 63% increase (P = 0.001),

and D-dimer which showed decreases of 26% and 31% for DRSP and

LNG respectively while Yaz� showed 31% increase (P = 0.008).

It is concluded that impact of estetrol containing preparations on

markers of haemostatic activation (F1 + 2 and D-dimer) suggests a

decrease in coagulation activation. This is supported by changes in the

coagulation inhibitors antithrombin, protein S and TFPI showing no

or less strong decreases compared to Yaz�. The APC resistance test is

slightly changed in a favourable direction unlike for Yaz� where it is

strongly increased.

It is suggested that the biomarker analysis of the effects of estetrol con-

taining oral contraceptive formulations on haemostasis indicate a low

increase of risk or even protection against venous thrombosis.

PB 2.66-2
Circulating nucleosomes and plasma free DNA are
increased in abnormal pregnancies
Bouvier S1, Grandemange L2, Assie G2, Mousty E1,

Ripart-Neveu S1, Mar�es P1, Cochery-Nouvellon E1, Mercier E1

and Gris J-C1

1University Hospital of N̂ımes, Nimes; 2Faculty of Pharmacy and

Biological Sciences, Montpellier, France

Background: Recent data have analyzed the fundamental coupling

between coagulation and innate immunity, indicating the central role

of neutrophil-derived circulating nucleosomes on the promotion of

coagulation and thrombus growth. Indeed, nucleosomes, as DNA/hi-

stones molecular complexes, a component of the neutrophil extracellu-

lar traps, target the proteolytic action of neutrophil serine proteases

on Tissue Factor Pathway Inhibitor and factor XII, thus worsening

coagulation (Massberg S et al. 2010).

Pregnancy is an acquired hypercoagulability state. The placental func-

tion is central to the fetal development. Thrombotic impairments of

the placental vessels may participate to placental insufficiency and

may favor the related clinical complications, the so-called ischemic

placental diseases (IPDs).

Aim: These data prompted us to perform an exploratory prospective

study. Its aim was to compare plasma nucleosomes and cell free DNA

(fDNA) concentrations between non-pregnant women, pregnant

women with a normal pregnancy and pregnant women with an obvi-

ous clinical complication. Pregnancy complications, defined according

to international guidelines, were diagnosed by reference practitioners

and included: gravidic hypertension, IPDs (pre-eclampsia, intrauterine

fetal growth restriction with evidence of placental insufficiency),

venous thromboembolism, gestational diabetes, acute infections, cho-

lestasis of pregnancy, abnormally implanted placenta, threats of pre-

mature labour and premature rupture of membrane. The study was
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approved by the University Hospital of Nı̂mes Institutional Review

Boards and Ethics Committee. This clinical investigation was per-

formed according to the Helsinki declaration of 1975 as revised in

1996 (ClinicalTrials.Gov ID: NCT01736826). Informed consent was

obtained from all patients.

Methods: Quantification of circulating nucleosomes and DNA were

respectively determined by a commercially available ELISA kit and Q-

PCR. Age, white blood cell (WBC) and neutrophils counts were docu-

mented for each woman. Blood samples from pregnant women were

characterized by gestational age and pregnancy-related pathology, if

any.

Results: We included 124 patients from October 2011 to May 2012: 35

women with a normal pregnancy, 73 women with an abnormal preg-

nancy and 16 non-pregnant women.

We found increased plasma concentrations of nucleosomes (P = 0.02)

and fDNA (P < 0.0001) in pregnant women, concentrations being the

highest in abnormal pregnancies.

Nucleosomes (P = 0.002) and fDNA (P < 0.0001) concentrations dif-

fered depending on the type and severity of pregnancy-related compli-

cations: very high rates in the ischemic placental disease group.

Nucleosomes:WBC, fDNA:WBC, nucleosomes:neutrophils and

fDNA:neutrophils ratios were significantly higher in pregnant women

with a symptomatic complication.

Conclusion: This preliminary study shows high nucleosomes and

fDNA concentrations during pregnancy, which culminate in severe

pregnancy complications. These data encourage the systematic evalua-

tion of the pathogenic and aggravating role of circulating total nucleo-

somes and fDNA in ischemic placental diseases.

PB 2.66-3
Could polycythemia vera be a vascular ‘risk factor’ in
woman?
Marton I, P�osfai ER, L�aszl�o Z, Sz�ell M and Borb�enyi Z

University of Szeged, Szeged, Hungary

Background: The life expectancy of polycythemia vera (PV) patients is

strongly affected by thrombotic events. Investigation of risk factors of

thrombotic events separately in women should be prominently impor-

tant, since changes in their lifetime conditions such as pregnancy or cli-

materium, and commonly prescribed oral contraceptives or oral

hormone replacement therapies (HRT) could have an additional effect

on the relatively frequent occurrence of vascular complications in these

patients.

Aims: To evaluate the impact of major cardiovascular risk factors

(hypertension, cigarette smoking, diabetes mellitus, obesity and hyper-

lipidemia) on thrombotic events in woman diagnosed with polycythe-

mia vera.

Methods: Women with or without of thrombotic events were com-

pared by a series of variables such as age, presence of JAK2 V617F

mutation, measured platelet, red blood cell, haemoglobin and leuko-

cyte counts at diagnosis, cardiovascular risk factors, and thrombotic

events before and after diagnosis. Mann-Whitney tests were performed

to explore overall effects of these variables. Multivariate binary logistic

regression was also run to estimate the probability of thrombotic

events.

Study participants: Fifty- eight women with median age 62 years;

(range: 24–80 years) diagnosed with polycythemia vera between 1999

and 2011 at our Department, were enrolled to the study. Patients who

used oral contraceptives or HRT were excluded from the study.

Results: JAK2 V617F-positivity was proven in 41 patients. Twenty-

one thrombotic events were recorded in the prior history of PV

patients, (before the clinical diagnosis of PV): myocardial infarction in

five cases (8.6%), ischemic stroke or transient ischemic attack in nine

cases (15.5%), venous thrombotic events in seven cases (12.1%). Dur-

ing the follow up period, six new thrombotic events were recorded:

ischemic stroke or transient ischemic attack in five cases (8.6%),

venous thrombotic event in one case (1.7%). Thirty-seven patients

(63.8%) had high blood pressure. Eleven patients (19%) had hyperlip-

idaemia, nine patients (15.5%) had diabetes mellitus, and seven

patients (12.1%) were cigarette smoker. Thirty-six women (62.1%)

had normal weight (BMI 18.5–25), 22 (37.9%) woman were obes

(BMI > 25).

The univariate analysis of the individual cardiovascular risk factors,

the presence of diabetes mellitus (P = 0.576) or obesity (P = 0.664) did

not show association with an increased risk of thrombosis in our

study. However high blood preassure (P = 0.053), hyperlipidaemia

(P = 0.042), and cigarette smoking (P = 0.003) are all associated with

a significantly increased risk of thrombotic events. The association of

cigarette smoking could be also confirmed using the multivariate bin-

ary logistic regression analysis (P = 0.046).

Summary/Conclusions: Based on our findings we concluded that poly-

cythemia vera female patients, with cardiovascular risk factors (espe-

cially high blood pressure, hyperlipidemia, smoking) may have a

higher risk for thrombotic events. In the future, in a prospective analy-

sis we plan enlarge our study group for comparing the risk status of

female PV patients who use or do not use oral contraceptives or HRT.

PB 2.66-4
Carbetocin increases thrombin generation after
cesarean section
Testa S1, Paoletti O1, Dellanoce C1, Bassi L1, Stramezzi M1,

Spotti E1, Mammoliti D2 and Riccardi A2

1Haemostasis and Thrombosis Center, A.O. Istituti Ospitalieri;
2Obstetrics and Gynaecology Division, AO Istituti Ospitalieri,

Cremona, Italy

Background: Uterine atony is the first cause of haemorrhages at deliv-

ery. To prevent post partum major bleeding many strategies are

adopted and uterotonic prophylactic drugs are commonly used after

caesarean section. Thrombin generation, as expression of the balance

between hyper- and hypo-coagulability, could give information about

haemostatic assessment and modifications.

Aims: Aim of the present pilot study is to evaluate if women treated

with carbetocin and oxytocin, two different uterotonic agents, show

differences in thrombin generation test (TGT) after caesarean section

(CS).

Methods: Twenty-eight women undergoing cesarean section, without

previous bleeding or thrombotic events, were matched for age, weight,

parity, race and for type of intervention (planned or emergency). Four-

teen women were treated with a standard 2-h oxytocin IV infusion

(10 IU) and 14 with carbetocin 100 lg IV. Blood samples for TG

study and blood cell count were collected before delivery (T0), 1 h

(T1) and 24 h (T2) after drug infusion. Blood samples were immediate

centrifuged and poor platelet plasma (PPP) stored at �80°C. Throm-

bin generation was performed with a commercial assay (TGA Ceveron

a, Technoclone). TG measured lag time, peak, velocity, endogenous

thrombin potential (ETP). The activation of coagulation was obtained

by adding small amounts of tissue factor and phospholipids. ETP

results were expressed as nM-Thrombin/min.

Results: No differences were observed in TG profile between the two

groups at T0, confirming homogeneity between the two groups. At T1

a significant increase in ETP was observed in the carbetocin group

(ETP mean � DS = 3810.8 � 661.95) compared with oxytocin trea-

ted patients (ETP mean � DS = 3588.7 � 711.36) with P < 0.05. T2

showed the persistent ETP increase in carbetocin group, even if it

didn’t reach the statistical significance. Also other parameters like

peak and velocity were significantly increased in the carbetocin com-

pared with oxytocin group, both at T1 and T2. No differences in

bleeding were observed in the two groups.

Conclusion: Our pilot study show a major ETP increase in patients

treated with carbetocin, probably reflecting a much important throm-

bin activation associated with uterotonic action and longer half-life, in

comparison with oxytocin. TGT showed to be sensitive in describing

uterotonic agent effects on the haemostatic system.
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PB 2.66-5
Changes in haemostatic parameters during the
menstrual cycle and drospirenone-containing oral
contraceptive use
Tchaikovski SN1, Thomassen CLGD2, Costa SD1, Bremme K3

and Jan R2

1Otto-von-Guericke University, Magdeburg, Germany;
2Cardiovascular Reasearch Institute Maastricht, Maastricht, The

Netherlands; 3Karolinska Institutet, Stockholm, Sweden

Background: Oral contraceptives (OC) increase the risk of venous

thromboembolism. The risk is dependent on the OC formulation and

can be explained by increased thrombin generation and acquired resis-

tance to activated protein C (APC). OC containing a new progestogen-

drospirenone (DRSP-OC) associated with an increase of thrombosis

risk that is similar to that during the use of third generation OC and

two times higher as compared to second generation OC. There is lim-

ited information available on the effect of DRSP-OC on thrombin

generation, APC resistance and other coagulation parameters.

Aim: to investigate changes in the coagulation system during the men-

strual cycle and DRSP-OC use.

Methods: In a study population consisting of 14 healthy women

between 21 and 33 years of age we investigated the effect of menstrual

cycle and subsequent use of DRSP-OC on thrombin generation, APC

resistance, the function of the tissue factor pathway inhibitor (TFPI)

system and on the plasma levels of prothrombin, antithrombin, factor

(F) V, FX, FVIII, protein C, total and free protein S, and full length

and free TFPI.

Results: During DRSP-OC use we observed a significant increase in

APC resistance (128%), thrombin generation at low (66%) and high

tissue factor concentrations (40%), plasma concentrations of pro-

thrombin (20%), FX (28%), FVIII (17%) and protein C (32%).

DRSP-OC use impaired the function of the TFPI system and

decreased plasma levels of antithrombin (�7%), FV (�21%), total

protein S (�23%), free protein S (�21%), full length TFPI (�44%)

and free TFPI (�49%). All studied parameters remained unchanged

during menstrual cycle.

The changes in total and free protein S caused by DRSP-OC use corre-

lated with r = 0.89 and slope 0.97 (95%CI: 0.66–1.28), indicating that

the decrease of functionally active free protein S is likely due to the

reduction of the levels of total protein S and not to a shift in the distri-

bution between free and bound fractions of protein S. In contrast,

although both total and free TFPI decreased during DRSP-OC use,

no correlation between changes in these two forms of TFPI was

detected, suggesting that DRSP-OC may influence TFPI activity at

various regulatory levels, such as synthesis, cleavage, binding to lipo-

proteins or clearance.

Conclusions: DRSP-OC induce multiple changes in coagulation, which

lead to an increase of thrombin generation, particularly at low tissue

factor concentrations and which more than doubles APC resistance.

The changes in anticoagulant pathways such as protein C- and TFPI-

systems are more pronounced than the changes in the coagulation

pathways.

PB 2.66-6
Venous thromboembolism (VTE) prophylaxis in
hospitalized obstetric patients in Ireland: a multicentre
cross-sectional study
Crowley MP1, Noone C1, Higgins JR2 and O’ Shea S1

1Cork University Hospital; 2Cork University Maternity Hospital,

Cork, Ireland

Background: VTE complicates 1–2/1000 pregnancies, and the risk

increases with age, mode of delivery, and presence of co-morbidities. It

continues to be one of the leading causes of maternal death. Prophy-

laxis with low molecular weight heparin (LMWH) is safe. Despite hav-

ing a population of only 4.5 million, Ireland has 20 maternity

hospitals. Given this large number, it is difficult to standardize practice

with international best practice.

Aims: To assess the prevalence of VTE risk in pregnant women in the

hospital setting and to determine the proportion of at-risk patients

who receive effective prophylaxis.

Methods: The study period was September 2011 to November 2012.

All patients admitted to the participating hospitals on the day of inves-

tigation were assessed for risk of VTE on the basis of hospital chart

review. Risk was assessed in accordance with the 2009 Royal College

of Obstetricians and Gynaecologist Guidelines. Patients undergoing

procedures or on the labour ward at the time of review were excluded.

Ethical approval was obtained from the ethics committees governing

all centers.

Results: Five hundred and forty pregnancies were reviewed across 16

centers. The average age of was 31 � 5.65 years (Range 16–47) with
21.87% (117/535) aged over 35. Twenty-two percent (118/535) had a

parity of three or more. The average weight was 71.51 � 14.482 kg

(Range 42–134 kg). Data on BMI was available for 77–34% were

overweight and 21% were obese. One percent (6/420) had a BMI > 40.

Thirty-one percent (168/540) were antenatal and 69% (372/540) were

postnatal.

Sixty-three percent (105) of antenatal patients were low risk (< 2 risk

factors), 35% (59) were intermediate risk (two or more risk factors,

prophylaxis should be considered) and 2% (4) were high risk. All the

high risk patients were on prophylaxis at an appropriate dose. Four

percent (6) of the low risk patients were on prophylaxis unnecessarily.

Only 7% (4/59) of the intermediate risk patients were on prophylaxis

(3/4 were on too low a dose).

Among postnatal patients, 41% (153) were low risk (< 2 risk factors),

58% (217) were intermediate risk (two or more risk factors, require

prophylaxis) and < 1% (2) were high risk. Eighty percent (296) were

appropriately risk stratified and put on LMWH if necessary. Fifty-

nine percent (219) of patients should have been on LMWH but only

42% (157) were (92% Tinzaparin and 8% Enoxoparin). This included

eight patients who were on LMWH unnecessarily. Thirty-eight percent

(59/157) were on too low a dose.

Conclusion: VTE prophylaxis is an important issue in obstetrics given

its prominent role in maternal morbidity and mortality and the

increasing prevalence of risk factors such as obesity and increasing

maternal age. It is clear that while there is good awareness of the risk

in the postnatal period, there is less emphasis on risk assessment in

antenatal patients where prophylaxis is rarely used. Those on prophy-

laxis are also likely to be on too low a dose. Given the number of

maternity hospitals inIreland, there is a role for a national guideline to

standardize care for all pregnant women.

PB2.67 – Inflammation: Basic – II

PB 2.67-1
Factor VII-activating protease in concert with DNase
removes nucleosomes from necrotic cells
Marsman G, Stephan F, Bakker L, Bulder I, Aarden L

and Zeerleder S

Sanquin Bloodsupply, Amsterdam, The Netherlands

Background: Circulating cell-free DNA e.g. nucleosomes can be a

potent immune activator, which is released into the circulation during

inflammation. Nucleosome levels correlate with disease severity and

mortality in patients with sepsis. Little is known about the mechanism

on how DNA in the form of nucleosomes is released from dead cells.

It has been shown that plasma can remove nucleosomes from late

apoptotic cells and the plasma serine protease Factor VII-activating

protease (FSAP) is responsible for this release. FSAP circulates as an

inactive single-chain protein, which is activated upon contact with

either apoptotic or necrotic cells. In contrast to late apoptotic cells
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however, purified FSAP is not able to remove nucleosomes from

necrotic cells.

Aim: We hypothesized that upon necrosis, endogenous DNase I activ-

ity may be required to facilitate efficient nucleosome release by FSAP

and aimed to investigate the role of these serum proteins in this pro-

cess.

Methods: Necrotic jurkat cells were incubated with serum or serum

components and nucleosome release was monitored by measuring

residual DNA content by flow cytometry. In addition nucleosomes

were measured in the supernatant of these samples by means of a

nucleosome specific ELISA. Finally, the extent of chromatin fragmen-

tation of these samples was determined on agarose gel.

Results: Both serum and a combination of purified FSAP and DNase I

are equally efficient to release nucleosomes from necrotic cells. How-

ever, purified FSAP or DNase I alone is not able to convey nucleo-

some release. Furthermore, both serum in which FSAP is blocked by a

neutralizing antibody and FSAP-deficient serum are unable to induce

nucleosome release from necrotic cells. Finally we show that in con-

trast to FSAP or DNase I alone, a combination of both FSAP and

DNase I can induce chromatin fragmentation.

Conclusion: FSAP and DNase cooperate in the release of nucleosomes

from necrotic cells. This synergistic activity might play a crucial role in

the release of pro-inflammatory nucleosomes upon inflammation or

tissue damage.

PB 2.67-2
SMTP-7, a novel small-molecule thrombolytic with an
anti-inflammatory potential, improves primate
thrombotic stroke with reduced hemorrhage risk
Suzuki E, Matsumoto N and Hasumi K

Tokyo Noko University, Tokyo, Japan

Background: SMTP-7, a small molecule that promotes plasminogen

activation through relaxation of plasminogen conformation, has excel-

lent therapeutic activities in cerebral infarction in several rodent mod-

els, possibly due to its thrombolytic and anti-inflammatory,

crebroprotective potentials.

Objective: Detailed evaluation of SMTP-7 efficacy in a primate stroke

model is anticipated in view of novel, safe drug development, espe-

cially in terms of reduced hemorrhage risk.

Methods: A monkey photochemical-induced thrombotic middle cere-

bral artery (MCA) occlusion model, as well as several other rodent

models, was utilized to evaluate therapeutic potentials of SMTP-7.

Results: In the monkey model, in which thrombotic MCA occlusion

was followed by recanalization/reocclusion, Compared with saline

control, SMTP-7 (10 mg/kg, iv infusion) increased post-infusion

MCA recanalization rate (32.5-fold, P = 0.043) and ameliorated post

24-h neurological deficit (by 29%, P = 0.02), cerebral infarct (by 48%,

P = 0.025), and even cerebral hemorrhage (by 51%, P = 0.013). In

normal monkeys, SMTP-7 did not affect general physiological and he-

mostatic variables including coagulation and platelet parameters.

Investigations on rodent models of transient and permanent focal cere-

bral ischemia as well as endothelial-injured arterial thrombosis and

bleeding tests, suggested an importance of the drug’s crebroprotective

properties as well as its regulated profibrinolytic action that served as

a physiological on-demand system coping with thrombotic events.

Conclusions: SMTP-7 is effective in treating thrombotic MCA occlu-

sion stroke in monkeys, ameliorating neurological deficits, infarct size,

and even hemorrhagic transformation, which may be attributable to

both regulated thrombolytic promotion and neuroprotective proper-

ties as demonstrated in several other animal models.

PB 2.67-3
Oral anti-thrombin abrogates microvessel permeability
during experimental ischemia
Del Zoppo GJ, Hawkins BT and Gu YH

University of Washington, Seattle, WA, USA

Background: Non-valvular atrial fibrillation (AF) increases the risk

and severity of thromboembolic stroke, however prevention of throm-

bus formation with an anti-thrombotic agent increases intracerebral

hemorrhagic risk. The RE-LY trial demonstrated significant reduc-

tions in thromboembolic stroke and intracerebral hemorrhage with the

direct thrombin inhibitor dabigatran compared to warfarin. Thrombin

is generated acutely in the wall and abluminal space of cerebral micro-

vessels during focal ischemia at a time when the (blood-brain) perme-

ability barrier is compromised, and thrombin is itself a putative

mediator of increased microvessel permeability.

Aims: We hypothesized that dabigatran could decrease the risk of

intracerebral hemorrhage by direct inhibition of thrombin-induced

increases in microvascular permeability. These studies focus on the cel-

lular components of the microvessel.

Methods: Based on in vivo work in the non-human primate focal ische-

mia model, we developed high-quality in vitro systems mimicking

endothelial cell-matrix-astrocyte interactions of cerebral microvessels.

Primary murine brain endothelial cells (mBEC) without or with astro-

cytes were exposed to purified murine thrombin (0–10 U/mL) in

serum-free media for 1 h prior to measuring permeability to a molecu-

lar weight range of FITC-labeled dextrans. Co-culture with astrocytes

significantly decreases endothelial permeability. Cell viability was con-

firmed by a propidium iodide uptake assay. Coincident expressions of

endothelial cell integrin and the tight junction protein claudin-5 fol-

lowing thrombin exposure were measured by flow cytometry. In sepa-

rate studies, experimental ischemia (oxygen-glucose deprivation,

OGD) was induced by placing cells in low-glucose media in an airtight

container purged with N2 and incubating 18 h at 37°C.
Results: Thrombin increased mBEC permeability to 4 kDa FITC dex-

tran in a concentration-dependent manner (Papp for control:

2.98 9 10�6 � 0.87 9 10�6 cm/s, for 10 U/mL thrombin

4.37 9 10�6 � 0.39 9 10�6 cm/s, n = 6, 2P = 0.0109), without endo-

thelial cell demise (≤ 20 U/mL thrombin). Pre-treatment of mBEC

with dabigatran (24 h, 500 nM) completely abrogated the effect of

10 U/mL thrombin on permeability under conditions of normoxia.

The results were similar when endothelial cells and primary astrocytes

were grown in apposition, and subject to thrombin � dabigatran

exposure. Thrombin-induced permeability was not due to decreased

expression of beta 1 integrins or claudin-5. OGD also increased perme-

ability of mBEC, and this effect was also abrogated by treatment with

dabigatran.

Summary/conclusions: Dabigatran blocks thrombin-induced brain

endothelial cell (in vitro microvessel) permeability. These findings indi-

cate that thrombin increases mBEC permeability by direct modifica-

tion of other tight junction protein(s) than claudin-5 or via a

transcellular mechanism. They imply that the development of throm-

bin during an embolic ischemic stroke (in the setting of AF) contrib-

utes to increased microvessel permeability. Ongoing studies further

detail the mechanisms by which thrombin increases cerebral microvas-

cular permeability and hemorrhagic risk.

PB 2.67-4
Connective tissue growth factor (CTGF/CCN2) is over-
expressed via TGF beta pathway in synoviocytes upon
cell-to-cell interaction with platelets
Liverani E, Kunapuli SP, DeLa Cadena RA and Rico M

Temple University School of Medicine, Philadelphia, PA, USA

Background: CTGF/CCN2 is an important molecule for extracellular

matrix development and remodeling. It has potent angiogenic prop-
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erties and it is present in fibrotic tissue and on the surface of ath-

erosclerotic plaques. In inflammatory conditions such as rheumatoid

arthritis (RA), CTGF is increased in plasma and synovial fluid, and

it might contribute to increase inflammation, angiogenesis and syno-

vial fibrosis. Interestingly, CTGF is also stored in the a granules of

platelets and it is released upon activation. Platelets have been

shown to infiltrate into the synovial fluid during RA and contribute

to the inflammation of the joint. Thus, we hypothesize that CTGF

is involved in (i) worsening the formation of atherosclerotic plaque

via platelet activation and granule-content release with subsequent

platelet adhesion and in (ii) the perpetuation of synoviocyte hyper-

plasia.

Aims: (i) To evaluate platelet adhesion in the presence of CTGF/

CCN2 (ii) To evaluate the potential role of platelet/synoviocyte inter-

action for the expression of CTGF/CCN2 and (iii) to delineate poten-

tial signaling pathways in platelets and synoviocytes leading to CTGF/

CCN2 expression.

Methods:We performed in vitro studies on platelets and platelets/fibro-

blast-like synoviocytes co-cultures, analyzing CTGF/CCN2 effects by

immuno-fluorescence, adhesion assay, flow-cytometry and Western

blot analyses.

Results: Platelets adhere and spread on recombinant (r) CTGF-coated

slides in a concentration dependent manner similar to platelet adhe-

sion on fibrinogen. The platelet spreading area on CTGF surface

(1 lg/mL) was significantly increased (8-fold) in comparison to control

(BSA). Furthermore, platelets pre-treated with rCTGF (50 nM)

increased ERK phosphorylation upon ADP stimulation. In contrast,

pretreatment with rCTGF did not cause platelet aggregation or secre-

tion by itself. Platelet/synoviocyte co-cultures treated with rCTGF

showed an increase in cell-cell aggregates formation, assessed by flow

cytometry and immunofluorescence. CTGF/CCN2 was also increased

when synoviocytes were co-cultured with resting platelets in a time

dependent manner assessed by Western blot analyses. In order to

understand the role of synoviocytes in CTGF/CCN2 production, we

analyzed the SMAD proteins, which are part of the TGFb pathway.

Activation of the TGFb-receptor will result in phosphorylation of

SMAD2, formation of a SMAD2/3 complex and subsequent CTGF/

CCN2 expression. SMAD2 phosphorylation was increased in synovio-

cytes after co-culture with resting platelets, suggesting that synovio-

cytes increased CTGF/CCN2 expression.

Conclusions: Platelets adhere and spread into CTGF/CCN2 surfaces,

suggesting a possible atherogenic effect for CTGF/CCN2 in vivo.

Furthermore, CTGF/CCN2 exposure could augment platelet ability

to adhere to synoviocyte. Overall, these data indicate that CTGF/

CCN2 may contribute to increase and/or sustain joint inflamma-

tion, suggesting a possible target for future therapeutic strategies in

RA

PB 2.67-5
Thrombin modulates the expression of a set of
proinflammatory genes including tissue factor in
human monocytes
Lopez Zambrano M1, Bruges G1, Crespo G1, Pabon J1,

Alvarado C1, Salazar V1, Dittrich-Breiholz O2, Schneider H2,

Preissner KT3 and Schmitz ML3

1IVIC, Caracas, Venezuela; 2Hannover Medical School,

Hannover; 3Institute of Biochemistry, JLU, Giessen, Germany

Background: Besides its role in blood coagulation, thrombin is known

to act as a cell signaling molecule via activation of protease-activated

receptors (PAR), thereby connecting this coagulation protease to spe-

cific cellular/inflammatory responses. Previous studies demonstrated

that thrombin is capable of modulating chemotaxis of monocytes and

also inducing expression of monocyte chemotactic protein (MCP-1),

plasminogen activator inhibitor type 2 (PAI-2), matrix metalloprotein-

ase-9 (MMP-9) or interleukin (IL) eight in monocytes. However, no

study has analyzed the gene expression changes of thrombin-stimu-

lated monocytes in a systematic way using microarray experiments.

Aim: The aim of this work was to evaluate the gene expression profile

of thrombin-stimulated monocytes by microarray technology.

Methods: Peripheral blood mononuclear cells (PBMC) were isolated

from human blood by density gradient centrifugation using Ficoll-

Paque PLUS and affinity adsorption using anti-CD14 monoclonal

antibody-coated microbeads combined with a magnetic cell separation

system. Monocytes were stimulated with 10 U/mL human alpha-

thrombin at 37 °C for 5 h, and after washing cells, total RNA was iso-

lated using the RNeasy mini Kit (Qiagen). Labeled cRNAs were

hybridized to the Whole Human Genome Oligo Microarray Kit

4x44K v2), including cRNA fragmentation, hybridization (Agilent

Technologies, protocol V5.7). Slides were scanned on the Agilent

Micro Array Scanner G2565CA. DAVID database (http://david.abcc.

ncifcrf.gov) was used to dynamically assign gene expression data to

the Gene Ontology (GO) biological-process categories.

Results: Eighty-three genes were selected which showed differential

expression changes; 68 genes were up-regulated whereas 15 genes were

down-regulated. Near 30% of the upregulated genes were related to

the inflammatory response. Thus, genes encoding several cytokines

and chemokines, associated with the recruitment and activation of leu-

kocytes, were differentially expressed in monocytes in response to

thrombin. Moreover, the gene for tissue factor was also up-regulated.

Real-time reverse transcriptase polymerase chain reaction (RT-PCR)

was used to confirm the microarray results of some of these genes.

Moreover, higher expression of tissue factor in monocytes exposed to

thrombin was also demonstrated by immunofluorescence and by

shortening of clotting time.

Conclusion: Our results provide new evidences to the thrombin-medi-

ated link between coagulation and inflammation through changes in

gene expression in monocytes.

PB 2.67-6
The impact of glycation on aspirin-induced acetylation
of human serum albumin: an in vitro study
Finamore F1, Priego-Capote F2, Zufferey A1, Fontana P3

and Sanchez J-C1

1University of Geneva, Geneva, Switzerland; 2University of

C�ordoba, Cordoba, Spain; 3Division of Angiology and

Haemostasis, Geneva, Switzerland

Background: Aspirin (ASA) acetylation is a post-translational modifi-

cation that occurs through the transfer of its acetyl residue to the

amino groups of proteins located at lysine and N-terminal residues.

This modification plays a key role in medicine, since it improves the

level of inflammation and partially prevents the risk of cardiovascular

ischemic events. However, the biological effects of ASA on platelet

function as well as its clinical benefit are lower in diabetic patients, a

phenomenon described as ‘aspirin resistance’. The effect of ASA was

demonstrated in several human plasma proteins including haemoglo-

bin, fibrinogen and serum albumin (HSA). HSA is the main trans-

porter of drugs, hormones, fatty acids and metabolites, plays an

important role in the regulation of osmotic pressure and is considered

as an aspirin esterase. Considering the widespread use of aspirin,

investigation of the acetylation and glycation of albumin is of interest.

Aim: The purpose of this study was to identify the albumin acetylated

residues after incubation of HSA with an increasing ASA concentra-

tion by immunoblotting and mass spectrometry; and to determine

whether pre-incubation of HSA with glucose inhibits ASA-acetyla-

tion.

Methods: HSA was incubated with an increasing ASA concentration

(0, 0.02, 0.2, 2 and 20 mM) and the acetylation and glycation levels

were measured by immunoblotting and high-resolution tandem mass
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spectrometry (MS). In a second analysis, HSA was first incubated with

glucose (10 mM) followed by ASA (20 mM). The acetylation and gly-

cation levels were again measured.

Results: Incubation of HSA with ASA resulted in a dose-dependent

increase of acetylated sites, among which only one was found as

endogenous in native HSA, while six and 32 sites were identify at very

low and very high ASA concentration, respectively. A significant

decrease in the acetylation level was observed by Western blot when

HSA was previously incubated with glucose. This result was confirmed

by MS. Four sites were found to be common targets for both acetyla-

tion and glycation modifications.

Summary/Conclusions: We evidenced here a dose-dependent increase

of the number of acetylation sites on HSA. Glycation had a major

impact in decreasing the aspirin-induced acetylation process on HSA.

The preferential amino acid sites for both post-translational modifica-

tions were identified as well. The influence of glycation on HSA acety-

lation could impair its biological functions, potentially leading to the

worsening of the typical diabetes complications. This proof-of-concept

study may pave the way to a better understanding of the acetylation –
glycation interactions at the protein level in diabetic patients.

Keywords: aspirin, acetylation, human serum albumin, glycation.

PB2.68 – Inflammation: Clinical – I

PB 2.68-1
Rhinovirus infection induces procoagulant changes in
parallel with eosinophilic airway inflammation
Majoor CJ1, Kamphuisen PW2, Van De Pol MA1, Meijers JC3, Van

Der Poll T1, Nieuwland R1, Johnston SL4, Bel EH1, Lutter R1

and Van Der Sluijs KF1

1Academic Medical Centre, Amsterdam; 2University Medical

Center Groningen, Groningen; 3Academic Medical Center

Amsterdam, Amsterdam; 4National Heart and Lung Institute,

Imperial College, London, UK

Background: Asthma exacerbations are frequently triggered by rhino-

virus infections. Asthma itself is associated with activated coagulation

and increased risk of venous thromboembolism1 and also respiratory

viruses may activate hemostasis. Vice versa, a prothrombotic state in

the lung can also induce or aggravate pulmonary inflammation.

Aim: To determine whether rhinovirus infection and asthmatic airway

inflammation act on the local and systemic hemostatic balance in

patients in vivo.

Methods: In a two-groups parallel study design 28 volunteers (14

patients with mild asthma (seven females, 19–26 years) and 14 healthy

controls (13 females, 19–31 years)) were experimentalliy infected with

low-dose rhinovirus serotype 16 (RV16). Patients with mild asthma

were stable after discontinuation of their asthma medication 2 weeks

prior to RV16 inoculation. Venous plasma and bronchoalveolar

lavage fluid (BAL fluid) were obtained 1 day before and 6 days after

rhinovirus challange to evaluate several key markers of coagulation

activation in plasma and BAL fluid, as well as the coagulant features

of microparticles in BAL fluid. Thrombin-antithrombin complexes

(TATc), von Willebrand factor (vWF), Plasmin-antiplasmin com-

plexes (PAP), Plasminogen activator inhibitor type-1 (PAI-1), and

eosinophil cationic protein (ECP) in plasma and BAL fluid were mea-

sured by immunoassay. Endogenous thrombin potential (ETP) was

analysed using the Calibrated Automated Thrombogram� and tissue

factor bearing microparticles, measured by fibrin generation test

(FGT). Eosinophils were counted on cytospin preparations. Compari-

sons and correlations were performed by non-parametric testing.

Results: In plasma, RV16 challange resulted in increased PAI-1 levels

in patients with asthma after viral infection (26.5 ng/mL in patients

with astma vs. 10.0 ng/mL in healthy controls, P = 0.01) and

decreased PAP levels (318 vs. 534 ng/mL resp., P = 0.04). Changes in

PAI-1 levels were significantly elevated in asthma than in control sub-

jects (3.0 vs. �3.5 ng/L respectively, P = 0.024), while changes in

TATc, D-dimer, vWF and ETP did not differ between both groups. In

BAL fluid, the FGT shortened after viral infection in asthma

(t = �1 day: 689s vs. t = 6 days: 516 s; P = 0.011), but not in healthy

controls (t = �1 day: 695s vs. t = 6 days: 672 s; P = 0.79). The

changes in TATc and PAP did not differ between both groups and

vWF, D-dimer and PAI-1 were below the detection limit.

Both FGT and TATc in BAL fluid correlated (Spearman) with eosino-

phil counts and ECP (r = �0.583 and �0.682 resp. for FGT and

r = 0.535 and 0.619 resp. for TATc, all P < 0.01)

Conclusion: Experimental rhinovirus infection induces procoagulant

changes in patients with asthma systemically through PAI-1 and in the

airways by TF-bearing microparticles. This did not lead to changes in

global assays of hemostasis, probably due to the relatively mild infec-

tion in patients with mild to intermittent asthma. In the airways,

microparticle-associated procoagulant changes are associated with

eosinophilic inflammation, suggesting that virus infection and eosino-

philic inflammation both act on the hemostatic (dis)balance during

asthma exacerbations.

Reference:

1. J.D. de Boer et al., Blood 2012;119(14):3236–44

PB 2.68-2
Role of platelets and MMP2 in osteoarthritis joint
inflammation: effect of hyaluronic acid
Petito E, Falcinelli E, Momi S, Alunno A, Gerli R and Gresele P

University of Perugia, Perugia, Italy

Background: Osteoarthritis (OA) is the most common form of arthritis

and, although mainly a degenerative disorder, it is now demonstrated

that inflammation takes part in the early development and in the pro-

gression of this chronic degenerative joint disease.

OA is characterized by cartilage breakdown, consequent to extracellu-

lar matrix (ECM) degradation caused in particular by an increased

local formation of matrix metalloproteinases (MMPs), a family of

zinc-dependent endoproteinases.

Platelets are involved in different inflammatory conditions, including

rheumatoid arthritis (RA), but their role in OA has not been investi-

gated yet.

Platelets contain and release several MMPs, including MMP-2, and

they enhance MMPs expression by other cell types. We have recently

shown that MMP-2 contributes to joint degeneration in group B

Streptococcus-induced arthritis (Puliti M. et al., Arthritis Rheum.

2012 Apr;64(4):1089–97).
Viscosupplementation by the intra-articular administration of hyal-

uronic acid (HA), a non-sulphated glycosaminoglycan physiologically

present in synovial fluid, is a widely used treatment for OA.

Aims: Aims of our study were to evaluate the role of platelets in joint

inflammation in OA patients and to assess the effect of HA on plate-

lets and on their interaction with synoviocytes (FLS).

Methods: We collected synovial fluid (SF) from 38 patients with knee-

OA (T0). Twenty-seven out of these 38 patients were re-analyzed after

5 weekly HA intra-articular administrations (T1). The following

parameters were measured in SF: total cell count, platelet count and

platelet-leukocyte aggregates (by flow-cytometry) and MMP-2 levels

(by zymography).

Moreover, FLS isolated from SF of OA patients were co-cultured with

platelets in the presence or not of HA, and MMP-2 release was mea-

sured by zymography. Platelet P-selectin was measured as an index of

platelet activation.

Results: HA treatment significantly reduced total cell count (T0:

943.9 � 144.1 vs. T1:573.1 � 62.97 P < 0.05), platelet count (T0:

32.83 � 22.31 vs. T1: 3.70 � 1.06 P < 0.05), platelet-leukocyte aggre-

gates (T0: 7.55 � 2.31 vs. T1:2.19 � 0.67 P < 0.05) and MMP-2 levels

(T0: 468.1 � 72.69 ng/mL vs. T1: 428.2 � 68.89 ng/mL P < 0.05) in

SF.
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In vitro, platelets increased MMP-2 release by FLS (FLS:

45.27 � 11.80 ng/mL vs. FLS + Plts: 64.76 � 15.50 ng/mL P < 0.05).

Platelet activation, evaluated as P-selectin expression, increased signifi-

cantly after 24 h of co-culture (Plts: 8.75 � 2.15 ng/mL vs. Plts + FLS:

20.70 � 3.19 ng/mL P < 0.05). HA decreased significantly the release

of MMP-2 by FLS-platelet co-cultures (FLS + Plts: 64.76 � 15.50 ng/

mL vs. FLS + Plts + HA: 20.84 � 4.78 ng/mL P < 0.05).

Conclusions: Platelets are involved in OA and may participate in carti-

lage degradation by facilitating the expression and release of MMP-2

by synoviocytes. Platelet P-selectin contributes to this activation.

Treatment with HA reduces platelet activation in synovial fluid of OA

patients and reduces the release of MMP-2 by platelet-synoviocyte co-

cultures.

PB 2.68-3
Defining platelet function in polytrauma patients upon
admission to the emergency department
Brophy DF1, Contaifer D1, Mohammed BM1, Newton JC1,

Martin EJ1, Brophy G1, White NJ2, Reynolds PS1, Song J1

and Ward KR3

1Virginia Commonwealth University, Richmond, VA; 2Puget

Sound Blood Center, Washington, DC; 3University of Michigan,

Ann Arbor, MI, USA

Background: Haemostatic function is impaired by multisystem injury

and impacts survival. Recent description of Trauma Induced Coagul-

opathy (TIC) has found significant relationships between the onset

and degree of coagulopathy and injury severity in trauma patients.

Aims: To characterize the relationships between platelet function and

injury severity with clinical outcomes in response to trauma.

Methods: We conducted a prospective observational trial of clot for-

mation in trauma patients presenting to a U.S. level I trauma center.

Blood samples and clinical data were collected upon arrival to the

emergency department and platelet function was determined using a

comprehensive panel of tests including viscoelastic clot strength and

platelet mapping, platelet-associated thrombin generation, platelet-

induced clot contraction and effect on clot structure, platelet aggrega-

tion, flow cytometry, prothrombin time (PT), activated partial throm-

boplastin time (aPTT) and fibrinogen. Exploratory hierarchical

clustering analysis of patient admission data resulted in clustering

using the Injury Severity Score (ISS); mild/moderate (1–15), severe
(14–24) and profound (=25). ISS groups were then used to group

patients and compare compare to healthy volunteers.

Results: The ISS score was available on 94 trauma patients including

36% with mild/moderate injury; 26% with severe injury and 38% with

profound injury. The presence of traumatic brain injury (TBI) was sig-

nificantly greater in the profound injury group (42%) compared to the

other groups (P = 0.019). When compared to healthy patients, the

mild/moderate, severe, and profound ISS groups, respectively had rel-

atively lower fibrinogen concentrations (median [range] 247.0 [215.75,

324.00], 226.5 [176.50, 342.00], 175.7 [114.50, 221.50] mg/dL, respec-

tively, [P < 0.001]). Severe and profound injury had severe base defi-

cits, respectively (median [range] �5.3 [�7.13, �1.15]; �4.7 [�10.45,

�2.13] mEq/L). Profound injury patients had normal TEG maximum

amplitude (mean [SD] 57.5 [9.3] mm), reduced collagen impedance

aggregation (median [range] 12.3 [7.75, 15.00] Ω), and prolonged PT

(17.5 [15.03, 21.48] s).

Summary/conclusion: All ISS groups showed signs of TIC, but only

patients with severe and profound ISS classifications had significant

tissue hypo-perfusion, prolonged PT and relatively reduced fibrinogen

levels, suggesting a disseminated intravascular coagulopathy pattern.

As there were more TBI patients in the profound ISS group, this may

suggest an association between TBI and altered haemostasis. The ISS

may be a useful tool to predict the degree of coagulopathy in poly-

trauma patients, but further prospective trials are needed.

PB 2.68-4
Changes of platelets status in pts with inflammatory
cardiac pathology
Gupalo E, Buryachkovskaya L, Uchitel I, Chumachenko P

and Mironova N

Russian Cardiology Research Complex, Moscow, Russian

Federation

Background: Viruses are able to induce myocarditis and lead to subse-

quent inflammatory dilated cardiomyopathy (DCM) development.

Cardiac rhythm and conduction disturbances can be direct conse-

quence inflammation in myocardium. Coxsackie-adenovirus receptor

(CAR) a protein of tight junctions generally present at the cardiac

intercalated disks recently was shown on platelets in the sites of intra-

cellular communications.

The aim of our study was to evaluate platelets property in patients

(pts) with DCM/myocarditits compared to pts with conduction delays

with structurally normal heart.

Methods: Platelet spontaneous and ADP-induced aggregation (studied

by simultaneous analysis of the mean aggregate size changes kinetics

and light transmission (LTA) using an aggregation analyzer BIOLA

(Russia) as well as CAR expression was investigated in 13 pts with

DCM/myocarditis and in 19 pts with different grade atrioventricular

and left bundle branch block, which were diagnosed by routine clinical

investigation. Diagnosis of DCM/myocarditis was confirmed accord-

ing endomyocardial biopsy (EMB) data. Ten healthy subjects (HS)

were included as a control. Platelets of pts of both study groups and

also HS were analyzed using immunofluorescent method on CAR per-

sistence by microscopic evaluation and also by flow cytometry. In

eight pts the persistence of connexin 45 was assessed.

Results: In whole blood of nine from 13 DCM/myocarditits pts were

found circulating microaggregates. These group of pts demonstrated

high level of platelet activation which was induced by release reac-

tion. The level of 1.0 lM ADP and 5.0 lM ADP induced aggrega-

tion was 43 � 21% (N < 25%) and 52 � 24% (N < 68%)

respectively. Spontaneous aggregation was 3.7 � 1.8% at the first

5 min, but to the 9–14 min its level grew up to 37 � 17.3% similar

to ADP induced aggregation (P = 0.2) as a result of platelet release

reaction that was never observed in HS. Microaggregates persistence

and high level of platelet aggregation can possible reflect microvascu-

lar changes due to inflammatory infiltration revealed by endomyocar-

dial biopsy data in all these pts. The level of aggregation of the rest

four pts was in normal ranges that can be explained by aspirin uptake

according clinical indications. Similar induced aggregation was dem-

onstrated in nine pts from group with conduction delays (1.0uM

ADP was 40 � 19.1% and 5.0uM ADP was 51 � 17.6%, P = 0.1).

Spontaneous aggregation was 1.76 � 0.72 r.u.(normal range < 1.4

r.u) without release reaction. Complex of clinical investigation con-

firmed structurally normal heart in these pts. The estimation of plate-

lets with CAR expression was much higher in DCM/myocarditis pts

(14 � 9.9% vs 3.5 � 1.9% in pts with conduction delays and HS).

CAR persisted predominantly at the sites of intracellular communica-

tion in the aggregated and was co-localized with connexin 45 which

was firstly detected at human platelets. The level of CAR expression

was higher in DCM/myocarditis pts with clinical and EMB data con-

firmed the sigh of active inflammation.

Summary/Conclusions: Platelet activation can reflect microvascular

changes in DCM/myocarditis pts. The high level of CAR expression,

its appearing in the sites of intracellular connection and co-localization

with connexin 45 may indicate the role of these two receptor in plate-

lets changes during inflammation.
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PB 2.68-5
Protein chip array and thrombotic biomarker profiling
of plasma samples undergoing bypass surgery
Walenga JM1, Matsuo T2, Wanaka K3, Chaudhry T1,

Hoppensteadt D1 and Fareed J1

1Loyola University Medical Center, Maywood, IL, USA; 2Hyogo

Prefectural Awaji Hospital, Sumoto; 3Kobe Research on

Thrombosis and Haemostasis, Kobe, Japan

Introduction: In cardiovascular surgical procedures, such as coronary

artery bypass grafting (CABG) and valve repair/replacement, patients

are exposed to large doses of heparin and protamine sulfate. There is a

high prevalence of anti-heparin/platelet factor-4 antibodies in these

patients. Although a fraction of these patients develop HIT syndrome,

the role of circulating anti-heparin/platelet factor-4 antibodies is not

clear. Such thrombogenic mediators as microparticle and tissue factor

may be up regulated in these patients. The relevance of thrombotic

mediators and inflammatory processes remains to be further explored

in these patients. Recently the protein chip array approach using SEL-

DI/TOF mass spectrometry methods have been employed to identify

unique biomarkers in various diseases. The purpose of this study was

to determine the protein chip array profile and various mediators of

thrombotic activation in patients who have undergone coronary artery

bypass surgery.

Materials and Methods: Plasma samples from 79 cardiovascular

patients were collected prior to surgery and one and 2 weeks after-

wards. Protein chip array profiling was carried out on a SELDI/TOF

mass spectrometric method (PCS4000, BioRad; Richmond, CA)

employing a gold chip array in the molecular weight range of 3000–
150,000. The intensity of unique peaks was also calculated in terms of

relative intensities. Cellular microparticles were measured using a func-

tional method (Hyphen Biomedical; France) and tissue factor antigen

levels were measured using an ELISA method (Hyphen). The anti-hep-

arin/platelet factor-4 antibodies were also measured using a commer-

cially available ELISA method (GTI; Wisconsin).

Results: Of the 79 patients, 20 showed a unique peak around 11–
12 kDa in the pre-op samples, which was absent from normal controls.

Seventy-seven of the patients showed this unique biomarker peak at

1 week, whereas only 48 patients exhibited the peak at 2 weeks after

surgery. The relative intensity of the 11.6 kDa biomarker was much

higher at 1 week (6-fold) and was decreased at 2 weeks (3-fold). In

addition to this unique peak, additional biomarker peaks were noted

at 15.1 and 15.8 kDa. In comparison to the normal controls, the

microparticle levels were higher in the baseline sample

(10.1 � 3.2 nM) and increased to 19.3 � 6.1 and 24.5 � 8.1 nM.

Similarly, the tissue factor levels were increased at the 2 weeks time

period. The anti-heparin/platelet factor-4 titer rose 28% from the

baseline at week 1 and 33% at week 2.

Conclusions: The results on the biomarker profile are consistent to one

of our earlier findings, where the presence of a unique biomarker in

the range of 11–12 kDa has been reported in patients with high preva-

lence of anti-heparin/platelet factor-4 antibodies. The increased level

of microparticles and tissue factor at post-surgical periods of 1 and

2 weeks suggests endogenous activation of thrombogenic mechanisms,

which appears proportional to the up regulation of the anti-heparin/

platelet factor-4 antibodies. Thus, this data indicates that the non-

functional anti-heparin/platelet factor-4 antibodies may result in the

activation of cellular processes leading to thrombogenesis. Further

characterization of the unique biomarkers identified in these patients

may be useful in the understanding of the pathogenesis of thrombo-

genesis in cardiovascular surgery patients.

PB 2.68-6
Effect of long-term intake of serotonin reuptake
inhibitors on neutrophil function in humans
Duerschmied D1, Guenther J1, Kontchou A1, Stallmann D1,

Bode C1 and Normann C2

1Heart Center Freiburg University; 2University Hospital of

Freiburg, Freiburg, Germany

Background: Blood serotonin is stored in the dense granules of plate-

lets and released upon activation. Treatment with serotonin reuptake

inhibitors (SRIs) depletes platelet serotonin levels and thus reduces

serum serotonin. This reduction results in reduced leukocyte rolling

and adhesion in mice.

Aims: Based on findings in mice we asked, whether long-term intake of

SRIs impairs neutrophil function in humans.

Methods: We compared 29 patients treated for major depression with

SRIs to seven depressive patients not treated with SRIs. A control

group consisted of 17 non-depressive study subjects. Severity of

depression was documented by Beck Depression Inventory II. The fre-

quency of respiratory tract or urogenital infections, infective gastroen-

teritis and pharyngitis was assessed by a questionnaire. Blood cell

count and CRP measurement was conducted. The concentration of

serum serotonin was determined by ELISA. Expression of neutrophil

surface antigens involved in neutrophil recruitment was investigated

by flow cytometry, as was the production of reactive oxygen species

(ROS) and intracellular calcium flux upon activation with Phorbol 12-

myristate 13-acetate (PMA) and Leukotriene B4.

Results: Serum serotonin levels in patients treated with SRIs were

reduced by 75% (P < 0.02). No difference in the frequency of infective

disorders was seen. The production of ROS upon stimulation with

PMA was significantly reduced in patients treated with SRIs whereas

intracellular calcium flux was increased. Flow cytometry showed a

trend towards higher expression levels of MAC-1 in patients treated

with SRIs (mean fluorescence intensity 916 � 253) compared to

patients with no treatment (MFI 491 � 119) and healthy study sub-

jects (MFI 519 � 119, Kruskal–Wallis-P = 0.08).

Summary: Long-term intake of SRIs was not associated with a change

in the frequency of infections as assessed by a questionnaire. Flow

cytometry however showed differences in calcium flux, ROS produc-

tion, and surface expression of some markers, warranting further

research on the influence of SRIs on immune functions.

PB2.69 – Inherited Risk Factors
Venous Thrombosis: Basic – II

PB 2.69-1
Haplotypes of the endothelial protein C receptor gene
and circulating protein C levels
Martos L1, Navarro S1, Bonet E1, Zorio E1, Ferrando F1, Aznar JA1,

Estell�es A1, Bertina RM2, Espa~na F1 and Medina P1

1Hospital Universitario y Polit�ecnico La Fe Campanar, Valencia,

Spain; 2Leiden University Medical Centre, Leiden, The

Netherlands

Background: The protein C pathway plays a crucial role in the regula-

tion of blood coagulation, by controlling the generation of thrombin.

Protein C circulates in plasma as an inactive zymogen and is activated

on the vascular endothelial cell membrane by the thrombin-thrombo-

modulin complex, a process further enhanced when protein C binds to

its membrane receptor, the endothelial-cell protein C receptor. The

information about the genetic factors that determine the variation in

plasma protein C (PC) levels is limited. It has been reported that, apart

from the PC gene itself, the endothelial PC receptor gene (PROCR)

and the FOXA2 gene explain part of the variation.

Aims: To analyze the association between two of the PROCR haplo-

types, H1 and H3, and PC plasma levels.
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Methods: We determined the levels of PC and soluble (s) EPCR and

analyzed the EPCR haplotypes H1 and H3 in 467 healthy individuals,

in 358 patients with a history of venous thromboembolism (VTE) and

in 225 young patients with myocardial infarction (MI). Informed con-

sent was obtained from all subjects of the study and it was approved

by the medical ethics committee of our Institution.

Results: Among controls, PC level was higher in the 81 carriers of the

H3 haplotype (115 � 22%) than in the 386 non-carriers (102 � 18%)

(P < 0.001), but similar in the 133 carriers of the H1 haplotype

(105 � 19%) and in the 339 non-carriers (104 � 19%), and there was

a significant correlation between PC and sEPCR levels (r = 0.312,

P < 0.001). Among VTE patients, PC levels were also higher in the 64

carriers (113 � 25%) than in the 294 H3 non-carriers (102 � 23%;

P < 0.001), but similar in the 114 carriers of the H1 haplotype

(105 � 23%) than in the 244 non-carriers (101 � 24%), and there was

again a significant correlation between PC and sEPCR levels

(r = 0.307; P < 0.001). Finally, among MI patients the 26 carriers of

the H3 haplotype had PC levels (117 � 18%) higher than the 199 non-

carriers (104 � 18%; P = 0.001), with a significant correlation

between PC and sEPCR levels (r = 0.276, P < 0.001).

Conclusion: These results suggest that the PROCR H3 haplotype is, in

part, responsible of the variations in plasma PC levels. We do not

know the mechanism by which the H3 haplotype influences plasma PC

levels. As this haplotype is associated with elevated sEPCR levels, it

has been suggested that PC may bind to sEPCR and become more sta-

ble. However, this is unlikely because the concentration of sEPCR in

plasma is much lower than that of PC. We hypothesize that carriers of

the H3 haplotype have less membrane-bound EPCR, either because

H3 may induce a lower expression of the EPCR gene and/or because

H3 is associated with increased shedding, or both. As part of the circu-

lating PC is bound to the membrane-bound EPCR, less membrane-

bound EPCR in carriers of the H3 haplotype will led to less PC bound

to the membrane and higher free, circulating PC. These data may help

to further increase the information on the physiological mechanisms

involved in the regulation of PC.

PB 2.69-2
Association of haplotypes (H) 1 and 3 of the
endothelial protein C receptor gene (PROCR) with
venous thromboembolism
Navarro S1, Bonet E1, Martos L1, Ferrando F1, Aznar JA1, Vay�a A1,

Estell�es A1, Bertina RM2, Espa~na F1 and Medina P1

1Hospital Universitario y Polit�ecnico La Fe, Valencia, Spain;
2Leiden University Medical Centre, Leiden, The Netherlands

Background: Protein C is a vitamin K-dependent glycoprotein that cir-

culates in plasma as a precursor of a serine protease and is activated

on the endothelial cell surface by thrombin bound to its receptor,

thrombomodulin, localized on that surface. This activation is further

enhanced when protein C binds to its membrane receptor, the endo-

thelial-cell protein C receptor (EPCR). Activated protein C (APC) reg-

ulates blood coagulation by selectively inactivating factors Va y VIIIa

by limited proteolysis. Several studies have reported that plasma levels

of APC and soluble forms of EPCR (sEPCR) are determined by hapl-

otypes H1 and H3 of the EPCR gene (PROCR), respectively. How-

ever, there are conflicting results as to the associations of PROCR H1

and H3 with the risk of venous thromboembolism (VTE).

Aim: To analyzed these associations in a case-control study.

Methods: We studied 676 VTE patients and 505 sex- and age-matched

healthy subjects (controls). The g.4678G>C (which targets the EPCR

H1) and the g.4600A>G polymorphism (which targets the EPCR H3)

were genotyped by sequencing the corresponding amplified region.

We also measured APC levels by a homemade ELISA and sEPCR

levels with a commercial ELISA (Asserachrom sEPCR, Stago) in 461

VTE patients and 505 controls in whom adequate plasma samples

was available. Informed consent was obtained from all subjects of the

study and it was approved by the medical ethics committee of our

Institution.

Results: The frequency of the PROCR H3 was similar in patients and

controls (P = 0.99). However, the frequency of the H3H3 genotype

(4600GG) was higher in patients than in controls (OR 12.7, CI95%

0.7–220.0, P = 0.024): eight VTE patients and none of the controls

carried the 4600GG genotype. The level of sEPCR was higher in carri-

ers than in non-carriers of the 4600G allele, both in patients and in

controls (P < 0.001). In contrast, the level of APC was lower in the

eight patients carrying the 4600GG genotype than in the 379 carrying

the 4600AA genotype (P = 0.005). A significant difference was

observed between cases and controls for the frequency of the PROCR

H1 (OR 0.7, 0.5–0.9, P = 0.002). Among controls, the level of APC

was higher in carriers than in non-carriers of the PROCR H1

(P = 0.006).

Conclusion: These data confirm previous result indicating that the

PROCR H1 protects against VTE, possibly via increased APC levels.

They also confirm previous reports showing that the PROCR H3 is

not associated with the risk of VTE. However, although the number of

cases is small, carriers of the 4600GG (H3H3) genotype showed an

increased risk of VTE in our population (Valencia, Spain), via

increased sEPCR levels and decreased APC levels, suggesting that the

4600GG genotype is associated with lower membrane-EPCR expres-

sion and lower APC generation.

PB 2.69-3
Sixteen different mutations in the SERPINC1 gene with
antithrombin deficiency causing venous thrombosis
Shinozawa K, Inaba H, Hagiwara T, Otaki M, Suzuki T, Amano K

and Katsuyuki F

Tokyo Medical University, Tokyo, Japan

Introductions: Antithrombin is the primary inhibitor of thrombin and

other activated serine proteases in the blood coagulation system.

Inherited impaired function or deficiency of this molecule significantly

increases the risk of thrombosis. We previously identified 10 different

mutations in the SERPINC1 gene, which encodes antithrombin, from

10 unrelated Japanese antithrombin deficient patients with thrombotic

disease. In the present study, we analyzed the SERPINC1 gene in six

newly identified patients with low levels of antithrombin activity using

direct sequencing and a multiplex ligation-dependent probe amplifica-

tion (MLPA) assay and performed diagnosis of the carrier detection of

their family members.

Patient and Methods: The patients were unrelated Japanese adults, five

of the six patients had developed deep vein thrombosis. Antithrombin

activity levels were determined by amidolytic heparin cofactor assay

with chromogenic substrate (S-2238) for anti-thrombin activity. Anti-

thrombin antigen levels were determined by latex photometric immu-

nology assay. The SERPINC1 gene of the patients and family

members was analyzed to define the diagnosis with their informed con-

sent in our protocol, which was approved by the ethical committee of

Tokyo Medical University. Genomic DNA was extracted from leuko-

cytes. Purified PCR products from genomic DNA were sequenced

using a BigDye� Terminator v3.1 Cycle Sequencing kit (Applied Bio-

systems). We performed a MLPA assay using SALSA P227 SerpinC 1

(MRC-Holland).

Results: Levels of both antithrombin activity and antigen in five of the

six new patients were reduced to approximately half the mean normal

value, and these patients were diagnosed as having type 1 deficiency.

Because the remaining patient’s antithrombin activity was 37% and

antigen level was 95%, the patient was given the diagnosis of type 2

deficiency, a qualitative deficiency in which nearly normal antigen lev-

els are found in association with low antithrombin. Five different

mutations were identified in type 1 deficiency in the heterozygous state,

two novel deletions (g.2578_2581delTTCT and g.6414delG) and three

previously reported point mutations (c. 5311C>T, p. Arg161*; c.

6420C>T, p. Arg229*; and c. 7450T>C, p. Leu302Pro). In the remain-

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

ABSTRACTS 745



ing patients, a previously reported point mutation (c. 5272T>C, p.
Ser148Pro) in the homozygous state was identified. This missense

mutation was detected in the heparin-binding site of antithrombin

protein.

Discussion: Both the novel 4-bp deletion in exon 2 and the 1-bp dele-

tion in exon 4 resulted in a frame-shift followed by a premature termi-

nation codon occurring at amino acid 113 and 282, respectively.

Therefore, two frame-shift mutations caused a quantitative deficiency.

The patient with a missense (p.Ser148Pro) mutation in the homozy-

gous state was diagnosed with type 2, heparin-binding site defects type,

deficiency. The mutation in the heterozygous state have been reported

to associated with thrombosis (Blood 81, 1993). However, vein throm-

bosis was not observed in our patient.

Conclusion: Taken together with our previous studies, a total of 16 dif-

ferent mutations, comprising nine missense mutations, five nonsense

mutations, and two small deletions, were analyzed in SERPINC1 of

16 unrelated Japanese patients. Of these, 13 patients were classified as

type 1 deficiency and three patients were classified as type 2.

PB 2.69-4
Novel causative and neutral mutations in a patient
with protein C deficiency
Yamanouchi J, Hato T, Niiya T and Yasukawa M

Ehime University, Toon, Japan

It is often difficult to make a diagnosis of congenital protein C (PC)

deficiency based on the results of hemostatic laboratory tests. Analysis

of the PROC gene is helpful for accurate diagnosis, and a considerable

number of mutations have been reported. However, it cannot be con-

cluded that the gene mutation detected in affected patients, particu-

larly missense mutation, is responsible for PC deficiency because the

PROC gene has many single nucleotide polymorphisms (SNPs). In this

study, we found three novel mutations in a patient with PC deficiency,

and identified one causative and two neutral mutations.

A 20-year-old woman was referred to our hospital because of deep

vein thrombosis. Her PC antigen and activity were 55.0% and 46.8%,

respectively, suggesting type I PC deficiency. Her PROC gene had

three missense mutations: E61Q, E375K, and V407A. To determine

which mutation(s) played a causative role in PC deficiency, we estab-

lished stable HEK293 cell transformants expressing wild-type or

mutant PCs. Western blot analysis detected the E61Q and E375K

mutant proteins in culture supernatants at the same level as wild-type

PC, and their PC activities were comparable to those of wild-type PC.

In contrast, the V407A protein was not detected in the supernatant or

cell lysates, suggesting that V407A mutation impairs the intracellular

synthesis of PC. Our study provides evidence that V407A is a causative

mutation for type I PC deficiency and that E61Q and E375K are neu-

tral mutations. Genetic information that allows differentiation

between causative and non-causative mutations would contribute to

accurate diagnosis of congenital PC deficiency.

PB 2.69-5
Vascular tone regulating genes polymorphism can
modulate the risk of early-onset venous
thromboembolism in individuals with inherited
thrombophilia
Polyakova A, Shmeleva V, Soldatenkov V, Blinov M, Kargin V

and Kapustin S

Russian Reseach Institute of Hematology and Blood Transfusion,

Saint-Petersburg, Russian Federation

Background: Venous thromboembolism (VT) is one of the most actual

multifactorial diseases in the world. Genetic predisposition plays a sig-

nificant role in pathogenesis of VT. Mutations in the factor II (FII

G20210A) and factor V (G1691A, FV Leiden) genes are the most fre-

quent inherited risk factors for VT and could be detected in about 9%

and 20% of VT cases, respectively, in the population of North-Wes-

tern Russia. Endothelial dysfunction is an important mechanism

underlying thrombosis, and it frequently occurs as a result of imbal-

ance between vasoconstriction and -dilatation processes. Variations in

the genes coding for components of the renin-angiotensin system

(RAS) and endothelial NO-synthase (eNOS) can lead to changes in

their structure and/or functional activity and modulate the risk of VT.

Aims: To investigate the role of angiotensinogen (AGT), angiotensin

II receptor type 1 (AGTR1), angiotensin-converting enzyme (ACE)

and eNOS genes polymorphism in the development of VT at young

age in individuals with inherited thrombophilia.

Methods: Retrospective study involved 181 patients with early-onset

VT (mean group age 34.0 � 8.6 years) and 156 sex- and age-matched

healthy controls (HC). All individuals originated from the North-Wes-

tern region of Russia and gave informed consent for participation in

the study. Variations in the FII (G20210A), FV (G1691A, Leiden),

ACE (Ins/Del), AGT (T704C, Met235Thr), AGTR1 (A1166C) and

eNOS (T�786C) genes were discriminated by PCR-RFLP method.

The differences in genotype distributions between groups were esti-

mated by Fisher‘s exact test.

Results: The distributions of alleles and genotypes of the vascular tone

regulating genes in patients without known inherited risk factors, as

well as in those having FII G20210A mutation were not significantly

different from HC. At the same time, the positive association between

the FV G1691A and eNOS �786CC genotypes was observed in the

VT group (OR = 3.2; 95% CI: 1.3–7.5; P = 0.01). Homozygosity for

the eNOS �786C allele was more frequently seen among carriers of

FV Leiden mutation than in patients with normal FII and FV geno-

types (29.7% vs. 13.1%, respectively, P = 0.024). The ‘unfavorable’

variants of the RAS genes were also over-represented in patients with

FV Leiden. In particular, the simultaneous presence of the ACE Del/

Del and AGT 704CC genotypes was almost 5-times more frequently

seen in these individuals than in patients with normal FV and FII

genotypes (15.2% vs. 3.1%, respectively, P = 0.018) Interestingly, nei-

ther the eNOS �786CC variant nor the ‘ACE Del/Del-AGT 704CC’

combination was detected in VT patients having FII G20210A muta-

tion and normal FV genotype.

Conclusions: We suggest that polymorphism of the vascular tone regu-

lating genes can affect the imbalance between vasoconstriction and

vasodilatation processes and play a provocative role in the develop-

ment of early-onset VT among patients with FV Leiden variant.

PB 2.69-6
Mutation analysis of ATIII in a small cohort of Greek
patients with VTE
Kotsi P, Tsaousidou M, Thymianou S, Moschidis ZM, Chanos A,

Gavalaki M and Katsarou O

Laiko General Hospital, Athens, Greece

Background: Antithrombin III (ATIII) belongs to Serpins (Serine Pro-

tease Inhibitors) and is the main inhibitor of thrombin. ATIII normal

levels range between 80% and 120%. Low ATIII levels are an impor-

tant cause of Venous Thromboembolism (VTE). ATIII deficiency is

inherited with autosomal dominant pattern. Various mutations have

been referred, that cause quantitative (type I) or qualitative defects

(type II)

Aims: In this study we present preliminary results of mutation detec-

tion in ATIII gene in patients with VTE

Methods: Forty patients with VTE and reduced ATIII levels were

examined. ATIII:C and ATIII:Ag mean levels were 46% (range 19–
62%) and 58%, range (38–113%) respectively. Whole blood DNA was

isolated (QIAGEN) and ATIII 7 gene exons were amplified either sep-

arately (PCR) or simultaneously (multiplex PCR). Amplified exons

were analyzed on dHPLC (WAVE analysis). PCR products were heat

denatured and then reannealed with graduate cooling in order to form
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hetero-duplexes. The existing mutations are observed due to the for-

mation of characteristic chromatograms (detection of point mutations,

small deletions or insertions). Further analysis via sequencing was

obtained for samples with characteristic chromatograms. Multiplex

PCR was used for the detection of heterozygous exon deletions, diffi-

cult to be seen due to the existence of the normal allele.

Results:Until now 14 patients have been analysed and gave the follow-

ing results:

In six patients the mutation ‘Budapest III – L99’, on exon 2, was

identified. Five were heterozygous and 1 was homozygous. One

patient carries the mutation W189 on exon 4 (transition,

TGG>CGG, Trp>Arg) at the conservative position 189 in het-

erozygous state. One patient carries the mutation D342 on exon 5

(transition, GAT>GGT, Asp>Gly) at the conservative position

342 in heterozygous state. One patient carries the mutation R359X

(CGA> TGA, Arg>STOP) on exon 6 (at position 9819) that

leads to abolishment of exons 6 & 7 (thrombin binding site). One

patient carries the mutation Q334X (CAG> TAG, Gln >STOP)

on exon 5 (position 7711) that leads to abolishment part of exon 5,

exons 6 & 7 (thrombin binding site). At the same exon, this patient

carries one more synonymous point mutation in heterozygosity

that causes the polymorphism GAG > GAA (codes for the amino

acid Glu) that it has not been referred until now to ATIII data

base. Three patients have the unknown polymorphism G > A on

intron 6 and two of these patients are close family members.

One patient has a heterozygous frame shift on exon 2 that is under

further investigation.

The patients that do not have any known mutation in seven exons

are investigated for large exon deletions with multiplex PCR. Until

now, four patients were examined and no deletion at any exon was

found.

Conclusion: Mutation analysis could be one important tool in thera-

peutic management of patients with VTE and ATIII deficiency and

that knowledge could improve care of VTE patients.

PB2.70 – Non-Inherited Risk Factors
VT – III

PB 2.70-1
Socioeconomic status and the risk of venous
thromboembolism – the Tromsø study
Enga KF, Braekkan SK, Skjeldestad FE and Hansen JB

University of Tromsø, Tromsø, Norway

Background: Indicators of socioeconomic status (SES) usually include

number of years with formal education, occupational status, personal

income, and neighbourhood environment. Some, but not all, previous

studies have found an inverse association between SES and risk of

venous thromboembolism (VTE). However, these studies have only

studied limited components of SES, and mostly refrained from investi-

gating the impact of behavioural risk factors, psychosocial aspects and

comorbidities on the relationship between SES and VTE.

Aims: We wanted to investigate the association between the Socioeco-

nomic Condition Index (SCI) and risk of VTE, and explore how the

associations were affected by behavioural risk factors, psychosocial

aspects and comorbidities.

Methods: Information about the SCI components, as well as potential

confounders, was collected by self-administered questionnaires, blood

samples and a physical examination in 26,473 men and women

(≥ 25 years) participating in the Tromsø study in 1994–95. Informa-

tion about personal income was obtained from Statistics Norway. The

SCI included educational level, employment status, self-perceived

health, satisfaction with number of good friends, and personal income

with predefined categories for each component. The total SCI score

ranged from 0 to 18, and was divided into quartiles for men and

women separately. Participants were followed from date of enrolment

in 1994–95 until December 31, 2010. Cox proportional hazard regres-

sion models were used to estimates hazard ratios with 95% confidence

intervals (CI). All analyses were stratified by sex due to statistical inter-

action. The study was approved by the regional committee for research

ethics, and all participants gave their informed written consent to par-

ticipate.

Results: There were 602 VTE events during a median follow-up of

15.8 years (incidence rate: 1.72, 95% CI: 1.59–1.86). An inverse associ-

ation between SCI and risk of VTE was found among women. Women

in the highest quartile (SCI 15–18) had lower risk of VTE in age-

adjusted analyses (HR 0.44, 95% CI: 0.27–0.72) (P for trend across

quartiles of SCI: < 0.001) and in multivariable adjusted analyses (HR

0.62, 95% CI: 0.36–1.05) (P for trend across quartiles of SCI: 0.02)

compared to those in the lowest quartile (SCI 0–8). Multivariable anal-

yses were adjusted for behavioural factors (body mass index, smoking,

physical activity, alcohol and coffee consumption), psychosocial fac-

tors (feelings of happiness and optimism) and comorbidities (cancer,

arterial cardiovascular disease and diabetes). All the individual com-

ponents of the index displayed an inverse relation to risk of VTE, but

educational level and self-perceived health were the strongest predic-

tors for the inverse association between SCI and VTE among women.

Behavioural factors, psychosocial factors and comorbidities explained

30–40% of the association between SCI and VTE (age-adjusted b coef-

ficient: �0.31 vs. multivariable-adjusted b: �0.21). No associations

were found between SCI or its individual components and risk of VTE

in men.

Conclusions:We found an inverse association between the SCI and risk

of VTE in women, but not in men. Behavioural factors, psychosocial

factors and comorbidities explained 30–40% of the inverse association

between the SCI and risk of VTE in women.

PB 2.70-2
A study to analyze the utility of PNH screening in
patients with intra-abdominal thrombosis
Naseem S1, Ahluwalia J2, Naseem S2, Sachdeva MUS2, Bose P2,

Chawla Y2, Thapa BR2 and Varma N2

1Postgraduate Institute of Medical Education & Research;
2PGIMER, Chandigarh, India

Background: Paroxysmal Nocturnal Hemoglobinuria (PNH) is an

acquired hematologic disorder, characterized by intravascular hemoly-

sis, thrombosis or bone marrow failure. The clinical manifestations are

due to deficiency of glycosyl phosphatidylinositol (GPI) anchored pro-

tein. Fluorescently labeled inactive toxin aerolysin (FLAER) binds to

GPI anchor specifically and lack of FLAER binding to granulocytes,

measured by multiparameter flow cytometry, indicates presence of

PNH clone. FLAER testing is recommended for primary screening of

PNH clones.

Thrombosis, often at unusual sites, intra-abdominal, cerebral or der-

mal may be the presenting feature of PNH. However there is a paucity

of data on how many cases of PNH present primarily with thrombosis.

Current guidelines recommend screening for PNH in patients present-

ing with thrombosis at unusual sites. We screened patients with intra-

abdominal thrombosis for PNH clone by FLAER analysis.

Aim: To assess the utility of PNH screening in patients presenting with

intra-abdominal thrombosis

Methods: Patients with intra-abdominal thrombosis -Budd Chiari Syn-

drome (BCS), Extra Hepatic Portal Vein obstruction (EHPVO), mes-

enteric, iliac or renal vasculature as confirmed by imaging studies and

referred for thrombophilia workup to the department of Hematology,

PGIMER, Chandigarh were included in the study. EDTA peripheral

blood samples were analysed by multiparameter flow cytometry using

FLAER + CD24 on neutrophils (gated on CD45 and CD15 side scat-

ter) and FLAER + CD14 on monocytes (gated on CD45 and CD33

side scatter). Ten thousand events were acquired and analysed on the

FACS Canto II (BD Biosciences). Patients with > 5% deficient neu-
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trophils/monocytes were labelled positive for PNH clone and further

tested for PNH clone in RBC by CD55+ CD59. Normal controls were

included in each run.

Results: Eighty one (65 adults and 16 pediatric) cases of intra-abdomi-

nal thrombosis were tested for PNH clone. Mean age of these patients

was 30 years (range = 1.5–65 years) and male: female ratio = 1.1:1.

There were 34 (42%) cases of EHPVO and 27 (33%) of BCS. Remain-

ing 20 (25%) cases included portal vein thrombosis, iliac vein throm-

bosis, superior mesenteric vein thrombosis and recurrent thrombosis

Out of the 81 patients tested only 1 (1.2%) patient was positive for

PNH clone. This patient had BCS and positive PNH clone in both

neutrophils (FLAER/CD24 negative cells = 82%) and monocytes

(FLAER/CD14 negative cells = 62%). Further testing for PNH clone

in RBC revealed 21% CD55 + CD59 negative cells. None of the 76

controls and remaining 80 patients revealed > 5% PNH positive cells.

Summary/Conclusion: In this study we evaluated the utility of PNH

screening in patients with intra-abdominal thrombosis by flow cytome-

try with FLAER in neutrophils and monocytes. Large PNH clones

were infrequent in the study population, seen in only 1 (1.2%) out of

81 patients tested. PNH with a primary thrombotic presentation is

therefore rare in cases with intra-abdominal thrombosis. Our results

would indicate that, in a resource limited setting, routine screening of

all patients with intra-abdominal thrombosis for PNH may be of lim-

ited value.

PB 2.70-3
Impact of different measures of renal impairment on
future risk of venous thromboembolism. The Tromsø
study
Brodin E1, Enga KF1, Sigrid BK1, Toft I2, Brox J1, Vik A1

and Hansen JB1

1Hematological Research Group (HERG); 2Department of

Nephrology, University Hospital of North Norway, Tromsø,

Norway

Background:Mild to moderate chronic kidney disease (CKD) is associ-

ated with increased risk of venous thromboembolism (VTE). Creati-

nine, the current clinical standard to detect CKD, is influenced by

several factors. Thus, the most reliable equation for estimation of renal

function is debatable. A recent study suggests that a combination of

creatinine and cystatin C is more accurate than either marker alone for

estimating glomerular filtration rate (eGFR).

Aims: The aims of this population-based cohort study were to investi-

gate the ability of eGFR, based on serum creatinine (eGFRcrea), cyst-

atin C (eGFRcys) and both (eGFRcrea-cys) to identify persons at risk,

and to elucidate the impact of stages of impaired kidney function on

risk of VTE in static and time-dependent analyses of exposure.

Methods: Cystatin C and creatinine was measured in 16,297 men and

women, aged 25–84 years, who were enrolled in the fourth (1994–95)
and sixth (2007–8). Survey of the Tromsø study, Creatinine, cystatin C

and the combination of both markers was used to determine GFR

according to the CKD-EPI equations. Incident VTE-events during fol-

low-up were registered from the date of inclusion through the end of

the study period, December, 31, 2010. Cox-regression models were

used to calculate hazard ratios (HR) with 95% confidence intervals

(CI) for VTE adjusted for age, sex, body mass index, diabetes and

smoke. Moreover, to minimize regression dilution effects, Cox-regres-

sion was performed in subjects with two recordings of eGFR during

follow-up, allowing for time-dependency of the exposure variable and

important co-variates. The study was approved by the regional com-

mittee for research ethics, and all participants gave their informed

written consent to participate.

Results: There were 451 incident VTE-events, of which 205 (45%) were

unprovoked, during a median of 12.5 years of follow-up. eGFRcys

identified 24% of the population to have mildly impaired kidney func-

tion (60–89 mL/min/1.73 m2) and 3.2% to have moderate/severely

impaired kidney function (15–59 mL/min/1.73 m2), and the HRs for

total VTE were 1.53 (95% CI 1.21–1.93) and 2.05 (95% CI 1.36–3.10),
respectively, compared to those with a normal kidney function

(≥ 90 mL/min/1.73 m2). Likewise, eGFRcys-crea identified 24% with

mildly impaired and 1.5% with moderate/severely impaired kidney

function, with corresponding HRs for total VTE of 1.65 (95% CI

1.18–2.29) and 1.67 (95% CI 0.95–2.88), respectively. Although 26%

with mildly impaired kidney function were identified, no significant

associations were found between mildly impaired kidney function

assessed by eGFRcrea and risk of VTE (HR 1.07 (95%CI 0.87–1.35).
However, for moderate/severely vs. normal kidney function) there was

an association (HR 1.83, 95%CI 1.05–3.20) between eGFRcrea and

VTE. The risk estimates from the time-dependent analyses were essen-

tially similar.

Conclusions: The present study showed that all CKD-EPI equations

identified similar proportions with mild to severely impaired kidney

function and that eGFRcys and eGFRcys-crea equally estimated the

future risk of VTE among subjects with mildly impaired kidney func-

tion.

PB 2.70-4
Venous thromboembolism in patients undergoing
shoulder surgery: findings from the Recos registry
Imberti D1, Ivaldo N2, Murena L3, Paladini P4, Castagna A5,

Barillari G6, Guerra E7, Castoldi F8, Camporese G9

and Porcellini G4

1Haemostasis and Thrombosis Center, Piacenza; 2Acquiterme

Hospital, Alessandra; 3University of Insubria, Varese; 4Cattolica

Hospital, Cattolica; 5Humanitas, Milano; 6University of Udine,

Udine; 7Rizzoli Institute, Bologna; 8Mauriziano Hospital, Torino;
9University of Padova, Padova, Italy

Background: Sparse informations are available about venous thrombo-

embolic (VTE) complications after different types of shoulder surgery.

Aim: The primary end-point of the study was to determine the inci-

dence of symptomatic deep vein thrombosis (DVT) and pulmonary

embolism (PE) within 90 days of follow-up in patients undergoing

shoulder surgery. Risk factors for VTE and thromboprophylaxis prac-

tices were also studied.

Methods: RECOS is a prospective multicenter registry of consecutive

patients undergoing shoulder surgery recruited in nine hospitals inItal-

y. Patients were followed-up at 7, 30 and 90 days for major clinical

outcomes. Cumulative rates of VTE were estimated according to the

Kaplan-Meier method; a Cox regression model was used to calculate

adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for

some variables that were identified as potential risk factors for VTE.

Results: From June 2009 to June 2011 1366 evaluable patients (males

54.4%; mean age 55.65 � 15.3 years) were enrolled in the registry.

The shoulder surgical procedures were the following: arthroscopy

(72%), arthrotomy (19.1%) total replacement (8.9%). After 90 days,

the incidence rate (95% CI) of symptomatic DVT and PE was 0.7%

(95CI% 0.2–11.2). Mean age of patient with VTE complications was

significantly different from patients who did not displayed complica-

tions (55.6 � 0.42 vs. 25.7 � 0.2, P = 0.024). Duration of surgery

> 60 min (HR: 10.99; 95CI% 1.26–95.89; P = 0.030) was found as

independent risk factor for VTE. Pharmacological thromboprophylax-

is was prescribed in 33.5% (n = 457) of the patients; in 95.8% of them

the recommended duration of prophylaxis was > 10 days.

Conclusions: The risk of symptomatic VTE in patients undergoing

shoulder surgery is not negligible. This risk and the potential need for

thromboprophylaxis should be taken into account by orthopaedic

surgeons.
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PB 2.70-5
Thromboprophylaxis in mutliple myeloma – a tale of
two cities
Czuprynska J

Taunton and Somerset NHS Foundation Trust, Somerset, UK

Background: Multiple myeloma is associated with an increased risk of

thrombosis. This is greater with immunomodulatory (iMID) drug com-

binations and during the first 6 months of therapy. Bortezomib may

have a protective effect. First-line therapy for myeloma in the UK gen-

erally comprises a thalidomide-containing regimen. This contrasts with

New Zealand, where bortezomib is commonly used upfront. In both

countries, lenalidomide is customarily given third-line. British guide-

lines recommend thromboprophylaxis with aspirin in patients receiving

an iMID-containing regimen who are at moderate risk of thrombosis.

The optimal strategy for high risk patients is yet to be determined.

Aims: To compare and contrast the current practice of thrombopro-

phylaxis in myeloma patients in two centres on opposite sides of the

globe: one in the United Kingdom (Musgrove Park Hospital, Somer-

set) and the other in New Zealand (Christchurch, Canterbury District

Health Board).

Methods: Audits were performed to assess current practice of throm-

boprophylaxis in all patients with myeloma under active follow-up in

each centre. NZ data were collected in 2012, while UK data were col-

lected in 2013. Additionally, retrospective data were collected on live

patients who had experienced a thrombotic event since being diag-

nosed with myeloma. Results were compared with BCSH guidelines

for management of thromboprophylaxis in myeloma, which recom-

mend that all patients for an iMID-containing regimen should have a

thromboprophylaxis risk assessment, giving a gold standard of 100%.

In parallel, national consultant surveys were performed to review

thromboprophylaxis for myeloma patients in New Zealand and the

South West of England.

Results: Ninety-eight patients with myeloma under active follow up

were identified in the UK centre and 151 in the NZ centre. In each cen-

tre, approximately half of the patients on active therapy were receiving

an iMID (50% in the UK and 52% in NZ). In the UK centre, 96% of

patients on an iMID were in receipt of thromboprophylaxis. This fig-

ure was lower at 67% in the NZ centre meaning that thromobopro-

phylaxis was potentially not being adequately addressed for a third of

patients on iMIDs.

Despite higher upfront use of thalidomide-containing regimens in the

UK, the proportion of patients experiencing thrombosis was similar in

the two centres (7% in the UK centre and 8% in the NZ centre). In

the NZ cohort, 50% of these thrombotic events (n = 6) took place dur-

ing induction therapy without thromboprophylaxis and only one

patient was on an iMID. In the UK centre 43% of these events (n = 3)

took place during induction with a thalidomide-containing regimen

despite thromboprophylaxis.

Summary/Conclusions: Optimal thromboprophylaxis in myeloma is

still a matter for debate although there is a greater consensus when

using lenalidomide-containing therapy. Thromboprophylaxis accord-

ing to an individual risk profile should be considered for every patient

with myeloma, particularly at the start of treatment.

PB 2.70-6
Postoperative deep vein thrombosis in patients
undergoing general, colorectal and orthopedic
surgeries in Taiwan- an institutional experience
Lin CY, Shen MC, Chang IL, Chen HCh, Huang TM, Chen YL,

Lee KW, Lin HY, Hsieh HN and Yang YW

Changhua Christian Hospital, Changhua City, Changhua County,

Taiwan

Background: It has been believed for a long time that the incidence of

venous thromboembolism is lower in Asian countries, as compared to

that in Western countries. Such belief was challenged by recent studies

of postoperative deep vein thrombosis (DVT) in postorthropedic sur-

geries.

Aim: We aimed to study the incidence of postoperative DVT following

general, colorectal and orthopedic surgeries seen in middle part ofTai-

wanduring August 2009 to December 2012.

Material and Methods: Patients 195 patients undergoing general sur-

geries [mean age 63.6 years (range 29–91 years), 118 males and 77

females], 128 patients receiving colorectal surgeries [66.2 (37–91), 77
males and 51 females] and 120 patients undergoing orthopedic surger-

ies including 57 total knee replacements (TKR), 23 total hip replace-

ments (THR), and 21 Hip replacements (HR) and 17 fracture

surgeries, two of them received TKR and THR concurrently[69.4 (20–
95), 46 males and 74 females] were studied.

Methods: Compression ultrasonography (CUS, Philips HD11) exami-

nation was performed for each patient before and 5–10 days after

operation. Thrombin generation (TG) analysis using Fluoroscan

Ascent and microparticle (MP) activity test using ZYMUPHEN MP

activity test kit were done before and after operation. Venography was

also performed in some patients for comparison. Univariate and multi-

variate logistic regression analysis for the risk factors associated with

development of postoperative DVT including sex, age, tumor staging

(in colorectal cancer only), type of operation, anesthesia duration,

operation duration, bed rest days, previous cerebral and cardiac disor-

ders, previous DVT, TG endogenous thrombin potential and MP

activity were done in each group of patients.

Results: Validation of the CUS examination: Twice CUSs were per-

formed after operation including six DVTs and 60 normal veins, all

showed identical results. Parallel examinations of CUS and venogra-

phy were done in 19 patients including four DVTs and 15 normal

veins, all showed identical results except that in one patient CUS

showed partial thrombosis of left external iliac vein and common fem-

oral vein, but venography revealed no evidence of thrombosis and

external compression by left common iliac artery was suspected.

General surgery: Only 1 (0.5%) patient was found to have asymptom-

atic distal DVT among 195 patients received general abdominal sur-

gery. Univariate and multivariate logistic regression analysis showed

no associated risk factor.

Colorectal surgery: Among 128 colorectal cancer-surgical patients, 3

(2.3%) had proximal DVT before operation, 9 (7.0%) developed new

DVT after operation, all were distal. Both univariate and multivariate

logistic regression analysis showed that previous VTE patients has

higher incidence of postoperative VTE.

Orthopedic surgery: Nine of 120 patients (7.5%) developed DVT, Five

had proximal DVTs, four distal DVT; all detected on the operated leg.

Venography was also done to confirm the diagnosis in four of them.

Univariate risk analysis showed patients received TKR had significant

higher risk. Multivariate logistic regression analysis showed no associ-

ated risk factor.

Conclusion: The incidence of postoperative DVT in our patients under-

going general, colorectal and orthopedic surgery was only about 4.3%

(0.5%,7.0%,7.5% respectively) as low as recent reports from Asian

countries (Singapore: Fong 2000, Nathan 2003, China: Lu 2007).
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PB2.71 – Recurrent Venous
Thrombosis – II

PB 2.71-1
Factors associated with early and late
hypercoagulability after stopping anticoagulation for
idiopathic venous thromboembolism
Cosmi B1, Legnani C1, Tosetto A2, Pengo V3, Ghirarduzzi A4,

Testa S5, Prisco D6, Poli D6, Tripodi A7 and Palareti G1

1S.Orsola-Malpighi University Hospital, Bologna; 2San Bortolo

Hospital, Vicenza; 3Department of Cardiac Thoracic and Vascular

Sciences, University of Padova, Padova; 4Arcispedale Santa Maria

Nuova, Reggio Emilia; 5General Hospital, Cremona; 6University

of Florence and Centro Trombosi, A.O. U. Careggi, Firenze;
7University & IRCCS Maggiore Hospital; A Bianchi Bonomi

Hemophilia&Thrombosis Cen, Milano, Italy

Background: The recurrence rate is especially high in the 3 months

after stopping anticoagulation for a first episode of idiopathic venous

thromboembolism (VTE). A hypercoagulable state, as expressed by an

abnormal D-dimer, in these 3 months has been shown to be a risk fac-

tor for both early and late recurrence.

Aim: To evaluate factors associated with an abnormal D-dimer within

and beyond 3 months after stopping anticoagulation for a first episode

of idiopathic VTE in the PROLONG II study.

Methods: in a prospective multi-center study patients underwent

repeated D-dimer testing after anticoagulation suspension. D-d was

measured with a qualitative method (Clearview Simplify D-dimer,

Inverness Medical Professional Diagnostics, Bedford, UK) on the day

of anticoagulation withdrawal and after 30 days. If D-dimer was

abnormal during anticoagulation or at 1 month, patients continued or

resumed VKAs, while if D-dimer was normal at 1 month after stop-

ping anticoagulation patients did not resume treatment and repeated

D-d testing every 2 months for a year.

Results: Early hypercoagulability (abnormal D-dimer in the 3 months

after stopping anticoagulation) was associated with age > 65 year

(odds ratio-OR: 3.6 (95% confidence interval-CI:1.9–6.7; P = 0.0001),

the presence of comorbidities (OR: 2.7; 95% CI:1.5–5.1; P = 0.001)

and thrombophilia (OR: 1.9; 95% CI:1.1–3.4; P = 0.041) when com-

pared with a persistent normal D-dimer over a year. Late hypercoagu-

lability (abnormal D-dimer after 3 months since anticoagulation

withdrawal) was associated with the presence of comorbidities (OR:

2.8; 95% CI:1.5–5.5; P = 0.002) and of residual venous obstruction

(RVO) (OR: 1.9; 95% CI:1.1–3.8; P = 0.037) when compared with a

persistent normal D-dimer over a year. Late hypercoagulability was

associated with male sex (OR: 2.3, 95% CI:1.1–4.7; P = 0.029) and

age < 65 year (OR:2.2; 95% CI:1.1–4.6; P = 0.039) vs. early hyperco-

agulability.

Conclusions: Hypercoagulability after stopping anticoagulation for idi-

opathic VTE is influenced by age, comorbidities, thrombophilia and

RVO.

PB 2.71-2
The incidence of recurrent venous thrombosis
associated with different clinical risk profiles
Van Hylckama Vlieg A1, Baglin CAC2, Luddington R2,

Rosendaal FR1 and Baglin TPT2

1Leiden University Medical Center, Leiden, The Netherlands;
2Addenbrookes Hospital, Cambridge, UK

Background: Acquired, clinical risk factors are easily assessed after a

patient suffers a first venous thrombotic event and may be useful in

the prediction of recurrence.

Aim: The aim of this study was to assess whether the risk of recurrent

venous thrombosis differed per clinical risk profile, i.e., in patients in

whom the first venous thrombosis was surgery provoked, non-surgery

provoked, or unprovoked.

Methods: Analyses were performed in the Thrombophilia, Hypercoag-

ulability, and Environment and the risk of Venous ThromboEmbolism

(THE-VTE) study. Between March 2003 and December 2008, patients

with a first, objectively diagnosed episode of deep venous thrombosis

or pulmonary embolism, aged 18–75 years, were included in the anti-

coagulation clinics inLeiden, NL andCambridge, UK. Controls were

partners of patients. Individuals with active malignant disease were

excluded. In total, 796 patients and 531 controls were included. Con-

sent and ethical approval were obtained.

Patients were subsequently followed for recurrent thrombosis. Poten-

tial recurrences were classified as certain or unlikely based on the time

between the first and recurrent event and the location of the recur-

rence. Patients with an unlikely recurrence were censored at the time

of the event. The end of follow-up was defined as the date of recur-

rence, date of death, or end of follow-up.

The incidence rates (IR) of recurrence with 95% confidence interval

(CI) were calculated overall and after stratification in risk groups (sur-

gery provoked, non-surgery provoked, and clinically unprovoked first

event).

Surgery provoked was defined as having had a surgical procedure in

the 3 months prior to the first event. Non-surgery provoked as having

had a plaster cast, injury, immobilization > 4 consecutive days, hospi-

talization, or hormone use in the 3 months prior to the first event. In

patients with an unprovoked first event, none of the above risk factors

were present in the 3 months prior to the first event. Complete infor-

mation on these risk factors was available for 760 patients.

The 2- and 4-year cumulative incidences of recurrence were calculated

in the before-mentioned risk groups separately.

Results: After a mean duration of follow-up of 5.1 years, 117 (14.7%)

of the 796 patients developed a recurrence: IR = 29/1000 person years

(py); 95% CI: 23.7–34.2.
The distribution in risk groups was as follows: surgery provoked first

event n = 135 (17.8%), non-surgery provoked first event n = 225

(29.6%), clinically unprovoked first event n = 400 (52.6%). The inci-

dence of recurrence was lowest in patients with a provoking factor

(surgery: IR = 21.7/1000 py; 95% CI: 11.1–32.4, non-surgery:

IR = 19.5/1000 py; 95% CI: 11.4–27.6). The incidence of recurrence

was highest after a first clinically unprovoked event, IR = 37.8/1000

py; 95% CI: 29.3–46.3.
The difference in recurrence is present after 2 years of follow-up and

remains also after longer duration of follow-up (4-year cumulative

incidences: surgery provoked: 9.6%, 95% CI: 5.8–13.5, non-surgery
provoked: 7.6, 95% CI: 4.1–11.0; unprovoked: 12.8, 95% CI: 9.5–
16.0).

Summary/Conclusion: Assessment of clinical risk factors at the time of

a first venous thrombosis predicts the risk of a recurrent event. The

risk of recurrence is highest in patients with an unprovoked first event.

PB 2.71-3
Whole blood gene expression profiles to distinguish
venous thromboembolism phenotypes
Lewis DA1, Suchindran S1, Beckman MG2, Heit JA3, Moll S4,

Philipp CS5, Kenney K2, De Staercke C2, Pyle M2 and Ortel TL1

1Duke University Medical Center, Durham, NC; 2Centers for

Disease Control and Prevention, Atlanta, GA; 3Mayo Clinic,

Rochester, MN; 4University of North Carolina, Chapel Hill, NC;
5University of Medicine and Dentistry of New Jersey, New

Brunswick, NJ, USA

Background: Recurrent venous thromboembolism (VTE) occurs in 10–
30% of individuals after completing a course of anticoagulant therapy

for an initial unprovoked VTE. Currently, there is limited understand-
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ing of the biological mechanisms that predispose patients to recurrent

VTE and it would be useful to have biomarkers to help predict which

patients are at a higher risk for recurrent VTE. Using clinically well-

defined patient groups, we explored the use of whole blood gene

expression profiles to distinguish patients with recurrent VTE as well

as provoked and unprovoked VTE.

Methods: Adults with one or more VTE were recruited at four sites

participating in the Thrombosis Research and Prevention Network

supported by the Centers for Disease Control and Prevention. Partici-

pants were allocated into three groups: (i) ‘low-risk’ individuals had

sustained one or more provoked VTE (n = 34); (ii) ‘moderate-risk’

individuals had sustained one unprovoked VTE (with or without pro-

voked VTE) (n = 33); and (iii) ‘high-risk’ individuals had sustained

more than one unprovoked VTE (with or without provoked VTE)

(n = 40). Patients with antiphospholipid syndrome were excluded.

Individuals with no history of VTE were enrolled as healthy controls

(n = 25). The study was approved by the review boards at each institu-

tion and informed consent was obtained from all participants. Blood

for RNA was collected in PAXgene tubes; citrated plasma and serum

were collected at the same time. Total RNA was isolated and hybrid-

ized to Illumina HT-12v4 Beadchips to assay whole genome expression

with over 47,000 probes. Blood levels of selected biomarkers identified

by gene expression were measured by ELISA. Class prediction analysis

and differential expression analysis were used to compare the groups.

Results: Class prediction analysis was able to distinguish high-risk

individuals from healthy controls with good receiver operating curve

characteristics (AUC = 0.88). We also distinguished high-risk individ-

uals from low-risk individuals, moderate-risk individuals from healthy

controls and low-risk individuals from healthy controls with AUC’s of

0.72, 0.77 and 0.72, respectively.

Differential expression analysis identified genes that were differentially

expressed when comparing the high-risk group to the low-risk group

or healthy controls, and the moderate-risk group to the healthy con-

trols. Several genes relevant to coagulation, immune response and/or

vascular biology, including SELP and CD46, were differentially

expressed in at least two of the comparisons. This distinction in whole

blood was limited to gene expression, since plasma or serum protein

levels of several of these genes did not differ between the different

groups.

Conclusion: Gene expression profiles were able to distinguish individu-

als with recurrent, unprovoked VTE from individuals with provoked

VTE only and healthy controls. In contrast, this approach could not

distinguish individuals with a single, unprovoked VTE (the moderate-

risk group) from patients with recurrent unprovoked VTE or patients

with provoked VTE, indicating heterogeneity among the moderate risk

group. Prospective studies are needed to determine whether the gene

expression profiles identified by this approach will indeed distinguish

patients at high-risk for recurrent VTE and thus provide a guide for

which patients would benefit from extended anticoagulant therapy.

PB 2.71-4
Efficacy and safety of weight-adjusted dosing of low-
molecular-weight-heparin for prevention and
treatment of acute VTE in obese patients: a systematic
review and meta-analysis
Ikesaka T, Le Gal G and Carrier M

The Ottawa Hospital, Ottawa, ON, Canada

Background: Obese patients are often excluded from clinical trials or

are not recruited in sufficient number to assess safety and efficacy of

LMWH in this population. It is unclear if standard (i.e. non-adjusted)

thromboprophylaxis doses of low-molecular weight heparin (LMWH)

provide adequate coverage for obese patients. Similarly, weight-

adjusted dosing of LMWH is recommended for the acute treatment of

venous thromboembolism (VTE). However, product monographs of

different LMWH manufacturers state not to exceed their recom-

mended maximum dosage. It is not known if using the actual weight-

adjusted dose of LMWH (instead of capping the dose) is safe and

effective for obese patients treated for acute VTE.

Aims: To summarize the event rates of VTE (or recurrent VTE) and

major bleeding episodes in obese patients receiving weight-adjusted

doses of LMWH for the prevention and treatment of VTE.

Methods: A systematic literature search was performed using MED-

LINE and EMBASE. The primary outcome measures were VTE and

major bleeding events. Venous thromboembolism was defined as

symptomatic proximal lower limbs (popliteal vein or more proximal)

deep vein thrombosis or pulmonary embolism. Major bleeding was

defined as per the ISTH definition. Weight-adjusted thromboprophy-

lactic LMWH dosing was defined as the use of higher than standard

recommended dosing for obese patients. Weight-adjusted therapeutic

LMWH dosing was defined as a dose calculated according to patient‘s

weight regardless of dosage cap as per the manufacturer’s instructions.

Rates of the primary outcomes were generated for the indications: (i)

Thromboprophylaxis in medically-ill patients; (ii) Acute treatment of

VTE. Pooled proportions for the different outcomes during hospital-

ization (prophylaxis medically-ill patients) and up to 3 months of fol-

low up (acute treatment of VTE) were calculated.

Results: A total of eight studies (four on thromboprophylaxis in medi-

cally-ill patients; four on the acute treatment of VTE) met inclusion

criteria. Two thousand two hundred and twenty patients were included

in the systematic review (1200 in thromboprophylaxis studies; 1020 in

treatment studies).

Medically ill hospitalized patients receiving weight-adjusted thrombo-

prophylactic LMWH had a VTE rate of 2.1% (95% CI: 0.1–6.7%)

compared to a rate of 2.9% (95% CI: 1.7–4.4%) for patients receiving

standard doses of LMWH thromboprophylaxis. The rate of major

bleeding in the weight-adjusted prophylaxis studies was 1.0% (95%

CI: 0.02–4.6%). None of the studies included in the systematic review

reported the risk of major bleeding among obese patients receiving

standard doses of LMWH thromboprophylaxis.

The 3-month risk of recurrent VTE and major bleeding in obese

patients receiving weight-adjusted LMWH for acute VTE was 2.7%

(95% CI: 0.7–5.9%) and 0.8% (95% CI: 0.3–1.6%) respectively. No

studies have reported the risk of recurrent VTE or major bleeding

among obese patients receiving capped doses of LMWH.

Summary/Conclusions: Weight-adjusted doses of LMWH seem safe

and effective in the prevention and treatment of VTE in obese patients.

Rates of VTE, recurrent VTE and major bleeding episodes compare

favorably to previously reported rates in non-obese patients. Future

studies assessing the efficacy and safety of different dosing strategies

among obese patients are needed.

PB 2.71-5
Residual pulmonary embolism as a predictor for
recurrent thromboembolic events after a first
unprovoked episode: data from the REVERSE cohort
study
Le Gal G1, Zeng W2, Righini M3, Kovacs MJ4, Tan M5,

Carrier M6, Bazarjani S2, Rodger M6 and REVERSE Study Group T7

1Ottawa Health Research Institute; 2University of Ottawa,

Ottawa, ON, Canada; 3Geneva University Hospital, Geneva,

Switzerland; 4University of Western Ontario, London, ON,

Canada; 5Leiden University Medical Centre, Leiden, The

Netherlands; 6Ottawa Hospital Research Institute, Ottawa, ON;
7Various Centres, Various Cities, Canada

Background: We sought to assess if residual pulmonary embolism after

completion of 5–7 months of oral anticoagulant therapy for unpro-

voked pulmonary embolism is associated with an increased risk of

recurrent venous thromboembolism.

Methods: Patients with a first unprovoked venous thromboembolism

were enrolled after completion of 5–7 months of oral anticoagulant

therapy over a 4 year period and completed a mean of 18 months
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follow-up. Patients with pulmonary embolism (with or without deep

venous thrombosis) had a baseline V/Q scan performed before stop-

ping oral anticoagulant therapy. The percentage of vascular obstruc-

tion was determined for all patients. This is a Multi-centre multi-

national prospective cohort study done in tertiary care centres.

Main Outcome: During follow-up off oral anticoagulant therapy, all

episodes of suspected recurrent venous thromboembolism were inde-

pendently adjudicated with reference to baseline imaging.

Results: Annual incidence rates of recurrent venous thromboembolism

were 2.8% (95%CI 0.3–5.2%) in patients with a percentage of vascular

obstruction of 0% (no residual obstruction), 6.7% per year (1.3–
12.0%) in patients with percentage of vascular obstruction of 1–5%,

and 11.7% per year (5.3–18.0%) for patients with a percentage of vas-

cular obstruction > 5%.

Summary/Conclusion: In our study, the presence of residual pulmo-

nary vascular obstruction at the time of oral anticoagulant therapy

withdrawal was associated with a statistically significant higher risk of

subsequent recurrent venous thromboembolism. Percentage of vascu-

lar obstruction assessment might be useful to guide duration of oral

anticoagulant therapy.

PB 2.71-6
Two years outcome and features of isolated distal vein
thrombosis
Sartori M, Cosmi B, Migliaccio L, Favaretto EJ, Guazzaloca G,

Valdr�e L, Legnani C and Palareti G

S. Orsola-Malpighi Bologna University Hospital, Bologna, Italy

Background: Isolated distal deep vein thrombosis (IDDVT) is a fre-

quent finding in symptomatic outpatients, but its natural history is still

uncertain.

Aims: To assess the long term outcome of IDDVT and ascertain the

impact of IDDVT characteristics on outcome.

Methods: In a prospective, single center study we enrolled 90 symp-

tomatic outpatients (age 60.7 � 18.3, male 48.9%) in whom a com-

plete real-time B-mode and color Doppler ultrasonography

examination revealed an IDDVT. Among the 88 treated patients, 56

received low molecular weight heparins (LMWH) for 30 days and 32

with vitamin K antagonists for 3 months. The outcomes of the present

study included death, major bleeding, pulmonary embolism, proximal

deep vein thrombosis (DVT), and IDDVT. Follow-up visits were at 1,

3, 12 and 24 months.

Results: The most frequent risk factors for thrombosis in the study

population were: significantly reduced mobility (34.4%), obesity

(25.3%), surgery (15.7%), and previous DVT (15.7%). Cancer was

present in eight patients (8.9%). During the follow-up (median

24 � 2 months), 18 patients (20%) developed an outcome, which

included one non cardiovascular death (cancer), one major bleeding

(during LMWH therapy), three pulmonary embolism (two among

patients with cancer), four proximal DVT (one among patients with

cancer), and nine IDDVT. According to Cox regression analysis, male

patients (HR 4.0 CI95%: 1.3–12; P = 0.018) and patients with cancer

(HR 6.1 CI95%: 1.4–26; P = 0.016) were at higher risk for reaching

the end-point, whereas the anatomical characteristics and the type

(provoked vs. non-provoked) of IDDVT, the type of anticoagulant

therapy, age, BMI, and history of DVT were not associated with the

outcome. Normal d-Dimer values at IDDVT diagnosis were associ-

ated with lower risk of recurrent venous thromboembolism (HR 0.76

CI95%: 0.67–0.87 P = 0.023).

Conclusions: The risk of recurrent venous thromboembolism after ID-

DVT may be relevant, especially in male patients or in patients with

active cancer. Larger studies are needed to address this issue.

PB2.72 – Thrombophilia – III

PB 2.72-1
FIX-Padua increases fibrinolytic resistance through a
TAFI-mediated mechanism
Semeraro F1, Ammollo CTC1, Tormene D1, Colucci M2

and Simioni P1

1University of Padua Medical School, Padua, Italy; 2Aldo Moro

University, Bari, Italy

Background: Thrombin activatable fibrinolysis inhibitor (TAFI), upon

activation to TAFIa, down-regulates fibrinolysis by removing plasmin-

ogen binding sites from fibrin. As thrombin is considered the main

activator, TAFI represents a link between coagulation and fibrinolysis.

Therefore, hypercoagulability is often associated to a hypofibrinolytic

state determined by increased TAFI activation. The substitution

R338L in the gene for coagulation factor IX (FIX-Padua) has been

reported in a young patient with venous thrombosis as a gain-of-func-

tion mutation that causes an 8-fold increase in the clotting activity of

FIX. To date, it is not known whether FIX hyperactivity can also

impact on TAFI activation.

Aims: To evaluate the influence of FIX-Padua on TAFI-mediated reg-

ulation of fibrinolysis.

Methods: Blood was collected from the proband (hemizygous for FIX-

Padua), two family members (mother, heterozygous, and father, nor-

mal) and six unrelated healthy controls (all providing written informed

consent), and anticoagulated with citrate plus the inhibitor of the con-

tact system corn trypsin inhibitor (CTI). Plasma clot lysis induced by

40 ng/mL t-PA was studied by a microplate turbidimetric assay.

TAFI-dependent inhibition of fibrinolysis was calculated as the ratio

between lysis times in the absence and in the presence of the specific

TAFIa inhibitor PTCI (PTCI-ratio). TAFI activation was assessed by

an ELISA specific for TAFIa and its inactive derivative TAFIai (TA-

FIa/ai). Thrombin generation was evaluated by calibrated automated

thrombinography (CAT). In all experiments, clotting was induced by

very low concentrations of tissue factor (0.05 pM) in order to better

reproduce the physiological conditions.

Results: Under our conditions, in three different experiments TAFI-

dependent inhibition of fibrinolysis was low in control samples (PTCI-

ratio: 1.18 � 0.22), intermediate in the heterozygous mother

(1.55 � 0.19), and high in the proband (1.92 � 0.15) (P < 0.001 by

one sample t-test). Thrombin generation was markedly enhanced in

the proband as compared to his mother and controls, lag time being

13, 27, and 32.3 � 4.6 min, respectively (P < 0.001) and endogenous

thrombin potential (ETP) being 705, 320, and 186 � 27 min

(P < 0.001). Accordingly, TAFIa/ai accumulation at 30 min after the

start of experiments amounted to 115 ng/mL in the proband as com-

pared to 55.7 � 14.3 in controls (P < 0.01). When a higher concentra-

tion of TF (5 pM) was used to make thrombin generation independent

of FIX, the differences in PTCI-ratio, thrombin generation and TAFI

activation between the proband and controls became much smaller

and statistically insignificant (P > 0.05).

Conclusions: FIX-Padua increases fibrinolytic resistance by enhancing

thrombin-mediated TAFI activation. This finding, on the one hand,

may provide an additional explanation for the thrombotic risk of

patients carrying the mutation; on the other hand, it might represent a

further haemostatic mechanism encouraging the use of FIX-Padua for

the gene therapy of haemophilia B.
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PB 2.72-2
Audit of requests for thrombophilia laboratory tests
post introduction of clinical guidelines in a referral
laboratory
Byrne MB, Rafferty M, White B, Ryan K, O’Donnell J

and O’Connell N

St James’s Hospital, Dublin, Ireland

Background: Thrombophilia testing represents a significant portion of

test requests in a tertiary referral coagulation laboratory but such test-

ing has not been shown to be clinically useful in the acute or longterm

management of the majority of patients with Venous Thromboembo-

lism (VTE). Guidelines for laboratory testing for thrombophilia were

introduced at the National Centre for Hereditary Coagulation Disor-

ders (NCHCD) in August 2012 to assist clinicians in determining

appropriate indications for thrombophilia testing. Following imple-

mentation, requests for thrombophilia tests were only processed if the

clinical indication was in keeping with the guidelines or the specific

clinical circumstances had been discussed with a Consultant Haema-

tologist. Requests for testing received without clinical information or

appearing to be outside the guidelines were put on hold in the labora-

tory until additional clinical information was received from the

requesting clinician. The final decision regarding laboratory testing

was made by the Consultant Haematologist.

Aim: The aim of this audit was to examine the changes in thrombo-

philia requesting patterns and test processing pathways in the coagula-

tion laboratory following the introduction of thrombophilia test

guidelines.

Method: Samples are received for thrombophilia testing (functional

and molecular tests) from within St James’s Hospital (in-patient and

out-patient services), from other referral hospitals throughout Ireland

and from general practitioners. Test numbers for the period September

to December 2012 were compared with the same period in 2011. Total

test numbers and a breakdown of requesting source were examined.

An audit of all requests that had been put on hold was conducted and

the review rate and final testing decision by the Consultant Haematol-

ogist was determined.

Results: There was a 56% reduction in thrombophilia test numbers

following implementation of the thrombophilia testing guidelines. The

greatest reduction in test numbers was seen in tests requested from

external agencies and general practitioners (> 60%). A total of 129

requests were put on hold during this period awaiting further clinical

information. The reason for holding the request was either lack of clini-

cal information (n = 66) or the clinical information provided appeared

to be outside the testing guideline (n = 63). Requests included full

thrombophilia screen (n = 86), Lupus Anticoagulant testing (n = 25)

and prothrombotic molecular testing (n = 18). Of the 129 requests on

hold, additional information was received in the laboratory on 35/129

requests. Following consultant review, testing was approved in 20 of

these requests consisting of full thrombophilia screen (n = 4), Lupus

Anticoagulant screen (n = 14) and prothrombotic molecular analysis

(n = 2). The most common reason for approval of testing was recurrent

pregnancy loss and Lupus Anticoagulant testing (n = 9).

Conclusions: Guidelines for laboratory testing improve the appropriate

selection of patients for thrombophilia testing and result in a significant

reduction in test requests. There is however an increased administrative

workload for laboratory and clinical staff in processing test requests.

PB 2.72-3
Novel mutations of antithrombin gene in inherited AT
deficiency
Yu Z, Sun L, Wang C, Zhang W, Cao L and Ruan C

Jiangsu Institute of Hematology, Suzhou, China

Background: Antithrombin (AT) is a natural anticoagulant agent to

produce a marked inhibitory effect on thrombin and other activated

blood coagulation factors (factor Xa、IXa、XIa) and is pertained to

SERPIN (serine protease inhibitor) superfamily. Inherited AT defi-

ciency is associated with a high risk of deep vein thrombosis (DVT)

and pulmonary embolism (PE), owing to the mutations of antithrom-

bin gene. It is considered that inherited AT deficiency, as autosomal

dominant inheritance, is the main cause of thrombophilia in China.

Aims: The phenotype and genotype in three propositus with DVT and

their family members were analysed, in order to identify the mutations

in AT gene and investigate the pathophysiologic mechanism.

Methods: The blood sample were collected from three propositus and

their family members. The AT activity level in plasma, using chromo-

genic, were detected in our laboratory. The Protein C activity and Pro-

tein S activity were also measured. Genomic DNA was extracted from

blood cells. All exons in AT gene were amplified by PCR, then PCR

products were directly sequenced to further identify the genotype.

Results: The AT activity in plasma were significantly decreased in pro-

positus and their affected family members, but the Protein C activity

and Protein S activity in plasma were normal. We found three kind of

heterozygous mutations in AT gene in three unrelated Chinese patients

with AT deficiency, 18,390–18,391 InsCT in exon 6 leading to frame-

shift as to nonsense mutation (433 Thr>stop), 10446 C>T in exon 3

resulting in nonsense mutation (164 Arg>Stop), and 7747T>C in exon

2 causing 78Leu>Pro missense mutation. These mutations can cause

premature termination or protein structural abnormality in AT pro-

tein. According to the antithrombin mutation database (http://www1.

imperial.ac.uk/departmentofmedicine/divisions/experimentalmedicine/

haematology/coag/antithrombin/type1/), we confirmed the 18,390–
18,391 InsCT mutations and 7747T>C in AT gene were novel muta-

tions.

Summary: These mutations in AT geng, found in three unrelated Chi-

nese patients with DVT, resulted in a premature termination of AT

protein or dysfunctional AT protein in plasma, which were the intrin-

sic reason for the occurrence of DVT.

PB 2.72-4
Inherited thrombophilia and recurrent pregnancy loss
Karimi M1, Zolghadri J2, Nezam M2 and Afrasiabi A1

1Hematology Research Center, Shiraz University of Medical

Sciences; 2Infertility Research Center, Shiraz University of

Medical Sciences, Shiraz, Iran

Background: Recurrent fetal loss (RFL) is a common health problem,

with three or more loses affecting 1–2% and two or more losses affect-

ing up to 5% of women at the reproductive age.

The polymorphisms G20210A of prothrombin gene (FII G 20210A),

G 1691A), of factor V gene (Factor V Leiden, FVL) and C677T of

methylene tetrahydrofolate reductase gene (MTHFR C677T) are the

most extensively studied thrombophilic mutations in association to

recurrent miscarriage.

Aim: Our aim is to compare the prevalence of FII G20210A and FVL

polymorphisms and their combinations in a series of patients with

three or more consecutive, miscarriages with control group.

Methods: The study group included 90 west southern Iranian patients

with three or more consecutive miscarriages with the same partner in

< 20 weeks gestation. We obtained medical histories, performed physi-

cal examinations, routine laboratory tests, endocrinologic examina-

tions, and immunologic tests for auto antibodies for patients.

Exclusion criteria were: anatomic abnormalities, endocrinologic dys-

function, liver function, abnormalities, inflammatory pelvic disease

and PCO. The control population consisted of 44 women of similar

age to the patients, with at least one live born children and no history

of pregnancy loss. Functional activity of protein C & S, activated pro-

tein C resistance (APCR), FV Leiden assay by PCR and prothrombin

gene mutation were assessed. The polymorphism frequencies were

recorded for each of the groups and comparisons were made using

odds ratios (OR), together with their 95% confidence intervals. Chi-

squared or Fisher’s exact test were also used for comparisons of poly-
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morphism distribution between the groups. P-value < 0.05 was consid-

ered significant.

Results: The mean age of patients (29.21 years, S.D. 5.9) did not differ

from that of the controls (28.75 years, S.D. 5.2) (t-test, P = 0.66).

Four patients (4.4%) had protein C deficiency while only 1 (2.3%) of

control group had protein C deficiency. The mean functional activity

of protein C was 109.74 and 102.35 s for case and control groups

respectively (P > 0.05). Protein S deficiency was detected in 9 (10%)

patients. The mean functional activity of protein S was 91.32 and

85.42 s for case and control groups respectively (P > 0.05).

There were three homozygous and 15 heterozygous cases of Factor V

Leiden in patient group. Carrier ship for Factor V Leiden did not sig-

nificantly increase the risk for recurrent miscarriage (OR 2.25, 95% CI

0.41–7.55).
There were no homozygous cases in either group. Carrier ship for

G20210A (homozygous or heterozygous vs. the wild type) did not sig-

nificantly increase the risk for recurrent miscarriage (OR 1.95, 95% CI

0.49–13.90)
Conclusion: Factor V Leiden and FII G20210A are associated with

pregnancy loss in both the first and second trimester. We found that

two common thrombophilic mutations (Factor V Leiden and Pro-

thrombin G20210A), alone or in combination, is associated with

increased risk for recurrent miscarriage.

PB 2.72-5
Thrombophilia screening in patients with ocular
venous thrombosis
Alrifai M, Heidinger K-S, Fischer R, Zimmermann A and Kemkes-

Matthes B

University Hospitals Giessen and Marburg, Giessen, Germany

Background: Ocular venous thrombosis (OVT) is a frequent cause of

visual impairment. Patients with OVT are commonly treated with anti-

coagulants, although no recommendations concerning anticoagulant

treatment exist. We here report upon treatment of and thrombophilia

screening in 90 patients with OVT.

Aims: To reveal the importance of thrombophilia screening in patients

with OVT and to get an overview over anticoagulant treatment in

these patients.

Methods: Ninety patients with OVT (46 male, 44 female, age: 22–
75 years) were examined. At time of examination none of the patients

was acutely ill. Thrombophilia parameters were determined in all

patients.

Results:

1 Thrombophilia screening: antiphospholipid antibodies were

detected in 12, lipoprotein (a) elevation in 19, factor VIII:c eleva-

tion in 11, antithrombin deficiency in 2, factor XII deficiency in 1,

hyperhomocysteinemia and Prothrombin (G20210A) polymor-

phism in 2, Factor V Leiden mutation in eight patients.

2 Treatment: 56 patients were initially treated with acetylsalicylic

acid (ASA), two with ADP antagonists, two with low molecular

weight heparin (LMWH), 11 with vitamin K antagonists. Ten

patients had no treatment at all. Eleven patients had recurrent

OVT under treatment with ASA, whereas three patients developed

OVT under vitamin K antagonist treatment (one of them suffering

from antiphospholipid syndrome). One patient developed two con-

secutive OVTs under treatment with ASA (100 and 300 mg/day,

respectively) despite of proved efficacy of ASA.

Conclusion:

1 Common risk factors of venous thromboembolism like Factor V

Leiden mutation, Prothrombin polymorphism, antithrombin defi-

ciency and factor VIII:c elevation were relatively rare in OVT

patients, while antiphospholipid antibodies and lipoprotein (a) ele-

vation seem to play a major role. Therefore it is questionable,

whether it is necessary to perform a ‘complete’ thrombophilia

screening in OVT patients.

2 ASA was more frequently used than vitamin K antagonists. Never-

theless, recurrence rate of OVT in patients under treatment with

vitamin K antagonists was lower in comparison to patients treated

with ASA.

PB 2.72-6
The course of vWF multimers and ADAMTS13 in
cardiac surgery
Miesbach W1, Reinecke I2, Weber C2 and Budde U2

1Goethe University, Frankfurt; 2Medilya Laboratory, Hamburg,

Germany

Introduction: Several cases of postoperative TTP following cardiovas-

cular surgery have been recorded. It is still unclear whether the use of

extracorporeal circulation (Heart-Lung Machine) during surgery has

an impact on vWF multimers and ADAMTS13 and thus on the occur-

rence of postoperative TTP.

Methods: In order to analyse the course of vWF multimers and AD-

AMTS13 we included 47 patients undergoing cardiac surgery at the

University Hospital Frankfurt/Main. Thirty-nine patients were oper-

ated with the use of an HLM (23 coronary artery bypass grafts, 17 car-

diac valve operations). Eight patients were operated without the use of

an HLM (Off Pump Coronary Artery Bypass). Six blood samples were

taken from each patient; before the operation, at 60 & 120 min during

operation and 2, 4 and 6 days postoperatively.

Results: We found that ADAMTS13 activity significantly decreased

during surgery (from 66% to 50%, P > 0.001 in the HLM group, from

67.5% to 48.5%, P = 0.02 in the OPCAB group), as well as the AD-

AMTS13 antibodies. Postoperatively the antibodies rose to a maxi-

mum of 14 U/L in the HLM group but stayed lower at 7.7 U/L in the

OPCAB group.

The percentage of large vWF multimers increased significantly during

surgery in the HLM group from 27% to 30.8% (P = 0.04). The

amount of vWF antigen measured did not significantly change during

surgery in either group.

VWF multimers were quantified using densitometric gel analysis. To

test the difference between measuring points the Friedman-Test was

used with a 5% level of significance. For the vWF multimers and anti-

gen the Wilcoxon-Matched-Pairs-Test was used.

Conclusion: Our investigations showed significant changes in ADAM-

TS13 activity during cardiac surgery. There is also a difference in the

presence of large vWF multimers when comparing extracorporeal cir-

culation to OBCAB surgery. These findings might support the thesis

that TTP may develop after cardiac surgery with extracorporeal circu-

lation.

PB2.73 – TTP/Thrombotic
Microangiopathies – I

PB 2.73-1
Hematologic outcomes at 2 years in eculizumab-
treated atypical hemolytic uremic syndrome patients
with long disease duration and chronic kidney disease
Douglas K1, Furman R2, Babu S3 and Bedrosian CLC4

1Beatson West Scotland Cancer Centre, Glasgow, UK; 2Weill

Cornell Medical College, New York, NY; 3Fort Wayne Medical

Oncology and Hematology, Fort Wayne, IN; 4Alexion

Pharmaceuticals, Cheshire, CT, USA

Background: Atypical hemolytic uremic syndrome (aHUS) is a rare,

systemic genetic disease characterized by chronic, uncontrolled com-

plement pathway activation leading to platelet activation, thrombosis,

hemolysis, and thrombotic microangiopathy. Patients with aHUS fre-

quently present with abnormal hematologic parameters, as well as
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renal and end-organ damage. Within 1 year of diagnosis, up to 65%

of patients develop permanent renal damage, end-stage renal disease,

or die.2 Eculizumab, a terminal complement inhibitor, is a humanized

monoclonal antibody that binds with high affinity to the human C5

complement protein, blocking the generation of proinflammatory C5a

and C5b-9. Eculizumab is the first approved treatment for aHUS in

pediatric and adult patients.

Aims: Two-year hematologic and renal outcomes were investigated

from a phase 2 study of eculizumab treatment in aHUS patients with

long disease duration, and chronic kidney disease (CKD) with prior

chronic plasma exchange/plasma infusion (PE/PI).

Methods: Twenty patients age ≥ 12 years receiving chronic PE/PI on a

stable regimen with no platelet count decrease > 25% during an 8-

week observation period were enrolled in the study and received ecu-

lizumab for 26 weeks; 19 of 20 patients entered the long-term exten-

sion. Patients provided informed consent and the study was approved

by each center’s institutional review board. Data are reported at

104 weeks unless otherwise noted.

Results: Patients (median age 28 years, 60% female, 40% with prior

renal transplant) had a median time from diagnosis to screening of

48 months. All patients received PE/PI prior to eculizumab treatment.

Mean � SD hemoglobin and haptoglobin levels at baseline were

107.7 � 16.5 and 0.9 � 0.6 g/L, respectively. Mean � SD baseline

estimated glomerular filtration rate (eGFR) was 30.8 (19.0). By data

cutoff, 18 of 20 patients (90%) achieved hematologic normalization

(platelet count ≥ 150′ 109/L and lactate dehydrogenase [LDH] ≤ upper

limit of normal sustained for at least two consecutive measurements

spanning ≥ 4 weeks), 19 of 20 patients (95%) sustained LDH levels

below the upper limit of normal, and only one patient (5%) required

PE/PI (two fresh frozen plasma infusions) while continuing ecu-

lizumab. Mean � SD increase in hemoglobin from baseline was

13.6 � 16.2 g/L (P = 0.0044). Hemoglobin increased to a normal level

in six of the 12 patients with a low level at baseline. At 100 weeks,

mean � SD haptoglobin increase from baseline was 0.2 � 0.7 g/L

(P = 0.2770). The eGFR increase from baseline (mean, 95% CI) was

7.2 (0.76–13.6; P < 0.05), an increase of 42.0% (23.2–60.7;
P < 0.0001). Earlier eculizumab intervention (shorter duration of

aHUS clinical manifestation prior to treatment) was associated with

greater increases in eGFR (P = 0.001).

Summary/Conclusions: In aHUS patients with long disease duration

and CKD with prior chronic PE/PI, treatment with eculizumab led to

improvements in both hematologic and renal outcomes at 2 years.

There was significant reduction in hemolysis in association with ongo-

ing improvements in renal function. These results underscore the

important role that hematologists may play in the diagnosis and man-

agement of this life-threatening disease, as well as the need for early

and ongoing eculizumab treatment in aHUS patients.

References:

1. Loriat C, Fr�emeaux-Bacchi V. Orphanet J Rare Diseases. 2011;6:60.

2. Caprioli J et al. Blood. 2006;108:1267–1279.

PB 2.73-2
A new heterozygous mutation in the metalloprotease
domain of ADAMTS13 in a patient with thrombotic
thrombocytopenic purpura
De Cock E1, Hermans C2, Vandeputte N1, Deckmyn H1, De

Meyer SF1 and Vanhoorelbeke K1

1KU Leuven Kulak, Kortrijk; 2St-Luc University Hospital, Brussels,

Belgium

Background: Hereditary thrombotic thrombocytopenic purpura (TTP)

is caused by mutations in the von Willebrand factor (VWF) cleaving

protease ADAMTS13. ADAMTS13 deficiency prevents processing of

ultra-large (UL) VWF multimers into normal, less reactive molecules.

Hence, surviving UL-VWF multimers spontaneously react with plate-

lets thereby inducing intravascular thrombosis, severe thrombocytope-

nia and hemolytic anemia.

Aim: We aimed at identifying the genetic defect in the Adamts13 gene

in a patient who developed TTP during pregnancy and at characteriz-

ing the functional effect of the ADAMTS13 mutation in vitro.

Methods: Genomic DNA was isolated from the patient’s blood cells.

Twenty-nine ADAMTS13 exons with exon-intron boundaries were

amplified by PCR and sequenced. The identified mutation was intro-

duced by site-directed mutagenesis in the pcDNA6.1 huADAMTS13

expression vector. Wild type and mutant ADAMTS13 were stably

expressed in HEK293T cells using blasticidin selection. Recombinant

proteins were partially purified using heparin chromatography. AD-

AMTS13 antigen levels were determined using an in house developed

ELISA. ADAMTS13 activity was measured in a FRET assay. The

presence of inhibitory antibodies was tested using a commercial

ELISA kit.

Results: We here report the identification of a mutation in the Adam-

ts13 gene in a 39-year old female who developed TTP during preg-

nancy. In the acute phase of the disease she was diagnosed with severe

thrombocytopenia and schistocytes. ADAMTS13 activity levels were

severely decreased (8%, normal values in controls are > 40%). As no

inhibitory anti-ADAMTS13 antibodies were found, we looked for the

genetic defect in the Adamts13 gene of this patient. Sequence analysis

of all 29 ADAMTS13 exons with exon-intron boundaries revealed

three homozygous single nucleotide polymorphisms in exons 5 (c.420

C>T), 15 (c.1716 A>G) and 19 (c.2280 C>T) and a heterozygous

c.559 G>C mutation in exon 6. This missense mutation changes D187

to H (p.Asp187His) in the metalloprotease domain of ADAMTS13

and has not been described before in any other patient. However,

D187 was previously shown to be functionally involved in the high

affinity Ca2+ binding site as mutating D187 to A resulted in a 10 fold

reduced catalytic activity. In line with this, at an enzyme concentration

of 0.5 nM, the activity of the D187H mutant as measured in the

FRETS assay was abolished while wild type ADAMTS13 exhibited

normal activity.

Conclusion: In this study we show that the p.Asp187His mutation leads

to an inactive ADAMTS13 protein, confirming that the patient muta-

tion, when expressed in a homozygous state, abolishes ADAMTS13

activity. The heterozygous state of the p.Asp187His mutation in our

TTP patient however does not explain her severely reduced ADAM-

TS13 activity levels. Expression studies mimicking the heterozygous

state and analyzing the contributions of the SNPs to ADAMTS13

expression levels will help to further explain this discrepancy. Never-

theless, the presence of the p.Asp187His mutation in our TTP patient

supports the physiological relevance of the role of the D187 residue in

the high affinity Ca2+ binding site of ADAMTS13.

PB 2.73-3
Atypical hemolytic uremic syndrome patients with
progressing thrombotic microangiopathy treated with
ongoing eculizumab have favorable hematologic
outcomes at 2 years
Furman R1, Babu S2, Douglas K3 and Bedrosian CLC4

1Weill Cornell Medical College, New York, NY; 2Fort Wayne

Medical Oncology and Hematology, Fort Wayne, IN, USA;
3Beatson West Scotland Cancer Centre, Glasgow, UK; 4Alexion

Pharmaceuticals, Cheshire, CT, USA

Background: Atypical hemolytic uremic syndrome (aHUS) is caused

by inherited and/or acquired defects of complement system regulators,

resulting in chronic, uncontrolled complement activation that causes

platelet activation, thrombosis, hemolysis, and thrombotic microangi-

opathy (TMA). Patients may present with end-organ damage despite

plasma exchange/plasma infusion (PE/PI), frequently in association

with anemia, thrombocytopenia, undetectable haptoglobin, and/or ele-

vated lactate dehydrogenase (LDH).1 Within 1 year of diagnosis, up

to 65% of patients develop permanent renal damage or die.2 Ecu-

lizumab, a terminal complement inhibitor, is a humanized monoclonal
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antibody that binds with high affinity to the human C5 complement

protein and is the first approved treatment for aHUS in pediatric and

adult patients.

Aims: Hematologic and renal outcomes were investigated in this phase

2 study of eculizumab in aHUS patients with progressing TMA.

Methods: Patients age ≥ 12 years with clinical evidence of progressing

TMA (platelet count < 150 9 109/L after ≥ 4 PE/PI sessions in the

prior week and platelet count decrease > 25%) were enrolled and

received treatment with eculizumab. Patients provided informed con-

sent and the study was approved by each center’s institutional review

board. Data are reported at 104 weeks.

Results: Seventeen patients (median age 28 years, 71% female, 41%

with prior renal transplant) had a median time from diagnosis to

screening of 10 months. Hematologic parameters were abnormal at

baseline: mean � SD platelet count was 109.0 � 32.1 9 109/L, LDH

level was 323.0 � 138.2 U/L, hemoglobin level was 89.1 � 14.0 g/L,

and haptoglobin level was 0.5 � 0.4 g/L. All patients presented with

renal impairment (estimated glomerular filtration rate [eGFR]

< 60 mL/min/1.73 m2). At 104 weeks, mean � SD platelet count

increase vs. baseline was 93.9 � 55.5 9 109/L (P = 0.001), LDH

decrease was 205 � 107.2 U/L (P = 0.013), hemoglobin increase was

36.1 � 30.5 g/L (P = 0.008), and haptoglobin increase was

0.9 � 0.4 g/L (P = 0.006). The median (range) time to the start of

platelet count normalization (first platelet count ≥ 150 9 109/L) was

7 days (range, 1–218). Only two patients (12%) required PE/PI after

starting eculizumab, (one patient after 10 days of treatment, the other

after 84 days). Significant renal improvements were observed in associ-

ation with the hematologic effects: eGFR change from baseline (mean,

95% CI) was 35.2 (17.3–53.1; P = 0.0005), and earlier eculizumab

intervention (shorter duration of aHUS clinical manifestation prior to

treatment) was associated with greater increases in eGFR (P < 0.01).

In addition, four of five patients (80%) receiving dialysis at baseline

were able to discontinue after eculizumab initiation.

Summary/Conclusions: Ongoing treatment with eculizumab led to sus-

tained improvement in hematologic outcomes at 2 years, including

reduced hemolysis, in association with ongoing improvements in renal

function. These results underscore the important role that the hematol-

ogist may play in the diagnosis of this life-threatening disease, as well

as the need for early and ongoing eculizumab treatment in patients

with aHUS and progressing TMA.

References:

1. Loriat C, Fr�emeaux-Bacchi V. Orphanet J Rare Dis. 2011;6:60.

2. Caprioli J, et al. Blood. 2006;108:1267–1279.

PB 2.73-4
A novel heterozygous missense ADAMTS13 mutation
(G3368A) in a patient diagnosed with thrombotic
thrombocytopenic purpura due to reduced ADAMTS13
activity and low titer of anti-ADAMTS 13 antibody
Calderazzo JC1, Kempfer AC2, Powazniak Y3, S�anchez-

Luceros A2, Woods AI2, Paiva JH4 and Lazzari MA2

1Academia Nacional de Medicina, Instituto de medicina

experimental (IMEX); 2IMEX-Academia Nacional de Medicina;
3Fundaci�on Investigar-Argenomics; 4IIHEMA-Academia Nacional

de Medicina, Buenos Aires, Argentina

Background: Thrombotic thrombocytopenic purpura (TTP) is charac-

terized by microvascular thrombosis, associated with deficiency of

ADAMTS13, induced by mutations in the gene and autoantibodies.

Aims: In order to explain the patient’s phenotype of the ADAMTS13

deficiency, it was decided to explore the mechanistic effect of a muta-

tion found by means of expression studies in mammalian cells.

Methods: Patient with a history of TTP episodes that began at 13 years

of age. Several plasma samples were measured for ADAMTS13 activ-

ity (ac) and antigen (ag), IgG anti-ADAMTS13 antibody and VWF

multimers. The wild type (WT) and the ADAMTS13 mutant (site-

directed mutagenesis) construct were transiently expressed in HEK

293 cells. Culture medium and cell lysate were evaluated by ELISA kit

for ADAMTS13 ac and ag levels.

Results: In the patient’s plasma were detected: ag = < 0.5% (nv = 70–
160%), ac = 0.6 � 0.6% (nv = 40–130%), 26% ULVWF multimers

(normal value, nv < 15%) and IgG anti-ADAMTS13 anti-

body = 19 � 3 U/mL (nv < 15 U/mL). The mean � SD of ag, ac and

IgG anti-ADAMTS13 antibody from three samples of the patient was

informed.

To exclude the possibility that the novel mutation (in heterozygous

state) found in our patient is not a disease-related polymorphism, we

screened 50 healthy donors. The ‘in vitro’ expression of the ADAM-

TS13 mutant led to a defect of secretion (ag = 7.5, ac = 17) of prote-

ase, causing intracellular accumulation (ag = 116, ac = 83). The

cotransfection of the mixtures of the mutant and the WT revealed a

secretion defect of the protease (ag = 86, ac = 69). All samples were

compared to WT (considered 100%).

Conclusions: Mutagenesis suggests that the novel mutation G3368A

(in TPS1-8 domain, exon 25) is critical for ADAMTS13 secretion.

The patient had low antibody titers to ADAMTS13 although the levels

of ac and ag always were < 1.2%.

This patient’s ADAMTS13 deficiency was probably caused by a com-

bination of the G3368A mutation (in heterozygous state) and IgG

anti-ADAMTS13 antibodies, although it is unclear why the latter were

present.

PB 2.73-5
Release of fibrinolytic microvesicles in atypical
haemolytic-uremic syndrome
Monthé-sagan K1, Plawinski L2, Chatelet V3, De ligny BHurault3

and Angl�es-cano E4

1Centre hospitalo-universitaire, Caen; 2Equipe Imagerie

Mol�eculaire et NanoBioTechnologie UMR CNRS 5248 C.B.M.N –
Univer, Pessac; 3Centre hospitalo-universitaire de Caen, Caen;
4Inserm U765 Thrombosis: pathophysiology and new therapies

Fac Sciences Pharmaceu, Paris cedex 06, France

Background: Complement deposition on platelets and endothelium

results in increased release of microvesicles that may participate in the

thrombotic microangiopathy (TMA) of atypical hemolytic-uremic syn-

drome (aHUS). However, activated endothelial cells may also release

microvesicles with compensatory fibrinolytic activity. Treatment with

eculizumab, an anti-C5 mAb, arrests the TMA process.

Aims: We hypothesized that eculizumab may modify the release of

fibrinolytic microvesicles from endothelial cells. Thus, we monitored

the release pattern of fibrinolytic microvesicles in a patient with aHUS

treated with eculizumab.

Methods: Blood samples were drawn before and after each dose of ecu-

lizumab. Microvesicles were isolated from plasma by sequential centri-

fugation and their concentration was evaluated by microvolume

protein quantitation (A280 nm). The fibrinolytic activity of microvesi-

cles was detected by fibrin-agarose zymography and by measuring the

generation of plasmin using a photometric microtitre play assay.

Results: Microvesicle concentration and fibrinolytic activity before

eculizumab were similar to the control group. A higher concentration

of microvesicles and a parallel increase in fibrinolytic activity was

observed after each dose of eculizumab. This increase was sustained all

along the treatment period (6 month). The plasminogen activator

responsible for this fibrinolytic activity was identified as tPA, thus sug-

gesting an endothelial origin.

Conclusions: Eculizumab induced the release of fibrinolytic microvesi-

cles that may participate in the arrest of the TMA during the course of

aHUS.
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PB 2.73-6
Recurrent disease in patients with thrombotic
thrombocytopenic purpura: data from Serbian TTP
Registry
Saracevic M1, Vucelic D2, Savic N3, Rajic Z4, Obradovic S5,

Jevtic D6 and Mikovic D1

1Blood Transfusion Institute of Serbia; 2Clinic of Digestive

Surgery, Clinical Centre of Serbia; 3Clinic of Vascular Surgery,

Clinical Centre of Serbia; 4Institute of Haematology, Clinical

Centre of Serbia; 5Military Medical Academy; 6Mother and Child

Health Care Institute of Serbia, Belgrade, Serbia

Background: Thrombotic thrombocytopenic purpura is a severe multi-

system disorder characterized by fever, thrombocytopenia, microang-

iopathic hemolytic anemia, neurologic symptoms, and impaired renal

function. Despite greater understanding of pathophysiology and effec-

tive treatment with plasma exchange thrombotic thrombocytopenic

purpura is still intriguing disease since mortality from acute episode as

well as risk of recurrent disease in survivors remains substantial.

Recurrent episodes occur in up to 50% of patients who survive initial

episode, developing a chronic recurrent form of the disease

Aims: To analyze risk of recurrent TTP and treatment options in such

cases.

Methods: Registry of patients with TTP was established in Blood

Transfusion Institute of Serbia (BTIS) in 2004. From August 2004 to

December 2012 consecutive patients with clinical diagnosis of TTP

were followed up and treated in Belgrade at the University Clinical

Centre of Serbia, Military Medical Academy and Mother and Child

Health Care Institute of Serbia. Prospective/retrospective analysis of

51 consecutive TTP patients was performed. Patients’ informed con-

sents were obtained and the study was approved by the BTIS Medical

Ethics Committee.

Results: Seven of 51 patients (12%) did not survive acute episode of

the disease. Among survivors, 32/44 (72%) patients presented with

their initial TTP episode, 7/44 (16%) patients presented on their

relapse in the range of 5–11 years after their initial TTP episode,

whereas 5/44 (12%) patients presented at our observation in remission

lasting 1–5 years after the initial TTP episode. There were 32 female

(73%) and 12 male (27%) patients. The age range for the initial TTP

episode was from 20 to 68 years, median value 37 years. Idiopathic

TTP was observed in 36 patients and secondary TTP in eight patients.

In the course of the disease none of the patients with secondary TTP

manifested recurrence, while recurrent disease was present in 15/36

(42%) patients with idiopathic TTP. Recurrent disease occurred with a

spectrum of presentations ranging from a single relapse to several epi-

sodes developing with variable frequency. In our cohort six patients

had relapse only once, five patients relapsed two times, and four

patients had three recurrent episodes. The period between initial TTP

episodes and relapses ranged from 2 months to 11 years, median value

53 months. Most recurrent episodes were treated efficiently by plasma

infusion or therapeutic plasma exchange. Due to repeated relapses

splenectomy was performed in six patients.

Summary/Conclusions: Relapses are common in patients with idio-

pathic TTP. Patients follow up is necessary not only immediately upon

the episode because of the risk of delayed TTP recurrence. In one of

our patients, we have seen the first relapse as late as 11 years after ini-

tial episode. In patients with frequent relapses splenectomy as thera-

peutic option should be considered.

PB2.74 – Thrombosis:
Miscellaneous

PB 2.74-1
Successful management for pregnancy in three patients
with Upshaw-Schulman syndrome
Matsumoto M1, Isonishi A1, Kajiwara M2, Ogawa Y3,

Yamamoto Y4 and Fujimura Y1

1Nara Medical University, Kashihara City, Nara; 2Tokyo Medical

and Dental University, Tokyo; 3Gunma University Graduate

School of Medicine, Maebashi; 4Juntendo University, Tokyo,

Japan

Background: Upshaw-Schulman syndrome (USS) is caused by a defi-

ciency of ADAMTS13 activity (AC) due to its gene mutation. When

ADAMTS13:AC is deficient, unusually large von Willebrand factor

(VWF) multimers are not cleaved, which induces platelet thrombi for-

mation in the microcirculation under high shear stress. We found nine

female patients who were diagnosed with USS in their pregnancy.

These pregnancies often result in premature delivery or fetal loss.

Detail therapeutic protocol including FFP infusion for pregnant

women with USS has not been established.

Case Series: Patients G3 (c.686 + 1 G>A/p.R1123C) was diagnosed

with USS at 14 years old (yo). Her first pregnancy at 21 yo resulted in

spontaneous abortion at 7 weeks of gestation (WG) without regular

FFP infusion. In the second pregnancy at 22 yo, prophylactic FFP

infusion was started at as following dose and intervals: 5–25 WG

5 mL/kg biweekly, 26–28 WG 5 mL/kg every 10 days, 29–33 WG

5 mL/kg weekly, after 34 WG 8 mL/kg every other days. At 35 WG,

she delivered a baby girl (weighting 1446 g) with intrauterine growth

retardation but no anomaly by a cesarean section (CS). Just before

delivery, her platelet counts were 179 9 109/L, and ADAMTS13:AC

was 34%. In her third pregnancy at 24 yo, she started FFP infusion at

7 WG. In addition to the FFP infusion of the same protocol as 2nd

pregnancy, she was treated with asprin (100 mg/day) between 12 and

28 WG. She delivered a healthy baby boy (2632 g) at 37 WG by CS.

Her platelet counts were 223 9 109/L, and ADAMTS13:AC was

10.5% just before delivery.

Patients K4 (p.Y304C/p.G525D) was diagnosed with USS at 25 yo in

her first pregnant. After diagnosis, she received regular FFP infusion

(5 mL/kg) every 3 weeks until nine WG of 2nd pregnancy at 30 yo.

Between 9 and 29 WG, she received 5 mL/kg of FFP infusion

biweekly. In 30 WG, she delivered a baby girl (1522 g) by CS after

infusion of 9 mL/kg FFP. Her platelet counts were 179 9 109/L, and

ADAMTS13:AC was 34% just before delivery.

Patients LL4 (p.C438S/p.G909R) was confirmed the diagnosis of USS

at 27 yo by ADAMTS13 gene analysis. She became pregnant at 30 yo.

She received 7 mL/kg FFP biweekly in 9–17 WG, 7 mL/kg weekly in

18–31 WG, and 9 mL/kg weekly after 32 WG. In addition to FFP, she

was treated with aspirin (100 g/day) between 9 and 34 WG. At 39

WG, she delivered a healthy baby girl (3476 g) without anomaly. Her

platelet counts and ADAMTS13:AC just before delivery was

208 9 109/L and 15%, respectively.

Conclusion: Plasma VWF level increases with progressing gestation in

pregnancy. To prevent platelet thrombi in USS, much more ADAM-

TS13 supplementation may be necessary in the later term of gestation

of USS. Therefore, we shortened the interval and increased the volume

of FFP infusion with progressing gestation. This protocol brought suc-

cessful delivery in four pregnancies of three patients with USS. The

administration of low dose aspirin might be useful in USS pregnancy

in addition to FFP infusion.
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PB 2.74-2
Size of pulmonary embolism in relation to persisting
symptoms
M€akelburg ABU, Brouwers AH, Hoendermis ES, Dierckx RAJO,

Veeger JGM, Nossent GD, Kluin-Nelemans HC and Meijer K

University Medical Centre Groningen, Groningen, The

Netherlands

Background: Up to two third of patients experience persisting symp-

toms after pulmonary embolism (PE). In nearly all of them no distinct

(cardiopulmonary) pathology is detected. Predicting which patients

will develop persisting symptoms is difficult.

Aims: We explore whether the size of PE, as defined by amount of per-

fusion defects and/or level of D-dimer, is able to predict development

of residual symptoms.

Methods: Consecutive patients who have participated in PE-studies,

who were at least 1 year after PE and had undergone perfusion lung-

scanning as part of the diagnostic test and/or in whom a D-dimer was

measured at PE were eligible. They were evaluated for persisting symp-

toms. Perfusion defects were scored by using a validated scoring-chart.

D-dimer were measured by Vidas (BioMerieux) and by RocheModular

(Roche Diagnostics)-tests. Patients were classified as having increased

fatigue when they reported any increase in fatigue with or without loss

of condition after PE; their daily routine had to be unchanged. Patients

were classified as having decreased performance when reporting any

change in daily routine due to residual symptoms following PE. All

other patients were classified as having no symptoms.

Results: Of 110 patients who participated in PE-studies between Janu-

ary 2000 and December 2009, 85 were evaluable. In 45 patients a per-

fusion-scan was available, in 74 D-Dimer had been measured at PE

and in 34 both tests were available.

Median age at time of PE in patients with perfusion-scan was 50.5

(range 22.6–76.5) years. Time since PE was median 4.2 (1.0–8.6) years,
44% of patients were female. Perfusion defects were median 3.00 (0.25–
12.25) segments. No symptoms were reported by 16 (36%), increased

fatigue by 15 (33%) and decreased performance by 14 (31%) patients.

Perfusion defects in patients without symptoms were median 1.75

(range 0.25–12.00) segments vs. 2.50 (0.50–8.25) segments in patients

with increased fatigue vs. 3.88 (0.50–12.25) in patients with decreased

performance, overall P = 0.325. When comparing asymptomatic

patients with those with symptoms, number of mismatched segments

was median 1.75 (range 0.25–12.00) vs. 3.25 (0.50–12.25) segments,

P = 0.307.

D-dimers were measured from 2003 on. Median age at time of PE in

the D-dimer-group was 50.3 (20.8–85.7) years, time since PE median

1.5 (1.0–5.8) years and 41% were female. No symptoms were reported

by 38%, increased fatigue by 34% and decreased performance by 28%

of patients. D-dimer-levels were median 3059 (581–41,870). Observed

levels of D-Dimer were similar before and after change of assay. D-

dimer were in patients without symptoms median 2749 (581–18259) vs.
3094 (944–41870) in patients with increased fatigue vs. 3082 (765–
8859) in patients with decreased performance.

Conclusions: Median larger perfusion-defects in perfusion lung-scan-

ning seem to be related to persistent symptoms. This relation is not

strong enough to yield a useful predictor at diagnosis for development

of persistent symptoms. D-dimer was not related to symptoms.

PB 2.74-3
D-dimer, factor VIII, and thrombotic burden during the
acute phase of leg deep venous thrombosis and early
signs and symptoms of post-thrombotic syndrome
Sartori M, Favaretto EJ, Cosmi B, Cini M, Legnani C and Palareti G

S. Orsola-Malpighi Bologna University Hospital, Bologna, Italy

Background: Post-thrombotic syndrome (PTS) is the most common

complication of deep vein thrombosis (DVT). Few data are available

on the time course of D-dimer, FVIII and thrombotic burden in rela-

tion with the risk of post-thrombotic syndrome.

Aim: The aim of the study was to evaluate the course of D-dimer,

FVIII levels, and the burden of residual thrombus during the acute

phase of proximal DVT of the lower limbs and the PTS signs and

symptoms after 90 days of vit K antagonist therapy.

Methods: Fifty-eight patients with a proximal DVT of the lower limbs

(age 64; range: 20–88 years; male 57%) were enrolled from the day of

diagnosis with a follow-up of 90 days. All subjects received LMWH

for 5–7 days, overlapped and followed by oral anticoagulation for

3 months. A complete ultrasound examination of the deep vein system

of the lower limbs was conducted on the day of diagnosis (D0) and 7

(D7), 30 (D30), and 90 (D90) days afterward. On the same days, blood

samples were taken for measuring D-dimer (Vidas d-Dimer, Bio-

Merieux, France, n.v. < 0.5 lg/mL) and FVIII (chromogenic assay).

Villalta scale was evaluated at D30 and D90. The thrombotic burden

was defined according to a new score, which considered the number of

districts with thrombi and the degree of occlusion.

Results: D-dimer was 4.1 � 3.4 lg/mL at D0 and decreased till

0.4 � 0.5 lg/mL P < 0.001 at D90. D-d levels did not correlate with

thrombotic burden at diagnosis and during follow-up; FVIII levels did

not change during follow-up (D0: 2.5 � 0.7 IU/mL; D90

2.6 � 0.6 IU/mL, P = ns) and did not correlate with thrombotic bur-

den. At D90, nine patients had a Villaalta score ≥ 5, the mean Villalta

score was 2.3 IQR 0–3 and was not correlated to D-dimer or FVIIII.

Neither D-dimer nor FVIII time course correlated with Villalta score,

whereas the burden of residual thrombus at D30 and D90 was corre-

lated with the Villalta scale (rho 0.4 P < 0.01).

Conclusions: D-dimer decreases according to a power decay during

treatment for acute DVT but is not correlated with PTS symptoms

and signs. FVIII levels are stable during the acute phase of DVT. The

burden of residual thrombus is correlated with signs and symptoms

for PTS after 90 days of oral anticoagulation.

PB 2.74-4
The effect of initiating combined antiretroviral therapy
on endothelial cell activation and coagulation markers
in a south african HIV-infected cohort
Louw S

NHLS, Johannesburg, South Africa

Background: An increased prevalence of venous thrombo-embolism

(VTE) including deep venous thrombosis (DVT) is observed in HIV-

infected patients with an increased incidence vs. HIV negative individ-

uals [1, 2]. A beneficial effect of anti-retroviral therapy (ART) on coag-

ulation markers is described. [3, 4, 5, 6]. Clinical risk factors for VTE

in HIV-infected patients are advanced age, immobilisation, presence

of a central venous catheter, AIDS-defining opportunistic infections

and a CD4 cell count < 500 cells/mm3. Protein C, protein S or anti-

thrombin deficiencies as well as antiphospholipid antibodies and ele-

vated levels of factor VIII and von Willebrand factor (vWF) are

associated with VTE in HIV [7].

Objectives: To examine the effect of initiating ART on endothelial cell

activation and coagulation markers in a South African ART-naive

HIV-infected cohort.

Patients/Methods: Prospective cohort study of 123 HIV-infected indi-

viduals. Markers of endothelial cell activation, coagulation and antico-

agulation were measured at baseline (ART naive) and at follow-up (on

ART) in HIV-infected individuals and compared to the levels in an

HIV-uninfected control population. A venous ultrasound of both legs

was performed to detect asymptomatic DVT.

Results: Before initiating ART significantly elevated von Willebrand

factor and D-dimer levels, increased activated protein C resistance

(APCR) and decreased protein S and C levels were observed. At fol-

low-up all markers, except APCR, improved towards the normal range

for controls without showing complete normalisation. In a subgroup

of 56 patients no asymptomatic DVT was found.
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Conclusions: Compared to the controls, abnormal levels of coagulation

markers were observed in HIV-infected individuals before and after

the initiation of ART. Most markers improved after starting ART,

but remained significantly different from the controls, indicating a per-

sistent disturbed haemostatic balance. In this cohort no increased

prevalence of asymptomatic DVT was observed.
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PB 2.74-6
Markers of endothelial damage are associated with
successful recanalization in acute stroke
Faille D1,2, Labreuche J3, Huisse MG1,2, Mazighi M1,2

and Ajzenberg N1,2

1Inserm U698, Universit�e Paris Diderot; 2Department of

Hematology, Bichat Hospital; 3Department of Neurology, Bichat

Hospital, Paris Cedex 18, France

Background and Purpose: We aimed to determine the association of

pretreatment levels of selected endothelial biomarkers with arterial

recanalization and clinical outcome in acute ischemic stroke (AIS)

patients treated with recombinant tissue plasminogen activator (rtPA).

Methods: We prospectively recruited 64 AIS patients treated with

intravenous and/or intra-arterial rtPA. Blood samples were collected

before thrombolysis and analyzed for von Willebrand factor (vWF),

soluble thrombomodulin (sTM) and soluble endothelial protein C

receptor (sEPCR). Patients were divided into three groups according

to documented arterial occlusion followed or not by complete recanali-

zation (Thrombolysis In Myocardial Infarction score of 3). Favorable

clinical outcome was defined by modified rankin score of 0–2 at

90-day.

Results: Of the 64 included patients, 33 had a documented arterial

occlusion and 14 (42%) of them had a complete recanalization after

thrombolysis. After adjustement for confounding factors, these

patients presented lower levels of sTM and sEPCR than patients with

a persistent occlusion (median sTM values, 21 vs. 48 ng/mL,

P = 0.008; median sEPCR values, 78 vs. 114 ng/mL, P = 0.018), but

similar levels than patients without documented occlusion (median

sTM values 22 ng/mL; median sEPCR values 77 ng/mL). Levels of

vWF did not differ between the three groups. None of the selected bio-

markers were significantly associated with favorable outcome.

Conclusions: The efficacy of thrombolytic therapy to recanalize intra-

cranial vessels is associated with low levels of sTM and sEPCR but not

with vWF levels. This suggests that thrombolysis resistance might be

related to the impairement of the activated protein C pathway result-

ing from an increased shedding of endothelial surface receptors rather

than a more global endothelial dysfunction including VWF secretion.

Further larger studies are warra

PB 2.74.5
Aspirin intake AM or PM?: effect on platelet reactivity
in the morning
Bonten T1, Snoep JD1, Assendelft WJ2, Zwaginga JJ1,

Huisman MV1, Rosendaal FR1, Eikenboom HCJ1 and Van Der

Bom JG1

1Leiden University Medical Center, Leiden; 2Radboud University

Nijmegen Medical Center, Nijmegen, The Netherlands

Background: Platelets play a crucial role in the development of acute

thrombotic events and platelet activity follows a circadian rhythm,

with a peak in the morning. This may contribute to the observed peak

of cardiovascular disease (CVD) in the morning. Aspirin is one of the

cornerstones in secondary prevention of CVD and is usually taken on

awakening, although evidence regarding optimal time of intake is lack-

ing. Due to its short half life, aspirin only inhibits platelets which are

present at the time of intake while new platelets formed throughout

the day will not be inhibited. These uninhibited platelets contribute to

the morning peak of platelet reactivity. The proportion of uninhibited

platelets which are present in the morning may be higher with aspirin

intake on awakening compared with aspirin intake at bedtime. Thus,

the timing of aspirin intake may influence its effect on platelet reactiv-

ity during the morning hours.

Aim: We hypothesized that aspirin intake at bedtime compared with

on awakening attenuates platelet reactivity in the morning.

Methods: This study is part of the Aspirin in Reduction of Tension II

trial (clinicaltrials.gov number: NCT01379079), which is a randomized

crossover trial comparing the effect of aspirin intake on awakening

with intake at bedtime on blood pressure and platelet reactivity. Two

hundred and fifty patients using aspirin for secondary prevention of

CVD randomly use both aspirin on awakening and at bedtime during

two intervention periods of 3 months. Blood is drawn in the morning

at fixed time points for each patient at the end of both intervention

periods. Platelet reactivity is measured with the VerifyNow� Aspirin

assay in 125 of the 250 patients to detect a 10% reduction of platelet

reactivity in the morning with aspirin intake at bedtime.

Results So Far: Until now (19 December 2012) 235 patients have been

randomized, of which 109 patients have complete measurements at

both time points. We expect to complete data collection of platelet

reactivity measurements in March 2013, which guarantees availability

of the data to be presented at ISTH 2013.

Potential Impact: Results of this study will show whether aspirin intake

at bedtime attenuates the morning peak in platelet reactivity compared

with intake on awakening in patients with CVD. Simply changing the

time of intake could make aspirin even more effective in preventing

recurrent thrombotic events in the morning without any additional

costs.
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PB3.21 – Antiplatelet agents:
aspirin – II

PB 3.21-1
Diabetes modulates the fibrinolytic properties of
aspirin without altering the platelet inhibitory actions:
a possible mechanism for aspirin treatment failure
Kurdee Z1, Mamaniat A1, Phonix F1, Rice P1, Storey R2, Grant PJ1

and Ajjan R1

1The University of Leeds, Leeds; 2The University of Sheffield,

Sheffield, UK

Background: Aspirin is an anti-thrombotic agent that has a dual mode

of action by inhibiting platelet function and modulating fibrin clot

lysis. This agent is used in individuals at high risk of atherothrombosis,

including those with diabetes. However, recent evidence suggests

reduced clinical efficacy of aspirin in diabetes by mechanisms that are

not entirely clear.

Aims: We hypothesised that hyperglycaemia in diabetes interferes with

aspirin action, consequently comrpomising cardiovascular protection.

Therefore, the aim of this work were to investigate the effects of short

and medium term hyperglycaemia on response to aspirin therapy.

Methods: To analyse the effects of medium term hyperglycaemia on

response to aspirin therapy, we investigated the ex vivo effects of this

agent on platelet function and clot structure/fibrinolysis in 25 individu-

als with type 1 diabetes not on any treatment other than insulin.

Results were compared with an age and sex matched control group of

23 individuals.

In addition, we investigated the effects of short term hyperglycaemia

on response to aspirin therapy by ex vivo addition of excess glucose

(20 mM) to blood samples in the presence and absence of aspirin, fol-

lowed by plasma separation. Platelet function, after stimulation with

different agonists, was monitored by the multiplate assay and fibrino-

lysis was tested using turbidimetric analysis.

Results: Platelet aggregation to arachidonic acid (AA) after treatment

with 0, 1 and 10 mg/L aspirin in T1DM subjects was 62.7 � 2.8,

54.6 � 3.0 and 31.4 � 3.3 AU, respectively (P < 0.05). However, fail-

ure to respond to low aspirin concentration was noted in individuals

with poorly controlled diabetes (n = 9, HbA1c>9%). Excess glucose

abolished the platelet inhibitory effect of low aspirin concentration but

had no effect on inhibition by high aspirin concentration. Similar find-

ings were demonstrated in 23 healthy controls with low aspirin concen-

tration having a non-significant effect on platelet inhibition in the

presence of excess glucose (69.2 � 5.0, 64.3 � 4.8; for 0 and 1 mg/L

aspirin, P > 0.05 and 37.6 � 4.7 au for 10 mg/L, P < 0.05). Aspirin

had no effect on ADP-induced platelet stimulation in the diabetes

group or controls.

Fibrinolysis in individuals with diabetes showed no difference in the

presence of 0, 1 and 10 mg/L aspirin (654 � 49, 672 � 43.8 and

657.7 � 41.5 s, respectively; P > 0.1). This was not affected by adding

excess glucose to blood samples. In contrast, fibrin clot lysis was

enhanced by aspirin treatment in healthy controls (600 � 63.5,

475 � 26.6 and 489 � 29 s, respectively; P < 0.05). However, facilita-

tion of fibrinolysis by aspirin in the control group was abolished when

excess glucose was added to blood samples.

Summary: Our data indicate that medium term glycemic control and

high glucose concentrations affect platelet response to low aspirin con-

centrations following AA stimulation. Moreover, the fibrinolytic prop-

erties of aspirin are lost in diabetes, which appear to be due to both

chronic and acute elevation of blood glucose levels. Future work is

warranted to investigate the relationship between clinical aspirin treat-

ment failure and medium/short term glycaemia in aspirin-treated indi-

viduals with diabetes.

PB 3.21-2
Anti-platelet effect of aspirin in medically treated
patients with acute myocardial infarction: Influence of
age and gender
Santos MT1, Valles J2, Madrid I3, Bonastre J3, Moscardo A2,

Ruano M3, Latorre AM2 and Santos MT1

1University Hospital La Fe; 2Research Center. University Hospital

La Fe; 3Intensive Care Unit. University Hospital La Fe, Valencia,

Spain

Background: Aspirin is recommended as a first-front anti-platelet

treatment for patients who present with acute myocardial infarction

(AMI). The pharmacological target of aspirin in platelets is the inhibi-

tion of thromboxane A2 (TXA2) synthesis. Data on platelet function

testing in medically managed patients with AMI without coronary

interventions are scarce in the literature, particularly those testing

platelet TXA2.

Aims: To assess the effect of aspirin on platelet TXA2 synthesis and

platelet reactivity in medically treated patients with AMI and the pos-

sible influence of age and gender.

Methods: We studied 220 consecutive medically treated patients with

AMI (mean 65 � 13 years of age, range 31–91; 164 men, 56 women).

Of them, 135 patients had electrocardiographic ST-segment elevation

(STEMI) and 85 did not (NSTEMI). All patients were treated with

aspirin and clopidogrel at the onset of the acute event, and 40% of the

STEMI patients received fibrinolytic treatment. The study was

approved by the Institutional Review Board of the hospital; all

patients gave informed consent. Platelet function testing was per-

formed within 48 h of the onset of the acute event. The tests, per-

formed as described[1], included: collagen-induced TXA2 synthesis,
14C5HT release and recruitment (proaggregatory activity of the cell-

free releasates) in whole blood; light transmission aggregometry

(LTA)-induced by arachidonic-acid (AA, 1 mM), collagen (1 lg/mL),

ADP (20 lM), U46619 1 lM and TRAP 15 lM and the occlusion

times in the PFA-100 system with collagen/epinephrine (CEPI) and

collagen/ADP cartridges (CADP). TXA2 inhibition in individual

patients was considered partial if > 3.5 ng/mL (< 95% inhibition com-

pared with that of aspirin-free volunteers)[1].

Results: Partial TXA2 inhibition was detected in 58/220 (26%) of the

patients without differences between STEMI and NSTEMI or the

fibrinolytic treatment. Those patients had markedly higher TXA2 syn-

thesis as compared to the rest of the patients (mean � SEM

45.1 � 4.6 vs. 0.23 � 0.03 ng/mL, P = 0.000). This was associated

with increased platelet dense granule release, collagen-induced aggre-

gation and recruitment, AA-induced aggregation, and with reduced

closure time in the CEPI test (in all instances P = 0.000). LTA-induced

by ADP, U46619 and TRAP or the CADP test were unchanged. When

patients were stratified according to age (< 75 years of age and

≥ 75 years of age) the older patients had 2-fold higher platelet TXA2

synthesis (18.0 � 4.1 vs. 9.0 � 2.0 ng/mL, P = 0.026). Comparison of

TXA2 synthesis by gender indicated that men had higher TXA2 syn-

thesis than women (15.4 � 2.3 vs. 2.4 � 1.1 ng/mL, P = 0.002).

Conclusions: The effectiveness of aspirin for TXA2 suppression early at

the onset of the acute event is less than optimal in a relevant propor-

tion (26%) of the medically treated patients with AMI. The aspirin

effect was lower in patients more than 75 years of age and in male

patients. Since this was associated with elevations of other markers of

platelet reactivity, patients with partial inhibition of TXA2 by aspirin

may be at higher risk of poor outcome or recurrence.

Grants: PI07/0463; Retics06/0026;[1] Santos MT et al. J Thromb Hae-

most 2008; 6:615–621.
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PB 3.21-3
Low-dose acetylsalicylic acid therapy monitored with
ultra high performance liquid chromatography
Rubak P, Hardlei TF, W€urtz M, Kristensen SD and Hvas AM

Aarhus University Hospital, Aarhus N, Denmark

Background: Assessment of compliance in patients on low-dose acetyl-

salicylic acid (ASA) therapy is crucial when evaluating the antiplatelet

effect of ASA. Assessment of compliance is however limited to inter-

view, pill counting, witnessed ASA intake, and measurement of throm-

boxane B2 levels.

Aims: We validated a new, sensitive ultra high performance liquid

chromatography assay for analysing blood levels of ASA and the

metabolite salicylic acid (SA) in order to develop a reliable and sensi-

tive method to assess compliance in patients receiving ASA.

Methods: Ten healthy volunteers not taking any drugs containing

ASA were included and had blood samples taken prior to and one,

six and 24 h after intake of 75 mg ASA. Besides that, 50 ASA-trea-

ted patients with stable coronary artery disease were included and

blood samples were obtained one and 24 h after intake of 75 mg

ASA. Whole blood was collected into chilled Lithium Heparin tubes

and plasma was separated by centrifugation at 4 °C and afterwards

immediately stored at �80 °C until analysed. Before analysis plasma

was mixed with acetonitrile, and 2-methylbenzoic acid was added as

internal standard. After filtration, ASA and SA were quantified with

ultra high performance liquid chromatography. Separation was

accomplished with an isocratic flow of acetonitrile in phosphate buf-

fer pH 2.5, and a Zorbax RRHD C18 analyticalcolumn. Detection

was achieved with wavelength photodiode array detection set at

237 nm. The study was approved by the Danish Data protection

Agency and it was conducted in accordance with the Helsinki II

declaration.

Results: The ASA- and SA-assay showed linearity (r2 > 0.999) within

the range of 0.2–200 lg/mL, with detection limits in plasma of 170

and 53 ng/mL, respectively. Limits of quantification in plasma were

estimated to be 0.2 lg/mL for both ASA and SA. The intra- and inter-

day imprecision for ASA and SA were 2.2–5.9%, 3.4–11.7% and 1.8–
8.0%, 3.8–9.4%, respectively. Recovery was between 89% and 103%

for both assays. More than 60 coadministered drugs were investigated

for interference, and only one drug interfered with the ASA-assay

whereas none of the coadministered drugs interfered with the SA-

assay. ASA was measurable 1 h after intake of 75 mg ASA in most

participants (54 of 60), and SA was measurable 1 and 6 h after ASA

intake in all participants. No difference in ASA or SA concentrations

was found between healthy volunteers and coronary artery disease

patients (P-values of 0.13 and 0.27, respectively). Inter-individual vari-

ance of 31–52% was observed for both ASA and SA after low dose

ASA intake.

Conclusion: We developed a new, fast and reliable ultra high perfor-

mance liquid chromatography assay with a high sensitivity and selec-

tivity, suitable for monitoring compliance in patients treated with low-

dose ASA.

PB 3.21-4
Aspirin response: how to explain striking differences in
serum TxB2 levels across clinical studies and what use
for serum TxB2?
Reny J-L1, Brun C1, Frelinger AL2, Daali Y3, Zufferey A1,

Michelson A2, Combescure C3, Fontana P1 and Reny J-L1

1Geneva University Hospital and Geneva Platelet Group, Thonex,

Switzerland; 2Children’s Hospital Boston, Dana-Farber Cancer

Institute, Harvard Medical School, Boston, MA, USA; 3Geneva

University Hospital, Geneva, Switzerland

Background: Quantification of serum thromboxane B2 (TxB2) is a

highly specific assay to assess the biological response of platelets to

aspirin. Data on the prognostic value of higher levels of TxB2, in com-

pliant patients, are conflicting while mean TxB2 can display up to 10-

fold differences in different cohorts

Aims: To identify factors responsible for differences in TxB2 in two dif-

ferent cohorts of cardiovascular patients originally tested with two dif-

ferent Elisa assays.

Methods: TxB2 levels in two sets of serum samples (n = 39 and n = 34)

from representative subgroups of aspirin-treated patients from the

ADRIE studya (n = 656) and from the BOSTON studyb (n = 562)

were quantified with both of the original assay (GE and RD Elisas)

and also with liquid chromatography and tandem mass spectroscopy

(MS) as the gold standard. The concordance between the two assays

and with the MS was evaluated. Variables known to affect TxB2 were

compared between both population subgroups and further included in

a multiple linear regression model. TxB2 was log-transformed for lin-

ear regressions

Results: The median TxB2 in the entire ADRIE and BOSTON study

populations were respectively 7 ng/mL (IQR 3–12) and 0.6 ng/mL

(IQR 0.2–1.4) as originally tested with a GE and RD Elisa assays

respectively. This difference persisted in the selected subgroups for

MS-TxB2: medians were 6.1 ng/mL (IQR 2.4–16) and 0.6 ng/mL

(IQR 0.2–1.2) in the ADRIE and BOSTON subgroups, respectively

(P < 0.0001). Concordance between the GE and RD assays was poor

raising the possibility of assay bias. Several clinical factors with a

potential impact on MS-TxB2 were unbalanced in the two cohorts

(aspirin dose, diabetes, gender, statin use, hypercholesterolemia, clopi-

dogrel use, SSRI use, CRP, BMI, all with P < 0.05) but some of these

variables were tightly linked to the study (eg aspirin dose was 81 or

325 mg in BOSTON and 100 mg in ADRIE) precluding a proper

regression model on pooled data from both subgroups. Multiple

regression performed independently in each subgroups showed that

between 27% and 59% (R2) of the variance of Log (MS-TxB2) could

be explained by variables such as BMI, diabetes, statin, acute coronary

syndrome at inclusion. Complementary analyses on the whole cohorts

(1218 TxB2 samples) will help derive a proper model to assess the

respective contribution of the different factors to the difference in

TxB2 levels between the two cohorts.

Conclusions: Differences in serumTxB2 levels in different cohorts of

aspirin-treated cardiovascular patient are important and. The differ-

ences may not only be explained by a potential bias between Elisa

assays but rather by differences in individual factors. In view of such

differences and in the absence of clinical trials, relying on serum TxB2

levels to adjust the antiplatelet regimen is discouraged.

References:
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dict Recurrent Ischemic Events in Stable Cardiovascular Patients:

Results of the Antiplatelet Drug Resistances and Ischemic Events
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PB 3.21-5
Aspirin efficacy is reduced following off-pump
coronary bypass operation
W€urtz M, Modrau IS, Kristensen SD and Hvas AM

Aarhus University Hospital, Aarhus, Denmark

Background: Aspirin is widely used to preserve graft patency and pre-

vent thromboembolic complications including graft closure following

coronary artery bypass surgery. Conventional ‘on-pump’ bypass sur-

gery transiently reduces the in vitro antiplatelet effect of aspirin, but it

is unclear whether this is true for modern ‘off-pump’ bypass surgery

performed through a minimally invasive J-hemisternotomy. If so, this

may be explained by a postoperative increase in platelet turnover or

thrombopoietin production.
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Aims: To investigate if minimally invasive off-pump bypass surgery

reduces the effect of aspirin and, if so, to identify potential explanatory

mechanisms related to platelet turnover and platelet production.

Methods: We performed a prospective non-interventional single-center

study including 41 aspirin-treated patients undergoing off-pump

bypass surgery. Blood samples were obtained 8–10 days before surgery

during aspirin 75 mg maintenance treatment and at first postoperative

day (8 a.m.) following an aspirin bolus of 300 mg. The effect of aspirin

was evaluated by VerifyNow� Aspirin and Multiplate� Analyzer (ago-

nist: arachidonic acid 1.0 mM). The immature platelet fraction was

used as a marker of platelet turnover. Thrombopoietin was measured

by ELISA to reflect the regulation of platelet production. Serum

thromboxane B2 was measured with ELISA and used to confirm com-

pliance with aspirin.

Results: All patients were compliant with aspirin according to serum

thromboxane B2 levels (all below 13.7 ng/mL). Postoperative platelet

aggregation was significantly higher than preoperative platelet aggre-

gation according to VerifyNow� Aspirin (P = 0.002), but not to Mul-

tiplate� Analyzer (P = 0.19). Platelet turnover was increased

postoperatively as indicated by an increased immature platelet fraction

(P = 0.03). Thrombopoietin levels were also significantly increased

postoperatively (P < 0.0001), whereas platelet count was significantly

reduced (P < 0.0001).

Summary/Conclusions: Off-pump bypass surgery reduces the antiplat-

elet effect of aspirin according to VerifyNow� Aspirin. This finding

may reflect that the operation, although much less invasive than con-

ventional bypass surgery, triggers an increased platelet turnover and

an up-regulation of platelet production. Using the Multiplate� Ana-

lyzer showed no difference between pre- and postoperative platelet

aggregation, which is likely explained by the considerable periopera-

tive reduction in platelet count.

PB 3.21-6
Association between the GPIIIa gene polymorphism
and the response to acetylsalicylic acid in patients with
type 2 diabetes mellitus
Duarte RCF1, Gonçalves LH2, Alves MT1, Fernandes AP1,

Gomes KB1, Dusse LMS1, Bosco A3 and Carvalho MG1

1Federal University of Minas Gerais; 2Rede Sarah de Hospitais;
3Santa Casa Hospital, Belo Horizonte, Brazil

Background: Type 2 diabetes mellitus (DM2) is a metabolic disorder

associated with cardiovascular complications and hyperactivation of

platelets. Acetylsalicylic acid (ASA) is an antiplatelet agent used in the

prevention of atherothrombotic events by inhibition of platelet cyclo-

oxygenase-1, thus blocking the formation of thromboxane A2. The

effect of ASA can be determined by the plasma levels of 2,3-dinor-

thromboxane B2 (2.3-dinor-TXB2). The b3 subunit (GPIIIa) of the

platelet glycoprotein GPIIb/IIIa can present a polymorphism at posi-

tion 33 which consists in a replacement of a leucine (PIA1) by a proline

(PIA2) resulting from a single nucleotide transition in the GPIIIa gene

(C155 �a T). Previous studies reported that this polymorphism is associ-

ated with increased platelet aggregation and may contribute to ASA

resistance. However, this association is still controversial.

Aim: To investigate the association between 2.3-dinor-TXB2 plasma

levels and GPIIIa gene polymorphism in patients with DM2 using

ASA for primary prevention of atherothrombotic events.

Methods: Blood samples from 65 patients with DM2 were collected in

two distinct moments, the first immediately prior to initiation of treat-

ment with ASA and the second, at the fifteenth day of treatment with

100 mg of this medication daily. Patients with DM2 were selected in

the Santa Casa Hospital, Belo Horizonte, Brazil. These samples were

analyzed to determine plasma levels of 2.3-dinor-TXB2. Furthermore,

the GPIIb/IIIa (PIA) gene polymorphism was studied using a polymer-

ase chain reaction restriction fragment length polymorphism (PCR-

RFLP) technique. Statistical analysis was performed using Pearson

Chi-Square test and was considered statistically significant when

P < 0.05.

Results: During treatment with ASA, 29 patients (44.6%) had a higher

or equal to 75% reduction in the 2.3-dinor-TXB2 levels. The PI
A2 allele

of GPIIIa gene was found in 25.9% of the participants (23.5% hetero-

zygous and 2.5% homozygous). It was observed that the PIA2 allele of

GPIIIa gene was present in higher frequency in patients who had a

reduction of 2.3-dinor-TXB2 higher or equal to 75% (P = 0.032).

Conclusions: These results suggest that the presence of PIA2 allele in

GPIIIa gene may be associated with a better response to ASA intake

in patients with DM2.

Supported by CNPq, CAPES and FAPEMIG – BRAZIL.

PB3.22 – Platelets: Point-of-Care
Tests

PB 3.22-1
A 96 well plate-based whole blood assay assessing
multiple platelet activation pathways appears
promising in the evaluation of antiplatelet therapy
Dovlatova N1, Algahtani M1, Lordkipanidz�e M2, May J1,

Watson SP2 and Fox SC1

1University of Nottingham, Nottingham; 2University of

Birmingham, Birmingham, UK

Background: Platelet function testing to assess the efficacy of antiplat-

elet drugs is increasingly being used. A variety of assays have been

developed; however few offer the advantage of assessing multiple

platelet activation pathways simultaneously. Recently, adaptations

based on 96 well plate formats have attracted attention as they require

significantly smaller volumes of blood and can provide extensive con-

centration-response ranges to multiple platelet agonists. We have

developed a 96-well plate-based assay carried out in whole blood,

where flow cytometry is used to assess the decrease in single platelets

as a measure of platelet aggregate formation.

Aims: To investigate the sensitivity of the 96-well plate-based whole

blood assay to platelet inhibition by aspirin and cangrelor, a P2Y12

receptor inhibitor.

Methods: Platelet function was assessed in whole blood obtained from

healthy volunteers, using 96 well plates coated with 4 lL of the follow-

ing agonists: arachidonic acid (AA, 0.03–1 mM), ADP (0.3–30 lM),

collagen (0.1–10 lg/mL) and TRAP (0.1–10 lM), or vehicle. Whole

blood was incubated with aspirin 10–100 lM, cangrelor 1–1000 nM

or vehicle. Forty-six microlitre of whole blood was added to each well

and the plate was shaken for 5 min at 1000 rpm at 37 °C; a fixative

solution (Platelet Solutions, Nottingham) was applied to stop platelet

aggregation and stabilize samples for up to 9 days and allow analysis

in a central laboratory where samples were labeled with FITC-conju-

gated CD42a and assessed by flow cytometry. Aggregation was calcu-

lated as (Platelet count in vehicle-treated sample – Platelet count in

agonist-stimulated sample)/Platelet count in vehicle-treated sam-

ple 9 100.

Results: In 20 healthy volunteers, aggregation assessed in duplicate

was robust and reproducible (CV < 10%). As expected, cangrelor

induced a profound inhibition of ADP-induced aggregation. Aspirin

dose-dependently inhibited platelet responses to AA; however, a sig-

nificant drop in single platelet count was seen at the highest AA con-

centration (1 mM) indicating full aggregation. Addition of cangrelor

1 lM to these samples prevented the drop in platelet count, suggesting

that ADP is responsible for the aggregation seen with AA 1 mM in the

presence of aspirin. One possible explanation for the appearance of

ADP could be some degree of red cells lysis caused by high AA con-

centration as previously reported in the literature. Collagen- and

TRAP-induced aggregation were also impaired to a different extent by

in vitro treatment with either antiplatelet agent, and resulted in a right

shift of dose-response curves.
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Conclusions: The present optimization study has shown that a 96-well

plate-based whole blood aggregation assay could be used to assess

platelet function and the effect of commonly used antiplatelet agents.

However, AA at concentrations > 0.5 mM should be used with cau-

tion in whole blood to assess the effect of COX inhibition as the latter

could be underestimated potentially due to the effect of ADP. Further

work to explain this observation and evaluate the utility of the assay

to detect platelet inhibition in patients requiring antiplatelet therapy is

warranted.

PB 3.22-2
A simple colorimetric assay provides a novel platelet
activation endpoint and distinguishes between
responses to different physiological agonists
Prechel M, Escalante V, Lohmeier J and Walenga JM

Loyola University Medical Center, Maywood, IL, USA

Background: Our laboratory has demonstrated that a relatively simple

dye reduction assay is comparable to the complex 14C-serotonin

release assay (SRA) in detecting Fc-receptor mediated platelet activa-

tion by antibodies diagnostic for heparin-induced thrombocytopenia

(HIT) (Platelets 23:69,2012). The aim of these experiments was to

investigate this novel activation assay using other platelet agonists.

Previous literature has suggested that immune stimulation of platelets

results in a higher degree of activation than other physiological agon-

ists (Platelets 10:319,1999) and that strong platelet activation leads to

apoptosis (Blood Rev 26:51,2012).

Methods: This study evaluated platelet responses to hemostatic agon-

ists, a pro-apoptotic stimulus and platelet-activating antibodies, using

the colorimetric assay in comparison to traditional platelet activation

endpoints. Platelet activation by thrombin and/or collagen was com-

pared to immune-mediated stimulation with HIT antibody plus 0.1 U/

mL heparin or a commercial monoclonal antibody to CD9, and to the

apoptotic agent, ABT737. The non-physiologic calcium ionophore,

A23187, was included as a control. Washed donor platelets were incu-

bated with agonists or antibodies on a rotary shaker (600 rpm) for 15–
30 min prior to assessment of activation. Platelet activation endpoints

included dense granule release, monitored using platelets pre-incu-

bated with radio-labeled serotonin, platelet aggregation detected spec-

trophotometrically, and depletion of mitochondrial membrane

potential assessed by flow cytometry using fluorescent dye (JC-1). For

colorimetric assay, platelets were incubated 60 min with CellTiter 96

Aqueous One Reagent (Promega, Madison WI) at 37 °C and dye

reduction measured as optical density at 490 nm (OD). With this dye,

moderate platelet activation results in an increased OD, while a highly

activated state results in lack of ability of platelets to metabolize the

dye to its dark product, reflected by a low OD reading.

Results: Both hemostatic and immune activators caused maximal

platelet aggregation and serotonin release. However, antibody-medi-

ated platelet activation resulted in an extreme loss of metabolic poten-

tial matched only by A23187, while platelets activated by high doses of

thrombin and/or collagen retained significant metabolic capacity. The

colorimetric assay paralleled the loss of mitochondrial membrane

potential evaluated by JC-1 uptake dye. Surprisingly both thrombin-

activated and HIT antibody-activated platelets showed loss of mito-

chondrial membrane potential, yet only the immune-activated platelets

lost dye reduction capacity. Stimulation of platelet apoptosis by

ABT737 did not result in platelet aggregation, and caused increased

metabolic activity as detected by increased dye reduction. In contrast

platelet-activating antibodies and A23187 caused maximal aggregation

and a rapid loss of metabolic activity.

Conclusion: The results of this study demonstrate that while many fea-

tures indicative of apoptosis are also characteristic of highly activated

platelets, the metabolic pathway to these endpoints differs. The colori-

metric assay is rapid and relatively inexpensive and allows a range of

doses of multiple agonists to be evaluated simultaneously in a microtit-

er format. The precise mechanism that is reflected in the colorimetric

response will require further study. In the interim, this method may be

used empirically to provide a finer distinction in the level of platelet

activation compared to current methods.

PB 3.22-3
Development of a novel high throughput 96 well plate-
based whole blood assay for investigation of platelet
function in healthy volunteers and patients with
clinically diagnosed bleeding disorders
Lordkipanidze M1, Dovlatova N2, Lowe GC3, Watson SP3

and Fox SC2

1University of Birmingham, Birmingham; 2University of

Nottingham, Nottingham; 3Birmingham Platelet Group,

Birmingham, UK

Background: The current gold standard in platelet function testing,

light transmission aggregometry (LTA), is time- and labor-intensive,

and uses platelet-rich plasma (PRP) which makes it sub-optimal for

high throughput testing. We have previously investigated the utility of

a 96-well plate aggregation assay (Optimul) in assessing platelet func-

tion with promising results (presented at the SSC2012-HDC04). How-

ever, this method still relied on PRP preparation. In order to reduce

blood manipulation prior to platelet function testing and to study mul-

tiple platelet activation pathways simultaneously, we have developed a

96-well plate-based assay carried out in whole blood, where aggrega-

tion is measured as a decrease in the number of single platelets – a

method we previously described (Fox et al. Platelets 2004; 15:85–93).
Aims: To investigate whether a 96-well plate-based whole blood assay

can be used to assess platelet function.

Methods: Healthy volunteers (n = 20) and participants with clinically

diagnosed excessive bleeding (n = 15) were recruited to the Genotyp-

ing and Phenotyping of Platelets study (GAPP, ISRCTN 77951167)

from October 2012 to January 2013. This study was approved by the

National Research Ethics Service Committee and all participants gave

written informed consent. Platelet function testing was carried out by

LTA, used as a reference method, and in whole blood using 96 well

plates coated with 4 lL of the following agonists: arachidonic acid

(0.03–1 mM), ADP (0.3–30 lM), collagen (0.1–10 lg/mL) and TRAP

(0.1–10 lM), or vehicle. After addition of 46 lL of whole blood, the

plate was shaken for 5 min at 1000 rpm at 37 °C; a fixative solution

(Platelet Solutions, Nottingham) was applied to stop platelet aggrega-

tion and allow analysis in a central laboratory. Fixed whole blood

samples were labeled with FITC-conjugated CD42a and assessed by

flow cytometry. Aggregation was calculated as (Platelet count in vehi-

cle-treated sample – Platelet count in agonist-stimulated sample)/Plate-

let count in vehicle-treated sample x 100.

Results: Normal ranges of platelet aggregation response on the 96-well

plate were determined based on the results obtained from 20 healthy

volunteers. Intra-individual variability was minimal (CV < 10%).

Dose-response curves were readily assessable for all agonists tested. In

patients with bleeding symptoms both assays agreed on diagnosis in

80% of cases (j = 0.587, P = 0.013). However, while 7 (47%) partici-

pants had a platelet defect according to LTA, the 96 well plate assay

found a defect in 4 (27%). Discrepancies were seen in mild Gi-type

defects and possible partial COX defects which were diagnosed due to

kinetic information available with LTA, and were missed with the

whole blood endpoint assay.

Summary/Conclusions: Evaluation of the 96 well plate-based whole

blood aggregation assay suggests it might be useful for investigation of

platelet function, especially in individuals where blood sample volume

is limited, such as children or those requiring multiple other blood

tests. Additional developments of the assay to look at the expression

of platelet activation markers in addition to single platelet counting

are underway. Further investigation to determine the clinical utility of

the assay in detecting acquired and inherited defects in platelet func-

tion is warranted.
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PB 3.22-4
Point-of-care platelet testing accurately displays
platelet dysfunction in chronic renal insufficiency, but
fails to predict bleeding after kidney biopsy
Kuiper JAJM, Houben R, Verhezen WM, Lanc�e MD,

Christiaans MHL, Ten Cate H and Henskens YMC

Maastricht UMC+, Maastricht, The Netherlands

Background: The risk of major complications in kidney biopsies is low

with only minor bleeding complications in 24% of the cases. Low

platelet count, low hematocrit, and high uremia are found to contrib-

ute to this bleeding risk in renal failure patients. Ivy bleeding time

(IBT) is under debate whether it adequately predicts this bleeding risk.

Aims: We assessed if Multiplate (MEA) and/or PFA-100 (PFA) could

predict bleeding complications after kidney biopsy in renal patients

more accurately than the IBT. Low platelet count and low hematocrit

in MEA and PFA testing, however, produce false positive results.

Therefore, a full range of reference intervals was calculated by measur-

ing healthy volunteer blood under in vitro lowered conditions.

Methods: Venous blood was drawn from healthy volunteers, diluted

by replacing platelet rich plasma with platelet free plasma and hereaf-

ter resuspended to obtain platelet counts of around 20, 50, 100, and

150 9 109/L (PLTlow). In order to lower hematocrit (HTlow) to

around 0.25, 0.30, 0.35, 0.40, and 0.45 L/L, red blood cells were

replaced by platelet free plasma and resuspended. Platelet function

was assessed with MEA (agonists: TRAP, ADP, COL, and ASPI) in

hirudin anticoagulated blood and PFA-100 (cartridges: COL/ADP

and COL/EPI) in citrate anti-coagulated blood according to the manu-

facturers protocols. Using Graphpad Prism V5.0a non-linear 95% pre-

diction bands were calculated as reference intervals for the full range

of results.

Renal patients for kidney biopsy were analyzed pre-biopsy with Ivy

bleeding time, PFA-100, Multiplate, complete blood count, renal func-

tion parameters, and post-procedure hemoglobin. Bland-Altman plots

were calculated for IBT vs. PFA tests.

Results: Using 20 healthy volunteers per condition (MEA/PLTlow,

MEA/HTlow, PFA/PLTlow, PFA/HTlow) 95% prediction bands

could be calculated. MEA showed lower area under the curve (AUC)

for lower platelet counts, while AUC remained equal for lower hemat-

ocrit for all agonists. In PFA both lower platelet counts and lower

hematocrit gradually prolonged the closure time for both cartridges.

In total 142 patients were included. With PFA 5 (3.5%) and 6 (4.2%)

patients showed prolonged results for COL/EPI and COL/ADP

respectively, all others were normal in comparison to healthy volun-

teers. For MEA low AUC was seen in 13 (9.2%), 4 (2.8%), 33 (23.2%)

and 11 (7.7%) patients for TRAP, ADP, COL, and ASPI, respectively.

IBT prolongation over 4 min was seen in 7 (4.9%) patients.

Bland-Altman analysis showed for IBT vs. COL/ADP a sloping trend

(bias: 38 s; SD 52) and for IBT vs. COL/EPI a widening trend (bias:

11 s; SD 58).

Median hemoglobin drop after kidney biopsy was 0.4 mM (IQR: 0.2–
0.6). No transfusions were needed in any of the patients. After correct-

ing for uremia and/or serum creatinine levels hemoglobin drop after

biopsy could not be predicted with IBT, MEA, or PFA.

Conclusion: Using diluted healthy volunteer blood non-linear reference

intervals were calculated for low platelet counts and hematocrit levels

for Multiplate and PFA-100 tests. Although a portion of renal patients

show lower Multiplate and/or prolonged PFA-100 response, none of

these tests together with Ivy bleeding time could predict a significant

hemoglobin drop after kidney biopsy.

PB 3.22-5
Platelet aggregation in whole blood by multiplate
system is a rapid and suitable assay to evaluate
platelet function in stored blood for transfusion
therapy
Tartari CJ1, Marchetti M1, Russo L1, Vignoli A1, Diani E1,

Verzeroli C1, Gargantini C1, Coffetti N2, Rosti A3 and Falanga A1

1Hospital Papa Giovanni XXIII, Bergamo; 2Bolognini Hospital,

Seriate (BG); 3Treviglio-Caravaggio Hospital, Treviglio (BG), Italy

Background: Multiplate analyzer represents a quantitative, easy-to-

use, point-of-care device with minimal technical variables. This

method has been standardized for analysis of whole blood samples col-

lected in Na-citrate or Hirudin as anticoagulants, but not for blood

samples anticoagulated with citrate-phosphate-dextrose (CPD) as in

blood bags from healthy donors.

Aims: The present study evaluates for the first time the applicability of

Multiplate device to assess platelet aggregation in whole blood samples

derived from donation bags. The influence of the ABO blood group,

age, and two-day storage (at 4 °C) on the platelet aggregation is also

analyzed.

Methods: Whole blood samples (300 lL) were obtained from 259

donation bags collected in CPD (242 Male/17 Female). As a compara-

tor blood samples in Na-citrate 0.105M (9 vol.: 1 vol.) were obtained

from 40 healthy control subjects (20M/20F). Platelet aggregation was

assessed by Multiplate (Roche) after stimulation with ADP (6.4 lM),

collagen (COLL, 3.2 lg/mL), thrombin-receptor-activating-peptide

(TRAP-6, 32 lM), and arachidonic acid (AA, 0.5 mM). Pre-assay

expression of platelet surface CD62P was assessed by cytofluorimetric

analysis (FACS Canto, Becton Dickinson).

Results: CPD samples showed lower (P < 0.05) aggregation values

compared to the Na-citrate samples in response to the different agon-

ists. Specifically, in CPD samples, platelet aggregation induced by

ADP and TRAP-6 was higher (P < 0.05) than that induced by COL

or AA. Furthermore, platelet aggregation induced by ADP and COLL

was significantly higher (P < 0.01) in the O phenotype compared to

both the A and B phenotypes. No significant correlations were found

between the aggregometry results and the CD62P expression or the

donor age. Platelet aggregation evaluated in a subgroup of 20 blood

bags stored for 2 days at 4 °C showed a significant (P < 0.05) reduc-

tion in platelet aggregation capacity induced by ADP, COLL and

TRAP-6 as compared to fresh bags.

Summary/Conclusions: The aggregation response of CPD blood sam-

ples by Multiplate analysis, although significantly lower compared to

Na-citrate samples, is retained and can be quantified after stimulation

by all different agonists. An influence of the ABO phenotype on aggre-

gation can also be detected. Therefore, the Multiplate assay can be a

valid tool to monitor platelet function in blood stored for transfusion

therapy.

PB 3.22-6
Optimizing whole blood impedance aggregometry in
severe thrombocytopenia
Skipper MT, Rubak P, Stentoft J, Hvas AM and Larsen OH

Aarhus University Hospital, Aarhus, Denmark

Background: Information on platelet function in thrombocytopenic

patients could be of high value in order to predict the risk of bleeding

episodes. However, evaluation of platelet function by impedance

aggregometry is currently not possible in patients with thrombocyto-

penia.

Aim: This study aimed to investigate a novel approach for evaluating

platelet aggregation in severe thrombocytopenia, using whole blood

impedance aggregometry seeking to adjust for the platelet count and

optimize the amount of applied agonist.
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Methods: Following informed consent, citrated whole blood was

obtained from 12 healthy volunteers, seven cancer patient with chemo-

therapy induced thrombocytopenia, and 12 patients with primary

immune thrombocytopenia (ITP). Thrombocytopenia was induced in

the healthy whole blood employing a previously validated method.

Platelet aggregation was evaluated by whole blood impedance aggre-

gometry (Multiplate�), and expressed as area under the curve (AUC).

Results: Following titration experiments a final concentration of colla-

gen 8 lg/mL was applied as agonist providing the strongest aggrega-

tion response in thrombocytopenia. Platelet counts in the range of 10–
39 9 109/L was obtained in whole blood from healthy volunteers. In

this range, linear regression analysis displayed a strong positive corre-

lation between platelet count and platelet aggregation (R2 = 0.84) in

whole blood from healthy volunteers. The prediction equation of nor-

mal platelet aggregation in thrombocytopenia was: y = 19.9x�145

(y = platelet aggregation (AUC), x = platelet count). The platelet

aggregation response was then indexed relatively to the prediction esti-

mate of normal platelet aggregation. The obtained platelet aggregation

index was 106% (64–130) [median (interquartile range)] in thrombocy-

topenia modelled from healthy whole blood, 10% (7–13) in cancer

patients and 170% (158–188) in ITP patients. The difference in aggre-

gation index observed between ITP and cancer patients was highly sig-

nificant (P = 0.002; Mann–Whitney U-test). Aggregation in ITP

patients was significantly increased (P < 0.001) whereas aggregation in

cancer patients was significantly reduced (P < 0.001) when compared

to the platelets from healthy volunteers.

Conclusion: The findings suggest that whole blood impedance aggre-

gometry can be optimized to detect differences in platelet function

even at very low platelet counts. This may provide valuable informa-

tion for prediction of bleeding risk in thrombocytopenic patients.

PB3.23 – Platelet Inhibition

PB 3.23-1
Prednisolone inhibits platelet function through
targeting of the RhoA/ROCK signalling pathway
Naseem KM1, Banerjee S1 and Perretti M2

1University of Hull, Hull; 2Queen Mary College, University of

London, London, UK

Background: The synthetic glucocorticoid prednisolone is widely used

as an anti-inflammatory, and immunosuppressive drug. Platelets are

pivotal in regulating haemostasis, but can precipitate atherothrombo-

sis associated to cardiovascular diseases. Previously, we have shown

that prednisolone inhibits platelet aggregation and adhesion under

conditions of flow, although the mechanisms have remained unclear.

Aims: In the present study examined the mechanisms responsible for

the inhibitory effects of prednisolone, with a particular emphasis on

RhoA/RhoA kinase signalling.

Methods: Washed Platelets (WP) treated with prednisolone prior to

stimulation with thrombin. Platelet function was examined using light-

transmission aggregometry, signalling mechanisms were studied using

Western blotting and Rho A activity was detailed using a pull-down

assay.

Results: Prednisolone caused concentration-dependent inhibition of

thrombin-induced platelet aggregation. Threshold inhibitory responses

were observed at 0.01 lM, while maximal effects were observed with

10 lM where thrombin (0.02 U/mL) induced aggregation was reduced

from 56 � 8% to 12 � 7% (P < 0.05). The inhibition of aggregation

by prednisolone was reversible, suggesting that this was a non-toxic

effect. Thrombin caused 58 � 8% aggregation but after 5 min incuba-

tion with pred this was reduced to 23 � 11% (P < 0.05), but had

returned to 61 � 8% after 15 min. In order to understand the molecu-

lar mechanism underpinning these inhibitory effects we examined

RhoA/ROCK pathway. Stimulation of platelets with thrombin led to

the RhoA/RhoA kinase (ROCK) dependent phosphorylation of myo-

sin light chain (MLC). Pretreatment of platelets with pred caused a

concentration-dependent inhibition of phosphorylation of MLC-

ser19. The inhibition was transient lasting for up to 5 min before

returning to the level of phosphorylation found with thrombin alone.

Consistent this observation, prednisolone also prevented the inhibitory

phosphorylation of myosin light chain phosphatase (MLCP) at two

key residues thr696 and thr853 in its MYPT1 subunit, suggesting that

pred inhabits RhoA/ROCK signalling in platelets. In all cases the

effects of pred were inhibited by the glucocorticoid receptor antago-

nist, RU486.

Conclusions: Prednisolone inhibits platelet activation by targeting

RhoA/ROCK signalling events following thrombin stimulation. Mod-

ulation of the RhoA activity represents on of the no-genomic effects of

this synthetic glucocorticoid on platelets.

PB 3.23-2
Natriuretic peptides and platelets: evidence of a
localised cGMP synthesis
Borgognone A, Lowe K, Watson SP and Madhani M

University of Birmingham, Birmingham, UK

Background: Cyclic guanosine-3′,5′-monophoshate (cGMP) is the

common second messenger for the cardiovascular effects of nitric

oxide (NO) and natriuretic peptides (NPs), which activate soluble and

particulate guanylyl cyclases (sGC and pGC), respectively. pGC activ-

ity is carried by two membrane receptors for NPs, NPR-A and NPR-

B. A third receptor, NPR-C lacks the cyclase domain and acts as a

clearance receptor although it has been shown to have some signalling

activity. In platelets the role of NO in regulating cGMP concentration

and the consequent inhibitory effects is well established. On the con-

trary, contrasting data have been reported in the past supporting a role

for NPs in the regulation of platelet function.

Aims: To investigate the effects of atrial natriuretic peptide (ANP), B-

type natriuretic peptide (BNP), C-type natriuretic peptide (CNP) and

the NPR-C agonist cANF4-23 on platelet function.

Methods: We used platelet aggregation and dense granule secretion to

evaluate the effects of NPs on platelet responses involved in haemosta-

sis. PAR-1 peptide, collagen and ADP were used as agonists. Phos-

phorylation of the cyclic nucleotide-dependent protein kinase A

(PKA) and G (PKG) substrate vasodilator-stimulated phosphoprotein

(VASP) was studied as a readout of the kinase activation. Experiments

were performed in the absence or presence of the non-selective cGMP

and cAMP phosphodiesterase (PDE) inhibitor, 3-isobutyl-1-methy-

lanxthine (IBMX).

Results: None of the NPs used in this work, even at high micromolar

concentration, affected platelet aggregation or dense granule secretion

in response to PAR-1 peptide, collagen and ADP either on their own

or in the presence of a low concentration of IBMX. On the other hand,

VASP phosphorylation at Serine 239 (mainly PKG substrate), was

increased by concomitant treatment with NPs or cANF 4-23 and IBMX

compared to IBMX on its own, thus indicating a small localised PKG

activation. On the contrary, platelet aggregation, dense granule secre-

tion and VASP phosphorylation at Serine 157, mainly dependent on

PKA, measured under the same conditions, were not affected.

Summary/Conclusions: We conclude that treatment with NPs in plate-

lets is able to trigger PKG activation, but that the magnitude of activa-

tion per se is not sufficient to exert functional inhibition of platelet

involvement in haemostasis. However we cannot exclude that it would

affect other platelet responses. The increase in VASP phosphorylation

obtained following treatment with cANF4-23 and IBMX suggests that

the effects on PKG activation may be dependent on the NP clearance

receptor (NPR-C) expressed on platelet membranes, through a not yet

identified mechanism.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

ABSTRACTS 765



PB 3.23-3
Decreased phosphorylation of the linker for activated
T-cells (LAT) is associated with impaired collagen
activation of neonatal platelets
Israels SJ, McMillan-Ward E and McNicol A

University of Manitoba, Winnipeg, MB, Canada

Background: Collagen is an important early activator of platelets

under physiological conditions. Cross-linking of glycoprotein (GP) VI

by collagen leads to the Fyn/Lyn-mediated phosphorylation of an

ITAM motif on the Fcc receptor, and sequential phosphorylation of

downstream targets, including the transmembrane protein LAT. These

serve as the platform for the formation of a membrane raft-based sig-

nalosome that includes phospholipase Cc2 (PLCc2), the activation of

which mediates intracellular calcium mobilization and full platelet

activation. Platelets from newborn infants demonstrate impaired func-

tion, although platelet number and ultrastructure do not differ from

those of older individuals. Umbilical cord blood platelets show

impaired in vitro responses to collagen stimulation, including

decreased PLCc2 activation, calcium mobilization, granule secretion

and aggregation.

Aim: To determine whether deficient collagen activation in neonatal

platelets results from decreased GPVI-coupled signaling.

Methods: Cord blood was collected by umbilical venipuncture from

uncomplicated term deliveries (gestational age ≥ 37 weeks, n = 10),

and blood was drawn by venipuncture from healthy adult volunteers

(n = 10) into citrate/citric acid/dextrose anticoagulant. Washed plate-

let suspensions were prepared, lysed and separated by SDS-PAGE

before immunoblotting with commercial monoclonal antibodies to

GPVI and GPIba. Resting and collagen-stimulated (2 lg/mL and

10 lg/mL) cord blood and adult control platelets were lysed and im-

munoblotted with polyclonal anti-LAT and anti-phospho-LAT.

Membrane rafts were separated from platelet lysates by sucrose den-

sity-gradient centrifugation; fractions from the gradient were sepa-

rated by SDS-PAGE, followed by immunoblotting with anti-LAT

antibody. Immunoblot band intensities were quantitated by scanning

densitometry.

Results: The maximum aggregation of cord blood platelets was signifi-

cantly less than the maximum aggregation of adult control platelets in

response to collagen 10 lg/mL (31 � 6% vs. 63 � 8%, P ≤ 0.01), and

2 lg/mL (9 � 4% vs. 46 � 12%, P ≤ 0.01). GPVI immunoblots of

whole platelet lysates did not show significant differences in mean

band intensities in neonatal platelets compared to adult platelets

(1944 � 145 vs. 1961 � 480 intensity units, n.s.). The distribution of

LAT in the low-density membrane (lipid raft) fractions of the sucrose

gradient was the same in adult and cord blood platelets. This distribu-

tion was not altered by collagen-stimulation. Comparison of the mean

band intensities of LAT in immunoblots of platelet lysates showed no

difference between cord blood and adult platelets (1218 � 290 vs.

1428 � 114 intensity units, n.s.). Following stimulation with 10 lg/
mL collagen there was significantly less phospho-LAT in cord blood

platelets than in the adult control platelets (522 � 285 vs. 1173 � 283

intensity units, P < 0.05); the ratio of phospho-LAT to total LAT was

0.82 in collagen-stimulated adult platelets, and 0.42 in collagen-stimu-

lated cord blood platelets.

Summary/Conclusion: Comparing cord blood and adult control plate-

lets, no difference was detected in in the level of GPVI, or in the quan-

tity or distribution of LAT in membrane rafts. However, collagen-

stimulated phosphorylation of LAT was significantly decreased in cord

blood platelets, and was associated with decreased downstream plate-

let activation. Examination of events upstream of LAT in the GPVI

signaling pathway, including Fcc receptor ITAM phosphorylation and

activation of Syk may identify the basis for the impaired collagen

response in neonatal platelets.

PB 3.23-4
Tangeretin regulates platelet function through dual
inhibition of phosphoinositide 3-kinase and cyclic
nucleotide signalling
Vaiyapuri S, Ali MS, Moraes LA, Sage T, Jones CI and Gibbins JM

University of Reading, Reading, UK

Background: The relationship between diet and risk factors for cardio-

vascular diseases has long been appreciated. Indeed, several epidemio-

logical studies have suggested that the regular intake of dietary

flavonoids reduce the risk for cardiovascular diseases. But the mecha-

nisms of action of these dietary flavonoids in reducing cardiovascular

risks are poorly understood. Tangeretin, a flavonoid abundant in the

peels of citrus fruits has been demonstrated to have several beneficial

effects in human health.

Aims: This study was performed to determine whether tangeretin is

able to modulate the function of platelets and to characterise mecha-

nisms of its actions.

Methods: The effects of tangeretin at a range of concentrations on the

function of platelets were tested through measurement of platelet

aggregation, fibrinogen binding, calcium mobilisation and granule

secretion upon stimulation with agonists. Tangeretin was also tested

for its ability to modulate human plasma clot retraction and haemo-

stasis in mice using tail bleeding assay. The effect of tangeretin on in vi-

tro thrombus formation was analysed under arterial flow conditions

perfusing human whole blood over collagen-coated Vena8 biochips.

To explore the mechanism of action of tangeretin on platelet function,

the phosphorylation of proteins involved in GPVI, PI3K and cyclic

nucleotide mediated signalling pathways was analysed in the presence

and absence of tangeretin.

Results: Tangeretin inhibited agonist-induced human platelet activa-

tion in a concentration-dependent manner. It inhibited integrin aIIbb3
mediated inside-out signalling, intracellular calcium mobilisation and

granule secretion. Inclusion of tangeretin reduced the plasma clot

retraction indicating reduced integrin aIIbb3-mediated outside-in sig-

nalling. Tangeretin also inhibited human platelet adhesion and subse-

quent thrombus formation on collagen-coated surfaces under arterial

flow conditions in vitro and reduced haemostasis in mice. The charac-

terisation of potential mechanisms by which tangeretin inhibits platelet

function revealed dual inhibitory targets in platelets. Tangeretin was

found to inhibit phosphoinositide 3-kinase (PI3K) mediated signalling

and increase the phosphorylation of VASP at S239, consistent with

elevated cyclic nucleotide signalling.

Conclusions: This study provides support for the ability of dietary

flavonoids, particularly tangeretin, to modulate platelet signalling and

function, which may impact on the risk of thrombotic disease.

PB 3.23-5
Targeting of type 1 protein kinase A to lipid rafts is
required for competent platelet inhibition by the
cAMP-signaling pathway
Naseem KM1, Raslan Z1, Aburima A1, Magwenzi S1

and Tasken K2

1University of Hull, Hull, UK; 2University of Oslo, Oslo, Norway

Background: Cyclic adenosine monophosphate (cAMP)-dependent sig-

nalling modulates platelet function at sites of vascular injury. The fore-

most effector of cAMP signalling in platelets is protein kinase A

(PKA), which acts by phosphorylating numerous platelet proteins. In

platelets two PKA isoforms are present, type I (PKAI) and type II

(PKAII). In other cell types, PKA isoforms are specifically targeted to

distinct subcellular compartments by a family of proteins called A-

Kinase Anchoring proteins or AKAPs allowing them to mediate non-

redundant biological effects.

Aim: To determine the role of AKAPs in platelet inhibition by cAMP

signalling.
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Methods and results: Under basal conditions we observed a pool of

PKAI, but not PKAII, was specifically localised into platelet lipid

rafts. To establish the mechanism that facilitated localisation of PKAI

we used an established cell-permeable peptide inhibitors of PKAI/A-

kinase anchoring protein (AKAP) interactions called RI anchoring

disruptor (RIAD-Arg11). Inhibition of PKAI-AKAP interactions dis-

placed PKAI from lipid rafts with resultant loss of PKA activity in

these microdomains. Using Far-Western blotting and PKA pull-down

assay followed by mass-spectrometry we established that the cytoskele-

tal protein moesin acted as an AKAP that bound PKAI and localised

the pool of PKAI to platelet lipid rafts.

To clarify the importance of the localization of PKAI to lipid rafts we

examined platelet activity. PGI2 inhibited platelet aggregation by vWF

and platelet accrual on immobilised vWF under flow. Disruption of

PKAI-AKAP interactions with RIAD-Arg11 reduced platelet sensitiv-

ity to the inhibitory actions of PGI2. The phosphorylation of GPIbb, a

known PKA substrate and a raft protein, is though to contribute to

platelet inhibition of vWF-mediated responses by PGI2. Treatment of

platelets with PGI2 resulted in the phosphorylation of GPIbb in the

lipid raft fraction. Isolation of PKAI from its potential AKAPs by

RIAD-Arg11, resulted in a significant decrease in raft localised phos-

phoGPIbb, demonstrating that this phosphorylation is a PKAI-depen-

dent event.

Conclusion: We show that selective localisation of PKAI into lipid

rafts is required for competent platelet inhibition by cAMP. Further-

more, we identify the lipid raft-residing GPIbb as the first PKAI-spe-

cific substrate in platelets and moesin as the first platelet AKAP.

PB 3.23-6
Characterization of the effects of losartan on human
platelets
Jiang P, Loyau S and Jandrot-Perrus M

Inserm U698, Paris Cedex 18, France

Background: Losartan, a selective, competitive inhibitor of the angio-

tensin II type I receptor, is routinely used to treat hypertension. It has

been reported to have antithrombotic effects in animal models depen-

dent on NO/prostacyclin and direct antiplatelet effects were described

in vitro: competitive inhibition of U46619 binding to the thromboxane

A2 receptor (TPR) (Guerra-Cuesta JI et al. J Hypertens 1999) and

interaction with GPVI (Grothusen C et al. Arterioscler Thromb Vasc

Biol, 2007; Ono K et al. J Med Chem 2010).

Aims: This study was aimed to better characterize in vitro the effect of

losartan on platelets and to elucidate its mechanism of action.

Methods: Experiments were performed on PRP and washed platelets

from healthy donors who had not taken medication for at least for

10 days. Samples were preincubated with increasing concentrations of

Losartan (0–50 lg/mL) before measuring platelet aggregation and P-

selectin exposure. Platelet activation was triggered by arachidonic acid

(AA, 1.5 mM), APD (10 lM), thrombin-receptor activating peptide

(TRAP 20 lM), the thromboxane A2 analogue U46619 (1 lM), type I

collagen (Horm, 1 lg/mL), convulxin (Cvx, 0.5 nM), or the anti-

FcgRIIA antibody IV.3 cross-linked by anti-mouse IgG Fab’2. Plate-

let adhesion to immobilized collagen was analysed using whole antico-

agulated blood in flow conditions (1500/s). GPVI binding to collagen

was measured using recombinant soluble dimeric GPVI (GPVI-Fc).

GPVI dimerisation/clustering was analysed by flow cytometry using

the specific antibody 9E18 (Loyau S et al. Arterioscler Thromb Vasc

Biol 2012).

Results: Losartan up to 50 lg/mL had no effect on AA, TRAP or

Cvx-induced platelet aggregation and P-selectin exposure. Losartan

(50 lg/mL) inhibited the second wave of aggregation in response to

ADP and dose-dependently inhibited U69919- and collagen-induced

platelet aggregation. However, the losartan IC50 was six times higher

for U46619 than for collagen-induced platelet aggregation (18 vs.

3 lg/mL) suggesting that the inhibition of collagen-induced platelet

activation was partly independent of the effect of losartan on TPR.

This was confirmed by the observation that losartan still inhibited the

collagen-induced residual platelet aggregation of indomethacin-trea-

ted platelets. When blood preincubated with losartan (10 lg/mL) was

perfused over collagen, less platelet aggregates were formed as com-

pared to control conditions. Losartan up to 100 lg/mL slightly

reduced the binding of the anti-GPVI monoclonal antibody 9O12 to

GPVI-Fc and had no effect on the high affinity binding of GPVI-Fc

to collagen suggesting that losartan does not occupy the collagen-

binding site on GPVI. However, interestingly, losartan (10 lg/mL)

inhibited the binding of the 9E18 antibody to platelets incubated with

collagen suggesting that losartan blocks collagen-induced GPVI clus-

tering.

Conclusion: Losartan inhibits collagen-induced platelet adhesion, acti-

vation and aggregation. This effect is, at least partly, independent of

TPR inhibition, and does not rely on the inhibition of the protein tyro-

sine kinase pathway since it does not impact FcgRIIA activation. Our

data suggest that the inhibition, by losartan, of collagen-induced

GPVI clustering could reduce platelet reactivity and contribute to its

antithrombotic effect. The relevance of this effect in losartan-treated

patients is under investigation.

PB3.24 – Platelet Proteomics

PB 3.24-1
Time-resolved phosphorylation patterns of human
platelets upon treatment with Iloprost reveal novel
insights into platelet inhibition
Zahedi R1, Beck F1, Geiger J2, Gambaryan S3, Walter U4

and Sickmann A1

1Leibniz-Institut f€ur Analytische Wissenschaften – ISAS – e.V.,
Dortmund; 2Institut f€ur Klinische Biochemie und

Pathobiochemie, University of W€urzburg, W€urzburg, Germany;
3Sechenov Institute of Evolutionary Physiology and Biochemistry,

St. Petersburg, Russian Federation; 4Center for Thrombosis and

Hemostasis (CTH), Mainz, Germany

One of the most important physiological platelet inhibitors is endothe-

lium-derived prostacyclin which stimulates the platelet cAMP/PKA

signaling cascade and inhibits virtually all platelet activating key mech-

anisms. Using quantitative mass spectrometry, we analyzed time

resolved phosphorylation patterns in human platelets after treatment

with Iloprost, a stable prostacyclin analogue, for 0, 10, 30 and 60 s to

characterize key mediators of platelet inhibition and activation in three

independent biological replicates.

Starting from only 100 lg of protein per condition, in total we quanti-

fied more than 2700 different phosphorylated peptides of which 360

peptides show a significant (two-fold) up/down regulation upon stimu-

lation.

For the first time, our data provide time-resolved insights into phos-

phorylation-dependant processes during platelet inhibition. Some of

the signaling proteins detected in this study represent so far unknown

key players and signaling nodes of platelet activation and inhibition –
novel candidates for monitoring functional defects or impaired respon-

siveness of human platelets to anti-platelet treatment, imposing an

increased risk for severe cardiovascular or other adverse secondary

effects.

In conjunction with our recently published first comprehensive and

quantitative protein composition of human platelets [1], our novel

quantitative data on platelet phosphorylation provide a rich source for

further functional research and represent another step towards a dee-

per understanding of the mechanisms contributing to platelet physiol-

ogy as well as pathophysiology.

Reference:

1. Burkhart JM, Vaudel M, Gambaryan S, Radau S, Walter U, Mar-

tens L, Geiger J, Sickmann A, Zahedi RP., The first comprehensive

and quantitative analysis of human platelet protein composition
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allows the comparative analysis of structural and functional path-

ways. Blood 2012; 120(15):e73–82.

PB 3.24-2
Proteomic comparison of platelets with high and low
mean platelet volume
Thiele T, Steil L, Wiersbitzky S, Fuerll B, Gesell Salazar M,

Hammer E, V€olker U and Greinacher A

Greifswald University, Greifswald, Germany

Background: It has been supposed that platelet size is a determinant of

platelet age; however, there is a lack of data to support this concept.

Aim: This study applies highly sensitive quantitative proteomics to

compare the protein constitution of platelet subpopulations with high

and low mean platelet volume (MPV).

Methods: Platelets were separated from whole blood (n = 3) by density

gradient centrifugation using a percoll density gradient. Residual leu-

kocytes were removed after labeling with magnetic CD45 beads

through a magnetic column (Milteny Biotec). Platelets were washed

and separated by MPV using differential centrifugation to obtain a

large and a small platelet fraction. MPV was determined using a Sys-

mexTM cell counter. Platelets were analyzed by differential in gel elec-

trophoresis (DIGE) and label free LC-ESI-MS/MS.

Results: Mean platelet volumes were 11.2 fL (10.6–12.2) in the large

and 9.0 fL (8.2–10.0) in the small platelet fraction. The comparison of

1187 proteins revealed no significant differences in platelet proteins

using the LC-ESI-MS/MS approach, whereas 76 out of 1265 protein

spots displayed significantly altered abundances in the DIGE-experi-

ment. Identification of 41 spots by MALDI-TOF-MS revealed that

large cells contained more fragments of highly abundant cytoskeletal

proteins such as talin, kindlin-3, and filamin.

Conclusion: The relative abundances of platelet proteins appear similar

in platelet subpopulations with high and low MPV. Protein differences

detected by DIGE indicate fragmentation of cytoskeletal proteins in

platelets with high MPV.

PB 3.24-3
A proteomics study of the neonatal platelet plasma
membrane
Schlagenhauf A, Obrist B, Leschnik B, Birner-Gruenberger R

and Muntean W

Medical University of Graz, Graz, Austria

Background:Neonatal platelets are hyporeactive in vitro to a variety of

agonists. The nature and degree of this impairment is diverse, depend-

ing on the type of agonist. Poor response to thrombin and epinephrine

is due to decreased numbers of respective receptors, while hyposensi-

bility to TXA2 is not associated with decreased receptor numbers, but

a result of impaired signal transduction.

Nevertheless, primary hemostasis is not affected, as newborns are not

prone to easy bruising. Additionally, we observed that adult and neo-

natal platelets support thrombin generation to the same extent. Both

observations seem discrepant with in-vitro hypoaggregability of neona-

tal platelets.

Aims: We wanted to adopt proteomics to get an integrated picture of

neonatal platelet peculiarities and focused on the plasma membrane,

because it contains the majority of targets for platelet activation and

inhibition.

Methods: Platelets of adult blood and umbilical cord blood were iso-

lated, washed and lysed in their resting state. Enrichment of plasma

membranes was performed by partitioning in an aqueous two-phase

polyethylene glycol/dextran system followed by two-fold extraction

with sodium carbonate. Proteins were subjected to a bottom-up prote-

omics workflow including tryptic digestion. Semiqantitative compari-

son was achieved by stable isotope dimethyl labeling on the peptide

level. Differentially labeled pools containing five adult or neonatal

samples respectively were combined and subtracted to SCX prefrac-

tionation prior to analysis with high resolution LC-MSMS. The exper-

iment was repeated three times with pools containing different

samples. Analysis of semiquantitative data was done using Thermo

Proteome Discoverer 1.1.0. Gene ontology classification and enrich-

ment analysis was performed using the database for annotation, visu-

alization and integrated discovery (DAVID) v6.7.

Results: Semiquantitative comparison with adult samples revealed 321

differentially regulated features in neonatal platelets. The most consis-

tently upregulated proteins are all known to be involved in platelet sig-

nalling, such as GPIba, GP9, PECAM1, CD36, and integrin alpha 6.

Notable downregulated proteins were Gia, integrin-linked kinase, and

pro-platelet basic protein. Gene ontology classificaton and enrichment

analysis confirmed enrichment of proteins integral or intrinsic to

plasma membrane in all samples. Functional annotation clustering

revealed significant enrichment of proteins involved in cell signaling

and cell adhesion in the neonatal samples.

Conclusion: Higher levels of GPIba in the neonatal samples are in

agreement with our previous findings using Western blot analysis and

argue for increased binding to high molecular von Willebrand factor

present in neonatal blood. Additionally, higher levels of several inte-

grins speak for increased cell-cell interaction and support of platelet

adhesion reflected in the results of functional annotation clustering.

Lower levels of Gia are of particular interest, because several inhibi-

tory signaling pathways could be affected. These impairments might

not be observable with in-vitro platelet function testing using strong

activators, but could potentially explain some controversial clinical

findings.

PB 3.24-4
Towards a better characterization of the platelet
secretory granule proteome
Zufferey A1, Schvartz D1, Nolli S2, Reny J-L2, Sanchez J-C1

and Fontana P2

1University of Geneva; 2University of Geneva and University

Hospitals of Geneva, Geneva, Switzerland

Background: Platelets are anucleated cell fragments involved in hae-

mostasis. They contain four types of secretory granules, which are

different in term of morphology, number and content: alpha gran-

ules, lysosomes, dense granules and T granules. Granules are a cor-

nerstone in the platelet activation and aggregation processes as well

as in atherosclerosis progression and its thrombotic complications.

Subcellular fractionation techniques allow enriching organelles of

interest and are a promising strategy to dissect the proteome of plate-

let granules.

Aims: The present project aims to further characterize the protein com-

position of the platelet secretory granules.

Methods: Platelet granules were enriched by sucrose gradient and ana-

lyzed by tandem mass spectrometry in gas-phase fractionation mode.

The presence of selected proteins was verified in the granule-enriched

sucrose fraction by western blot and their localization confirmed by

confocal microscopy.

Results: We identified more than 800 proteins, among which the vast

majority is involved in pathways ranging from platelet granule biogen-

esis to secretion. A pathway analysis comparing the proteomes of the

granule-enriched fractions with the whole platelets showed enrichment

in ERK signaling and MHC I related pathways. Western blot con-

firmed the presence of Syk and Lyn, which are members of the ERK

pathway. In addition, MHC I was shown to co-localize with the alpha

granule marker von Willebrand factor by confocal microscopy.

Conclusion: To our knowledge, this work constitutes the largest charac-

terization of the platelet secretory granule proteome. It identified pro-

teins never shown in platelet secretory granules so far. Among them,

ERK andMHC I related pathways have been localized in platelet gran-

ule-enriched fractions and alpha granules, suggesting a role in the plate-
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let granule machinery biogenesis and cargo secretion. This work consti-

tutes a new insight in the understanding of the platelet secretion.

PB 3.24-5
A 2D-DIGE-based proteomic analysis reveals
differences in the platelet releasate depending on the
platelet stimulus
V�elez P, Rosa I and Garc�ıa A

CIMUS, Universidad de Santiago de Compostela, Santiago de

Compostela, Spain

1 Undesired platelet activation and formation of arterial thrombi are

implicated in many diseases, such as myocardial infarction and

stroke. Once activated, platelets release a high number of proteins

and other biomolecules, which is known as releasate. There are

clear indications that proteins secreted by platelets are found in the

atherosclerotic plaque contributing to its pathogenesis [Coppinger

JA et al. Blood. 2004;103:2096–2104]. In recent years there have

been several groups focusing on the study of the releasate, analyz-

ing the effect of different agonists and antiplatelet agents such as

aspirin [Coppinger JA et al. Blood. 2007;109:4786–4792].
2 Our main objective was to test the hypothesis that the platelet rel-

easate might vary depending on the platelet stimulus.

3 We activated platelets with collagen or thrombin and compared the

proteome of the releasate. Platelets were isolated from healthy vol-

unteers and activated in-vitro to obtain the releasate. Proteome

analysis was based on two-dimensional in-gel electrophoresis (2D-

DIGE) and mass spectrometry (MALDI-MS/MS and LC-MS/

MS). Validations were by 1D- and 2D-western blotting.

4 We detected 1742 spots per gel, 131 of which appeared differen-

tially regulated between both conditions. Spots were filtered based

on two parameters: fold change ≥ 2 and P < 0.05. So far we suc-

cessfully analyzed 72 differentially regulated spots by mass spec-

trometry. We detected two main arrays composed of fibrinogen (12

spots) overexpressed in the releasate of collagen-activated platelets,

which was somehow expected due to the ability of thrombin to

transform fibrinogen into fibrin. We identified another 25 unique

proteins (13 overexpressed in collagen, 11 in thrombin and one in

both conditions). The identified proteins were secreted in a similar

proportion by both classical and non-classical secretory pathways

(58% and 42%, respectively), and some of them had not been

reported previously in platelet releasate or microparticle proteome

studies. Those include nucleosome assembly protein 1-like 1

(NP1L1), Myosin regulatory light chain 12B (ML12B), and cardio-

trophin-like cytokine factor 1 (CLCF1). The latter is a cytokine

with B-cell stimulating capability. 1D- and 2D-western blotting val-

idation experiments demonstrated it is secreted in higher amounts

by thrombin-activated platelets. On the other hand, the adhesive

glycoprotein thrombospondin-1, which mediates cell-to-cell and

cell-to-matrix interactions, was found to be up-regulated in the col-

lagen-induced releasate.

5 We demonstrated the platelet releasate varies depending on the spe-

cific stimulus. This could have pathological implications given that

some platelet-related diseases involve a primary role of some par-

ticular receptors and platelet secreted proteins. For example, in a

recent study we showed a higher activation state of GPVI signaling

in platelets from patients with acute myocardial infarction [Par-

gui~na AF et al. Arterioscler Thromb Vasc Biol. 2011;31:2957–64].
Our results may also have pharmacological implications, assuming

the platelet releasate might be modulated with anti-platelet drugs.

PB 3.24-6
What do platelets release?
Scholten A1, Wijten P1, Van Holten TC2, Bleijerveld OB2, De

Groot PG2, Heck AJ1 and Roest M2

1Utrecht University; 2University Medical Centre Utrecht, Utrecht,

The Netherlands

Background: Platelet activation and subsequent release of a-granule
content plays an important role in healthy hemostasis, but also in

many cardiovascular pathologies. Although some of these factors are

routinely assayed, there is an eminent need to estimate more accurately

the identity, and the protein concentrations within the releasate. In

addition, it was suggested that the platelet releasate varies with differ-

ent activation routes. Currently, such data is only based on single pro-

tein assays, but would benefit from a more systems-wide method.

Aim: It is our aim to develop methodology to establish an unambigu-

ous quantitative map, including identity and quantity (ng/mL), of the

platelet releasate under various stimulatory conditions.

Methods: To establish and quantify the platelet releasate we isolated

platelets from healthy individuals (n = 3) and split each sample into

two halves. One half was left to rest, while the other was fully stimu-

lated using collagen (CRP) and thrombin (TRAP). After a standard

proteomics sample preparation, each half was labeled with a different

stable isotope tag (dimethyl labeling) and the samples were again com-

bined. These mixes were analyzed with an optimized workflow incor-

porating 2-dimensional chromatography and LC-MS/MS analysis on

an Orbitrap Velos operated with a decision tree algorithm to optimally

choose ETD or HCD fragmentation for each peptide. The stable iso-

topes aided in the elucidation of the released proteins as these were

found significantly reduced in the activated sample (P < 0.05). The

normalized spectral index was used to establish the copy number and

subsequently the released concentrations of each protein in ng/mL.

Results: Thus far, qualitative, mass spectrometry-based investigations

into the platelet releasate have not exploited the power of quantitative

proteomics and have yielded ambiguous results due to insufficient

depth and the identification of many false positives due to uncon-

trolled platelet lysis. We monitored almost 4500 platelet proteins for

their release characteristics and estimated copy number. We observed

that full stimulation leads to the consistent (n = 3/3) and significant

release of only 124 proteins (P < 0.05). At this depth, the released pro-

teins span a concentration range of at least five orders of magnitude,

as confirmed by ELISA. These released proteins contained all known

factors at high concentrations (> 100 ng/mL, e.g. Thrombospondin,

von Willebrand factor and Platelet factor 4). Interestingly, in the lower

concentration range (< 1 ng/mL) of the releasate many novel factors

were identified. With this methodology we are now ready to take on

the next challenge, i.e. monitor differential release upon different

platelet activation routes.

Summary/Conclusion: We have generated a quantitative map of the

platelet releasat, which contained all known important factors, many

novel proteins. Compared to previous work, the releasate turned out

to be much smaller than anticipated.
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PB3.25 – Platelet Disorders: Loss-of-
Function

PB 3.25-1
Variability in clinical and biological manifestations of
anti-GPVI autoantibodies: about four new patients
Loyau S1, Fiore M2, Latger-Cannard V3, Baccini V4, Dumont B1,

Pillois X2, Lecompte TP3, Alessi M-C4 and Jandrot-Perrus M1

1Inserm U698, Paris Cedex 18; 2Laboratoire d’H�ematologie,

Centre de R�ef�erence des Pathologies Plaquettaires, Pessac;
3Service d’H�ematologie Biologique, Centre de Comp�etence

Nord-Est des Pathologies, Nancy; 4Inserm U1062/U1260 Inra/

AMU, Marseille, France

Background: Chronic immune thrombocytopenia (ITP) is an autoim-

mune disorder manifested by immune-mediated platelet destruction

and decrease in platelet production. There are only rare reports of ITP

patients with antibodies against GPVI-FcRc, the major platelet recep-

tor for collagen. Due to scarce observations, many questions are still

pending: (i) do these antibodies mediate clearance of GPVI-FcRc by

shedding or internalization, (ii) are they able to activate or inhibit

platelets, (iii) and are they associated or not with bleeding?

Aims: Our goal was to collect as many data on patients with anti-

GPVI antibodies to conduct a study that would offer a real under-

standing of the natural history of this rare platelet disorder.

Methods: Light transmission aggregometry (LTA) using standard ag-

onists; Surface expression of platelet glycoproteins analysis by flow

cytometry; Plasma anti-GPVI antibodies detection by ELISA; Platelet

content in GPVI and FcRc by immunoblot analysis; Sequencing of

the GP6 gene.

Results: Four patients with identified anti-GPVI antibody were

explored. All cases (numbered P1–P4) are females. At diagnosis, their

age was 46, 35, 25 and 16 years; their platelet counts were of 30–40,
60, 150 and 360 G/L respectively. Bleeding manifestations were vari-

able, from none (P1) to mild (ecchymosis, epistaxis and/or gingival

bleeding). The platelet defect started during pregnancy (P2) but was

not associated to an identified event in other cases. Platelet-associated

immunoglobulins were detected in P1 and P4 who were positive in

MAIPA for anti-GPIIbIIIa. In P1-P3, LTA revealed no or profoundly

reduced collagen- and convulxin-induced platelet aggregation and nor-

mal responses to other agonists, leading to the suspicion of a GPVI

deficiency which was confirmed by flow cytometry; in P4 the GPVI

deficiency was identified by flow cytometry and confirmed by LTA.

Cross-tests (patient’s PPP mixed with control platelets) evidenced

either an inhibitory effect on collagen and convulxin- induced platelet

aggregation (P1), or an activating effect (P2) or no effect (P3 and P4).

Platelet GPVI content was very low as indicated by immunoblot anal-

ysis and the expression of the FcRc chain was variably reduced: as

GPVI (P2) or less than GPVI (P1, P3 and P4). The GPVI cytoplasmic

fragment was undetectable in all cases. An anti-GPVI immunoglobulin

was evidenced in the plasma of the four patients. In P2, purified IgGs

bound to GPVI and induced platelet activation. Finally, sequencing of

the GP6 gene (P1, P3, P4) ruled out a genetic disorder and identified

common polymorphisms.

Conclusion: The comparative study of these four new cases of acquired

immune GPVI deficiency and confrontation with literature confirm

the variability of their clinical manifestations (thrombocytopenia and

bleeding), which are most often mild, leading to underestimate the

occurrence of GPVI deficiency. The apparent absence of GPVI shed-

ding suggests that antibody-triggered GPVI internalization and degra-

dation could be a current process. More systematic research of anti-

GPVI antibodies using a standard protocol would help to identify

whether the different mechanisms of action and manifestations could

be linked to specific target areas on GPVI.

PB 3.25-2
Platelet dense granule but not alpha granule secretion
defect in cystic fibrosis patients
Kerrigan SW, McGivern TJP, Molloy K, McElvaney NG

and Moran N

Royal College of Surgeons in Ireland, Dublin, Ireland

Background: Cystic fibrosis (CF) is an autosomal recessive disorder

caused by mutations of the CF transmembrane conductance regulator

(CFTR) gene. It is the most common genetically inherited disease

worldwide affecting more than 70,000 individuals. Airway inflamma-

tion in concert with chronic infection accounts for progressive, suppu-

rative pulmonary disease. Platelets are critical elements in linking and

modulating thrombosis, inflammation and tissue repair. Platelets

orchestrate the inflammatory response by undergoing a series of highly

controlled intracellular signaling events that lead to the release of its

stored intracellular granules.

Aims: We therefore investigated if platelets from CF patients have an

altered responsiveness to agonists compared to platelets from normal

healthy donors.

Methods: Informed consent was obtained from all participants

(healthy and CF) and ethical approval to carry out the study was

obtained from the RCSI and Beaumont Hospital Ethics committees.

Platelet aggregation was assessed by light transmittance. Alpha gran-

ule secretion was measured by flow cytometry and dense granule secre-

tion was measured by luminometry using a luciferin/luciferase assay.

Results: CF patients (n = 7) and healthy control (n = 7) populations

were equivalent in terms of age and platelet counts. There was no sta-

tistical difference in platelet aggregation betweenhealthy control and

cystic fibrosis patients when stimulated with a range of concentrations

of Thrombin Receptor Activating Peptide (TRAP), thromboxane

mimetic, U46619, collagen related peptide (CRP) or arachidonic acid

(AA) (n = 7). Alpha granule secretion, determined by surface expres-

sion of CD62P, was also similar between the healthy control patients

and CF patients with all agonists and concentrations tested (n = 7). In

contrast to these results, platelets from CF patients had a significantly

reduced secretion from dense granules, when stimulated with strong

agonists TRAP (P < 0.01), CRP (P < 0.0001), but not weak agonists

U46619 and AA (P = NS). In order to confirm a dense granule secre-

tion defect rather than reduced levels of bioactive cationic molecules

present in the dense granules of CF patients, we measured the total

ATP and ADP content in platelet dense granules. There was no signifi-

cant difference in the total ATP or ADP levels found in healthy vs. CF

patient platelets (P = NS).

Conclusion: Our results suggest that platelets from CF patients exhibit

a decreased platelet dense-granule secretory response to activation sig-

nals. This may lead to a muted response in terms of inflammatory cell

mobilization. Thus, drugs that suppress platelet responses such as

non-steroidal anti-inflammatory drugs, should be used in a limited

fashion in CF patients, as such drugs will further suppress inflamma-

tory responses.

PB 3.25-3
Is molecular analysis of the MYH9 gene helpful in the
diagnosis of May-Hegglin anomaly and related
disorders?
Mitchell MJ1, Alamelu J2, Austin S3 and Cutler J4

1GSTS Pathology LLP; 2Evelina Hospital, Guy’s & St. Thomas’

NHS Trust; 3St. Georges’ Hospital NHS Trust; 4GSTS Pathology,

London, UK

The autosomal dominant giant-platelet disorders, May-Hegglin anom-

aly, Sebastian syndrome, Epstein syndrome and Fechtner syndrome,

are now collectively referred to as MYH9-related disease (MYH9-

RD); following identification of causative mutations in MYH9, the

gene coding for the heavy chain of non-muscle myosin-9. These disor-
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ders are characterised by macrothrombocytopenia and, usually, leuko-

cyte inclusions. There is also variable association with sensorineural

hearing loss, presenile cataracts and renal disease. These non-haemato-

logical clinical manifestations may arise or worsen later in life and it is

important to be aware of the possibility and offer surveillance to

patients. For these reasons a definitive diagnosis is important and

molecular analysis of the MYH9 gene may help provide this. MYH9-

RD is most commonly misdiagnosed as chronic ITP but may also be

confused with Bernard-Soulier syndrome (BSS), Paris-Trousseau syn-

drome/Jacobson syndrome, X-linked macrothrombocytopenia or

Gray platelet syndrome.

We have screened the MYH9 gene in a total of 24 patients referred for

possible MYH9-RD. In 13 of the 24 a causative mutation was identi-

fied, whilst in the other 11 no causative mutation was identified follow-

ing sequencing of the entire coding region of MYH9. Of the 13 in

whom a causative mutation was identified, 10 were previously reported

mutations whilst three were novel (p.Leu89Arg, p.Arg1165Ser and

p.Asp1941Metfs*7). Eleven different variants were identified in the 13

patients, with the previously reported p.Lys373Asn and p.Glu1841Lys

mutations each being reported in two patients, confirming the hetero-

geneity of MYH9 mutations. However, it is interesting to note that,

despite MYH9 being a relatively large gene (41 exons encoding a 1960

amino acid protein), there is apparent clustering of mutations at par-

ticular loci. Four different amino acid substitutions have been reported

at Asp1447, three at Arg702, Arg1165 & Asp1424 and two at Trp33,

Ala95 & Thr1155. That is a total of 19 different amino acid substitu-

tions, out of a total of < 40 unique missense/nonsense mutations

reported, at just seven different loci. This suggests that these regions

must be either critical to function or more susceptible to mutation.

Although referral information was sometimes less than comprehen-

sive, the referrals could roughly be categorised into Strong, Possible

and Weak candidates for an MYH9 gene mutation. Of the 11 consid-

ered strong candidates a mutation was identified in 10 with one being

negative and possibly worthy of further investigation. The nine poss-

ibles resulted in three patients with an MYH9 mutation and six nega-

tive, whilst all four patients considered to be weak candidates for a

mutation were indeed negative.

A definitive diagnosis of MYH9-RD is clinically important and molec-

ular analysis of MYH9 can play an important role in achieving this.

Our experience confirms that appropriate referral criteria are important

for molecular analysis to be a practical part of the diagnostic process.

However, the criteria should not be too strict or de novo cases, with no

family history of thrombocytopenia, may be missed. For example, we

confirmed the diagnosis of MYH9-RD in an 18 month old child with a

de novo MYH9 mutation. Definitive diagnosis will enable monitoring

of his developmental milestones with early intervention as necessary.

PB 3.25-4
Increased total platelet TFPI and higher surface
expression of TFPI in activated platelets may be
involved in the pathogenesis of mild bleeding
disorders (MBD) of undefined cause (BUC)
Panes O, Zuniga P, Valencia R, Kovacs P, Quiroga T, Pereira J

and Mezzano D

Pontificia Universidad Catolica de Chile, Santiago, Chile

Background: Inherited mild bleeding disorders (MBD), usually mani-

fested with skin and mucous bleeding are heterogeneous in nature,

involving different pathogenic mechanisms, including platelet function

defects, decreased amount and function of plasma VWF, mild defects

of clotting factors and also, increased fibrinolysis. However, up to

60% of all the patients with MBDs have abnormal bleeding of unde-

fined cause (BUC). Platelets contain TFPI, but its function is poorly

understood.

Aims: To analyze the expression of TFPI in resting and activated

platelets from controls and patients with BUC.

Methods: Platelet TFPI was analyzed by flow cytometry in washed

platelets (Panes et al. Blood 2007;109:5242) without previous stimula-

tion and stimulated with VWF-Ristocetin or Thrombin Receptor Acti-

vating Peptide (TRAP). TFPI protein was measured in platelet lysates

by ELISA. Measurements were performed in Control individuals and

patients with inherited mucous and skin bleeding who had normal

plasma VWF, normal platelet aggregation and 3H-serotonin secretion

and normal hemostasis screening tests. Exposure of anionic phospho-

lipids was assessed by annexin V binding, by flow cytometry.

Results: TFPI protein measured in platelet lysates of 41 patients with

BUC (mean age 19 � 9 years, 32 women) was 36 � 14 ng/mg protein,

significantly higher than that of 40 Controls (ages 22 � 6, 31 women)

who had 25 � 12 ng/mg protein (mean � SD, P = 0.0041). In 16 of

these patients and 17 Controls, platelet surface TFPI was measured.

No difference in the% of labeled was observed in Patients and Con-

trols in non-stimulated platelets (59.5 � 15% vs. 53 � 23%, P = NS)

and in VWF-Ristocetin stimulated platelets (35 � 24% vs.

35 � 23%). However, stimulation with TRAP resulted in a significant

fall in TFPI-labeled platelets in Controls but not in BUC patients

(13 � 13% vs. 34 � 23%, P = 0.0007, non-paired ‘t’test). Annexin V

binding was significantly increased after platelet stimulation with

VWF-Ristocetin and TRAP, but no significant differences were

observed between Patients and Controls.

Conclusions: (i) Platelets from patients with MBDs of undefined cause

contain more TFPI protein than normal. (ii) TFPI is detectable on

more than 50% of the platelets in normal individuals. After activation

with VWF-Ristocetin, but mainly with TRAP, a significant drop to

12% of TFPI-labeled platelets is observed. In contrast, more than 1/3

of the platelets from patients still express TFPI after TRAP stimula-

tion. (iii) No significant differences were observed in Controls and

Patients regarding annexin V binding. (iv) We have observed that the

mean thrombin generation in PRP in patients with BUC is decreased

as compared to controls (another Abstract in this Meeting). Taken

together, our current observations strongly suggest that some patients

with BUC might have a defective platelet procoagulant activity, which

could be pathogenically related with the bleeding symptoms. (FOND-

ECYT 1110404 and 1130853).

PB 3.25-5
HPLC-based assay to measure platelet serotonin
(5-HT) secretion in specialized hemostasis
laboratories: comparison with the current ‘gold
standard’ radioisotopic test
Mezzano D, V�asquez L, Araya E, Aranda E, Goycoolea M,

Panes O, Pereira J and Quiroga T

School of Medicine, Catholic University of Chile, Santiago, Chile

Background: The underlying defect of most mild platelet function dis-

orders (PFD) is a primary secretion defect. Moreover, a proportion of

the patients with PFDs have isolated secretion defects with normal

aggregation. The ‘gold standard’ assay for measuring platelet secretion

is radioisotopic 5-HT release. However, radioactivity has been dis-

placed from clinical labs and currently, the best assay licensed to per-

form both measurements is PRP-lumiaggregometry. This has been

criticized because it potentiates the aggregation of platelets and the

ATP release has high coefficient of variation (CV). So, new tests are

being developed to improve the diagnosis of PFDs.

Aims: To measure concomitantly the aggregation and 5-HT secretion

of platelets by an HPLC-based assay, comparing it with the 3H-5-HT

release test. Also, to measure total platelet 5-HT in the same assay.

Methods: Platelet 3H-5-HT release was measured as described (Holm-

sen, et al. Methods: Enzymol1989;169:205). 5-HT secretion by HPLC

coupled to electrochemical detection (HPLC-ED) was performed in

platelet lysates, obtained after stopping the aggregation test with ice-

cold EDTA, rapid centrifugation in the same cuvette and lysis of the

platelet pellet by three freezing-thawing cycles. HPLC-ED assay was
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done as described (Kumar, Life Sciences 1990;47:1751). Initially, secre-

tion tests by both methods were done in separate cuvettes, assessing

the variability of aggregation tracings and secretion assays. Then, we

performed a study in volunteers before and 2 h after intake of 300 mg

uncoated aspirin, recording aggregation in a single cuvette and mea-

suring released 3H-5-HT in supernatant plasma and endogenous 5-HT

retained in the platelets by HPLC-ED. Agonists used were arachido-

nate, epinephrine, ADP and collagen, using saline as blank (100% 5-

HT).

Results: HPLC-ED was highly sensitive (around 1 9 107 platelets

injected in the column). Retention time was 7.5 min. Mean CVs for

Blank, Epinephrine and ADP were 2.99%, 2.72% and 3.7%, respec-

tively. Parallel assays showed almost identical maximal aggregation in

both aliquots (74 � 13% and 75 � 13%); HPLC secretion was higher

than the isotopic one (46 � 15% vs. 34 � 11%, P < 0.0001, n = 130

samples). The same was observed in volunteers before aspirin

(42 � 12% vs. 35 � 12%, P < 0.0001, n = 78). Spearman correlation

between both secretion assays was r = 0.913; 95% CI: 0.8799–0.9377;
n = 141 paired samples, including post-aspirin samples). Aspirin

dampened 5-HT secretion to a median (range) of 0.0% (0.0–40) and
0.0% (0.0–33) for HPLC and isotopic determinations, respectively

(n = 69 pairs of samples). Analysis of individual agonists was also con-

cordant. Total 5-HT content in platelets was 586 � 138 ng 9 10�9

platelets (n = 27).

Discussion: (i) 5-HT is abundant, specific of platelets and ideal marker

to assay platelet secretion. (ii) 5-HT measurement by HPLC-EC is

highly specific, sensitive and accurate, has very low CV, not requiring

duplicates. (iii) It allows simultaneous measurement of total platelet 5-

HT content to assess dense granule content and recognition of PFDs

characterized by isolated secretion defects. (iv) After an initial expen-

sive investment, the reagents used are cheap and ideally the instrument

should be a dedicated one, side by side with the aggregometer. (v)

Results can be obtained overnight. (vi) Radioactive compounds are

eliminated. (vii) The adapted test can measure 5-HT release for diag-

nosing HIT.

PB 3.25-6
Prevention of intracranial hemorrhage in fetal/neonatal
alloimmune thrombocytopenia: Identification of risk
factors
Bertrand G, Martageix C and Kaplan C

INTS, Paris, France

Background: Fetal/neonatal alloimmune thrombocytopenia is the most

common cause of severe thrombocytopenia in the fetus and newborn.

The major risk is intracranial hemorrhage (ICH), with neurological

sequels in 20% of reported cases or death in 10%. We previously have

shown that maternal anti-HPA-1a antibody concentration measured

before any treatment and before 28 weeks of gestation was predictive

of the fetal status (Bertrand et al. Blood 2011).

Aims: Although the relationship between thrombocytopenia and hem-

orrhage is obvious, not every severe thrombocytopenic child is affected

by ICH, and predictive parameters would be helpful.

Methods: Two cohorts of severely thrombocytopenic index cases at

diagnosis were retrospectively analyzed: Group I, n = 52 pregnancies

without ICH; Group II: n = 27 pregnancies with ICH. Informed con-

sent was obtained according to the Declaration of Helsinki.

Results: Only 48% women were multigravida in Group I compara-

tively to 81% in Group II (P = 0.007). Mean neonatal platelet count

was significantly lower for Group II (7.109 platelets/L comparatively

to Group I (14.109/L; P = 0.018). In the absence of ICH the outcome

was favorable. In group II, ICH led to fetal/neonatal death in 59% of

the cases (P < 0.001). Moreover a statistically significant difference

between the two groups was observed for maternal alloantibody con-

centration measured at time of diagnosis: 40 IU/mL in Group I and

89 IU/mL in Group II (P < 0.001).

Conclusions: Gynecologic history (abortions or successive pregnancies)

and maternal anti HPA-1a alloantibody concentrations may be con-

sidered as predictive risk factors for ICH in severe cases.

PB3.26 – Platelet Acquired
Dysfunctions

PB 3.26-1
Platelet function and blood loss during coronary artery
bypass surgery
Van De Kerkhof D1, Mezger S2, Van Der Stokker A1, Lanen P1

and Van Straten B1

1Catharina Hospital; 2Eindhoven University of Technology,

Eindhoven, The Netherlands

Background: Coronary artery bypass surgery (CABG) is associated to

blood loss. Transfusion of platelets and plasma is often applied antic-

ipating on heparinisation, extracorporal circulation (ECC) and use of

platelet inhibitors during surgery. To prevent blood loss during sur-

gery, clopidogrel is often stopped at least 5 days before surgery.

Aims: In this study coagulation and platelet function were monitored

during the CABG procedure in a population that stopped clopidogrel

use 5 days before the procedure (Group A) and in a population that

continued clopidogrel through the procedure (Group B).

Methods: Patients undergoing standard CABG on ECC were included

(n = 60, Group A 38, Group B 22). Analyses were performed pre-sur-

gery, during surgery and within 2 h after arrival at the Intensive Care

Unit. Thrombocyte function was analysed with Light Transmission

Aggregometry (LTA), Multiple Electrode Aggregometry (MEA) and

GPIIb/IIIa-expression with flowcytometry. Also, routine coagulation

testing and thromboelastrography was performed with platelet map-

ping. Blood loss and transfusion was registered.

Results: No signficant difference was present in hemoglobin concentra-

tion, blood loss and transfusion between Group A and B. Platelet

aggregation with ADP was reduced in Group B, while strong agonists

as collagen and TRAP not significantly different. The aggregation

response of all agonists was decreased during the surgical procedure

and returned to pre-operative values at the time of arrival at the ICU.

Coagulation assays showed no significantly different results during the

procedure.

Conclusion: As most transfusions are applied at the ICU, this study

shows that the use of clopidogrel during the procedure is a weak

parameter for clinical decision making on transfusion. Platelet func-

tion is reduced during surgery, but is restored to pre-operation values

at the time of arrival at the ICU.

PB 3.26-2
The microstructure of clots formed via the extrinsic
pathway: effects of shear induced platelet activation
Hambly RJ1, Chan HH2, Thornton CA1, Williams PR1, Evans PA1

and Hawkins KM1

1Swansea University; 2Calon Cardio Technology, Swansea, UK

Background: Platelet activation (PA) is known to be one of the earliest

precursors to the formation of an incipient blood clot but little is

known about its effect on clotting time and clot microstructure. Exces-

sive PA in-vivo might lead to the rapid formation of a thrombus with a

‘dense’ microstructure and increased elasticity which is more difficult

for the body to reabsorb by fibrinolysis and could therefore cause a

blockage leading to thromboembolic complications and potentially

death.

Aims: This study aims to find how the repression of the contact path-

way affects the incipient clot microstructure and clotting time using

the rheological detection of the gel point in coagulating whole blood.
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Furthermore, we aim to quantify the incipient clot formation time and

resultant clot microstructure in clots formed, in-vitro, under different

levels of shear induced PA.

Methods: Whole fresh blood was mixed with Corn Trypsin Inhibitor

(CTI), to inhibit the contact pathway, and immediately confined

between two parallel plates (at a gap of 400 lm) of an AR-G2 Con-

trolled Stress Rheometer. The Gel Point was found by the attainment

of a frequency independent phase angle (ratio of viscous response to

elastic response) during the evolution of viscoelasticity of the clot.

Fractal analysis of this data provides a method of quantifying clot

microstructure in terms of a fractal dimension df (Evans et al., 2010).

Furthermore, the application of pre-shearing regimes (at different peri-

ods and levels of shear rates) allows us to manipulate levels of platelet

activation prior to monitoring the formation of the clot. Flow cytome-

try was used to measure platelet activation on a small aliquot of sam-

ple following pre-shearing.

Results: Our preliminary data shows that the presence of CTI signifi-

cantly delays the onset of the incipient clot, with clot formation time

increasing approximately eight-fold compared to previous data

obtained using unaltered whole blood. Furthermore, the value of df
significantly decreased in the presence of CTI, indicative of a more

‘open’ or ‘loose’ clot microstructure. In this paper we will also report

the ongoing studies of how different levels of shear induced platelet

activation effect incipient clot formation time and resultant clot micro-

structure.

Summary: Suppression of the contact pathway of coagulation, via the

addition corn trypsin inhibitor to whole blood, significantly delays the

onset of incipient clot formation as measured by the rheological detec-

tion of a Gel Point. This allows us to explore the effects of platelet acti-

vation on clotting times and resultant microstructure by the

application of pre-shearing regimes. The results are important for

understanding clot formation in-vivo, in particular in instances of

regions of high shear flow such as stenotic vessels, and also in ventricu-

lar assist devices.

Reference:

1. Evans PA et al. Gel point and fractal microstructure of incipient

blood clots are significant new markers of haemostasis for healthy

and anticoagulated blood. Blood. 2010;116(17):3341–6.

PB 3.26-3
Plasma LDL-cholesterol lowering by LDL apheresis
induces acute changes in platelet properties
Korporaal SJA1, De Angelis V1, Sjouke B2, Van Der Stoep M3,

Bochem AE2, Hovingh K2, De Groot PG1 and Van Eck M3

1University Medical Center Utrecht, Utrecht; 2Academic Medical

Center, Amsterdam; 3Leiden Academic Centre for Drug Research,

Leiden, The Netherlands

Background: Arterial thrombosis is modulated by lipoproteins by

altering the platelet response to activating agents. Accordingly, plate-

lets of familial hypercholesterolemia (FH) patients who are character-

ized by elevated low-density lipoprotein cholesterol (LDL-C) levels

due to a molecular defect in the ldlr gene are hyperreactive both in vivo

and in vitro. For those patients who are unresponsive to or intolerant

for oral lipid lowering therapy, i.e. statins, LDL-apheresis is warranted

to adequately lower LDL-C levels.

Aim: To elucidate the impact of selective LDL particle removal by

LDL apheresis on the responsiveness of platelets from hypercholester-

olemic patients.

Methods: Experiments were performed with platelets from three statin

intolerant hypercholesterolemic patients, who underwent four weekly

LDL apheresis procedures performed with absorption columns of the

direct adsorption of lipoprotein (DALI) system. Blood was collected

prior to each session to prevent possible platelet activation induced by

the apheresis procedure. Platelet reactivity after agonist stimulation

was assessed in whole blood by flow cytometry by measuring fibrino-

gen binding and surface expression of P-selectin. The study was

approved by the international review board of the Academic Medical

Center, Amsterdam. All participants provided written informed

consent.

Results: The mean plasma LDL-C concentration after LDL apheresis

was calculated by the Kroon formula taking into account the rebound

of LDL-C levels after each apheresis session. This showed a mean

reduction of the plasma LDL-C level by 40 � 6% (from 10.1 � 2.0 to

6.8 � 0.6 mM, respectively). The reduction of the plasma LDL-C

level was associated with an increase in the platelet count from

261 � 17 9 109 platelets/L to 334 � 19 9 109 platelets/L (P < 0.05).

In addition, fibrinogen binding and P-selectin expression, induced by

adenosine 5′-diphosphate (ADP) or the glycoprotein (GP) VI-specific

collagen peptide mimetic, cross-linked collagen-related peptide (CRP-

XL), were normalized after LDL apheresis.

Summary/Conclusions: Our findings indicate that lowering of plasma

LDL-C levels by LDL apheresis induces acute changes in platelet

count and normalizes platelet reactivity.

PB 3.26-4
The role of platelets in vitamin K antagonist-associated
bleeding
Van Der Meijden PEJ, Bouman A, Feijge MAH, Van Oerle R,

Spronk HMH, Hamulyak K, Ten Cate-Hoek AJ, Ten Cate H

and Heemskerk JWM

Maastricht University Medical Center, Maastricht, The

Netherlands

Background: Recurrent bleeding can complicate the treatment of

patients with vitamin K antagonists (VKA), even at a well-regulated

level of anticoagulation. Bleeding at mucocutaneous sites is frequently

reported in these patients, which may point to defects in primary he-

mostasis.

Aim: In this proof-of-principle study, we investigated whether defects

in platelet function or von Willebrand factor (vWf) contribute to a

bleeding phenotype in patients on VKA therapy.

Methods: A case–control study was performed with 33 well-regulated

patients without bleeding events (controls) and 33 patients with recur-

rent bleeding (cases). Patients have a well-regulated anticoagulation

level when the International Normalised Ratio (INR) is ≥ 65% of the

time within the target range. Cases and controls were matched for age,

gender and INR target range. Thrombin generation and vWf levels

and function were determined in plasma. Platelet function was

assessed by light transmission aggregometry and flow cytometry using

a validated panel of agonists.

Results: Thrombin generation was similarly reduced in controls (med-

ian ETP: 361 nM/min) and cases (median ETP: 387 nM/min), in com-

parison to normal plasma. This confirmed no difference in the degree

of anticoagulation between the controls and cases. The plasma level of

vWf was higher than 150%, the upper limit of the normal range, in

85% of the controls and 67% of the cases. Platelet aggregation in

response to ADP, epinephrine, arachidonic acid, PAR1 agonist

SFLLRN, collagen or ristocetin was in the normal range for almost all

patients irrespective of the type of agonist. However, in response to a

low collagen dose, platelets from 21% of controls and 27% of cases

showed diminished responses. Agonist-induced secretion of a- and d-
granules or integrin aIIbb3 activation were similar in platelets from

controls and cases.

Conclusion: Recurrent bleeding in well-controlled patients on VKA

therapy is not explained by defective platelet or vWf function.
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PB 3.26-5
An analysis of the hemostatic response using a hybrid
computational and experimental approach
Tomaiuolo M, Stalker T, Welsh J, Diamond SL and Brass LF

University of Pennsylvania, Philadelphia, PA, USA

Background: Recent evidence shows that the hemostatic response to

penetrating vascular injuries produces a markedly heterogeneous

structure in which a stable core of tightly packed, fully-activated plate-

lets is overlaid with an unstable shell of less-activated and less densely

packed platelets (Stalker, et al. Blood 2013). The development of such

a structure is shaped by the interaction of biological and physical fac-

tors that include blood flow and the movement of plasma-borne sol-

utes such as pro- and anticoagulant proteins within the complex

geometry of the deposited platelets.

Aims: Our goal in this study was to apply a computational approach

to understand the clinically-relevant question of how the movement of

solutes affects, and is affected by the heterogeneous structure of the he-

mostatic thrombus that we have observed.

Methods: We started by engineering different architectures to simulate

platelet accumulation from the early stages to the stable form of a he-

mostatic mass. Each architecture represents a hemostatic plug with a

different number of platelets and different packing density. For each

architecture we used fluid dynamics to simulate the flow of blood

around and within the hemostatic mass. We then simulated solute

transport into and out of the platelet mass using Convection-Reac-

tion-Diffusion. The results of the simulation were compared to data

obtained by observing the movement within the thrombus of albumin

linked to a caged fluorophore.

Results: Our results show that the platelet mass slows solute move-

ment, helping to facilitate its biological action. This deceleration is reg-

ulated by the platelet packing density. Based on the computational

analysis, we estimated the residence time of a species. For an arteriole

30 lM wide with average blood velocity of 2 mm/s, the residence time

of a protein like albumin, is about 0.5 ms in the lumen, 4 ms in the

shell and 9 ms in the core, a conclusion in good agreement with the

experimental evidence. We then manipulated critical parameters such

as the packing density of the platelets, the production of thrombin and

the release of ADP. We observed the interaction of two main effects,

dilution and residence time. In the case of thrombin, for instance, we

observed that a two-fold increase in production rate translates into a

50% larger area of action, defined as the region of space where the

concentration of thrombin exceeds that needed to activate platelets.

Conclusions: From these theoretical findings a picture emerged in

which the potency of agonists that are produced or released at the bot-

tom of a platelet mass, decreases as they percolate through the mass.

This decrease is due both to dilution and to an increase in the removal

rate as the agonists encounter regions of reduced packing density, and

thus the sheltering action of deposited platelets plays a fundamental

role in solutes transport. In summary studying solute transport in the

complex geometry of a platelet mass can teach us important lessons

about the spatiotemporal function and activation of platelets. It offers

a novel way to study the evolving environment surrounding a platelet

during hemostasis.

PB 3.26-6
Pattern and management of bleeding complications
with new oral anticoagulants. Results of the
Prospective Dresden NOAC Registry (NCT01588119)
Beyer-Westendorf J, Ebertz F, Gelbricht V, F€orster K, K€ohler C,

Tittl L and Werth S

Dresden University Hospital, Carl Gustav Carus, Dresden,

Germany

Background: Novel oral anticoagulants (NOAC) have been approved

for anticoagulation for venous thromboembolism (VTE) and stroke

prevention in atrial fibrillation (SPAF). In large trials, bleeding com-

plications were the most frequent side effect, at in general similar fre-

quency as with respective comparators. However, little is known about

the distribution pattern, management and outcome of NOAC-related

bleeding complications in daily care.

Aims: To evaluate the pattern and management of bleeding complica-

tions during NOAC therapy in daily care.

Patients and Methods: The Dresden NOAC registry is a prospective,

non-interventional registry. A network of more than 230 physicians

from private practice and hospitals enrol eligible patients, who are cen-

trally followed by the registry office. Inclusion criteria are: (i) indication

for therapeutic NOAC anticoagulation > 3 month; (ii) age > 18 years;

(iii) written informed consent; (iv) availability for follow-up. No Exclu-

sion criteria apply. In the registry, up to 2000 patients will receive pro-

spective follow up by phone visits at day 30 day and quarterly

thereafter for up to 3 years to collect efficacy and safety data.

Results: Until December 31th 2012, 1665 patients were enrolled into

the registry. Of these, 1356 patients received rivaroxaban (372 for

VTE, 968 for SPAF, 16 off-label) and 309 received dabigatran (303 for

SPAF and six off-label). During follow-up (635.4 patient years) a total

of 400 patients reported 474 bleeding complications (61.8% minor

bleeding, 32.9% non-major, clinically relevant (NMCR) and 5.3%

major bleeding according to ISTH definition).

For non-major bleeding, mucosal (epistaxis, gingival, conjunctival)

were the most common bleeding sites (37.8% of all bleedings), fol-

lowed by bruises and traumatic skin bleeds (27.8%), genitourinary

(14.1%) and gastrointestinal (11.2%). For major bleeding, gastrointes-

tinal bleeding was the most common manifestation (2.5%), followed

by intracranial (0.4%) and a variety of other manifestations.

Most patients (96.0%) either did not need any treatment or received

conservative treatment with compression, tamponade or red blood

transfusion (RBC) alone. Surgical or interventional treatment was

used in 4% of all bleedings (0.3% of minor, 7.1% of NMCR and 28%

of major bleedings).

Transfusion of RBC or fresh frozen plasma (FFP) was only observed

in patients with major bleeding (4.2& and 0.8% of all bleedings;

76.0% and 16.0% of all major bleedings, respectively). Prothrombin

complex concentrate (PCC) was used in 1.3 of all bleedings (24% of all

major bleedings) and no patient received recombinant factor VII.

Fatal bleeding was observed in two patients (0.4% of all and 8.0% of

all major bleedings), in both cases due to major intracranial bleeding.

Conclusion: Bleeding complications are common in daily care NOAC

patients treated and are usually managed by conservative treatment.

Only 5% of all observed bleedings fulfil the ISTH criteria of major

bleeding (mainly RBC transfusion criterion) and are managed using

interventions, FFP or PCC. Overall, only a very small proportion of

NOAC-associated bleeding complications in daily care are fatal, indi-

cating that available management strategies are sufficient.

For presentation at the ISTH meeting, updated results from this ongo-

ing project will be provided.

PB3.27 – Platelet Calcium Signaling

PB 3.27-1
Simultaneous real-time imaging of fibrinogen binding
and intracellular calcium reveals a role for Rac1-
dependent synergy between P2Y1 and P2Y12 receptors
Bye AP, Evans RJ and Mahaut-Smith MP

University of Leicester, Leicester, UK

Background: In platelets, ADP stimulates inside-out activation of inte-

grin aIIbb3 through co-activation of Gq-coupled P2Y1 and Gi-coupled

P2Y12 receptors. These receptors operate synergistically via mecha-

nisms that remain incompletely understood. The megakaryocyte (MK)

serves as a bona fide model of platelet purinergic signalling and allows

the dynamics of aIIbb3 activation to be followed by imaging of fluores-

cently tagged fibrinogen (Tolhurst et al. Blood, 2005;106, 1644). We
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have developed this approach further to simultaneously record Ca2+

waves and fibrinogen binding. We also explore the role of the small

GTPase Rac1, an important mediator of positive feedback in platelets.

Aims: To explore in real time the spatiotemporal relationship between

P2Y receptor-evoked elevations of cytosolic Ca2+ and downstream

aIIbb3 activation using fluorescence imaging of single primary MKs.

To combine this approach with immunocytochemistry (ICC) to inves-

tigate the role of the small GTPase Rac1 in P2Y-evoked responses.

Methods: Primary rat MKs were isolated as described previously (Ma-

haut-Smith et al 1999 J. Physiol. 515, 385), loaded with the Ca2+ indi-

cator Fluo-3 (2 lM Fluo-3 AM for 60 min) and imaged on a confocal

microscope (Olympus FV1000) at 5.3 Hz in the presence of 60 lg/mL

alexa fluor 647-tagged fibrinogen. P2Y1/P2Y12 receptors were stimu-

lated with 100 lM ADPbS. Rac-1 was inhibited with 100 lM
EHT1864. For ICC, MKs were fixed with 2% paraformaldehyde prior

to staining of activated Rac1 with a mouse anti-Rac1-GTP antibody.

Results: ADPbS stimulated a series of transient Ca2+ increases in the

form of waves spreading rapidly across the MK. Each Ca2+ wave was

followed by a single, incremental increase in fibrinogen binding to the

cell periphery. The fibrinogen bound uniformly at first, but in many

cells developed a polarized appearance within 4 min that correlated

with the average direction of the Ca2+ waves (computed from vectorial

analysis). BAPTA-loading abolished the fibrinogen binding. Selective

inhibition of either P2Y1 or P2Y12 receptors virtually eliminated fibrin-

ogen binding as reported previously in murine MKs (Tolhurst et al.

2005). Although P2Y1 receptors were essential for the Ca2+ response,

P2Y12 receptors were also required for more than a single initial Ca2+

spike. Inhibition of PI3K or Rac mimicked the effects of P2Y12 block-

ade on Ca2+ signalling and fibrinogen binding. Active (GTP-bound)

Rac1 accumulated at the periphery of ADPbS-stimulated megakaryo-

cytes and was abolished by inhibition of P2Y12, PI3K or Rac1.

Summary/Conclusions: In the MK, P2Y receptors generate multiple

transient Ca2+ waves that efficiently couple to peripheral aIIbb3 recep-
tor activation. P2Y receptors also generate polarised fibrinogen bind-

ing that correlates with the direction of the Ca2+ waves. Sustained

Ca2+ oscillations require co-stimulation of both P2Y1 and P2Y12

receptors, extending previous observations in platelet suspensions

(Hardy et al. Blood, 2004;104:1745; van der Meijden et al. FEBS J,

2008;275:371). As described in platelets, the synergistic mechanism in

the MK was blocked by PI3K inhibition suggesting the existence of a

PI3K-dependent Ca2+ signalling pathway. We also provide evidence

for the involvement in this pathway of Rac1, which is known to have a

role in the development of polarity in other cell types.

PB 3.27-2
The role of plasma membrane STIM1 and Ca2+ entry
pathways in platelet aggregation
Authi KS1, Ambily A1, Kaiser J2, Pierro C1, Chamberlain EV1, Li Z1,

Kassouf N1, Jones CI2, Gibbins JM2 and Authi KS1

1King’s College London, London; 2Uinversity of Reading,

Reading, UK

Background: Ca2+ is an essential messenger in platelet activation that

is released from intracellular stores and enters from the extracellular

medium. The contributions of Ca2+ release and Ca2+ entry to individ-

ual platelet activation events are not established. IP3 receptors release

Ca2+ from intracellular stores. STIM1 senses

Ca2+ in the endoplasmic reticulum and activates Orai channels follow-

ing Ca2+ release allowing store-operated Ca2+ entry (SOCE). TRPC6

and P2X1 entry channels allow non-SOCE Ca2+ entry.

Aims; STIM1 has also been reported in the plasma membrane (PM)

but its role here is not understood. The effects of SOCE and non-

SOCE inhibitors on platelet activation have not been fully described.

Methods: We examined the effects of the antibody GOK/STIM1,

which recognises the N-terminal region of STIM1, on SOCE,

agonist-stimulated Ca2+ entry, surface exposure, in vitro thrombus

formation and aggregation in human platelets. In addition we deter-

mined novel binding partners of STIM1 using proteomics. We also

tested the effects of SOCE and non-SOCE inhibitors (BTP2 and LOE-

908 respectively) on platelet aggregation.

Results: The neat GOK/STIM1 antibody reduced thapsigargin (TG)-

and agonist-mediated Ca2+ entry in Fura2-labelled cells, but failed to

do so following dialysis of the preparation to remove preservatives.

Using flow cytometry we detected surface exposed STIM1. The dialy-

sed GOK/STIM1 antibody reduced thrombus formation by whole

blood on collagen-coated capillaries under flow and platelet aggrega-

tion induced by collagen. The SOCE inhibitor BTP2 reduced TG

induced platelet aggregation but not that by thrombin, collagen or

OAG. The non-SOCE inhibitor LOE 908 reduced OAG and collagen

induced aggregation but not that by thrombin or TG. In immunopre-

cipitation experiments followed by proteomic analysis, STIM1 was

found to extract a number of proteins including myosin, DOCK10,

thrombospondin-1 and actin suggesting novel binding partners.

Conclusion: These studies suggest that PM STIM1 may facilitate plate-

let activation by collagen through novel interactions at the platelet PM

while the essential Ca2+-sensing role of STIM1 is served by the protein

in the ER. SOCE is not essential for aggregation induced by thrombin

however non-SOCE contributes to aggregation induced by collagen.

PB 3.27-3
The attachment of integrin aIIbb3 and GpIb to the
platelet cytoskeleton is disrupted in the
phosphatidylserine-positive platelets as a result of
calpain activation
Artemenko E, Ataullakhanov F and Panteleev MA

Center for Theoretical Problems of Physicochemical

Pharmacology, Moscow, Russian Federation

Background: The exposure of phosphatidylserine (PS) to the surface of

activated platelets is an essential hemostatic mechanism allowing bind-

ing of procoagulant proteins and dramatic acceleration of coagulation

reactions. The PS-negative activated platelets have active form of inte-

grin aIIbb3 on their surface, and PS-positive platelets do not have

active form of integrin aIIbb3 on their membranes. In the resting plate-

lets, integrin aIIbb3 is attached to the cytoskeleton with special pro-

teins, and their degradation is supposedly controlled by a calcium-

dependent protease calpain. Early studies suggest that calpain also reg-

ulates the activation of integrin aIIbb3.
Aims: We investigated the attachment of integrin aIIbb3 and GpIb to

the cytoskeleton in platelet subpopulations. Additionally we analyzed

the effect of calpain on the activation of integrin aIIbb3.
Methods: Platelets were isolated from whole blood by centrifugation

and gel-filtration. Then they were activated with physiological agonists

such as thrombin or collagen-related peptide. We investigated the sta-

tus of intergin aIIbb3 and attachment of integrin aIIbb3 to the cytoskel-

eton in activated platelets by flow cytometry. The status of intergin

aIIbb3 was detected with fluorescently labeled PAC-1 binding. The

attachment of membrane glycoproteins (integrin aIIbb3 and GpIb) to

the cytoskeleton was estimated by fixing the platelet with paraformal-

dehyde after activation in the presence of fluorescently labeled anti-

body CD61 (or CD42b) to surface aIIbb3 (or GpIb) and treating fixed

platelets with detergent. Additionally the status of cytoskeletal pro-

teins was evaluated by electrophoresis.

Results: We observed a loss of membrane surface glycoproteins only in

the PS-positive platelets (fixed platelets after detergent treatment), but

not in the PS-negative activated platelets and resting platelets. This

effect was prevented by calpain inhibitors (calpeptin and MDL28170).

These results suggest that the degradation of cytoskeletal proteins that

provide attachment of integrin aIIbb3 to the platelet cytoskeleton

occurred in PS-positive platelets. Preincubation of platelets with the

calpain inhibitors significantly inhibited the degradation of cytoskele-

tal proteins proceeds at activation of platelets as shown by electropho-

resis. It follows that the proteolytic degradation of cytoskeletal
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proteins in platelets is controlled calcium-activated protease calpain.

While preincubation of platelets with calpain inhibitors before activa-

tion did not lead to changes in the expression of the active form of in-

tegrin aIIbb3 on the membrane of PS-negative platelets, or the lack of

the active form of integrin aIIbb3 in the PS-positive platelets.

Conclusions: Inhibition of calpain resulted in a significant decrease in

the proteolytic degradation of cytoskeletal proteins, suggesting that

calpain is involved in the regulation of the attachment of integrin

aIIbb3 and GpIb to the cytoskeleton of platelets. However, calpain

inhibition did not lead to changes in the expression of the active form

of the integrin aIIbb3, this suggests that calpain is not involved in regu-

lating the activation of integrin aIIbb3.

PB 3.27-4
Reduced expression of SERCA3 isoform in platelet
from patient with morbid obesity inhibits platelet
functions
Bobe R1, Coupaye M2, Lopez JJ1, Kondratieff A1, Pepin M1,

Teillet2, De Prost D1 and Stepanian A1

1Inserm, Le Kremlin-Bicetre; 2APHP, Hôpital Louis Mourier,

Colombes, France

Background: Obesity is a recognized cardiovascular risk factor. Plate-

lets play an pivotal role in pathogenesis of atherothrombosis. In obese

subjects, platelet activity is often described as increased and their sensi-

tivity to antiplatelet agents is reduced. Such dysfunctions are often

associated with a disruption of calcium homeostasis. Sarco/Endoplas-

mic Reticulum Ca2+ ATPase (SERCA1, 2 & 3) are proteins involved

in cytosolic Ca2+ transport to the Endoplasmic Reticulum and regula-

tion of calcium homeostasis.

Aims: A pilot study comparing nine subjects with severe obesity and

five normal weight subjects, showed a collapse of expression of

SERCA3 isoforms, whereas expression of SERCA2b remained

unchanged. We hypothesized that in obese subjects, a decrease of

platelet SERCA3 induced disruption of calcium signal and abnormal

platelet function. To test this hypothesis, we analyzed the expression

of SERCA3 in a larger group of obese subjects whose platelet func-

tions were explored and calcium signal measured and compared to

control donors.

Methods: Monocentric case/control study. Cases were women with

body mass index (BMI) ≥ 35 kg/m2, without hypertension, diabetes,

dyslipidemia, cancer, sepsis or inflammation. Control subjects were

women with BMI > 18.5 and < 25 kg/m2, without the same exclusion

criteria and matched to the cases for age � 3 years. SERCA levels

were measured by immunoblotting. Aggregation was examined in sta-

tic conditions in washed platelets stimulated with various agonists.

Activity of thrombin-stimulated platelet was measured by flow cytom-

etry using PAC-1 (activated GPIIbIIIa). BAPTA Oregon-green (cal-

cium fluorescent marker) loaded platelets were analyzed for calcium

mobilization and influx in response to different agonists by flow

cytometry and or video microscopy.

Results: We included 40 cases and 40 control subjects. Platelets from

obese subjects displayed a reduced level of SERCA3 expression. This

was associated to a lower calcium mobilization in response to agonists

(Thrombin, collagen, PAR4-AP), while calcium influx was nearly

unchanged. Such decreased sensibility was further observed in aggre-

gation studies where higher agonist concentrations were needed to

obtain similar level of aggregation. Finally, platelet activity after

thrombin stimulation assessed by flow cytometry was also higher in

control platelets than in platelet from subjects with morbid obesity.

Conclusion: In obese subjects, washed platelets displayed a reduced

sensitivity to agonists; this was associated to a lower calcium response

and a decrease in SERCA3 expression. We suggest that this SERCA3

decrease might be a physiological response to reduce the rate of

spontaneous activation of platelets. Whether it is reversible after

weight loss is under investigation.

PB 3.27-5
Contributing factors influencing the platelet activation
time between platelet adhesion on Von Willebrand
factor, detected by an increase in intraplatelet calcium
ion
Tamura N1, Goto S1, Tomita A2, Shiozaki S1 and Nanazawa Y1

1Tokai University; 2Tokai University School of Medicine, Isehara,

Japan

Purpose: To clarify intra-platelet signaling factors contributing to

platelet activation initiated by its interaction with von Willebrand fac-

tor (VWF), the time was measured between platelet adhesion on

immobilized VWF to the start of an increase in intracytosolic calcium

ion ([Ca2+]i), in the presence or absence of specific inhibitors.

Method: In whole blood specimen in the presence of specific thrombin

inhibitor, Argatroban (100 lM), platelets were rendered fluorescent

with the Ca2+-sensitive dye fluo-3 AM. The [Ca2+]i of individual

platelet, which adhered on immobilized VWF was measured as fluores-

cence changed. Whole blood was perfused on VWF in the presence or

absence of phospholipase C (PLC) inhibitor U73211 (5 lM), a mix-

ture of PI3K inhibitors (LY294002 and Wortmannin [10 lM, 100 nM

respectively]), and ADP receptor P2Y12 inhibitor AR-C69931MX

(100 nM). The time from platelets adhesion to the start of increased

[Ca2+]i was measured in 20 randomly selected platelets.

Result: In control, the time taken from platelet adhesion on VWF to

the start of an increase in [Ca2+]i was 9.5 � 3.8 (s). The time was sig-

nificantly longer in the presence of U73211 (21.2 � 6.6 (s), P < 0.01 as

compared to control), however, the time taken in the presence of

LY294002/Wortmannin of 9.9 � 5.5 (s) and AR-C69931MX of

7.7 � 5.0 (s) were not different from controlled conditions. In control,

[Ca2+]i of platelets increased from 32.0 � 9.4 (nM) to 397.3 � 97.8

within 0.56 � 0.12 s after first noting an increase in [Ca2+]i. Maxi-

mum [Ca2+]i in the presence of P2Y12 inhibitor of AR-C69931MX of

221.8 � 115.6 (nM) was significantly lower than that in control

(P < 0.01). The Maximuma [Ca2+]i in the presence of PLC inhibitor

of U73211 of 328.2 � 107.5 (nM) or the PI3K inhibitor of LY294002/

Wortmannin of 332.9 � 97.3 (nM) were not significantly different

from controlled conditions.

Conclusion: It takes 9.5 � 3.8 (s) from platelet adhesion on VWF to

the start of an increase in [Ca2+]i. This time delay is regulated by the

activity of PLC, and not by PI3K since the delay was increased only

when the function of PLC was blocked.

PB 3.27-6
Systems biology of platelet activation: a stepped
hierarchy of responses arises from the calcium
interplay between cytosol, dense tubular system and
mitochondria
Golomysova A and Panteleev MA

Lomonosov Moscow State University, Moscow, Russian

Federation

Background: Activated platelets have two major functions, aggregation

and acceleration of plasma coagulation. Different activation levels

lead to a hierarchy of responses, three major steps of which include

ability to aggregate, granule release and shape change, and phosphati-

dylserine (PS) exposure. The last step, which dramatically increases

the rate of blood thrombin generation, leads to formation of distinct

subpopulations. This stepped hierarchy of platelet responses suggests

existence of one or several decision-making mechanisms in the plate-

let’s intracellular signaling network.

Aim: The goal of this study was to investigate, by means of in silico

systems biology analysis, how a uniform increase in the agonist con-

centration could be transformed into a stepped platelet response.

Methods: A mathematical model of the platelet’s signal transduction

was developed. As calcium signaling is at the heart of the platelet acti-
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vation, we primarily targeted the structures involved in it. The model

includes several compartments: the cytosol, the dense tubular system

(DTS) and the mitochondria. DTS and cytosol interacts through cal-

cium pumps (SERCA) and signal-dependent channels, and the mito-

chondrion has several specific calcium-regulating mechanisms, a

uniporter, an exchanger and a permeability pore. The activation level

was simulated by varying the concentration of the PAR1 agonist. The

set of ordinary differential equations was integrated using the COPASI

software (http://www.copasi.org).

Results: Computer simulation shows that the stable resting state of

platelet is maintained by a balance between calcium pumps and leaks

trough the DTS and plasma membranes. At very low agonist levels,

the stationary concentration of cytosolic calcium is maintained at

~0.01 lM, and weak activation leads to a slight increase up to

~0.05 lM with a subsequent return to the baseline. Two-fold increase

in the agonist concentration leads to rapid activation of the SERCA.

More powerful pumping-in causes long-lasting oscillations in the cyto-

solic calcium concentrations with a magnitude of ~0.2 lM, almost

independent of the agonist concentration, in good agreement with

experimental observations. Another two-fold increase in the agonist

level induces activation of the mitochondrial uniporter and the bulk of

calcium goes from DTS into mitochondria which causes collapse of

mitochondrial membrane potential. Simultaneously, the cytosolic cal-

cium concentration becomes stationary high. This occurs only in a

fraction of platelets leading to the PS exposure in a subpopulation of

them.

Conclusion: For the first time, it is demonstrated how the uniform

increase of the platelet activation level can be converted into a stepped

response hierarchy corresponding to several distinct platelet functions.

The main mechanism controlling platelet stability at low agonist con-

centrations and activation threshold is the intense membrane leaks.

Medium activation triggers the appearance of oscillations of cytosolic

calcium that are controlled by means of the DTS calcium pump. Ulti-

mately, the interplay of DTS and mitochondria at the high activation

level triggers the mitochondria collapse with the consequent diver-

gence of subpopulations.

PB3.28 – Signal Transduction –
Miscellaneous

PB 3.28-1
P21-activated kinase regulate directional migration
and cytoskeletal organization in human neutrophils
Itakura A1, Aslan JEJ1, Kusanto BT1, Phillips KG1, Nan X1,

Insall RH2, Chernoff J3 and McCarty OJT1

1Oregon Health & Science University, Portland, OR, USA; 2CRUK

Beatson Institute for Cancer Research, Glasgow, UK; 3Fox Chase

Cancer Center, Philadelphia, PA, USA

Background: Neutrophils serve as a first line of defense in innate

immunity owing in part to their ability to rapidly migrate towards che-

motactic factors derived from invading pathogens. As a migratory

function, chemotaxis is regulated by the Rho GTPases including Rac,

Cdc42 and RhoA. These Rho family members mediate the cytoskeletal

rearrangements that underlie chemotaxis through the p21-activated

kinase (PAK), a well-established effector of Rac and Cdc42. In neu-

trophils, rapid phosphorylation of PAK has been observed after the

treatment with various agonists. To date, however, little is known

about functional roles of PAK in primary human neutrophils.

Aims: We aimed to characterize the role of PAK downstream of Rho

GTPases in cytoskeletal remodeling and chemotactic processes of

human neutrophils.

Methods: Using chemotaxis assays, primary human neutrophils

were allowed to migrate toward a source of the chemoattractant,

f-Met-Leu-Phe (fMLP). Neutrophil directionality, morphological

polarization and motility were monitored by time-lapse imaging in the

presence or absence of pharmacological inhibitors of key signaling

molecules including Rac, PI3K and PAK. We examined the expression

of PAK isoforms in human neutrophils by Western blot. In addition,

immunofluorescence microscopy was performed to characterize the

activation and subcellular localizations of PAK, Rac, RhoA and cyto-

skeletal components such as F-actin and myosin.

Results: PAK inhibition led to a loss of directionality, increased

spreading and decreased migration speed in neutrophil chemotaxis,

whereas Rac or PI3K inhibition resulted in impaired directionality or

polarization, respectively. PAK inhibition was associated with dysreg-

ulated intracellular Ca2+ release. Our data show that PAK2 is acti-

vated and accumulates at the neutrophil leading edge in response to

fMLP to support Rac-mediated actin dynamics in a localized manner.

In addition, PAK inhibition abrogated the subcellular localization of

active RhoA and increased surface contacts via vinculin-rich com-

plexes.

Conclusions: PAK kinase activity plays a critical role in chemotaxis of

human neutrophils. Together, our data suggests that PAK establishes

a ‘frontness’ signal by negatively regulating surface adhesion and Rho-

dependent ‘backness’ signals in human neutrophils, thus providing a

mechanism for the crosstalk between Rho-family GTPases in neutro-

phil cytoskeletal dynamics and cell migration.

PB 3.28-2
Correction of endothelial dysfunction by hepatocyte-
specific Dyrk1a gene transfer in
hyperhomocysteinemic mice
Janel N1, Tlili A1, Garcia Perez A1, De Koning L2, Dubois T3,

Paul J-L4, De Geest B5 and Delabar J-M1

1University Paris diderot; 2RPPA platform, Institut Curie

Department of Translational Research; 3Breast Cancer Biology

Group, Institut Curie Department of Translational Research; 4AP-

HP, Hôpital Europ�een Georges Pompidou, Service de Biochimie,

Paris, France; 5Center for Molecular and Vascular Biology,

University of Leuven, Leuven, Belgium

Background:Hyperhomocysteinemia, defined by elevated plasma hom-

ocysteine level, is well recognized as an independent risk factor for car-

diovascular diseases, including coronary artery, cerebrovascular, and

peripheral occlusive disease even among people with normal choles-

terol levels. The increased synthesis of homocysteine, a product of

methionine metabolism involving B vitamins, and its slower intracellu-

lar utilization cause increased flux into the circulation. Hence, plasma

homocysteine level is an important reflection of hepatic methionine

metabolism and the rate of processes modified by B vitamins as well as

different enzyme activity. Reduction of homocysteine levels is the key

objective in treatment of hyperhomocysteinemia. Vitamin B6 in phar-

macological doses in combination with folic acid or vitamin B12 or

both is the treatment of choice for cystathionine beta synthase defi-

ciency. However, approximately 50% of hyperhomocysteinemic

patients due to cystathionine beta synthase deficiency are biochemi-

cally responsive to pyridoxine (vitamin B6). Therefore, effective treat-

ments to reduce homocysteine levels are needed, and gene therapy

could provide a novel approach.

Aims : We recently found a negative correlation between plasma hom-

ocysteine level and the hepatic expression of an anti-inflammatory ser-

ine/threonine kinase, Dyrk1a. We decided to use a gene transfer

strategy with a specific hepatic adenoviral vector over-expressing

Dyrk1a and analyzed the effect of a selective homocysteine lowering

therapy on markers of hepatic and vascular function by reverse phase

protein array.

Results: we found normalisation of plasma homocysteine level after

hepatic Dyrk1a gene transfer in a genetically modified murine model

with hyperhomocysteinemia. Specific hepatic Dyrk1a gene transfer
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corrected the decreased hepatic and plasma paraoxonase 1 activities,

and the decreased plasma apo A-I level which is associated with

increased hepatic protein level. Paraoxonase 1 and HDL exert potent

protective effects, including the prevention and correction of endothe-

lial dysfunction. Targeted hepatic Dyrk1a gene transfer abolished the

negative effect of hyperhomocysteinemia on PI3K/Akt/mTOR path-

way, a cell signaling pathway that plays a key role in cellular homeo-

stasis through its role in regulation of apoptosis, cell growth, cell cycle

and angiogenesis, and the decreased protein level of cyclin D1. Com-

mensurate with the positive effect on PI3K/Akt activation, the hepatic

Dyrk1a gene transfer also resulted in GSK3 inhibition, which can pre-

vent endothelial dysfunction in aorta of mice.

Summary/Conclusions: The positive effect on plasma homocysteine

and aortic signaling pathways demonstrates that this gene therapy can

constitute a useful approach for pr�evention of cardiovascualr diseases

linked to hyperhomocysteinemia. This approach might also benefit

other diseases in which hepatic homocysteine metabolism is affected

and vascular alterations are prevalent.

PB 3.28-3
The novel NOX inhibitor 2-acetylphenothiazine
impairs collagen-dependent thrombus formation in a
GPVI-dependent manner
Pula G and Vara DS

University of Bath, Bath Spa, UK

Background: Besides classical agonist-induced signal transduction

pathways, platelet activation is also regulated by reactive oxygen spe-

cies (ROS). In particular, superoxide ions from exogenous and endoge-

nous sources increase collagen-dependent aggregation and thrombus

formation. NADPH oxidases (NOXs) play a critical role in the genera-

tion of superoxide ions in platelets and contribute to platelet activa-

tion, although their mechanism of action remains largely unknown.

Therefore, NADPH inhibitors may represent novel potential candi-

dates for the development of anti-platelet agents.

Aims: In this project, we studied the effect of the novel NOX inhibitor

2-acetylphenotiazine (2-APT) on human platelet functional responses

and intracellular signalling pathways.

Methods: The generation of superoxide ions was assessed by single cell

imaging on adhering platelets using dihydroethidium (DHE), while

cumulative ROS generation was detected with 5-(and-6)-carboxy-2′,7′-
dichlorodihydrofluorescein diacetate (CM-H2-DCFDA). Whole blood

thrombus formation, washed platelet aggregation, integrin aIIbb3
inside-out signalling, Syk phosphorylation, and protein kinase C

(PKC) activation were analysed to understand the functional conse-

quences of NOX inhibition by 2-APT in platelets.

Results: Superoxide ion generation stimulated by platelet adhesion on

collagen and fibrinogen was significantly inhibited by 2-APT in con-

centration-dependent manner within the submicromolar range,

whereas this pharmacological agent did not affect cumulative ROS

generation. 2-APT impaired washed platelet aggregation in response

to collagen but not thrombin and abolished whole blood thrombus

formation stimulated by collagen but not fibrinogen. The activation of

integrin aIIbb3 and protein kinase C in response to the GPVI-specific

agonist collagen-related peptide (CRP) was significantly reduced,

whereas the same responses to thrombin were not significantly affected

by 2-APT. Finally, Syk activation in response to collagen but not

thrombin was inhibited by 2-APT, which suggests a stimulatory role

for NOX-generated superoxide ions in the early events of the signal-

ling cascade of GPVI.

Summary/Conclusions: Taken together, our results suggest that 2-

APT attenuates GPVI-specific signalling and is a novel inhibitor

of collagen-induced platelet activation. Therefore, 2-APT can rep-

resent a novel candidate for the development of anti-thrombotic

drugs and NOXs are promising new targets for anti-thrombotic

drug discovery.

PB 3.28-4
The polyamines regulate intestinal epithelial barrier
function through AMP-activated protein kinase and the
nuclear accumulation of c-Myc
Xu L and Zhu X

Anhui Provincial Hospital, Hefei, China

Backgroud: Epithelial cells line the gastrointestinal mucosa and form

an important barrier that protects the subepithelial tissue against a wide

array of noxious substances, allergens, viruses and luminal microbial

pathogens. Restoration of mucosal integrity following injury and vari-

ous environmental stresses requires epithelial cell decisions that regu-

late signaling networks controlling gene expression, survival, migration

and proliferation. Our previous studies have shown that Polyamines

regulate expression of E- cadherin and play an important role in control

of intestinal epithelial barrier function, but the exact mechanism is still

unknown. The AMPK (AMPk- activated protein kinase), an enzyme

involved in responding to metabolic stress, was recently found to be

involved in the regulation of epithelial tight junction assembly.

Aims: The current study was designed to determine whether polyam-

ines modulate the nuclear accumulation of c-Myc by AMPK and then

regulate E-cadherin transcription.

Methods: The IEC-6 cell line was purchased from the A.T.C.C at pas-

sage 13. The levels of cellular polyamines were decreased as a result of

inhibiting ODC with DFMO (D,L-alpha-difluoromethy lornithine).

The AMPKa activity, the nuclear levels of c-myc and E-cadherin levels

were detected by Western Blotting after polyamine deletion in IEC-6

cells. Then the cells were overexpressed AMPKa by infection with ade-

novirus-AMPKa, the nuclear level of c-Myc protein, the mRNA and

protein levels of E-cadherin were detected, the E-cadherin immuno-

staining of IEC-6 cells were observed under confocal microscopy, and

the E-cadherin promoter activity was analysis by luciferase assays. To

further determine whether c-Myc had the effect on E-cadherin tran-

scription activity, two experiment were performed. First, we used small

interfering RNA(siRNA) targeting the c-Myc mRNA(siMyc) to

reduce c-Myc levels and thus directly examine its role in the observed

changes in E-cadherin transcription activity. Second, c-Myc has the

binding site on E-cadherin promoter, so we used the different E-cadh-

erin promoter mutation on Myc binding site to detect the effect of

AMPKa on E-cadherin promoter activity.

Results: Polyamine depletion by DFMO decreased the levels of

AMPKa, the nuclear level of c-Myc protein and E-cadherin. AMPK

activation by overexpression of the AMPK gene increased the nuclear

levels of c-myc and reversed the barrier function as indicated by

increasing E-cadherin promoter activity, mRNA levels and protein

levels. Decreased c-myc by transfection with c-myc siRNA could inhi-

bit the effect of AMPK on E-cadherin promoter activity. And further

researches showed that deletion and point mutations of E-pal, the

binding site of c-Myc on E-cadherin promoter, prevented the increase

of E-cadherin promoter activity after overexpression of AMPKa.
Conclusions: These findings confirm that polyamines regulate intestinal

epithelial barrier function through AMPKa and the nuclear accumula-

tion of c-Myc.

PB 3.28-5
Therapeutic application of activated Protein C
epigenetically constrains the redox-enzyme p66shc in
diabetic nephropathy
Bock F1, Shahzad K1, Wang H1, Madhusudhan T1, Dong W1,

Esmon C2, Nawroth P3 and Isermann B1

1Insitut f€ur Klinische Chemie, Magdeburg, Germany; 2Oklahoma

Medical Reserach Foundations, Oklahoma City, USA;
3Universit€atsklinikum Heidelberg, Heidelberg, Germany

Introduction: Mice with genetically increased levels of activated Protein

C (aPC) are protected against diabetic nephropathy and have decreased
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glomerular expression levels of the mitochondrial-targeted redox

enzyme p66shc. In mice therapeutic application of aPC ameliorates

indices of diabetic nephropathy and podocyte damage. The therapeutic

mechanism and how intermittent application of a plasma protein with

a half life of ~25 min modifies nephropathy remain unknown.

Methods: Unilaterally nephrectomized WT mice were STZ-injected.

After 4 weeks of diabetes a subgroup was i.p.-injected every other day

for 4 weeks with 1 mg/kg aPC (Elli Lilly, Xigris�) or with aPC prein-

cubated with an antibody (HAPC1573) to block its anticoagulant

function. In parallel a subgroup of aPC-injected mice were orally trea-

ted with sodium butyrate for 4 weeks. In vitro immortalized murine

Podocytes were treated with 2 nM aPC and methylation-specific PCR

(MSP) and ChIP were applied to analyze promoter methylation and

acetylation of p66shc.

Results: Exogenous application of aPC and aPC-HAPC1573 amelio-

rates indices of diabetic nephropathy in diabetic wild-type mice. Glo-

merular accumulation of oxidative stress markers and of p66shc are

reversed in aPC-treated diabetic mice. Renal Histone H3 acetylation

and p66shc expression was increased upon diabetes and reversed with

aPC-treatment. The histone H3 hyperacetylating agent sodium buty-

rate reversed the suppression of p66shc by aPC and abolished the ben-

eficial effects of aPC. In vitro aPC reversed the glucose induced

increase of the H3-acetyltransferase GCN5 and the hypomethylation

and H3-hyperacetylation of the p66shc-promoter, which was abolished

with sodium butyrate treatment.

Conclusion: Therapeutic application of aPC epigenetically suppresses

the red-ox enzyme p66shc and through this indirect mechanism aPC

has antioxidative and cytoprotective properties that are independent

of its anticoagulant function.

PB 3.28-6
Protease-activated receptor-2 triggers epithelial to
mesenchymal transition: potential relevance in
pulmonary fibrosis and cancer
Borensztajn KS1, Von Der Th€usen JH2, Peppelenbosch MP3

and Spek A2

1Inserm U700, Paris, France; 2Academic Medical Center,

Amsterdam; 3Erasmus Medical Center, Rotterdam, The

Netherlands

Background: Idiopathic pulmonary fibrosis (IPF) constitutes the most

devastating form of fibrotic lung disorders and remains refractory to

current therapies. Fibroblast foci are the histological hallmark of IPF,

and these have been shown to (partially) originate from lung epithelial

cells via epithelial-mesenchymal transition (EMT). The extracellular

signals and cellular receptors triggering EMT in IPF remain incom-

pletely understood. However, aberrant reactivation of the WNT sig-

naling pathway, which is crucial in developmental programs regulating

lung development and morphogenesis, is thought to play a role in IPF.

Aims: We have recently shown that deficiency of protease-activated

receptor 2 (PAR-2) affords protection in bleomycin-induced pulmo-

nary injury. Here, we explore the role of PAR-2-induced EMT in pul-

monary fibrosis.

Methods and Results: Immunostaining of lung biopsies of IPF patients

revealed prominent PAR-2 expression in the fibrotic regions of the

lungs of these patients, with especially strong PAR-2 overexpression

by epithelial cells overlying fibroblast foci. Double immunostaining

revealed that PAR-2 co-localizes with epithelial cells expressing both

epithelial (cytokeratins) and mesenchymal (vimentin) markers, sug-

gesting a role of PAR-2 in EMT in IPF. We also observed in vitro that,

following incubation with PAR-2 agonist peptide (AP), type II lung

epithelial cells (A549) acquired a fibroblast-like morphology. More-

over, western blots performed on lysates of A549 cells stimulated with

PAR-2 AP, demonstrated that PAR-2 activation induces the expres-

sion of the myofibroblast markers vimentin and a-SMA, as well as col-

lagen secretion. Additional western blots showed that PAR-2

activation of epithelial cells triggers the WNT signaling pathway, lead-

ing to b-catenin accumulation, and immunofluorescence analysis of

cells stimulated by PAR-2 AP confirmed the translocation to the

nucleus of b-catenin.
Summary/Conclusion: Taken together, our results strongly suggest that

PAR-2 directly triggers EMT in epithelial cells via WNT signaling

pathway activation. Because EMT is a mechanism common to both

IPF and cancer, these results could suggest involvement of PAR-2 dri-

ven EMT in both pathologies, and inhibition of the PAR-2-coagula-

tion axis may therefore be clinically relevant in both diseases.

PB3.29 – Megakaryocytes and
thrombopoiesis – III

PB 3.29-1
Continuous platelet production in the bloodstream is
regulated by von Willebrand factor
Poirault-Chassac S1, Nguyen KA1, Pietrzyk A1, Casari C2,

Veyradier A2, Denis CV3 and Baruch D2

1Universit�e Paris Descartes, Paris; 2Inserm, Bicetre; 3Inserm U

770, Bicetre

Introduction: It is established that pre/proplatelets are formed from

mature megakaryocytes (MK) as intermediates before platelet produc-

tion. We have previously identified a new mechanism showing that

exposure of MKs to a high shear rate (1800 s�1) on von Willebrand

factor (VWF) in an ex vivo flow model could accelerate proplatelet for-

mation and platelet release. MK underwent microtubular rearrange-

mentsto form proplatelets, breaking into several elements, still linked

to one another via tubulin shafts; finally, pre/proplatelet reorganiza-

tion could lead to the release of single, isolated platelets. Our findings

therefore imply that, during the late stages of thrombopoiesis, continu-

ous reorganization of proplatelets into platelets could be affected by

their contact with VWF present on the vessel wall.

Aim: Recently, the transition of condensed platelets into multibodied

proplatelets was described in circulating blood platelets in the absence

of exposure to VWF and shear. The purpose of the present study was

to investigate ex vivo and in vivo whether exposure to VWF in flow

conditions was involved in the appearance of multibodied proplatelets

in circulating blood.

Methods: A mouse model of severe von Willebrand disease, the Vwf-/-

mice was used to mimick a situation of blood cells circulating in a vas-

cular tree devoid of VWF. Cytoskeletal modifications of washed plate-

lets from Vwf-/- and wild-type (Vwf+/+) mice were compared in an

established flow model allowing the observation of rapid changes

resulting from (pro)platelet adhesion to VWF. Proplatelets (designated

as newly formed platelets) proportion was determined using washed

platelets from murine blood, exposed to VWF at 1800 s�1 in a micro-

fluidic platform and characterized by videomicroscopy, flow cytometry

and activation studies.

Results: Newly formed platelets were visible within 5 min, representing

up to 38% of the total number of platelets at 12 min. 1.8-fold more

newly formed platelets were produced ex vivo in blood fromVwf-/- than

Vwf+/+ mice, suggesting a potential role of VWF in vivo. Expression

of VWF in Vwf-/- mice by hydrodynamic gene transfer decreased the

percentage of proplatelet formation back to wild-type levels. Platelets

collected at the exit of the flow chamber remained fully activable by

thrombin, demonstrating that newly formed platelets were not pre-acti-

vated. Similar observations were obtained from a patient with severe

von Willebrand disease. Young immature post-chemotherapy platelets

also produced a 2-fold higher percentage proplatelets than control

untreated mouse blood, following exposure to 1800 s�1 on VWF.

Conclusion: A direct role of VWF in the transition of condensed plate-

lets into multibodied proplatelets was demonstrated ex vivo and in

vivo. This suggests a new function for VWF as a regulator of blood-

stream thrombopoiesis
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PB 3.29-2
IL-21 promotes the expansion of primary human
megakaryocytes in vitro
Benbarche S, Strassel C, Gachet C, Lanza F and De La Salle H

UMR_S949, INSERM, Universit�e de Strasbourg, EFS-Alsace,

Strasbourg, France

Background: Chronic inflammatory diseases are the most frequent

cause of reactive thrombocytosis. Several inflammatory cytokines

(TNFa, IL-1b, IL-6 and IL-4) are known to regulate megakaryopoie-

sis. Gene profiling studies indicate that in vitro differentiated megak-

aryocytes express the receptor for IL-21, another cytokine produced

during immune responses.

Aims: The aim of this study was to assess the role of IL-21 on in vitro

human megakaryopoiesis.

Methods: Megakaryocytes were generated by cultivating adult periph-

eral blood CD34+ cells obtained from leukoreduction filters with

informed consent and written agreement from the donors. In our stan-

dard culture conditions we used thrombopoietin and proliferative

cytokines (stem-cell factor, IL-6 and IL-9) for 7 days (phase 1) and

then, thrombopoietin alone for 5 days (phase 2). In the test experi-

ments, IL-21 was also added at phase 1 and/or phase 2. The expression

of the IL-21 receptor was confirmed by RT-PCR and flow cytometry.

The effect of IL-21 was checked by evaluating cell proliferation and

phenotype and measuring platelet generation. In addition, the activity

of thrombopoietin and IL-21 receptors was followed by assaying the

phosphorylation of Stat-3 and -5 proteins by flow cytometry.

Results: RT-PCR experiments and flow cytometry demonstrated that

the IL-21 receptor was absent in peripheral CD34+ cells, but was pro-

gressively induced during the differentiation. The presence of IL-21

did not modify the expression of its receptor and appeared to be bene-

ficial to the cell culture only when added in the second phase. The

numbers of megakaryocytes differentiated after 12 days of culture was

increased, provided IL-21 was added during phase 2, this, in a concen-

tration-dependant manner, up to 1.8 � 0.2 fold when IL-21 was used

at 100 ng/mL. The phenotypes of the cells were similar, whether IL-21

was added or not, as judged by the expression of the megakaryocytic

specific receptors GPIIbIIIa, GPIb and GPV, and by the ploidy of

GPIIbIIIa+ cells. Morevover, platelet production was not modified by

the addition of IL-21. Stimulation of the IL-21R induced Stat-3 phos-

phorylation in the megakaryocytes, while thrombopoietin, preferen-

tially phosphorylated Stat-5. Thus, the two cytokines appeared to

induce complementary signal transduction pathways in these cells.

Conclusion: The proliferative effect of IL-21 on megakaryocytes and

the well-known implication of this cytokine in some chronic inflamma-

tory diseases, suggest a potential role of IL-21 in reactive thrombocy-

tosis. In addition, our observations question whether IL-21 might be

useful for platelet recovery after myelodysplasia.

PB 3.29-3
Megakaryocyte regulatory pathway mediated by
NMDA receptors
Kalev-Zylinska ML1, Kamal T1, Green T1, Morel-Kopp MC2,

Baguley B1, Teague L3, Christopher W2 and During M4

1University of Auckland, Auckland, New Zealand; 2Royal North

Shore Hospital, Sydney, Australia; 3Starship Children’s Hospital,

Auckland, New Zealand; 4Ohio State University, Columbus,

Ohio, USA

Background: Novel treatment strategies are required to improve out-

comes of patients with megakaryocytic malignancies. To enable pro-

gress we need better understanding of disease mechanisms and new

therapeutic targets. The N-methyl-D-aspartate glutamate receptors

(NMDARs) have arisen as potential regulators of megakaryocytic

maturation but their specific roles remain unknown. Intriguingly, in

other cells NMDARs are thought to help balance processes of cell

death and survival and contribute to the development of cancer.

Aims: We hypothesised that similar to other cells, megakaryocytic

NMDARs are involved in cell fate decisions and may therefore influ-

ence malignancy phenotype. The main aim of this study was to investi-

gate if NMDARs regulate growth and differentiation of

megakaryocytic cells.

Methods: Well-established inhibitors of neuronal NMDARs (meman-

tine, AP5, MK-801 and DCKA; 5–100 lM) and NMDAR agonists

(NMDA and glycine; 1–100 lM) were used to investigate effects on

proliferation and differentiation of Meg-01 and Set-2 megakaryocytic

cell lines, including after differentiation with PMA (phorbol-12-myri-

state-13-acetate). Phenotypic end-points were read in the MTT cell

viability and proliferation assay, thymidine incorporation assay and

by flow cytometry on CD41a and CD61.

Expression of all NMDAR subunits, including splice variants, was

investigated in Meg-01 and Set-2 cells using RT-PCR (including real-

time), Western blotting, flow cytometry and immunostaining. In a

pilot study, marrow samples from patients with essential thrombocy-

thaemia (ET), myelofibrosis (MF) and acute megakaryoblastic leukae-

mia (AMKL) (n = 3 of each) were tested for expression of the obligate

NMDAR subunit 1 (GluN1) using immunohistochemistry. Blasts

from one AMKL patient were tested for expression of all NMDAR

transcripts using RT-PCR.

Results: We found that NMDAR agonists (1–100 lM) increased and

NMDAR antagonists (5–100 lM) reduced proliferation of Meg-01

and Set-2 cells. NMDAR antagonists did not interfere with Meg-01

and Set-2 differentiation. Instead, mild increases in CD41a and CD61

expression were observed in Meg-01 cells treated with NMDAR antag-

onists.

Prototypic NMDARs in the brain are very diverse but always contain

two GluN1 components that typically combine with another two (iden-

tical or different) GluN2 (A, B, C or D) subunits. The GluN3 subunits

(A and B) can also be present, but are less common.We found that both

Meg-01 and Set-2 cells contained transcripts for all NMDAR subunits,

except for GluN2B. By real-time PCR, transcripts for GluN 2D and 3B

predominated in Meg-01, and 2D and 3A in Set-2. Further, Meg-01

and Set-2 contained a similar combination of GluN1 splice variants but

differed in GluN2A splicing pattern. At the protein level, we confirmed

the presence of GluN 1, 2A and 2D proteins in Meg-01 and Set-2 cells,

both on cell surface and intracellularly. Upon differentiation with

PMA, NMDAR expression increased both in Meg-01 and Set-2, sup-

porting receptor relevance during megakaryocytic differentiation.

Studies on human bone marrow showed that megakaryocytic cells in

ET, MF and AMKL all expressed GluN1. Blasts from the singular

AMKL patient who was tested by RT-PCR contained all NMDAR

transcripts.

Summary/Conclusions: Human megakaryocytic cells contain complex

NMDARs that influence cell phenotype. Further studies to determine

how NMDARs regulate megakaryocyte biology are warranted.

PB 3.29-4
Effect of three-dimensional hydrogel scaffolds on
megakaryocyte differentiation and platelet production
Pietrzyk A1, Poirault-Chassac S1, Aid R2, Derkaoui SM2,

Letourneur D2, Le Visage C2 and Baruch D1

1Inserm U765; 2Inserm U698, PARIS, France

Background: Hematopoietic stem cells (HSC) differentiate into megak-

aryocytes (MK) whose function is to terminally release platelets, which

are absolutely essential for bleeding arrest. Growth in 3D conditions

may replicate the bone marrow microenvironment necessary for HSC

proliferation and MK differentiation. So far, information is lacking on

the influence of a 3D structure on both megakaryopoiesis and throm-

bopoiesis.

Aim: The aim of the study was to determine the effect of porous poly-

saccharide-based hydrogels on MK and platelet production from
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human umbilical cord blood HSC. HSC proliferation and differentia-

tion into MK were analyzed inside 3D hydrogel scaffolds and com-

pared to cultures in liquid conditions (2D).

Methods: Porous hydrogels composed of polysaccharides (pullulan-

dextran, 3:1 ratio) with 200 lm macropores were used. This optically

transparent hydrogel material allowed for a direct observation of live

cells. HSC were cultured in the presence of thrombopoietin for 16 days

in 2D and for 36 days in 3D scaffolds. Confocal microscopy provided

identification of megakaryocytic progenitor cells by staining of CD41a

and CD42b markers, and of cell ploidy by YOYO-1 staining. Follow-

ing extraction of cells embedded in the scaffolds by enzymatic lysis,

the differentiation markers (CD34, CD41a and CD42b) and ploidy

were also quantitated by flow cytometry. Clonogenic assay was per-

formed to study CFU-MK potential. Platelet production from mature

MK exposed to physiological shear rates in Bioflux200� was studied

by videomicroscopy.

Results: Rehydrated 3D scaffolds were organized in a complex network

structure where proliferating cells seeded at an optimal density of

0.5 9 105 cells/cm2 were visible inside the pores. Small spherical cells

characteristic of immature cells were visible at day 2. At day 9, MK

progenitors appeared as larger cells followed by proplatelet-forming

MKwith pseudopodial elongations at day 12. From day 12, these three

cell types were observed inside pores. Finally, 36 days after initial seed-

ing, i.e. 20 days after the end of cell survival in 2D, high cell numbers

were still observed in 3D. Up to day 16, flow cytometry analysis of

extracted cells grown in 3D indicated similar MK differentiation as in

2D. Between day 16 and day 36, in 3D, high proportions of immature

cells were present while mature MK persisted. At day 16, the number

of CFU-MK in 3D was significantly increased compared to 2D

(P < 0.05). In 3D, most cells displayed increased 4N (30.5% � 2.34;

P < 0.05) and >8N (4.4% � 0.96) ploidy classes. Functional platelet-

forming mature MK were obtained for a longer period in 3D (day 36)

than in 2D (day 14) as shown by separate flow experiments.

Summary/Conclusion: 3D hydrogels provide a structure to prolong

the duration of HSC ability to differentiate into fully mature and

platelet-producing MK and thus may mimick the bone marrow envi-

ronment. Clusterization of cells in pores of scaffolds may favor their

proximity and allow concentrating soluble factors. Three-dimensional

hydrogels appear as a powerful tool to further unravel the physiologi-

cal mechanisms of megakaryopoiesis and thrombopoiesis and the

coupling with a bioreactor could strengthen this in vitro model of

bone marrow structure.

PB 3.29-5
Impact of COX-2 deletion on platelet and
megakaryocyte phenotypes
Barbieri SS1, Petrucci G2, Amadio P3, Tarantino E3, Ranelletti F2,

Gianellini S1, Rocca B2, Patrono C2 and Tremoli E1

1Centro Cardiologico Monzino, Milano; 2Universit�a Cattolica,

Rome; 3Universit�a degli Studi di Milano, Milan, Italy

Background: Cyclooxygenase (COX)-1 or -2 and prostaglandin (PG)

synthases catalyse the formation of PGs (including PGI2 and PGE2)

and thromboxane (TX) A2 playing a key role in the maturation of dif-

ferent cell types. While mature platelets express almost only COX-1,

megakaryocytes contain both COX-isoforms. In vitro studies showed

that pharmacologic inhibition of COX-2 activity might influence

megakaryocyte maturation and platelet formation. The production of

platelets by megakaryocytes requires an intricate series of remodeling

events; abnormalities in this process can result in clinically significant

disorders.

Aims: We investigated the role of COX-2 in megakaryocytopoiesis

analysing platelets and megakaryocytes from cyclooxygenase-2 knock-

out (COX-2KO) mice in terms of phenotype and/or function.

Methods: Platelet and megakaryocyte phenotypes were assessed by cy-

tofluorimetry, immunohistochemistry and/or functional tests.

Results: COX-2KO platelets showed increased expression of P-selectin

and GPIIbIIIa, enhanced binding to fibrinogen and adhesion to endo-

thelial matrix compared to WT platelets. Levels of TX synthase in

platelets were similar in both groups of animals, whereas levels of

COX-1 were higher in platelets from COX-2KO together with an

increased ability to produce TXA2. While platelet count in COX-2KO

mice was slightly lower than in WT mice (WT:1121 � 274 vs. COX-

2KO:1031 � 263 K/lL), platelet size was larger (WT: 71.10 � 3.87

vs. COX-2KO:91.27 � 5.48; P < 0.01), and there was a higher per-

centage (WT: 7.62 � 0.59 vs. COX-2KO:13.27 � 1.01; P < 0.01) of

reticulated, young platelets. In the bone marrows of COX-2KO mice,

megakaryocyte number was significantly reduced, with phenotypic fea-

tures of poor differentiation, such as high nucleus/cytoplasm (N/C)

ratios and reduced positivity for lineage antigens such as CD42b

(GpIb). At variance with bone marrows, megakaryocytes were signifi-

cantly increased in the spleen of COX-2KO mice, with a reduced N/C

ratio and hyperexpression of lineage markers, whereas few, poorly dif-

ferentiated megakaryocytes were present in the WT spleens. In addi-

tion, COX-2 deletion decreased expression of the prostacylin receptor

(IP) and PGE2 production, concomitantly with increases in PGI2 pro-

duction, resulting in a reduced PGE2/PGI2 ratio in the bone marrow.

Opposite results were obtained in the spleen, where we observed upreg-

ulation of the expression of IP, significant reduction of PGI2 levels,

and an increase in the PGE2/PGI2. Levels of TXA2 measured both in

the BM and in the spleen were similar in WT and COX-2KO mice.

Remarkably, splenectomy, carried out in COX-2KO and in WT mice,

decreased the number of circulating platelets by about 40%, and

reverted the hyper-reactive phenotype observed in COX-2KO platelets.

Summary/Conclusions: COX-2 deletion appears to delay megakaryo-

cytopoiesis in the bone marrow, consistently with previous in vitro

reports. The spleen megakaryocyte hyperplasia in COX-2KO mice is

likely to represent a compensatory response to defective bone marrow

megakaryocytopoiesis. Finally, the young and hyper-reactive platelets

in COX-2KO mice, derived from compensatory spleen megakaryocy-

topoiesis, might contribute to an increased thrombogenicity in vivo.

PB 3.29-6
The cholinergic system in cord blood derived
megakaryocytes and megakaryocytic lineages
Bugert P1, Kaiser K2, Lorenz F2, Starigk J2, Sarin A2 and Schedel A2

1DRK-Blutspendedienst; 2Institute of Transfusion Medicine and

Immunology, Mannheim, Germany

Background: In former studies we have shown that platelets and their

precursors express nicotinic a7 acetylcholine receptors (nAChRa7)
that are involved in platelet function. We could also demonstrate that

in-vitro megakaryocytic differentiation of MEG-01 cells can be modu-

lated via cholinergic drugs targeting nAChRa7.
Aims: In this study, we have investigated additional megakaryocytic

lineages and cord blood derived megakaryocytes for the presence of

additional receptors of the cholinergic family (nAChRa4, nAChRb2,
nAChRa7) and the acetylcholine esterase (AChE). Furthermore, we

were interested in the effect of cholinergic drugs which are in clinical

use on ex vivo megakaryocytic differentiation.

Methods: Expression of nAChRs and AChE was investigated in four

megakaryoblastic celllines (M07, CMK, Dami and MEG-01), cord

blood derived TPO-differentiated megakaryocytes at different time

points of differentiation and in platelets. Expression levels of the com-

ponents were investigated by quantitative real-time PCR (qRT-PCR)

and Western blot analysis. Cord blood derived CD34+ cells were

differentiated with TPO for up to 14 days and the effect of the AChE-

inhibitor donepezil (100 nM, 1 lM, 10 lM) on the differentiation and

proliferation process was investigated by flow cytometry and micrso-

copy.

Results: nACHRa7, nAChRa4, nAChRb2 and AChE gene transcripts

could be identified on all cell lines and cord blood derived megakaryo-

cytes during all stages of differentiation. This could be confirmed at
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protein level. While platelets express nAChRa7, they lack expression

of nAChRa4, nAChRb2 and AChE. The TPO-induced differentiation

process and proliferation was significantly inhibited by the AChE-

Inhibitor donepezil in a concentration dependent manner.

Conclusions: In addition to nAChRa7, precursor cells also express

nAChRa4, nAChRb2 and AChE which are down regulated during

megakaryopoesis. AChE-Inhibitors are frequently used as treatment

of dementia in elderly people. Since the megakaryocytic differentiation

process impaired in the presence of AChE-Inhibitors patelet function

in these patients could be affected.

PB3.30 – Microparticle assays

PB 3.30-1
Towards standardized protocols for preparation and
detection of microparticles
Yuana Y, B€oing AN, Hau CM, Grootemaat AE, Sturk A

and Nieuwland R

Academic Medical Centre, Amsterdam, The Netherlands

Background: Results from studies on microparticles (MP) are difficult

to compare between laboratories because no standard protocols are

available for collection, handling, storage, and isolation of MP.

Recently, novel technologies such as resistive pulse sensing (RPS) and

single particle tracking (SPT) have become commercially available.

Both technologies enable detection of single particles directly in solu-

tion.

Aims: In this study, we aim to develop standard protocols for collec-

tion, handling, storage, and isolation of MP. Flow cytometry (FCM),

RPS and SPT are used to measure the concentration and size distribu-

tion of particles in samples prepared using these protocols.

Methods: MP were isolated from erythrocytes and platelets using dif-

ferent centrifugation protocols, in which the centrifugation force

(18,890 g and 100,000 g) and centrifugation time (0.5–2 h) were var-

ied. Isolated MP were reconstituted in phosphate buffer saline (PBS)

or in autologous vesicle-depleted human plasma (VDP) and measured

directly or before snap-frozen in liquid N2 and storage at �80 °C.
Results: RPS and SPT detect 1000–10,000-fold more particles in all

MP preparations than FCM. In general, the particle concentration

and diameter in all MP preparations are more affected by the single

freeze/thaw cycle than by centrifugation conditions. Importantly, the

effect of single freeze/thaw cycle on particle concentration and diame-

ter are markedly different for MP prepared from erythrocytes and

platelets. After single freeze/thaw cycle, the particle concentration and

typical particle diameter of erythryocyte MP reconstituted in VDP are

comparable to the freshly prepared samples (2.4 9 1010 particles/mL

and 200 nm), but not for those reconstituted in PBS (9.9 9 109 parti-

cles/mL and 164 nm). In contrast, regardless the reconstitution solu-

tion used, the particle concentration of samples prepared from

platelets increases about 2-fold (5.8 9 109 to 1.2 9 1010 particles/mL)

and the particle diameter decreases (160–140 nm) after single freeze/

thaw cycle compared to the freshly prepared samples.

Conclusions: To develop a single protocol for starting materials con-

taining MP of different cellular origin, such as plasma, may be very

challenging because each type of vesicle behaves differently especially

after freezing/thawing.

PB 3.30-2
Effect of filtration on the particle concentration and
diameter of microparticles
Yuana Y, Grootemaat AE, Sturk A and Nieuwland R

Academic Medical Centre, Amsterdam, The Netherlands

Background: Although many investigators use filtration to remove lar-

ger particles from suspension of vesicles, the effects of filtration are

not thoroughly investigated.

Aim: To investigate the effect of filtration on the detection of MP.

Methods: Microparticle (MP)-containing samples were prepared from

erythrocyte concentrates. The concentrate was diluted two times with

phosphate buffer saline (PBS) and centrifuged twice at 1550 g for

20 min at 20 °C. The supernatant was measured directly or filtered

using 0.8 lm (mixed cellulose esters, Millex-AA; Merck Millipore,

MA, USA) and 0.22 lm (polyethersulfone, Millex-GP, Merck Milli-

pore) syringe-disc filters. Particles were measured by flow cytometry

(FCM), resistive pulse sensing (RPS), and single particle tracking

(SPT). PBS was used as negative control in the filtration experiments.

Finally, PBS was analysed before and after filtration by transmission

electron microscopy (TEM).

Results: Erythrocyte MP (CD235a-positive) are undetectable by FCM

after filtration by a 0.22 lm filter or a 0.8 lm filter. In contrast, the

particle concentration detected by RPS are 5.6 9 109 particles/mL

before filtration, 5.0 9 109 after filtration by a 0.8 lm filter, and

0 particles/mL after filtration by a 0.22 lm filter respectively. Using

SPT, there is a 4-fold increase in the particle concentration measured

after filtration by a 0.8 lm filter. In PBS, almost no particles after fil-

tration by 0.22 lm filter are detectable by FCM, RPS, or SPT. Sur-

prisingly, in PBS filtered through 0.8 lm filter, there are particles

detected by FCM (5.8 9 103 particles/mL), RPS (3.1 9 107 particles/

mL), and SPT (4.6 9 106 particles/mL). In this sample, EM also

detects particles which are likely to be debris released from the filter,

and such debris was not detectable in unfiltered PBS or after filtration

by a 0.22 lm filter. When PBS was first filtered through a 0.2 lm filter

and then a 0.8 lm filter, similar debris was present.

Conclusions: Filtration through 0.8 lm filter affects mainly the particle

concentration. Filtration through a 0.8 lm syringe-disc filter is not

recommended because such filter releases debris that will contaminate

particle analyses.

PB 3.30-3
Effect of inflammatory cytokines and coagulation
factors on endothelial microparticle formation and
content
Meiring MS, Le Roux E and Louw V

University of the Free State, Bloemfontein, South Africa

Background: The role of microparticles in inflammatory and throm-

botic disorders is still not fully understood. Endothelial microparticle

formation is altered in inflammatory and thrombotic disorders like

sepsis, atherosclerosis and thrombotic thrombocytopenic purpura. It

is however not known if these microparticles are the cause or the con-

sequence of these disorders.

Aims: We aimed to study the effect of inflammatory cytokines and

coagulation factors as well as combinations thereof on endothelial

microparticle formation and on microparticle von Willebrand factor

(VWF) and its regulating protease ADAMTS-13. We also measured

the microparticle thrombin generation in patients with HIV-associated

TTP.

Methods: In this study microparticle formation in cultured human

umbilical vein endothelial cells (HUVEC) was stimulated by different

inflammatory agents IL-6 (100 ng/mL) IL-8 (100 ng/mL) and TNF-a
(100 ng/mL), coagulation factors TF (2 lL/mL) and thrombin (2 U/

mL) and combinations thereof. The number of endothelial microparti-

cles formed was determined using flow cytometry. Von Willebrand fac-

tor (VWF) and ADAMTS-13 levels of the microparticles were

assessed by ELISA’s and the microparticle thrombin generation was

measured by thrombin generation assays. Von Willebrand factor mul-

timers were visualized by a Western blot technique. Microparticle

thrombin generation was measured in the plasma of 20 patients with

HIV-associated TTP.

Results: Interleukin-6 did not show any effect on HUVEC derived mi-

croparticles due to the lack of the receptor for IL-6 on these cells.

Interleukin-8 only had a small increasing effect on microparticle VWF

and ADAMTS-13 levels. TNF-a showed a significant effect on micro-
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particle numbers and contributed to almost 80% of the thrombin gen-

erated, but has almost no effect on the VWF levels in the microparti-

cles. Tumour necrosis factor alpha is thus a potent stimulus of

endothelial cells and might be responsible for the thrombotic tendency

in thrombotic and inflammatory disorders. The coagulation factor TF

on the other hand showed the highest increase in microparticle VWF

levels and had a huge effect on microparticle numbers. It however has

no effect on the thrombin generation of microparticle. Tissue factor in

combination with TNF-a also induced an increase in microparticle

VWF and a little decrease in ADAMTS-13 levels. Tissue factor may

thus contribute to the increased VWF levels that are commonly found

in TTP patients where inflammation and thrombosis occur. To proof

this, we found that microparticles contribute to more than 70% of the

thrombin potential in the patients with HIV-associated TTP. Interest-

ingly, thrombin shows a protective effect on the intact HUVEC

whereby microparticle formation was prevented. The combination

stimuli of thrombin and cytokines also showed a protective effect on

HUVEC. This highlighted the regulatory role of thrombin in intact

endothelial cells on haemostasis and in protection against thrombosis

in extremely inflammatory environments.

Conclusion: Endothelial microparticles can thus be detrimental or ben-

eficial with different stimuli and in different environments. Inflamma-

tory and coagulation stimuli may however pose a great risk for

clotting by altering microparticle quantity and content. This study

contributes to the understanding of the role that endothelial derived

microparticles plays in inflammation and thrombosis.

PB 3.30-4
The procoagulant phospholipids clotting time assay as
a routine functional test for measuring circulating
microparticle activity
Campello E1, Luca S1, Claudia MR1, Sabrina G1, Barry W2

and Paolo S1

1Department of Cardiologic, Throcacic and Vascular Science,

University of Padua, Padova, Italy; 2HaemaCon Ltd, Bromley, UK

Background: Microparticles (MP) are now considered as critical effec-

tors involved in numerous biological processes (coagulation, inflam-

mation, vascular biology). Two major complementary approaches are

available to monitor circulating MP in a clinical setting. The MP can

be measured using a quantitative and descriptive approach by flow-

cytometry or by a functional approach assessing MP biological activi-

ties by a FXa based clotting assay. Flow cytometry can be used to

determine the cellular origin of the different MP, although there are

concerns about the detection limit of this approach. Functional assays

measure only the procoagulant activity of isolated MP and give no

information on the cellular source or the physical properties of the

MP. The advantage of the functional assays is that the assays use well-

defined reagents and they are readily automated with high sensitivity

and simplicity. Ideally, a combination of methods is needed to charac-

terize MP.

Aim: Here we report a correlation between Annexin V-MP (AMP)

enumeration by cytometry and the assessment of their procoagulant

activity by FXa based clotting assay, in a number of different clinical

settings.

Methods: This study analyzed 60 patients with active cancer of differ-

ent type (M/F 30/30, age 40–92), 60 patients with a BMI >25 kg/m2

(M/F 30/30, age 18–66), and 49 carriers of Factor V Leiden (FVL) and

prior venous thromboembolism (VTE) (M/F 19/30, age 26–64). Sam-

ples were only collected after obtaining informed consents from the

patients consecutive referred to our Medicine and Thrombotic Unit.

All these patients had been previously enrolled in studies by our group.

MPs levels were assessed by flow-cytometry (Beckman Coulter, USA)

using calibrated beads of defined diameter and annexin V-fluorescein

isothiocyanate staining. MP activity was assessed by a FXa based

procoagulant phospholipid dependent clotting assay (Diagnostica

Stago, France) using a phospholipid depleted substrate plasma. In this

assay a reduction of the clotting time reflects increased procoagulant

activity of the sample. Correlation analyses were performed by Spear-

man’s rank correlation test.

Results: Flow-cytometry analysis of AMP counts was compared with

MP activity measured by the procoagulant clotting assay (PPL). In all

three groups of patients tested we found the same inverse correlation

between the flow-cytometry analysis of AMP counts compared with

PPL: in cancer patients r �0.685, P < 0.001, in obese patients r

�0.478, P < 0.05 and in FVL patients who had had a previous VTE r

�0.521, P = 0.0043.

Conclusions: The two different methods for MP detection showed

good correlations with one and other even if the basis for the MP anal-

ysis was completely different. Even if flow-cytometry is considered the

‘gold standard’of MP detection there are still many technical limita-

tions reducing its wide spread use relating to the complexity of the

assay and concerns about detection of the small MP. The PPL assay is

much simpler to perform. The PPL assay could be a useful initial auto-

mated screening test to detect patients with abnormal MP activity.

Only the abnormal samples would then need to be further evaluated

by flowcytometry.

PB 3.30-5
Procoagulant phospholipid in stored erythrocyte
concentrates
Smith SA, McMichael MA, Ngwenyama T, Herring JM,

O’Brien MA, Corsi R, Galligan A and Swanson KS

University of Illinois, Urbana, USA

Background: Transfusion of erythrocyte concentrates may cause

adverse effects in the recipient, which include inflammatory and proco-

agulant responses. Pre-storage removal of leukocytes and platelets

(leukoreduction) improves clinical outcome in the human recipient.

Aim: To evaluate the impact of leukoreduction (LR) on the develop-

ment of procoagulant phospholipid (PL) in canine erythrocyte concen-

trates as a function of storage time.

Methods: Whole blood units were collected from healthy dogs and

processed with LR (n = 5, using integral LR filter) and without LR

(NLR, n = 5, using standard triple bag). Plasma was removed from all

units via standard centrifugation, separation, and storage methodol-

ogy. Aliquots were aseptically collected from the erythrocyte concen-

trate units on storage days 0, 7, 14, 28, and 35. Samples were

centrifuged at 1850 g 9 20 min to remove cells. Procoagulant PL in

supernatants was quantified using STA Procoag-PPL on a STart4 co-

agulometer against a standard curve of liposomes containing 20%

phosphatidylserine. PL-dependent thrombin generation was also eval-

uated using calibrated automated thrombography (CAT) with addi-

tion of supernatants to PL-depleted pooled normal human plasma.

Results: Procoagulant PL (range 6.9–42.1 lg/mL) was detected in all

supernatant samples using the PPL assay. Concentrations were similar

between LR and NLR units on storage days 0, 7 and 14, but were sig-

nificantly higher in non-LR units on days 21, 28, and 35. Thrombin

generation via CAT was minor in the absence of supernatants [Mean

(SD) peak: 13.5 (10.9) nM]. Mean (SD) peak thrombin was similar

between LR and NLR supernatants on day 0 [LR: 20.1 (7.8) nM;

NLR: 23.2 (17.1) nM], day 7 [LR: 20.5 (10.2) nM; NLR: 24.4(18.6)

nM], and day 14 [LR: 24.4 (7.9) nM; NLR: 25.3 (18.3) nM], but higher

in NLR units on day 21 [LR: 34.3 (7.7) nM; NLR: 64.9 (35.6) nM],

day 28 [LR:37.5 (14.9) nM; NLR: 138.2 (163.6) nM], and day 35 [LR:

80.3 (95.3) nM; NLR: 197.0(60.2) nM].

Conclusion: Procoagulant PL is present in stored canine erythrocyte

concentrates. Pre-storage LR reduces the amount of procoagulant PL

that develops as a consequence of storage, and delays the significant

increase in procoagulant PL.
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PB 3.30-6
In vitromicroparticle-dependent clot formation mainly
depends on platelet-derived microparticles and not on
other subtypes
Bouriche T1, Judicone C1, Lacroix R2, Bernit E3, Harti K3,

Albanese J3, Dignat-George F3 and Poncelet Ph1

1BioCytex; 2Inserm UMR S1076, Aix-Marseille University; 3La

Conception Hospital, APHM, Marseille, France

Background: Microparticles (MP) are blebs of submicron sizes derived

from various cell types including platelets, erythrocytes, leucocytes,

endothelial or tumor cells (resp. PMP, Ery-MP, Leu-MP, EMP and

tumor-MP). Due to the expression of procoagulant phospholipids

(PPL), mainly phosphatidylserine (PS), they can be characterized by

annexin V binding or/and thrombin generation. The amount of PPL

can also be measured in whole plasma using chronometric assays

where clotting time (CT) is related to total PS+ MP (TMP) content

(1,2).

Aims: Check whether or not all MP subsets are equivalent PPL sources

in MP-based clotting assays.

Methods: STA-Procoag-PPL (Stago, Asni�eres, F) was used to measure

PPL- dependent clotting time, CAT with PRP Reagent (Thrombino-

scope, NL) to monitor PPL-dependent TG and high sensitivity flow

cytometry (FCM, Gallios, Beckman-Coulter) to differentially count

the three major MP subsets. TMP were also measured using a capture

assay coupled with TG (Zymuphen, Hyphen-Biomed, F). Platelet free

plasma (PFP) samples included (i) MP-free plasma (MPFP) spiked

with purified MP of various origins, (ii) PFP issued from normal ci-

trated blood samples with/w.o. agitation prior to the 1st centrifugation

(in order to artificially modulate MP content, ref. 3), (iii) PFP specifi-

cally depleted from resp. PMP, Ery-MP and/or Leu-MP using

immuno-magnetic separation (IMS) (iv) PFP samples from sickle cell

disease (SCD) patients and (v) PFP samples from septic patients, both

as sources of distorted MP contents.

Results: In all types of samples, covering large ranges of PMP, Ery-

MP and Leu-MP counts, due to either a pathology, IMS depletion or

blood agitation, CT always correlates well with log [PMP]. On the con-

trary, Ery-MP and Leu-MP counts are poorly correlated with CT in

all upper-cited plasma categories (a to e), as observed by comparison

with FCM counting and confirmed by spiking experiments using pure

MP, although TG levels correlate well with MP counts for all MP sub-

types. In a reconstituted plasma model where MPFP was spiked with

similar amounts of both PMP and Leu-MP, IMS-based removal of

>90% spiked PMP clearly increased CT whereas selectively removing

Leu-MP had no effect, independent of the order of the sequential IMS

depletions. Re-incoporating PMP linked to IMS beads into MPFP

resulted into shorter CT (e.g. 106 s down-to 35 s) whereas no effect

came with Leu-MP. In pathological PFP, removing both Leu-MP and

Ery-MP together had no effect on CT in contrast to removing PMP.

Conclusions: In a MP-dependent clotting assay the high correlation

between PMP counts and CT was confirmed whereas low correlation

values were observed with other MP subsets. Despite a tight correla-

tion between MP counts of any type and TG, effective clotting is not

only linked to PS expression but seems to require properties for clot

elongation that are not provided by MP subsets other than PMP. In

this respect, automatized clotting assays such as STA-Procoag-PPL

may be considered as PMP-specific and used as such (4).

References:

1 Exner T, Blood Coagul Fibrinolysis 2003.

2 van Dreden P, Blood Coagul Fibrinolysis 2009.

3 Lacroix R, J Thromb Hemost 2012.

4 Strasser EF, Transfusion, 2013.

PB3.31 – Endothelium:
miscellaneous

PB 3.31-1
Molecular mechanisms of S. aureusmediated
endovascular infection under fluid shear conditions
McDonnell C1, McLoughlin A2, Cummins PM2 and Kerrigan SW1

1The Royal College of Surgeons in Ireland; 2Dublin City

University, Dublin, Ireland

Background: The adherence of Staphylococcus aureus to human endo-

thelial cells is an important step in the pathogenesis of systemic Staph-

ylococcal infections such as sepsis, meningitis and infective

endocarditis. Adhesion to endothelial cells is critical in the pathogene-

sis and dissemination of the infective process. A major limitation in

our current understanding of bacterial-endothelial cell interactions

stems from the fact that previous studies have been carried out under

static conditions. It has been argued in the literature that data

obtained in vitro using static binding assays may not be relevant to the

fluid dynamic environment encountered in the vasculature. The local

fluid environment of the circulation critically affects the molecular

pathways of endothelial cell-cell interactions and therefore may affect

S. aureus binding.

Aim: The aim of this study was to investigate the interaction between

S. aureus and endothelial cells subjected to physiological shear under

resting and activated conditions.

Methods: Human aortic endothelial cells (HAEC’s) were grown in

Endothelial Cell Growth Medium MV supplemented with 5% Foetal

Bovine Serum at 37 °C under either static conditions or conditions

that mimic arterial shear rates experienced in the vasculature. Endo-

thelial cells were treated with media or Human recombinant TNF-a
(10 ng/mL) for 4 h followed by preincubation with heparinized

plasma for 1 h at 37 °C. S. aureus were fluorescently labeled using a

DNA stain and added to endothelial cells for 1 h.

Results: Tumour necrosis factor alpha is a major cytokine released

from various immune cells and from the endothelial cells themselves in

response to infection. TNF-a treatment of the HAEC’s led to a signifi-

cant increase in adhesion of S. aureus over resting HAEC’s (128%

increase, P < 0.005, n = 3). Clumping factor A (ClfA) is the most

abundant protein expressed on the surface of S. aureus and has been

implicated in the pathogenesis of Infective Endocarditis. Deletion of

ClfA from the parent strain of S. aureus failed to have any effect on

adhesion to the resting HAEC’s (P = NS, n = 3), however significantly

reduced adhesion to HAEC’s treated with TNF-a (70% reduction

compared to parent strain, P < 0.001, n = 3). We have previously

demonstrated that ClfA binds plasma proteins in order to bridge the

S. aureus to the host cell. Consistent with this removing plasma from

the assay significantly reduced S. aureus from binding to the HAEC’s

(85% reduction in the absence of plasma, P = 0.0001, n = 3). Deletion

of another major cell wall protein, protein A failed to have any effect

on adhesion compared to parent strain (P = NS, n = 3)

Conclusion: Results presented here suggest that S. aureus have the pro-

pensity to bind to sheared endothelial cells that have been exposed to

TNF-a over resting endothelial cells. The major cell wall protein ClfA

bridges S. aureus to the TNF-a activated endothelial cell via an as yet

unidentified plasma protein. A greater understanding in the area of

vascular infection will aid in the development of novel therapies to

treat this infection.
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PB 3.31-2
Coagulation profile in patients with acute leukaemia
receiving myeloablative or reduced-intensity
conditioning regimens for allogeneic hematopoietic
stem cell transplantation
Rupa-Matysek J, Czyz A, Gil L, Wojtasinska E, Zajdel K,

Ciepluch K and Komarnicki M

Poznan University of Medical Sciences, Poznan, Poland

Background: Preparative regimens are critical elements in allogeneic

hematopoietic stem cell transplantation (HSCT). Depending on inten-

sity, preparatory regimens can be divided into myeloablative (MA)

destroying host hematopoiesis with profound cytopenia and reduced-

intensity (RIC) with minimal toxicities and immune mediated effects.

Total body irradiation (TBI) regimens increase toxicity but improve

eradication of leukaemia cells.

Blood coagulation, especially protein C anticoagulant system and

inflammatory pathways are closely linked processes. There is also a

relation between endothelial dysfunction and organ damage. Dysregu-

lation of this process and endothelial injury may contribute to the

pathogenesis of transplant complications.

Aims: Our aim was to evaluate the effects of the intensity of prepara-

tory regimens on coagulation and endothelial cell activation in patients

with acute leukaemia undergoing HSCT. Secondary was to identify

coagulopathy abnormalities after TBI.

Methods: Fifty patients (29 males and 21 females, median age 34,

range 18–63) transplanted with allogeneic stem cells after myeloabla-

tive (n = 15) or reduced-intensity (n = 35) conditioning regimen, fol-

lowed by infusion of HSCs from a related donor (n = 17) or match-

unrelated donor (n = 33) with peripheral blood stem cells (n = 26) and

bone marrow stem cells (n = 24) were enrolled in the study. Underly-

ing diseases included: acute myeloid leukaemia (n = 32) and acute lym-

phoblastic leukaemia (n = 18). TBI was applied in 36%. Graft vs. host

disease prophylaxis consisted of cyclosporine A and methotrexate,

while antithymocyte globulin (ATG-Fresenius) was additionally used

in MUD.

We investigated citrated blood samples from 50 patients before the

conditioning regimen (day �10), on the day of stem cell infusion (day

0) and on day +14 and +28 after HSCT for the following parameters:

antithrombin (AT), protein S (PS), protein C (PC), thrombomodulin

(TM), soluble endothelia protein C receptor (EPCR), C4 binding pro-

tein (C4BP), activated protein C resistance (APCR), factor VIII

(FVIII), von Willebrand factor (vWF) and C-reactive protein (CRP).

The mean values of all the parameters of both regimen groups were

analyzed.

Results: There was no significant difference in the mean plasma level

of the analyzed parameters between MA and RIC group at baseline

(day �10 before HSCT), except for higher vWF and lower APCR

ratio in RIC. On day �10, day 0 and day +14 after HSCT vWF anti-

gen was higher in RIC than in MA group. Except for the lower PS in

the RIC group (58.235 � 21.233 vs. 76.041 � 15.181; P = 0.0114),

other parameters did not differ on day 0. In both groups, decreased

PC and TM activity was shown between days 0 and +14 after HSCT,

and differed significantly between the groups (P = 0.0146 and

P = 0.0334, respectively). Neither the MA nor RIC group differed on

day +28 with respect to coagulation and endothelial markers.

In patients conditioned with TBI, a significant decrease in PC, PS and

FVIII between day �10 and day 0 was observed. Patients after ATG

had significantly increased TM and AT on day 0 in comparison to

patients with a related donor. CRP was similar with regard to intensity

of preparatory regimen or radiation.

Summary: In our cohort, in patients with acute leukemia subjected to

HSCT, a distinctive pattern of coagulation abnormalities was

observed.

PB 3.31-3
Prior intracerebroventricular administration with
endothelin-1A receptor antagonists reduces
hypercoagulable state and systemic inflammation, and
result in survival time prolongation in rat heatstroke
Yang TH, Shih MF, Tsai ML and Liu CC

Chia Nan University of Pharmacy and Science, Tainan city,

Taiwan

Endothelin (ET)-1 was increased in the plasma and cerebrospinal

fluid of patients with cerebral ischemia, stroke, brain trauma or heat-

stroke. Endothelial cell activation/injury also occurred in heatstroke

victims. Several lines of evidence indicate that animals share with

humans almost the same heatstroke syndromes. In the rodent heat-

stroke model, significant decrements in both mean arterial pressure

(MAP) and cerebral blood flow (CBF), but increments of hypercoag-

ulable state and systemic cytokine levels are obtained during heat-

stroke. ET-1 mechanisms might be involved in heatstroke-induced

circulatory shock, cerebral ischemia injury, hypercoagulable state

and systemic inflammation. ET-1A receptor antagonism has been

shown to be of benefit in the treatment experimental cerebral ische-

mia and injury. In the present study, we purpose that intracerebro-

ventricular (icv) pretreatment with ET-1A receptor antagonists act to

diminish the hypercoagulable state and reduce overproduction of

pro-inflammatory cytokines, and eventually improve the arterial

hypotension, cerebral ischemia and damage in rats of heatstroke.

The results indicate that all heat-stressed rats displayed systemic

inflammation and activated coagulation, evidenced by increased

tumor necrosis factor-a and interleukin-1b, prothrombin time, acti-

vated partial thromboplastin time, and D-dimer, and decreased

platelet count and protein C. Biochemical markers evidenced cellular

ischemia and injury/dysfunction: plasma levels of blood urea nitro-

gen, creatinine, glutamic oxaloacetic transaminase, glutamic pyruvic

transaminase, and alkaline phosphatase, and striatal levels of glyc-

erol, glutamate, and lactate/pyruvate were all elevated during heat-

stroke. In contrast, the values of MAP, plasma levels of interleukin-

10, and striatal levels of local CBF were all significantly lower during

heatstroke. The circulatory dysfunction, systemic inflammation, hy-

percoagulable state, and cerebral ischemia and damage during heat-

stroke were all significantly suppressed by prior icv injection with

ET-1A receptor antagonist (BQ 610, 0.05 mg/mL, 10 lL) at cerebral
lateral ventricle. These findings indicate that pretreatment with ET-

1A receptor antagonist via icv injection may ameliorate heatstroke

victims by attenuating activated coagulation, and systemic inflamma-

tion during heatstroke.

PB 3.31-4
Pulmonary embolism that causes tricuspid
regurgitation is associated with impaired L-arginine
metabolism
Kline JA1, Watts JA2, Lee YY2, Hwang S2, Courtney MD3

and Fulkerson M-B2

1Indiana University, Indianapolis, IN; 2Carolinas Medical Center,

Charlotte, NC; 3Northwestern University, Chicago, IL, USA

Background: Reduced L-arginine availability to the lung can disrupt

nitric oxide biosynthesis and increase pulmonary vascular resistance.

Most pulmonary vasodilation comes from NO made by eNOS, with

L-arginine as its substrate. L-arginine is degraded by arginase-1, which

is found in high concentrations in erythrocytes. eNOS is inhibited by

dimethylated arginine (DMA) metabolites. We hypothesize that pul-

monary embolism (PE) with pulmonary hypertension and tricuspid

regurgitation (TR+) causes intracardiac hemolysis that increases

plasma arginase-1, decreases plasma L-arginine and increases total

DMA in plasma.
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Methods: Case-control study of normotensive patients with suspected

PE who underwent CT pulmonary angiography to evaluate for PE.

All patients had transthoracic Doppler-echocardiography. TR+ was

defined as a jet velocity >2.7 m/s. Patients diagnosed with PE and

TR+ had follow-up measurements 3 months later. Plasma L-arginine

was assayed by HPLC, arginase-1 concentration by ELISA, and asym-

metric dimethylarginine (aDMA) with mass spectrometry. Erythro-

cytic carbonic anhydrase-1 concentration was measured with ELISA

as a biomarker of hemolysis.

Results: We enrolled 96 patients, including 65 with no PE on CT angi-

ography and 31 with PE+ and TR+. The following comparisons show

data first for without PE vs. patients with PE+ and TR+ (PE- vs.

PE+TR+). Patients with PE+TR+ had significantly elevated mean val-

ues of arginase-1, (24 � 8 ng/mL for vs. 42 � 12 ng/mL, P < 0.01

unpaired t-test), elevated total DMA (0.15 � 0.04 lM vs.

0.27 � 0.08 lM P = 0.04), lower plasma L-arginine (121 � 8 vs.

65 � 6 lM P < 0.01) and elevated plasma carbonic anhydrase-1

(45 � 12 lg/L vs. 71 � 27 lg/L). Patients without PE but who had

TR+ for other reasons, did not have increased arginase-1, decreased L-

arginine or elevated carbonic anhydrase values compared with patients

without PE and no TR. At 3 month follow-up, the plasma arginase-1

and L-arginine concentrations were normal or near normal in the

PE+TR+ patients (16 � 15 lg/L and 105 � 26 lM, respectively,

P < 0.001 paired t-test).

Conclusions: Pulmonary embolism that causes significant tricuspid

regurgitation is associated with increased plasma arginase-1 and

reduced plasma L-arginine concentrations. These abnormalities cor-

rected after 3 months of anticoagulation. These data support the

hypothesis of disrupted L-arginine availability to the lung vasculature

in acute severe PE. Hemolysis from tricuspid regurgitation and intra-

pulmonary shear forces manifested prior to treatment remain a possi-

ble causative factor.

PB 3.31-5
Structure-function relationship and action mechanism
of Krait Natriuretic Peptide (KNP)
Sridharan S and Kini MR

National University of Singapore, Singapore, Singapore

Background: Hemodynamics is regulated by the interplay of several

hormones and neuro-transmitters. Among the factors involved in low-

ering blood flow or vasodilation, natriuretic peptides (NPs) are a vital

and potent class of peptide hormones. NPs lower blood pressure via

vasodilation and increased renal water and salt excretion. Three NP

isoforms- ANP, BNP and CNP- have been identified from mammals.

NPs bind to their respective membrane bound guanylyl cyclase recep-

tors to evoke cGMP as secondary messenger to elicit their function.

These peptides have similar structures with a 17-residue ring and a

short (5–6 residues) or no C-tail. The ring is associated with receptor

binding, while the tail confers specificity. In this report, we have

described the characterization of KNP from krait venom. In contrast

to mammalian NPs, KNP has an extensively long 38- residue C-tail.

Compared to elapid NPs, C-tail of KNP is predicted to form an a-
helix compared to elapid NPs.

Aims: To understand the structure-function relationship and action

mechanism of KNP.

Methods: KNP was heterologously expressed in E. coli and purified.

KNP or ANP was infused into euvolemic rats through the femoral

vein and the mean arterial pressure (MAP) was measured using a pres-

sure transducer introduced into the femoral artery. The urine output

of measured simultaneously. Further, the ability of KNP to relax

endothelium-intact and denuded aortic strips was evaluated. Various

truncated KNPs were synthesized and tested for their abilities to relax

aortic strips.

Results: In experimental rats, infusion of KNP caused a prolonged

drop in blood pressure (8 � 2.3 mmHg) that continued after the infu-

sion was stopped. Recovery time was 60 min, in contrast to ANP,

which showed a sudden and potent (10.83 � 1.92 mmHg) decrease in

blood pressure with a recovery time of 25 min. The ex-vivo organ bath

studies showed that the ability of KNP to relax the pre-contracted aor-

tic strips was weaker than that of ANP, and KNP acts via a different

mechanism. KNP evokes vasodilation via endothelium-dependent

pathways in contrast to ANP, which mediates via endothelium-inde-

pendent mechanisms. Nitric oxide, prostacyclin and hyperpolarization

are necessary effectors of KNP-mediated vasodilation. The putative

helical segment showed an equipotent vasorelaxation in an endothe-

lium-dependent manner, while only the ring of KNP showed similar

vasorelaxation as ANP in an endothelium-independent manner. Dele-

tion of the C-terminal helical segment abrogates KNP’s activity, sug-

gesting it has a definitive role in vasorelaxation.

Conclusion: KNP causes a prolonged reduction in blood pressure when

compared to ANP. The present results show that KNP has two phar-

macologically active segments- the ring and the C-tail which elicit

vasodilation through distinct means. The tail of KNP confers function

to the full length KNP.

PB 3.31-6
Increase of angiogenic and angiostatic mediators in
patients with idiopathic pulmonary fibrosis
Smadja D1, Juvin K1, Valeyre D2, Crestani B3 and Israel-Biet D1

1Paris Descartes University, Paris; 2AP-HP, Bobigny; 3AP-HP,

Bichat Hospital, Paris, France

Objective: Idiopathic pulmonary fibrosis (IPF) is strongly associated

with abnormal vascular remodeling. The aim of the present study was

to investigate a potential dysbalance between angiogenic and angio-

static factors in this disease.

Methods: Sixty-four subjects with IPF and 10 healthy control subjects

(60–70 years old) were prospectively included in this multicenter

study. Plasma levels of vascular endothelial growth factor (VEGF),

stem cell factor (SCF) and thrombospondin-1 were determined by

ELISA. Comparisons between IPF and controls were made using the

Mann-Whitney test. We also analysed these soluble mediators accord-

ing to IPF severity (DLCO <40% or >40% predicted) through the

same test.

Results: Plasmatic levels of the angiogenic VEGF were increased in

IPF vs controls (P = 0.0008) as well as those of the angiostatic throm-

bospondin-1 (P = 0.008), irrespective of the severity of the disease as

reflected by the DLCO threshold. No difference was either observed in

SCF levels.

Conclusions: Molecular factors modulating angiogenic responses are

dysregulated in patients with stable IPF with increases in VEGF and

thrombospondin. The serial assessment of VEGF/thrombospondin-1

during the follow-up and the search for potential relationships with

the functional and hemodynamic evolution of our cohort will give us

hints to clinical implication of these results.

PB 3.32-1
Novel network biomarkers profile based coronary
artery disease risk stratification in Asian Indians
Vangala RK, Ravindran V, Madan G, Madhavan O and Kakkar VV

Thrombosis Research Institute, Bangalore, India

Background: Multi-marker approaches for risk prediction in Coronary

Artery Disease (CAD) have been inconsistent due to biased selection

of specific know biomarkers. We have assessed global proteome of

CAD affected and unaffected subjects and developed a pathway net-

work model for elucidating the mechanism and risk prediction for

CAD.

Aim: In this study we analyzed global proteome of CAD affected and

unaffected serum samples to identify new biomarkers for risk assess-

ment and their network in the CAD.
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Methods: 252 age and gender matched subjects (112 CAD affected

without family history and 140 true controls) were selected for a case

control study from ongoing Indian Atherosclerosis Research Study

(IARS). The information regarding inclusion, exclusion criteria and

process of sample collection, and data storage have been published

(Indian Heart J, 2010;6:286–95). All the blood samples were collected

after overnight fasting of 12–14 h and stored at �80 °C. All the serum

samples were analyzed by Surface-Enhanced Laser Desorption/Ioniza-

tion time of flight mass spectrometry (SELDI-TOF-MS) using CM10

cationic chips and tagident software was used for identification of spe-

cific protein peaks. The spectra of 112 subjects with CAD and 140 con-

trols were analyzed. 56 CAD affected and 70 control samples were

used as test set and same number as validation set in blind test. Sup-

port Vector Machine based feature selection method was used for risk

assessment algorithm development. ELISA assay was performed for

validation of HSP27 as potential risk predictor marker.

Results: A total of 67 m/z clusters were obtained of which 36 were sig-

nificantly (P value <0.05) differentially expressed in the SELDI-TOF

MS analysis. The network profile analysis was performed for all 67

proteins and we found that 17 proteins did not have any network part-

ners, suggesting that these could be new proteins identified in CAD

affected subjects. The SVM base risk assessment algorithm identified

nine potential biomarkers from 36 identified proteins. These nine bio-

markers represent seven different pathways related to stress and

immunity (HSP27, Leukocyte specific transcript-1), coagulation (Plas-

minogen precursor activating peptide, Vitronectin10, Pallidin gene Iso-

form 2), infection and inflammation (Interferon Alpha 2),

mitochondrial damage (Farataxin Chain 3), Calcium binding (Cal-

modulin like protein 4 isoform 3) and cell cycle (Cyclin dependent

kinase 4 inhibitor B). Of the nine peaks used in the risk assessment

model, the m/z corresponding to 22,859 was identified as stress related

protein HSP27 with an odds ratio of 3.47 (95% CI 1.41–8.56, P value

0.007).

Conclusions: Based on our data, proteome profiling with SELDI-TOF

MS and SVM feature selection Methods: Can be used for biomarker

discovery and risk stratification in CAD. We also validated HSP27 for

potential use in risk assessment for CAD.

PB 3.32-2
Human macrophages spontaneously differentiated
from blood monocytes are heterogeneous and show
distinct proteome profiling
Eligini S1, Brioschi M1, Crisci M1, Tremoli E2, Banfi C1 and Colli S2

1Centro Cardiologico Monzino I.R.C.C.S; 2Universit�a degli Studi

di Milano, Milano, Italy

Background: Tissue macrophages are key players in many aspects of

human physiology and diseases. Their biological activities include

phagocytosis, killing of pathogens, antigen presentation, chemotaxis,

and release of inflammatory and healing mediators. Classically, most

resident macrophages are derived from circulating monocytes that,

according to the microenvironment, differentiate into subpopulations

that are phenotypically distinct. As an example, macrophage subpopu-

lations evidenced within the atherosclerotic lesions contribute in a dif-

ferent way to plaque development/progression and even regression.

Since human tissue macrophages are not easily accessible for isolation,

various in vitro models are currently used. These models, however,

mainly represented by monocytic cell lines or by monocytes differenti-

ated in the presence of colony stimulating factors (CSFs), do not ade-

quately reflect the heterogeneity and plasticity of tissue macrophages.

With respect to monocytic cells, the type and duration of differentia-

tion treatment heavily impact on the functional profile. On the other

hand, monocyte exposure to CSF/cytokines directs macrophages to

polarization into distinct phenotypes that have been classified as classi-

cal or alternatively activated (M1-pro-inflammatory and M2-non-

inflammatory, respectively). These phenotypes, however, represents

the extremes of a ‘continuum’ in a universe of activation states and do

not necessarily reflect the functional skewing that occurs ‘in vivo’. We

previously reported that human macrophages spontaneously differen-

tiated from adhered monocytes (MDM) show two dominant and dis-

tinct morphotypes, that is, round- and spindle-shaped, co-existing in

the same culture.

Aim: To delineate the proteome of these distinct MDMmorphotypes.

Methods: Mononuclear cells were isolated from venous blood of

healthy donors by Ficoll-Paque Plus and plated on Duplex-

Dish50 mm. After 90 min non-adherent cells were removed and the

adherent were cultured for 7 days in medium 199 supplemented with

10% autologous serum. MDM were then fixed and the distinct mor-

photypes were circumdissected and dislodged from the plate by means

of a laser capture microdissection system (PALM MicroLaser Tech-

nologies, Germany). Cellular proteins were extracted from a total of

6000 MDM/morphotype (n = 10 different donors) and their proteome

was determined and compared, both qualitatively and quantitatively,

by a label-free mass spectrometry-based method. Briefly, proteins were

digested with trypsin and peptides were analyzed in triplicate, in a data

independent manner, by means of a nanoUPLC-ESI-qTOF instru-

ment (Synapt-HD, Waters, Manchester, UK).

Results: One hundred-thirty two proteins were identified and quanti-

fied. Among them, 28 were more abundant in round and 28 in spindle

MDM. More in detail, 11 proteins were unique in round- and 27 were

unique in spindle MDM. Of shared proteins 17 were up-regulated in

round and only one in spindle MDM. Specifically, distinctive biopro-

files were observed for proteins involved in lipid metabolism, cell

motility, clearance of apoptotic cells and protection against stress con-

dition.

Conclusions: We have delineated distinct reference protein maps that

discriminate between the two MDM morphotypes. In particular the

protein profile of round MDM is reminiscent of an non-inflammatory

and reparative phenotype. Results obtained provide a consistent basis

for comparative studies of macrophages in health and disease and

make available a useful tool to address the effect of environment and

drugs on macrophage proteome.

PB 3.32-3
Detection of protein S in necrotic core of
atherosclerotic plaque and of lipoprotein-associated
protein S in plasma
Baroni M1, Mascoli F2, Cremonini E3, Cervellati C3, Zagatti M4,

Meneghetti S3, Bernardi F1 and Marchetti G3

1University of Ferrara; 2Unit of Vascular and Endovascular

Surgery, S. Anna University-Hospital Ferrara; 3Department of

Biomedical and Specialty Surgical Sciences, University of Ferrara;
4Department of Life Sciences and Biotechnology, University of

Ferrara, Ferrara, Italy

Background: The internalization of lipoproteins in the vessel wall is an

important step in the atherosclerotic plaque formation. Plasma PS is

characterized by high affinity for negatively charged and oxidized

phospholipid surfaces. Nevertheless, experimental evidence for interac-

tion between PS and HDL and LDL is scanty, mainly due to methodo-

logical limitations.

Aims: To investigate the presence of PS in the atherosclerotic plaque,

and the association of PS and plasma lipoproteins.

Methods: PS from the necrotic core of plaques obtained from patients

who underwent carotid endarterectomy was investigated after (i)

detergent-based extraction; (ii) liposome (80/20% and 100/0% phos-

phatidylcoline/phosphatidylserine) -and Hepes buffer- mediated recov-

ery. LDL- and HDL-associated PS was obtained from fresh plasma

samples (10 patients with chronic obstructive artheriopaty and 10

healthy subjects) by immunodepletion in microplates coated with anti-

body against ApoB100 (LDL) or SAA2 (inflammatory HDL). Plaque

PS or lipoprotein-associated PS was evaluated by Western blot analy-
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sis (WB) with polyclonal Ab. PS plasma levels were measured by

ELISA.

Results: PS was clearly detected by WB in the necrotic core of plaques

either after detergent extraction or phosphatidylserine rich-liposome

recovery. Improved recovery of PS using liposomes displaying nega-

tive charged phospholipids may suggest the presence of not grossly

misfolded PS molecules. Interaction of PS with plasma LDLs and

HDLs, hypothesized to carry circulating PS into the vessel wall, was

investigated. Levels of LDL- and inflammatory HDL-associated PS

showed ample variation among patients (LDL-PS = 2.49 � 3.19 lg/
mL; HDL-PS = 3.19 � 2.37 lg/mL) and healthy subjects (LDL-

PS = 0.87 � 0.59 lg/mL; HDL-PS = 1.13 � 0.81 lg/mL). In

patients, positive association with lipoprotein levels (LDL, r2 = 0.85,

P = 0.0002) was observed. Total-PS plasma levels did not differ

between patients and healthy controls (55.2 � 10.0 lg/mL and

52.5 � 14.9 lg/mL). With the limitation of the assay we roughly esti-

mated that lipoprotein-associated PS was a small fraction of total cir-

culating PS in patients (mean PS-LDL = 4.4%, mean PS-

HDL = 5.6%) and in healthy subjects (mean PS-LDL = 1.7%, mean

PS-HDL = 2.1%).

Conclusions: These methodological approaches permitted to detect PS

protein (i) from the necrotic core of plaques and (ii) associated with

circulating lipoproteins. In this experimental setting a small and vari-

able amount of total PS appeared to be associated to LDL and inflam-

matory HDL, and positive relation with lipoprotein levels was

detectable in plasma of atherosclerotic patients. The hypothesis that

alteration in the composition/oxidative state of the lipids might influ-

ence the amount of lipoprotein bound PS, and its delivery within pla-

que, deserves further investigation.

PB 3.32-4
Fractalkine is expressed in early and advanced
atherosclerotic lesions and supports monocyte
recruitment via CX3CR1
Stolla M1, Pelisek J2, Von Bruehl M-L2, Schaefer A3, Barocke V2,

Heider P2, Bauersachs J3, Bray PF4, Massberg S2 and Schulz C2

1University of Rochester, Rochester, NY, USA; 2Klinikum Rechts

der Isar, Technische Universitaet Muenchen, Muenchen;
3Medizinische Hochschule Hannover, Hannover, Germany;
4Thomas Jefferson University, Philadelphia, USA

Background: Rupture of carotid artery atherosclerotic plaque causes

transient ischemic attack and stroke. Chemokines play a central role in

atherogenesis and support the development of an unstable plaque phe-

notype in manifest lesions. The membrane-bound chemokine fractalki-

ne (CX3CL1, FKN) is expressed in the inflamed vascular wall and

absence of FKN reduces atherogenesis.

Aim: Whether FKN is expressed throughout all stages of atheroscle-

rotic disease and whether it directly contributes to monocyte recruit-

ment to atherosclerotic lesions is not known and therefore addressed

in the present study.

Methods: We collected human atherosclerotic plaque material and

blood samples from patients with carotid artery disease undergoing

endarterectomy. Plaques were analyzed by immunohistochemistry and

qPCR. Soluble FKN levels were measured by ELISA. To determine

the role of the FKN-CX3CR1 axis for monocyte adhesion in vivo we

then performed intravital videofluorescence microscopy of the carotid

artery in ApoE�/� mice.

Results: We found that FKN is expressed at all stages of atheroscle-

rotic lesion formation, and that the number of FKN-expressing cells

positively correlates with the number of CX3CR1-positive cells in

human carotid artery plaques. In the circulation, soluble FKN levels

are significantly elevated in the presence of high-grade (sub-occlusive)

stenosis. Notably, FKN-CX3CR1 interactions are critical for recruit-

ment of circulating monocytes to the injured atherosclerotic vascular

wall.

Conclusion: The soluble form of FKN appears to be a useful biomar-

ker for patients with unstable atherosclerotic disease of the carotid

artery. In addition, FKN is directly involved in the recruitment of

monocytes to unstable, subocclusive atherosclerotic lesions, which ren-

ders this chemokine dyad an attractive therapeutic target.

PB 3.32-5
UPA/UPAR and vascular repair in atherosclerotic
vessel wall
Lugano R, Pe~na E, Casani L, Badimon L and Padro T

Cardiovascular Research Center (CSIC-ICCC) IIBSantPau,

Barcelona, Spain

Migration of vascular smooth muscle cells (VSMC) within the arterial

wall is a crucial event for progression of atherosclerotic plaques as well

as in vascular repair. LDL infiltrated in the vessel wall become aggre-

gated (agLDL) and retained in the intima by binding matrix proteo-

glycans. agLDL are internalized by VSMC in a LRP-1 mediated

process impairing vascular remodeling due to changes in cytoskeleton-

dynamics and migration-kinetics. The urokinase (UPA)/UPA-receptor

(UPAR) system plays a relevant role in human VSMC function during

remodelling. The aim of this study was to investigate whether UPA-

ligand binding is involved in the mechanism underlying the impairing

effects of the agLDL in VSMC migration.

The effect of high LDL levels on VSMC migration were analyzed in

aortic explants of rats fed high-fat diet in presence/absence of angio-

tensin II (angII, 200 ng/kg/min). An in vitro model of wound repair

was used to investigate the role of UPA in the migration of human

VSMC exposed to atherogenic levels of agLDL (100 lg/mL). UPA

expression was knocked down by small interfering RNAs (siRNA)

and UPA function blocked by specific antibodies. Protein subcellular

localization during cell migration was assessed by confocal micros-

copy. For analysis of gene and protein expression real-time PCR and

western blot were carried out.

Rats fed a high fat diet for 14 days had 10-fold higher cholesterol-

LDL plasma levels, >60% decrease in aortic UPA protein expression

(P < 0.05 vs. normolipemic group), and VSMC with significant lower

capacity to migrate from the aortic explants (50% reduction vs. con-

trol group after 6 days in culture, P > 0.05). The administration of an-

gII increased UPA-aortic levels and accelerated VSMC migration

from the vascular explants. Using the in vitro model of wound repair

we showed that agLDL inhibited human VSMC migration by a UPA-

dependent mechanism. Exogenous native UPA (2 lg/mL) increased

>2 fold (P < 0.01) cell migration of agLDL-VSMC without affecting

migration kinetics of control VSMC. UPA-gene silencing reduced

migration of control cells to the levels of agLDL-VSMC (>50% reduc-

tion vs. random siRNA transfected cells, P < 0.05). UPA levels

(mRNA, protein) were significantly reduced in migrating VSMC

exposed to agLDL. Confocal microscopy showed a 52% decrease in

UPA-labelling at the leading edge of the migrating agLDL-VSMC

compared to controls (P < 0.05), and a decrease from 32% to 23% in

the colocalization with its receptor UPAR (P > 0.05). Rescue experi-

ments showed that UPA (either by enhanced endogenous expression

or by exogenous additions) acting as UPAR-ligand restored migration

capacity of lipid-loaded cells to control levels. UPA effect on migra-

tion of agLDL-loaded cells occurs through an LRP-1 mediated mecha-

nism.

UPA-ligand binding regulates VSMC migration, a process that is

interfered by LDL. Thus tissue infiltrated LDL, through the abroga-

tion of UPA function reduces VSMC-regulated vascular repair.
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PB 3.32-6
Immunological tolerance to a combination of ApoB
and HSP60 peptides decreases markers known to be
associated with plaque instability in mice model of
atherosclerosis
Mundkur AL, Mukhopadhyay R, Varma M, Samson S, Chen D,

Lu X and Kakkar V

Thrombosis research Institute, Bangalore, India

Background: Atherosclerosis is a progressive, inflammatory disease

characterized by accumulation of lipids, inflammatory cells and cyto-

kines in the arterial wall. Clinical complications of atherosclerosis

occur due to rupture of unstable plaques, responsible for 90% of fatal

heart attacks and represent the most urgent unmet clinical need. Cur-

rent treatments including lipid lowering drugs are not totally effective

in stabilizing a vulnerable plaque and thus preventing their rupture.

An effective immune based therapy will be the one that can stabilize

the plaque in addition to reducing its development and progression.

Vulnerable plaques are characterized by thin fibrous cap, higher

expression of biomarkers such as tissue factor, calprotectin (Mrp8/14),

matrix metalloproteases (MMPs), inflammatory cytokines, and apop-

tosis of intimal cells, leading to an expansion of a lipid-laden necrotic

core. Mice models have provided valuable insights into pathological

mechanisms of atherosclerosis but the occurrence of spontaneous pla-

que rupture is very rare in mice. We studied expression of markers

associated with plaque instability in mice after prolonged hyperlipida-

emia.

Aim: The objective of the present study was to assess the efficacy of

mucosal tolerance to a combination of ApoB and HSP60 peptides on

markers associated with plaque instability in double-gene knockout

(Apobtm2Sgy Ldlrtm1Her/J) mouse model.

Methods: Groups of ApoBtm2Sgy/Ldlrtm1Her- mice were fed a high-fat

diet for 10 weeks, to establish atherosclerotic lesion. In the last

2 weeks, animals were orally dosed with combination of ApoB and

HSp60 peptides or KLH and continued on high fat diet for another

10 weeks. Quantification of atherosclerotic lesions was carried out in

the aortic sinus sections stained with Elastic van Geison (EVG). Pla-

que necrosis was quantified by measuring the size of the hematoxylin

and eosin-negative acellular area. Immunohistochemical analysis were

carried out by indirect immunofluorescence, and gene expression was

quantified using real time polymerase chain reactions.

Results: Prolonged hyperlipidaemia for 20 weeks resulted in significant

increase in the serum lipid concentrations in control as well as treated

animals. Oral tolerance to peptides resulted in a 60.8% reduction in

the necrotic core area in lesion compared with KLH (6.5 � 1.4% vs.

16.6 � 2.9%, P = 0.012) though the total lesion area did not change

significantly in both the groups. Expression of biomarkers of plaque

instability and rupture MMP9 (P = 0.035), tissue factor (P = 0.028),

and Mrp8/14 (P = 0.045) were significantly decreased in the tolerized

animals compared to control. Oral tolerance to peptides was associ-

ated with increased number of smooth muscle cells (SMC) and colla-

gen content in the lesion, while SMC apoptosis found to be

significantly lower in peptide treated mice (16.55 � 0.95 vs.

31.15 � 2.97, P < 0.001), suggesting features of plaque stabilization.

Tolerance was associated with increase in Treg cells and significant

reduction in inflammatory cytokines in the lesion suggesting immune

regulation.

Conclusions: Our results suggest that oral tolerance to combination of

ApoB and HSP60 peptides promotes multiple features of atheroscle-

rotic plaque stability, including increased plaque SMC and collagen

content and reduction in markers associated with plaque instability

and induce regulatory immune response to control inflammation

PB3.33 – ADAMTS13: Basic – I

PB 3.33-1
Pharmacokinetics of a recombinant ADAMTS13 in
mice, rats and macaques
H€ollriegl W1, Schiviz A1, H€obarth G1, Kubik S1, Plaimauer B2,

Scheiflinger F1 and Muchitsch EM1

1Baxter Innovations GmbH; 2Baxter Innovations, Vienna, Austria

Deficiency of ADAMTS13, a von Willebrand factor (VWF)-cleaving

protease, is the key factor in the pathogenesis of thrombotic thrombo-

cytopenic purpura (TTP), a life-threatening thrombotic microangiop-

athy. Baxter is developing a recombinant ADAMTS13 (rADAMTS13,

a disintegrin and metalloproteinase with a thrombospondin type 1

motif, member 13) for potential prophylaxis and treatment of TTP.

The presented studies evaluated the pharmacokinetics of rADA-

MTS13 in mice, rats and macaques.

Ten ADAMTS13 ko mice (B6.129-ADAMTS13tm1Dgi) per time point

were administered rADAMTS1340 at 80 or 200 U/kg as an intrave-

nous bolus injection and were bled by cardiac puncture 5 min to 42 h

after dosing; Sprague Dawley rats (n = 10) received 80, 200 or 400 U/

kg. Blood samples were taken from the tail artery before and 5 min to

72 h after dosing. Macaques (n = 8) received 200 U/kg followed by a

dose of 1790 U/kg (limit dose) after a washout period of 2 weeks.

Blood samples were taken from a suitable vein before and 5 min to

60 h after each dosing.

Citrated plasma samples were analyzed for ADAMTS13 activity

(FRETS-assay) and ADAMTS13 antigen (ELISA). AUC0-tlast (the

area under the concentration vs. time curve from 0 to the last mea-

sured time point), in vivo recovery (IVR), mean residence time (MRT)

and terminal half-life (HL) were evaluated.

Results for activity and antigen were similar. For ADAMTS13 activ-

ity, dose-adjusted AUC0-tlast [hmkg] ranged from 0.098 in mice dosed

with 40 U/kg to 0.401 in macaques dosed with 1790 U/kg. In mice,

IVR was 51.9–62.8%, HL was 10.0–17.3 h and MRT was 13.6–21.1 h.

In rats, IVR was 60.2–65.7%, HL was 16.7–25.6 h and MRT was

22.8–30.8 h. In macaques, IVR was 80.9–90.0%. Terminal HLs (24.6–
27.9 h) and MRTs (29.6–36.2 h) were comparable between day 1 and

day 15 for combined sexes for both analytes. The dose-adjusted phar-

macokinetic curves of ADAMTS13 activity after doses of 200 or

1790 U/kg overlap well, suggesting a dose-proportionality in maca-

ques for this dose range. The preclinical pharmacokinetic profile of

Baxter’s rADAMTS13 suggests that it is a promising drug candidate

for future clinical trials.

PB 3.33-2
Preclinical safety of Baxter’s recombinant ADAMTS13
Piskernik C, Dietrich B, Horling F, Kubik S, Ruthsatz T,

Scheiflinger F, Schwarz HP, Muchitsch EM and Schiviz A

Baxter Innovations GmbH, Vienna, Austria

Baxter has developed a recombinant ADAMTS13 (rADAMTS13, a

disintegrin and metalloproteinase with a thrombospondin type 1

motif, member 13) product for treatment and routine prophylaxis of

acute episodes of thrombotic thrombocytopenic purpura (TTP) in

ADAMTS13 deficient patients. TTP is caused by excessive aggregation

of platelets and accumulation of unusually large von Willebrand factor

(VWF) multimers in small organ vessels, resulting in platelet thrombo-

sis in the circulation followed by ischemic organ damage.

The preclinical safety of Baxter’s rADAMTS13 was characterised in a

1-month repeat dose toxicity study in rats, an escalating dose and pilot

4-week repeat dose toxicity study in macaques, and a 1-month repeat

dose toxicity study including cardiovascular/pulmonary safety phar-

macology in macaques. Local tolerance was assessed in rabbits. Spe-

cies suitability was demonstrated by VWF analysis in vitro and in vivo

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

ABSTRACTS 789



under native conditions to present a worst case scenario for repeat

dose toxicity studies.

Baxter’s rADAMTS13 was well tolerated in rats at intravenous doses

of 80, 400 and 800 FRETS-U/kg administered every third day for

1 month; thus, the NOAEL was the highest dose of 800 FRETS-U/kg.

Intravenous treatment with rADAMTS13 at 800 FRETS-U/kg once

weekly for 5 weeks (pilot repeat dose study) showed no adverse effects

in macaques; the NOAEL for the escalating dose phase of the study

was 1790 FRETS–U/kg. Treatment of macaques with rADAMTS13

at doses of 80, 200, and 400 FRETS-U/kg via bolus injection once

weekly for 29 days did not reveal adverse findings; the NOAEL was

the highest dose of 400 FRETS-U/kg. No adverse effects on respira-

tory and cardiovascular function in macaques were observed up to

and including a dose of 400 FRETS-U/kg/day/week. As expected for a

heterologous human protein drug, repeat doses of rADAMTS13

resulted in the formation of anti-drug antibodies specific for human

ADAMTS13, and in neutralising human ADAMTS13 activity in ani-

mal models. No injection site reactions were observed in animals of

either species. In rabbits, rADAMTS13 was well tolerated after intra-

venous (intended clinical administration route), intraarterial and pa-

ravenous administration.

In conclusion, no toxicity was observed for Baxter’s rADAMTS13 in

rats, macaques and rabbits even at the highest dose levels tested.

PB 3.33-3
Human umbilical vein endothelial cells, platelets and
human tumor cell lines express isoforms 2 and 3 of
ADAMTS13
Kempfer AC1, Powazniak Y2, Calderazzo JC1, Paiva JH3,

Alonso D4, Sanchez-Luceros A1 and Lazzari MA1

1IMEX-Academia Nacional de Medicina; 2Fundaci�on Investigar-

Argenomics; 3IIHEMA-Academia Nacional de Medicina;
4Laboratorio de Oncolog�ıa Molecular, Universidad Nacional de

Quilmes, Buenos Aires, Argentina

Background: ADAMTS13 contains 29 exons and spans 37 kb on chro-

mosome 9q34. It has 1427 amino acids, 180 kDa of molecular weight

and consists of a signal peptide, a propeptide, a metalloprotease and a

disintegrin-like domain, a thrombospondin type 1 (TSP1) motif, a cys-

teine-rich domain, seven TSP1 repeats and two CUB domains. AD-

AMTS13 appears to be synthesized in the liver, particularly in hepatic

stellate cells. Recent reports have shown that ADAMTS13 is synthe-

sized and released from human megakaryocytes and platelets. ADAM-

TS13 mRNA is detected in almost every organ tissue by reverse

transcriptase-polymerase chain reaction (RT-PCR), suggesting that

the vascular endothelium may also be the source of plasma ADAM-

TS13. Given the large surface area of vascular endothelial beds, even a

few endothelial cells producing ADAMTS13 at any moment may pro-

duce a significant contribution to plasma levels of ADAMTS13 activ-

ity. Therefore, any small change at the site of ADAMTS13 syntheses

may be crucial in the pathogenesis of TTP and possibly other throm-

botic diseases.

Aims: We analyzed alternative splicing of ADAMTS13 in Human

Umbilical Vein Endothelial Cells (HUVEC), platelets and human

tumor cell lines.

Methods: Experiments were performed in primary HUVEC obtained

with 0.1% collagenase type 1. Platelets were isolated by differential

centrifugation from total blood of healthy donors. Human cancer cell

lines: Hep3b hepatoma and breast cancer cell lines (MCF-7 and

MDA-MB-231).

RNA extraction and RT-PCR. Total RNA was extracted from cells

using TRIzol reagent. The integrity of RNA was verified by 260/280

optical density ratios. The RNA sample was treated with DNase I, fol-

lowed by phenol/chloroform extraction. The RNA was reverse tran-

scribed into cDNAs using random primers. In our PCR experiments,

we used the primers to amplify the portion of ADAMTS13 that is

present in all the known isoforms, the expected size of ADAMTS13

isoform 1 was 610 bp, isoform 2 and 3 were 442 bp, and isoform IR25

was 1075 bp. We used Hep3b as a positive control for isoforms 2 and

3 mRNA expression.

The ADAMTS13 and b-actin mRNA was amplified for 30 cycles in

the same reactions. The PCR products were analyzed on an agarose

gel containing SYBR Safe.

Results: All PCR performed, except the controls, were positive for b-
actin, showing the presence of amplifiable cDNA. We have detected,

in our view for the first time, isoforms 2 and 3 in HUVEC and human

platelets. In both breast cancer lines isoforms 2 and 3 mRNA were

found to be strongly expressed in comparison to those of HUVEC and

platelets, although they didn’t reach the expression levels of Hep3b

cells.

Conclusion: The presence of isoforms 2 and 3 in HUVEC and platelets

from normal donors that we detected will enable us to assess the

importance of the presence of ADAMTS13 alternative splicing prod-

ucts in tumor line cells and whether there is a correlation between the

levels of expression of the isoforms and thrombotic events.

PB 3.33-4
FRET rather than CBA reflects ADAMTS13 proteolytic
activity in thrombotic thrombocytopenic purpura
patients with discordant measurements
Mancini I1, Valsecchi C1, Lotta LA2, Pontiggia S1, Bajetta MT1,

Deforche L3, Palla R4, Vanhoorelbeke K3 and Peyvandi F1

1Fondazione IRCCS Ca’ Granda –Ospedale Maggiore Policlinico;
2Angelo Bianchi Bonomi Hemophilia and Thrombosis Center,

Milano, Italy; 3Laboratory for Thrombosis Research, KU Leuven

Kulak, Kortrijk, Belgium; 4University of Milan, Milan, Italy

Background: Collagen binding assay (CBA) and fluorescence reso-

nance energy transfer (FRET) are two widely adopted methods for the

measurement of the plasmatic activity of ADAMTS13, the von Wille-

brand factor (VWF) cleaving-protease. Accurately measuring ADAM-

TS13 plasmatic activity is essential in the management of thrombotic

thrombocytopenic purpura (TTP), a thrombotic microangiopathy

(TMA) often characterized by severely reduced ADAMTS13 activity.

The finding of severely reduced ADAMTS13 activity (activity below

10%) has important prognostic implications, being associated with a

10-fold increased risk of disease recurrence. Despite a good agreement

between the two assays in the measurement of normal plasmas, dis-

crepant results have been reported in up to 10% of TMA cases. The

cause for the observed discrepancies is unknown, but it has been sug-

gested that the use of a denaturing agent (<i.e. urea) in CBA may dis-

sociate complexes between ADAMTS13 and anti-ADAMTS13

antibodies, thus generating erroneously high ADAMTS13 activity

results.

Aims: To determine whether FRET or CBA results reflect ADAM-

TS13 activity levels in vivo in samples from autoimmune TTP patients

with discordant results between the two assays. To evaluate the role of

denaturing agents in the determination of discrepant results.

Methods: We analyzed up to 20 discordant samples (FRET <10% and

CBA >20%) and 11 concordant samples (FRET and CBA <10%) with

anti-ADAMTS13 antibodies from patients with autoimmune TTP,

selected from the Milan TTP Registry (URL: http://www.ttpdatabase.

org/). The analysis of the VWF multimeric pattern on discordant sam-

ples collected during disease remission (n = 13) and the measurement

of ADAMTS13 activity under flow conditions (n = 10) were per-

formed. FRET assay in presence of urea 1.5 M was performed in 19

discordant and 11 concordant samples.

Results: All discordant samples showed a ratio of high molecular

weight VWF multimers higher than normal, due to the presence of

ultra large VWF multimers. Under flow conditions, all tested sam-

ples showed reduced ADAMTS13 activity (range: 0–29%). In

FRET experiments performed in presence of urea, ADAMTS13
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activity level became detectable and/or overcame the 10% activity

cut-off in 11 out of 19 discordant samples, whereas it remained

undetectable in all 11 concordant samples tested (Fisher’s exact test,

P = 0.0016).

Summary/Conclusions: The presence of ultra large VWF multimers

and the reduced ADAMTS13 activity observed under flow conditions

in discordant TTP samples indicate a deficiency of the enzyme, sup-

porting FRET over CBA results. This study showed that the presence

of urea in CBA could lead to spurious and misleading results in mea-

suring ADAMTS13 activity. ADAMTS13 activity assays, which do

not require any denaturing agents, should be considered more reliable

when assessing the presence of severe ADAMTS13 deficiency in

patients with autoimmune TTP.

PB 3.33-5
The research of ADAMTS13 binding to human
microvascular endothelial cells
Wang A, Wu J, Ding K, Liu X, Cai X, Zhu W and Sun Z

Anhui Provincial Hospital Affiliated to Anhui Medical University,

Hefei, China

Background: ADAMTS13, as a specific VWF cleaving protease, could

prevent the microvascular microthrombus formation caused by regu-

lated release of ultra-large vWF multimers (UL-VWF), Previous stud-

ies mostly research ADAMTS13 function base on the large and

medium-sized vascular endothelial cells. Our recent study found that

ADAMTS13 could bind to the surface of human microvascular endo-

thelial cells. Which maybe play an important role in the microvascular

microthrombus formation. However, the binding mechanism remains

unclear.

Aims: our study is aim to preliminary investigate that which domains

of ADAMTS13 participate in the binding to the surface of human

microvascular endothelial cells.

Methods: We used Hela cells to transfect and permanent express the

full-length and C-terminal domain truncated types of human ADAM-

TS13 recombinant protein. Collected and concentrated cell superna-

tants, and purified recombinant proteins, then we used flow cytometry

to detect the binding between recombinant ADAMTS13 proteins and

human microvascular endothelial cells. We also used thrombopondin-

1(from 0 to 200 nM) as a block factor, observed whether thrombo-

spondin-1 influence the binding.

Results: We found that full-length ADAMTS13 protein could bind to

the surface of human microvascular endothelial cells, the binding rate

was up to 49.1%, While, the binding of full-length ADAMTS13 pro-

tein to these cells would drop to 26.5% with 200 nM thrombospon-

din-1 blocking. If we truncated C-terminal domain of ADAMTS13

(from tsp8), the binding was just down 4.8%.

Conclusions: The study suggests that ADAMTS13 could bind to the

surface of human microvascular endothelial cells, and this binding

maybe rely on the N-terminal and thrombospondin-1 repeats domains

of ADAMTS13 protein.

PB 3.33-6
Characterization of IgG anti-ADAMTS13
autoantibodies isolated from patients with acquired
TTP and a healthy donor pool
Turecek PL1, Grillberger R1, Skalicky S1, Schrenk G1, Plaimauer B1,

Kn€obl P2, Zheng LX3, Rottensteiner H1 and Scheiflinger F1

1Baxter Innovations GmbH; 2Medical University of Vienna,

Vienna, Austria; 3Children’s Hospital of Philadelphia,

Philadelphia, USA

Background: ADAMTS13-neutralizing IgG autoantibodies are the

major cause of acquired thrombotic thrombocytopenic purpura

(TTP). So far, the properties of such antibodies have only been

assessed using plasma samples of patients with acquired TTP.

Aim: We sought to functionally characterize affinity purified anti-AD-

AMTS13 antibodies of the IgG class from patients with acquired TTP,

and a healthy donor pool as control.

Methods: Plasma collected after plasma exchange from three patients

with acquired TTP and a plasma pool from 45 randomly selected

healthy blood donors (HD) were used to isolate anti-ADAMTS13 IgG

antibodies. Purification was carried out by a two-step procedure using

an ADAMTS13 affinity matrix followed by protein G chromatogra-

phy. Total IgG antibody yield, isotype distribution and ADAMTS13

specificity were determined by commercial or in-house enzyme-linked

immunosorbent assays (ELISA). The binding kinetics of the isolated

IgGs to ADAMTS13 were evaluated by BIAcore and ELISA. Their

inhibitory activity towards ADAMTS13 was analyzed using FRETS-

VWF73 assay and residual collagen-binding activity assay (CBA). The

ADAMTS13-VWF binding assay was employed to assess the competi-

tive inhibition constants (Ki) of the purified antibodies. Interaction

studies with fragments of ADAMTS13 were used to determine the

domains of ADAMTS13 that these IgGs target.

Results: IgGs specific to ADAMTS13 were recovered from the three

TTP patients as well as from the HD plasma pool. All four subclass is-

otypes were present, with IgG2 being the dominant subclass, followed

by IgG1 and either IgG3 or IgG4. Biacore measurements led to calcu-

lated KD values for the IgGs isolated from TTP patients towards AD-

AMTS13 of around 1 nM. Anti-ADAMTS13 IgG subclass-specific

ELISA revealed apparent KD values in the nanomolar range for all

IgG subclasses of these IgGs. Significantly lower affinities were deter-

mined for the IgGs from the HD pool. The TTP-associated IgGs dis-

played inhibitory activity ranging from 0.1 to 0.6 BU/lg IgG whereas

the HD IgG did not inhibit ADAMTS13 activity in either of the two

methods applied. Furthermore, only the IgGs from the TTP patients

interfered with the interaction of ADAMTS13 and VWF, with a mean

Ki of 0.35 nM. Epitope mapping revealed a polyclonal nature for all

of the antibodies tested.

Conclusions: We present the first comprehensive study on affinity-

purified anti-ADAMTS13 IgG autoantibodies from patients with

acquired TTP. We also provide evidence that a subpopulation of

healthy individuals possesses non-inhibitory ADAMTS13-specific

IgG autoantibodies, suggesting that preexisting natural anti-ADAM-

TS13 B cell clones could be expanded during the development of

acquired TTP.

PB3.34 – Fibrinolytic system:
Basic – III

PB 3.34-1
Fractal kinetic models of plasmin-catalyzed dissolution
of fibrin
Varj�u I1, Kolev K1, Keresztes Z2, Pap A3, Tenekedjiev K4

and Machovich RA1

1Institute of Medical Biochemistry, Semmelweis University;
2IMEC, Research Centre for Natural Sciences, Hungarian

Academy of Sciences; 3ITPMS, Research Centre for Natural

Sciences, Hungarian Academy of Sciences, Budapest, Hungary;
4N.Y. Vaptsarov Naval Academy, Varna, Bulgaria

Background: Intravascular fibrin clots are resolved through the proteo-

lytic action of plasmin acting at the interface of gel-phase substrate

and fluid-borne enzyme. The classic Michaelis-Menten (MM) kinetic

scheme cannot describe satisfactorily this heterogeneous-phase prote-

olysis, because it assumes homogeneous well-mixed conditions. A

more suitable model for these spatial constraints, known as fractal

kinetics, includes a time-dependence of the Michaelis constant

Km = Km0.(1 + t)exp(hF), where hF is a fractal exponent of time, t.

Furthermore, a realistic kinetic model should take into account
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sequestration of plasmin due to kringle binding to C-terminal lysines

(CTL), newly exposed during fibrin degradation.

Aim: The aim of the present study is to build up and experimentally

validate a mathematical model that adequately describes the kinetics

of plasmin-catalyzed fibrin dissolution and thus contributes to a better

understanding of the factors that influence plasmin efficiency at the

fluid-gel interface.

Method: Two modifications of the basic MM scheme were introduced:

a term reducing the enzyme concentration through rapid equilibrium

binding of plasmin to continuously increasing unproductive sites

including an association constant Ka and a fractal exponent, hF result-

ing in apparent Km, which accounts for the time-dependent clustering

of the enzyme. A broad range of biochemical (fibrin turbidimetry, den-

sitometry of electrophoretic samples, amidolytic assay on synthetic

plasmin substrate) and imaging (atomic force microscopy, AFM; con-

focal laser microscopy, CLM) techniques were applied to test the pre-

dictions of the fibrinolytic model. The power of the predictions was

assessed using known modifiers of fibrinolysis; e-amino caproic acid

(EACA) which blocks the kringle-dependent binding and carboxypep-

tidase B (CPB) which removes CTLs. The clustering of plasmin was

evaluated with AFM using nanogold-labeled anti-plasmin antibodies

in an experimental setup where plasmin was applied to a mica surface

decorated with fibrinogen using microcontact printing and with CLM

using fluorescent protein-fusion derivative of plasminogen.

Results: Using a range of fibrin and plasmin concentrations, variants

of the kinetic model were fitted to the turbidimetric data for lysis of

fibrin by plasmin applied to the surface of the clots. A global fit to 32

time-course curves with 90 measured points each yielded four model

parameters with optimal values Km0 = 1.5 lM, hF = 0.25,

Ka = 1.3 lM�1 and kcat = 32.4 min�1. Addition of 1 mM EACA or

8 U/mL CPB increased the lysis rate, which could be satisfactorily

explained with unchanged Km0 and kcat model parameters accompa-

nied by a decrease in hF to 0.031 and in Ka to 0.001 lM�1 in line with

the interpretation of these parameters as measures of spatial clustering

(hF) and sequestration of enzyme molecules in solution (Ka). This con-

cept gained further support from imaging techniques. AFM images

revealed significant changes in plasmin distribution on the patterned

fibrinogen surface: the ratio of surface occupied by plasmin/intact sub-

strate area decreased by 25% over a 5-min interval in line with the

time-dependent clustering of fluorescent plasminogen in CLM.

Conclusion: These data, from multi-faceted, complementary

approaches, support a mechanism for time-dependent loss of plasmin

activity resulting from spatial redistribution in this heterogeneous sys-

tem. Thus, plasmin-CTL binding retards lysis, opposing the stimula-

tory effect of CTLs in plasminogen activation.

PB 3.34-2
DNA methylation and regulation of t-PA gene
expression
Kruithof E and Dunoyer-Geindre S

HUG, Gen�eve 4, Switzerland

Background: Tissue-type plasminogen activator plays an important

role in the removal of intravascular fibrin deposits and has several

important physiological roles and pathological activities in the brain.

Its expression by many other cell types and the diversity of regulatory

mechanisms impacting on t-PA gene expression suggests that t-PA has

many roles outside the vascular and central nervous system. For an

understanding of these roles it is important to better understand the

relationship between cell-type specific epigenetic gene modifications of

the t-PA gene and regulation of t-PA gene expression.

Aim: To determine whether there is a relation between basal (unstimu-

lated) t-PA gene expression and DNA methylation at the proximal t-

PA promoter and at the multi-hormone responsive enhancer (MHRE)

located 7 kbp upstream.

Methods: The methylation state of 16 CpG residues in the proximal t-

PA gene promoter (from �647 to +94 with respect to the transcription

initiation site) and of 12 residues in the MHRE (from �7466 to

�7227) was determined by direct sequencing of bisulfite treated DNA,

obtained from five primary human cell types (umbilical vein endothe-

lial cells, monocytes, astrocytes, fibroblasts, and hepatocytes, and from

five human transformed cell lines (Bowes melanoma, HT1080 fibrosar-

coma, NB4 acute promyelocytic leukemia and HepG2 and HuH7 hep-

atoma). Basal t-PA expression was assessed by measuring t-PA

antigen in 24 h cell conditioned media.

Results: Expression of t-PA by Bowes melanoma cells was 50 fold

higher than in the second highest t-PA producer cell type. Melanoma

DNA was fully unmethylated both in the proximal t-PA gene pro-

moter and the MHRE region. Expression of t-PA was low in mono-

cytes, hepatocytes, HuH7 hepatoma cells and NB4 cells and DNA of

these cells was mostly methylated in the proximal promoter. Interme-

diate levels of t-PA expression were observed with the other cell

types. In these cells, the nine CpG’s in the promoter region from

�121 to +94 were unmethylated, whereas the seven CpG’s from �647

to �366 were in general methylated, except in HT1080 cells, in which

CpG’s �366 and �537 were methylated and the intervening two

CpG’s (at �452 and �421) unmethylated. The pattern of CpG meth-

ylation in the MHRE was more complex, with highly methylated

CpG’s often adjacent to unmethylated CpG’s. No relation between

basal t-PA gene expression and CpG methylation at the MHRE was

evident.

Conclusions: Our results suggest that an unmethylated state of the pro-

moter region from �121 to +94 is required for enabling t-PA gene

expression. An unmethylated state of the upstream promoter region

(from �647 to �366) was associated with extremely high t-PA expres-

sion in melanoma cells. The methylation state of the MHRE is very

complex and may change from one CpG residue the other. There is no

clear-cut relation between basal t-PA gene expression and methylation

state of individual CpG’s in the MHRE.

PB 3.34-4
Covalently linking heparin to antithrombin diminishes
the protective effect of fibrin on plasmin
Chander A, Atkinson HM, Berry LR, Stevic I and Chan AK

Thrombosis and Atherosclerosis Research institute/McMaster

University, Hamilton, Canada

Background: Antithrombin (AT) is the major regulator of coagulation

enzymes in vivo. We have previously demonstrated that AT, in the

presence of unfractionated heparin (UFH), can inhibit free plasmin, as

well as reduce generation of plasmin from purified plasminogen. Addi-

tional studies utilizing a covalent complex of AT and UFH (ATH)

revealed that plasmin generation in the presence of a fibrin clot was

reduced to a greater degree by the ATH compared to AT + UFH.

Furthermore, it is well known in literature that fibrin protects plasmin

from inhibition by inhibitors such as a2-antiplasmin. However, little is

known about the ability of AT + UFH, or ATH, to inhibit plasmin in

the presence of fibrin.

Aim: To determine the rate of inhibition of plasmin in the presence of

fibrin by AT + UFH vs. ATH.

Methods: Discontinuous second order rate constant assays were used

to determine the overall k2 values for inhibition of plasmin � fibrin

by AT + UFH vs. ATH. Briefly, 200 nM fibrinogen was converted to

fibrin by reaction with 0.6 U/mL Ancrod for 15 min at room tempera-

ture. Fibrin was then reacted with 10 nM plasmin in six different wells

of a 96-well plate, followed by addition of inhibitors (100 nM

AT + 3000 nM UFH or 100 nM ATH) at specific time intervals (buf-

fer was added to the last well as a control). The reactions were neutral-

ized by the simultaneous addition of polybrene and S-2236 in buffer.

Residual plasmin activity was measured at 405 nm for 10–30 min, and

k2 values determined from plots of ln(vt/vo) vs. time.

Results: The k2 values (x106 M/min) for inhibition of free plasmin by

AT + UFH and ATH were 5.74 � 0.28 and 6.39 � 0.59, respectively.
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However, when fibrin was placed in the system, a mild protective effect

by the fibrin was observed for ATH reactions (k2 value = 3.28 � 0.36,

P < 0.006). Whereas for AT + UFH, the k2 values were barely mea-

surable when fibrin was present (k2 < 0.1). This suggests that fibrin

almost completely blocks plasmin from inhibition by AT + UFH.

Summary/Conclusion: From our study, we demonstrate that fibrin

almost completely protects plasmin from inhibition by AT in the pres-

ence of excess UFH. Moreover, covalently linking UFH to AT, as in

ATH, diminishes the protective effect and restores the inhibition rates

to approximately 50% that of free plasmin. Similar to our previous

work, this suggests that the UFH in AT + UFH can dissociate and

form non-productive complexes with fibrin. Such interactions may

result in either repulsive effects that prevent additional AT + UFH

from inhibiting plasmin or the AT being left in a non-activated state.

However covalent linkage of UFH to AT, assists access and subse-

quent inhibition of plasmin bound to fibrin.

PB 3.34-5
Zinc inhibits fibrinolysis by attenuating plasminogen
activation and fibrin degradation
Henderson SJ1, Fredenburgh JC2, Kim PY2, Stafford AR2,

Leslie BA2 and Weitz JI2

1McMaster Biochemistry & Biomedical Sciences; 2Thrombosis

and Atherosclerosis Research Institute and McMaster University,

Hamilton, Canada

Background: Tissue plasminogen activator (tPA) initiates fibrinolysis

by converting plasminogen (Pg) to plasmin (Pn), which then degrades

fibrin (Fn). This process is regulated by Fn, which promotes Pg activa-

tion, and by plasminogen activation inhibitor 1 (PAI-1) and antiplas-

min, which inhibit tPA and Pn, respectively. Zinc (Zn), which

circulates at a concentration of 10–20 lM, modulates platelet activa-

tion and coagulation. Whether Zn affects fibrinolysis is uncertain.

Aim: To examine the effect of Zn on fibrinolysis.

Methods: To determine the affinity of Zn for fibrinolytic proteins, Zn

was bound to FluoZin-1 and fluorescence was monitored as the mix-

ture was titrated with the protein of interest. Chromogenic or fluoro-

genic assays were used to examine the effect of Zn on tPA and Pn

activity, and the rates of their inhibition by PAI-1 and antiplasmin,

respectively. Turbidity was monitored as fibrinogen (Fg) was clotted

with thrombin and degraded by tPA/Pg, Pn or trypsin in the absence

or presence of Zn. A Pn-directed substrate was included to examine

the effect of Zn on the kinetics of Pg activation.

Results: Zn bound Fg, tPA, and Pn with Kd values of 0.91, 0.14, and

0.05 lM, respectively, but did not bind Pg. Zn had no effect on Pn or

tPA chromogenic activity, or on rates of Pn or tPA inhibition by anti-

plasmin and PAI-1, respectively. Nonetheless, Zn produced a signifi-

cant (P < 0.05) 2-fold reduction in the catalytic efficiency of Pg

activation by tPA in the absence or presence of Fg or Fn, mainly

reflecting a decrease in kcat. Time to lysis of Fn clots by Pg/tPA or by

Pn was significantly (P < 0.05) prolonged by 24% and 17%, in the

presence of 2 lM Zn compared with that determined in its absence. In

contrast, Zn had no effect on lysis times with trypsin.

Summary and Conclusions: Although Zn binds tPA and Pn, it does not

affect their chromogenic activity nor does it impair their inhibition by

PAI-1 and antiplasmin, respectively. However, Zn inhibits tPA activa-

tion of Pg and delays lysis of Fn clots by tPA/Pg. Lysis of Fn clots by

Pn also is delayed in the presence of Zn. This likely reflects modulation

of Pn activity rather than altered Fn structure because Zn has no effect

on Fn lysis by trypsin. Thus, Zn modulates fibrinolysis; an effect that

may be particularly important at sites of injury where Zn is released

from activated platelets.

PB 3.34-6
Plasma proteins and soluble proteins from red blood
cells cooperatively regulate wound healing process
Hayashi M, Ikeda M, Asai M and Shimonaka M

Tokyo University of Science, Tokyo, Japan

Background: The wound healing process is triggered by the restoration

of endothelium and is regulated by various factors including plasma

proteins and blood cells. The process involves endothelial cells, blood

vessel constituting cells, such as smooth muscle cells and fibroblast

cells, and extracellular matrices. We have previously reported that

plasminogen accelerated the recovery of endothelial cells from scratch

wounding using perfusion cell culture system. And this process was

controlled by a temporal interaction between the endothelial cells and

plasminogen. Other recent studies showed that the lysate of red blood

cells affected the wound healing process by modulating the expression

levels and activities of extracellular matrix components.

Aims: To investigate the effect of proteins from red blood cells on the

process of wound healing, we examined the effects of fractionated pro-

teins derived from red blood cells on the growth and motility of endo-

thelial cells, smooth muscle cells, and fibroblast cells. We also

investigated the behavior of smooth muscle cells and fibroblast cells in

responding to the fractionated proteins under perfusion cell culture

system.

Methods: Soluble proteins from red blood cells were subjected to

ammonium sulfate precipitation to eliminate hemoglobin, and the

resultant solution was fractionated by ion exchange column. The frac-

tions were applied to the culture media, then the proliferative effect on

each cells were examined. Motility activities on those cells were mea-

sured by Modified Boyden Chamber assay and the collagen gel con-

traction assay was also performed. In addition, proteinase activities of

cultured media were measured by use of synthetic substrates and gela-

tin zymography. We also performed perfusion cell culture to investi-

gate the effects of the fractions on smooth muscle cells.

Results: We found that one of the fractions suppressed the growth and

motility activities of endothelial cells, on the other hand the same frac-

tion extensively and weakly promoted those activities on smooth mus-

cle cells and fibroblast cells, respectively. The same fraction stimulated

the collagen gel contraction induced by fibroblast cells, meanwhile it

inhibited the recovery of endothelial cells from wounding under perfu-

sion culture conditions. These bioactive fractions also influenced pro-

tease activities such as matrix metalloproteinases. By using perfusion

culture system, co-culture of smooth muscle cells and endothelial cells

resulted in activation of protease activities including matrix metallo-

proteinases. In addition, the proteins from red blood cells induced the

morphological changes of smooth muscle cells under perfusion culture

conditions. This suggests that smooth muscle cells play a role in recon-

stitution of blood vessel.

Conclusions: Our result suggests that red blood cells contain some pro-

teins which regulate the process of wound healing by affecting the

function of blood vessel constituting cells, namely, endothelial cells,

smooth muscle cells and fibroblast cells. And these processes are influ-

enced by protease activities of various plasma proteins.
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PB3.35 – Haemophilia A:
Clinical – IX

PB 3.35-1
DDAVP treatment: clinical efficacy and molecular
mechanisms of response in mild haemophilia A
patients. A single center experience
Tagliaferri A1, Di Perna C1, Riccardi F1, Franchini M2, Rivolta GF1

and Pattacini C1

1Regional Reference Centre for Inherited Bleeding Disorders,

Parma; 2Department of Hematology and Transfusion Medicine,

Hospital of Mantova, Italy, Mantova, Italy

Background: Although desmopressin (DDAVP) is considered the

treatment of choice for a large number of patients with mild hemo-

philia A for its safety and effectiveness, and several thousands of them

have been treated with this synthetic compound worldwide during the

last 35 years, several aspects of DDAVP therapy are still unclear such

as the rate and type of response and the molecular and clinical deter-

minants of its efficacy.

Aims: In order to elucidate these issues, we have conducted a retro-

spective study on all mild hemophilia A patients followed at the hemo-

philia treatment center (HTC) of Parma and treated with DDAVP.

Methods: We included in the study all consecutive patients with mild

hemophilia A (basal FVIII:C levels >5 to 40%) regularly examined at

the HTC of Parma since 1985 and with DDAVP test. Age of patients

at DDAVP test was evaluated and the disease characteristics included

the basal level of the deficient factor and molecular diagnosis (F8

mutation).

Our DDAVP test protocol consisted in a test dose of 0.3 mg/kg body

weight administered i.v. from 1984 to 1995 and since 1996 by subcuta-

neous route. Patients were defined as complete responders with FVIII:

C 50 IU/dL or higher after DDAVP; partial responders with FVIII:C

lower than 50 IU/dL but increased at least 3-fold and with levels

>30 IU/dL; and non-responders with neither criterion.

The definition of clinical efficacy of DDAVP treatment was defined as

follows: complete efficacy resolution of bleeding after one DDAVP

treatment; partial efficacy: resolution of bleeding after 2–4 DDAVP

treatments; no efficacy: need for FVIII concentrate use. All side effects

related to DDAVP infusion were also recorded. Statistical analysis

was performed using Student t or Chi-square tests. A P value <0.05
was considered significant.

Results: Seventy-five patients were enrolled and underwent to DDAVP

test with a complete or partial response in 76% (57/75) of them. The

response to DDAVP was significantly correlated with patients’ age

(median age of responders and non-responders: 24 years and 18 years,

respectively; P = 0.04), with the type of mutation (all the 10 patients

with the mutation in the promoter region were non-responders) and

with basal FVIII:C levels (complete responders had higher median

than partial responders 0.18 IU/mL vs. 0.11 IU/mL). During the 12-

years follow-up period, 82 of the 237 (35%) bleeding episodes occur-

ring in 27 responder patients were treated with 246 DDAVP infusions

with an overall complete or partial efficacy of 92% (75/82). Overall

142 events (30 traumas, 11 surgeries, 67 dental procedures, 17 invasive

procedures, 17 home treatment post-FVIII concentrates) were man-

aged with 253 prophylaxis DDAVP infusions with an hemostatic effi-

cacy in 96% of the cases. No severe adverse reactions to DDAVP

administration were recorded during the study period.

Conclusions: In conclusion, the results of our study clearly document

the safety and efficacy of DDAVP as treatment or prevention of bleed-

ing in mild hemophilia A patients and encourage the even more wide-

spread use of such therapeutic strategy among physicians operating at

the HTCs.

PB 3.35-2
Clearance during continuous infusion of recombinant
factor VIII products to 27 patients with hemophilia A at
Nagoya University Hospital
Suzuki N, Kishimoto M and Matsushita T

Nagoya University, Nagoya, Japan

Background: Coagulation factor products are usually administered to

hemophiliacs as a bolus injection. However, for cases of massive bleed-

ing and major surgery, these drugs are increasingly being administered

by continuous infusion to maintain coagulation factor activity at a

constant level.

Aims: Determination of the clearance (CL) value is very important for

undertaking continuous infusion more safely and ensuring reliable he-

mostasis management. We reviewed factor that influenced CL value.

Method: We used recombinant factor VIII (FVIII) products for contin-

uous-infusion hemostatic therapy in 33 cases of hemophilia A (27

patients). We calculated CL values and analyzed factors impacting CL

values. The equation used for the calculation was CL = infusion rate

(U/kg/h)/FVIII factor level (U/mL). Because the drug concentration

needs to be assessed in the steady state, we calculated CL using activity

values measure at ³70 h after starting continuous infusion. Factors that

were analyzed for possible impacts on CL were the type of administered

FVIII product, patient age, severity of hemophilia, presence/absence of

infection (Hepatitis C Virus [HCV] and Human Immunodeficiency

Virus [HIV]) and duration of continuous infusion. Fifteen cases were

administered second-generation full length recombinant products,

while 18 received third-generation full length recombinant products.

For age strata, 1 case was in the 20s, 3 in their 30s,10 in their 40s, 9 in

their 50s, 7 in their 60s, 2 in their 70s and 1 in their 80s. Disease severity

was severe in 27 cases, moderate in 2 and mild in 4. Twenty cases were

HCV-positive, including nine with cirrhosis, and 13 were negative.

Nine cases were positive for HIV, while 24 were negative.

Result: Adequate hemostatic management was achieved in all cases.

No cases developed adverse experiences, such as bacterial infection,

thrombophlebitis, etc. In the analysis of factors possibly impacting

CL, a significant difference (P < 0.05) in mean (�standard deviation)

CL was found between administered drug products: 2.9 � 1.0 mL/kg/

h for second-generation full length recombinant products; and

4.1 � 1.9 mL/kg/h for third-generation full length recombinant prod-

ucts. No other analyzed factors showed any significant impact. For

three cases, the pharmacokinetics were analyzed and CL values were

calculated and compared with CL values during continuous infusion.

In each case, CL values obtained by pharmacokinetic analysis were

lower than values during continuous infusion.

Summary: These findings reveal a large difference in CL as a function

of the specific FVIII product used for continuous infusion treatment

of hemophiliacs. We conclude that there is a need to set continuous

infusion dosages. Moreover, CL values determined by pharmacoki-

netic analysis may not accurately reflect CL values during continuous

infusion.
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PB 3.35-3
NO-PEACKS: Non-interventional observations of
practical implementation, efficacy, and safety of
continuous infusion with full-length recombinant
factor VIII formulated with sucrose in surgery
Meijer K1, Schinco P2, Santagostino E3, Platokouki H4,

Schutgens REG5, Valeri F2, Brunn M6, Tueckmantel C6

and Rauchensteiner S6

1University Medical Center Groningen, Groningen, The

Netherlands; 2SSCVD Mal. Trombotiche/Emorragiche, Molinette

Univ. Hospital, Turin, Italy; 3Ospedale Maggiore Policlinico,

Milan, Italy; 4Hemophilia Centre and Haemostasis Unit, Aghia

Sophia Children’s Hospital, Athens, Greece; 5University Medical

Center Utrecht, Utrecht, The Netherlands; 6Bayer HealthCare

Pharmaceuticals, Berlin, Germany

Background: Continuous infusion (CI) of full-length recombinant fac-

tor VIII formulated with sucrose (rFVIII-FS) during surgery has been

shown to be effective in preventing high peaks and low troughs of

FVIII levels in a clinical trial setting. However, there is controversy

regarding whether CI along with surgery or surgery in general would

trigger FVIII inhibitors and whether CI is feasible in real practice.

Aims: The objective of this non-interventional, observational, prospec-

tive study was to collect data on the feasibility, efficacy, and safety of

CI with rFVIII-FS in the real-practice setting, and to monitor for

inhibitor formation.

Methods: Patients with severe hemophilia A (FVIII <1%), >150 expo-

sure days to FVIII, and no positive inhibitor history from seven Euro-

pean countries who were administered CI with rFVIII-FS during and

after surgery were enrolled. The observation period covered the entire

course of CI and up to 3 months after surgery. Information such as

infusion rates, number of used vials, additional blood product use, and

FVIII measurements were recorded. Efficacy and tolerability of CI

with rFVIII-FS were assessed. All adverse events (AEs) and results of

inhibitor assays were documented. Informed consent was obtained by

all study participants. The study was approved by the relevant ethics

committees or authorities.

Results: Twenty-eight surgery cases were analyzed from 25 enrolled

patients (median age, 49.4 years; range, 10–75 years). Of these

patients, 64% had comorbidities. Median in-hospital stay due to the

surgery was 9.0 days (range, 1–23 days). Median surgery duration was

120 min (range, 20–331 min). Twenty-six surgeries were elective; two

were performed for emergency reasons. The majority (n = 21, 75%)

were orthopedic operations. Median blood loss during surgery was

200 mL (orthopedic surgeries, 300 mL; non-orthopedic surgery,

0 mL). Median duration of CI was 128 h (range, 9.0–430.8 h). Median

total rFVIII-FS consumption with CI was 376.0 IU/kg (range, 157.9–
3605.6 IU/kg). One or two additional bolus injections were required

during six orthopedic surgeries (21.4% of all surgeries). During three

orthopedic surgeries (10.7% of all surgeries), a maximum of two blood

transfusions was required. A median of nine FVIII level measurements

per surgery were performed (range, 2–23). For all cases, the proportion
of all FVIII level measurements in expected range per case was higher

than 50%. Efficacy was considered good or excellent in 89.3% of

cases, and tolerability was good or excellent in 100% of cases. Four

non-drug-related AEs were the only AEs reported. Of these, two were

considered serious AEs: a post-procedural hemorrhage and a periph-

eral artery aneurysm. None of the patients developed inhibitors during

or after surgery.

Summary/Conclusions: The results of the study indicate that CI with

rFVIII-FS was feasible, effective, and safe in the analyzed surgical

cases. No inhibitors or drug-related AEs occurred in this CI study.

PB 3.35-4
Knowledge, attitudes, and behaviors of adolescents in
developing world hemophilic population: a survey
Sachdeva A, Ramzon M, Gulati R and Yadav S

Sir Ganga Ram Hospital, Delhi, India

Background: Hemophilia patients must receive care from healthcare

workers with expert knowledge of the bleeding disorder. In developing

country like India many barriers have to be overcome to improve qual-

ity of life in hemophiliacs.

Aim: This survey focuses on knowledge about, attitudes towards and

behaviors associated with key prevention activities among adolescents

with hemophilia in India.

Methods: A team composed of experts working directly in hemophilia

care conducted various hemophilia awareness camps for general popu-

lation as well as for medical fraternity in previous 2 years. A survey

form which included a set of questionnaire including both structured

and open-ended questions were filled by these patients.

Results: The 167 (Hemophilia A and B-150 and 17 respectively) adoles-

cents survey respondents ranged in age from 10 through 14 years were

109 (65.26%) and 15–19 years were 68 (40.7%) patients. Severe, mod-

erate and mild hemophilia were 120 (71.8%), 31(18.56%) and 10

(5.9%) patients respectively. 82 patients had family history of hemo-

philia 36/167 (21.5%) patients did not know their blood group. Joint

disease (target joint) in 116 (69.4%) followed by bleeding episodes in

12.5% were the primary concerns of most of the adolescents. Only two

patients reported hepatitis C as a primary concern and none showed

any concern for HIV or Hepatitis B. More than a three fourth (80%)

of the adolescents believed that joint disease is not preventable; only

10% said it is an extremely preventable. Although hepatitis was a clear

threat to this hemophilic cohort, majority of adolescents (90%) were

unaware about the transmission route of Hepatitis B and C. Only10%

of the respondents treated bleeding episodes within 1 h. Only 4.1%

had facility of factor at their home in case of emergency situation.

Majority (>90%) of being treated on demand therapy, that is also for

severe bleeds only. They did not believe the episode was serious

enough to require treatment. This finding was also related to the most

prevalent response among the adolescents: that they did not always

recognize a bleeding episode when it occurred.12 (7.1%) patients were

on secondary prophylaxis and none was on primary prophylaxis. Ice-

packs were used by 115/167 (68.8%) of patients for their joint bleeds

and tranexemic acid for mucosal bleeds by 60% of patients. Majority

of adolescents managed hemophilia by avoiding physical activity and

did not engage in any strenuous or moderate physical activity on areg-

ular basis. More than 90% knew the diagnosis (name) of their disease

and had informed their respective schools and collages about the same,

but hardly anybody knows about the course of their disease.

Conclusions: Adolescents with hemophilia need help understanding

that they can prevent complications especially joint damage. We

emphasize messages for a hemophilia prevention campaign, including

course of disease, recognition of bleeds, exercising to ensure healthy

joints and treating bleeding episodes early and adequately.

PB 3.35-5
Bleeding risks in male patients and carriers with the
valine to alanine 2016 form of mild hemophilia A
Phua CW, Park S, Scully M-F, Barrett B and Xie Y

Memorial University of Newfoundland, St. John’s, Canada

Background: The phenotypic expression of mild hemophilia A differs

significantly with moderate-severe form of hemophilia A. The differ-

ence in clinical impact of the disease has led to delays in diagnosis and

treatment neglect resulting in potential serious morbidity and mortal-

ity. The valine to alanine 2016 (Val2016Ala) form of mild hemophilia

A is an X-linked recessive disease with a high prevalence in Newfound-

land and Labrador.
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Aims: To determine the clinical manifestations and bleeding risks of

affected male patients and carriers with the Val2016Ala form of hemo-

philia A.

Methods: 61 affected male patients with the Val2016Ala mutation, 44

unaffected males, 88 carriers and 65 unaffected females were recruited

for analysis. Participants were scored based on a modified bleeding

score from the previously published MCMDM-1 VWD score. Each

category was scored as per data collected from a bleeding history ques-

tionnaire and chart audit. Additional data for health care utilization

such as emergency room (ER) visits for bleeding, amount of packed

red blood cell (PRBC) transfusion and number of hospitalizations for

bleeding were also recorded. Separate analysis was carried out for each

gender group.

Results: Affected males had significantly higher mean cumulative

(27.64 vs. 82) and non-cumulative bleeding scores than control males

(14.31 vs. 0.84) (P < 0.01). They also had a much higher likelihood of

requiring surgical hemostasis, blood transfusions and/or replacement

therapy for the following symptoms: (i) tendency to bruise (21.3% vs.

0%), (ii) gum bleeds (21.3% vs. 0%), (iii) gastrointestinal (GI) bleeds

(18% vs. 0%), (iv) muscle hematoma (13% vs. 0%), (v) hemarthrosis

(17% vs. 0%) and (vi) abnormal blood loss from dental work (55.7%

vs. 0%), (vii) surgery (42.6% vs. 2.3%), and (viii) injury or trauma

(50.8% vs. 0%). There were no significant differences for central ner-

vous system (CNS) bleeds (3.3% vs. 0%) (P = 0.4). Affected males

were also more likely to require hospitalizations, ER visits and PRBC

transfusions for bleeding (P < 0.05). Carriers did not have a statisti-

cally significant difference in comparison with control females in any

of the bleeding categories.

Summary: With the usage of a modified previously published bleeding

score, we were able to evaluate the clinical characteristics of patients

with the Val2016Ala from of hemophilia A. The affected male cohort

unequivocally had significantly higher rates of bleeding as compared

to the unaffected male cohort. Contrary to prior studies on mild hemo-

philia A, carriers status does not seem to confer any higher risk of

bleeding in our cohort.

PB 3.35-6
Retrospective analysis of 1226 Chinese patients with
haemophilia in a single medical centre
Xuan M1, Xue F1, Fu R2, Yang Y1, Li H2, Zhang L1, Mengsu T1

and Yang R1

1Chinese Academy of Medical Sciences & Peking Union Medical

College; 2PUMC, Tianjin, China

Background: Haemophilia is an X-linked congenital disorder caused

by deficiency of coagulation factor. Being the most populous country,

China also has a large potential population of haemophilia patients.

No studies have been published regarding the hemophilic epidemiol-

ogy and medical situation of contemporary China.

Aims: The primary aim of this research was to achieve contemporary

information of PWH in China, describe the prevalence, complications,

as well as replacement therapy-related side effects of haemophiliacs for

this decade.

Methods: A retrospective study was conducted in patients with haemo-

philia (PWH) visited in Tianjin haemophilia centre between 2002 and

2012. We evaluated the correlation between the severity of haemo-

philia and bleeding, analyse the inhibitor development in PWH of each

severity group and treated with different clotting factor products.

Results: Over the past decade, a total of 1226 PWH (1019 HA and 207

HB) were identified in Tianjin single centre. Most of them came from

north and northeast regions of China. Although a trend was observed

towards lower Hb among more severe HA, the difference was not sta-

tistically significant (P > 0.05). APTT, age at initial bleeding and diag-

nosis showed association with the disease severity, but no correlations

in the time of delayed diagnosis was found in each severity group

of HA and HB. Our data did not offer sufficient evidences of any

relationship between disease severity and risk or site of haemorrhage.

Haemophilia related hemarthroses occurred in 65.7% HA (669/1019)

and 56.5% HB (117/207). The most involved joints in HA are, in

order, knee, elbow and ankle. Additionally patients with HB usually

suffered from pain of hip. The overall incidence rate of inhibitors was

15.4% in HA and 9.8% in HB, and the prevalence of inhibitor was

18.8% in severe HA and 18.8% in severe HB. The prevalence of inhib-

itor and HTI were both associated with the severity haemophilia. In

HA the incidence of inhibitor of using single each generation of rFVIII

product was 10.5%, 8.8% and 2.9%, respectively. While the rate of

inhibitor was 15.0% in PWH treated with pdFVIII, 8.1% in patients

treated with both formulations simultaneously. In 21 haemophiliacs

with HB by using single rFIX in a clinical trial, we found that three

patients developed inhibitor following usage of recombinant factor.

Conclusions: We assessed the prevalence and treatment of haemophili-

acs identified in Tianjin haemophilia centre. Although the present

study highlights some of stepwise improvements in diagnosis and ther-

apy of PWH, also reflects some challenges in contemporary China.

PB3.36 – Haemophilia A:
Clinical – X

PB 3.36-1
FVIII neutralization kinetics – a complimentary tool for
individual assessment of inhibitor patients
Livnat T1, Azar-Avivi S1, Zivelin A1, Altisent Roca C2, Brutman-

Barazani T1, Martinowitz U1 and Kenet G1

1Institute of Thrombosis and Hemostasis and the National

Hemophilia Center, Tel Hashomer, Israel; 2Department of

Haemophilia, Ciudad Sanitaria Valley de Hebr�on, Barcelona,

Spain

Background: Treatment of Hemophilia A patients with inhibitors is

challenging, as correlation between inhibitor level and hemostatic

response to therapy may be limited. The Bethseda unit (BU) titer assay

reflects the inhibitory capacity for FVIII neutralization following long

incubation of patient’s plasma but does not express the kinetic behav-

ior of the inhibitor. Furthermore, standard plasma derived FVIII is

used for the test whereas most patients are currently treated by recom-

binant FVIII products.

Aims: We aimed to define the inhibitor affinity against various FVIII

sources and asses FVIII inhibitory kinetics as a potential tool for ther-

apy tailoring.

Methods: Blood was taken from 14 hemophilia patients aged (0.8–
68 years) with inhibitors. All subjects or their guardians gave their

informed consent to blood drawing for study purposes. The study was

approved by the institutional ethical committee in accordance with the

declaration of Helsinki. Inhibitor activity was determined against

human rFVIIII (Kogenate), plasma derived FVIII (pd FVIII-Opti-

vate) or recombinant porcine FVIII (pFVIII-Inspiration Biopharm

Inc.) and compared to the titer measured by the BU. To test FVIII

neutralization profile, patients’ PPP was spiked with 2 U/mL rFVIII,

pdFVIII and pFVIII and sequential measurements of residual FVIII

activity was measured over 120 min. FVIII activity was measured by

one stage PTT assay with Sysmex CA-1500 (Siemens Healthcare Diag-

nostics). All inhibitor (including the BU assay) and kinetics assays

were performed on the same sample simultaneously.

Results: Variability of inhibitor activity against different FVIII sources

was noted for all patients and did not necessarily correlate with the

BU assay. For example, in a patient whose inhibitor titer was mea-

sured as 22BU, inhibitor activities of 16.8, 10 and 1.8 were detected for

rFVIII, pdFVIII and pFVIII, respectively. All patients demonstrated

individual FVIII source dependent neutralization curves. When rFVIII

neutralization kinetics was analyzed over time, no obvious correlation

was found between the measured BU titer and the rate of rFVIII neu-

tralization. Interestingly, for some patients with high responding

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

796 ABSTRACTS



inhibitors slow and incomplete FVIII neutralization was noted at 2 h

after incubation, whereas some patients with low responding inhibitor

titer showed fast and complete FVIII neutralization within 15 min.

Conclusion: Our assays suggest that FVIII source dependent neutral-

ization kinetics may be applied as a complimentary tool for future

therapy tailoring in inhibitor patients. The assay may depict the inhibi-

tor patients that may benefit from FVIII therapy (regardless of inhibi-

tor BU titer) and identify the best potential FVIII source for

treatment.

PB 3.36-2
Low inhibitor incidence in previously untreated
patients with severe haemophilia A treated with
octanate – Update from the PUP-GCP clinical trial
Jansen M1, Klukowska A2, Komrska V3, Laguna P2 and Vdovin V4

1Octapharma, Vienna, Austria; 2Medical University of Warsaw,

Warsaw, Poland; 3Motol University Hospital, Prague, Czech

Republic; 4Ailovsky Children‘s Hospital, Moscow, Russian

Federation

Background: Octanate is a highly purified, double virus inactivated,

human plasma-derived factor VIII (FVIII) concentrate with all coagu-

lation FVIII bound to its natural stabilizer VWF in a VWF:RCo/

FVIII:C ratio of approximately 0.4. Five prospective GCP studies with

octanate were conducted in 77 previously treated patients (PTPs) with

severe haemophilia A. None of these 77 PTPs developed an inhibitor.

Aim: To assess the immunogenicity in previously untreated patients

(PUPs), a prospective clinical trial has been initiated in 2000. This

included 48 PUPs with severe hemophilia A after treatment with oc-

tanate for an observational period of 100 exposure days and at least

6 months.

Methods: Patients with severe haemophilia A without previous expo-

sure to FVIII or FVIII containing products were enrolled. Efficacy

and tolerability are assessed by a 4-point verbal rating scale. Inhibitor

assay, according to modified Bethesda method is tested pre-treatment,

every 3–4 exposure days (ED 1-20) and every 10 EDs (ED 21-100) but

at minimum every 3 months.

Results: Two of 48 (4.2%) subjects receiving treatment developed clini-

cally relevant inhibitor titers over the course of the study. Another two

displayed inhibitors that disappeared spontaneously without change of

dose or dosing interval. All inhibitors developed under on-demand

treatment and before ED 50. From the 48 subjects, 42 had exceeded 50

EDs at the time of this analysis. octanate was well-tolerated and the

adverse event profile was consistent with the population studied. The

haemostatic efficacy in prophylaxis and treatment of bleeding were

generally rated as ‘excellent’ and no complication was reported for any

surgical treatment.

Conclusion: Despite frequent inhibitor testing and predominant on-

demand treatment, octanateshowed a low rate of clinically relevant

inhibitor formation (4.2%) in this cohort of patients.

PB 3.36-3
A European certification system for haemophilia
centres
Calizzani G1, Menichini I1, Candura F1, O’Mahoney B1,

Giangrande P2 and Makris M3

1European Haemophilia Consortium, Brussels, Belgium; 2Oxford

Haemophilia & Thrombosis Centre, Oxford, UK; 3University of

Sheffield, Sheffield, UK

Background: There are 409 facilities in Europe, of widely varying size

and expertise calling themselves ‘Haemophilia Centres’. Although a

small number of countries have accreditation systems the majority do

not. The European haemophilia community of professionals and

patients has agreed the principles of haemophilia care. Care delivery is

challenging due to the rarity and expense of treatment of the disease.

We set to provide EU Member States (MS) with guidelines on a Euro-

pean certification system (CS) for Haemophilia Centres (HCs), in

order to improve haemophilia care and to ensure equity of treatment

throughout Europe.

Aims: To draw up a Guideline document establishing quality stan-

dards for European HCs and setting criteria for their certification and

designation as European Comprehensive Care Haemophilia Centres

(i.e. expert) and European Haemophilia Treatment Centres (i.e. non-

expert).

Methods: The drafting of the Guideline document was performed by a

panel composed of haemophilia experts and consultant methodolo-

gists. The methodology includes the following steps: (i) collection of

the available MS regulations on HCs certification system by adminis-

tering a questionnaire to key European stakeholders (physicians,

patient representatives, institutions) (ii) systematic review of literature

and MS regulations on HCs certification (iii) definition of a proposal

of criteria and principles to be adopted for the production of the stan-

dards and launch of a consultation process involving key European

stakeholders (iv) validation of criteria and principles for the produc-

tion of the standards (v) standards production (vi) design of a HCs

evaluation and certification system (vii) launch of a consultation pro-

cess on standards and HCs evaluation and certification system (viii)

approval of standards and evaluation/certification system.

Results: The first draft sets the standards for the designation of Euro-

pean HCs of two levels: European Haemophilia Comprehensive Care

Centres, that provide specialized and multidisciplinary care and func-

tion as tertiary referral Centres, and European Haemophilia Treat-

ment Centres, that provide local routine care. The standards apply to

both adults and paediatric patients. They focus on organizational

issues and cover: (i) general requirements (facility; general policy and

objectives; information about the Centres; organization and staffing;

policies and procedures; record-keeping and data collection; personnel

appraisal and continuing education; supply and management of thera-

peutic products, reagents and medical devices; quality planning, evalu-

ation and improvement; participation in registries; participation in

clinical research), (ii) patient care (awareness, information and educa-

tion of patients and their families; diagnosis and therapy of haemo-

philia and other related bleeding disorders and all the forms of

acquired haemophilia; periodic clinical and multi-disciplinary review;

genetic services; outcome indicators), (iii) advisory service, (iv) labora-

tory; (v) networking of clinical and specialised service.

Conclusions: The haemophilia standards have been developed follow-

ing consultation and in 2013 all European haemophilia centres will be

invited to apply for certification. A panel of physicians, patients and

nurses will assess the applications. Once implemented across EU MS,

the certification system will contribute to the reduction of health

inequalities through the standardization of quality of care provided by

HCs.

PB 3.36-4
Patient and parent preferences for efficacy, inhibitor
risk, safety, and infusion frequency associated with
prophylactic Factor VIII treatment
Mohamed AF1, Lin VW2, Posner JD1 and Epstein JD2

1RTI Health Solutions, Research Triangle Park; 2Baxter

BioScience, Westlake Village, USA

Background: As new options become available for Factor VIII prophy-

laxis treatment, research is needed to understand a patient’s willing-

ness to accept tradeoffs among treatment attributes such as

effectiveness, inhibitor risk, safety, and infusion frequency.

Aims: To quantify patient and parent preferences for prophylactic

Factor VIII treatments and compare the relative importance of treat-

ment attributes.
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Methods: Adult patients and parents of children with severe hemo-

philia A in the United States were recruited and completed a web-

enabled, discrete-choice experiment survey. The survey presented a

series of 10 choice questions, each including a pair of hypothetical pro-

phylactic Factor VIII treatment profiles. Each profile was defined by

average number of bleeds per year, risk of developing an inhibitor,

infusion frequency, and track record of product safety. The majority

of levels for each attribute were identified based on the literature or

clinical trial results. Choice questions were based on a predetermined

experimental design with known statistical properties. Preference

weights for attribute levels were estimated using random-parameters

logit. The survey was tested to help inform attribute selection and

ensure respondent comprehension in 10 face-to-face interviews. All

respondents provided online informed consent and the study complied

with the Declaration of Helsinki, receiving ethics board approval.

Results: The final sample included 76 adult patients and 86 parents.

Mean age for adult patients was 32 years and the mean age for chil-

dren was 8 years. 47% of adult patients and 41% of parents reported

prophylactically infusing three times a week. Statistical tests indicated

that the two samples could not be pooled due to different preferences

(P < 0.01). For parents, the most important attribute was average

number of bleeds per year and was assigned a mean relative impor-

tance score of 10.0. The remaining attributes in descending order of

importance were track record of product safety (8.1), risk of develop-

ing an inhibitor (8.0), and infusion frequency (6.0). For adult patients,

risk of developing an inhibitor was the most important attribute

(10.0). The remaining attributes in descending order of importance

were average number of bleeds per year (7.3), infusion frequency (6.3),

and track record of product safety (4.5). Both patients and parents sig-

nificantly (P < 0.05) preferred 0–1 bleeds per year over five bleeds per

year and a track record of 4–10 years of product safety over a product

new to market. There were significant (P < 0.05) differences between a

0%, 1% and 2% risk of inhibitor development as there were between

infusions three times per week and infusions two times per week. Par-

ents and adult patients revealed that achieving zero bleeds per year

(relative to five bleeds) was 2.4 and 1.7 times more important than

being able to infuse two times per week over three times per week,

respectively.

Conclusion: While these results suggest that adult patients and

parents of children with severe hemophilia A have different prefer-

ences, both were not willing to trade off having several bleeds per

year to infuse less frequently. Healthcare providers are encouraged

to take these preferences into account when prescribing Factor VIII

prophylaxis.

PB 3.36-5
Comprehensive assessment of hemorrhagic phenotype
and cardiovascular risk profile in carriers of severe
haemophilia
Mingot ME, Rodriguez-Mart�ınez M and Heiniger Mazo A

Regional Universitary Hospital Carlos Haya, M�alaga, Spain

Background: There are few studies about bleeding phenotype in hae-

mophilia carriers. All of them describe haemophilia carriers with low

factor VIII (FVIII) levels without bleeding problems and on the other

hand an haemorrhagic tendency in some of these women even with

factor VIII (FVIII) plasma levels almost in a normal range.

Aims:

- To evaluate hemostasis in severe hemophilia carriers.

- To identify symptomatic carriers.

- To descrige this group bleeding profile.

- To exclude other concomitant haemostasis disorders supporting

this bleeding profile.

- To evaluate this population cardiovascular risk profile and its influ-

ence on the bleeding profile.

- To analyze the quality of life of this population.

Method: This is a descriptive cross-sectional, non-interventional, single

center study. Ethics Committee evaluation and Informed Consent are

requested. The target population are severe Haemophilia A carriers

from our center, there is no exclusion criteria. We will evaluate family

bleeding, ischemic and thrombotic antecedents, individual hemostasis

profile using Tosetto bleeding score (TBS) and pictorial blood assess-

ment chart (PBAC), FVIII genetic study, complete blood count, basic

biochemistry, haemostasis (aPTT, PT, fibrinogen, platelet function

tests, FVIIIc, FvWAg and FvWRCo, FXIII, homocysteine, resistence

to activated protein C, antithrombin, protein C and S, 20210A pro-

thrombin mutation), cardiovascular risk throughout Framingham

score and Systematic Coronary Risk Evaluation Project. We will study

quality of life using SF-36 questionary. Anxious and depression disor-

ders will be evaluated with Goldberg score. To describe continuous

variables we will use mean, median, standard deviation, maximum and

minimum. For categorical variables, it will be used the percentage of

every category. Statistical techniques are used to ensure compliance

with statistical assumptions to use non parametric tests.

Results: Since julio 2012, we have studied 31 severe haemophilia A car-

riers. Median age is 43 years-old (range, 14–73 year-old). Media

FVIII: C level is 82 � 32% (range, 35–152%). There is no difference

in FVIII levels with regard to bleeding profile or FVIII gene mutation.

Tosetto bleeding score is higher than 3 in 42% of the group (13/31).

Abnormal bleeding in surgery, postpartum or menorrhagia were

described in 26% (8/31) of cases. PBAC is higher than 100 in 70% of

the group (22/31), a higher rate than general population. Three of

these patients have low levels of VWF: RCo and VWF: Ag. Farther

studies let us classify them as von Willebrand disease patients appart

from haemophilia carriers. We find no other associated haemostatic

disorder. There is no thrombophilia, nor correlation between cardio-

vascular risk score and bleeding profile, although serie is still short.

Conclusion: Severe haemophilia A carriers can suffer from abnormal

bleeding because of low FVIII levels or association of other haemo-

static difects. There is short information on general population bleed-

ing events incidence apart from metrorrhagia. This makes difficult to

verify and to prove that the incidence of bleeding in haemophilia carri-

ers with FVIII levels over 40% is higher, particularly since these seem

to occur with bleeding hemostatic levels of FVIII and no other hemo-

stasis defect.

PB 3.36-6
Do inhibitors, treatment regimen and bleed frequency
impact haemophilia treatment centre and provider
utilisation: an analysis of adults with haemophilia in
the HERO study
Iorio A1, Nugent D2, Stain AM3, Gregory M4, Pericleous L5

and Cooper D6

1McMaster University, Hamilton, Canada; 2Children’s Hospital of

Orange County, Orange, USA; 3Kiddies Health Care Inc, Toronto,

Canada; 4UK Haemophilia Society, London, UK; 5Novo Nordisk

A/S, Bagsværd, Denmark; 6Novo Nordisk Inc., Princeton, USA

Background: Congenital haemophilia is primarily treated through

comprehensive care at a haemophilia treatment centre (HTC) by a

variety of specialised practitioners. Little is known about the relation-

ship of HTC utilisation to the presence of inhibitors, on-demand vs.

prophylactic treatment or bleed frequency.

Aims: To describe the relationship between HTC and healthcare pro-

fessional utilisation, inhibitor status, treatment regimen and bleed fre-

quency in adults with haemophilia in the Haemophilia Experiences,

Results and Opportunities (HERO) Study.

Methodology: A post-hoc descriptive analysis of data from adults

≥18 years in eight countries with home treatment. Annual bleed fre-

quency was categorised for analysis (0, 1–5, 6–10, 10–20, >20 bleeds).
Results: Overall, 515 adults (431 without inhibitors, 84 with inhibitors)

responded, with treatment distributed between on-demand (without
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inhibitors 141, with inhibitors 39) and prophylaxis (without inhibitors

174, with inhibitors 29). The distribution of adults among each annual

bleed frequency category (0/1–5/6–10/10–20/>20) was 54/144/63/57/

75. Median age (years) of those on prophylaxis was younger than

those patients on on-demand for adults without inhibitors (36 vs. 41)

but not for adults with inhibitors (35 vs. 35). There was no consistent

trend in median age across bleed frequencies (45/40/36/35/40). Overall,

64% of adults were full-time, part-time or self-employed; rates of

employment were similar in adults without inhibitors (on-demand

65%, prophylaxis 58%), with inhibitors (on-demand 76%, prophy-

laxis 73%) and with increasing annual bleed rate (65%/63%/74%/

63%/53%). Higher risk activities were reported more commonly by

those on prophylaxis (without inhibitors 16%, with inhibitors 10%)

vs. on-demand (without inhibitors 10%, with inhibitors 3%) and by

those with lower annual bleed rates (15%/10%/17%/7%/9%). Mean/

median bleeds per year were higher for adults without inhibitors on

prophylaxis (14.9/5) vs. on-demand (10.3/2) but were lower for adults

with inhibitors on prophylaxis (5.6/2) vs. on-demand (15.6/7). Mean/

median number of HTC visits per year were higher for adults on pro-

phylaxis (without inhibitors 4.5/2, with inhibitors 5.4/4) vs. on-demand

(without inhibitors 3.5/2, with inhibitors 4.8/3). There were no differ-

ences seen in relation to bleed rates. Nurses were more frequently

involved in haemophilia care in adults with inhibitors on prophylaxis

(without inhibitors 55%, with inhibitors 69%) vs. on-demand (without

inhibitors 45%, with inhibitors 44%) and with increased bleed fre-

quency (37%/54%/54%/65%/57%), while social worker involvement

was more common in adults without inhibitors on prophylaxis (20%

vs. 8% on-demand) but less common in adults with inhibitors on pro-

phylaxis (17% vs. 44% on-demand), and increased with bleed fre-

quency (9%/15%/19%/30%/32%). Physiotherapist involvement was

similar in adults on prophylaxis (without inhibitors 39%, with inhibi-

tors 41%) and on-demand (without inhibitors 31%, with inhibitors

46%) but increased based on bleed frequency (20%/38%/41%/35%/

37%).

Conclusions: For adults, employment was relatively high irrespective

of the presence of inhibitors, current treatment regimen and increasing

bleed frequency. Reported bleed frequency was higher in adults with-

out inhibitors on likely secondary prophylaxis but lower in those with

inhibitors on prophylaxis. HTC utilisation was slightly higher in adults

on prophylaxis vs. on-demand. Bleed frequency did not seem to

impact utilisation. Involvement of physiotherapy and social work in

comprehensive care was generally less than expected.

PB3.37 – Haemophilia A:
Clinical – XI

PB 3.37-1
Outcomes of total knee and hip arthroplasty for
hemophilic arthropathy
Holderness BM, Goto Y, McKernan LJ, Bernini PhM

and Ornstein L

Dartmouth-Hitchcock Medical Center, Lebanon, USA

Background: Hemophilic arthropathy results in joint pain and dys-

function and significant disability in people with bleeding disorders.

Total joint arthroplasty (TJA) carries substantial bleeding risk, but

may also be associated with increased risk for venous thromboembo-

lism (VTE). Our practice is to ensure normal hemostasis using coagu-

lation factor concentrates perioperatively while administering

pharmacologic thromboprophylaxis concurrently to prevent VTE.

Our center is one of the few to employ this management strategy for

TJA in this population; the aim of the current study was to assess

safety and efficacy of this practice.

Methods: We performed a retrospective chart review to identify

patients with congenital bleeding disorders who underwent TJA

between 1987 and 2012. We collected data on range of motion (ROM)

and pain before and after surgery and on early and late complications

(bleeding, infection, thrombosis). Data are presented descriptively

using median values and ranges where appropriate.

Results: We identified 38 procedures (29 knees (TKA) and 9 hips

(THA) in 28 patients (26 male, 2 female) with hemophilia A (n = 21),

hemophilia B (n = 4), factor 11 deficiency (n = 1) and von Willebrand

disease (n = 2). Median age at operation was 42 years (range, 17–74)
for TKA and 45 years (range, 18–71) for THA. Inhibitors were present

in one patient with hemophilia A (1.5 B.U.) and one patient with fac-

tor 11 deficiency (0.5 B.U.). All patients were treated with hemostatic

agents appropriate to their disorders for up to 4–6 weeks post-opera-

tively. Complete data at 2 months post-operatively are available for 27

TKA patients, of whom, 7 (23%), demonstrated improvement in

ROM (median 15 degrees, range 5–25). At 1.5 years post-operatively,

17/29 (59%) TKA patients showed improvement in ROM (median 15

degrees, range 4–58) and 100% reported decreased knee pain. All nine

THA patients demonstrated improved ROM at 2 months post-opera-

tively. Eight (89%) demonstrated gains in internal rotation (median,

45 degrees, range 15–45), 9 (100%) in external rotation (median 30

degrees, range 15–45), 5 (56%) in flexion (median 35 degrees, range

27–55), 7 (78%) in extension (median 15 degrees, range 3–95), and 7

(78%) in abduction (median 15 degrees, range 10–25). Low molecular

weight heparin was administered post-operatively in 29 of 38 proce-

dures (76%). Thromboprophylaxis was discontinued in three patients

for non-joint bleeding (one hematuria, two cases of hypotension and

anemia). There were no symptomatic VTE. Early complications

included five cases of cellulitis and two hemarthroses in patients not

receiving thromboprophylaxis. Late complications included two

patients with aseptic loosening in prosthetic knees leading to TKA

revisions, one with a subsequent joint infection requiring surgical

debridement and one patient with a worsening flexion contracture

requiring TKA revision.

Conclusions: While there are risks associated with TJA in patients with

bleeding disorders, our data suggest they are outweighed by the bene-

fits manifesting as decreased pain and improved function. Pharmaco-

logic thromboprophylaxis appears safe in this population; whether it is

necessary is unknown and should be a subject of future trials.

PB 3.37-2
European Haemophilia Network (EUHANET)
Makris M1, Calizzani G2, Fischer K3, Gatt A4, Hollingsworth R5,

Lambert T6, Lassila R7, Mannucci PM8, Peyvandi F9

and Windyga J10

1University of Sheffield, Sheffield, UK; 2European Haemophilia

Consortium, Rome, Italy; 3University Medical Centre Utrecht,

Utrecht, The Netherlands; 4Mater Dei Hospital, Msida, Malta;
5MDSAS, Manchester, UK; 6Paris AP-HP Haemophilia Treatment

Centre, Paris, France; 7Helsinki University, Helsinki, Finland;
8EAHAD, Milan, Italy; 9Fondazione IRCCS Ca’ Granda Ospedale

Maggiore Policlinico, Milan, Italy; 10Institute of Haematology

and Transfusion Medicine, Warsaw, Poland

Background: Inherited bleeding disorders are rare and care for patients

is provided by specialist haemophilia centres. The quality of care varies

enormously between countries and in different centres within coun-

tries. It is difficult for patients to select which centre to attend due to

lack of information about the quality and level of care offered. There

is limited independent information available for patients about their

disorders and there is no uniform system to collect adverse events of

their treatment.

Method: EUHANET is a European Commission funded project with

additional support from industry. There are five main partners and 84

collaborating haemophilia centres participating. The project uses

information technology extensively and centres collaborate on several

projects including the certification of haemophilia centres, the develop-

ment of a new website, the expansion of the adverse event reporting
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system (EUHASS) and a prospective registry of patients with afibrino-

genemia and FXIII deficiency and their management.

Results: (a) Certification

We have identified 409 facilities that call themselves haemophilia cen-

tres in Europe. After review of the currently available literature and

guidelines from individual countries, we have proposed the standards

required for European Comprehensive Care Haemophilia Centres

(expert) and European Haemophilia Treatment Centres (non-expert)

certification. All European centres will be able to apply for certifica-

tion from 1st June 2013.

(b) Haemophilia Central website

A new publically available website (www.haemophiliacentral.org) con-

tains frequently updated news stories as well as information on guide-

lines, clinical trials, concentrates and a locator listing all haemophilia

centres and organisations in Europe. Patients can find the nearest hae-

mophilia centre from anywhere in Europe.

(c) Adverse event reporting

The EUHASS adverse event reporting system has been expanded to

include platelet disorders and acquired bleeding disorders due to inhib-

itors. So far in the first 4 years of the system 952 individual reports

from centres have been submitted. These included 101 allergic or acute

reactions, 197 first ever inhibitors, 26 recurrent inhibitors, 103 throm-

boses (of which 62 occurred within 30 days of concentrate administra-

tion), 207 malignancies and 310 deaths.

(d) Prospective registry for afibrinogenemia and FXIII deficiency

A new project has started where all cases of afibrinogenemia and

FXIII deficiency in the participating centres are registered and data on

number of bleeds and concentrate usage are prospectively provided

every 6 months.

Conclusion: Although in its early days, the EUHANET project aims to

improve the collaboration of European haemophilia centres and the

success of the ongoing EUHASS project is a demonstration of what

can be achieved with such collaboration.

PB 3.37-3
Osteoporosis and osteopenia in patient with severe
and moderate type hemophilia A
Chen YC1, Cheng S-N2, Pan R-Y3, Li TY4 and Hu SH5

1Hemophilia Care and Research Center, Divison of Hematology/

Oncology; 2Department of Pediatrics; 3Division of Sports

Medicine, ; 4Department of Physical Medicine and Reha;
5Hemophilia Care and Research Center, Taipei, Taiwan

Background: Hemophilia patients have been found to have lower bone

mineral density (BMD) as compared to normal healthy subjects. The

pathophysiology of the development of osteoporosis in hemophilia

patients is not exactly known.

Aim: The aims of this study were to realize the percentage of osteopo-

rosis in hemophilia patients and to analyze the correlation of osteopo-

rosis with some clinical factors and a biomarker in hemophilia A

patients.

Patients and Methods: We prospectively enrolled 30 consecutive adult

hemophilia A patients (23 severe and seven moderate type) with hemo-

philic arthropathy from January to December, 2011 for this study.

The median age of patients was 38.5 years old with a range of 21–
66 years. Each patient’s clinical informations including age, disease

severity, body mass index (BMI), anti-HCV positivity, Pettersson

score of the X-ray of six index joints and dual-energy X-ray absorpti-

ometry (T score) for femoral neck and lumbar spine and tartrate-resis-

tant acid phosphatase isoform 5b level were collected for correlation

analyses.

Results: The percentage of osteopenia determined by T score of femo-

ral neck and lumbar spine in our cohort patients was 70% and 28%,

respectively. The percentage of osteoporosis in femoral neck and lum-

bar spine was 12% and 4%, respectively. There were good correlation

between patients’ BMI and T score of either femoral neck (r = 0.635,

P = 0.0046) or lumbar spine (r = 0.690, P = 0.002). The BMD of fem-

oral neck and lumbar spine between patients with and without HCV

were not significantly different.

Conclusion: Our study demonstrated there was a high percentage of os-

teopenia measured by T score of femoral neck and BMI has signifi-

cantly good correlation with BMD of femoral neck and lumbar spines

in this cohort of hemophilia patients.

PB 3.37-4
Haemate� P for the treatment of vWD and
haemophilia A: new results of a pharmacovigilance
project
Krause M1, Von Depka Prondzinski M2, Halimeh S3, Wermes C4,

Kemkes-Matthes B5, Gutowski-Eckel Z6 and Auerswald G7

1German Clinic for Diagnostic, Wiesbaden; 2Transfusion

Medicine, Werlhof-Institute, Hannover; 3Medical Thrombosis

and Haemophilia treatment Center, Duisburg; 4Paediatric

Haematology and Oncology, MHH, Hannover; 5Haemostasis

Center, University Hospitals Giessen and Marburg GmbH,

Gieben; 6CSL Behring GmbH, Marburg; 7Prof. Hess Childrens

Hospital, Klinikum Bremen-Mitte, Bremen, Germany

Haemate� P(CSL Behring, Marburg) is a factor concentrate that con-

tains von-Willebrand-Factor (vWF) and Factor VIII (FVIII). It is

indicated for the treatment of von Willebrand disease (vWD), haemo-

philia A and ITT. This pharmacovigilance surveillance should collect

data on the long-term efficacy, tolerability and safety of Haemate� P

in clinical routine situations.

All patients treated with Haemate� P could be enrolled (vWD and

haemophilia A-patients, PUPs and PTPs). Patients are routinely

screened every 3–12 months. The following parameters were docu-

mented (non-interventional design): overall clinical response, bleeds,

adverse drug reactions including the incidence of inhibitors, laboratory

safety parameters, virus safety, relevant concomitant diseases, and rel-

evant concomitant medication.

Up to now, 91 patients were included into this study and data from

330 visits were available for this analysis. 87 patients suffered from

vWD (57 patient with Type 1, 18 patients with Type 2, and 11 patients

with Type 3), and four patients from haemophilia A. The median age

was 36 years (range 0.4–84.3).
In all vWD patients the median number of bleeds per year was 2.34 (in

the vWD-Type 1-group median 7.74 bleeds, in the vWD-Type 2-group

median 1.76 bleeds, in the vWD-Type 3-group median 0.97 bleeds).

This is correlated to a higher percentage of patients with ‘on demand’

treatment in Type 1 patients.

Four patients with haemophilia A are enrolled in the study. One

patient with known risk factors (afro-american origin) developed a

low titer inhibitor, an ITI was started and successfully completed. The

results included in this interim analysis confirm the very good efficacy,

tolerability and safety of Haemate� P.

PB 3.37-5
Safety and pharmacokinetics of a recombinant fusion
protein-linking coagulation factor VIIa with albumin
(rVIIa-FP) in healthy volunteers
Veldman A, Easton R, Jung K, Moises T, Lawo JP, Joch C, Daehler

A and Bensen-Kennedy D

CSL Behring, Marburg, Germany

Background: Development of neutralizing antibodies remains the most

problematic complication in the treatment of patients with congenital

haemophilia. Therapy with the bypassing agent rFVIIa is limited by

the short half-life of the commercially available product. Here, we

report on pharmacokinetics and safety of a novel, recombinant fusion
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protein linking coagulation factor VIIa with albumin (rVIIa-FP) in a

placebo controlled, first-in-man study in healthy male subjects that

have been anti-coagulated with an oral vitamin K antagonist

(OVKA).

Aims: To investigate safety andpharmacokinetics of rVIIa-FP in

healthy volunteers.

Methods: A total of 40 healthy male volunteers between 18 and

35 years of age were included in the study and were dosed in five con-

secutive cohorts of eight subjects each. In each cohort, six subjects

were randomized to a single dose of rVIIa-FP (140, 300, 500, 750 and

1000 lg/kg) and 2 to placebo. All subjects received anticoagulation

with OVKA to reach a stable INR between 2 and 3 prior to dosing

with rVIIa-FP/placebo. Dosing with OVKA was continued at a fixed

dose for 5 days after injection of rVIIa-FP and then antagonized with

Vitamin K.

Results: Tolerance of rVIIa-FP was excellent at all dose levels. No seri-

ous adverse events were observed. None of the subjects developed

anti-drug antibodies or inhibitors. FVIIa baseline-corrected mean

(SD) Cmax plasma activity increased in a dose-proportional manner,

from 9240 (515) mU/mL for the 140 lg/kg dose to 63520 (13515) mU/

mL for the 1000 lg/kg dose. Across the dose range, the median half-

life (t1/2) was consistent, ranging from 6.1 h to 9.7 h. At the highest

dose of 1000 lg/kg, the median FVIIa activity-based was 8.5 h. Clear-

ance (CL) was consistent across the dose levels, ranging from 7.62 to

12.74 [mL/h/kg].

Conclusions: Compared to the commercially available rFVIIa product,

the t1/2 of rVIIa-FP is increased and clearance reduced by approxi-

mately 3–4 fold. Tolerance and safety in this first-in-man study were

excellent. The study has been registered on clinicialtrials.gov (Registra-

tion No: NCT01542619).

PB 3.37-6
Adherence to hemophilia treatment in the Dutch
pediatric population; reliability and validity of the
VERITAS-Pro questionnaire
Lock J1, Raat H2, Duncan NA3, Shapiro AD3, Peters M4,

Tamminga YJ5, Leebeek FWG2, Moll HA1 and Cnossen MH1

1Erasmus Medical Center – Sophia Children’s Hospital; 2Erasmus

Medical Center, Rotterdam, The Netherlands; 3Indiana

Hemophilia and Thrombosis Center, Indianapolis, USA;
4Academic Medical Center – Emma Children’s Hospital,

Amsterdam; 5University Medical Center Groningen, Groningen,

The Netherlands

Background: Patients’ adherence is strongly associated with the cost-

benefit of hemophilia treatment. It is therefore important to be able to

quantify adherence and to formulate interventions aiming to modify

patient adherence.

Aims: To assess the reliability and validity of the cross-culturally

adapted Dutch version of the Validated Haemophilia Regimen Treat-

ment Adherence scale (VERITAS-Pro) designed to quantify adherence

in patients with hemophilia on prophylactic clotting factor replace-

ment therapy. This first evaluation focuses on the test equivalence of

the psychometric properties of the original and the adapted VERI-

TAS-Pro.

Patients and Methods: In this study, children from three Dutch Hemo-

philia Treatment Centers with severe and moderate hemophilia on

prophylactic treatment were included. Exclusion criteria were: prophy-

lactic treatment <1 year, presence of inhibitors, language difficulties.

Written informed consent and ethical approval was obtained. Parents

and adolescents aged 10–18 years filled out the study questionnaire.

The original VERITAS-Pro is a validated adherence scale of prophy-

lactic clotting factor replacement therapy, applied in the USA. The

scale consists of 24 items on six (four item) subscales (Time, Dose,

Plan, Remember, Skip, Communicate). Lower scale scores reflect

higher adherence. The VERITAS-Pro was translated into Dutch

according to a predefined protocol with two forward and two back-

ward translations. Psychometric properties (construct validity includ-

ing Cronbach’s alpha and item correlations per subscale,

discriminative validity according to the infusion logbooks, test-retest

reliability) were empirically assessed.

Results: A total of 60 parents and 30 adolescents filled out the ques-

tionnaire with a response rate of 87%. Median age of children was

11 years (IQR 8–14). Test-retest reliability was measured in a sub-

group (n = 58). Construct validity: mean Cronbach’s alphas were ade-

quate (>0.70) for the total score, and the subscales ‘skip’ and

‘communicate’, but not for subscales ‘time’ (0.42), ‘dose’ (0.34), ‘plan’

(0.62), and ‘remember’ (0.50). Two scales had floor effects (>50%), not

previously reported. The item-own subscale correlations within all

scales were considerably higher than most of the item-other subscale

correlations. Test-retest correlations were statistically significant for

all scales, except for the subscale ‘time’. Discriminative validity: overall

total scores were significantly higher for non-adherent respondents

according to the infusions logbooks (n = 48, P < 0.05).

Conclusions: This suggests that the total score of the VERITAS-Pro is

useful to quantify adherence to treatment in the Dutch population;

subscales are however less applicable. Equivalence of psychometric

properties of the adapted VERITAS-Pro was reached on most items.

PB3.38 – Haemophilia A:
Clinical – XII

PB 3.38-1
Clinical features and management of hemophilic
pseudotumors: a single US center experience
Lim MY1, Nielsen B2, Ma A1 and Key NS1

1University of North Carolina; 2UNC Hemophilia and Thrombosis

Center, Chapel Hill, USA

Background: Hemophilic pseudotumor is an uncommon but poten-

tially life-threatening complication occurring in 1–2% of hemophilia

patients. It is thought to occur more frequently in developing countries

that have limited access to factor replacement therapy, and is rarely

seen in developed countries. Given the rarity of this condition, consen-

sus on the management of pseudotumors in hemophilia patients is

lacking and largely confined to case reports or small series.

Aims: We describe the clinical features and management of hemophilic

pseudotumors in a single US institution.

Methods: We retrospectively reviewed the medical records of hemo-

philia patients with a diagnosis of pseudotumor seen at the UNC

Hemophilia Center from 1981 to 2011. We recorded the following

data: type and severity of hemophilia, documented etiological anteced-

ent, localization of the pseudotumor, presenting symptoms, manage-

ment and outcome.

Results: We identified 12 pseudotumors in 11 hemophilia patients in

the age range of 23–69 years (median: 47 years) at the time of diagno-

sis. Ten patients had hemophilia A (severe, n = 5; moderate, n = 4;

mild, n = 1) and one patient had moderate hemophilia B. Six patients

had known inhibitors or a history of inhibitor.

An etiological antecedent leading to the development of pseudotumor

was reported in nine cases (75%): prior trauma to the affected area in

six cases and prior spontaneous bleed in the affected area in three

cases. Localization of the pseudotumor was confined to soft tissue in

three cases (25%), and affected the bones in eight cases (66.7%). The

remaining case was a right lung pseudotumor.

Localized pain from the pseudotumor was present in seven cases, of

which additional neurological compromise (paresthesia) and vascular

compromise (arterial ulcers) occurred in one case each. Two patients

presented with a pathological fracture while the patient with right lung

pseudotumor presented with hemoptysis. One patient presented with

obstructive renal symptoms from his retroperitoneal pseudotumor,

subsequently progressing to end stage renal disease, requiring hemodi-
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alysis. Six of the 12 pseudotumors (50%) were not diagnosed at the

time of initial presentation, with the delay in time to diagnosis ranging

from 6 weeks to 6 years.

In eight cases, surgical intervention (incision and drainage [I&D],

n = 2; excision, n = 4; amputation, n = 2) was the initial treatment

choice, with complete resolution obtained in six cases. Both I&Ds were

unsuccessful, with one case subsequently undergoing successful surgi-

cal excision, while the other case was followed by an unsuccessful arte-

rial embolization; the patient declined further intervention.

Conservative management with close monitoring occurred in three

cases, with one case subsequently requiring surgical resection. The

patient with a right lung pseudotumor was treated with multiple arte-

rial embolizations without resolution. He was subsequently placed on

biweekly factor replacement therapy to reduce the frequency of hem-

optysis.

Conclusion: This is the largest single-US institution case series of hem-

ophilic pseudotumors. Our series demonstrates that hemophilic pseu-

dotumors still occur sporadically, and the diagnosis is frequently

delayed. Surgical intervention seems to be a safe and effective treat-

ment, although conservative management may be appropriate in

selected cases.

PB 3.38-2
The relationship between specific annual bleed rates
and health outcomes among children with severe
hemophilia A
Valentino LA1, Giangrande P2, Epstein JD3, Xiong Y3, Ito L3

and Li-McLeod J3

1Rush University Medical Center, Chicago, IL, USA; 2Oxford

Haemophilia & Thrombosis Centre, Oxford, UK; 3Baxter

Healthcare, Westlake Village, USA

Background: Recurrent bleeding suffered by children with severe

hemophilia A has been shown to lead to chronic pain, disability,

arthropathy and lower health-related quality of life (HRQOL). Little

has been published to understand what level of bleeding can be toler-

ated before patients report an impact on their health outcomes.

Aims: The objective of this analysis was to assess the health outcomes

of pediatric patients reporting a zero annual bleed rate (ABR) and

identify the incremental impact of higher ABRs on these outcomes.

Methods: A multi-national, cross-sectional survey of severe hemophilia

A patients was administered in collaboration with hemophilia associa-

tions or hemophilia treatment centers across 10 countries. A central-

ized ethics review board approved the study. Eligible, consenting

caregivers of hemophilia patients under 18 years of age completed a

detailed questionnaire during one of two phases: from October-

November 2009 (Argentina, China, Russia, US) and January-August

2011 (Chile, Colombia, Malaysia, Mexico, Philippines, Singapore).

HRQOL was measured using the Pediatric Quality of Life Inventory

(PedsQL) and the EQ-5D. Treatment regimen, ABR, number of target

joints and days missed from school were also assessed. Median results

of those who reported a zero ABR were compared to those reporting

ABR categories of 1–2, 3–4, 5–10, 11–20, 21–30, 31–50 and >51 using

Wilcoxon Rank-Sum Test.

Results: 470 parents/caregivers of severe hemophilia A children com-

pleted the survey. The mean age of pediatric patients was 9.7 years.

48% of the pediatric patients were on an on-demand treatment regimen

while another 48% were on prophylaxis (defined as regular infusions to

prevent bleeds from occurring), and the remainder did not specify. A

pattern emerged between an increase in ABR and significant worsening

of HRQOL scores. Compared to patients with a 0 ABR who reported

a median PedsQL Total score of 82.6, patients with ABR categories of:

3–4, 5–10, 11–20, 21–30, 31–50, 51 or more showed significantly worse

median PedsQL Total scores of: 71.2, 65.3, 68.7, 67.4, 64.0 and 56.5,

respectively (all P < 0.05). This statistically significant pattern held for

all PedsQL summary scores (physical, psychosocial, school) as well as

the EQ-5D Index and EQ-5D VAS scores (all P < 0.05). Additionally,

differences in number of target joints and missed days from school all

showed the same statistically significant trend of progressively worse

scores when comparing 0 ABR to ABR categories of 3–4 and beyond.

There were no significant differences between patients with zero com-

pared to 1–2 ABR on these health outcomes.

Summary/Conclusions: This analysis suggests that even 3–4 bleeds per

year may have a negative impact on a patient’s joint health, days

missed from school and HRQOL. Efforts to maintain a 0 ABR among

pediatric patients with severe hemophilia A may help ensure optimal

outcomes.

PB 3.38-3
Comparison of factor VIII half-lives in severe
haemophilia A following switch to Refacto AF
Needham J1, Lewis H1, Rangarajan K2, Phillott A1 and

Rangarajan S1

1Hampshire Hospitals NHS Foundation Trust, Basingstoke;
2Imperial College School of Medicine, London, UK

Background: Haemophilia A patients on prophylaxis therapy have

pharmacokinetic studies performed as part of routine clinical manage-

ment to confirm that their circulating factor VIII level is being main-

tained between doses at an appropriate level to reduce the risk of

spontaneous bleeding. Concerns have been raised regarding pharma-

cokinetic performance of B-domain-deleted recombinant factor VIII

(BDD rFVIII) compared to full-length factor VIII (FL FVIII) replace-

ment therapy. This is retrospective analysis of laboratory data col-

lected from patients treated with recombinant full length Factor VIII

concentrate under a prophylactic regime and switched to B-domain

deleted Refacto AF on an equivalent dosage regime and frequency as

part of national procurement.

Aims: To compare factor VIII half-life measurements and thrombin

generation in patients with severe haemophilia A since switching to

BDD rFVIII from full-length factor VIII (FL FVIII) replacement

therapy.

Methods: Factor VIIIC levels were measured on the Destiny Max ana-

lyser (Stago) using TriniCLOT aPTT HS, reference plasma (Stago) for

FL FVIII replacement therapy and Refacto laboratory standard for

BDD rFVIII, FVIII deficient plasma (Technoclone) for 1-stage assay

and chromogenic FVIII (Technoclone). Thrombin generation was

measured using CAT analyser and reagents (Thrombinoscope). Citrat-

ed plasma samples from patients (n = 9) were collected during phar-

macokinetic studies pre and post FL FVIII or BDDrFVIII

replacement therapy at four time points over 32 h.

Results: There was no significant difference detected in the levels of

FVIII measured by 1-stage or chromogenic assay for FL FVIII or

BDD rFVIII (P = 0.0.94 and P = 0.65 respectively. There was no sig-

nificant difference in half-lives between treatment with FL FVIII or

BDD rFVIII P = 0.94. There was no significant difference in thrombin

generation between FL FVIII or BDD rFVIII as measured by endoge-

nous thrombin potential (ETPnM*r), P = 0.60

Summary/Conclusions: Laboratory data has not identified any differ-

ence in the half-life of circulating levels of factor VIII or thrombin gen-

eration in haemophilia A patients treated with either FL FVIII or

BDD rFVIII replacement therapy. Pharmacokinetic studies in these

patients have not identified any difference in laboratory performance

between FL FVIII or BDD rFVIII.
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PB 3.38-4
Differential patterns of dynamic whole blood platelet
aggregation in haemophilia A following in vitro
addition of rFVIII and by-passing agents
Jensen MS1, Sørensen B2, Fenger-Eriksen C1, Ingerslev J1

and Larsen OH1

1Aarhus University Hospital, Aarhus, Denmark; 2Guy’s and St

Thomas’ NHS Foundation Trust and King’s College London,

London, UK

Background: Haemostatic interventions in haemophilia A vary in

mode of action and this may be reflected on platelet aggregation (PA).

Aims: This study examined the PA patterns after in vitro addition of

recombinant factor VIII (rFVIII) or bypassing agents.

Methods: The study was approved by the appropriate medical ethics

committee. Following informed consent citrated whole blood with

corn trypsin inhibitor (100 lg/mL) was obtained from 10 patients with

severe haemophilia A. Dynamic whole blood PA was evaluated apply-

ing a novel not standardized assay using endogeneously generated

thrombin as agonist. PA was recorded by impedance aggregometry

after addition of tissue factor. Fibrin polymerization was inhibited and

WB was spiked with buffer, rFVIII, plasma-derived activated pro-

thrombin complex concentrate (pd-aPCC), recombinant factor VIIa

(rFVIIa), or rFVIIa analogue (vatreptacog alfa).

Results: Baseline total PA was reduced in haemophilia A (980 � 332

AUxmin, [mean]) with the absence of a second wave. All in vitro addi-

tions induced a healthy PA pattern introducing a second wave of PA.

Total PA was increased following pd-aPCC (3124 AUxmin) and par-

ticularly rFVIIa analogue (3678 AUxmin) compared to rFVIII (2099

AUxmin) and rFVIIa (2224 AUxmin). Earlier onset of thrombin

induced PA was provided by rFVIIa (7.1 min), rFVIIa analogue

(2.2 min), and pd-aPCC (5.3 min) compared to rFVIII (11.5 min).

Recombinant FVIIa analogue (0.125–2 lg/mL) showed significant

dose-response, whereas rFVIIa (1–4 lg/mL) did not.

Conclusion: The haemostatic interventions showed varying potential to

support platelet aggregation in vitro. This may have implications opti-

mizing patient treatment, however, the potential clinical impact of

these observations needs to be addressed in future studies.

PB 3.38-5
Qualitative findings contributing to the development
of a hemophilia-specific caregiver burden instrument:
caregiver and health care professional insights
Von Mackensen S1, Wisniewski T2 and Valentino LA3

1University Medical Centre Hamburg-Eppendorf (UKE),

Hamburg, Germany; 2Novo Nordisk Inc., Princeton, NJ; 3Rush

University Medical Center, Chicago, IL, USA

Background: The majority of children who have congenital hemophilia

with and without inhibitors are treated at home, mainly by their par-

ents; older children treat themselves. Data describing the caregiver

experience among this population are limited. There are no disease-

specific instruments that have been developed and validated for this

population.

Aims: The purpose of this study was to develop an instrument to mea-

sure the burden of caring for pediatric patients with hemophilia based

on qualitative findings among caregivers and health care professionals

(HCPs).

Methods: Item generation was based on two approaches (focus

groups, questionnaire evaluation). Two focus groups with caregivers

of children with hemophilia were held at RUSH HTC by an experi-

enced psychologist. A semi-structured interview guide was developed

for discussions. Notes from discussions were transcribed by an inde-

pendent note-taker. Qualitative findings were assessed by the psy-

chologist to determine concepts that emerged during focus groups

for inclusion in the draft instrument. Statements were thematically

categorized and items formulated based on caregivers’ statements. A

literature review was undertaken to identify existing validated care-

giver burden instruments for the general population or chronic/acute

diseases. Seven instruments covered aspects suitable for hemophilia

caregivers. Approval to use these questions were obtained from the

developers or paraphrased when developers did not respond. HCPs

were asked to rate each identified question for its importance to

hemophilia caregivers on a 5-point Likert scale ranging from ‘not

important at all’ to ‘very important’. Questions were included in the

draft instrument if more than 73% of all HCPs agreed they were

‘very important’. In addition HCPs were asked what the main bur-

den of hemophilia in their opinion is for children, caregivers and

HCPs. IRB approval was obtained for both focus groups and HCP

assessments.

Results: 11 caregivers participated in focus group discussions. All were

caring for children with hemophilia A; three (27%) were caring for

children with inhibitors. Caregivers reported patients ranged in age

from 2 to 26 years. Discussions with caregivers generated a total of 92

questions organized into eight domains: emotional stress (N = 21),

medical management (N = 10), financial (N = 6), personal sacrifice

(N = 6), work (N = 11), interactions with others (N = 10), perception

of child (N = 11), coping with hemophilia (N = 17). A total of 16

HCPs completed the HCP evaluation; of these were seven physicians

(43.8%), six nurses (37.5%), one social worker (6.3%) and two were

employed in ‘other’ functions (pharmacy, dental hygienist). A total of

nine questions were ranked as ‘very important’ by HCPs (VI) and eight

additional aspects emerged (E) based on HCPs opinions about care-

givers’ burden: emotional stress: VI = 2, medical management: E = 5,

financial: VI = 4, personal sacrifice: VI = 2 and E = 2, interactions

with others: VI = 1, coping: E = 1. The draft instrument for pilot-test-

ing contains 109 questions.

Summary: Qualitative findings among hemophilia caregivers and

HCPs contributed to the development of a draft instrument to assess

caregiver burden specific to hemophilia. Next steps in the process

include a pilot test to inform formal psychometric testing, item reduc-

tion, and comprehensibility assessments via interviews among a sub-

group of pilot test participants.

PB 3.38-6
Findings from a conjoint analysis with hemophilia A
patients: clinical characteristics and patient
preferences for treatment
Rentz A1, Pocoski J2, Gries KS1, Thompson C1, Mathew P2

and Sasan�e R2

1Outcomes Research, United Biosource Corporation, Bethesda;
2Bayer HealthCare Pharmaceuticals, Montville, USA

Background: We conducted a multi-country, cross-sectional survey of

patients with severe hemophilia A to assess their preferences for differ-

ent treatment attributes.

Aims: To present clinical characteristics of patients participating in a

discrete choice experiment (DCE) about differences in preferences for

treatment by current treatment regimen

Methods: An international, cross-sectional, web-based DCE was con-

ducted in 2012 with patients with hemophilia A. Participants com-

pleted a series of clinical questions about their hemophilia and

treatment regimen. The DCE examined eight attributes of factor VIII

(FVIII) treatment (dosing frequency, treatment administration time,

duration of protection, time required to stop a breakthrough bleed,

number of infusions required to stop a breakthrough bleed, physical

activity level, infusion volume, and joint protection and preservation).

Participants were presented with two hypothetical FVIII profiles

described by different levels of the eight attributes. Preference weights

for the attributes were estimated using random effects multinomial

models. Relative importance (RI) values, which represent the total
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proportion of the variance that is accounted for by an attribute rela-

tive to the other included attributes, were calculated.

Results: A total of 117 male hemophilia A patients with a mean (SD)

age of 35.6 (16.3) completed the survey. Respondents were from the

United States, UK, France, Germany, Italy, Spain, and Sweden. The

majority were on a prophylaxis treatment regimen (62%) using a

recombinant factor product (92%). Of the few respondents with an

on-demand regimen, the most frequently cited reason for using on-

demand treatment was an acceptable bleeding frequency without pro-

phylaxis. Respondents reported experiencing no breakthrough bleeds

per month (40%), one per month (36%), two (11%), three (9%), or

four (3%). Thirty-seven percent of patients used one infusion to stop

breakthrough bleeds, 14% needed two, and 6% needed three infu-

sions. Sixty percent of respondents reported at least one joint bleed per

month. We compared the preferences of prophylaxis and on-demand

participants. The most important attribute identified by both groups

was joint protection and preservation, with an RI of 25.2 (prophylaxis)

and 22.8 (on demand), meaning that on average, prophylaxis and on-

demand patients based approximately 25% and 23% of their decision,

respectively, on the joint preservation attribute. Prophylaxis patients

rated physical activity level as the second most important attribute (RI

19.1), and on-demand patients rated it only fifth (RI 9.5). On-demand

patients rated time required to stop a breakthrough bleed as the sec-

ond most important attribute (RI 20.9), whereas prophylaxis patients

rated it as third most important (RI 15.0).

Summary/Conclusions: Patients with severe hemophilia A use treat-

ment regimens that allow them to participate more fully in life through

sports and other physical activities. Both prophylaxis and on-demand

patients prefer treatments that are effective in protecting joints. Rank-

ing of the remaining treatment attributes illustrates the trade-offs

patients are willing to make for a treatment that is effective in preserv-

ing joints and maintaining activity levels. These results demonstrate a

continued need to develop better factor treatments that provide sus-

tained protective levels of FVIII.

PB3.39 – Heparin and
heparinoids – I

PB 3.39-1
Anticoagulant profile studied by thromboelastography
of multiple batches of branded enoxaparin and a US
generic version of enoxaparin
Walenga JM, Jeske W, Escalante V, Hoppensteadt D, Chaudhry T

and Bakhos M

Loyola University Medical Center, Maywood, USA

Introduction: Enoxaparin is the most widely used low molecular weight

heparin (LMWH) in the US and has been approved for clinical use in

multiple indications. Enoxaparin is a complex biological product with

multiple known activities relevant to its antithrombotic effects, and

variations in different forms of enoxaparin may have important clini-

cal implications. This study aimed to compare the physiological anti-

coagulant activity of branded and a generic enoxaparin, using

thromboelastography (TEG) to evaluate their effect on the dynamic

formation of blood clots as quantitated by interactions between coagu-

lation factors and inhibitors, fibrinogen, platelets and the fibrinolytic

system.

Methods: Blood was obtained from 12 healthy volunteers after giving

written informed consent. Five batches each of branded (Sanofi-aventis;

Bridgewater, NJ) and generic (Sandoz US; Princeton, NJ) enoxaparin

were studied. Drugs were purchased through hospital pharmacies as

pre-filled syringes containing 40 mg drug. Immediately after venipunc-

ture whole native (no preservative) blood was mixed with various con-

centrations of branded or generic enoxaparin and TEG (Haemoscope;

Niles, IL) was performed without addition of exogenous activators.

Results: Initial TEG analysis of one concentration of all LMWH

batches to all 12 donors revealed greater inter-individual variation of

the anticoagulant response for the generic product. Investigations

revealed a greater batch-to-batch variation for the generic enoxaparin

within individual donors and among individual donors. Across all

donors both the branded and generic enoxaparin produced a concen-

tration-dependent anticoagulant effect in the TEG; however, the

greater degree of variability for the generic LMWH resulted in a less

predictable linear response as drug concentration increased. Of note

was that some individuals responded with a higher than expected anti-

coagulant response to given concentrations of the generic enoxaparin.

When the increase in TEG R-time was plotted vs. concentration for all

donors, a lower overall anticoagulant effect (P = 0.05; no overlap of

95% confidence intervals) with a wider inter-individual variation for

generic enoxaparin in comparison with branded enoxaparin was dem-

onstrated.

Conclusion: By using only human blood in its native state and evaluat-

ing the full dynamic hemostatic process of coagulation, this study was

able to demonstrate differences in the anticoagulation response of

branded and generic enoxaparins, clinically used LMWHs that have

similar anti-FXa, anti-FIIa and average molecular weight. The test

system used here more closely mimics the innate in vivo anticoagulant

action of LMWH than what can be demonstrated by pure buffer sys-

tem anti-FXa and anti-FIIa singular activities or other single endpoint

assay systems commonly used to determine an anticoagulant response.

The findings of this study suggest that other pre-clinical and clinical

investigations should be performed to validate the clinical inter-

changeability between branded and generic LMWHs.

PB 3.39-2
Tissue culture based approach to discriminate branded
and generic low molecular weight heparins
Goodwin C, Scully MF and Kakkar A

Thrombosis Research Institute, London, UK

Background: Pharmaceutical preparations of heparin and its congeners

consist of a heterogeneous mixture of long polyanionic molecules. In

addition to their anticoagulant properties, heparins are pleiotropic

through a variety of mechanisms of action including modulation of

the action of cytokines, chemokines and proteases. With the introduc-

tion of generic forms of established pharmaceutical LMWHs, there is

increasing need for assays that take into account the often subtle dif-

ferences in structure of LMWHs, which arise according to the method

of manufacture. Simple assays of anticoagulant activity are unlikely to

be adequate in this respect.

Aim: It was the aim of the present study to investigate if the ability of

heparin to modulate the protein expression by cultured cells could be

used to generate a proteomic signature that was unique and discrimi-

natory.

Method: Cultures of HUVECs were treated with 400 nM thrombin in

medium containing 2% serum for 3 h at 37 °C (24 well plate). Cells

were washed in medium containing 10% FCS and medium containing

heparin was then added together with VEGF (20 ng/mL). After 24 h,

medium was removed and cells lysed in U9 buffer (9M urea, 2%

CHAPS, 10 mM Tris, pH 7.0). 50 lL of the mixture was added to

450 lL of 50 mM Na acetate pH 5.0 and centrifuged at 10,000 g for

2 min. 150 lL of supernatant was added to CM-10 SELDI chips

equilibrated with 50 mM NaAc pH 5.0. After incubation for an hour,

the chip was washed and dried before the addition of matrix (SPA).

Analysis was carried out in a Ciphergen Biomarker analyser and the

data collated and analysed using Biomarker Wizard.

Results: Two series of experiments were carried out in sextuplet; in the

first series, we compared the activity of Lovenox with two generic cop-

ies (L1 and L2) and in the second series two different batches of Love-

nox (A v B), in both sets testing against untreated cells.

Series 1, Lovenox, L1 and L2: Each of the heparins was tested at a

final concentration of 0.001, 0.01, 0.1 and 1.0 mg/mL. A dose related
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effect was observed with each of the heparins and the results of the

analysis showed a difference in intensity of 13 peaks (selecting those

according to a P < 0.05) was found between Lovenox and L1 and nine

peaks comparing Lovenox and L2. There was only one peak different

between L1 and L2. Series 2, Lovenox batches A and B: There were no

significant differences in peaks when batches A and B of Lovenox were

compared at 1 mg/mL suggesting that this approach is unable to

detect differences between batches of the same heparin.

Conclusion: These results suggest that the effect of individual forms of

LMWH on protein expression by cultured cells is unique and can be

used to develop a ‘fingerprint’ to discriminate each heparin from gen-

eric forms using statistical approaches such as decision tree analysis or

neural networks as are currently used in the diagnostic field.

PB 3.39-3
Pharmacodynamic response to unfractionated heparin
used for initial treatment of acute deep vein
thrombosis in elderly patients with renal impairment.
A substudy of the IRIS clinical trial
Siguret V1, Deudon C1, Golmard J-L2, Leizorovicz A3, Pautas E2

and Gouin-Thibault I1

1Sorbonne Paris Cit�e – Universit�e Paris Descartes; 2Groupe
Hospitalier Piti�e-Salpêtri�ere (AP-HP), Paris; 3Universit�e de Lyon

1, Facult�e de M�edecine, Lyon, France

Background: The ‘Innohep� in Renal Insufficiency Study’ (IRIS) was

an international, open, randomized, clinical trial comparing the safety

of tinzaparin and activated partial thromboplastin time (aPTT)-

adjusted unfractionated heparin (UFH) in terms of clinically relevant

bleeding (CRB) in elderly patients with moderate to severe renal

impairment, treated for initial treatment of acute deep vein thrombosis

(Leizorovicz et al., 2011). While UFH is usually preferred in these frail

patients, little data exists on UFH dose management in very elderly

with venous thromboembolism (VTE) in controlled trials.

Aims: In the IRIS patients receiving UFH, we conducted a substudy in

order to: i/analyse the characteristics of UFH treatment; ii/identify

individual factors determining the UFH dose; iii/evaluate quality of

anticoagulation during UFH treatment and its relationships with VTE

recurrence and CRB.

Methods: Patients received an IV bolus UFH 50 IU/kg followed by an

initial dose (Day1) of 400–600 IU/kg/day given subcutaneously (SC)

twice daily; UFH doses were further adjusted by aPTT ratio according

to local practice (scheduled at least once daily in the midinterval).

Patients received UFH for at least 5 days. Vitamin K antagonist was

initiated between Day1 and Day3. Clinical, laboratory (aPTT ratios)

and UFH doses were prospectively collected. We classified patients as

being in a subtherapeutic, therapeutic or supra-therapeutic range

according to each therapeutic range center.

Results: Of the IRIS study population who received UFH (n = 270),

259 patients with complete data were analysed: mean age was

83 � 6 years (70–98 years), mean creatinine clearance (CrCl) (Cock-

croft-Gault) 39.7 mL/min (SD 11.9, range 11–59); 25% had severe

renal impairment. The mean daily UFH dose was 372 IU/kg (SD 88)

over the SC treatment period (mean 6.8 – SD 2.7 days) and decreased

from 447 IU/kg (SD 80) on Day1 to 308 IU/kg (SD 152) on Day5.

Body-weight (P < 0.001), age (P = 0.013), sex (P = 0.03), and CrCl

(P = 0.049) were independent predictors of the daily dose (IU),

explaining 50% of the dose variability. Over the five first days, 163

patients (63%) had at least three dose adjustments; 104 (40%) had at

least one 12 h-interruption of treatment (range 1–8) due to overdos-

age. The lower limit of the therapeutic aPTT range was reached in

55% of patients within the first 48 h and maintained for four consecu-

tive days in only 17% of patients. The proportion of patients with an

overdosage varied from 10% to 42%, between Day1 and Day5, with

underdosage from 70% to 42%. High body-weight was associated

with overdosage (P = 0.009). During SC treatment, 15 patients pre-

sented with CRB: six had aPTT ratios above 5.0, among whom five

had major bleeding.

Conclusions: Our results confirm the low UFH dose requirements in

the elderly with renal impairment with important individual variabil-

ity. Body-weight, age, sex, and CrCl were the main predictors of the

UFH dose in these patients. While the initial dose of 500 IU/kg/day

was found adequate to reach the therapeutic range within the first

48 h, this study highlights the difficulties in maintaining the aPTT in

the therapeutic range in this population.

PB 3.39-4
High risk of nadroparin to induce cutaneous delayed-
type IV hypersensitivity reactions (DTH)
Schindewolf M1, Recke A2, Zillikens D2, Lindhoff-Last E1

and Ludwig RJ2

1Goethe University Hospital Frankfurt/M., Frankfurt am Main;
2University of Luebeck, Luebeck, Germany

Background: Heparin is widely used for prophylaxis and treatment of

thromboembolic events. Recently attention has been drawn to hepa-

rin-induced skin lesions, as those are observed more frequently than

initially reported; e.g. 7.5% of all medical patients and 19–39% of

pregnant patients develop heparin-induced skin lesions. These may be

the only clinical manifestation of immune-mediated heparin-induced

thrombocytopenia, but are commonly caused by a delayed-type hyper-

sensitivity response. Several risk factors, such as molecular weight of

heparins, sex, obesity, age, duration and previous heparin therapy

have been implied as risk factors for development of heparin-induced

delayed-type hypersensitivity.

Aim: To identify possible risk factors of delayed-type IV hypersensitiv-

ity reactions (DTH) by a meta-analysis of three prospective studies.

Methods: We have recently performed three independent clinical trials

to determine the incidence and causes of heparin-induced skin lesions.

Here, data from all trials were used for multivariate logistic regression

analysis to determine possible risk factors.

Results: Regression analysis confirmed obesity and prolonged antico-

agulant therapy as independent risk factors for development of hepa-

rin-induced hypersensitivity. Interestingly, the choice of anticoagulant

preparation had the greatest influence. Comparing dalteparin, enoxap-

arin, the pentasaccharide fondaparinux and nadroparin, the latter was

associated with a significantly increased risk to elicit heparin-induced

hypersensitivity (log OR 2.2; 95% CI [0.5–4.3], P = 1.44e�5).

Summary/Conclusion: As determination of risk factors had not been

an endpoint of the initial studies, and investigators did not influence

the choice of anticoagulant, a possible selection bias cannot be

excluded. Given, the high risk of nadroparin is validated in necessary

controlled trials, this would underscore the uniqueness of individual

heparin preparations, and should thus be considered for an individual-

ized anticoagulant treatment.

PB 3.39-5
Low incidence of heparin-induced skin lesions in
orthopedic surgery patients
Schindewolf M1, Paulik M1, Kroll H2, Wolter M1, Kaufmann R1,

Boehncke W-H3, Ludwig RJ4 and Lindhoff-Last E1

1Goethe University Hospital Frankfurt/M., Frankfurt am Main;
2Red Cross Blood Transfusion Service NSTOB, Dessau, Germany;
3Hôpitaux Universitaires de Gen�eve, Geneva, Switzerland;
4University of Luebeck, Luebeck, Germany

Background: Heparin-induced skin lesions occur with an incidence of

7.5% in medical and up to 19.8% in pregnant patients during s.c. hep-
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arin treatment. Mostly they are due to allergic delayed-type hypersen-

sitivity reactions (DTH), rarely due to HIT.

Aim: The aim was to determine the incidence and causes of heparin-

induced skin lesions in orthopedic surgery patients. Secondary out-

come measures were: rate of cross-allergies, frequency of thromboem-

bolic and bleeding complications and HIT.

Methods: Patients were prospectively screened for cutaneous adverse

effects during prophylactic or therapeutic s.c. heparin treatment for

≥7 days. Further procedures (skin biopsy, subcutaneous provocation,

clinical assessment for thrombosis, bleedings and HIT, laboratory

HIT-diagnostics) were initiated if a heparin-induced skin reaction was

suspected.

Results: 316 patients were recruited between May 2010 – September

2011. The median duration of heparin treatment was 10 days (range

7–331). We observed heparin-induced skin reactions in 6 (1.9%)

patients. All lesions could be identified histologically and/or allerg-

ologically as DTH reactions. HIT-diagnostics were negative in all six

patients. The lesions in 5 of 6 patients occurred in combination with

the use of the low-molecular weight heparin nadroparin. Cross-aller-

gies with other heparins were noted in 1 of 6 (16.7%) patients. Three

thromboembolic events and four major bleeding events occurred.

Summary/Conclusion:Heparin-induced skin lesions in surgical patients

are less frequent compared to medical and pregnant patients. The inci-

dence is 1.9%. They were all due to allergic DTH reactions. Thus, dif-

ferent patient populations seem to carry distinct allergy risk profiles. It

is tempting to speculate that in the current cohort of surgical patients

postoperative inflammatory states or steroid hormone levels might

contribute to the lower incidence of skin lesions. Furthermore, our

data support findings from previous studies that different heparin

preparations, i.e. nadroparin, show distinct differences in their sensiti-

sation potential.

Investigations and procedures were approved by the local ethics com-

mittee of the J. W. Goethe University(16/07). The study was registered

at clinicaltrials.gov (NCT00510432) and performed in accordance with

theDeclaration of Helsinki.

PB 3.39-6
Incidence of heparin-induced skin lesions in
postmenopause
Schindewolf M1, Borgnis K1, Kroll H2, Wolter M1, Kaufmann R1,

Boehncke W-H3, Ludwig RJ4 and Lindhoff-Last E1

1Goethe University Hospital Frankfurt/M., Frankfurt am Main;
2Red Cross Blood Transfusion Service NSTOB, Dessau, Germany;
3Hôpitaux Universitaires de Gen�eve, Geneva, Switzerland;
4University of Luebeck, Luebeck, Germany

Background: Heparin-induced skin lesions occur with an incidence of

up to 19.8% in pregnant patients during s.c. heparin treatment, and

occur 7–9 times more frequently in women than in men. Because this

suggests a hormonal impact on allergy development.

Aims: The aim of our study was to determine the incidence and causes

of heparin-induced skin lesions in postmenopausal women. Secondary

outcome measures were: rate of cross-allergies, frequency of thrombo-

embolic and bleeding complications and HIT.

Methods: Patients were prospectively screened for cutaneous adverse

effects during prophylactic or therapeutic s.c. heparin treatment for

≥7 days. Further procedures (skin biopsy, subcutaneous provocation,

clinical assessment for thrombosis, bleedings and HIT, laboratory

HIT-diagnostics) were initiated if a heparin-induced skin reaction was

suspected.

Results: 193 patients were recruited between January 2011 – January

2012. The median duration of treatment with low-molecular weight

heparins was 11 days (range 7–52). Enoxaparin was used in 92.8%,

nadroparin in 6.2%, and dalteparin in 0.5% of patients. We observed

heparin-induced skin reactions in 4 (2.1%) patients, and all occurred

during anticoagulation with enoxparin. All lesions could be identified

histologically and/or allergologically as DTH reactions. None of the

lesions was associated with HIT. No thromboembolic events and no

major bleeding events occurred.

Summary/Conclusion: Heparin-induced skin lesions in postmeno-

pausal women are less frequent compared to pregnant or medical

female patients. The incidence is 2.1%. They were all due to allergic

DTH reactions. Our study results indicate that the risk of sensitization

after menopause is lower, possibly due to decreasing estrogen or pro-

gesterone levels. Future studies might investigate the role of selective

estrogen receptor blockers on the modulation of type IV allergies.

Investigations and procedures were approved by the local ethics com-

mittee of the J. W. Goethe University(16/07). The study was registered

at clinicaltrials.gov (NCT00510432) and performed in accordance with

theDeclaration of Helsinki.

PB3.40 – Massive Blood Loss

PB 3.40-1
Contribution of the plasminogen activation system
during hyperfibrinolysis in trauma-induced
coagulopathy
Cardenas J, Matijevic N, Cotton B, Holcomb JB and Wade C

The University of Texas Health Science Center at Houston,

Houston, TX, USA

Background: Traumatic injury is the third leading cause of death in the

US. One quarter of all severe trauma patients experience some degree

of prolonged hemorrhage due to impaired blood clotting, a phenome-

non known as coagulopathy. The etiology behind trauma-induced

coagulopathy (TIC) remains unknown. Hyperfibrinolysis, or the inap-

propriate and rapid breakdown of hemostatic clots, contributes to

TIC and is associated with increased fluid resuscitation, hemorrhagic

shock, and mortality. Under physiologic conditions, fibrinolysis is pri-

marily regulated by the plasminogen activation system. We hypothe-

size that clot stability is weakened by excessive plasminogen activation

caused by dysregulation of the plasminogen activation pathway during

TIC.

Aims: The aims of this study were to (i) determine the relationship

between fibrinolysis measured by thrombelastography (TEG) and

mortality following trauma, and (ii) characterize changes in proteins

of the plasminogen activation system in hyperfibrinolytic vs. non-hy-

perfibrinolytic trauma patients.

Methods: Whole blood was collected from severely injured trauma

patients upon admission to the emergency department. This study was

performed with patient informed consent and Institutional Review

Board approval. Patient demographics were collected at the time of

presentation and from hospital records. Fibrinolysis was determined

by TEG (LY30%). Plasma was analyzed for circulating levels of fibrin-

ogen, antithrombin, in addition to active and total tPA, uPA, and

PAI-1 by ELISA.

Results: Data was collected on 381 consenting trauma patients. The

population contained 69% blunt, 24% penetrating, and 6% burn inju-

ries. Ly30% values ranged from a minimum of 0 to maximum of 92.9

(median 1.6, IQR 0.3–3). Mortality was positively associated with

LY30% (R2 = 0.91, n = 381). Hyperfibrinolysis for this study was

defined as LY30% ≥5 (n = 19) where we observed a doubling of the

morality rate in this population. These patients were compared to

those with an LY30% = 0 (n = 19) to dichotomize the experimental

population. While plasma levels of fibrinogen, antithrombin, tPA, and

uPA are similar between the two groups, hyperfibrinolytic patients dis-

play a reduced ability to upregulate plasma levels of PAI-1 from

healthy baseline (4 ng/mL total, 10 U/mL active) in response to injury

compared to non-hyperfibrinolytic trauma patients (active PAI-1 med-

ian 10.0, IQR 18.8–171.1 ng/mL vs. 30.3, IQR 3.2–29.6 ng/mL;

P < 0.05) (total PAI-1 median 2.4, IQR 1.8–5.4 U/mL vs. 4.5, IQR

3.5–20.1 U/mL; P = 0.06).
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Conclusions: Excessive plasminogen activation due to inhibition or

insufficient expression of antifibrinolytic PAI-1 is a potential contrib-

uting mechanism behind hyperfibrinolysis during TIC and offers a

point for therapeutic intervention.

PB 3.40-2
Principal roles of platelets and fibrinogen in whole-
blood fibrin clot formation in dilutional coagulopathy
determined by thromboelastometry
Ninivaggi M1, Feijge MAH2, Kuiper GTW2, Baaten C2,

Marcus MAE2, Ten Cate H2, Lanc�e MD2, Heemskerk JWM2

and Van Der Meijden PEJ2

1CARIM, Maastricht University; 2CARIM, Maastricht University

Medical Center, Maastricht, The Netherlands

Background: Patients undergoing cardiothoracic surgery are massively

infused with crystalloids and colloids, resulting in blood dilution and

hemostatic insufficiency. A major consequence is diminished elastic

fibrin clot formation, which can be measured by rotational thrombo-

elastometry (TEM) in whole blood. Upon dilution, the plasma fibrino-

gen level is a key limiting factor for clot formation, and this can be

readily detected by the TEM assay. How other blood components

determine this process, as measured with TEM, is largely unknown.

Aims: To investigate the contribution of blood cells (platelets or red

cells) and plasma coagulation factors to fibrin clot formation with

TEM under conditions of dilution.

Methods: Control blood was diluted in vitro by 20–80%, and then sup-

plemented with blood cells, fibrinogen or prothrombin complex con-

centrate, and assayed for fibrin clot formation. Plasma was diluted,

supplemented with platelets or factor concentrates, and used for mea-

surement of fibrin clot formation (TEM) and thrombin generation

(Calibrated Automated Thrombogram method). Blood was obtained

from 48 patients before and after cardiothoracic surgery. Blood loss

and fluid transfusion during surgery resulted in a 43–49% reduction in

platelet and coagulation factor levels. Whole blood and plasma sam-

ples obtained before and after dilution were assayed for TEM. Experi-

ments were approved by the medical ethics committee.

Results: In control blood or control plasma, diluted in vitro, supplemen-

tation of platelets reversed the decreased fibrin clot formation (maximal

clot firmness and rate of clot formation). Addition of fibrinogen was

partly effective, while addition of red cells or prothrombin complex

concentrate was without effect. In diluted plasma, addition of platelets

or prothrombin complex concentrate, but not fibrinogen concentrate,

reversed the decreased thrombin generation (thrombin peak height and

endogenous thrombin potential). In whole blood from patients, dilu-

tion due to surgery caused a diminished fibrin clot formation by 19%

(maximal clot firmness and rate of clot formation), which was explained

by reductions in platelet count and fibrinogen level. Correlation analy-

sis indicated that platelet count was an independent predictor of the

maximal clot firmness, measured by TEM. In plasma, reduced fibrin

clot formation after surgery was most evident in the absence of plate-

lets. Thrombin generation in plasma was also less affected after surgery

with platelets present, and it normalized by addition of prothrombin

complex concentrate but not by added fibrinogen concentrate.

Conclusions: Under conditions of dilution, whole-blood fibrin clot for-

mation, as measured by TEM, is primarily determined by the platelet

and fibrinogen concentrations. The platelet count should be consid-

ered as independent variable of whole-blood TEM assays. Levels of

coagulation factors controlling thrombin generation are less critical

for the extent of fibrin clot formation.

PB 3.40-3
The use of preoperative erythropoiesis-stimulating
agents (ESAs) in patients who underwent knee or hip
arthroplasty a meta-analysis of randomized clinical
trials
Alotaibi G1, Alsaleh K2, Almodaimegh H3, Aamer A2

and Kouroukis T4

1University of Alberta, Edmonton, Canada; 2King Saud

University; 3Kind Saud Bin Abdulaziz University, Riyadh, Saudi

Arabia; 4McMaster University, Ontario, Canada

Introduction: Erythropoiesis-stimulating agents (ESAs) have been used

preoperatively in orthopedic patients to reduce the need for allogeneic

blood transfusion. However, their use for this indication is still not

widely practiced. The purpose of this review is to evaluate the efficacy

of preoperative administration of ESAs on hemoglobin level at dis-

charge and frequency of allogeneic blood transfusion in patients

undergoing hip or knee surgery.

Methods: This is a systematic review of comparative randomized clini-

cal trials that compared preoperative ESAs to other interventions or

placebo in reducing the need for allogeneic transfusions and increase

in hemoglobin levels at discharge.

Results: Pooled results of 26 trials with 3560 participants showed that

the use of preoperative ESAs significantly reduced the need for alloge-

neic blood in patients undergoing hip or knee surgery [Relative Risk

(RR): 0.48, 95% CI: 0.38–0.60, P < 0.00001)]. Hemoglobin mean dif-

ference between ESA and control groups was 7.16 (g/L) [95% confi-

dence interval (CI) of 4.73–9.59, P = 0.00001]. There was no difference

in the risk of developing venous-thromboembolism between ESA

group and the control groups [Risk Difference (RD): 0, 95% CI: �1 to

�2%, P = 0.95; I2 = 0%].

Conclusion: ESAs offer an alternative blood conservation method to

avoid allogeneic blood transfusion in patients undergoing hip or knee

surgery.

PB 3.40-4
Predictive value of the HAS-BLED score in patients
with atrial fibrillation and chronic kidney disease using
vitamin K-antagonists
Kooiman J1, Van Beers CAJ1, Bank JRJ1, Spaans B1,

Cannegieter SC1, Lip GYH2, Van Der Meer FJM1, Rabelink TJ1

and Huisman MV1

1Leiden University Medical Center, Leiden, The Netherlands;
2City Hospital, Birmingham, UK

Background: The HAS-BLED score enables a risk estimate of major

bleeding in patients with atrial fibrillation (AF) on vitamin K-antago-

nists (VKA) treatment, but has never been validated in patients with

chronic kidney disease (CKD).

Aim: We analyzed the predictive value of the HAS-BLED score in

CKD compared with non-CKD patients.

Methods: Medical records of 416 CKD(eGFR0-30 mL/min, 30–
60 mL/min) and 300 non-CKD patients starting VKA treatment for

AF between 1997 and 2005 were searched for items on the HAS-

BLED score (hypertension; renal or liver disease; stroke; major bleed-

ing or anemia; labile INR, (time within therapeutic range <60%), age

>65 years; use of NSAIDs, anti-platelet therapy or alcohol) and major

bleeding events, according to the ISTH criteria. Areas under the curves

(AUC) of the receiver operating characteristic (ROC) were calculated

for the total population and CKD patients.

Results: Mean HAS-BLED score in CKD patients was 3.1 vs. 2.6 in

non-CKD patients (P < 0.01). Major bleeding occurred in 115/716

(16.1%, 95% CI 12.8–19.9%) patients. The AUC of the ROC analysis

in the total population was 0.50 (95% CI 0.44–0.56); 0.53 (95% CI

0.43–0.62) in patients with an eGFR 30–60 mL/min, and 0.35 (95%
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CI 0.21–0.49) in patients with an eGFR <30 mL/min. In a Cox regres-

sion analysis performed in all patients, renal impairment, labile INR

and age >65 years were predictive of major bleeding, hazard ratios 2.5

(95% CI 1.2–5.2), 2.2 (95% CI 1.2–3.7) and 5.2 (95% CI 1.6–16.8),
respectively.

Conclusion: Performance of the HAS-BLED score was limited in the

total population and further reduced in patients with an eGFR

<30 mL/min. Further research is needed before the HAS-BLED score

can be used in CKD patients.

PB 3.40-5
Development of an electronic identification tool for in-
hospital bleeding
Hogg K, Wells P and Forster A

Ottawa Hospital Research Institute, Ottawa, Canada

Background: In recent years hospital medicine has seen a transition

towards patient-physician partnership, with emphasis on quality of

care and patient safety. Spontaneous bleeding and peri-operative

bleeding are potentially preventable events. There has been little

research on the epidemiology of such adverse incidents. A real time

identification tool would enable further analysis, to identify potentially

preventable causes of bleeding.

Aims: To develop an electronic identifying trigger for peri-operative

and spontaneous inpatient bleeding events.

Methods: This was a retrospective study. A search of the hospital ICD

10 coding identified 250 patient admissions during 2011–2012 coded

for both bleeding and surgery, 250 coded for bleeding and no surgery,

and 500 admissions without a bleeding code. The hospital charts were

hand searched, blinded to the ICD 10 coding, to establish whether the

admitting team had identified the patient as bleeding, and to extract

data on potential surrogate markers of bleeding (type of surgery, drop

in haemoglobin, number of units blood transfused, return to operating

room, readmission, anticoagulant medication, endoscopy and comor-

bidity). Receiver operating characteristic (ROC) curves were con-

structed to evaluate the area under the curves (AUC) for continuous

variables, and to identify optimal cut-points. Peri-operative bleeding

and inpatient hospital bleeding events were combined into a single

bleeding outcome. Variables found to be significant predictors of

bleeding on univariate logistic regression analysis were included in

multivariate analysis.

Results: 156 patients were documented by their inpatient team as hav-

ing had a peri-operative bleed and 29 patients had a spontaneous bleed

during their hospital stay. 28% of the total cohort were taking an anti-

platelet medication, 41% received prophylactic anticoagulation and

19% were fully anticoagulated. 70% of the cohort underwent surgery,

the most common surgeries being arthroplasties, neurosurgeries, lapa-

rotomies, gynaecological, coronary interventions and bypass grafting.

20% had a diagnosis of cancer. The AUC for the measured drop in

haemoglobin was 0.69 (95% CI 0.64–0.74) and for number of units

blood transfused, 0.73 (95% CI 0.69–0.78). The optimal model for pre-

dicting bleeding included number of units blood transfused, endoscopy

procedure, return to the operating room following surgery, readmis-

sion and concomitant antiplatelet and anticoagulant therapy. The C-

staistic for the model was 0.88.

Summary/Conclusions: Identification of in-hospital bleeding is the first

step towards implementing improved systems to reduce preventable

bleeding. Our analysis has identified five potential surrogate electronic

markers for in-hospital bleeding. Our next step is to validate the per-

formance of this electronic trigger real time within the hospital.

PB 3.40-6
Evolution of plasma fibrinogen levels in trauma
patients during the first 7 days of hospital stay is not
influenced by initial treatment with fibrinogen
concentrate
Schlimp CJ1, Voelckel W2, Ponschab M3 and Sch€ochl H2

1AUVA Research Centre, Vienna; 2AUVA Trauma Hospital of

Salzburg, Salzburg; 3AUVA Trauma Hospital of Linz, Linz, Austria

Background: Coagulopathy is present in approximately one third of all

trauma patients on admission to the emergency room and is primarily

associated with acquired fibrinogen deficit. Due to early and individu-

alized goal-directed therapy for trauma-induced coagulopathy, fibrin-

ogen concentrate (FC) is increasingly used in some trauma centers. It

has been questioned whether the use of FC leads to higher plasma

fibrinogen levels (FIB), thus possibly carrying a prothrombotic risk.

Aims: We evaluated FIB on seven consecutive days in acute trauma

patients with or without FC therapy in an Austrian trauma centre.

Methods: Retrospective study of patients in the hospital trauma data-

base, admitted to the AUVA Trauma Centre of Salzburg, between

2005 and 2011, in whom FIB was documented on admission to the

emergency room and 48 h thereafter. For analysis patients were cate-

gorized into two groups: Treatment group (TFC) with patients that

received at least 1 g FC during the first 24 h after hospital admission;

Control group (CTR) with patients that did not receive FC.

Results: 402 patients were enrolled in this study, with a median (inter-

quartile range) age of 42 years (26–56). 327 patients (81%) were male,

overall ISS was 26 (18–38) with 357 patients (89%) classified ISS ≥16.
209 patients (52%) were grouped into TFC, 193 patients (48%) into

CTR.

ISS was higher in TFC patients with 34 (25–45) than in CTR patients

with 21.5 (16–27), P < 0.0001. Mortality was 10% in the TFC group

vs. 4.1% in the CTR group, P = 0.03. Massive transfusion (≥10 red

blood cell units in 24 h) was provided in 30.6% of TFC patients vs.

0.5% in CTR patients, P < 0.0001.

FIB (mg/dL) on admission was lower in TCF with 148 (108–192) as
compared with CTR with 225 (178–271), P < 0.0001.

Mean FC administration was 5 g (3.5–9) with a minimum of 1 g and a

maximum of 26 g administered in the first 24 h.

FIB (mg/dL) on admission to the ICU and on day 1 (after admission)

was still lower in the TFC group as compared with the CTR group:

155 (124–194) vs. 170 (136–224), P < 0.01 and 240 (208–294) vs. 262
(214–312), P < 0.05, respectively.

FIB values did not differ significantly between groups on all following

days 2–7, reaching the highest values on day 6, in TFC with 680 (521–
832) and a minimum/maximum of 228/1292 vs. CTR with 664 (527–
781) and a minimum/maximum of 266/1392, P = 0.82.

Summary/Conclusion: FIB evolution in severe trauma patients does

not depend on initial treatment with FC in the acute phase of trauma

care.

PB 3.41-1
Founder effect for a novel GPIBB mutation in Bernard-
Soulier patients from La R�eunion island
Lanza F1, Baas M-J2, Dupuis A2, Randrianaivo-Ranjatoelina H3,

Jacquemont ML3, Dreyfus M4, Lavenu-Bombled C4, Gachet C2

and Lanza F2

1UMR_S949 INSERM, Universit�e de Strasbourg, EFS-Alsac,

Strasbourg; 2UMR_S949 INSERM, Universit�e de Strasbourg, EFS-

Alsace, Strasbourg; 3Groupe Hospitalier Sud R�eunion, St Pierre, St

Pierre; 4Centre Hospitalier Universitaire Bicêtre, Le Kremlin

Bicêtre, France

Background: Bernard-Soulier syndrome (BSS) is a rare hereditary

bleeding disorder due to mutations in the genes coding the platelet
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GPIb-IX complex. In a recent survey within the consortium led by Sa-

voia et al (Blood, 2011; 118: 707), 64 different mutations have been

reported in over 128 families which indifferently affected the GPIBA,

GPIBB and GP9 genes. These are mainly sporadic cases with only rare

occurrence of founder effects. Two examples of the opposite are the

GP9 p.Asn61Ser and GPIBA p.Ala175Val mutations which have been

found in several distantly related individuals of European and Italian

origins, respectively.

Aims: Our aim was to study at the genetic level several patients from

La R�eunion island suspected of presenting with a BSS.

Methods: All patients were recruited at the Groupe Hospitalier Sud

R�eunion site St Pierre with the exception of one case studied at the

Centre Hospitalier Universitaire de Bicêtre. Platelet counts were deter-

mined in an automated counter and manually, and platelet size by

blood smears observation. Platelet expression of the GPIb-IX complex

was monitored by FACS analysis. Sequences of the GPIBA, GPIBB

and GP9 genes were obtained after PCR amplification of leukocyte

DNA and automated sequencing.

Results:We report on 14 patients from eight different families all origi-

nating from l’Ile de La R�eunion, a French island in the Indian Ocean.

BSS was established on the presence of mucocutaneous bleeding, giant

platelets, decreased platelet counts (33–70 G/L), absent GPIba and

GPIX, and an autosomal recessive inheritance. Despite the fact that

these families did not know of any familial relationship, all 14 patients

harbored the same novel GPIBB c.265A>G transition leading to a

p.Asn89Asp amino acid change in the GPIbbeta subunit (p.Asn64Asp

for the mature protein). Interestingly, this well conserved residue has

been previously reported to be mutated to Thr in an isolated BSS case

leading to impaired GPIbbeta folding, GPIbalpha maturation, GPIX

stability and GPIb-IX surface expression (Strassel C et al, Biochemis-

try 2003;42:4452; McEwan et al, Blood 2011;118:5292). Prevalence of

this mutation suggested that it resulted from a founder effect. This

hypothesis was supported by the reconstruction of a genealogy tree

dating back 10–14 generations which allowed connecting all the

affected individuals to a common ancestor born in 1671 and originat-

ing from India.

Conclusion: Although founder mutations in genetic isolates have

already been reported in another platelet hereditary disorder, Glanz-

mann’s thrombasthenia, this represents the first such case for BSS, an

even rarer disorder. It is expected that the number of patients with this

same mutation is substantially larger justifying more extensive screen-

ing to improve on genetic counseling.

PB 3.41-2
Identification of novel mutations causing congenital
factor XIII deficiency in Pakistan
Borhany M1, Handrkova H2, Cairo A3, Schroeder V2, Amanat S4,

Naz A1, Shamsi T1, Peyvandi F3 and Kohler HP2

1National Institute of Blood Disease, Karachi, Pakistan;
2University Hospital & University of Bern, Bern, Switzerland,

Bern, Switzerland; 3A. Bianchi Bonomi Hemophilia and

Thrombosis Center, Fondazione I.R.C.C.S. C�a Gra, Milan, Italy;
4Department of Haematology, PAEC Hospital, Islamabad,

Pakistan, Islamabad, Pakistan

Background: Rare bleeding disorders (RBDs) represent 3% to 5% of

all congenital coagulation deficiencies, factor VII deficiency being the

most common. However, in Karachi, Pakistan, we report a high num-

ber of congenital factor XIII (FXIII) deficiency in comparison to other

RBDs.

Aims: This study aims to give a first insight into F13 gene mutations in

Pakistani population where the ritual of consanguineous marriages is

practised.

Methods: The medical histories of congenital FXIII deficiency patients

were recorded in a questionnaire and bleeding score was determined

according to RBD database. 5M urea clot solubility test served as a

first indicator of FXIII deficiency. FXIII A-subunit and B-subunit

antigen levels were determined in citrated plasma by ELISA. FXIII

activity was measured with an incorporation assay. Direct sequencing

of all exons and intron/exon boundaries of F13A was performed.

Novel splice site defect was confirmed by RT/PCR analysis.

Results: Patients in our cohort belong to six different families. Molecu-

lar analysis of 12 homozygous patients and six heterozygous family

members revealed five different mutations in F13A gene, four of them

being reported for the first time. Most common bleeding manifesta-

tions were epistaxis, gum bleeds, bruises, circumcision and umbilical

cord bleeding; female patients often experienced menorrhagia and

repeated abortions. Mean bleeding score (�SD) in homozygous

patients was 13.8 � 9.6, while heterozygous were mainly asymptom-

atic (2.0 � 0.6). Majority (80%) of patients have a history of cousin

marriages in their parents.

We identified two mutations localized on the exon/intron boundary

(c.1460 + 1G>A and c.2045 G>A). Mutation c.1460 + 1G>A,

IVS11 + 1G>A is being reported for the first time, and we confirmed

that it leads to a splicing defect. It was found in nine related family

members, homozygotes presented with severe FXIIIA deficiency, the

FXIII antigen levels and activity in heterozygotes were variable. The

second splice site mutation, c.2045 G>A in the last nucleotide of exon

14, was identified in five patients from two different families. This

mutation has previously been reported in patients of Indian or Paki-

stani origin. Two novel missense mutations in exons 8 and 9 (c.1126

C>T, p.Trp375Arg and c.1040C>A, p.Ala346Asp) were identified in

single cases and both patients were homozygous for the mutation.

Both patients presented with severe FXIIIA deficiency with FXIIIA

antigen levels below the detection limit, suggesting that the hypotheti-

cal protein would be rapidly degraded. A novel nonsense mutation in

exon 4, c.567T>A, p.Cys188X, was identified in two related patients,

both being homozygous for this allele. Both patients presented with a

complete lack of FXIII.

Conclusion: We have reported four novel mutations leading to congen-

ital FXIII deficiency in a cohort of 18 patients. Early diagnosis of

FXIII deficiency enables parental counseling and identification of

related family members at risk, which is critical for specific treatment

of the patients and for prevention of bleeding complications in the

future. We plan to continue to characterize other severe affected

patients in our centre to verify if these variants could be recurrent

mutations in our specific geographic area.

PB 3.41-3
Intracranial hemorrhage in factor XIII deficiency
Naderi M1, Eshghi P2, Karimi M3, Dorgalaleh A4 and Tabibian S4

1Research Center For Children Health (RCCAH), Zahedan

University of Medical Science, Zahedan; 2Pediatric Hematology

& Oncology Research Director of Mofid Research Center for Co,

Tehran; 3Pediatrics Hematology & Oncology Department, Shiraz

University of Medica Science, Shiraz; 4Hematology Department,

Allied Medical School, Tehran University of Medical Scien,

Tehran, Iran

Background: Intracranial hemorrhage as a one of clinical manifesta-

tions in severe congenital FXIII deficiency is a life-threatening situa-

tion and major cause of death in untreated patients .

Aims: The aim of study was to collect data on patients with FXIII defi-

ciency who had an intracranial hemorrhage.

Methods: In this case series, from January to May 2012, 35 patients

with severe F XIII deficiency in Southeast of Iran were evaluated. The

ICH episodes, family history, general physical examination, detailed

neurological complication, incidence of recurrence, management strat-

egies, survival status were noted.

Results: Out of 35 patients, the site of ICH in 32 individuals was intra-

parenchymal (91.4%). subdural and epidural hemorrhage were

observed in 2 (5.7%) and1 (2.9%) patients, respectively.

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 803–805

ABSTRACTS 809



The anatomic regions in patients with intraparenchymal hemorrhage

was as follow: temporal in 10 patients (28.6%), occipital in 9 (25.7%),

temporo-occipital in 4 (11.4%), subdural with temporal in 1 (2.9%),

subdural with occipital in 1 (2.9%), parietal in 1 (2.9%), and diffused

intraparenchymal hemorrhage in 6 (17.1%). Neurologic complications

was also observed in 20 patients (57.1%) including behavioral disor-

ders (28.6%), developmental disorders (11.4%), aphasia (8.6%), oph-

thalmic complications (5.7%), and hemiplegia (2.9%). Age at

diagnosis of FXIII deficiency was significantly correlated with age of

CNS bleeding (r = 0 .542, P = 0.001). Thirty four patients (97.2%)

response to treatment response except one patient who had experi-

enced one episode of recurrent. Prophylaxis was started with a dose of

10 IU/kg every 4–6 weeks for all patients. No episode of recurrence

was observed in patients after that. Death was recorded in in 44 first

degree family members of patients. The causes of death was in 10 cases

FXIII deficiency, 17 suspicious death primarily associated with FXIII

deficiency disease and eight unknown causes.

Summary/Conclusions: It seems that optimal management of ICH in

patients with FXIII deficiency could be depend on immediate recogni-

tion and prophylactic treatment. Due to higher risk of such a cata-

strophic bleeding episode in younger Patients, therefore these patients

should be more considered.

PB 3.41-4
Severe FVII-deficiency- a study of geno-phenotype
relationship using thromboelastography and thrombin
generation assay
Tran HTT1, Bjørnsen S1, Tjønnfjord G2 and Holme PA2

1Oslo University Hospital; 2Institute of Clinical Medicine, Oslo,

Norway

Background: FVII deficiency is a rare autosomal recessive inherited

bleeding disorder characterized by a wide heterogenicity in the bleed-

ing phenotype. The correlation between a bleeding tendency and the

plasma FVII activity level is weak. Currently, there exist no laboratory

test that can predict the bleeding risk accurately.

Aims: We aimed to study whether thromboelastography (TEG) and

thrombin generation assay (TGA) are suitable.

Methods: To predict the bleeding risk and to investigate whether there

is any association between the plasma level of free tissue factor path-

way inhibitor (TFPI), platelet aggregation capacity or other relevant

coagulation parameters and the bleeding phenotype in persons with

severe FVII deficiency.

Materials and methods: Twelve patients (n = 12) with severe FVII defi-

ciency (FVII: activity level <1%), aged between 19 and 69, were

included. Eleven of those were homozygous for Q100R mutation,

whereas one was compound heterozygous. Clinically, 10 had increased

haemorrhagic diathesis whereas two were asymptomatic. Blood sam-

pling was performed at baseline for TEG and TGA analysis. TEG was

performed using ROTEM, Coagulation Analyzer (Pentapharm�,

Munich, Germany) while TGA by calibrated automated thrombin

generation method (CAT) (Thrombinoscope BV� Maastricht, The

Netherlands) on platelet poor plasma (PPP) and platelet rich plasma

(PRP). Furhermore, platelet aggregation was performed, TFPI and

haemostatic parameters were measured.

Results: We found no difference in TEG and TGA results between

FVII deficient persons with an increased bleeding tendency and per-

sons without. Compared with healthy normals clotting time (CT) and

time to peak (ttpeak) was twofold increased (2394 vs. 1095 s for CT

and 2966 vs. 1407 s for ttpeak) whereas Maximum Velocity (MaxV)

was reduced (5 vs. 3). The TGA data showed that there was a minimal

coagulation activation and thrombin generation in all FVII deficient

subjects compared with normal (186 vs. 1308 nM thrombin in PRP

and 209 vs. 658 in PPP). The level of free TFPI was similar in symp-

tomatic as well as in asymptomatic persons and was within normal

range, 8.3 � 2.6 ng/mL (�SD). None of the participants were tested

positive for FV Leiden mutation, prothrombin genmutaion or had

abnormal level of anticoagulant inhibitors. A normal platelet aggrega-

tion was also found in the asymptomatic persons.

Conclusion: TEG and TGA, when tested in severe FVII deficiency,

show results corresponding to the severity of factor deficiency but do

not correlate with the bleeding phenotype. Either plasma TFPI level or

other known anticoagulant inhibitors are associated with the clinical

phenotype. We postulate that an unidentified biologic factor with pro-

coagulant function is responsible for initiating and maintaining hae-

mostasis in the asymptomatic patients and that this factor is probably

located in the vessel wall, therefore not measurable with either TEG or

TGA. Identifying such a factor will extend our knowledge concerning

the coagulation system and the haemorrhagic/thrombotic tendency,

providing novel diagnostic and therapeutic opportunities.

PB 3.41-5
Overcoming barriers to diagnosis of bleeding disorders
including Acquired Hemophilia (AH) by healthcare
practitioners (HCP): The Coags Uncomplicated iPhone/
Android/Web application
Cooper D1, Kessler C2, Peerschke E3, Chitlur M4, Kulkarni R5,

Eberhart G6 and Gut R1

1Novo Nordisk Inc., Princeton, NJ; 2Georgetown University

Medical Center, Washington, DC; 3Memorial Sloan Kettering

Cancer Center, New York, NY; 4Childrens Hospital of Michigan,

Detroit, MI; 5Michigan State University, East Lansing, MI; 6Cline

Davis Mann, Princeton, NJ, USA

Background: Characterized by a prolonged aPTT that does not correct

with mixing, Acquired Hemophilia is a rare and often fatal acquired

bleeding disorder caused by autoantibodies to factor VIII. Multi-spe-

cialty case-based research around an actual case of delayed AH diag-

nosis (Reding et al 2012) suggested diagnostic delays can result from

lack of recognition of the significance/etiology of an abnormal aPTT

and focus on site of bleeding by emergency medicine, critical care and

other non-hematologists. The Coags Uncomplicated app was initially

designed as a collaboration between the hematology community and

industry to assist healthcare practitioners (HCPs) in the diagnosis of

these cases. Since its introduction, however, the scope has broadened

considerably to encompass all congenital and acquired bleeding

disorders.

Methods: Based upon gaps around interpretation of PT/aPTT abnor-

malities and bleeding disorders with normal PT/aPTT, an updated

iPhone/android/web application (www.coagsuncomplicated.com) was

expanded to include 60+ bleeding disorders. The Lab Value Analyzer

first screens for medication-related abnormalities, pattern matches lab

values entered with disease profiles, and lists potentially matching

diagnoses. The Diagnostic Algorithm guides HCPs in obtaining addi-

tional lab tests. Published algorithms for isolated abnormalities of PT

and aPTT were reorganized to include also an algorithm for common

pathway (abnormal PT/aPTT) and disorders with a normal PT/aPTT.

The Neonatal module compares entered lab values with age-adjusted

normal values and provides a tailored algorithmic approach including

reference age-adjusted normal values. Educational components pro-

vide.

Background: On all assays, diseases and medications. Third party anal-

ysis of de-identified utilization data are monitored to assess diagnoses

reached and educational needs.

Results: Since January 2011, 5259 downloads resulted in 3744 registra-

tions (Heme/Heme-Onc 1620, ER 702, Internal Medicine 244, Critical

Care 217, Pediatrics 111, Surgery and obstetrics/gynecology 111).

Common lab value analyzer matches were disseminated intravascular

coagulopathy (6%), dysfibrinogenemia (5%), lupus anticoagulant

(5%) and monoclonal gammopathy (5%). Common diagnostic algo-

rithm endpoints were DIC (23%), liver disease effect (17%), vitamin
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K deficiency (15%), lupus anticoagulant (5%), and warfarin/heparin

effects (4%/4%). AH diagnoses were reached 73 times (2%) in diag-

nostic algorithm and 143 times (2%) in lab value analyzer.

Conclusions: Diagnosis of bleeding disorders first and foremost

requires HCP recognition of abnormal laboratory values (including

awareness of age-related normal values) that can prompt inquiry into

the cause of the bleeding, not just its location. Monitoring demon-

strated medication effects (lab value analyzer) and common disorders

(lab value analyzer and diagnostic algorithm) were most accessed. This

innovative approach helps to bridge the knowledge gap for non-hema-

tologists and to facilitate initiation of prompt appropriate referrals to

hematology.

PB 3.41-6
A literature review on the burden of illness and
management of congenital FXIII deficiency
De Jager T1, Pericleous L2, Le Lay A2 and Kokot-Kierepa M3

1Pharmerit, Rotterdam, The Netherlands; 2Novo Nordisk A/S,

Bagsværd, Denmark; 3Novo Nordisk Health Care AG, Zurich,

Switzerland

Background and Aims: Factor XIII congenital deficiency (FXIII CD)

is a serious bleeding disorder caused by a lack of clotting factor XIII.

This disease results in lifelong bleeding diathesis, defective wound

healing, and spontaneous abortions. The aim of this study was to

review available literature on the burden and management of FXIII

CD in order to provide insight into how it affects the lives of patients

and their families, and to evaluate the current treatment paradigm.

Methods: A broad literature search was conducted in PubMed, Em-

base and Cochrane databases using disease specific search terms for

FXIII CD. All studies reporting data on the humanistic and economic

burden of FXIII CD and available treatments were included in the

final selection. No language or time restrictions were applied.

Results: Out of 551 records, 13 studies met the inclusion criteria. Three

of the studies reported the occurrence of bleeds and intracranial hem-

orrhage (ICH) in patients with FXIII CD; the remaining 10 publica-

tions reported efficacy and safety outcomes of treatment with FXIII

concentrates. No reports on the economic consequences of FXIII CD

were identified. In selected literature, FXIII CD is described as one of

the most severe forms of a congenital coagulation disorder, primarily

due to severe bleeding events and a high risk of ICH. Current literature

suggests over 50% of untreated FXIII CD patients experience severe

bleeding symptoms, with ICH reported in 20–60% of patients and

regarded as a major cause of death and morbidity. Data on health-

related quality of life (HRQoL) pertaining to the impact of such com-

plications in patients with FXIII CD is sparse. Only one prospective

questionnaire-based study including five FXIII deficient patients was

found, demonstrating that the severity of bleeds is a factor which influ-

ences HRQoL. However, from other rare coagulation disorders, like

Von Willebrand disease, it is known that severe bleeds have a detri-

mental impact on HRQoL. Therefore, very severe complications, such

as ICH should be prevented where possible. It is widely accepted prac-

tice to prophylactically treat patients with FXIII CD, as early as possi-

ble in their lives, to prevent the occurrence of bleeds, including

potentially life-threatening ICHs.

Summary and Conclusions: Limited data is available on the humanistic

and economic burden related specifically to FXIII CD. However, the

high risk of severe bleeds, including ICH, is widely accepted to result

in a high level of burden in patients with bleeding disorders. Therefore,

potential bleeds should be prevented with a safe and effective prophy-

laxis treatment. Until recently the treatment of FXIII CD was limited

to plasma or plasma-derived products, bearing the risk of pathogen

contamination, as well as time consuming, high volume infusions.

Recently, a recombinant FXIII has been developed enabling an effi-

cient and safe prophylaxis in patients with FXIII A-subunit CD with

no risk of contamination with viral agents, prions and other infectious

agents. Further research is required to gain insight in how specifically

FXIII CD affects HRQoL and to fully understand associated eco-

nomic consequences.

PB3.42 – Von Willebrand disease:
CLINICAL – IV

PB 3.42-1
Analysis of sequence variation reported within the von
Willebrand factor gene locus
Hampshire DJ and Goodeve AC

University of Sheffield, Sheffield, UK

Background: The von Willebrand factor (VWF) gene consists of 52

exons; exons 2–52 encoding the VWF protein. Mutation of VWF

results in von Willebrand disease (VWD), the most common inherited

bleeding disorder. VWD is divided into three distinct types; types 1

(VWD1) and 3 (VWD3) caused by mild-moderate or severe reduction

in circulating plasma VWF respectively, and type 2 (VWD2A,

VWD2B, VWD2M, VWD2N) caused by specific defects influencing

normal VWF function. The ISTH-SSC on VWF online database

(VWFdb) provides access to VWF/VWD information for diagnostic

and research laboratories. This information includes a searchable reg-

istry of VWF sequence variation (derived from investigator submis-

sions and literature reports), recently moved to the Leiden Open

(source) Variation Database (LOVD) system (http://www.LOVD.nl/

VWF), including new fields (VWF:Ag, VWF:RCo, FVIII:C, bleeding

score, multimer profile) providing access to substantial phenotypic

information for each variant. VWFdb also lists variants by patient

highlighting additional information, for example homozygosity/het-

erozygosity for recessive mutations. Unlike VWFdb, the Human

Genome Mutation Database (HGMD) only catalogues VWF varia-

tion reported in the literature, with no additional phenotypic infor-

mation.

Aims: (i) To evaluate the extent of VWF sequence variation currently

reported. (ii) To investigate any patterns in sequence variation based

on VWD type.

Methods: The VWFdb registry and HGMD (accessed January 2013)

were examined for unique sequence variants and these were classified

as either mutations or polymorphisms. Mutations were further

grouped by VWD type. Variant location vs. VWD type was mapped

according to VWF protein domains.

Results: VWFdb contains information on 585 unique VWF variants;

424 mutations and 161 polymorphisms. Analysis of HGMD data high-

lighted an additional 173 variants, the majority of which resulted in

missense/nonsense mutations (n = 120, 69%). Mutations represented

all VWD types, the majority associated with VWD1 (n = 135, 23%),

VWD2A (n = 107, 18%) and VWD3 (n = 176, 29%) with VWD2B

(n = 30), VWD2M (n = 32) and VWD2N (n = 30) mutations each

accounting for 5%. VWD1 and VWD3 mutations occurred through-

out VWF (30% and 23% D3-A2 domains respectively; 15% and 14%

C1-CK domains respectively). VWD1 mutations also clustered around

A3-D4 (22%), whereas VWD3 mutations clustered around D1-D2

(35%). VWD2 mutations predominantly occurred in specific domains

(VWD2B/2M: A1; VWD2N: D’/D3). VWD2A mutations were located

throughout VWF, however hotspots (D2, D3-A2 and CK) demon-

strated subtype specificity, for example VWD2A(IIE) in the D3

domain. Interestingly, the combined data contained 87 (15%) muta-

tions either associated with multiple VWD types or unclassified, many

of which (47%) were located in exons 25–28.
Conclusions: There are currently 758 unique variants reported in VWF

(585 in VWFdb; 173 in HGMD), 597 (79%) associated with VWD.

Those associated with VWD mostly account for VWD1, VWD2A and

VWD3, and occur throughout VWF. VWD mutations located in ex-

ons 25–28 (D3/A1 domain NH2 boundary) may result in a pleiotropic

phenotype making them difficult to classify. Reports of VWF variation
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on HGMD not currently entered on VWFdb highlights the require-

ment for investigators to submit both their published and unpublished

data.

PB 3.42-2
Phenotypic and genotypic characterization of 10
Finnish patients with von Willebrand disease type 3:
discovery of two main mutations
Jokela V

Helsinki University Central Hospital, Helsinki, Finland

Background and aims: Severe von Willebrand disease (VWD) type 3 is

a rare autosomal-recessively inherited bleeding disorder, showing con-

siderable genotypic heterogeneity. We investigated the phenotype in

correlation to the genotype in Finnish type 3 VWD patients.

Methods: Ten patients (40% out of total of 28 patients recorded in

Finland) from different families previously diagnosed with VWD type

3 treated at the Coagulation Disorder Unit in Helsinki University

Hospital were re-evaluated for bleeding tendency and treatment. Phe-

notypic characterization included coagulation and platelet function

testing confirming the diagnosis. Multimer study was performed for all

the patients. Bleeding history was evaluated using a bleeding assess-

ment tool modified from the Tosetto score and also with regard to spe-

cific bleeding symptoms. Detailed genealogical information was

obtained from patients. The genotype was assessed by initial screening

for the common c.2435delC mutation and subsequently if needed, by

analyzing all 51 coding exons of the von Willebrand factor (VWF)

gene.

Results: The diagnosis of type 3 VWD was confirmed for all patients.

The patients presented with surprisingly heterogeneous bleeding phe-

notype: seven patients with severe spontaneous bleeding tendency

required prophylactic treatment with replacement therapy whereas

three patients on on-demand treatment presented with relatively mild

bleeding phenotype. Clinical symptoms included hemophilia-like he-

marthropathy in 8/10 (80%) patients studied. In addition, all patients

presented with epistaxis and all female patients with menorrhagia.

Two patients (20%) had a history of alloantibody development. In

genotype analysis we discovered two common mutations among the

patients: nine of the 20 (45%) alleles were found to carry the

c.2435delC frameshift mutation, previously described to be frequent in

countries surrounding the Baltic Sea. The nonsense mutation

c.4975C>T (p.R1659X) was found on 8/20 (40%) of the alleles. Addi-

tionally, three novel mutations, a potential splice site mutation

(c.874 + 2T>C) and two frameshift mutations (c.1668delC and

c.2072delCCinsG) were found. Seven patients were homozygous and

three compound heterozygous for the reported mutations.

Conclusion: Our study indicates that mainly two mutations

(c.2435delC and p.R1659X) are causing the majority of type 3 VWD

in Finland, unlike the reports from most of the previously studied pop-

ulations. c.2435delC has been commonly reported at high frequency in

countries surrounding the Baltic Sea, 50% in Sweden, 20% in Ger-

many, 75% in Poland and, in addition 12% in Hungary. A common

origin can be suggested for this mutation and our study supports this

theory. Our genotype results in this group of patients set future stan-

dards for the genetic testing among the type 3 VWD population in

Finland.

PB 3.42-3
Bleeding caused by acquired von willebrand syndrome
(AVWS) in adult patients with congenital heart disease
(CHD)
Waldow HC1, Westhoff-Bleck M2, Templin C3, Detering C1

and Von Depka Prondzinski M1

1Werlhof-Institut, Hannover; 2Medizinische Hochschule

Hannover, Hannover, Germany; 3Universit€atsspital Z€urich,

Z€urich, Switzerland

Background: In acquired heart disease espec. aortic valve stenosis

AVWS is typical. However, little is known about the role and preva-

lence of von Willebrand syndrome in congenital heart disease in

adults. We hypothesized that VWS may play a causative role in surgi-

cal as well as non-surgical bleeding in different types of CHD.

Aims: We evaluated the prevalence and relevance of AVWS in CHD

including various defects.

Methods: AVWS was evaluated in 192 patients in relation to the

underlying cardiac defect, operative procedures and presence of Ei-

senmenger Syndrome. PT, aPTT, PFA-100, VWF:Ag, VWF:RiCof,

VWF:CBA, FVIII:C, repeated multimeric analysis and MCMDM

bleeding score were performed in addition to tests evaluating heart,

liver and kidney function.

Result: The overall prevalence of AVWS in this study was 20.8%. It

was found across all cardiac defects, with the highest prevalence in

defects of great complexity (38%) in contrast to 9% in patients with

CHD of simple/moderate complexity (P < 0.001), Eisenmenger Syn-

drome (P < 0.001) and more severe heart failure symptoms (NYHA

III/IV vs NYHA I, P < 0.001; NYHA III/IV vs. NYHA II,

P = 0.044). Only 2/11 patients (18%) with aortic stenosis showed

AVWS. Among lab results, a combination of multimeric analysis,

VWF:Ag/VWF:CBA ratio (sensitivity: 77.5%, specificity: 93.3%) and

PFA-100 (Col/Epi sens.: 77%, spec.: 52%; Col/ADP sens.: 75%, spec.:

74.3%) were suitable to detect AVWS. The use of the MCMDM

bleeding score does not seem to be appropriate in these patients to

objectify the bleeding tendency (sens.: 22.5%, spec.: 92.7%).

Summery/Conclusions: Here we present the largest study on patients

with congenital heart disease and acquired von Willebrand syndrome

to date. This study demonstrates that AVWS occurs in patients with

various congenital cardiac defects, but the highest prevalence is in

patients with more complex CHD. We, therefore, suggest preoperative

screening for AVWS in all patients with CHD to prevent intra- and

postoperative bleeding complications using a panel of specific lab

tests.

PB 3.42-4
Type 2N von Willebrand disease in the population of
Little Poland
Zdziarska J1, Iwaniec T2, Budde U3, Skotnicki AB4 and Musial J2

1Jagiellonian University Medical College, Krak�ow; 2Department

of Medicine, Jagiellonian University Medical College, Krak�ow,

Poland; 3H€amostaseologie und Transfusionsmedizin MEDILYS

Laborgesellschaft c/o AK Altona, Hamburg, Germany;
4Department of Hematology, Jagiellonian University Medical

College, Krak�ow, Poland

Background: Won Willebrand disease (VWD) is the most prevalent

inherited bleeding disorder. Differential diagnostics of type 1 and type

2 VWD requires access to an experienced coagulation laboratory.

Type 2N VWD, first identified in 1989 in Normandy, is characterized

by decreased von Willebrand factor (VWF) binding to factor VIII

(FVIII), resulting in disproportionally low plasma FVIII levels. VWF

activity and antigen level can be decreased or normal, type 2N VWD is

therefore often misdiagnosed as mild hemophilia A (HA) or HA car-
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rier state. To identify this condition VWF:FVIII binding assay (VWF:

FVIIIB) has to be performed.

Aims: We present the process of identification and laboratory diagno-

sis of type 2N von Willebrand disease in our reference hemophilia

treatment center in Little Poland (circa 3,300,000 inhabitants, 165

VWD patients and 111 mild HA patients registered).

Methods: In the years 2009–2012 twenty individuals were selected with

clinical or laboratory suspicion of type 2N VWD (all VWD patients

with FVIII:VWD ratio lower than 0.7 and all HA patients with strong

tendency to mucosal bleeds or unusual mode of inheritance). FVIII

and FV activity was measured by the one-stage assay using Siemens

reagents (BSC XP, Siemens Germany), VWF activity (VWF:RCo) was

measured by turbidymetric method using BCS XP analyzer and VWF

antigen level (VWF:Ag) with enzyme linked fluorescent assay (ELFA,

BioMerieux, France). VWF:FVIIIB was performed in the MEDILYS

Laboratory Hamburg (Germany) with an established inhouse method

(Schneppenheim et al. 1996).

Results: Among our 20 patients and their four symptomless relatives

VWF:FVIIIB was significantly decreased in five individuals (7–22%,

mean 13.4%, normal range 60–180%) and moderately decreased in

other five (43–55%, mean 46.6%), all belonging to six families. In one

other patient type 2N VWD was diagnosed based on family history,

bleeding symptoms and slightly decreased FVIII activity (45%, n. 50–
150%). In the remaining 13 patients type 2N VWD was excluded.

Combined FVIII and FV deficiency was excluded in all patients.

In all six type 2N patients FVIII activity was lowered to 31–45%
(mean 36.6%). VWF:RCo was decreased only in one patient (47–
132%, mean 82%, n. 50–150%) and the FVIII/VWF:Ag ratio was

0.34–0.63 (mean 0.43). Five of them show a history of mucosal, post-

surgery and/or postpartum bleeds. In five 2N VWD carriers all param-

eters were within the normal range. In one carrier with lifelong history

of posttraumatic joint/muscle bleeds FVIII activity was 11%, indicat-

ing coinheritance of mild HA.

Summary/Conclusions: We identified six cases of type 2N VWD (3.6%

of all VWD patients registered in our region). To assess the true preva-

lence of type 2N VWD in Little Poland all mild HA patients should be

screened with the VWF:FVIIIB assay. Implementation of this mea-

surement in at least one reference laboratory in Poland would facilitate

this task. Molecular testing should be available to identify the underly-

ing genetic defect in female patients with mild HA and no male HA

patients within family.

PB 3.42-5
The usage of pediatric bleeding questionnaire in the
diagnosis of von willebrand disease and thrombocyte
function defects among Turkish children
Belen FB, Koc�ak U, Isik M, Keskin Yilmaz E, €Oner N, Sal E, Kaya Z,

Yenicesu I and Gursel T

Gazi University, Ankara, Turkey

Background: The diagnosis of mild bleeding disorders is not easy in the

pediatric population as most of the ‘healthy’ subjects also report bleed-

ing symptoms. In order to get a precise bleeding history Pediatric

Bleeding Questionnaire (PBQ) has been developed previously.

Aim: The aim of the study was to determine the relevance of PBQ in

the diagnosis of von Willebrand disease and thrombocyte function

tests and to determine a ‘clinically significant’ bleeding score cut off

for our population to differentiate ‘hemostatically normal bleeders’

and ‘children with mild bleeding disorders’.

Methods: In our study, Turkish children previously diagnosed with

von Willebrand disease (VWD), thrombocyte function defect (TFD)

and healthy children without any symptoms (Control group 1) and

healthy children with symptoms but found hemostatically normal

(Control group 2) were analysed with PBQ.

Results: Von willebrand disease group consisted of 46 patients (27

VWD Type 1, 5 VWD Type 2, 14 VWD Type 3), TFD group consisted

of 65 patients (7 Glanzmann Thrombastenia, 9 Bernard Solier syn-

drome, 4 Hermansky Pudlak syndrome and 45 thrombocyte secretion

defects). Control 1 group had 38 and Control Group 2 had 32 patients.

The ages of all groups were between 6 months and 18 years. The med-

ian bleeding scores were four in VWD Type 1, seven in VWD Type 2,

16 in VWD Type 3, nine in Glanzmann thrombasthenia, 10 in Bernard

Solier Syndrome, 7.5 in Hermansky Pudlak syndrome, four in throm-

bocyte secretion defect, 0 in Control one group and 1 in Control two

group. The patient and control subjects were compared as four major

groups (VWD, TFD, Control 1 and 2 groups) with PBQ. The most fre-

quent clinically significant bleeding symptoms that can differentiate

VWD/TFD and control groups were found to be epistaxis, oral cavity

bleeding, bleeding after tooth extraction, menorrhagia and post cir-

cumsicion bleeding. The cut off level for ‘clinically significant bleeding

score’ was found to be ≥3 (AUC: 0.785%95 CI: 0.718–0.852). The sen-
sitivity, specifity, PPV and NPV of PBQ to define VWD vs. Control

group 1 was %93.5; %97.4; %97.7; %92.5; VWD vs. Control group 2

was %93.5; %87.5; %91.5; %90.3; TFD vs. Control group 1 was %

89.2; %97.4; %98.3; %84.1 and TFD vs. Control group 2 was %89.2;

%87.5; %93.5; %80 respectively.

Conclusion: In conclusion, PBQ was found to be useful in the diagnosis

of VWD and TFD in Turkish children, however to reach an exact

diagnosis hemostatic laboratory tests are stil warranted.

PB 3.42-6
Characterization of Von Willebrand Disease type 2A
mutation G1579R in the Brno-VWD study
Vangenechten I1, Smejkal P2, Zapletal O2, Bouddount F1,

Zavrelova J2, Blatny J2, Penka M2, Michiels JJ1 and Gadisseur A1

1Antwerp University Hospital, Edegem, Belgium; 2University

Hospital Brno, Brno, Czech Republic

Von Willebrand Disease (VWD) is an autosomally inherited bleeding

disorder caused by a quantitative or qualitative defect of von Wille-

brand factor (VWF). The Von Willebrand Factor mutation c.G1579R

in the A2-domain is known to be responsible for a ‘classic’ type 2A

(group 2) VWD with normal multimerization and secretion, but with

increased susceptibility to degradation by ADAMT13.

In the Brno-VWD study blood was collected from 205 patients repre-

senting 95 families with suspected VWD. FVIII:c, VWF:Ag, VWF:

RCo, VWF:CB, VWFpp, VWF-FVIII binding (if indicated), VWF

multimers and molecular analysis were performed in all patient-

s.Within the Brno-VWD study we analyzed 17 patients from five fami-

lies with the c.G1579R mutation.

As expected, the results show that the c.G1579R mutation is character-

ized by a very low VWF:RCo/VWF:Ag ratio (mean 0.23, CI95 0.17–
0.30), a very low VWF:CB/VWF:Ag ratio (mean 0.31, CI95 0.26–0.36)
reflecting decreased platelet binding, and an increased VWFpp/VWF:

Ag ratio (mean 1.57, CI95 1.43–1.70) showing increased elimination

through proteolysis by ADAMTS13. Multimeric analysis shows a type

2A pattern with loss of high molecular weight multimers and a pro-

nounced first sub-band. Unexpectedly, because classic VWD type 2A

is mostly linked with platelet aggregation abnormalities there is also a

relatively low FVIII:c/VWF:Ag ratio (mean 0.59, CI95 0.50–0.67)
which cannot easily be explained by the mechanism behind this muta-

tion. The difference with the overall mean FVIII:c/VWF:Ag ratio in

the full Brno-VWD population of1.13 (CI95 1.04–1.21) is striking.
Although the VWD mutation c.G1579R is conventionally classified as

a ‘classic’ type 2A (group 2) mutation the results of the FVIII:c/VWF:

Ag ratio indicate that other mechanisms may be present which may

lead to reclassification of this mutation.
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PB 3.43-1
Resistance of C2362F von Willebrand factor to
ADAMTS13-induced proteolysis
Casonato A1, Pontara E2, Morpurgo M2, Cattini GM2,

Battiston M2, Barbon G2, Saga G2, Daidone V2 and De Marco L3

1University of Padua Medical School, Padova; 2University of

Padua, Padova; 3IRCSS, C.R.O. Aviano, Aviano, Italy

Background: The triplet-organized multimer pattern of circulating von

Willebrand factor (VWF) is the result of the proteolytic action of the

metalloprotease ADAMTS13. VWF carrying the C2362F mutation

(C2362F-VWF) characteristically lacks the normal oligomer structure,

which is replaced by a diffuse smear extending to the origin of the sep-

arating gel, suggesting the presence of unusually large species. We sug-

gest that this picture might stem from C2362F-VWF being

ADAMTS13-resistant.

Aims:We aim to demonstrate that the C2362F mutation alters the sus-

ceptibility of VWF to the proteolytic action of ADAMTS13.

Methods: The effects of recombinant ADAMTS13 on C2362F-VWF

were explored in patients’ plasma VWF and recombinant VWF frag-

ments. Given the very low circulating VWF levels in patients homozy-

gous for the C2362F mutation, blood samples were enriched with

VWF by cryoethanol precipitation. Normal and mutated VWF frag-

ments extending from domains A3 to B3 were produced using the

pEXP5-NT/TOPO(R) vector and Origami E. coli strain. ADAMTS13-

induced proteolysis experiments were performed under static condi-

tions in the presence of urea, with a constant amount of normal and

mutated plasma VWF and increasing concentrations of ADAMTS13.

Again under static conditions, the binding of recombinant biotinylated

ADAMTS13 to VWF was explored in the presence of EDTA by

means of an ELISA assay, using both plasma and recombinant normal

and mutated VWF fragments.

Results: Patient’s plasma C2362F-VWF was found completely AD-

AMTS13-resistant. Whatever the concentration of recombinant AD-

AMTS13, there was no sign of the abnormally-large VWF multimers

of C2362F-VWF disappearing, nor any increase in the representation

of triplet multimer bands. At the same ADAMTS13 concentrations, in

normal VWF the large VWF multimers disappeared and the satellite

bands became more strongly represented, in a pattern resembling type

2A-II von Willebrand disease. Binding experiments were carried out to

ascertain whether the ADAMTS13 resistance of C2362F-VWF is due

to an abnormal interaction between the two molecules. ADAMTS13

binding to C2362F-VWF was found significantly impaired (around

40% lower than the normal counterpart), and this defective binding

was confirmed using the C2362F A3-B3 recombinant VWF fragment.

Conclusions: These findings demonstrate that the loss of cysteine 2362

makes VWF resistant to proteolysis by ADAMTS13. This abnormal-

ity seems to be at least partially due to a defective binding of ADAM-

TS13 to VWF. The C2362F-VWF mutation thus brings to light a new

abnormality in the VWF-ADAMTS13 relationship, i.e. the existence

of an ADAMTS13-resistant VWF.

PB 3.43-2
Chicken glycoprotein Iba and Ibb form both GPIb and
non-GPIb complexes: implications for the evolution of
GPIb-IX
Zhou L1, Yang W2, Liang X1 and Li R1

1Emory University, Atlanta, GA; 2University of Texas Health

Science Center, Houston, TX, USA

Background: The association of various subunits in human glycopro-

tein (GP) Ib-IX-V complex has been characterized extensively in trans-

fected cells, as the surface expression level of GPIb-IX correlates with

its proper assembly. The interaction among GPIba, GPIbb and GPIX

transmembrane helices, in cooperation with those between GPIbb and

GPIX extracellular domains, provides the driving force for GPIb-IX

assembly. GPV associates weakly with GPIb-IX. However, it is not

clear if the assembly of GPIb-IX from other species is the same as that

of human GPIb-IX and how GPIb-IX has evolved into its highly inte-

grated form.

Aim: This study characterizes the assembly of chicken (G. gallus)

GPIb-IX complex and its difference from human complex.

Methods: Chicken GPIba, GPIbb and GPIX genes were cloned from

total mRNA extracted from fresh chicken blood and appended with a

N-terminal immuno tag. The same tags were also appended to corre-

sponding human paralogs. The plasmids containing human or chicken

GPIb-IX genes were transiently transfected, in various combinations,

into Chinese hamster ovary (CHO) cells. Surface expression levels of

GPIb-IX subunits, and the association among them, were measured

by flow cytometry, and immunoprecipitation. Disulfide formation

between GPIba and GPIbb was analyzed by SDS-PAGE under non-

reducing conditions.

Results: While the sequences of cloned chicken GPIbb and GPIX

cDNAs are the same as predicted in the NCBI database, the N-termi-

nal sequence of the cloned chicken GPIba cDNA differs, due to incor-

rect prediction of a splicing site. Like human GPIb-IX, efficient

expression of chicken GPIb-IX in the plasma membrane of transfected

CHO cells required all of its subunits. However, in addition to the

GPIb complex (i.e. GPIbb-GPIba-GPIbb), nearly half of chicken GPI-

ba connects with chicken GPIbb to form a non-GPIb complex (i.e.

GPIbb-GPIba-GPIba-GPIbb). Domain swapping analysis showed

that surface expression of human GPIX could be enhanced by coex-

pression of human GPIbb, or a human/chicken GPIbb chimera

(GPIbb-hTM) that contains the human-derived transmembrane

domain, but not chicken GPIbb. Surface expression chicken GPIX

could be enhanced by coexpression of chicken GPIbb, but not human

GPIbb nor GPIbb-hTM. Coexpression of chicken GPIba, GPIbb-

hTM and human GPIX produced GPIb and very little non-GPIb com-

plex. Further sequence analysis identified residues in the GPIbb trans-

membrane domain that are critical to specific GPIb formation and

conserved across mammalian species, but not in birds, reptiles,

amphibians or fishes.

Conclusions: Chicken GPIba, GPIbb and GPIX form human-like

GPIb-IX complex but also a non-GPIb complex. The interfaces

between GPIbb and GPIX extracellular domains are largely conserved

between human and chicken, but differences in the interface between

transmembrane domains are observed. That such difference coincides

with the division of platelet-bearing and thrombocyte-bearing verte-

brates suggests that the non-GPIb complex plays a functional role in

thrombocytes.

PB 3.43-3
Characteristics and angiogenic properties of blood
outgrowth endothelial cells from a type 3 von
Willebrand disease patient
Groeneveld DJ1, Dirven RJ1, Wang J2, Valentijn K1, Voorberg J3,

Reitsma PH1 and Eikenboom HCJ1

1Leiden University Medical Center, Leiden, The Netherlands;
2National University of Singapore, Singapore, Singapore;
3Sanquin-AMC Landsteiner Laboratory, Amsterdam, The

Netherlands

Background: Blood Outgrowth Endothelial Cells (BOECs) from von

Willebrand Disease patients (VWD) have been used as an effective

tool for studying von Willebrand factor (VWF) storage and secretion

defects. Isolation of these cells from peripheral blood from both type 1

and type 2 VWD patients has proven to be efficacious. However, suc-

cessful isolation of BOECs from type 3 VWD (complete absence of

VWF) patients has not been reported yet. VWF plays a major role in
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blood coagulation as it is involved in platelet adhesion and functions

as a carrier protein for factor VIII. Besides playing a role in coagula-

tion, it has recently been demonstrated that endothelial VWF regulates

angiogenesis and that BOECs from type 1 and 2 VWD patients seem

to display increase in vitro angiogenic capacity. Whether this also

holds for type 3 BOECS is unknown.

Aims:We aimed to isolate BOECs from a type 3 VWD patient in order

to investigate whether angiogenesis is also increased in BOECs from

patients who have a complete lack of VWF.

Methods: BOECs were derived from peripheral blood of a type 3

VWD patient compound heterozygous for a nonsense mutation

p.Arg2535X and an unknown mutation on the other allele. Informed

consent and ethical approval was obtained. Endothelial phenotype of

the cultured cells was evaluated by fluorescence activated cell sorting

(FACS). Angiogenic capacity of these cells was analysed in vitro by

matrigel assay for the tube formation and migration assay for wound

healing capacity. Immunofluorescence staining was performed to visu-

alize VWF.

Results: We successfully isolated BOECs from a type 3 VWD patient.

FACS analysis confirmed the presence of endothelial markers includ-

ing CD31, CD144 (VE-Cadherin) and KDR/VEGFR-2. Cells were

negative for the monocyte markers CD45 en CD14. Immunofluores-

cence staining showed cells express PDI and b-catenin, but do not

express VWF or P-selectin. No Weibel-Palade bodies (WPB) were

observed. Preliminary data on the angiogenic properties of these cells

revealed a higher migration rate for the type 3 VWD BOEC compared

to BOECs from three healthy individuals (0.64 lm/min �0.06) vs.

0.49 lm/min �0.07). When seeded onto matrigel the patient’s BOECs

formed more capillary-like structures than healthy BOECs (35,214 lm
vs. 32,486 lm) and these structures contained more branching points

(138 vs. 115) and loops (54 vs. 45).

Conclusion: We established that it is feasible to obtain BOECs from a

type 3 VWD patient. Preliminary results indicate that BOECs

obtained from a type 3 VWD patient have enhanced angiogenic poten-

tial compared to BOECs from healthy individuals as evidenced by fas-

ter migration and enhanced capillary formation. The pro-angiogenic

state is possibly caused by constituent release of angiogenic factors

normally stored in the WPB like angiopoietin-2 and insulin-like

growth factor binding protein 7 (IGFBP7).

PB 3.43-4
Characterisation of observed changes in vWF target
disposition following repeated administration of the
anti-vWF Nanobody caplacizumab
Callewaert F1, Ulrichts H1, Jacobs S1, Rossenu S2,

Schoolmeester A1, Verschueren K1, Baumeister J1 and Holz JB1

1Ablynx NV, Zwijnaarde, Belgium; 2MSD, Oss, The Netherlands

Background: Caplacizumab is a bivalent Nanobody that targets the

von Willebrand Factor (vWF) A1 domain and blocks the interaction

of any sizes and activation states of vWF with the platelet glycoprotein

(Gp)Ib-IX-V receptor. Nonclinical and clinical data revealed manage-

able and transient reductions in vWF antigen (vWF:Ag) and Factor

VIII clotting activity (FVIII:C) levels upon repeated administration of

caplacizumab, indicating a reversible effect of the Nanobody on vWF

disposition.

Aims: The objective of this study is to characterise and identify the

molecular mechanism of vWF:Ag and FVIII:C changes in nonclinical

and clinical species.

Methods: vWF:Ag and FVIII:C levels were measured in nonclinical

studies (baboon efficacy/safety study and 13-week/26-week toxicity

studies in cynomolgus monkey) and Phase I multiple-dose clinical

study. Biostatistical analysis compared the vWF disposition in cyno-

molgus monkey vs. human. A pharmacokinetic/pharmacodynamic

(PK/PD) model was developed to characterise the disposition of cap-

lacizumab and to describe the decreases in vWF:Ag levels in humans.

vWF biosynthesis was evaluated by studying vWF release by endothe-

lial cells in vitro, and by ex vivo analysis of vWF propeptide (vWFpp)

levels in toxicity studies.

Results: Data from Phase I studies in human and data from the 13-

week and 26-week repeated-dose toxicity studies in cynomolgus mon-

key indicated decreases in vWF:Ag and FVIII:C after repeated admin-

istration of caplacizumab. The observed changes are dose-dependent

but saturable. Values never reached clinical significant levels: maximal

changes in vWF:Ag levels ranged from �25–40% of baseline in the 26-

week toxicity study, and from �35–40% of baseline in the Phase 1

study (i.e. lowest observed mean levels of 0.36–0.47 U/mL), with pro-

portional decreases in FVIII:C. Statistical analysis demonstrated that

the changes in vWF:Ag and FVIII:C levels observed in humans were

comparable or slightly less pronounced compared to cynomolgus

monkey. vWF:Ag and FVIII:C levels were also reversibly decreased in

a baboon model of acquired thrombotic thrombocytopenic purpura

(TTP). The effect was not linked with clinical symptoms, even in con-

ditions of severe thrombocytopenia. Values rapidly normalised to pre-

dose levels after stopping treatment in all studies.

Experimental evidence points towards an altered clearance of vWF in

complex with caplacizumab, rather than a change in vWF biosynthe-

sis: (i) the ratio of vWFpp to processed vWF was changed upon treat-

ment with caplacizumab in toxicity studies. A decrease of vWF:Ag

was observed, while vWFpp was unchanged compared to control ani-

mals. (ii) in vitro data did not show an effect of caplacizumab on the

stimulated or constitutive release of vWF by endothelial cells. (iii) PK/

PD modelling indicated that the elimination rate of the drug-target

complex is decreased compared to free drug in humans.

Summary/Conclusions: Repeated administration of caplacizumab

results in mild and transient reductions of vWF:Ag and FVIII:C in the

clinic. These changes are mirrored by nonclinical in vivo and in vitro

models. Experimental evidence and PK/PD modelling suggest a

change in the elimination rate of the vWF-drug complex due to target

binding of the compound. The changes are expected to lead to man-

ageable symptoms in the clinic, even in conditions of TTP. Cap-

lacizumab is currently in Phase II clinical development.

PB 3.43-5
Acquired Von Willebrand Disorder in Pediatric
Extracorporeal Membrane Oxygenation
Trung NC1, Shiu-Ki H1, Nguyen KT2, Soundar EP1, Hundalani SG1,

Cruz MA3 and Teruya J1

1Texas Children’s Hospital/Baylor College of Medicine; 2Texas

Childrens’ Hospital; 3Baylor College of Medicine, Houston, TX,

USA

Extracorporeal membrane oxygenation (ECMO) can provide lifesav-

ing temporary hemodynamic and/or respiratory support in critically ill

patients. The use of ECMO has been rapidly increasing worldwide.

However, life-threatening bleeding remains a major complication with

ECMO. Acquired von Willebrand disease (VWD) while on ECMO

has been suggested to occur in small case series. Increased consump-

tion via ADAMTS-13 proteinolysis of von Willebrand factor (VWF)

has been proposed as one of the mechanisms of acquired VWD. How-

ever, the characteristics of acquired VWD in pediatric patients on

ECMO have not been fully studied. The aim of this study was to

describe the VWF hemostatic pathway in pediatric patients on

ECMO. Plasma samples of pediatric patients on ECMO were collected

from a single center. We measured VWF antigen (VWF: Ag), VWF

ristocetin cofactor assay (VWF: CoF), VWF collagen binding assay

(CBA), VWF multimeric analysis, VWF propeptide (VWF: PP), Fac-

tor VIII activity, and ADAMTS-13 activity. We also calculated and

normalized the various biomarkers to VWF: Ag such as CBA to

VWF: Ag ratio (VWF: CBA/Ag). We also calculated the percent large

plasma VWF multimers by using radio optical densitometry on the

VWF multimeric gels. We defined the percent large plasma multimers
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as the multimeric bands above the three smallest molecular weight

bands. We analyzed plasma from 12 patients on days 1 and 5 of

ECMO. VWF: Ag were (297%, 112–333) on day 1 and (261%, 198–
350) on day 5 (median, interquartile range). VWF: CoF/Ag were (0.6,

0.5–0.7) and (0.5, 0.4–0.5) and VWF: CBA/Ag were (0.43, 0.39–0.69)
and (0.44, 0.35–0.60) on day 1 and day 5, respectively. VWF: PP/Ag

were significantly higher on day 1 (2.2, 1.67–2.85) then on day 5 (0.94,

0.72–1.37) (P < 0.05). FVIII were (153%, 69–180) and (156%, 115–
253) and ADAMTS-13 were (52%, 48–60) and (75%, 57–85) on day 1

and day 5, respectively. The percent large plasma VWF multimers

were (79%, 73–85) on day 1 and (69%, 19–79) on day 5. VWF multi-

meric gel analyses revealed loss of large plasma VWF multimers in

three patients. Seven patients had life-threatening bleeding events.

VWF: CoF/Ag were (0.45, 0.30–0.50) vs.(0.50, 0.50–0.65) and VWF:

CBA/Ag were (0.41, 0.38–0.51) vs.(0.60, 0.32–0.66) in patients with

life-threatening bleeding compared to no bleeding on day 5, respec-

tively. VWF: PP/Ag were (1.06, 0.72–1.63) vs. (0.94, 0.21–1.37) in

patients with life-threatening bleeding compared to no bleeding on day

5. The percent large plasma VWF multimers were (64%, 29–74) vs.
(79%, 19–83) in patients with life-threatening bleeding compared to

no bleeding on day 5, respectively. In conclusion, pediatric patients on

ECMO had evidence of acquired VWD with loss of VWF function as

indicated by low ratio (<0.7) of VWF: CBA/Ag and VWF: CoF/Ag.

Furthermore, our study is the first to show that the VWF: PP/Ag, a

marker for synthesis, was significantly decreased from day 1 to day 5

on ECMO. This decrease in VWF: PP/Ag ratio suggests that decreased

synthesis could also play a role in acquired VWD on ECMO. Further

studies are warranted to better understand the mechanisms of VWF

pathway coagulopathy on ECMO.

PB 3.43-6
Physical fitness determines the von willebrand factor
response to exhaustive physical exercise
Sonneveld MAH, Van Loon JE, Praet SFE, De Maat PM

and Leebeek FWG

Erasmus University Medical Center, Rotterdam, The Netherlands

Background: Physical stress triggers the endothelium to release von

Willebrand Factor (VWF) from the Weibel Palade bodies. Since VWF

is a risk factor for arterial thrombosis, it is of great interest to discover

the determinants of the VWF response to physical stress. Recently it

has been shown that three important genes determine VWF:Ag levels:

Syntaxin Binding Protein-5, Syntaxin-2 and the VWF promoter. Since

the SNARE proteins may be involved in Weibel Palade body exocyto-

sis, we hypothesize that these genetic variations may be associated with

the exercise induced VWF:Ag rise.

Aims:We aimed to investigate the effect of exhaustive physical exercise

on VWF levels and to identify its main mediators.

Methods: 105 healthy individuals (18–35 years) free from cardiovascu-

lar risk factors were included in this study. Each participant performed

an incremental exhaustive exercise test on a cycle ergometer. Respira-

tory gas exchange measurements were obtained while cardiac function

was continuously monitored using ECG. Venous blood was drawn

from the forearm at baseline and directly after exhaustion. VWF anti-

gen levels (VWF:Ag) were determined with an in-house ELISA. DNA

was isolated for genotyping of common variations in Syntaxin Binding

Protein-5 (STXBP5, rs1039084 and rs9399599), Syntaxin-2 (STX2,

rs7978987) and VWF (promoter, rs7965413).

Linear regression analysis was used to analyse the relationship

between performance related determinants and VWF levels. Informed

consent was obtained and the study was approved by a recognised

medical ethics committee.

Results: The median VWF:Ag level at baseline was 0.94 IU/mL [IQR

0.8–1.1] and increased with 47% [IQR 25–73] after exhaustive exercise
to a median maximum VWF:Ag of 1.38 IU/mL [IQR 1.1–1.8]
(P < 0.0001). The strongest determinants are performance related

(P < 0.0001), namely the peak power output per kg bodyweight

(b = 0.6 [95% CI 0.4;0.7]), the ratio between the power output at the

ventilatory threshold and the peak power output in Watt (b = �2.6

[95% CI �4.00; �1.2]), VO2 peak per kg (b = 0.05 [95% CI 0.03;0.06])

and the maximum respiratory exchange ratio at peak power output

(b = 3.7 [95% CI 2.0;5.5]). We observed a gender difference in VWF:

Ag response to exercise (females 1.2 IU/mL [1.1;1.6] and males

1.7 IU/mL [1.2;2.1], P = 0.001), which was associated by a difference

in performance. Genetic variations in STXBP5, STX2 and the VWF

promoter were not associated with VWF:Ag levels at baseline nor with

the VWF:Ag increase.

Summary/Conclusion: VWF:Ag levels strongly increase upon exhaus-

tive exercise and this increase is strongly determined by physical fitness

level and the intensity of the exercise, while there is no clear effect of

genetic variation in STXBP5, STX2 and the VWF promoter.

PB3.44 – Von Willebrand factor – V

PB 3.44-1
Defining the molecular basis underlying the
physiological interaction between Von Willebrand
factor and galectins in normal plasma
Rawley O, O’Sullivan JM, Chion A, O’Regan N, Jenkins VP,

Brophy TM and O’Donnell SJ

Trinity College Dublin, Dublin, Ireland

Background: Von Willebrand Factor (VWF) is abundantly glycosylat-

ed with 12 N-linked and 10 O-linked glycans, which are heavily sialy-

lated. Importantly, these structures influence VWF functional

properties, including plasma clearance and susceptibility to ADAM-

TS13 proteolysis. Although the molecular mechanisms through which

glycans modulate VWF biology remain poorly understood, recent

studies have demonstrated that plasma VWF circulates in complex

with specific members of the galectin family. Moreover, these galectin-

interactions modulate VWF-mediated thrombus formation in vivo.

Aims: In this study, we sought to define the molecular basis underlying

the interactions between VWF and galectins -1 and -3 respectively.

Methods: VWF was purified from human plasma (pdVWF) by cryo-

precipitation and 2BCL gel filtration. VWF glycosylation was then

modified using specific exoglycosidases. Blood group specific VWF

was purified from pooled group AB, O or Bombay plasmas. Mutated

full length VWF and a series of truncated VWF domain fragments

were transiently expressed in HEK293T cells. Recombinant galectin-1

and -3 were expressed in E. coli and purified via nickel affinity chro-

matography. Binding interactions were characterized via modified

immunosorbent assay.

Results: Both galectin-1 and galectin-3 bound to pdVWF in a dose-

dependent manner. Pre-incubation with PNGase F markedly

decreased binding to both galectin-1 and galectin-3 (13 � 1% and

57 � 2%, P < 0.001). Moreover, removal of both N- and O-linked

glycans (PNGase F and O-glycosidase treatment) further attenuated

galectin-3 binding (21 � 1%, P < 0.0001). ABO blood group antigen

expression significantly influenced interaction with both galectins. In

particular, group AB VWF bound to both galectin-1 and galectin-3

significantly better compared to group O VWF. In keeping with its

lack of AB antigen expression, platelet-derived VWF bound both

galectins with significantly reduced affinity compared to pdVWF. Ter-

minal sialic acid and sub-terminal galactose expression on VWF also

modulated galectin interaction. For example, enzymatic desialylation

of pdVWF with a2-3,6,8,9 neuraminidase markedly enhanced binding

to galectin-1 and galectin-3 (231 � 6% and 136 � 6%, P < 0.05).

Importantly, both galectins �1 and �3 bound with higher affinity to

HMWM VWF multimers compared to LMWM of the same blood

group. The relative importance of specific VWF domains in regulating

galectin interaction was investigated using a series of recombinant

truncated domain fragments. Differential galectin binding was evident

across the individual domains. Interestingly, a key role for the VWF A

domains was observed. In keeping with these findings, incubation with
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ristocetin significantly enhanced pdVWF binding to both galectin-1

and galectin-3 (914 � 50% and 205 � 23%, P < 0.05). Moreover,

both galectins bound to the VWD type 2B mimic R1450E with signifi-

cantly enhanced affinity (165 � 10% and 117 � 4%, P < 0.05).

Finally, targeted removal of the individual N-linked glycan located at

N1515 in the VWF A2 domain via site directed mutagenesis lead to

dramatically decreased galectin-3 binding (23.86 � 3%, P < 0.0001).

Conclusions: These novel data define the molecular basis underlying

the physiological VWF-galectin interaction. In particular, we have

demonstrated that both N- and O-linked glycan determinants modu-

late VWF-galectin binding through terminal sialic acid and ABO

blood group expression, with an additional role for specific N-linked

glycans. Furthermore, we have identified a critical role for the VWF A

domains in modulating these interactions.

PB 3.44-2
Free thiol groups in von Willebrand factor (VWF) are
required for its proper function under physiological
flow conditions
Solecka BA1, Fuchs B1, Weise C2 and Kannicht C1

1Octapharma R&D; 2Freie Universit€at Berlin, Berlin, Germany

Background: The multimeric plasma glycoprotein von Willebrand fac-

tor (VWF) is exceptionally rich in cysteine, and its structure is largely

determined by inter- and intramolecular disulfide bonding. Addition-

ally, VWF was shown to contain unpaired cysteine residues potentially

affecting protein function. The significance of free thiols on the surface

of plasmatic VWF has been confirmed previously with respect to plate-

let binding under pathologically high shear stress. Furthermore their

potential involvement in functional VWF self-association occurring at

elevated shear stress has been suggested.

Aims: Objective of the present study was to investigate whether free

thiol groups of plasma VWF contribute to the physiological VWF

function under high physiological arterial shear stress conditions. Fur-

thermore, we aimed to elucidate possible underlying mechanisms

involved in this regulation.

Methods: Free and accessible thiol groups of plasma-derived VWF

were blocked with N-ethylmaleimide (NEM). Derivatization was fol-

lowed by detailed structural and functional examination including

multimer analysis (MMA) and Fourier transform infrared spectros-

copy (FTIR). Functional differences between the NEM-derivatized

sample and the control sample were detected using an in vitro flow

chamber system with respect to VWF-mediated platelet adhesion to

collagen. Interactions with collagen type III and platelet glycoprotein

(GP)Ib receptor were investigated using surface plasmon resonance

(SPR). Identification of accessible cysteine residues was accomplished

using biotin-linked maleimide (MPB) followed by analysis of multimer

and domain incorporation as well as mass spectrometry.

Results: Blocking free thiol groups provoked substantial loss of VWF

activity with respect to platelet recruitment to collagen type III under

flow. The lowered platelet adhesion to collagen type III was shown to

be a combined effect of inhibition of (i) the initial VWF binding to col-

lagen type III as well as (ii) VWF-platelet GPIb interaction. Free thiol

groups were accessible for derivatization solely on the surface of coiled

multimers. Domain incorporation studies revealed a high level of deriv-

atization in VWF N- and C-terminus. This was in accordance with the

mass spectrometric analysis, where 19 MPB-derivatized peptides, pre-

dominantly located at theN- and C-terminus, could be identified.

Conclusion: Blocking free thiol groups in VWF significantly impaired

mediation of platelet adhesion under physiological shear stress condi-

tions. This result suggests an essential functional role of free thiol

groups in VWF regarding binding to subendothelial matrix as well as

platelet recruitment.

PB 3.44-3
Detecting the inner-interaction sites of VWF A1
domain and A3 domain
Jiang M

Jiangsu Institute of Hematology, Suzhou, China

Background: VWF is a multimeric glycoprotein composed of multiple

functional domains and it interacts with the platelet membrane recep-

tor GPIb-IX-V complex through its A1 domain and with collagen

fibers through its A3 domain. Several researches indicate that the A1-

A2-A3 triple domain has a more complicated secondary structure

rather than the three single domains. Recently, we demonstrated that

there was interaction between A1 and A3 domain. The interaction gen-

erally will be interrupted by conformational change of A1 and A3 each.

Aims: To unravel the mechanism of inner-interaction of VWF A

domain and map the interaction binding site in detail.

Methods: We introduced 11 amino-acid mutations of A1 domain and

13 mutations of A3 domain. The mutants were expressed as recombi-

nant VWF A1, VWF A3 as well as full-length VWF. The role of muta-

tion site in A1-A3 interaction was evaulated in a binding assay using

snap/clip-tag technology.

Results: The Asp(506), Tyr(508), Lys(549) of A1 domain and Arg

(1026), Pro(1027) of A3 domain significantly reduced binding affinity

of VWF A1-A3 interaction. Arg(632), Lys(643), Leu(964) and Gln

(966) has weak impact on A1-A3 binding affinity. In addition, the

reduction of the affinity enhanced the binding of platelet GPIb to

VWF A1 domain.

Conclusion: It was predicted using bioinformatics methods that some

amino-acid sits on VWF A1 domain or A3 domain were related with

interaction of these two domains. Our results confirmed that some

sites of them can indeed interfere the affinity of VWF A1-A3 interac-

tion. Interestingly, several sites were in line with VWD mutaion site.

These results help us to reveal the function of VWF A domain and the

pathogenesis of VWD.

PB 3.44-4
Oxidized von Willebrand factor is associated with
thrombotic micro- and macro-angiopaties in diabetes
mellitus
De Cristofaro R1, Oggianu L2, Lancellotti S3, Pitocco D4,

Zaccardi F4, Rizzo P4, Martini F4 and Ghirlanda G4

1Catholic University School of Medicine; 2Section of Biology

Applied to Human Health ‘Rome Tre’ University; 3Department of

Medical Sciences, Catholic University School of Medicine;
4Diabetes Care Unit, Department of Medical Sciences, Catholic

Univ School of Medicine, Roma, Italy

Background: The thrombogenic activity of Von Willebrand factor

(VWF) is proportional to its molecular size and is inversely related to

its proteolysis by ADAMTS-13. Oxidation of VWF at Met1606 with

formation of sulfoxy-methionine severely impairs its proteolysis by the

metalloprotease. Thus, oxidative stress may favor accumulation of

high molecular weight VWF multimers, which can have prothrombot-

ic effects. Moreover, diabetes mellitus, especially type 2, is character-

ized by high production of reactive oxygen and nitrogen species.

Aims: This study was aimed at assessing in patients with type 1 and

type 2 diabetes whether protein carbonyls, marker of oxidative stress,

are associated with both the level and oxidation status of VWF as well

as with micro- and macroangiopathic complications.

Methods: Eighty-three diabetic patients (41 type 1 and 42 type 2 diabetic

subjects) and their respective 83 healthy controls were studied after veri-

fying the availability, through institutional databases, of clinical bio-

chemistry records spanning at least 3 years. Plasma proteins and VWF-

bound protein carbonyls were measured by immunoassays, whereas

VWFmultimers were studied by SDS-agarose gel electrophoresis.
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Results: Type 2 diabetic subjects had higher levels of VWF antigen

(VWF:ag), VWF activity (VWF:act) and plasma proteins’ carbonyls in

comparison with both their controls and type 1 diabetic subjects.

Moreover, high molecular weight VWF multimers and specific VWF-

bound carbonyls were significantly increased in subjects with micro-

and macro-angiopathic complications. By contrast, in both type 1 and

type 2 diabetic subjects, ADAMTS-13 activity was in the normal

range. In a multivariable analysis, only VWF-bound carbonyls were

significantly associated with any form of thrombotic angiopathy, con-

sidering the entire group of T1- and T2 diabetic patients.

Summary/Conclusion: These data provide first evidence that not only

high VWF levels but also its oxidation status and the presence of high

molecular weight VWF multimers, not observed in SDS-agarose gel

electrophoresis of normal subjects are associated with thrombotic an-

giopathies in diabetes mellitus. These findings may help identify dia-

betic patients particularly at risk for these complications and elucidate

a pathogenetic mechanism, centered on exalted activity of VWF,

which contributes to the genesis of thrombotic angiopathies in this

clinical setting

PB 3.44-5
A single finger prick for the assessment of Von
Willebrand factor binding to platelets
Baaij M1, Schutgens REG2, Urbanus RT2, Vu TDN2, De Groot PG2

and Roest M2

1UMC Utrecht; 2University Medical Center Utrecht, Utrecht, The

Netherlands

Background: It has been shown that blood collection via finger

prick can be used for platelet function measurements. Significant

correlations have been found between whole blood aggregometry

(WBA) in venous blood and platelet reactivity time in capillary blood.

However, there have been no publications that report a finger prick

method to assess the binding of Von Willebrand factor (VWF) to

platelets. We have developed a finger prick assay which requires only

40 lL of blood to measure the ristocetin induced binding of VWF to

platelets. This could provide a new simple and less invasive method to

assess binding capacity in disease (e.g. Von Willebrand disease VWD)

and in response to therapy such as DDAVP or VWF infusion.

Aim: Our aim was to develop a finger prick based method for the

assessment of VWF binding to platelets.

Methods: This study was approved by the Medical Ethics Committee

of the University Medical Center Utrecht. The procedures followed

were in accordance with the Helsinki Declaration. After informed con-

sent, blood samples were obtained from 30 healthy controls. Blood

sample collection procedure is slightly altered when compared to the

conventional method; the hand is not warmed and a small tourniquet

is placed around the base of the finger, total ‘ligature time’ is <1 min

30 s. An appropriate sized sterile safety lancet is used and capillary

blood is collected in a 200 lL EDTAMicrovette. The assay consists of

a serial dilution of ristocetin (0–0.75 mg/mL) containing a fixed con-

centration of FITC labelled anti-VWF antibody. 5 lL of citrated

blood was added to each well and VWF binding was assessed with

fluorescent activated cell sorting. Results were plotted in a dose

response graph.

Results: Mean age was 29.7 years, 12 subjects (40.0%) were male. 16

(53.3%) subjects had blood type 0, 11 (36.7%) type A and 3 (10.0%)

Type B, none were type AB. We have recently validated this assay in

healthy donors and VWD patients using venous blood. The inter-

donor variability in the finger prick assay is comparable to the venous

assay. The intra-donor variability, comparing the dose response curves

in one donor on the same day, is low. We observed a strong learning

curve in collecting blood, this could be due to the slightly altered finger

prick method.

Summary/Conclusion: This is the first report on a finger prick method

for the assessment of ristocetin induced VWF binding to platelets.

Once experience in the specific finger prick method is gained, it is a

simple, minimally invasive and reproducible method. Further research

into the effect of disease and therapy on this assay will be performed.

If these effects can be quantified, the assay would ideally be further

developed into a Point of Care test.

PB 3.44-6
Quality specifications for imprecision, bias and total
error to be used for measures of von Willebrand Factor
antigen, activity and multimerisation
Harsfalvi J1, Szekeres-Csiki K2, Meiring M3, Sandor A2, Pataki L2,

Nemeti A2 and Udvardy ML2

1University Debrecen, Medical and Health Science Center,

Debrecen, Hungary; 2Medical and Health Science Centre,

University Debrecen, Debrecen, Hungary; 3Faculty of Health

Sciences, University of the Free State, Bloemfontein, South Africa

Background: Reduced quantity or quality of von Willebrand Factor

(VWF) is responsible for the symptoms of the most frequent heredi-

tary bleeding disorder: von Willebrand disease (VWD). Increased

VWF level or activity is linked to thrombotic thrombocytopenic pur-

pura (TTP), various vascular disorders, liver diseases and cancers and

also seems to be useful biomarkers of these diseases as indicators of

endothelial damage.

Aim: Our aim is to provide quality specifications for imprecision, bias

and total error to be used for measures of VWF antigen (VWF:Ag)

level, activity (VWF collagen binding, VWF:CB) and multimerisation

(MMW25). To analyze function structure relationship, we also aim to

relate these VWF parameters to each other. Furthermore, we aim to

correlate the quantity measures of functional test results to disease

symptoms and genotype to better understand structure-function rela-

tionships.

Methods: Polyclonal antibody based VWF:Ag assay, VWF:RCo assay,

five commercial and two freshly isolated human collagen type I and

type III based VWF:CB assays, SDS-agarose multimer analysis and

quantitative densitometry with a software developed by us for numeri-

cal expression of the VWF multimerisation, genetic analysis by direct

sequencing of exon 28 (primers were designed at the basis of Penas et

al 2005). Statistical quality tools (fishbone diagram, check sheet, con-

trol chart, histogram, Pareto chart, scatter diagram and stratified sam-

pling).

Results: Specimen handling, storage and processing and all assay con-

ditions were standardized. The limit of detection of the VWF:Ag and

VWF:CB assays are 1.5 and 3.1 ng/mL respectively. Using control

samples from different sources assessed accuracy and analytical error

was 5.2 and 3.5% respectively. Analytical measurement range was 3.1–
185 ng/mL (VWF:CB) and 3.1–218 ng/mL (VWF:Ag) at a standard-

ized 200-fold plasma dilution. Clinical reportable range was 5–1653
and 3–1862 ng/mL at different dilutions of samples (50–3200). Total
errors of the methods were 7–19%. Bland-Altman plots were used to

evaluate agreement between VWF:Ag and VWF:CB assays applied for

1218 samples. Diagnostic sensitivity and specificity evaluated by apply-

ing the methods for 45 genotyped VWD patients.

Summary/Conclusion: Specimen handling, storage and processing is

one of the critical factors, the other is the dilution buffer in the differ-

ent assays. Using validated assays, VWF parameters became valuable

tools as endothelial damage indicators and promising diagnostic or

prognostic markers of many other diseases.
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PB3.45 – Anticoagulant agents – XIII

PB 3.45-1
Prothrombin complex concentrate use for the
emergency reversal of vitamin K antagonists
Lancashire J1, Smith N1 and Crowther M2

1Heart of England NHS Foundation Trust, Birmingham;
2Worcestershire Royal Hospital, Worcester, UK

Introduction: The need for normalisation of coagulation because of

major bleeding or the requirement to perform invasive procedures are

the primary indications for prothrombin complex concentrate (PCC)

in patients receiving vitamin K antagonists (VKA).

Methods:We retrospectively audited the use of PCC over a year in two

hospitals in the West Midlands Region of the UK.

Results: One hundred and eleven patients, all receiving warfarin,

received PCC (either Beriplex� or Octaplex�). The mean age of the

patients was 77 years, with 58.6% men. Ninety four percent of

patients were discussed with a haematologist and 91% of patients were

felt to have appropriate indications for PCC. The majority of patients

had atrial fibrillation (74.8%) with other indications including DVT/

PE (15.3%) and heart valve replacement (7.2%). Indications for PCC

were major bleeding (73.0%) (gastrointestinal 46.9%, intracranial

42.0%, subcutaneous/intramuscular 6.2%) or an interventional proce-

dure (26.2%) (abdominal surgery 42.3%, hernia repair 11.5%, ortho-

paedic 15.4%, urology 30.8%, central venous access 11.5%) or sepsis

0.9%.

There was a considerable time delay between it being recognised that

the patient required warfarin reversal and requesting PCC (median 1 h

10 min, range 10 min–5 h 14 min) and from issue of the product by

the Blood Bank and it being infused (median 1 h 46 min, range

10 min–6 h 55 min). This meant that the median time from the need

for warfarin reversal being recognised to infusion of PCC was 3 h

25 min (range 45 min–11 h 14 min). All patients had their warfarin

withheld but only 92.8% received vitamin K (with variable dosing).

Sixty seven percent of patients (who had a post-PCC INR available)

achieved a normal INR. Mortality and morbidity was significant with

22 patients (19.8%) of patients dying in the first 30 days. Causes of

death were bleeding (36.4%), sepsis (36.4%), cardiac events (22.7%)

and cancer (4.5%). Time of death ranged from 10 h, due to an intra-

cranial haemorrhage, to 21 days (due to sepsis). Of those surviving the

rate of thrombotic events was 12.4% with six cardiac events, three PEs

and two ischaemic strokes.

Conclusion: The two factors stand out from this audit. Firstly the

excessive time from when it becomes evident that the patient requires

warfarin reversal until they receive the PCC. Intravenous vitamin K

works within 6–12 h therefore several of the patients could have been

managed with vitamin K alone thus reducing the need for PCC and

the extra risk associated with this.

The second finding is the high rate of thrombotic events, of which five

were deaths, this further reinforces the need to use PCC only in those

who either have life, limb or sight threatening bleeding or require

emergency surgery that cannot wait for VKA reversal with vitamin K.

PB 3.45-2
Validation of a new questionnaire measuring
Satisfaction with Medical Care in Non Valvular Atrial
Fibrillation patients (SAFUCA study)
G�onzalez-L�opez TJ1, Ruiz M2, Villasante F3, G�onzalez-Porras JR4,

Franco E5, Aranguren JL6, Tu~non J7, De Salas-Cansado M8,

Pardo A2 and Soto J8

1Universitary Hospital of Burgos, Burgos; 2Aut�onoma University

of Madrid, Madrid; 3Healthcare center Jos�e Marv�a, Madrid;
4Hospital of Salamanca, Salamanca; 5San Carlos Clinic Hospital,

Madrid; 6Madrid Clinic, Fuenlabrada, Madrid, Madrid; 7Jim�enez

D�ıaz Foundation Hospital, Madrid; 8Pfizer Spain, Alcobendas,

Madrid, Spain

Background: Treatment satisfaction measurement is a very relevant

issue in the clinical follow-up of patients and their adequate handling.

Although other generic instruments are already available we intend to

develop a specific instrument for those patients treated for non-valvu-

lar atrial fibrillation (NVAF).

Aims: To validate a new questionnaire developed to measure satisfac-

tion with medical care (antithrombotic treatment effectiveness and

control, daily living interference) in patients with NVAF.

Methods: The 25-items instrument, reduced from a 37-items initial ver-

sion, was administered to 254 NVAF patients under antithrombotic

treatment, along with the Treatment Satisfaction Questionnaire for

Medication (TSQM) concurrent questionnaire, and five visual ana-

logic scales (VAS) measuring: Quality of Life (patient), perceived effec-

tiveness (patients and clinician), general satisfaction (patient), and

tolerability (clinician). Dimensional structure was assessed through

inter-rater agreement and Confirmatory Factor Analysis, and conver-

gent and divergent correlation with other measurements.

Results: An expert panel composed of six specialists rated a high corre-

spondence with the theoretical construct attaining high values on con-

cordance indexes (0.53–0.81) for items on their target dimension. A

high goodness-of-fit was obtained (v2/df = 1.55, CFI = 0.71,

RMSEA = 0.049) for the 7-dimensional structure (item #): 1- Effec-

tiveness (3), 2- Convenience (3), 3- INR interference (4), 4.- Impact on

HRQoL (6), 5- Undesired Effects (3), 6- Satisfaction with care (3) y 7-

Overall Satisfaction (3). Correlations with TSQM convergent dimen-

sions were moderate/higher (0.328–0.647) than those with divergent

dimensions. Correlation pattern with VAS scores was concordant with

that expected

Conclusions: The reduced questionnaire presents good construct, struc-

tural, convergent and divergent validity properties. The seven pro-

posed dimensions are stable and well defined in the 25-item version.

PB 3.45-3
Reversal of the oral direct thrombin inhibitor
dabigatran captured by visco-elastic and thrombo-
imaging techniques
Lindahl T1, Hillarp A2, Gustafsson KM1 and Wallstedt M1

1Link€oping University, Link€oping; 2Lund University, Malm€o,

Sweden

Background: In the near future large numbers of patients are expected

to be on antithrombotic treatment with the direct oral thrombin inhib-

itor dabigatran. It is also expected that a small percentage of the

patients will experience serious bleeding or be in need of urgent sur-

gery. In those instances the clinicians need guidance how to treat the

patient in order to arrest or prevent bleeding. At present no specific

antidote is available.

Aim: The aim of the project is to provide the medical community with

data to support decision-making by testing different in vitro proce-

dures for improving the coagulation in blood or plasma spiked with

dabigatran
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Methods: Whole citrated blood was spiked with dabigatran (Boehrin-

ger-Ingelheim), 200 lg/L and 400 lg/L for viscoelastic measurements

of clotting (ReoRox instrument from Medirox, Nyk€oping, Sweden)

with coagulation initiated with tissue factor (0.24 nM) or platelet-rich

plasma (dabigatran only 200 lg/L) for measurement of clot initiation

on a tissue factor coated surface and clot propagation velocity utilizing

video-recording (Thrombodynamics Analyzer T-2 instrument from

HemaCore LLC, Moscow, Russia). Different candidate drugs; fibrino-

gen (Riastap�, CSL Behring), activated prothrombin complex concen-

trate (ACCP; FEIBA�, Baxter AG), prothrombin complex

concentrate (PCC; Ocplex�, Octapharma), recombinant factor VII

(rVIIa; Novoseven�, Novo Nordisk), with potential to reverse the da-

bigatran effects on haemostasis, was be added at therapeutic concen-

trations used in patients for other indications at present and then

reanalyzed.

Results: In viscoelastic measurements fibrinogen had small effects, if

any, on clotting time but increased clot elasticity. APCC shortened

clotting time considerably, for the lower concentration of dabigatran

even to shorter times than the control. PCC partially reversed the pro-

longation caused by dabigatran. rVIIa had no significant effects. A

limitation of this study is the relatively high tissue factor concentration

used (0.24 nM) which might obscure the effects of platelets on

enhancement of coagulation and thus also a potential positive effect of

rVIIa. As measured by video-recording dabigatran did not influence

the initial rate of coagulation at the surface, but attenuated the propa-

gation of coagulation and decreased clot size (measured at 30 min).

APCC not only reversed the dabigatran attenuation of clot propaga-

tion but increased above the value for the control for initial rate of

coagulation, PCC and rVIIa had only minute effects.

Conclusion: APCC and PCC seem to have some potential for reversal

of dabigatran effects on coagulation, but APCC in to high doses might

induce too much coagulation and eventually cause thrombotic compli-

cations. Clinical studies are needed to evaluate the potential of these

drugs for reversal of dabigatran effects on haemostasis in patients.

PB 3.45-4
Simulation of the international normalized ratio during
switching therapy from rivaroxaban to warfarin and its
potential clinical implications
Siegmund HU1, Burghaus R2, Kubitza D2 and Coboeken K2

1Bayer Technology Services GmbH, Leverkusen; 2Bayer Pharma

AG, Wuppertal, Germany

Background: The oral anticoagulants warfarin and rivaroxaban are

options for the management of several thromboembolic diseases. In

patients receiving long-term anticoagulation therapy, switching from

rivaroxaban to a vitamin K antagonist (e.g. warfarin) may be required

in some patients, which necessitates co-administration of both drugs

initially because of the slow onset of action of warfarin. However, both

drugs affect prothrombin time and the international normalized ratio

(INR), complicating warfarin dosing during the transition (co-admin-

istration period).

Aims: The objective of this study was to use a computer model of

blood coagulation to evaluate the influence of rivaroxaban 20 mg once

daily on INR during the co-administration period of a switch from riv-

aroxaban to warfarin.

Methods: A model of coagulation that included the formation and

clearance of the vitamin K-dependent coagulation factors was used.

Factor clearance was implemented as an exponential decay to reflect

physiological conditions. To validate the model, warfarin decay simu-

lations were conducted first. To calibrate the model, warfarin concen-

tration fit by best match of modelled and experimental Factor II and

Factor VII concentrations was conducted, and prothrombin time and

INR values were simulated by use of a phospholipid concentration

that matched Neoplastin Plus�. To simulate the combined effects of

both anticoagulants on INR during a switch from rivaroxaban to war-

farin, warfarin initiation was simulated by adjusting the warfarin effect

magnitude to reach desired target INRs in a sufficient time scale

(21 days); the warfarin effect values obtained every 6 h from this simu-

lation and the desired rivaroxaban plasma concentrations (derived

from pharmacokinetic modelling of phase II dose-ranging studies in

patients being treated for deep vein thrombosis) were used in the coag-

ulation model. The increases in the simulated INR caused by rivarox-

aban were used to generate nomograms. Simulations were done by

emulating Neoplastin Plus and Innovin� reagents.

Results: Warfarin decay simulations showed that the simulator had

good prediction quality. Rivaroxaban-induced increases in the total

INR from the warfarin-attributed INR were seen in simulations emu-

lating Neoplastin Plus. There was an approximately linear dependence

on rivaroxaban plasma concentration. However, the rivaroxaban-

induced deviation of INR was also dependent on the magnitude of the

warfarin-induced basal INR. Simulations emulating Innovin showed

smaller rivaroxaban-induced increases in INR from the warfarin-

attributed INR compared with Neoplastin Plus. At median trough riv-

aroxaban plasma concentrations (38 lg/L), the INR contribution of

rivaroxaban was 0.5–1.2 with Neoplastin Plus and 0.3–0.6 with Inno-

vin if the warfarin-only INR was 2.0–3.0. At a high trough concentra-

tion of rivaroxaban (160 lg/L), the contribution of rivaroxaban had a

maximum increase in INR of approximately 1.0 if the overall INR was

2.0–3.0 when Innovin was used.

Summary/Conclusions: Based on the simulations, the best time to mea-

sure the effect of warfarin on INR would be at the time of trough riva-

roxaban concentrations (24 h after rivaroxaban dosing) during the co-

administration period when switching from rivaroxaban to warfarin.

Furthermore, the use of Innovin would be preferred to Neoplastin

Plus because of its substantially lower sensitivity to rivaroxaban,

thereby reducing the influence of rivaroxaban on measured increases

in INR.

PB3.46 – Anticoagulant agents – XIV

PB 3.46-1
Pharmacodynamics and pharmacokinetics during the
transition from warfarin to rivaroxaban in healthy
subjects: a multicentre, randomized, placebo-
controlled study
Kubitza D1, Becka M2, Mueck W2 and Kr€atzschmar J2

1Bayer HealthCare AG; 2Clinical Sciences, Bayer HealthCare

Pharmaceuticals, Wuppertal, Germany

Background: In clinical practice, patients receiving long-term anticoag-

ulation therapy for the prevention and treatment of thromboembolic

disorders may require switching between anticoagulants, for example,

from vitamin K antagonists (e.g. warfarin) to rivaroxaban, or vice

versa. Rivaroxaban and warfarin both affect coagulation tests, and

information on the pharmacological changes that occur during such

transitions would be useful to physicians.

Aims: The primary objective of this study was to investigate the rele-

vant pharmacodynamic parameters during the transition from steady-

state warfarin to rivaroxaban 20 mg once daily in healthy volunteers.

Methods: This multicentre, randomized, placebo-controlled, parallel-

group study enrolled 96 healthy men, aged 18–45 years. All subjects

provided written, informed consent prior to enrolment and the study

was registered with EudraCT (2008-005540-16). Subjects were ran-

domized into three treatment groups. In group A, warfarin was admin-

istered in varying doses to achieve a steady state with an international

normalized ratio (INR) range of 2.0–3.0; rivaroxaban 20 mg once

daily was then given for 4 days (days 0–3) starting 24 h after warfarin

was stopped. In group B, the same warfarin regimens as treatment

group A were used to achieve an INR of 2.0–3.0, followed by placebo

once daily for 4 days (days 0–3). In group C, rivaroxaban 20 mg once

daily was given for 4 days (days 0–3) without prior warfarin treat-
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ment. Blood samples were collected at prespecified time points for

pharmacodynamics and pharmacokinetic analyses. The following

pharmacodynamic parameters were assessed: anti-Factor Xa activity,

inhibition of Factor Xa activity, prothrombin time (PT), activated par-

tial thromboplastin time (aPTT), HepTest, prothrombinase-induced

clotting time (PiCT), Factor VIIa activity, Factor IIa activity, and

endogenous thrombin potential (ETP).

Results: The pharmacodynamic profiles during the transition from

steady-state warfarin (INR 2.0–3.0) to rivaroxaban 20 mg once daily

varied and depended on the type of test used. An additive effect was

observed on the prolongation of PT/INR during the initial transition

period. The mean maximum prolongation of PT (in seconds) was 4.39-

fold in warfarin followed by rivaroxaban group (group A) compared

with 1.88-fold in warfarin followed by placebo group (group B) and

1.57-fold of baseline value in the rivaroxaban alone group (group C).

However, at trough concentrations (i.e. 24 h after rivaroxaban dosing)

rivaroxaban had minimal influence on the PT/INR. Inhibition of Fac-

tor Xa activity, aPTT and ETP were also enhanced during the transi-

tion from warfarin to rivaroxaban, but to a lesser extent compared

with the PT. In contrast, the effects of rivaroxaban on anti-Factor Xa

activity, HepTest and PiCT were not affected by pretreatment with

warfarin. There was no pharmacokinetic interaction between the two

drugs during the transition.

Conclusions: Changes in pharmacodynamic parameters during transi-

tioning from warfarin to rivaroxaban vary depending on the tests

used. The data suggest that INR monitoring should be stopped once

rivaroxaban is initiated during the transition from warfarin to rivarox-

aban. Conversely, when switching from rivaroxaban to warfarin, INR

monitoring of warfarin therapy should be performed at trough riva-

roxaban levels during the co-administration period.

PB 3.46-2
Combination effects of edoxaban, an oral direct factor
Xa inhibitor, and P2Y12 receptor antagonists on ADP
plus tissue-factor induced thrombin generation in
human platelet-rich plasma
Morishima Y and Honda Y

Daiichi Sankyo Co., Ltd., Tokyo, Japan

Background: Activated platelets and tissue factor participate in arterial

thrombosis by forming platelet aggregates that initiate and propagate

blood coagulation. Adenosine diphosphate (ADP) is one of the major

agonists for platelet activation. Edoxaban is an oral, once daily, direct,

selective and reversible factor Xa (FXa) inhibitor in late-stage clinical

development for the prevention of stroke and systemic embolic events

in atrial fibrillation and the treatment and prevention of recurrence of

venous thromboembolism.

Aims: To determine the effects of (a) edoxaban; and (b) the combina-

tion of edoxaban and a P2Y12 receptor antagonist (clopidogrel or ti-

cagrelor) on thrombin generation induced by ADP plus tissue factor in

human platelet-rich plasma (PRP).

Methods: Citrated human PRP from healthy subjects was stimulated

with 10 lMADP plus 0.25 pM tissue factor in the absence or presence

of edoxaban and/or P2Y12 receptor antagonists. Thrombin generation

was measured by means of calibrated automated thrombography with

the thrombinoscope software. Lag time, peak, time to peak, endoge-

nous thrombin potential (ETP), and maximum rate parameters were

calculated from thrombin generation curves.

Results: Combination of ADP (10 lM) and low concentration tissue

factor (0.25 pM) induced reproducible and steady thrombin genera-

tion in human PRP. Edoxaban (40 and 80 ng/mL), active metabolite

of clopidogrel (AM-Clo, 10 and 20 lg/mL), and ticagrelor (3 lg/mL)

alone inhibited ADP plus tissue factor-induced thrombin generation.

Edoxaban significantly suppressed all five parameters (lag time, peak,

time to peak, ETP, and maximum rate) of thrombin generation. AM-

Clo inhibited lag time, peak, time to peak, and maximum rate, but not

ETP. Ticagrelor suppressed peak, time to peak, and maximum rate,

but not lag time or ETP. Concomitant presence of edoxaban (40 and

80 ng/mL) and AM-Clo (10 and 20 lg/mL) or edoxaban (40 and

80 ng/mL) and ticagrelor (3 lg/mL) produced a significant and addi-

tive inhibition of ADP plus tissue factor-induced thrombin generation

compared to the single agents.

Conclusions: ADP plus tissue factor induces thrombin generation in

human PRP. Both edoxaban, a FXa inhibitor, and P2Y12 receptor

antagonists (clopidogrel and ticagrelor) inhibit this effect; however

only edoxaban had a significant effect on all five thrombin generation

parameters and especially ETP. Moreover, significant additive effects

were observed with the concomitant presence of edoxaban and a

P2Y12 receptor antagonist. The present results suggest that ADP plus

tissue factor-induced thrombin generation assay may be a useful bio-

marker to quantitate and monitor the effects of combination therapy

with FXa inhibitors and P2Y12 receptor antagonists.

PB 3.46-3
Efficacy and safety of weight-adjusted extended
duration tinzaparin for prevention of post-operative
venous thromboembolism after bariatric surgery
Siegal DM1, Handa P2, Crowther M1, Douketis JD1, Anvari M1

and Tiboni M1

1St. Joseph’s Healthcare Hamilton and McMaster University,

Hamilton, Canada; 2Tan Tock Seng Hospital, Novena, Singapore

Background: Bariatric surgery patients are at moderate to high risk for

venous thromboembolic events (VTE) with pulmonary embolism rep-

resenting the most common cause of post-operative death. The major-

ity of VTE occur at a median of 14 days after hospital discharge. The

optimal dosing strategy and duration of anticoagulant thrombopro-

phylaxis have not been established.

Aim: To evaluate the efficacy and safety of post-operative thrombo-

prophylaxis using weight-adjusted tinzaparin continued for 7 days fol-

lowing hospital discharge in patients undergoing bariatric surgery.

Methods: We conducted a retrospective chart review of 366 consecu-

tive patients undergoing bariatric surgery from July 2009 to December

2010. Patients received thromboprophylaxis with weight-adjusted tin-

zaparin 4500–14,000 units daily (75 l/kg, rounded to the nearest pre-

filled syringe). The primary efficacy outcome was the frequency of

VTE within 30 days of surgery. The primary safety outcome was the

frequency of major bleeding (International Society on Thrombosis

and Haemostasis definition) within 30 days of surgery. Patients with a

baseline indication for therapeutic dose anticoagulation were excluded

from analysis. Trough anti-Xa levels were measured in 190 patients at

approximately 7 days following surgery.

Results: Mean age was 44.8 years (SD 9.4). Median body mass index

was 45.9 (range 30.9–71.0). A total of 351 and 342 patients were

included in the efficacy and safety analyses, respectively. Outcome data

were unavailable for nine patients (2.4%). VTE occurred in two

patients (0.6%; superior mesenteric vein thrombosis, pulmonary

embolism). Major bleeding events occurred in eight patients (2.3%)

who received at least one dose of tinzaparin. Trough anti-Xa levels

were undetectable in 143 patients. In the remaining 47 patients the

median trough anti-Xa level was 0.12 (range 0.10–0.41).
Conclusions: Weight-adjusted extended duration tinzaparin appears to

be an effective and safe thromboprophylaxis strategy in bariatric sur-

gery patients. We found no evidence of drug accumulation despite use

of large doses of tinzaparin.
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PB 3.46-4
Effective inhibition of proteases of the coagulation
cascade by di-cationic pentamidine-like molecules
Church FC, Rein-Smith C, Whinna H, LeFrapper L, Monroe D

and Tidwell R

UNC-CH School of Medicine, Chapel Hill, NC, USA

Background: There has been a recent surge of interest in the replace-

ment of heparin and warfarin with more targeted antithrombotic

agents that would reduce thrombosis but also lower the incidence of

bleeding found with warfarin. Progress has been made in this arena

with the introduction of several new drugs to the market and early

reports suggest that these drugs are effective at inhibiting thrombosis.

However, the risk of major bleeding with these drugs was greater than

existing treatments in some clinical trials, with only a minimal benefit

in lowering thrombosis. There has been recent interest in creating

small molecule inhibitors against factor IXa and factor VIIa, which

may be superior therapeutic targets to thrombin and fXa. Di-cationic,

‘pentamidine-like’ compounds have been investigated for therapeutic

use as anticoagulants, platelet inhibitors, contraceptives, anti-virals,

anti-inflammatories, anti-cancer agents, anti-fungals and anti-proto-

zoan agents. While the mechanism of action of these compounds is not

known for all of the above listed uses, the anticoagulant effect of these

compounds appears to be due to inhibition of serine proteases of the

coagulation pathway. Recent work has produced a library of over

2800 mono- and di-cationic molecules and several have shown promise

in clinical trials in treating tropical diseases, but the majority of this

library has not yet been screened for potential anticoagulant therapies.

Methods: We screened the anticoagulant potential of a subset of 15

compounds from the di-cationic library using prothrombin time (PT),

activated partial thromboplastin time (aPTT), calibrated automated

thrombography (CAT), coagulation factor inhibition assays, and an in

vivo ferric chloride model of thrombosis.

Results: We find that 5 of the initial 15 compounds selected for screen-

ing (1RRT 063, 279OXD 032, 25DAP 013, 150OXD 230 and 1MCC

182) showed prolonged PT and aPTT, increased time to thrombin gen-

eration, and decreased total thrombin generated. Of these five com-

pounds, two were effective fXa inhibitors (279OXD 032 and 1MCC

182) while two were effective thrombin inhibitors (1RRT 063 and

25DAP 013). In an in vivo thrombosis model, 150OXD 230 and 1RRT

063 significantly prolonged the time to occlusion while 25DAP 013

had no effect on time to occlusion.

Conclusions: These results suggest that our initial screening strategy

for the entire di-cationic library is valid, and that this library may yield

novel, targeted anticoagulant molecules that have the potential as ther-

apeutic anticoagulants. Additionally, the in vivo results highlight the

need to utilize an in vivo model in order to verify that compounds

which may exhibit anticoagulant properties in vitro are also effective

in vivo.

PB 3.46-5
Adherence to oral anticoagulants in an outpatient
setting
Erg€ul S1, Erkens PGM2, Ten Cate-Hoek AJ1 and Ten Cate H1

1Maastricht University Medical Centre; 2Maastricht University,

Maastricht, The Netherlands

Background: Patient’s compliance to therapy is crucial for good qual-

ity treatment. Literature reports that 50% of patients may cease to be

adherent for drugs prescribed in chronic conditions that are left un-

monitored. The introduction of a new generation of oral anticoagu-

lants (NOACs) with a short half-life and for which no regular

laboratory controls are necessary, may therefore harbor an increased

risk of treatment failure due to non-adherence. Insight into patient fac-

tors that may influence treatment outcomes is lacking.

Aim: To explore the risk factors that may affect treatment compliance

in the outpatient setting, and to evaluate the adherence to oral antico-

agulants (OAC) and the relation to emotional status

Methods: This is a cross-sectional study of patients visiting the Throm-

bosis Service of the Maastricht University Medical Center in The

Netherlands between December 2012 and January 2013. Patients were

invited to complete an anonymous questionnaire including questions

on: patient characteristics, indication for anticoagulant treatment,

comorbidity, medication adherence and emotional status. Medication

adherence was measured by application of a self-assessed Dutch ver-

sion of the Morisky Medication Adherence Scale (MAMS-8); emo-

tional status was measured with the Dutch self reported depression

(CES-D) scale. Completed questionnaires from patients ≥18 years old,

treated with OAC therapy for at least 2 months were included in the

analysis. Self-reported adherence rates were classified into three cate-

gories: low, medium and high adherence. Descriptive statistics were

performed with SPSS 19.0.

Results: In this study 316 questionnaires were retrieved, of which 275

were included in the analysis. The mean age of the patients in this

cohort was 69.5 years (range 18–89 years), 48.7% of patients was

≥70 years old. 38.2% of the patients were female, 57.1% male. Educa-

tion level of patients was similar to that of the Dutch population;

22.9% had an elementary education, 65.6% tertiary or higher and

11.5% a university education. The most common clinical indications

for OAC use were atrial fibrillation (45.9%), the presence of artificial

heart valves (20.4%) and myocardial infarction (19.7%). Most

patients reported on comorbidities of which cardiovascular diseases

(61.1%), hypertension (60.7%), hypercholesterolemia (46.9%) or dia-

betes (16.7%) were common. Self-reported adherence rates were cate-

gorized as low in 8%, medium in 80% and high in 12% of patients.

No correlation was found between depressive symptoms and medica-

tion adherence (r = �0.175).

Conclusions: In contrast to reported adherence rates in literature, 92%

of patients had medium or high adherence. This could be due to the

positive effect of structured care with regular visits and treatment

monitoring, but this may also be suggestive for reporting bias. The lev-

els of adherence were found not to be significantly associated with any

of the patient characteristics. The emotional status as measured by the

CES-D scale, did not influence the adherence rate in this sample. Fur-

ther studies are needed to identify risk factors for non-adherence and

further explore the effect of structured care.

PB 3.46-6
Rivaroxaban superior to Nadroparin for
thromboprophylaxis in patients receiving hip or knee
arthroplasty
Heckmann MB1, Hillebrand I2, Silay H2, Thermann H3, Siebold R3,

Klonz A3, Gruber G3, Scheller G3 and Heckmann F2

1Zentrum f€ur Gef€aberkrankungen und Pr€aventivmedizin,

Atosklinik; 2Zentrum f€ur Gef€aberkrankungen und

Pr€aventivmedizin, Atos Klinik; 3Atos Klinik Heidelberg,

Heidelberg, Germany

Background: Deep-vein thrombosis (DVT) and subsequent pulmonary

embolism (PE) are major complications in total joint arthroplasty of

the lower limbs. Low molecular weight (LMW) heparins have been the

gold standard for prophylactic treatment. In this regard, however,

studies on the usage of new oral anticoagulants and especially rivarox-

aban have shown promising results. Nonetheless, very few indepen-

dent studies have been published and practically no study investigated

the usage under normal clinical conditions.

Aims: Aim of this study was to evaluate the efficacy of rivaroxaban vs.

nadroparin for thromboprophylaxis in patients receiving either total

hip or total knee arthroplasty in an ‘every day life’ clinical setting.

Methods: In a mono-centric non-randomized controlled study per-

formed from 2007 until 2013, Patients receiving hip or knee arthro-
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plasty were administered nadroparin body-weight adapted 5700–
7600 I.E. subcutaneously, beginning during surgery, or oral rivarox-

aban 10 mg daily, starting 8 h after surgery. Anticoagulation was con-

tinued for 35 days. Mobilization was initialized the first day after

surgery. All patients were screened for DVT or muscle-vein thrombo-

sis (MVT) using bilateral compression sonography combined with

color doppler sonography between days 5 and 9 after surgery.

Results: DVT or MVT occurred in 13 (6.0%) of 218 patients given na-

droparin and in 24 (3.0%) of 810 patients given rivaroxaban represent-

ing an absolute risk reduction of 3.0% (95% confidence interval 0.1%

to 5.8%, P < 0.035) while no significant difference in bleeding was

reported by the surgeons.

Conclusions: While overall complications were quite low compared to

published data, a daily oral dose of 10 mg rivaroxaban was more effec-

tive than a daily weight-adapted subcutaneous dose of nadroparin of

5700–7600 I.E. in preventing DVT, MVT or PE after arthroplasty.

PB3.47 – Anticoagulant agents – XV

PB 3.47-1
A low fixed dose of Prothrombin Complex Concentrate
is cost effective in emergency reversal of vitamin K
antagonists
Khorsand N1, Giepmans L2, Meijer K2, Van Hest R3 and

Veeger N2

1UMCG, Den Haag; 2University Medical Center Groningen,

Groningen; 3Academic Medical Center, Amsterdam, The

Netherlands

Background: Prothrombin Complex Concentrates (PCC) are com-

monly recommended for treatment of major vitamin K antagonist

(VKA) associated bleeds. While their efficacy and safety have been

well studied, a well defined dosing strategy is still lacking.

Recently, we studied the effectiveness of a low fixed PCC dose regimen

of 1040 IU F IX compared to the commonly applied variable PCC

dosing strategy based on body weight, baseline INR and target INR in

a prospective, two-cohort design. This study showed that the low fixed

dose of PCC was non-inferior to the variable dose in terms of clinical

outcome. In reaching the target INR, defined as INR <2, the fixed

PCC dose was non-inferior in patients with a baseline INR below 7.5.

An important question from both a clinical and costing point of view

is whether additional interventions were needed in the fixed dose

cohort to reach the non-inferior outcome as observed in our study.

Aims: In the present study we assessed the cost-effectiveness of a low

fixed PCC dose strategy of 1040 IU IX vs. the variable PCC dosing

strategy.

Methods: A decision tree model was used in which target INR and

clinical outcome were taken into account. Clinical outcome and

resource utilization were obtained from our prospective, non-inferior-

ity study in patients admitted through the emergency room. Only

direct medical costs that were made during hospitalization were

included. Analyses included Monte Carlo simulations and base-case

analysis to assess the mean treatment costs, as well as costs per success-

fully treated patient (mean costs per patient/probability to obtain a

patient with INR decrease below the target INR and a positive clinical

outcome).

Results: The mean treatment costs were €5774 (Sd 294) for the fixed

dose (N = 59) and €7408 (Sd 365) for the variable dose strategy

(N = 78). PCC costs accounted for 13% and 17% of the treatment

costs in the fixed dose and the variable dose cohorts, respectively.

In the majority of patients target INR was reached with a positive clin-

ical outcome (N fixed dose: 50/59, N variable dose: 64/78). Costs per

successfully treated patient were €6929 (Sd 352) and €9029 (Sd 445),

for the fixed dose and variable PCC dose strategy, respectively

(P < 0.001). Sensitivity analyses confirmed the robustness of these

findings.

Conclusions: Our cost analyses showed that a cost reduction in PCC

with a low fixed dose strategy did not coincide with a cost increase due

to utilization of other treatment options for VKA associated bleedings.

Furthermore, by treatment of these bleeding emergencies with a low

fixed PCC dose strategy, on average €1634 per patient to €2100 per

successfully treated patient was saved compared to a variable dosing

strategy.

Taking into account the effectiveness of the low fixed dose of PCC in

our previous study, we conclude that a low fixed dose of 1040 IU IX

PCC is more cost-effective in emergency reversal of VKA than a

higher variable dosing strategy.

PB 3.47-2
Interaction of metformin with the vitamin K antagonist
phenprocoumon
Wijnen J, Van De Riet I, Lijfering WM and Van Der Meer F

LUMC, Leiden, The Netherlands

Background: Anticoagulant therapy with vitamin K antagonists

(VKA) like warfarin, phenprocoumon and acenocoumarol is ham-

pered by the interaction of the VKA with a great number of other

drugs. Metformin is generally not considered as an interacting drug.

We observed however a number of patients using VKA with a

decreased INR after starting metformin. Therefore we performed this

study to systematically investigate the influence of metformin on phen-

procoumon, the VKA mostly used in our anticoagulation clinic.

Aims: In this cohort study we investigated the influence of metformin

on the dosage of phenprocoumon in stable anticoagulated patients.

Methods: All patients of the Anticoagulation Clinic Leiden using phen-

procoumon and metformin in the period January-March 2009 were

screened. Patients starting metformin within this period and contin-

uing metformin for at least 2 months were included. The first delivery

date of metformin was checked with the pharmacist. Patients were

excluded when they started another drug that is known to interfere

with phenprocoumon or when they were having medical interventions

requiring adjustment of the anticoagulation treatment during the

observation period. We compared the average daily dosage of phen-

procoumon in mg and the INR at three specific moments: before,

6 weeks after and 3 months after the start of metformin. In addition

the number of patients having an INR below the therapeutic range

was compared at these three moments. Statistics were performed using

a paired t-test and a McNemar’s test.

Results: 369 Patients were using metformin next to phenprocoumon

within the observation period. Of these, 27 started metformin within

this period and met the inclusion criteria.

The average phenprocoumon dosage increased from 2.13 mg/day

before the start of metformin to 2.37 mg/day at 6 weeks (mean

increase 0.23 mg, 95% CI: 0.12–0.34) and 2.49 mg/day at 3 months

(mean increase 0.36 mg, 95% CI: 0.24–0.48).
The average INR decreased from 2.88 before the start of metformin to

2.26 (mean decrease 0.63, 95% CI 0.41–0.85) at 6 weeks and 2.54

(mean decrease 0.35, 95% CI 0.24–0.48) at 3 months after the start of

metformin.

One patient had an INR below the therapeutic range before the start

of metformin which increased to 10 patients (OR 10, P = 0.0004) at

6 weeks and two patients (OR 2, P = 1.0) at 3 months after the start

of metformin.

Conclusions: Starting with metformin in patients using phenprocou-

mon resulted in a significant increase of the mean daily dosage of

phenprocoumon. Despite the increased dosage of phenprocoumon,

mean INR-values decreased in nearly 40% (10/27) of patients below

the therapeutic range.

Therefore, clinicians should be aware that the dosage of phenprocou-

mon should be increased once metformin is started. Further research

is necessary to investigate whether warfarin and acenocoumarol are

also influenced by metformin. With the increasing prevalence of diabe-

tes and the increasing popularity of metformin in the treatment of dia-
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betes the combination of metformin with VKA will be encountered

much more frequently in the future.

PB 3.47-3
Inhibition kinetics of plasma-derived and recombinant
activated protein C in human plasma
M€uller J, Zimmermann J, Kupper T, Oldenburg J and P€otzsch B

University of Bonn Medical Center, Bonn, Germany

Background: The half-life of plasma activated protein C (APC) and its

regulation and functional manipulation are important basic informa-

tion for both, APC assay development and estimation of APC-medi-

ated in vivo effects. To date, however, detailed information on the

impact of heparins, APC-targeting ligands, and plasma levels of Pro-

tein S on APC half-life are lacking.

Aims: The aim of this study was to assess the impact of heparins of dif-

ferent molecular weights, APC-targeting DNA-aptamers, and protein

S (PS) levels on the inhibition kinetics of recombinant (rAPC) and

plasma-derived APC (pAPC) in plasma.

Methods: The half-life of plasma APC in the absence or presence of

the different agents was determined using exogenously added or previ-

ously immobilized APC. Reactions were stopped at different time

points using aprotinin that targets the active site of APC. Levels of

residual free APC in the samples were measured using a recently

described oligonucleotide-based enzyme capture assay (J Thromb Hae-

most. 2012; 10: 390–8). Inhibition kinetics were monitored by either

loss of APC amidolytic activity or formation of APC-PCI-complexes

over time.

Results: Recombinant and pAPC showed no significant differences in

inhibition patterns or corresponding formation of APC-PCI-com-

plexes. The presence of negatively charged molecules like heparins or

DNA-aptamers enhanced the inhibition of APC in a size- and concen-

tration-dependent manner. Interestingly, the pentasaccharide fonda-

parinux (Arixtra�) showed no influence of APC inhibition patterns,

even at highest concentrations. In the presence of molecules that accel-

erate APC-inhibition, addition of aprotinin still proved to be reliable

for the prevention of further inactivation of plasma APC, being an

important information with respect to the development of aptamer-

based assays for plasma APC measurements. In contrast to heparin or

aptamers, plasma concentrations of PS showed no consistent effect on

APC inhibition patterns.

Summary/Conclusions: The inhibition of plasma APC was found to be

accelerated by negatively charged molecules that target the basic exo-

site of APC. This effect depends on size and concentration of these

molecules. Plasma concentrations of Protein S did not correlate with

APC half life times, indicating, if at all, only a minor effect of PS on

serpin-mediated inactivation of APC. The results shown here mainly

question the implications of low and high-molecular weight heparins

on APC functional activity in vivo.

PB 3.47-4
The clinically relevant interaction of warfarin
and capecitabine
Kessler P, Poul H and Harudova M

Hospital Pelhrimov, Pelhrimov, Czech Republic

Background: Capecitabine is an orally administered prodrug of 5-fluo-

rouracil and is frequently used in patients with metastatic colorectal or

breast cancer. The stability of anticoagulation in patients with meta-

static cancer undergoing chemotherapy is often poor. The elevation of

INR in patients treated simultaneously with warfarin and capecitabine

has been repeatedly reported, and inhibition of S-warfarin biodegrada-

tion during capecitabine therapy has been described.

Aims of the study: (i) To determine the average daily warfarin dose and

the average interval between INRs before, during and after concomi-

tant capecitabine therapy. (ii) To detect the differences in percentage

of time in therapeutic INR range (TTR) before, during and after cape-

citabine therapy. (iii) To detect the differences in percentage of time

above therapeutic range.

Patients: Ten consecutive patients (six men and four women) treated

with warfarin, in which capecitabine therapy was administered.

Methods: The patients were prospectively followed before, during, and

after capecitabine therapy, the dose of warfarin was adjusted accord-

ing to the INR. The average daily dose of warfarin, average interval

between INRs, percentage of TTR and percentage of time above ther-

apeutic range before, during, and after capecitabine therapy was calcu-

lated.

Results: The average daily dose of warfarin before, during and after

capecitabine therapy was 4.62 (2.63–8.5) mg, 2.56 (1.03–4.31) mg and

3.76 (1.4–7.2) mg, respectively. The average warfarin dose during cape-

citabine therapy was significantly lower, than before capecitabine

(P = 0.003), the average warfarin dose after capecitabine therapy was

higher, than during capecitabine therapy, the difference was not signif-

icant (P = 0.06). The average daily warfarin dose was reduced after

initiation of capecitabine therapy by 39.7 (15.0–72.3)%. The average

interval between INRs before, during, and after capecitabine therapy

was 11.10 (5.17–25) days, 8.41 (5.53–10.9) days, and 11.19 (7.3–13.5)
days, respectively. The interval after capecitabine therapy was signifi-

cantly longer, than the interval during capecitabine therapy

(P = 0.024), the difference of intervals before and during capecitabine

therapy was not significant (P = 0.138). The percentage of TTR

before, during, and after capecitabine therapy was 78.2% (95% CI

69.4–87.1%), 56.6% (95% CI 40.8–72.4%), and 71.4% (95% CI 52.8–
90.0%), respectively. The percentage of TTR was significantly higher

before capecitabine treatment than during capecitabine therapy

(P = 0.035), the difference between percentage of TTR during and

after capecitabine therapy was not significant (P = 0.356). The per-

centage of time above therapeutic range before, during, and after cape-

citabine therapy was 11.3% (95% CI 0.3–19.9%), 33.4% (95% CI

16.4–50.3%), and 2.4% (95% CI 0–5.5%), respectively. The percent-

age of time above therapeutic range was significantly higher during

capecitabine therapy, than before capecitabine therapy (P = 0.038),

and than after capecitabine therapy (P = 0.018).

Conclusion: The capecitabine therapy in patients treated with warfa-

rin results in the enhanced effect of warfarin and increased risk of

warfarin overdose and bleeding complications. The stability of anti-

coagulation is poor during the capecitabine therapy and the fre-

quency of INR monitoring should be increased. When the stability

of INR is unachievable, an alternative anticoagulant therapy should

be considered.

PB 3.47-5
Prothrombinase induced clotting time (PICT) for the
monitoring of new oral anticoagulants
Hoppensteadt D, Walenga JM, Cunanan J, Iqbal O and Fareed J

Loyola University Medical Center, Maywood, USA

The new oral anticoagulants such as Rivaroxaban (Bayer Healthcare)

(R) Apixaban (BMS/Pfizer) (A) and Dabigatran (Boehringer Ingle-

heim) (D) have been approved for Several indications in theUS and

Europe. Initially it was suggested that these agents did not require

monitoring at the approved dosages for specific indications, however

there have been reported bleeding complications with some of these

agents that warrants the monitoring of these drugs to optimize therapy

in some patient populations. A new clot-based assay, the prothrom-

binase induced clotting time (PICT) (Pentapharm, Basal, Switzerland)

has been developed to monitor the anticoagulant effect of these new

oral anticoagulants. In the assay plasma is mixed with FXa, phospho-

lipids, calcium and RVV-V from the venom of the Daboia russelli.

The prothrombinase complex formed and the Xa and IIa generated is

inhibited by the test agent.
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Materials: Citrated blood was drawn from five donors and spun at

800 rpm to obtain platelet rich plasma (PRP). The PRP was removed

and spun at 3000 rpm to obtain platelet poor plasma (PPP). The PRP

was frozen at �80 °C for 24 h and the PPP and PRP were supple-

mented with A, R and D in a concentration range of 0–2.5 lg/mL.

The plasma samples were analyzed using three PT/INR reagents (In-

noven, Dade-Behring, Germany; Recombiplastin, Instrumentation

Laboratories, Bedford, MA; Neoplastin, Stago, Parsippany, NJ), two

APTT reagents (Platelin, TCoag, Ireland; Actin FSL, Instrumentation

Laboratories, Bedford, MA), Heptest and the one stage PICT. All

assays were performed on the ACL 300 Plus (, Instrumentation Labo-

ratories, Bedford, MA). The PICT was also run on the ST4 (STago,

Parsippany, NJ).

Results: In the PPP system, the A, R and D showed assay differ-

ences in the clotting times which demonstrated good sensitivity to D

and R compared to A. No individual assay except for PICT demon-

strated good sensitivity to all three drugs. In the PT/INR assay, all

reagents were sensitive to D and the Innovin and recombiplastin

were sensitive to R and showed a weaker response to A. Similar

responses were observed in the APTT and Heptest assay. In the

PICT, all reagents showed a concentration dependent increase in the

PICT test. D was strongest followed by R, and A showed the weak-

est effect. In the PRP supplemented system, all agents showed a

weaker effect on the clotting times in all tests, however PICT dem-

onstrated a concentration dependent response for all agents. Compa-

rable results for the PICT were obtained on both instruments used

for the PICT.

Conclusions: These results demonstrated that neither the PT/INR,

APTT nor heptest can be solely used to monitor the effects of all of

the new oral anticoagulants. The one stage PICT is a simple, fast,

automated or semi-automated test which can be performed on any

mechanical or optical coagulation analyzer to monitor the anticoagu-

lant effects of these agents. In addition, the one stage PICT can also be

used to monitor the effects of these agents in other matrices such as

PRP. These studies warrant clinical validation of this test in patients

treated with the newer oral anticoagulant drugs.

PB 3.47-6
Ex vivo monitoring of Fenprocoumon reversal by
prothrombin complex concentrate using
thrombography
Brinkman HJA1, Herpers R2, Van Beem RT3, Mertens K1,

Strengers WF3, Van Rossum AP2 and Castel A2

1Sanquin Research, Amsterdam; 2Bronovo Hospital, The Hague;
3Sanquin Plasma Products, Amsterdam, The Netherlands

Background: The vitamin K antagonist (VKA) Fenprocoumon is an

oral anticoagulant (OAC) used to treat and prevent thromboembolic

diseases. The prothrombin complex concentrate (PCC) is used as an

emergency treatment to reverse OAC anticoagulation when excessive

bleeding occurs or to prevent patients on OAC treatment from exces-

sive bleeding during surgery. PCC dosing strategies are based on body

weight and clotting time INR values, but it is not unusual in clinical

practice that more PCC is required than initially calculated.

Aim : The aim of the present study was to assess the added value of

thrombography in monitoring patients’ haemostatic status and subse-

quent PCC dosing calculations.

Methods: Blood samples were collected from patients on Fenprocou-

mon anticoagulation before and within 15–30 min after PCC adminis-

tration. Venous blood samples were collected into siliconized tubes

containing trisodium citrate (0.129 M, 1/9 v/v) and platelet poor

plasma was prepared and frozen within 2 h after venipuncture. Plasma

samples from hospitalized Fenprocoumon treated patients undergoing

surgery and plasma samples from Fenprocoumon treated individuals

that presented themselves with bleeding complications were included

in the study. Plasma samples were subjected to INR measurements

and thrombography (CAT method). The present study was conducted

with the approval of the ethical committee of the involved medical

institution and plasma samples were included in the study after

patients had given their informed consent.

Results: In all patients on Fenprocoumon treatment we observed rapid

normalization of both INR and thrombin generation lag time upon

PCC addition. However, for the bleeding arrest in a subpopulation of

patients more PCC was required. Cumulative dosing revealed a linear

relationship between PCC dose and the thrombin generation parame-

ters peak thrombin and area under the curve. Normalization of these

parameters as well as bleeding arrest in these patients needed at least

twice the amount of PCC as needed for INR and lag time normaliza-

tion.

Conclusion: These data point towards thrombography as a potential

beneficial tool in calculating PCC dosing.

PB3.48 – Anticoagulant agents – XVI

PB 3.48-1
Impact of pre-injury warfarin use on hospital mortality
in elderly united states residents with torso trauma
Collins CE, Santry PH, Witkowski ER, Flahive JM and

Anderson AF Jr

University of Massachusetts Medical School, Worcester, MA,

USA

Background: More than 2 million Americans are started on warfarin

annually for indications including atrial fibrillation, venous thrombo-

embolism, peripheral vascular disease, and coronary artery disease,

resulting in more than 30 million prescriptions per year. As the US

population ages, the elderly are becoming an increasingly large pro-

portion of the trauma population, giving rise to concern about the risk

of injury-related bleeding complications due to warfarin. Relatively lit-

tle is known about the impact of anticoagulation on elderly patients

suffering from chest, abdominal, and/or pelvic trauma. These extra-

cranial injuries can be severe and potentially fatal. We studied a cohort

of elderly Americans with torso injury to determine the effects of war-

farin exposure on outcomes in patients with torso trauma.

Aims: To determine the effect of pre-injury warfarin use on the out-

comes of US patients admitted with torso trauma.

Methods: A retrospective review of a 5% random sample of Medicare

claims data from 2009 to 2010 was performed for enrollees with at

least 1 year of Medicare eligibility. Torso trauma cases were identified

using ICD-9 codes for abdomen, chest, or pelvic injuries. Using Part D

Prescription drug claims, warfarin exposure was defined as two or

more warfarin prescriptions filled in the 60 days prior to injury. Char-

acteristics and outcomes (mortality, length of stay, ICU days) between

warfarin patients and patients not on warfarin were compared using

univariate tests of association. Multivariable models adjusted for age

(10-year increments), concomitant head injury, need for ICU care, co-

morbidity index, sex, and race were run to measure the independent

effect of warfarin exposure on mortality.

Results: We identified 6820 torso trauma patients, of which 5.7% were

treated with warfarin. Patients on warfarin were more likely than non-

users to be white non-Hispanic (94% vs. 88%, P = 0.04), older (15%

vs. 22% for 65–74 years, 42% vs. 37% for 75–84 years, and 44% vs.

41% for >84 years, P = 0.004), and have more co-morbidities (57%

vs. 55% for Elixhauser index 0, 4.4% vs. 5.4% for Elixhauser index 1,

6.5% vs. 8.4% for Elixhauser index 2, and 33% vs. 32% for Elixhaus-

er index 3 P = 0.53). In univariate analyses by age group, mortality

rates differed between warfarin patients and those not on warfarin in

the oldest age group (>84 years) (10.7% vs. 4.7%, P = 0.001). There

was no statistically significant effect on hospital length of stay or ICU

days between the warfarin patients and those not on warfarin. In mul-

tivariable models, all co-variates, except race and co-morbidity index,

were independent predictors of mortality. Warfarin exposure

increased the odds of death nearly two-fold (odds ratio 1.9, 95% confi-

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 803–824

ABSTRACTS 825



dence interval 1.3, 2.9) after adjusting for potential confounders,

including age.

Conclusion: Anticoagulation with warfarin increases risk of mortality

after torso trauma in elderly patients, driven largely by the oldest

patients on warfarin, suggesting that physicians should exercise cau-

tion when giving chronic anticoagulation to the oldest (>85 years)

elderly patients. As newer agents are developed for chemical antico-

agulation, such added risks must be considered prior to initiating

therapy.

PB 3.48-2
Reversal of anticoagulant effects of apixaban with
non-specific prohaemostatic agents: an in vitro study
Godier A1, Martin AC2, Samama CM1, Fischer AM2 and Le

Bonniec B2

1Hopital Cochin; 2Paris Descartes, Sorbonne Paris Cit�e, Paris,

France

Background: As a potent anticoagulant agent, apixaban an oral factor

Xa inhibitor exposes to a risk of haemorrhagic complications. In the

absence of specific antidote, bleeding management is challenging.

Aim: To investigate the efficacy of three prohaemostatic agents,

recombinant activated factor VII (rFVIIa), prothrombin complex con-

centrate (PCC) and activated prothrombin complex concentrate

(aPCC) to neutralize, in vitro, the anticoagulant effects of apixaban on

several laboratory assays.

Methods: Blood samples were collected into 0.105 M sodium citrate

from healthy volunteers from the local blood bank (Etablissement

Franc�ais du Sang, Paris, France). Whole blood (WB) was spiked with

apixaban at therapeutic (200 ng/mL) and 3-fold higher concentrations

and either rFVIIa (equivalent to 90 and 120 lg/kg), PCC (25 and

50 UI/kg), or aPCC (80 and 160 UI/kg). Reversal was assessed on

WB with thromboelastography (ROTEM�, TEM innovation), but

also on platelet poor plasma (PPP) using standard laboratory assays

(PT, aPTT) and thrombin generation test (TGT). Clot turbidity, as a

function of time and measured on a spectrophotometer was added to

explore the dynamics of fibrin polymerization1.

Results: Apixaban concentration-dependently lengthened coagulation

times (PT, aPTT, ROTEM� Coagulation Time [CT]). It also increased

lag time (LT) and decreased endogenous thrombin potential (ETP)

and peak height. On turbidity curves, fibrin polymerization was

delayed and slower compared to control suggesting a network made of

thinner fibers.

rFVIIa had predominant effects on kinetics parameters. It overcorrect-

ed coagulation times (PT, aPTT, CT) at apixaban therapeutic concen-

tration and only partly restored them in overdose situation. It also

decreased LT. At therapeutic concentration only, it accelerated fibrin

polymerization.

PCC increased peak height and ETP, which was up to 50% higher

compared to apixaban alone in therapeutic situation. They shortened

PT and CT whereas paradoxically lengthened aPTT. Turbidity curves

were not modified.

With aPCC, almost all parameters were improved: PT, aPTT, LT were

shortened, thrombin peak was higher, ETP was overcorrected and

fibrin polymerization started earlier and was faster compared to apix-

aban alone suggesting improvement of fiber thickness. Surprisingly, on

ROTEM�, CT was never modified.

Conclusions: The non-specific prohaemostatic agents tested, partially

or completely corrected several laboratory assays. aPCC was the most

seducing one as it improved almost all parameters. Several points need

to be discussed: reversal effects of aPCC were not confirmed in WB,

increasing concentration of prohaemostatic agents had no additive

effect and the putative efficacy was strongly dependent on the observed

parameter (rFVIIa best option on CT, PCC on ETP). This underlines

the need for a more robust endpoint and for clinical trials.

1. Chernysh I. Blood 2008.

PB 3.48-3
Determination of dabigatran, rivaroxaban and
apixaban using UPLC-MS/MS and comparison with
coagulation assays for therapy monitoring
Van De Kerkhof D1, Schmitz E2, Boonen K1, Van Den Heuvel D1

and Brunsveld L2

1Catharina Hospital; 2Eindhoven University of Technology,

Eindhoven, The Netherlands

Background: Over the last several years, novel oral anticoagulants

(NOACs) have been developed. Monitoring of these new drugs was

postulated to be obsolete, because of improved pharmacokinetics and

pharmacodynamics. However, it soon became evident that monitoring

can be important for patients having deviating posture, diminished

renal function or in emergency (bleeding) situations. Since conven-

tional coagulation assays are not suitable for adequate monitoring,

many new coagulation assays have been developed. At this moment,

there is no agreement about which assays are preferred for the mea-

surement of NOACs. Additionally, peak and trough concentrations in

stable situations have not been unequivocally determined.

Aims: Our goal is the development of a reference UPLC-MS/MS tech-

nique for the quantification of dabigatran, rivaroxaban and apixaban,

comparison with several coagulation tests and determination of target

values for peak and trough plasma concentrations.

Methods: Plasma and full blood were spiked with dabigatran, rivarox-

aban and apixaban for calibration and quality control. Labeled inter-

nal standards of the NOACs were added, followed by protein

precipitation. Analysis was done with UPLC-MS/MS using a two-step

Multiple Reaction Monitoring (MRM) monitoring mode. Validation

of the method was done by determining specificity, matrix effects, pre-

cision, LLOQ, LLOD, carry over, recovery and stability. Several coag-

ulation assays (PICT (Pentapharm), ECA-T (Stago) & Hemoclot

(Hyphen) for dabigatran and PICT & STA Liquid anti-Xa (Stago) for

apixaban and rivaroxaban) were validated with standard protocols.

Target values were determined in an in-clinic orthopedic population

and out-clinic cardiologic population. Samples were taken 2, 4 and

12 h after taking the drug to establish peak and trough concentrations.

Different coagulation assays were be evaluated for their trueness by

comparison with UPLC-MS/MS.

Results: All calibration lines were good (R2 > 0.99) and no significant

difference could be seen between plasma and full blood calibration

lines. Stability tests showed adequate stability during sample storage

and freeze-thaw cycles. Specificity was good and LLOD/LLOQ were

<1 ng/mL. Matrix effects and carry over were absent. For dabigatran,

rivaroxaban and apixaban, the recovery was respectively 73%, 78%

and 104%; bias was respectively 4.6%, 4.17% and 4.9%; total preci-

sion was respectively 4.7%, 4.8% and 4.10%. The studied coagulation

assays showed adequate reproducibility and bias.

Conclusion: An adequate UPLC-MS/MS method for the measurement

of dabigatran, rivaroxaban and apixaban was developed and vali-

dated. Target values were determined and compared to different coag-

ulation assays in an in-clinic orthopedic and out-clinic cardiologic

patient population.

PB 3.48-4
Measurement of anti-Xa activity of apixaban in plasma
Samama MM1, Guinet C1, Le Flem L1 and Amiral J2

1Biomnis Laboratory, Ivry-Sur-Seine Cedex; 2Hyphen BioMed,

Neuville Sur Oise, France

Background: Apixaban is a new oral anticoagulant, a direct reversible

Factor Xa (FXa) inhibitor approved in thromboprophylaxis after

major orthopaedic surgery and for stroke prevention in patients with

non-valvular atrial fibrillation.

Although no coagulation monitoring is required, measurement of

apixaban anticoagulant activity may be required in some special clini-
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cal settings: emergency surgery, bleeding, thrombosis, reversal with

pro-hemostatic drugs, compliance, and suspect co-medication interfer-

ence.

Aims: Recently it was reported that anti-FXa measurement was prefer-

able to PT and APTT. We have furthered the investigations of the

influence of apixaban on anti-FXa activity using two different tech-

niques in order to measure its concentration in plasma.

Methods: Apixaban, kindly provided by Bristol-Myers Squibb (New

York), was dissolved according to manufacturer’s recommendations.

Pooled human platelet poor normal plasma (Cryocheck) was supple-

mented with apixaban at concentrations covering the expected clinical

therapeutic range, from 10 to >600 ng/mL, then assayed with two

anti-FXa methods. Measurements were performed in duplicate, with

two series a day, on three consecutive days (N = 12). Two controls

were analyzed in each series: C1 at 300 ng/mL, C2 at 150 ng/mL.

Samples were analyzed with the Rotachrom� assay (Diagnostica Stag-

o, Asnieres, France) and with the Biophen� DiXaI assay (Hyphen Bio-

med, Neuville-sur-Oise, France), using the STA-R instrument

(Diagnostica Stago, Asni�eres, France).

The DiXaI assay is a specific method for direct FXa inhibitors insensi-

tive to heparin, low molecular weight heparin (LMWH) or fondapari-

nux. Plasma is assayed diluted at 1:50. The DiXaI assay shows intra-

assay (N = 10) and inter-assay (N = 20) coefficient of variations from

<3% to <10%.

Results: Rotachrom, designed for measuring LMWH anti-FXa activ-

ity, is not appropriate for apixaban since concentrations >200 ng/mL

cannot be determined. A variant technique, using plasma diluted 1:4

(rather than 1:2) and a plasma sample of 20 lL rather than 50 lL
gives a linear dose-response curve from about 5–400 ng/mL.

- The DiXaI method gave an inverse linear dose-response relationship

for rivaroxaban concentrations from 5 ng/mL to 500 ng/mL, and the

same with apixaban. Therapeutic concentrations of heparin, LMWH

or fondaparinux are not measured. On six independent series, per-

formed over 3 days, with two series per day, recoveries for the two

controls were of 103% for C1 and of 101% for C2, and inter-assay

CVs <5%.

Summary/Conclusions: Clinicians must be aware that PT and APTT

can be normal in apixaban treated patients with a significant hypoco-

agulant activity. Measurement of anti-FXa activity is preferable when

clinically indicated. Our results are in agreement with a recent work

showing that the anti-FXa measurement is preferable for the measure-

ment of direct FXa inhibitors. Moreover, a specific anti-FXa assay

(DiXaI), insensitive to heparins or fondaparinux, is useful in patients

switching from heparin therapy to apixaban. Standardization of the

anti-FXa measurement of apixaban is in progress by a working group

of the ISTH.

PB 3.48-5
Patient outcomes with anticoagulation therapy after
hip and knee replacement: comparison of two models
of care
Bathija S1, Walton SM2, Lau DT3, Galanter WL2, Schumock GT2

and Nutescu E,2

1United States, Chicago, IL; 2University of Illinois at Chicago,

Chicago, IL; 3Centers for Disease Control and Prevention, MD,

USA

Background: Warfarin is commonly used for venous thromboembo-

lism (VTE) prophylaxis of patients undergoing hip and knee replace-

ment surgery. Management of patients on warfarin therapy has been

a challenge, especially in inception phases of therapy. Pharmacist-

managed anticoagulation clinics have been reported to attain better

anticoagulation control compared to routine medical care (RMC).

However, the two models of care have not been compared for patients

receiving post-surgery VTE prophylaxis which requires short-term

therapy.

Aim: To compare quality of anticoagulation control between special-

ized care (pharmacist-managed antithrombosis clinic [ATC]) and

RMC (orthopedic clinic) in an inception cohort receiving short-term

post-surgery VTE prophylaxis with warfarin.

Methods: We conducted a retrospective, observational study of

patients who underwent total hip or total knee replacement surgery at

University of Illinois Hospital and Health Sciences System between

the years 2000 and 2009, and were referred to either the ATC or RMC

for post-surgical anticoagulation prophylaxis. Means for continuous

variables were compared by using t-tests and frequencies for categori-

cal variables were compared by using chi-squared tests. Propensity

scores were used to adjust for potential confounding on observable

risk factors. Propensity score was defined as the predicted probability

of being managed by ATC compared to RMC. The average treatment

effect (ATE) and average treatment effect for treated (ATT) for ATC

compared to RMC was expressed as the% change in anticoagulation

control (expressed as the time in therapeutic international normalized

ratio range [TTR]) using inverse probability weighting and regression

adjustment.

Results: A total of 873 patients were included in the study cohort, of

which 294 were referred to ATC and 579 to RMC. The average age of

the study cohort was 60 � 12.3 years, and 68% were female. The

majority of patients was African Americans (53.8%), followed by

Caucasians (19.7%), followed by Hispanics (19.6%) and other race

(6.9%). Before applying the propensity score method, several covari-

ates were imbalanced between the two groups. For example, the aver-

age length of warfarin therapy (46.7 � 20.3 vs. 31.9 � 10.7; P < 0.05)

and inpatient length of stay in days (7.0 � 4.6 vs. 6.3 � 3.3;

P < 0.05) were significantly higher in ATC compared to RMC. After

balancing the groups using inverse probability weighting and per-

forming regression adjustment, TTR remained significantly higher in

ATC compared to RMC via both ATE (7.1% higher in ATC vs.

RMC, P < 0.001) and ATT (9.08% higher in ATC vs. RMC,

P < 0.001).

Summary: Patients managed in the specialized pharmacists-led ATC

had better anticoagulation control compared to routine medical care.

Our study is among the first to evaluate and show benefit of a special-

ized systematic anticoagulation management model on quality of anti-

coagulation in an inception cohort receiving short-term post-surgery

thromboprophylaxis.

PB 3.48-6
Psychological influence of the media on patients
commencing oral anticoagulation in atrial fibrillation; a
qualitative analysis
Borg Xuereb C1, Shaw RL1, Lip GYH2 and Lane DA2

1School of Life and Health Sciences, Aston University; 2University

of Birmingham Centre for Cardiovascular Sciences, City Hospital,

Birmingham, UK

Background: Oral anticoagulation (OAC) reduces stroke risk in

patients with atrial fibrillation (AF); however it is still underutilized

and sometimes refused by patients. Two inter-related studies were

undertaken to understand the experiences and what influences this un-

derutilisation of warfarin treatment in AF patients. These studies

explored physician and patient experiences of AF and OAC treatment.

The paper focuses on specific sub-themes from the study that explored

patients’ experiences will be discussed.

Aim: The study in question aimed to explore the experiences which

influence patients’ decisions to accept, decline or discontinue OAC.

Methods: Semi-structured individual interviews with patients were con-

ducted. Three sub-groups of patients (n = 11) diagnosed with AF were

interviewed; those who accepted, refused, and who discontinued war-

farin. Interpretative phenomenological analysis (IPA) was used to

examine the data. IPA is a qualitative method that focuses on how

participants make sense of an experiences phenomenon.
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Results: Three over-arching themes comprised patients’ experiences: (i)

the initial consultation, (ii) life after the consultation, and (iii) patients’

reflections. In the last theme, patients reflected on their perceptions of

aspirin and warfarin. Aspirin was perceived as a natural wonder-drug

while warfarin was perceived as a dangerous drug usually given to peo-

ple at the end of their life. Interestingly they perceive both drugs as

‘old’. However, for aspirin it had a positive association, old meaning

tried and tested. While for warfarin, old meant ‘has been around for

too long’.

Conclusion: Media had an important role in how patients’ perceptions

of these two drugs were influenced. Literature shows that framing

techniques, i.e. using certain words or phrases such as ‘rat poison’, are

processes adopted by media to alter medical knowledge into lay per-

son’s language. Patients in turn form negative cognitive schemas,

between the word ‘poison’ and warfarin, leading to the negative per-

ception of warfarin which could influence non-adherence to treatment.

This qualitative research highlighted the potential influences of the

media on AF patient perceptions commencing OAC treatment. The

association between media stimuli and patient perceptions on OAC

should be further explored. The influential power of lay-media could

also be instrumental in disseminating appropriate educational material

to the public.

PB3.49 – Coagulation factor IX – II

PB 3.49-1
The activity of GlycoPEGylated recombinant FIX (N9-
GP) can be measured in two-stage chromogenic and
one-stage clotting assays
Holm PK, Sørensen MH, Hermit BM and Ezban M

Novo Nordisk A/S, Maaloev, Denmark

Introduction: N9-GP is a 40K glycoPEGylated recombinant human

FIX derivative. The PEG group is selectively attached to an N-linked

glycan in the activation peptide of recombinant FIX (N9), which upon

activation is released and generates activated FIX (FIXa) similar to

native FIXa [1]. In haemophilia B patients the half-life of N9-GP is

93 h which is approximately five-fold prolonged compared to Bene-

FIX� and MonoNine� [2].

The aim of this study is to evaluate the performance of N9-GP relative

to non-PEGylated rFIX in two-stage chromogenic and one-stage clot

assays.

Method: Different FIX preparations (N9-GP, N9, MonoNine� and

BeneFIX�) were spiked into Haemophilia B plasma and tested in two

different two-stage FIX chromogenic assays (Biophen� and Rossix�)

using the WHO FIX international standard. The same FIX prepara-

tions were analysed in the FIX one stage clotting assay with different

aPTT reagents using the WHO FIX international standard and a N9-

GP standard. The N9-GP standard was calibrated against the WHO

FIX international standard using SynthAFax� as the APTT reagent.

Results: The activity of N9-GP, N9, MonoNine� and BeneFIX� was

comparable when spiked into Haemophilia B plasma and measured in

the two different two-stage chromogenic assays calibrated against

WHOFIX international standard. The PEG group of N9-GP does not

appear to interfere with the reagents in the chromogenic assays.

APTT reagents SynthAFax�, Cephascreen� and DAPPTIN� pro-

vided full recovery of N9-GP activity (100% � 25%) in the one-stage

clotting assay using the WHO FIX international standard. Some

reagents resulted in activity below 75% and other reagents resulted in

values above 125% when calibrated against WHO FIX international

standard. In general, aPTT reagents containing ellagic acid provided

activities within target range (100% � 25%), whereas reagents con-

taining silica gave values above target, indicating some interaction of

the silica based material with the PEG group of N9-GP. Full recovery

was achieved for all APTT reagents when using the N9-GP standard.

Conclusion: As for MonoNine� and BeneFIX�, the activity of GlycoP-

EGylated recombinant FIX (N9-GP) can be reliably measured in two-

stage chromogenic and one-stage clotting assays using ellagic acid

based APTT reagents against the WHOFIX international standard.

Other APTT reagents provided either too low or too high activity,

probably because of interaction with the PEG group of N9-GP. The

reagent specific variations can be normalised by introduction of an

assay specific conversion factor or by using a N9-GP standard. The

data illustrate the need for evaluating performance of new FIX prod-

ucts in various activity assays using different reagents.

References:

1. Østergaard et al Blood 2011; 118: 2333–2344.
2. Negrier et al. Blood 2011; 118: 2695–2701.

PB 3.49-2
Comparative field study evaluating the activity of
recombinant Factor IX – Fc fusion protein (rFIXFc) in
plasma samples at clinical haemostasis laboratories
Sommer J1, Buyue Y1, Peters RT1, Jiang H1, Gray E2 and

Pierce GF1

1Biogen Idec Hemophilia, Waltham, MA, USA; 2NIBSC, South

Mimms, Potters Bar, UK

Background: The recombinant coagulation factor IX Fc fusion protein

(rFIXFc) consists of a single molecule of human factor IX (FIX) cova-

lently linked to the dimeric Fc domain of human immunoglobulin G1

(IgG1). rFIXFc utilizes the FcRn receptor-mediated immunoglobulin

cycling pathway to extend its plasma half-life. The rFIXFc product

was studied in a global, multi-center, Phase 3 clinical study (B-LONG)

with prophylactic dosing intervals ranging from 7 to 21 days.

Aims: To evaluate the performance of commercially available one-

stage clotting assay reagents used at clinical laboratories for monitor-

ing of rFIXFc activity in patients, we conducted a field study to assess

the accuracy and inter-lab variability in measuring rFIXFc activity in

spiked plasma samples at 30 clinical haemostasis laboratories.

Methods: Human hemophilic donor plasma was spiked with either

rFIXFc or a rFIX comparator product at 80, 20 or 5 IU/dL based on

the label potency. Laboratories were blinded with respect to the drug

product and concentration in each vial and were asked to test three

sets of samples on different occasions using their routine one-stage

clotting assay and in-house FIX plasma standard. The results were

evaluated for accuracy, intra- and inter-laboratory variation, and pos-

sible product-specific assay discrepancies.

Results: The median spike recovery for rFIXFc was 68.7 IU/dL,

19.5 IU/dL, and 5.7 IU/dL at the nominal 80, 20 and 5 IU/dL con-

centrations, respectively, among the 30 laboratories. For rFIX, the

corresponding spike recoveries were 97.8 IU/dL, 27.8 IU/dL and

7.9 IU/dL. Intra-laboratory variation was typically below 15% for

both products. Among the three major activators used in clotting

assays, ellagic acid (n = 8 labs) generally resulted in the highest

observed activities, with median spike recoveries and inter-laboratory

variation (%CV) of 93.3 IU/dL (13%), 28.3 IU/dL (18%) and 8.2 IU/

dL (41%) for rFIXFc and 104.5 IU/dL (13%), 31.7 IU/dL (19%) and

8.7 IU/dL (35%) for rFIX at the 80, 20 and 5 IU/dL concentrations,

which were well above the nominal concentrations. In comparison, sil-

ica (n = 18 labs) and kaolin (n = 3 labs) typically resulted in lower

observed recoveries, with median results of 63.6 IU/dL (24%),

18.0 IU/dL (32%) and 5.3 IU/dL (35%) for rFIXFc and 97.7 IU/dL

(13%), 27.6 IU/dL (19%) and 7.7 IU/dL (28%) for rFIX at 80, 20

and 5 IU/dL samples, respectively.

Summary/Conclusions: Our field study revealed a combination of labo-

ratory- and reagent-specific assay variabilities, with progressively

higher variability at lower FIX concentrations and non-linearity

against the FIX plasma standard observed with both rFIXFc and the

comparator (rFIX) product. This lead to consistent over-estimation of

FIX activity at the lower levels and overall higher than expected inter-

laboratory variability for both products. The differential reagent-

dependent effects on rFIXFc and rFIX observed in the field study were
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reproducible in side-by-side comparisons at a central laboratory. For

both products, the assay results were generally consistent when com-

pared between laboratories using the same reagents and calibrators.

The rFIXFc product can be monitored in patients using existing meth-

ods and current plasma standards in the majority of haemostasis labo-

ratories with reasonable accuracy and without the need for a product-

specific standard.

PB 3.49-3
The effect of different APTT reagents on the potencies
of plasma-derived and recombinant factor IX
concentrates in one-stage clotting assays
Wilmot HV, Hogwood J and Gray E

NIBSC, Potters Bar, UK

There are several new Factor IX (FIX) therapeutics in development,

including recombinant and modified products. Currently, the one-

stage clotting assay is employed for potency labelling of all FIX prod-

ucts. Although the current plasma derived International Standard (IS)

has served well as a calibrant for licensed FIX concentrates, it is not

clear whether it can provide valid potency estimates for the new gener-

ation recombinant products. There are suggestions of assay discrep-

ancy related to Activated Partial Thromboplastin Time (APTT)

reagents used when these products are assayed against the plasma

derived IS. The aim of this study is therefore to evaluate the effects of

choice of APTT reagent on the potencies of both plasma-derived

(pdFIX) and recombinant (rFIX) concentrates.

Frozen aliquots of pdFIX and two different rFIX (rFIX1 and rFIX2)

products were assayed against either the 4th IS FIX Concentrate (07/

182) or an in-house rFIX reference (07/142) by the one-stage clotting

assay as described by the European Pharmacopoeia, using incubation

times as recommended for each of the APTT reagents tested. Several

different APTT reagents covering a range of phospholipid sources and

activators were used: Actin FS, APTT-SP, SynthAFax, Siron, CK

Prest and Cephascreen. Potencies were determined by parallel line

assay. Four assays were performed on each material. Data were calcu-

lated using combination of potencies and differences were deemed sig-

nificant at the 5% level by Tukey’s analysis of variance.

All assays were statistically valid. Against the 4th IS (07/182), the

pdFIX showed no significant differences in potency estimates between

APTT reagents (average potency 89 IU/mL, GCV 7.2%). This was

not the case for either rFIX. rFIX1 showed significantly higher poten-

cies with Actin FS and APTT-SP (average 125 IU/mL, GCV 0.55%)

than with the other four reagents (average 93 IU/mL, GCV 4.8%).

rFIX2 behaved similarly, with Actin FS and APTT-SP producing sig-

nificantly higher potencies than all other APTT reagents (average 97

(GCV 1.14%) vs. 76 (GCV 6.2%) IU/mL). Against the rFIX reference

(07/142), the pdFIX showed reasonable agreement in potency esti-

mates between APTT reagents, with some significant differences, par-

ticularly with SynthAFax, which generated significantly higher

potency estimates than the others (114 IU/mL compared to 84 IU/

mL, GCV 12.9%). In contrast, both rFIX materials showed good

agreement in potency estimates relative to the rFIX reference, with

rFIX1 showing no significant differences between APTT reagents

(average 104 IU/mL, GCV 7.1%), and rFIX2 showing only a small

difference between SynthAFax and Actin FS (P = 0.02).

Different APTT reagents therefore yielded significantly different

potencies when rFIX was assayed relative to a pdFIX standard, and

vice versa. These differences were reduced when a ‘like for like’ stan-

dard was used. There are many different commercial APTT reagents

and several new recombinant or modified FIX products in develop-

ment that may assay differently to the current IS. The combination of

these two factors could result in discrepant potencies between different

laboratories. The data presented here suggest that assaying like against

like reduces the discrepancy and highlights the importance of choice of

standard.

PB 3.49-3
Population pharmacokinetic model for a novel
recombinant fusion protein linking coagulation factor
IX with albumin (rIX-FP) in hemophilia B patients
Parasrampuria R1, Easton R1, Yao Z1, Bensen-Kennedy D1,

Voigt C1, Jacobs I1 and Massimo M2

1CSL Behring, King of prussia, USA; 2Azienda Ospedaliero-

Universitaria Careggi, Firenze, Italy

Background: rIX-FP is a recombinant fusion protein linking coagula-

tion FIX with human albumin intended for prophylaxis and on-

demand treatment of hemophilia B. Results from the first-in-human

dose escalation trial have demonstrated improved pharmacokinetics of

this product with prolonged half-life. Thus, there is a great interest in

evaluating less frequent administration of this product to prevent

bleeding.

Objectives: The objective of this analysis was to evaluate pharmacoki-

netics of rIX-FP by means of population pharmacokinetic (PK)

approach.

Methods: A population pharmacokinetic model was built using FIX

activity levels from 37 subjects which were measured using a validated

1-stage clotting method after administration of three dose levels of 25,

50 and 75 IU/kg rIX-FP. The influence of potential covariates such as

age, body weight, and baseline value was evaluated. Model robustness

was assessed using nonparametric bootstrap and visual predictive

check approaches.

Results: A two compartment model appropriately described the rIX-

FP pharmacokinetics. A covariate analysis identified baseline as influ-

encing the volume of distributions of rIX-FP. The visual predictive

check indicated that the final pharmacokinetic model adequately pre-

dicted observed concentrations.

Conclusions: The parameter estimates of the population PK model

were similar to the estimates from the traditional non-compartmental

approach. The selected pharmacokinetic model accurately character-

ized rIX-FP pharmacokinetics and integrates information across all

dose groups. This model was utilized as a tool to simulate various dos-

age regimens to instruct future clinical trials.

PB 3.49-4
Efficacy and safety of a novel rFIX (BAX326): phase III
study in previously treated patients with severe or
moderately severe hemophilia B undergoing surgical or
other invasive procedures
Windyga J1, Lissitchkov T2, Stasyshyn O3, Mamonov V4,

Ghandehari H5, Chapman M5, Fritsch S5, Pavlova BG5,

Wong WY5 and Abbuehl BE5

1Institute of Hematology and Transfusion Medicine, Warsaw,

Poland; 2Specialized Hematological Hospital ‘Joan Pavel’, Sofia,

Bulgaria; 3Academy of Medical Sciences of Ukraine, Lviv,

Ukraine; 4Hemophilia Research Center RAMS, Moscow, Russian

Federation; 5Baxter BioScience, Westlake Village, CA, USA

Background: Factor IX (FIX) replacement with regular prophylactic

infusions has substantial benefits for patients with hemophilia B, a

congenital X-linked bleeding disorder associated with a decrease or

lack of circulating FIX. BAX326 is a recombinant FIX manufactured

with two viral inactivation steps (solvent/detergent treatment and

15 nm nanofiltration) and without addition of any human or animal

materials.

Aims: This first prospective clinical trial was conducted to assess the

safety and efficacy of BAX326 in previously-treated patients with

hemophilia B, 12 to 65 years of age with severe (FIX level <1%) or

moderately severe (FIX level ≤2%), as well as to characterize the

PK profile of BAX 326 and determine equivalence with comparator

rFIX.

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 803–824

ABSTRACTS 829



Methods: Safety was evaluated by adverse events, clinical and immu-

nological assessments. PK parameters were compared between

BAX326 and a commercial rFIX in a crossover design. Hemostatic

efficacy after twice weekly prophylaxis with BAX326 was determined

in terms of annualized bleeding rate compared with a historical control

group treated on-demand. The study was approved by relevant medi-

cal ethics committees and informed consent/assent was obtained from

each subject prior to enrollment.

Results: BAX326 was equivalent to the comparator rFIX in terms of

AUC 0–72 h/dose. BAX326 is safe and well tolerated in hemophilia B,

with no signs of immunogenicity or thrombotic events. Compared with

the annualized bleeding rate (ABR) in the historical control group,

there were significantly fewer bleeds in subjects who received twice

weekly prophylaxis with BAX326 over at least 3 months during the

present study with a bleed reduction of 79%. Joint bleeds (major

joints: wrist, elbow, shoulder, hip, knee, ankle) occurred at a mean

ABR of 2.85 (4.25) compared with 1.41 (2.87) in non-joint bleed sites.

Of the 32/56 subjects with bleeds, 90.6% (29/32) had arthropathy at

screening and only 28.1% (9/21) did not have target joints, as com-

pared to subjects without bleeds, of whom 79.2% (19/24) had arthrop-

athy and 50% (12/24) did not have target joints at screening. The

ABRs by bleeding site (i.e., joint vs. non-joint) and cause were further

analyzed by subjects with (N = 46) and without arthropathy (N = 8),

as well as with target joint (N = 35) and without (N = 21). Higher

mean ABRs were observed in subjects with arthropathy vs. without

arthropathy (4.54 vs. 2.57 for all bleeds, 3.16 vs. 1.02 for joint bleeds,

and 1.97 vs. 0.25 for spontaneous bleeds). A similar pattern was

observed for the ABRs of joint bleeds and spontaneous bleeds in sub-

jects with target joints (N = 35) (mean ABR: 2.41 � 3.79) and those

with no target joints (mean ABR: 0.58 � 1.63). Most bleeds, irrespec-

tive of location, cause, or baseline status, were controlled with 1–2
infusions of BAX326 and with an efficacy rating of ‘excellent.’

Summary: BAX326 has a positive safety profile and is efficacious in

treating bleeds and in routine prophylaxis in PTPs aged ≥12 years with

hemophilia B. The results also demonstrate that subjects with target

joints and hemophilic arthropathy receiving secondary prophylaxis

tend to have higher ABRs as compared to those without these underly-

ing conditions.

PB 3.49.6
Prospective study of a novel recombinant factor IX in
previously treated patients with hemophilia B
Windyga J1, Lissitchkov T2, Stasyshyn O3, Mamonov V4,

Oh M-S5, Chapman M5, Pavlova BG5, Wong WY5

and Abbuehl BE5

1Institute of Hematology and Transfusion Medicine, Warsaw,

Poland; 2Specialized Hematological Hospital ‘Joan Pavel’, Sofia,

Bulgaria; 3Academy of Medical Sciences of Ukraine, Lviv,

Ukraine; 4Hemophilia Research Center RAMS, Moscow, Russian

Federation; 5Baxter BioScience, Westlake Village, CA, USA

Background: Factor IX (FIX) replacement with regular prophylactic

infusions has substantial benefits for patients with hemophilia B, a con-

genital X-linked bleeding disorder associated with a decrease or lack of

circulating FIX. BAX326 is a recombinant FIXmanufactured with two

viral inactivation steps (solvent/detergent treatment and 15 nm nanofil-

tration) and without addition of any human or animal materials.

Aims : This first prospective clinical trial was conducted to assess the

safety and efficacy of BAX326 in previously-treated patients with

hemophilia B, 12–65 years of age with severe (FIX level <1%) or mod-

erately severe (FIX level ≤2%), as well as to characterize the PK profile

of BAX 326 and determine equivalence with comparator rFIX.

Methods: Safety was evaluated by adverse events, clinical and immu-

nological assessments. PK parameters were compared between

BAX326 and a commercial rFIX in a crossover design. Hemostatic

efficacy after twice weekly prophylaxis with BAX326 was determined

in terms of annualized bleeding rate compared with a historical control

group treated on-demand. The study was approved by relevant medi-

cal ethics committees and informed consent/assent was obtained from

each subject prior to enrollment.

Results: BAX326 was equivalent to the comparator rFIX in terms of

AUC 0”�72 h/dose. BAX326 is safe and well tolerated in hemophilia

B, with no signs of immunogenicity or thrombotic events. Compared

with the annualized bleeding rate (ABR) in the historical control

group, there were significantly fewer bleeds in subjects who received

twice weekly prophylaxis with BAX326 over at least 3 months during

the present study with a bleed reduction of 79%. Joint bleeds (major

joints: wrist, elbow, shoulder, hip, knee, ankle) occurred at a mean

ABR of 2.85 (4.25) compared with 1.41 (2.87) in non-joint bleed sites.

Of the 32/56 subjects with bleeds, 90.6% (29/32) had arthropathy at

screening and only 28.1% (9/21) did not have target joints, as com-

pared to subjects without bleeds, of whom 79.2% (19/24) had

arthropathy and 50% (12/24) did not have target joints at screening.

The ABRs by bleeding site (i.e., joint vs. non-joint) and cause were

further analyzed by subjects with (N = 46) and without arthropathy

(N = 8), as well as with target joint (N = 35) and without (N = 21).

Higher mean ABRs were observed in subjects with arthropathy vs.

without arthropathy (4.54 vs. 2.57 for all bleeds, 3.16 vs. 1.02 for

joint bleeds, and 1.97 vs. 0.25 for spontaneous bleeds). A similar pat-

tern was observed for the ABRs of joint bleeds and spontaneous

bleeds in subjects with target joints (N = 35) (mean ABR:

2.41 � 3.79) and those with no target joints (mean ABR:

0.58 � 1.63). Most bleeds, irrespective of location, cause, or baseline

status, were controlled with 1–2 infusions of BAX326 and with an

efficacy rating of ‘excellent.’

Summary: BAX326 has a positive safety profile and is efficacious in

treating bleeds and in routine prophylaxis in PTPs aged ≥12 years with

hemophilia B. The results also demonstrate that subjects with target

joints and hemophilic arthropathy receiving secondary prophylaxis

tend to have higher ABRs as compared to those without these underly-

ing conditions.

PB 3.50-1
Tyrosine phosphorylation of macrophage factor XIII-A:
a potential mechanism for controlling intracellular
enzyme activation and localization
Cordell PA, Smith K, Pease RJ and Grant PJ

University of Leeds, Leeds, UK

Background: In addition to the plasma, coagulation factor XIII A-sub-

unit (FXIII-A) is present in hematopoietic cells including macrophag-

es. Both plasma and macrophage pools have been implicated in

cardiovascular repair processes but the mode of action of the macro-

phage enzyme is uncertain. Cross-linking of intracellular proteins by

FXIII-A has been reported and it has been proposed that secretion of

the enzyme from macrophages could occur to cross-link the extracellu-

lar matrix. However the mechanisms mediating intracellular FXIII-A

activation and secretion remain unclear. Unlike in plasma, cellular

FXIII-A is not activated by proteolysis and the calcium concentration

required for activation in vitro is supra-physiological. Further, FXIII-

A lacks an ER-Golgi leader sequence and little evidence exists for

secretion from macrophages.

Aims: To gain insight into the function of macrophage FXIII-A we

examined for enzyme secretion and activation under a range of condi-

tions. We also investigated whether post-translational modification of

FXIII-A could regulate these processes.

Methods: Human macrophages were generated from CD14+ mono-

cytes by culture for 6d in the presence of M-CSF. Murine macrophag-

es were generated by bone marrow culture with CSF-1 for 7d. FXIII-

A was measured in lysates and medium by immunoprecipitation/

immunoblotting. Cell-surface proteins were labelled on live unpermea-

bilized cells at 4 °C and cells were imaged by confocal microscopy.
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Transglutaminase activity was assayed by incorporation of dansylca-

daverine into cellular proteins. Tyrosine phosphorylated FXIII-A was

detected by immunoprecipitation using anti FXIII-A antibody fol-

lowed by immunoblitting with anti pan-phosphotyrosine antibody.

Proximity ligation assays also utilized this antibody combination and

were performed using commercially available reagents

Results: No cell-surface or secreted FXIII-A was detected from resting

or activated macrophages. However, protein cross-linking was

detected upon PMA treatment and cross-linking also occurred in

TG2�/� macrophages. Tyrosine phosphorylation of FXIII-A in trans-

formed cells has been reported so we investigated this modification in

macrophages. Immunoprecipitation/immunoblotting showed FXIII-A

tyrosine phosphorylation in these cells but not in plasma or in plate-

lets. Proximity ligation assays confirmed tyrosine phosphorylation and

showed accumulation in the perinuclear region. An increase in phos-

phorylation was detected upon PMA treatment and both phosphory-

lation and cross-linking greatly increased when cells were pre-

incubated with orthovanadate.

Summary/Conclusions: We have demonstrated that FXIII-A can be

tyrosine phosphorylated in macrophages and that phosphorylation is

increased by the protein kinase c activator PMA. We have also shown

that PMA induces intracellular protein cross-linking in wild-type and

in TG2�/� cells, strongly implicating FXIII-A in this process and sug-

gesting a link between FXIII-A phosphorylation and enzyme activa-

tion. Elevation of tyrosine phosphorylation and intracellular cross-

linking by orthovanadate treatment provides further evidence for this

link. We therefore propose that macrophage FXIII-A could mediate

reparative processes by cross-linking of intracellular proteins upon

activation by phosphorylation leading to alteration of cell function.

Potential substrates include the cytoskeletal proteins actin, vinculin

and tubulin and the cell surface receptor AT1. Cross-linking of these

or related substrates could modulate macrophage adhesion/migration,

phagocytosis and intracellular signalling.

PB 3.50-2
Biochemical and numerical simulation of thrombin
decay
Kremers RMW1, Cr�epin L2, Kerd�elo S3, Wagenvoord R1

and Hemker CH1

1CARIM, Maastricht University, Maastricht, The Netherlands;
2European University of Brittany, Brest, France; 3Diagnostica

Stago, Gennevilliers, France

Background: Human plasma contains various thrombin inhibitors

such as antithrombin (AT), a2Macroglobulin (a2M) and a group of

miscellaneous serpins. Thrombin decay during thrombin generation

(TG) is predominantly caused by AT (~65%) and a2M (~25%) with a

small role for the other inhibitors. Thrombin decay is slowed down in

the presence of fibrin(ogen), because fibrinogen contains thrombin

binding sites, which compete with thrombin inhibitors for thrombin

binding. Mathematical simulation models of TG at present do not

take into account the interaction of thrombin with a2M or fibrin

(ogen).

Aims: As a first step in a larger project in which we aim to arrive at

congruence between mathematically simulated and experimentally

obtained TG curves, we want to obtain a quantitatively correct

description of thrombin decay in plasma.

Methods: The AT and a2M concentrations were determined in the

control normal pool plasma (NPP) and a biochemical model was pre-

pared, which consisted of purified human AT and a2M in Ringer buf-

fer containing albumin and citrate. Thrombin decay was determined in

this model system and in non-recalcified defibrinated NPP by the addi-

tion of purified human thrombin and the subsequent measurement of

the disappearance of thrombin activity in time. Thrombin decay was

measured in absence and the presence of various concentrations of

fibrinogen.

The AT dependent decay was described as a bimolecular reaction (k1)

and the a2M and remaining thrombin inhibitor dependent decay as

pseudo-monomolecular reactions (k2 and k3). Thus, a simple mathe-

matical model for thrombin decay was obtained using ordinary differ-

ential equations.

- dT/dt = k1*ATt*Tt + k2*Tt + k3*Tt and d(a2MT)/dt = k2*Tt

Results: The biochemical model consisting of AT and a2M (1.94 mM

and 3.03 mM, respectively, as measured in NPP) could satisfyingly

mimic total thrombin decay in plasma (1.122 and 1.168 lM/min,

respectively), whereas thrombin decay in a biochemical model consist-

ing of AT alone could not (0.961 lM/min, P < 0.001). The rate of

thrombin decay by a2M was the same in defibrinated NPP and the

biochemical model (0.21 lM/min). For each condition, a satisfying fit

could be obtained between the biochemical model, the numerical

model and defibrinated NPP.

The addition of fibrinogen (3 mg/mL) reduced the velocity of total

thrombin decay in the biochemical model system (16%, P = 0.004) as

well as in plasma (37%, P = 0.010). This was primarily due to its effect

on thrombin decay by a2M (53%, P = 0.004; 43%, P = 0.011, respec-

tively). In the biochemical system, the presence of fibrinogen primarily

affects thrombin decay by a2M (fibrinogen reduced k2 by 70%;

P = 0.004) more than thrombin decay by AT (k1 was 10% reduced;

P = 0.065).

Conclusions: Our results suggest that in addition to AT, both a2M and

fibrinogen are of great importance in the biochemical simulation of

thrombin decay and are therefore indispensable in any representative

model of thrombin generation.

PB 3.50-3
Hemostatic status pre – post intracoronary injection of
peripheral blood stem cells in patients with recent
myocardial infarction
Cosphiadi I1, Santoso T1, Kosasih A2, Atmakusumah D1, Lyana S2,

Abdulmuthalib A1, Harryanto R1, Auda A2, Alwi I1 and

Sudoyo AW1

1RSCM; 2Darmais National Cancer Center, Jakarta, Indonesia

Background: Cardiovascular disease has increased in the last half cen-

tury, it is becoming one of the major cause of morbidity in all hospital

admission. Myocardial infarction (MI) constitutes half of all coronary

heart disease cases. Current guidelines emphasize early coronary reper-

fusion on acute myocardial infarction (AMI) to alleviates mortality

rates. However these conventional therapy sometimes cannot reverse

the damage to infarcted myocardium. Even with timely executed rapid

reperfusion, there are still patients with AMI surviving with significant

LV dysfunction.

On the other hand patients undergoing PCI procedure are at risk for

further ischemic events not only because procedure-related platelet

activation occurs, but also due to the persistent platelet hyperreactivity

and enchanced thrombin generation associated with ACS. This hyper-

coagulable state, in addition to vascular injury and platelet activation

from PCI may lead to abrupt vessel closure, restenosis, and subacute

stent thrombosis. It is not known how the acute coronary thrombosis

alter the kinetics of the systemic coagulation system.

In the recent researches, Stem cell therapy has been highlighted as new

therapy for patient population at risk for heart failure. Meta-analysis

showed safety and favorable effects of stem cell transplantation in

patients with AMI. In our latest research we successfully demonstrate

the effect of injecting Peripheral Blood Stem Cells (PBSCs) in improv-

ing cardiac functions in patients with ST-segment elevation AMI. In-

tercorrelation between arterial and venous thrombosis risk factor ‘vice

versa’ have not been established yet.

Aims: The purpose of this study is to report hemostatic parameter

changes, such as platelet aggregation, blood and plasma viscosity, pro-

thrombin time, APTT, CRP and fibrinogen, before and after

(3 months) intracoronary administration of stem cell therapy.
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Methods: A total of 24 patients diagnosed with anterior ST-segment

elevation AMI who had successful percutaneous coronary intervention

(PCI) with drug-eluting stent implantation within 15 days after onset

of symptom were enrolled. PBSCs were harvested and injected into the

infarct-related artery after five consecutive days of G-CSF administra-

tion. Recombinant human erythropoietin was administered at the time

of intracoronary PBSCs injection.

Results: This research produce surprising results. Some of the patients’

hemostatic parameter show ‘normalization’, which is is rarely achieved

even by optimal AMI treatment. There were no significant difference

between baseline vs. 3 months in spontaneous aggregation

(P = 0.350), PT (P = 0.793), APTT (P = 0.255) and TT (P = 0.254).

There were also no significant difference between baseline vs.

3 months in plasma viscosity (P = 0.442) and blood viscosity

(P = 0.843). Nevertheless the patient who has their blood and plasma

viscosity above or below normal laboratory range return to normal

point after the treatment. Both PT and APTT also show normalization

value, as seen in table 4. Both Fibrinogen and CRP level show signifi-

cant decrease between baseline and 3 months after treatment

(P = 0.009) and (P = 0.04) respectively.

Conclusion: PBSC mobilization with G-CSF and EPO based-intracor-

onary injection, showed normalization and improvement of hyperco-

agulable state beyond optimal conventional treatment post AMI.

PB 3.50-4
Successful use of recombinant activated factor VII for a
major surgery in a patient with severe FXI deficiency
and severe allergic reaction to fresh frozen plasma
Unuvar A, Hocaoglu E and Devecioglu O

Istanbul University, Istanbul School of Medicine, Istanbul, Turkey

Severe congenital FXI deficiency is the commonest of the rare bleeding

disorders. In contrast to hemophilia A or B, bleeding tendency in FXI

deficiency do not correlate with FXI level. Therefore, optimal manage-

ment of the patients with FXI deficiency is difficult. In addition, the

bleeding risk for a surgery depends upon the type and the site of sur-

gery and increases in high fibrinolytic areas such as the mouth, and

nose. Several therapies such as fresh frozen plasma (FFP), FXI con-

centrate, fibrin glue, antifibrinolytic drugs are available for these

patients. In the last years, the successful off-label use of recombinant

activated factor VII (rFVIIa) has been reported in a very limited num-

ber of cases, including those with inhibitors. However, the dose and

the duration of rFVIIa treatment has varied greatly between these case

reports, and the development of thrombosis is a major concern. In this

case report, we present our successful experience with the off-label use

of rFVIIa for repairing the alveolar cleft and anterior palatal fistula in

a 7-year-old boy with severe congenital FXI deficiency and severe

allergic reaction to FFP. The patient was born to first degree consan-

guineous parents with the clefts of lip and palate. He was diagnosed as

a severe congenital FXI deficiency (FXI:C level 0.2%) after the bleed-

ing from the cleft lip repair surgery when he was 6 months old. First

successful cleft palate surgery was done with FFP concentrates and

tranexamic acid, when he was 18 months old baby. He was followed-

up in our unit. The repairing surgery of alveolar cleft and anterior pal-

atinal fistula was planned when he was 6.5 years old. However, severe

allergic reaction developed during FFP infusion at the dental extrac-

tion before surgery. For this reason, we planned to use of rFVIIa for

his surgery (FXI concentrate is not available in Turkey). Tranexamic

acid was started orally every 8 h the day before surgery, and was given

intravenously 2 h before surgery, and rFVIIa was given 40 lg/kg 1 h

before surgery. Secondary alveolar bone grafting technique was per-

formed under general anesthesia for the patient who was in his period

of mixed dentition. Ilium was chosen as the donor site for obtaining

autogenous cancellous bone grafts. The second dose of rFVIIa was

given 4 h later after the first dose, and the dose of rFVIIa was reduced

to 20 lg/kg, and continued at 6 hourly intervals for the first day,

8 hourly for the second day, 12 hourly for the 3rd and 4th day, and

once a day for 5th and 6th day at the same dosage. Tranexamic acid

was given until to 10 days after the surgery. No excessive bleeding or

thrombosis were observed. In conclusion, low-dose rFVIIa therapy

was successfully used for a major surgery in our patient with severe

FXI deficiency and severe allergic reaction to FFP. However, treat-

ment safety is a major concern and the best dosing regimen of this off-

label drug is still to be defined for the selected patients.

PB 3.50-5
The 78 kDa glucose response protein (GRP78)
interacts with ATP to inhibit a modified prothrombin
time
Kamel S1, Sharma A1, Zhang XM2, Selan C1, Samudra A1,

Salavaris E3, Coia G4, Adams T4, Cowan P3 and Nandurkar H1

1The University of Melbourne, Melbourne, Australia; 2Wuhan

Third Hospital, Wuhan, China; 3St Vincent’s Hospital,

Melbourne, Australia; 4CSIRO, Melbourne, Australia

Background: We have previously described an interaction between the

LLD domain of thrombomodulin (TM), a multi-domain glycoprotein

expressed primarily on vascular endothelial cells and GRP78, the

78 kDa glucose regulated protein. GRP78, an ER chaperone, is found

on the surface of endothelial and several tumour cells. We generated

recombinant GRP78 and analysed its effect on haemostasis in vitro

and in vivo. We previously showed GRP78 has anticoagulant, anti-

thrombotic and antiplatelet properties. GRP78 prolongs TF depen-

dent clotting (in a modified prothrombin time, PT) but not TF

independent clotting. GRP78 also inhibits FXa generation (Xa spec-

trozyme assay) while showing no effect on thrombin time. We also

demonstrated for the first time that recombinant GRP78 (8–10 lg/
mL) can inhibit platelet aggregation up to 80% (compared to buffer)

in response to collagen (1 U/mL), TRAP (1 lM) and ADP (10 lM).

Pre administration of GRP78 also prolonged mouse tail bleeding time

and GRP78 conferred significant protection in a platelet dependent

model of acute venous thrombosis, induced by collagen (1.2 lg/g) into
the jugular vein of anaesthetised mice.

Aim: Building on the work performed in our laboratory, we aimed to

further explore the anticoagulant effects of GRP78 by investigating

interactions of GRP78 with one of its substrates, ATP. GRP78 is

known to bind ATP via the ATPase domain (aa 1–391) and exhibits a

low level of ATPase activity. The binding of ATP to GRP78 is known

to change tertiary confirmation of the latter and enhance the binding

avidity of GRP78 to other substrates.

Method/Results: Using a high sensitivity phosphate assay (EasyRad

[TRADEMARK] phosphate assay Biochem Kit[TRADEMARK]) we

showed that our purified GRP78 had a very low rate of ATPase activ-

ity of 0.02 nmole ATP hydolyzed/min/mg.

We performed a modified PT using recombinant thromboplastin as a

source of tissue factor and 20 lg/mL of GRP78 with 12 mM CaCl2.

We found that preincubation of GRP78 with calcium and ATP

(1 mM) for 180 s resulted in a three fold increase in clotting time when

compared with GRP78 and calcium alone (P < 0.05).

In an attempt to find a point in the pathway where GRP78 may inhibit

coagulation, we performed a modified FXa (activated factor X) chro-

mogenic assay (1/12 dilution of liquid Xa in STATM-Rivaroxaban anti

FXa assay) to assess FXa inhibition by GRP78. GRP78 at 18 lg/mL

did not inhibit FXa activity.

Conclusion: The addition of ATP to GRP78 prolongs a modified pro-

thrombin time and may do so by enhancing the binding of GRP78 to

a clotting factor or inhibitor involved in the coagulation cascade.

GRP78 does not appear to inhibit FXa but we have shown it reduced

FXa generation suggesting the point in the pathway at which it inhib-

its coagulation is above this level.
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PB 3.50-6
Post-operative bridging therapy in a tertiary hospital in
Singapore
Pandit N, Boey R, Tan JYL, Choo T and Tay JC

Tan Tock Seng Hospital, Singapore, Singapore

Background: Perioperative management of surgical patients who

require temporary discontinuation of Warfarin involves, weighing the

risk of thrombosis during the interruption against the risk of bleeding

when such therapy is used in close proximity to a surgical procedure.

There is a paucity of randomized clinical trials and practice is based on

consensus guidelines and narrative expert reviews.

Aims: To look at the risk of thrombosis and bleeding in patients who

underwent bridging therapy during their attendance at the Anti Coag-

ulation Clinic (ACC).

Methods: This retrospective study amongst patients who attended

ACC for ‘perioperative bridging’ looked at the risk of bleeding

(patients given bridging therapy) and thrombosis (patients whose anti-

coagulation was interrupted). Data were collected for the reason for

anticoagulation, nature of surgery, number of days Warfarin was dis-

continued and Heparin given, post-operative day on which anticoagu-

lation was restarted and the incidence of thrombosis and bleeding

post-operatively upto a period of 3 months.

Results: Fifty-four patients were analyzed, of which nine patients had

procedures with a low bleeding risk for whom Warfarin was not inter-

rupted. Amongst the patients with a high bleeding risk for whom War-

farin was interrupted (N = 45), all received instructions for post

operative bridging with LMWH and Warfarin. Postoperatively the

average time to attain therapeutic anticoagulation (INR >2) while on

Warfarin was more than 7 days.

Amongst these, only 40% patients complied to low molecular weight

heparin while the INR was sub-therapeutic. 20% were not advised

anticoagulation due to major bleeding.

However, despite there being no contraindication for full therapeutic

anticoagulation only one patient had an episode of Thromboembolism

(ischemic CVA in Atrial fibrillation) in the immediate post operative

period.

Conclusions: The risk of major bleeding is about 20% in patients

undergoing interventions with a high bleeding risk while on bridging

therapy. This is independent of the level of anticoagulation at the time

of bleeding and more dependent on the nature of the surgical proce-

dure. Delay in achieving therapeutic anticoagulation (initially with

LMWH and subsequently with Warfain -therapeutic INR) in the post

operative period is due to a combination of factors- smaller loading

doses of Warfarin, interaction of Warfarin with diet and medications,

reluctance on part of the Surgeon and the Clinic to ensure compliance

of the regimen. Delay in achieving therapeutic anticoagulation is not

associated with an increase in the risk of Venous Thromboembolism in

the post-operative period.

PB3.51 – Blood coagulation
tests – XI

PB 3.51-1
Sensitivity of various aPTT reagent – instrument
combinations to dabigatran concentrations
Selby R1, Black L2, Kulkarni S1 and Piraino D1

1Sunnybrook Health Sciences Centre; 2University Health

Network, Toronto, Canada

Background: It is known that the activated partial thromboplastin time

(aPTT) is sensitive to the oral thrombin inhibitor dabigatran and may

be useful in determining the relative intensity of anticoagulation in

urgent clinical situations. However, the variation in sensitivity of dif-

ferent aPTT reagent-instrument combinations to dabigatran is not

well studied.

Objective: To assess the responsiveness of the common aPTT reagent-

instrument combinations in use in Ontario, Canada, to dabigatran

concentrations across the therapeutic range.

Methods: Six aPTT reagents and three coagulation analyzers were used

in this study. The aPTT reagents were CK Prest and PTT A from Di-

agnostica Stago, SynthASil and APTT-SP from Instrumentation Lab-

oratories (IL) and ActinFS and ActinFSL from Siemens. The

analyzers were Diagnostica Stago – STAR-Evolution, IL – ACL TOP

and Siemens – CS 2000i. All aPTT reagents were reconstituted and

used as per individual manufacturers’ assay protocols. The Dabigatran

plasma calibrator kit (HYPHEN BioMed) containing a set of three

calibration plasmas at concentrations of 0.04 lg/mL, 0.28 lg/mL and

0.51 lg/mL spanning the therapeutic range of dabigatran was used.

Additionally, the 0.28 lg/mL and 0.51 lg/mL calibrators were diluted

with pooled normal plasma (Precision Biologic Cryocheck) to make

concentrations of 0.10, 0.15, 0.35 and 0.45 lg/mL to provide addi-

tional time points. The pooled normal plasma was also run as a zero

concentration. An aPTT was performed on each of the dabigatran

concentrations as well as the pooled normal plasma (zero concentra-

tion) using each aPTT reagent on each coagulation analyzer generat-

ing individual aPTT results at the seven different dabigatran

concentrations for the reagent-instrument combinations.

Results: All six aPTT reagents resulted in aPTTs ranging from 26 to

35 s with pooled normal plasma (zero dabigatran concentration)

across the three different analyzers. For the 0.04 lg/mL concentra-

tion (corresponding to the trough dabigatran concentration) the

aPTT range for the six aPTT reagents on the IL-ACL TOP analyzer

was 41–53 s, on the Stago analyzer was 45–52 s and on the Siemens

analyzer was 40–56 s. For the 0.51 lg/mL concentration (correspond-

ing to the upper end of the dabigatran therapeutic range) the aPTT

range for the six aPTT reagents on the IL-ACL TOP analyzer was

84–112 s, on the Stago analyzer was 83–111 s and on the Siemens

analyzer was 73–120 s. There was overlap between the aPTT results

for the 0.28 lg/mL concentration and the 0.51 lg/mL concentration

for all reagent-instrument combinations. While all reagents exhibited

a curvilinear dose response at high dabigatran concentrations, CK

Prest and PTT-A reagents were the most sensitive to dabigatran on

all the coagulation analyzers while Actin FSL was the least sensitive

across all the analyzers.

Conclusions: This study provides an evaluation of the varying sensitiv-

ity (dose-response) of six different aPTT reagents run on three differ-

ent coagulation analyzers commonly used across Ontario, Canada, to

varying concentrations of dabigatran across the therapeutic range.

This information may be clinically useful for assessing the relative

intensity of coagulation specific to the reagent-instrument combination

used to determine the aPTT.

PB 3.51-2
Bleeding disorders in children presenting with
different bleeding symptoms or abnormal coagulation
tests-First evaluation results in an out-patient clinic
Unuvar A, Yildiz I, Kamer I, Karaman S, Uysalol E, Kilic A,

Unuvar E and Oguz F

Istanbul University, Istanbul School of Medicine, Istanbul, Turkey

Mild bleeding symptoms (easy bruising, epistaxis, etc.) are common in

the general population, and are reported in up to 25–45% of healthy

people. Many of them do not have any identifiable bleeding disorders.

In this study, our aim was to determine the clinical and laboratory fea-

tures of 102 children referred for the first evaluation of a suspected

bleeding disorder in an out-patient clinic of a university hospital. The

medical records of 26,737 children (between 31-Oct-2011 and 31-Octo-

ber-2012) at the Department of Ambulatory Pediatrics were assessed,

and 111 children with suspected bleeding disorders who did not have a

known bleeding disorder were identified. Nine children were excluded

from the study due to lost to follow-up. The patients with ITP were

also excluded. Bleeding symptoms, duration of bleeding symptoms,
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any bleeding history at newborn period, family history of bleeding,

physical exam findings, and laboratory evaluation (complete blood

count, PFA100 test, and coagulation tests) were analyzed, retrospec-

tively. All coagulation tests were studied in the Pediatric Hematol-

ogy&Oncology Hemostasis Laboratory. The mean age of the 102

patients (52 M, 50 F) was 8.9 � 4.1 years (range 2–18 years). The

most frequent bleeding symptoms were epistaxis in 36, easy bruising in

33, and menorrhagia in seven patients. The range of duration of bleed-

ing symptoms was 2 days–6 years. Nine patients were referred for the

evaluation of prolonged PT and/or aPTT levels, and two for pre-op

evaluation. After the first evaluation at the Department of Ambula-

tory Pediatrics, 63 patients (61.8%) did not have a diagnosed coagul-

opathy, and 39 patients(38.2%) were diagnosed as a congenital

bleeding disorder. The diagnoses included vWD type 1 in eight, vWD

type 2 in four, vWD and FXI deficiency in three, mild hemophiliaA in

four, moderate hemophiliaA in two, hemophiliaA carrier in two, he-

mophiliaB carrier in one, FXI deficiency in two, FV deficiency in three,

FVII deficiency in two, viral infection induced thrombocytopenia in

two, FX deficiency, combined FII, VII, IX, X and FXII deficiency,

combined FV and FVIII deficiency, combined FVII and FX defi-

ciency, FXII deficiency, platelet function disorder in each patient.

Acquired coagulation inhibitor was not detected in any patient. Nine

of 39 patients had a family bleeding history. Twenty-eight percent of

the patients with epistaxis (10/36; mild hemophilia(3), vWD type 1(3),

vWD + FXI deficiency(1), FVII deficiency(1), FV deficiency(1), FII,

VII, IX, X + FXII deficiency(3), 30.3% of the patients with easy bruis-

ing (10/33; vWD type 1(3), vWD type 2(1), moderate hemophilia(1),

hemophiliaA carrier(1), FV deficiency(1), FXI deficiency(1), FVII + X

deficiency(1), viral infection induced thrombocytopenia(1), and 57.1%

of the patients with menorrhagia (4/7; hemophiliaB carrier(1),

vWD + FXI deficiency(1), FX deficiency(1), platelet function disorder

(1) were diagnosed as a bleeding disorder after the first clinical and

laboratory results. All 39 patients were referred to the Pediatric Hema-

tology&OncologyUnit for the last evaluation and diagnosis.

In conclusion, about 40% of children presenting with bleding symp-

toms were diagnosed as a bleeding disorder in the out-patient clinic

after the first evaluation. Menorrhagia may be the first clinical mani-

festation for the patients with bleeding disorders, and if a child with

menorrhagia is referred, an underlying bleeding disorder should be

considered.

PB 3.51-3
Studies on thrombin generation and
thrombelastometry in haemophilic plasma show good
correlation at low FVIII levels and the feasibility to use
frozen samples of PRP
Zetterberg E1, Knobe K2 and Berntorp E2

1Skane University Hospital; 2Lund University, Malm€o, Sweden

Introduction: Replacement therapy in haemophilia A and B is cur-

rently based on plasma FVIII or IX activities even though it is known

that FVIII and FIX plasma levels not always correlate to bleeding

phenotype. In fact, in one study 10% of patients with severe haemo-

philia had a very mild phenotype with practically no spontaneous joint

bleeds (Aledort LM et al 1994, Beeton K et al 2006). Neither genotype

nor APTT based assays can identify these patients.

The last decade new methods aiming to evaluate the total capacity of

the hemostatic system has been developed, namely thrombin genera-

tion (TGA) methods and viscoleastic assays (rotational thrombelas-

tometry, ROTEM and thrombelastography, TEG). TGA measures the

total amount of thrombin that is released in platelet poor plasma

(PPP) or platelet rich plasma (PRP) over time, after activation with

small amounts of tissue factor or kaolin. ROTEM/TEG measures the

time to clot formation as well as the viscoelastic properties of the clot.

Correlation between TGA and the bleeding phenotype has been shown

in patients with heamophilia (Santagostino et al. 2010, Trossaert et al.

2008), but so far no data have been published on the correlation

between ROTEM/TEG parameters and tendency to bleed.

Aim: The aim of this study was to investigate if TGA parameters cor-

relate to ROTEM parameters in patients with severe heamophilia at

(i) baseline and (ii) after injection of replacement therapy.

Methods: Blood samples were taken from patients with heamophilia

on regular prophylaxis before and after injection of their regular FVIII

concentrate. Patients had not taken their prophylaxis later than 72 h

before blood sampling. TGA was measured according to the method

of Hemker on fresh and frozen citrated PPP and PRP samples after

activation with tissue factor at 1 pM. ROTEM was performed on ci-

trated whole blood after activation by diluted kaolin or innovin.

Results: In concordance with previous studies thrombin generation

correlated poorly to FVIII levels at low FVIII concentrations (1–5%).

However a strong correlation between TGA parameters in PRP and

ROTEM parameters was seen in patients before injection of factor

concentrate. Surprisingly the same parameters did not correlate after

replacement therapy was given. This was explained by TGA being

much more sensitive to the effect of FVIII compared to ROTEM

parameters. When comparing the effect of freezing PPP and PRP,

thrombin generation was significantly lower in frozen PPP than in

fresh samples, whereas no significant difference was seen in frozen

PRP compared to fresh at low FVIII levels.

Conclusions: Both Thrombin generation and Thrombelastometry have

a potential to more accurately reflect the hemostatic potential in

patients with haemophilia at low levels of FVIII. Thrombin generation

in PRP is more sensitive than ROTEM in measuring the effect of

replacement therapy. Thrombin generation can be measured on frozen

samples of PRP, facilitating the use of this method in multicenter

studies.

PB 3.51-4
Comparison of hemoclot thrombin inhibitor� and
activated partial thromboplastin time with a reference
UPLC-MS/MS method to monitor patients receiving
dabigatran etexilate
Douxfils J1, Hjemdahl P2, Malmstr€om RE2, Ronquist Y2, Beck O2,

Baudar J3, Classen J-F3, Chatelain C3, Chatelain B3, Mullier F3

and Dogn�e J-M1

1University of Namur, Namur, Belgium; 2Karolinska University

Hospital/Solna, Stockholm, Sweden; 3CHU UCL Mont-Godinne-

Dinant, Yvoir, Belgium

Background: The pharmacokinetic properties of dabigatran exetilate

(DE) with low bioavailability and a dependence on renal function for

its excretion result in considerable variation in plasma drug concentra-

tions. Even if monitoring of dabigatran levels/effects are not needed in

the majority of patients, a non-negligible proportion of patients will

obtain either insufficient or supra-therapeutic levels of the drug when

given a fixed dose. Therefore, possibilities to monitor DE therapy

would be useful, e.g., in patients with renal impairment or possible

drug interactions, and in cases of severe bleeding or recurrence of

thrombosis, in anticoagulation bridging or before urgent or elective

surgery. Monitoring may also be useful in infants, pregnant women or

in patients with extreme body weights. Assays such as aPTT or the He-

moclot Thrombin Inhibitor� (HTI) have been proposed to evaluate

drug concentrations but previous findings are based on in vitro analysis

and results must be confirmed in clinical samples. The gold standard

for therapeutic drug monitoring is mass spectrometry.

Aim: To compare aPTT and HTI measurements with the reference

method, Ultra Performance Liquid Chromatography coupled with

tandem mass spectrometry (UPLC-MS/MS), in plasma samples from

DE treated patients.

Methods: Seventy-one plasma samples were included. aPTT was per-

formed using CKPrest� and Synthasil�. HTI was performed accord-

ing to instructions from the manufacturer using a STA-R Evolution�.
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For the UPLC-MS/MS, after sample preparation, the analytes were

separated on an Acquity BEH� column shield RP18 and detected by a

Micromass Quattro Premier XE� mass spectrometer operating in

positive electrospray ionization mode.

Results: The plasma concentration range was 0–645 ng/mL as mea-

sured by UPLC-MS/MS. The HTI and UPLC-MS/MS analyses corre-

lated well with a Pearson correlation coefficient (r2) of 0.97 (95% CI:

0.95–0.98; P < 0.0001). The Bland-Altman analysis showed a mean

difference of 9 ng/mL (standard deviation (SD): 21 ng/mL; 95% limits

of agreement: �32 to 50 ng/mL). However, the HTI method could not

detect low, probably therapeutic levels of DE (<20 ng/mL) whereas

the detection limit of UPLC-MS/MS was 2 ng/mL.

The aPTT and UPLC-MS/MS methods were not closely correlated (r2

values of 0.59 and 0.50 for Synthasil� and CKPrest�, respectively).

The Bland-Altman analysis showed a mean difference of �0.8 s

between the two reagents (SD: 8.7 s; 95% limits of agreement: �17.9

to 16.3 s).

Conclusions: There is poor sensitivity and an important inter-individ-

ual variability with the aPTT and this test cannot be recommended to

estimate plasma dabigatran concentrations. A normal aPTT could not

exclude therapeutic levels of dabigatran and, conversely, therapeutic

levels of dabigatran do not always result in abnormal aPTT. Thus,

anticoagulant effects of DE are only detected by aPTT if they are pro-

nounced. The HTI assay, on the other hand, showed little inter-indi-

vidual variability and good agreement with UPLC-MS/MS

measurements in the intermediate – high plasma concentration range

for DE. Detection of low levels for, e.g., compliance monitoring or to

rule out significant anticoagulant effects in DE treated patients

requires the more sensitive UPLC-MS/MS method. HTI measure-

ments and/or drug levels should be studied in relation to clinical out-

comes.

PB 3.51-5
Clot waveform analysis in patients with bleeding
disorders
Siegemund T1, Scholz U2, Schobess R2 and Siegemund A2

1The Scripps Research Institute, La Jolla, CA, USA; 2MVZ Labor

Dr. Reising-Ackermann und Partner, Leipzig, Germany

Background: Clot waveform analysis was introduced several years ago

to achieve a better discrimination of factor VIII activity in hemophilia

A by an extended interpretation of the clot formation process in an

aPTT assay. Considering basic physico-chemical laws like Lambert-

Beer law and the Michaelis-Menten kinetics, the method may provide

more information than just factor FVIII concentration. By using an

optical detection system, alteration of absorbance during clot forma-

tion is mathematically processed to obtain data regarding fibrin for-

mation (measured curve), thrombin activity (first derivative),

prothrombinase activity (second derivative) and tenase activity (third

derivative).

Clotting times in aPTT based assays do not provide information about

the complexity of the coagulation process, thrombin generation assays

are cost- and labor-intensive. Especially, during bleeding episodes a

fast, easy and reliable diagnosis is beneficial.

Aim: Disturbances of the coagulation system that lead to a high bleed-

ing tendency are associated with diminished factor Xa or thrombin

generation. This study is aimed to show the feasibility of clot wave-

form analysis in screening and monitoring of patients with bleeding

disorders. The results are compared to methods like thrombin genera-

tion, PFA-100 and Von Willebrand Factor (VWF)-related diagnostics

in different clinical situations.

Methods: Clot waveform analysis is measured using an ACL TOP

(Instrumentation Laboratory, Kirchheim, Germany), using a Syntha-

sil-activated aPTT assay (Instrumentation Laboratory). Measured

optical data were processed using the Savitzky-Golay algorithm.

Coagulation parameters were measured using standard test systems.

Thrombin generation was measured as ETP (Siemens Healthcare

Diagnostics, Marburg, Germany) or Technothrombin TGA (Techno-

clone, Vienna, Austria).

Patients were from our center were included after an informed consent

was obtained. For all subjects the underlying bleeding disorder was

characterized thoroughly.

Results: Patients with bleeding disorders show a significantly altered

clot waveform compared to healthy controls. There is a clear correla-

tion between severity of bleeding disorders and clot waveform analysis

parameters. In hemophilia thrombin, prothrombinase and tenase have

increasing sensitivity for different levels of factor VIII. Clot waveform

analysis, especially the calculated course of the tenase complex, corre-

lates with the extent of factor VIII, IX or recombinant FVIIa substitu-

tion. Under this conditions thrombin generation shows significantly

less sensitivity.

In patients with Von Willebrand disease under DDAVP administra-

tion, clot waveform analysis reflects the procoagulant effect in a simi-

lar way like conventional test systems like measuring VWF parameters

(activity or PFA 100).

Conclusions: Clot waveform analysis is an inexpensive and fast method

to screen and monitor patients with bleeding disorders and can be

done without any additional measurements beside an aPTT. In cases

of replacement therapy the effects on tenase, prothrombinase, throm-

bin and fibrin formation can be investigated within a short time frame.

The method can be easily adapted to other optical detection systems.

PB 3.51-6
Laboratory monitoring of unfractionated heparin
therapy
Polokhov DM1, Soshitova NP1, Balandina A1, Orel E1, Vasiliev S1,

Gnedova A1, Ataullakhanov F1 and Galstian G1

Scientific Center for Hematology, Moscow, Russian Federation

Background: Unfractionated heparin (UFH) therapy is commonly

monitored by activated partial thromboplastin time (aPTT).

Objective: To compare the sensitivity and specificity of aPTT and glo-

bal tests of haemostasis – Thrombodynamics and thromboelastogra-

phy (TEG) by adding UFH to blood samples in vitro and by

monitoring of UFH therapy in patients.

Methods: In vitro analyses were performed on 10 blood samples of

healthy donors to which a number of UFH concentrations were

added. Ten patients with high risks of thrombosis treated by intrave-

nous UFH infusion were enrolled in the study. Blood samples were

taken before the UFH infusion beginning, in 3, 6, 12, 24 h (n = 2) or

once a day during 5 days (n = 10). The parameters of TEG (angle),

Thrombodynamics (stationary velocity, Vst) and aPTT were deter-

mined. M � SD are shown as a result.

Results: Vst and angle decrease in 2.8 and 2.6 times (25 � 3 vs.

9 � 3 lm/min, 26 � 5 vs. 10 � 2 deg, respectively) as 0.08 IU/mL

UFH were added in vitro to blood and in 7.5 and 5.8 times, respec-

tively, as 0.33 IU/mL UFH were added (angle was not determined in

7/10 samples with this dose). APTT increases in 1.6 times (35 � 2 vs.

56 � 18 s) and in 2.8 times, respectively. UFH concentration in blood

of patients treated by 1000 IU/h is about 0.15 IU/mL.

Vst reveals hypocoagulation in 3 h after the 1000 IU/h UFH infusion

beginning (2.2 times decrease) and reaches the lowest constant value in

12 h. APTT reveals hypocoagulation only in 24 h (2.3 times increase).

TEG parameters cannot be determined after 12 h.

Statistical comparison of the assays parameters in the blood samples

taken before the UFH infusion beginning (group 1) and from patients

receiving UFH 300–650 IU/h (group 2) or 800–1300 IU/h (group 3)

revealed that Vst is significantly different (P < 0.05) between all

groups (29 � 6, 13 � 7, 5 � 2 lm/min, respectively). APTT differs

only in patients receiving high UFH doses (29 � 4 s, 38 � 12 s,

61 � 20 s, respectively). Angle differs in all groups (39 � 16, 20 � 15,

5 � 5 deg, respectively), but it was not determined (R > 120 min) in

13 of 24 blood samples from patients treated by high UFH doses.
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Four cases of thromboses in UFH treated patients were observed.

Thrombodynamics revealed hypercoagulation in three of them

(excluding 1 catheter-related thrombosis), TEG and aPTT only in 1.

Conclusions: Thrombodynamics can be more effective in monitoring

UFH therapy than aPTT and TEG.

PB3.52 – Blood coagulation
tests – XII

PB 3.52-1
Platelet aggregometer according to the Born method is
not suitable to control biological effectiveness of
Minirin in the DDAVP test
Siegmund B, W€ordemann S, Siegmund B and Pollmann H

Praxis Dr. med. H. Pollmann, M€unster, Germany

Background: Desmopressin (DDAVP, Minirin) is used successfully to

normalize hemostasis in patients with thrombocytopathy (TCP), von-

Willebrand-Syndrome Type 1 (vWS1) and mild hemophilia A. Unfor-

tunately, not every patient responds adequately to Minirin. To

approve the biological effectiveness of Minirin, the PFA-100 is very

often used.

Aims:Due to the limitations of the PFA-100 an alternative was wanted

and initially seen in the APACT 4004. Suitability for the DDAVP test

of both systems was evaluated in the present comparative study.

Methods: Coagulability (platelet aggregation) of the blood from

patients with TCP (n = 7) or vWS1 (n = 7) was tested before and after

Minirin infusion (0.3 lg Minirin per kg body weight) in the APACT

4004 and PFA-100. Additionally, thrombocytes were counted and

plasma levels of factor VIII activity (FVIII), von-Willebrand factor

antigen (vWF) and ristocetin cofactor (Risto) were measured.

Results: Normalization of coagulability by Minirin resulted in the

PFA-100 collagen/ADP system in a significant (P < 0.0001) reduction

of the occlusion time from 131.0 � 31.1 s before to 54.6 � 7.9 s after

infusion of Minirin in patients with vWS1 and from 95.1 � 19.1 s to

54.3 � 9.6 s (P = 0.0003) in patients with TCP. FVIII, vWF and Ris-

to normalized from 77.7 � 25.9%, 60.6 � 19.7%, and 47.0 � 26.7%

to 141.0 � 18.7% (P = 0.0002), 137.3 � 33.6% (P = 0.0002), and

140.1 � 26.1% (P < 0.0001) by Minirin. Comparable results were

obtained with PFA-100 collagen/epinephrine. In contrast, the normali-

zation of coagulation parameters by Minirin could not be demon-

strated with the APACT 4004. Maximal aggregation parameters for

the initiation of coagulation with ADP, collagen, epinephrine and rist-

ocetin in vWS1 blood were 60.1 � 9.8%, 50.5 � 24.9%, 56.4 �
15.5%, 62.2 � 10.6% before and 50.1 � 20.1% (P = 0.2597), 37.2 �
19.8% (P = 0.2904), 46.6 � 21.8% (P = 0.3515), 49.8 � 22.2%

(P = 0.2071) after Minirin application. Results of patients with TCP

were comparable.

Summary/Conclusion: Feasibility of PFA-100 for conformational test-

ing of the effectiveness of Minirin in patients with vWS1 or TCP was

verified. However, in contrast the APACT 4004 was not sensitive to

the Minirin induced changes of coagulation parameters. Therefore, the

APACT 4004 cannot be used to test the biological effectiveness of

Minirin.

PB 3.52-2
Effect of eculizumab administrations on the
haemostatic changes in patients with paroxysmal
nocturnal hemoglobinuria
Seregina E1, Nikulina O2, Tsvetaeva N2, Balandina A3

and Ataullakhanov F4

1HemaCore LLC; 2National Research Center for Hematology;
3Center of Pediatric Hematology, Oncology and Immunology;
4Center for Theoretical Problems of Physicochemical

Pharmacology, Moscow, Russian Federation

Background: Eculizumab is approved to reduce the intensity of intra-

vascular hemolysis and thrombotic risk in patients with paroxysmal

nocturnal hemoglobinuria (PNH)[1].

Aim: The aim of this study was to investigate the coagulation state in

PNH patients under eculizumab treatment.

Methods: Three patients with PNH in state of permanent hemolysis,

requiring constant red cell transfusions, were enrolled in this study.

Eculizumab administration was 1 time per week; the tests were per-

formed 1 day before and 1 day after administration for 4 weeks. Fur-

ther eculizumab administrations last for 2 months, the tests were

performed in the day of administration before the infusion. Thrombo-

dynamics (a new method based on a spatial fibrin clot growth registra-

tion), thromboelastography (TEG), activated partial thromboplastin

time (aPTT), prothrombin index (PI), D-dimer assay, the concentra-

tion of lactate dehydrogenase (LDH), and the concentration of hemo-

globin (Hb) were performed. In thrombodynamics assay the initial

clot growth velocity (Vi) was determined.

Results: TEG parameters, aPTT and PI were in normal or in hypoco-

agulation area before treatment. Vi was increased (58 � 7 lm/min

with normal range 36–56 lm/min, P < 0.001). Enlarged D-dimer lev-

els in two patients (0.8 mg/L, 2.1 mg/L with normal range 0–0.5 mg/

L) confirmed the well-known tendency to hypercoagulability during

haemolytic crises. D-dimers were in norm for one patient (0.3 mg/L).

Coagulation tests data wasn’t significantly (P > 0.5) changed the day

after eculizumab administration: Vi was 60 � 8 lm/min, the parame-

ters of the TEG, aPTT, PI were in normal or in hypocoagulation area.

D-dimers remained in norm in one patient under eculizumab treat-

ment. Other two patients had the decrease of D-dimer level with some

incidents of D-dimer’s increase during the treatment. LDH level pro-

gressively decreased and Hb level increased in all patients indicating

the reduction of hemolysis. Physical health was improved. During fur-

ther eculizumab administrations for 2 months all tests data was not

significantly (P > 0.5) changed.

Conclusion: Eculizumab administrations did not reduce hypercoagula-

bility in PNH patients, they are still need the prescription of anticoag-

ulant therapy. Thrombodynamics was sensitive to the state associated

with the increased risk of thrombotic events in PNH patients.

1. Hillmen et al, Blood, 2007.

PB 3.52-3
Evaluation of assay performance monitoring direct
thrombin inhibitors with TECHNOCLOT� DTI in
plasma samples contaminated with indirect thrombin
inhibitors
Wagner L, Binder NB, Leitner M and Riha M

Technoclone GmbH, Vienna, Austria

Background: The increasing use of the new oral direct thrombin inhibi-

tors (DTI) dabigatran creates the need of the measurement in clinical

routine. Plasma samples obtained from blood drawn through heparin-

ized tunneled venous access devices may contain heparin in unknown

concentration. Technoclot� DTI is a modified thrombin time based

assay which can be used for measurement of DTIs in the presence of

indirect thrombin inhibitors.
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Aim: The aim of this study was to evaluate the performance of the new

TECHNOCLOT� DTI assay with the DTI dabigatran in plasma sam-

ples containing indirect thrombin inhibitors.

Method: Technoclot� DTI is a clotting assay based on the inhibition

of a constant and defined concentration of thrombin. Clotting times

measured are directly related to DTI concentrations.

Calibration of the assay was performed with Technoview dabigatran.

Technoview Dabigatran Controls were used for assay control. The

assay was performed automated using the Coasys Plus C coagulation

analyzer.

Normal plasma with a defined concentration of dabigatran was spiked

with different concentrations of unfractionated Heparin and low

molecular weight Heparin.

Results: Dabigatran was calibrated in the range of 0–500 ng/mL and

assay performance proved by dabigatran control sample measure-

ments.

The recovery of dabigatran value was below �10% of target value for

all samples spiked with different concentrations of UFH up to 1.2 IU/

mL and LMWH up to 1.2 IU/mL. Using the diluted thrombin time

the overestimation of dabigatran concentration in samples with

0.8 IU/mL UFH or LMWH was 16% and 13% respective, rising to

37% and 21% for samples with 1 IU/mL UFH or LMWH.

Conclusion: Our data demonstrate that TechnocLOT� DTI is suitable

for monitoring the direct thrombin inhibitor dabigatran with good

precision in samples containing up to 1.2 IU indirect thrombin

inhibitors.

PB 3.52-4
Application of an automated genotyping system
(Verigene�) in a thromboembolic disease unit
Gallego P1, Mart�ınez A2, Cerezo-Manchado J2, Padilla J2,

Soler G2, Navarro N2, Vicente V2, Rold�an V2 and Gonz�alez-

Conejero R2

1Centro Regional de Hemodonaci�on, Hospital Morales Meseguer;
2Centro Regional de Hemodonaci�on, Hospital Morales Meseguer,

UMU, IMIB, Murcia, Spain

Background: The path to an accurate and personalized medicine goes

through a genotyping implementation in daily clinical practice with

devices able to obtain a fast and simple result. However, several fac-

tors such as an appropriate technical training, the availability of spe-

cialized equipments or an expert laboratory and consuming time make

it difficult.

Aims: To evaluate an automated genotyping system, using whole

blood to measure the polymorphisms most frequently associated with

acenocoumarol dose requirements as well as frequent molecular vari-

ants of thrombophilia: Factor V Leiden (FVL) and prothrombin

20210A (PT20210A).

Methods:Detections of FVL and PT20210A polymorphisms (inherited

thrombophilia markers) as well as VKORC1 and CYP2C9 polymor-

phisms (rs2323991 and CYP2C9*2 and *3, respectively) were per-

formed in parallel using a routinely real time PCR genotyping and an

automated genotyping system: – Genotyping technology provided by

Verigene � (Nanosphere, Grifols) consists in a low density matrix

which does not require previous PCR amplification of DNA. This sys-

tem uses whole blood (up to 7 days from extraction) and allows the

study of one sample per process, with an average duration of 3 h per

sample and requiring EDTA or citrate indistinctly as anticoagulants. –
The routine protocol for genotyping these SNPs in our laboratory

involves an automatic extraction of DNA (QIAmp DNA Blood Kit)

followed by real time PCR genotyping (using Taqman commercially

available probes; Applied Biosystem). We analyzed blood samples

from 177 consecutive unselected patients: 97 were tested for thrombo-

philia markers and 80 for VKORC1/CYP2C9 genotypes.

Results: In the thrombophilia study, concordance between both geno-

typing systems was 100%. However 15 samples (15%) were missed in

Verigene� system: 11 because of reading problem and 4 because of

sample deterioration. Four discrepancies between the two genotyping

systems were found when we tested VKORC1/CYP2C9 genotypes

(95% concordance). In this study, 10 samples were missed in Veri-

gene� system (10%): eight because of reading problem and two

because of sample deterioration.

Conclusions: The Verigene� system is an automated genotyping system

whose main advantages are reliability and rapidity. It uses whole

blood and does not require a highly specialized training. By contrast,

the mean failure rate of automated system (12.5%) in comparison with

the routine genotyping (5% for FVL and 1% for the rest of genotypes)

could be a point in favor of routine methods. Finally, the high degree

of concordance between both procedures (98%) makes of Verigene�

system a procedure to take into account to introduce pharmacogenetic

testing in any laboratory.

PB 3.52-5
Evaluation of the Grifols Q analyzer for routine and
special hemostasis tests
Montalvao SL, Silva B, Camargo A, De Fatina T, Picoli SK,

Pereira E, Annichino-Bizzacchi JM and Vinicius E

Centro de Hematologia e Hemoterapia, Hemocentro, Campinas,

Brazil

Background: Robust and standardized validation protocols are needed

to assess the performance of new coagulometers. Grifols Q Analyzer is

a fully automated coagulometer that analyzes multiple parameters of

hemostasis, and can be used for both screening and more specialized

coagulation tests, including coagulometric, chromogenic and immuno-

logic assays.

Aim: To evaluate the performance of Q Analyzer (performance char-

acteristics and throughput calculation) and to provide a comparison

with an established method in a reference hemostasis laboratory.

Methods: The validation process was established according to the Clin-

ical Laboratory Standard Institute (CLSI Linearity-EP-6-, CLSI full

precision-EP-5A, comparison method, CLSI EP-9). We evaluated PT,

APTT, FV:C, FVIII:C (three different patient groups: hemophilic,

Von Willebrand and thrombotic) and VWF:Ag (three different meth-

ods ELISA as reference method and IL and Grifols as two new auto-

mated methods), using coagulometric and chromogenic methods. Six

parameters were evaluated for each test, by the following strategy: (i)

Linearity, by using calibration curves performed consecutively with

standard reference material; (ii) preliminary precision (within-run), by

repeated testing of a normal and abnormal frozen sample 20 times on

the same run; (iii) total precision, by performing 2 runs on 20 separate

days, each run consisting of two replicates of the two plasma samples

(normal and abnormal); (iv) carryover, by alternating samples spiked

with heparin (>1.0 IU/mL UFH) and normal plasma in the APTT

determination; (v) throughput, (calculated by subtracting the time to

obtain the first completed test panel to that of the last completed

panel), by loading the equipment with 30 samples and using different

test panels; and (vi) method correlation, for coagulation, chromogenic

and immunological assays against the reference method. For the statis-

tical analysis the data was assessed for linear regression r2, method

comparison (Passing & Bablok) and agreement (Bland-Altman).

Results: 140 samples were evaluated for PT and APTT (77/PT and 63/

APTT) including 29 patients under warfarin treatment, 15 patients

with chronic liver disease, 10 patients treated with unfractionated hep-

arin, 10 patients with hemophilia, and 10 patients with rare coagula-

tion deficiencies. High correlation was obtained between the two

methods (r2 = 0.96 for the PT and r2 = 0.89 for the APTT). However,

differences in reagent performance were observed in selected patient

groups when synthetic reagents were compared with reagent obtained

from animal sources. The VWF:Ag was evaluated in 30 VWD patients

and 33 healthy subjects, with all blood groups equally represented.

The automated methods showed high correlation with the classical
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ELISA, yielding a linear regression r2 = 0.89. Median results with IL

and methods were 46.13 UI/dL (range 0.64–105.5) and 40.70 UI/dL

(range 1.3–114.6), respectively, with no statistical significant differ-

ences. We also observed satisfactory performance of Q Analyzer for

intra, inter and total precision as evidenced by the low coefficient of

variations (CV%): 3.6% in normal and abnormal PT, and 4.9% and

3.2% in normal and abnormal levels APTT, respectively. No carryover

was detected. The effective throughput was 104 tests per hour for the

PT and 64 tests per hour for the APTT.

Conclusion: Using a comprehensive validation protocol, the Q

Analyzer showed satisfactory results.

PB 3.52-6
Apixaban: safety, usefulness and practical details of
laboratory monitoring
Douxfils J1, Classen J-F2, Baudar J2, Walbrecq S2, Chatelain C2,

Chatelain B2, Dogn�e J-M1 and Mullier F2

1University of Namur, Namur; 2CHU UCL Mont-Godinne-Dinant,

Yvoir, Belgium

Background: Apixaban is direct factor-Xa inhibitor that reached the

market for the prevention of venous thromboembolism in patients

undergoing major orthopaedic surgery and in stroke prevention in

patients with non-valvular atrial fibrillation.

Thanks to its predictable pharmacokinetic profile, biological monitor-

ing is not required. Nevertheless, evaluation of plasma drug concentra-

tion may be valuable in specific situations such as recurrent

thrombosis, bleedings, before urgent surgery, in case of bridging and

in case of at least two risk factors among the following ones: drug

interactions with caution, moderate renal impairment and moderate

hepatic impairment. Monitoring may also be useful in infants, preg-

nant women or in extreme body weights, although no relevant data on

drug levels associated with approximate therapeutic and harmful

ranges are currently available.

Aims: The aim of this study is to assess and provide good laboratory

practise for the accurate estimation of apixaban plasma concentration

using routine or more specific coagulation assays.

Methods: Apixaban was spiked at increasing concentrations (0–
500 ng/mL) in pooled citrated normal human platelet poor plasma

(PPP) to measure Prothrombin Time (PT), dilute PT and activated

Partial Thromboplastin Time (aPTT) with different reagents, dilute

Russell Viper Venom Time (screen and confirm), Thrombin Genera-

tion Assay (TGA) with different inducers and different anti-Xa chro-

mogenic assays.

Results and Discussion: As mentioned in previous studies, PT is not

sensitive enough to allow accurate quantitative measurement of the

plasma drug concentration (concentration needed to double the clot-

ting time [2xCT] from 154 to 1367 ng/mL). Indeed, the 2xCT is

154 ng/mL with the most sensitive reagent while the mean Cmax

obtained in a short PK study after one oral intake of 5 mg apixaban

(dose given in atrial fibrillation) is 96 ng/mL. This can lead to major

concern when urgent or elective surgery is required and in definitive, a

normal PT cannot exclude the presence of apixaban at therapeutic

concentration. Activated Partial Thromboplastin Time presents a bet-

ter sensitivity but shows a plateau after 100 ng/mL reflecting the use-

lessness of this test to estimate the impact of apixaban on the

secondary haemostasis. Dilute Russell Viper Venom time shows a sen-

sitivity of 205 ng/mL (screen), which is not enough sensitive.

On the opposite, chromogenic anti-Xa assays seem to be very sensitive

(concentration requires to halve the OD/min: 2–20 ng/mL). Neverthe-

less, the relation is not always linear and some methodologies need to

be adapted to ensure a broader range of application.

TGA may be useful to assess the pharmacodynamics effects of apix-

aban on the coagulation process. Nevertheless, the turn around time

and the lack of standardisation are currently limitations that restrict

the use of this method.

Conclusion: Prothrombin time could not be used as screening test to

assess the risk of bleedings as it was proposed for rivaroxaban another

direct FXa inhibitor. A more specific and sensitive assay such as chro-

mogenic anti-Xa assays using calibrators should be used to correctly

estimate the concentration of apixaban. Finally, standardization of

the time between the last intake of apixaban and the sampling is

mandatory.

PB3.53 – Blood coagulation
tests – XIII

PB 3.53-1
Haemostatic abnormalities in patients with Noonan
syndrome
Artoni A

Fondazione IRCCS Ca’ Granda-Ospedale Maggiore Policlinico,

Milan, Italy

Background: Noonan syndrome is a congenital disorder whose main

clinical features are short stature, dysmorphic facial features, congeni-

tal heart defects and genital defects. Several patients require surgery at

a young age. A bleeding diathesis and various coagulation abnormali-

ties have been anedoctically reported.

Patients and methods: A cohort of patients with Noonan syndrome

was investigated with coagulation and platelet function tests. If ratios

of prothrombin time (PT) and/or activated partial thromboplastin

time (aPTT) were prolonged, the activity of clotting factors was mea-

sured. Children without history of bleeding admitted for urologic sur-

gery formed the control group. Bleeding score was calculated in all

patients and controls.

Results: The study population included 39 patients with Noonan syn-

drome (median age 10 years, range 1–28) and 28 controls of similar

age. PT and aPTT were normal in 21 patients and all controls, while

they were prolonged in 18 patients (46%). Clotting factor assays

revealed partial deficiency of FVII in 10 (single or combined with defi-

ciency of other vitamin K-dependent factors), of FXII in 3, and of

FVIII, FIX or FXI in three other patients. One patient had combined

deficiency of FX, FIX and FV and another had lupus anticoagulant.

Oral vitamin K was given to three patients with FVII deficiency with

normalization of PT. Platelet aggregation and secretion to ADP 4 lM
and collagen 2 lg was significantly reduced in patients than in con-

trols. Bleeding score was above 5 in 4 patients, but no correlation with

coagulation or platelet abnormalities was observed.

Conclusion: Nearly 50% of patients with Noonan syndrome shows an

impairment of platelet function or mild coagulation abnormalities

likely related to vitamin K deficiency. This should be considered before

performing surgery in these patients.

PB 3.53-2
The impact of blood sampling and major surgery on
plasma levels of thrombin and activated protein C
M€uller J1, Friedrich M1, R€uhl H1, Becher T1, Kupper T1,

Oldenburg J1, Mayer G2 and P€otzsch B1

1University of Bonn Medical Center; 2University of Bonn, Bonn,

Germany

Background: Due to their high stability, affinity and specific binding-

patterns, DNA-based aptamers, in combination with a stabilizing

blood sampling strategy, proved to be valuable tools for the measure-

ment of enzymatically active, circulating coagulation factors (Angew

Chem Int Ed Engl. 2011; 50: 6075–8; J Thromb Haemost. 2012; 10:

390–8). To date, however, only limited data on preanalytical require-

ments and the impact of different procoagulant states on plasma

enzyme levels are available.
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Aims: The aim of this study was to investigate the influence of the

blood collection technique on assay results and to assess the impact of

major surgeries on circulating enzyme levels.

Methods: Serial blood samples were taken from three healthy donors.

An antecubital vein was punctured with 18- or 21-gauge (G) butterfly

catheters. In addition, blood samples for determination of reference

values were taken from 20 healthy donors (21G). Furthermore, sam-

ples were taken during the course of knee- and hip-replacement surger-

ies from an indwelling venous cannula (18G). All corresponding

plasma samples were analyzed for active thrombin, APC, as well as

indirect markers of coagulation.

Results: Serial blood sampling showed that slow downed blood flow

leads to an artificial increase of direct and indirect markers of throm-

bin activity. In contrast to thrombin, APC-levels were not influenced

by sluggish blood flow. In 19 of 20 tested healthy individuals, plasma

levels of both, active thrombin and APC were found to be below the

LLOQ of the corresponding assays (1 and 2 pM, resp.). For one

donor, blood sampling was difficult, leading to a massive increase of

all thrombin markers. During the course of hip- and knee replacement

surgery, plasma levels of both, active thrombin and APC increased to

high picomolar levels but returned to baseline only few hours after. As

expected, observed kinetics of in vivo thrombin and APC generation as

well as corresponding peak levels were different between these two

types of surgery.

Summary/Conclusions: Plasma levels of free thrombin and APC are

novel markers that reflect the current state activity of blood coagula-

tion and its regulation. The blood sampling technique used may lead

to an artificial increase of plasma thrombin levels. Overall, the found

results pave the way for future studies that will lead to a deeper under-

standing of the in vivo kinetics of the plasmatic coagulation cascade.

PB 3.53-3
Von Willebrand Factor and factor VIII inhibitor testing
Siegemund T1, Scholz U2 and Siegemund A2

1The Scripps Research Institute, La Jolla, CA, USA; 2MVZ Labor

Dr. Reising-Ackermann und Partner, Leipzig, Germany

Background: The development of inhibitors is a major side effect of

hemophilia A treatment. Moreover autoantibodies against factor VIII

(FVIII) may emerge in healthy patients. In both cases treatment is

focused on the prevention of bleedings and the eradication of the

inhibitors by means of excessive administration of FVIII (immune tol-

erance induction, ITI).

Several assays were designed to monitor inhibitor development or

eradication in patients with inherited or acquired hemophilia. Most

assays base on the reduction of FVIII activity by mixing a FVIII

source with dilutions of an inhibitor-containing sample. Inhibitor

assays show a large inter-laboratory variability, varying sensitivity and

specificity. In ITI discrepancies between inhibitor strengths, FVIII

half-life and recovery are observed regularly; usually the inhibitor

assays show no FVIII inhibition despite shortened and diminished

FVIII recovery.

However, several publications suggest the usability of inhibitor assays

to show a superiority of von Willebrand factor (VWF) containing

preparations in prevention and therapy of FVIII inhibitors, based on

the competition between VWF and some inhibitors for binding FVIII.

Aim: This study is aimed to reveal the influence of VWF on the results

from inhibitor assays. Using basic laws of molecule interaction, it is

intended to demonstrate how design and execution influence the assay

result.

Method: Effect of VWF on inhibitor assays was simulated by applying

the Law of Mass Action and reaction kinetics in computer models.

The simulations were compared to inhibitor measurements using clas-

sical inhibitor assays or various designs of ELISA-based assays.

Result: If VWF competes with an inhibitor for FVIII binding, VWF

influences inhibitor assays in a dose-dependent manner. VWF presence

suggests an apparent lower concentration of antibodies. As VWF is

found in the patient’s sample, in the FVIII source and possibly in dilu-

tion media, assay design, sample dilution and reagents interfere with

the determination of the true inhibitor concentration. Furthermore,

FVIII concentration alters the determined antibody concentration.

The binding kinetics of inhibitors to FVIII is slowed by VWF; there-

fore, incubation times may alter the result.

Conclusion: As present-day inhibitor assay design distorts the balance

between VWF, FVIII and inhibitor compared to the in-vivo situation,

the beneficial effect of VWF is overestimated. If an antibody competes

with VWF for FVIII binding, its concentration might be underesti-

mated up to factor 30. Inhibitors with low concentration or affinity

are easily overlooked; high responders might be classified as low

responders. This explains discrepancies between inhibitor strengths,

FVIII half-life and recovery in ITI or discrepancies between FVIII

activity and ELISA-based assays. An influence of VWF on inhibitor

development and inhibitor strength can not be derived from FVIII

activity-based assays. Nevertheless, preformed FVIII-VWF-complex

might be beneficial in prevention or therapy of acute bleedings in

patients with a certain antibody profile.

Based on Law of Mass Action and reaction kinetics, the source of high

inter-laboratory variability is more a side effect of the inhibitor assay

design than the assay execution itself.

Interestingly, the simulations revealed that FVIII inhibitors that com-

pete with VWF for FVIII show type II-like kinetics.

PB 3.53-4
Application of turbidity monitoring by combined
activated partial thromboplastin time and waveform
analysis to characterize heterogeneity of hemophilia
plasma response to recombinant factor VIII
Leong L, Ramsey Ph, Sim D, Patel C, Murphy JE and Laux V

Bayer HealthCare Pharmaceuticals, US Innovation Center, San

Francisco, CA, USA

Background: Heterogeneity of hemophilia A (HemA) response to ther-

apy is well documented. Response to therapy is often monitored by

the one-stage activated partial thromboplastin time (aPTT), which

detects clot formation as increased turbidity or viscoelasticity upon

fibrin polymerization. Recently, we have applied turbidity monitoring

via combined aPTT and waveform analysis to facilitate coagulation

testing of HemA plasma (Leong et al., www.multiwebcast.com/isth/

2012/ssc/20995/).

Aims: In this study, we determined whether turbidity monitoring can

describe clot characteristics and whether differences in clot characteris-

tics might account for the heterogeneity of hemophilia response to

recombinant factor VIII (rFVIII).

Methods: Individual HemA plasma samples (N = 17) were spiked with

1%, 5%, or 25% rFVIII, and aPTT was performed. Once clot time

(CT) values were obtained, raw turbidity data were exported and fur-

ther analyzed to obtain turbidity parameters.

Results: Turbidity characteristics were correlated with individual

plasma aPTT CT values. The HemA plasma samples tested were

roughly categorized into two groups following correlation of their

maximal turbidity values attained using a 25% rFVIII spike with their

CT values. Group 1 (10 of 17) plasma samples showed a linear correla-

tion between turbidity maxima and CT, with the turbidity maxima

exceeding that of normal plasma (>297 arbitrary units). The high tur-

bidity maxima of group 1 plasma samples suggests that FVIII defi-

ciency and consequent low thrombin generation would give rise to the

thick, porous fibrin meshwork described in the presence of low throm-

bin (Weisel and Nagaswami, Biophys. J. [1992];63:111–128). In the

group 2 plasma samples, the CT values did not correlate with the tur-

bidity maxima values obtained, as the turbidity maxima were lower

than expected. Correlation of plasma fibrinogen levels with turbidity

maxima or maximal rate of turbidity development indicated a direct

linear relationship between these parameters, suggesting that the
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reduced turbidity maxima of group 2 plasma is a consequence of

reduced (but within normal range) fibrinogen levels (<256 mg/dL for

normal). This reduced fibrinogen level can potentially impact clot

properties, because fibrinogen concentration is a determinant of fibrin

structure and viscoelasticity in vitro (Ryan et al. Biophys. J.

[1999];77:111–128)
Conclusions: The application of combined aPTT and waveform analy-

sis indicated that part of the heterogeneity of hemophilia plasma

response to therapy may be attributable to subtly reduced (but still

within normal range) plasma fibrinogen levels, which can impact clot

structure. Future studies correlating clot characteristics (eg, turbidity)

with clinical endpoints could elucidate whether differences in clot

physical properties can account for the heterogeneity of patient

response in hemophilia.

PB 3.53-5
Six SIGMA metric seems not to be applicable as a good
quality tool for most laboratory tests of haemostasis
Martinuzzo ME, Barrera HL, Cheluja MG, D′Adamo MA,

Otaso JC, Gimenez IM and Oyhamburu J

Hospital Italiano de Buenos Aires-Grupo Bioqu�ımico, Buenos

Aires, Argentina

Six Sigma Metric analyses have been greatly expanded as a tool for

clinical laboratories, to measure their procedures performance as a

whole. For the calculation of SIGMA the BIAS%, CV%, and allowed

Total Error (TEA) of the test are used. In Haemostasis different TEA,

according to different requirements are used: CLIA, CAP and biologi-

cal Variation. The aim of the present study was to calculate Sigma for

several tests of the Haemostasis Laboratory, using CLIA, CAP and

BV TEA requirements, and comparing the performance obtained. We

calculate the BIAS as the mean BIAS obtained in the last four EQC

surveys in which our laboratory participated. In all of these surveys

the performance of our laboratory was successful. We calculated the

cv% from the Internal Quality Control at two levels normal and low

of Prothrombin time (PT), activated partial thromboplastin time

(APTT) and fibrinogen (FIB), and we also calculated SIGMA for

every level of results using CLIA, CAP or BV requirements as TEA.

When using BV, none of the tests in any level of control reach an

acceptable level of SIGMA (>3). For PT using CLIA requirement as

TEA (15%) only 17% of month an acceptable SIGMA was obtained

for normal control level, and 25% for low abnormal control. When

using CAP requirement of 20% as TEA in 58% of months the SIGMA

were acceptable (between 3 and 4), in 25%were good (between 4 and

5) and 8% were excellent (>5) for normal level of control, and in 25%

of months the SIGMA were acceptable (between 3 and 4), in 33%were

good (between 4 and 5) and 17% were excellent (>5) for low abnormal

level of control.

Considering APTT, when CLIA or CAP requirements (both consider

15% as TEA) were used, 8% of months SIGMA calculated were good

(4–5), and 92% were excellent for normal level of control, and 8%

acceptable, 50% good and 42% excellent for low abnormal control.

Finally, analysing fibrinogen when CLIA or CAP requirements (both

consider 20% as TEA) were used only in 33% of months SIGMA

reached acceptable values (3–4) and 8% good value for normal control

level, and 75% acceptable SIGMA for low abnormal control level.

For factor VII, VIII, Antithrombin (AT) and von Willebrand factor

(vWFAg) only BV TEA are published and any SIGMA calculated

reached an acceptable value.

For free Protein S and Protein C, although BV requirements were

used, results obtained were better. The 83% and 75% of SIGMA cal-

culated were >3.0 for normal and low abnormal control levels of Pro-

tein C, respectively. Additionally, 58% of SIGMA calculated were

>3.0 in the two levels of control in free protein S.

In conclusion, SIGMA metric seems not to be applicable for most of

the tests in the haemostasis laboratory. It is particularly true when the

BV is used as TEA, because only free protein S and Protein C reached

some acceptable SIGMA values, but no coagulation test, nor chromo-

genic AT or immunoturbidemetric vWF Ag did with these require-

ments.

PB 3.53-6
Whole blood thromboelatometry and aggregometry in
obese patients
Campello E1, Eva Z2, Luca S1, Paolo P1, Roberto V2 and Paolo S1

1Department of Cardiologic, Throcacic and Vascular Science,

University of Padua; 2Department of Medical and Surgical

Sciences, University of Padua, Padova, Italy

Background: It was found that obesity is associated with a hypercoagu-

lable state due to either an increased level of clotting factors and/or the

inhibition of the fibrinolytic pathway. Furthermore, several authors

reported that platelets from obese individuals seem to be more reactive

both at baseline and after aspirin, suggesting an innate hyperaggregable

state. Traditional coagulation tests cannot evaluate the whole coagula-

tion system. The thromboelastogram record the viscoelastic changes

that occur during coagulation, providing a graphical representation of

the fibrin polymerization process. Thus, thromboelatogram enables a

complete evaluation of the process of clot initiation, formation and sta-

bility, using whole blood. The Multiplate� analyzer is a semi-auto-

mated point-of-care device that performs multiple electrode impedance

aggregometry in whole blood with five different activators.

Aim: We hypothesized that the point-of-care parameters might serve

as early biomarkers to identify the prothrombotic state observed in

patients with obesity.

Methods: Eighty patients consecutive referred to our Department, of

whom 20 were overweight [BMI = 25–29.9 kg/m2], 20 with I degree

obesity [BMI = 30–34.9 kg/m2], 20 with II degree obesity [BMI = 35–
39.9 kg/m2] and 20 with III degree [BMI>40 kg/m2]) were enrolled.

Eighty age (�3 years) and gender-matched normal weight healthy

individuals acted as controls. Viscoelastic clotting measure was per-

formed by thromboelastogram test. The recorded parameters were

both in EXTEM and in INTEM tests: clotting time (CT, sec), clot for-

mation time (CFT, sec), maximal clot firmness (MCF, mm), maximum

velocity (MaxVel, mm/min), and the area under curve (AUC, mm

x100). In FIBTEM test: MCF was considered. Aggregometric imped-

ance measure in whole blood was performed on the Multiplate� func-

tion analyser. Platelets were stimulated in different ways: (i) via

arachidonic acid pathway (ASPI test) (ii) via the ADP receptor (ADP

test) and finally (iii) via the thrombin receptor (TRAP test).

Results: INTEM-test CFT was significantly prolonged (P = 0.014) and

MCF (P < 0.001), VelMax (P = 0.013) and AUC (P < 0.001) were sig-

nificantly increased in 3rd degree obese compared with controls. In

EXTEM-test MCF (P < 0.001), VelMax (P = 0.034) and AUC

(P < 0.001) were significantly increased in patients suffering from 3rd

degree obesity compared with controls. MCF in FIBTEM was signifi-

cantly higher in 1st, 2nd and 3rd degree obesity than controls

(P = 0.027, 0.002 and <0.001, respectively). A significant difference in

platelet aggregation was found between 3rd degree obese subjects and

normal controls in each of the tests considered (TRAPtest, P = 0.011;

ADPtest, P = 0.005; ASPItest, P = 0.02). A significant correlation

between FIBTEM-MCF with BMI (r 0.24, P 0.019) and waist circum-

ference (r 0.21, P 0.04) was observed. Moreover, a correlation between

a) BMI with ADP and ASPI test (r 0.49, P < 0.0001 and r 0.50,

P < 0.0001, respectively); b) waist circumference with ADP and ASPI

(r 0.62, P < 0.0001 and r 0.57,P < 0.0001, respectively) was found.

Conclusions: The use of points-of-care is a quick and efficient method

for measuring the degree of hypercoagulability and hyperaggregability

in whole blood from obese patients, confirming an increase in the pro-

thrombotic state with the increase in fat mass. The possible role of

point-of-care devices in leading the anticoagulant prophilaxis/therapy

in subjects with obesity is under evaluation.
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PB3.54 – Factor II/Prothrombin – II

PB 3.54-1
Des-gamma-carboxyprothrombin (PIVKA-ll) in fetus
and newborns
Nishiguchi T1, Kawamura T1, Kamo A1, Sugiyama M1,

Kanayama N2, Kobayashi T3 and Ibara S4

1Shizuoka Children’s Hospital, Shizuoka; 2Hamamatsu University

School of Medicine, Hamamatsu; 3Hamamatsu Medical Center,

Hamamatsu; 4Kagoshima City Hospital, Kagoshima, Japan

Background: Vitamin K deficiency bleeding (VKDB) is rare and life-

threatening condition. In Japan, thrice oral administration of vitamin

K (VK2: 2 mg) is recommended for prevention of VKDB. But, there

is minimal or no data for vitamin K (VK) status in antenatal and post-

natal period during the 1st month of age.

Aims: The purpose of present study was to investigate des-gamma-

carboxyprothrombin (PIVKA-ll: protein induced by VK absence) level

in fetus and healthy newborns who received prophylactic VK.

Method: The present study was performed in 1997–1998. Cord blood

samples were obtained from 22 preterm and 51 full term infants, and

heel-cut blood samples (500 lL) from 83 full term newborns just

before VK administration. The latter was performed together with

examination of Hepaplastin test. In the present study subjects suffer-

ing from any obstetric complications were excluded. PIVKA-ll was

measured using the highly sensitive method, ECLIA (electro-chemilu-

minence immunoassay). Before collecting the samples, informed con-

sent was obtained from the parents in accordance with the regulations

of our institute.

Results: (1) PIVKA-ll level (mAU/mL) during antenatal period was

median 33 (range 19–235) during 14 to 28th gestational week (n:6), 28

(12–63) during 28 to 36th week (n:16), 42 (12–1557) during 37 to 38th

week (n:18), and 50 (14–2834) after 39th week (n:31). There was a sig-

nificant increase after 37 th week of gestation (P < 0.01, Man-Whit-

ney’s U test). 2) PIVKA-ll in newborns who received prophylactic VK

was 292 (20–9325) on 0–1 day of life just before the first administra-

tion of VK (n:21), 38 (11–1657) on the 4–6 day just before second

administration of VK (n:16) with significant decrease (P < 0.01), and

27 (8–76) on 1 month of life just before third administration of VK

(n:46) with significant decrease (P < 0.1). All of 83 newborns had no

occurrence of VKDB.

Summary: Present transectional study shows physiological changes of

vitamin K status in antenatal period. Namely, PIVKA-ll level is low

during preterm period and remarkably increases in term period. And

present study shows a dramatic increase of PIVKA ll on 0–1 day of

life, reaching to near 10,000 mAU/mL and a remarkable decrease after

VK administration. This suggests an effectiveness of thrice VK admin-

istration for prophylaxis of VKDB.

PB 3.54-2
The effect of the variant F2C20209T on the detection
of the mutation F2G20210A
Coll I, Tirado I, Mart�ınez-Sanchez E, Souto JC and Fontcuberta J

Hospital Sant Pau, Barcelona, Spain

Background: Genotyping of the F2G20210A mutation in the F2 gene is

performed routinely for diagnosis in thrombophilic disorders. We have

developed two automate methods using Real Time PCR to analyze

this mutation. It has been reported that the variant F2C20209T in the

F2 gene may complicate the ability to accurately to analyze the muta-

tion F2G20210A. Here we present an example of such a complication

that we encountered while screening for this mutation in a patient sent

to our center.

Methods: DNA was isolated from peripheral blood leukocytes by

Autopure (Qiagen, Izasa). The analysis of F2G20210A was performed

using two methods: that discriminate various alleles. One method is

based on the use of allele-specific fluorescent hybridization probes with

the LightCycler LC480 system (Roche). The other method involved

the use of the TaqMan system with the ABI7500PCR system (Applied

Biosystem). Direct sequencing was performed with Analyzer Genetic

3500 (Applied Biosystems).

Results: The patient was referred to our center for the analysis of the

F2G20120A mutation. Using the LightCycler system for a routine

analysis the patient showed atypical values for the melting curves:

melting temperatures (Tm) 64 °C (vs. 65 °C) for allele G and 55 °C
(vs. 58 °C) for allele A. In contrast, using the ABI7500 PCR system

with a specific probe for the G allele (probe labelled with FAM) the

patient showed an atypical pattern. The direct sequencing data

revealed that the patient was heterozygous for the F2C20209T variant.

During the last 4 years, we have analyzed 6000 samples for the

F2G20210A mutation using the Light Cycler system. Also during the

last 6 months, we have analysed 400 samples for the F2G20210A

mutation using the ABI7500PCR system. We have detected six homo-

zygotes for F2G20210A and in all cases the result have been confirmed

by direct sequencing to rule out the presence of heterozygosity for both

F2G20210A and F2C20209T. So far, we have identified a single patient

with the F2C20209T, which confirm that this variant is rare in the

Spanish population.

Conclusions: The prevalence of the F2C20209T variant is very low in

the Caucasian population and its position adjacent to the F2G20210A

mutation makes its identification very difficult. Automated methods

using Real Time PCR can detect heterozygous F2C20209T variant.

With the homozygous for F2G20210A, direct sequencing is required to

distinguish between individuals who are homozygous for the

F2G20210A mutation and individuals who are heterozygous for

F2G20210A and F2C20209T.

Spanish grant RD12/0042/0032. AGAUR 2009 SGR1147.

PB 3.54-3
Differentiation of newer oral anti-Xa and Anti-IIa
agents with a reference to the regulatory function of
thrombin
Fareed J, Hoppensteadt D, Walenga JM, Jeske W, Iqbal O, Gray A

and Lewis B

Loyola University Medical Center, Maywood, IL, USA

Introduction: The newer anticoagualnts represent a group of synthetic

antithrombin (Dabigatran: Boehringer Ingelheim) and anti-Xa agents

(Abixaban;Bistol Meyer Squib/Pfizer; Rivaroxaban: Bayer/Jenssen; E-

doxaban; Diachi Sankyo; Bietrixaban: Portola). All agents are low

molecular weiht synthetic organomimetic drugs (MW <500 Da) with

targeted antithrombin and anti-Xa activities. Their biochemical and

pharmacologic properties differ. Although effective in their specific

dosage for given indications these agents differ in their safety profiles,

bleeding, risk of myocardial infarction and gastrointestinal distur-

bances have been reported. The purpose of this study is to differentiate

these agents in various biochemical and pharmacologic systems to

explain the observed differences in their safety and efficacy profiles.

Methods: Dabigatran and rivaroxaban were obtained from commer-

cial sources and apixaban was of a synthetic origin. Each of these

agents were profiled in clot based whole blood and plasma assays.

Thrombin generation studies were performed using a flourogenic and

chromogenic substrate assay. In addition the effect of these agents on

clot stability was also measured. The effect of these agents on platelet

aggregation was measured using the aggregometry and flow cyotmetry

assays.

Results: All agents produced a concentration dependent anticoagulant

effect in the global clotting assays in both the whole blood and plasma

samples. Assay based variations were observed. The rank order was

Dabigatran>Rivaroxaban>Apixaban. In comparison to the anti-Xa

inhibitors, dabigatran was found to be relatively weaker inhibition of

thrombin and Xa generation in various systems. Dabigatran also pro-
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duced a strong inhibition of thrombin-thrombomodulin mediated acti-

vation of protein C, thrombin activatible fibrinolysis inhibitor (TAFI)

and factor XIII.

Conclusions: While each of the newer oral anticoagulants are potent

inhibitors of thrombin and Xa, the anti-Xa agents are relatively potent

inhibitors of thrombin generation, however, do not compromise its

regulatory function. In contrast, Dabigatran and related antithrombin

agents may compromise thrombin’s regulatory functions such as acti-

vation of protein C, TAFI and Factor XIII.

PB 3.54-4
Protein-peptide docking of human thrombin: towards
improved imaging in cardiovascular disease
Zarzycka BA1, Nabuurs S2, Van Den Vijver P1, Vriend G2,

Hackeng TM1 and Nicolaes GAF3

1Maastricht University, Maastricht; 2CMBI, Radboud University

Medical Centre, Nijmegen; 3Cardiovascular Research Institute

Maastricht, Maastricht University, Maastricht, The Netherlands

Background: Thrombin plays a central role in thrombosis and haemo-

stasis which is why it remains an important target for anticoagulant

therapy. Likewise non-invasive in vivo thrombus imaging, detection of

thrombin provides important information on thrombus size, location

and state of progression. Radioactively labeled peptides, that mimic

the natural thrombin (peptidic) substrates could be applied in the

thrombus imaging e.g. by Positron Emission Tomography (PET).

However, we chose to evaluate the potential use of cyclic peptides,

which are known to stay in the blood circulation significantly longer

than linear peptides which would give the clinician more time and pre-

cision for PET imaging.

Objective: Our aim was to rationally design new cyclic peptides leads

for thrombin detection, which could be applied in PET imaging.

Methods/Results: Investigation of new cyclic peptides was based on

the structure activity relationship (SAR) and structure based virtual

screening (SBVLS) which involved protein-peptide docking. We used

information from known peptidic thrombin inhibitors in order to

probe the S1–S3 subpockets of the thrombin for cyclic pentapeptides.

Rationally designed cyclic pentapeptides were synthesized via solid

phase peptide synthesis using Fmoc chemistry. The activity of the cyc-

lic pentapeptides was quantitated by in vitro kinetic assay through

competition with chromogenic or fluorogenic substrates. We evaluated

the activity of the best two cyclic pentapeptides in clotting-based

assays. The best cyclic pentapeptide exhibits activity characterized by

IC50 = 100 lM and it prolonged the APTT-based clotting time by

30% at concentration 100 lM.

Conclusion: We have characterized and synthetized cyclic pentapetides

targeted at thrombin using structure activity relationships. Best pep-

tides so far showed inhibitory activities in range of IC50 = 100 lM.

Further optimization of the cyclic peptides for in vivo experiments is

required.

Disclosure of Interest: The author declares no conflict of interest.

PB 3.54-5
Thrombin generation assay in a patient with acquired
factor V deficiency
Radu C1, Gavasso S2, Bulato C2, Campello E2, Castoldi E3

and Simioni P2

1University of Padua, Padua, Italy; 2Department of Cardiologic,

Thoracic and Vascular Sciences, University of Padua, Padua, Italy;
3Department of Biochemistry, Maastricht University, Maastricht,

The Netherlands

Background: Development of acquired inhibitors against factor V

(FV) is a rare coagulation disorder. The clinical manifestations range

from asymptomatic to severe bleeding episodes. FV inhibitors are

associated with various diseases and conditions, most commonly

major surgery, exposure to bovine thrombin or transfusion of blood

components. The inhibitor titer does not correlate with the level of FV

deficiency or with the bleeding risk. Since about 20% of circulating FV

is stored in platelets, it has been suggested that platelet FV might be

inaccessible to inhibitors and be responsible for the usually benign

clinical course seen in these patients.

Materials and Methods: An 18-year-old patient suffering from nephro-

tic syndrome presented a prolongation of the PT and aPTT, but no

bleeding complications. Plasma and platelet FV antigen (FV:Ag) and

activity (FV:C) were measured by ELISA and a clotting assay, respec-

tively. Thrombin generation (TG) triggered with 5 pM tissue factor

was measured in platelet-poor plasma (PPP) and in platelet-rich

plasma (PRP) before and after treatment with intravenous IgG (IVIG)

and corticosteroid therapy.

Results: The patient had prolonged PT and aPTT. In mixing studies

his plasma prolonged the PT and aPTT of a normal plasma. FV:Ag

was low (42%) and FV:C was undetectable (<1%). Platelet FV:Ag was

normal (110%). Accordingly, virtually no TG could be detected in the

patient’s PPP, whereas PRP showed a normal TG. After therapy

plasma levels of FV:Ag and FV:C increased (60–106%), whereas plate-

let FV:Ag decreased (20–50%). TG in PPP progressively increased

during the follow-up and eventually normalized.

Conclusions: The TG assay could be an alternative approach for the

diagnosis and monitoring of haemostatic changes in patients with FV

deficiency due to a coagulation inhibitor. Platelet FV rather than

plasma FV plays a significant role in preventing bleeding. FV stored

inside platelets is protected from the inhibitor and is probably suffi-

cient to overwhelm the inhibitor when released at the site of injury.

PB 3.54-6
Effects of camel milk on platelet function and
coagulation parameters in streptozotocin diabetic rats
Abdelgadir A, AidaA Korisha AA and Alhaider A

Colllege of Medicine and King Khalid Uiversity Hospital, Riyadh,

Saudi Arabia

Background: Diabetes mellitus remains a major cause of atherothrom-

botic disorders, due in part to the associated prothrombotic abnormal-

ities. Other than the conventional anti-diabetic management strategies

of diet, hypoglycemic drugs and exercise, camel milk was shown to be

effective in the control of the hyperglycemia, shows hypoglycemia and

also decreases insulin requirements, in both human diabetics diabetic

patients and experimental animals.

Aim: The current study aimed to investigate the effect of camel milk

on the blood coagulation and platelet function in streptozotocin (STZ)

diabetic rats.

Material and Methods: The study was undertaken in three groups of

Wister rats,. Group I: controls (n = 20). Experimental diabetes was

induced by single intraperitoneal (i.p) injection of STZ (65 mg/kg) in

40 rats: 20 rats (diabetic camel milk-treated, Group II) received camel

milk (50 mL/day/rat) orally; the rest were (n = 20; Diabetic untreated,

Group III). After 8 weeks of camel milk treatment blood was collected

from retro-orbital venous plexus of anesthetized rats the following

tests were undertaken: Coagulation tests: PT, APTT, TT and plasma

fibrinogen. Platelets aggregation was undertaken tested in platelet rich

plasma (PRP) in response to ADP and arachidonic acid (AA). In addi-

tion, plasma activities of aspartate aminotranferase (AST) and alanine

aminotransferase (ALT), total bilirubin and protein levels, fasting

insulin and glucose levels were also measured.

Results: The untreated diabetic animals showed significant weight loss,

marked hyperglycemia, decreased insulin level and increased liver

transaminases and bilirubin levels. Additionally, there was significant

inhibition of the platelet aggregation response to ADP and AA,

decreased plasma fibrinogen (>50%) and shortening of APTT while

the PT and TT showed less remarkable changes. Treatment with camel
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milk decreased the extent of the weight loss and improved the hyper-

glycemia, reversed fibrinogen consumption and restored platelet aggre-

gation responses.

Conclusion: Other than its hypoglycemic (anti-diabetic) action, camel

milk has reversed the haemostatic activation and the consumption co-

agulopathy induced by STZ, indicating an anticoagulant/antithromb-

tic action of camel milk. This would also offer yet additional beneficial

action of camel milk as anti-thrombotic agent, in addition further to

its already well documented anti-diabetic action.

PB3.55 – Coagulation factor VIII – V

PB 3.55-1
Elevated plasma factor VIII enhances venous thrombus
formation and propagation in rabbits: Contribution of
thrombin, factor XI, von Willebrand factor and tissue
factor
Sugita C1, Yamashita A1, Matsuura Y1, Iwakiri T1, Matsumoto T2,

Inoue O3, Kitazawa T4, Hattori K4, Shima M2 and Asada Y1

1University of Miyazaki, Miyazaki; 2Nara Medical University,

Nara; 3University of Yamanashi, Yamanashi; 4Chugai

Pharmaceutical Co., Ltd., Shizuoka, Japan

Background: Elevated plasma levels of factor VIII (FVIII) are associ-

ated with increased risk of deep venous thrombosis.

Aims: To elucidate how elevated FVIII levels affect venous thrombus

formation and propagation in vivo.

Methods:We examined rabbit plasma FVIII activity, plasma thrombin

generation, whole blood coagulation, platelet aggregation and venous

wall thrombogenicity before and 1 h after an intravenous infusion of

recombinant human FVIII (rFVIII). Venous thrombus induced by the

endothelial denudation of rabbit jugular veins was histologically

assessed. Thrombus propagation was evaluated as indocyanine green

fluorescence intensity. Argatroban, a thrombin inhibitor, and neutral-

ized antibodies for tissue factor (TF), factor XI (FXI), and von Wille-

brand factor (VWF) were infused before or after thrombus induction

to investigate their effects on venous thrombus formation or propaga-

tion.

Results: The rFVIII (100 IU/kg) increased rabbit plasma FVIII activ-

ity two-fold and significantly enhanced whole blood coagulation and

total plasma thrombin generation, but did not affect initial thrombin

generation time, platelet aggregation and venous wall thrombogenici-

ty. The rFVIII infusion also increased the size of venous thrombus 1 h

after thrombus induction. Argatroban and the antibodies for TF, FXI

or VWF obviously inhibited such enhanced thrombus formation and

all except TF suppressed thrombus propagation.

Conclusions: Elevated plasma FVIII levels enhance venous thrombus

formation and propagation. Excess thrombin generation by FXI and

VWF-mediated FVIII recruitment appear to contribute to the growth

of FVIII-driven venous thrombus.

PB 3.55-2
Risk of venous thrombosis associated with coagulation
factor VIII levels and the interrelation of other
procoagulant and environmental risk factors
Rietveld IM, Lijfering WM, Bos MHA, Rosendaal FR, Reitsma PH

and Cannegieter SC

Leiden University Medical Center, Leiden, The Netherlands

Background: High levels of various procoagulant factors affect risk of

venous thrombosis (VT). However, levels often vary together while the

effect of high levels of some factors on the risk of VT is more pro-

nounced than that of others, particularly at the extremes of the distri-

bution (very high levels).

Aim: We aimed to determine (i) the relation between very high coagu-

lation factor levels and thrombotic risk (>99th percentile); (ii) the mag-

nitude of the effect of high levels of various coagulation factors on the

risk of venous thrombosis; (iii) if coagulation factor levels have predic-

tive ability in a priori high-risk groups.

Methods: To study the relation between VT and high coagulation lev-

els we used data of 2377 patients and 2940 controls from a population-

based case-control study (MEGA study) into risk factors for thrombo-

sis. We measured fibrinogen, FII, FVII, FVII, FIX, FX, FXI and

VWF. Odds ratios (ORs) were calculated using logistic regression and

adjusted for age and sex, unless stated otherwise. We contrasted the

levels >99th percentile to the lowest quartile (reference group). Con-

sent and ethical approval were obtained for this study.

Results: The ORs for the various coagulation factor levels (P99 vs. )

We used the factors of which high levels had an effect on risk in multi-

variable analysis (i.e. FVIII, FXI and FIX) to study their ability to

predict thrombosis in groups with a priori high-risk (surgery, trauma,

plaster cast, hospitalized, bedridden, cancer, oral contraceptive use,

pregnancy and obesity). Since the groups were reduced in size a lower

cut-off was chosen to classify high levels (P90). In each of the separate

high-risk groups factor FXI and FIX levels had lower predictive abil-

ity than FVIII levels, which had predictive value in all high-risk

groups, up to a most pronounced OR of 16.7 (95% CI 8.6–32.6) for
obesity.

Conclusion/summary: Very high levels of procoagulant factors increase

the risk of venous thrombosis. In multivariable models, only high lev-

els of FVIII/VWF, FIX and FXI remain associated with risk. This

effect was most pronounced for high FVIII and VWF levels, of which

at least FVIII levels also had predictive ability in a priori high-risk

groups.

PB 3.55-3
Characterization of a panel of anti-FVIII antibodies by
domain specificity assignment, pairwise epitope
overlap analysis, and determination of affinities for
FVIII and rFVIIIFc
Liu ZL, Goodman A, Peters RT and Kulman J

Biogen Idec, Waltham, MA, USA

Background: Prophylactic therapy for Hemophilia A requires frequent

intravenous administration of factor VIII (FVIII) due to the relatively

short half-life of FVIII. A recombinant FVIIIFc fusion protein

(rFVIIIFc) has been generated to increase the half-life of FVIII. Anti-

FVIII monoclonal antibodies are valuable reagents for immunoassay

development and for cellular uptake, immunogenicity, and structural

studies, as well as for use as probes to assess conformational compara-

bility between FVIII and modified variants such as rFVIIIFc. The util-

ity of these antibodies, however, is often limited by a lack of

information regarding their epitope specificities and affinities for

FVIII.

Aims: This study was undertaken to characterize members of a panel

of both commercially available and internally generated anti-FVIII

antibodies with respect to chain and domain specificity, epitope over-

lap, competition with von Willebrand factor (VWF) for FVIII bind-

ing, and affinity for FVIII and rFVIIIFc.

Methods: We first characterized 38 anti-FVIII antibodies to either con-

firm or determine ab initio their chain and domain specificity by using

biolayer interferometry (ForteBio Octet). The assay format comprised

three sequential steps: (i) binding of a first test antibody to a biosensor

probe, (ii) FVIII capture, and (iii) exposure of the FVIII-bound probe

to a second test antibody. An increase in the spectral interference sig-

nal upon exposure of the probe to the second antibody indicates non-

competition between the two antibodies, whereas a lack of change in

the signal indicates competition. For determination of chain specific-

ity, B domain-deleted FVIII that had been dissociated into separate

heavy and light chains was used. For assignment of domain specificity,
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a thrombin exposure step was included after step 2 to enable discrimi-

nation between the A domains in the heavy chain, as well as between

the a3 acidic peptide and the remainder of the light chain. In a further

variation of this approach, overlap between antibody epitopes and the

VWF binding site on FVIII was evaluated by substituting a VWF for

the test antibody in step 1. The affinities of each antibody for FVIII

and rFVIIIc (expressed as KD), were determined on a surface plasmon

resonance (SPR) array instrument (ProteOn XPR36).

Results: Thirty eight anti-FVIII antibodies were characterized with

respect to their chain and domain specificity, and antibodies that

mapped to the same domain were subjected to pairwise epitope over-

lap analysis. Collectively, this information was used to generate a

FVIII interaction map that included KD values reflecting affinities for

both FVIII and rFVIIIFc. Each antibody exhibited similar affinity for

both FVIII and rFVIIIFc, with KD values spanning the picomolar to

nanomolar range. In addition, seven antibodies that mapped to the

FVIII C domains competed with VWF for binding to FVIII.

Conclusions: The FVIII antibody interaction map is a valuable

resource for assay development and investigation of the function and

structure of FVIII. Notably, the observation that members of this

panel of antibodies exhibit the similar affinities for both FVIII and

rFVIIIFc supports the conclusion that fusion of the Fc domain does

not distort the structure of the FVIII molecule.

PB 3.55-4
Preclinical safety of a longer acting recombinant factor
VIII (BAX 855)
Dietrich B, Horling F, Spatzenegger M, Piskernik C,

Wolfsegger M, Ehrlich HJ, Scheiflinger F, Schwarz HP, Reipert BM

and Muchitsch EM

Baxter Innovations GmbH, Vienna, Austria

Baxter and Nektar have developed BAX 855, a PEGylated form of

Baxter’s licensed recombinant (r) FVIII based on the same manufac-

turing process. BAX 855 is derived from a CHO cell line using a

plasma-protein-free method and a virus inactivation step. The preclini-

cal program evaluated the safety and immunogenicity of BAX 855 in

different species. Two lots of BAX 855 were used to test batch consis-

tency; the licensed rFVIII served as reference item.

Systemic toxicity was tested in rats and macaques. Rats received BAX

855 intravenously at 350 or 700 U/kg every other day for 28 days:

macaques were administered 150, 350 or 700 U/kg every 5 days for

28 days. Toxicokinetics and formation of anti-product antibodies were

assessed. The thrombogenic potential was assessed in Wessler’s rabbit

stasis model; general safety pharmacology was evaluated in teleme-

tered macaques. Comparative immunogenicity assessment of BAX 855

and the licensed rFVIII included their potential modulation of both

the innate (human cytokine release assay; human complement activa-

tion assay) and adaptive immune system (macaques; three different

hemophilic mouse models).

No thrombogenicity was observed in rabbits treated intravenously

with BAX 855 at 900 U/kg. BAX 855 also did not cause any adverse

clinical, respiratory or cardiovascular effects in macaques and was well

tolerated at all dose levels tested.

No drug-related changes were observed in rats. Lower levels of FVIII

activity and BAX 855 (measured through its bound PEG) in plasma

correlated with the presence of neutralising antibodies at study end.

No signs of toxicity were observed at any dose level in macaques.

Minor findings, such as prolonged APTT in all animals, were noted in

the last week of dosing, probably due to development of cross-reactive

neutralising anti-FVIII antibodies against endogenous FVIII. The for-

mation of binding and neutralising antibodies was also reflected in a

statistically significant decrease in exposure during toxicokinetic analy-

sis at study end. Antibody formation is an expected immune reaction

after repeated application of heterologous human proteins to animals,

and has been observed with non-PEGylated FVIII products.

BAX 855 and the licensed rFVIII induced similar low levels of cyto-

kine release and complement activation in vitro that were not different

from the buffer control group. BAX 855 and the licensed rFVIII

induced similar levels and incidences of antibodies against human

FVIII in all animal models. Importantly, immune tolerance to human

FVIII was maintained by both BAX 855 and the licensed rFVIII in

hemophilic mice that are immune tolerant to human FVIII.

In conclusion, BAX 855 was well tolerated in rabbits and macaques at

all dose levels; no thrombogenic events and no adverse clinical, respi-

ratory or cardiovascular effects occurred. In addition, no adverse sys-

temic effects were observed in either species after intravenous

administration of BAX 855 for 1 month. Thus, 700 U/kg was consid-

ered the no observed adverse effect level (NOAEL) in these studies.

Results obtained in comparative immunogenicity studies demonstrate

that BAX 855 and the licensed rFVIII have a similar immunogenicity

profile. The favorable preclinical safety profile of BAX 855 provides

the basis for proceeding with human trials.

PB 3.55-5
Comparing projected prophylactic consumption and
effects of recombinant factor VIII Fc Fusion (rFVIIIFc)
and shorter half-life FVIII products in haemophilia
Krishnan S1 and Miners A2

1Biogen Idec, Weston, MA, USA; 2London School of Hygiene and

Tropical Medicine, London, UK

Background: The mainstay of treatment for individuals with severe

haemophilia A is replacement therapy with FVIII. While the treatment

of choice is (primary) prophylaxis, the limitation is that it requires peo-

ple to inject a considerable amount of FVIII. FVIIIs with a longer

half-life, such as rFVIIIFc, are currently being studied. Their proposed

advantage is less clotting factor utilization and less frequent injections

required to receive similar haemostatic effects compared with tradi-

tional shorter half-life factor FVIII products. Alternatively, higher

trough clotting factor levels could be achieved using identical amounts

of rFVIIIFc.

Aims: To develop a decision-analytic model to compare projected pro-

phylactic FVIII consumption and effects (in terms of breakthrough

bleeding episodes) of longer-lasting products, such as rFVIIIFc and

short-acting FVIII products.

Methods: Factor VIII consumption and bleeding frequency were esti-

mated by adapting PK models of short-acting FVIII developed by

Collins et al (2009 and 2010). The first study demonstrated the rela-

tionship between clotting factor dose, frequency of infusion, FVIII

half-life, and the time individuals are predicted to be below a 1 IU/dL

(<1%) FVIII level during the course of a week. The second study esti-

mated the relationship between time under this trough level and bleed-

ing frequency. The developed decision-analytic model links the results

from these two studies and also predicts breakthrough bleeding and

factor consumption adjusted accordingly for assumptions related to

real-world adherence. Half-life data was based on information from

the A-LONG phase three clinical trial data (19 h for rFVIIIFc

compared with 12.4 for short-acting FVIII). In the base case analysis,

results were projected over 1 year for a 30 year old, assuming that

adherence was 70% of scheduled prophylactic doses but that missed

doses still represented an incurred cost. It was also assumed that indi-

viduals receiving short-acting FVIII were infused three times per week

with 37.5 IU/kg whereas individuals receiving rFVIIIFc were infused

with 37.5 IU/kg twice a week.

Results: The model-generated base case results over 1 year suggest that

rFVIIIFc resulted in a similar number of bleeds per year compared

with short-acting FVIII (2.03 vs. 2.08 bleeds, respectively) but required

0.16 million fewer IU’s of clotting factor (0.31 vs. 0.47 million IU’s)

compared with a shorter half-life rFVIII. The difference in clotting

factor use was considerably higher when a longer time horizon was

used: approximately 6.1 million fewer IUs of longer-acting factor were

predicted to be used over a 40-year time horizon.
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Summary/Conclusions: This decision-analytic model demonstrates the

use of a FVIII with a longer half-life such as rFVIIIFc has the poten-

tial to reduce the number of injections individuals require and overall

factor consumption, without compromising haemostatic efficacy.

Indeed, these results suggest that rFVIIFc, could reduce time under

<1 IU/dL and therefore reduce bleeding if similar or improved levels

of adherence can be achieved.

PB 3.55-6
PEGylated biopharmaceuticals and safety evaluation of
polyethylene glycol (PEG) with focus on PEG-rFVIII
Stidl R1, Dietrich B1, Horling F1, Spatzenegger M1,

Muchitsch EM1, Bossard M2, Scheiflinger F1, Ehrlich HJ1

and Turecek PL1

1Baxter Innovations GmbH, Vienna, Austria; 2Nektar

Therapeutics, Huntsville, AL, USA

Biopharmaceuticals are an emerging branch of therapeutic agents. The

applicability of such drugs, however, may be impaired by their short

half-life, rapid elimination and ability to induce a specific immune

response. These disadvantages may be overcome by chemical modifi-

cation with polyethylene glycol (PEG), which has been shown to

enhance the PK and safety profile of several marketed proteins over

the last decades.

Baxter and Nektar are currently developing BAX 855, a PEGylated

full-length rFVIII based on the FVIII molecule used for Baxter’s

licensed rFVIII. PEGylation of BAX 855 uses a metabolically stable

PEG polymer of 20 kDa and was optimized to retain functionality of

the FVIII molecule and improve its pharmacokinetic properties. The

protein portion of the PEG- FVIII conjugate is degraded by proteoly-

sis over time, leaving a PEG portion which is rapidly eliminated. An

ADME study in rats with radiolabeled BAX 855 showed that the

PEG is quantitatively cleared mainly via the kidneys and excreted into

urine or via the liver and excreted into feces even at high doses of

2088 and 4176 U/kg. Like other non-degradable entities, physiological

clearance mechanisms of PEG may include liver macrophage uptake.

Clearance by macrophages in mammals has been reported to cause

vacuolization at high cumulative doses of PEG. Generally, vacuoles

were shown to consistently resolve over time, with no cellular damage,

inflammation at the vacuolation site or functional deficits of affected

tissues, and are therefore regarded as non-adverse. Due to the high

potency of FVIII, the absolute amount of conjugated PEG applied

with PEG-FVIII is within the range of lg per kg body weight and

week, which is considerable below the observed threshold for vacuola-

tion in animal studies. As expected for such low PEG doses, no PEG

related vacuolations occurred in the preclinical repeated dose toxicity

studies conducted where rats received an intravenous dose of 350 or

700 U/kg BAX 855 every other day, and macaques were administered

150, 350 or 700 U/kg every 5 days both within approximately a month.

The No Observed Adverse Effect Level (NOAEL) was 700 U/kg for

both species.

In summary, no adverse effects were observed in the preclinical studies

with BAX 855 and the PEG load was well below the threshold for vac-

uolation. This favorable safety profile provides the basis for proceed-

ing with human trials.

PB3.56 – Tissue factor – III

PB 3.56-1
The retention and release of tissue factor by
endothelial cells results in the differential activation of
p38-MAPK and influences the fate of the cells
Ettelaie C, ElKeeb AM, Maraveyas A and Collier MEW

University of Hull, Hull, UK

Background:We have previously shown that the release of tissue factor

(TF) into cell-derived microparticles is mediated by the phosphoryla-

tion of serine-253. Moreover, activation of protease-activated receptor

2 (PAR2) in endothelial cells results in the prolonged activation of

p38-MAPK in cells expressing TF but only a short-term activation in

the absence of TF. The prolonged activation of p38-MAPK is often

associated with cellular responses including apoptosis.

Aims: In this study we have explored the mechanisms involved in the

activation of p38-MAPK in the presence and absence of TF, and

examined the outcome on the mediators of cell apoptosis.

Methods: Endothelial cells were transfected to overexpress wild-type

TF and activated by incubation with PAR2-agonist peptide or factor

Xa. Furthermore, to mutant forms of TF with alanine (TFAla253) or

aspartate (TFAsp253) substitutions at serine-253 were used to sup-

press or promote the release of TF and treated similarly. The activa-

tion of p38-MAPK, Rac1 and Src1 was monitored over 180 min by

western blot analysis. In addition, the outcome on the mediators of

cellular proliferation and apoptosis (cyclin D, p53 and bax) was exam-

ined over 24 h by RT-PCR and western blot analysis. Finally, the out-

come on cell proliferation and apoptosis was recorded by cell count

and TUNEL assay respectively.

Results: In agreement with our previous work, the activation of PAR2

resulted in two separate peaks of p38-MAPK phosphorylation at 40

and 120 min, in cells overexpressing wild-type TF and was augmented

in cells overexpressing the TFAla253-mutant form. In contrast, only

the initial peak was present in cells without TF, or those expressing

TFAsp253. Rac1 phosphorylation was observed at 40 min in cells

expressing wild-type TF and the untransfected cells and at 40 and

120 min in cells expressing TFAla253 mutant. In contrast, Src1 phos-

phorylation was only observed at 120 min post-activation of PAR2 in

the cells expressing the wild-type TF and was significantly enhanced in

the cells expressing TFAla253. In all cell samples, the level of cyclin D

rose at 8 h following the activation of PAR2 and was higher in cells

expressing TFAsp253 and wild-type TF than the untransfected cells.

Moreover, the levels of cellular p53 and bax were higher in cells

expressing TFAla253 than those in the wild-type TF, which were in

turn higher than those in TFAsp253 or the untransfected cells. Finally,

an increase in the rate of cell apoptosis was observed at 24 h, in the

cells expressing TFAla253.

Conclusions: Our data suggest that the retention of TF following the

activation of endothelial cells can induce TF-mediated signalling

mechanisms that prolong p38-MAPK activation, culminating in the

up-regulation of pro-apoptotic mediators and leading to cell death.

Endothelial cells do not normally express TF but may do so in

response to pro-inflammatory cytokines. In addition, endothelial cells

accumulate TF released as microparticles, from the circulation in par-

ticular, during disease conditions. Therefore overwhelming amounts

of cellular TF, or the disruption of the release of TF upon activation,

may result in cellular apoptosis which can lead to endothelial dysfunc-

tion in disease conditions.
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PB 3.56-2
Human neutrophils express tissue factor in peritonitis
Nguyen P1, Lakbakbi S1, Debrumetz A2, Rieu Ph2 and Nguyen P1

1University of Reims; 2CHU de Reims, Reims, France

Background: The expression of Tissue factor (TF) by human polymor-

phonuclear neutrophils (PMN) remains controversial. In animal mod-

els, PMN recruitment and TF-expressed PMNs have been shown to

initiate thrombus formation at the site of injured endothelial wall.

Direct evidence of a TF expression by human PMNs is limited. Septic

peritonitis is a good model to study chemotaxis, migration and activa-

tion of PMNs.

Aims: To study TF expression by human PMNs obtained from

patients presenting with peritonitis. To develop an in vitro model to

mimic inflammation in human PMNs and examine TF expression.

Methods: PMNs were obtained from patients with peritonitis second-

ary to peritoneal dialysis. PMNs were isolated by immunomagnetic

sorting. TF expression was examined by RT-PCR, Western Blot,

immunoprecipitation. TF was visualized by indirect immunofluores-

cence. TF activity was measured by a Xa generation assay and cali-

brated automated thrombinography. For the in vitro study, PMNs

from healthy volunteers were purified by density gradient and stimu-

lated by TNF-a and IL-8. The influence of adhesion was studied by

the effect of a potent inhibitor of CD11/CD18 (MAb IB4, Calbio-

chem). We investigated the role of MAPK kinase (MEK) signaling

pathway using U0126 (Sigma).

Results: PMNs obtained ex vivo from peritonitis strongly express TF

(mRNA and protein). Functional assays (Xa generation, thrombinog-

raphy) indicate that TF is strongly procoagulant. In vitro, PMNs

expressed TF mRNA in response to TNF. This TF mRNA expression

in response to TNF was increased when PMNs were primed with IL-8.

On the contrary IL-8 alone weakly induced TF mRNA expression. In

contrast, IL-8 alone induced a strong TF protein expression indicating

that this chemokine up regulates TF at the translation level. TNF-a
induced TF mRNA expression was inhibited by U0126 indicating the

involvement of MAPK kinase pathway. When PMN adhesion was

inhibited by MAb IB4, we observed a decrease of TNF-a TF expres-

sion.

Summary/Conclusions: PMNs from peritonitis allow to study TF

expression in inflammatory conditions. Ours results brings direct evi-

dence of a strong TF expression by PMNs in a septic extravascular sit-

uation. It iindicates a de novo TF synthesis by PMNs. The in vitro

study suggests that TF expression by PMNs is the result of chemo-

taxis, adhesion and inflammatory condition.

PB 3.56-3
Plasma levels of bone morphogenetic proteins and
circulating monocyte tissue factor in individuals with
echolucent and echogenic carotid atherosclerosis
Sovershaev M1, Sovershaev T2, Egorina E1, Bogdanov VY3,

Hansen JB1 and Sovershaev M1

1University of Tromsø, Tromsø; 2University Hospital of North

Norway, Tromsø, Norway; 3University of Cincinnati School of

Medicine, Cincinnati, OH, USA

Background: Tissue factor (TF) potently activates blood clotting via

interaction with factor VII (FVII) and FX. Circulating monocytes is a

major source of blood borne TF and are sensitive to changes in pro-

and anti-inflammatory milieu in blood and vasculature. Lipid-rich and

calcified atherosclerotic plaques present as echolucent and echogenic

ultrasonic lesions, respectively, bare different risk for thrombus forma-

tion on their surface. Bone morphogenetic proteins (BMP)-2 and -7

are potent regulators of vascular calcification and could also modulate

TF expression in monocytes. So far no studies have investigated the

relationship between plasma levels of BMPs and TF expression on cir-

culating monocytes.

Aims: To assess plasma levels of BMP-2 and BMP-7 and expression of

TF on circulating monocyte in individuals with echogenic and echolu-

cent carotid atherosclerosis.

Methods: The study has been approved by the institutional committee

on the research ethics. We enrolled subjects with echolucent (n = 20)

or echogenic (n = 20) carotid plaques, as well as controls without caro-

tid atherosclerosis (n = 20), judged by ultrasonographic examination.

Levels of TF and mRNA expression as well as plasma levels of BMP-2

and BMP-7 were measured using flow cytometry, qPCR, and ELISA

(R&D Systems, USA), respectively. Effects of BMPs on TF expression

in monocytes were tested in vitro. Regression analysis and t-test has

been chosen to test relationships between variables and differences in

mean group values. Two-sided P < 0.05 was considered significant.

Results: Plasma from individuals with echolucent carotid atherosclero-

sis contained significantly higher concentrations of BMP-7 than

plasma from individuals with echogenic atherosclerotic plaques

(P > 0.05) and similar to BMP-7 levels in plasma from healthy individ-

uals. Levels of BMP-2 did not statistically differ between the groups.

Relative to echogenic group, higher concentrations of BMP-7 in indi-

viduals with echolucent atherosclerosis coincided with stronger TF

presentation and higher TF mRNA expression in monocytes. In vitro,

BMP-7 increased the expression TF mRNA and protein at low lmolar

concentrations, whereas BMP-2 had no effect on TF expression in

resting monocytes.

Conclusions: Plasma levels of BMP-7 are higher in individuals with

echolucent atherosclerotic plaques than in individuals with echogenic

lesions. This could lead to increased prothrombotic properties of

blood of individuals with soft lipid-rich plaques through BMP-7-medi-

ated stimulation of TF synthesis and presentation in circulating mono-

cytes.

PB 3.56-4
Tissue Factor is expressed by osteosarcoma and
regulates IL-8 expression
Tieken C and Versteeg HH

LUMC, Leiden, The Netherlands

Background: Osteosarcoma (OS) is a primary bone tumor mostly

affecting adolescents. In spite of aggressive treatment, 30–40% of OS

patients develop metastatic disease within 5 years and die. Expression

of Tissue Factor (TF), the primary initiator of the coagulation cas-

cade, has been observed in various types of cancer, and expression

associates with poor clinical outcome. Apart from its role in coagula-

tion, TF/FVIIa-dependent signaling via PAR2 promotes angiogenesis

and tumor progression in various cancer types, through enhanced

expression of genes such as IL-8 and CXCL-1. Whether TF is

expressed in OS and influences OS cell behaviour has never been docu-

mented.

Aims: To investigate whether TF is detected in OS specimens, associ-

ates with tumor progression and contributes to OS cellular signaling.

Methods: TF protein expression in 19 high-grade conventional OS

biopsies and 14 lung metastases was determined by standard IHC

using a specific TF antibody. Scoring was performed semi-quantita-

tively according to staining intensity on a scale as follows: 0 = total

negative slide, 1 = weak, 2 = moderate, and 3 = strong intensity.

Semi-quantitative TF mRNA expression in the SAOS-2, U2OS,

MNNG-HOS and 143B cell lines was determined by PCR using spe-

cific TF primers. TF was downregulated in 143B using an shRNA

approach. TF, IL-8 and CXCL-1 levels were determined using qPCR.

Results: All OS biopsies and metastases showed immunoreactivity for

TF, but intensity varied between specimens. TF-positivity was signifi-

cantly increased in metastases compared to primary tumors (Chi-

square: P = 0.019). The OS cell lines SAOS-2, U2OS, MNNG-HOS

and 143B were shown to express TF by semi-quantitative PCR. 143B

cells were selected because of its pro-angiogenic and metastatic behav-

iour in murine xenograft models and 143B cells transduced with TF-

specific shRNA showed a 0.6 fold decrease in TF levels by qPCR

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 803–840

846 ABSTRACTS



(P = 0.02). IL-8 mRNA expression in TF shRNA transduced cells was

reduced by 0.48 fold (P = 0.013), while CXCL-1 levels were not signifi-

cantly reduced.

Summary/Conclusion: Here we show that flTF is widely expressed in

clinical OS specimens as well as established OS cells lines. We conclude

that targeting TF might be a viable option to inhibit osteosarcoma

progression in patients, potentially by inhibiting angiogenesis.

PB 3.56-5
Detection of tissue factor bearing microparticles and
the study of the clinical significance in the haemostatic
dysfunction of acute myeloid leukemia
Yang L, Bai S, Guo Z and Zhang Y

The Second Hospital of Shanxi Medical University, Taiyuan,

China

Background: Tissue factor bearing microparticles(MP-TF)has recently

been shown to play a critical role in the cancer-associated thrombus

formation. The latest research has found that its role can not be

ignored in hematologic malignancies. Acute myeloid leukemia (AML)

especially acute promyelocytic leukemia(APL) often exists hemostatic

dysfunction such as disseminated intravascular coagulation (DIC) and

threaten the lives of patients seriously. The study of the MP-TF in the

haemostatic dysfunction of AML is very limited.

Aims: To analyze the clinical significance of the MP-TF in the haemo-

static dysfunctionin of AML patients.

Methods: MP-TF and TF were detected by FCM (antibody: TF-PE

and Annexin-V-FITC) and ELISA respsctively in 64 newly diagnosed

AML patients including 22 cases of APL.

Results: MP-TF and TF of AML and APL patients are both higher

than those in the healthy adults(P < 0.05), MP-TF especially presents

high expression(P < 0.001). The MP-TF in the patients whose pro-

thrombin time (PT) is prolonged more than 3s is higher than those

with normal PT value(P < 0.05). MP-TF increases along with pro-

longed PT, TF is not different between the two groups. The MP-TF of

APL patients and TF in AML patients with DIC before chemotherapy

are both higher than after chemotherapy(P < 0.05, P < 0.001). The

level of TF in the patients with abnormal FDP value is increased

(P < 0.05), but there is no relation between MP-TF and FDP. There

was no statistically significant difference of MP-TF and TF between

the AML and APL(P > 0.05), AML with DIC and without DIC

(P > 0.05)

Conclusions: MP-TF and TF associated with the extrinsic coagulation

pathway participate in the haemostatic dysfunction in the AML.

PB 3.56.6
Oral anti-factor Xa and factor IIa agent mediated
inhibition of tissue-factor mediated generation of
thrombin in prothrombin complex concentrates
Syed D1, Hoppensteadt D1, Kahn D1, Harenberg J2 and Fareed J1

1Loyola University Medical Center, Maywood, IL, USA;
2University of Heidelberg, Mannhein, Germany

Introduction: Several oral anti-factor IIa and factor Xa agents have

recently been developed. These include the thrombin inhibitors Ximel-

agatran/Melagatran (M) and Dabigatran Etexilate/Dabigatran (D),

which require endogenous conversion to the active agents D and M.

The factor Xa inhibitors, Rivaroxaban (R) and Apixaban (A), are

anti-Xa agents that do not require any endogenous activation. Ximel-

agatran was withdrawn from the market due to adverse reactions. Da-

bigatran, Rivaroxaban, and Apixaban are approved for various

clinical indications. Antagonism of the anticoagulant effect may be

required in bleeding complications. Contradictory results were

reported for the efficacy of various prothrombin complex concentrates

(PCCs) with these new oral anticoagulants (NOACs). The purpose of

this study was to determine the differences in the thrombin generation

inhibitory profiles of the newer oral anticoagulant agents.

Methods: Commercially available PCCs namely Octaplex and Beri-

plex, were used as a source of Factors II, VII, IX and X. To investigate

the effect of each of these agents, a working solution of 1 U/mL of

both PCCs were supplemented in a graded concentration of 0–
1250 ng/mL with M, D, R and A. Thrombin generation studies were

carried out using a thromboplastin activator (RC High, Technoclone

Vienna, Austria). Total thrombin generated was measured in terms of

nM’s. The IC-50 for each agent was calculated individually. The time

course of thrombin generation was also measured following the kinetic

profiles and AUC.

Results: Dabigatran and Melagatran produced relatively weaker inhi-

bition of thrombin generation with the IC-50 values ranging from 410

to 110 ng/mL in Beriplex and 350–1120 ng/mL in Octaplex. Both Riv-

aroxaban and Apixaban produced strong inhibition of thrombin gener-

ation, with the IC-50 ranging from 58 to 62 ng/mL in Octaplex;

whereas, in Beriplex these values ranged from 48 to 50 ng/mL. The

onset time for thrombin generation and total thrombin formation was

concentration dependent. The kinetics of thrombin generation with A

and R were distinct from D and M. At concentrations below 310 ng/

mL the total amount of thrombin generated was comparable to the

control; however, its formation was delayed. In both systems, D exhib-

ited the weakest thrombin generation inhibitory potential. While the

onset time of thrombin generation was delayed at concentrations below

310 ng/mL the levels were comparable to or higher than the control.

Discussion: This data suggests that PCC’s such as Octaplex and Beri-

plex can be used to generate thrombin and it’s inhibition by new oral

anticoagulant drugs. Octaplex generates much higher amount of

thrombin than Beriplex at equivalent units. These results also show

that in comparison to the oral anti-Xa agents, the oral anti-IIa agents

are relatively weaker inhibitors of thrombin generation. These studies

also suggest that the differential inhibition of the generation of throm-

bin through tissue factor by the anti-Xa and IIa agents may contribute

to the potential neutralization profile of PCC’s for these drugs.

PB3.57 – Fibrinogen/Fibrin – IV

PB 3.57-1
Fibrinogen Geisinger?W335C: impaired self-assembly,
diminished clot stiffness, accelerated clot lysis, and
association with thrombophilia
Galanakis DK1, Neerman-Arbez M2, Sheiner T3, Quiery A4, Liu Y1,

Zhang L1, Manco-johnson M5, Rafailovich M1 and Weisel J4

1Stony Brook University, Stony Brook, NY, USA; 2University

Medical Center, Geneva, Switzerland; 3University of

Pennsylvania, Philadelphia, PA; 4Geisinger Med. Center,

Danville, PA; 5University of Colorado, Denver, CO, USA

The poorly understood association of thrombosis with many congeni-

tal dysfibrinogens led to the present investigations. A 58 year old

woman experienced numerous venous thromboembolic events since

age 20 years, as did her father since age 60. A nephew incurred venous

sinus thrombosis at age 15. Except for past use of contraceptives and

one episode occurring during her only full term pregnancy, exhaustive

hypercoagulability testing disclosed no other risks. Fibrinogen levels

were 111 mg/dL and 123 mg/dL by functional and antigen assays,

respectively. Similarly decreased by both assays were corresponding

levels of her father and nephew. PCR and DNA sequencing disclosed

a heterozygous missense mutation encoding for fibrinogen cW335C.

Her isolated fibrinogen was >96% coagulable and its thrombin time

(1 mg/mL, 2 mM CaCl2, pH 7.4) was 28.1 s, control 19.2 s (n = 2).

Unreduced and reduced SDS-PAGE bands, including those of clots

cross-linked by Factor XIIIa, were identical to those of normal

controls. Turbidity maxima (350 nm) of single batroxobin- and throm-
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bin-induced clots were 41% and 34% of respective controls, and its

thrombin-induced polymerization rate (absorbance units/min-

ute 9 10�3) was 33, control 108. By thromboelastography (TEG),

duplicate clots formed in the presence of gel-sieved platelets

(190 9 103/lL, 4 mM CaCl2, pH 7.4, 15% afibrinogenemic plasma,

fibrinogen 2 lM, thrombin 0.5 U/mL) yielded maximum signal ampli-

tude (reflecting shear modulus and clot stiffness) 13% and 15% of con-

trols. Thrombin (0.2 U/mL) induced duplicate clots of 3 lM
fibrinogen, containing 125 nM recombinant tissue plasminogen activa-

tor (rtPA) and 15% afibrinogenemic plasma, yielded lysis times of 91

and 93 min, controls >300 min. In chromogenic measurements, the

fibrin (50 lM) enhanced glu-plasminogen activation rate by rtPA

(absorbance, 405 nm, increments in units 9 10�3/min) was similar to

that of controls, n = 3. Scanning electron microscopy revealed that

19% of fibrin fibers displayed one or more unevenly spaced bead-like

dense bulges, an occasional fiber end, and mean fiber width 81%

(n = 72) that of controls. The known proximity of c335 to the

‘a’pocket (c337–379) led to examination of fibrinogen networks,

known to consist of fibers whose periodicity and stiffness are virtually

identical to those of fibrin counterparts (Koo et al, J Thromb Hae-

most, 2010; 8: 2727). Fibrinogen, depleted of its soluble fibrin, was

incubated (4 mg/mL, 50 U/mL aprotinin, 20 U/mL hirudin, 0.5 mM

EDTA, pH 7.4, 4 h) on polystyrene-coated (1 9 1 cm, 100 lm thick)

silica plates. Light microscopy disclosed randomly distributed insolu-

ble patches, which by atomic force microscopy (topographic scanning)

consisted of three-dimensional fiber networks (≤1 lm height). Fibers

were typically fine (diameter 100 � 40 nm, control 154 � 27 nm,

n = 7), short, and branched. Most fibers displayed multiple bead-like

bulges, and many were laterally coalesced into loosely packed coarser

fibers (diameter 405 � 100 nm, control 349 � 63 nm, n = 7). Control

network fibers were long, smooth, with occasional overlaps and

branching. Abnormal fibrinogen and fibrin networks suggest impaired

polymerization contact(s) at site(s) other than that enabling ‘A knob’:

‘a’pocket interaction. Accelerated clot lysis is attributable to decreased

plasmin resistance, and its co-presence with hypofibrinogenemia sug-

gests a possible decrease of thrombin sequestration by fibrin, enabling

pathologic thrombus extension.

PB 3.57-2
The spectrum of mutations associated with hereditary
fibrinogen disorders in the UK
Hill M1, Seth R1, Gordon B1, Patel N1, Nicholson E2, Campbell TR2

and Dolan G1

1Nottingham University Hospitals NHS Trust, Nottingham;
2Glasgow Royal Infirmary, Glasgow, UK

Hereditary fibrinogen disorders may be quantitative (afibrinogenemia/

hypofibrinogenemia) and/or qualitative (dysfibrinogenemia). The clini-

cal significance of fibrinogen disorders are variable and difficult to pre-

dict, particularly with dysfibrinogenemia, which although frequently

asymptomatic, may also be associated with an increased risk of bleed-

ing and/or thrombosis

The aims of this study were to investigate the spectrum of mutations

associated with fibrinogen disorders in the UK and evaluate the role of

genetic analysis in assisting clinical decisions.

Inherited fibrinogen disorders are associated with a range of different

mutations found throughout the three genes that encode fibrinogen

(FGA, FGB and FGG). Genetic analysis was carried out by nucleo-

tide sequencing of the coding regions of these genes. 161 patients from

120 families originating from throughout theUKwere studied, and this

approach identified a causative mutation in 154 patients.

123 patients (84 families) had dysfibrinogenemia as defined by discrep-

ant fibrinogen antigen and Clauss activity. All cases were found to be

associated with heterozygous missense mutations.

74 patients (61%) from 56 families were heterozygous for FGA

c.104G>A (Aa p.Arg35His). Patients with this variant consistently

had a clear antigen:activity discrepancy (mean FibAg 3.14 g/L, Fib

Clauss 0.6 g/L). This variant was associated with a small increased risk

of bleeding but no increased risk in thrombotic or pregnancy compli-

cations. Other recurrent mutations included FGG c.901C>T (c
p.Arg301Cys) which was seen in 17 patients (14%) from 13 families.

Eleven other missense mutations were detected including three novel

variants; Bb p.Val169Asp and Aa Pro222Thr, in association with hyp-

odysfibrinogenemia and Bb p.Ile235Thr in association with dysfibrino-

genemia.

Genetic variants were detected in 35 patients with quantitative disor-

ders (27 families). Most cases were heterozygous, while severe defi-

ciency was associated with homozygosity/compound heterozygosity.

The nonsense mutation Bb Arg47* was detected in 10 patients (28%)

from six families. Seventeen other genetic variants were detected, none

recurrently. These included four splice site variants, four small inser-

tion or deletions, one nonsense mutation and eight missense changes.

Novel variants include heterozygosity for Aa p.Ser294 fs, FGG c.124-

1G>C, c p.Lys222Asn and c p.Ala353Asp in association with hypofi-

brinogenemia, and homozygosity for splicing variant Bb Gly320Ser in

a patient with afibrinogenemia.

This study has given insight into the spectrum of mutations associated

with fibrinogen disorders in theUK, which differs from previously

reported incidences, and targeted analysis for recurrent variants may

offer a more cost-effective strategy for genetic testing.

Although it is important to consider additional genetic and environ-

mental factors, the increasing availability and critical analysis of clini-

cal data in relation to recurrent mutations – particularly Aa
p.Arg35His, may support more confident predictions of bleeding/

thrombotic risk in dysfibrinogenemia. This study has also allowed the

identification and characterisation of novel variants which may further

our understanding of fibrinogen structure and function.

PB 3.57-3
Progression in D-Dimer and biomarkers of fibrin
formation correlate with outcome in sepsis
Toh JMH1, Ken-Dror G2, Downey C3 and Abrams ST2

1Liverpool College; 2University of Liverpool; 3Royal Liverpool &

Broadgreen University Hospitals NHS Trust, Liverpool, UK

Background: Sepsis is associated with an increase in intravascular

fibrin formation and its detection is though fibrin-related biomarkers

(FRM). Although D-Dimer (DDI) is the most commonly used, fibrin

degradation products (FDP) and fibrin monomer (FM) may also have

clinical utility in meeting the unmet challenges of early diagnosis and

prognosis of sepsis.

Aim: To examine the hypothesis that increased FRM levels are useful

in the diagnosis and prognosis of sepsis.

Methods: FDP, DDI & FM assays were measured on 130 plasma

samples from patients on the intensive care unit (ICU) with and

without sepsis and healthy individuals. Levels were correlated with

each other (Pearson correlation coefficient) and also with fibrino-

gen (FIB), prothrombin time (PT) and platelets (PLT) as global

indicators of clot activation as well as antithrombin (AT). Clinical

correlation was also determined for outcome (survival/death) from

FRM levels on admission and from serial time-dependent changes

(ANOVA).

Results: There was strong correlation between all three FRM

(r = 0.38–0.93, P < 0.0001) but only FM correlated significantly with

PT, FIB, PLT and AT. However, FDP & DDI levels could signifi-

cantly discriminate between patients with sepsis, non-sepsis & healthy

individuals [Mean FDP: 28.74, 7.27, 1.42 (lg/mL) respectively] [Mean

DDI: 7.17, 2.23, 0.29 (lg/mL) respectively] (P < 0.05). A single admis-

sion level did not predict outcome in all three FRM but longitudinal

time-dependent analyses showed serial trends in FDP & DDI levels

correlating to outcome at day 28. Statistical significance was only

achieved by serial FDP levels [Mean FDP (lg/mL) from 35.36 (first

day) to 21.37 (last day), P < 0.005].

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 803–840

848 ABSTRACTS



Conclusion: For early identification of sepsis via identification of coag-

ulation activation, FM is the most clinically useful. For monitoring

the patient with sepsis, FDP and DDI levels can identify sepsis on

ICU admission with FDP preferable for monitoring due to its statisti-

cally significant time-dependent changes in predicting outcome.

PB 3.57-4
Impairment of fibrin properties resulting from
coagulopathy at haemodilution and its reverse by a
fibrinogen concentrate HaemocomplettanⓇ
(RiastapⓇ)
He S1, Johnsson H1, Zabczyk M2, Hultenby K1, Wallen H1

and Blomback M1

1Karolinska Institute, Stockholm, Sweden; 2Jagiellonian

University, Krakow, Poland

Background: Resuscitation of intravascular volume with crystalloid

infusion post trauma leads to plasma dilution and a coagulopathy. In

haemodilution, fibrinogen is the first factor to become critically low,

giving rise to increase of bleeding risk. Although the plasma levels of

other coagulants decline in parallel, usually no decrease of thrombin

generation (TG) is found in such patients. This may be explained by

greater response of TG for dilution of coagulant inhibitors than for

dilution of coagulants (De Smedt, 2009).

Aim: To assess whether at haemodilution, i) the decrease in amounts

of formed fibrin is more profound than that in TG, ii) the decrease

of fibrin quantity is more important than of the network porosity

for down-regulating clot stability against fibrinolysis, a natural

sequel to haemostasis, and ii) Haemocomplettan� (a fibrinogen con-

centrate) can restore the impairment of proteolytic resistance of

fibrin.

Methods: In vitro, a haemodilution model was examined by determin-

ing Calibrated Automated Thrombogram, quantity of clotted fibrino-

gen i.e., fibrin (He, 2013), fibrin network permeability, images of

Scanning Electron Microscope (SEM) and Rotational Thrombelasto-

gram (ROTEM). This model was created with a normal plasma pool

(NPP) diluted from 100 to 75, 50 and 25%, and then spiked with Hae-

mocomplettan�. Coagulation and fibrinolysis were triggered by tissue

factor and t-PA respectively.

Results: At haemodilution, the global marker of TG i.e., Endogenous

Thrombin Potential was not changed due to delay of thrombin inacti-

vation. In parallel with dilution, less fibrin was generated and a net-

work with lower permeability (Ks) was formed. Haemocomplettan�

added to NPP25% made the fibrin amounts rise but the Ks further

decline. According to SEM images, the addition of Haemocomplet-

tan� giving total fibrinogen 2 g/L tightened the network significantly.

Noteworthy, an additional network was formed between the major

fibrin fibres, comprising thinner fibres and smaller pores than those in

the major network. Haemocomplettan� at a higher concentration

(total fibrinogen 4 g/L) further modified the appearance of clot: the

additional network still existed but the major fibres tended to lateral

association forming thick ‘fibrin fibre bundles’. In ROTEM assays,

haemodilution did reduce the maximum visco-elasticity i.e., Maximum

Clot Firmness (MCF) and did shorten the fibrinolysis rate i.e., Clot

Lysis time (CLT). When the total fibrinogen rose to 2 g/L after addi-

tion of Haemocomplettan�, normalized levels were found in these RO-

TEM parameters. Greater concentrations of Haemocomplettan�

added (total fibrinogen 4–6 g/L) brought parallel enhancements in

MCF, but no further prolongation of CLT was induced by the

enhancement of fibrin amounts.

Summary: Due to the unequal effect of haemodilution on TG and

fibrin formation, clots derived from diluted plasma with insufficiency

of fibrinogen are less stable to plasmic digestion, notwithstanding the

tightened network structure. This study in vitro suggested that normal-

ization of clot strength against fibrinolysis which may have a positive

influence on haemostasis needs fibrinogen concentrations no less 2 g/L

(after administration of Haemocomplettan�); there may be no more

advantage at using higher doses of this concentrate, since ‘fibrin fibre

bundles’ probably formed as seen in vitro favor fibrinolysis by expos-

ing more binding-sites to plasminogen (Veklich, 1998)

PB 3.57-5
Global development plan for a double virus inactivated
fibrinogen concentrate for the treatment of congenital
fibrinogen deficiency
Hegener O1, Schwartz BA2 and Knaub S1

1Octapharma AG, Lachen, Switzerland; 2Octapharma, Hoboken,

USA

Introduction: Congenital afibrinogenaemia and hypofibrinogenaemia

are rare inherited disorders occurring in homozygotic patients with an

estimated incidence of 1 in 106. Patients present with frequent severe

bleeding episodes since birth or early childhood. Bleeding may occur

after a minor trauma or a small surgical intervention, into the skin,

mucosa, muscles, gastrointestinal tract, or the brain. Therapeutic sub-

stitution with human fibrinogen concentrate can correct the haemo-

static defect and arrest the bleeding in patients with these fibrinogen

deficiencies. Octafibrin is a highly purified, lyophilized, human plasma

fibrinogen concentrate, without added albumin. Octafibrin is double

virus inactivated using two dedicated virus inactivation/removal steps,

solvent/detergent treatment, and nanofiltration.

Aim: This poster presents a plan for the global development of Octafi-

brin, taking into account discussions with European Regulators and

the FDA. This plan also involves discussions with the European pedi-

atric committee (PDCO) which oversees the inclusion of pediatric sub-

jects into drug development under the new EMA guidelines.

Methods: The development plan calls for a prospective, randomized,

open label, multinational, pivotal PK comparison of Octafibrin to an

existing marketed product in 18 adult and adolescent patients, includ-

ing comparison of a surrogate efficacy endpoint measured by TEG. In

a second study the efficacy and safety of the product in bleeding and

invasive procedures will be assessed in 24 adult and adolescent

patients. Finally a pediatric PK, efficacy and safety study in patients

below 6 years will be performed but because of the rarity of these

patients this study will not need to be completed before review and

approval by the regulatory agencies. Clinical studies are planned to be

started end of 2012.

Results: A double virus inactivated, plasma derived fibrinogen concen-

trate (Octafibrin) will be globally developed in an ultra rare congenital

disease after harmonized discussions with EU and US regulators. Piv-

otal comparative PK data and interim efficacy and safety data will be

available at time of regulatory submissions while the finalization of the

pediatric study is deferred.

PB 3.57-6
Acquired hypofibrinogenemia assessed by whole
blood thromboelastometry profiles in children with
acute lymphoblastic leukemia treated with l-
asparaginase
Spiezia L, Putti MC, Sartori MT, Campello E, Bon M, Maggiolo S,

Varotto S, Geranio G, Basso G and Simioni P

University of Padova, Padova, Italy

Background: Treatment with L-Asparaginase (L-Asp) or PEG-L-As-

paraginase (PEG-L-Asp) in patients with acute lymphoblastic leuke-

mia (ALL) is associated with coagulation disturbances, being deep

venous thrombosis the most common clinical consequence. Coagula-

tion alterations most frequently reported were hypofibrinogenemia,

low plasminogen and antithrormbin (AT) plasma levels, protein C and

S deficiencies. Whole blood rotation thromboelastometry (ROTEM�),
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using FIBTEM test, has been reported to be a good tool to identify

hypofibrinogenemia.

Aim: To evaluate whole blood rotation thromboelastometry profiles in

children with ALL treated with PEG-L-Asp in order to identify strate-

gies for monitoring and treating complications in LLA children.

Methods: Children treated with PEG-L-Asp for ALL consecutively

referred to the Pediatric Hemato-Oncology Clinic of the Padua Uni-

versity Hospital, from June to December 2012, were enrolled. After

informed consent, samples were obtained at predefined time points

during the induction and reinduction phases of chemotherapy. Maxi-

mum Clot Firmness (MCF, normal value 9–25 mm), i.e. the maximum

amplitude in millimeters reached in FIBTEM thromboelastogram,

which is used to assess the specific role of fibrinogen in whole blood

clot formation following inhibition of the platelets by Cytocalasin D,

was performed. Moreover, AT and fibrinogen plasma levels were mea-

sured on the same samples.

Results: One hundred seventy two sets of thromboelastometry measure-

ments were collected from 26 ALL patients (age range 20 months–
17 years; M/F 13/13). Seventy-five MCF measurements (40%) resulted

below the lower limit ofMCF normal value. A significant linear correla-

tion was found between MCF values in FIBTEM and fibrinogen

plasma levels measured with Clauss method (P < 0.001). No influence

of reducedAT plasma levels on thromboelastometry determination was

observed. Replacement with i.v. fibrinogen concentrates was suggested

for MCF values <2 mm. No hemorrhagic complication was reported in

our cohort. One 6-year old boy presented cerebral venous thrombosis not

related to supportive (i.e. fibrinogen, plasma and/or platelets) therapy.

Conclusions: TheMCF value in FIBTEMmay be used as an alternative

test to determine the clotting efficacy of fibrinogen respect to the Clauss

assay. The determination of fibrinogen function by means of RO-

TEM� can be considered a complementary test to the conventional

clotting profile used for the management of asparaginase-induced co-

agulopathy in children with ALL. Larger studies are needed to evaluate

the role of thromboelastometry to guide fibrinogen replacement ther-

apy in acquired hypofibrinogenemia due to asparaginase treatment.

PB3.58 – Other coagulation
factors – III

PB 3.58-1
Platelet uptake of recombinant factor VIIa takes place
in vivo but does not prolong its circulating half-life
Hyseni A1, Schut AM2, Roest M1, Lisman T1 and De Groot PG1

1University Medical Center Utrecht, Utrecht; 2University Medical

Center Groningen, Groningen, The Netherlands

Background: The half-life of Factor VIIa (FVIIa) in the circulation in

humans is around 2–3 h. However, a once-daily administration of

recombinant Factor VIIa (rFVIIa) has been reported to prevent bleed-

ing in patients with hemophilia A, suggesting that the product has a

longer therapeutic effect than suggested by its half-life. Previously, we

and others have shown that platelets internalize rFVIIa in vitro.

Aims: The aim of this study was to investigate if uptake of rFVIIa by

platelets also takes place in vivo and to evaluate whether this process

influences the half-life in the circulation.

Methods: We administered a single bolus dose of 90 lg/kg rFVIIa to

six pigs, and collected blood samples before and 12 time-points after

administration. The concentration of FVIIa within platelets was

assessed in lysates of isolated, washed platelet preparations. We deter-

mined VIIa concentrations in these lysates by a functional assay in

which we determined the prothrombin time (PT) in Factor VII defi-

cient plasma to which lysates were added. In addition, we assessed

FVIIa antigen levels in platelet lysates using a novel ELISA that recog-

nizes activated but not zymogen factor VII.

Results:We detected FVIIa in platelet lysates using both the functional

assay and the ELISA. The highest amount of FVIIa detected in plate-

let lysates was present in the sample taken 1 h after administration of

rFVIIa. Platelet FVIIa levels remained elevated up to 12–16 h after

infusion. The half-life of platelet FVIIa was similar to that of the half-

life of FVIIa in plasma as shown by an unchanged ratio of FVIIa in

plasma over FVIIa in platelets in samples taken 1 h or more after

injection.

Conclusions: Here we have demonstrated that rFVIIa is taken up by

platelets in vivo using a model of non-bleeding pigs. The half-life of

rFVIIa in platelets is similar to the half-life in plasma, suggesting a

continuous exchange of rFVIIa between platelets and plasma. Our

hypothesis that platelet uptake protects rFVIIa against clearance is

thus not supported by the present experiments.

PB 3.58-2
A fusion of thrombin-activatable FVII and soluble
tissue factor displays improved activity and
pharmacokinetic properties compared to activated FVII
Salas J, Tan S, Kistanova E, Ashworth T, Chen K, Acosta M,

Pape R, Pierce GF, Jiang H, Peters RT, Johnson B and Light D

Biogen Idec Hemophilia, Waltham, MA, USA

Background: Improvements in the pharmacokinetics of recombinant

activated factor VII (rFVIIa) are limited by its susceptibility to inacti-

vation by protease inhibitors such as antithrombin III (ATIII), aII-
macroglobulin, and tissue factor pathway inhibitor. Furthermore, this

susceptibility can be enhanced by mutations aimed at improving the

enzymatic activity of rFVIIa. We have previously shown that a throm-

bin-activatable rFVIIFc variant is resistant to ATIII inhibition, result-

ing in enhanced pharmacokinetic properties relative to rFVIIa and

rFVIIaFc. However, such variant showed poor activity in in vitro

coagulation assays. We have generated a thrombin-activatable rFVII

recombinantly fused to the soluble form of tissue factor (sTF, residues

1–219). We reasoned that such variant would remain in the zymogen

form in circulation and resistant to protease inhibitors, but activated

at the site of an injury by thrombin. Upon activation, the sTF protein

would act as a cofactor to enhance the activity of thrombin-activatable

rFVIIa significantly.

Aims: To develop a FVII variant with improved efficacy and pharma-

cokinetic properties relative to rFVIIa.

Methods: We have generated a thrombin-activatable rFVII variant as

an Fc fusion heterodimer, where one Fc moiety is recombinantly fused

to the C-terminus of thrombin-activatable rFVII, while the second Fc

moiety is fused to the C-terminus of a soluble form of tissue factor. To

assess potential unintended effects of the sTF protein on endogenous

FVIIa, we generated a negative control heterodimer variant where an

arginine essential for thrombin cleavage was mutated to an alanine.

The clotting activity of rFVIIa variants was measured by the soluble

tissue factor dependent prothrombin time assays (sTF-PT) and rota-

tional thromboelastometry assays (ROTEM). The Factor Xa (FXa)

generation activity was determined by monitoring FX activation using

a chromogenic substrate specific for FXa. The pharmacokinetics of

rFVII variants were determined in hemophilia B mice by ELISA, and

ATIII inhibition was assessed by SDS PAGE electrophoresis, sTF-PT

and ELISA of the rFVII-ATIII complex.

Results: Both the thrombin-activatable FVII and negative control

heterodimers displayed no activity in sTF-PT assays and, conse-

quently, were not susceptible to ATIII inhibition. Furthermore, the

thrombin-activatable heterodimer showed enhanced FXa generation

activity in vitro vs. equal molar levels of rFVIIa following activation

by thrombin. When we evaluated activity by ROTEM using blood

from hemophilia A donors, the thrombin activatable variant showed

an enhancement of activity >10-fold relative to rFVIIa. In contrast,

the activity of the negative control variant by ROTEM was negligible,

demonstrating that the activity associated with the thrombin-activat-

able heterodimer is mediated by the FVIIa/sTF complex, not sTF

alone. Furthermore, the thrombin-activatable heterodimer displayed
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improved pharmacokinetics and prolonged efficacy in HemB mice

compared to rFVIIa as determined by ELISA and ex vivo ROTEM.

Summary/Conclusions: The thrombin-activatable rFVII/sTF heterodi-

mer shows high activity following thrombin activation and displays a

longer half-life not impacted by ATIII, resulting in a prolonged effi-

cacy relative to rFVIIa. Taken together, these results set the basis for a

potential long-lasting recombinant bypass treatment option for hemo-

philia patients with inhibitors.

PB 3.58-3
Hemostatic effect of an anti-TFPI peptide in a murine
model of hemophilic joint bleeding
Hakobyan N1, Cong L1, Hartmann R2, Scheiflinger F2, Dockal M2

and Valentino LA1

1Rush University Medical Center, Chicago, IL, USA; 2Baxter

Innovations GmbH, Vienna, Austria

Background: Tissue factor (TF) is part of the extrinsic pathway of the

coagulation system, triggering the coagulation cascade after tissue

damage. Tissue factor pathway inhibitor (TFPI) inhibits factor X acti-

vation by TF/factor VIIa and thus down regulates coagulation. Anti-

TFPI is hypothesized to amplify the effect of TF and therefore boost

blood coagulation. Anti-TFPI could therefore be used as a therapeutic

agent in hemophilia patients.

Attachment of polyethylene glycol (PEGylation) is known to prolong

circulation time of therapeutic agents. A PEGylated, linear anti-TFPI

peptide (JBTA8) was developed with improved pharmacokinetic (PK)

characteristics. JBTA8 interacts with murine TFPI and is therefore

suitable for testing in a murine model of hemophilia.

Aims: The goal of this study was to evaluate the effect of a PEGylated

anti-TFPI peptide on puncture induced hemarthrosis in a murine

model of hemophilia A and compare its effect with recombinant factor

(F) VIII (Advate).

Methods: Mice deficient in FVIII activity (E16 FVIII B6;129S4-

F8tm1kaz/J) with severe hemophilia A were treated with JBTA8 (1 mg/

kg) or various doses Advate (10, 50 and 100 IU/kg) by intravenous tail

vein injection. At specified times after each product administration,

the right knee joint capsule was punctured with a 30 gauge needle to

induce a onetime hemorrhage. Animals were sacrificed 3 days follow-

ing joint injury and assessed for the presence of bleeding using gross

and histological methods. Total bleeding scores (TBS), which includes

gross and histological bleeding scores, were assigned to each joint. The

data show that JBTA8 prior to injury significantly reduced joint bleed-

ing. The protective effect of 1 mg/kg JBTA8 on puncture induced

hemarthrosis was significantly greater than the effect of 10 IU/kg but

<100 IU/kg of Advate assessed by TBS. There was no statistically sig-

nificant difference in TBS after pretreatment with 1 mg/kg JBTA8

compared to 50 IU/kg Advate.

Summary: These preliminary results suggest that anti-TFPI peptide

may provide a protective effect against experimental joint bleeding.

The effect of investigated anti-TFPI peptide dose on hemarthrosis was

comparable to that of Advate and can contribute to blood coagulation

in hemophilia.

PB 3.58-4
Structure and function of chicken protein C inhibitor
Hayashi T1, Akita N2, Okamoto T3, Nishioka J4 and Suzuki K4

1Mie Prefectural College of Nursing, Tsu-city; 2Clinical

Engineering Suzuka University of Medical Science, Suzuka; 3Mie

University School of Medicine, Tsu; 4Faculty of Phamaceutical

Sciences, Suzuka University of Medical Science, Suzuka, Japan

Background: Protein C inhibitor (PCI), a member of the plasma serine

protease inhibitor (SERPIN) family, is a physiological inhibitor of

activated protein C (APC) and thrombin- thrombomodulin complex;

they are the main proteases of the anticoagulant protein C pathway.

Human PCI also inhibits other serine proteases of the hemostatic sys-

tem, such as thrombin, factor Xa, factor XIa, factor VIIa (complexed

with tissue factor), plasma kallikrein, and urokinase-type plasminogen

activator, as well as proteases of the reproductive system such as pros-

tate-specific antigen and acrosin of the sperm. We showed that PCI is

expressed in many organs including liver, kidneys, lungs, and the

reproductive organs, such as testes, seminal vesicles and ovary in pri-

mates, but only in the reproductive organs in rodents. However, it is

still unknown whether PCI is present in birds.

Aim: In this study, we cloned a full-length chicken PCI cDNA, and

determined its mRNA distribution in chicken tissues, and functional

characteristics using recombinant chicken PCI.

Methods: Full-length chicken PCI cDNA was isolated by screening of

the Lambda ZAP chicken liver cDNA library using chicken partial

PCI cDNA fragment as a probe. DNA sequence determination and

Northern blot analysis were performed using standard methods.

Recombinant chicken PCI was prepared using Baculovirus expression

system. Inhibitory activity of the recombinant chicken PCI for APC

prepared from chicken plasma was determined in the presence or

absence of heparin.

Results: Chicken PCI cDNA encoded a putative 19-residue signal pep-

tide and a 413-residue mature protein; this showed 46.2%, 46.3%,

42.3%, 45.3% and 44.7% amino acid sequence homology with the

human, rhesus monkey, bovine, rat and mouse PCIs, respectively.

Chicken PCI had a putative reactive site peptide bond, Arg-Ser, that is

the same as the reactive site sequence (Arg-Ser) of other species’ PCI,

except for bovine PCI. Chicken PCI mRNA (2.1 kb in size) was

expressed strongly only in the liver. Recombinant chicken PCI inhib-

ited chicken APC, and this inhibition was dependent on the heparin

concentration. The three dimensional structure of chicken PCI, esti-

mated on the basis of the amino acid sequence of chicken PCI, was

similar to that of human PCI, which inhibits human APC dependent

on heparin.

Conclusion: The data suggest that chicken may have the anticoagulant

protein C pathway in plasma, in which PCI regulates APC in heparin-

dependent fashion, as in human plasma.

PB 3.58-5
Fibrinogen protects activated factor XIII from early
inactivation in human plasma
M€uller J, Krammer R, R€uhl H, Oldenburg J and P€otzsch B

University of Bonn Medical Center, Bonn, Germany

Background: Activated factor XIII (FXIIIa) is a transglutamase that

plays a central role in the regulation of thrombus stability, thrombus

regulation, cell-matrix interactions and wound healing. While activa-

tion kinetics of FXIII have been extensively analyzed, little is known

about the mechanisms involved in the regulation of the catalytic activ-

ity of FXIIIa.

Aims: To study the catalytic half-life of FXIIIa in human plasma and

to study if fibrinogen plasma levels interfere with the catalytic half-life

of FXIIIa.

Methods: To measure time-related changes in FXIIIa activity, recom-

binant human FXIIIa was added to human plasma and incubated at

37 °C. The loss of FXIIIa activity was measured using a fluorometric

FXIIIa assay. This assay was sensitive to a lower limit of quantifica-

tion of 0.01 IU/mL. To test the interindividual variability, FXIIIa

inactivation kinetics were measured in plasma samples obtained from

five healthy blood donors. All blood donors gave written informed

consent.

Results: In pooled normal plasma the catalytic activity of FXIIIa

declined to 74%, 45% and 33% of initial after 5, 30, and 60 min of

incubation. The half-life of FXIIIa was approximately 20 min showing

a low interindividual variability (CV <10%). In fibrinogen-deficient

plasma, the half-life was reduced to 5 min with residual FXIIIa-activi-
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ties of 24% and 20% measured after 30 and 60 min of incubation. The

catalytic half-life returned to normal after normalization of the fibrin-

ogen level by addition of purified fibrinogen.

Summary/Conclusion: Our data indicate that fibrinogen protects

FXIIIa from early inactivation.

PB 3.58-6
Novel mutation of factor XII gene in five Taiwanese
families of congenital factor XII deficiency
Shen MC, Lin CY, Lin SY, Chang CS, Wang CC, Lin BD

and Hsieh HN

Changhua Christian Hospital, Changhua, Taiwan

Background: Factor XII deficiency was first described by Ratnoff and

Colopy in 1955, it was not associated with abnormal bleeding despite

causing a marked prolongation of aPTT. Most patients are diagnosed

by incidentally found prolonged PTT and normal PT. Factor XII gene

is 12 Kb long with 14 exons and is located on chromosome 5q33-qter.

More than 200 cases, with more than 20 mutations in the factor XII

gene have been reported previously. However, there were no cases

reported fromTaiwan.

Aim:We have seen five unrelated families of congenital factor XII defi-

ciency since 1995. Their clinical, laboratory and genetic studies will be

presented.

Methods: Factor XII coagulant activity (FXII:C) was measured by

one-stage method. All exons and their junctions of factor XII gene

were amplified and sequenced. Informed consent was obtained from

patients and family members.

Results: Age (year)/sex of the five index patients were 55/Female, 71/

Male, 44/F, 59/F and 48/M, respectively, all had no personal or family

history of abnormal bleeding. There were no consanguinity in all fami-

lies. PT/PTT (sec) were 12/257, 11.4/150.7, 10.7/81.6, 10.7/>240 and

10/108, respectively (reference ranges: PT 9.9–12.0, PTT: 28.6–38.6).
These were detected during preoperative screens in all index patients,

except patient I who was also found to have prolonged PTT and nor-

mal PT before she received liver biopsy for evaluation of HBV hepati-

tis. FXII:C levels (%) were 0.2, 2.2, 2.6, 1.2 and 1.3, respectively

(reference range:39–154). Direct DNA sequencing in index patient I

identified a homozygous 11908 Gto A transversion resulting in FXII

Glu502Lys substitution in exon 13 of the FXII gene. A similar hetero-

zygous mutation was detected in both her parents, sister and daughter.

In index patients III, IV and V, a homozygous single nucleotide trans-

version at 12118 Gto A in exon 14, resulting in FXII Gly542Ser substi-

tution was identified. Two daughters (patient III) and one son each

(patients IV and V) had similar heterozygous mutations. In index

patient II, a heterozygous 11903 T to A transversion in exon 13 result-

ing in Leu500Gln substitution and a heterozygous Gly542Ser muta-

tion were identified. The patient’s son had similar heterozygous

mutation of Leu500Gln. All families showed 46CC at residue 46 of

FXII gene. Glu502Lys and Gly542Ser mutations of FXII gene have

been reported fromChina. Leu500Gln is a novel mutation which is

located within the catalytic domain of FXII gene, and the hydrophobic

Leucine substituted to hydrophilic Glutamine may suggest to cause

unstable structure of the catalytic triad His393-Asp442-Ser544, result-

ing in impaired secretion or decrease of the enzymatic activity.

Conclusion: One novel mutation of Leu500Gln in FXII gene was

identified among five Taiwanese families of congenital factor XII defi-

ciency. This mutation may suggest to cause reduced secretion of factor

XII protein or decrease of the functional activity.

PB3.59 – Regulation of coagulation
and fibrinolysis – III

PB 3.59-1
An additional pathway for hypofibrinolysis in diabetes:
the role of complement C3
Hess K1, Alzahrani S2, Price J3, Strachan M4, Baxter P5,

Gamlen T5, Marx N1, Schroeder V6, King R5 and Ajjan R5

1University hospital Aachen, Aachen, Germany; 2Specialized

Diabetes and Endocrine Centre, King Fahad Medical City,

Riaydh, Saudi Arabia; 3Centre for Population Health Sciences,

University of Edinburgh, Edinburgh, UK; 4Metabolic Unit,

Western General Hospital, Edinburgh, UK; 5University of Leeds,

Leeds, UK; 6University Clinic of Hematology and Central

Hematology Laboratory, Bern, Switzerland

Background: Plasminogen activator inhibitor (PAI)-1 has been

regarded as the main antifibrinolytic protein in diabetes but recent

work indicates that complement C3, an inflammatory protein, com-

promises fibrinolysis in individuals with type 1 diabetes (T1DM).

However, it is currently unknown whether this holds true in patients

with type 2 diabetes.

Aim: To investigate the association between plasma complement C3

levels and fibrinolysis in individuals with T2DM.

Methods: Fibrin clot lysis was determined in 838 patients enrolled on

the Edinburgh type 2 diabetes study using a turbidimetric assay.

Plasma levels of complement C3, C-reactive protein (CRP), PAI-1 and

fibrinogen were analyzed by ELISA. Correlations were analysed using

Pearson’s test after log transforming non-normally distributed data.

The R environment for statistical computing was employed to fit

regression models and determine independent predictors of clot lysis

time and complement C3 levels.

Results: Clot lysis time showed a highly significant correlation with C3

and PAI-1 plasma levels (r = 0.25, P < 0.0001 and r = 0.15,

P < 0.0001; respectively). In contrast, a relatively weak correlation

was detected with CRP (r = 0.08, P = 0.02) and fibrinogen (r = 0.08,

P = 0.01). In a regression model involving PAI-1, C3, CRP and fibrin-

ogen, C3 was a predictor of lysis time (predictive value for 0.1 mg/mL

change in plasma levels 14.4 [95% CI 7.9, 21.0] P < 0.001), as was

PAI-1 (predictive value for 0.1 ng/mL change in plasma levels 8.2 [4.2,

12.1; P < 0.001]) with a smaller effect shown for 0.1 mg/mL change in

fibrinogen levels (5.3 [0.01, 10.5]; P = 0.049) and none detected for

CRP (�2.5 [�9.7, 4.8]; P = 0.50). No correlation was demonstrated

between C3 and PAI-1 plasma levels, consistent with previous obser-

vations of the two proteins affecting different pathways in fibrin clot

lysis (r = 0.04, P = 0.37). Although women showed higher plasma lev-

els of CRP compared with men (4.49 � 0.33 and 2.95 � 0.22 mg/L,

respectively; P < 0.01) no such difference was found in complement

C3 plasma levels (1.336 � 0.02 and 1.344 � 0.03 mg/mL, respectively;

P = 0.83). Plasma levels of C3, CRP, fibrinogen and PAI-1 did not dif-

fer in the presence of previous history of myocardial infarction or cere-

brovascular disease. Plasma levels of all four proteins correlated with

body mass index, but only fibrinogen showed an interaction with age

and duration of diabetes. To investigate interactions between treat-

ment and plasma levels of proteins studied, a regression model includ-

ing all various therapies was constructed. CRP plasma levels were

positively predicted by long lasting insulin and nitrate therapy (1.78

[0.86, 2.07] and 1.68 [0.66, 2.53]; P < 0.05 for both). In contrast, none

of the medication predicted complement C3 plasma levels although a

trend was observed in men towards a positive and a negative associa-

tion with sulphonylurea and antiplatelet therapy, respectively (0.08

[0.05, 1.17] P = 0.08 and �0.09 [0.04, �1.83] P = 0.06).

Conclusions: C3 is at least as strong as PAI-1 at predicting fibrin clot

lysis in subjects with T2DM. Gender and medications are not associ-

ated with changes in C3 plasma levels in the population studied.

Therefore, future studies investigating fibrinolysis potential should
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also analyze C3 plasma levels as a surrogate marker of fibrin clot lysis

in individuals with T2DM.

PB 3.59-2
Specific detection of polyphosphate in cells, tissues,
and thrombi
Travers RJ, Choi SH and Morrissey JH

University of Illinois at Urbana Champaign, Urbana, USA

Background: Inorganic polyphosphate (polyP) is widely present in

biology. The recent discoveries that polyP is secreted from activated

human platelets and that it potently modulates coagulation and

inflammation have led to a burst of interest in this ancient molecule

regarding its roles in human pathophysiology.

Aims: Our goal was to localize polyP in animal thrombosis models,

using the isolated polyP-binding domain of E. coli exopolyphospha-

tase (PPXbd) as the candidate detection agent. PPXbd binds polyP

with high affinity and has been used to detect polyP in cells, but we felt

it essential to determine if PPXbd also binds to anionic glycosamino-

glycans like heparin. If PPXbd is specific for polyP, it could be used to

reliably detect polyP in vitro and in vivo, and could function as a novel

antithrombotic agent, akin to a blocking antibody.

Methods: We evaluated the ability of PPXbd to specifically identify

polyP in the mast-cell like cell line, RBL-2H3, known to have distinct

classes of secretory granules containing polyP and/or heparin. PolyP

was detected in fixed, permeabilized cells using recombinant PPXbd

fused to maltose-binding protein (MBP), followed by rabbit anti-MBP

and fluorescent donkey anti-rabbit IgG. To visualize heparin, permea-

bilized RBL-2H3 cells were treated with human antithrombin, fol-

lowed by a rabbit antibody to antithrombin and fluorescent donkey

anti-rabbit IgG. Control cells were pretreated with exopolyphospha-

tase or heparinase to destroy endogenous polyP or heparin, respec-

tively. To visualize polyP in thrombi formed in vivo, clotted sections of

mouse common carotid arteries treated with 5% FeCl3 were removed,

formalin-fixed, and paraffin-embedded. Serial 5 lm sections were

stained with purified PPXbd-MPB fusion protein followed by peroxi-

dase-conjugated mouse anti-MBP and detection with peroxidase sub-

strate (DAB).

Results: Binding of PPXbd and antithrombin to permeabilized RBL-

2H3 cells was readily detectable by immunohistochemistry, displaying

punctate staining typical of mast cell secretory granules. Pretreating

cells with exopolyphosphatase significantly (P < 0.001) reduced the

fluorescent signal from PPXbd but not from antithrombin. Con-

versely, pretreating cells with heparinase significantly decreased the

fluorescent signal from antithrombin but not from PPXbd. PolyP was

readily detectable in sections of RBL-2H3 cells after formalin fixation

and paraffin embedding. We are currently employing this method to

detect polyP in sections of thrombi from mouse models of carotid

artery thrombosis.

Summary/Conclusion: Immunodetection of polyP via PPXbd binding

is robust, even in paraffin sections of cells and tissues, and appears to

be highly specific for polyP. This approach can therefore provide

important information about the localization of polyP in thrombi and

tissues. Our findings also suggest that PPXbd can specifically inhibit

the procoagulant activity of polyP in vivo, allowing us to test the con-

cept of polyP as a novel antithrombotic target.

PB 3.59-3
Serpins interfering with procoagulant activity and
pressure regulation in a basal vertebrate
Ragg H and Wang Y

Bielefeld University, Bielefeld, Germany

Background: Blood coagulation of gnathostomes evolved from a

simple cascade of procoagulant proteases at the dawn of vertebrates.

Previous analyses showed that lampreys, an extant group of primor-

dial vertebrates, encode many genes pivotal for coagulation, including

those coding for prothrombin, factor X, and fibrinogen. However,

how control of procoagulant enzymes emerged is largely unknown.

Aims and Methods: In order to reconstruct the ancestry of anticoagu-

lant proteins, we have isolated lamprey cDNAs coding for serpins and

characterized the activities of the recombinant proteins towards clot-

ting proteases.

Results: Three serpins were identified that exhibit protease-inhibiting

activity directed against central coagulation-promoting enzymes. The

lamprey heparin cofactor II (HCII) gene, clearly identified by its syn-

tenic position conserved in all vertebrate genomes, appears to fulfil a

role comparable to its counterpart in gnathostomes. Uniquely in verte-

brates, lamprey angiotensinogen serves as protease inhibitor that is

not only a potent, but also a highly selective thrombin inactivator, as

all other serine proteases investigated did not interact with the angio-

tensin precursor protein. Moreover, heparan sulphate, a widely occur-

ring glycosaminoglycan, strongly stimulates thrombin inhibition,

similar to heparin. We also isolated a lamprey serpin depicting inhibi-

tory activity towards human factor Xa, though the serpin was proteo-

lytically cleaved to some extent.

Summary: Together, these three serpins appear to be major regulators

of the coagulation cascade in lampreys that are believed to mirror

many essential aspects of the early coagulation system. Antithrombin,

seemingly not present in lampreys, may have adopted some of physio-

logical roles of these ancestral inhibitors during the advent of ‘crown’

vertebrates. A scenario now emerges that provides insight into major

aspects of the basal interaction network enabling and controlling fibrin

formation.

PB 3.59-4
Glycan associated functional changes of desialylated,
deglycosylated and recombinant acutobins
Tsai IH, Wang YM, Khoo KH and Chen J-M

Institute Biol. Chem., Academia Sinica, Taipei, Taiwan

Acutobin is a specific a-fibrinogenase isolated from the venom of Dei-

nagkistrodon acutus (hundred- pace pitviper), and this serine protease

has been used on patients to treat or prevent strokes via intravenous

injection. We previously showed that acutobin (40 kDa) contains

unique disialyl-rich complex type glycans at four Asn positions. How-

ever, whether the glycan’s structural variations would affect the enzy-

matic properties and the pharmacokinetics of acutobin remain to be

clarified. Sialidase treated (DS-acutobin) and PNGase treated acuto-

bin (PNG-acutobin) retained the kinetic specificity for fibrinogen Aa
and released fibrinopeptide A as effectively as the native acutobin, as

shown by SDS-PAGE and HPLC analyses. The sugar-modified acuto-

bins showed slightly increased fibrinogenolytic activity, but induced

plasma coagulation as fast as the native acutobin in vitro. Moreover,

although similar amounts of fibrinogen/fibrin degradation products

(FDP) were generated after intravenous injection of either native acut-

obin or the sugar-modified acutobin in mice, the generation of FDP

after intraperitoneal injection of the sugar-modified acutobin was sig-

nificantly less than that after native acutobin injection. These results

suggest the contribution of acutobin’s sugars for vascular localization

of the protease. Recombinant acutobins (rATBs) were expressed and

purified from HEK293T and SW1353 cells, and their N-glycans were

profiled by mass spectrometry. The glycans of rATB from HEK293T

were found to be smaller than that of native acutobin, while the gly-

cans of rATB from SW1353 were found to be larger. Both rATBs,

PNG-acutobin and DS-acutobin showed similar reactivities and

kinetic specificities toward the chromogenic substrate N-Tosyl-Gly-

Pro-Arg-p-nitroanilide. Compared with acutobin, SW1353-rATB

showed lower a-fibrinogenase activity, and HEK293T-rATB was no

longer specific for the Aa chain. We also found that the N-glycans

could protect the stability of acutobin and rATBs at 55 °C but were

less protective at higher temperature (≥65 °C). Taken together, our
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data suggest that the glycans of acutobin are not necessarily required

for substrate binding and catalysis, but are essential for increasing the

stability, specificity and pharmacokinetics of the enzyme. The different

glycans found in various pitviper thrombin like proteases are probably

resulted from co-evolution of the protein sequences and the venom

gland N-glycosylation machinery. (The mouse experiments were car-

ried out under the guideline of the regulation of Academia Sinica, Tai-

wan; grant support was from the National Science Council and

Academia Sinica, Taiwan)

PB 3.59-5
An ex vivo evaluation of the hemostatic effects of
plasma-derived C1 inhibitor
Levy JH1, Szlam F2 and Gelone S3

1Duke University School of Medicine, Durham, USA; 2Emory

University School of Medicine, Atlanta, USA; 3ViroPharma

Incorporated, Exton, USA

Background: C1 inhibitor (C1-INH) is used to treat or prevent angioe-

dema attacks in patients with hereditary angioedema. Because C1-

INH inhibits bradykinin and has the potential to interact with the

coagulation system, we evaluated the hemostatic effects of increasing

concentrations of C1-INH on human blood using thromboelastometry

and thrombin generation.

Methods: Following institutional approval, blood was collected from

10 healthy volunteers who provided informed consent. Samples were

processed immediately for thromboelastometry or were centrifuged

to obtain platelet poor plasma that was subsequently used to assess

thrombin generation. Samples were supplemented with C1-INH

(ViroPharma Biologics, Inc., Exton, United States) at concentrations

of 0.14, 0.7, 1.4, 2.8, and 7.0 IU/mL. Controls included samples

without C1-INH supplementation, samples with the procoagulant

recombinant factor VIIa (rFVIIa) (1.5 lg/mL) or prothrombin com-

plex concentrate (PCC) (0.6 U/mL) added, and samples with the an-

ticoagulants antithrombin III (AT-III) (1.2 IU/mL) or desirudin

(10 nM/0.5 lg/mL) added. The viscoelastic effects of C1-INH were

assessed using the ROTEM� device, while thrombin generation was

evaluated using a calibrated automated thrombin generation system.

Data are expressed as mean � SD. Kolmogorov-Smirnov statistics

were used to test for normal distributions. Increasing C1-INH con-

centrations, as well as pro-and anticoagulants vs. control were evalu-

ated by ANOVA for repeated measurements, followed by post hoc

analysis using Bonferroni correction. P < 0.05 was considered signif-

icant.

Results: In the studies testing viscoelastic effects, increasing concen-

trations of C1-INH did not have a procoagulant effect based on RO-

TEM measurements when compared to the control data regardless of

the activator (P > 0.05). At concentrations of 2.8 and 7.0 IU/mL,

C1-INH had a mild but statistically significant anticoagulant effect

based on maximum clot firmness (P < 0.05). rFVIIa significantly

decreased clotting time, and desirudin increased clotting time from

59 � 11 to 103 � 44 s when the EXTEM reagent was used as an

activator (P < 0.001) and from 163 � 8 to 269 � 42 s with the

INTEM reagent (P < 0.001). In the thrombin generation studies,

there was no difference in the lag time of thrombin generation

between C1-INH-supplemented samples vs. control samples regard-

less of the activator used (P > 0.05). Addition of 30 nM rFVIIa

shortened tissue factor-activated thrombin generation lag time by

~48%, and by ~ 30% with dilute Actin. Desirudin, a direct thrombin

inhibitor, significantly delayed the thrombin generation lag time.

Increasing concentrations of C1-INH had no effect on peak thrombin

generation as compared with control samples. AT-III decreased peak

thrombin generation by >40%, while PCC increased peak thrombin

generation by >60%.

Summary/Conclusions: Increasing C1-INH concentrations up to

7.0 IU/mL did not have a procoagulant effect based on viscoelastome-

try parameters or thrombin generation in blood obtained from healthy

volunteers. C1-INH demonstrated a weak anticoagulant effect based

on maximum clot firmness at the two highest concentrations studied.

There was no evidence of an ex vivo procoagulant effect of plasma-

derived C1-INH when studied at concentrations up to 10-fold higher

than those achieved with clinical dosing in patients with hereditary

angioedema.

PB 3.59-6
How aspirin inhibits human cyclooxygenase-1? Hybrid
quantum mechanical/molecular mechanical (QM/
MM) calculations on the mechanism
Komaromi I, T�oth L and Muszbek L

University of Debrecen, Medical & Health Science Center,

Debrecen, Hungary

Background: Aspirin (acetylsalicylic acid; ASA) suppresses the genera-

tion of prostaglandin H2, the precursor of thromboxane A2. Aspirin

acts as an acetylating agent; its acetyl group is covalently attached to a

serine residue (S529) of the substrate-binding cavity of the cyclooxy-

genase-1 (COX-1) enzyme. The exact reaction mechanism has not been

revealed by experimental methods.

Aim: The goal of this study was to characterize the reaction mecha-

nism of the irreversible inhibition of COX-1 by aspirin using static

ONIOM (Our N-layer Integrated molecular Orbital molecular

Mechanics) type hybrid QM/MM methods. We intended to decide

whether the above methods predicted a single-step elementary reaction

or multiple-step one(s), leading from the reversible ASA-COX-1 com-

plex to the salicylic acid and acetylated COX-1 products. A further

aim was to determine the ‘exact’ transition state(s) and local minima

on the potential energy surface and prove their existence by vibration

analyses.

Methods: We used ‘high level’ ab initio and density functional theory

(DFT) calculations on a model system; the steric and electrostatic

effect of the neighboring amino acids, in a relatively large surrounding

region, was also taken into account. The latter was achieved by using

the electronic embedding method in ONIOM, which allows polarizing

the wave function by the surrounding partial charges. Series of calcula-

tions were carried out to assess the dependency of the results on the

level of theories applied in quantum chemical calculations.

Results: As there was no available X-ray structure for human COX-1,

we derived a model for the respective human protein by homology

modeling, using the known structure of sheep COX-1 as a template.

Calculations were carried out on this model. ASA was docked into the

substrate-binding cavity of the enzyme. The most stable and most pop-

ulated (~70%) pose obtained by docking resulted in a complex suitable

for the next step of the reaction. The potential energy surfaces as a

function of the S529 Oc – C (ASA acetyl carbonyl) and the S529 Hc –
S529 Oc distances suggested only a single saddle point (i.e. one ele-

mentary reaction step) for all the ONIOM QM/MM calculations. The

‘exact’ transition states can be featured by an almost completed proton

transfer, i.e. the reaction has asynchronous character. All our failed

efforts to find the ‘tetrahedral intermediate’ and also the normal mode

corresponding to the imaginary frequency in the transition states con-

firmed a single elementary reaction step for the ASA-COX-1 trans-

esterification.

Conclusion: A model for the human COX-1 was constructed by homol-

ogy modeling. ONIOM type QM/MM methods suggested a plausible

single elementary step mechanism for the aspirin – human COX-1

trans-esterification reaction.
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PB3.60 – Cancer and
Thrombosis – VII

PB 3.60-1
Coagulation factors V and X gene polymorphisms are
associated with breast cancer risk and correlate with
phenotype
Tinholt M1, Viken MK2, Consortium OBC3, Sahlberg KK4,

Nyberg S4, Skretting G5, Dahm AEA5, Lie BA2, Sandset PM5

and Iversen N2

1Oslo university hospital, Oslo, Norway; 2Department of Medical

Genetics, Oslo University Hospital and University of Oslo, Oslo,

Norway; 3OSBREAC, Oslo, Norway; 4Institute for cancer

research, Oslo university hospital, Oslo, Norway; 5Research

Institute of Internal Medicine, Oslo University Hospital, Oslo,

Norway

Background: The bidirectional relationship between cancer and throm-

bosis is now recognized. Tumor cells express procoagulants and may

stimulate cancer progression by both coagulation independent and

dependent signaling. Tissue factor (TF), FXa and thrombin have been

shown to promote migration, angiogenesis, adhesion and invasion.

Blood clots may provide a structural platform for settlement and

growth of cancer cells.

Aim: We aimed to yield a better understanding of the molecular mech-

anisms underlying the link between cancer and the hemostatic system.

To address this, levels of hemostatic markers in blood of breast cancer

patients were compared to controls, and association to single nucleo-

tide polymorphisms (SNPs) in hemostatic marker genes were explored.

Genotype-phenotype correlations were conducted between SNPs and

mRNA- and protein expression.

Methods: Blood from 390 breast cancer patients* and 350 controls*,
and tumor tissue from 150 of the patients have been analyzed. Blood

samples were taken immediately before surgery (no prior treatment).

Plasma levels of TF, FVIII, FIX, FX, fibrinogen, VWF, D-dimer, TF

pathway inhibitor (TFPI), antithrombin, protein C (PC), protein S,

endogenous thrombin potential (ETP) and activated PC resistance

(APCR) were determined.

Selected SNPs in hemostatic genes, including F5 rs6025 (factor V Lei-

den) and F2 rs1799963 (prothrombin G20120A variant) were geno-

typed by multiplexing (Sequenom). mRNA expression in tumor was

measured by Agilent microarray (G4851A).

*All attendants signed a written consent. The study was approved by

the Regional Ethics Committee.

Results: A procoagulant state in breast cancer patients was observed

as demonstrated by increased APCR and D-dimer levels, as well as

higher maximum thrombin generation. The increase in global coagula-

tion may result from elevated levels of FVIII, FIX, VWF and

decreased levels of antithrombin detected in patients.

Genotyping of the two most common genetic thrombotic risk factors

revealed that F5 rs6025 was equally distributed among patients and

controls, whilst the appearance of F2 rs1799963 was twice as common

in patients. However, this was not significant due to the low minor

allele frequency.

Preliminary results demonstrate novel associations of F10 and F5

SNPs to breast cancer risk. The rare allele of F10 rs3093261 was more

frequent among patients (OR = 1.60, [95% CI, 1.17–2.17], P = 0.003).

The rare allele of F5 rs12120605 was also more frequent in the patients

(OR = 1.52, [95% CI, 1.07–2.17], P = 0.02), and showed association

with increased TF mRNA levels in tumor, implying a possible indirect

regulation of pro-coagulant expression in the tumor. In contrast, the

rare allele of F5 rs6427199 was more frequent in controls (OR = 0.71,

[95% CI, 0.52–0.96], P = 0.03), and correlated with antithrombin.

This might explain the higher antithrombin levels observed in controls.

Furthermore, the same SNP also correlated with lowered APCR,

explaining parts of the variation in APCR observed between cases and

controls, which could not be explained by FV Leiden.

Conclusion: This study displays activated coagulation in breast cancer

patients, and demonstrates new genetic polymorphisms in the F5 and

F10 genes that associate to breast cancer risk, and correlate with phe-

notype. The study provides novel findings, which extend the knowl-

edge on the molecular mechanisms underlying how the hemostatic

system relates to breast cancer.

PB 3.60-2
Biomarkers predictive of venous thromboembolism in
patients with high grade gliomas
Thaler J, Ay C, Kaider A, Reitter E-M, Haselb€ock J, Marosi C,

Zielinski C and Pabinger I

Medical Univeristy of Vienna, Vienna, Austria

Background: High grade gliomas (HGG) are among the most pro-

thrombotic malignancies. Thromboprophylaxis in patients with HGG

is challenging because of the high risk of intracranial hemorrhage. Bio-

markers predictive of venous thromboembolism (VTE) might help to

identify HGG patients who are likely to benefit from primary throm-

boprophylaxis.

Aims: To investigate the predictive role of blood biomarkers for occur-

rence of VTE in patients with HGG. We also examined, whether the

development of a specific risk assessment model (RAM) for patients

with HGG further improves risk stratification for VTE in these

patients.

Methods: We investigated 11 potential biomarkers of future VTE in

HGG patients who were included in the Vienna Cancer and Thrombo-

sis Study, which is a prospective and observational cohort study

approved by the institutional ethics committee. At study inclusion

detailed data on patients’ characteristics and information on the

tumour histology were recorded.

A blood sample was drawn at study inclusion and each patient was fol-

lowed for a period of 2 years, until occurrence of VTE and/or death or

loss of follow-up.

Results: We included 169 patients with HGG in this study. Hundred-

twelve patients had glioblastomas, 37 anaplastic astrocytomas, 11 ana-

plastic oligoastrocytomas and nine anaplastic oligodendrogliomas.

Twenty-six (15.7%) patients developed VTE during follow-up. In mul-

tivariable analysis (including age and type of HGG) a significant asso-

ciation (P < 0.05) was found between risk of future VTE and the

following parameters: leukocyte count (hazard ratio [HR] per dou-

bling: 1.88 [95% CI: 1.02–3.39]), thrombocyte count (HR per 50

increase: 0.71 [95% CI: 0.53–0.92]), sP-selectin (HR per doubling: 2.73

[95% CI: 1.36–6.70]), prothrombin fragment 1 + 2 (HR per doubling:

1.55 [95% CI:1.00–2.34]), FVIII activity (HR per 20% increase: 1.13

[95% CI: 1.03–1.23]) and D-dimer (HR per doubling: 1.50 95% CI:

1.15–1.94]). No association was found with hemoglobin-, C-reactive

protein- and fibrinogen levels or peak-thrombin generation.

Using a stepwise forward selection process three dichotomized bio-

markers were chosen for an exploratory VTE RAM. This RAM com-

prised platelet count (cut-off: £25th percentile), FVIII activity (cut-off:

³75th percentile) and sP-selectin (cut-off: ³75th percentile). One point

was assigned for each parameter according to the respective cut-off.

The cumulative probability of developing VTE after 12 months was

5.9% (2.2–14.9%) in patients with score 0 (n = 75), 18.6% (10.4–
32.0%) in patients with score 1 (n = 60) and 32.3% (17.3–55.1%) in

patients with score 2 (n = 28). Only three patients had a score of 3 and

two of them developed VTE.

Summary/Conclusions: : We identified six biomarkers that indicated an

increased risk of developing VTE in HGG patients. Surprisingly, in

contrast to previous results obtained in solid tumours, we detected an

inverse association between platelet count and risk of VTE, indicating

that HGG patients with low platelet count are at particularly high risk

of developing VTE. We also developed an exploratory RAM for
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prediction of VTE that is able to reliably stratify patients according to

their risk of VTE.

The present study provides data for assessing the risk of VTE in

HGG patients and identifying those patients at particularly high risk

of developing VTE who might benefit from primary thromboprophy-

laxis.

PB 3.60-3
Pre-existing pulmonary thrombi in cancer patients
diagnosed with an unsuspected pulmonary embolism
Bozas G1, Bradley RL2, Avery G2, Stephens A2 and Maraveyas A3

1Queen’s Centre for Oncology and Haematology, Castle Hill

Hospital, Cottingham, UK; 2Radiology Department, Castle Hill

Hospital, Cottingham, UK; 3Queen’s Centre for Oncology and

Haematology, Castle Hill Hospital, Cottingham, UK

Background: Pulmonary embolism (PE) is increasingly identified in

cancer patients who undergo CT imaging in the absence of clinical sus-

picion. The morbidity potential of such findings is significant, hence

prompt identification and treatment with anticoagulants is warranted.

Nevertheless some pulmonary thrombi may remain inconsequential or

just clinically unsuspected, at least for a period of time.

Aims: To investigate the prevalence and duration of persistence of pre-

existing thrombi in the pulmonary vasculature in patients diagnosed

with a clinically unsuspected pulmonary embolism (UPE).

Methods: From March 2010 all cancer patients with a PE as incidental

finding are identified and managed under a specialized pathway which

involves specifically trained radiographers, radiologists and clinical

nurse specialists (previously published). We retrospectively reviewed

previous CT imaging of patients with UPE managed under this path-

way for pre-existing thrombi in the pulmonary vasculature. All refer-

ence CT scans were performed with IV contrast and slice thickness of

1 mm as per institutional standards, but not with pulmonary angiog-

raphy (CTPA) protocols. Digital films were reviewed by two of the

authors (GA and RB) independently. Differences between their assess-

ments were reconciled by mutual consent.

Results: Between March 2010 and March 2012, 108 patients with UPE

were included in the pathway. Ninety-one of these patients had assess-

able previous CT imaging (median time since last imaging: 105 days,

range: 47–707). Post reconciliation, the prevalence of pre-existing pul-

monary thrombi was 13% (n = 12). In two (17%) of these patients

pre-existing thrombi were located in the lobar arteries and in 10 (83%)

in segmental and sub-segmental branches. In one of the patients,

thrombosis was suspected but findings were attributed to tumour infil-

tration in previous imaging and no further action was taken at the

time. Median interval between a current and a previous positive CT

chest was 105 days (range: 51–547). Comparison of the distribution of

PE in baseline and previous imaging showed that in six (50%) cases it

had remained similar for a median of 92 days (range: 63–253), in three

(25%) there was progressive extent of thrombosis (scan intervals: 84,

174, 193 days respectively) and in three (25%) distributions of thrombi

were different (scan intervals: 51,232, 547 days respectively).

Conclusions: Clinically unsuspected pulmonary thrombi are often

missed in non CTPA imaging but in some cases they may not progress

for a period of time even without anticoagulation. The sequence of

imaging appearances in our cohort of UPE patients might also support

the notion that for some patients pulmonary thrombosis may be a

local phenomenon rather than a thromboembolic event from a distant

site of DVT.

PB 3.60-4
Different patterns of death among cancer patients and
venous thromboembolism
Garcia-Garcia JA, Parra- Esquivel P and Lopez-Alonso RJ

University Hospital of Valme, SEVILLE, Spain

Background: Venous thromboembolism (VTE) is a significant cause of

morbidity and mortality in patients with cancer. VTE is also associ-

ated with early death in subjects with hidden cancer. The timing and

evolution to death could be different according to the time of VTE

and cancer diagnosis.

Objective: To determine the mortality among patients with cancer

according to the time of diagnosis of VTE.

Methods: In a retrospective study, the survival of cancer patients who

developed a VTE during 2011 was analyzed. All patients were followed

until death or the date of the end of study on 31st December 2012.

Subjects were categorized into three groups according the time of VTE

diagnosis: (i) Before Cancer, (ii) At the time of cancer diagnosis, (iii)

After cancer. The survival time was calculated. The cause of death was

also included.

Results: Seventy-two patients were included in the study. Of them, 43

(60%) were male and median (Q1-Q3) was 72 (58–79) years. Median

time (Q1-Q3) was 4.4 (1.4–11.2) months. At the time of VTE diagno-

sis, 34 (47%) and 32 (44%) were under oncology treatment and pres-

ence of metastasis. Forty-three (60%) died during the follow-up. The

causes of death were: 8 (19%) due to VTE and 35 (81%) secondary

to advanced cancer. Most frequent primary cancer included lung,

gastrointestinal and pancreas in 14%, 24%, 14%, respectively.

According to the time of VTE and cancer diagnosis, 5 (71%), 12

(75%), 26 (53%) subjects died in groups 1, 2 and 3, respectively

(P = 0.07). Survival time al 1, 3 and 6 months were: i) 76%, 47%

and 29% in VTE patients with hidden cancer or at the time of cancer,

and, ii) 84%, 64% and 38% in patients who developed VTE after

cancer (P = 0.08).

Conclusions: VTE patients with hidden cancer or diagnosis at the time

of cancer have a worse prognosis than those diagnosed after cancer.

PB 3.60-5
TF, TFPI and TAT complexes in myeloproliferative
neoplasms
Gadomska G, Stankowska K, Boinska J, Swistek W, Drela E,

Zekanowska E and Rosc D

Nicolaus Copernicus University in Torun, Collegium Medicum in

Bydgoszcz, Poland, Bydgoszcz, Poland

Background: Myeloproliferative neoplasms (MPNs) are caused by the

neoplastic transformation of multipotent stem cell. In patients with

MPNs are observed frequent hemostatic disturbances such as throm-

botic disease and bleeding disorder. It is known that the most clinically

important coagulation pathway is the tissue factor (TF) -mediated

coagulation pathway. In the literature there are no data on the role of

TF in the pathogenesis of thrombotic complications in MPNs.

Aims: The aim of this study was to evaluate the blood coagulation

mediated by TF in patients with MPNs.

Methods: The study was carried out in a group of 32 patients with

MPNs aged 21–86 (mean age 57), treated in the Clinic of Haematolo-

gy, Dr Jan Biziel University Hospital No. 2 in Bydgoszcz, Poland.

These patients were enrolled in the study at the time of the diagnosis

of MPNs and prior to the implementation of appropriate treatment.

The study group included: 16 patients with essential thrombocythemia

(ET), eight with polycythemia vera (PV), five with chronic myeloge-

nous leukemia (CML) and three patients with primary myelofibrosis

(PMF). The control group consisted of 30 healthy volunteers, age and

sex matched. In blood samples were determined TF, tisssue factor

pathway inhibitor (TFPI) and thrombin-antithrombin complexes

(TAT) concentration using ELISA tests (Imubind ELISA kits,
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American Diagnostica Inc.). The study was approved by the Bioethics

Committee of Collegium Medicum in Bydgoszcz, the Nicolaus Coper-

nicus University in Torun, Poland (no. KB/396/2010).

Results: The study showed that patients with ET (Me = 378.36 pg/

mL), PV (Me = 319.70 pg/mL), CML (Me = 466.08 pg/mL) and

PMF (Me = 378.25 pg/mL) had significantly higher TF concentration

than the control group (Me = 130.13 pg/mL). Moreover, patients with

ET (Me = 47.98 ng/mL) and PV (Me = 41.98 ng/mL) had also signifi-

cantly lower concentration of TFPI than controls (Me = 72.50 ng/

mL) (P = 0.010820 and P = 0.030290, respectively). Furthermore, it

was observed that in patients with CML was significantly higher level

of TAT complexes in comparison to the control group (19.14 ng/mL

vs. 2.24 ng/mL, P = 0.006710).

Conclusions: TF-dependent activation of coagulation process is

reported in the blood of patients with MPNs. In patients with ET and

PV is increased tendency to hypercoagulability due to the significantly

lower concentration of TFPI.

PB 3.60-6
Prolonged LMWH treatment of venous
thromboembolism in patients with cancer-A
restrospective observational study
Cortiula F, Fasola G and Barillari G

University Hospital of Udine, Udine, Italy

Background: Patients with cancer have an increased risk of venous

thromboembolism (VTE) compared with patients without cancer. The

treatment of choice for acute episodes of VTE is 200 UI/kg B.W. of

low molecular weight heparin(LMWH) for the first month and

150 UI/kg B.W. for the following 5 months.

Aims: In this retrospective observational study we evaluated if patients

with cancer and VTE had been treated according to the current guide-

lines. We also evaluated the efficacy and safety of the prolonged treat-

ment.

Methods: We considered adherent to the recommended therapy

patients who received LMWH at a dose of 200 IU/kg BW �20% for

the first month and 150 IU/kg BW �20% for the following 5–
11 months. LMWH’ s dosages were adjusted to fulfill the therapeutic

intent, according to renal function and transient chemotherapy

induced thrombocytopenia. New VTE episodes were confirmed by

objectives tests. The main safety outcome was a clinically relevant

bleeding.

Results: We enrolled 204 patients with cancer-related VTE. Mean age

of the patients was 66.3 years (36–89). We lost on follow up 55 and

therefore 149 remained eligible for data analysis: 70 had pulmonary

embolism (PE), 27 had PE and Deep Vein Thrombosis (DVT) of the

legs, 52 had lower limbs DVT only.

During the first month of antithrombotic approach,125 of 149 (84%)

patients were treated with LMWH, 61% of which with recommended

LMWH dosages and 14 patients received from the onset vitamin K

antagonist(VKA) therapy through an initial LMWH bridging. Mean

LMWH dose during the first month of treatment was 164 IU/kg (46–
230).

From the 2nd to the 6th month, 102/149 (68%) patients received

LMWH, 50% of which at the recommended dosage. Seventeen

switched to oral anticoagulant therapy (OAT) with vit k antagonists

(VKA) at variable times .

Forty-four patients received LMWH for 12 months, 27 of them (61%)

at 150 IU/Kg BW.

The incidence of a recurrent VTE event while on LMWH at recom-

mended dosages, LMWH at lower dosages and VKA treatment

resulted respectively of 0.014, 0.016 and 0.016 event/patient-month.

The incidence of major bleeding on LMWH at recommended dosages,

LMWH at lower dosages and VKA treatment were respectively

0.0042, 0.0033 and 0.015 event/patient-month with a relative risk of

0.28 for recommended LMWH dosages compared to VKA therapy.

Ten patients were treated with fondaparinux from the onset. From the

2nd to the 6th month 6 switched from LMWH to Fondaparinux.

Seven received Fondaparinux continuatively for 6 months. Four

patients received fondaparinux for 12 months. In Fondaparinux group

we registered two bleeding episodes(0.013 event/patient-month) and

one VTE recurrence(0.006 event/patient-month)

Conclusions: LMWH treatment is well tolerated and well accepted in

patients with cancer and VTE, in a significant part of which up to the

12th month. Our study seems to confirm that patients on LMWH are

submitted to a similar rate of thromboembolic complications as com-

pared with those on OAT, while they seem to be exposed to a lower

rate of bleeding complications.

PB3.61 – Cancer and
Thrombosis – VIII

PB 3.61-1
Cerebral venous thrombosis and myeloproliferative
neoplasms: results from a combined analysis of 706
patients with cerebral vein thrombosis and 2267
patients with myeloproliferative neoplasms
Dentali F1, Ageno W2, Rumi E3, Poli D4, Scoditti U5, Di

Minno MND6, Cassetti I3, Cazzola M3 and Passamonti F2

1University of Insubria, Varese, Italy; 2Insubria University, Varese,

Italy; 3University of Pavia, Pavia, Italy; 4AOU-Careggi, Firenze,

Italy; 5University of Parma, Parma, Italy; 6Federico II University,

Napoli, Italy

Background: Philadelphia-negative (Ph�) myeloproliferative neo-

plasms (MPNs) include polycythemia vera (PV), essential thrombo-

cythemia (ET), and primary myelofibrosis (PMF) with about 70% of

patients carrying JAK2(V617F) mutation. In MPNs venous and arte-

rial thrombosis are the most common clinical manifestations account-

ing for a prevalence that ranges from 6 to 12%. In the past, we

conducted a meta-analysis finding that the mean prevalence of JAK2

(V617F) mutation was 32.7% in patients with splanchnic vein throm-

boses (SVTs) and very low (range, 0.88–2.57%) in other venous

thromboembolic events indicating that MPN should be investigated in

patients with SVT. Concerning cerebral venous thrombosis (CVT), the

scenario of prevalence in MPNs is still unknown.

Aim of the study: To asses if an association between CVT and MPN

exists to finally justify a deeper MPN-oriented evaluation in patients

with CVT or viceversa.

Methods: We conducted a retrospective study including two large

cohorts of patients. The CErebral VEin Thrombosis International

(CEVETIS) database was used to collect MPN history and MPN evo-

lution in 706 patients with a well-defined diagnosis of CVT. The Pavi-

a-MPN-database was used to collect CVT history and CVT

occurrence after MPN diagnosis in 2267 patients with a well-defined

MPN diagnosis.

Results: The CEVETIS database includes 304 patients (43.0%) with

idiopathic CVT and 402 patients (57.0%) with secondary CVT (at

least one risk factor identified) followed for a median time of

40 months (range 6–297 months). Mean age at CVT diagnosis was

40 years (standard deviation + 16.3 years) and 73.7% were females.

In nine patients (1.3%) MPN was diagnosed before CVT, in four

patients (0.57%) CVT and MPN were synchronous and in 14 patients

(1.98%) MPN occurred after CVT in a median time of 21 months

(range 11–120 months). Among these, seven (50%) had idiopathic

CVT. Overall, demographics did not reveal any statistically significant

differences between patients who had MPN or did not. The Pavia-

MPN-database includes 735 patients with PV, 964 with ET and 444

with PMF. Median age was 55.3 years (range 13–91 years) and 51%

were females. Nine CVTs were collected: three occurred before MPN

diagnosis (at 9, 5.4 and 5 years before MPN), three at MPN diagnosis
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and three during MPN follow up (at 0.7, 2.5, and at 3.5 years). To

note that seven out of nine CVTs occurred in female and the median

age was slightly younger (48.6 years) than the overall MPN popula-

tion (55.3 years)

Conclusions: This study demonstrates that CVT is not strongly associ-

ated to MPN phenotype, indicating that a deep MPN-screening is not

needed at least in asymptomatic patients with CVT.

PB 3.61-2
Low molecular weight heparin in hospitalized cancer
patients: a systematic review and pooled analysis of
placebo-controlled randomized trials
Carrier M1, Moretto P1, Khorana A2, Le Gal G1 and Zwicker J3

1Ottawa Hospital Research Institute, Ottawa, Canada; 2James P.

Wilmot Cancer Center and Department of Medicine, University

of Rocheste, Rochester, USA; 3Beth Israel Deaconess Medical

Center, Harvard Medical School, Boston, USA

Background: Cancer patients are at high risk of venous thromboembo-

lism (VTE). Current Clinical Practice guidelines (ASCO, ACCP and

ESMO) recommend the use of pharmacological parenteral thrombo-

prophylaxis for cancer patients requiring hospitalization. These recom-

mendations are based on extrapolation from large placebo-controlled

trials assessing the efficacy and safety of thromboprophylaxis in medi-

cally-ill hospitalized patients. However, the risk benefit ratio of throm-

boprophylaxis in hospitalized cancer patients has never been formally

assessed.

Aim: To summarize the rates of VTE and major bleeding episodes

among medically-ill cancer patients receiving low molecular weight

heparins (LMWH) or placebo.

Method: A systematic literature search strategy was conducted using

MEDLINE, EMBASE, the Cochrane Register of Controlled Trials

and all EBM Reviews to identify all randomized controlled trials

comparing a LMWH to placebo in hospitalized medically ill patients.

Two reviewers independently extracted data onto standardized forms.

The primary endpoint was VTE. Venous thromboembolism was

defined as a composite outcome of: (i) deep vein thrombosis (DVT)

by protocol scheduled screening studies; (ii) symptomatic DVT (distal

or proximal) or pulmonary embolism (PE); (iii) fatal PE; or (iv) sud-

den death without another plausible cause. Secondary endpoints

included major bleeding episodes and symptomatic VTE (lower limb

DVT and PE). Corresponding author of manuscript were contacted

if primary or secondary outcomes could not be extracted from the

original manuscript. Relative risk (RR) using a random effect model

was used as the primary measurement with 95% confidence intervals

(CIs).

Results: The search strategy identified 242 potentially eligible papers.

Four placebo-controlled randomized trials reported the primary out-

come measure. Data could be extracted for 96% of cancer patients

enrolled into these trials. The three major trials (n = 278 cancer

patients) compared thromboprophylaxis (enoxaparin 40 mg, daltepa-

rin 5000 IU or fondaparinux 2.5 mg daily) to placebo and were

included within the pooled analysis. The pooled RR of VTE was 0.91

(95% CI: 0.21 to 4.0; I2: 68%) among hospitalized cancer patients

receiving thromboprophylaxis compared to placebo. Extreme case

modeling of the remaining 4% of the missing data assuming an event

rate of 40% in the placebo group did not significantly alter the results

(RR: 0.80 (95% CI: 0.23–2.7). An additional three placebo-controlled

randomized trial reported (n = 720 cancer patients) symptomatic

VTE as a secondary endpoint. However, none of the trials reported

the symptomatic VTE rates according to cancer status and corre-

sponding authors have yet to provide requested data. Similarly, none

of the trials have reported major bleeding rates among cancer

patients.

Summary/Conclusion: We observed no significant benefit for LMWH

primary thromboprophylaxis in hospitalized patients with cancer.

However, only a limited number of cancer patients were enrolled in

the three major thromboprophylaxis clinical trials from which current

practice guidelines are based. We hope additional data from published

trials will become available for analysis to address this important clini-

cal question.

PB 3.61-3
The impact of combined radiation and hormon therapy
on the microparticles and tissue factor generation in
patients with prostate cancer
Zekanowska E1, Drela E1, Rystok D1, Wisniewski T2,

Zi�olkowska E2, Giemza-Kucharska P1 and Rosc D1

1Nicolaus Copernicus University in Torun, Collegium Medicum in

Bydgoszcz, Poland, Bydgoszcz, Poland; 2Oncology Center in

Bydgoszcz, Bydgoszcz, Poland

Background: Tissue factor (TF) plays a critical role in tumour growth

and metastasis, and its enhanced release into plasma in association

with cellular microparticles (MPs) has been recently associated with

cancer progression. Accumulating evidence indicates that combining

radiotherapy and hormone therapy in patients with prostate cancer

has significantly improved men’s survival as compared to hormone

therapy treatment alone.

Aim: The purpose of the study was to evaluate the influence of com-

bined hormone therapy and radiation on plasma levels of TF, TFPI

and MP generation in patients with prostate cancer.

Methods: 40 patients with prostate cancer (mean age of patients was

67.7 years) were divided according to their cancer status and line of

management into: group 1- androgen deprivation therapy combined

with radiotherapy (22 patients) and group 2- radiotherapy alone (18

patients). For control, plasma samples were collected from 30 age –
matched healthy males with no evidence of cancer. In cancer groups

blood samples were collected before, during and 30 days after radia-

tion therapy. Procoagulant activity of circulating MPs, concentrations

of TF and TFPI antigens were measured by immunoenzymatic

method (ELISA, American Diagnostica).

Results: Before radiation the plasma levels of MP, TF and TFPI were

similar in group 1 (respectively: Me 9.94 (Q1- 6.14; Q3–13.44 nM), Me

59.42 (Q1- 35.24; Q3- 97.22 pg/mL), Me 117.26 (Q1- 83.08; Q3–
138.26 ng/mL) and group 2 of patients with prostate cancer (respec-

tively: Me 9.75 (Q1- 8.74; Q3–14.44 nM), Me 77.46 (Q1- 53.52; Q3-

116.01 pg/mL), Me 105.40 (Q1- 83.64; Q3–147.76 ng/mL). However

MP were significantly higher as compared to the control group

(P < 0.01).

Radiotherapy caused a transient increase in MPs generation in group

1 of patients as compared to group 2 (Me 10.36 (Q1- 7.32; Q3- 15.22)

vs. Me 15.83 (Q1- 10.83; Q3- 22.70) nM, P < 0.02)

Conclusion: Our data suggests a role of circulating MPs in intravascu-

lar coagulation activation in patient with prostate cancer, especially

those with radiation therapy treatment alone.

PB 3.61-4
The impact of prophylactic heparin on survival in
cancer patients: a meta-analysis
Sanford D, Naidu A, Alizadeh N and Lazo-Langner A

Western University, London, Canada

Background: Cancer is associated with alterations in clotting and fibri-

nolytic systems and increased risk of venous thromboembolism. Previ-

ous research suggests that tumors may exploit the coagulation system

allowing for immune evasion and angiogenesis, resulting in survival

and dissemination of tumor cells. Several studies suggest that heparin

and low molecular weight heparin (LMWH) may have an anti-tumor

effect in experimental in vivo and in vitro models. The clinical implica-
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tion of this is unclear. Earlier clinical trials have reported conflicting

findings and our previous meta-analysis (Lazo-Langner et al 2007)

suggested a beneficial albeit modest effect of LMWH on survival in

cancer patients.

Aims: We aimed to evaluate the effect of LMWH compared with pla-

cebo or no-anticoagulant intervention on the overall survival of

patients with cancer.

Methods: We conducted a systematic review and meta-analysis of ran-

domized trials evaluating use of LMWH compared with placebo in

cancer patients without acute venous thrombosis. Data sources

included: MEDLINE, HealthSTAR, EMBASE, the Cochrane library,

thrombosis and hematology conference abstracts and cross-referencing

from reference lists. Data was extracted by one reviewer and verified

independently by a second reviewer. The meta-analysis was conducted

using the random-effects model and data was analyzed using odds-

ratio (OR) and relative risk (RR) calculated for 1 year overall sur-

vival.

Results: We identified 301 trials involving use of low molecular weight

heparin in cancer patients using our search strategy. Sixteen of these

studies met our inclusion criteria, although only seven of these

reported data on overall survival or number of deaths at 1 year and

these were included in the meta-analysis. Five of the seven studies

included only patients with locally advanced or metastatic disease; one

study included patients with both limited and advanced solid tumors

and one study included only patients with malignant glioma. The

pooled odds-ratio for death was 0.96 [95% CI 0.86–1.07, P = 0.5] in

favor of the LMWH group. The pooled relative-risk for death was

0.98 [95% CI 0.93–1.04, P = 0.51] in favor of the LMWH group.

Conclusions: In contrast with our previous findings, the results of this

updated meta-analysis suggest that the use of LMWH does not appear

to improve overall survival in cancer patients. The trials meta-analyzed

included primarily patients with advanced and metastatic disease with

a low likelihood of long-term survival or cure. The effect of LMWH

on overall survival in patients with limited stage disease still is

unknown.

PB 3.61-5
Pro-coagulant activity of malignant ascites
Altayeb T1, Madden LA1, Hartley JE2 and Maraveyas A3

1University of Hull, Hull, UK; 2Castle Hill Hospital, Hull, UK;
3Queen’s Centre for Oncology, Hull, UK

Background: Malignancy accounts for approximately 10% of all asci-

tes cases. Ovarian, pancreatic, stomach and colon cancers being the

most common primary malignant sites. Tumour-cell infiltration within

the peritoneal cavity presents the opportunity to use malignant ascitic

fluid to study therapeutic effects of agents directly on the cancer cell.

As a first stage in a study planned to investigate the direct and indirect

effects of anticoagulants in cancer patients with ascites, we have com-

pared the cancer related procoagulant activity (PCA) and it’s driving

factors in ascites and plasma.

Aim: The aim of this study was to analyse tissue factor microparticles

(TF + MP) and the related PCA of malignant ascites and compare it

with the PCA of patient plasma.

Methods: This study was conducted in accordance with the Helsinki

Declaration and ethical approval from the regional medical ethics com-

mittee was obtained prior to commence (R1220 - 11/YH/0370).

Informed written consent was obtained prior to sample collection.

We included ovarian (n = 9), pancreatic (n = 3) and colonic (n = 3)

cancer patients with clinical and radiological evidence of malignant

ascites. Those with a known concurrent coagulopathy or receiving

anticoagulant therapy were excluded. One litre of ascites and 5 mL of

citrated blood were simultaneously obtained. Ascites samples and

platelet poor plasma were assessed for PCA using a pro-thrombin time

assay and TF + MP, annexin + MP and TF+/annexin + MP were

enumerated by flow cytometry. Ascites was analysed for PCA before

and after centrifugation (to remove cells) and filtration through a

0.1 lm filter (to remove large microparticles).

Results: Ascites was found to contain TF + MP in all cases. A loga-

rithmic relationship was observed between TF + MP and PCA of asci-

tes, whereby higher concentrations of TF + MP were associated with

lower prothrombin time and hence PCA. No relationship was

observed between plasma PCA and MP concentration. Centrifugation

of ascites resulted in a consistent, proportional reduction in PCA and

filtration through a 0. 1 lm filter removed almost all PCA. No rela-

tionship was observed between PCA of plasma and ascites.

Conclusions: PCA of ascites was observed to be TF + MP and cell

dependent. A reduction in PCA through centrifugation suggests a pro-

portion of the PCA was cell associated and furthermore filtration

removed most PCA suggesting PCA in ascites was MP associated.

PB 3.61-6
Clinical profiles of DIC patients with bone marrow
carcinosis, aiming for earlier diagnosis and treatment
to improve their prognosis
Seki Y and Wakaki K

Niigata Prefectural Shibata Hospital, Shibata, Japan

Background: The clinical course of disseminated intravascular coagula-

tion (DIC) in patients with bone marrow carcinosis (BMC) due to

solid cancer is thought to be aggressive with no effective treatment.

Aim: The clinical profiles of patients with DIC and BMC were studied

in order to improve the possibility of making early diagnosis and

establishing treatment to improve their prognosis.

Methods: Seventeen patients with BMC were enrolled and their back-

ground, clinical symptoms, hemostatic profiles, presence of DIC, treat-

ment and prognosis, complications and other laboratory examinations

were analyzed.

Results: The primary cancers originated in stomach (seven), lung

(three), prostate (two), colon, breast (mamma), urinary bladder, and

unknown origin (one). Most of the gastric cancers were poorly differ-

entiated. All cases of lung cancer were of the small-cell type. Lumbago

was the most frequent symptom of BMC. Nine cases, comprising six

gastric cancers, one lung cancer, and one each of urinary bladder can-

cer and unknown origin cancer, were diagnosed as DIC. The values

for platelet count, fibrinogen, FDP, XDP, AT, a2PI and plasminogen

at diagnosis of DIC were 3.2 � 1.8 9 10*4, 155 � 109 mg/dL,

100 � 79 lg/mL, 54 � 43 lg/mL, 93 � 36%, 61 � 21% and

70 � 17%, respectively. The period from diagnosis of DIC until death

was 15.7 � 16.3 days. Four cases were complicated with thrombotic

microangiopathies (TMA); they were all poorly differentiated gastric

cancer or mucin-producing gastric cancer. All cases were accompanied

by anemia, high serum levels of lactate dehydrogenase (LDH) and

alkaline phosphatase (ALP). All cases that originated as pre-BMC had

high serum ALP levels. CA19-9 levels in DIC cases were higher in gas-

tric cancer than were CEA levels and were better tumor markers.

[Conclusions] Markedly low platelet counts, decreased levels of fibrin-

ogen and hyperfibrinolysis were revealed in patients with DIC due to

BMC. Patients with BMC from mucin-producing poorly differentiated

gastric cancer died earlier. It is very important to check for lumbago,

progression of anemia, sustained elevation of ALP or LDH levels, leu-

koerythroblastosis and levels of tumor markers. Early bone marrow

aspiration or biopsy helps to establish an early diagnosis of BMC.

Aggressive introduction of chemotherapy could help to prolong the

survival period in lung or breast cancer patients, especially in breast

cancer.
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PB3.62 – Antiphospholipid- IV

PB 3.62-1
Antiphospholipid syndrome in children
Sabapathy CA, Lee SJ, Barsalou J, Komwilaisak P, Williams S,

Moharir M, Silverman ED, Levy DM and Brand~ao LR

Hospital for Sick Children, Toronto, Canada

Background: Antiphospholipid Syndrome (APS) is more frequent in

adults than in children. Cohort studies estimate up to 7% of children

with venous thromboembolism (VTE) may meet criteria for APS;

however, pediatric studies are lacking.

Aims: To describe a large cohort of childhood APS, examining labora-

tory and clinical characteristics.

Methods: A retrospective cohort from the Hospital for Sick Children

(Toronto) included patients <18 years of age diagnosed between 1999

and 2011. Patients were identified from the pediatric thrombosis/rheu-

matology/stroke databases. Only patients meeting revised Sapporo cri-

teria were included. Demographic, laboratory and clinical data were

extracted from medical records. Thrombus resolution for multiple ini-

tial thrombi was defined as complete resolution of ≥50% of thrombi.

Complete thrombophilia evaluation included factor V Leiden (FVL),

prothrombin variant, deficiencies in protein C/S and antithrombin

testing. Patients with primary vs. secondary APS were compared using

descriptive, parametric and nonparametric statistics as appropriate.

Study was approved and consent waived by the local research ethics

board.

Results: Over the 12-year study period, 53 patients were identified. Sev-

enty-five percent of the cohort had secondary APS (systemic lupus ery-

thematosus [33%], others [67%]). The overall cohort median age was

11 years (IQR: 1–14; M:F 1.94:1.0). There were 57% venous, 34%

arterial and 9% mixed thrombi, distributed as follows: central nervous

system (CNS) (38%); non-CNS (49%); and both (13%).

APS laboratory criteria consisted of persistent elevation in anticardio-

lipin IgG antibodies (75%) and persistent positive lupus anticoagulant

(55%). Complete thrombophilia evaluation was done in 44/53 (83%)

patients, partial in 6/53 (11%), and missing in three patients. Overall,

36/53 (68%) patients had no concomitant thrombophilia, 9% had

incomplete evaluation but showed no defects, and 17% had a positive

finding, as follows: (FVL [homozygous (1), heterozygous (5)], pro-

thrombin variant [heterozygous (1)], protein S deficiency (1), none

with combined defects). Eighty-nine percent of children received some

duration of anticoagulation.

On follow-up imaging 64% had no/incomplete radiological resolution,

34% had complete resolution, and 2% had progression. At least one

clinical recurrence occurred in 7/53 (13%) patients.

There was no statistically significant difference in sex, thrombus type/

location, thrombophilia status, resolution or recurrence in children

with primary vs. secondary APS. There was however a significant dif-

ference in proportion of children ≤10 vs. >10 years of age in primary

vs. secondary APS groups (P = 0.005). There was no statistically sig-

nificant difference in clinical recurrence based on thrombophilia status

nor treatment status; 6/7 recurrences occurred in patients with a nega-

tive complete thrombophilia evaluation. At the time of recurrence only

1/7 was therapeutic in their anticoagulation.

Summary/Conclusion: Diagnostically proven APS is rare in children,

with secondary APS being seen more frequently. Younger children

more frequently had secondary APS, while older children had a more

even distribution of primary and secondary cases. Clinical recurrence

was low in this cohort, particularly considering the concomitant

thrombophilia rate described, and recurrence was not associated with

thrombophilia status. Interestingly, most children within this cohort

received some duration of anticoagulation and recurrence occurred

mostly during subtherapeutic anticoagulation levels. Further prospec-

tive work is necessary to explore the ideal anticoagulation length in

this population.

PB 3.62-2
RAPS: a prospective randomised controlled phase II/III
clinical trial of rivaroxaban vs. warfarin in patients with
thrombotic antiphospholipid syndrome, with or
without SLE
Cohen H1, Dore C2, Clawson S2, Hunt BJ3, Khamashta M3,

Machin SJ2 and Muirhead N2

1University College London Hospitals NHS Foundation Trust,

London, UK; 2University College London, London, UK; 3Guys and

St Thomas’ Hospitals NHS Foundation Trust, London, UK

Background: The current mainstay of the treatment of thrombotic

antiphospholipid syndrome (APS) is therapeutic anticoagulation with

vitamin K antagonists (VKA), such as warfarin. However, the limita-

tions of VKA have driven a search for new agents, which include riva-

roxaban (Xarelto�; Bayer HealthCare). These drugs have been

approved for several clinical indications at present based on phase III

prospective randomised clinical trials, but these trials may not be

directly applicable to patients with APS where there remains an unmet

need.

Aim: To demonstrate that the intensity of anticoagulation achieved

with rivaroxaban is not inferior to that of warfarin, by measurement

of the dynamics of ex vivo thrombin generation using the thrombin

generation test (TGT) with the endogenous thrombin potential (ETP)

as the key parameter, in patients with thrombotic APS, with or with-

out SLE. Secondary aims: to compare rates of bleeding and recurrent

thrombosis, and compare quality of life in patients on rivaroxaban

with those on warfarin.

Hypothesis: The intensity of anticoagulation, assessed using the ETP,

achieved in thrombotic APS patients on rivaroxaban is not inferior to

that obtained on warfarin. The TGT, as a global measure of anticoag-

ulation, can assess the anticoagulant effects of both rivaroxaban and

warfarin. Clinically, our hypothesis is that in patients with thrombotic

APS, rivaroxaban could induce more predictable anticoagulation and,

therefore, a greater sustained reduction in thrombin generation than

would warfarin, with additional patient benefits because there is no

requirement for regular anticoagulation monitoring

Methods: 156 eligible patients with thrombotic APS, with or without

SLE, who have had either a single episode of VTE whilst not on anti-

coagulation or recurrent episode(s) which occurred whilst off anticoag-

ulation or on sub-therapeutic anticoagulant therapy, currently taking

warfarin, target INR 2.5 (range 2.0–3.0), will be randomised either to

continue warfarin (standard of care) or to stop warfarin and start riva-

roxaban 20 mg once daily as standard. Each patient will have a

6 month treatment period and a final visit 30 days after the end of trial

treatment. The planned recruitment period is 10 months and overall

trial duration is 24 months.

Results: The primary outcome measure is the percentage change in

ETP from randomisation to day 42. The differences between the two

arms for the quality of life, efficacy (venous thromboembolism and

other thrombotic events) and safety (serious adverse events and all

bleeding events) secondary outcomes will be presented as estimates

and 95% confidence intervals.

Conclusion: If the trial demonstrates: i) that the anticoagulant effect of

rivaroxaban is not inferior to that of warfarin using the ETP; and ii)

absence of any adverse effects that cause concern with regard to the

use of rivaroxaban, we believe that this would provide sufficient sup-

porting information to change practice for our patients, i.e. to make

rivaroxaban the standard of care for the treatment of patients with

thrombotic APS, with or without SLE.
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PB 3.62-3
Contribution of immunoregulatory cytokines in the
pathogenesis of primary antiphospholipid syndrome
Iwaniec T1, Jakiela B1, Celinska-Lowenhoff M1, Swadzba J2,

Musial J1 and Padjas A1

1Jagiellonian University Medical College, Cracow, Poland;
2University Hospital, Cracow, Poland

Background: The primary antiphospholipid syndrome (PAPS) is an

autoimmune disease characterized by the presence of antiphospholipid

antibodies with associated vascular thrombosis and obstretical compli-

cation. Recent studies suggest defective immunoregulatory mecha-

nisms as a potential cause of autoimmunity.

Aims: To investigate the contribution of immunoregulatory and Th17-

associated cytokines in the pathogenesis of PAPS.

Methods: We measured serum concentration of TGF-b1, IL-10, IL-23,
IL-17A and IL-27 (high sensitivity ELISA kits) in patients with con-

firmed diagnosis of PAPS (n = 20) and matched group of healthy con-

trols (n = 20). Additionally, anticardiolipin (aCL) and anti-b2
glycoprotein I (ab2GPI) antibodies, and CRP were measured in all

subjects studied.

Results: Serum levels of both IL-10 and IL-23 were significantly ele-

vated in PAPS patients as compared to controls (median IL-10: 3.7 vs.

1.7 pg/mL, P < 0.001; IL-23: 19.9 vs. 11.6 pg/mL, P < 0.05). There

was a trend (P = 0.056) toward lower concentration of TGF-b1 in

PAPS group (14.5 vs. 13.3 ng/mL in controls). IL-17A was detected

only in one PAPS patient. All other measurements for IL-17A and IL-

27 were below the assay threshold. There was a significant negative

correlation between concentrations of TGF-b1, and both aCL IgG

(r = �0.65) and ab2GPI IgG (r = �0.61). We also observed a positive

correlation of IL-23 with IgM aCL (r = 0.7) and IgM ab2GPI

(r = 0.6). PAPS patients with the history of deep venous thrombosis

(DVT) were characterized by significantly higher levels of serum IL-10

(P < 0.001) and lower concentrations of TGF-b1 (P < 0.05). Finally,

serum CRP did not differ between the groups, and there was no associ-

ation between CRP levels and concentration of measured cytokines.

Conclusions: Our data suggest, that PAPS is characterized by low-grade

immune activation and imbalance between immunoregulatory and

pro-inflammatory cytokines, which may be responsible for production

of antiphospholipid antibodies and subsequent thrombotic symptoms.

PB 3.62-4
Pro-inflammatory and pro-thrombotic markers in
antiphospholipid antibody positive patients: subgroup
analysis from an open-label prospective pilot study
Willis RA1, Erkan D2, Murthy V1, Ba Gsra1, Vega JA2, Ruiz-

Limon P1, Carrera-Marin AL1, Jatwani S1, Gonzalez E1

and Pierangeli S1

1University of Texas Medical Branch, Galveston, Texas, USA;
2Hospital for Special Surgery, New York, NY, USA

Background: Antiphospholipid Syndrome (APS) is a multisystemic dis-

ease, characterized by recurrent thrombosis and/or pregnancy loss and

antiphospholipid (aPL) antibodies. Elevated aPL antibodies can also

be found in ‘asymptomatic’ individuals and in patients with systemic

lupus erythematosus (SLE). Pro-inflammatory and pro-thrombotic

markers are associated with aPL-mediated pathogenic effects in vitro

and in vivo and are increased in aPL-positive patients.

Aims: We examined whether those markers are differentially upregu-

lated in persistently aPL positive patients with or without autoimmune

disease (APS and/or SLE), utilizing data collected from an open-label

prospective pilot study.

Methods: Forty-one persistently aPL-positive patients (29F and 12M)

and 30 age/sex-matched controls were included. Exclusion criteria

included pregnancy, statin use, prednisone <10 mg/day, and immuno-

suppressive use (except hydroxychloroquine). Interferon (IFN)-a,

Interleukin (IL)1b, IL6, IL8, inducible protein (IP)10, tumor necrosis

factor (TNF)-a, vascular endothelial growth factor (VEGF), and solu-

ble CD40 ligand (sCD40L) levels were determined by a multiplex assay

(Millipore, Billerica, MA) in the sera of patients and controls. Plasma

samples were used to detect sTF using a chromogenic assay. aCL

(IgG, IgM and IgA), ab2GPI (IgG, IgM and IgA), soluble intercellular

cell adhesion molecule (ICAM)-1, vascular cell adhesion molecule

(VCAM)-1, and E-selectin (E-sel) were evaluated by ELISA. For the

purpose of this study patients were divided into groups: Primary APS

(PAPS), APS with SLE (SAPS), SLE with aPL antibodies (SLE/aPL),

and ‘asymptomatic aPL’ (asympt aPL). Mann-Whitney Rank Sum test

was used to analyze the data.

Results: Of the 12 biomarkers assessed, nine biomarkers (IL6, IL1b,
TNFa, IP10, sCD40L, sTF, sICAM1, sVCAM1 and sEsel) were sig-

nificantly elevated in PAPS patients, 7 (IL6, IL1b, TNFa, IP10,

sCD40L, sTF and sICAM1) were significantly elevated in SLE/APS

patients, 4 (IL6, IP10, sCD40L and sTF) were significantly elevated in

SLE/aPL patients and 3 (TNFa, sCD40L and sTF) were significantly

elevated in patients with asymptomatic aPL when compared to con-

trols. Soluble TF and sCD40L were elevated in all four subgroups and

there was no difference in sTF titers among aPL-positive groups

(P = 0.055). TNFa was elevated in three subgroups – [PAPS, SLE/

APS and asymptomatic aPL patients] – while IL-6 levels were elevated

in the three subgroups – [PAPS, SLE/APS and SLE/aPL]. IL-8, TNFa
and IP-10 concentrations were significantly higher in PAPS, SLE/APS

and SLE/aPL patients when compared to patients with asymptomatic

aPL. VEGF, sICAM-1, and sVCAM-1 concentrations were signifi-

cantly higher in PAPS patients when compared to the all other groups.

There was no difference in the titres of aCL or antib2GPI (all isotypes

compared) among the aPL-positive subgroups.

Conclusion: Pro-inflammatory and prothrombotic markers are differ-

entially upregulated in aPL-positive patients. These findings may have

implications in the pathophysiology of APS and underscore the impor-

tance of detecting biomarkers to help in the identification of subgroups

of aPL-positive patients.

PB 3.62-5
Laboratory evaluation of antiphospholipid antibodies:
have the recommended guidelines for diagnosing
antiphospholipid syndrome been followed
Margetic S, Tesija Kuna A, Vukasovic I and Vrkic N

Medical School University Hospital, Zagreb, Croatia

Background: In addition to clinical indicators, laboratory evaluation

of antiphospholipid antibodies (aPLAs) is an integral part of the diag-

nostic criteria for antiphospholipid syndrome (APS). Based primarily

on the method detection, there are three major subgroups of aPLAs:

lupus anticoagulant (LA), anticardiolipin antibodies (ACL) and anti-

b2-glycoprotein-1 antibodies (anti-b2GPI). According to the Interna-

tional Society of Thrombosis and Haemostasis (ISTH) recommended

guidelines, the laboratory investigation of aPLAs should always

include determination of all three groups of antibodies.

Aim: The aim of this study was to analyze the results of laboratory

evaluation of aPLAs in unselected consecutive patients who referred

for testing during 1 year period.

Methods: LA antibodies were identified by a panel of commercial

coagulation assays (Siemens, Germany) including screening tests (acti-

vated partial thromboplastin time (APTT, Actin FSL), APTT mixing

test, dilute Russell¢s viper venom time dRVVT screen and dRVVT

confirmation test. The laboratory evaluation of ACL and anti-b2GPI

antibodies was performed using enzyme-linked immunosorbent

(ELISA) assays (Orgentec, Germany) for immunoglobulin M (IgM)

and immunoglobulin G (IgG) isotypes.

Results: The prevalence of positive results for individual aPLAs were:

LA = 33/991, 3.3%; ACL = 67/1253, 5.3% (IgG = 22/67, 33%;

IgM = 31/67, 46%; IgG and IgM = 14/67, 21%) and anti-b2GPI = 7/
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177, 4.0% (IgG 4/7; IgM 3/7, IgG and IgM 1/7). Only for 11/86 (13%)

of all positive patients, laboratory investigation included all three

groups of aPLAs. Anti-b2GPI were ordered only for 16/86 (18.6%)

patients. LA and ACL were simultaneously ordered for 48/86 (56%)

of positive patients, while LA alone was ordered for 10/86 (12%)

patients and ACL alone for 33/86 (38%) patients. Among 44 positive

cases for simultaneously ordered LA and ACL, 15/44 (34%) were

positive for both LA and ACL, 9/44 (20%) were LA positive and ACL

negative and 20/44 (46%) were ACL positive and LA negative. Of the

total 86 positive results, LA was ordered for 58 patients (67%) with

positivity of 57% (33/58), while ACL antibodies were ordered for 77

(90%) patients with positivity of 87% (67/77). Only in 4/33 (12%) of

LA positives, 8/67 (11.9%) of ACL positives and 1/7 of anti-b2GPI

positives, laboratory evaluation was performed on two separate occa-

sions at least 12 weeks apart.

Conclusions: The laboratory investigation of individual aPLAs among

unselected consecutive patients had shown the prevalence of 3.3–5.3%
for individual subgroups of antibodies, with the highest prevalence of

ACL antibodies. Our results indicated that laboratory investigation

has not been completely performed in accordance with the recom-

mended guidelines on testing, since only for a small number of patients

testing was performed for all three subgroups of antibodies or at least

for two (LA and ACL). Additionally, for a minority of positive

patients testing was ordered on two separate occasions at least after

12 weeks. It is obvious that laboratory has to take the more substan-

tial role in the investigation process of APS, than just providing doc-

tors with numbers. The corrective actions should primarily include

ongoing education of clinicians pointing the importance of determin-

ing all three subgroups of aPLAs, since patients may be negative for

one subgroup of aPLAs and positive for others.

PB 3.62-6
Taipan snake venom time coupled with ecarin time
testing enhances lupus anticoagulant detection in non-
anticoagulated patients
Moore G, Bromidge E, Polgrean R, Archer R and Squires I

Guy’s & St. Thomas’ NHS Foundation Trust/GSTS Pathology,

London, UK

Background: Accurate and timely detection of LAs is crucial to diag-

nosis and management of antiphospholipid syndrome (APS). It is

hampered by the lack of a gold standard assay or reference prepara-

tion, exacerbated by antibody heterogeneity, reagent variability and

inconsistencies in raw data interpretation. Limiting analysis to just

dRVVT and APTT assays has been proposed, at least in part to foster

standardisation, yet even this combination of stalwart tests is by no

means infallible and will not detect all clinically significant LAs.

Numerous alternative assays have been described but few have been

subjected to the same degree of scrutiny as the dRVVT/APTT pairing,

although this does not necessarily invalidate them as useful diagnostic

adjuncts. Taipan snake venom time (TSVT) screening with an ecarin

time (ET) confirmatory assay has been shown to be useful for detect-

ing LAs in patients receiving warfarin or rivaroxaban that compromise

dRVVT and APTT assays.

Aims: To assess the diagnostic impact of incorporating TSVT/ET anal-

ysis into an existing dRVVT and LA-responsive APTT repertoire

when testing non-anticoagulated patients for the presence of LAs.

Methods: dRVVT was performed with Life Diagnostics LA Screen

and LA Confirm reagents (Life Therapeutics). APTT was performed

using PTT-LA (Diagnostica Stago) in the screen and addition of plate-

let-derived LA confirmation reagent (Bio/Data Corporation) for the

confirmatory test. TSVT was performed using Diagen Taipan venom

and diluted Diagen Bell and Alton Platelet Substitute (Diagnostic

Reagents) and E. carinatus venom (Diagnostic Reagents) for the ET.

All LA assays were performed on a CS2000i automated analyser

(Sysmex). Screen and confirm clotting times were each converted to

normalised ratios via the mean clotting time for each reference interval

(RI). Test plasmas were defined as being consistent with the presence

of a LA if the screening test ratio was greater than the upper limit of

the RI and there was ≥10% correction by the confirm ratio after exclu-

sion of other causes of prolonged clotting times. One hundred and fifty

two samples from non-anticoagulated patients being investigated for

APS were tested for LA by all three assay systems.

Results: Ninety five of 152 samples (62.5%) were negative for LA by

all three assays systems. Twenty two (14.5%) were positive by TSVT/

ET and one or both of dRVVT and APTT. Twenty five (16.4%) were

positive for LA by one or both of dRVVT and APTT but negative by

TSVT. Ten (6.6%) were positive for LA by TSVT/ET but negative

with both dRVVT and APTT.

Conclusions: Most of the LAs manifested in dRVVT and/or APTT

analysis, as might be anticipated from this reagent pairing. The small

number of samples positive by TSVT/ET only, as has been previously

demonstrated, emphasise that the many variables that impact on LA

testing mean that even a well established dRVVT and APTT pairing

cannot deliver diagnostic certainty. In view of low frequency and

financial/logistic considerations, TSVT/ET analysis is best placed as a

second-line assay where clinical suspicion of APS is high and standard

assays are negative, and for use in anticoagulated patients.

PB3.63 – Arterial Vascular
Disorders – IV

PB 3.63-1
The ABO, non-O blood groups and their association
with hematoma growth in acute intracerebral
hemorrhage
Tirado I, Coll I, Mateo J, Mart�ı-Fabregas J, Borrell M, Delgado-

Mederos R and Fontcuberta J

Hospital Sant Pau, Barcelona, Spain

Background: ABO blood groups have been associated with various dis-

eases, particulary thrombotic diseases. We tested the hypothesis that

the ABO, non-O blood groups are associated with hematoma growth

(HG) in patients with acute intracerebral hemorrhage (ICH).

Methods: We studied patients who had a spontaneous ICH within the

first 6 h after the onset of symptoms. We included 90 patients (mean

age 71 � 10.8 years), 61% were men and 39% were women. HG was

observed in 35 (39%) of the patients. The HG group and the non-HG

group were demographically similar. The frequency of intraventricular

hemorrhage, and volume of the hematoma at baseline were similar

also. HG was defined as an increase of 33% in the volume of hema-

toma using the computed tomography (CT) data obtained 24–72 h

after the onset of symptoms compared to the CT at admission. The

volume was calculated using the formula (AxBxC):2. Functional out-

come at 3 months was assessed with the Rankin scale score, and it was

considered favourable when Rankin score was 0–1 (groups: Rankin 1

0–1; 2nd Rankin ≥2). For genetic analysis, the ABO blood group was

determined using the polymerase chain reaction (PCR) with two frag-

ments: one of 252 bp of the exon 6 and other of 843 bp of the exon 7.

The fragments were digested with the restriction endonucleases KpnI

and MspI. We used Chi-Square test to compare the frequencies of the

two groups: A2O and O group (OO, A2O, A2A2) and the non-O group

(A1A1, A1B, BB, A1O, BO and A2B).

Results: The frequencies between groups were not significantly differ-

ent. However, we observed that there was a greater number of patients

with HG in the A2O and O group than in the non-O group (61.3% vs.

38.7%. ns). Also, we observed a higher proportion of non-O group in

patients who did not exhibit HG (57.7% vs. 42.3% ns). The Rankin

scale at 3 months was not significantly different between the two

groups.

Conclusion: Despite the small sample size, we observed that prothrom-

botic genetic factor, non-O blood group (except A2), might play a pro-
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tective role in hematoma growth. Further studies with a greater num-

ber of subjects need to be done to confirm our results.

Spanish grant RD12/0042/0032. AGAUR 2009 SGR1147.

PB 3.63-2
Pathomechanism of reobstruction after endovascular
treatment of the superficial femoral artery: impact of
inflammatory cells
Belaj K, Pichler M, Hackl G, Eller Ph, Brodmann M and Gary T

Medical University Graz, Graz, Austria

Background: Pathophysiology of reobstruction after arterial interven-

tion is not well understood so far and seems to differ from typical ath-

erosclerotic plaque lesions. Development of a neointima as a response

to injury is induced by different cellular components as platelets, vas-

cular smooth muscle cells and immunity cells. Various laboratory

parameters reflect the inflammatory state in atherosclerotic lesions. So

far it is unknown whether those parameters influence development of

restenosis after endovascular treatment of the superficial femoral

artery (SFA) as well.

Methods: We performed a retrospective data analysis of 1064 patients

with peripheral arterial occlusive disease treated at our institution

between 2005 and 2010 by means of endovascular recanalization (per-

cutaneous transluminal angioplasty (PTA) and stent insertion) of the

SFA. We evaluated laboratory parameters reflecting inflammatory

state and occurrence of symptomatic reobstruction during a mean fol-

low up of 58 months.

Results: In patients developing symptomatic restenosis after PTA med-

ian percentage of monocytes was significantly lower than in patients

without reobstruction (median 6.0% vs. 7.0% P-value 0.02). Reob-

struction rate in stent patients was not associated with monocyte-

count. We were not able to find statistically significant differences in

levels of lymphocytes, neutrophiles, c- reactive protein and fibrinogen.

Conclusion: Low levels of monocytes are associated with a higher risk

of restenosis after PTA but not after stent insertion. We hypothesize

that monocytes might have a protective effect in vascular lesions and

development of restenosis after PTA as they might harbour properties

of endothelial cells.

PB 3.63-3
Presence of organized thrombus in coronary aspirated
materials is a predictor of in-hospital mortality in
patients with acute myocardial infarction
Nishihira K1, Hatakeyama K2, Shibata Y3 and Asada Y2

1Miyazaki Prefectural Nichinan Hospital, Nichinan; 2Faculty of

Medicine, University of Miyazaki, Miyazaki; 3Miyazaki Medical

Association Hospital, Miyazaki, Japan

Background: Thrombus propagation on disrupted atherosclerotic pla-

que leads to acute myocardial infarction (AMI). Recent studies have

shown that the histopathology of coronary thrombus is associated

with myocardial reperfusion, ST-segment recovery, distal embolization

and long-term mortality in patients with AMI.

Aims: We investigated the histopathological characteristics of material

aspirated during percutaneous coronary intervention (PCI) in patients

with AMI, and assessed whether histological findings are related to in-

hospital mortality.

Methods: In this prospective single-center registry, coronary materials

were obtained during PCI from 264 AMI patients within 24 h after the

onset of anginal symptoms. The presence of organized thrombus, cal-

cification and plaque components in aspirated materials were morpho-

logically assessed.

Results: In-hospital deaths occurred in 17 (6%) patients. Organized

thrombi were found in 91 (34%) of 264 patients, calcification was

identified in 44 (17%) and plaque components were aspirated from

117 (44%) patients. Rates of in-hospital all-cause mortality were sig-

nificantly higher among patients with, than without organized throm-

bus (P < 0.05). However, organized thrombus was not associated with

peak creatine kinase (P = 0.94). Multivariate analysis also identified

organized thrombus as an independent predictor of in-hospital death,

as well as age, a history of myocardial infarction and the presence of

shock (P < 0.05). In contrast, calcification and plaque components

were not significantly associated with in-hospital mortality.

Conclusions: Our results suggest that the presence of organized throm-

bus in coronary aspirated thrombus is an independent predictor of in-

hospital mortality in AMI patients.

PB 3.63-4
Correlation between burst of thrombin and
microvacular obstruction (no reflow) during ST
elevation myocardial infarction treated by primary
percutaneous coronary intervention
Drouet L1, Spagnoli V1, Klein E1, Sideris G1, Brumpt C1,

Magkoutis N1, Berge N2, Bal dit Sollier C2 and Henry P1

1AP-HP; 2IVS, Paris, France

Background: The principal challenge in primary angioplasty is not to

achieve the culprit vessel reopening (which is regularly obtained) but

to prevent the myocardial microvascular obstruction: the no-reflow

phenomenon which determines initial and long term prognosis of

patients. The main factors of the no-reflow are the micro-thrombotic

distal embolizations from the main thrombus and the ischemia reper-

fusion which includes endothelial reactivity induced by numerous cel-

lular reactions. The thrombotic burden at the acute phase of STEMI,

is a consequence of platelet and coagulation activation, for which

thrombin generation plays a major role due to its multiple molecular

and cellular effect in thrombosis, inflammation micro vascular damage

Objective: During the acute phase of STEMI we evaluated the genera-

tion of thrombin as assessed by circulating thrombin-anti thrombin

complex. In order to study the consequence, we correlated this throm-

bin generation with other markers of coagulation activation (fibrin D-

Dimers, fibrin monomers), markers of cellular activation (microparti-

cles derived from platelets and endothelial cells), microvascular injury

and obstruction and infarct size.

Methods: 36 consecutive patients with STEMI admitted for primary

PCI were enrolled. Blood samples were collected and analyzed before

angioplasty, at the end of angioplasty and 2, 6, 12 and 24 h after

angioplasty. Plasma TAT complexes and D-Dimers were evaluated by

ELISA methods, fibrin monomers by immunotubidimetric test. Plate-

lets and endothelial microparticles were determined by flow cytometry

analysis. Microvascular obstruction was assessed by the myocardial

blush at angiography and index of microvascular resistance. Infarct

size was assessed by AUC of plasma troponin and CK-MB, angio-

graphic evaluation of myocardium at risk and by MRI.

Results: a burst of thrombin was observed in 33% of the patients and

in these patients the peak occurred during primary percutaneous coro-

nary intervention. The same patients increased their circulating plate-

lets microparticles but the kinetics was delayed 2 h after primary PCI

and the levels remained high during 24 h. The endothelial microparti-

cles, D-Dimers and fibrin monomers generation remained stable at the

acute phase, without burst. Prolonged ischemic time and significant

myocardium at risk were correlated with a higher level of thrombin

generation (P < 0.05). Patients with burst of thrombin had an alter-

ation of myocardial blush (P < 0.05), an increased micro-vascular

obstruction (P < 0.05) and higher troponin I and CK levels (P < 0.05)

Conclusion: This study showed a burst of thrombin at the time of pri-

mary PCI during STEMI in one third of the patients. When present

this burst was associated with more cellular, myocardial and micro-

vascular damage.
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PB 3.63-5
Thrombophilic risk factors predisposing to thrombosis
in patients sufferd from ocular arterial occlusions
Dropinski J, Kubicka-Trzaska A, Domagala TB, Sanak M

and Musial J

Jagiellonian University School of Medicine, Krakow, Poland

Introduction: Retinal vascular occlusion is common causes of blind-

ness and visual morbidity. The role of thrombophilia in the etiology

of retinal artery occlusion has not been adequately clarified. Classic

risk factors are commonly associated with retinal artery thrombosis,

while unclear it is the role of the thrombophilic and coagulation

disorders.

Aim: The aim of our study was to establish the prevalence of major

and potential inherited and acquired thrombophilic risk factors in 65

patients (39 females, 26 males; age: 56.7 years; range 24–72) with ocu-

lar arterial occlusions. The control group consisted of 60 (32 females,

28 males; age: 55.7 years; range 20–72) healthy subjects, without any

vascular, eye-related disease.

Methods: In all participants the prevalence of Leiden mutation (FV

Leiden), protrombin variant (20210 G/A mutation), Leu 34 polymor-

phism of the factor (F) XIIIA-subunit, deficiency of protein C, S, anti-

thrombin and antiphospholipid antibodies (aPL) were assessed. Also

intima-media thickness (IMT) in carotid arteries were measured using

ultrasonography.

Results: Elevated aPL antibody level (IgG>10 GPL; IgM>20MPL)

were detected in 15 of 65 patients (23%) and in 4 of 60 controls

(6.6%). The incidence of FV Leiden, deficiency of protein C were sig-

nificantly more common in patients suffered from ocular arterial

occlusions (P < 0.05) compared to controls. Patients with ocular arte-

rial occlusions had greater IMT than healthy subjects (0.91 mm vs.

0.72 mm; P < 0.05). There was no significant difference in the preva-

lence of deficiency of protein S, 20210 G/A mutation, FXIII Val34Leu

polymorphism and antithrombin level between patients and healthy

subjects. Among classic risk factors only hypertension, diabetes mell-

itus, hypercholesterolemia and cigarette smoking were significantly

more frequent in patients suffered from ocular arterial occlusions in

comparison to controls.

Conclusions: These results show that thrombophilia plays a much

important role in the pathogenesis of retinal artery occlusions. Accord-

ing to these data, thrombophilia screening should be consider in pre-

venting and treatment of such events.

PB 3.63-6
TAFI Thr325Ile polymorphism and abdominal aortic
aneurysms
Bridge KI, Macrae FL, Johnson A, Scott DJA and Ari€ens R

University of Leeds, Leeds, UK

Background: Abdominal Aortic Aneurysm (AAA) is a permanent dila-

tation of the abdominal aorta, with a natural history of expansion and

eventual rupture, accounting for up to 8000 deaths per annum in the

UK alone. The presence of intra-luminal thrombus (ILT) is an inde-

pendent risk factor for expansion and rupture of AAA. Beyond the

ILT, the high cardiovascular risk in this group of patients indicates

thrombosis may be altered systemically. Recent studies from our labo-

ratory showed that patients with AAA form denser clots with smaller

pores, which are more resistant to fibrinolysis.

Thrombin-activatable fibrinolysis inhibitor (TAFI) inhibits fibrinolysis

through cleavage of C-terminal lysines from fibrin, impairing the con-

version of plasminogen into plasmin and thereby promoting clot sta-

bility. A known polymorphism of TAFI, Thr325Ile, has been shown

to increase the stability and anti-fibrinolytic activity of TAFI in vitro.

A recent study indicated a role for TAFI in AAA development, since

TAFI deficient mice developed larger AAA upon aortic elastase infu-

sion compared with controls (Schultz G et al, ATVB 2010). Whilst

TAFI Thr325Ile has been previously associated with cardiovascular

disease, its role in human AAA remains unexplored.

Aim: To investigate the association between the TAFI Thr325Ile poly-

morphism and AAA, ILT and survival.

Methods: All participants were recruited through the Leeds Aneurysm

Development Study (LEADS). A total of 1111 Caucasian subjects

≥55 years (604 patients with AAA ≥3 cm, and 507 age and sex-

matched controls, aortic diameter <2.9 cm) were included. DNA was

extracted from blood cells, and Thr325Ile genotype was identified

using real time PCR, through a commercially available genotyping

assay (rs1926447, TaqMan� SNP Genotyping Assay, Life Technolo-

gies). Data was analysed using IBM SPSS Statistics version 20.

Results: Genotypes across the study population agreed with the Hardy

Weinberg Equilibrium (Controls x2 = 0.01, P = 0.92, Aneurysms

x2 = 0.008, P = 0.93, Total population x2 < 0.001, P = 0.98). More

patients than controls were both homozygote (9.8% vs. 8.1%) and het-

erozygote (42.7% vs. 41.0%) for the Ile325 allele; these differences

were not statistically significant (P = 0.429). The presence of ILT was

confirmed on ultrasound scan in 226 of the aneurysm patients (37.4%)

but presence or absence ILT was not related to genotype (P = 0.663).

Although there was a significant difference in survival between aneu-

rysms and controls (P < 0.001), survival was not related to TAFI

genotype within either group (controls P = 0.951, aneurysms

P = 0.549), or across the population as a whole (P = 0.234).

Conclusion: The TAFI Thr325Ile polymorphism did not associate with

AAA, presence of ILT, or survival in this group of AAA patients and

their controls. These data do not support a major role for this poly-

morphism in AAA development or intra-luminal thrombus formation.

PB3.64 – Diagnosis of VTE – V

PB 3.64-1
Hestia criteria with the POMPE-C tool identifies
patients with cancer and pulmonary embolism at very
low risk for short-term complications
Kline JA1, Kabrhel C2 and Beam D1

1Indiana University, Indianapolis, IN; 2Harvard School of

Medicine, Boston, MA, USA

Background: The Hestia criteria and the Prediction of Mortality from

Pulmonary Embolism with Cancer (POMPE-C) are well-suited to risk

stratify patients with active cancer and PE. We test the hypothesis that

the tandem application of Hestia and a POMPE-C score ≤5% in emer-

gency department (ED) patients with active cancer and PE, would be

efficient (>25% categorized as eligible for home treatment) and safe

(zero mortality at 30 days).

Methods: Patients with confirmed PE were enrolled from the ED of a

large academic hospital. Variables required for Hestia and POMPE-C

were collected prospectively and 30 day survival was confirmed by

direct observation. Active cancer was defined as under treatment or

metastatic.

Results: We enrolled 299 patients with PE, including 107 with any his-

tory of cancer and complete data. The 30 day mortality rate was 10/

107 (9%, 95% CI: 5–17%). Application of Hestia to all 107 with any

cancer excluded 29 patients, leaving 79 evaluable by POMPE-C which

was ≤5% in 46 patients (43% 34–52%). None of these 46 (0%, 0–8%)

died within 30 days. Fifty-eight patients had active cancer and both

the Hestia criteria were negative and POMPE-C were ≤5% in 24/58

(41%, 29–55%). None of these 24 patients died within 30 days (0–
13%).

Conclusion: The Hestia criteria negative together with POMPE-C ≤5%
identified 41% of outpatients with active cancer and PE at very low

risk of short-term mortality. Hestia plus POMPE-C offer an efficient

and safe method to risk-stratify patients with cancer and PE.
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PB 3.64-2
Prevention of venous thromboembolism after major
trauma: efficacy of prophylactic measures and
associated bleeding complications
Hitos K, Hsu J and Fletcher JP

University of Sydney/Westmead Hospital, Sydney, Australia

Background: Trauma patients are at a particularly great risk for the

development of venous thromboembolism (VTE) due to hypercoagu-

lability, immobilization and venous injury. Without thromboprophy-

laxis the incidence of deep vein thrombosis (DVT) has been reported

to be as high as 63%. The optimal VTE prophylaxis strategy for

trauma patients with a contraindication to pharmacological prophy-

laxis due to the risk of bleeding remains unknown.

Aims: To determine the VTE incidence in major compared to minor

trauma patients admitted under a multidisciplinary trauma team as

well as assess the efficacy of prophylactic modalities used and associ-

ated bleeding complications.

Methods: In total, 1182 patients admitted at Westmead Hospital Level

1 trauma centre were identified from the prospectively maintained

Trauma Registry and reviewed (with waiver of consent) over a

6 month period in 2011 and 2012. Patients with an injury severity

score (ISS) >12 were categorized as major trauma. Demographic

details, mechanism and type of injuries, hospital length of stay (LOS),

ISS, prophylactic modalities (mechanical and pharmacological), oper-

ative duration, bleeding complications, outcome including in-hospital

and 3 month incidence of DVT and pulmonary embolism (PE) were

analyzed.

Results: Overall male to female ratio was 2.4:1. 78.4% of patients were

minor and 21.6% were major trauma. Mean age was 44.0 years (14.0–
100.0) for minor and 46.0 years (16.0–91.0) for major trauma patients

with a mean hospital LOS of 4.6 days (1.0–86.0) and 17.2 days (1.0–
133.0) respectively (P < 0.0001). Mean intensive care LOS was

0.1 days (0.0–7.0) for minor and 2.3 days (0.0–46.0) for major trauma

(P < 0.0001). No pharmacological prophylaxis was used in 36.6% of

minor and 7.7% of major trauma patients. Unfractionated heparin

(UH) was used in 56.3% of minor and 88.5% of major trauma patients

and low molecular weight heparin (LMWH) in 7.0% and 3.8% respec-

tively. Mechanical prophylaxis was used in 70.4% of minor and 96.2%

of major trauma patients. Major bleeding rates for major trauma were

10.7% with no pharmacological prophylaxis and 34.8% with use of

UH. For minor trauma patients, the overall in-hospital VTE incidence

was 1.0% (0.3% for DVT and 0.7% for PE). For major trauma

patients, the overall in-hospital VTE incidence was 7.8% (7.0% for

DVT and 0.8% for PE). At 3 months, the VTE incidence for minor

trauma patients was 1.2% (0.5% for DVT and 0.7% for PE) and 9.0%

(7.4% for DVT and 1.6% for PE) for major trauma patients. Mortal-

ity rates were 0.6% for minor and 7.8% for major trauma.

Summary/Conclusion: Our in-hospital incidence of VTE in trauma

patients was kept relatively low with use of prophylactic protocols.

The 7.8 fold increase in the in-hospital VTE incidence for major

trauma together with the two fold rise in PE rates at 3 months rein-

forces the importance for maximizing optimal thromboprophylaxis

relative to risk factors, type and severity of injury, surgical interven-

tion, hospital LOS and bleeding risk. Selective ultrasound screening in

patients unable to receive pharmacological prophylaxis due to bleed-

ing risk or inability to use mechanical prophylaxis may be of benefit.

PB 3.64-3
A swine model for pulmonary embolism with
autologous clot mimicking sub-massive PE
Beam D, Tune JD, Sturek M and Kline JA

Indiana University School of Medicine, Indianapolis, IN, USA

Background: Safer treatments are needed for severe, submassive

pulmonary embolism (PE). Since rodent models are inadequate, a

standardized reliable and reproducible large animal model of submas-

sive PE that reproduces physiological abnormalities observed in

humans with severe submassive PE would facilitate new drug develop-

ment.

Aims: Create a swine model of PE with autologous clot, which would

resemble severe, submassive PE in humans

Methods: Domestic pigs (N = 5 30–40 kg body weight) were sedated

and placed on isoflurane anesthesia. The femoral vein and artery were

cannulated to permit blood sampling and pressure measurements,

respectively. For autologous clot formation, 2 mL/kg of blood volume

was taken and replaced 3:1 with 0.9% NaCl. Whole blood was incu-

bated for 37 °C for 60’ in 12 mm diameter glass tubes. Cylindrical

clots were removed, washed with warm saline, and loaded into Tygon

silastic tubing (ID 6.35 mm, OD 7.94 mm). A 7F Edwards Scientific

thermodilution Swan-Ganz catheter was placed via ultrasound guid-

ance in the right external jugular. A cut-down was performed and left

external jugular isolated, silastic tubing was introduced into the vein,

and clot was gently introduced. Clot was confirmed to be present in

the heart with live echocardiography and fluoroscopy. All measure-

ments were taken prior to and 1 h. after delivery of clot.

Summary/Conclusions: Infusion of ~0.5 g/kg clot produced tachycar-

dia (106 � 6 beats/min), pulmonary hypertension (sPAP 45 � 4 mm

Hg), and mild hypoxemia (95 � 1%), and a 20 � 7% decrease in car-

diac output. Increasing the clot burden to ~0.7 g/kg showed immediate

changes consistent with marginally compensated shock. Heart rate

increased to 121 � 3 beats/min), a marginally decreased systolic arte-

rial blood pressure (101 � 6 mm Hg), without hypotension, but with

severe right ventricular dysfunction, pulmonary hypertension (sPAP

60 � 2 mm Hg), and hypoxemia (91 � 1%). At this level a 30 � 8%

decrease in cardiac output was seen. The mean change from basal con-

trol values to +60 min post infusion of clot mass of 0.7 g/kg was as fol-

lows: mean arterial pressure (MAP) = 80 � 5 vs. 64 � 3 mm Hg;

heart rate increased from 81 � 3 to 119 � 6 beats/min; oxygen satu-

rations dropped from 98 � 0 to 91 � 1%; the systolic pulmonary

arterial pressure (mPAP) increased from 10 � 2 vs. 36 � 2 mm Hg

and cardiac output dropped from 2.2 � 0.1 to 1.6 L/min, PCWP

increased from 8 � 1 to 18 � 3 mm Hg, and PVR increased from

72 � 11 to 742 � 54 dyne*S/cm5. Cardiac arrest occurred as a result

of rapidly injecting clot at 0.9 g/kg.

Conclusions: In anesthetized domestic swine, 0.7 g/kg autologous,

cylindrical clots instilled via the external jugular vein elicit the pulmo-

nary vascular, hemodynamic and echocardiographic responses of

humans with severe submassive PE. This model will be useful for pre-

clinical testing of new fibrinolytic agents in preparation for phase I

human studies.

PB 3.64-4
Clinical outcome and prognostic factor of cerebral
venous sinus thrombosis in Siriraj hospital
Chinthammitr Y and Bhurihirun T

Siriraj Hospital, Bangkok, Thailand

Background: Cerebral venous sinus thrombosis (CVST) is an uncom-

mon disease with the potentially serious consequences. The clinical

outcome of patients with CVST varied from complete recovery to per-

manent neurological deficits and death.

Aims: To describe the outcome and the prognostic factor.

Methods: Medical records of patients with CVST in Siriraj hospital

between year 2001 and 2009 were reviewed retrospectively. Collected

data included clinical features, thrombotic risks, imaging result, treat-

ment, and outcome until the second visit after discharge. Patients with-

out data of clinical status at the time of hospital discharge were

excluded. Bleeding complication after discharge was also reviewed.

The outcome was categorized into two groups with a simple and prac-

tical scale: good outcome (able to walk) and poor outcome (need

wheelchair, bedridden, and death).
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Results: One hundred and fourteen patients (103 women) had a med-

ian age of 34.0 years (range 21–65). Most common thrombotic risk

was oral contraceptives (30.9%) whereas congenital deficiency of natu-

ral anticoagulants was found in 10/110 (9.1%). Mean length of hospi-

tal stay was 16.7 + 4.2 days (range 2–25). On discharge date, 29

patients (25.4%) had a poor outcome (five deaths). In the univariate

analysis, factors significantly related to the poor outcome were male

sex, older age, weakness, cranial nerve palsy, seizure, coma, blurred

vision, papilledema, >2 thrombotic risks, number of sinus involve-

ment, involvement of sagittal or transverse sinus, intracerebral hemor-

rhage, cerebral infarction, and cerebral edema whereas factors

associated with the good outcome were Delta’s sign, low-molecular-

weight heparin use, and warfarin use. In the multivariate analysis,

coma and number of sinus involvement were significantly associated

with the poor outcome. Poor outcome rate was 90% (9/10) in patients

with coma. Among patients without coma, poor outcome was 2.6%

(2/77), 60% (12/20), 100% (6/6) for the number of sinus involvement

of 1, 2, >3 sinuses, respectively. Among alive patients with poor out-

come at discharge, status at follow-up visit (median follow-up

time = 7 weeks; range 4–12) was improved in 7/24 and worse to death

in 3/24. Major bleeding complication occurred only in the poor-out-

come group (2/24 patients; INR = 9.8 and 10.2).

Conclusions: At a 7-week follow-up after discharge, rate of poor out-

come was 21.9% whereas mortality rate was 7%. Coma and multiple

venous sinus involvement were poor prognostic factors of cerebral

venous sinus thrombosis.

PB 3.64-5
Implementation of a venous thromboembolism
prophylaxis program in Brazilian hospitals: VTE Safety
Zone Brazil
Rocha AT1, Tandeitinik LS2, Timi JRR3, Macedo AG4, Oigman W5,

Paiva M6, Pantoja J7 and Anjos JC8

1Faculdade de Medicina da Universidade Federal da Bahia,

Salvador; 2Hospital Agamenon Magalh~aes, Recife; 3Hospital das

Cl�ınicas da UFPR, Curitiba; 4Santa Casa de Miseric�ordia de

Santos, Santos; 5Hospital Universit�ario Pedro Ernesto UERJ, Rio

de Janeiro; 6Hospital Nove de Julho, S~ao Paulo, S~ao Paulo;
7Hospital Copa D’Or, Rio de Janeiro; 8Hospital Madre Teresa,

Belo Horizonte, Brazil

Background: The ENDORSE study showed that 46% of medical

patients in Brazil are at risk for venous thromboembolism (VTE), but

only 59% of these were receiving prophylaxis according to the Ameri-

can College of Chest Physicians (ACCP) guidelines. The implementa-

tion of hospital prophylaxis programs based on passive distribution of

VTE risk-assessment algorithms and continuous medical education

are not sufficient to improve the utilization of prophylaxis.

Aims: (i) To evaluate the impact of a hospital prophylaxis program

(VTE Safety Zone) implementation based on the standardized distri-

bution of VTE risk-assessment algorithms, lectures and the participa-

tion of a hospital VTE prophylaxis committee (VTEPC) on the

adequacy of VTE prophylaxis in medical patients; (ii) To compare the

evaluation of VTE risk by the ACCP and the Brazilian Guideline for

VTE Prophylaxis, and (iii) To evaluate the impact of VTE Safety Zone

with and without a formal VTEPC on the utilization of prophylaxis.

Methods: We performed a cross-sectional survey, during a single day,

in medical patients admitted to 11 Brazilian hospitals that participated

in ENDORSE and that were randomized to be implemented during

12 months with one of two groups of the VTE prophylaxis program.

The more intensive (MI) group included a formal VTEPC supported

by the hospital director. The rates of adequacy of prophylaxis were

compared between the two hospital groups, between the two guidelines

recommendations and also with the 649 historical controls evaluated

during ENDORSE.

Results: Data of 725 patients were collected: 400 (55%) patients in the

MI group and 325 (45%) in the less intensive (LI). The mean age of

patients was 65 � 14 years-old, 50% were men and had a median of

10 � 8 days of hospitalization. We found that 15% of patients were

obese, 57% had reduced mobility, 96% had at least one risk factor

(RF) for VTE; mean of 3 RF/patient, but higher in the MI group

(3.6 � 2 vs. 2.4 � 1, P < 0.0001). The more frequent RF were age

≥55 years (75%), intensive care admission (31%), infection (25%),

central venous catheter (21%), chronic pulmonary disease (21%),

heart failure (19%), pneumonia (19%) and cancer (16%). At least one

RF for bleeding was present in 32%. According to ACCP, 54% of the

medical patients were at-risk for VTE and 73% had adequate prophy-

laxis, which was significantly more than the 59% reported in

ENDORSE. According to the Brazilian Guideline, 89% were at-risk

and 60% had adequate VTE prophylaxis. The adequacy was signifi-

cantly higher in the MI group as compared with the LI, according to

the Brazilian Guideline (73% vs. 50%, P < 0.0001).

Conclusions: There were important improvements in the adequacy of

prophylaxis in medical patients admitted to Brazilian hospitals

between the ENDORSE and the VTE Safety Zone studies. According

to the ACCP criteria, after the implementation of the VTE Safety

Zone program, more patients at-risk were identified and consequently

more patients were receiving adequate VTE prophylaxis. Including a

formal VTEPC into a hospital prophylaxis program seems essential to

achieve higher goals of adequacy of VTE prophylaxis in medical

patients.

PB 3.64-6
The influence of the thrombotic burden on D-dimer
plasma levels in acute symptomatic deep vein
thrombosis of the lower limbs
Cosmi B, Legnani C, Cini M, Guazzaloca G, Rodorigo G, Valdr�e L,

Sartori M and Palareti G

S.Orsola-Malpighi University Hospital, Bologna, Italy

Background/Aims: Thrombotic burden might influence the concentra-

tion of D-dimer in patients with acute symptomatic deep vein throm-

bosis (DVT) of the lower limbs. Patients with small thrombi may thus

present with relatively low concentrations of D-dimer. To establish

whether D-dimer levels reflect the extent of acute deep vein thrombosis

(DVT) of the lower limbs. Design: cross-sectional, single centre study.

Patients and Methods: We evaluated consecutive patients with sus-

pected DVT of the lower limbs referring to our vascular emergency

department from 2002 to 2009. All patients underwent prestest clinical

probability (PCP), compression ultrasonography and D-dimer testing

(STA, Stago, cut-off: 500 ng/mL).

Results: We investigated 1187 patients (M:477 – 40%, mean age 65,

median 68, range:12–97) among whom 233 proximal DVTs (20%) and

164 distal DVTs (14%) were diagnosed. Prestest clinical probability

was likely in 194 (83%) of patients with proximal DVT and in 95

(57%) of subjects with distal DVT. D-dimer levels were higher in

patients with proximal DVT (mean: 4.38 lg/mL, median: 3.55 lg/mL;

range:0.39–23.65 lg/mL) than in patients with distal DVT (mean:

1.23 lg/mL; median:0.71 lg/mL, range:0.01–12 lg/mL) (P < 0.0001)

and patients without DVT (mean 0.80 lg/mL, median: 0.46 lg/mL,

range:0.01–11 lg/mL) (P < 0.0001). D-dimer was below the cut-off in

38% of patients with distal DVT and in 2% of patients with proximal

DVT. Among patients with unlikely PCP and D-dimer below the cut-

off, distal DVT was diagnosed in 16% and proximal DVT in 0.83%.

D-dimer levels were not correlated with the extent of proximal DVT.

Conclusions: D-dimer levels are higher in patients with proximal DVT

than in patients with distal DVT. Patients with acute small DVT might

present with low concentrations of D-dimer, thus affecting the yield of

diagnostic algorithms in suspected acute DVT of the lower limb.
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PB3.65 – Hormones, pregnancy,
women’s issues – III

PB 3.65-1
Does systematic risk assessment in pregnancy identify
women at risk for venous thromboembolism and so
avoid thrombosis? Experience of an 18 month
programme based on national guidance
Creagh MD1, Dehnel A2, Rider L2, McSorley A1, Carson P1

and Raja Asri1

1Royal Cornwall Hospitals NHS Trust, Truro; 2Peninsula College

of Medicine & Dentistry, Plymouth, UK

Background: Pulmonary embolism (PE) remains the leading direct

cause of maternal mortality in the UK, whilst pregnancy related DVT

may result in significant morbidity. Venous thromboembolism (VTE)

has an overall incidence of 1–2/1000 pregnancies. The UK Royal Col-

lege of Obstetricians and Gynaecologists (RCOG) Green-top guidance

37a (2009) recommends risk assessment (RA) for VTE in early preg-

nancy and at delivery to guide decisions on thromboprophylaxis. A

schema was derived from the RCOG guidance, based on personal and

family history of VTE and identified risk factors such as age, multipar-

ity, raised body mass index, thromophilia and the means of delivery.

Routine midwife lead RA was introduced at the initial early pregnancy

‘booking’ visit, with women catagorised as low, intermediate or high

risk for VTE by pro-forma. Referral of high risk women to a Joint

Haematology Obstetric Clinic enables specialist assessment and con-

sideration for thromboprophylaxis. RA is repeated post delivery, using

a hospital prescription chart based schema, or in the event of ante-

natal admission to hospital.

Aim: To study the effectiveness of a risk assessment schema in identify-

ing at risk women and the prevention of VTE.

Method: Information was collected on patients who developed VTE in

pregnancy or the post partum, known to the Joint Haematology

Obstetric Clinic. Data from the available pro-forma records was col-

lated for RA catagorisation, or otherwise this was derived from the

available clinical and electronic records. Pregnancy outcomes and

complications were assessed from the obstetric record.

Results: Over an 18 month period of study, there were a total of 7533

pregnancies at RCHT. Twelve cases of VTE were identified, five PE’s

and seven DVT’s, an incidence of 1.59/1000 pregnancies. Seven cases

occurred ante-natally, with five cases in the puerperium. There were no

maternal or fetal deaths. Booking RA pro-formas were identified for

10 women and an RA calculated for the two other cases, all subjects

being catagorised as low risk. For those five women with VTE in the

puerperium, three had a RA recorded post delivery, one assessed as

low risk for VTE and two at intermediate risk, while for the two other

women their RA. derived from the clinical record, was one at low risk

and one at intermediate risk. Only one of three women at intermediate

risk for VTE, who by the schema were to be offered heparin thrombo-

phrophylxis, had documentation of this proposed management but

she declined therapy.

Conclusion: The observed incidence of 1.59/1000 pregnancies is compa-

rable to the literature. Despite a low RA catagorisation seven women

sustained ante-natal VTE, suggesting that this ante-natal schema may

not identify risk or avoid VTE. For those post partum VTE cases 60%

were classified as intermediate risk, however none received heparin

thromboprophylaxis, which may reflect failure to implement new prac-

tice and the need for continuing education. Further prospective data

should be collected for the schema, with determination of any addi-

tional evident risk factors, specifically in antenatal VTE, with compari-

son to other Units with a similar obstetric practice but with alternative

RA schemas.

PB 3.65-2
Incidence of pregnancy outcomes in the conventionally
treated purely obstetric antiphospholipid syndrome,
pregnancy loss subtype: the NOH-APS observational
study
Gris J-C, Bouvier S, Cochery-Nouvellon E, Lissalde-Lavigne G,

Mercier E, Mousty E, Balducchi J-P and Mar�es P

University Hospital, N̂ımes, France

Background: The incidence of pregnancy outcomes in the purely

obstetric form of antiphospholipid syndrome (APS) treated according

to guidelines is uncertain.

Aims: We aimed to design a prospective study in women selected on

the same clinical criteria, according to the presence of APS, or to the

absence of any thrombophilia.

Methods: We performed a 10-year observational study of 1592 non-

thrombotic women who had experienced three consecutive spontane-

ous abortions before the 10th week of gestation or one foetal death at

or beyond the 10th week of gestation (NOH-APS, Blood 2012;119

(11):2624–32).
We compared the frequencies of pregnancy outcomes among women

positive for antiphospholipid antibodies (n = 517; treatment: prophy-

lactic LMWH plus low-dose aspirin LDA), women carrying the F5

6025 or F2 rs1799963 polymorphism (n = 279; recurrent abortions: no

treatment; foetal death: prophylactic LMWH), and women with nega-

tive thrombophilia screening results (n = 796; no treatment).

We report here the results comparing APS women and thrombophilia

negative women.

Results: In control women with negative thrombophilia screening

results, initial foetal loss was associated with an increased risk of early

spontaneous abortion and of foetal death; of pre-eclampsia (PE), severe

PE, PE before 34 weeks and PE with delivery of a small-for gestational

age neonate (SGA); of any ischemic placenta disease (IPD); of SGA

neonate; of preterm life birth before 37 weeks and before 34 weeks.

In women with recurrent abortions, treated APS women were at

increased risk of foetal death; of PE, severePE, PE before 34 weeks

and PE with delivery of a SGA neonate; of any IPD; of neonatal

death. A trend (P < 0.15) for an increased risk of premature birth

before 37 weeks and before 34 weeks, for birth of a SGA neonate and

for early neonatal mortality was also detected.

In women with foetal death, treated APS women were at lower risk of

early abortion and of foetal death. They were at higher risk of PE and

of PE before 34 weeks. A trend for an increased risk of premature

birth before 37 weeks, of severe PE, of HELLP syndrome, of PE with

a SGA neonate and of late neonatal mortality was also detected.

Summary/Conclusions: In women with a purely obstetric APS syn-

drome attempting a new pregnancy treated according to guidelines,

the relative risks of the various pregnancy outcomes depend on the ini-

tial clinical presentations, which by themselves impact on the reference

prognosis. Treatment does not overcome the risk of pre-eclampsia.

Neonatal mortality rates remain increased. New therapeutic options

are thus needed.

PB 3.65-3
Prevalence of hereditary thrombophilia is the highest
in women who developed pregnancy related
thrombosis during first trimester
Bodrozic J1, Miljic P1, Gojnic M2 and Djordjevic V3

1Clinic of Hematology, Clinical Center of Serbia, Belgrade;
2Clinic for Gynecology and Obstetrics, Clinical Center of Serbia,

Belgrade; 3Institute of Molecular Genetics and Genetic

Engineering, Belgrade, Serbia

Background: Venous thrombosis is one of the leading causes of mater-

nal morbidity and mortality. In women of reproductive age, over half
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of all venous thrombotic events are related to pregnancy and puerpe-

rium.

Aims: We evaluated the presence of hereditary thrombophilia in

women with thromboembolic complications during pregnancy and

puerperium.

Methods: We conducted a retrospective analysis of 143 consecutive

women that developed thromboembolic complications during preg-

nancy or puerperium (6 weeks after the delivery), and who were

referred to our institution for thrombophilia testing from January

2004 to October 2012. Venous thromboembolism was defined as deep

vein thrombosis (DVT) of upper or lower extremities, cerebral vein

thrombosis and pulmonary embolus (PE). When deep vein thrombosis

of lower extremities was present with PE, the event was accounted as

PE. Women with thrombosis of superficial veins were excluded from

this study. All episodes of venous thromboembolism were confirmed

with objective methods (duplex ultrasonography, CT angiography,

perfusion scintigraphy, NMR angiography). In all women following

causes of hereditary thrombophilia were tested: factor V Leiden and

prothrombin G20210A mutations, antithrombin deficiency, protein C

deficiency and protein S deficiency. Blood for thrombophilia testing

was obtained at least 3 months after cessation of anticoagulant ther-

apy.

Results: Out of 143 women with pregnancy related thrombosis, 54

(38%) developed thromboembolic complications during pregnancy

and 89 (62%) during puerperium. The presence of congenital throm-

bophilia was detected in 29 (54%) women who developed thrombosis

during pregnancy and in 23 (46%) women with thromboembolic com-

plications during puerperium.

Out of 54 women who developed thrombosis during pregnancy, 15

(28%) had thromboembolic event in the first trimester of pregnancy,

11 (20%) in the second and 28 (52%) in the third, respectively. Preva-

lence of hereditary thrombophilia among women with thrombosis in

the first, second and third trimester of pregnancy was 72%, 50% and

53%, respectively.

In women who developed thrombosis during pregnancy distribution

of thrombosis according localization was as follows: proximal vein

thrombosis of lower extremities in 38 (70%), distal veins in 8 (16%),

PE in 5 (9%), cerebral vein thrombosis in 2 (4%) and subclavio-axil-

laris thrombosis in 1(1%). On the other hand, in women with occur-

rence of thrombosis during puerperium was: proximal vein thrombosis

in 42 (47%), distal vein in 21 (23%), PE in 17 (19%), ccerebral vein

thrombosis in 8 (10%), subclavio axillar thrombosis in 1(1%).

Summary/Conclusions: We observed the highest prevalence of heredi-

tary thrombophilia in women who developed thrombosis during first

trimester of pregnancy compared to advanced stages of pregnancy or

puerperium. This finding may indicate the importance of acquired fac-

tors in occurrence of thrombosis in second and third trimester of preg-

nancy and during puerperium. Recognition and elimination of these

factors may play an important role in prevention of pregnancy related

thrombosis. Two times higher prevalence of PE in puerperium than

during pregnancy may be a consequence of underdiagnosing this com-

plication (reluctance to use CT angiography or perfusion scintigraphy)

during pregnancy although we cannot exclude the real difference in

prevalence of thrombosis during puerperium and during pregnancy.

PB 3.65-4
Protein Z deficiency and Lipoprotein (a) increase are
the most frequent abnormalities in women with
recurrent miscarriage
Bergmann F, Groening H, Frohne S, Guenther F, Luttkus K

and Czwalinna A

Labassociation wagnerstibbe, amedes-group, Hannover,

Germany

Introduction: More than 1–2% of women suffer from recurrent miscar-

riage (RM), vascular complications of pregnancy or implantation

failure after assisted reproduction. Guidelines recommend ruling out

chromosomal or anatomical abnormalities as well an antiphospholipid

syndrome or thyroid dysfunction. In Europa, complete thrombophilia

work up is commonly requested. By metaanalysis hereditary thrombo-

philia (e.g. FV-Leiden-/prothrombinmutation) is questionable in RM.

However, low Protein Z (PZ)-levels (<1000 lg/L) (inherited or

acquired due to antibodiesare associated with vascular complications

in pregnancy (OR 4.17) (Sofi 2010). Lp(a) influences the fibrinolytic

system which is important in implantation and placental development

and elevated Lp(a) (>30 mg/dL) has been reported in women with vas-

cular complications in pregnancy (e.g. preeclampsia). Elevated FVIII

is not associated with poor pregnancy outcome (Middledorp 2004).

Material and Methods: Over 1 year 107 women, median age 32 years,

were transferred to our coagulation outpatient clinic to rule out hyper-

coagulability in women with RM. In all women laboratory work up

consists of: TSH, Lp(a), Homocysteine (fasting level), FV- Leiden-

and Prothrombinmutation, Antithrombin, Protein C, free Protein S,

Protein Z, FXII, Lupusanticoagulant (dRVVT, PTT-LA), Anti-Car-

diolipin IgG and IgM, Anti-beta2-GPI IgG, Anti-Prothrombin IgG

and Anti-Phosphatidylserine IgG; BMI calculation and medical his-

tory, also in complete pregnancy, were documented.

Results: In 32% of our cohort no laboratory abnormality could be

detected. 13% had at least two abnormalities. FV-Leiden-/prothrom-

binmutation were present in 7%, no Antithrombin deficiency; Protein

C and S deficiency in 3% and low FXII-levels in 2% and antiphosp-

holipid syndrome in 6%. Hyperhomocysteinemia was detected in 2%.

Decreased Protein Z was detected in 20% and Lp(a) >30 mg/dL in

16%. Mean BMI 24.8 (range 17.6–39.1). Abnormal thyroid function

was present only in 3%, while some women were already on thyroid

medication when investigated.

Discussion: RM is a multifactorial disorder; increased maternal age,

BMI, thyroid function as well certain coagulation abnormalities influ-

ence pregnancy outcome. The frequency of FV-Leiden-/prothrombin-

mutation as well as hereditary deficiency of Protein C and S and FXII-

deficiency reflects the prevalence found in normal population and

therefore cannot be causal in RM, solely. In our cohort low PZ-levels

and elevated Lp(a) were the most frequent abnormalities. Such risk

factors may have a potent influence on early implantation and placen-

tal development. The question remains, which treatment options are

feasible: preconceptional ASA and/or LMW Heparin as in women

with APS?

PB 3.65-5
Elevated endogenous thrombin potential prior to
clinical diagnosis of preeclampsia
Schweintzger S, Weiss EC, Schlagenhauf A, Leschnik B,

Bernhard H, Haidl H, Muntean W and Lang U

Medical University of Graz, Graz, Austria

Background: Preeclampsia is a multisystem disorder of unknown cause

manifesting in the second half of pregnancy. Endothelial cell dysfunc-

tion, enhanced platelet aggregation, activation of coagulation and

increased vascular resistance may be involved. Increased thrombin

generation was described in patients with preeclampsia and in women

with a history of preeclampsia. The measurement of thrombin genera-

tion with calibrated automated thrombography is a global function

test of the hemostatic system, which allows sensitive detection of pro-

thrombotic states.

Aim: We investigated whether increased thrombin generation is mea-

surable in early pregnancy, before the clinical diagnosis of preeclamp-

sia.

Methods: Blood of 56 pregnant women was drawn repeatedly within

the duration of pregnancy. Five women were excluded from the study

due to heparin treatment. Eleven women developed a preeclampsia

during pregnancy. Blood of six women was drawn before the clinical

diagnosis of a preeclampsia. Measurements of thrombin generation

were performed in platelet poor plasma using calibrated automated
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thrombography. Each sample was measured with PPP reagent (5 pM

tissue factor) and MP reagent (no tissue factor). Lag time, time to

peak, start tail, peak height and endogenous thrombin potential were

calculated from the obtained thrombin generation profiles. In addition

prothrombin fragment F1, F2 and thrombin antithrombin complex

were measured. All pregnant women were split into groups depending

on gestational weeks. Within these groups all parameters were statisti-

cally evaluated. Differences between women with an uncomplicated

pregnancy and women with a preeclampsia were calculated using t-test

or Man- Whitney U test.

Results: No differences were found in the dynamic parameters of

thrombin generation (lag time, time to peak, start tail) between women

with an uncomplicated pregnancy and women with preeclampsia. In

the same gestational group, peak height, prothrombin fragment F1,

F2 and thrombin antithrombin complex were similar between women

prior to diagnosis of preeclampsia and women with a uncomplicated

pregnancy. Women who developed preeclampsia exhibited an

increased endogenous thrombin potential compared to women with an

uncomplicated pregnancy that became statistically significant already

at the 16th week of gestation.

Conclusion: Our preliminary results suggest that a high endogenous

thrombin potential is associated with the development of preeclamp-

sia. Tthe measurement of thrombin generation with calibrated auto-

mated thrombography may have predictive value. A prospective study

of larger scale is in preparation.

PB 3.65-6
Effect of prophylaxis with LMWH on implantation in
women undergoing assisted reproductive procedures
(IVF or ICSI): an interim report of a prospective
randomized study
Tormene D, Vigan�o F, Falcone L, Gava S, Gangemi M and

Simioni P

University of Padova, Padova, Italy

Several studies have shown that a pharmacological prophylaxis in

women subjected to MPA treatment, lead to an increase of the number

of taken oocytes as well as higher rates of implantation and preg-

nancy.

An experimental strategy employed to improve embryo implantation

and possibly positive pregnancy outcome was attributed to the use of

heparins, particularly low molecular weight heparin (LMWH).

Aims of the study: The aim of the study is to test whether prophylactic

dose of LMWH could improve the implantation rate in women with

inherited thrombophilia or a history of two or more than two consecu-

tive implantation failures.

Study population: Women consecutively referred to the Medically

Assisted Procreation (MAP) Center of Gynecology Clinic of Padua

are considered eligible for the study. All women undergoing intrauter-

ine insemination techniques are excluded because of the inability in

this first level technique to ensure fertilization.

Inclusion criteria are: heterozygosity of inherited common thrombo-

philias (FVL, PTm), hetero/homozygosity of MTHFR, two or more

than two previous implantation failures, age >18, informed consent

Exclusion criteria are: deficiency of antitrombin, protein C, protein S,

antiphospholipid antibodies, homozygosity or double heterozygosity

for FVL/PTm, history of venous thromboembolism.

Women enrolled in the study are randomly divided into two groups.

One group receives prophylaxis with LMWH (dalteparin 5000 UI/die)

(cases), the other does not (controls).

Cases receive prophylaxis with LMWH from the beginning of MPA

procedures to the positive/negative outcome (implantation/implanta-

tion failure).

Statistical analysis: The implantation rate in procedures of medical

assisted reproduction (whether by IVF or through ICSI technique) is

20–25%. The results of an our previous observation evidenced a risk

reduction for implantation failure of 50% [rRR 0.5 (95% IC 0.3–0.8)]
in women under prophylaxis. Then, about 257 women in both groups

(with and without prophylaxis) need to be enrolled in the study: a

power of the study of 90% is needed to demonstrate a reduction of

implantation failure of 30% with a statistical significance of 5%, by

considering a drop-out of 15%. Statistical analysis is performed by

SPSS version 17.0.

Preliminary Results: From September 2012, 50 women have given their

consent to participate in the study. At present 20 women have com-

pleted a course of procedures: 10 in the group of cases (mean age

39 years, two homozygous for MTHFR C677T, five heterozygous for

MTHFR C677T, seven with more than two implant failure) and 10 in

the control group (mean age 40 years, one homozygous for MTHFR

C677T, four heterozygous for MTHFR C677T, seven with more than

two implant failures). Four implants occurred in the group of cases

and one occurred in the control group. The odds ratio was 6.0 (95%

CI 0.54–68).
Conclusions: The results of this ongoing study are clearly prelimin-

ary due to the small number of women evaluated so far. This

interim report shows a trend toward a potential advantage of anti-

coagulant prophylaxis in the improvement of the implantation rate

in MAP.

PB3.66 – Inflammation: Clinical – II

PB 3.66-1
New insight on the systemic inflammation response
syndrome (SIRS) in STEMI patients undergoing primary
percutaneous intervention: clinical features, blood
markers, and prognostic significance
Th�eroux P1, Luong TM1, Nicolau JC2 and Bonnefoy A3

1Montreal Heart Institute and University of Montreal, Montreal,

Canada; 2Heart Institute, University of S~ao Paulo Medical School,

S~ao Paulo, Brazil; 3CHU Sainte Justine and University of

Montreal, Montreal, Canada

Background: Acute myocardial infarction (MI) is recognized as a clas-

sical trigger to the development of a systemic inflammation response

syndrome (SIRS).

Aims: This study prospectively explored how the traditional SIRS cri-

teria, with or without selected blood markers, could help predict prog-

nosis and orient management in the contemporary era of reperfusion

therapy.

Methods: A predictive model for 90-day rates of death and of death or

shock was built using clinical variables and blood markers obtained at

hospital admission in 337 consecutive patients with ST-segment eleva-

tion MI (STEMI) oriented promptly to primary percutaneous inter-

vention.(PPCI).

Results: The traditional SIRS criteria used alone and in combination

were found to poorly correlate with clinical outcome and markers.

Using ROC curve analyses, a modified SIRS definition that includes

≥3 of 4 of the criteria of age ≥75 years, heart rate >90 beat/min, sys-

tolic blood pressure ≤130 mm Hg and white blood cell count of

>10 9 109/L was strongly predictive of 90-day death (odds ratio, 11.0;

95% CI, 4.2–28.9, P < 0.001) and of death/shock (10.8; 4.8–24.0,
P < 0.001). This model was associated with high levels of blood mark-

ers at baseline (IL-6, NT-proBNP and glucose levels P < 0.001; C-

reactive protein (CRP) P = 0.004, and TNFa P = 0.005). Incorporat-

ing CRP, NTproBNP, and IL-6 in the modified SIRS definition added

independent significant prognostic value over SIRS criteria alone

(odds for death, 8.0; 95% CI, 2.5–25.9; 9.1, 2.3–35.4; and/or death/

shock 5.0, 1.7–15.1).
Summary/Conclusions: A SIRS-like syndrome supported by inflamma-

tion markers can be identified at first medical contact and before PPCI

in STEMI, and is strongly predictive of death and death or cardiogenic

shock during follow-up.
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PB 3.66-2
Do therapeutic infliximab concentrations influence
TAFI and PAI-1 plasma levels in IBD patients?
Bollen L1, Vande Casteele N1, Peeters M1, Declerck PJ1,

Vermeire S2 and Gils A1

1KU Leuven; 2UZ Leuven, Leuven, Belgium

Background: Inflammatory bowel disease (IBD) patients are three

times more prone to develop venous thromboembolism (VTE) com-

pared to controls and reports on the influence of anti-TNF treatment

(e.g. infliximab) have been controversial. Hypofibrinolysis is a possible

mechanism for this extra-intestinal complication since increased

Thrombin Activatable Fibrinolysis Inhibitor (TAFI) and Plasminogen

Activator Inhibitor-1 (PAI-1) levels are associated with a risk for VTE.

Aim: To investigate the effect of infliximab induction therapy (week 0

vs. week 14) on TAFI and PAI-1 levels in IBD patients.

Methods: In a prospective study, 78 IBD patients (46 Crohn disease and

32 ulcerative colitis) and 60 healthy controls (HC) participated with

informed consent. Trough Levels of Infliximab (TLI) were measured

before therapy (w0) and after induction (w14). Levels of total PAI-1,

active PAI-1, TAFI antigen (proenzyme) and activation peptide of

TAFI (AP, marker for TAFI activation expressed as percentage relative

to a normal plasmapool [%PP]) were determined by in-house developed

ELISAs. Standard inflammation markers e.g. C-reactive protein, plate-

lets and white blood cells were determined by routine analyses.

Results: Out of the 78 patients, nine were primary non-responders (did

not show clinical benefit within 14 weeks) and 14 were secondary non-

responders (had good initial response but lost response over time;

median TLI of 0.3 lg/mL at w14 [IQR: 0.3–4.6]). These non-respond-
ers were excluded in the further analyses. The 55 responders had a

median TLI of 4.3 lg/mL at w14 (IQR: 2.5–8.5).
At w0, responders had significantly higher total PAI-1 and active PAI-

1 levels compared to HC (36 ng/mL vs. 28 ng/mL, P = 0.01 and

9.0 ng/mL vs. 5.6 ng/mL, P = 0.02 for total and active PAI-1, respec-

tively). Neither TAFI antigen (16 lg/mL vs. 13 lg/mL) nor AP

(117%PP vs. 108%PP) levels were elevated in responders compared to

HC. At w0, the total and active PAI-1 levels were significantly higher

in responders with a CRP level above 20 mg/L compared to respond-

ers with a CRP level below 5 mg/L (53 ng/mL vs. 33 ng/mL, P < 0.01

and 11 ng/mL vs. 6.7 ng/mL, P = 0.03 for total and active PAI-1,

respectively).

During IFX treatment (w0 vs. w14) responders showed a significant

decrease in CRP (8.0 mg/L vs. 1.4 mg/L, P < 0.01), WBC (7.3 9 109/

L vs. 6.2 9 109/L, P < 0.01), platelets (336 9 109/L vs. 285 9 109/L,

P < 0.01) and total PAI-1 levels (36 ng/mL vs. 31 ng/mL, P < 0.01).

No difference was observed for TAFI, AP and active PAI-1 levels.

Conclusion: Before anti-TNF treatment, total and active PAI-1 levels

are increased in IBD patients. Therapeutic levels of infliximab have an

impact on total PAI-1 levels but not on TAFI, AP or active PAI-1 lev-

els. The decrease of total PAI-1 after control of inflammation might be

partially explained by the significant drop in platelets, containing a

high concentration of PAI-1. In addition, none of the responders in

this study was diagnosed with thrombosis.

PB 3.66-3
Pulmonary tuberculosis is associated with a systemic
but not intrapulmonal procoagulant state
Kager LM1, Blok D1, Lede I1, Bresser P1, Van der Zee J1,

Meijers JC2, Ghose A3, Van ‘t Veer C1 and Van der Poll T1

1Academic Medical Center, Amsterdam; 2Academic Medical

Center Amsterdam, Amsterdam, The Netherlands; 3Chittagong

Medical College & Hospital (CMCH), Chittagong, Bangladesh

Background: Tuberculosis (TB), caused by Mycobacterium tuberculosis

complex, is a devastating infectious disease with a high mortality.

Bangladesh is one of the most affected countries. Knowledge of the

contribution of coagulation and fibrinolysis to the host response to TB

is highly limited.

Aims: In this observational study performed in Chittagong, Bangla-

desh, we aimed to obtain insight into systemic and local (at the site of

the infection) activation of coagulation during pulmonary TB.

Methods: Parameters of coagulation and fibrinolysis were measured in

plasma of 64 patients with primary TB, 11 patients with recurrent TB

and 37 healthy local controls. TB was proven by positive Ziehl-Neel-

sen staining of the sputum and confirmed by PCR. Additionally, nine

patients underwent a bronchoscopy with a bilateral bronchoalveolar

lavage (BAL) and measurements were performed in BAL fluid from

TB-infected lung subsegments and contralateral control subsegments.

Results: Patients with pulmonary TB showed evidence for a systemic

procoagulant state as reflected by enhanced coagulation (elevated

plasma levels of thrombin-antithrombin complexes and D-dimer; pro-

longed PT and PTT; dysregulation of individual clotting factors) and

impaired anticoagulation (reduced plasma levels of antithrombin and

protein C). In addition, plasma tissue-type plasminogen activator,

alpha-2-antiplasmin and von Willebrand factor levels were elevated,

reflecting a fibrinolytic response and endothelial cell activation respec-

tively. None of these alterations were detected in BAL fluid of TB-

infected lung subsegments when compared to control subsegments.

Conclusion: Pulmonary tuberculosis is associated with a systemic but

not intrapulmonal procoagulant state.

PB 3.66-4
Blood cell response to a fatty meal in healthy subjects
at different degree of cardiovascular risk: effect of
orange juice intake
Cerletti C, Tamburrelli C, Gianfagna F, D’Imperio M, De Curtis A,

Lorenzet R, Rotilio D, Iacoviello L, De Gaetano G and Donati MB

Catholic University, Campobasso, Italy

Background: A fatty meal has been proposed as a model of acute oxi-

dative stress. Its effect on blood cells needs to be characterized and its

possible modulation by polyphenols evaluated.

Methods: The acute effect of a standardized fatty meal on platelets and

leukocytes and their interactions was evaluated on 61 apparently

healthy subjects (48.6 � 13.1 years old) at different degree of cardio-

vascular risk. Subsequently, 18 subjects were randomized, by a cross-

over design, to drink during the meal, one liter of either blood or blond

orange juice (OJ) (rich or poor, respectively, in anthocyanins), or

water (control). Before and 2 h after fatty meal, blood cells were

counted and markers of activation measured by flow-cytometry (intra-

PMN myeloperoxidase-MPO; leukocyte Mac-1; platelet P-selectin;

platelet-leukocyte conjugates).

Results: After the fatty meal, plasma triglycerides-TG (134.6 � 68.8

vs. 181.5 � 84.6 mg/dL, before vs after, P < 0.0001 by paired t;

mean � SD, n = 61) and both leukocyte and platelet counts signifi-

cantly increased, more markedly in subjects with lower cardiovascular

risk. Mac-1 expression too increased (32.2 � 27.2% vs.

45.6 � 29.0%, P = 0.0016), and MPO decreased (83.1 � 16.3% vs.

64.5 � 23.1%, P < 0.0001); platelet activation and interaction with

leukocytes increase was not significant. Women were more susceptible

to the fatty meal changes than men; age did not affect any cell

response. BMI influenced platelet count increase, while waist-to-hip

ratio affected PMN degranulation; the latter was smaller in subjects at

higher risk (all P < 0.01). The meal-induced TG increase was reduced

by blood OJ (P < 0.05); total cholesterol decreased after blood OJ

(P < 0.05); glucose levels decreased after both OJ (P < 0.01). Leuko-

cyte count increase and MPO decrease were significantly attenuated by

both OJ. No OJ effect on platelet counts and activation.

Conclusions: Demographic variables and cardiovascular risk degree

appear associated with cell response to fatty meal. OJ intake attenu-

ated some of these responses, probably by anthocyanin-dependent and

independent mechanisms.
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PB 3.66-5
Higher thrombin generation during the luteal phase of
a normal menstrual cycle does not depend on
inflammatory activity
Chaireti R1, Larsson A2, Bremme K3 and Lindahl T4

1Link€oping University Hospital, Link€oping; 2Uppsala University,

Uppsala; 3Karolinska University Hospital, Stockholm; 4Link€oping

University, Link€oping, Sweden

Background/Aims: Higher thrombin generation (TG) during the luteal

phase of a menstrual cycle cannot be explained by the effect of coagu-

lation factors (submitted manuscript). In this report, we study inflam-

matory markers as a possible explanatory mechanism, and relate the

results to fertility as expressed by the number of pregnancies and deliv-

eries in a cohort of healthy women.

Methods: Our cohort consisted of 102 women not on hormonal medi-

cations. Blood samples were collected in the follicular (cycle day, cd 3–
5) and the luteal (cd 22–25) phase. The inflammatory markers studied

were PTX-3 (pentraxin-3), ICAM-1, VCAM-1, cathepsins L, B, S,

hsCRP, e-selectin and p-selectin. Thrombin generation was assessed

by the Calibrated Automated Thrombogram�. We used the paired t-

test to study the differences in the values of the inflammatory markers

during the two phases (P < 0.05), as well as multiple regression and

correlation analysis (Pearson’s) for the associations between markers.

Results: All inflammatory markers (except for CATHB and p-selectin)

were higher during the follicular phase, however only PTX-3 and hs-

CRP reached statistical significance (P < 0.001 respectively

P = 0.025). There were no significant associations between TG and the

inflammatory markers as well as the number of pregnancies and deliv-

eries. PTX-3 during the follicular phase was associated with the num-

ber of reported pregnancies (P = 0.014).

Conclusion: Despite the close interactions between the inflammatory

and haemostatic system, our results indicate that, during the menstrual

cycle, higher inflammatory activity is associated with lower activation

of the coagulation cascade, as expressed by TG. The rise in PTX-3

during the follicular phase was associated with the number of pregnan-

cies for the women in our cohort, and thus indirectly linked with fertil-

ity. It is unclear whether our results can be explained by the action of a

balancing mechanism that limits the activation of the coagulation cas-

cade during the follicular phase, in order to protect from the higher

thrombotic risk associated with inflammation.

PB 3.66-6
Coagulation profile in patients with H1N1 influenza A
infection undergoing treatment for haematological
malignancies
Rupa-Matysek J, Gil L, Wojtasinska E, Zajdel K, Ciepluch K

and Komarnicki M

Poznan University of Medical Sciences, Poznan, Poland

Background: Immunocompromised patients, especially after allogeneic

stem cell transplantation (HSCT) are prone to contract influenza A

(H1N1) infection. This is a serious complication in patients with hae-

matological malignancies most often resulting in low respiratory tract

infection with progression to acute respiratory distress syndrome

(ARDS) requiring mechanical ventilation and leading to increased

mortality. Hemoptysis or low respiratory tract hemorrhage is fre-

quently reported. Moreover, severe infection and inflammation are

associated with activation of coagulation.

Aims: The aim of our study was to evaluate coagulation abnormalities

in hemato-oncological patients with A (H1N1) influenza pneumonia

by testing conventional coagulation parameters, as well as thrombo-

elastometry and selected thrombophilia markers. The secondary objec-

tive was to identify coagulopathy abnormalities predicting a fatal

influenza A (H1N1) infection outcome.

Methods: A total of 12 patients (median age 56, range 25–72) treated
with conventional chemotherapy (n = 10) or allogeneic stem cell trans-

plantation (two patients) were analysed. The underlying diseases

included acute myeloid leukaemia (n = 5), acute lymphoblastic leukae-

mia (n = 1), myelodysplastic syndrome (n = 1), Hodgkin lymphoma

(n = 2), non-Hodgkin lymphoma (n = 2) and chronic lymphocytic leu-

kaemia (n = 1). None of the patients received pH1N1 vaccine. Influ-

enza A (H1N1) was confirmed by real-time reverse-transcription

polymerase chain reaction for pH1N1 of nasopharyngeal aspirates.

All patients received antiviral therapy with oseltamivir in the dose

150 mg b.i.d. Thromboelastometry testing (ROTEM) was performed

and selected coagulation parameters were measured at the time of

diagnosis. The values of all the coagulation parameters were analyzed

in two groups, the patients who survived and the ones who died in the

course of the influenza.

Results: Hemoptysis was documented in 75% of the analyzed cases.

ARDS developed in five patients. The course of the disease was com-

plicated by Gram negative bloodstream infection in five patients and

was fatal in four cases because of ARDS related to influenza. No dif-

ference in the mean value of prothrombin time, activated partial

thromboplastin time, fibrinogen, fibrin degradation products, factor

VIII activity, von Willebrand factor antigen (vWF) and in inhibitors

of coagulation activities (free protein S, protein C, antithrombin) were

observed between the analysed groups. A significant difference in the

mean values of D-Dimer was observed between patients who survived

and those who died (3258.1 � 4187 vs. 7748 � 7810 ng/mL;

P < 0.05). Fatal cases had lower leukocyte counts compared with

those who survived (0.50 � 0.87 vs. 2.43 � 1.51 G/L; P = 0.0368).

The clot formation time (CFT) in INTEM, EXTEM, APTEM signifi-

cantly differed between the groups and was longer in the patients who

died. Similarly, C-reactive protein (CRP) was significantly higher in

patients who developed ARDS and died (68.8 � 85 vs.

179.12 � 46.6 mg/L; P = 0.0336). In the cluster model, patients with

lower leukocyte counts, lower protein C and free protein S activities

with higher values of D-Dimer, CRP and vWF were assigned to the

poorer outcome group.

Summary: In our cohort, patients with an increased risk of influenza

complications and negative outcomes may be characterized by having

higher D-Dimer, CRP and vWF and lower inhibitors of coagulation

activities and lower leukocyte counts than the patients who survive.

PB3.67 – Inherited risk factors
venous thrombosis: Clinical

PB 3.67-1
Molecular analysis of SERPINC1 abnormalities in 19
Japanese patients with hereditary antithrombin
deficiency
Kato I1, Ando Y1, Takagi Y1, Suzuki A1, Okuyama E1, Murata M1,

Takagi A1, Matsushita T2, Nakashima T3 and Kojima TR1

1Nagoya University Graduate School of Medicine, Nagoya;
2Nagoya University Hospital, Nagoya; 3Yamaguchi University

Graduate School of Medicine, Ube, Japan

Background: Hereditary antithrombin (AT) deficiency is susceptible to

thromboembolic diseases, particularly deep vein thrombosis of lower

limb. To date, more than 200 different mutations responsible for AT

deficiency have been identified. It is rare to find large deletions (>100-
bp) of this gene (SERPINC1), very few cases have been analyzed in

detail the deletion region. Traditionally, the direct sequencing analysis

of SERPINC1 is used for genetic survey of AT deficiency, but this

method is not capable of detecting heterozygous large gene deletions

because of the presence of a second normal allele. MLPA (Multiplex

Ligation-dependent Probe Amplification) method came to be used for

survey of candidate gene defects in recent years, large deletions came

to be relatively easily detected.
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Aims: To identify the causative gene abnormalities in patients with

hereditary AT deficiency, we analyzed their SERPINC1 genes.

Methods: The Ethics Committee of the Nagoya University School of

Medicine approved this study. We analyzed all genomic sequences for

exons and exon-intron junctions of SERPINC1 gene by direct

sequencing method. We also analyzed SERPINC1 gene by MLPA

method as well as real-time PCR to determine relative gene doses. We

performed Long-PCR, Nested-PCR and mapping PCR in order to

identify breakpoints of the deletion.

Results: We analyzed 19 unrelated Japanese cases with AT deficiency

to detect SERPINC1 abnormalities. We identified causative gene

abnormalities in all cases; 8 distinct missense mutations in 11 cases, 1

nonsense mutation, 2 distinct small deletions in 3 cases, 1 small inser-

tion, 1 splicing mutation, and 2 distinct large deletions, respectively.

Both of the large deletions seemed to be unique gene abnormalities.

One showed a 2094-bp deletion ranging from intron 4 to intron 5, and

the other showed a deletion of approximately 130-kb losing the entire

SERPINC1 gene. Interestingly, the latter patient had an autoimmune

symptom, and her deleted region of the genomic DNA contained

RC3H1 gene encoding the protein called ‘roquin’, which involved in

repressing self-immune responses. It was reported that the mice with

homozygous mutation in this gene developed antinuclear autoantibod-

ies and had the typical features of systemic lupus erythematosus

(SLE).

Summary/Conclusion: AT deficiency caused by heterozygous mutation

of SERPINC1 gene is susceptible to thromboembolic diseases, and

most SERPINC1 gene mutations such as the point mutations can be

found by direct sequencing analysis. Some SERPINC1 gene abnormal-

ity such as a heterozygous large deletion, however, cannot be detected

by this method, because SERPINC1 gene locates on chromosome 1

autosomally. By MLPA analysis, we identified 2 distinct heterozygous

large deletions of SERPINC1 gene, which showed normal patterns in

PCR mediated direct sequencing analysis. MLPA method should be

put into practice, when a heterozygous large gene deletion on autoso-

mal chromosome is expected.

PB 3.67-2
Non-O blood group as a risk factor for cerebral venous
thrombosis
Tufano A1, Coppola A1, Nardo A1, Bonfanti C2, Crestani S2,

Frattini F2, Di Minno MND1, Cimino E1, Cerbone AM1

and Franchini M2

1”Federico II„ University of Naples, Naples; 2Carlo Poma

Hospital, Mantova, Mantova, Italy

Background: The role of risk factors associated with the development

of venous thromboses at unusual sites, including cerebral vein throm-

bosis (CVT), may be different compared to those of deep vein throm-

bosis of the lower limbs or pulmonary embolism, the most common

manifestations of venous thromboembolism (VTE). In addition to

pregnancy/puerperium, oral contraceptives, infection, hematological

and autoimmune diseases, thrombophilic conditions are identified as

predisposing conditions in patients with CVT. Increasing data recog-

nize the ABO as a susceptibility locus for VTE, non-O blood group

carriers sharing a two-fold increased VTE risk than O blood group

carriers.

Aims: We addressed the role of ABO blood group as a risk factor of

CVT. Methods. Blood groups from a retrospective-prospective cohort

of 77 consecutive inpatients (21 men, 56 women, age at the event

39.97 � 12.73 years, mean � 1 SD) referred to our Centers from 1997

to 2012 because of a first episode of CVT were compared with data

from a large population of asymptomatic Italian blood donors

(n = 4272; 2277 males, 1995 females, mean age 34.7 + 10.08 years).

Results: Overall, the CVT episode was clearly associated with an estab-

lished transient risk condition (‘provoked’ events) in more than half of

patients (40/77, 51.9%). In particular, CVT occurred in 32/56 (57.1%)

women while assuming oral contraceptives. Inherited thrombophilia,

in the majority of cases due to the prothrombin G20210A polymor-

phism (n = 19), was detected in 23 subjects (29.9%), with higher rates

in patients with apparently ‘unprovoked’ events (14/37, 37.8%, vs. 9/

40, 22.5% in those with ‘provoked’ CVT). When ABO blood groups

were considered, the observed distribution was significantly different

from that in blood donors (P = 0.0003). The frequency of O blood

group was significantly lower (24.7% vs. 44.5%), and conversely that

of non-O blood groups was higher (75.3% vs. 55.5%), in patients with

CVT than in blood donors. Therefore, having non-O blood group

resulted in a 2.4-fold increase of risk of CVT (crude odds ratio, OR

2.44 95% CI, 1.42–4.26; P = 0.0008). Although the limitation of the

sample size hampered reliable comparisons of subgroups, such a dif-

ference tended to be higher in CVT patients without thrombophilia (O

vs. non-O blood groups: 12/54, 22.2% vs. 42/54, 77.8%; 7/23, 30.4%

vs. 16/23, 69.6% in those carrying prothrombin G20210A or Factor V

Leiden polymorphisms) and in patients with ‘provoked’ events (O vs.

non-O blood groups: 8/40, 20% vs. 32/40, 80%; 11/37, 29.7% vs. 26/

37, 70.3% in those with apparently unprovoked CVT). Indeed, the

lowest prevalence of O blood group was seen in non-thrombophilic

individuals with provoked CVT (4/26, 15%).

Conclusions: Our results show for the first time in the setting of venous

thromboses at unusual sites an increase of risk related to non-O blood

group. We were not able to perform a multivariate analysis and gain

significant insight concerning the interaction of ABO blood group and

other risk factors, including thrombophilia. However, our findings

extend the interest in evaluating the ABO blood group in such

rare and often challenging VTE through multicenter and prospective

studies.

PB 3.67-3
Thrombophilic and systemic risk factors in patients
with central retinal vein occlusion
Dropinski J, Sanak M, Kubicka-Trzaska A, Iwaniec T,

Domagala TB and Musial J

Jagiellonian University School of Medicine, Krakow, Poland

Introduction: Retinal vascular occlusions are common causes of visual

loss. Few and contrasting data are available on the prevalence of risk

factors in patients with central retinal vein occlusion (CRVO). Classic

risk factors are commonly associated with CRVO, while unclear it is

the role of the thrombophilic and coagulation disorders.

Aim: The aim of our study was to establish the prevalence of major

and potential inherited and acquired thrombophilic risk factors in 120

patients (64 females, 56 males; age: 57.7 years; range 24–73) with

CRVO. The control group consisted of 102 (55 females, 47 males; age:

56.9 years; range 19–72) healthy subjects, without any vascular, eye-

related disease.

Methods: In all participants the prevalence of Leiden mutation (FV

Leiden), protrombin variant (20210 G/A mutation), Leu 34 polymor-

phism of the factor (F) XIIIA-subunit, deficiency of protein C, S, anti-

thrombin and antiphospholipid antibodies (aPL) were assessed. Also

intima-media thickness (IMT) in carotid arteries were measured using

ultrasonography.

Results: Elevated aPL antibody level (IgG>10 GPL; IgM>20MPL)

were detected in 25 of 120 patients (20%) and in 8 of 102 controls

(7.8%). The incidence of FV Leiden, deficiency of protein C were sig-

nificantly more common in CRVO patients (P < 0.05) compared to

controls. Patients with CRVO had greater IMT than healthy subjects

(0.92 mm vs 0.75 mm; P < 0.05). There was no significant difference

in the prevalence of deficiency of protein S, 20210 G/A mutation,

FXIII Val34Leu polymorphism and antithrombin level between

CRVO patients and controls. Among classic risk factors only hyper-

tension, diabetes mellitus, hypercholesterolemia and cigarette smoking

were significantly more frequent in CRVO patients than in control

subjects.
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Conclusions: These data show a potential role of some classic and

trombophilic risk factors in the pathophysiology of CRVO. Measure-

ment of these parameters may be useful in preventing and treatment of

such events.

PB 3.67-4
A case of protein S deficiency caused by compound
heterozygous mutations in PROS1 gene
Odnoczko E1, Baran B1, Vertun-Baranowska B1, Oldenburg J2

and Windyga J1

1Institute of Haematology and Transfusion Medicine, Warsaw,

Poland; 2Institute of Experimental Haematology and Transfusion

Medicine, Bonn, Germany

Background: Protein S (PS) is a vitamin K-dependent plasma glyco-

protein that plays an important role in the blood anticoagulant system.

Inherited PS deficiency caused by PROS1 mutations is associated with

increased risk of venous thromboembolism. One of the most severe

thrombotic manifestations (purpura fulminans) is related to the pres-

ence of homozygous or compound heterozygous genotypes. Up to

date only a few cases with compound heterozygous PS deficiencies

have been reported.

Aims: We present here a case of a 25-year-old male who developed

massive deep vein thrombosis in the left leg, left and right iliac veins

and vena cava inferior complicated by pulmonary embolism at the age

of 16. Following the diagnosis of venous thromboembolism the patient

was immediately put on indefinite anticoagulation treatment and no

thrombo-embolic complications have been observed since.

Results: Laboratory results revealed markedly reduced free protein S

antigen level – 15 IU/dL (ref.range 70–130 IU/dL); while other

thrombophilic defects were excluded. Direct sequencing of PROS1

gene indicated two already described causative heterozygous muta-

tions; one in exon 2 (c.233C>T; p.Thr78Met) leading to lower expres-

sion of the affected protein and the other in exon 13 (c.1543C>T;
p.Arg515Cys) responsible for impaired secretion of the mutant pro-

tein. Family studies showed reduced free protein S antigen level in four

relatives (parents and two siblings). PROS1 gene study identified het-

erozygous mutation p.Thr78Met in the mother (free PS antigen –
50 IU/dL) and sister (free PS antigen – 60 IU/dL), whereas

p.Arg515Cys mutation was found in the father (free PS antigen –
19 IU/dL) and brother (free PS antigen – 28 IU/dL). Interestingly, in

contrast to the propositus, none of his family members experienced

thromboembolic events.

Conclusion: Our results may suggest that thrombosis risk in patient

with inherited protein S deficiency is determined rather by the charac-

ter of genetic defects than by protein S levels in plasma.

PB 3.67-5
Antithrombin-deficiency and pregnancy: report of four
cases
Ilonczai P1, Schlammadinger A1, Selmeczi A2, Ol�ah Z1, Ker�enyi A1,

Bereczky Z1, P�oka R1 and Boda Z1

1Medical and Health Science Center, University of Debrecen,

Hungary, Debrecen; 2University of Debrecen,Medical and Health

Science Center, Debrecen, Hungary

Background: Women with a history of thromboembolism or known

thrombophilia have an increased risk for pregnancy-associated recur-

rent thromboembolism. The risk of fetal complications is also

increased in thrombophilia. Antithrombin (AT) deficiency, among

inherited thrombophilias, is considered to induce the highest risk of

suffering a thromboembolic event during lifetime. The available data

concerning relationship between AT deficiency and adverse pregnancy

outcomes are conflicting.

Aim: To examine the optimal mode of antithrombotic management in

pregnant women with established AT deficiency.

Methods and Results: Four pregnant women with AT deficiency were

treated in our center in 2012. Two of them had homozygousBudapest3

mutation, in both cases the AT level was 17% (patients 1 and 2). In two

other patients heterozygous mutations in the SERPNC1 gene were

found (c.134A>T in patient 3 and a novel mutationdelc.1367–1368 GC,

ins c.1367–1371 CTACA in patient 4). Their AT activity was 35–48%,

respectively. Patient 1 had a history of recurrent venous thromboembo-

lism and she also had a fetal loss despite heparin prophylaxis 5 years

before. In her case the heterozygous form of FV Leiden mutation was

also found. All four patients were put on therapeutic dose of enoxapar-

ine upon recognition of pregnancy. The effectiveness of heparin treat-

ment was evaluated by the measurement of anti – FXa activity. Patient

1, 2 and 3 required AT concentrate infusions in a dose of 1500–
2000 IU, 2 or 3 times weekly to maintain therapeutic anti – FXa levels.

In patients 1, 3 and 4 the pregnancy was uneventful and they had

healthy babies born at terminuses. Patient 2 had a fetal loss on week 20.

Conclusion: There is evidence that heparin treatment is required for the

prevention of maternal and fetal complications in AT deficient pregnant

women. The effect of heparin should be monitored by the measurement

of anti-FXa. If the effect is insufficient despite of the therapeutic dose of

heparin, the application of AT-concentrate is required. Further data

are needed to determine the anti-FXa level which is required to main-

tain an effective LMWH prophylaxis and to define the time when AT

concentrate should be initiated. Furthermore, the dose and administra-

tion frequency of AT-concentrate is still an unresolved issue.

PB 3.67-6
Genetic background: analysis of protein C deficiency
type I and type II in 26 Portuguese families
Fidalgo T, Martinho P, Salvado R, Silva Pinto C, Oliveira AC,

Gonc�alves E, Marques D, Sevivas T, Martins N and Ribeiro ML

Centro Hospitalar Universit�ario de Coimbra, Coimbra, Portugal

Background: The inherited deficiency of Protein C (PC) is a well

known risk factor for venous thrombosis (VT). Deficiency is classified

as type I – both antigen and activity levels are reduced, or type II –
antigen levels are normal and the activity is decreased. Plasma PC lev-

els are reliable in moderate to severe deficiencies; however, in mild defi-

cient individuals the levels may overlap with normal. Genetic studies

of PROC could be helpful to identify the carriers, even though, the

results are often not clear because the majority of the genetic varia-

tions are either rare mutations or common polymorphisms. Recently,

GWAS shown that �50% of the PC deficiency phenotypic variation is

caused by the additive effect of mutations in several other loci, namely

in the PROCR gene.

Aim: To study the genotype/phenotype correlation of 58 individuals,

from 26 unrelated families with a history of thrombosis, who had

repeated low or borderline PC plasma levels. Fifty five had type I PC

deficiency and three had type II. Clinical data: Among 26 probands, 22

had a personal history of thrombosis: VT (18), arterial thrombosis (2),

stillbirths (1) and miscarriages (1) and four only had a family history

of thrombosis. The mean age of probands at the time of first thrombo-

embolic episode was 28.86 � 12.50 years; 17F:9M; Nineteen probands

had acquired risk factors – contraceptive drugs, varicose veins, trauma,

pregnancy, dyslipidemia and immobilization. Three probands aged

24.33 � 6.18 all with more than one thrombotic episode, had no

identified risk factors and are considered as idiopathic DVT.

Methods: PC activity- amidolytic and coagulant assay; PC antigen/

ELISA. Screening of mutations and promoter polymorphism in

PROC, and polymorphism Ser219Gly in PROCR by direct sequenc-

ing; FVLeiden and FIIG20210A by multiplex ASPCR.

Results: Twelve different PROC mutations were identified: 9 missense:

p.Cys105Arg (not previously described); p.Pro210Leu; p.Gly215Glu;

p.Arg220Gln; p.Gly239Arg; p.Val339Met; p.Pro369Leu;

P.Arg394Trp; p.Trp444Cys; 1 nonsense (p.Arg199X); 1 promoter
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(-13A>G); and 1 small deletion (p.Leu212Hisfs*2). The last three

mutations, the most frequent, were identified in 15 families, the ones

with patients with the higher number of VT episodes. Only one patient

was homozygous for a mutation (p.Arg220Gln), all the other were het-

erozygous. In one family with low PC levels, we could not find any

mutation. FVLeiden was identified in six individuals; FII20210A in 3.

One patient was double heterozygous for FII20210A and FVLeiden.

A statistically significant difference in PC levels was observed between

the control group and homozygous for haplotype CGT (P = 0.0375)

or for polymorphism Ser219Gly (P = 0.008); 3/4 individuals with idio-

pathic DVT were homozygous for haplotype CGT; the presence/

absence of Ser219Gly correlates with the different levels of PC in mem-

bers of the same family.

Conclusion: The molecular studies of PROC and PROCR genes in 51

individuals with low or borderline PC plasma levels allowed the identi-

fication of the doubtful carriers. The type and location of the muta-

tions correlates with the severity of the phenotype. Genetic family

studies are important to evaluate the need for prophylactic measures,

especially in the risk situations, and to offer the prenatal diagnosis in

severe cases.

PB3.68 – Paediatric Thrombosis – III

PB 3.68-1
FondaKIDS II: long-term follow-up data of children
receiving fondaparinux for treatment of venous
thromboembolic events
Young G1, Michieli C1, Bernardini L2 and Ko R1

1Children’s Hospital Los Angeles; 2University of Southern

California, Los Angeles, CA, USA

Background: The incidence of venous thrombotic events (VTE) in chil-

dren has risen substantially over the past decade, resulting in increas-

ing use of anticoagulation. Fondaparinux has several advantages over

low molecular weight hpearins including a longer half-life allowing

once daily dosing, no risk for heparin-induced thrombocytopenia and

less effect on bone mineral metabolism. Recently, a PK, dose-finding,

and safety study of fondaparinux in children was published, however

it had only a short period of follow up.

Aims: The purpose of this study was to investigate the long-term

safety, dosing, and efficacy of fondaparinux in children.

Methods: The following data were collected from all consecutive chil-

dren (1–18 years) treated with fondaparinux in a single institution:

demographics, location of initial VTE, fondaparinux dosing and fond-

parinux-based anti-Xa levels, bleeding events, other adverse events,

status of VTE and VTE recurrence. Descriptive statistics are used to

describe the patients and the outcomes.

Results: Thirty-five patients were included all of whom were included

in the safety analysis while 34 were analyzed for dosing (one excluded

due to only receiving two doses secondary to an allergic reaction) and

22 for efficacy (six excluded for resolution of DVT on a different anti-

coagulant, four because fondaparinux given prophylactically, two due

to insufficient data, and one due to allergic reaction). There were 18

males (M) and 17 females (F) with a mean age of 9.11 years (median:

9 years; range: 1–17 years). The mean duration of treatment with

fondaparinux was 371 days (d) (median: 152 days; range: 2–
1566 days). The mean dose of fondaparinux was 0.1 mg/kg/dose

(median: 0.1 mg/kg/dose; range: 0.04–0.15 mg/kg/dose). 14 of 22

evaluable patients (63.6%) had complete resolution of their thrombus

while 6/22 (27.3%) had partial resolution, and 2/22 (9.1%) had no

change. Thus, 20/22 (90.9%) patients had either a complete or partial

response while none had progression. The mean time to best outcome

from initiation of fondaparinux was 171.5 days (median: 92.5 days;

range: 11–839 days). Eleven patients needed a total of 16 dose adjust-

ments to achieve therapeutic levels. Two patients (9.1%) had a

recurrent VTE: one was on fondaparinux at the time of recurrence and

one was on warfarin. There were three major (intracranial hemor-

rhage- occurred prior to initiation of fondaparinux subsequently, pul-

monary hemorrhage, and subretinal hemorrhage) and six minor (two

with blood in stool, one with injection site, one CVC site, one trache-

ostomy bleed, one epistaxis) bleeding events. Importantly, only one of

these events resulted in discontinuation of fondaparinux. One patient

had an allergic reaction.

Conclusions: Given the advantages of fondaparinux over other low

molecular weight heparins, this study suggests that fondaparinux

could be considered a safe and effective alternative for the manage-

ment of VTE in children.

PB 3.68-2
Safety and efficacy outcomes of home and hospital
warfarin management within a paediatric
anticoagulation clinic
Jones S1, McLoughlin S1, Piovesan D2, Savoia H1 and Monagle P3

1The Royal Children’s Hospital; 2Murdoch Childrens Research

Institute; 3The University of Melbourne, Melbourne, Australia

Background: Improved medical care and new surgical options for pae-

diatric patients with chronic disease has led to an increase in the num-

ber of children requiring warfarin therapy. Time in Therapeutic range

(TTR) refers to the amount of time a patient’s International Norma-

lised Ratio (INR) is within a designated target range. An increase in

TTR is correlated with a decreased risk of bleeding or thrombosis.

TTR is the most common method of determining the success of warfa-

rin therapy.

Aims: This audit examined the TTR of warfarin patients managed by

an anticoagulation clinic (AC) at the Royal Children’s Hospital over

12 months. Aims included: determining TTR achievement and inci-

dence of adverse events of all warfarin patients; and comparing TTR

achievement between patients self-testing at home and those moni-

tored at hospital.

Methods: INR results for children who currently have their warfarin

therapy managed by the AC were analysed. Children were included in

the study if warfarin therapy commenced before November 2012. INR

results reported between January 1st 2012 and December 31st 2012

were collected. Due to the variation between the numbers of INRs

each child required during the audit, cluster analysis of each child’s

INR results was used to calculate the mean percentage of INR’s within

TTR. Warfarin-related adverse events included major bleeding and/or

thrombotic episodes that occurred during the audit period.

Results: 163 patients were included. 101 children were self-testing their

INR and 62 tested their INR at a hospital or pathology service. The

median age of patients was 10.6 years (range 0–19 years) and the mean

number of days on warfarin for 2012 was 299 (range 80–363 days).

The most common indication for warfarin was previous Fontan proce-

dure (n = 105). Other indications included prosthetic heart valves

(n = 15), pulmonary hypertension (n = 9), indwelling central venous

line (n = 5) and deep venous thrombosis/stroke (n = 8).

Target range achievement for the cohort was 66.8% (95% CI 64

�69.6). 68.1% of INR tests conducted at home were within the TTR

compared with 64.8% of INR tests conducted at a hospital or pathol-

ogy service. The majority of patients (n = 137) achieved a TTR of

>50%.

One major bleeding event occurred in a teenage girl with intra-abdomi-

nal bleeding and a sublingual haematoma following 3 days of vomiting.

The patient’s INR at the time of hospitalisation was >10. She required
vitamin K, prothrombinex�, transfusion of red blood cells and fresh

frozen plasma. There was one thrombotic episode; a non-occlusive

thrombus in the Fontan circuit in a 6 year old female. The INR at the

time was 1.8. Both patients monitored their INRs at hospital.

Summary: This audit demonstrates equivalence in safety and efficacy

outcomes between home self-testing and hospital INR testing in chil-

dren managed by an AC. Incidence of adverse events and TTR

achievement is comparable to international paediatric centres. The size
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of this cohort exceeds numbers previously reported when comparing

self-testing and hospital monitoring. Routine outcome evaluation of

paediatric anticoagulation management within single institutions is

warranted due to the difficulties of multi-site studies assessing manage-

ment strategies.

PB 3.68-3
Pediatric stroke: a single center experience
Sobu E1, Ozdemir N2, Tuysuz G2, Hasiloglu Z3, Buyru AN4,

Uysal S5 and Celkan T2

1Istanbul Univercity Cerrahpasa Medical Faculty, Istanbul;
2Istanbul University, Cerrahpasa Medical Faculty, Pediatric

Hematology Dept., Istanbul; 3Istanbul University, Cerrahpasa

Medical Faculty, Radiology Dept., Istanbul; 4Istanbul University,

Cerrahpasa Medical Faculty, Medical Biology Dept., Istanbul;
5Istanbul University, Cerrahpasa Medical Faculty, Pediatric

Neurology Dept., Istanbul, Turkey

Background: Pediatric stroke, defined as arterial ischemic stroke (AIS),

cerebral sinovenous thrombosis (CSVT) and hemorrhagic stroke (HS)

is a rare but serious event.

Aims: The aim of this study is to assess the clinical characteristics, risk

factors, treatment and outcomes of pediatric stroke cases in a single

center.

Methods: We reviewed the records of children who were diagnosed as

pediatric stroke at our center between 2000 and 2011. Neonatal cases

were excluded. The study was approved by medical ethics committee.

Results: We identified 67 patients with AIS (M/F: 33/34; median age:

2.9 years), 27 patients with CSVT (M/F: 20/7; median age: 8.8 years)

and 24 patients with HS (M/F: 21/3), median age: 6.7 years). Main

symptoms at presentation were hemiplegia (46%), convulsion (31%),

headache (19%), vision defects and strabismus (13%), facial paralysis

(11%), aphasia (10%), vomiting (7%), unconsciousness (4%). Hemi-

plegia was the most frequent symptom for arterial ischemic stroke.

Most of the patients with hemorrhagic stroke had an underlying event

or disease, 45% had late hemorrhagic disease of newborn (diagnosed

>28 days after delivery) and 37% had a history of head trauma. An

underlying acute or chronic illness and/or external trigger to thrombo-

sis were present in 20 patients with CSVT and most frequent causes

were acute otitis media-mastoiditis, acute leukemia and Behcet disease.

Thirty five of 67 patients with AIS had an underlying disease and⁄or a
trigger. The most frequent causes were congenital heart disease and

trauma. Thrombophilia work-up was conducted in a group of patients

with CSVT (n: 15/27), AIS (n: 41/67) and none of the patients with

HS. At least one prothrombotic risk factor was positive in 78% of

patients with CSVT and 37% patients with AIS. MTHFR A1298C

heterozygote mutation was the most frequent finding in patients with

CSVT. MTHFR C677T mutation was the most frequent finding in

patients AIS. In total, 56 of the patients received antithrombotic treat-

ment; no major complications were observed. In AIS, antithrombotic

treatment was given to 34 of 67 children; the majority (n: 27) received

LMWH and acetylsalicylic acid (n:20). In CSVT, antithrombotic was

given to 22 of 27 children; LMWH treatment was used in 20 and war-

farin was used in only 4. Two patients expired due to thrombosis; one

of them had AIS and congenital heart disease and the other one had

CSVT and macrocephaly telangiectasia syndrome. Neurological sequel

was found in 28 of 67 patients (41%) with AIS, 5 of 27 patients (18%)

with CSVT, 9 of 24 patients (37%) with HS.

Conclusion: We reviewed our experience of 11 years in diagnosis and

treatment of pediatric stroke. Demographic findings in our study were

consistent with the literature showing a high percentage of boys.

Prothrombotic defects were more in common in children with CSVT

compared to patients with AIS. We mainly use LMWH for anticoagu-

lation and in our experience none of our patients had hemorrhage due

to the treatment. Our results showed a low mortality rate mainly

because only the survivors were referred to our center.

PB 3.68-4
Demonstration of construct validity of the KIDCLOT
PAC QL©
Bruce AK1, Jones S2, Massicotte P1 and Bauman M1

1University of Alberta, Canada, Canada; 2University of

Melbourne, Melbourne, Australia

Background: Quality of life (QOL) as defined by the World Health

Organization is ‘an individual’s perception of their position in life in

the context of the culture and value systems in which they live, and in

relation to their goals, expectations, standards and concerns’. QOL is

an abstract entity which can be measured by a tool developed specific

to the patient condition. Vitamin K antagonists (VKA) are known to

affect quality of life and the only tool designed to measure its impact

on QOL in children and families is the KIDCLOT PAC QL©. Reli-

ability testing, face and content validity, and validation of the scoring

system has been reported previously. In absence of a gold standard,

further inventory validation can be achieved with construct validity.

Construct validity in which the inventory actually measures the con-

struct it is intended to measure can be supported with demonstration

of discriminant and convergent validity. Convergent validity measures

constructs that are theoretically related to each other to a pre-hypothe-

sized extent. Discriminant validity measures constructs that are theo-

retically not related to each other. To establish construct validity one

must establish both convergent and divergent validity.

Aim: To demonstrate construct validity of the KIDCLOT PAC QL©.
Methods: Convergent validity of the final version of the inventory was

examined by measuring the association between the global scales of

the KIDCLOT PAC QL ©and the PEDSQL © (an accepted, valid,

and reliable inventory for pediatric QOL). The PEDSQL © was used

with permission. Discriminant validity was examined by measuring the

association between the KIDCLOT PAC QL © and knowledge reten-

tion scores (a test taken by parents and children to ascertain their

knowledge of VKA) obtained by the same patients. The PEDSQL was

selected to examine convergent validity as it is a well-accepted global

measure of quality of life in children, has a child and parent-proxy ver-

sion and takes <10 min to complete. As it is a QOL inventory with no

questions specific to VKA the construct should be theoretically med-

ium correlation. The knowledge retention test was selected as it is a

test measuring knowledge only and therefore should be theoretically

unrelated to the abstract concept of QOL with small correlation. Asso-

ciations between scorings were tested with Spearman rank correlation

because of the ordinal nature of the scales. Informed consent and eth-

ics approval were obtained.

Results: Ninety parents and 42 children completed both the KID-

CLOT PACQL and PEDSQL, 40 parents and 19 children completed

the knowledge retention test. Convergent validity for the parent-proxy

inventory r = 0.528 (P < 0.001) and for divergent validity r = �0.213

(P = 0.186). Convergent validity for the child/adolescent inventory

convergent validity r = 0.307 (P = 0.48) and for divergent validity

r = �0.270 (P = 0.264).

Summary: The KIDCLOT PAC QL © demonstrates predicted con-

struct validity with medium correlation with a global QOL measure

and small correlation with the knowledge retention test. The tool is

now validated and ready for use.

PB 3.68-5
Decreased protein S activity in ulcerative colitis but not
Crohn disease in a pediatric Cohort
Szigeti R, Mir S, Reddy S, Nguyen K, Siegele H, Soundar EP,

Kostousov V, Kellermayer R and Teruya J

Baylor College of Medicine, Houston, TX, USA

Background: Inflammatory bowel diseases (IBD), including ulcerative

colitis (UC) and Crohn disease (CD) affect more than 1 million people

in theUnited States. Growing evidence recognizes IBD as a chronic
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inflammatory condition associated with a hypercoagulable/prothrom-

botic state, which represents one of the important extraintestinal mani-

festations, and can lead to increased mortality and morbidity in

patients. Thromboembolism (TE) in patients with active IBD is well

established with a 6.5% incidence of thrombosis in adults, a 3–4 fold

higher risk than in the general population. TE can also occur in the

pediatric IBD patients as well. The mechanisms for IBD associated

thromboembolic disorders are extensively studied, but not clearly

understood.

Aims: The aim of this work was to examine prothrombotic factors in

hospitalized pediatric IBD patients.

Methods: Twenty five patients with the diagnosis of UC (n = 10) or

CD (n = 15) were recruited between 2009 and 2012 during hospitaliza-

tion for active disease. The patients were further subclassified based on

treatment involving steroids and disease subtype (UC vs. CD). Perip-

heal blood was evaluated for hemostatic parameters including pro-

thrombotic factors (PT/INR, PTT, fibrinogen, D-dimer,

antithrombin, thrombin time, factor VIII, functional protein C, func-

tional protein S, von Willebrand factor antigen and ristocetin co-fac-

tor, ADAMTS 13 activity, and lupus anticoagulant) using standard

diagnostic procedures. The acquired data were analyzed and compared

to an age and gender matched historical control group (n = 25).

Result: The assays for fibrinogen, D-dimer, thrombin time, factor VIII

and protein S showed statistically significant (P < 0.0001) differences

between IBD patients and the control group. Steroid therapy signifi-

cantly increased fibrinogen (P = 0.01), and factor VIII activity

(P = 0.006). Interestingly, protein S activity was significantly lower in

the UC group (P = 0.001), while it was comparable to the control

group in CD patients (P = 0.14).

Conclusions: IBD results in significant prothrombotic factor altera-

tions that are likely a consequence of a complex systemic inflammatory

process. Therapeutic interventions, such as steroids, can significantly

affect these parameters. Interestingly, while protein C appears to be

essentially unaffected in both UC and CD, protein S was significantly

decreased only in UC patients within this cohort. Our findings may

carry useful information for guiding possible prophylactic measures

against thrombotic events in hospitalized pediatric IBD patients.

PB 3.68-6
Antithrombin concentrate in pediatric patients
requiring heparin anticoagulation: a retrospective
Cohort study
Bauman M1, Ryerson L1, Kuhle S2, Bruce AK2 and Massicotte P1

1Stollery Children’s Hospital/University of Alberta, Edmonton;
2Dalhousie University, Halifax, Canada

Background: Heparins, unfractionated (UFH) and low molecular

weight (LMWH), are used in children requiring anticoagulation. In

vivo, low antithrombin (AT) levels often result in an inadequate anti-

coagulant effect with UFH. Effective anticoagulation is becoming

increasingly important in the pediatric intensive care unit. Critically ill

children require heparin anticoagulation for various indications

including thrombosis, extracorporeal membrane oxygenation and ven-

tricular assist devices. Developmental hemostasis, in combination with

underlying risk factors in ill children, often result in physiologically

decreased AT levels. Anticoagulation with UFH requires AT levels

>~0.5 U/mL to achieve therapeutic heparin anticoagulation. Adminis-

tration of antithrombin concentrate (ATC) increases AT levels and

heparin effect. Dosing ATC per the manufacturer1 (ATC dose =
[desired level-baseline level] 9 patient weight in kg/2), results in wast-

age since ATC is supplied in 1000 Unit quantities.

Aims: The aim of this retrospective cohort study is to determine AT

levels pre and post ATC administration, mean ATC dose/kg adminis-

tered, bleeding, thrombotic or allergic events. During 2008–2011, ATC

effect on heparin effect (anti-Xa and PTT) and the change in heparin

dose was also collected.

Methods: From 2005 to 2011, the practice at Stollery Children’s Hospi-

tal was to administer a vial of ATC in patients <20 kg when AT levels

are <50% and therapeutic heparin effect is not achieved despite higher

than age appropriate heparin doses. When ATC is administered, hepa-

rin dose is decreased by 50%, UFH doses, PTT, AT and anti-Xa levels

were drawn 30 min post ATC infusion. Ethics approval was obtained.

Results: 121 patients received 246 doses of ATC. Median age (range)

and weight (range) were 3.7 months (7 days–10.7 years) and 4.1 kg

(2.1–20.0). Mean ATC dose was 222 IU/kg. Mean AT level increased

from 0.39 (95% CI 0.37–0.42) to 1.20 U/mL (95% CI 1.10–1.30) post
ATC administration. In the 2008–2011 subgroup, UFH doses to

achieve a target anti-Xa level pre post ATC were 28 (95% CI 24–32)
and 19 (95% CI 16–22) U/kg/h, respectively, for children ≤12 months

and 25 (95% CI 19–30) and 19 (95% CI 11–19) U/kg/h, respectively,

for children >12 months. The PTT was 110 (95% CI 90–131) and 136

(95% CI 116–156) seconds, pre/post ATC respectively, for children

≤12 months and 66 (95% CI 42–91) and 63 (95% CI 43–84) seconds,
pre/post ATC respectively, for children >12 months. There were no

hemorrhagic, thrombotic or allergic events.

Conclusions: This is the largest pediatric evaluation of ATC. Adminis-

tration of high dose ATC appears safe in infants and children. Increas-

ing AT concentration provides additional heparin binding sites as well

as increased anti-Xa levels with lower age appropriate heparin doses.

Further ATC was minimized due to a sustained effect resulting in

more stable anticoagulation. Additional well designed studies are

required to further evaluate safety and efficacy of ATC administration

and to determine biochemical changes and dosing relationships

between ATC and heparin. This data provides the basis for future

investigations and the development of pediatric-specific, evidence-

based guidelines for ATC use.

PB3.69 – Paediatric Thrombosis – IV

PB 3.69-1
Evaluation of a unique mHealth web-based VKA
management system
Bauman M1, Seniuk A2, Siddons S3, Bruce AK4 and Massicotte P1

1Stollery Children’s Hospital/University of Alberta, Edmonton;
2Independent IT contractor, Edmonton; 3Stollery Children’s

Hospital, Edmonton; 4Dalhousie University, Halifax, Canada

Mobile health (mHealth), supported by international health governing

bodies, is a growing field that uses web based and mobile communica-

tion devices to improve health outcomes, healthcare services and

health research, and may be used as a tool for reporting INR results.

Patients prescribed long term vitamin K antagonist (VKA) therapy

require close monitoring of their INRs. INR results are received by the

patient directly from the laboratory or by self-testing using home INR

meters and then are reported to the health provider for dose adjust-

ment.

Aim: This study is to evaluate functionality and patient satisfaction

with use of the INR reporting website www.kidclot.com.

Methods: The KIDCLOT© website was established as a tool for INR

reporting using an SSL address. Two groups of patients prescribed

VKA therapy used this website: (i) patients who self-managed (PSM)

their VKA therapy and (ii) patients who self tested (PST) INRs with

the KIDCLOT© health provider adjusting their VKA dose. Patients

entered INR results into the website via computer or smartphone.

Each was assigned a secure ID and password to log into the site. User-

names are only identifiable to the KIDCLOT© clinical team with no

other patient identifiers stored in the database. Patient and administra-

tive staff have different levels of access; therefore no patient has access

to data outside of their own profile. This security is consistent with

international health privacy policies.

All patients enter their INR result and VKA dose. PSM patients enter

their INR, VKA dose adjustment, next INR testing date and com-

ments. Whereas, PST patients enter their INR which triggers an email
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to the KIDCLOT health provider to provide the VKA dose adjust-

ment and next INR testing date. The KIDCLOT© health provider

enters the dose plan which alerts the patient. All patients receive an

INR test reminder alert the day the INR is due. When reported INRs

are outside of the patient’s therapeutic range an alert is sent to the

KIDCLOT© health provider alerting the provider to review patient

decision making, and allow immediate dosing support. Patient satis-

faction surveys were completed by patients. Informed consent and eth-

ics approval were obtained.

Results: 33 of 51 website users responded to the satisfaction survey.

Results from the patient satisfaction survey found that 100% of

respondents ‘liked’ the website format, found it easy to use, conve-

nient, and preferred the website to any other method of INR report-

ing. 95% of patients reported that it assisted them to better manage

their warfarin through INR alerts and ease of reporting. Patients

reported the website to be a ‘great improvement’ ‘the best thing ever’

and ‘outstanding’ for INR reporting. Patients valued the ability to

enter personal notes, and resource materials available on the website,

and continued to feel supported by the KIDCLOT health care team.

The KIDCLOT© health providers found the website to be an effective

and efficient method for monitoring VKA therapy and for quality con-

trol for patients and health providers.

Conclusion: INR reporting using mHealth is a valued solution for

patients and health providers.

PB 3.69-2
Anticoagulation of pulmonary hypertension in children
Monagle KE1, Jones S2, King I3, Weintraub R2, Monagle P1

and Newall F2

1The University of Melbourne; 2The Royal Children’s Hospital;
3The Murdoch Children’s Research Institute, Melbourne,

Australia

Background: Pulmonary Artery Hypertension is characterised by

increased pulmonary vascular resistance, right ventricular failure, low

cardiac output and death. Without treatment, the long term prognosis

of children with pulmonary arterial hypertension is poor, with an esti-

mated median survival of <1 year, shorter than that which is seen in

adults The reduced pulmonary blood flow leads to an increased risk of

thrombosis. Anticoagulation is used in adults with pulmonary artery

hypertension, and is recommended by the ACCP for use in children

despite the lack of published primary evidence to support its use.

Aim: To determine the safety and efficacy of oral anticoagulant ther-

apy (warfarin) for primary thromboprophylaxis in a cohort of children

with Pulmonary Hypertension.

Methods: A retrospective clinical audit of the Royal Children’s Hospi-

tal, Melbourne, pulmonary hypertension and warfarin INR databases

was conducted with relevant outcomes including thrombosis and

major haemorrhage, defined a priori according to internationally

accepted definitions. We also a priori determined that a reduction in

bone density would be classified as significant if a Z score of less than

or equal to �1.0, was reported on a bone mineral density scan.

Results: 18 children (69.94 warfarin years) were examined with each

child taking warfarin for an average 3.89 years (range: 0.5–7 years).

The primary reasons for the discontinuation of warfarin therapy were

death unrelated to warfarin thromboprophylaxis (n = 4), and transfer

to adult care (n = 5), with eight patients remaining on continuous war-

farin at the completion of the study. The median age of children start-

ing warfarin was 7.63 years (Range: 0.670–16.4). The most common

Target Therapeutic Range for warfarin therapy was 2.0–3.0. Of 1694

INR tests performed, TTR achievement was highly negatively skewed,

and was achieved in a median of 48.75% of all tests. However, 89% of

patients (n = 16) in this study achieved their TTR >30% of the time.

There were no deep vein clots in this cohort. Two patients experienced

superficial vein thrombi (three thrombotic events); all at the site of line

insertions. Therefore, despite the low TTR achievement numbers,

treatment appeared effective. There were several warfarin related

adverse events experienced during the study period; with two patients

experiencing major bleeds. One was an episode of severe epistaxis, and

the other a severe gastro intestinal bleed following a nasogastric tube

resite. Of the 10 patients who had had bone mineral density scans, 8

(80%) had significant reductions in bone density in at least one site

(hip or lumbar spine).

Summary/Conclusions: The high mortality rate of 22.5% (n = 4) in this

cohort demonstrates the severity of this condition in children. How-

ever there were no clotting related deaths suggesting warfarin therapy

can be effective, despite the low rate of TTR achievement in these chil-

dren. The potential adverse events related to warfarin including bleed-

ing and reduced bone density need to be considered.

PB 3.69-3
Clinical characteristics of pediatric and adolescent
index cases with antithrombin deficiency: results of a
cohort study
Limperger V1, Franke A2, Holzhauer S3, Manner D1, Junker R1

and Nowak-G€ottl U1

1University Hospital of Schleswig-Holstein, Kiel; 2Christian-

Albrechts- University Kiel, Kiel; 3Charite, Berlin, Germany

Background: Venous thromboembolism [TE] is a multifactorial disease

and antithrombin [AT] deficiency [AT] constitutes a major risk factor.

In the present study the incidence of AT, the clinical presentation at

TE onset and the recurrence rate in a cohort of pediatric index cases

are reported.

Methods: In 205 unselected consecutively ascertained pediatric patients

(neonate to <</span> 18 years) with TE a comprehensive IT screening

was performed along with recording of anamnestic data. Index

patients were enrolled between January 1998 and December 2010 and

were followed until December 2012 with the study endpoint symptom-

atic recurrence.

Results: Seventeen of 205 pediatric index patients [8.3%] were carriers

of AT deficiency [heterozygous mutations, type 1: point mutation

n = 10; deletion n = 2; stop n = 2; type 2: homozygous ‘Budapest’

n = 2; ‘Charleville’ n = 1]. Mean age at first TE onset was 14 years

[range 0.1–17]. Thrombotic locations were neonatal renal vein throm-

bosis [n = 1]; cerebral venous thrombosis/stroke [n = 6], DVT of the

leg [n = 9] and pulmonary embolism (n = 1]. AT deficiency was com-

bined with FV G1691A mutation in three cases and FII G20210A

variant in two. First TE onset was associated with underlying diseases

in 70% of patients [use of OAC, smoking, immobilization, surgery].

Spontaneous TE occurred in a neonate with a heterozygous point

mutation, a 9-year-old female with a stop mutation and a 14-year-old

female homozygous for theBudapest variant. In five of 17 pediatric

index patients [29.4%] recurrent TE occurred after withdrawal of oral

anticoagulation [performed with LMWH and Warfarin according to

CHEST guidelines] at a median follow-up time of 2.5 years [range:

2–8].
Conclusion: In an unselected cohort of pediatric patients with symp-

tomatic TE, the prevalence of AT deficiency was 8.3%, followed by a

high recurrence rate of 29.4%. Given its clinical implications thrombo-

philia testing should be performed in children with a first TE onset not

to miss AT deficiency. Long time anticoagulation should be considered

in pediatric AT carriers suffering from a first TE.
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PB 3.69-4
Clinical experience with recombinant tissue
plasminogen activator in the management of
intracardiac and arterial thrombosis in children
Buyukavci M, Olgun H, Keskin Yildirim Z, Caner I, Ceviz N

and Sahin IO

Atat€urk University, Faculty of Medicine, Erzurum, Turkey

Background: Thrombotic events may complicate the clinical course of

many neonatal and pediatric pathologic processes. Thrombolytic ther-

apy is generally used for arterial thrombosis in selected patients. Drugs

that have been used for therapeutic thrombolysis in children include

streptokinase, urokinase and tissue plasminogen activator (t-PA).

There are a number of practical advantages of recombinant t-PA (rt-

PA) for non-invasive thrombolysis. However, experiences with rt-PA

in pediatric age group are less than in adults. Many recommendations

for children are based on extrapolation of adult data.

Aims: We aimed to present our experiences with rt-PA in children with

intracardiac or peripheral arterial thrombus.

Methods: We conducted a retrospective review of 18 patients who

received rt-PA because of thrombus.

Results: We evaluated 18 children (10 boy and 8 girl; age range from

1 day to 17 year) with intracardiac thrombus (n = 5), prosthetic heart

valve thrombus (n = 2) and peripheral arterial occlusion (n = 11).

Eight of the 18 patients had congenital heart disease and two had rheu-

matic heart disease. Three patients diagnosed with leukemia and five

patients suffered from sepsis, prematurity or meconium aspiration syn-

drome. Seven of the 11 peripheral arterial thrombosis were observed

following an intervention such as angiography. Three of the five intra-

cardiac thrombi were detected in children with leukemia. All children

initially received low molecular weight heparin (LMWH). Recombi-

nant t-PA (alteplase) infusion (at a dose of 0.01–0.5 mg/kg/h) was

administered in different time periods (3–66 h). Nose bleeding, melena

and decreased serum fibrinogen concentration were observed in five

patients during the rt-PA infusion. Ten of 11 patients with peripheral

arterial occlusion and 3 of 5 patients with intracardiac thrombus

showed full recovery. However, there was no response in two patients

with intracardiac thrombus and in two children with heart valve

thrombus. One patient with prosthetic mitral valve needed re-mitral

valve replacement because of the thrombotic event. One newborn

patient with aortic thrombus at the level of celiac artery died from sep-

sis without observing the fibrinolytic response.

Conclusion: Recombinant t-PA infusion seems effective and safe in

treatment of peripheral arterial occlusion and intracardiac thrombus

in children.

PB 3.69-5
Can we predict poor outcome in neonatal arterial
ischemic stroke by testing for the presence of a
prothrombotic risk factor (inherited or acquired)?
Labarque V1, Brandao LR2, DeVeber G2, Askalan R2,

MacGregor D2 and Moharir M2

1University Hospitals Leuven, Leuven, Belgium; 2The Hospital for

Sick Children, Toronto, Canada

Background: Childhood arterial ischemic stroke (AIS) is increasingly

being recognized. A major proportion of childhood AIS occurs in new-

borns. The relevance of prothrombotic risk factors (thrombophilia) in

neonatal AIS (NAIS) is unknown.

Aims: To describe the frequency of thrombophilia in NAIS and to

evaluate the potential impact of its presence on recurrence risk and

neurologic outcome.

Methods: A retrospective review of NAIS cases from July/1999-

August/2009 at our institution was conducted. Thrombophilia testing

included protein C (PC), protein S (PS), antithrombin, anticardiolipin

antibodies (ACLA), lupus anticoagulant, lipoprotein-a, plasma

homocystein, levels of FVIII, FIX, and FXI, and Factor V Leiden,

prothrombin (PTG) and MTHFR mutations. Neurologic outcome

was assessed by the validated Pediatric Stroke Outcome Measure

(PSOM). Measures of association (Fisher’s Exact) between thrombo-

philia and AIS recurrence and outcome were studied.

Results: Eighty-eight neonates with AIS were identified. Seventy-six

had prothrombotic testing. Tests were abnormal in 9/76 (11.8%) [2

low PC, 1 elevated ACLA, 1 elevated ACLA plus a high FVIII level, 2

PTG, 1 elevated lipoprotein-a, 1 hyperhomocystinemia with MTHFR

variant]. Recurrence was more frequent in neonates with at least one

prothrombotic risk factor (OR 6.2 (95%: 1.18–32.56); P = 0.02) and

the median time to recurrence was 13 days. Abnormal neurologic out-

come (total PSOM ≥0.5) was also more frequent in children with than

those without a prothrombotic abnormality (P = 0.04).

Conclusions: The presence of a prothrombotic risk factor is not neces-

sarily common in NAIS. Nevertheless thrombophilia may be associ-

ated with unfavourable outcomes in neonates. A larger prospective

study is needed to verify these findings.

PB 3.69-6
Anticoagulation therapy in pediatric Lemierre’s
syndrome
Van Herrewegen F1, Coutinho JM2, Stam J2 and Van Ommen HC2

1Westfries Gasthuis, Hoorn; 2Academic Medical Center,

Amsterdam, The Netherlands

Background: Lemierre’s syndrome, most commonly caused by the

anaerobic pathogen Fusobacterium necrophorum, is characterized by

a recent history of oropharyngeal infection and ipsilateral internal jug-

ular vein thrombosis. As Lemierre’s syndrome progresses, complica-

tions arise in the form of septic thromboembolism and cerebral venous

thrombosis. Although Lemierre’s syndrome can affect all ages, demo-

graphically there is an incidence peak between the age of 10 and 35.

The use of anticoagulation in patients with Lemierre’s syndrome is

controversial due to concerns regarding hemorrhagic complications.

Aim: To explore the efficacy and safety of therapeutic anticoagulation

in pediatric patients diagnosed with Lemierre’s syndrome.

Methods: A Pubmed search was performed, sourcing English publica-

tions since 2000 on diagnosed Lemierre’s syndrome cases, aged

18 years or below. Two literature reviewers independently divided the

cases presented in the publications into two groups: patients treated

with anticoagulation therapy and patients treated without anticoagu-

lants. For both groups, the development or progression of the jugular

vein thrombosis into the cerebral venous sinus and/or development or

progression of septic thromboembolism was determinded.

Results: Sixty-four relevant publications were identified, describing a

total of 85 pediatric patients. No randomized controlled trials were

found. The median age was 15 years (range 0–18) with a male prepon-

derance of 55%. At diagnosis, 27/85 (32%) patients suffered from cere-

bral venous sinus thrombosis and 48/85 (57%) exhibited septic

thromboembolism. Besides antibiotic therapy, 49/85 (58%) patients

were treated with anticoagulation. Among anticoagulated patients, 1/

49 (2%) demonstrated development or advancement of the thrombus

into the cerebral venous sinus compared to 5/36 (14%) of patients not

treated with anticoagulation. Development or progression of septic

thromboembolism was observed in 10/49 (20%) cases in the group with

anticoagulation vs. 12/36 (33%) in the group without anticoagulation.

Unfractionated heparin, low molecular weight heparin as well as vita-

min K antagonists were used as anticoagulants. The mean duration of

anticoagulant therapy was 12 weeks (range 2–48). One patient in the

anticoagulation group developed a major bleeding complication: A

hemorrhagic pericardial effusion, which required pericardial drainage.

Conclusion: These limited data on anticoagulation in Lemierre’s syn-

drome indicate that anticoagulation may decrease development and/or

progression of thromboembolic events, with a low risk of hemorrhagic

complications. These results should be confirmed in a prospective, ran-

domized trial.
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PB3.70 – Recurrent venous
thrombosis – III

PB 3.70-1
The use of the REVERSE study clinical prediction rule
for risk stratification after initial anticoagulation
results in decreased recurrences in patients with
idiopathic venous thromboembolism
Lazo-Langner A, Abdulrehman J, Taylor EJ, Sharma S and

Kovacs MJ

Western University, London, Canada

Background: The optimal duration of anticoagulation (AC) in patients

with idiopathic venous thromboembolism (VTE) is uncertain but in

general at least 6 months are needed. In 2008 our group published the

findings of the REVERSE study (Rodger et al., CMAJ 2008), which

showed that the group of patients with high risk of recurrence included

all males and those females with 2 or more adverse risk factors (age

≥65, body mass index ≥30, VIDAS D-Dimer ≥250 mg/L, and signs of

post-thrombotic syndrome). Since 2008 our center modified clinical

practice based on such findings. Accordingly, patients in the high risk

group have since remained on AC.

Aims: In this study we aimed to evaluate the impact of a practice

change using the REVERSE clinical prediction rule on recurrence

rates in patients with idiopathic VTE.

Methods: We conducted a single-center, retrospective cohort study of

all patients with objectively confirmed VTE who were consecutively

referred to our thrombosis clinic from January 1st, 1999 to December

31st 2011. Patients were excluded if the VTE was due to hospital stay,

pregnancy, immobility, or surgery. The primary outcome was objec-

tively documented VTE after the initial 6 months of AC. Patients were

divided according to the year of diagnosis in two groups (before and

after 2008). Groups were compared using v2 or Fisher’s exact tests, as
appropriate. Survival data was analyzed using the Kaplan-Meier

method and Cox regression analysis adjusted for thrombophilia and

use of AC.

Results: We included 1033 out of 1100 eligible patients. Mean age was

55.59 years (�17.96), the mean length of follow up was 55.5 months

(range 0–229), and 48.11% were female. Overall, 569/1033 (55.1%)

patients continued AC beyond the initial planned period. Patients con-

tinued AC based on REVERSE criteria in 47/371 (12.7%) and 146/

198 (73.7%) of cases before and after 2008, respectively. VTE recur-

rences were observed in 168 (24.5%) patients before 2008 and in 9

(2.6%) after 2008 (P < 0.001). The proportion of VTE recurrences in

patients continuing vs. stopping AC were 15.% vs. 35.6% (P < 0.001,

Log-rank P < 0.001) before 2008 and 2.0% vs. 3.4% (P = 0.506, Log-

rank P = 0.214) after 2008. Continuation of AC beyond the initial

planned period resulted in 75% reduction in VTE recurrence risk (HR

0.25, 95% CI 0.18–0.35; P < 0.001) after adjusting for thrombophilia

and year of diagnosis.

Summary/Conclusions: Although the present study has limitations

mainly arising from its retrospective design, our findings support the

use of the REVERSE clinical prediction rule to guide decisions on

long term AC duration in patients with idiopathic VTE.

PB 3.70-2
Outcomes after vena cava filter (VCF) placement in
patients with acute venous thromboembolism (VTE)
White RH, Li Z, Brunson A, Wun T and Romano PS

UC Davis, Sacramento, CA, USA

Background: Evidence supporting use of VCFs to prevent death or

recurrent VTE among patients with acute VTE is limited.

Aims: To determine the effect of VCF placement on the 30-day inci-

dence of death and the incidence of recurrent pulmonary embolism

(PE) and recurrent deep-vein thrombosis (DVT) among patients with

acute-VTE who did not have cancer.

Methods: Using linked California Patient Discharge records, we per-

formed a retrospective observational study that analyzed outcomes

after VCF placement. All cases were hospitalized at one of the 400

non-federal public hospitals in California and had a principal diagno-

sis of acute VTE. After selecting the first acute-VTE hospitalization

between 1/1/2005 and 12/31/2009 in each linked-patient record we

excluded cases with, active cancer, prior VCF placement and all cases

from hospitals that admitted fewer than 55 acute-VTE patients during

the study period. Outcomes were death <30 days, recurrent PE, and

recurrent DVT (within 180 days, and at median of 22 months). Three

Methods: were used to analyze death <30 days, (i) standard risk-

adjusted multivariable analysis, (ii) propensity score-matching (3:1)

and (iii) instrumental variable (IV) analysis, using hospital as the

instrument. Variables for adjustment included: age, race, sex, PE vs.

DVT alone, prior VTE, acute bleeding, surgery, number of comorbidi-

ties, risk-of-mortality on admission and insurance status. Cox propor-

tional hazard modeling was used to analyze the risk of post-hospital

discharge recurrent VTE.

Results: Among 69,505 acute-VTE cases, the 30-day mortality was

4.3%; 5.4% had recurrent-PE and 6.2% had recurrent-DVT (median

follow-up = 22 month). A VCF was placed in 7766 (11.2%) and 505

(6.5%) of these cases died <30 days; using risk-adjusted multivariable

analysis of death <30 days, VCF use was associated with an 18%

reduction in the odds of death (OR = 0.82, CI :0.74–0.92); but there
was no significant difference using inverse-weighting propensity-score

analysis (OR = 0.96, CI: 0.91–1.01, P = 0.11) or matched propensity-

score analysis (OR = 0.91, CI: 0.79–1.05, P = 0.18). IV analysis

showed no significant difference in the 30-day risk-adjusted mortality

rate when the highest tertile VCF-utilizing hospitals (VCF

use = 16.6%) and low VCF-utilizing hospitals (VCF use = 4.3%) were

compared: Death = 4.3% vs. 4.1%, respectively; difference = 0.2%,

P = 0.31). Cox modeling to predict recurrent VTE showed that VCF

use was associated with a higher risk of recurrent-PE at 180-days

(HR = 1.2, CI: 1.0–1.4, P = 0.046) but no effect after 22 months

(HR = 0.91, CI: 0.81–1.02, P = 0.09); VCF use was associated with a

56% higher risk of recurrent DVT at both 180-days and 22 months

(HR = 1.56, CI: 1.4–1.7).
Conclusions: Use of different methods: to analyze the effect of VCF

use on death <30 days resulted in discrepant findings: simple multivar-

iable regression showed a beneficial effect of VCF use, with an approx-

imate 16–18% relative reduction in the 30-day risk of death

(estimate = 0.6% absolute reduction), whereas propensity-score analy-

sis and IV analysis showed no significant difference in the risk of

death. For all methods, the effect of VCF use on the absolute risk of

death was small, in part because the overall 30-day mortality rate was

modest (4.0%). There was no significant effect of VCF use on the ~2-
year incidence of post-discharge recurrent-PE, but the risk of post-dis-

charge recurrent-DVT was increased by ~50%.

PB 3.70-3
External validation and updating of the Vienna
PredictionModel for recurrent venous thromboem-
bolism using a pooled individual patient data database
Marcucci M1, Eichinger S2, Iorio A1, Douketis JD1, Tosetto A3,

Baglin TPT4, Cushman M5, Palareti G6, Poli D7, Campbell TR8

and Kyrle PA9

1McMaster University, Hamilton, Canada; 2Depatment of

Internal Medicine I, Wien, Austria; 3San Bortolo Hospital,

Vicenza, Italy; 4Addenbrookes Hospital, Cambridge, UK;
5University of Vermont, Colchester, VT, USA; 6University of

Bologna, Bologna, Italy; 7Azienda Ospedaliero-Universitaria

Careggi, Firenze, Italy; 8Royal Infirmary, Glasgow, UK; 9Medical

University of Vienna, Vienna, Austria
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Background: Guidelines recommend consideration of indefinite antico-

agulation for patients with an unprovoked episode of venous thrombo-

embolism (VTE) due to their overall high recurrence risk. At the

individual level, many patients will never experience recurrence and will

be exposed to unnecessary bleeding risk. The Vienna Prediction Model

(VPM, Circulation 2010), based onCoxmodelling, uses patient sex, VTE

site andD-Dimer to stratify patients according to their recurrence risk.

Aims: To externally validate and possibly re-calibrate the VPM, using

a large pooled database of individual patient data (IPD) from different

prospective studies and validation techniques taking into account the

time-to-event.

Methods: Validation cohort (Cohort V): IPD on 904 patients pooled

from six prospective studies evaluating the effect of D-dimer on VTE

recurrence risk. Both the most common but possibly misleading cali-

bration comparing predictions to the observed raw proportions of

events and the comparison of the cumulative recurrence rates pre-

dicted by the VPM to those observed in V (estimated by Nelson-Aalen

method), at 12 and 60 months within risk strata (Harrell, 1996), were

performed. By-study stratified Cox and Weibull regressions, including

as covariate the Vienna’s linear predictor XbVienna = x1b1 + x2b2 +
x3b3 (where x1-x3 were sex, VTE site and D-Dimer), were also used to

check the validity of the Vienna’s overall hazard ratio and of the whole

VPM (van Houwelingen, 2000). The updating of the VPM was

achieved by adjusting the coefficient of each original predictor and

including age as new predictor, through a stepwise forward procedure

(Steyerberg, 2004). C-statistics, net reclassification improvement and

discrimination slopes were used to explore model discrimination.

Results: In Cohort V, 123 (13.6%) patients had recurrent VTE (med-

ian follow-up 22 months, 3–71). According to the Cox and Weibull

models, the calibrating coefficient for XbVienna was always positive and
not significantly different from 1, and the parameters describing the

baseline recurrence risk function were similar to those found in the

derivation cohort. Conversely, the analysis of goodness-of-fit of the

non-recalibrated model showed that the performance of the whole

VPM was less satisfying; indeed, the predicted and the observed cumu-

lative rates for five risk strata were both increasing (at 12 months, pre-

dicted [95% CI]: 3.0 [1.3–3.7], 4.3 [3.7–4.9], 5.4 [4.9–6.0], 6.6 [6.0–7.5],
9.5 [7.5–18.5]; observed: 5.1 [2.7–9.9], 7.1 [4.0–12.5], 9.0 [5.4–14.9],
13.3 [8.8–20.3], 15.9 [10.9–23.4]), but with the predictions underesti-

mating the observed recurrence rates. In updating the model, coeffi-

cients for VTE site and D-dimer, but not for sex, required significant

adjustment. When added to this model, age was statistically signifi-

cant. The c-statistics for the calibrating and the updated model were

0.626 and 0.674, respectively, with a significant higher ability of the

updated model compared to the original VPM in reclassifying patients

in agreement to their actual outcome.

Conclusions: Using a pooled IPD database as validation cohort we

confirmed the validity of overall hazard ratio predicted by the VPM

and improved its predictive performance by recalibrating the original

coefficients and adding age, thus reinforcing its readiness for clinical

application as a risk assessment tool.

PB 3.70-4
Risk factors of recurrent thromboembolism during
pregnancy
Galambosi P1, Ulander VM2 and Kaaja R3

1Helsinki University Central Hospital, Helsinki; 2Helsinki

University Central Hospital, Helsinki; 3Turku University and

Satakunta Central Hospital, Pori, Finland, Pori, Finland

Background: Recurrent venous thromboembolism(VTE) is a frequent

complication of an initial VTE. There are only few reports on recur-

rent VTE during pregnancy while on low-molecular-weight heparin

(LMWH) prophylaxis.

Aims: To identify risk factors of recurrent antepartum VTE in women

with LMWH prophylaxis due to at least one previous VTE episode.

Methods: This observational cohort study was undertaken at the

Department of Obstetrics and Gynaecology, Helsinki University Cen-

tral Hospital. The subgroup of 270 pregnant women with at least a sin-

gle previous episode of VTE (369 pregnancies) was evaluated closely.

All women delivered between 1994 and 2007, and received LMWH-

prophylaxis due to prior VTE during pregnancy and postpartum. An-

tepartum VTE despite the LMWH prophylaxis in this study was

defined as a VTE occurred at least 1 week after the initiation of the

LMWH-prophylaxis. The risk factors between those women with

LMWH-prophylaxis without recurrence were compared to those

LMWH-users with recurrence.

Results: Twelve recurrencies (3.3%, n = 10 women) during early preg-

nancy before initiation of the LMWH-were excluded.

The incidence of recurrent VTE despite prophylaxis was 4.3% (n = 16

pregnancies in 15 women). Most of these were at high risk for VTE

(thrombophilia or ≥2 previous VTE’s). The mean gestational week

(gw) at time of initiation of LMWH prophylaxis was 15 (range 4–39)
in the group without recurrent VTE vs. 7(range 4–18) in the recurrent

VTE group (P < 0.001). Duration of the medication was 24 (0–37) vs.
30 (range 16–36) gw (P = 0.009) respectively. The mean gw at diagno-

sis of recurrence was 22 (range 7–37) gw. Significant risk factors of

recurrence of VTE were ≥2 previous VTE’s (5.7% vs. 40.0%,

P < 0.001) or thrombophilia (26.1% vs. 53.3%, P = 0.034). The

strongest link existed in antiphospholipid antibodies carriers (2.6% vs.

20.0%, P = 0.012). Other risk factors for recurrence were history of

VTE related to pregnancy and/or oral contraceptives with RR 8.5

(95% CI 1.1–62.5), but not age >35 years with RR 0.27 (95% CI 0.04–
1.82) nor BMI >30 1.49 (95% CI 0.53–4.18).
Summary: Two main risk factors for recurrence of VTE during preg-

nancy seem to be thrombophilia and history of 2 or more VTE. In

those women the LMWH prophylaxis should be initiated in the begin-

ning of pregnancy with at least high prophylactic dose.

PB 3.70-5
Risk factors for recurrence after the first venous
thromboembolic event in women
Mitic G1 and Kovac M2

1Clinical Center of Vojvodina, Novi Sad; 2National Blood

Transfusion Institute, Belgrade, Serbia

Background: Despite the anticoagulant treatment substantial percent-

age (up to 25%) of patients with venous thromboembolic disease expe-

rience recurrence. The risk of DVT recurrence is particularly high in

patients with unprovoked first thrombotic event. The assessment of

the risk of recurrence is important for the decision of the optimal dura-

tion of treatment for each individual patient. Whether the risk of

recurrence is related to a younger age of onset of VTE is unclear.

Aims: The aim of the study was to compare the recurrence rate of

venous thromboembolic events (VTE) in women younger than 45 to

women older than 45 years and to assess the predictive value of some

laboratory (presence of thrombophilic abnormalities) and clinical

thrombosis risk factors (pregnancy, surgery, oral contraceptive use,

malignancy, obesity, infection).

Methods: Five hundred and eighty two women after a first objectively

confirmed VTE were included in the study, 370 of them younger (mean

age 30.2) and 212 older (mean age 58.3) than 45 years. All investigated

women were outpatients at Anticoagulation Clinics at Clinical Center

Novi Sad and Blood Transfusion Institute Belgrade. The signed

informed consent was obtained from all investigated women and the

study was approved by the local research ethics committee. All the data

regarding the presence of risk factors and thrombophila (antithrombin,

protein C, protein S, FV Leiden and FII G20210A mutation) were col-

lected during their regular visits. Each recurrent event was confirmed

by compression ultrasound examination, lung scintigraphy, computed

tomography/angiography or magnetic resonance imaging.
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Results: During a mean follow up of 9.6 years, 123 recurrent VTE

events occurred in 100 patients (17.2%). The 1 year incidence of recur-

rent VTE was 4.3% in young women and 6.1% in older (P = 0.33),

5 year incidence of recurrence was 10.8% and 12.7% (P = 0.51), and

10 year incidence was 12.9% and 17.1% (P = 1.0). Thrombophilia was

diagnosed in 163 young women, 56 of them had recurrent VTE, with no

difference to the older group, with 10 recurrences out of 29 thrombophil-

ic women (P = 1.0). The highest incidence (34 in 103 pts) of recurrences

was observed in the group of women with unprovoked VTE as opposed

to provoked VTE with 89 recurrences among 479 pts (P = 0.002) No

significant associations between the recurrence of VTE and presence of

risk factors such is pregnancy, surgery, hormone therapy, malignancy,

obesity or infection was established in either group. We found no recur-

rences in the group of young women with oral contraceptive use related

first VTE, due to the permanent discontinuation of their use.

Conclusion: The risk of VTE recurrence in women is highest after idio-

pathic first thrombotic event. According to our results the risk of

recurrence is not age dependent. We have found neither laboratory

nor clinical factors that could be useful in predicting the risk of VTE

recurrence. Our findings could influence the decision on the duration

of anticoagulant treatment of women with unprovoked VTE, which

should be tailored individualy.

PB 3.70-6
Pulmonary embolism severity index accurately predicts
long-term mortality rate in patients hospitalized for
acute pulmonary embolism
Dentali F1, Riva N2, Turato S2, Squizzato A2, Grazioli S2, Steidl L2,

Guasti L2, Grandi AM2 and Ageno W2

1University of Insubria; 2Insubria University, Varese, Italy

Background: The Pulmonary Embolism (PE) Severity Index (PESI) is

a clinical prognostic rule that accurately classifies PE patients in five

risk classes with increasing mortality. PESI score has been validated in

studies with a relatively short-term follow-up and its accuracy in pre-

dicting long-term prognosis has never been established.

Aim of the study: To asses the accuracy of the original and simplified

PESI to predict the 6-month and 1-year mortality rate in PE patients

Methods: Consecutive patients admitted to the tertiaryhospitalofVa-

rese(Italy) with an objectively diagnosed PE between January 2005

and December 2009 were included. Information on clinical presenta-

tion, diagnostic work-up, risk factors, treatment, and mortality during

a 1-year follow-up was collected.

Results: 538 patients were enrolled in this study. Mean age was 70.6

(�SD 15.2), 44.4% of patients were male, and 27.9% had known can-

cer. One-year follow up was available for 96.1% of patients. Overall

mortality rate was 23.2% at 3 months, 30.2% at 6 months and 37.1%

at 12 months. The discriminatory power of the PESI score to predict

long-term mortality, expressed as the area under the ROC curve, was

0.77 (95% CI 0.72–0.81) at 3 months, 0.77 (95% CI 0.73–0.81) at

6 months and 0.79 (95% CI 0.75–0.82) at 12 months.

Anticoagulant treatment beyond 3 months did not influence mortality

outcome at 6 or 12 months. Simplified PESI had a similar overall

accuracy compared to the original PESI at 3 and 6 months, but this

was significantly lower at 1 year.

Conclusions: The results of this study suggest that PESI score may also

be an accurate tool to define the 6-month and 1-year mortality rates in

PE patients.

PB3.71 – Regulation of gene
expression in vascular cells

PB 3.71-1
Aspirin influences megakaryocytes gene expression
leading to MRP4 up-regulation in human platelets
Massimi I1, Guerriero R2, Lotti LV1, Lulli V2, Temperilli F1,

Borgognone A1, Gabbianelli M2 and Pulcinelli FM1

1Sapienza – University of Rome; 2ISS, Rome, Italy

Background: Drugs can trigger changes in the expression of mecha-

nisms susceptible of favouring their elimination. Such mechanisms are

related to transient induction of the corresponding gene transcrip-

tional regulation. An important protein involved in drug resistances is

Multidrug Resistance Proteins 4 (MRP4), an organic anion cellular

detoxifier. We recently demonstrated that its up-regulation has a role

for the reduced aspirin action in patients after by-pass surgery.

Aims : As it was demonstrated that aspirin enhances MRP4 mRNA

levels in rat and this overexpression is PPARa dependent, the aim of

our study is to verify whether aspirin induces MRP4 up-regulation in

human platelets through a direct action on megakaryocytic gene

expression and whether it is PPARa dependent.

Methodology: We evaluated the changes on MRP4 expression in:

human megakacaryoblastic DAMI cells grown in the presence of aspi-

rin or PPARa agonist, WY14643 (WY), in platelets derived from

human megakaryocytic progenitor cell cultures and in platelets

obtained from healthy volunteers, treated in vivo with aspirin for

15 days. MRP4 expression was analysed by Q-RT-PCR, Western blot

and immunofluorescence.

Results : In DAMI cells, grown in the presence of aspirin or WY, we

found a significant increase in MRP4 mRNA expression (1.5 fold

increase for both aspirin and WY). We also revealed an increase in

MRP4 proteins expression after treatment with aspirin and WY.

In human megakaryocytic progenitors, grown in the presence of aspi-

rin or WY, MRP4 mRNA expression is higher than in mock culture

(1.7 fold increase for aspirin and 2 fold increase for WY). Such treat-

ment shows an MRP4 protein over-expression also in their derived

platelets (1.6 fold increase and 1.4 fold increase respectively).

Aspirin induces MRP4 expression after in vivo administration, as

MRP4 mRNA expression significantly increases in platelets obtained

from healthy volunteers treated for 15 days with aspirin (300 mg/die)

(approximately 30%, vs. platelets obtained after 1 day’s treatment

P = 0.08). Both Western Blot and immunofluorescence analysis con-

firm such enhancement.

Conclusion: The megakaryocytes have an adaptive response that leads

to cell detoxification of aspirin; in fact, our results show, for the first

time, that aspirin treatment induces genomic changes in megakaryo-

cytes leading to MRP4 up-regulation and that PPARa is the nuclear

receptor involved in this regulation.

PB 3.71-2
Deleterious effects of a mutant mitochondrial fission
protein on calcium and energy homeostasis
Leo V1, Cahill T2, Ashrafian H2, Peers C3, Boyle J3 and Dear TN4

1University of Sheffield, Sheffield; 2University of Oxford, Oxford;
3University of Leeds, Leeds; 4Univeristy of Leeds, Leeds, UK

Background: Cardiovascular disease is the most common cause of

morbidity and mortality worldwide, of which cardiomyopathies

account for a proportion. One of the hallmarks of progressive heart

disease is diminished energy metabolism associated with cardiac mito-

chondrial dysfunction. A recently identified mouse mutant in the

Dnm1 l gene, Python, leads to the development of dilated cardiomyop-

athy. ATP levels were found to be reduced in the heart, but not in

other tissues tested.
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Aim: This project aimed at clarifying the role of mitochondrial dynam-

ics in the development of heart failure in this model.

Methods: The effect of the mutation on protein function was assessed

by measuring mRNA and protein levels, protein-protein interaction

levels and direct measurement of mutant protein activity after purifica-

tion from E. coli. The morphological effect of protein dysfunction was

investigated by organelle imaging via immunocytochemical staining,

while biochemical measurements included cytosolic and mitochondrial

calcium levels and the efficiency of mitochondrial oxidative phosphor-

ylation.

Results: Evidence was obtained of alteration in mitochondria, peroxi-

some and ER morphology in various cell types. There was a suggestion

of altered physical interaction between the mitochondria and the ER.

Increased cytosolic calcium levels after stimulated release from ER

stores and reduced mitochondrial uptake of calcium were observed in

Python fibroblasts. Mitochondrial membrane polarization was also

altered. These changes were associated with reduced oxidative phos-

phorylation activity in the hearts of Python mice that increased in

severity with age. Ultimately a decrease in cytosolic ATP levels

occurred, which was insufficient for normal heart function. Dnm1 l

expression was found to increase with age in hearts of wild type mice,

but not other tissues. This may be suggestive of an increase in the

importance of the Dnm1 l protein in the ageing heart.

Summary: A mutation in the mouse gene, Dnm1 l, leads to dilated car-

diomyopathy. We hypothesize that the mutation impairs the ability of

the mitochondrial fission protein to form stable higher order structures

on the mitochondrial membrane, thereby impairing the functional

ability of the protein. Mitochondrial fission and ER tethering are sub-

sequently altered. The defect in mitochondrial-ER tethering leads to

dysfunctional mitochondrial calcium uptake and altered mitochon-

drial membrane potential, leading to a progressive decline in oxidative

phosphorylation activity and ATP production. The high-energy

demanding cardiomyocytes are unable to cope with the decline in ATP

levels resulting in cellular dysfunction and a dilative response.

PB 3.71-3
Diet modification in conjunction with regulatory
immune response to a combination of ApoB and
HSP60 peptides controls progression of atherosclerotic
lesions in Apobtm2Sgy Ldlrtm1Her/J mice
Mundkur AL, Mukhopadhyay R, Varma M, Samson S, Chen D,

Lu X and Kakkar V

Thrombosis research Institute, Bangalore, India

Background: The pathogenesis of atherosclerosis involves inflamma-

tion and immune reactions. Raised plasma cholesterol levels are

required to accelerate atherogenesis in mice. Hypercholesterolemia

results in accumulation of and oxidation of low density lipoproteins

leading to activation of endothelial cells, macrophages and T cells.

Several studies have demonstrated effective early reduction of athero-

sclerosis in hyperlipidemic mouse models by inducing immunological

tolerance to modified lipids and peptides derived from apolipoprotein

B (ApoB) 100, HSPs 60/65. However the effect of tolerance along with

diet modification on plaque progression has not been studied in detail

Aim: The objective of the present study was to evaluate the effect of

oral tolerance to a combination of ApoB and HSP60 peptides along

with diet modification on atherosclerotic plaque progression in dou-

ble-gene knockout (Apobtm2Sgy Ldlrtm1Her/J) mouse model.

Methods: Groups of Apobtm2Sgy Ldlrtm1Her/Jmice were fed a high-fat

diet for 10 weeks, to establish atherosclerotic lesion. In the last

2 weeks, mice were orally dosed with combination of ApoB and

HSp60 peptides or KLH followed by a shift to chow diet for the next

10 weeks. Plasma concentration of lipids were estimated using stan-

dard procedure. Quantification of atherosclerotic lesions was carried

out in the aortic sinus sections stained with Elastic van Geison (EVG).

Immunohistochemical analysis were carried out by indirect immuno-

fluorescence and gene expression was quantified using real time poly-

merase chain reactions. Specific immune cells in the lymphoid organs

were studied by flow cytometry

Results: Hypercholesterolemic mice at the end of 10 weeks of high fat

diet feed had a plasma cholesterol level of 14.10 � 0.52 mM which

reduced to 10.79 � 2.65 mM on shifting to chow diet. In spite of

reduction in lipid levels, atherosclerotic lesion in the aortic sinus

increased from 29.48 � 3.6% to 42.93 � 2.9% in control animals.

Oral administration of ApoB and HSP60 peptides resulted in a 37.6%

reduction in lesion progression compared to control in the aortic sinus

(42.93 � 2.9% vs. 26.8 � 4.4%, P = 0.01) and descending aorta. Pro-

tection against plaque progression was associated with increase in

CD4+ CD25+ T cells expressing Foxp3 (P = 0.011) and CTLA-4

(P = 0.005) cells in the lymphoid organs. Expression of regulatory cell

markers;Foxp3 CTLA4 and TGF-b were significantly higher in aorta

as shown by RT PCR analysis and the number of CD4+ Foxp3+ reg-

ulatory T cells was higher (2.53 � 0.14 vs. 12.09 � 0.43, P < 0.001) in

the aortic sinus of the peptide-tolerized mice as observed by immuno-

histochemistry. Tolerance to peptides also resulted in 33.3% increase

in collagen content in the lesion (P = 0.008), and reduction in macro-

phage (58.8%) and TNF-a (67.12%)in the plaque.

Conclusions: Our results suggest that diet modification in combination

with oral tolerance can prevent progression of established lesion, medi-

ated by regulatory T cells

PB 3.71-4
Aspirin inhibits the platelet-mediated expression of
antithrombotic genes in monocytes
Turnbull E1, Van Capelleveen J2, Krishnan U1, Wright JR1,

Samani NJ1, Trip M2, Sivapalaratnam S2 and Goodall AH1

1University of Leicester, Leicester, UK; 2University of Amsterdam,

Amsterdam, The Netherlands

Background: Activation of platelets in vivo leads to formation of

monocyte platelet aggregates, which can be raised acutely in patients

suffering a myocardial infarction (MI), and play a role in thrombus

biology and atherogenesis. Genome wide expression profiling of

monocytes stimulated in vitro by activated platelets found a number of

antithrombotic genes are upregulated by the platelet stimulus, includ-

ing tissue factor pathway inhibitor (TFPI) and protein C receptor

(PROCR). GWE profiling also found that these two genes were

expressed at lower levels in platelet-stimulated monocytes from MI

patients compared to matched controls.

Aims: Since the MI patients were receiving aspirin the aim of this study

was to determine the effect of aspirin on expression of these two genes.

Methods: Experiments were conducted in three stages using citrated

blood from healthy non-medicated volunteers: (i) whole blood was

incubated for 4 h with or without therapeutically relevant doses of

aspirin (5.0 9 10�4 M and 8.3 9 10�5 M), and with cross-linked col-

lagen-related peptide (CRP-XL; 0.5 lg/mL) to activate the platelets.

Monocytes were then isolated using CD14 + ve magnetic Dynabe-

ads�; (ii) washed platelets were treated for 15 min with aspirin before

reconstituting with autologous monocytes (isolated using CD14 mi-

crobeads; Miltenyi), activating with CRP-XL and incubating for 6 h;

(iii) washed platelets were activated with CRP-XL for 15 min and

platelets and microparticles removed by serial centrifugation, leaving

the platelet releasate. Releasate was separated into high and low

molecular weight fractions using 10 kDa filters. The concentrated frac-

tion was diluted back to the original volume. Arachidonic acid metab-

olites were isolated using a hexane based extraction solvent. The

hexane was evaporated under nitrogen gas and the lipids re-suspended

in 20 lL methanol before being made up to 1 mL in

RPMI1640 + glutaMAX. All three fractions were added back to

autologous monocytes that had been isolated using CD14 microbeads

and incubated for 6 h. All incubations were carried out at 37 °C. Total
RNA was extracted before reverse transcription and qRT-PCR was

carried out on all samples.
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Results: In whole blood (n = 7), TFPI and PROCR, were significantly

decreased by 35–50% with both low and high therapeutic doses of

aspirin (P = 0.0156 for all). Platelets that were treated with aspirin

(n = 5) before reconstitution with autologous monocytes produced a

similar decrease to that seen in whole blood, TPFI (34.5 � 21.2%;

P = 0.0386) and PROCR (46.3 � 9.1%; P = 0.0127) with no further

decrease in expression when monocytes were also treated with aspirin.

The platelet-mediated increase in expression of these two genes was

shown to be induced by the platelet releasate rather than by cell-cell

contact. Using the fractionated platelet releasate, TFPI gene expres-

sion was significantly increased (P ≤ 0.0001; n = 9) by the lipid soluble

fraction whereas PROCR expression was significantly increased

(P ≤ 0.0001; n = 9) by the high MW protein fraction.

Conclusions: The increase in expression of TFPI and PROCR in mono-

cytes induced by platelets is, in part, mediated through the effect of

aspirin on platelets, which contrasts with aspirin’s well-established car-

dio-protective properties. However, while regulation of TFPI appears

to be via a reduction in COX-1 metabolites of arachidonic acid, regu-

lation of PROCR may be through a different mechanism.

PB 3.71-5
Establishment of a Lentiviral vector encoding human
HGF and the infection of human ADSCs
Zhu X, Liu X, Wu J, Zhu W, Cai X and Sun Z

Anhui Provincial Hospital, Hefei, China

Background: The delivery of adipose-derived stem cells (ADSCs) for

promoting tissue repair has become a potential new therapy, while

hepatocyte growth factor (HGF) is an important growth factor with

angiogenic, anti-firotic, and anti-inflammatory benefis.

Aims: This paper was aimed to construct a recombinant lentiviral vec-

tor encoding human HGF and to examine hHGF expression in human

ADSCs after infection.

Methods: The transfer of the target gene, hHGF, using the pcDNA3.0-

hHGF plasmid was verified via endonuclease digestion and DNA

sequence analysis. The HGF genomic fragment was isolated from the

plasmid via polymerase chain reaction (PCR) and was subsequently

cloned into multiple-cloning sites of the pGC-E1 vector to generate the

recombinant lentiviral vector, pGC-E1-hHGF. The recombinant len-

tiviral vector was verified via PCR and DNA sequencing. The three

lentiviral vectors, pGC-E1-hHGF, pHelper1.0, and pHelper2.0, were

cotransfected into 293T cells using Lipofectamine 2000 to generate len-

tiviral particles. The viral titers were determined via a one-in-one

whole dilution. hADSCs were separated, cultured, and identified based

on the expression of cell surface antigens and multiple differentiation

potential. The hADSCs were infected with the lentiviral vector, and

the infection efficiency was assessed by flow cytometry. hHGF protein

expression levels were detected by western blot analysis and the con-

centration of hHGF in cell culture medium was determined by

enzyme-linked immunosorbent assay (ELISA).

Results: The hHGF lentiviral vector was successfully generated. The

final viral titers were 1 9 108 TU/mL following viral concentration.

The infection efficiency in hADSCs was 53 � 15%. Western blot and

ELISA results indicated that the hHGF protein levels were much

higher in hADSCs infected with hHGF lentiviral vector than those of

the cells infected with the empty lentiviral vector.

Conclusion: The hHGF lentiviral vector was successfully generated,

and the lentiviral vector was able to safely infect hADSCs with high

infection efficiency, thereby producing cells that overexpressed hHGF,

which may provide a new strategy for the treatment of ischemic heart

disease (IHD) and other ischemic diseases.

PB 3.71-6
Monocyte contribution to thrombus mass and stability
through gene expression
Turnbull E, Kumani S and Goodall AH

University of Leicester, Leicester, UK

Background: Rupture of an atherosclerotic plaque and the consequent

exposure of pro-thrombotic molecules to the flowing blood results in

the formation of a platelet rich thrombus. Platelets become activated

through G-protein coupled receptors and FccR-linked tyrosine kinase

receptors on their membrane. Their subsequent degranulation results

in the translocation of P-selectin and other cell surface receptors to the

membrane, which allows the recruitment of monocytes and other leu-

kocytes into the growing thrombus. We have previously shown that

the interaction of platelets with monocytes can induce gene expression,

including some for proteins that regulate haemostasis and fibrinolysis.

Whilst platelets are thought to be the main pro-thrombotic cell present

within a thrombus, the contribution of monocytes to thrombus weight

and stability through gene expression is yet to be determined.

Aims: We aimed to assess the role of monocytes in an in vitro model of

thrombosis by depleting monocytes from whole blood before forming

an arterial thrombus in a Chandler loop to assess the effect in weight

and fibrinolysis, and to determine whether these effects are related to

the expression of some key anti-thrombotic genes previously shown to

be induced in monocytes by platelets; specifically tissue factor pathway

inhibitor (TFPI), endothelial protein C receptor (PROCR) and plas-

minogen activator inhibitor type 1 (PAI-1).

Methods: Blood from healthy consented volunteers (n = 5) was col-

lected into citrate anticoagulant and used to form thrombi in a Chan-

dler loop by adding 1 mL recalcified blood to a 45 cm length of 3 mm

diameter PVC tubing. Blood was used either untreated or after mono-

cytes were depleted using CD14 Dynabeads�. The loops were incu-

bated at 37 °C for 4 h, the resulting thrombi were removed from the

tubes, blotted (to remove excess fluid) and weighed, and then either

homogenised and used for RNA extraction, reverse transcription and

qRT-PCR, or incubated for 24 h at 37 °C in Hanks buffered saline,

after which the thrombi were weighed again to calculate weight loss

and the supernatant analysed for D-dimer levels.

Results: Monocyte depletion was confirmed to be 95.5 � 2.4%

(P = 0.0032; n = 5) by flow cytometry using a CD14-FITC antibody

(Serotec). Initial thrombus weight for the whole blood and monocyte

depleted blood samples were similar (23.7 � 4.6 mg and

21.4 � 4.6 mg respectively), however, there was significantly more

weight loss over a 24 h period in the monocyte depleted samples com-

pared to controls (P = 0.0169; n = 4). Monocyte depleted thrombi

also showed higher fibrinolysis, measured by D-dimer release, com-

pared to the control samples (P = 0.0056; n = 4) suggesting monocytes

stabilise thrombi. All four genes studied were expressed at significantly

lower levels in the monocyte depleted thrombi compared to non-

depleted thrombi (n = 5). For TFPI there was a decrease of

35.0 � 23.0% (P = 0.0272), for PROCR the average decrease was

80.3 � 11.4% (P ≤ 0.0001) and for PAI-1 the average decrease was

78.0 � 13.9% (P = 0.0002). Levels of CD14 mRNA were also

decreased by an average of 61.6 � 10.4% (P = 0.0002), confirming the

thrombi were depleted of monocytes.

Conclusion: This study identifies monocytes as key players in thrombus

stability that may be linked to the expression of anti-thrombotic

genes through the interaction of monocytes with platelets within the

thrombus.
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PB3.72 – Thrombophilia – IV

PB 3.72-1
Peripheral arterial thrombosis and thrombophilia
Jundt PJ, DeLoughery TG, Azarbal AF, Landry GJ, Mitchell E,

Moneta GL and Liem TK

Oregon Health and Science University, Portland, OR, USA

Background: Most peripheral arterial thromboses occur in association

with atherosclerotic occlusive disease or cardiac dysrhythmia. In the

absence of these co-morbid conditions, patients who develop arterial

thromboembolism may undergo evaluation for an underlying throm-

bophilia.

Aims: The objective of this study was to determine the prevalence and

spectrum of thrombophilia in patients who develop unexplained

peripheral arterial thromboembolism.

Methods: After approval by the institutional review board, all patients

at a tertiary referral center who underwent operative thromboembolec-

tomy of upper extremity (UE), mesenteric and renal (MR), aorto-iliac

(AI), and lower extremity (LE) arteries over a 7-year period were

reviewed (January 2005-December 2012). Those with known periph-

eral atherosclerotic occlusive disease (PAOD) or arterial injury were

excluded. Thrombus distribution, previous thrombotic events, cardiac

evaluation, prevalence and type of thrombophilia, co-morbidities, and

clinical outcomes (mortality and major amputation) were evaluated.

Results: 231 patients underwent upper or lower extremity, mesenteric,

renal, or aorto-iliac thromboembolectomy during the study period,

and PAOD was present in 119. In the remaining 112 patients without

PAOD, 71 (63%) had a potential cardiac etiology (dysrhythmia, val-

vular heart disease, congenital heart defect, paradoxical embolism or

aortic mass), 40 (35%) had an abnormal thrombophilia evaluation,

and 14 (12.5%) had no detectable cardiac source or underlying throm-

bophilia. In the absence of a cardiogenic embolism, thrombophilia was

present in 66% of patients, and 7 of 40 (17.5%) patients had multiple

concurrent thrombophilias. The more commonly identified thrombo-

philias were antiphospholipid antibodies (APA) in 16, malignancy in

12, factor V Leiden in 4, protein S deficiency in 4, protein C deficiency

in 3, factor VIII elevation in 3, heparin-induced thrombocytopenia in

2 and vasculitis in 2. Five additional patients presented either with

pregnancy, prior splenectomy, nephrotic syndrome, hemolytic anemia,

or lipoprotein (a) elevation. Thromboembolectomy was performed in

35 UE, 16 MR, 12 AI, and 69 LE arteries, and 14 had multiple sites of

thromboembolism. Thrombus location was not significantly different

when comparing patients with a cardiogenic vs. thrombophilic source.

Patients with a cardiogenic etiology were significantly older than

patients with thrombophilia (73.8 vs. 53.3 years, P < .004), and they

had a significantly decreased survival (P < .044). Patients with throm-

bophilia had a significantly higher number of amputations or end-

organ loss (P < .023) and cancer-associated thrombophilia was associ-

ated with a significantly decreased survival, when compared with non-

cancer thrombophilia (P < .046). Twelve month survival was 73%,

84% and 58% in the cardiogenic, thrombophilia and malignancy

groups respectively.

Conclusion: Most patients with non-cardiogenic peripheral arterial

thrombosis have an underlying thrombophilia, with antiphospholipid

antibodies and malignancy accounting for the majority. Better treat-

ment strategies are needed to improve the high mortality associated

with cardiogenic and cancer-associated arterial thrombosis.

PB 3.72-3
Thrombophilia screening as part of preventive
medicine? Single center experience
Sarig G1, Higazi E1, Avizohar O1, Rubin L2, Green M2

and Brenner B1

1Rambam Health Care Campus, Haifa; 2Haifa University, Haifa,

Israel

The need of screening healthy population for thrombophilia is debat-

able. Since 2005, a battery of screening assays has been offered as part

of preventive health services at the Rambam Health Care Campus.

Thrombophilia screening includes protein C global assay, assessment

of prothrombin G20210A mutation and homocysteine level, which

amount to a third of the cost compared to complete thrombophilia

evaluation.

Between 2005 and 2010, 15,668 subjects visited the Rambam preven-

tive medicine center; only 910 (5.8%) of them decided to undergo

thrombophilia screening.

The aim of this study was to characterize the group that chose to have

screening tests and to evaluate, using a questionnaire, the effect of

thrombophilia screen results on patients’ health behavior. The ques-

tionnaires were distributed at least 1 year after receiving the test results.

The population that requested thrombophilia screening was older

(52 � 9 years) and included mostly males (76%) compared to the rest

of the individuals attending the preventive medicine center

(48 � 11 years and 64% males, P = 0.0001). Out of the 910 subjects,

15.2% were found to have abnormal protein C global assay results,

6% had the prothrombin G20210A mutation and 18.5% had high

homocysteine levels. Seventy percent of the subjects found positive for

thrombophilia, referred to a coagulation or hematology specialist after

receiving the test results. More than half of them (56%) reported

receiving recommendations to engage in physical activity, 43% to

reduce their body weight, 40% to start anticoagulant prophylaxis dur-

ing hypercoagulable states, 15% to stop smoking and 12% to stop or

avoid hormonal therapy. Among the persons found to have thrombo-

philia, 83% reported maintaining regular physical activity compared

to 69% of those without thrombophilia (P = 0.022). Approximately 2/

3 of the subjects who were recommended thromboprophylaxis

reported following the instructions and receiving the therapy during

hypercoagulable states.

None of the subjects with or without thrombophilia, who filled in the

questionnaire, developed any thrombotic event after receiving the test

results.

Interestingly, 47% of women with thrombophilic risk factors, experi-

enced previous pregnancy complications compared to 9% in women

without thrombophilic risk factors (P = 0.005). Most pregnancy com-

plications were miscarriages (67%), premature birth (27%) and pre-

eclampsia (6%).

Notably, 77% of the subjects found to have thrombophilia, would rec-

ommend others to undergo screening compared with 64% of the sub-

jects in whom thrombophilia was not revealed (P = 0.021).

In conclusion, personal knowledge of thrombophilia test results raised

patients’ awareness and influenced their health behavior aiming to

reduce the risk of thrombosis.

Thrombophilia screening might be an important part of preventive

medicine; however further studies assessing this strategy are warranted.
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PB 3.72-4
Aging induces a thrombophilic phenotype
independently from acute medical conditions
De Negri F1 and Carmassi F2

1Azienda Ospedaliera Universitaria Pisana; 2University of Pisa,

Pisa, Italy

Aging is associated with an increasing prevalence of thrombotic compli-

cations, both in arterial (i.e. atherothrombosis, atrial fibrillation) and

venous (i.e. venous thromboembolism) vascular bed. In fact, an activa-

tion of the coagulation cascade has been described in elderly people.

However, standard coagulation tests are not suitable to reveal a

thrombotic tendency and markers of activation of coagulation have

some relevant limitations. Instead, the measurement of an individual’s

capacity to generate thrombin captures the end result of the interac-

tion between proteases and their inhibitors and therefore mirrors the

thrombotic phenotype.

In this study we assayed plasma levels of PCR and markers of coagula-

tion cascade activation as well as thrombin generation profile in a popu-

lation of elderly patients admitted to the Emergency Department of our

University Hospital. In order to take into account the possible effect of

transient acute conditions, the results were compared with those

obtained in healthy elderly subjects and in two younger populations,

one obtained in the same setting and one composed of healthy adults.

The study included 45 subjects aged 70–106 years (mean 84.3 � 12.6),

23 males and 22 females, consecutively admitted to the Emergency

Department of Pisa University Hospital (group A). As a control

group, we chose 35 subjects aged 18–69 years (mean 51.7 � 15.9), 19

males and 16 females, also consecutively admitted to our Emergency

Department (group B). Two further control groups consisted of 40

younger healthy subjects, 22 males and 18 females, aged <70 years

(mean 41.0 � 13.6) (group C) and 30 older healthy subjects, 16 males

and 14 females, aged 70–95 years (mean 86.5 � 11.8) (group D). None

of the subjects participating to the study was being treated with anti-

thrombotic or anticoagulant therapy at the time of enrollment.

Thrombin generation profile was assayed using a fluorimeter assisted

by a dedicated software program (Technothrombin TGA, Technoch-

lone, Wien).

High-sensitivity PCR (hsPCR) values in the four groups were

9.1 � 1.5, 7.5 � 1.5, 3.6 � 1.1 and 8.2 � 1.4 mg/L, respectively. The

levels of fibrinogen (P < 0.001), D-dimer (P < 0.01), TAT complexes

(P < 0.05), F1 + 2 fragment (P < 0.02) and tPA (P < 0.05) were sig-

nificantly greater in the groups A and D in comparison with groups B

and C, confirming the increase of coagulation activation with age; on

the contrary, antithrombin III activity was lower in groups A

(P < 0.001) and D (P < 0.01). Group D showed mean levels of fibrino-

gen (P < 0.01), D-dimer (P < 0.05), TAT complexes (P < 0.05) and

F1 + 2 fragment (P < 0.05) significantly lower than those of group A.

The results of thrombin generation assay showed significant differ-

ences in lag time (P < 0.001), time to peak (P < 0.01), peak thrombin

generation (P < 0.05), start tail (P < 0.001) and ETP (P < 0.05) in the

four groups. In particular, there were highly significant differences

between groups A or D and both group B and C, whereas the results

of group A did not differ from those of group D and those of group B

did not differ from those of group C.

These data suggest that aging induces a thrombophilic state indepen-

dently from acute medical conditions.

PB 3.72-5
Congenital antithrombin deficiency-clinical phenotype
in 40 patients
Prigancova T, Batorova A and Jankovicova D

University Hospital Bratislava, Bratislava, Slovakia

Background: Inherited AT deficiency is regarded as the strongest

genetic factor increasing the risk of venous thromboembolism (VTE)

even 20–50 fold. Most patients have AT levels between 40% and 60%.

Whether the risk for thrombosis correlates with the severity of AT

decrease is still not clear.

Aim: To evaluate the clinical phenotype in patients with antithrombin

deficiency registered at our centre with regard to the function levels of

antithrombin and gender.

Methods: The diagnosis of antithrombin deficiency was based on

repeated AT testing (chromogenic assay Anrithrombin Berichrom,

Siemens) and exclusion of acquired causes of AT decrease. The preva-

lence, type and recurrence of thrombosis, age at first thrombosis, con-

comitant risk factors and indefinite anticoagulant therapy were

evaluated.

Results: In the group of 40 patients with inherited AT deficiency (22F/

18M) with a median age of 40 years (range 2 weeks–65 years) the AT

activity was of 49% (18–65%). Familial thrombosis was present in

80% of patients, but only one and one patient had concomitant het-

erozygous FVLeiden and prothrombin mutation, respectively. Throm-

bosis developed 31(78%) patients with a first manifestation at median

age of 25 years (2 weaks–52 years), 27/87% patients had deep vein

thrombosis (DVT), and 2 and 4 developed sinus vein thrombosis and

ischemic stroke, respectively. Out of 27 DVT patients 19/70% had

proximal thrombosis; 13/48% developed PE and 13/48% suffered

from recurrent thrombosis. Two patients died at age of 2 weeks and

13 years due to a massive VTE and recurrent PE, respectively.

Both, symptomatic females (n = 16) and males (n = 15) developed the

first thrombosis at the same median age (25 years), with similar preva-

lence of PE (7/44% and 6/40%, respectively). However, recurrent

DVT, idiopatic VTE and indefinite anticoagulation were more fre-

quent in males than in females (60% v.s. 25%, P = 0.053; 67% v.s.

19%, P < 0.05; and 73% vs. 58%; P < 0.05, respectively). The first

thrombotic event in 81% symptomatic females was triggered by con-

comitant risk factors with most frequent pregnancy (31%) and oral

contraception (31%).

The proportion of symptomatic patients was similar in the patient′s
group with AT ≤40% (11/13; 85%) and AT >40% (20/27; 74%). Com-

parison of symptomatic patients with the AT level ≤40% (n = 11) and

>40% (n = 20) showed higher prevalence of PE (64% vs. 30%,

RR:2.1), recurrent VTE (55% vs. 35%, RR 1.55), idiopatic VTE (64%

vs. 30%, RR 2.1) and indefinite use of anticoagulants (64% and 50%,

RR 1.27) in patients with AT levels ≤40%, however, the differences

were not statistically significant.

Conclusion: Our results confirmed inherited AT deficiency to be a

strong risk factor with an early manifestation of VTE. In women the

use of contraceptives and pregnancy were the most frequent triggers of

the first thrombosis. With regard to a high frequency of recurrent

thrombotic events and a potential of early death we suggets that indefi-

nite anticoagulant therapy is justified in AT deficient patients who

developed idiopatic life threatening thrombosis in very young age.

PB 3.72-6
Multicenter evaluation of the INNOVANCE Free PS Ag
assay
Merz M1, Madlener K2, Mendez A3 and Zimmermann R4

1Siemens Healthcare Diagnostics Products GmbH, Marburg,

Germany; 2Kerckhoff Clinic, Bad Nauheim, Germany; 3Cantonal

Hospital, Aarau, Switzerland; 4Universital Hospital Erlangen,

Erlangen, Germany

Background: A particle-enhanced agglutination assay for the quantifi-

cation of free protein S antigen in human plasma (INNOVANCE�

Free PS Ag*) was developed by Siemens Healthcare Diagnostics Prod-

ucts GmbH (Marburg, Germany). Aim of this study was to investigate

the new assay in different clinical settings.

Methods: The new assay was evaluated on BCS� XP, Sysmex� CA-

7000, CA-1500 and CS-2100i* systems and compared with the STA�

LIATEST� Free Protein S assay on the STA R EVOLUTION�
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system (Diagnostica Stago, France) and the HemosILTM Free Protein

S assay on the ACL TOP� system (Instrumentation Laboratories,

USA) by measuring >119 frozen samples. The following patient cohort

was investigated: patients admitted for thrombophilia screening,

patients with hereditary protein S deficiency, patients suspected for

acquired protein S deficiency (e.g. Anti Vitamin K therapy, pregnancy,

and severe liver disease), patients in the acute phase and patients with

the FV Leiden mutation. Furthermore, diluted plasmas (<10% of all

samples) were tested. Precision of the new assay was determined by

testing two controls and three plasma pools covering the entire mea-

suring range on 20 days in two runs with two single determinations

(20 9 2 9 2 scheme).

Results: The overall correlation between the INNOVANCE Free PS

Ag assay on the BCS XP system and comparative methods was high

with a correlation coefficient of 0.966, slope of 0.95 and an intercept of

5.79% of norm for the comparison to the STA LIATEST Free Protein

S assay and a correlation coefficient of 0.961, slope of 1.0 and an inter-

cept of 6.44% of norm for the comparison to the HemosIL Free Pro-

tein S assay. Comparability of results obtained on the BCS XP system

(Siemens) with results obtained on Sysmex CA-7000, CA-1500, and

CS-2100i systems (all Sysmex Inc, Kobe, Japan) was excellent (correla-

tion coefficients ≥0.994; slopes between 0.99 and 1.06; intercepts

between �3.91% and �0.4% of norm).

Both, repeatability and within device CV were for all investigated con-

trols and pools ≤2.5% on Sysmex CA-7000, CA-1500, and CS-2100i

systems and ≤4.8% on the BCS XP system.

Conclusion: The new assay is well suited for the measurement of free

protein S antigen. It demonstrated excellent precision, correlates well

with other commercial available assays and showed an excellent com-

parability between different Siemens and Sysmex analyzers.

* Not available for sale in the U.S.

PB3.73 – Recurrent venous
thrombosis – IV

PB 3.73-1
The risk of recurrent venous thromboembolism after a
first surgery-related event a prospective cohort study
Eischer L, Eichinger S and Kyrle PA

Medical University of Vienna, Wien, Austria

Background: In contrast to patients with unprovoked venous thrombo-

embolism (VTE), the risk of recurrence is low in patients in whom

VTE occurred in association with a temporary risk factor/condition.

Current guidelines recommend that these patients should receive sec-

ondary thromboprophylaxis for no longer than 3 months. The recur-

rence risk appears to be particularly low among patients with VTE

related to surgery, but data are inconsistent and studies with a long

follow-up are lacking.

Aim: To study the risk of recurrence in patients with a first VTE

related to surgery.

Methods: The analysis was performed within the frame of the Austrian

Study on Recurrent Venous Thromboembolism (AUREC), a prospec-

tive multi-center cohort study. Patients entered the study at the time of

discontinuation of anticoagulant therapy. They were then seen at regu-

lar intervals at our study center and/or were contacted by the use of a

questionnaire. Inclusion criteria were age >18 years, objectively veri-

fied symptomatic VTE, surgery within 3 months before VTE and anti-

coagulant treatment for at least 3 months. Exclusion criteria were

previous VTE, VTE provoked by trauma or pregnancy, upper extrem-

ity DVT, cancer or requirement for extended antithrombotic treatment

for other reasons. The study end point was symptomatic recurrent

VTE objectively confirmed by imaging techniques.

Results: 157 patients with VTE after surgery were followed for a mean

of 102 (+/�60) months. Patients were in average 49 (+/�14) years old

and received anticoagulation for a mean of 8 (+/�9) months. Ninety

patients (58%) were female. Ninety-four patients had DVT and 63

patients PE +/- DVT at presentation.

VTE recurred in 15 (10%) patients. Fourteen recurrences were unpro-

voked and one provoked by trauma (7 DVT, 8 PE +/� DVT). Nine

were men, six were women. The mean age of patients with recurrence

was 57 (+/�12) years as compared to 48 (+/�14) years among patients

without recurrence (P = 0.03). The cumulative probability of recur-

rence was 2% (95% CI: 0–4) after 1 year, 3% (95% CI: 0–6) after

2 years, 6% (95% CI: 2–10) after 5 years and 12% (95% CI: 6–19)
after 10 years.

Conclusion: The risk of recurrence among patients who had their first

VTE event in association with surgery is low. Our findings support the

concept of a limited duration of anticoagulation in this patient popula-

tion.

PB 3.73-2
Prolonged clot lysis time as a potential risk factor for
recurrent venous thrombosis; results from THE-VTE
follow-up study
Karasu A1, Baglin TPT2, Luddington R2, Baglin CAC2,

Rosendaal FR1 and Van Hylckama Vlieg A1

1Leiden University Medical Center, Leiden, The Netherlands;
2Addenbrooke’s Hospital, Cambridge, UK

Background: Hypofibrinolysis, as well as a high thrombin generating

potential are associated with an increased risk of a first thrombotic

event. However, whether they are also associated with the risk of a

recurrent thrombotic event is unclear.

Aims : We studied the association of recurrent thrombosis with

reduced fibrinolysis, as measured by a prolonged clot lysis time (CLT),

and with high thrombin generation as measured by endogenous

thrombin potential (ETP), and the combination of these two.

Methods: Between March 2004 and December 2008, consecutive

patients with a first episode of deep venous thrombosis of the leg

(DVT) or pulmonary embolism (PE) from the anticoagulant service at

Addenbrooke’s Hospital, Cambridge and the anticoagulation clinic in

Leiden were invited to participate in THE-VTE case-control study

(N = 796). Partners of patients were invited to participate as control

subjects. The patients were subsequently followed-up for recurrent

venous thrombosis. All recurrent events were objectively verified using

hospital records. For the current analyses, we included patients who

did not use oral anticoagulants at baseline and with a valid measure-

ment for CLT and ETP (N = 580). To assess the risk of recurrent

thrombosis, CLT and ETP were dichotomized at different cut-off

points (80th, 90th, 95th percentiles as measured in the healthy con-

trols. Hazard ratios (HR) for recurrent venous thrombosis were calcu-

lated using Cox regression analysis with 95% confidence intervals after

adjustment for age, sex and study center. The study was approved by

both the Medical Ethics Committee in the Leiden University Medical

Center and Addenbrooke’s Hospital. Informed consent was obtained

by all participants.

Results: Mean duration of follow-up of 580 patients was 5.2 years.

Eighty out of 580 patients were diagnosed with a recurrence. The over-

all incidence of recurrence was 27.0 per 1000 person years (95% CI:

21.8–32.2).
Hypofibrinolysis, i.e. CLT above the 90th percentile (>122 min), was

associated with a 1.4-fold increased risk of recurrent thrombosis

(HR = 1.4, 95% CI: 0.8–2.4). For high thrombin generation, i.e. ETP

above the 90th percentile (>2025 nM/min), the risk was not affected

(HR = 1.1, 95% CI: 0.6–2.0). Applying different cut-off points did not

change the results.

Conclusion: In this study of 580 patients followed for recurrence over

5 years, we found no effect of a high thrombin potential on recurrence,

while hypofibrinolysis yielded equivocal results.
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PB 3.73-3
Risk factors for recurrent events in subjects with
superficial vein thrombosis in the randomized clinical
trial steflux (Superficial thromboembolism fluxum)
Cosmi B1, Filippini M1, Campana F2, Ghirarduzzi A3, Avruscio G4,

Imberti D5, Camporese G6 and Palareti G1

1S.Orsola-Malpighi University Hospital, Bologna; 2Bufalini

Hospital, Cesena; 3Arcispedale Santa Maria Nuova, Reggio

Emilia; 4S.Antonio Hospital, Padova; 5G.da Saliceto Hospital,

Piacenza; 6University Hospital of Padua, Padova, Italy

Background/Aims: To evaluate risk factors for recurrent events in

patients enrolled in the SteFlux (Superficial Thromboembolism Flux-

um) clinical trial which compared different doses and duration of low

molecular weight heparin (parnaparin) for superficial vein thrombosis

(SVT).

Materials and Methods: Outpatients with acute SVT of at least 4 cm in

length of the internal or external saphenous veins or their collaterals

were randomized in a double blind fashion to receive either parnaparin

8500 UI aXa od for 10 days followed by placebo for 20 days or

8500 UI aXa od for 10 days followed by 6400 UI aXa od for 20 days

or 4250 UI aXa od for 30 days. Outcomes were the composite of

symptomatic and asymptomatic deep vein thrombosis, pulmonary

embolism and SVT recurrence or extension in the first 30 days with a

60 day follow-up.

Results: Ninety-eight outcomes (14.7%) were recorded during 93 days

among 664 patients (M/F: 246/418, mean age 65). After correction for

treatment, outcomes during 93 days were associated with previous

venous thromboembolism (VTE) and/or SVT and/or VTE family his-

tory or known thrombophilia (odds ratio-OR:1.2; 95% confidence

interval – CI:1.1–2.0; P = 0.011), overweight)OR:1.9; 95% CI: 1.1–
3.6; P = 0.025) and obesity (OR: 1.7; 95% CI: 0.9–3.4; P = 0.09).

After stopping treatment, only absence of varicose veins (OR: 0.4;

95% CI 0.2–0.7; P = 0.001) and delay in diagnosis >6 days (OR: 2.2;

95% CI:1.2–4.2; P = 0.001) were associated with the risk for the devel-

oping an outcome.

Conclusions: Patients with these factors may deserve a higher intensity

and/or longer treatment.

PB 3.73-4
Dyslipidemia and thrombotic complications in patients
with venous thromboembolic disease (VTE)
Garc�ıa-Raso A, Ene G, Miranda C, Mata R and Llamas P

Fundaci�on Jim�enez D�ıaz, Madrid, Spain

Background: Lipids and lipoproteins can affect hemostasis by modu-

lating the expression and function of specific procoagulant, fibrinolytic

and rheological factors, therefore they could contribute to venous

thrombosis. The lipid-lowering therapy in some cases may prevent the

complications of VTE, as recurrence and post-thrombotic syndrome.

Methods: We included 405 patients with VTE, mean age

55.1 � 18.1 years. The patient group consisted of 53.6% women and

46.4% men. From each patient the following risk factors were col-

lected: hypertension, diabetes, smoking, pregnancy, abortion, acute

infection, AIDS, vascular disease, malignancy, COPD, trauma, throm-

bophilia, oral contraceptives, chemotherapy, antidepressants/antipsy-

chotics, immobilization, surgery, family history, air travel. Cases of

recurrence and post-thrombotic syndrome were recorded. A sample of

serum lipid profile was collected from each patient for the study of:

total cholesterol (CHT), triglycerides (TG), HDL cholesterol (HDL)

and LDL cholesterol (LDL). Also we considered as dyslipidemic

patients treated with lipid-lowering drugs at the time of thrombosis.

Results: The distribution of patients according to the type of thrombo-

sis was: DVT-legs (45.9%), PE (23.4%), DVT + PE (7.9%), DVT-

arms (2.1%), TV-superface(10.6%) and TV-unusual localization

(8.1%). 30.4% (n = 123) of patients suffered recurrent thrombosis,

while 20.4% (n = 95) developed a post-thrombotic syndrome. 47.4%

(n = 45) of patients with recurrent thrombotic event was diagnosed

with post-thrombotic syndrome, this represents 11.1% of the total

group. 38.5% (n = 156) of patients included in the study had dyslipide-

mia, of which 34.1%% (n = 53) had a recurrent event and 29.5%

(n = 46) was diagnosed with post-thrombotic syndrome. Of patients

with dyslipidemia who had developed recurrent thrombosis, 35.8%

(n = 19) were not being treated. While 26.1% (n = 12) of patients with

post-thrombotic syndrome and dyslipidemia were no lipid-lowering

therapy. Patients with alterations in levels of Cht had recurrent event

more frequently than patients with normal Chtlevels, in patients who

were receiving lipid-lowering (P = 0.0001) and in those who were not

treated (P = 0.03).

Summary: A certain percentage of patients who develop post-throm-

botic syndrome or a recurrent thrombotic event suffer dyslipidemia,

some of them do not follow any specific treatment. According to these

results, closer monitoring of lipid levels (Cht, TG, HDL, LDL), and

adequate treatment of dyslipidemia could lead to a lower incidence of

these complications in patients with VTE.

PB 3.73-5
Medical literature and vena cava filters: from weak to
worse, with exceptions
Girard P1, Mismetti P2 and Meyer G3

1Institut Mutualiste Montsouris, Paris; 2CHU de Saint Etienne,

Saint Etienne; 3Hôpital Europ�een Georges Pompidou, Paris,

France

Background: Inferior vena cava (IVC) filters are designed to prevent

the migration of venous clots toward the pulmonary circulation.

Unlike anticoagulants, whose efficacy and safety have been evaluated

extensively in prospective randomized controlled trials (RCT), a

detailed literature analysis in 2001 found that only 1 (0.2%) of 568

articles regarding IVC filters reported a RCT (Girard et al., Chest

2002;122:963–7).
Aim: To investigate whether the literature about IVC filters has

improved over the past 12 years.

Methods: An advanced search was performed in the PubMed� data-

base (http://www.ncbi.nlm.nih.gov/pubmed, cava filter or interruption

in title, items with abstract, publication date 2001–2012). All references

were imported in an EndNote� library, and classified, one by one,

according to predetermined criteria. These references (period B) were

compared to those from the identical search and classification per-

formed in 2001 (period A: 1975–2000).
Results: A total of 626 references for period B were analyzed, and com-

pared to the 568 older references (period A). The mean annual number

of articles increased from 21.8/year to 52.2/year (P < 0.001). The pro-

portion of case reports remained stable (31.7% vs. 31.2%), whereas

there was a significant increase in the proportions of retrospective ser-

ies (from 33.3% to 38.5% [P = 0.06]) and reviews (from 6.7% to

15.5% [P < 0.001]). Significant decreases were observed in the propor-

tions of animal/in vitro studies (from 12.9% to 7.3% [P = 0.002]) and

prospective series or trials (from 7.4% to 4.2% [P = 0.016]). Articles

mentioning temporary/retrievable filters increased from 20.2% to

59.1% (P < 0.001). Four RCTs were published during period B: one

publication was an update of the PREPIC trial (the only RCT during

period A), another RCT compared two techniques for filter insertion,

and the remaining 2 RCTs were a feasibility study in 34 trauma

patients (Rajasekhar et al., J Trauma 2011) and a RCT in 64 cancer

patients that was stopped early due to poor accrual (Barginear et al.,

Support Care Cancer 2012). There were at least five population-based

investigations (one during period A), including one study that linked

IVC filter use and decreased case-fatality rate in patients with massive

pulmonary embolism (PE) treated with thrombolytics (Stein et al., Am

J Med 2012). In a similar search about heparin (heparin in title, items

with abstracts, period 2001–2012), 247 of 3177 articles (7.7%) were
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tagged as controlled trials in PubMed�. A search for trials of filters

and venous thromboembolism at http://clinicaltrials.gov found 14

studies, of which four were RCTs, including three trials with published

results (see above) and one completed trial whose results are awaited

(the PREPIC2 trial).

Summary/Conclusion: Over the past 12 years (2001–2012), more arti-

cles about IVC filters have been published than in the preceding

25 years. This plethoric literature reflects the increasing experience

with IVC (retrievable) filters, but did not report any new adequately

powered RCT designed to assess filters efficacy. Only the awaited

PREPIC2 trial results should provide fresh evidence regarding the effi-

cacy of filters in selected patients with PE. In the foreseeable future,

indications for IVC filter placement will remain mostly a matter of

opinion.

PB 3.73-6
Vascular’s involvements in Behc�et’s disease
Hakem D, Berrah A, Ouadahi N, Boudjelida A, Boucelma M,

Zemmour D, Ibrir M, Hamzaoui N, Habouchi A and Mansouri B

Dr Mohammad-Lamine Debaghine, Bab-El-Oued Universitary

Hospital, Algiers, Algeria

Introduction: Behcet’s Disease is recognized as a thrombogenic disor-

der with venous tropism impairment. This vascular achievement justi-

fies first and foremost the hospitalizations of these patients in internal

medical and constitutes the first cause of morbi-mortality.

Objectives : To describe the topographies and the profile following up

of this vascular Behc�et’s disease.
Patients and Methods: Retrospective study from 1996 to 2012, exclud-

ing the thrombotic vasculitides localized at the level of the small vessels

(retina, cochleovestibular, digital).

Results: We have collected 397 patients, which sex ratio is 0.33 and

average age is about 31.9 years We observed 97 vascular events

(24.4%) characterized by 69 deep venous thrombosis ‘DVT’ events

(17.4%), and 28 arterial events (7%). The average delay to diagnosis

of the vascular manifestations from the date of the BD diagnosis is

about 4.4 years (1–9), and 5 cases (7%) revealed the BD. The DVT are

divides up essentially in lower limbs (25), on cerebral topography

(4%), on abdominal area (2%), on superior vein cava (2%). We noted

in the others cases some unusual localization of thrombosis (six cases

of intra-cardiac, upper limbs and jugular veins…). The arterial

infringements are located as followed: cerebral aneurism (05), pulmo-

nary (10), abdominal (05), heart (4), inferior limb (3), and upper limb

(1). The surgical treatment is required in 11 cases. The fatal course is

deplored (10) linked in aneurysms of pulmonary arterial rupture and/

or to the massive pulmonary embolisms (7), Budd-Chiari’s syndrome

(4) and to the intestinal ischemia (1)

Conclusion: As reported in the most studies BD affects the veins more

than the arteries. The vascular involvement constitutes bad factor

prognosis and the major cause of increased mortality. So it’s must be

prevented, detected and treated prematurely (embolization, correct

anticoagulation, and reduction of thrombogenous’s risks factors….)

PB 3.74-1
Overview of a global clinical trial programme with
turoctocog alfa, a new recombinant factor VIII: the
guardianTM programme
Laguna P1, Vdovin V2, Rageliene L3, Abad Franch L4

and Lindblom A5

1Medical University of Warsaw, Warsaw, Poland; 2Child

Hematological Center of Izmaylovsky Children Hospital,

Moscow, Russian Federation; 3Vilnius University Hospital,

Vilnius, Lithuania; 4Novo Nordisk Health Care AG, Zurich,

Switzerland; 5Novo Nordisk A/S, Søborg, Denmark

Background: Congenital haemophilia A is a rare bleeding disorder

that affects approximately 1 in every 5000 male births. In severe

haemophilia bleeding can occur spontaneously or after minor

trauma and serious complications result from bleeding into the

joints, muscles, brain, or other internal organs. Novo Nordisk is

developing turoctocog alfa, a new recombinant FVIII (rFVIII) for

prevention and treatment of bleeding in haemophilia A. Extensive

documentation of clinical safety and efficacy is a scientific and regu-

latory prerequisite due to the complicated structure and manufac-

ture of this multi-domain protein. Because of the rarity of the

condition, clinical trials investigating haemophilia therapeutic agents

need to be multicentre/multinational, to enrol a sufficient number of

patients, and to ensure that patients of different ethnicity are

included.

Aims: To present an overview of a global clinical trial programme

assessing the pharmacokinetics (PK), safety and efficacy of turoctocog

alfa for the treatment and prevention of bleeding in relevant patient

populations with severe congenital haemophilia A (baseline FVIII

≤1%).

Methods: The pre-registration clinical programme for turoctocog alfa

involves seven clinical trials. The first human dose trial, performed

during 2009, investigated turoctocog alfa PK and included a compari-

son with octocog (Advate�). The guardian[TRADEMARK]1 and

guardian[TRADEMARK]3 trials were phase IIIa trials investigating

safety and efficacy of turoctocog alfa in the prevention and treatment

of bleeds in previously treated adult/adolescent (>12 years of age) and

paediatric (<12 years of age) patients, respectively. Both trials included

PK assessments, while guardian[TRADEMARK]1 also comprised a

surgical subtrial. Guardian[TRADEMARK]1 and guardian[TRADE-

MARK]3 were both completed during 2011; participating patients

were offered continued turoctocog alfa treatment in the guardian

[TRADEMARK]2 extension trial, a long-term safety and efficacy trial

which will continue until turoctocog alfa is commercially available in

the respective countries. Two further PK trials investigated turoctocog

alfa PK in Japanese subjects using different production lots. Finally,

guardian[TRADEMARK]4, a phase IIIb safety and efficacy study in

previously untreated patients (PUP), was recently initiated and is on-

going. Approximately 60 PUP will be enrolled and followed for ≥100
exposure days (initiated September 2012; estimated study completion

date: September 2016).

Results: The PK properties of turoctocog alfa have been studied in >60
patients and shown to be comparable to those of commercially avail-

able rFVIII and plasma derived FVIII. To date, more than 210

patients have been dosed with turoctocog alfa in 18 countries world-

wide (Brazil, Croatia, Germany, Israel, Italy, Japan, Lithuania, Mace-

donia, Malaysia, Poland, Russia, Serbia, Spain, Switzerland, Taiwan,

Turkey, UK and US). The total turoctocog alfa clinical experience is

in excess of 50,000 exposure days and 340 patient years. More than

110 patients have now been on preventive treatment with turoctocog

alfa ≥18 months.

Summary/Conclusions: This comprehensive global clinical trials pro-

gramme investigating the PK, safety and efficacy of turoctocog alfa

will provide an extensive clinical database. On-going work includes

defining some of the many possible further analyses of the available

data. Future studies will add further important information to the
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database on turoctocog alfa long-term safety and efficacy in specific

patient populations.

PB 3.74-2
Coagulation Factor IX deficiency does not afford
protection from pulmonary fibrosis in the experimental
murine bleomycin model
Borensztajn KS1, Cong L2, Franc�ois C1, Crestani B1, Daalhuisen J2,

Christophe OD3 and Spek A2

1Inserm U700, Paris, France; 2Academic Medical Center,

Amsterdam, The Netherlands; 3Inserm U770, Le Kremlin Bicêtre,

France

Background: Animal and human studies strongly suggest the impor-

tance of the coagulation cascade in acute and chronic lung injury.

Indeed, beyond their role in hemostasis, coagulation factors can signal

via their cellular receptors, the protease-activated receptors.

Aim: In this study, we hypothesized that the absence of coagulation

Factor(F)IX, which is essential for the initiation, amplification and

propagation phases of the coagulation cascade would reduce fibrosis

development and progression.

Methods: We used the murine model of bleomycin-induced pulmonary

fibrosis in wild-type (WT; n = 14) and FIX deficient mice (n = 13; a

model for the severe bleeding disorder hemophilia B). After 14 days,

we assessed histological markers of tissue fibrosis, inflammatory cell

influx in the bronchoalveolar lavage fluid (BALF), and cytokines levels

in the BALF, blood and lung homogenate of the animals.

Results: Mortality during the experiment was higher in the FIX defi-

cient mice compared to wildtypes (23% vs. 7%). The remaining FIX

deficient mice (n = 10) developed pulmonary fibrosis to a degree simi-

lar to WT (n = 13). There was no significant difference in the Ashcroft

score between WT and FIX deficient mice (4.011 � 0.4 vs. 4.2 � 0.4),

in the alpha-actin score (0.94 � 0.09 vs. 0.70 � 0.07) and in the

inflammatory cell number. In contrast, we observed in the plasma of

the FIX deficient mice significant elevations in levels of cytokines IL-

12, TNFa, IFNc, MCP-1 and IL-6.

Conclusion: Hemophilic mice with a congenital deficiency of FIX are

not protected against bleomycin-induced pulmonary fibrosis. These

data strongly argue against an important role of the blood coagulation

cascade in the progression of pulmonary fibrosis, and raise important

concerns about the use of anticoagulant therapy in patients.

PB 3.74-3
New anticoagulants and their effect on platetet
function
Busse J1, Eller T2, Dittrich M3, Flieder T1, Alban S4, Knabbe C1

and Birschmann I1

1Herz-und Diabeteszentrum, Bad Oeynhausen; 2Johannes

Wesling Klinikum Minden, Minden; 3University of W€urzburg,

W€urzburg; 4Christian-Albrechts-Universit€at zu Kiel, Kiel,

Germany

Background: For the last 70 years, vitamin K antagonists and heparins

have been the treatment of choice for prophylactic and therapeutic

anticoagulation. Over the past few years, several selectively acting an-

ticoagulants such as the direct thrombin inhibitors argatroban (A) and

dabigatran (D) and the factor Xa inhibitors rivaroxaban (R) and

fondaparinux (F) have been developed. They are approved for various

indications like heparin-induced thrombocytopenia type II (HIT),

venous thromboembolism, stroke prevention in atrial fibrillation and

acute coronary syndrome.

Aims: With their increasing clinical application, it is of interest to eval-

uate their interferences with the complex system of haemostasis and

haemostaseological assays. Here we investigated the abovementioned

anticoagulants concerning their influence on platelet function.

Methods: As platelet function assay light transmission aggregometry

was used. Activation of platelets was induced by ADP, arachidonic

acid, epinephrine, collagen, ristocetin, A23187, PAF C-16, PMA,

TRAP, U46619 and thrombin. Further, the influence of the drugs on

intracellular pathways was investigated by western blot analysis using

immunostaining with VASP antibodies (M4, 5C6, 16C2).

Results: Our measurements by aggregometry revealed a distinct

decrease of platelet aggregation after in vitro incubation with supra-

therapeutic concentrations of argatroban (1.0 mg/mL) compared to

control. Western blot analysis showed that argatroban (c = 1.0 mg/

mL) induces VASP-phosphorylation in platelets. Neither therapeutic

nor supratherapeutic concentrations of dabigatran (20 lg/mL), riva-

roxaban (20 lg/mL) and fondaparinux (50 lg/mL) revealed a compa-

rable effect on platelet function.

Summary/Conclusion: Based on our investigations, under therapeutic

conditions platelet aggregation assays, e.g. for the monitoring of ACS,

seem to remain unaffected by the investigated drugs. Although arg-

atroban inhibits the PKA-dependent pathway and induces VASP-

phosphorylation, the reduced platelet aggregation was only observed

using high concentrations, whereas therapeutic concentrations had no

measurable effect.

PB 3.74-5
Significantly higher level of serum amyloid A among
acute coronary syndrome (ACS) than stable angina
pectoris (SAP) patients in indonesian population
Puspitawati I1, Setyawati S2, Anggrahini DW2, Yuantari R2

and Sudana I2

1Clinical Pathology, Sleman; 2Fakultas Kedokteran Universitas

Gadjah Mada, Yogyakarta, Indonesia

Background: The value of Serum Amyloid A (SAA) in predicting Coro-

nary Heart Disease was still unclear in different population and ethnics,

thus, we were triggered to investigate SAA level among two spectrum

of Coronary Heart Diseases; the Acute Coronary Syndrome (ACS)

and the Stable Angina Pectoris (SAP) in Indonesian population.

Aims: To know the difference of SAA level between ACS and SAP

patients in Indonesia.

Methods: This cross sectional study was conducted in Sardjito General

Hospital, Yogyakarta, Indonesia consisted of 43 participants in Acute

Coronary Syndrome group and 30 participants in Stable Angina Pec-

toris. All patients provided witnessed informed consent, and the study

was approved by the ethics committees. The Serum Amyloid A (SAA)

was measured once by quantitative sandwich enzyme immunoassay

and other laboratory results was obtained from medical record. Data

were analyzed using Mann-Whitney test.

Results: We found that ACS group had higher median value of SAA

than SAP and healthy subjects (8.05 mg/mL, 1.39 lg/mL, respectively,

P = 0.004). Acute Coronary Syndrome group had higher leucocyte

number (10.22 9 103 cell/mL vs. 7.05 9 103 cell/mL, P = 0.001), and

creatinine level than SAP group (1.25 mg/dL, 0.95 mg/dL respectively,

P = 0.003). There was no difference of age, lipid profile, blood glucose

level and other hematology parameter among ACS compared to SAP

groups.

Conclusion: Serum Amyloid A of ACS group is higher than SAP in

Indonesian population.
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PB 3.74-6
Elevated plasma microparticles in chronic obstructive
pulmonary disease
Kulkarni P, Yadav P, Samaria J and Dash D

Institute of Medical Sciences, Banaras Hindu University,

Varanasi, India

Background: Chronic obstructive pulmonary disease (COPD), which is

characterized by poorly reversible airway obstruction, is now recog-

nized to be a systemic disorder with extrapulmonary manifestations

and significant systemic comorbidity. It is an independent risk factor

for cardiovascular mortality and more than 50% patients die from car-

diovascular causes, particularly from coronary artery disease.

Although the association between COPD and atherothrombotic risk is

established, the underlying mechanisms remain unexplored.

Aim: The present study aims to explore the possibility of platelet

hyperactivity underlying the increased thrombotic events in COPD.

Methods: Levels of plasma microparticles and markers specific to acti-

vated platelets were assessed in whole blood of COPD patients and

age-matched controls using flow cytometry. The study was approved

by the Institutional Ethics Committee and due informed consent was

obtained from participants in the study.

Results: 15 cases of stable COPD patients were selected for the study

along with six age-matched controls. Current smokers were excluded

from either cohort. No significant differences were noted in anthropo-

metric features, routine hematological parameters and possible con-

founding variables between the two groups. The severity of COPD

was staged by spirometry according to GOLD guidelines and most

patients (10) were found to have moderate airway disease. Level of

plasma microparticles were determined by flow cytometry and found

to be significantly higher in COPD patients than normal healthy

controls (P = 0.03). However, no significant difference was observed

in markers of activated platelets including P-selectin exposure, PAC-1

binding and cytosolic reactive oxygen species between the two groups.

Conclusions: Elevated level of plasma microparticles in COPD is sug-

gestive of prothrombotic state, and can possibly be employed as mar-

ker to assess thrombotic risk. Although enhanced level of circulating

microparticles underscores possibility of platelet hyperactivity, the

source of these microparticles needs to be ascertained.

PB4.21 – New antiplatelet
agents – II

PB 4.21-1
Different effects of antiplatelet vs. anticoagulant
agents in mouse bleeding models
Vaezzadeh N, Ni R, Kim PY and Gross PL

Thrombosis and Atherosclerosis Research Institute and McMaster

University, Hamilton, Canada

Background: Murine bleeding models are routinely used to investigate

bleeding resulting from gene defects or administration of antithrom-

botic agents. Tail tip transections, which induce bleeding from venous,

arterial, and microvascular sources, are most commonly used. How-

ever, alternative models, which assess bleeding in different vessels, ves-

sel types and under different flow conditions are also used. It is not

clear how such differences affect measurements of bleeding, or which

methods are best suited for assessing disturbances in coagulation or

platelet function.

Aims: We have used a saphenous vein bleeding model, a tail transac-

tion model and developed a novel saphenous artery bleeding model in

order to compare bleeding responses following haemostatic challenges

to coagulation (unfractionated heparin [UFH]) or platelet function

(intravenous infusion of an aIIbb3 inhibitory antibody [Leo.H4]).

Methods: To induce bleeding from the saphenous vein, the vessel was

transected, and a longitudinal incision was made along the medial sur-

face as previously described (Buyue et al., (2008) Blood 112:3234). In

the saphenous artery model, bleeding time is measured after transect-

ing the vessel with a 27 gauge needle. Bleeding in the tail transection

model was measured by blood loss over 30 min. Dose responses to

intravenous infusion of UFH or Leo.H4 were derived and analyzed

using GraphPad Prism assuming a sigmoidal dose response curve.

Further, activated partial thromboplastin-initiated coagulation assays

and impedance-based platelet aggregometry were used to characterize

UFH and Leo.H4 doses, respectively.

Results: The tail, venous and arterial bleeding models were similarly

sensitive in measuring bleeding after UFH infusion (EC50 = 0.07, 0.19

and 0.13 U/g, respectively). In vitro, an activated partial thrombo-

plastin-initiated clotting assay showed that maximal inhibition of clot-

ting could be achieved with doses of UFH above 0.01 U/g, which is

below the EC50 values observed in all three bleeding models.

In contrast, Leo.H4 dose response curves showed that the saphenous

vein bleeding model is less sensitive to aIIbb3 inhibition

(EC50 = 6.9 lg/mL) than either the tail transection or saphenous

artery bleeding models (EC50 = 0.1 and 0.4 lg/mL respectively). A

higher concentration of Leo.H4 (7.0 lg/mL) was required to inhibit

ADP-induced platelet aggregation in vitro than to achieve EC50 in tail

and arterial, but not venous bleeding models.

Summary: In conclusion, the findings suggest that coagulation is

equally required for cessation of bleeding in isolated venous and arte-

rial bleeding models, as well as in a tail tip transection model. In con-

trast, inhibition of platelet aggregation has a greater influence on

limiting bleeding in arterial and tail bleeding models than in a venous

model. In addition, in vitro coagulation assays are more sensitive to

heparin inhibition than in vivo bleeding models, whereas arterial and

tail bleeding models are more sensitive to aIIbb3 inhibition than in vitro

impedance-based platelet aggregometry.

PB 4.21-2
Relation between the mechanism of antiplatelet action
of adenosine from Solanum lycopersicum and its
derivate inosine
Fuentes E1, Pereira J2, Caballero J1, Alarc�on M1, P�erez P1,

Astudillo L1 and Palomo I1

1Universidad de Talca, Talca; 2Pontificia Universidad Cat�olica de

Chile, Santiago, Chile

Background: The inhibition of the platelet function has been used in an

effort to primary and secondary prevention of cardiovascular diseases.

One primary prevention strategy of this type of diseases is the fruit

and vegetable consumption. In this sense, in Solanum lycopersicum

(tomatoes), it has been observed antiplatelet and antioxidant effect,

among other activities. In addition, our group has recently isolated

and identified adenosine from S. lycopersicum. Adenosine showed a

potent antiplatelet activity through the inhibition of platelet adhesion,

aggregation and secretion. Inosine is a naturally occurring nucleoside

degraded from adenosine and studies establish that the inhibitory

effect of adenosine on platelet aggregation disappears after the addi-

tion of adenosine-deaminase.

Aims: The main aim of this work is to investigate antiplatelet action

mechanisms of adenosine and inosine, and explain their differential

biological effects using molecular modelling (docking). As well as

investigating the protective mechanisms of aqueous fraction rich in

adenosine from S. lycopersicum on platelet function.

Methods: For platelet activation, annexin V and P-selectin expression

were measured by flow cytometry. Platelet aggregation and ATP secre-

tion were monitored by lumi-aggregometer and luciferin/luciferase

reagent. Platelet adhesion and aggregation under controlled flow were

performed in a BioFlux 200 flow system. Platelet cAMP levels were

measured using an immunoassay kit. The adenosine/inosine docking

with respect to adenosine A2A receptor was determined by homology.

To study a possible application of an aqueous fraction in high concen-

tration of adenosine, it was evaluated in a murine thrombosis model
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and platelet aggregation in humans. The protocol was approved by the

Institutional Review Board of Talca University in accordance with the

Declaration of Helsinki. An informed consent was signed before blood

was drawn.

Results: Adenosine and inosine concentration-dependently inhibited

human platelet aggregation and ATP release stimulated by ADP and

collagen. Only adenosine inhibited platelet activation by annexin V

(45 � 5%, P < 0.05) and P-selectin expression (80 � 3, P < 0.05).

Moreover, adenosine and inosine reduced collagen-induced platelet

adhesion and aggregated formation under controlled flow, with IC50

values of 0.3 mM and 0.5 mM, respectively (P < 0.05). At the same

concentrations that adenosine inhibited platelet aggregation, signifi-

cantly increased the intraplatelet cAMP levels, but not inosine.

Based in docking experiments from adenosine receptor, the main dif-

ference is that adenosine, but not inosine, forms an additional hydro-

gen bond between the NH2 of the adenine group and the residues

Asn253 in H6 and Glu169 in EL2 of the A2A receptor.

Aqueous fraction inhibited thrombus formation in murine model

(75 � 8%, P < 0.05). Moreover, 4 h after treatment, we observed a

significant inhibition of platelet aggregation induced by ADP for

19 � 7% compared to basal (P < 0.05) in six healthy subjects who

received the aqueous fraction.

Summary/Conclusion: It is known that adenosine presents antiplatelet

activity. This study allows to conclude that deamination of this mole-

cule to inosine does not involve a loss of the described activity, but a

change in mechanism. Finally, we think that aqueous fraction from

S. lycopersicum may be used as a functional ingredient that can be

included in different food matrixes.

PB 4.21-3
Pharmacokinetics, pharmacodynamics, and tolerability
of LC23-1306, a novel antiplatelet agent, in healthy
subjects
Chang HK1, Shin D2, Shin S2, Lee H2, Chang HK1, Park HD1,

Jung Y1, Song M1, Jang IJ2 and Yu K-S2

1LG Life Sciences, Ltd., Daejeon; 2Seoul National University

Hospital, Seoul, South-Korea

Background: LC23-1306, a reversible and active oral P2Y12 receptor

antagonist, is currently under development for the prevention of

thrombotic events in patients with acute coronary diseases.

Aim: The aim of this study was to evaluate the pharmacokinetics,

pharamacodynamics, and tolerability of LC23-1306 in healthy Korean

subjects.

Methods: A dose-blocked, randomized, double-blind, and placebo-

controlled, single ascending dose study was conducted in 60 healthy

subjects, each 10 of whom received LC23-1306 at six dose levels rang-

ing 10–600 mg or placebo in a ratio of 8:2. Blood samples were

obtained for 48 h to assess the pharmacokinetics. Inhibition of platelet

activity (IPA) was measured at 0 (pre-dose), 2, 8, and 24 h post-dose.

The safety and tolerability were evaluated by adverse events, vital

signs, ECG and clinical laboratory tests.

Results: LC23-1306 was rapidly absorbed with its median time to max-

imum concentration of 1.0–3.0 h. The mean terminal half-life was

approximately 7.1–16.0 h, which showed an increasing tendency at

higher doses. Maximum concentration and the area-under-the-concen-

tration-time curve to the last measurable concentration increased as

dose increased although it was less than dose proportional. IPA

became greater as dose increased with platelet aggregation being com-

pletely inhibited at 2 h post-dose in the 100, 200, 400 and 600 mg

cohorts. IPA >50% was sustained up to 24 h post-dose at doses of

200–600 mg. LC23-1306 was well-tolerated without serious adverse

events. All adverse events resolved spontaneously without interven-

tion.

Conclusions: LC23-1306 was well-tolerated after single oral adminis-

tration at 10–600 mg in healthy Korean male subjects. The systemic

exposure of LC23-1306 increased as dose increased. IPA was sustained

effectively from 2 to 24 h in the 200–600 mg cohorts. LC23-1306 can

be given once daily as an antiplatelet agent.

PB 4.21-4
Antiplatelet effect of black soybean mediated by
adenosine-cAMP signaling pathway
Kim K1, Lim KM2, Bae O-N3, Kang S1 and Chung J-H1

1Seoul Natioanl University, Seoul; 2Ehwa Womans University,

Seoul; 3Hanyang University, Ansan, South-Korea

Background: Many clinical trials have demonstrated the beneficial

effects of soybean (Glycine max) on general cardiovascular health.

Among a variety of soybeans, black soybean is known to display

diverse biological activities superior to yellow or green soybeans such

as in antioxidant, anti-inflammatory and anticancer activities. How-

ever, few studies have been directed on the effect of black soybean on

cardiovascular function.

Aims: In this study, we aimed to investigate the effect of black soybean

extract (BB) on platelet activation, a key contributor to thrombotic

diseases.

Methods and Results: In the freshly isolated human platelets, BB has

shown potent inhibitory activity on collagen-induced platelet aggrega-

tion while yellow soybean extract had only marginal activity. BB also

attenuated serotonin secretion and P-selectin expression, important

factors for the platelet-tissue interaction along with thromboxane A2

formation. These in vitro results were further confirmed in ex vivo

platelet aggregation measurement and in vivo venous thrombosis

model where oral administration of BB reduced collagen-induced

platelet aggregation and FeCl3-induced thrombus formation signifi-

cantly. A potential active ingredient for anti-platelet effects of BB was

isolated and identified to be adenosine through bioassay-directed frac-

tionation and NMR and ESI-MS analysis. These results indicate that

black soybean can be a novel dietary supplement for the prevention of

cardiovascular risks and the improvement of blood circulation. We

further elucidated the molecular mechanism of BB-mediated anti-

platelet activity and demonstrated the significant role of adenosine in

BB-induced health effects. Adenosine-cAMP signaling is found to be

responsible for BB-mediated effects, resulting in inhibition of collagen-

stimulated platelet activation such as intraplatelet calcium increase,

adhesion receptor GP IIb/IIIa expression, fibrinogen binding and fur-

ther platelet adhesion/aggregation.

Conclusion: Taken together, we provide a complete understanding for

molecular mechanism of BB-induced anti-platelet activity and a new

insight into the role of adenosine as a bioactive compound in

soybeans.

PB 4.21-5
Anopheline anti-platelet protein from a malaria vector
mosquito has anti-thrombotic effects in a pulmonary
thromboembolism model without compromising
hemostasis
Hayashi H1, Kyushiki H1, Nagano K1, Sudo T1, Iyori M2,

Matsuoka H3 and Yoshida S2

1Otsuka Pharmaceutical Co., Ltd., Tokushima; 2Kanazawa

University School of Pharmacy, Kanazawa; 3Jichi Medical

University, Tochigi, Japan

Background: Blood-feeding animals (e.g., mosquitoes, ticks, bats)

inject saliva into hosts. The saliva has vasodilatory, anti-inflammatory

and anti-thrombotic effects that facilitate smooth blood-sucking. Sal-

iva components are considered to be attractive natural resources for

drug development. We previously identified a unique anti-platelet pro-

tein, anopheline anti-platelet protein (AAPP), from the salivary gland
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of female Anopheles stephensi (human malaria vector mosquito).

AAPP specifically blocks platelet adhesion to collagen by binding

directly to collagen and subsequently aggregating platelets.

Aims: To examine the potential of AAPP as a therapeutic agent, we

investigated the ex vivo and in vivo anti-thrombotic effects using mice.

Methods: Effects of AAPP on whole-blood aggregation in mice were

examined. AAPP was also challenged in an established model of pul-

monary thromboembolism in mice. We simultaneously investigated

the side-effects of the protein (prolongation of bleeding time and coag-

ulation time). Aspirin was used as a positive control for comparison of

anti-thrombotic effects.

Results: AAPP inhibits whole-blood aggregation induced by collagen

at 10 mg/kg body weight. AAPP prevented pulmonary death at a

lower dose (3 mg/kg) without prolongation of bleeding time compared

with aspirin (100 mg/kg) that compromised hemostasis. AAPP and

aspirin did not affect coagulation time. The pharmacodynamic study

showed that the inhibitory effect of AAPP on whole blood aggregation

decrease to 25% after 1 h from the administration.

Summary/Conclusions: These results indicate that AAPP has potential

as a new anti-platelet agent with a better risk/benefit ratio than aspirin,

which is the most widely used anti-platelet agent. Further study,

optimization of its structure, is ongoing to improve pharmacokinetic

profile.

PB 4.21-6
Interactions between vascular prostaglandins and
antiplatelet agents result in profound inhibition of
platelet function
White AE1, Heptinstall S1, Iyu D1, Glenn JR1 and Fox SC2

1Nottingham University; 2University of Nottingham, Nottingham,

UK

Background: It is believed that prostaglandins produced within the

vasculature provide natural protection against platelet activation in

man. These include the prostaglandins of the I series (especially PGI2)

and of the E series (PGE1, PGE2 and PGE3). It is for this reason that

high doses of aspirin, which prevent vascular prostaglandin synthesis,

should be avoided.

Aims: Using antagonists selective for IP and EP receptors we have

defined the receptors on platelets that mediate the effects of these four

prostaglandins on platelet function. Also, we have explored the ways

in which vascular prostaglandins interact with antiplatelet agents, spe-

cifically P2Y12 receptor antagonists and an EP3 antagonist, to provide

enhanced inhibition of platelet function.

Methods: Platelet function was measured as platelet aggregation

(platelet counting in PRP or whole blood) and P-selectin expression

(flow cytometry). Intracellular VASP phosphorylation (bead assay in

PRP or whole blood) was also measured. Platelet agonists were mainly

U46619 and/or TRAP; receptor antagonists were CAY10441 (IP

antagonist), DG-041 (EP3 antagonist) and ONO-AE3-208 (EP4

antagonist), ticagrelor, cangrelor and the active metabolite of prasu-

grel (P2Y12 antagonists).

Results: The overall effects of each of the prostaglandins on platelet

function were inhibitory and this was accompanied by VASP phos-

phorylation. The inhibitory effect of PGI2 was reduced in the presence

of CAY10441; that of PGE1 was reduced in the presence of

CAY10441 but not in the presence of ONO-AE3-208, demonstrating a

role for IP but not EP4; in contrast the inhibitory effects of PGE2 and

PGE3 were reduced in the presence of ONO-AE3-208 but unaffected

by CAY10441, demonstrating a role for EP4 but not IP. The inhibi-

tory effects of all prostaglandins of the E-series were enhanced in the

presence of DG-041, indicating promotion of platelet function through

EP3. All the P2Y12 antagonists combined with all vascular prosta-

glandins to provide enhanced inhibition of platelet function and in the

case of the prostaglandins of the E-series there was further inhibition

in the presence of the EP3 antagonist DG-041.

Conclusions: We have increased our understanding of the role of vas-

cular prostaglandins in providing inhibition of platelet function and

the ways in which they interact with existing (P2Y12 antagonists) and

new (an EP3 antagonist) antiplatelet agents. The results demonstrate

profound inhibition of platelet function by combinations of vascular

prostaglandins and these pharmacological agents.

PB4.22 – Antiplatelet agents:
miscellaneous

PB 4.22-3
A novel platelet aggregation inhibitor purified from
Gloydius blomhoffii brevicaudus venom
Buyanbat A, Buyanbadrakh B, Byambasuren S, Dashnyam P

and Jugder BE

Mongols Sciences Institutes, Ulaanbaatar, Mongolia

Background:Disintegrins are small, cysteine-rich proteins from various

snake venoms with a high affinity to integrins which participate in

platelet aggregation. Their inhibitory effect on platelet aggregation has

been extensively studied and exploited in clinical interventions of many

diseases including stroke and other cardiovascular disorders. Gloydius

venom is a rich natural source of proteins possessing platelet aggrega-

tion inhibition activity.

Methods: This study presents production and purification process of a

novel platelet aggregation inhibitor from G. blomhoffii brevicaudus

snake venom and its biochemical and biological characterization. The

platelet aggregation inhibitor was purified using three consecutive

liquid chromatographic steps (Blue sepharose, Q-sepharose and Supe-

dex-200). The purity and molecular weight were determined by SDS-

PAGE, 2-D electrophoresis and MALDI-TOF mass spectrometry.

The inhibitory activity on collagen- and ADP-induced platelet aggre-

gation was examined in the platelet-rich rabbit plasma using the

AP2110 ‘SOLAR’ aggregometer. Proteolytic enzymatic and phospho-

lipase activities were investigated by chromogenic (S-2251 and S-2238)

and fluorogenic substrates (PED6), respectively.

Results: A single chain protein with molecular weight of 12 kDa and

pI of 8.0 was purified with approximate purity of 99%. A dose-depen-

dent activity curve analysis shows that the platelet aggregation inhibi-

tory activity in the rabbit platelet-rich plasma was

ID50 = 3.26 9 10�6 g or 542 9 10�9 M and no proteolytic activity

detected.

Conclusion: In the present study, the purification process of the novel

12 kDa-protein with inhibitory activity on collagen- and ADP-

induced platelet aggregation from the venom of the snake G. blomhoffii

brevicaudus has been developed. The fact that no enzymatic activity

found on chromogenic and fluorogenic substrates may indicate that

our purified protein is potentially a new low molecular weight platelet

aggregation inhibitor that inhibits a platelet aggregation receptor.

Future work to investigate further structural and functional properties

is required.
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PB 4.22-4
Vipera lebetina (snake) venom components affecting
hemostasis
Siigur E, Trummal K, T~onism€agi K, Aasp~ollu A, Samel M, Vija H

and Siigur J

National Institute of Chemical Physics and Biophysics, Tallinn,

Estonia

Background: Vipera lebetina venom is a complex mixture of biologi-

cally active components including coagulants and anticoagulants.

Factor X and Factor V activating enzymes (procoagulants), lebetase

(fibrinolytic and antiplatelet), L-amino acid oxidase, disintegrin

viplebedin, phospholipase A2 (antiplatelet), etc. have been isolated

and characterized in our laboratory. Nucleases are ubiquitously

represented in snake venoms but, especially 5‘-nucleotidase, poorly

specified.

Aims: The aim of this study is to extend the antiplatelet spectrum of

V. lebetina venom via isolation and characterization of phosphodies-

terase (PDE) and 5‘-nucleotidase as potential antiplatelet agents, and

cloning and sequencing corresponding cDNAs.

Methods: PDE and 5‘-nucleotidase have been isolated by gel filtration

(Sephadex G-100 sf) and ion exchange chromatography (CM52 cellu-

lose and TSK-DEAE). The enzymatic activity of 5‘-nucleotidase is

determined with 5′-AMP as substrate. PDE is localised by hydrolysis

of Na-bis(p-nitrophenyl)phosphate. Platelet aggregation is performed

in PRP in a Chrono-Log aggregometer. Cloning and sequencing have

been performed by standard procedures.

Results: V. lebetina venom PDE has been purified by gel filtration and

CM52 cellulose chromatography, for purification of 5‘-nucleotidase

three-step procedure has been used including gel filtration, cation and

anion exchange chromatography. PDE has molecular mass ca

120 kDa and 5′-nucleotidase ca 60 kDa (monomeric). Protein

sequence translated from the PDE-encoding cDNA comprises 828

amino acids including eight potential glycosylation sites. The cDNA

encoding 5‘-nucleotidase is 5‘-truncated and the translated protein

sequence (406 amino acids) lacks about 160 amino acids from the N-

terminus. Platelet aggregation studies with 5‘-nucleotidase exhibited

unfortunately no change in either ADP- or collagen-induced aggrega-

tion. Probably the enzyme preparation contains some unidentified

impurities affecting platelets.

Conclusions: We have isolated and structurally characterized two

potential antiplatelet components from V. lebetina venom. Their bio-

logical properties are under investigation.

PB 4.22-5
Sodium tungstate as a potential antiplatelet agent
Diaz-Ricart M1, Fern�andez R2, Pino M1, Caballo C1, Escolar G1

and Gomis R2

1Department of Hemotherapy-Hemostais. Hospital Clinic, CDB,

IDIBAPS; 2Department of Endocrinology. Hospital Clinic,

IDIBAPS, Barcelona, Spain

Background: Platelet inhibition is a key strategy for management of

atherothrombotic complications. Cyclooxigenase-2 and the ADP

receptors are currently the more widely used antiplatelet targets. How-

ever, the existence of large inter-individual response variability to both

strategies, has led to the search for alternative inhibitors.

Aims: We have investigated the antiplatelet effect of the inorganic salt

sodium tungstate, with potential effect on phosphotyrosine (PTP) 1B,

with proven anti-obesity actions.

Methods: Wild-type and knockout mice for the phosphotyrosine phos-

phatase-1B (PTP1B), on a C57BL/6Jx129/svJ mixed genetic back-

ground, were untreated or treated for a week with sodium tungstate,

at a concentration of 2 g/L in water intake, to study platelet function

under flow with the PFA-100, acone plate analyzer (CPA), and a flat

perfusion chamber using collagen coated surfaces. In addition, aliqu-

ots of human whole blood were incubated with sodium tungstate

(from 100 to 400 lM, for 1 h at 37 °C) to evaluate its effect on platelet

function using the platelet function analyzer (PFA-100) and the annu-

lar perfusion chamber. Aggregometry, with platelet rich plasma, and

thromboelastometry, with whole blood, were also performed with the

lowest more effective concentration.

Results: In studies in mice, treatment with sodium tungstate prolonged

closure time in the PFA-100 using the Col/ADP cartridge (from

148 � 17.4 s to 272.8 � 12.4 s, P < 0.01), and decreased the surface

covered by platelets (%SC) on a collagen surface exposed to flowing

blood (45.5 � 5.4% to 30.7 � 1.3%). Results in the presence of

sodium tungstate were similar to those obtained in KO mice in the

absence of the salt. In studies with human blood, closure times in the

PFA-100 were significantly prolonged in the Col/Epi cartridge (from

141 � 6.6 s in controls to 193 � 23.3 s; P < 0.05). In adhesion studies

on denuded vascular segments, the%SC and the thrombus formation

(%T) decreased in the presence of sodium tungstate (from

32.9 � 1.4% in controls to 17.9 � 3.2%, P < 0.005; and from

62.9 � % in controls to 31.6 � 5.0, P < 0.002, respectively). In con-

trast, neither the maximal aggregating response nor the thromboelas-

tography properties of clots were affected by the presence of the

tugstate salt.

Conclusion: Presence of sodium tungstate in blood decreases the hemo-

static capacity of platelets by inhibiting their adhesive and cohesive

properties under flow conditions in both a mice model and in human

blood. Therefore, sodium tungstate exhibits a potential antiplatelet

effect. Although it may be acting on platelet PTP-1B, the precise mech-

anisms through which sodium tungstate exerts its action should be fur-

ther explored.

PB 4.22-6
Aspirin induces platelet apoptosis
Dai K, Zhao L, Zhang W, Chen M, Zhang J, Zhang M and Ruan C

Jiangsu Institute of Hematology, Suzhou, China

Background: Aspirin is widely used in the treatment of a number of

clinical conditions, such as fever, pain, strokes, and heartattacks.

Although aspirin is being thought of a relatively ‘safety’ medicine, it

also has some side effects, particularly the risk of bleeding which may

be severe and lead to death. The mechanisms, however, are not totally

understood. The effectiveness of aspirin has been attributed to its abil-

ity to inhibit prostaglandin production by inhibiting the cyclooxygen-

ase (COX) enzyme. Interestingly, it has been reported recently that

aspirin induces apoptosis in many cell types. Platelet apoptosis

induced by either physical or chemical compounds or platelet storage

occurs widely. We have reported that the glycoprotein Iba-von Wille-

brand factor interaction, hyperthermia, and calmodulin antagonists

induce platelet apoptosis, suggesting that platelet apoptosis might play

important roles in controlling the number and function of circulated

platelet under physiological conditions, or in the development of plate-

let-related hemorrhagic diseases.

Aims: Thus, the aim of the current study is to explore whether aspirin

induces platelet apoptosis.

Methods: Washed platelets (3 9 108 /mL) were incubated with various

concentrations of aspirin (2.5 mM, 5 mM, 10 mM, 20 mM) at 37 °C
for 2 h. The effect of aspirin on platelet mitochondrial membrane

potential (DΨm) depolarization and phosphatidylserine (PS) exposure

were analyzed by cell-permeable lipophilic cationic dye tetramethyl-

rhodamine ethylester (TMRE) and annexin V binding, respectively.

Results: The data show that DΨms depolarization and PS exposures

were dose-dependently induced by aspirin in platelets. In order to fur-

ther confirm that aspirin incurs platelet apoptosis, caspase-3 activation

was measured in platelets incubated with aspirin by detecting 32 kD

pro-caspase-3 and 17 kD cleaved caspase-3 fragment, and the result

shows that aspirin induced caspase-3 activation. Furthermore, platelet

shrinkage appeared in platelets incubated with aspirin (20 mM). Cas-

pase inhibitor z-VAD-fmk inhibited apoptotic platelet shrinkage, and
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blocked DΨm depolarization, but had no effect on PS exposure, sug-

gesting that caspase-3 acts upstream of DΨm depolarization, and plays

a key role in aspirin-induced platelet apoptosis. Whereas, protein

kinase C (PKC), protein kinase B (PKB), p38 mitogen-activated pro-

tein kinases (MAPK), protein 53 (p53), reactive oxygen species (ROS),

and mitogen-activated protein kinase kinase (MAPKK) were not

involved in aspirin-induced platelet apoptosis. In addition, platelets

incubated with another COX inhibitor indomethacin did not incur

DΨm depolarazation and PS exposure in platelets.

Conclusion: Taken together, the data indicate that aspirin induces

platelet apoptosis via caspase-3 activation, and independent of the

COX signaling.

PB4.23 – Platelet integrins – II

PB 4.23-1
The role of platelet actin polymerization and agonist-
induced cortactin tyrosine phosphorylation in aIIbb3
expression, activation, cytoskeleton association and
fibrinogen binding
Budnik I1, Shenkman B2 and Savion N1

1Tel Aviv University, Tel Aviv; 2Sheba Medical Center, Tel-

Hashomer, Israel

Background: Inhibition of actin polymerization undermines stability of

platelet aggregates and reduces cortactin tyrosine phosphorylation.

Aim: To investigate the role of actin polymerization and cortactin

tyrosine phosphorylation in the regulation of aIIbb3 cell surface

expression and activation, actin cytoskeleton association and ligand

(fibrinogen) binding in aggregating platelets.

Methods: Blood samples were obtained from adult healthy volunteers

who signed an informed consent form (approved by the Sheba Medical

Center ethics committee). Platelet-rich plasma (PRP) platelets were

pretreated with 10 lM cytochalasin D (CytD) or DMSO vehicle (con-

trol) for 5 min and stimulated by 10 lM ADP or pervanadate (1 mM

H2O2 + 1 mM sodium orthovanadate); aggregation was monitored at

37 °C under stirring. Affinity of aIIbb3-fibrinogen interaction was

evaluated by rate of platelet disaggregation following addition of

4.5 lM eptifibatide. To analyze cytoskeleton composition, PRP sam-

ples were lyzed with Triton X-100 lysis buffer, and the insoluble frac-

tion was sedimented and subjected to SDS-PAGE followed by western

blot analysis using mAbs against aIIb, pY466-cortactin, cortactin and

b-actin. Flow cytometry was performed on 50-fold diluted PRP sam-

ples using P2 and PAC-1 mAbs indicating the expression and the acti-

vation level of aIIbb3, respectively.
Results: Stimulation of control platelets by ADP resulted in maximal

platelet aggregation (77.6 � 5.3%). CytD had no effect on the extent

of platelet aggregation. Eptifibatide added 3 min after the addition of

ADP did not change the course of platelet aggregation in control sam-

ples but caused disaggregation at a rate of 51.7 � 10.2%/min in

CytD-pretreated samples. Aggregation of control platelets was accom-

panied by actin polymerization, association of aIIb and cortactin with

cytoskeleton and cortactin tyrosine phosphorylation. CytD-pretreated

platelets demonstrated partial reduction (by 17.9%) in actin polymeri-

zation and absence of cortactin tyrosine phosphorylation while cyto-

skeleton association of aIIb and cortactin was not affected. In order to

explore the role of cortactin tyrosine phosphorylation in aIIbb3-fibrin-
ogen affinity, CytD-pretreated platelets were stimulated by pervana-

date, a phosphatase inhibitor. Pervanadate completely overcame the

inhibitory effect of CytD on cortactin tyrosine phosphorylation and

induced maximal platelet aggregation (83.4 � 6.8%) but did not over-

come the decrease in aIIbb3-fibrinogen affinity. Pretreatment of rest-

ing platelets with CytD did not significantly change the basal levels of

P2 and PAC-1 binding. However, ADP stimulation of both control

and CytD-pretreated samples, increased the level of P2 binding by

30.5% and 34.2% (P < 0.001 for both), respectively, and increased the

level of PAC-1 binding by 7.2-fold (P < 0.001) and 3.3-fold

(P < 0.05), respectively.

Conclusions: Inhibition of actin polymerization by CytD in activated

platelets results in: (i) cortactin-actin association without cortactin

tyrosine phosphorylation; (ii) aIIbb3-actin association and increased

aIIbb3 expression; and (iii) reduction of aIIbb3 conformational activa-

tion concomitantly with reduction of aIIbb3-fibrinogen affinity. Thus,

platelet aIIbb3 expression, activation and fibrinogen binding (at low

affinity) are not dependent on actin polymerization or cortactin tyro-

sine phosphorylation; however, stable aggregate formation (high

aIIbb3-fibrinogen affinity) is highly dependent on actin polymeriza-

tion.

PB 4.23-2
Fibronectin unfolding and assembly: the dual role of
fibronectin in platelet adhesion and aggregation
Huynh KC, Stoldt VR and Scharf RE

Heinrich Heine University Medical Center, D€usseldorf,

D€usseldorf, Germany

Background: Fibronectin (FN) has been shown to decrease platelet

aggregation but enhance platelet adhesion, suggesting a dual role in

hemostasis. To explore the suggested dual role of FN in further detail,

we tested for differences of adherent platelet and suspended platelets

with regard to their effect to unfold and assemble FN upon interac-

tion.

Methods: Isolated human plasma FN was dually labeled with alexa

fluor (AF) 488 and 546 for fluorescence resonance energy transfer

(FRET) analysis. Ten lg/mL of FN mixture (unlabled FN: labeled

FN, ratio 10:1) was incubated with platelets in suspension (106/mL) or

platelets (108/mL) spead onto immobilized FN (50 lg/mL) in HEPES

Tyrode buffer supplemented with 2 mM CaCl2 and 40 nM PMA.

FRET signals were recorded after 0–3 h of incubation to access the

unfolding of FN on platelets from both preparations. For deoxycho-

late (DOC) solubility assay, platelets in suspension or FN-adherent

platelets were incubated with 60 lg/mL AF488 conjugated FN

(FN488) in the absence or presence of agonists (10 lM ADP or

40 nM PMA). Samples of both settings were washed with 2% DOC

for 2 min. Microscopic analyses were performed before and after

washing with 2% DOC.

Results: Labeled FN was exposed to increasing concentrations of

GdnHCl (0–4 M) to evaluate the sensitivity of FRET indicative of the

unfolding of FN. FRET signals of FN in its compact conformation

(0 M GdnHCl) was set at 100% and decreased to 64%, as the FN mol-

ecule extended in 1 M GdnHCl solution. Further unfolding of FN at

2 M, 3 M, and 4 M concentrations of GdnHCl reduced FRET signals

to 50%, 44%, and 40%, respectively. FRET signals decreased in a

time-dependent manner by 4 � 1.3% (mean � SD) at 1 h, 5 � 1.5%

at 2 h, and 6 � 1.1% at 3 h, when labeled FN was incubated with

adherent platelets. In contrast, there was no significant decrease in

FRET signals of labeled FN alone. The same observation was made in

experiments with platelets in suspension. These data demonstrated

that adherent platelets but not platelets in suspension were capable of

unfolding FN during incubation. Fluorescence microscopic analyses

revealed that after 3 h of incubation, bound FN488 formed a DOC-

insoluble fibrillar matrix at the periphery of adherent platelets. The

fibril formation of FN488 was enhanced on adherent platelets upon

addition of ADP or PMA. In contrast, FN488 bound to activated

platelets in suspension remained extractable by 2% DOC indicative of

absent fibril formation.

Conclusions: Using fluorescence techniques and a DOC solubility

assay, we demonstrated that adherent platelets can progressively

unfold and assemble FN forming fibrils during incubation, whereas

suspended platelets do not. This observation may help explain the dual

role of FN in platelet adhesion and aggregation.
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PB 4.23-3
FcgammaRII mediates the intrinsic platelet activation
of disintegrin, probed by alphaIIbbeta3-specific
monoclonal antibodies
Huang TF and Hsu CC

Graduate Institute of Pharmacology, National Taiwan University,

Taipei, Taiwan

Thrombocytopenia, a common side effect of RGD-mimetic antiplat-

elet drugs, is thought to be caused by drug-dependent antibodies that

recognize platelet conformation-altered alphaIIbbeta3. We investi-

gated the possible mechanisms of intrinsic platelet activation of disin-

tegrin in combination of alphaIIbbeta3-specific mAbs. Disintegrin

(e.g. rhodostomin) and monoclonal antibody raised against integrin

alphaIIbbeta3 (e.g. AP2 and 10E5) individually inhibited human

platelet aggregation caused by collagen. However, when disintegrin

(rhodostomin) and monoclonal antibody (AP2 or 10E5) were sequen-

tially added into platelet suspension, platelet aggregation occurred,

whereas other monoclonal antibodies (7E3 and AP5) did not induce

platelet aggregation in the presence of disintegrin. 7E3 inhibited disin-

tegrin/AP2 or 10E5-induced platelet aggregation, but AP5 inhibited

only disintegrin/10E5 (not AP2)-induced platelet aggregation. In the

flowcytometry assay, we also found that disintegrin enhanced AP2,

AP5 and 10E5, but not 7E3, binding to platelets. FcgammaRII mAb

attenuated disintegrin/AP2 or 10E5-induced platelet aggregation, and

also inhibited the enhanced binding of AP2 to platelet caused by dis-

integrin. Immunoprecipitation of the lysates of rhodostomin/AP2-

treated platelets using FcgammaRII Ab showed the complex forma-

tion of integrin beta3 and FcgammaRII. These results suggest that

AP2 or 10E5 triggers platelet aggregation via binding to accessible

FcgammaRII and the conformation-altered integrin alphaIIbbeta3

caused by disintegrin. FcgammaRII recuitment and the complex for-

mation of integrin beta3/FcgammaRII mediate the intrinsic platelet

activation of disintegrin.

PB 4.23-4
Platelet integrin aIIbb3 (IIb-IIIa) and cytoskeleton
modulate fibrin network formation and clot stiffness
Wang C, Perez MJ, Helmke BP and Lawrence MB

University of Virginia, Charlottesville, VA, USA

Background: The ability to clot in vivo, either inappropriately as in

thrombosis, or insufficiently as in surgical bleeding, is fundamentally

linked to the blood clot’s mechanical stiffness, or lack there-of. While

the active role of platelets in clot mechanics is well accepted, their role

in organizing fibrin fibers and regulating their growth is less well

understood. Platelets associate with fibrin through the platelet integrin

aIIbb3 (IIb-IIIa), initiating a pathway of aIIbb3-associated tyrosine kin-

ases that transmits signals to the cytoskeleton. After aIIbb3 binds to

fibrin, the integrin and ligand move selectively into integrin clusters, a

process that could lead to changes in extracellular fibrin organization

and likely requires modulation of cytoskeletal attachment of aIIbb3.
Aims: Our work explores possible downstream effects of aIIbb3 cyto-

skeletal signaling on fibrin fiber organization and clot stiffness. We

hypothesize that changes in aIIbb3 cytoskeletal signaling may organize

extracellular fibrin network, which may affect overall clot stiffness.

Methods:Using a novel in vitro model of blood plasma clotting, fibrin-

platelet interactions were visualized by DIC and fluorescence micros-

copy. Tracer particles were also added to measure stiffness by micro-

rheological methods. The motion of the particles was tracked with a

particle tracking program implemented in Image J.

Results: In this study, we observed a strong dependence of fibrin

macro-fiber formation (300 nm and greater) on fibrin’s active engage-

ment with platelet aIIbb3 integrin and on platelet actin cytoskeletal

polymerization. Platelet concentration was strongly correlated with

greater local fibrin macro-fiber formation, where a 2-fold greater local

platelet concentration lead to 109 greater fibrin macro-fiber density.

The correlation of platelet concentration with fibrin macro-fiber for-

mation agreed with findings of a previous study by Collet et al 2002

and supports the hypothesis that the action of platelets influences the

extracellular organization of the blood clot. Diffusivity of 300 nm par-

ticles within platelet rich plasma 45 min after clot initiation was signifi-

cantly reduced in regions of high fibrin density (100 lm2/s) relative to

regions without visible fibrin (14,000 lm2/s). Direct visualization by

DIC indicated a striking correlation of clot stiffness and the appear-

ance of fibrin macro-fibers. Abciximab (platelet integrin aIIbb3 inhibi-
tor) reduced fibrin macro-fibers in a dose-dependent manner. Similar

reductions in fibrin macro-fiber formation were induced by treatment

of platelets with cytochalasin D, an inhibitor of cortical actin polymer-

ization.

Conclusions: The observations of the study support the hypothesis that

fibrin macro-fiber formation correlates with clot stiffness and that the

platelet integrin aIIbb3 cytoskeletal signaling regulates fibrin network

structure. A deeper understanding of the relationship between stiffness

and platelet and fibrin interactions may lead to the evaluation of new

anti-platelet drugs that might better navigate the balance between

thrombosis and surgical bleeding.

PB 4.23-5
The potencies and mechanisms by which engineered
nanoparticles induce platelet aggregation are
dependent upon their precise physicochemistry
Smyth E1, Solomon A1, Vydyanath A1, Luther P1, Pitchford S2,

Tetley TD1 and Emerson M1

1Imperial College London; 2King’s College London, London, UK

Background: The emergence of nanotechnology has led to increased

human exposure to engineered nanoscale structures (diameter

≤100 nm) through drug delivery systems, commercial products etc.

Epidemiological and clinical work indicates that particulate matter

present in air pollution is associated with increased incidence and risk

of thrombotic events such as myocardial infarction and stroke. It is

suggested that the nanoparticle fraction of this particulate matter may

be responsible for some of the increased risk associated with ambient

pollution. There is also evidence that nanoparticles can translocate the

pulmonary epithelium and enter the systemic circulation. Platelet

aggregation and activation underlies many thrombotic events, how-

ever there is limited information regarding the ability of engineered

nanoparticles to directly influence platelet behaviour.

Aims: The primary aim was to investigate whether model engineered

nanoparticles can interact with and functionally modulate platelets.

The secondary aim was to assess whether this modulation is affected

by particle size and surface chemistry by using 50 nm and 100 nm car-

boxyl, amine and unmodified model engineered polystyrene nanoparti-

cles.

Methods: Optical aggregometry was used to assess function of platelets

in vitro. An established murine model of platelet aggregation involving

detection of radiolabelled platelets in the pulmonary circulation was

employed to measure platelet function in vivo. Platelet activation was

assessed by measuring P-selectin expression by flow cytometry.

Results: All nanoparticles tested induced concentration-dependent

platelet aggregation, however carboxyl 50 nm and unmodified 100 nm

particles were the most potent. All nanoparticle-induced aggregation,

except for that induced by amine 50 nm particles, was inhibited by the

nitric oxide donor sodium nitroprusside and the glycoprotein IIb/IIIa

inhibitor eptifibatide. The ability of nanoparticles to induce concentra-

tion-dependent P-selectin surface expression reflected their ability to

induce aggregation. Amine-modified 50 nm particles enhanced throm-

bin induced aggregation in vitro and this enhanced response was abol-

ished by eptifibatide. Systemic infusion of a low concentration of

amine 50 nm particles increased collagen- and thrombin-induced

aggregation in vivo.
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Summary/Conclusions: All nanoparticles investigated induced platelet

aggregation with potencies and mechanisms that were dependent upon

a distinct combination of size and surface chemistry. Anionic and

uncharged particles induced GPIIb/IIIa-mediated platelet aggregation

and signalling events similar to those occurring upon exposure to con-

ventional platelet agonists. The sensitivity of nanoparticle-induced

aggregation to the endogenous vascular regulator nitric oxide suggests

a physiological protective mechanism mediated by the vascular endo-

thelium that may reduce the cardiovascular impact of nanoparticle

exposure in healthy individuals. In contrast, the ability of 50 nm cat-

ionic particles to enhance the effects of platelet agonists at low concen-

trations that more likely reflect potential nanoparticle exposure in

humans suggest that these particles may present the largest risk to

human health by either initiating or exacerbating thrombotic events.

This work provides a potential mechanism by which nanoparticles

with particular physicochemical properties could pose a thrombotic

risk should they enter the blood either by translocating the lung or fol-

lowing direct introduction to the body during medical procedures.

PB 4.23-6
Role of heterotrimeric G proteins in regulation of
aIIbb3 fibrinogen affinity and aIIbb3 cytoskeleton
association
Budnik I1, Shenkman B2 and Savion N1

1Tel Aviv University, Tel Aviv; 2Sheba Medical Center,

Tel-Hashomer, Israel

Background: Upon platelet stimulation, integrin aIIbb3 undergoes

conformational change leading to fibrinogen binding on one end and

to association with the cytoskeleton on the other end.

Aim: To investigate the role of heterotrimeric G proteins in regulation

of aIIbb3-fibrinogen interaction and aIIbb3-cytoskeleton association

in aggregating platelets.

Methods: Blood samples were obtained from adult healthy volunteers

who signed an informed consent form (approved by the Sheba Medical

Center ethics committee). Sole and combined activation of Gaq, Gai
and/or Ga12/13 proteins was achieved by using different combinations

of the following platelet agonists and inhibitors: 10 lM ADP, 1.5 mM

arachidonic acid (AA), 0.1 lM U46619 (stable thromboxane A2 ana-

logue), 10 lM AR-C66096 (P2Y12 inhibitor), 10 lM MRS2500 (P2Y1

inhibitor) and 0.5 mM acetylsalicylic acid (ASA; thromboxane A2 syn-

thesis inhibitor). Platelet aggregation was performed at 37 °C with

stirring. Affinity of aIIbb3-fibrinogen interaction was evaluated by

rate of platelet disaggregation following addition of 4.5 lM eptifiba-

tide 3 min after the agonist addition. Cytoskeleton composition (Tri-

ton X-100-insoluble fraction) was analyzed by western blot using anti-

aIIb and anti-b-actin mAbs.

Results: (i) Combined stimulation of Gaq, Gai and Ga12/13 (by ADP)

leads to: maximal platelet aggregation (83.1%); maximal aIIbb3-
fibrinogen affinity – no platelet disaggregation upon eptifibatide addi-

tion; actin polymerization and maximal aIIb-cytoskeleton association.

(ii) Combined stimulation of Gaq and Ga12/13 (by AA +
ADP + AR-C66096) leads to: maximal platelet aggregation (87.2%);

partial aIIbb3-fibrinogen affinity (disaggregation rate, 13.2%/min);

actin polymerization and marked aIIb cytoskeleton association

(81.2%). (iii) Combined stimulation of Gaq and Gai (by ADP + ASA)

leads to: submaximal platelet aggregation (69.0%); decreased aIIbb3-
fibrinogen affinity (disaggregation rate, 21.6%/min); actin polymeriza-

tion and mild aIIb cytoskeleton association (61.5%). (iv) Combined

stimulation of Gai and Ga12/13 (by ADP + U46619 + MRS2500 +
ASA) leads to: decreased platelet aggregation (54.7%); much lower

aIIbb3-fibrinogen affinity (disaggregation rate, 62.0%/min); actin

polymerization and decreased aIIb cytoskeleton association (45.3%).

(v) Sole stimulation of Gai (by ADP + MRS2500 + ASA) leads to:

low-amplitude but sustained platelet aggregation (41.4%); low aIIbb3-
fibrinogen affinity (disaggregation rate, 118.5%/min); actin polymeri-

zation without aIIb cytoskeleton association. (vi) Sole stimulation of

Gaq (by ADP + AR-C66096) leads to: low-amplitude and spontane-

ously reversible platelet aggregation; actin polymerization without

aIIb-cytoskeleton association. (vii) Sole stimulation of Ga12/13 (by

U46619 + ASA) leads to: no platelet aggregation but induced actin

polymerization without aIIb-cytoskeleton association.

Summary: Affinity of aIIbb3-fibrinogen binding increases in parallel

to the aggregation amplitude; maximal affinity requires activation of

all three G proteins. Interaction of aIIbb3 with cytoskeleton requires

activation of at least two of the G proteins and maximal affinity

requires activation of all three G proteins. Sole activation of each of

the G proteins is sufficient for actin polymerization. The order of

contribution to platelet aggregation of combined and sole G protein

activation is: Gaq/Gai/Ga12/13 > Gaq/Ga12/13 > Gaq/Gai > Gai/
Ga12/13 >G ai > Gaq > Ga12/13.

PB4.24 – New platelet agonists

PB 4.24-1
The endothelial cell surface enzyme, NPP-4 stimulates
platelet aggregation via hydrolysis of diadenosine
triphosphate to ADP and partially overcomes aspirin-
mediated platelet inhibition
Ornstein L1, Albright AR2, Chang WC2, Robert DM1, Cao W2, De

La Cruz EM2 and Braddock DT2

1Dartmouth-Hitchcock Medical Center, Lebanon, NH; 2Yale

University, New Haven, CT, USA

Background: Platelet dense granules contain diadenosine triphosphate

(Ap3A), which is released into the extracellular space during the sec-

ondary wave of platelet aggregation after platelet activation by ADP

and other agonists. Ap3A has long been thought to stimulate platelet

aggregation after release into the extracellular space by providing a

prolonged source of ADP via hydrolysis by a slow extracellular

enzyme present in human plasma. We have previously identified that

enzyme as NPP-4, a member of the nucleotide pyrophosphatase/phos-

phodiesterase enzyme family and have shown that it is present on

endothelial cell and monocyte surfaces. NPP-4 is a potent hydrolase of

Ap3A capable of stimulating platelet aggregation and secretion at

nanomolar concentrations via platelet ADP receptors. The aim of the

current study was to determine whether NPP4, at physiologic concen-

trations, is capable of overcoming aspirin-mediated platelet inhibition.

Methods: We performed platelet aggregometry with citrated platelet-

rich plasma (PRP) that was pre-incubated with 100 lM aspirin (ASA)

or vehicle in the presence of increasing concentrations of NPP-4. Ara-

chidonic acid (AA), ADP, Ap3A and U46619 were used as agonists to

stimulate platelet aggregation. To determine whether certain NPP-4-

mediated aggregation phenomena could be attributed to ADP-medi-

ated pathways, experiments were conducted in the presence or absence

of the ADP receptor antagonistsMRS 2179 andMRS 2395 which block

the P2Y1 and P2Y12 receptors, respectively, on platelet cell surfaces.

Results: As expected, 100 lMASA completely inhibited platelet aggre-

gation in response to AA and Ap3A, while it had no effect on aggrega-

tion with U46619 and resulted in attenuated aggregation with ADP

compared to the ASA-free state. Addition of NPP-4 to ASA-treated

PRP resulted in no improvement in either AA or U46619-stimulated

aggregation, but led to an increase in aggregation amplitude in

response to both ADP and Ap3A. These increases were prevented by

pre-incubation of PRP with MRS 2179 and/or MRS 2395. These find-

ings confirm an effect of ASA on ADP-mediated platelet activation

pathways and suggest that NPP-4 may play a role in overcoming plate-

let inhibition by ASA via ADP-mediated pathways.

Conclusions: The results of these studies suggest that NPP-4 functions

in hemostasis in vivo by augmenting platelet aggregation and release

of granule contents at the site of vascular injury via ADP-mediated

pathways. The ability of NPP-4 to partially overcome ASA-associated
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platelet inhibition via ADP-mediated pathways suggests that NPP-4

may play a role in ASA resistance and be a target for development of

novel antiplatelet therapies for use as adjuncts to currently available

drugs that target the platelet directly.

PB 4.24-2
Histone deacetylase 6 (HDAC6)-mediated
deacetylation of a-tubulin coordinates cytoskeletal and
signaling events of platelet activation
Aslan JEJ, Phillips KG, Pang J and McCarty OJT

Oregon Health & Science University, Portland, OR, USA

Background: The tubulin cytoskeleton plays a key role in maintaining

the characteristic quiescent discoid shape of resting platelets. Upon

activation, platelets undergo a dramatic change in shape to mediate

thrombus formation; however, little is know how the microtubule sys-

tem contributes to regulating platelet shape and function.

Aims: Here we investigate the role of the covalent modification of a-

tubulin by acetylation in the regulation of platelet physiology in rest-

ing and activated conditions.

Results: Super resolution microscopy analysis of the platelet tubulin

cytoskeleton shows the marginal band together with an interconnected

web of finer tubulin structures that collapse upon platelet activation

with the GPVI-agonist, collagen related peptide (CRP). Western blot

analysis reveals that a-tubulin is acetylated in resting platelets and de-

acetylated following a time course of platelet activation. Tubacin, a

specific inhibitor of the tubulin deacetylase HDAC6, prevents tubulin

deacetylation upon platelet activation with CRP. Super resolution flu-

orescence microscopy shows that inhibition of HDAC6 upregulates

tubulin acetylation and disrupts the organization of the platelet micro-

tubule marginal band. HDAC6 inhibitors also inhibit platelet aggrega-

tion in response to CRP and block platelet signaling events upstream

of platelet Rho GTPase activation.

Conclusions: Together these findings demonstrate that acetylation sig-

naling controls the resting structure of the platelet tubulin marginal

band and has roles in organizing signaling systems that drive platelet

aggregation and function.

PB 4.24-3
Phosphorothioate oligodeoxynucleotides are potent
platelet activators acting toll-like receptor 9
independently
Flierl U, Yao J, Bassler N and Peter K

Baker IDI, Melbourne, Australia

Background: The use of synthetic oligodeoxynucleotides (ODN) which

function as immunotherapeutic agents has become common clinical

practice in the treatment of some diseases. These ODNs contain unme-

thylated CpG motifs and function as toll-like receptor 9 (TLR9) agon-

ists. There are three classes of ODNs (A-C) showing differences in

structure and phenotype. Class C ODNs bear a phosphorothioate

backbone and a CpG containing motif which is present in a manifold

greater frequency in bacterial compared to mammalian DNA. The

impact of ODNs on immune cells (e.g. lymphocytes) triggering innate

and adaptive immunity is quite well investigated. However, little is

known about the effect of ODNs on platelets.

Aims: Investigation of the impact of class C ODN 2395 which shares

homologies with bacterial DNA on platelet activation.

Methods: Human platelets (washed platelets and PRP) were incubated

with the class C ODN 2395 in different modifications and concentra-

tions (0.5 lM/1.0 lM). Platelet activation was evaluated by flow

cytometry (CD62P, PAC-1 binding) and light-transmittance aggre-

gometry. The impact of TLR9 on activation was determined by ODN

pre-incubation of wild-type (WT) and TLR9�/� mouse platelets.

Moreover, C57BL6 mice were injected with class C ODN 2395 and

then subjected to ferric chloride carotid artery injury.

Results: Platelets showed significantly increased activation following

pre-incubation with class C ODN 2395 (MFI PAC-1 binding: unstimu-

lated: 5.1 � 0.9, 0.5 lM ODN: 238.4 � 27.3, P < 0.01; MFI CD62P

expression: unstimulated: 7.7 � 0.9, 0.5 lM ODN: 429.9 � 61.5,

P < 0.01). However, platelet stimulation with the non-phosphorothio-

ate modified ODN 2395 did not result in increased platelet activation.

TLR9 independency was observed as there was no significant difference

in the extent of platelet activation between WT and TLR9�/� mouse

platelets after stimulation with ODN 2395. Furthermore, C57BL6 mice

showed a significantly shortened occlusion time after ODN injection

compared to placebo treated mice following ferric chloride carotid

artery injury (ODN: 267.8 � 40 s, placebo: 606.5 � 45 s,P < 0.01).

Conclusion: Phosphorothioate ODNs are potent platelet activators. As

some pathogenic bacteria share homologies with ODNs which have a

phosphorothioate backbone, this could constitute an additional mech-

anism for platelet activation in bacteremia.

PB 4.24-4
High resolution structure determination and small
molecule inhibitor identification of NPP4, a
procoagulant enzyme localized to brain vascular
endothelium
Braddock DT1, Albright AR1, Chang WC1, Ornstein C2,

Robert DM2, Cao W1 and De La Cruz EM1

1Yale University, New Haven, CT; 2Dartmouth Medical School,

Hanover, NH, USA

Background: We recently identified the enzyme NPP4, an uncharacter-

ized member of the nucleotide pyrophosphatase/phosphodiesterase

family, as present at high concentrations on the vascular surface of the

brain, and that NPP4 promotes platelet aggregation in a dose depen-

dent manner at physiologic concentrations of AP3A. AP3A is a small

molecule stored at high concentrations in platelet dense core granules

and is released upon platelet activation at high concentrations in the

vicinity of the growing thrombus. Ap3A has a significantly longer life-

span in whole blood than ADP and has long been thought to promote

stable thrombus formation by serving as a ‘chemically masked’ source

of ADP. NPP4 functions upstream of the endovascular enzymes CD39

and CD73 in the metabolism adenine nucleotide phosphates, and col-

lectively the three enzymes sequentially metabolize AP3A into ADP,

Adenosine, and inorganic Phosphate. The goal of the present study

was threefold: 1. To examine other sites of hemostasis for the presence

of NPP4, 2. To determine the high-resolution structure of NPP4, and

3. To identify small molecule inhibitors of NPP4 useful for the in vitro

and in vivo validation of the physiologic role of the enzyme.

Methods: We used flow cytometry to examine circulating hematopoi-

etic cells for the presence of NPP4, X-ray crystallography to determine

the high-resolution structure of the enzyme, and high-throughput

small molecule screening to identify lead small molecules as lead inhib-

itors.

Results: Approximately two-thirds of human monocytes present in the

bone marrow express NPP4 on their membrane surfaces. We deter-

mined the 1.5 �A molecular structure of NPP4 by X-ray crystallogra-

phy in the presence and absence of its enzymatic product (AMP).

Finally, we identified a high-affinity (nM) small molecule inhibitor of

NPP4 that is an FDA approved drug for another indication.

Conclusions: Monocytes have a defined role in hemostasis, and the

presence of NPP4 on monocyte surfaces further supports a physiologic

role of NPP4 in platelet aggregation. The high-resolution structure of

NPP4 allows us to understand the molecular determinants of catalysis

and substrate specificity, and provides a reagent for the discovery and

optimization of small molecule inhibitors. The identification of a high-

affinity NPP4 small molecule which is an FDA approved drug identi-

fies a critical reagent for establishing the physiologic role of NPP4.
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Our combined studies lay the foundation for the validation of the bio-

logical role of NPP4 in hemostasis and establishes the necessary tools

and reagents for the translational application of our findings into the

clinic.

PB 4.24-5
Functional implications of histone deacetylases in
platelet activation: a role for alpha-tubulin acetylation?
Moscard�o A1, Santos MT2, Latorre A2, Madrid I3, Das�ı MA4

and Vall�es J2

1IIS La Fe; 2Research Center. La Fe University Hospital; 3Intensive

Care Unit. University Hospital La Fe; 4Pediatric Hospital.

University Hospital La Fe, Valencia, Spain

Background: Acetylation of proteins with an emergent role in the regu-

lation of cellular metabolism is regulated by acetylase(HAT)/deacety-

lase (HDAC) activities, although the role of these enzymes in platelet

function remains unidentified. In other cells, several deacetylases have

been identified and classified into four families, including zinc-depen-

dent deacetylases (I, II and IV) and NAD+-dependent (family III or

sirtuins). a-Tubulin is one of the proteins first recognized to be regu-

lated by acetylation/deacetylation processes through the action of the

deacetylases HDAC6 and sirtuin2. The presence of acetylated a-tubu-
lin has been described in platelets, although its role in platelet function

is not well understood. It is known that in platelets a-tubulin partici-

pates in the processes of cytoskeleton reorganization, granule release

and cytosolic calcium increases (1), but it is unknown if the a-tubulin
acetylation/deacetylation cycle participates in these processes.

Aim: Evaluate if deacetylases have a regulatory role on platelet func-

tion and a-tubulin acetylation.

Methods: For detection of acetylated a-tubulin, washed human plate-

lets lysates were immunodetected with a specific antibody against the

acetylated form of a-tubulin. The role of deacetylases in a-tubulin
acetylation was assayed by incubating platelets (1 h, 37 °C) with spe-

cific inhibitors: trichostatin A (TSA) (inhibitor of all HDAC except sir-

tuins) and cambinol (sirtuin inhibitor). Functional studies of washed

human platelets were performed according to previously published

methodologies (2). To study dense granule release, platelets were previ-

ously loaded with 14C-5HT. For the determination of calcium concen-

tration in the cytoplasm, platelets were loaded with FURA 2AM.

Platelet function was assayed with a panel of physiological agonits

(collagen 0.5 lg/mL, thrombin 0.1 U/mL, U46619 0.5 lM, ADP

10 lM).

Results: In resting human platelets, several proteins were acetylated,

including a-tubulin. To identify the deacetylase(s) responsible of a-
tubulin acetylation/deacetylation, resting platelets were incubated with

TSA or cambinol; only incubation with TSA strongly increased a-
tubulin acetylation while cambinol was without effect. Furthermore,

inmunoblotting experiments demonstrated the presence of HDAC6 in

platelet lysates. In addition, when platelets were aggregated with colla-

gen or U46619, HDAC6 was time-dependently incorporated to the

reorganized cytoskeleton. When platelets were aggregated, a-tubulin
acetylation was strongly decreased with all the agonists used. In con-

trast, blocking platelet aggregation with RGDS abolished the process

of a-tubulin deacetylation, demonstrating the participation of platelet

aggregation in this process. When we explored the functional implica-

tion of HDAC inhibition on platelets reactivity, we found that TSA

treatment partially reduced platelet aggregation, dense granule release,

calcium movement and cytoskeletal reorganization concomitantly with

blockade of the agonist-induced a-tubulin deacetylation. Importantly,

when the concentration of agonist employed overcomes the action of

TSA on platelet function, a-tubulin was deacetylated, suggesting a

connection between the level of a-tubulin acetylation and the platelet

function.

Conclusion: We describe here for the first time that HDAC6 partici-

pates in the process of platelet activation; this effect could be mediated

by the acetylation status of a-tubulin. Grants: PI07/0463;Retics06/

0026.

References:

1 Redondo PC et al Cell Signaling 2007;19:2147.

2 Santos MT et al Circulation 2000;102:1924.

PB 4.24-6
The role of peroxisome proliferator-activated receptor
(PPAR)-r? ligands in platelet activation
Han J-Y, Choi JL, Kim BR, Goh R-Y and Park J-I

Dong-A University College of Medicine, Busan, South-Korea

Background: The mechanism of platelet production and activation is

not fully understood. Recently, the ligand-activated transcription fac-

tor peroxisome proliferator-activated receptor gamma (PPARc) has

been reported to promote the formation of platelets from megakaryo-

cytes and accelerate platelet recovery after radiation-induced bone

marrow injuries.

Aims: In the present study, we analyzed whether and how PPARc
ligand and its antagonist affect platelet function in vitro.

Methods: Platelets were obtained from plateletpheresis products by

centrifugation. Western blotting for PPARc was performed, and

bands were visualized by chemiluminescence. The effects of the potent

PPARc antagonist GW9662 and the anti-oxidant brown algae-based

polyphenol complex Seanol were also evaluated. Platelet flow cytome-

try and aggregation tests were performed after each treatment in order

to analyze the effects of the treatment on platelets.

Results: Treatment with 10 lM PPARc ligand (15-deoxy-D12,14 pros-

taglandin J2, 15d-PGJ2) did not significantly affect platelet expression

of CD61, CD41, CD42b, CD62p, CD63, or PAC1 as measured by

flow cytometry. However, the PPARc antagonist GW9662 at a con-

centration of 20 lM decreased CD42b and CD62p expression, while

Seanol at 25 lg/mL decreased CD63 and PAC1 expression. Studies of

the effects of these treatments on other platelet function parameters

including platelet aggregation, Multiplate and PFA-100 tests, are

ongoing.

Conclusions: Understanding the mechanisms that underlie megakaryo-

cyte maturation and platelet production will provide insight into new

ways to enhance the production of platelets from precursor cells. Fur-

thermore, rapid platelet recovery after stem cell transplantation can

reduce both the cost of supportive therapy and the risk for bleeding.

Our findings support the hypothesis that PPARc plays a role in plate-

let activation, and we are now planning to investigate its involvement

in areas including thrombopoiesis from cord blood and diseases such

as myelodysplastic syndromes.

PB4.25 – Thrombus formation – II

PB 4.25-1
Convection of platelets to a growing thrombus is
governed by vessel size, shear rate, and platelet size
and stiffness
Mehrabadi M, Aidun CK and Ku DN

Georgia Institute of Technology, Atlanta, USA

Rapid formation of arterial thrombi requires a high platelet concentra-

tion at the walls. Despite the low concentration of platelets in blood,

margination of platelets towards the walls may increase the near-wall

platelet concentration several fold. Vasoconstriction in response to

arterial injury and stenotic atherosclerotic plaques lead to a reduction

of the lumen with a subsequent increase in the local shear rate. This

study explores the relative role of vessel size, shear rate, and platelet

size and stiffness on margination.

We have performed large-scale computational simulations of particu-

late whole blood flow. Our model includes flow of many soft red blood
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cells (RBC) and platelet mechanics and particle-particle and particle-

fluid interactions in blood flow. In addition to stiff platelets, we use

soft platelets and large, stiff platelets, as ‘model’ particles to examine

the physics of margination. The distance for platelet margination and

platelet concentration near the wall are used as the quantitative end-

points. We found that large stiff particles marginate to the wall slowly.

Next, small soft particles marginated faster, and small stiff particles

marginated fastest. Thus, the smaller size of platelets is the dominant

parameter driving platelet margination within the range studied. Our

results further show that a high near-wall concentration (70% of the

platelets in the control volume are within 6 lm from the walls) of stiff

small platelets develops after relatively short lengths of 12 mm for a

40 lm channel. For comparison, 50% of soft platelet-sized particles

and 30% of stiff large particles marginate to the near-wall region after

12 mm of length. The high platelet concentration in the plasma skim-

ming layer forms much more rapidly as the lumen size is decreased.

For a larger 80 lm channel, only 30% of platelets marginate to the

near-wall region within 12 mm. Platelet margination rate also

increases linearly with shear rate over a range of 1000–20,000 1/s;

however, the development length of platelet concentration profile

remains about constant as the travel distances increase with high

shear. As platelet concentration near the wall may be the rate-limiting

step in occlusive thrombus formation, identification of hemodynamic

parameters governing platelet margination may guide us in identifying

risk factors associated with atherothrombosis and suggest new ways to

prevent arterial thrombosis.

PB 4.25-2
A novel approach to reduce variability in platelet flow
chamber experiments by utilizing an internal control
Claesson K, Fax€alv L, Bengtsson K, Robinson ND and Lindahl T

Link€oping University, Link€oping, Sweden

Background: The use of microfluidic devices is an established tool in

studying shear-dependent platelet adhesion and aggregation. However

the use of these devices and their construction are poorly standardized.

Most systems utilize single-use components and thus enable only one

blood sample per run and system, and the inherent variability in over-

all adhesion/aggregation between different runs is usually high. This

complicates any attempts to compare different samples. This variabil-

ity may stem from small changes in flow chamber geometries, espe-

cially since it is not uncommon with ‘homemade’ chamber solutions,

image capture in different regions of the chamber, and the possible

effect of time between runs since each sample has to be run individu-

ally.

Aims: To develop a method using an internal control for increasing

experimental control and decreasing variability in platelet adhesion/

aggregation assays in microfluidic devices.

Methods: Heparinized whole blood was drawn from healthy volun-

teers. Platelet-rich plasma (PRP) was prepared by centrifugation at

140 g for 12 min. PRP was obtained from the supernatant and RBC-

rich plasma from the bottom. PRP was divided and platelets were

either labeled with DiOC6 or rhodamine 6G, respectively. These two

markers have different excitation and emission spectra and can there-

fore be well separated during fluorescence microscopy. One of the por-

tions is untreated and used as the internal control while the other can

be treated with inhibitors/agonists of choice. Both the labeled platelet

populations are added to RBC-rich plasma immediately before the

start of the experiment.

The method was evaluated with adhesion assays performed with

fibrinogen or von Willebrand factor (vWf) coated surfaces in commer-

cial flow chambers (Ibidi), where the adhesion receptors aIIbb and

GPIb were blocked with abciximab and Mouse Anti-Human MoAb

(Clone HIP1), respectively.

Further evaluation was performed by aggregation experiments under

elevated shear stress in an in-house constructed PDMS channel with a

geometry resembling a stenosed vessel. Also in this experiment the

adhesion receptors aIIbb and GPIb were inhibited to evaluate their

participation in high-shear aggregation.

Results: This procedure eliminated the variability between flow cham-

ber runs and therefore decreased the overall variability when compar-

ing two different samples. The method also provided a direct and

visual indication of the results. The standard deviation was lowered in

comparison to the use of an external control, in the case of the vWF

surface the SD was in average 155% higher without internal control

for the first 3 min of measurement. The SD was calculated based on

six runs, where the ratio of the control and actual sample were com-

pared. Blocking aIIbb and GPIb gave a distinct reduction in platelet

adhesion, also GPIb inhibition alone, but not aIIbb alone, prevented

shear induced aggregation in the PDMS channel.

Summary/Conclusion: We present a method for internal control during

flow experiments. This procedure will give a more reliable and precise

result as well as save both time and material. As the control is per-

formed in the same environment as the treated sample itself non-rele-

vant variables are excluded. The method is therefore well suited for

screening assays.

PB 4.25-3
Anfibatide, a novel GPIb complex antagonist inhibits
platelet adhesion and thrombus formation in vitro and
in vivo murine models of thrombosis
Adili R1, Lei X2, Zhou H1, Wang Y1, Hou Y1, Dai X3, Li BX4

and Ni H1

1LKSKI-Keenan Research Center, St. Michael’s Hospital,

Canadian Blood Services, Toronto, Canada; 2LKSKI-Keenan

Research Center, St. Michael’s Hospital, Univesity of Toronto,

Toronto, Canada; 3Zhaoke Pharmaceutical co. limited, Anhui,

China; 4Lee’s Pharmaceutical Holdings Limited., Shatin, Hong

Kong

Background: Platelet adhesion and subsequent aggregation at sites of

vascular injury are required to maintain normal hemostasis; however,

these processes also contribute to pathologic occlusive thrombosis.

Interaction of platelet surface GPIb complex with VWF is key for ini-

tiation of platelet adhesion, particularly at high shear stress. This inter-

action is also essential for platelet aggregation at sites of vascular

stenosis (e.g. shear rate >10,000 s�1), leading to vessel occlusion. Inter-

action of platelet surface integrin aIIbb3 with its ligands (fibrinogen or

other ligands) mediates platelet aggregation and contributes to platelet

adhesion at lower shear stress. Thus, both GPIb complex and integrin

aIIbb3 are important targets for anti-thrombotic therapy. Interest-

ingly, although several inhibitors of aIIbb3 have been developed for

antithrombotic therapies with some limitations due to bleeding com-

plications, anti-GPIb therapy has not been developed.

Aims: To evaluate the effect of a novel GPIb complex antagonist,

snake venom anfibatide, on platelet function in vitro and anti-throm-

botic activity in vivo.

Methods: The effect of anfibatide on platelet function was assessed in

platelet-rich plasma (PRP) and gel-filtered platelets using a platelet

aggregometer. Platelet surface P-selectin expression and integrin aI-

Ibb3 activation was assessed on anfibatide-treated platelets in vitro by

flow cytometry. Platelet adhesion, aggregation, and thrombus forma-

tion on a collagen-coated surface were studied by perfusing anfibatide-

treated or control whole blood through a perfusion chamber system at

shear rates of 100–5000 s�1. In vivo thrombus growth was monitored

in real-time under intravital microscopy in both FeCl3-injured mesen-

teric arterioles and laser-injured cremaster muscle arterioles.

Results: Anfibatide specifically inhibited ristocetin-induced human

platelet aggregation. Interestingly, anfibatide did not inhibit botroce-

tin-induced murine platelet aggregation in PRP, suggesting its unique

binding site on GPIba. It had no significant effect on ADP- or colla-

gen-induced aggregation in PRP, nor on thrombin-induced gel-filtered

platelet aggregation. There were no detectible differences in platelet
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surface P-selectin expression or b3 integrin activation when platelets

were incubated with anfibatide in static condition. In ex vivo perfusion,

anfibatide strongly inhibited murine platelet adhesion, aggregation,

and thrombus formation at high shear rate (600 s�1 or above). It also

inhibited thrombus growth at lower shear rate (300 s�1 or less)

although its effect was less potent. In the mesenteric arteriole throm-

bosis model, anfibatide markedly inhibited platelet adhesion, aggrega-

tion and thrombus formation, and prevented vessel occlusion in

response to FeCl3 injury (P < 0.05). Consistent with these results, anfi-

batide also dramatically inhibited platelet accumulation and thrombus

growth at sites of laser-injured cremaster arterioles. Importantly, we

did not observe prolonged tail bleeding time or increased bleeding

diathesis during surgeries in anfibatide-treated mice, which is consis-

tent with our observation in an ongoing Phase I clinical trial in human

volunteers.

Conclusions: Anfibatide inhibits ristocetin-induced human platelet

aggregation but not botrocetin-induced murine platelet aggregation,

suggesting its binding site may be different from other snake venoms.

Anfibatide effectively inhibits platelet adhesion, aggregation, and

thrombus formation and prevents vessel occlusion without signifi-

cantly impairing hemostasis, indicating that anfibatide may have great

potential as a new anti-thrombotic agent.

PB 4.25-4
Kinetics of thrombus formation and further
characterization of the bleeding phenotype in PT-VWD
hTgG233V mouse model
Kaur H, Toukh M, Corscadden K and Othman M

Queen’s University, Kingston, ON, Canada

Background: The interaction between the platelet GPIba and Von

Willebrand factor is critical to platelet adherence to the subendothelial

vasculature and thrombus formation at sites of injury. Stabilization of

thrombus is supported by signaling events that are not completely

defined. Platelet-type von Willebrand disease (PT-VWD) is a rare

bleeding disorder caused by gain-of-function mutations in the platelet

GP1BA gene resulting in a GPIba protein that is a hyper-responsive to

VWF. Mice expressing the human GPIba mutation G233V showed

impaired thrombus formation and bleeding phenotype similar to

human PT-VWD.

Aim: To study the kinetics of thrombus formation in hTgG233V mice

for better assessment of the bleeding phenotype in PT-VWD and to

investigate the effect of inhibition of the hyper-responsive platelet

GPIba on the phenotype.

Methods: In vivo thrombus formation was visualized using intravital

microscopy following laser injury to the cremaster artery. Platelets

were labelled in vivo by injecting Rhodamine 6G. Images were taken

over 20 min to visualize platelet deposition on the arteriolar wall and

occlusive thrombus formation. To assess the initial adherence of the

platelets, attachment was defined as continuous interaction (for 5 s)

with the endothelium by a platelet after laser-induced injury. Mice tail

bleeding times were determined and measurements were terminated at

10 min. The effect of GPIba inhibition was evaluated using 6B4; a

monoclonal antibody that blocks the GPIba-binding site for VWF.

The inhibitor was injected through jugular vein in intravital studies

and tail vein in tail bleeding time experiments. Global haemostasis was

assessed by thrombelastography using citrated whole blood obtained

via cardiac puncture from hTgWT and hTgG233V animals. In addition,

blood was incubated with the inhibitor in vitro for 5 min prior to

TEG.

Results: Intravital microscopy revealed severe impairment of occlusive

thrombus in any of the hTgG233V mice, whereas stable clots were

formed and vessels were occluded in hTgWT mice (n = 4). Kinetics of

clot formation was determined through accumulated fluorescence

intensity as a surrogate for platelet accumulation. All time points were

examined and hTgG233V mice showed significantly less platelet accu-

mulation than hTgWT mice P < 0.001 (n = 4). In hTgWT, GPIba inhib-

itor had no significant effect on the time to form initial clots but

significantly reduced clots’ stability (P < 0.02). In hTgG233V, there was

a significant increase in the number of formed clots but these clots

were not stable. Considerable individual variation in TEG parameters

was shown and GPIba inhibitor shortened the R and K times,

increased alpha angle and MA in each of the hTgWT hTgG233V. All

hTgG233V (n = 5) mice had a bleeding time 10 min. On the other hand,

hTgWT mice (n = 7) had widely variable bleeding times ~3–10 min.

GPIba inhibitor had no effect on bleeding time in hTgG233V and in

hTg WT.

Conclusions: This study provides further insights into the bleeding phe-

notype in PT-VWD mouse model and new understanding of the

molecular behaviour of the hyper-responsive GPIba associated in this

bleeding disorder.

PB 4.25-5
The Rho GTPase effector PAK regulates thrombin- and
collagen-stimulated platelet aggregation, lamellipodia
formation and aggregate stability under shear
Aslan JEJ1, Itakura A1, Baker S1, Haley KM1, Tormoen GW1,

Pang J1, Loren C1, Chernoff J2 and McCarty OJT1

1Oregon Health & Science University, Portland, OR; 2Fox Chase

Cancer Center, Philadelphia, PA, USA

Rho GTPase proteins regulate the dynamics of the platelet actin cyto-

skeleton. However, little is known regarding how Rho GTPases coor-

dinate platelet activation and function. In this study, we characterize

the role of the Rho GTPase effector p21 activated kinase (PAK) in

platelet activation, lamellipodia formation and aggregate formation

under shear. Stimulation of platelets with the GPVI agonist, collagen-

related peptide (CRP), rapidly activated PAK in a time course preced-

ing phosphorylation of PAK substrates LIMK1 and MEK and the

subsequent activation of MAPKs and Akt. Pharmacological inhibitors

of PAK blocked signaling events downstream of PAK and prevented

platelet secretion as well as platelet aggregation in response to CRP.

PAK inhibition also prevented PAK activation and platelet spreading

on collagen surfaces. Platelet responses to thrombin, including the

activation of a set of Rac1-associated PAK effectors were also abro-

gated by PAK inhibition. PAK was also required for platelet aggregate

formation to maintain aggregate stability under physiological shear

flow conditions. These results suggest that PAK serves an orchestrator

of platelet functional responses following activation downstream of

GPVI and PAR engagement.

PB 4.25-6
Light-controlled coagulation – aptamer-templated
synthesis facilitating masking and photochemical
liberation of thrombin function
Rohrbach F1, Pfeiffer F1, Sch€afer F2, M€uller J3,

P€otzsch B3, Heckel A2 and Mayer M1

1University of Bonn, Bonn; 2Goethe-University Frankfurt,

Frankfurt/Main; 3University Hospital Bonn, Bonn, Germany

The serine protease thrombin is one of the central proteins in the blood

coagulation cascade. Its enzymatic activity regulates various mecha-

nisms connected to hemostasis and blood clot formation. The direc-

tion of coagulation processes to blood vessel lesions and prevention of

thrombus by noninvasive systems is of great interest in hematology.

Furthermore, spatiotemporal regulation of thrombin activity is not

solely important in preventing thrombosis but could be a powerful

tool to restrict tumor blood supply or stop uncontrolled bleeding in

emergency surgeries.
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Here, we present an aptamer-templated synthesis approach of a light-

inducible thrombin release complex using the advantages of the exist-

ing thrombin inhibitor aptamer HD1 to form an ON switch for coagu-

lation in human blood plasma. HD1 is functionalized with a

photocleavable extension and a cross-linking moiety. The recognition

of thrombin exosite I, responsible for the procoagulant functions of

thrombin such as conversion of fibrinogen to fibrin and platelet aggre-

gation, enables the aptamer to covalently cross-link to nucleophilic

amino acid residues of the protein. Thereby, fibrinogen binding to exo-

site I is inhibited and fibrin formation, essential for blood clot forma-

tion, is prohibited. UV-irradiation of the aptamer-protein complex

causes photocleavage of the linker, which results in HD1 dissociation

from exosite I. Consequently the blood clotting activity of thrombin is

restored. Photo-cleavage is visualized by western blot analysis and

light-activated coagulation is measured in human plasma.

In summary, we designed an aptamer-based light-inducible ON-switch

for thrombin function, demonstrating the great potential of aptamer-

mediated, spatiotemporal control of coagulation.

PB4.26 – Platelet activation
mechanisms

PB 4.26-1
A critical role of thrombin/PAR-1 in ADP-induced
platelet secretion and the second wave of aggregation
Jiang L1, Xu C1, Yu S1, Liu P1, Luo D1, Zhou Q1, Gao C2 and Hu H1

1Zhejiang University, School of Medicine; 2Zhejiang University

School of Public Health, Hangzhou, China

Background: The stable or second wave of platelet aggregation often

observed in ADP-stimulated platelet-rich plasma (PRP) with artifi-

cially lowered extracellular calcium level have been attributed to

enhanced thromboxane A2 (TXA2) generation and inhibition of ecto-

nucleotidases activity. However, the role of thrombin in ADP-induced

platelet secretion and second wave aggregation are unknown.

Aims: To investigate the role of thrombin in ADP-induced platelet

activation.

Methods: We employed aggregometry, flow cytometry, immunoblot-

ting and ELISA to determine whether and how thrombin participates

in ADP-induced platelet secretion and second wave aggregation.

Results: ADP induces a phosphoinositide 3-kinase (PI3K) pathway-

dependent thrombin generation, presumably resulted from the cleav-

age of aIIbb3-associated prothrombin. Generated thrombin subse-

quently activates protease-activated receptor-1 (PAR-1) and mediates

dense granule secretion and second wave of platelet aggregation in

ADP-stimulated citrated PRP. Thus, ADP-induced dense granule

secretion and second wave of platelet aggregation in PRP were simi-

larly and non-additively blocked by thrombin inhibitor hirudin, PAR-

1 antagonist SCH-79797, or PI3K inhibitor wortmannin. Moreover,

ADP-stimulation caused the dissociation of prothrombin from aIIbb3
and increased plasma thrombin level, both were prevented by wort-

mannin. Furthermore, wortmannin-inhibited second wave of platelet

aggregation by ADP was restored by a subaggregation concentration

of PAR-1 activating peptide SFLLRN. Blocking TXA2 production

with indomethacin or restoring extracellular calcium to physiological

concentration did not influence this thrombin/PAR-1-dependence.

Conclusions: A PI3K-dependent thrombin generation and the resultant

PAR-1 activation serve as an indispensable mechanism to relay the

platelet activation process induced by ADP.

PB 4.26-2
Oxidised LDL activates blood platelets through
NADPH oxidase-dependent modulation of the cGMP/
Protein kinase G signalling cascade.
Naseem KM, Magwenzi S and Wraith K

University of Hull, Hull, UK

Background: Blood platelets are critical for haemostasis, but require

regulation to prevent vascular occlusion and thrombosis. The cyclic

guanosine-5’-monophosphate (cGMP) signalling pathway is a potent

endogenous regulator of platelet function. Oxidised low density lipo-

proteins (oxLDL) may contribute to unregulated platelet activation in

atherothrombosis by unknown mechanisms. We hypothesised that ox-

LDL increases platelet activation through modulating platelet sensitiv-

ity to cGMP signalling.

Aims: We investigated whether oxLDL activated platelets by reducing

platelet sensitivity to cGMP-mediated inhibition.

Methods and Results: Platelet aggregation and accrual under physio-

logical conditions of flow were inhibited by 8-pCPT-cGMP, a direct

activator of protein kinase G (PKG). OxLDL, but not native LDL,

reduced the inhibition of platelet aggregation and accrual by 8-pCPT-

cGMP, without itself causing significant platelet activation. OxLDL

prevented cGMP-stimulated phosphorylation of the PKG substrate,

VASP (serine239), through a mechanism requiring the scavenger

receptor CD36 and the generation of reactive oxygen species (ROS).

To explore the role of these ROS in platelet function we used a multi-

pronged approach. Firstly we found that the ability of oxLDL to mod-

ulate PKG signalling and stimulate platelet activation was prevented

by cell-permeable superoxide scavengers, MnTMPyP and TEMPOL,

and the NADPH oxidase (NOX) inhibitor gp91ds-tat, suggesting a

role for gp91phox/NOX2. Secondly, we found that oxLDL generated

ROS through ligation of CD36. Thirdly, oxLDL stimulated

gp91phox/NOX2-mediated ROS generation through sequential acti-

vation of Src kinases, Syk, PLCc2 and PKC. Fourthly, PKC-depen-

dent phosphorylation of p47phox resulted in its translocation to the

membrane compartment where it associates with p22 phox to form an

active NADPH oxidase holoenzyme.

Conclusion: We show for the first time that oxLDL stimulates the gen-

eration of intracellular ROS through the activation of gp91phox/

NOX2 in platelets, downstream of a CD36/tyrosine kinase signalling

pathway. These data reveal a new role for oxLDL in promoting plate-

let aggregation through modulation of the PKG signaling pathway.

PB 4.26-3
P2X1-mediated p38 signaling enhances U46619-
induced platelet secretion and aggregation
Huang Z1, Liu P2, Zhu L1, Li N1 and Hu H2

1Karolinska Institute, Stockholm, Sweden; 2Zhejiang University,

Hangzhou, China

Background: Platelet ATP receptor P2X1 is an ion channel that evokes

a rapid calcium influx and sequential signal events, such as activation

of calmodulin, ERK2, and myosin light chain kinase. Through auto-

crine and/or paracrine mechanisms, ATP induces P2X1 activation, and

can subsequently amplify platelet reactions initiated by other agonists,

including Thromboxane A2 (TXA2). It is, however, poorly understood

how P2X1 activities influence TXA2-stimulated platelet acativation

Aims: To elaborate the molecular mechanisms of P2X1 engagements in

U46619-induced platelet secretion and aggregation.

Methods: Platelet aggregation was monitored by aggregometry. Plate-

let secretion was measured as P-selectin expression using flow cytome-

try. Immunoblotting was employed to monitored platelet proteins

phosphorylation.

Results: The P2X1 inhibitor NF449 (1 lM) inhibited platelet P-selectin

expression induced by a low concentration of U46619 (0.3 lM)

(32.0 � 2.0% vs. 43.4 � 3.0%, approximately 26% relative inhibi-
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tion; n = 5; P < 0.05). Similar to NF449, the p38 inhibitor SB203580

(10 lM), but not the ERK inhibitor U0126 (10 lM), inhibited

U46619-induced platelet P-selectin expression (16.2 � 2.8% vs.

27.5 � 4.7% of vehicle; n = 4; P < 0.05). No additional inhibition was

observed when NF449 and SB203580 were combined (16.1 � 2.2%;

n = 4). Adding exogenous a,b-Me-ATP (0.5 lM) at 1 min after

U46619 stimulus increased platelet P-selectin expression by 26%

(n = 6; P < 0.05). The enhancement was abolished in the presence of

SB203580. In consistence with above results, 0.3 lM U46619-induced

platelet aggregation was similarly decreased by NF449 (1 lM),

SB203580 (10 lM), or P2X1 predesensitization with a,b-Me-ATP

(0.5 lM). Immunoblot analysis showed that a,b-Me-ATP (2 lM)

caused rapid and reversible p38 phosphorylation. U46619-induced

platelet p38 phosphorylation was decreased by P2X1 predesensitiza-

tion with a,b-Me-ATP. Intriguingly, P2X1-p38 pathway seems to be

effective to only platelet activation induced by low concentrations of

U46619 but not high concentrations. The latter was evidenced by the

results showing that a,b-Me-ATP supplementation or p38 blockade

had no effect on platelet activation induced by higher concentration of

U46619, such as 3 lM.

Conclusions: Activation of P2X1 ion channel potentiates platelet secre-

tion and aggregation initiated by low doses of U46619 and via p38 sig-

naling pathway. Hence, the P2X1 action may be an important

mechanism for more robust platelet responses when only mild stimuli

are present.

PB 4.26-4
Characterization of losartan effects on platelets
Jandrot-Perrus M, Jiang P and Loyau S

Inserm U698, Paris cedex 18, France

Background: Losartan, a selective, competitive inhibitor of the angio-

tensin II type I receptor, is routinely used to treat hypertension. It has

been reported to have antithrombotic effects in animal models depen-

dent on NO/prostacyclin and direct antiplatelet effects were described

in vitro: competitive inhibition of U46619 binding to the thromboxane

A2 receptor (TPR) (Guerra-Cuesta JI et al. J Hypertens 1999) and

interaction with GPVI (Grothusen C et al. Arterioscler Thromb Vasc

Biol, 2007; Ono K et al. J Med Chem 2010).

Aims: This study was aimed to better characterize in vitro the effect of

losartan on platelets and to elucidate its mechanism of action.

Methods: Experiments were performed on PRP and washed platelets

from healthy donors who had not taken medication for at least for

10 days. Samples were preincubated with increasing concentrations of

Losartan (0–50 lg/mL) before measuring platelet aggregation and P-

selectin exposure. Platelet activation was triggered by arachidonic acid

(AA, 1.5 mM), APD (10 lM), thrombin-receptor activating peptide

(TRAP 20 lM), the thromboxane A2 analogue U46619 (1 lM), type I

collagen (Horm, 1 lg/mL), convulxin (Cvx, 0.5 nM), or the anti-

FcgRIIA antibody IV.3 cross-linked by anti-mouse IgG Fab’2. Plate-

let adhesion to immobilized collagen was analysed using whole antico-

agulated blood in flow conditions (1500 s�1). GPVI binding to

collagen was measured using recombinant soluble dimeric GPVI

(GPVI-Fc). GPVI dimerisation/clustering was analysed by flow

cytometry using the specific antibody 9E18 (Loyau S et al. Arterioscler

Thromb Vasc Biol 2012).

Results: Losartan up to 50 lg/mL had no effect on AA, TRAP or Cvx-

induced platelet aggregation and P-selectin exposure. Losartan (50 lg/
mL) inhibited the second wave of aggregation in response to ADP and

dose-dependently inhibited U69919- and collagen-induced platelet

aggregation. However, the losartan IC50 was six times higher for

U46619 than for collagen-induced platelet aggregation (18 vs. 3 lg/
mL) suggesting that the inhibition of collagen-induced platelet activa-

tion was partly independent of the effect of losartan on TPR. This was

confirmed by the observation that losartan still inhibited the collagen-

induced residual platelet aggregation of indomethacin-

treated platelets. When blood preincubated with losartan (10 lg/mL)

was perfused over collagen, less platelet aggregates were formed as com-

pared to control conditions. Losartan up to 100 lg/mL slightly reduced

the binding of the anti-GPVI monoclonal antibody 9O12 to GPVI-Fc

and had no effect on the high affinity binding of GPVI-Fc to collagen

suggesting that losartan does not occupy the collagen-binding site on

GPVI. However, interestingly, losartan (10 lg/mL) inhibited the bind-

ing of the 9E18 antibody to platelets incubated with collagen suggesting

that losartan blocks collagen-inducedGPVI clustering.

Conclusion: Losartan inhibits collagen-induced platelet adhesion, acti-

vation and aggregation. This effect is, at least partly, independent of

TPR inhibition, and does not rely on the inhibition of the protein tyro-

sine kinase pathway since it does not impact FcgRIIA activation. Our

data suggest that the inhibition, by losartan, of collagen-induced

GPVI clustering could reduce platelet reactivity and contribute to its

antithrombotic effect. The relevance of this effect in losartan-treated

patients is under investigation.

PB 4.26-5
Sex-specific differences in platelet activity
Berger J1, Becker RC2, Lobach I1, Ortel TL2 and Williams R2

1NYU Langone Medical Center, New York, NY; 2Duke University

Medical Center, Durham, NC, USA

Background: Women and men have important differences to the

pharmacodynamic response and clinical outcomes following the use of

antiplatelet therapy. A sex-specific difference in baseline platelet activ-

ity is one potential mechanism.

Aim:We sought to examine platelet activity when stratified by sex.

Methods: A total of 542 healthy volunteers (349 women and 232 men)

underwent light transmission aggregometry in response to epinephrine,

ADP and collagen. Platelet aggregation >60% was considered to be

hyperreactive. Principal Components Analysis (PCA) was used to infer

principal combinations of the three platelet activity measures.

Results:Women were older (29 � 9.1 vs. 26 � 7.0, P < 0.001) and less

frequently white (60% vs. 73%, P = 0.002) compared with men.

Smoking and body mass index was similar between groups. In the

overall population, stimulation with submaximal epinephrine (2 lM),

ADP (1 lM) and collagen (2 lM) concentrations elicited a distinct,

bimodal pattern of platelet aggregation in this population. Maximum

aggregation was greater in women than men for epinephrine

(43.7% � 33.8 vs. 38.6% � 31.6, P = 0.07), ADP (26.7% � 25.8 vs.

19% � 19.5, P < 0.01), and collagen (72% � 25.7% vs. 69.6 � 23.3,

P = 0.25). Compared with men, women were significantly more likely

to be hyperreactive to epinephrine and ADP. After adjustment for age

and race, sex was independently associated with platelet hyperreactivi-

ty to epinephrine and ADP. Platelet aggregation in response to epi-

nephrine, ADP and collagen using PCA is significantly associated with

sex (P = 0.01).

Conclusion: Women have significantly increased baseline platelet activ-

ity compared with men. Studies are needed to determine whether a dif-

ferential sex-specific response to antiplatelet therapy can be attributed

to this underlying sex-specific difference in baseline platelet activity.

PB 4.26-6
The cellular prion protein PrPC regulates platelet
signaling and activation
Aslan JEJ1, Mariante RM2, Mizurini DM2, Alvez Americo T2,

Gomes F2, Monteiro Q2, McCarty OJT1 and Linden R2

1Oregon Health & Science University, Portland, OR, USA;
2Universidade Federal do Rio de Janeiro, Rio De Janeiro, Brazil

Background: Prion diseases manifest through the conversion of the cel-

lular prion protein, PrPC, to its pathogenic scrapie form, PrPSc, to

result in protein aggregation and disease. In healthy cells, PrPC serves

as a signaling scaffold at the cell surface to regulate signaling processes
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in an undetermined manner. Interestingly, platelets express abundant

PrPC which has hypothesized roles in platelet physiology.

Aim: Our study was designed to characterize the role of PrPC in plate-

let function.

Results: Upon stimulation of platelets in solution with agonists includ-

ing collagen and thrombin, PrPC is externalized to the platelet surface.

PrPC also localizes to the cell surface as platelets encounter immobi-

lized surfaces of fibrinogen or collagen. Immunofluorescence micros-

copy supports a model of PrPC externalization in which PrPC traffics

in granules first to platelet filopodia and ultimately to the platelet sur-

face, suggesting that PrPC has roles in signaling complex formation at

sites of filopodial anchoring and actin organization. PrPC upregula-

tion at the platelet surface was abolished by tyrosine kinase inhibition

but not Rho GTPase inhibitors, suggesting that PrPC mobilization is

an early event in platelet activation.

Conclusions: These signaling studies, together with studies of platelets

from PrPC mouse models suggest that PrPC may regulate signals

downstream of platelet agonist and substrate receptor binding to early

phases of platelet activation.

PB4.27 – Platelet activation:
miscellaneous – II

PB 4.27-1
Non-uniform distribution of coagulation factors on the
membrane of activated platelets
Podoplelova NA1, Golomysova A2, Ataullakhanov F1

and Panteleev MA1

1Center for Theoretical Problems of Physicochemical

Pharmacology; 2Faculty of Physics, Lomonosov Moscow State

University, Moscow, Russian Federation

Introduction: All major reactions of blood coagulation proceed on the

negatively charged phospholipid membranes. The interaction proteins

of with phospholipid membranes leads to a dramatic acceleration of

the reaction rate. A possible mechanism for this acceleration of the

reaction rate is increase of the local concentrations of the factors. To

investigate further this phenomenon, we examined binding of fluores-

centlylabeled coagulation factors with the phosphatidylserine-exposing

platelets using confocal microscopy.

Aims: To Investigate distribution of coagulation factors on the mem-

brane of activated platelets.

Materials and Methods: FX was covalently labeled with fluorescein.

Platelets were activated at 2 9 10 7/mL with thrombin (100 nM),

thrombin(100 nM) + CRP (10 lg/mL) or ionophore(10 lM) in the

presence of 2.5 mM CaCl2+ for 10 min. They were incubated with

FITC-labeled 2% (v/v) annexin V, 500 nM fX, fIXa or prothrombin

for 5 min, and were imaged with microscope Zeiss Axio Z1.

Results: Annexin V, which was the specific marker for phosphatidyl-

serine, was non-uniformly distributed on the membrane of activated

platelets. There was a small convex area region with high concentra-

tions of annexin V. That region was observed for different types of

activation (ionophore, thrombin, thrombin + CRP). fX, fIXa and pro-

thrombin were distributed simularly. The area region with high con-

centration of factor usually had surfase 10–20% of the platelets

membrane. Mathematical modeling showed that this distribution of

the factors entering into tenase accelerates the reaction at lease by an

order of magnitude.

Conclusions: The coagulation factors are distributed non-uniformly on

the membrane of activated platelets. The location of clotting factors in

a small area region of the membrane of activated platelets can lead to

a significant acceleration of coagulation reactions.

PB 4.27-2
Assessment of platelet inhibition and its stability
during aspirin and clopidogrel treatment
Timur AA1, Murugesan G2, Zhang L3, Barnard J3, Bhatt DL4

and Kottke-Marchant K2

1Cleveland Clinic, Cleveland, OH; 2Robert J. Tomsich Pathology

and Laboratory Medicine Institute, Cleveland Clinic, Cleveland,

OH; 3Quantitative Health Sciences, Cleveland Clinic, Cleveland,

OH; 4Harvard Medical School, Boston, MA, USA

Background: Assessment of platelet inhibition and its stability is cru-

cial for patients with coronary syndromes and those undergoing percu-

taneous coronary intervention (PCI).

Aims: To assess platelet inhibition and its stability using different

platelet function assays and to seek correlation and agreement between

these tests.

Methods: Samples from 58 patients who underwent PCI and were on

both aspirin and clopidogrel were collected at hospital discharge fol-

lowing PCI (visit-1) and at 30–90 days (visit-2). Platelet function was

measured using light transmission aggregometry with arachidonic acid

(LTA-AA) and ADP (LTA-ADP), VerifyNow (Aspirin; ARU and

P2Y12; PRU), ex vivo TxB2, urinary 11dhTxB2, and VASP (PRI)

assays. Patients were categorized as poor responder (PR) to aspirin

based on ARU ≥550, LTA-AA ≥20%, TxB2 ≥1 ng/mL or 11dh TxB2

≥1500 pg/mg of creatinine and PR to clopidogrel with PRU ≥240,
PRU ≥208, LTA-ADP ≥40%, PRI ≥50%, or PRI ≥66%.

Results: Depending on platelet function assay, 3–33% of patients in

visit-1 and 5–28% in visit-2 were aspirin PR while persistent aspirin

PR (PR in both visits) were 2–9%. Similarly, 10–35% of patients in

visit-1 and 14–45% in visit-2 were clopidogrel PR and 5–28% were

persistent clopidogrel PR. There was a significant difference between

visit-1 and visit-2 measures of PRU, LTA-ADP, and PRI which were

higher in the second visit (P-value <0.05). Analysis of data quartiles

between visits revealed moderate but the highest agreement for PRU

(j = 0.46, 95% CI = 0.29, 0.63, P-value <0.001) and PRI (j = 0.4,

95% CI = 0.23, 0.57, P-value <0.001). Based on binary data, agree-

ment between two visits was: high for PRU (cut-off 240; j = 0.7, 95%

CI = 0.47, 0.93, P-value <0.001) and PRI (cut-off 66%; j = 0.69, 95%

CI = 0.42, 0.95, P-value <0.001), moderate for LTA-ADP (j = 0.57,

95% CI = 0.22, 0.93, P-value <0.001), poor for 11dhTxB2 (j = 0.31,

95% CI = �0.1, 0.72, P-value = 0.019), and absent for ARU, LTA-

AA, and TxB2. Comparison of platelet function assays in a visit indi-

cated a poor agreement between PRU and LTA-ADP (j = 0.26, 95%

CI = 0.08, 0.44, P-value <0.001), and PRU and PRI data quartiles

(j = 0.36, 95% CI = 0.19, 0.54, P-value <0.001). A poor to moderate

agreement was also present between PRU (cut-off 240) and LTA-ADP

(j = 0.33, 95% CI = �0.07, 0.73, P-value <0.001), and PRU (cut-off

208) and PRI (cut-off 50%) (j = 0.42, 95% CI = 0.16, 0.68, P-value

<0.001) binary data.
Conclusion: There is overall stability in platelet inhibition. However,

its assessment is influenced by the platelet function assay utilized.

Clopidogrel-related assays display a higher agreement in the assess-

ment of platelet function compared to aspirin-related assays. Compli-

ance and effective dose of the regimens should be strictly followed.

PB 4.27-3
Platelet aggregation behavior in the perioperative
period of vascular surgery
Calderaro D1, Pastana AF1, Rocha TRF2, Gualandro DM1, Yu PC1,

Carmo GAL1, D’Amico EA2, De Luccia N2, Puech-Le~ao P2

and Caramelli B1

1Heart Institute (InCor) ; 2Clinics Hospital University of S~ao

Paulo, S~ao Paulo, Brazil

Background: Cardiovascular complications are common after vascular

surgeries and atherothrombosis is a determinant factor. The periopera-

tive maintenance of aspirin is recommended for risk control.
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Aims: Our purpose is to evaluate the behavior of platelet aggregation

(PA) and its relation with cardiovascular events (CVE) in the perioper-

ative period of vascular surgical patients under chronic aspirin ther-

apy.

Methods: The protocol was approved by the local ethics committee

and we obtained written informed consent from the patients. We ana-

lyzed PA before surgery for 191 patients and in 163 of them PA was

reassessed after surgery. Maximum extent aggregation was evaluated

on an impedance aggregometer (Chrono-log/USA) after blood expo-

sure to different agonists: collagen 1 lg/mL; collagen 2 lg/mL; colla-

gen 5 lg/mL and arachidonic acid (AA) 0.5 mM. We defined the

following CVE, during hospitalization: acute coronary syndromes, iso-

lated troponin elevation, ischemic cerebrovascular event, cardiovascu-

lar death and vascular reoperation. The independent pre-operative

predictors of CVE were identified in a logistic regression model and

the paired T-test was used for PA behavior evaluation. The mean of

the individual differences between post and pre-operative PA tests

(delta PA) were compared between patients with and without CVE.

Results: The incidence of CVE was 22% and its predictors were: dysli-

pidemia (OR 3.90; IC95% 1.32–1.51; P = 0.014), anemia (OR 2.64;

IC95% 1.19–5.85; P = 0.017), trans operative hemodynamic instabil-

ity (OR 4.12; IC95% 1.87–9.06; P < 0.001) and PA with AA >11 Ω

(OR 2.48; IC95% 1.07–5.76; P = 0.034). There was a significant

decrease in PA after exposure to collagen 2 lL/mL (10.43Ω �5.14 X 8.14

Ω�4.45; P < 0.001), collagen 5 lL/mL (16.75 Ω �5.79 X 14.68 Ω � 5.51;

P < 0.001) and AA (5.80 Ω �5.74 X 3.83 Ω � 5.30; P < 0.001). Delta PA

was higher among patients with CVE, when compared to patients

without CVE: �4.58 Ω� 7.33 X �1.35 Ω� 5.89; P = 0.007(response to col-

lagen 5 lL/mL) and �3.76 Ω � 6.18 X �1.44 Ω � 6.12; P = 0.045

(response to AA).

Conclusions:Highest PA in response to AA is a predictor of CVE, indi-

cating that a pro-thrombotic status is a determinant factor toward the

occurrence of perioperative complications. The decrease in PA after

surgery is possibly related to perioperative consumption that is greater

in patients with thrombotic complications.

PB 4.27-4
Binding of factor X to the activated platelet membrane
demonstrates a multistep dissociation process that
allows hysteresis effects
Podoplelova NA, Ataullakhanov F and Panteleev MA

Center for Theoretical Problems of Physicochemical

Pharmacology, Moscow, Russian Federation

Introduction: Activation of blood coagulation factor X (fX) by fIXa

occurs at physiologically significant rates only in the presence of Ca2+,

fVIIIa and negatively charged phospholipid membrane. The activated

platelets are physiological source of negatively charged phospholipid

membranes. Binding to platelets is the first step in the activation of

factor X and its understanding is a prerequisite for the analysis of their

mechanisms.

Predominant binding of factor X (fX), a major coagulation zymogen,

to the phosphatidylserine(PS)-positive subpopulation of platelets was

shown earlier, but was poorly characterized. In additionwe recently

discovered a new PS-positive subpopulation of platelets (Topalov et

al. Arterioscler Thromb Vasc Biol 2012, 32:2475–2483). Here we stud-

ied interaction of factor X with all three subpopulations of activated

platelets.

Methods: FX was covalently labeled with fluorescein. Platelets were

activated at 2 9 108/mL with 100 nM thrombin in the presence of

2.5 mM CaCl2 for 10 min. They were incubated with FITC-labeled fX

at for different time periods, diluted (if required), and immediately

analyzed with an Accuri C6 cytometer. Fluorescence intensity was

converted to a mean number of molecules per platelet using a calibra-

tion curve prepared with Green Flow Cytometry Intensity Calibration

Kits.

Results: In this work was shown, factor X binds with the two subpopu-

lations of PS-positive platelets predominantly (50,000–60,000 mole-

cules fX per platelet, Kd = 1340 � 290 nM, n = 3). Binding, was

calcium -depended, reversible andspecific as determined in the experi-

ments in the presence of excess unlabeled factor. Prothrombin com-

peted with fX for binding sites on the membrane. Unexpectedly,

kinetics of dilution-induced fX dissociation from the PS-positive plate-

lets revealed a multistep process, with a rapid (1–2 min) step followed

by a plato. As a result, the overall binding and dissociation process

was a hysteresis-like process possing a kind of ‘memory’.

Conclusions: Binding of fX to both PS-positive subpopulations is cal-

cium-depended, reversible, specific, but with a possibility of competi-

tion with prothrombin. Most importantly, this is a hysteresis-like

process possessing a ‘memory’ that can be important for reactions in

flowing blood.

PB 4.27-5
Mean platelet volume interactions with glycoprotein
IIb-IIIa and Ib content and platelet aggregation in acute
coronary syndrome patients and healthy volunteers
Mazurov A1, Khaspekova S1, Zyuryaev I1, Yakushkin V1,

Sirotkina OV2, Zaytseva N3 and Ruda M1

1Russian Cardiology Research and Production Complex, Moscow;
2Petersburg Nuclear Physics Institute, Saint-Petersburg; 3North-

Western State Medical University, Saint-Petersburg, Russian

Federation

Increased mean platelet volume (MPV) is an independent risk factor

of cardiovascular thrombotic events. In this study we investigated

interactions of MPV with glycoprotein (GP) IIb-IIIa and GP Ib con-

tent and platelet aggregation in patients with acute coronary syndrome

(ACS, n = 116) and healthy volunteers (n = 31). Patients and healthy

volunteers gave written informed consent for participation in the

study. In ACS patients blood was collected at days 1, 3–5 and 8–12
after disease onset. MPV was measured in haematological analyzer.

GP IIb-IIIa and GP Ib numbers on platelet surface were measured

using 125I-labeled monoclonal antibodies. Platelet aggregation was

induced by 5 and 20 lM ADP in ACS patients and by 1.25, 2.5, 5 and

20 lM ADP in healthy volunteers and was evaluated by turbidimetric

method. GP IIb-IIIa and GP Ib genetic polymorphisms were identified

using RT-PCR or PCR-RFLP. Plasma thrombopoietin (TPO) was

measured by ELISA. Strong direct interactions were detected between

MPV and GP IIb-IIIa and GP Ib content in both ACS patients (at all

time points after disease onset) and healthy volunteers – correlation

coefficients (r) from 0.439 to 0.645, P < 0.005 (for all correlations).

Direct correlations were also revealed between the numbers of both

glycoproteins – r from 0.504 to 0.566, P < 0.002 (for all correlations).

GP IIb-IIIa and GP Ib genetic polymorphisms (GP IIIa Leu33Pro,

GP Iba Thr145Met and GPIba (-5)T/C [Kozak]) were identified in

ACS patients and appeared to have no significant impact on GP IIb-

IIIa and GP Ib expression. Modest direct correlations between MPV

and platelet aggregation (maximal level) were registered at day 1 of

ACS in patients whose blood was collected after aspirin but before

clopidogrel uptake – r = 0.445, P = 0.003 (n = 43) and r = 0.318,

P = 0.036 (n = 44) for 5 and 20 lMADP respectively. No correlations

between these parameters were observed when patients received clopi-

dogrel in addition to aspirin (patients who had already received clopi-

dogrel at day 1 and all patients at later time points). No effects of GP

IIIa Leu33Pro polymorphism on platelet aggregation were detected at

all time points. In healthy volunteers significant correlation was

revealed between MPV and platelet aggregation only for 2.5 lM ADP

(r = 0.404, P = 0.022) and for other ADP doses it did not reach signifi-

cant level (r = 0.320, P = 0.074, r = 0.328, P = 0.067 and r = 0.245,

P = 0.183 for 1.25, 5 and 20 lM ADP respectively). Weak but signifi-

cant direct correlation was revealed between MPV and plasma TPO

which was determined in patients at day 1 of ACS (r = 0.286,
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P = 0.005). The data obtained indicated that increased MPV is associ-

ated with increased amount of GP IIb-IIIa and GP Ib and increased

platelet aggregation activity. At least in some ACS patients production

of large hyper-reactive platelets, containing high amounts of GP IIb-

IIIa and GP Ib, might be stimulated by increased TPO.

PB 4.27-6
Elevated prevalence and stability over time of high on-
treatment platelet reactivity in patients with ischemic
cerebrovascular disease
Rivera J1, Jover E2, S�anchez Guiu I1, Rodr�ıguez JM3, Bernal A1,

Iniesta JA3, Ant�on AI1, Vicente V1 and Lozano ML1

1Centro Regional de Hemodonaci�on, Hospital Universitario

Morales Meseguer; 2Hospital Universitario Virgen de la Arrixaca;
3Hospital Universitario Reina Sof�ıa, Murcia, Spain

Background: Ischemic stroke and transient ischemic attack (TIA) are a

main cause of morbidity and mortality worldwide, and up to 25% of

them are recurrent. Aspirin is the most used drug for secondary pre-

vention of acute and long-term treatment of cerebrovascular disease

(CVD). However, evidence that many patients have recurrent vascular

events while on aspirin, led to alternative therapies such as clopidogrel

or, more controversial, aspirin plus clopidogrel combination therapy.

High on-treatment platelet reactivity (HTPR), referred to as limited

inhibition of platelet function achieved by an antiplatelet therapy, has

recently emerged as a potential risk factor for recurrent vascular

events, and whether patients with HTPR phenotype may benefit from

intensified antiplatelet treatment is under debate. In the setting of

CVD there is scarce information on the prevalence HTPR and on the

stability over time of on-treatment platelet reactivity phenotype

(HTPR or No-HTPR).

Objective: To investigate, by means of different platelet function tests,

the frequency and stability of a HTPR phenotype in patients with

ischemic stroke/TIA, under treatment with antiplatelet therapy.

Patients and Methods: Platelet reactivity was assessed on 18 patients

(50%M, 72.4 � 9.9 years) with ischemic stroke/TIA 1 week (D7) after

prescription of clopidogrel (75 mg/day), in monotherapy (39%) or

associated to aspirin (61%), and again at day 90th (D90), by means of

four methods Light transmission aggregometry (LTA), VASP, Verify

Now� P2Y12, and INNOVANCE� PFA P2Y. HTPR was defined as:

LTA-ADP 5 lM >46%, LTA-ADP 10 lM >70%; PFA-100-P2Y clo-

sure time <106s; VerifyNow P2Y12, PRU >235, VASP, PRI >50%.

Results: All tests detected a marked inhibition of platelet reactivity

towards ADP in these CVD patients, as a result of clopidogrel ther-

apy, that was similar at D7 and D90. Correlations between results of

platelet reactivity with either test at D7 and D90, and between mea-

sures on either day with the different assays were low-to-moderate.

The prevalence of HTPR in these CVD patients was highly assay

dependent: with 5 mM LTA-ADP, 50% both on D7 and D90; 10 mM

LTA-ADP, 5.5% at D7 and 16.6% at D90; PFA-100-P2Y, 38.9% at

D7 and 55.5% at D90; Verify Now P2Y12 55.5% at D7 and 61.1% at

D90; VASP, 44.4% at D7 and 27.7% at D90. There was, at best, only

moderate agreement (k statistic <0.5) between these tests in categoriz-

ing patients with or without HTPR both at D7 and D90. Interestingly,

our study also showed that 55–90%, depending on the platelet

method/criteria used, maintained their platelet reactivity phenotype,

HTPR or no-HTPR, over time.

Conclusions: A high prevalence of HTPR is observed in CVD patients,

although the value is highly influenced by the method used to assess

platelet function and the HTPR definition. Different methods corre-

late and agree poor-to-moderately between each other. The new PFA-

100 P2Y point-of-care system is equivalent to other assays in evaluat-

ing HTPR on CVD patients. In most CVD patients the platelet reac-

tivity phenotype perceived soon after prescription of clopidogrel seems

to remain stable over time. As the clinical meaning of HTPR is uncer-

tain, our data do not apply to individualizing therapy in CVD.

PB4.28 – Platelet function in health
and disease

PB 4.28-1
The platelet delta granule storage pool increases in
pregnancy
Gunning WT1, Cekova E1, Simo H1, Patel A1 and Karnitits JV2

1University of Toledo Medical Center; 2The Toledo Hospital,

Toledo, OH, USA

Background: Pregnancy induces numerous systemic physiological

changes including hematologic adaptations for the labor and delivery

process. Postpartum hemorrhage (PPH) is a major cause of maternal

morbidity and mortality and most often related to atony. Other risk

factors have been established for the etiology of PPH, but bleeding

diatheses, while recognized, appear to be rare. Few studies of PPH or

other bleeding complications related to parturition and platelet dys-

function have been published, most of which have been case reports.

We have become aware that patients diagnosed with delta granule

storage pool deficiency (d-SPD) have not experienced bleeding compli-

cations related to parturition at our hospital. Platelet d-SPD is a bleed-

ing diathesis related to a decreased number of platelet dense granules

presenting with common symptoms of platelet dysfunction including

epistaxis, easy bruising, mucosal bleeding and heavy menstrual bleed-

ing. To our knowledge, a prospective study of the platelet dense gran-

ule storage pool during the state of pregnancy and parturition

bleeding complications has not been evaluated.

Aims: The purpose of our study was intended to evaluate the platelet

dense granule storage pool as a potential risk factor for PPH and anes-

thesia related hemorrhagic complications.

Methods: Pregnant women being seen in a tertiary hospital obstetrics

clinic for routine prenatal check-up were approached for participation

in our Institutional Review Board approved study. Participants

included by informed consent were asked to provide a blood sample

and to complete a pictorial menses score-sheet and a bleeding checklist

(based upon the Vincenza bleeding questionnaire). To date 157 women

have been enrolled. Platelet dense granules were enumerated using

established electron microscopy (EM) protocols. CBCs collected for

routine prenatal workup as well as immediately post partum will be

assessed including estimated blood loss at parturition. Blood obtained

from non-pregnant age matched women (n = 40) served as controls.

Results: The mean number of dense granules/platelet (DG/PL) has

been found to be significantly increased (5.12 � 0.14) in pregnant

women when compared to non-pregnant controls (4.21 � 0.09 DG/

PLT). The average age of participants is 24.2 � 4. Completed bleeding

scores average 0.96 � 0.10 (normal <5) and pictorial menorrhagia

scores average 197.9 � 15.14 (normal <185). Of the women with a

score >186, all had a normal bleeding score but 22.6% (31/137) had

menses pictorial scores consistent with a clinical diagnosis of heavy

menstrual bleeding (ranging from 198 to 660). Blood for EM was

diluted in ACD venipuncture tubes and thus unsuitable for CBC deter-

mination. Not all participants have delivered to date and data is cur-

rently being collected from patient medical records to assess

hemoglobin and hematocrit values obtained during prenatal care and

post partum and will be presented.

Summary/Conclusions: These data suggest that the platelet d-storage
pool is altered in pregnancy and may be responsible for the maternal

thrombotic response needed during labor and delivery to control

blood loss. Our preliminary results were unexpected and have stimu-

lated future plans for which we will obtain multiple blood samples dur-

ing and after pregnancy in a more focused and controlled study.
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PB 4.28-2
Essential thrombocythemia and polycythemia vera
thrombotic or bleeding diathesis? flow study results
Kapfhammer E1, Petrides PE2 and Reininger AJ3

1Klinikum Grobhadern, M€unchen, Germany; 2Hematology

Oncology Center, Munich, Germany; 3Baxter Innovations GmbH,

Vienna, Austria

Background: Thrombocythemia (ET) and polycythemia vera (PCV)

exhibit increased platelet counts that are thought to explain their

major complications, i.e. thrombotic events and embolism, and ensu-

ing morbidity and mortality. Use of anti-aggregatory drugs is recom-

mended to prevent these thromboembolic complications. However at

platelet counts exceeding 1 mio/lL the thrombotic diathesis reverses

into a spontaneous bleeding tendency due to an acquired von Wille-

brand factor deficiency, especially of the large VWF multimers. The

von Willebrand factor usually mediates the interaction between plate-

lets and vascular injury site, especially in areas of high haemodynamic

shear stress.

Aim: We performed an in vitro flow study with ET or PCV blood to

assess the overall effect of VWF large multimer deficiency and simulta-

neous acetylsalicylic acid treatment on platelet aggregation. To deter-

mine the role of the single contributing factors we crosswise exchanged

plasma and platelets of patients and healthy donors.

Methods: Our study involved 12 patients with essential thrombocyth-

emia or polycythemia vera with platelet counts over 1 mio/lL on low

dose acetylsalicylic acid treatment. None of them had any prior throm-

botic or bleeding event. As control group we analyzed blood from 11

healthy volunteers. Platelet aggregation on fibrillar collagen type I was

recorded with videomicroscopy in a wall parallel flow chamber with

subsequent off-line image analysis. Platelet receptor expression was

analyzed with flow cytometry.

Results: Patient platelets tested in patient plasma demonstrated

reduced aggregate forming capacity on collagen under high shear

stress in contrast to the healthy control. Replacing patient platelets

with platelets of healthy volunteers (at normal platelet counts) and

keeping the patient plasma increased aggregate formation under mod-

erate shear rates. Flow experiments using healthy subject plasma and

platelets, but adjusting platelet counts to over 1 mio/lL, demonstrated

maximal aggregation in less than half the time of normal conditions.

In addition, prior acetylsalicylic acid intake in healthy controls led to a

50% aggregate reduction in spite of high platelet counts. Flow cytome-

try of ET and PCV platelets demonstrated reduced expression of the

platelet receptor integrin alpha-2bbeta3. Analysis of plasma VWF con-

firmed lack of large multimers.

Conclusion: We hypothesize that in ET and PCV patients two mecha-

nisms are operational that balance the underlying thromboembolic

diathesis: deficiency of the large VWF multimers and reduced expres-

sion of integrin alpha-2bbeta3 receptors. Our results demonstrate that

these compensatory mechanisms are effective at high shear rates but

not sufficient at moderate shear rates to counter the prothrombotic

tendency. Therefore we consider the use of antiaggregatory drugs an

important therapeutic option for the prevention of thrombosis and

embolism in such patients.

PB 4.28-3
Risk-stratification of essential thrombocythemia
patients for arterial, venous thromboses and for
microcirculatory disturbances
Posfai ER1, Marton I1, Sz�ell M2, L�aszl�o Z2 and Borb�enyi Z1

1University of Szeged, ; 2University of Szeged, Szeged, Hungary

Background: Advanced age (over 60 years) and previous thromboses

are well established risk factors for thrombosis in essential thrombo-

cythemia (ET) patients. Recently, the impact of novel risk factors,

such as JAK2 V617F; MPL W515L/K mutational status or leukocyto-

sis has been investigated.

Aims: To evaluate the cardiovascular major risk factors (hypertension,

cigarette smoking, diabetes mellitus, and hyperlipidemia) JAK2

V617F, MPL W515L mutations impact on the thrombotic events of

ET patients.

Methods: Study participants: One hundred and one patients (29 males;

72 females) with median age: 61 years [range: 14–95 years] diagnosed

with essential thrombocythemia between 1999 and 2011 at our Depart-

ment were enrolled to the study.

Laboratory methods DNA was isolated from EDTA-stabilized periph-

eral blood samples, and screened for the JAK2 V617F, MPL W515L

mutations with an allele-specific PCR method.

Statistical analysis: Patients were stratified into subgroups according

the presence or absence of thrombotic events which were compared by

a series of variables such as age, presence of JAK2 V617F and MPL

W515L mutations, measured platelet and leukocyte counts at diagno-

sis, cardiovascular risk factors, and thrombotic events before and after

diagnosis. Mann-Whitney tests were performed to explore overall

effects of these variables. Multivariate binary logistic regression was

also run to estimate the probability of thrombotic events.

Results: JAK2 V617F-positivity was proven in 61 patients. MPL

W515L mutations could be detected in 16 patients. Compared to the

data published so far, the incidence of thrombosis was higher in our

study group. Fifty-one thrombotic events were recorded in the prior

history of ET patients, (before the clinical diagnosis of ET): myocar-

dial infarction events in 16 cases (15.8%), ischemic stroke or transient

ischemic attack in six cases (5.9%), venous thrombotic events in 11

cases (10.9%), and microcirculatory disturbances in 26 cases (25.7%).

During the follow up period, 23 new thrombotic events were recorded:

myocardial infarction in three cases (3%), ischemic stroke or transient

ischemic attack in 10 cases (9.9%), venous thrombosis in three cases

(3%) and microcirculatory disturbances in 13 patients (12.9%).

The univariate analysis of the individual cardiovascular risk factors,

revealed that the presence of diabetes mellitus (P = 0.581), high blood

preassure (P = 0.119), and cigarette smoking (P = 0.293) were not

associated with an increased risk of thrombosis. However, hyperlipida-

emia (P = 0.032) was associated with a significantly increased risk of

thrombotic events. Multivariate binary logistic regression analysis con-

firmed that the probability of recurrent thrombotic events is signifi-

cantly higher in patients who had prior history of thrombosis

(P = 0.071), especially in the view of prior myocardial infarction

events (P = 0.030). Nevertheless, the expected prognostic value of

JAK2 V617F, MPL W515L mutations for thrombosis could not be

detected in our patients.

Summary/Conclusions: Despite the low number of patients, it might be

seen that further risk factors also play a role in the development of

thrombotic events. Therefore, we purpose that identifying and elimi-

nating modifiable risk factors such as cardiovascular risk factors might

be greatly beneficial in the complex management of ET patients.

PB 4.28-4
Omega-3 Alpha linolenic acid interferes with platelet
rolling and adhesion to von Willebrand factor
Stivala S1, Reiner MF1, L€uscher F1 and Beer JHJ2

1Physiology Institute, Zurich; 2Cantonal Hospital Baden, Baden,

Switzerland

Background: The plant-derived omega-3 fatty acid (FA) alpha-linolen-

ic acid (ALA) may constitute an attractive cardioprotective alternative

to fish-derived n-3 FA. We have previously shown that ALA reduces

experimental atherosclerosis and platelet-dependent thrombosis in

mice.

Aim: To further analyse the inhibitory effect of ALA on platelet func-

tion, specifically platelet rolling and adhesion to vWF and collagen

under flow.
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Methods: For platelets adhesion to collagen, citrate-anticoagulated

blood from healthy donors was incubated with vehicle (ethanol) or

ALA (30 lM) for 1 h at room temperature. Platelets were labelled in

parallel with the fluorescent dye calcein. 48-wells plates (Bioflux) were

coated with equine collagen (100 lg/mL) for 1 h, followed by blocking

with 0.5% BSA in PBS for 10 min. Blood was added to the well of the

plate and a flow shear of 10 dyne/cm2 was applied for 10 min. At the

end of the experiment 6–8 pictures were taken along the whole channel

in order to visualize the thrombi. The total thrombus area was calcu-

lated with the Bioflux software. For platelet adhesion to vWF, citrate-

and EDTA-anticoagulated blood were used (the latter to analyse

exclusively GPIb-mediated adhesion). Aliquots from each sample were

incubated with vehicle (ethanol) or ALA at 7.5/15/30 lM final concen-

trations for 1 h at room temperature. Platelets were stained with calce-

in in parallel with the vehicle/ALA treatment. Plates were coated with

human vWF at 100 lg/mL for 1 h at room temperature, then blocked

with 0.5% BSA in PBS. At the end of the treatment, blood was added

to the plate and a shear flow of 100 dyne/cm2 (corresponding to a

shear force of 2500 s�1) was applied for 10 min. Pictures were taken

every 5 s. The platelet-covered area and the platelet rolling velocity

were calculated with the Bioflux software.

Results: After incubation with ALA, thrombus formation on collagen

(measured as thrombus-covered area) was reduced (162,193 lm2 vehi-

cle vs. 87,883 lm2 ALA, n = 5). Similarly, platelet adhesion to vWF

and platelet aggregation were dose-dependently reduced by ALA, the

difference becoming statistically significant at the higher ALA concen-

tration (platelet-positive area: 64,112 lm2 vehicle vs. 21,102 lm2

ALA, n = 6, P = 0.018). A reduction in GPIb-mediated platelet adhe-

sion was also observed with EDTA-anticoagulated blood (platelet-

positive area: 99,781 lm2 vehicle vs. 70,405 lm2 ALA, n = 6,

P = 0.016). Analysis of single platelets showed an increased rolling

speed in platelets from the ALA-treated samples compared to vehicle

(velocity: 0.75 lm/s vehicle vs. 1.56 lm/s ALA, n = 10, P = 0.023).

Incubation with ALA did not change GPIb surface expression, as

shown by flow cytometry (MFI: 3217 vehicle vs. 3477 ALA, P = 0.3)

and glycocalicin in plasma as measured by ELISA (2.29 lg/mL vehicle

vs. 2.37 lg/mL ALA, P = 0.35).

Conclusions: ALA inhibits platelet adhesion and aggregation to colla-

gen and vWF, and it reduces GPIb-vWF binding without affecting the

receptor expression. Possible mechanisms include alteration of the

membrane microdomains (lipid-rafts) and of GPIb clustering-signal-

ling from/to these domains.

PB 4.28-5
Platelet aggregations in thrombus and thrombopoiesis
in bone marrows visualized by in vivo molecular
imaging and contribution of inflammatory cytokines
Nishimura S and Nagasaki M

The University of Tokyo, Tokyo, Japan

Objective: The mechanism by which thrombotic vessel occlusion

occurs independently of plaque development or endothelial cell (EC)

disruption remains unclear, largely because of an inability to visualize

thrombus formation, especially at the single-platelet level in real time.

Methods: Therefore, we developed in vivo imaging technique based on

single- and multi-photon microscopy, and we assessed dynamic cellu-

lar interplay in thrombosis models. We visualized that rapidly develop-

ing thrombi composed of discoid platelets without EC disruption was

triggered by ROS photochemically induced by moderate power laser

irradiation.

Results:Using this technique, we elucidated that Lnk (adapter protein)

regulates integrin signaling leading to stabilization of developing

thrombus in vivo. We established the efficient culture system of human

iPS-derived platelets, and we confirmed the functional role in vivo.

These artificial platelets can circulate, and contribute to their throm-

bus formation, indicating the clinical usefulness considering the cell

therapy for future.

In addition, we elucidated the contribution of inflammatory cytokines,

ROS, and integrin signaling to our thrombosis models. The inflamma-

tory cytokines TNF-alpha and IL-1 could be key components of the

EC response, acting through regulation of von Willebrand factor

mobilization to the cell surface. Thrombus formation was then initi-

ated by the binding of platelet GPIb-alpha to endothelial von Wille-

brand Factor in our model, and this effect was inhibited by the ROS

scavenger N-acetylcysteine. Actin linker talin-dependent activation of

alphaIIb-beta3 integrin in platelets was required for late phase throm-

bus stability.

We also visualized the megakaryocyte dynamics during thombopoiesis

in living bone marrows, and both proplatelet productions and frag-

mentation were revealed. We identified novel humoral factors which

programmed these steps, which synergistically work with thrombo-

poietin for efficient platelet production in vivo.

Summary: In sum, using our imaging system can be a powerful tool to

analyze thrombus formation. We clarified the mechanism of discoid

platelet aggregations on undisputed endothelium. The initial platelet

aggregation subsequently leads to irreversible integrin- and actin-

dependent thrombus development. Inflammatory cytokine signaling in

ECs also played pivotal role.

PB 4.28-6
Plasma levels of soluble receptor protein-tyrosine
kinases Mer and Tyro3 are increased in acute coronary
syndrome patients
Jun W1, Yuliang M2, Jie Z2, Ying S2, Songsong L2, Jingzhong Z2,

Lei Z2 and Ning L2

1Beijing Jishuitan Hospital; 2Peking University, People’s Hospital,

Beijing, China

Backgroud: Growth arrest-specific protein (Gas6) and its receptors

Axl, Mer, and Tyro3 have numerous roles in inflammatory diseases,

cancer, and thrombosis. These receptors could be cleaved by metallo-

proteinases to form soluble receptors. Recent reports suggested they

might have important roles in the progress of Acute Coronary Syn-

drome (ACS).

Aims: To investigate the roles of Gas6 and its receptors in the progress

of acute coronary syndrome and their correlation with thrombin gen-

eration and atherosclerotic plaque stability.

Methods: Sixty-six ACS patients and 42 healthy controls were

recruited in this study. Plasma levels of Gas6, sAxl, sMer, and sTyro3

in ACS patients were examined by enzyme-linked immunosorbent

assay (ELISA) and compared to those in the gender and age compared

control group. The correlation of plasma levels of those proteins with

clinical indices was further examined.

Results: Plasma levels of sMer, sTyro and sAxl were significantly

increased in ACS patients compared to those in age and gender com-

pared controls (P < 0.01, P = 0.0006 and P = 0.0387, respectively).

However, there was no significant difference in plasma Gas6 level

between ACS group and control group (P = 0.6568). After percutane-

ous coronary intervention (PCI), there was no significant difference in

plasma levels of Gas6, sMer, sTyro3 and sAXL between ACS group

and control group (P > 0.5). Plasma levels of sMer and sTyro3 were

significantly correlated with thrombin-antithrombin complex (TAT)

formation (P = 0.0138 and 0.0255, respectively).

Conclusions: Compared to control group, plasma levels of sMer and

sTyro3 were significantly increased in ACS patients. In ACS, athero-

sclerotic plaques may not be the source of sMer and sTyro 3. However,

plasma levels of sMer and sTyro3 were correlated with thrombin-anti-

thrombin complex generation. They may come from thrombin stimu-

lated inflammatory cells in circulation.
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PB4.29 – Acquired and immune
thrombocytopenia

PB 4.29-1
The immature platelet fraction is susceptible to the
platelet size and useful for screening of
macrothrombocytopenia from immune
thrombocytopenia
Miyazaki K1, Koike Y2, Danbara M1, Horie R1 and Higashihara M1

1Kitasato University School of Medicine, Sagamihara; 2Tokyo

Hitachi Hospital, Tokyo, Japan

Background: The immature platelet fraction (IPF) is a useful parame-

ter indicating thrombopoietic activity to differentiate the causes of

thrombocytopenia. We previously reported that the percentage of IPF

(%IPF) is negatively correlated to the platelet count among ITP

patients, and not among myelodysplastic syndrome (MDS) patients.

We also noticed that some MDS patients exhibited extremely high%

IPF values, which were dissociated from the percentages of reticulated

platelets (%RP) measured by flow cytometry. Such discrepancies were

also observed in hereditary macrothrombocytopenias, which are some-

times difficult to be distinguished from ITP, because ITP also exhibits

increased number of reticulated platelets in a slightly larger size. Once

misdiagnosed, a hereditary macrothrombocytopenia patient might be

subjected to an invasive treatment such as splenectomy. In order to

avoid such mistreatments, a clear marker to differentiate macro-

thrombocytopenia is desperately needed.

Aims: To elucidate the mechanisms of the aberrant increase of IPF

among macrothrombocytpenic patients, and search for a useful

parameter to distinguish macrothrombocytopenia from ITP

Methods: The IPF values and other platelet indices of various heredi-

tary macrothrombocytopenia were determined using Sysmex XE-2100

automatic hematology analyser in the blood samples. Platelet count

and other parameters of platelet, such as MPV, PDW and P-LCR were

measured simultaneously. Phosphorylation of myosin light chain was

also examined to estimate activation status. Sixteen individuals from

12 families of hereditary macrothrombocytopenia were enroled in this

study. We also monitored the IPF during EDTA-induced aggregation,

platelet agglutination by macroglobulinemia and cold-storage. The

morphological changes of platelets were also examined on the blood

film.

Results: The IPF values were about five times higher in MYH9 disor-

ders (%IPF 48.0 � 1.8) and about 1.5 times higher in other macro-

thrombocytopenias (%IPF 17.0 � 2.2) than immune

thrombocytopenic patients with similar platelet counts (%IPF

9.3 � 0.4). These results suggested that the platelet size affect the IPF

value. However it still remains the possibility that some factors other

than the size might make an influence on the IPF. No one knows

whether large platelets are functionally identical to normal platelets

except for the size. In order to exclude the possibility, we next exam-

ined the changes of IPF values during EDTA aggregation, agglutina-

tion by macroglobulinemia and cold-storage. The IPF was

significantly increased under these conditions in a time dependent

manner along with forming platelet clumps. Durnig cold-storage, each

platelet increased in size with fewer granules probably due to degranu-

lation, and a couple of platelets stuck to each other to form a few tiny

clumps. The IPF was strongly influenced by a few tiny platelet aggre-

gates rather than other platelet indices, such as mean platelet volume

(MPV), platelet-large cell ratio (P-LCR) and platelet distribution

width (PDW).

Conclusion: IPF is susceptible to the platelet size, and could be a useful

parameter for screening of macrothrombocytopenia from ITP.

PB 4.29-2
Abnormal lipid rafts related signaling in T lymphocytes
in immune thrombocytopenia patients
Zhang X, Zhang D, Li H, Yang Y, Fu R, Zhang L and Yang R

Institute of Hematology and Hospital of Blood Diseases, Tianjin,

China

Backgrounds: The lipid rafts are dynamically variable cell membrane

microdomains containing special lipid. The receptor-mediated reaction

between the proteins promotes the aggregation of the lipid rafts and

the signal transduction. Any lymphocytes state changes may result in

the accumulation of lipids in the cell membrane lipid rafts, causing a

greater area of lipid rafts formation. Therefore, abnormal changes in

the size and structure of the lipid rafts will affect their stability, and

may lead to abnormal signal transduction and pathological states.

Immune thrombocytopenia (ITP), as an autoimmune disease, has con-

firmed cellular immune abnormalities associated with T lymphocytes.

So far, no study on the relationship of lipid rafts and ITP was

reported.

Aims: To further clarify the important role of lipid rafts in immune sig-

naling processes, and to provide new clues to new treatments for ITP.

Methods: The CD4+ and CD8+ T lymphocytes were isolated by flow

cytometry from the ITP patients and the healthy controls, and cells

were stained with fluorescence-labeled cholera toxin subunit B(CTB),

which binds the raft-associated glycosphingolipid GM1. GM1 levels

on the lipid rafts of the CD4+ and CD8+ T lymphocytes were mea-

sured by confocal microscope. To verify whether the T-cell activation

may cause the aggregation of lipid rafts, peripheral blood T lympho-

cytes were stimulated by anti-CD3/CD28 antibodies after 48 h culture.

To determine whether MbCD inhibits TCR-mediated lipid raft clus-

tering, anti-CD3/CD28 antibodies-activated CD4+ and CD8+ T lym-

phocytes were treated with MbCD. The T cell proliferation and the

secretion of the IFN-c in the culture supernatant were also measured.

Results: Twenty-five patients and 20 healthy controls were enrolled in

this research. Compared to the healthy controls, in ITP patients, GM1

levels on the lipid rafts of the CD4+ and CD8+ T lymphocytes were

both significantly elevated, indicating that T lympocytes in ITP

patients are automatically and strongly activated(CD4: P = 0.014;

CD8: P = 0.045). When activated by anti-CD3/CD28 antibodies for

48 h culture, GM1 levels on T lymphocytes of healthy controls also

increased when compared with unactivated normal T lymphocytes

(CD4: P = 0.553;CD8: P = 0.313), but not as significantly as the acti-

vated T lymphocytes of ITP patients(CD4: P = 0.005;CD8:

P = 0.003). Meanwhile, it demonstrated that the anti-CD3/CD28 anti-

bodies strongly enhanced lipid raft clustering on T lymphocytes in ITP

patients when compared with the unactivated patients group(CD4:

P = 0.047;CD8: P = 0.007), suggesting that the threshold of the T cells

activation from patients with ITP decreased. There were no significant

differences on the GM1 levels between the unactivated ITP patients

and the healthy controls(CD4: P = 0.064;CD8: P = 0.150), which

might indictate that after 48-h ‘rest’ the T cell lipid raft aggregation

were reversed. As we expected, MbCD could blockade the T lympho-

cytes activation, both in the lipid raft aggregation and the T cell prolif-

eration. No significant differences were found in the same patients

who were previously untreated and then got remission(CD4:

P = 0.140;CD8: P = 0.100), indicating the lipid raft aggregation might

be not related with the disease progression.

Conclusion: In ITP patients, the T lymphocytes abnormal lipid raft

aggregation is proved to be associated with the pathological T cell acti-

vation. And the depletion of the lipid raft can reverse the over-reacted

T lymphocytes in ITP patients.
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PB 4.29-3
Alloimmune thrombocytopenia masking a bernard
soulier syndrome in a congenital nephrotic syndrome
of the Finnish type (nphs1)
Baccini V1, Elkaim E2, Ghalloussi D1, Rousset-Rouviere C2, Frere C3,

Chambost H4, Morange PE1, TsimaratosM2 and Alessi M-C1

1UMR Inserm 1062; 2Service de N�ephrologie P�ediatrique;
3Laboratoire d’H�ematologie; 4Service d’H�ematologie P�ediatrique,

Marseille, France

Background: A male child developed a nephrotic syndrome due to glo-

merular sclerosis soon after birth. He carries double homozygote

mutations on the chromosome 19 in the major podocyte slit dia-

phragm protein, the nephrin, and was diagnosed NPHS1. A high level

of consanguinity was evidenced in his family and his parents are first

cousins. Few days after birth, the platelets count was 9 G/L. Hb level

was 182 g/L. No infection, disseminated intravascular coagulation,

haemangioma, splenomegaly were evidenced. In the bone marrow,

megakaryocytes were normally present and with a normal morphol-

ogy. A thrombocytopenia has never been described in NPHS1

patients; In addition one of his cousins, carrying the same nephrin

mutations, did not exhibit thrombocytopenia indicating no relation

between NPHS1 and the observed thrombocytopenia.

Aims: To investigate the etiology of this thrombocytopenia.

Results: Platelet immunology investigation detected alloantibodies

against HPA5b antigen in the mother. Maternofoetal alloimmuniza-

tion was straightforward with genotyping in the two parents and the

propositus.

Platelet transfusions (apheresis platelet concentrates) were rapidly ini-

tiated twice a week, in parallel with treatment for NPHS1. The child

was daily supplemented with albumin, thyroxin, antithrombin and IV

immunoglobulins, received angiotensin converting enzyme inhibitor

and non steroidal anti inflammatory drug. A nephrectomy is already

plan and he will be placed on the waiting list for renal transplantation.

Intriguingly 2 months after birth, severe thrombocytopenia was still

present and managed with platelet transfusions every 6 days. This

prompted us to pursue platelet exploration. Study of platelet morphol-

ogy occasionally revealed giant platelets. Parents’ platelet counts and

mean platelet volume were normal. Flow cytometry revealed a moder-

ate decrease in GPIb levels in both parents (MFI mother and father

vs. range of control values: 16.8 and 17.9 vs. [21.2–39.9] AU) suggest-

ing that parents can carry GPIb/IX heterozygous mutation. By immu-

nofluorescence we confirmed the absence of GPIb expression in the

propositus’s megakaryocytes whereas GPIIbIIIa was normally

expressed. At the age of 4 months, the propositus was free of platelet

transfusions for 3 weeks with a platelets count between 30 and 50 G/

L. This allows us to confirm a total absence of GpIb expression at the

platelets’ surface but a normal expression of GPII/IIIa. GPIb/IX genes

(Chr 22 and 3) are under sequencing.

Conclusion: We described a case carrying an association of hereditary

diseases in a context of high consanguinity level. Immunofluorescence

on megakaryocytes helped us to detect GPIb/IX deficiency in this com-

plex situation involving platelet polytransfusion and immunization.

PB 4.29-4
Type I interferon dampen platelet production and
function
Rivadeneyra L1, Pozner G1, Negrotto S1, Fondevila C2,

Gomez RM3 and Schattner M1

1Institute of Experimental Medicine – National Academy of

Medicine – CONICET, Buenos Aires; 2Bazterrica Clinic, Buenos

Aires; 3Biotechnology and Molecular Biology Institute –
CONICET, UNLP, La Plata, Argentina

Background: We have previously shown that infection of human

CD34+ cells with Junin virus (arenavirus causative of Argentine hem-

orrhagic fever) or Poly(I:C), a synthetic double-stranded RNA that

mimics viral replication, results in an impaired platelet production

with no quantitative changes in megakaryocyte generation that was

associated with the production of type I interferon (IFN-I). These find-

ings identified IFN-I as a new regulator that selectively affects the last

steps of megakaryocyte lifespan, and suggested a potential mechanism

for thrombocytopenia in Argentine hemorrhagic fever and other dis-

eases associated with increased type I IFN levels.

Aim: To further analyze the megakaryocyte/platelet function abnor-

malities mediated by IFN-I and explore whether the levels of IFN-I

produced during a viral infection are associated with quanti/qualita-

tive alterations of thrombopoiesis.

Methods: In-vitro: Cord blood human CD34+ cells were stimulated

with thrombopoietin (50 ng/mL) and treated with different concentra-

tions of Poly(I:C), strong inducer of IFN-I, or with human recombi-

nant IFN-beta at day 7 of culture. After 14 days, CD61 expression

and fibrinogen binding in platelets were evaluated by FACS. In-vivo:

8–10 week old C57BL/6 female mice were daily intravenously inocu-

lated with Poly(I:C) (100 lg/mouse) and blood samples were taken at

24, 48 and 72 h. Platelet count was determined with a veterinary cell

counter. P-selectin expression and fibrinogen binding in peripheral

platelets were evaluated by FACS. Plasmatic IFN-beta levels were

determined by ELISA. Results represent the mean � SEM of 5–6
experiments.

Results: While the number of CD61 copies on the membrane of in-vi-

tro-generated platelets after Poly(I:C) or IFN-I treatment was similar

to control samples, fibrinogen binding of thrombin-stimulated plate-

lets was significantly inhibited (85% and 69% of maximal inhibition

respectively, IC50: 6.5 mg/mL and 7.6 U/mL for Poly(I:C) and IFN-I

respectively). When mice were inoculated with Poly(I:C), a reduction

of 28, 54 and 67% in the platelet count was observed at 24, 48 and

72 h respectively. The mean platelet volume was 8 and 13% higher

than control values at 48 and 72 h respectively (P < 0.01), indicating a

slight but significant bone marrow response to the decreased platelet

count. While thrombin-induced fibrinogen binding and P-selectin

externalization of platelets from mice that were treated for 24 or 48 h

with Poly(I:C) were not different from control animals, both responses

were significantly reduced after 72 h (complete turnover of the platelet

population) (51 and 33% lower than the control value respectively,

P < 0.05) suggesting an inhibitory effect at the bone marrow level

rather than an effect on peripheral platelets. The IFN-beta levels in

plasma from treated animals were significantly higher than those

found in controls (89 � 19, 101 � 26, 126 � 21 pg/mL at 24, 48 and

72 h respectively, vs. 41 � 9).

Conclusions: Our data suggest that treatment of mice with Poly(I:C)

inhibits platelet generation and function associated with an increase in

the levels of plasmatic IFN-I. These findings were also supported by

the in-vitro data in human cells and may explain the defects observed

in platelet production/function as a consequence of viral infections.

PB 4.29-5
Lack of association between NR3C1 polymorphism and
glucocorticoid resistance in Chinese patients with
immune thrombocytopenia
Xuan M, Yang Y, Li H, Fu R, Zhang D, Zhang X and Yang R

Chinese Academy of Medical Sciences & Peking Union Medical

College, Tianjin, China

Background: Immune thrombocytopenia (ITP) is an autoimmune dis-

order involving autoantibody- and cell-mediated increased platelet

destruction and/or decreased platelet production. First-line therapy of

ITP comprises applying glucocorticoid and/or intravenous immuno-

globulin. But resistance to glucocorticoids (GCs) is an intractable

problem in therapy for ITP. Because GCs exert their effects through

glucocorticoid receptor (GR), being a GR gene, NR3C1 is thought to

connect with individual differences in glucocorticoid responsiveness

during GCs treatments.
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Aims : The purpose of this study was to analyze the correlations

between three novel SNPs of NR3C1 and GCs responsiveness in Chi-

nese patients (Han ethnic) with ITP.

Methods: We analyzed the frequency of three novel single nucleotide

polymorphisms (SNPs) of NR3C1 in ITP patients and evaluated the

role of these genetic variants in GCs therapy. Four hundred and sev-

enty-three patients with ITP and 160 healthy controls were recruited.

Patients were allocated into GCs-responsive (n = 358) and -non-

responsive group (n = 115). All subjects of the three groups were

genotyped by PCR-RFLP (restriction fragment length polymorphism)

method for the BclI, N363S and ER22/23EK polymorphisms. Assess

the statistical differences of genotypes between ITP and controls, and

those between GCs- responsive and non-responsive group.

Results: In healthy controls, BclI-GG/GC/CC occurred with 0.581/

0.35/0.069 frequency. In ITP patients, BclI-GG/GC/CC was found

with 0.617/0.353/0.03 frequency. There was no statistically differences

between ITP and controls (P = 0.070). In GCs-responsive and -non-

responsive group, BclI-GG, GC, CC occurred with frequencies of

0.628/0.352/0.02 and 0.583/0.357/0.061 respectively. No correlations in

the variants of BclI was found between the GCs-responsive and -non-

responsive group (P = 0.086). Neither N363S nor ER22/23EK poly-

morphism was observed in all 636 participants.

Conclusion: The BclI polymorphism is not related to response of gluco-

corticoids in patients with ITP. Furthermore, we did not observe

N363S and ER22/23EK polymorphism in Chinese Han population.

PB 4.29-6
Liver X receptor (LXR) activation influences murine
platelet count only under normolipidemic conditions
Van Der Stoep M1, Li Z1, Van Der Sluis RJ1, Van Berkel TJC1,

Van Eck M1, Hoekstra M1 and Korporaal SJA2

1Leiden Academic Centre for Drug Research, Leiden; 2University

Medical Center Utrecht, Utrecht, The Netherlands

Background: We recently showed that hypercholesterolemia induces

altered platelet characteristics as well as hyperreactivity in mice and

humans1,2. Activation of the cellular cholesterol sensors liver X recep-

tor (LXR) b, which is an oxysterol-activated nuclear receptor that

tightly regulates intra- and extracellular cholesterol homeostasis, also

modifies platelet responsiveness3. Therefore, LXRb might be a poten-

tial target for the treatment of atherothrombosis.

Aim: The current study aims to elucidate the influence of hyperlipid-

emia on LXR-induced changes of platelet characteristics.

Methods: Experiments were performed with apolipoprotein E knock-

out (apoE KO) mice, a commonly used hyperlipidemic mouse model,

or their wildtype (WT) littermates. ApoE deficiency in mice results in

extremely elevated plasma VLDL and LDL cholesterol levels on regu-

lar chow diet (5.7% (w/w) fat and no added cholesterol). To study the

effect of the synthetic LXR agonist T0901317 on platelets during nor-

malization of plasma cholesterol levels, apoE KO mice were fed a Wes-

tern-type diet (WTD; 15% (w/w) fat, 0.25% cholesterol) for 3 weeks

and were subsequently transplanted with WT bone marrow (BM) to

restore plasma apoE levels and normalize plasma lipid levels. Then the

mice were fed T0907317 (10 mg/kg/day) mixed with regular chow diet

for 6 weeks.

Results: The elevated plasma total cholesterol (TC) levels of ApoE KO

mice on chow (546 � 58 mg/dL vs. 61 � 6 mg/dL in WT mice,

P < 0.001) or WTD (764 � 118 mg/dL, P < 0.001) were associated

with significantly lower platelet counts (73% and 84% of control,

respectively; P < 0.001), suggesting that hyperlipidemia affects platelet

turnover. Normalization of plasma TC levels by transplantation of

WT BM into apoE KO mice (from 984 � 90 mg/dL to 81 � 6 mg/

dL; P < 0.001) resulted in a slightly increased platelet count

(865 � 83 9 109/L) compared to apoE KO BM-transplanted mice

(TC = 436 � 45 mg/dL, platelet count = 692 � 106 9 109/L, ns).

LXR activation by T0901317 raised plasma TC levels in both WT

BM- and apoE KO BM-transplanted mice (182 � 11 mg/dL and

859 � 78 mg/dL, respectively). However, T0901317 significantly

raised platelet count in WT BM-transplanted apoE KO mice

(1325 � 107 9 109/L vs. 865 � 83 9 109/L, P < 0.01) but left the

platelet count in apoE KO BM-transplanted mice unchanged

(664 � 74 9 109/L vs. 692 � 107 9 109/L).

Summary/Conclusions: Activation of LXR by T0901317 leads to

increased platelet counts, but only under normolipidemic conditions.

This effect of hyperlipidemia on LXR function should be taken into

account when evaluating LXR as potential target for prevention of

atherothrombosis.

References:

1 Korporaal et al., ATVB 2011;31:34

2 Vergeer et al., NEJM 2011;364:136

3 Spyridon et al., Blood 2001;117:5751

PB4.30 – Microparticles
and disease – III

PB 4.30-1
Thrombin generation caused by microparticles in
patients with atherosclerosis of the vessels of the
lower extremities
Matvienko O, Namestnikov Y, Golovina O, Saltykova N

and Smirnova O

Russian Research Institute of Hematology and Transfusiology,

Saint-Petersburg, Russian Federation

Background: Atherosclerotic diseases are accompanied by activation

of blood cells and endothelium that can lead to microparticles (MP)

release. MP expresses tissue factor (TF) and procoagulant phospholip-

ids on their surface that can enhance prothrombogenic potential of

blood plasma.

Aim: To estimate MP-associated thrombin generation in the group of

patients with atherosclerosis of the vessels of the lower extremities

Methods: This research included 29 patients (10 females and 19 males)

at the age from 44 to 77 with atherosclerosis of the vessels of the lower

extremities. Reference blood samples were obtained from 54 healthy

controls. Thrombin generation was measured in platelet-free plasma

with Calibrated Automated Thrombinogram Assay method (CAT).

Following reagents (Trombinoscope BV, The Netherlands) were used:

«MP-reagent», containing negatively charged phospholipids (4 lM),

«PRP-reagent», containing rTF (1 pM), and «FluCa”�kit». CTI

(40 mg/mL) was added to inhibit contact activation. Following

parameters were derived: endogenous thrombin potential (ETP, nM-

min), peak thrombin activity (Peak, nM), and rate of thrombin genera-

tion (R, nM/min). Data were described by non-parametric methods

using the median (Me), 50% confidence interval (CI) and Mann-Whit-

ney U test (Statistica 6.0). P < 0.05 was considered sighnificant.

Results: The role of procoagulant phospholipids of MP in thrombin

generation was studied with «PRP-reagent» but there were no reliable

differences between patients and controls when it was used. Significant

differences was found when was used «MP-Reagent» with CTI. This

reagent makes it possible to estimate thrombin generation which

depends on TF. There was increase ETP, Peak and R in the patients

group compared with controls (ETP: Me-807.50, CI: 712.50–1282.00
vs. Me-566.50, CI: 462.25–708.00, P < 0.01; Peak: Me-92.09, CI:

60.04–129.62 vs. Me: 46.25, CI:32.91–67.21, P < 0.001; R: Me-20.98,

CI: 6.76–33.18 vs. Me-7.34, CI: 5.17–12.58, P < 0.01).

Conclusion: MP enhances thrombin generation and increase pro-

thrombogenic potential of patients with atherosclerosis of the vessels

of the lower extremities due to TF expressed on their surfaces.

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 885–888

910 ABSTRACTS



PB 4.30-2
Circulating microparticle number and function vary
with age: a study of 120 healthy blood donors
Enjeti A, D’Cruz A, Seldon M and Lincz L

Calvary Mater Hospital Newcastle, NSW, Australia

Background and Aims: Information on circulating Micrparticles(MP)

in normal subjects is fragmented and incomplete. The aim was to con-

duct a thorough evaluation of MP subsets and pro-coagulant function

in healthy individuals and to determine how general clinical and bio-

chemical demographics influence MP levels and/or function.

Methods: Citrated blood sample were collected from 120 healthy vol-

unteer blood donors after receiving informed consent. Platelet free

plasma was prepared using a standardized published protocol. MP

subsets were enumerated by Flow cytometry(BDFACS Canto) after

staining with specific antibodies for platelets(CD41), endothelial cells

(CD105), tissue factor(CD142), white blood cells(CD45), monocytes

(CD14) and red cells(CD235a). Counting beads using an ISTH proto-

col was employed. Coagulant function was assessed by the Xact assay

on a BCS coagulation analyser and by thrombin generation using a

Calibrated Automated Thrombogram(CAT) on a thrombinoscope.

An ELISA was undertaken for Annexin V expression. Hormonal and

lipid analysis – FSH, LH, testosterone, oestradiol, progesterone as well

as HDL, LDL, cholesterol and HDL/LDL ratios were measured by

standard biochemistry techniques. A total of 108 samples were finally

analysed according to age, gender, body mass index (BMI), full blood

counts, smoking status, hormones and lipid profile. For analysis, the

cohort was divided into three age groups (G): ≤29 years(G1, n = 31),

30–59 years(G2, n = 60) and ≥60 years(G3, n = 17). STATISTICA

software was used for all analyses.

Results: A total of 108 subjects were finally analysed which included 60

males and 48 females. Twenty were smokers. The mean age was

40 years (range 16–73). The mean BMI was 26.5(range 17.5–46.9). All

full blood count parameters were within normal range. Platelet MP

(median 38.8/lL) were highest at ages ≤29 and ≥60 and significantly

lower(P = 0.00013) in G2(30–59 years). A similar ‘‘U’’ shaped curve

was noted for red cell, tissue factor and Annexin V expressing MP,

while the opposite trend was noted for endothelial MP. In the func-

tional analysis, CAT results were similar to that of platelet MP, with

ETP, time to peak, and lag time showing a significant reduction in the

middle aged G2 group but elevated in G1 and G3. There were no sig-

nificant differences in the Xact test or the ELISA for phospholipid

content between the three groups. There were no gender differences in

levels of circulating MP except for monocyte microparticles that were

significantly (P = 0.0014) higher in males. Multivariate modelling did

not show any specific variable, including BMI, full blood counts, lipid

or gender specific hormonal parameters, predictive of microparticle

number. Interestingly, smokers showed a reduction in red cell, TF and

Annexin V expressing MP.

Conclusions: Considerable variability with age was observed in MP

counts and thrombin generation, but not in phospholipid dependent

pro-coagulant properties. The most significant finding was that of

lower MP levels in those between ages 30–59 years compared to those

either younger or older than this group. This is an important finding,

which has bearing on interpretation of levels of circulating MP in

pathological states. The physiological explanation for this finding is

not yet apparent. The differences noted in smokers need more exten-

sive evaluation.

PB 4.30-3
Microparticles in aneurismal subarachnoid
hemorrhage: role in acute and delayed cerebral
ischemia
Artoni A, Conte V, Tripodi A, Merati G, Scalambrino E,

Passamonti SM, Bucciarelli P and Martinelli I

Fondazione IRCCS Ca’ Granda-Ospedale Maggiore Policlinico,

Milan, Italy

Background: Microthrombosis has been demonstrated in early and

delayed cerebral ischemia after aneurismal subarachnoid hemorrhage

(aSAH). Markers of coagulation activation as microparticles (MPs)

are an established risk factor for thrombosis. We tested the hypothesis

that levels of microparticles might correlate with (i) aSAH severity (ii)

early cerebral ischemia (ECI) and (iii) delayed cerebral ischemia

(DCI).

Methods: Consecutive aSAH patients (age 18–80) admitted to our

department between November 2011 and September 2012 were

included in the study. Total Mps (AnnexinV+), platelet Mps (PLT-

MPs, AnnexinV+/CD41+), tissue factor MPs (TF-MPs, AnnexinV+/
CD142+), and endothelial MPs (E-MPs, AnnexinV+/CD144+) were

measured by flow cytometry in venous blood samples, obtained at

early (<3 day) and delayed phase (7–10 days). Multi-parameter MRI

was performed to evaluate ischemic damage and vasospasm at the

same timepoints. Levels of MPs were evaluated comparing patients

according to (i) SAH severity (World Federation of Neurological Sur-

geons score) (ii) ECI severity and (iii) occurrence of delayed complica-

tions (vasospasm and DCI).

Results: Twenty-five patients (age 57 � 12 years) were included in the

analysis. Overall increased levels of MPs were observed at early phase

after aSAH when compared to controls (334, IQR 80–775 vs. 64 IQR

40–147, P = 0.0024). In the early phase no significant differences in

MPs level were observed in patients with different aSAH severity

(MPs tot 436, IQR 76–918 vs. 313 and IQR 83–638 respectively,

P = 0.56). Interestingly patients with most severe ECI (MPs tot 95,

IQR 47–178 and 69, IQR 28–95 vs. 37 IQR 34–39, Kruskal-Wallis test

P = 0.19) and DCI (MPs tot 131, IQR 74–281 and 53 IQR 35–361 vs.

46 IQR 19–117, Kruskal-Wallis test P = 0.29) showed the highest val-

ues of MPs, but this trend did not reach statistical significance, proba-

bly because of the the still small sample size small number of patients

included in the study.

Conclusions: Microparticles and microthrombosis may increase the

severity of early and delayed ischemic damage after aneurismal SAH.

A larger number of patients are required to confirm this preliminary

observation.

PB 4.30-4
Platelet microparticles: biomarkers of arterial thrombus
formation?
Böing AN1, Hau C1, Lacroix R2, Dignat-George F3, Sturk A1

and Nieuwland R1

1Academic Medical Center, Amsterdam, The Netherlands;
2Aix-Marseille University; 3CHU La Conception, APHM,

Marseille, France

Background: Most platelet microparticles (PMP) in fresh plasma of

healthy humans do not bind annexin V or lactadherin, thus question-

ing the role of PMP as a procoagulant risk factor. Because the release

of PMP requires not only platelet activation (Blood 2009; 113: 1112–
1121) but also the binding of fibrinogen to glycoprotein IIb (J Biol

Chem 1993; 268: 14586–9), we hypothesize that PMP may reflect arte-

rial thrombus formation/degradation.

Aim: To investigate the role of fibrinogen binding on the release and

composition of PMP after in vitro thrombus formation

Methods: Citrate-anticoagulated blood was collected from healthy

subjects (n = 4–6). Platelet rich plasma was prepared, and incubated
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for 5 min at 37 °C under stirring conditions in a multiplate aggregom-

eter. After 5 min, ADP (10 mM) was added, and after 30 min the

incubation was stopped, supernatant was collected and analyzed by

flow cytometry.

Results: In fresh plasma 13,980 � 8419 CD61+ PMP (n = 6) were

detectable, of which only 2% stained for lactadherin and 5.6% for P-

selectin (CD62p). Upon addition of ADP, platelet aggregation

occurred immediately, and the number of CD61+ PMP increased to

21,624 � 5310. The newly formed PMP all expose P-selectin, do not

bind lactadherin, do not support coagulation (fibrin generation test),

inflammation (whole blood test), or fibrinolysis (plasmin formation).

In the presence of abciximab (reopro), the formation of novel PMP is

entirely abolished. Thus, the release of PMP exposing P-selectin

requires not only platelet activation but also fibrinogen binding in vi-

tro.

Conclusions: Our results confirm earlier studies that both platelet acti-

vation and fibrinogen binding are both essential for the release of

PMP. Because the concentration of PMP exposing P-selectin is associ-

ated with aging, peripheral arterial disease and myocardial infarction

(Clin Chem 2006; 52: 657–64), we hypothesize that PMP exposing P-

selectin may by a marker of arterial thrombus formation/degradation

rather than being a risk factor for thrombosis.

PB 4.30-5
Elevated circulating platelet microparticles determine
thrombus occlusion in acute coronary syndrome
Hartopo AB1, Puspitawati I2, Muntazhar MZ2, Aji S2, Gharini RP2,

Setianto BY2, Taufiq N2 and Dinarti LK2

1Universitas Gadjah Mada; 2Universitas Gadjah Mada,

Yogyakarta, Indonesia

Background: Early steps of coronary artery thrombosis involve platelet

activation. Activated platelet generates microparticles which convey

prothrombotic activity. Platelet microparticles (PMP) may provide

additional thrombus burden after coronary plaque rupture, thus leads

to aggravated coronary thrombus occlusion in culprit vessel in patients

with acute coronary syndrome.

Aims: To investigate whether elevated circulating PMP associated with

level of coronary thrombus occlucion in acute coronary syndrome.

Methods: Consecutive patients admitted to Intensive Coronary Care

Unit with acute coronary syndrome were enrolled. Circulating PMP

were isolated from platelet-poor plasma (PPP) of citrated-venous

blood which was drawn within 24 h of admission. CD42b-PE was

labelled into PPP and PMP was detected with flow cytometry. Platelet

counts, mean platelet volume (MPV) and platelet distribution width

(PDW) were measured. Acute coronary syndromes were classified as

ST-elevation myocardial infarction (STEMI), non-STEMI and unsta-

ble angina, respectively reflect coronary thrombus occlusion levels.

Major adverse cardiac events were also documented.

Results: Forty-one patients were analysed. STEMI, indicating coro-

nary total thrombus occlusion and distal myocardial infarction, had

significantly highest circulating PMP (6329.74/lL; P < 0.05). Non-

STEMI, the less severe coronary thrombus, had lower circulating

PMP (3990.18/lL). Whereas unstable angina, the mildest event, had

lowest circulating PMP (2051.62/lL). Circulating PMP did not signifi-

cantly correlate with platelet count (r = 0.220), MPV (r = �0.192) or

PDW (r = �0.071). Major adverse cardiac events during hospitalisa-

tion were not affected by circulating PMP (3852.99 vs. 4268.70/lL;
P = 0.81).

Conclusion: Elevated circulating PMP determines aggravated throm-

bus occlusion following acute coronary syndrome. However, it does

not associate with major adverse cardiac events.

PB 4.30-6
Increased procoagulant microparticle levels in women
with recurrent pregnancy loss
Patil RK1, Ghosh K1, Shetty S1 and Satoskar P2

1National Institute of Immunohaematology NIIH (ICMR) ;
2Nowrosjee Wadia Maternity Hospital, Mumbai, India

Background: Pregnancy loss is the most common complication of preg-

nancy affecting up to 15% of reproducing couples and recurs in 2% to

3% of them. Despite a wide range of investigations, no apparent cause

can be found in large number of cases. A defective maternal hemostat-

ic response leading to hypoxia secondary to thrombosis of the utero-

placental vasculature has been hypothesized to subsequently lead to

fetal loss. This may include impairment of trophoblast invasion, villi-

tis, and placental microthrombi. Hereditary thrombophilia and anti-

phospholipid antibodies have been extensively described as risk factors

for pregnancy loss. More recently, a new maker has emerged: the cell-

derived circulating procoagulant microparticles, which have been

reported to have a major role in many thrombosis complicated dis-

eases.

Aim: To analyze the prevalence and significance of circulating proco-

agulant microparticles (MP) in women suffering from pregnancy loss

(PL), both recurrent and unexplained fetal loss and characterize their

cellular origin.

Methods: 115 women (60 with early losses, 24 with late and 31 with

both early and late PL) with no other presumptive etiological causes

(anatomic, genetic or hormonal) were analyzed in the present study

for the common thrombophilia markers (i.e. lupus anticoagulant, anti-

cardiolipin antibodies, anti-b2GP1 antibodies, annexinV antibodies,

protein C, protein S, antithrombin III, factor V Leiden mutation and

MTHFR C677T) and for MPs of different cellular types i.e. total

procoagulant annexin V MPs, procoagulant platelet(CD41a), endothe-

lial(CD146, CD62e), leukocyte(CD45), erythrocyte(CD235a) MPs as

well as tissue factor (TF) expressing MPs. The results were compared

with 20 non pregnant healthy women. Methodology for analysis of

MPs has been standardized on BD FACS Aria flow cytometer by par-

ticipating in the ‘Vascular Biology SSC workshop: standardization of

FCM-based PMP enumeration’.

Results: Thirty seven women were found positive for any of the throm-

bophilia markers analyzed. Nine were positive for lupus anticoagulant,

five for anti-cardiolipin antibodies, three for anti-b2GPI antibodies, 10

for annexin V antibodies and in all, 20 patients had one or more

acquired thrombophilia markers. Among the hereditary thrombophil-

ia, seven had reduced protein C levels, 10 had reduced protein S, five

had reduced antithrombin III, three were factor V leiden heterozygotes

and three were homozygous for MTHFR. No significant differences

were seen in the MP profile of women with or without any thrombo-

philia marker. Total annexin MPs, total TF expressing MPs and endo-

thelial MPs, both constitutive and activated, were found significantly

increased(P < 0.05) in women with PL of all categories (early, late &

early and late) when compared to the control group. Differences in

platelet and leukocyte MP levels were not found to be significant.

Conclusion: Our findings suggest that MPs are associated with the

pathogenesis of PL and may contribute in uteroplacental thrombosis.

In addition, the presence of elevated endothelial and TF expressing

MPs at a distance (3–24 months) from the adverse pregnancy event

suggests a continued chronic endothelial damage or activation which

might be one of the causes of recurrent pregnancy loss. Although none

of the patients in this study had any thrombotic episode, it is possible

that this might become apparent in pregnancy.
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PB4.31 – Atherosclerosis: risk
factors

PB 4.31-1
Can we identify patients at risk of recurrent coronary
artery disease?
Madan G, Sangeeta M, Sharma A, Kakkar VV and Vangala RK

Thrombosis Research Institute, Bangalore, India

Background: Premature coronary artery disease (CAD) occurs at an

earlier age in South Asians compared with other ethnic groups. Infec-

tion and inflammation show a positive association with the disease. In

our previous studies we have shown that pathogen burden specifically

Cytomegalovirus (CMV) infection in combination with inflammatory

markers show significant association with CAD and recurrent CAD in

Indians (Heart. 2012;98(13):982–987). Further global proteome analy-

sis may give more biomarkers for better risk assessment for these

events.

Aim: This study was aimed at identifying new biomarkers by perform-

ing comparative global proteome analysis for improvement of risk

assessment of recurrent CAD.

Methods: 240 age and gender matched subjects (60 healthy controls,

120 CAD affected and 60 recurrent CAD) were selected for a case con-

trol study from ongoing Indian Atherosclerosis Research Study

(IARS). The information regarding inclusion, exclusion criteria and

process of sample collection, and data storage have been published

(Indian Heart J, 2010;6:286–95). All the blood samples were collected

after overnight fasting of 12–14 h and stored at �80 °C. The sero posi-

tivity for CMV was established using neutralizing antibody titer values

for each sample. Global proteomic analysis was performed using Sur-

face Enhanced Laser Desorption/Ionization CM10 arrays on serum

samples of these subjects. Support Vector Machine method for risk

stratification of CAD affected and Tagident software for protein iden-

tification. STRING database was used to build the network topology

followed by analysis using Cytoscape v.2.8.3 software.

Results: We have identified 39 significantly differentially expressed

protein peak (m/z) patterns of which 19 peaks were detected for CAD

affected and 20 peaks in recurrent CAD subjects. We used the 20 sig-

nificant peaks from affected vs. recurrent disease subjects for risk

assessment and found that two peaks corresponding to beta-defensin

and histatin-3 were significantly associated with recurrent CAD. The

odds ratio for beta-defensin was 7.49 (95% CI 2.57–21.9, P-value

0.0001) and for histatin-3 it was 1.4 (95% CI 1.02–2.13, P-value 0.042)
in recurrent CAD subjects. Furthermore, when these markers were

combined with conventional risk factors the odds ratio improved to

8.97 (95% CI 2.87–28.04, P-value 0.0001). All the 39 proteins were

used in network construction, the comparison of the two networks

(CAD affected vs. controls and CAD affected vs. recurrent), suggests

that the proteins like serpin peptidase inhibitor A1 (), compliment C3

(C3), compliment C5AR1, were significant in both the networks. Pro-

teins like amyloid beta A4 (APP), Pro-opiomelanocortin (POMC) and

vasoactive intestinal peptide (VIP peptides) were significant in CAD

affected vs. controls but not in those with recurrent disease. New pro-

teins representing infection pathway beta-defensin, histatin-3 and oth-

ers such as vascular endothelial growth factor A (VEGF-A), growth

related alpha protein (GROA), natriuretic peptide B (BNP), and

cardiac phospholamban (PPLA) were identified only in the recurrent

subjects.

Conclusions: These findings suggest that beta-defensin and histatin-3

may add value to risk assessment for recurrent CAD and further vali-

dation in larger cohort is needed. Our data also suggests that infection

and immune system proteins may play a major role in recurrent

disease.

PB 4.31-2
Risk factors associated with myocardial infarction in
venous thromboembolism patients
Lalibert�e F1, Nutescu E2, Lefebvre P1, Damaraju CV3, Rondeau-

Leclaire J1, Bookhart BK3, LAMori JL3, Schein J3 and Kaatz S4

1Groupe d’analyse, Montr�eal, Canada; 2The University of Illinois

at Chicago, Chicago, IL; 3Janssen Scientific Affairs, Raritan, NJ;
4Hurley Medical Center, Detroit, MI, USA

Background: Some of the newer oral anticoagulants have been associ-

ated with a heightened risk of myocardial ischemic (MI) events. Data

is currently lacking in evaluating risk factors associated with MI in

venous thromboembolism (VTE) patients, a population which is com-

monly treated with anticoagulants.

Aims: The purpose of this study was to identify risk factors associated

with MI in VTE patients.

Methods: Health insurance claims between 01/2004 and 09/2008 from

the Ingenix IMPACT database were analyzed. Subjects aged

≥18 years with ≥1 year of continuous insurance coverage before the

index VTE were identified as of the date of their first VTE diagnosis

(index deep vein thrombosis, pulmonary embolism, or both).

Patients’ histories were analyzed up to the earliest date between

health plan disenrollment and lack of follow-up data. The risk of MI

for VTE patients with 1, 2, and ≥3 major risk factors (age, gender,

hypertension, diabetes, hyperlipidemia, cardiovascular diseases, fam-

ily history of cardiovascular diseases, chronic kidney disease, obesity,

and smoking) as identified by published guidelines was reported.

Multivariate Cox proportional hazards models were conducted to

identify the most predictive risk factors associated with MI, adjusting

for region, insurance, years (2005–2008), baseline medications and

healthcare costs.

Results: Of 177,885 VTE patients identified, 4412 (2.5%) developed an

MI during a mean follow-up period of 1.3 years. The most frequent

major risk factors for MI at baseline were hypertension (46.4%), car-

diovascular disease (40.1%), and hyperlipidemia (39.2%). The propor-

tions of patients with 0, 1, 2, or ≥3 major risk factors were 28.9%,

19.1%, 16.2%, and 35.8%. Previous MI, age (≥65 years), coronary

artery disease, and hypertension were the risk factors most predictive

of MI, with adjusted hazard ratios (HRs; 95% CI) of 5.47 (5.01–5.97),
1.78 (1.66–1.91), 1.60 (1.48–1.74), and 1.42 (1.31–1.55), respectively.
Adjusted HRs (95% CI) for VTE patients with 1, 2, ≥3 major risk fac-

tors relative to no major risk factor were 2.34 (1.94–2.81), 3.21 (2.67–
3.85), and 6.93 (5.85–8.22), respectively.
Conclusions: Traditional major cardiovascular risk factors are very

prevalent and predicative of MI in VTE patients. Having multiple

major risk factors significantly increases the probability of developing

MI events in VTE patients.

PB 4.31-3
Further evidence in support of the association between
atherosclerosis and venous thrombosis
Milan M, Vedovetto V, Dalla Valle F, Pesavento R and Prandoni P

2nd Chair of Internal Medicine, Padua University Hospital,

Padua, Italy

Background: Ten years ago a strong association between subclinical

atherosclerosis and venous thrombosis was found (Prandoni et al., N

Engl J Med 2003;348:1435–41). In that study patients with primary

pulmonary embolism (PE) and those with previous venous thrombo-

embolism (VTE) were excluded.

Aims: In a new unselected cohort of patients with VTE older than

50 years, including patients with primary PE and patients with previ-

ous VTE, we assessed the prevalence of symptomatic and that of sub-

clinical atherosclerosis. In addition, we compared the prevalence of

atherosclerotic disease between patients with unprovoked VTE and

patients with VTE triggered by acquired risk factors.
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Methods: Patients meeting the eligibility criteria were interviewed for

history of previous episodes of symptomatic atherosclerosis (including

coronary heart disease, transitory or well defined ischemic stroke and

arteriopathy of the lower limbs). If the medical history was negative,

the presence of vessel wall plaques was investigated through the bilat-

eral ultrasound assessment of carotid arteries with the adoption of

standard methods and criteria. After adjusting for age, risk factors for

atherosclerosis, thrombophilia and previous VTE, we calculated the

odds ratio (OR) and its 95% CI for (either symptomatic or subclinical)

atherosclerosis in patients with unprovoked VTE vs. those with a sec-

ondary event. The study was approved by the local ethics committee

and for all patients written informed consent has been obtained.

Results: Out of 202 consecutive VTE patients meeting the eligibility

criteria, 119 (58.9%) referred with an unprovoked VTE, and 83

(41.1%) with a secondary VTE. The mean age (�standard deviation)

of study patients was 73.8 � 10.6 years, 90 (45.1%) were males, 54

(26.7%) presented with primary PE and 40 (19.8%) with previous

VTE. No appreciable differences were seen between the two patients’

groups in terms of baseline features. A history of symptomatic athero-

sclerosis was recorded in 42 (35.3%) patients with unprovoked VTE

and in 26 (31.3%) with a secondary event. Of the remaining 134

patients, the presence of at least one carotid plaque was recorded in 42

of the 77 (54.5%) patients with unprovoked VTE and in 22 of the 57

(38.5%) with secondary thrombosis. The adjusted OR for either symp-

tomatic or subclinical atherosclerosis in patients with unprovoked as

compared to those with secondary VTE was 1.8 (95% CI 1.2–4.1).
Conclusions: The study results, obtained in a broad number of unse-

lected patients over 50, expand those of our previous publication and

confirm that an important association does indeed exist between ath-

erosclerosis and unprovoked VTE.

PB 4.31-4
The relationship of FII, FVII, FXIII and fibrinogen levels
with conventional risk factors in patients with and
without coronary artery disease
Bronic A1, Ferencak G2, Lenicek Krleza J3 and Bernat R4

1Clinical Hospital Center Sestre Milosrdnice, Zagerb;
2Outpatients Clinic Medicol, Zagreb; 3Paediatrics Clinic, Zagreb;
4Magdalena Special Hospital for Cardiology and Cardiovascular

Surgery, Krapinske Toplice, Croatia

Background: A number of coagulation factors are required for the cas-

cade of biochemical reactions leading to fibrin formation. The aim of

the study was to investigate the relationship between haemostatic fac-

tors II(FII), VII(FVII), XIII(FXIII), fibrinogen and conventional cor-

onary artery disease (CAD) risk factors in order to enhance

understanding of phenotypic variation in haemostatic factor levels in

patients and clinical controls.

Materials and Methods: The study was performed according to Hel-

sinki Declaration and was approved by the Magdalena Special Hospi-

tal for Cardiovascular Surgery and Cardiology Ethic Committee.

Association analysis was carried out in 242 subjects with ³ 50% steno-

sis in at least one of the major coronary vessels (CAD+) and 138 sub-

jects with angiographically excluded disease (CAD-). Data regarding

body mass index (BMI), presence of arterial hypertension (AH), diabe-

tes, smoking status or history of myocardial infarction (MI) was

obtained on admission. Blood collection and processing were per-

formed according to standardized procedures. Established risk factor

ratio (ERF) was calculated by dividing total cholesterol by HLD-cho-

lesterol. Fibrinogen was determined by Clauss method; FII and FVII

by single step clotting assays and FXIII by chromogenic assay on a

BCS analyzer (Siemens Diagnostics, Marburg, Germany). Bivariate

correlations between variables were analyzed with Pearson’s correla-

tion coefficient, and trendlines were calculated with linear regression

analysis. Significance was taken as P < 0.05.

Results: Median of the FII, FVII, FXIII and fibrinogen levels was not

significantly different between the CAD- and CAD+ patients (108.5

vs.111.0; 120.6 vs.117.1, 93.2 vs.90.9, 2.5 vs.2.6, respectively)

(P > 0.05). Females have higher values in compare to males (FII:113.6

vs. 105.9, P = 0.005; FVII:131.5 vs. 117.9, P = 0.006, FXIII:100.6 vs.

92.0, P = 0.001, FIB:3.18 vs. 2.8, P = 0.006). Fibrinogen correlated

with age (R:0.124, P = 0.05), FXIII(R:0.285, P = 0.01) and FII

(R:0.162, P = 0.01). Furthermore, FII correlate with BMI (R:0.117,

P = 0.05), ERF(R:0.174, P = 0.01) and FVII (R:0.741, P = 0.01)

whereas FVII values correlated with ERF(R:0.118, P = 0.05) and

smoking(R = �0.105, P = 0.01). In clinical controls FII, FXIII, FVII

activities correlated with AH (R:0.192; 0.263, 0.296 at P < 0.05,

respectively). Obtained fibrinogen values were higher in females than

in males(3.1 vs 2.4, P = 0.03). Fibrinogen correlated with FXIII

(R:0.405; P < 0.01), but in males also with age(R:0.234) and smoking

(R:0.243). In CAD patients FII correlated with age(R:0.130,

P < 0.05), AH(R:0.195, P = 0.01), ERF(R:0.205, P = 0.01), FVII

(R:0.795, P = 0.01) and fibrinogen(R:0.154, P < 0.05). Females had a

higher FII levels(115.7 vs. 107.8, P = 0.07) that correlated with BMI

(R:0.279, P < 0.05), and higher FXIII in compare to males (99.9 vs.

88.6, P = 0.02). FVII was higher in smokers(121.3 vs. 112.3,

P = 0.030). Fibrinogen correlated with FXIII (0.195, P = 0.01). Over-

all, multiple regression analysis revealed age, sex, AH, EFR and fibrino-

gen to be independent predictors of FII clotting activity, predicting

~11% of the variability; AH, ERF and fibrinogen to be independent

predictors of FVII clotting activity, predicting ~4% of the variability;

age, sex, AH and fibrinogen to be independent predictors of FXIII

activity, predicting ~11% of the variability; smoking, sex and age to be

independent predictors, that explain ~15% of the fibrinogen variability.

Conclusion: The obtained data suggest that different combination of

conventional risk factors may have different effects on coagulation fac-

tor activities in different patient’s subgroups. However, more extensive

study has to be performed in order to determine a combination of rele-

vant factors contributing to the difference in clotting factor activities.

PB 4.31-5
Subclinical atherosclerosis in patients infected with
Human Immunodeficiency Virus. Early predictors
De Larrañaga GF1, Aranda F1, Oliva S1, Bottaro E2, Bendez�u K1,

Gonzalez R1, Chamorro J1, Camicia G1, Lucero A1 and Per�es

Wingeyer S1

1Hospital of Infectious Diseases F. J. Mu~niz; 2Helios Salud, Caba,

Argentina

Background: Patients infected with Human Immunodeficiency Virus

(HIV+) have a greater burden of clinical and sub-clinical atheroscle-

rotic disease (SA) compared to the general population. The main

causes of SA in HIV+ are multiple pro-atherogenic metabolic abnor-

malities related to Antiretroviral Therapy, early immune senescence

(consequence of chronic immune activation), and an individual’s

genetic background. Subsequently, early biomarkers might help to

identify HIV+ subjects who are at an elevated risk of SA and guide the

development of therapeutic interventions.

Aims: The purpose of this study was to identify early predictors of SA

in HIV+, specifically endothelial and genetic markers.

Methods: We measured plasma von Willebrand Factor (vWF) (LIA-

TEST-Stago), the �2518 A/G polymorphism in the monocyte chemo-

attractant protein (MCP-1) gene (PCR/RFLP) and blood lipids. SA

was considered to be present when carotid intimate media thickness

(IMT) was >1.0 mm at any site. IMT was measured by echo-doppler

in 70 HIV+. Patients were divided according to the absence (SA-,

n = 40) or presence (SA+, n = 30) of SA. We also assessed traditional

coronary risk factors, HIV disease characteristics and treatment. The

study was approved by the ethics committee and subjects gave

informed consent.

Results: The groups were comparable in sex, waist circumference,

duration of HIV infection, viral load, smoking habits, alcohol use, ille-

gal drug use, co-infection by hepatitis virus C and the use of protease
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inhibitors (P > 0.05). There were no significant differences in the

�2518 A/G MCP-1 genotypic (P = 0.915) distributions between the

groups.

Significant differences (P < 0.05) were noted between SA- and SA+
patients, specifically, age (37 vs. 47 years old), co-infection with hepa-

titis virus B (15 vs. 40%), current CD4+ T cell count (398 vs. 498 cells/

lL), LDL cholesterol (85 vs. 109 mg/dL) and triglycerides (105 vs.

159 mg/dL). The nadir of CD4+ (207 vs. 54 cells/lL), months of expo-

sure to treatment (56 vs. 72), total cholesterol (163 vs. 179 mg/dL) and

vWF (111 vs. 140%) were different between SA- and SA+ patients,

although these differences did not reach statistical significance. We

included those variables in a logistic regression model. Previously, we

categorized the variables according to the median values obtained or

the international criteria as follows: nadir of CD4+ (50 cells/lL), cur-
rent CD4+ T cell count (350 cells/lL), triglycerides (150 mg/dL), age

(37 years old) and vWF (110%).

Predictive factors for the development of SA included an age of more

than 37 years (OR = 16.69; 95% CI: 2.67–104.36, P = 0.003), vWF of

more than 110% (OR = 13.05; 95% CI: 2.36–72.12, P = 0.003), CD4+
cells of more than 350 cells/lL (OR = 27.75; 95% CI: 3.87–198.80,
P = 0.001), and triglycerides levels of more than 150 mg/dL

(OR = 3.94; 95% CI: 1.02–15.26, P = 0.047).

Conclusions: In our HIV+, age and the level of triglycerides were risk

factors for the development of SA, as has been previously reported.

High current CD4+ levels as a consequence of immune status improve-

ment could be a key factor in the progression of atherosclerosis via a

synergistic effect with inflammation. The level of vWF has the promise

to be an attractive study variable that could be used to differentiate

between SA risk groups.

PB 4.31-6
Comprehensive analysis of global gene expression and
microRNA profile in coronary artery disease
Shanker J, Arvind P, Sathyamurthy Y, Jambunathan S, Nair J,

Setty P and Kakkar V

Thrombosis Research Institute, India, Bangalore, India

Background: Studying the global gene expression and microRNA

(miRNA) profile can provide a better understanding on the genetic

basis of Coronary Artery Disease (CAD)

Aims: The aim of the present study was to perform global transcrip-

tome profiling to identify novel genes/pathways for CAD, supported

by miRNA profiling to understand epigenetic regulation of candidate

gene expression.

Methodology: Blood whole transcriptome profiling was undertaken in

13 CAD patients and 11 asymptomatic controls while miNA profile

was analyzed in 14 cases and 10 controls, respectively, using the Agilent

microarray platform. The study participants were selected from the

ongoing Indian Atherosclerosis Research Study (IARS). Information

on both gene expression and miRNA was available for 10 cases and 8

controls. Validation of microarray findings was done in 100 cases and

100 matched controls for 10 putative candidate genes showing high dif-

ferential expression. Gene expression and miRNA data were analyzed

with ‘R’ program and Gene Spring software respectively.

Results: 343 genes were significantly up regulated and 151 genes were

down regulated in cases relative to the controls (Fold change >2,
P < 0.05). Gene assigned based on functional category primarily

belonged to inflammation and immune response pathways, cell signal-

ing, regulation and proliferation, coagulation, lipid and insulin metab-

olism, matrix degeneration and early growth response. Down-

regulated genes included those associated with anti proliferation, pro-

tein and calcium signaling and other basic cellular processes.

Analysis of candidate gene expression showed CXCL1, EGR3, IL8,

PTGS2 and CD69 to be up regulated and IFNG and FASLG to be

down regulated among cases (P ≤ 0.05), the trend being comparable

to the microarray findings. EGR3 and IL8 genes in particular showed

9-fold and 8-fold differential expression. Three miRNAs, miR-144*,

miR-96 and miR-1260, were significantly up regulated while miR-185*
was found to be down regulated in the cases as compared to the con-

trols. Of note, the expression levels of ADAMTS18 and KCTD16,

which are predicted gene targets of miR-96, were lower in CAD

patients in the microarray dataset.

Summary/Conclusion: Combining global gene expression and miRNA

data can improve our understanding on the underlying molecular

pathogenesis of atherosclerosis.

PB4.32 – Atherosclerosis:
miscellaneous – II

PB 4.32-1
Association of obesity markers and atherothrombotic
biomarkers in coronary artery disease
Shanker J, Ravindran V, Bhasker D, Hebbagodi S and Kakkar V

Thrombosis Research Institute, India, Bangalore, India

Background: Metabolic disturbances mediated by obesity and associ-

ated biomarkers can increase the risk of Coronary Artery Disease

(CAD). The Adipose tissue releases a number of important hormones

such as Adiponectin and Leptin, pro-inflammatory biomarkers that

interact with other blood-borne atherothrombotic biomarkers and

thus regulate the progression of heart disease.

Aims: We investigated the association between obesity markers and

key circulating biomarkers in a family-based cohort of angiographical-

ly confirmed CAD patients and unaffected family members participat-

ing in the Indian Atherosclerosis Research Study (IARS)*.
Methods: Obesity markers depicting central obesity (body mass index-

BMI) and visceral obesity (waist circumference -WC, Hip circumfer-

ence – HC and waist-hip-ratio – WHR) were measured in 287 CAD

patients and 477 unaffected family members. A wide panel of plasma/

serum biomarkers were measured by standard methods and included

the following – Lipids (total cholesterol-TC, triglycerides, High density

lipoprotein cholesterol-HDL-c, Low density lipoprotein-cholesterol-

LDL-c, Apolipoprotein-Apo- A1 and -B100, Lipoprotein (a)-Lp(a)),

Coagulation factors (Factor VII.c, Fibrinogen), Inflammatory mark-

ers (IL6, hsCRP), Adipokines (Adiponectin, Leptin), Adhesion mole-

cules (P-selectin, sICAM), Oxidative stress markers (OxLDL,

Myeloperoxidase-MPO), antibody titers against common pathogens

(cytomegalovirus, C pneumonia, H pylori and HSV), heat shock pro-

teins (HSP-60, -65, -70) and other novel biomarkers (Cystatin C, secre-

tory phospholipase A2-sPLA2, Neopterin). Multivariate analysis and

correlations were performed to test the association of the biomarker

panel across the obesity marker quartiles using SPSS version 17.0 soft-

ware. Age and gender were considered as covariates.

Results: Mean levels of BMI, WC and WHR were higher in CAD

affected than unaffected subjects, but statistically significant difference

was seen only for WHR (P = 0.002). There was stronger correlation of

BMI with WC (r = 0.73, P < 0.0001) than with WHR (P = 0.20). The

best linear association was seen of BMI and WC with Adiponectin,

Leptin and PAI-1 followed by hsCRP, FVII.c, Fibrinogen and lipids,

particularly triglycerides and HDL-c (P < 0.001). In addition, WC

showed significant association with ApoA1, ApoB100 (P = 0.0001),

sICAM and p-selectin (P <≤ 0.04), Ox-LDL (P < 0.0001) and sPLA2

(P < 0.0001). This data was supported by strong correlation of WC

and BMI with Leptin (0.56), Adiponectin (�0.28), PAI-1(0.32), sPLA2

(0.22), hsCRP (0.17) and Fibrinogen (0.22). Further analysis is in pro-

gress.

Summary/Conclusion: Waist circumference appears to be an excellent

representative marker of visceral adiposity and shows strong associa-

tion with a number of established and new atherothrombotic biomar-

kers in Asian Indians. Significance of these biomarkers in predicting

new/recurrent coronary events will also be discussed.

*The rationale and design of the IARS has been published in Indian

Heart journal 2010, 62:286–95.
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PB 4.32-2
Free leptin, carotid plaque phenotype and relevance to
related symptomatology: insights from the OPAL-Lille
carotid endarterectomy study
Elkalioubie A1, Zawadzki C2, Chinetti-Gbaguidi G3, Corseaux D2,

Juthier F4, Haulon S4, Staels B3, Susen S2, Van Belle E2

and Dupont A2

1EA2693, Univ Nord de France, UDSL; 2EA 2693, Univ Lille Nord

de France; 3Inserm U1011, Univ Lille Nord de France, Lille

Pasteur Institute; 4Cardiovascular and Pulmonary, and

Hematology Department, University Hospital, Lille, France

Background: Free leptin, an adipose tissue-derived cytokine, exerts

important cardiovascular effects, but its role on human atherosclerotic

carotid plaque phenotype and related symptomatology is unknown.

Aims : This relationship was assessed in 146 consecutive patients (71

asymptomatic and 75 symptomatic) scheduled for carotid endarterec-

tomy.

Methods and Results: Free leptin was assessed in serum (9.7(4.6–19.7)
ng/mL, range 0.47–107) and carotid plaques (0.075(0.040–0.163) ng/
mg protein) (median [percentiles 25–75%]). Serum and plaque free lep-

tin concentrations were positively correlated to each other

(P < 0.0001, r = 0.726). Serum free leptin concentrations were inde-

pendently and negatively associated with plaque-related symptomatol-

ogy (ß = �0.066, 95% CI: �0.124; �0.007). Regarding plaque

phenotype, histological examination revealed plaque Vascular Smooth

Muscle Cell (VSMC) content and VSMC to macrophage area ratio to

be significantly higher in asymptomatic patients compared to symp-

tomatic ones (39.3(35.9–55.0) vs. 20.4(17.7–26.3), P = 0.0003, 6.8(2.6–
31.4) vs. 1.4(0.6–2.0), P = 0.014, respectively). When serum or plaque

leptin concentrations were above median value, plaque VSMC to mac-

rophage area ratio and VSMC content or proliferation index were sig-

nificantly higher in carotid plaque compared to concentrations below

median value (P < 0.019). Interestingly, via ERK, Smad-2 and Akt

activation, at 20 ng/mL, leptin induced a migratory signal and higher

collagen synthesis in human VSMC, followed by a VSMC proliferative

response at the concentration of 75 ng/mL.

Conclusions: We reported serum free leptin to be a marker of carotid

plaque-related symptomatology. Free leptin could modulate plaque

phenotype via direct effects on human VSMC.

PB 4.32-3
Nicotinic acid/laropiprant: negative effects on vascular
function
Cioni G1, Marcucci R1, D’Alessandri G2, Fedi S1, Alessandrello

Liotta A1, Mannini L1, Fatini C1 and Abbate R1

1University of Florence, Florence; 2USL3, Pistoia, Italy

Background: Lipoprotein (a) is an atherothrombotic marker, damag-

ing vessels indirectly by its capability to alter fibrinolysis, and directly,

by its similarity with an LDL protein. Nowadays, the only pharmaco-

logical approach able to modify Lp(a) levels is niacin at high doses.

Aims: To assess the behaviour of lipid profile, haemoreological profile

and endothelial function in secondary prevention patients treated with

niacin/laropiprant.

Methods: 45 consecutive patients, all presenting Lp(a) >300 mg/dL,

with previous adverse cardiovascular event (acute coronary syndrome,

stroke, peripheral artery disease, retinal occlusion, sudden hypoacou-

sia) and multiple comorbidities, were treated daily with 2000 mg of

nicotinic acid/40 mg laropiprant and optimal statin therapy, in addi-

tion to cardiovascular medications according to current guidelines, for

12 months. Cholesterol, triglyceride, HDL-c, LDL-c, Lp(a), high-sen-

sitive-PCR levels and haemoreological profile were analysed by fasting

venous sampling. Endothelial function was assessed by peripheral arte-

rial tonometry (PAT).

Results: After 12-month treatment the levels of triglycerides

(118.71 � 84.58 mg/dL vs. 88.86 � 61.14 mg/dL), LDL-c (119.20 �
35.81 mg/dL vs. 96.41 � 36.98 mg/dL) and Lp(a) (1146.19 � 451.54

mg/L vs. 776.79 � 326.26 mg/L) were significantly reduced

(P = 0.002, P = 0.002, P < 0.0001), instead HDL-c levels (52.89 �
18.04 mg/dL vs. 60.14 � 17.46 mg/dL) increased (P = 0.029). No dif-

ferences in hsPCR levels were found. Unexpectedly, regarding blood

viscosity, red cell deformability (0.3351 � 0.3422 vs. 0.3128 � 0.0392)

and aggregation (63.80 � 8.90% vs. 60.78 � 5.70%) were impaired

(P = 0.023 and P = 0.077, respectively) after 12 months. Accordingly,

PAT values were lower after treatment (2.12 � 0.77 vs. 1.77 � 0.38,

P = 0.044).

Conclusion: Niacin is significantly able to improve lipid profile, partic-

ularly by reduction of Lp(a). Despite these behavioural effects, nico-

tinic acid/laropiprant seems to negatively affect blood viscosity and

endothelial function, suggesting a possible explanation of the negative

results of HPS2-THRIVE study.

PB 4.32-4
Oxidized LDL: a link between atherosclerosis and
Alzheimer’s disease?
Faria MC, Grossi MF, Gonc�alves GS, Carvalho MG, Sousa LP,

Silveira JN and Silva IO

Federal University of Minas Gerais, Belo Horizonte, Brazil

Background: Shared risk factors for both atherosclerosis and Alzhei-

mer’s disease (AD) have raised interest in understanding vascular

mechanisms probably involved in neurodegeneration. Atherosclerosis

of intracranial arteries has been described as a risk factor for dementia

which points to the role of vascular changes in AD development. A

vascular and/or inflammatory biomarker present in both atheroscle-

rotic diseases and AD, could not only unveil pathological pathways

but also help in Alzheimer’s diagnosis. Oxidized LDL (oxLDL) is a

known mediator of vascular injury and atherosclerosis as it stimulates

endothelial cells to produce chemoattractants that recruit monocytes

into the vessel wall in addition to inducing smooth muscle cells prolif-

eration.

Aims: After we observed in our studies that AD patients presented

increased circulating products of lipid-peroxidation and a higher fre-

quency of the epsilon4 APOE gene allele (strongly associated with

both atherosclerotic cardiovascular disease and AD), we aimed to

investigate the lipid profile of those patients and whether their oxLDL

circulating levels were also increased. Our ultimate goal was to observe

if oxLDL could represent an abnormal parameter in AD, linking its

pathological pathways with atherosclerosis.

Methods: Through Enzyme-linked Immunosorbent Assay (ELISA), we

measured the oxLDL levels in the serum of 40 elderly individuals with

no cognitive impairment (controls) and 40 AD patients, selected in the

Academic Hospital at the Federal University of Minas Gerais, Brazil,

after informed consent by themselves or relatives. We also evaluated

the participants’ lipid profile through biochemical analysis. The study

was approved by the ethics committee of the respective university.

Results: Surprisingly, the oxLDL levels for controls (126.32 �
122.30 mg/dL) were higher than those for AD patients (71.05 �
100.50 mg/dL), P = 0.016.

The levels of LDL, HDL and total cholesterol were similar for both

groups. VLDL levels in the control group (22.10 � 15.35 mg/dL) were

higher than in the AD group (13.91 � 7.13 mg/dL), P < 0.0001, and

triglyceride levels were also higher for the controls (110.50 �
76.80 mg/dL) compared to AD patients (69.57 � 35.70 mg/dL),

P < 0.0001.

Although higher for the control group, the VLDL and triglyceride lev-

els were still under their clinical cut-offs.

Studies by other researchers have associated statin use with decreased

oxLDL levels, but in our study statin use was more prevalent in the

control group, which presented higher levels of oxLDL compared to

AD patients. This unexpected lower oxLDL levels could be a conse-
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quence of a more controlled diet for the AD patients; thus, it would be

interesting to investigate the oxLDL levels of individuals with mild

cognitive impairment who progressed to AD after follow up. It would

also be beneficial to investigate if microglial cells of AD patients

express more scavenger receptors that bind to oxLDL than the ones of

healthy elderly controls.

Conclusion: The oxLDL serum levels were not increased in Alzheimer’s

disease patients compared to controls; therefore, we were unable to

describe a link between atherosclerosis and this disease based on this

parameter.

PB 4.32-5
Plasma salusin-beta levels in health and
atherosclerotic cardio- and cerebro-vascular diseases
Fujimoto K1, Watanabe T2, Shichiri M3 and Koyama T1

1Tokyo Medical and Dental University, Tokyo; 2Tokyo University

of Pharmacy and Life Sciences, Tokyo; 3Kitasato University

School of Medicine, Sagamihara, Japan

Background: Salusin-a and salusin-b are related vasoactive peptides

biosynthesized from the same precursor, prosalusin. Salusin-a has

been demonstrated to exert anti-atherogenic effects. While Salusin-b

has the ability to temporally induce potent hypotension, this peptide

also accelerates the development of atherosclerosis by enhancing

macrophage foam cell formation and vascular smooth muscle cell

proliferation. Salusin-b is highly expressed in human coronary ath-

erosclerotic lesions. Despite the potent hemodynamic and pro-athero-

sclerotic activities of salusin-b, its presence in human circulation

remains largely undetermined, because of its unique physicochemical

properties.

Aims: We recently established a sandwich ELISA for salusin-b, over-

coming technical difficulties by including a low dose of NP-40 in the

assay system. We measured salusin-b in healthy human plasma and

examined whether there were physiological variations using the sand-

wich ELISA. Furthermore, we investigated plasma salusin-b levels in

patients with coronary artery disease (CAD) or cerebrovascular dis-

ease (CVD).

Methods: After obtaining informed consent, venous blood samples

were collected from 106 healthy volunteers and 80 patients with CAD

or CVD. The plasma was then pretreated and salusin-b levels were

measured using the sandwich ELISA.

Results: Plasma salusin-b levels were 4.1 � 0.9 nM in healthy volun-

teers, and did not differ significantly between males (n = 64) and

females (n = 42). Age was not associated with the levels. Plasma salu-

sin-b levels were lower in the morning than in the daytime. Both

patients with CAD and CVD had significantly higher levels of plasma

salusin-b compared with healthy volunteers (5.4 � 1.3 and

5.3 � 1.4 nM, both P < 0.0001).

Summary/Conclusion: These results indicate that plasma levels of salu-

sin-b exhibit a circadian rhythm with levels lower in the morning. In

addition, salusin-b is significantly higher in patients with atheroscle-

rotic CAD or CVD. We provide insights into the potential use of salu-

sin-b as a reliable biomarker and therapeutic target for atherosclerotic

cardio- and cerebrovascular diseases.

PB 4.32-6
Urinary Biomarker discovery for coronary artery
disease risk prediction using global proteomic analysis
Madan G, Sangeeta M, Sharma A, Kakkar VV and Vangala RK

Thrombosis Research Institute, Bangalore, India

Background: Diagnosis of premature coronary artery disease (CAD) is

a major concern and several studies have focused on using the urinary

proteome approach due to non-invasive biofluid collection, low com-

plexity and stability of proteins. These studies are more important in

Indian population where premature CAD is increasing at alarming

rate.

Aim: In this study we have analyzed global proteomic profile analysis

of urinary proteome of Asian Indians to identify biomarker profile for

premature CAD risk prediction.

Methods: 407 age and gender matched subjects were selected for a case

control study from ongoing Indian Atherosclerosis Research Study

(IARS) (Indian Heart J, 2010;6:286–95) which was designed according

to the guidelines of World Medical Association Declaration of Hel-

sinki and Indian Council of Medical Research and approved by Insti-

tutional Ethics Committee. Patients living in India for at least two

generations were enrolled after signed informed consent was obtained

(male ≤60 years and female ≤63 years at onset of disease, diagnosed as

CAD without any major diseases like cancer or liver failure) All the

urine samples were collected after overnight fasting of 12–14 h and

stored at �80 °C. Global proteomic analysis of urine samples were

performed using Surface Enhanced Laser Desorption/Ionization-Time

of Flight (SELDI-TOF) on three different arrays cationic CM10 (204

CAD affected and 203 unaffected), anionic Q10 (80 CAD affected and

79 unaffected) and metal binding IMAC30 (196 CAD affected and 195

unaffected) chips. For risk prediction model development, we used

four different statistical methods namely Support Vector Machine

(SVM), Multilayer perception Artificial Neural Network (ANN), Dis-

crimination Analysis (DA) and Logistic Regression (LR).

Results: 118 significantly differently expressed protein profiles were

identified from SELDI-TOF analysis in all the arrays. The CM10

array gave 55 peaks, 29 peaks in Q10 and 34 in IMAC array chips.

Four different statistical analyses (SVM, ANN, DA and LR) were per-

formed for developing risk assessment algorithm for each array type.

In each of the statistical methods half of the samples were used for val-

idation in a blind test. In all the array types, SVM based algorithm

gave the significant risk assessment. In CM10 array the SVM based

risk stratification had sensitivity of 91.22%, specificity of 67.13%,

AUC of 0.961, Q10 array sensitivity of 82.93%, specificity of 79.22%,

AUC of 0.921 and IMAC: sensitivity of 78.76%, specificity of 80.30%,

AUC of 0.878. Furthermore, we identified that five protein peaks cor-

responding to myotropin, prepronociceptin, StAR-related lipid trans-

fer protein 5, D-amino acid oxidase activator, and integral membrane

protein 2C as significant proteins in the above SVM based model for

risk assessment.

Conclusions: Our data suggests that urinary proteome profile can be

used to identify new biomarkers which may be related to premature

CAD in Asian Indians. Further studies of integrating the genomic data

(gene expression and single nucleotide polymorphism) using bioinfor-

matics tools are underway for developing systems biology based risk

assessment.

PB4.33 – Fibrinolytic system:
Basic – IV

PB 4.33-1
Homocysteine plasma levels influence fibrinolytic
capacity but not in vitro cleavage of fibrin by
exogenous plasmin in patients with pulmonary
embolism
Cellai AP1, Lami D2, Antonucci E2, Marcucci R2, Fiorillo C2,

Becatti M2, Cenci C2, Mannini L1, Abbate R2 and Prisco D2

1AOU-Careggi; 2University of Florence, Florence, Italy

Background: Hyperhomocysteinemia (HHcy) affects haemostasis and

shifts its balance in favour of thrombosis. In vitro and in vivo studies

suggested that HHcy may impair fibrinolysis either by influencing the

plasma levels of fibrinolytic factors or by altering the fibrinogen struc-

ture.

Aims: We investigated the influence of mild HHcy levels on plasma

fibrinolytic potential by using Clot Lysis Time (CLT) and fibrin sus-
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ceptibility to plasmin-induced lysis in 94 patients with previous pulmo-

nary embolism (PE) and no pulmonary hypertension.

Methods: CLT was measured as lysis time of tissue factor (TF)-

induced clots exposed to exogenous tissue Plasminogen Activator (t-

PA). The rate of ‘in vitro’ plasmin-mediated cleavage of fibrin b-chain
was assessed over a 6-h period on fibrin clots, which were obtained by

exposition to thrombin of purified fibrinogen. Homocysteine plasma

levels were measured by Abbott Imx immunoassay and we considered

as altered values the plasma levels above 15 lM according to the liter-

ature. Fibrinolytic components were also measured by ELISA or func-

tional tests.

Results: In 68 patients homocysteine levels were below 15 lM (NHcy)

and in 26 they were above (HHhcy). Significant differences were

observed between the two groups regarding plasma fibrinolytic poten-

tial (P = 0.016), TAFIact (P = 0.02), t-PA(0.008) and PLG (0.037),

but not for the other fibrinolytic components and for the rate of plas-

min-mediated cleavage of fibrin b-chain. The HHcy-patients had a

three-fold higher risk to have an impaired fibrinolysis. Instead, a mul-

tivariate logistic regression analysis adjusted for significances of uni-

variate showed that HHcy(OR:5.2 95% CI: 1.7–15.9; P = 0.003) and

BMI (OR:1.1 95% CI: 1.0–1.3; P = 0.01) resulted indipendently asso-

ciated with impaired fibrinolytic activity.

Conclusions: HHcy affects TAFI-mediated hypofibrinolysis but not

fibrin(ogen) structure or function as documented by fibrin degradation

analysis.

PB 4.33-2
Real time imaging of plasminogen binding to platelet-
rich micro-thrombus and its effective lysis by tPA
infusion in vivo
Urano T, Tanaka A, Brzoska T and Suzuki Y

Hamamatsu University School of Medicine, Hamamatsu, Japan

Background: The detail how thrombolysis takes place after micro-

thrombus is formed at vascular injury site.

Aim: To elucidate the mechanism of thrombolysis in the vasculature,

we analyzed the process of plasminogen-binding to laser-induced mi-

crothrombus and tPA-induced its lysis in mice using intra-vital fluores-

cence microscopy.

Method: Mesenteric vein of green fluorescent protein expressing trans-

genic mouse (GFP-mouse) was irradiated by laser-beam through

objective lens of fluorescence confocal microscopy and platelet-rich

micro-thrombus was formed. The accumulations of GFP expressing

platelets as well as Alexafluor 568 labeled plasminogen (Glu- or mini-

plg) on injured vessel wall were monitored by an increase in the corre-

sponding fluorescent intensity with time course, and their distributions

were analyzed. The process of tPA-induced effective clot lysis was also

analyzed.

Results: (i) Glu-plg accumulated in a time-dependent manner to the

center of micro-thrombus, where phosphatidylserine (PS) was exposed

on platelets surface and fibrin was formed. (ii) The bindings of Glu-plg

in the presence of EACA (approximately 20 mM) or after treatment

by carboxy-peptidase (approximately 10 U/mL), and that of mini-plg

were significantly less than that of Glu-plg alone. (iii) Though the

micro-thrombus was resistant to clot lysis for 3 h, the effective clot

lysis was initiated by intra-venous tPA infusion.

Summary: Glu-plg appeared to accumulate in the center of micro-

thrombus in a time-dependent manner by binding to either activated

platelets’ surface or formed fibirn in a lysine binding site dependent

mechanism. Such accumulation of Glu-plg, however, was not suffi-

cient and the subsequent tPA infusion was required for the effective

clot lysis.

PB 4.33-3
Kinetic and thrombolytic properties of streptokinase-
polyethylene glycol conjugates
Mukhametova L1, Aisina RB1, Gulin D1, Gershkovich KB2

and Varfolomeyev SD2

1Lomonosov Moscow State University; 2Emanuel Institute of

Biochemical Physics of RAS, Moscow, Russian Federation

Background: Streptokinase (SK), a widely used thrombolytic drug, is

an effective plasminogen activator. Some limitations to SK therapy

have been imposed by its significant side effects on plasma proteins,

rapid clearance from the circulation, antigenicity and instability of

plasmin (Pm)*SK complex to proteolysis. SK therapy is accompanied

by bleeding as a result of the exhaustion of plasma fibrinogen.

Aims: To improve of SK properties by its modification with nonanti-

genic polyethylene glycol (PEG).

Methods: PEG of 2 and 4 kDa (PEG2 and PEG4) were activated with

1,1’-carbonyldiimidazole and imidazole carbamate derivatives of the

polymers were dialyzed. Purified SK was modified with activated PEG

in the ratio 1:500 (M:M) during 0.5, 2, 3 and 4 h. Stability of SK b
SK-PEG conjugates in human plasma was traced by fall of their fibri-

nolytic activity using Christensen method. Kinetics of plasmin

(Pm)*SK b Pm*SK-PEG stoichiometric complexes formation was

measured by rise in the hydrolysis rate of Pm substrate. Kinetic

parameters (kpg and KPg) of Glu-Pg activation by Pm*SK b Pm*SK-

PEG complexes were determined using conjugated method in the pres-

ence of Pm substrate. Thrombolytic activity of SK and SK-PEG con-

jugates was measured by lysis kinetics of human plasma clot immersed

in plasma using cathetometer, fibrinogen level in plasma was measured

using developed by us method.

Results: Optimal durations for SK conjugation with activated PEG2

and PEG4 were found to be 1 and 2 h owing to the loss of SK fibrino-

lytic activity did not exceed 15–25% at modification degree of its lysine

e-amino groups 49–52% in 1 h and 52–53% in 2 h with PEG2 and

PEG4. These modification degrees of SK had no effect on the forma-

tion rate and amidase activity of stoichometric complexes of Pm*SK-

PEG2 and Pm*SK-PEG4 but increased in stability of SK-PEG conju-

gates in human plasma in vitro: the t1/2 of fibrinolytic activities decline

were 60 and 110 min for two SK-PEG2, 90 and 120 min for two SK-

PEG4 derivatives, 50 min for unmodified SK. As compared with

Pm*SK, both kpg and KPg values of Glu-Pg activation by Pm*SK-

PEG2 and Pm*SK-PEG4 complexes with two modification degrees of

SK decreased and the catalytic efficiency of Pg activation (kpg/KPg) by

these complexes was some lower or higher than that by Pm*SK. The

SK-PEG2 and SK-PEG4 derivatives retained in vitro 88–85% and 68–
62.5% of SK thrombolytic activity, respectively. The SK-PEG conju-

gates caused the lesser depletion of plasma fibrinogen than equal dose

of unmodified SK: t1/2 of plasma fibrinogen level fall was 26 min for

SK, 36 and 38 min for SK-PEG2, 90 and 120 min for SK-PEG4 deriv-

atives.

Conclusions: Conjugation of SK by PEG extends its half-life in plasma

and protects Pm*SK-PEG complexes from proteolysis. Obtained SK-

PEG2 b SK-PEG4 derivatives retained great bulk of SK thrombolytic

activity and caused a lesser side effects on plasma proteins in vitro than

equal dose of unmodified SK. Moreover, according to literature data

derivatization of SK by PEG substantially reduced the SK antigenicity.

PB 4.33-4
Insights from a mathematical model of fibrinolysis
Bannish B1, Keener JP2, Weisel J3 and Fogelson AL2

1University of Central Oklahoma, Edmond, OK; 2University of

Utah, Salt Lake City, UT; 3University of Pennsylvania,

Philadelphia, PA, USA

Background: Mathematical models can be powerful tools when labora-

tory experimentation is impossible or inconvenient (due to technologi-
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cal limitations, cost, time constraints, etc.) We have developed a 3-

dimensional multiscale mathematical model that accurately predicts

many observed characteristics of both single fiber and clot lysis. Fibri-

nolytic therapy for stroke patients often involves administration of tis-

sue-type plasminogen activator (tPA), however, bleeding

complications can arise post-treatment. More recently, local adminis-

tration of plasmin via catheter has been suggested as a possible treat-

ment strategy.

Aims: The aim of this research is to develop mathematical models of

fibrinolysis that can be used to test potential fibrinolytic therapies.

Specifically, we aim to accomplish the following: identify a safer, more

effective tPA-variant that could be bioengineered; test the effectiveness

of both tPA-variants and plasmin as thrombolytic agents under vari-

ous conditions (e.g., in different clot structures, or in the presence of

fibrinolytic inhibitors).

Methods: We use a 3-dimensional multiscale mathematical model to

investigate fibrinolysis of pre-formed clots, initiated by various types

of molecules. The microscale model contains detailed biochemistry

and represents a single fiber cross section. Data from the microscale

model are used in a macroscale model of a 3-dimensional fibrin clot.

To test different treatment strategies, we include different molecules in

the macroscale model to initiate lysis. Patterns and rates of lysis are

recorded. Promising results from the theoretical experiments can be

tested in a laboratory.

Results: We find that a tPA-variant with a larger-than-physiological

dissociation constant results in faster lysis rates. Interestingly, there is

an optimal Kd value, as lysis rates begin to decrease if the dissociation

constant is too large. Lysis rates are often larger when degradation

does not proceed as a front moving across the clot, but rather occurs

in many places throughout the clot simultaneously. We also find that

activated thrombin activatable fibrinolysis inhibitor (TAFIa) has only

a small effect on tPA-mediated lysis in the absence of a2-antiplasmin

(a2-AP), but can almost completely stop lysis in the presence of a2-AP.

Summary/Conclusions: We use a mathematical model of fibrinolysis to

assess potential fibrinolytic treatments. Model results suggest that a

tPA-variant that binds less strongly to fibrin will elicit faster lysis. The

presence of inhibitors can greatly affect the progression of lysis, and

should be considered when assessing thrombolytic therapies.

PB 4.33-5
The impact of bradykinin-potentiating peptide on
fibrinolytic activity of blood plasma on the model of
diabetes mellitus 1 type
Shubina T

Moscow State University, Moscow, Russian Federation

Background: The development of diabetes mellitus type 1 (DM),

accompanied by hyperglycemia and glucosuria, leads to negative

changes in the system of hemostasis – increase of coagulation potential

and depression of fibrinolytic activity of blood. Therefore, the search

for new approaches to prevention and treatment of complications in

this pathology is very timely. Bradykinin-potentiating peptides (BPP)

by preventing the splitting of bradikinina and inhibition of the angio-

tensin-converting enzyme able to influence positively on the hemosta-

sis system and endothelial function, which is violated in diabetes.

Research objective: To evaluate the impact of a single intravenous

injection bradykinin-potentiating peptide 9a (BPP9a) on indicators

fibrinolysis and blood sugar level of rats on the model of diabetes mell-

itus type 1 (DM).

Materials and Methods: The experience was carried out on non-linear

white male rats weighing 200–350 g. DM caused by the single-injection

to v. jugularis solution alloxan in a dose of 37.5 mg/kg. The analyzed

peptide (Serva) provided an experimental animal with DM single

intravenous dose of 5*10–4 mg/kg. The control rats with diabetes sim-

ilarly provided equal amount of saline solution. Blood for examination

was taken: before the introduction of alloxan and on the background

of the development Board: after 1 h, one and 2 weeks after the intro-

duction of the peptide. In the blood plasma was determined: the of

euglobulin clot lysis (ECL), the total fibrinolytic activity (TFA), plas-

min activity (PA) and plasminogen activator activity (tPA). Quantita-

tive determination of glucose in the blood was carried out with the

help of biochemical analyzer One Touch Horizon (USA).

Results: About 1 h after injection BPP9a in the experimental group

significantly (P < 0.05) reduced the level of glucose in the blood com-

pared with the value in these rats prior to its adoption. The normal

level of glucose (4.7 mM) in the experimental group was observed in

about 1 week in comparison with the control (of 8.0 mM), and then

the difference between the groups is leveled. In rats of experimental

group after 1 h after the introduction of the peptide ECL unreliably

lengthens in comparison with the control, while in the blood plasma, a

decrease of TFA, PA-and tPA. One week ECL in both groups did not

differ, in the test there was an increase in TFA in six times, PA 14

times and tPA in 3.5 times compared with the control. Two weeks after

the introduction of peptide ECL in experimental animals correspond

to the normal values, and values TFA, PA, tPA were three times

higher than the control group.

Conclusion: The data obtained suggest that a single intravenous injec-

tion of the BPP9a in the dose of 5*10–4 mg/kg to rats with alloxan, got

diabetes caused a decrease of the level of glucose in the blood within

1 h after injection, which has been stable for 1 week, and also increase

of enzymatic fibrinolytic activity within 2 weeks of the experiment.

PB 4.33-6
Diagnosis performance of thromboelastography to
assess tissue plasminogen activator induced
fibrinolysis
Godier A1, Parmar K2 and Hunt BJ2

1Hopital Cochin, Paris, France; 2St. Thomas’ Hospital, London,

UK

Background: Fibrinolytic activation is a component of acute coagulop-

athy of trauma and the extent of activation correlates with disease

injury score and clinical outcome [1]. It is not possible to measure the

extent of fibrinolytic activation with standard emergency laboratory

tests, but thromboelastography is able to detect fibrinolytic activation

but this has not been fully validated.

Aims: To investigate the diagnostic performance of thromboelastogra-

phy (TEG�O Haemonetics Corp., MA, US) to detect tissue plasmino-

gen activator-induced fibrinolysis in an in vitro study.

Methods: Blood was drawn from 10 healthy volunteers using flawless

venepuncture into 0.105 M sodium citrate and divided into aliquots.

Fibrinolytic activation was generated by adding tissue plasminogen

activator (tPA), at four different concentrations: 0; 0.2; 1 (values simi-

lar to the concentrations seen in plasma drawn from bleeding trauma

patients) and 4 nM.

TEG assays were performed in triplicate on each whole blood sample:

KaolinTEG, RapidTEG (tissue factor is added to kaolin-activated

TEG to activate both intrinsic and extrinsic coagulation pathways)

and functional fibrinogenTEG. Recorded parameters were Reaction

time (R), time to clot formation (K), Maximal Amplitude (MA), per-

centage lysis LY30, LY60 and functional fibrinogen level (FLEV).

To assess if the delay between sampling and performing TEG test is

relevant, tests were performed immediately after spiking tPA, 15 and

30 min later. Platelet poor plasma was produced and frozen immedi-

ately. Plasmin anti-plasmin complex (PAP) were measured by ELISA

and fibrinogen levels by Clauss assay.

Results: Adding 1 and 4 nM tPA increased tPA antigen concentration

and PAP, whereas 0.2 nM tPA had no effect. Clauss fibrinogen levels

decreased from 2.72 g/L to 2.47 g/L with 4 nM tPA.

In KaolinTEG, only 4 nM tPA increased R and decreased MA. K was

not modified whatever tPA concentrations. Hyperfibrinolysis was

detected only with 4 nM tPA: LY30 and LY60 were higher than 7.5%
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(respectively 48 � 14 and 74 � 8%). 1 nM tPA significantly increase

lysis but in a non relevant way (<2% and <6% respectively for LY30

and LY60). With RapidTEG, all values were in normal range, except

LY30 and LY60, which were increased with 4 nM tPA. 4 nM tPA

induced a decrease in FLEV, from 3.37 to 2.46 g/L as well as in Clauss

fibrinogen concentration from 2.72 to 2.47 g/L. Increasing delay

between sampling and performing tests increased PAP levels, percent-

age lysis and decreased fibrinogen concentration.

Summary/Conclusions: TEG tests did not detect moderate fibrinolytic

activation. Clot lysis parameters are the most sensible to detect fibrino-

lysis. RapidTEG detected fibrinolytic activation more rapidly than ka-

olinTEG. Hyperfibrinolysis induced fibrinogen decrease. Delay

between sampling and performing tests modified tests results.

Raza I. J Thromb Haemost. 2012.

PB4.34 – Fibrinolytic system:
Basic – V

PB 4.34-1
Assessing the extent of fibrinogenolysis by t-PA seen
in bleeding trauma patients and what is the extent of
its inhibition by tranexamic acid using an in vitro
model
Godier A1, Parmar K2 and Hunt BJ2

1Hopital Cochin, Paris, France; 2St. Thomas’ Hospital, London,

UK

Background: Systemic fibrinolysis contributes to the acute coagulopa-

thy of trauma (ATC), and is known to correlate with the extent of

injury and clinical outcome [1]. ATC is also characterized by a

decrease in fibrinogen concentration [2], although its cause has not

been adequately studied.

Aims: To investigate the effects of a tissue-plasminogen activator (t-

PA) on fibrinogen levels in an in vitro model and the effects of tranexa-

mic acid (TXA) on this model.

Methods: Ethical committee approval was obtained to draw blood

from healthy volunteers and collected into 0.105 M sodium citrate.

Fourteen different concentrations of tPA between 0.05 and 60 nM

were added to aliquots of whole blood. Thromboelastography (TEG�O

Haemonetics Corp., MA, US) was performed, assessment included

measuring functional fibrinogen level (FLEV). At the same time a

sample was drawn off to prepare platelet poor plasma (PPP), which

was frozen immediately to later perform a Clauss fibrinogen assay.

The effects of TXA were assessed in this model on four different tPA

concentrations: 0; 1 nM (close to the concentrations observed in severe

trauma patients), 4 nM and 20 nM (close to the concentrations used

for thrombolysis), using 4 TXA concentrations: 0; 0.003 mg/mL;

0.03 mg/mL and 0.3 mg/mL (equivalent to the TXA concentration of

the CRASH2 trial [3]). Kaolin TEG was performed on each of the 16

samples. Recorded parameters were Reaction time (R), Maximal

Amplitude (MA), clot strength (G), percentage lysis LY30 and Maxi-

mum rate of Lysis (MRL). Fibrinolysis was assessed on PPP by plas-

min anti-plasmin complex (PAP) measurement and fibrinogen

concentration was measured with the Clauss method.

Results: tPA induced fibrinogenolysis, with a concentration-dependant

decrease in fibrinogen level, as measured by FLEV (from 3.8 � 0.6 to

1.3 � 0.2 g/L and for Clauss assay from 2.9 � 0.5 to 0.9 � 0.1 g/L at

60 nM tPA). FLEV and Clauss fibrinogen were well correlated

(r2 = 0.734). tPA induced fibrinolysis as it increased PAP, LY30 and

MRL, but decreased MA and G. It had no effect on R.

TXA alone had no effect on TEG parameters, FLEV, Clauss fibrino-

gen concentration or PAP levels. The lowest TXA concentration partly

corrected MRL whereas the others normalized MRL and LY30. TXA

corrected MA and G and partly protected fibrinogen against fibrino-

genolysis in a concentration-dependant manner. TXA had no effect on

PAP.

Summary/Conclusions: tPA induced fibrinolysis and fibrinogenolysis in

a concentration dependant manner. TXA did not affect plasmin acti-

vation but reduced fibrinogenolysis, consistent with its known action

as a competitive inhibitor of plasminogen. These results suggest that

TXA should be given in ATC to prevent fibrinogenolysis and thus

potentially may reduce the need for fibrinogen supplementation.

1. Raza I. J Thromb Haemost. 2012.

2. Curry NS. Blood Rev. 2012.

3. CRASH-2 trial collaborators. Lancet. 2010

PB 4.34-3
Increased fibrinolysis on blood outgrowth endothelial
cells (BOEC) from chronic thromboembolic pulmonary
hypertension (CTEPH) patients
Mangles SE1, Paschalaki KE2, Starke RD3, Millar CM1, Randi AM3

and Laffan MA1

1Centre for Haematology, Faculty of Medicine, Imperial College

London; 2Vascular Science/Airway Disease Dept, NHLI, Imperial

College London; 3Vascular Science, NHLI, Faculty of Medicine,

Imperial College London, London, UK

Pulmonary hypertension (PH) is a rare but disabling disorder esti-

mated to affect 30–50 individuals per million. PH is characterised by

increased pulmonary vascular resistance, causing an increase in

pulmonary artery pressure leading to right ventricular heart failure,

progressive disability and death. Chronic thromboembolic pulmo-

nary hypertension (CTEPH), a distinct category of PH, is a condi-

tion in which the initiating event is either overt or occult pulmonary

embolism. Why some patients develop CTEPH after PE is not clear.

It is believed that the persistence of thrombus is a prerequisite for

the development of PH following PE. Failure to lyse thrombi is

thought to create altered blood flow triggering abnormal vascular

remodelling. We hypothesised that defective fibrinolysis on the sur-

face of the pulmonary endothelium causes progression from PE to

CTEPH.

The study of a patient’s endothelium is complicated by the difficulty in

accessing tissue for analysis. We used a recently developed technique

to study the endothelial cells in patients with CTEPH in comparison

to healthy controls. We isolated and cultured blood outgrowth endo-

thelial cells (BOEC) from the mononuclear fraction of peripheral

blood. Discrete colonies of BOEC appeared between days 7–21 in cul-

ture. Cells were then passaged to obtain confluent BOEC monolayers

with characteristic endothelial cobblestone morphology. Endothelial

identity was confirmed with a range of endothelial markers including

VWF and VE-Cadherin. 17 patients (M = 7, F = 10) and 10 (M = 8,

F = 2) controls were recruited. BOECs were isolated from 10 patients

and six controls. All experiments were carried out between passages 4–
7 in culture.

Thrombin generation and fibrinolysis was investigated on BOEC from

patients or controls. Clot formation was triggered by exogenous tissue

factor (TF) (5 pM) or by upregulating endogenous TF expression in

BOEC with tumour necrosis factor (TNF-a) treatment (1.0 nM for

5 h). Clot lysis was promoted by addition of exogenous tPA (150 ng/

mL). Lysis time was calculated as described (Lisman et al Gastroenter-

ology 2001;121:131–139). Thrombin generation was measured using a

modified calibrated automated thrombogram (CAT) assay as

described (Hemker et al Curr Opin Haematol 2004;11:170–175).
Following addition of TF, mean lysis time on unstimulated CTEPH

BOECs was shorter than that of control BOECs (minutes +/-SEM,

53.68+/�2.15 and 62.69+/�2.79 respectively; P = 0.04). Mean lysis

time on TNF-a-stimulated CTEPH BOECS (34.42 min) was also sig-

nificantly shorter than control BOECs (minutes +/-SEM, 35.86+/
�3.11 and 52.22+/�4.67 respectively; P = 0.016). No difference was

seen between patient and controls in the peak thrombin generated
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after addition of TF (Control 248.74 nM thrombin, CTEPH

218.25 nM thrombin) or after TNF-a stimulation (Control 80.03 nM

thrombin, CTEPH 79.46 nM thrombin). Thus the difference in lysis

times is not attributable to differences in thrombin generation.

In conclusion we successfully isolated BOEC from patients with

CTEPH and healthy controls in order to evaluate thrombin generation

and fibrinolysis. We observed no difference in thrombin generation

but surprisingly we observed a shorter clot lysis time, i.e. faster fibrino-

lysis on CTEPH patient BOECs compared to controls. Further investi-

gation at the molecular level is ongoing to establish the mechanism for

this increase fibrinolysis and its relationship to the development of

CTEPH.

PB 4.34-4
Spatial clot lysis rate is regulated by clot growth rate
Zhalyalov AS1, Shibeko AM2, Panteleev MA3

and Ataullakhanov F2

1Center for Theoretical Problems of Physicochemical

Pharmacology, Moscow; 2HemaCore LLC, Moscow; 3National

Research Center for Hematology, Moscow, Russian Federation

Background: The clot growth is a spatially heterogeneous process, and

when it occurs in the patients with stroke, deep vein thrombosis or

thromboembolism under fibrinolytic therapy, it is followed by rapid

clot lysis due to artificial overactivation of lytic system. Clot growth

activator is located on the vessel wall, while fibrinolytic activator is dis-

tributed all over the blood volume, so the patterns of clot lysis, as well

as its interactions with blood coagulation system, are not explored yet.

Aims: In order to investigate the spatial aspects of clot lysis and its

interaction with clot growth, we developed an in silico model of fibrin

clot formation and dissolution, which was validated using in vitro

experiments.

Methods: Mathematical model consisted of 35 PDEs simulated spatial

clot growth and lysis in a 1D area 3 mm long. Clot growth was initiated

by TF located at x = 0 coordinate, and tissue plasminogen activator

(TPA) was distributed evenly in the whole area of simulation. Our

model included the whole coagulation cascade, save the FXII contact

pathway, leading to thrombin generation, which activated fibrinogen,

as well as the fibrinolytic system equations describing TPA, 2 forms of

plasminogen (lys- and glu- forms), plasmin, their complexes with fibrin,

PAI, antiplasmin. Themodel described coagulation and fibrinolysis fac-

tors diffusion and reaction fluxes. Equation system was solved numeri-

cally with the COMSOL 4.3a software package using the finite element

method. The relative tolerance was 0.1%; the element size was 0.01

Results: Clot lysis rate was not sensitive to any alterations of fibrino-

lytic system parameters, like changes in plasmin affinity with fibrin, rate

of fibrin degradation, rate of plasmin activation or inhibition(<3%
change for all cases). In contrast, increase of clot growth rate by supple-

menting the system with phospholipids or factor XIa caused increase of

the clot lysis rate (r = 0.997). Also, we predicted in our in silico simula-

tions that high level of TPA will cause the decrease of clot lysis rate and

increase the lysis lagtime due to depletion of plasminogen before the

clot is formed. These results were confirmed in our in vitromodel.

Conclusions: We assume that spatial lysis of fibrin clot cannot be

absconded from the clot formation: the latter not only forms the media

where the first can propagate, but it also defines how fast lysis will

occur. All that makes one suggest that spatial clot lysis can work like a

time delayed clot termination, and the activation signal cannot facili-

tate its efficacy.

PB 4.34-5
Hemostatic alterations induced by Micrurus tener tener
venom in C57BL/6 mice
Salazar M1, Salazar AM1, Taylor P1, Rodriguez-Acosta A2,

Sanchez E3, Carvajal Z1 and Guerrero B1

1Instituto Venezolano de Investigaciones Cientificas (IVIC),

Caracas; 2UCV, Caracas, Venezuela; 3Department of Chemistry

and the National Natural Toxins Research Center, TX, USA

Background: Micrurus genus is mainly known for the neurotoxic effect

produced in the victims. However, it have been described experimen-

tally cardiotoxicity, myotoxicity, edematogenic effect and hemorrhagic

activity in mouse skin. Recently, we described the hemostatic activity

in vitro induced by Micrurus venoms (M. tener tener, M. fulvius fulvius

andM. isozonus).

Aim: Due to the poor knowledge of the hemostatic effects induced in

vivo by these venoms, we evaluated the alterations in this system by

M. tener tener in C57BL/6 mouse.

Methods: Lethality of crude venom was determined by intraperitoneal

(IP) injections into mice and expressed as LD50, which was calculated

according to the method of Spearman-Karber (1978). Male mice were

injected with a sub-lethal dose in 200 lL of sterile saline solution and

control mice were injected with 200 lL of sterile saline solution. Blood

samples, about 1 mL per mouse, were collected by cardiac puncture

under anaesthesia in CO2 chamber. Hematologic (hemoglobin, hemat-

ocrit, leukocyte count, differential leukocyte count and platelets count)

and hemostatic parameters (fibrinogen and endogenous fibrinolytic

activity) were measured at 72 h after venom injection.

Results: LD50 of M. tener tener crude venom was 0.99 mg/kg (19.8 lg/
mice). After IP injection of 8 lg/animal crude venom, the mice pre-

sented hemorrhage in the abdominal cavity. In comparison with con-

trol mice, the treatment with crude venom induced a decrease in

hemoglobin concentration (11.9 � 2.0 vs. 14.1 � 2.2 g/dL; P < 0.05)

and hematocrit (32 � 17% vs. 38 � 2%), but there was not an impor-

tant change in the other hematological parameters. The venom also

decreased fibrinogen values (211 � 71 vs. 277 � 38 mg/dL; P < 0.05).

Additionally was observed an increase in the endogenous fibrinolytic

activity (26.00 � 37.40 vs. 158.71 � 44.41 mm2; P < 0.05).

Conclusions: Our results indicate that M. tener tener venom has toxins

that are able to alter the vascular integrity and can affect directly the

hemostatic system inducing an exacerbated fibrinolytic process that

may be associated with the hemorrhagic manifestation in mice. These

findings are related with fibrino(geno)lytic activity described previ-

ously for this venom. This is the first report in vivo of the effects

induced by M. tener tener on the hemostatic system, particularly on

the fibrinolytic system.

PB 4.34-6
The Factor VII activating protease (FSAP) regulates
fibrin clot structure and fibrinolysis by direct
interaction with fibrinogen
Etscheid M1, Lankes J1, Beer N1, Rannou O2 and Kanse S3

1Paul Ehrlich Institute, Langen; 2Justus-Liebig-University,

Giessen, Germany; 3Institute of Basic Medical Sciences, Oslo,

Norway

Background: Factor VII activating protease (FSAP) is a plasma prote-

ase that can activate FVII and plasminogen activators as well as inhi-

bit tissue factor pathway inhibitor (TFPI), thereby accelerating

coagulation and fibrinolysis. Cleavage of the fibrinogen Aa and Bb

chain by FSAP has also been reported, but its impact is not clear.

Aims: Systematic investigation of FSAP’s influence on clot structure

and fibrinolysis.

Methods: Interaction of FSAP with plasmin(ogen) and fibrin(ogen)

was measured by ELISA, and processing of fibrinogen by FSAP was
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analyzed by SDS-PAGE. Plasmin activity was measured chromogeni-

cally. Clot formation and fibrinolysis of FSAP-treated purified fibrino-

gen or plasma was studied by turbidity as prothrombin time and as

clot lysis time, respectively, or by thrombelastometry. For fibrinolysis

studies, fibrinogen was pre-incubated with FSAP after which throm-

bin/tPA and CaCl2 were added to initiate clotting and fibrinolysis. The

clot structure formed by FSAP-treated or control fibrinogen in the

presence of fluorescence-labeled fibrinogen was visualized by laser

scanning confocal microscopy (LSM).

Results: Binding of FSAP to plasminogen was seen without preference

for any particular domains within plasminogen. FSAP did not activate

plasminogen, nor did FSAP significantly increase plasminogen activa-

tion in the presence of pro-uPA or pro-tPA. Interaction of FSAP with

fibrin and fibrinogen could be observed, but was decreased in the pres-

ence of plasminogen. Vice versa, FSAP decreased binding of plasmino-

gen to fibrinogen and fibrin. Incubation of fibrinogen with FSAP led

to the disappearance of the Aa- and the Bb-chains with apparently

unchanged c-chain. Upon pre-treatment with FSAP, purified fibrino-

gen and diluted plasma, as well as plasma depleted of uPA or tPA,

showed strongly reduced clot lysis time values. A reduced clot firmness

and shorter lysis time of FSAP-pretreated plasma could be seen by

ROTEM analysis. In confocal microscopy FSAP-treated fibrinogen

showed a different fibrin clot structure with thinner fibers compared to

untreated fibrinogen. This change in fibrin structure was not seen with

aprotinin-treated FSAP.

Summary/Conclusion: FSAP binds to plasmin(ogen), but plasminogen

activation is not affected. Despite this, a clear acceleration of fibrinoly-

sis of purified fibrinogen or plasma can be observed in the presence of

FSAP. This effect seemed to be independent of FSAP’s pro-uPA and

pro-tPA-activating properties, but is more likely a direct influence of

FSAP on fibrinogen. Specific binding of FSAP to fibrin(ogen) was also

observed. In the presence of FSAP purified fibrinogen formed clots

with thinner and denser fibrin fibers than control clots. Presumably the

cleavage of the Aa chain by FSAP causes an impaired lateral aggrega-

tion of fibrin fibers, thus preventing the formation of thicker fibrin

fibers, and may account for an accelerated clot lysis time. In conclu-

sion, FSAP’s influence on clot structure is a new parameter that

deserves attention when evaluating the contribution of FSAP to

thrombosis and haemostasis.

PB4.35 – Haemophilia A: Basic – IV

PB 4.35-1
Analysis of neutralizing and non-neutralizing anti-
canine FVIII antibodies in hemophilia A dogs treated
with FVIII gene therapy
Hough CA1, Vidal B1, Ahlin J1, Brown C1, Harpell L1, Powell S1,

Arruda V2, Ozelo MC3 and Lillicrap D1

1Queen’s University, Kingstoon, Ontario, Canada; 2The

Children’s Hospital of Philadelphia, Philadelphia, PA, USA;
3University of Campinas, Campinas, SP, Brazil

Background: Intravenous infusions of canine factor VIII (cFVIII), and

various gene delivery strategies in hemophilia A dogs have generated

anti-FVIII antibodies.

Aim: To evaluate the anti-FVIII immune response in three hemophilia

A dogs following cFVIII gene therapy.

Methods: Prior to entering this study, each dog had received a single

infusion of canine cryoprecipitate. To prevent an immune response to

cFVIII, dog #2 received six weekly infusions of cyclophosphamide

beginning the day before gene delivery and dog #3 was pre-treated

with eight infusions (10 U/kg) of recombinant BDD cFVIII. The gene

delivery involved autologous blood outgrowth endothelial cells (BO-

ECs) that were genetically modified to express BDD-cFVIII. Cells

were implanted in a fibrin-based scaffold in the omentum. cFVIII

activity and antigen, anti-cFVIII IgG2, and inhibitory FVIII antibod-

ies were measured for at least 1 year after cFVIII gene delivery.

Results: No functional cFVIII was detected in any of the gene therapy

treated dogs and in dogs #1 and #2 this was attributed to the appear-

ance of a transient, low level (<4.5 BU) inhibitor. However, no inhibi-

tors were ever detected in dog #3. In dogs #1 and #3, cFVIII antigen

levels peaked at 47% and 20% respectively and although levels slowly

declined, they persisted for a year post-gene delivery. IgG2 anti-cFVIII

antibodies were not initially detected in dogs #1 and #2 however, levels

rapidly increased to >100,000 ng/mL with the appearance of inhibi-

tors. Flow cytometry of BOECs exposed to thrombin indicated that

this component of the fibrin matrix cleaves PAR-1 leading to increased

expression of IL-6 and MCP-1, both of which contribute to the

immune response in the treated dogs. With a view to induce immuno-

logical tolerance to cFVIII, dog #3 received eight intravenous infu-

sions of recombinant BDD cFVIII prior to receiving gene delivery.

Although no inhibitors were detected, low levels (83 ng/mL) of anti-

FVIII IgG2 appeared after the first infusion and rose to a maximum

level of 546 ng/mL by the 7th cFVIII infusion. Levels increased to

>1000 ng/mL after gene delivery but dropped to <1.000 ng/mL within

7 days and only rose above 1000 ng/mL when the dog received subse-

quent infusions of cFVIII. After each of the last three infusions,

FVIII:Ag did not return to baseline levels and surprisingly, FVIII:Ag

levels peaked to 300% normal levels within 30 min of infusing cFVIII.

We used a canine FVIII peptide library to identify antibody binding

sites. Nine binding sites were identified, six of which were mapped to

non-functional sites in the A2, A3 and C1 domains and 3 to canine res-

idues 32–56, 313–347 and 2312–2331 which respectively encompass a

FXa inactivation cleavage site, the APC binding/cleavage site and the

phospholipid binding site.

Conclusion: Thrombin used to produce the fibrin-based scaffold con-

tributes to the development of low-level inhibitors while pre-infusions

of cFVIII appear to modulate this response. IgG2 antibodies bind to

the FXa inactivation and APC binding sites to prolong circulation of

cFVIII antigen but also bind to the phospholipid binding site, render-

ing the FVIII inactive.

PB 4.35-2
Structural and functional characterization of clinical
phase 1 and phase 2/3 material of BAX 855, a
PEGylated recombinant FVIII
Turecek PL, Schrenk G, Graninger M, Gritsch H, Matthiessen P,

Rottensteiner H, Kaliwoda M, Ehrlich HJ and Scheiflinger F

Baxter Innovations GmbH, Vienna, Austria

Background: Baxter and Nektar have developed a longer acting recom-

binant FVIII (BAX 855), which is manufactured by stably coupling

PEG using Nektar technology to Baxter’s full-length rFVIII bulk drug

substance from its protein-free rFVIII manufacturing process.

Aims: To corroborate the controlled production process of BAX 855,

batches from clinical Phase 1 and Phase 2/3 production were charac-

terized with respect to their structural and functional properties.

Methods: The primary structure of BAX 855 was investigated using a

tryptic peptide mapping approach. The composition of the N-linked

oligosaccharides were determined by normal phase chromatography

with fluorescence detection of released and labeled N-glycans. PEGy-

lation site distribution and detailed analysis of the consistency of

PEGylation was investigated by activating BAX 855 with thrombin.

The resulting PEGylated and non-PEGylated fragments were sepa-

rated using RP-HPLC and the bound PEG was measured for each

thrombin fragment. PEGylation site distribution was confirmed by

two-dimensional electrophoresis (2-D DIGE). Dynamic light scatter-

ing and Fourier-transformed infrared spectroscopy (FTIR) were used

to monitor the consistency of the 3-dimensional structure of BAX 855.

Assays to functionally characterize BAX 855 included FIXa cofactor

activity, time course of thrombin-mediated activation and inactiva-
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tion, thrombin generation capacity and susceptibility to activated pro-

tein C. Finally, the binding affinity and capacity of BAX 855 to VWF

and the clearance receptor LRP were determined.

Results: Tryptic peptide mapping of BAX 855 resulted in a sequence

coverage of 94% with high consistency between batches. Composition

of the N-linked oligosaccharides showed a similar pattern for BAX

855 and unmodified rFVIII. Importantly, BAX 855 batches from clini-

cal Phase 1 and Phase 2/3 production showed comparable distribution

and extent of PEGylation. Two-dimensional electrophoresis confirmed

high similarity of the spot and band patterns of clinical Phase 1 and 2/

3 batches, indicative of high consistency of the manufacturing process.

The mean hydrodynamic diameter of BAX 855 was between 35 and

38 nm as measured by dynamic light scattering; several BAX 855

batches showed almost overlapping FTIR absorbance spectra. Func-

tional characterization of BAX 855 revealed characteristics similar to

those of unmodified rFVIII in all assays used. Binding affinity and

capacity to VWF was similar between BAX 855 and rFVIII. Interac-

tion with the clearance receptor LRP was altered by PEGylation of

rFVIII, shown by a decreased binding capacity.

Summary/Conclusions: BAX 855, a PEGylated rFVIII development

product, can be manufactured reproducibly without changes to the

protein structure and retaining its functional activities.

PB 4.35-3
Global haemostatic assays in monitoring the effect of
bypassing agent therapy in haemophilia A patients
with inhibitors- an in-vivo prospective crossover study
Tran HTT1, Bjørnsen S1, Ueland T2, Pripp AH3, Tjønnfjord G4

and Holme PA4

1Oslo University Hospital; 2Research Institute of Internal

Medicine; 3Department of Biostatistics and Epidemiology;
4Institute of Clinical Medicine, Oslo, Norway

Background: The optimal dosing of bypassing agent (BPA) therapy in

haemophilia patients with inhibitors is challenging due to a lack of

standardized method for monitoring its haemostatic response. Several

small case-reports have demonstrated the potential of global haemo-

static assays, thromboelastography (TEG) and thrombin generation

assay (TGA), in monitoring the effect of BPA therapy but prospective

clinical study is lacking. Moreover, the adjuvant therapy of tranexamic

acid may improve haemostatic outcomes of BPA treatment but has

been little studied due to safety concerns.

Aims: We aimed to study the ability of TEG and TGA in monitoring

the effect of the BPA, activated prothrombin complex concentrates

(aPCC) and recombinant FVIIa (rFVIIa), given with and without tra-

nexamic acid (TXA) in haemophilia A with inhibitors. In addition, the

individual response to each treatment arm was evaluated.

Methods: We conducted a prospective clinical crossover study includ-

ing haemophilia A patients with high titer inhibiors (n = 6), age

between 22 and 6 that had signed informed consent. The study was

approved by the Regional Committee for Medical and Health

Research Ethics. On the first study day the participants received aPCC

(75 IU/kg intravenously) while on the second study day aPCC was

given concomitantly with TXA (20 mg/kg orally). Blood sampling was

performed at baseline, 15, 30, 60, 120, 180 and 240 min post-treatment

on both days for TEG, TGA analysis and DIC monitoring. After a

washout period of 14 days the subjects were crossed over to rFVIIa

(90 lg/kg intravenously) without and with TXA. Blood sampling and

experimental set up was repeated as for the aPCC study arm. Time

response effect was evaluated using TEG parameters clotting time

(CT/second), maximum clot firmness (MCF/mm�1), maximum-veloc-

ity (maxV/mm/second) and time to maxV (ttMaxV/second). Similarly,

TGA parameters such as lagtime (LT/minute) endogenous thrombin

potential (ETP/nM), time to peak (ttpeak/minute) and peak thrombin

(nM) were analysed.

Results: TEG: Mean CT and ttMaxV declined rapidly at 15 min time-

point after infusion of BPA, thereafter it increased almost linearly

whereas MaxV raised and reach its maximum at this timepoint. MCF

and AUC increased following the treatment as well but less than with

other parameters. The most significant difference in MCF and AUC

were achieved in blood containing tPa. Here, MCF and AUC

increased by threefold in the presence of TXA compared to without.

TGA: The LT and ttpeak was decreased after the infusion of BPA

whereas the ETP and peak thrombin increased rapidly and reached its

maximum at 15 min timepoint. There was no difference in TGA result

following the treatment with or without TXA. The individual haemo-

static response was observed for study participants.

Conclusions: The study demonstrated that TEG and TGA are valuable

methods in assessing the haemostatic effect of BPA therapy, providing

an opportunity to individualized the treatment. Some parameters

seemed to be more robust than other in monitoring the effect such as

ETP, peak thrombin in both PRP and PPP in TGA and CT and

MCF/AUC in TEG.

PB 4.35-4
Improved strategy for rapid genetic analysis of
hemophilia A
Dardik R, Zivelin A, Azar- Avivi S, Kornbrot N, Dvir A, Kenet G

and Martinowitz U

Institute of Thrombosis and Hemostasis, Tel Hashomer, Israel

Background: Hemophilia A is a bleeding disorder caused by defi-

ciency or impaired function of factor VIII (FVIII). FVIII is encoded

by a large and complex gene (F8) comprised of 26 exons spanning

186 kb, located at the most distal region of the long arm of the X

chromosome (Xq28). About 50% of severe hemophilia cases are

caused by intron 22 inversions in the F8 gene. The remaining 50%

include mainly missense mutations spread over the gene, with about

1500 unique mutations causing hemophilia A reported up to date. In

view of this mutation heterogeneity, examination of potential hemo-

philia A carriers for definite determination of their carrier status

and further prenatal diagnosis offered to the carriers are commonly

based on linkage analysis using short tandem repeat (STR) markers.

Accurate genetic analysis of hemophilia A using STR markers should

be based on at least 2 markers: one intragenic and one extragenic

marker, or two extragenic markers located at the 3’ and 5’ ends of

the F8 gene. The aim of this approach is to exclude recombination

between the marker used for analysis and the hemophilia-causing

mutation.

Aims: 1. To improve the sensitivity of Inverse-shifting PCR (IS-PCR)

assay for analysis of intron 22 inversions in the FVIII gene.

2. To identify additional extragenic STR markers proximal to the 5’

region of the FVIII gene, which is very close to the chromosome X

telomere, since to date, the majority of extragenic STR markers useful

for analysis of hemophilia A are located at the 3’ region of the F8

gene.

Methods: Genomic DNA samples were prepared for IS-PCR as

described elsewhere (Fujita et al., J. Thromb. Haemost. 2012, 10:2099–
2107). PCR fragments specific for the normal, inversion type I and

inversion type II patterns were amplified separately, using two sets of

primers for each (‘nested’ PCR system).

Potential new STR markers were identified by searching the telomeric

region of the X chromosome for dinucleotide repeats (UCSC website,

http://genome.ucsc.edu/). The polymorphic nature of the potentially

polymorphic regions was either confirmed or excluded by fluorescent

PCR analysis of 20 chromosomes.

Results: 1. Using the ‘nested’ PCR system, we significantly improved

the sensitivity of IS-PCR assay for detection/exclusion of intron 22

inversions in the FVIII gene.

2. Using the above approach, we identified five new STR markers at

the distance of 100–1 Mb from the 5’ end of the F8 gene, in addition

to only 2 STR markers previously identified in this region.
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Summary: We suggest an improved strategy for rapid genetic analysis

of hemophilia A, based on a ‘nested’ PCR system for detection/exclu-

sion of intron 22 inversions, followed by fluorescent PCR analysis of

14 highly polymorphic STR markers (2 intragenic, 7 and 5 at the 5’

and 3’ ends of the F8 gene, respectively). During the period of 2009–
2012, this approach enabled us to perform accurate genetic diagnosis

of hemophilia A, complying with the requirement of at least 2 poly-

morphic markers, in 239 potential carriers and 36 male fetuses of

established carriers.

PB 4.35-5
The inhibition mechanism of factor ? Trp1707Ser
mutation associated inhibitors
Wu X1, Lu YL2, Wang XF2, Ding QL2, Dai J2, Xi XD3

and Wang HL3

1Shanghai Institute of Hematology, Ruijin Hospital; 2Clinical

Laboratory Department, Ruijin Hospital; 3Shanghai Institute of

Hematology, Ruijin Hospital, Shanghai, China

Background: Inhibitor formation and development following replace-

ment therapy has become a major complication in the treatment of

hemophilia A patients. F8 gene mutation has been elucidated as a key

factor corresponded to the inhibitor formation. The inhibition mecha-

nism of various gene mutation types may also differ as the different

specificities of formed inhibitors.

Aims: Here we investigated the inhibitor mechanism of FVIII

Trp1707Ser missense mutation associated inhibitors.

Methods: Plasma contained inhibitors were interacted with different

fragments of FVIII (Heavy chain, light chain, A1, A2, A3, C1, C2),

and corrected test was used to measure the remaining FVIII:C(%)by

adding pooled normal plasma. Western blot was applied to further

confirm the binding reactions which employed fragments as antigens

and biotin-labeled purified inhibitors as antibodies. After completely

interacting recombinant FVIII with inhibitors, the complex was added

to microparticles coated with vWF or phospholipids. Then Anti-FVIII

A1 domain antibodies were used to detect the FVIII binded to vWF or

phospholipids. The FIXa and FVIIIa complex formed by interacting

FIX with different concentrations of FVIIIa and inhibitor complexes

was used to activate FX, and the apparent dissociation constant (Kd)

for FVIIIa binding was calculated by the kinetic results.

Results: Corrected method detected that the remaining FVIII:C were

increased when inhibitors interacted with heavy chain, light chain, A2

and C2 domain. No significant differences were seen in the A1, A3 and

C1 domain reactions. Western blot further confirmed the previous

results as bands were seen when heavy chain, light chain, A2 and C2

were used as antigens. No significant binding was detected when FVIII

and inhibitor complex was added compared with only FVIII. Kd for

FVIIIa binding showed that the binding capacity of FVIII and inhibi-

tor complex were significantly lower than only FVIII.

Conclusion: The binding sites of the inhibitors of FVIIITrp1707Ser

mutation were in the A2 domain of heavy chain and C2 domain of

light chain. Inhibitors binding to A2 domain may affect FVIII to acti-

vate FIX as a cofactor, and inhibitors binding to C2 domain may

block the interations of fVIII with phospholipids and vWF.

PB 4.35-6
Copy number variation (CNV) within the F8 gene
causing haemophilia A; gene dosage determination of
gross gene deletions/duplications by MLPA
Jenkins VP1, Keenan C1, O’Shea E1, White B1, O’Donnell JS2

and O’Connell N1

1St. James’s Hospital; 2Trinity College, Dublin, Ireland

Background: Haemophilia A (HA) is caused by genetic lesions in the

factor 8 (F8) gene. The most common mutations causing severe hae-

mophilia A are inversion events involving either F8 intron 22 or intron

1 repeats. Typically other causative mutations are detected by re-

sequencing of the entire F8 coding regions. Gross gene deletions or

duplications in F8 are rare molecular events that render direct sequenc-

ing methods uninformative and complicate molecular characterisation

and diagnosis of carrier status. Multiplex Ligation-Dependant Probe

Amplification (MLPA) allows the determination of gene dosage by

simultaneously screening for the loss or duplication of intragenic tar-

get sequences using gene specific probes. Comparison of patient data

with normal controls allows for the determination of copy number

variation (CNV) within patients and potential carriers.

Aims: To identify copy number variation (gene dosage) in patients

with gross deletions and suspected duplications within the F8 gene,

and determine carrier status in female relatives.

Method: The SALSA MLPA P178-B1 F8 probe mix (MRC Holland)

was used to determine gene dosage in a group of HA patients whose

F8 gene failed to amplify or where direct sequencing was uninforma-

tive. The probe mix contains 36 probes spanning all 26 F8 exons,

DNA specific and sex specific controls, and nine extragenic controls.

Gene dosage of each exon was determined using Coffalyser software

(MRC Holland) and the U.K. National Genetics Reference Labora-

tory (NGRL, Manchester) MLPA macro spreadsheet. Copy number

variation was determined by comparing patient and carrier data with a

series of sex matched normal controls. Peak height ratios (Coffalyser)

and dosage quotients (DQ’s; NGRL) were subject to statistical analy-

sis within each software package. Coffalyser predicted the homozy-

gous loss (HO Loss) or gene amplification in male patients and the

loss of heterozygosity (LOH) in female carriers. The NGRL spread-

sheet calculated the probability of deviating from the ‘normal’ dosage

hypothesis.

Results: MLPA analysis allowed confirmation of gross exonic dele-

tions in four families affected by severe HA. Deletions of exons 1–14,
deletion of exon 15, and deletion of exon 26 in two unrelated cases

were confirmed. MLPA analysis of female relatives of the affected

patients was performed and data analysed using both Coffalyser and

NGRL macros. Identical predictions of carrier status and normal gene

dosage were obtained using both macros. A family with mild HA was

also investigated as two affected males appeared to be heterozygous

for a known HA point mutation within exon 14 (p.Arg717Trp). On

analysis, both patients exhibited duplication of exon 14 and exon 18.

The well established mild phenotype in this family is in accordance

with the point mutation. This suggests that the duplicated regions are

not pathogenic and do not disrupt F8 mRNA synthesis.

Conclusion: MLPA is a simple and useful technique for identifying

gene deletions and duplications, and provides a straightforward

method for carrier determination for X-linked disorders. Variations in

gene copy number are not always necessarily pathogenic as described

here for a family with mild HA and a gene duplication event.

PB4.36 – Haemophilia A:
Clinical – XIV

PB 4.36-1
Correlation between phenotype and genotype in a
large unselected cohort of 621 PUPS (previously
untreated patients) with severe haemophilia A
Carcao M1, Van den Berg HM2, Ljung R3 and Mancuso ME4

1Hospital for Sick Children, Toronto, Canada; 2University

Hospital Utrecht, Utrecht, The Netherlands; 3Lund University &

Sk�ane University Hospital, M€almo, Sweden; 4Angelo Bianchi

Bonomi Hemophilia/Thrombosis, Milan, Italy

Background: Phenotypic variability is well recognized in patients with

severe hemophilia A (SHA). A few studies mainly in adults treated life-

long on demand suggest that bleeding phenotype correlates with factor

VIII gene (F8) mutation; patients with non-null mutations (e.g. mis-
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sense) appear to have a milder phenotype than those with null muta-

tions (e.g. inversions). Nowadays, the widespread use of prophylaxis

started at very young ages has changed the natural history of SHA.

Even patients not started on prophylaxis but treated on-demand may

be treated with different on-demand regimens thus affecting their dis-

ease phenotype. In this light, the period from birth to start of prophy-

laxis may represent the most suitable period to define the intrinsic

bleeding phenotype of a patient with SHA.

Aims: Our aim was to analyze the very early phenotypic expression of

SHA in 621 consecutively enrolled, well characterized previously

untreated patients (PUPs) and to correlate this with patients’ (F8)

mutation type.

Patients and Methods: Patients were born between 1/01/2000 and 31/

12/2009 and were enrolled, with informed consent, into the Rodin/

Pednet Hemophilia Registries. Detailed information was collected on

bleeds and treatment for the first 75 exposure days or until inhibitor

development. F8 mutation type was known for 531 patients; 402

(76%) had null mutations and 129 (24%) had non-null mutations. We

considered as markers of bleeding phenotype: ages (i) at diagnosis

(only for patients with a negative family history of hemophilia); (ii) at

first bleed; (iii) at first joint bleed; (iv) at second joint bleed and (v) at

start of prophylaxis. Additionally the time elapsed between first and

second joint bleed was determined. All outcomes were censored for

start of prophylaxis and inhibitor development.

Results: Median age (in months) for all patients (including those with

unknown mutations) at diagnosis was 8.8; at first bleed 9.6; at first

joint bleed 14.8; at second joint bleed 20.2; and at start of prophylaxis

16.7. Median time elapsed between the first and second joint bleeds

was 2.3 months. Compared to children with non-null mutations chil-

dren with F8 null mutations were diagnosed at a median of 1.8 months

earlier (8.3 vs. 10.1; P = 0.04), experienced a first bleed at a median of

1.2 months earlier (9.7 vs. 10.9; P = 0.009), and experienced a first

joint bleed at a median of 2.3 months earlier (13.8 vs. 16.1; P = 0.05).

No statistically significant differences were observed between mutation

groups in age at second joint bleed, time elapsed between the first and

the second joint bleeds and in age at start of prophylaxis.

Summary/Conclusions: PUPS with F8 null mutations show a slightly

more severe phenotype (vs. PUPS with non-null mutations) as evi-

denced by earlier ages at diagnosis, at first bleed and at first joint

bleed. However, these differences were modest and as such not likely

to impact on decisions regarding when and how to start prophylaxis.

We speculate that these relatively modest differences in disease pheno-

type at very young ages might, become larger as the children age. Fur-

ther follow-up is needed to confirm this hypothesis.

PB 4.36-2
Evaluation of unfavourable cardiovascular risk factors
and metabolic syndrome in young haemophilics
Erbas M1, Zulfikar B2, Ozdemir N3 and Aydin A4

1Istanbul University, Cerrahpasa Medical Faculty; 2Istanbul

University, Cerrahpasa Medical Faculty and Oncology Institute;
3Istanbul University, Cerrahpasa Medical Faculty, Pediatric

Hematology Dept. ; 4Istanbul University, Cerrahpasa Medical

Faculty, Pediatric Metabolism Dept., Istanbul, Turkey

Background: Increased risk of unfavourable cardiovascular risk factors

has been defined in the aging population of haemophilia however they

were less investigated in young haemophilics.

Aim: The purpose of this study is to assess obesity, hypertension, meta-

bolic variables, insulin resistance and metabolic syndrome in young

people with haemophilia.

Methods: From February 2010 to November 2010, 48 haemophilia A

and B patients (87% severe factor deficiency) and 35 age and sex

matched healthy controls <40 years old were included. Blood pressure,

anthropometric measurements, body mass index, waist circumference,

blood pressure, fasting glucose and insulin levels, serum lipids and diet

history were evaluated. Insulin resistance was estimated by HOMA-IR

(Homeostasis model assessment of insulin resistance) formula.

According to the criteria of International Diabetes Federation, meta-

bolic syndrome was defined. The study was approved by the ethics

committe.

Results: The mean age of the haemophilics was 21 years (range 6–
40 years). Most of them were on prophylaxis (66% of haemophilia A

and 50% of haemophlia B), others were on demand therapy. Artropa-

thy was present in 62% of haemophlia A and 67% of haemophilia B

patients and mainly in patients over 18 years old. Only few of these

were getting physiotherapy (5% of haemophilia A and none of the

haemophilia B patients). Forty-six percent of the haemophilics over

18 years old were obese, however none of the patients younger than

18 years old had obesity. Obesity was more prevalent in haemophilics

with arthropathy (P = 0.017). When metabolic syndrome was assessed

in different age groups, none of the patients <10 years old had meta-

bolic syndrome, 7% of patients between 10 and 18 years old and 25%

of haemophilics between 18 and 40 years old had metabolic syndrome.

Fifty percent of the haemophilics between 18 and 40 years old were

prehypertensive or hypertensive. Fasting blood glucose levels of hae-

mophiliacs were higher (P = 0.02) compared to controls. When hae-

mophilics and controls over 10 years old were compared for metabolic

syndrome, no significant statistical difference was found (19.5% and

10% respectively, P = 0.34).

Conclusion: Overall life expectancy and quality of life among people

with haemophilia have increased in recent years, primarily because of

the advances in factor replacement therapy. However older patients

who had been treated with on demand therapy have still a variety of

orthopedic problems. Our study showed that obesity, hypertension

and metabolic syndrome are frequent problems especially in haemo-

philics with arthropathy. Early prevention and management of over-

weight, obesity, and their sequelae must be addressed in clinical

practice in order to maximize the overall health of the haemophilia

population. Our sudy showed that prehypertension and hypertension

are common in young haemophilics. Blood pressure measurements

should be a part of standard care in haemophilia patients early in

their life.

PB 4.36-3
Development of Factor VIII inhibitors and its
association with HLA Class I and II alleles in Pakistani
hemophilia A patients
Naz A, Ahmed S, Nadeem M and Shamsi T

National Institute of Blood Disease and Bone Marrow

Transplantation Center., Karachi, Pakistan

Background: Severe form of hemophilia A is a major cause of life

threatening hemorrhages. Factor VIII inhibitors are developed in

approximately 15–25% of hemophiliacs who receive the Intravenous

Factor VIII products. These neutralizing antibodies inhibit the substi-

tuted F VIII. A lot of research is under going globally to determine the

environmental and genetic predictors of F VIII neutralizing antibod-

ies.

Objective: To investigate the association between HLA class I and II

alleles and the development of Factor VIII inhibitors in Pakistani

Hemophilia A patients.

Material and Method: A case control study was carried out in the

department of thrombosis and hemostasis, National Institute of Blood

Disease and Bone Marrow Transplantation after approval of Institu-

tional review board. Patients of Hemophilia A were divided into two

categories one that had developed inhibitors and other without inhibi-

tors. Healthy donors of bone marrow transplantation were included as

control group. Genomic DNA of all participants was extracted from

peripheral blood using Qiagen column based technique. Identification

of HLA A, B and DRB1 alleles was amplified by Polymerase chain

reaction sequence specific primers (PCR-SSP) of low resolution kit

© 2013 International Society on Thrombosis and Haemostasis 0 (Suppl. 0) (2013) 885–888

ABSTRACTS 925



(Olerup SSP HLA A-B-DR SSP, Stockholm, Sweden). Simple descrip-

tive and chi square test were applied for statistical analysis of data

using SPSS version 17.0.

Result: Total 125 participants were studied. Of 75 hemophilia A

patients with mean age 11.5 � 8.25 were categorized into two groups,

one who had developed inhibitors (n = 25) exhibiting from >3.0 to

192.0 Bethesda units and other who had no inhibitors (n = 50). The

frequency of HLA A3, A32, B40, DRB1*11 alleles was high in patients

with no inhibitors as compared to control group and patients with

inhibitors (P < 0.01). On the other hand only HLA B8 allele showed

an increased association with patients with inhibitors as compared to

patients without inhibitors and control group (P < 0.01).

Conclusion: HLA Class I and II alleles can be used as a predictor of

development or non-development of inhibitors in patients with severe

hemophilia A in Pakistan. A prospective study with larger sample size

employing high resolution HLA typing will help in substantiating the

results.

PB 4.36-4
Laboratory control of replacement therapy in severe
hemophilia A patients
Balandina A1, Zapariy A2, Polokhov DM3, Yakovleva V3,

Kargaltsev A3, Konyashina NI3, Polyanskaya TU3, Kopylov KG3

and Ataullakhanov F1

1Center for Theoretical Problems of Physicochemical

Pharmacology RAS, Moscow; 2HemaCore LLC, Moscow;
3Scientific Center for Hematology, Moscow, Russian Federation

Background: Some hemophilia A patients exhibit different bleeding

phenotypes despite the similar base factor VIII concentration

(FVIII:C) and need a different strategy of the factor replacement

therapy.

Aims: To estimate the utility of different hemostasis assays for labora-

tory control of replacement therapy in severe hemophilia A patients

under prophylactic and on-demand regimes as well as during surgery.

Methods: 17 severe hemophilia A patients (FVIII:C < 1%) were

included in the study; three of them were examined before the surgery.

Frequency of bleedings was 0–6 per month. Activated partial throm-

boplastin time (aPTT), FVIII:C, thrombin generation test (TGT),

thromboelastography (TEG) and Thrombodynamics were performed.

Thrombodynamics is a new assay based on a spatial fibrin clot growth

registration; the stationary clot growth rate (Vst) was registered. Test

of pharmacokinetics included 4–5 days washing period and blood

sampling before and 0.5, 1, 3, 6, 24, 48 h after 50 IU/kg of FVIII infu-

sion.

Results: Seven of nine patients on the prophylaxis therapy had 0–2
bleeding case per month, two patients had more than three bleedings

per month. Thrombodynamics in 1 h after FVIII infusion demon-

strated Vst ≥22 lm/min in all patients with low bleeding frequency

and Vst <22 lm/min in patients with high bleeding frequency. T1/2 for

FVIII:C was more than 18 h in 6 of 7 patients with low bleeding fre-

quency, T1/2 <18 h in others. Endogenous thrombin potential (ETP) in

TGT in 24 h after infusion was more than 800 nM*min in 6 of 7

patients with low bleeding frequency and ETP <800 nM*min in oth-

ers. No clinical correlation with aPTT or TEG was observed for any

time points.

In 5 patients with the therapy on-demand T1/2 was in agreement with

bleeding tendencies, while Vst and ETP showed this agreement only in

three of them.

Three patients underwent a major orthopedic surgery. The surgical

blood loss was 1.4, 2.1 and 0.85 L for patients #1, 2 and 3 respectively;

bleeding period was prolonged in patient #2 to two days in compari-

son with 1 day for patients #1 and 3. Vst values correlated with surgi-

cal blood loss: Vst was 21.5 lm/min for patient #2 and 30.0, 24.0 lm/

min for patients #1 and 3 respectively. T1/2 and ETP did not show any

agreement with the clinical observations (T1/2 was 10.2, 10.4 and

12.0 h, ETP was 740, 847 and 784 nM*min for patients #1, 2 and 3

respectively).

Conclusions: Thrombodynamics, TGT and pharmacokinetics can be

used for laboratory control of replacement therapy in severe hemo-

philia A patients.

PB 4.36-5
ORTHem 15–25: French retrospective national survey
of different treatment regimens in patients with severe
(factor VIII or IX = 2%) haemophilia A and B between
15 and 25 years old
Meunier S1, D’Oiron R2, Chambost H3, Guillet B4, Dolimier E5

and Villette B5

1Haemofilia Treatment Center, Edouard Herriot Hospital, Lyon

Cedex; 2Haemophilia Treatment Centre, AP HP-Bicêtre Hospital,

Le Kremlin-Bicêtre; 3Haemophilia Treatment Centre, La Timone

Hospital, Marseille; 4Haemophilia Treatment Centre,

Pontchaillou Hospital, Rennes; 5Baxter Healthcare Corporation,

Maurepas, France

Background: Prophylaxis has been widely used in young children to

preserve joint status. Arguments to further maintain prophylaxis in

adulthood are scarce.

Aim: To assess the treatment modalities and their determinants in per-

sons with severe (FVIII/IX ≤2%) haemophilia A (HA) or B (HB),

without inhibitor at inclusion, aged 15–25 years.

Methods: A national retrospective multicenter survey was offered to

all French HTCs. Patients with haemophilia diary at least partially

completed and receiving over the past 12 months and up to 3 years,

one of the three following regimens could be included: Long-Term

Prophylaxis (LTP), On-Demand (OD) treatment or ‘Other’ regimen.

Distribution of patients was analyzed regarding age class ([15–18], ]
18–21], >21), type (A or B) and severity (<1%, [1–2%]) of haemo-

philia, type of mutation (null, non null, inversions), absence or pres-

ence of family history of haemophilia or viral infection, history of

intracranial haemorrhages (ICH), history of inhibitors, age at first

treatment, first haemarthrosis and first LTP.

Results: 212 patients were analyzed, 169 (79.7%) in LTP, 40 (18.9%)

in OD and 1.4% in ‘other’ regimen. The analysis focused only on LTP

and OD groups. The median age was 18.9 years in the LTP vs.

22.0 years in the OD group (P < 0.001). LTP was correlated with

younger age (P < 0.003), HA (P < 0.007) and FVIII/IX <1%
(P < 0.002). Patients with null mutations tend to use more often LTP

(P = 0.058). No correlation with the intron 22 inversion (P = 0.386),

family history of haemophilia (P = 0.081), IHC (P = 0.581) or inhibi-

tors (P = 0.121) could be found.

The younger age class (15–18 years) started the first period of prophy-

laxis earlier (P < 0.001) compared to the two others. LTP patients

were younger at first treatment, first haemarthrosis and first prophy-

lactic treatment: 1.45 vs. 2.44 (P = 0.002), 3.25 vs. 4.88 (P = 0.002),

7.15 vs. 11.15 (P = 0.001) (years), respectively. The average duration

of LTP was 11.0 � 4.0 years and that of OD regimen was

11.3 � 7.9 years. The main reasons for initiation of LTP were appear-

ance of haemarthrosis (50.9%), a target joint (42.0%) or a high num-

ber of bleeding (38.1%); reasons for OD regimen were a mild bleeding

phenotype (47.5%), constraint related to prophylaxis (40.0%) or

absence of arthropathy (35.9%). The median dose in LTP was 34 IU/

kg/injection (IQ 30–40) with a median frequency of three times a week.

The median number (0.00) of days of hospitalization per year for

bleeding events was similar for the two regimens (P = 0.067). The total

number of bleeding episodes recorded for a period of 12 months was

smaller in the LTP group (P = 0.014), but the number of target joints

and haemarthrosis were similar (LTP/OD: 5 vs. 4 and 1 vs. 1, respec-

tively).

Conclusions: In this French survey, almost 80% of 212 patients with

severe haemophilia (FVIII/IX ≤2%) aged 15–25 years received LTP
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for an average of 11 years. LTP was more frequent in younger age

class, severe and HA types. Overvalue of the proportion of patients

receiving LTP cannot be excluded due to the inclusion criteria.

PB 4.36-6
Implementing pharmacokinetic (PK)-guided dosing in
hemophilia; a discrete choice experiment (DCE) in an
international cohort of hemophilia professionals
(‘OPTI-CLOT’ studies)
Lock J1, Urhan G2, Driessens H3, Brons P4, van

Gorkom BAPLaros-4, Van Der Meer FJM5, Smiers FJW5, De

Bekker-Grob EW6 and Cnossen MH1

1Erasmus Medical Center – Sophia Children’s Hospital,
Rotterdam; 2Erasmus MC – Sophia Children’s Hospital,
Rotterdam; 3Netherlands Hemophilia Patient Society,

Badhoevedorp; 4Radboud University Nijmegen Medical Center,

Nijmegen; 5Leiden University Medical Center, Leiden; 6Erasmus

Medical Center, Rotterdam, The Netherlands

Background: Hemophilia is a rare X-linked bleeding disorder, caused

by a deficiency of clotting factor VIII (hemophilia A) or IX (hemo-

philia B). The cost of treatment of hemophilia weights heavily on

national health care budgets and is estimated at €130 million annually

in the Netherlands, mainly clotting factor concentrates. Treatment

includes prophylactic intravenous administration of the deficient clot-

ting factor several times a week to prevent bleedings. These infusions

are roughly aimed at raising clotting factor plasma levels above the

threshold of 1% to prevent joint damage and subsequent long term

disability. Pharmacokinetic (PK)-guided therapy in hemophilia using

a population-based model generated by Bayesian analysis is available.

This makes individualized dosing regimens based on PK-guided dos-

ing possible. Earlier studies have reported a 30% reduction of clotting

factor consumption without an increase in bleeding when prophylaxis

is dosed according to a PK-profile. Despite guidelines supporting PK-

guided dosing, it has still not been implemented as standard of care for

a number of hypothetical reasons.

Aims: Quantification of barriers and facilitators of individualized PK-

guided dosing of clotting factor as part of standard hemophilia care in

hemophilia professionals. Currently, this study is also being performed

in patients and parents in a multicenter setting in theNetherlands.

Methods: An international DCE survey was conducted during the

World Federation of Hemophilia Conference inParis, 2012 among 91

hemophilia professionals from 28 countries with varying prophylactic

treatment strategies. A panel latent class model was used to quantify

the trade-offs between five barriers and facilitators for PK guided dos-

ing: number of blood samples necessary to construct PK-profile; fre-

quency of prophylactic infusions after PK-profiling; frequency of

repeated PK-profiling; risk of bleeding; and cost for society.

Results: All barriers and facilitators of PK-guided dosing proved to be

important for hemophilia professionals’ preferences, except for the

number of blood samples necessary to construct PK-profile. Reduc-

tion of risk of bleeding was the most important facilitator to imple-

ment PK-guided dosing; the most important barrier was a high

frequency of prophylactic infusions as a consequence of PK-profiling.

In general, hemophilia professionals displayed a positive attitude

towards PK-guided dosing, although preference heterogeneity was

substantial. Hemophilia professionals required a cost saving for soci-

ety of 34.2% (CI: 21.7% to 57.3%) and 5.1% (CI: �2.7% to 12.9%)

to compensate for daily prophylactic infusions �or infusions every other

day, instead of twice a week. Hemophilia professionals from countries

without a prophylactic dosing strategy had a lower probability to

accept daily PK-guided dosing than hemophilia professionals from

countries with a prophylactic dosing strategy.

Conclusions: Hemophilia professionals show an overall favourable

attitude towards PK-guided dosing, especially if the risk of bleeding or

cost for society is reduced, and if a frequency of daily PK-guided dos-

ing is avoided. Hemophilia professionals from countries without a pro-

phylactic dosing strategy had a lower probability to accept daily PK-

guided dosing.

PB4.37 – Haemophilia A:
Clinical – XV

PB 4.37-1
Different neutralizing effects of factor VIII concentrates
associated with von willebrand factor and the inhibitor
epitopes
Yada K, Nogami K, Kenichi O, Minami H and Shima M

Nara Medical University, Kashihara, Nara, Japan

Background: Factor (F)VIII inhibitors, whose epitopes are localized to

the A2 and C2 domain(s), develop as alloantibodies in patients with

hemophilia A. The neutralization therapy by FVIII replacement is uti-

lized as hemostatic treatment for hemophilia A patients with inhibitors

classed as low responder, while the bypassing agents as recombinant

(r)FVIIa and activated prothrombin complex concentrates (APCC)

are used for those classed as high responder, but the effects may

depend on various properties of these inhibitors. Some group reported

the anti-C2 type 2 inhibitors associated with an antibody-dependent

reduced rate of FVIIIa release from von willebrand factor (VWF)

(Blood 1999). We have recently reported that the bypassing agent

rFVIIa could activate FVIII directly even in the presence of anti-FVIII

inhibitors and the inactivation was moderated by anti-C2 type 1 anti-

bodies (Thromb Haemost. 2011), and another bypassing agent APCC

could also activate FVIII in the presence of anti-FVIII inhibitors simi-

larly to rFVIIa (ASH abstract #1178, 2011).

Methods: In this study, to investigate the effects associated with the

properties of the inhibitors in the neutralization therapy, the coagula-

tion function in timed-reaction of mixtures with FVIII (1 IU/mL) and

anti-FVIII alloantibodies with distinct epitopes (2.5 BU/mL) were

evaluated by global coagulation assays as thrombin generation test

and clot waveform analysis.

Results: Thrombin generation assay revealed that the decrease rates of

peak thrombin in anti-C2 type 1 inhibitors were ~3-fold or 10–20-fold
greater than those in anti-A2 type 1 or anti-C2 type 2, respectively.

Compared to FVIII alone, the mixture of FVIII/VWF with anti-C2

type 1 or anti-A2 type 1 mildly or little reduced the decrease rates by

~10% or <5%, respectively, whilst that with anti-C2 type 2 enhanced

by ~2-fold, reflecting the property of anti-FVIII antibodies on the

FVIII-VWF association. Anti-FVIII monoclonal antibodies showed

similar patterns of reaction with anti-FVIII polyclonal. Clot waveform

analysis also showed that coagulation parameters in 2-h reaction of

FVIII with anti-A2 type 1 or with anti-C2 type 2 were ~3- or ~6-fold
greater compared to anti-C2 type 1, respectively.

Conclusion: We demonstrated that the neutralizing effects of FVIII in

the presence of anti-FVIII inhibitors differed with epitope of inhibi-

tors. It should be important to determine the properties of inhibitors

for prediction of the effects on FVIII-neutralization therapy and

choice of the treatment using FVIII concentrates or FVIII/VWF com-

plex concentrates, and the results could have significant therapeutic

implications.
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PB 4.37-2
Pharmacokinetics, efficacy, and safety of BAY 81-
8973, a full-length plasma-protein-free recombinant
factor VIII product: results from the LEOPOLD trial
Saxena K1, Lalezari S2, Oldenburg J3, Delesen H4, Shah A5,

Tseneklidou-Stoeter D4 and Maas Enriquez M4

1Boston Children’s Hospital, Boston, MA, USA; 2National

Hemophilia Center, Chaim Sheba Medical Center, Tel-

Hashomer, Israel; 3University Clinic Bonn, Bonn, Germany;
4Bayer Pharma AG, Wuppertal, Germany; 5Bayer HealthCare

Pharmaceuticals, Montville, NJ, USA

Background: BAY 81-8973 is a full-length recombinant factor VIII

(rFVIII) product manufactured without use of animal- or human-

derived proteins in the fermentation and purification steps.

Aims: To demonstrate the pharmacokinetic (PK) noninferiority of

BAY 81-8973 vs. sucrose-formulated rFVIII (rFVIII-FS) and to assess

the efficacy and safety of BAY 81-8973 for treatment of bleeds and

prophylaxis in hemophilia A

Methods: This multinational, randomized, open-label study is part of

the Long-Term Efficacy Open-Label Program in Severe Hemophilia A

Disease (LEOPOLD; ClinicalTrials.gov identifier: NCT01029340).

Males aged 12–65 years with severe hemophilia A were eligible if they

had ≥150 exposure days to any FVIII product and no history of FVIII

inhibitors. For the phase 1 PK study, patients received a single 50-IU/

kg dose of BAY 81-8973 and rFVIII-FS, separated by ≥3-day wash-

out. Blood samples for PK testing were collected periodically up to

48 h postdose. PK parameters analyzed included maximum concentra-

tion (Cmax), Cmax divided by dose per body weight (Cmax norm), area

under the curve (AUC), half-life (t½), volume of distribution at steady

state (VSS), mean residence time (MRTIV), and clearance (CL). For

the phase 2/3 efficacy and safety study, patients received 20–50 IU/kg

BAY 81-8973 2–3 times/week for 12 months. BAY 81-8973 potency

was based on chromogenic substrate assay per European Pharmaco-

poeia (CS/EP) and chromogenic substrate assay/label adjusted to

mimic one-stage assay potency (CS/ADJ; dose was ~18% higher

because of potency differences between the two assays). Patients

crossed over from one potency group to the other after 6 months.

Repeat BAY 81-8973 PK analysis was conducted at 6 or 12 months.

The primary efficacy endpoint was the annualized number of total

bleeds in each 6-month potency period. Patients also received BAY 81-

8973 during major surgeries. All patients provided written informed

consent; the protocol was approved by each site’s independent ethics

committee/institutional review board.

Results: Valid PK measurements were available for 26 patients (mean

age, 30.6 years). The 90% CIs for the AUC and Cmax ratios of BAY

81-8973 to rFVIII-FS were above the lower limit of the prespecified

interval of 0.80–1.25 demonstrating noninferiority. Analysis of vari-

ance using 95% CIs showed that AUC, t½, and MRTIV were signifi-

cantly higher and CL was lower after administration of BAY 81-8973

vs. rFVIII-FS (P < 0.02). No significant differences between treat-

ments were seen for Cmax norm or VSS. No relevant changes were seen

in BAY 81-8973 PK after 6 or 12 months of treatment. Sixty-two

patients (mean age, 31.5 years) received BAY 81-8973 prophylaxis for

12 months. Median annualized number of total bleeding episodes was

1.0 in the combined CS/EP and CS/ADJ groups (mean, 3.8; range, 0–
26.1), without clinically relevant differences between potency periods.

BAY 81-8973 maintained hemostasis in seven patients undergoing

eight major surgeries. Incidence of treatment-related adverse events

was low in all study phases (≤7%); no patient developed inhibitors.

Conclusions: In previously treated patients with severe hemophilia A,

BAY 81-8973 PK were noninferior to those of rFVIII-FS. BAY 81-

8973 was efficacious in preventing and treating bleeding episodes, with

few treatment-related adverse events.

PB 4.37-3
Treatment of bleeding episodes in subjects with
haemophilia A with long-lasting recombinant Factor
VIII Fc fusion protein (rFVIIIFc) in the Phase 3 A-LONG
study
Ragni M1, Josephson N2, Mahlangu J3, Pasi J4, Perry D5, Powell J6,

Shapiro AD7, Krassova S8, Greblikas F8, Nugent K8, Brennan A8,

Luk A9 and Pierce GF8

1Of Pittsburgh and the Hemophilia Center of Western

Pennsylvania, Pittsburgh, PA, USA; 2Puget Sound Blood Center,

Seattle, WA, USA; 3Haemophilia Comprehensive Care Centre,

Johannesburg, South Africa; 4Barts and the London School of

Medicine and Dentistry, London, UK; 5Addenbrookes Hospital,

Cambridge, UK; 6University of California Davis Health System,

Sacramento, CA, USA; 7Indiana Hemophilia and Thrombosis

Center, Indianapolis, IN, USA; 8Biogen Idec, Weston, MA, USA;
9Biogen Idec Hemophilia, Weston MA, USA

Background: A long-lasting monomeric recombinant factor VIII Fc

fusion protein (rFVIIIFc) for the treatment of haemophilia A has been

developed using Fc technology to extend half-life over currently avail-

able rFVIII products. rFVIIIFc is comprised of a rFVIII molecule

genetically linked to the Fc domain of human immunoglobulin G1

(IgG) with no intervening sequence. Fc fusion technology utilises the

endogenous IgG cycling pathway to prolong the half-life of therapeu-

tic proteins. A 1.5-fold increase in half-life was demonstrated in the

recently completed pivotal phase 3 study (A-LONG), which evaluated

the safety, efficacy, and pharmacokinetics (PK) of rFVIIIFc when

used for prophylaxis, to treat acute bleeds, and in the surgical setting,

in previously treated subjects with severe haemophilia A.

Aims: To evaluate the treatment of bleeding episodes with rFVIIIFc in

the pivotal A-LONG study.

Methods: Eligible male subjects ≥12 years old, with severe haemophilia

A (<1 IU/dL [1%] endogenous FVIII), a history of ≥150 documented

prior exposure days (ED) to FVIII, and no history of FVIII inhibitor,

received either individualised prophylaxis (25–65 IU/kg every 3–
5 days; Arm 1), weekly prophylaxis (65 IU/kg dose; Arm 2), or epi-

sodic (20–50 IU/kg; Arm 3) treatment. The number of bleeding epi-

sodes, number of injections, and median dose required to resolve

bleeding episodes were evaluated. Efficacy assessments by subject and

investigators were recorded.

Results: Overall, 165 subjects from 60 centres were enrolled (Arm 1,

n = 118; Arm 2, n = 24; Arm 3, n = 23) and 92.7% of subjects com-

pleted the study. In total, 757 bleeding episodes (Arm 1 = 209; Arm

2 = 92; Arm 3 = 456) were treated in 106 of 163 subjects. To achieve

resolution of a bleed, 87.3% of bleeds required a single injection of

rFVIIIFc, and 97.8% required ≤2 injections. By study arm, 85.6%,

80.4% and 89.5% of bleeding episodes in Arms 1, 2 and 3, respec-

tively, were resolved with 1 injection of rFVIIIFc. The median dose

per injection required for resolution of bleeding was 27.4 IU/kg, and

the median total dose required was 28.2 IU/kg. The median number of

injections required for resolution of a bleeding episode was consis-

tently 1.0 across treatment arms, regardless of type or location of

bleed, or time of administration of treatment. Overall, subject assess-

ment of response to treatment with rFVIIIFc was excellent or good for

78.8%, 64.8% and 79.7% of injections in Arms 1, 2, and 3, respec-

tively. The investigators’ global assessment of subject response to their

assigned rFVIIIFc regimen was rated as excellent or effective for

99.4%, 100% and 98.1% of responses in Arms 1, 2 and 3, respectively.

Summary/Conclusions: Long-lasting rFVIIIFc provided effective con-

trol of bleeding episodes in the pivotal A-LONG study. The majority

of bleeding episodes required only one injection. Subject response to

rFVIIIFc regimen (rated by investigators) and response to bleeding

events rated by subjects, were excellent or good/effective. rFVIIIFc

offers the potential of a reduced injection frequency for treatment of

bleeds in patients with severe haemophilia A.
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PB 4.37-4
Does prophylactic factor replacement prevent
asymptomatic microscopic haematuria in adult people
with severe haemophilia?
Teoman S1, Ar MC2, Cengiz M3, Kececi D1, Eskazan AE4,

Salihoglu A1, G€ult€urk E1, Aydin SO1 and Baslar Z1

1Istanbul University Cerrahpasa Medical Faculty, Istanbul;
2Istanbul Training and Research Hospital, Istanbul; 3Sarkisla State

Hospital, Sivas; 4Diyarbakir Training and Research Hospital,

Diyarbakir

Background: Asymptomatic microscopic haematuria has been reported

to occur in up to 20% of people with moderate/severe haemophilia

before the introduction of coagulation factor replacement therapy. In

the era of modern haemophilia treatment, however, the significance

and frequency of haematuria is unknown.

Aim: The aim of the present study was to establish the frequency of

asymptomatic microscopic haematuria among adult people with severe

haemophilia and to determine the impact of prophylactic factor

replacement on the occurrence of haematuria.

Methods: Fifty-five adult people with severe haemophilia A and B have

been evaluated on 69 outpatient admissions for microscopic haematu-

ria by urine examination. Microscopic haematuria was defined as the

presence of ≥3 red blood cells in the urine sediment prepared via stan-

dard methods. Patients with urinary symptoms were excluded. None

of the patients were positive for inhibitors. Factor levels and the treat-

ment modality (on demand vs. prophylactic) of the patients, as well as

the time (in days) from the last factor infusion were recorded.

Results and Conclusion. : In 9 of the 69 admissions patients were found

to have asymptomatic haematuria (13%). No significant difference in

the frequency of haematuria was observed between the patients with

on demand treatment and those on prophylaxis (P = 0.268). These

findings suggest that about 1/10 of people with severe haemophilia

present with microscopic haematuria without any urinary symptoms.

Prophylactic factor replacement does not necessarily prevent haematu-

ria. This should be considered in the management of bleeding in peo-

ple with severe haemophilia. The absence of haematuria should always

be confirmed prior prescribing antifibrinolytic agents for the treatment

or prevention of bleeding episodes.

PB 4.37-5
Ageing, haemophilia A and associated bleeding
disorders – whose problem is it?
Robinson GJ1, Schuster J2 and Rangarajan S2

1The Haemophilia Soceity, London; 2Basingstoke Haemophilia

Comprehensive Care Centre, Basingstoke, UK

Background: Due to the success of treatment and care within haemo-

philia and associated bleeding disorders, the UK have a growing popu-

lation who are now enjoying living longer and entering a unique

period of history in relation to their own health and care which needs

to be explored and understood.

Aims: A pilot study set out to investigate patients, carers and health

professional’s attitudes towards ageing, health and social care needs

with a view to developing a consistent and high quality health and

social care framework for haemophilia and associated bleeding disor-

ders in the UK.

The impact these attitudes have upon self-management and ageing

was investigated with a view to informing discussion around the devel-

opment of associated guidelines relating to caring for a senior popula-

tion within their own homes, clinics, hospital, nursing and retirements

homes, therefore covering the full spectrum of bio psychosocial care.

Methods: The phenomenological approach has been used to examine

experiences in ageing and bleeding disorders. Sixty patients (age range

40+), seven carers and six health professionals participated in focus

group discussions on haemophilia, ageing and current available health

and care support services and preferences relating to desired services

for the future.

Results: The results indicate uncertainties around solutions to increas-

ing difficulty with venous access as a result of lack of self-efficacy and

memory problems. Concerns over access to haemophilia centres as a

consequence of increasing disability and poor mobility were stressed. A

reluctance to accept dependency on others and attitudes related to poor

knowledge base within the general nursing community/nursing/care

homes were associated with fear and scepticism of quality of service

and treatment delivered for current and future co-morbid conditions.

A lack of skilled general community nurses who can give administer

IV treatments has been echoed throughout the meetings. Preferences

for further development into E Health and multi-disciplinary meetings

to ensure effective communication with other health teams were

expressed.

Conclusions: Guidelines should provide standards for both health and

social care; they should also be developed to promote the wellbeing of

all those aging and living with haemophilia for which these services are

destined. Upgrade existing services which should include an increase

of community haemophilia nurses and better communication with

GP’S. The development of screening and preventative services within

haemophilia centres, training manuals should be disseminated as a

guide to competent authorities, accredited bodies and care agencies

operating in this area.

PB 4.37-6
Impact of children with inhibitors on caregiver burden
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and Wisniewski T2

1IMS, Alexandria, LA; 2Novo Nordisk, Princeton, NJ; 3LA Kelley

Communications, Georgetown, USA

Background: Haemophilia is a bleeding disorder that can be classified

as mild, moderate or severe depending on plasma level of clotting fac-

tors. Inhibitors are alloantibodies that can develop after exposure to

replacement therapy with coagulation factor VIII or IX products and

are presently considered the most serious complication in the treat-

ment of haemophilia. Since treatment of haemophilia is typically pro-

vided at home by parents and relatives (i.e. caregivers), caregiver

burden may be impacted by inhibitor complications.

Aims: To compare the overall burden of caregivers of children with

and without inhibitors.

Methods: A questionnaire with six domains (emotional stress, finan-

cial, sacrifice, medical management, child’s pain, and transportation)

and burden visual analogue scales (B-VAS) was developed based upon

the peer-reviewed literature and previous survey findings. Questions

for each domain were answered using a scale of 1–5 where ‘1’repre-

sented ‘never burdened’ and ‘5’ represented ‘nearly always’ burdened.

B-VAS utilized a scale from 0 to 10 with 0 indicating ‘no burden’ and

10 indicating ‘worst burden’. High burden was defined as those with a

total burden score greater than the observed mean score of 80. Logistic

regression was used to adjust for confounders including age, gender,

income, education, marital status, disease severity, haemophilia type,

inhibitor status, bleeding episodes, time taken off work, treatment

type, time since diagnosis and distance from haemophilia treatment

center. IRB approval was obtained.

Results: 310 caregivers completed the survey; 30 reported taking care

of a child with an inhibitor. Most respondents (N = 274, 88%) were

mothers between 18 and 54 years. The average age of the child for

whom care was provided was 10.04 (SD 4.57). Mean total burden

scores for all respondents were 80.79 (SD 20.14). Unadjusted results

showed that compared to non-inhibitor patients, caregivers of children

with inhibitors had statistically significant higher total burden scores

(96.17 vs. 78.65, P < 0.0001), B-VAS scores (5.57 vs. 3.44, P < 0.0001)

and all six burden domains: Child’s pain (3.90 vs. 3.48, P < 0.0096);
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emotional stress (3.15 vs. 2.73, P < 0.0005); financial burden (3.01 vs.

2.46, P < 0017); transportation (3.22 vs. 2.42, P < 0.0001); sacrifice

(2.98 vs. 2.13, P < 0.0001); medical management (2.38 vs. 2.00,

P < 0.0009). After controlling for confounders, having a household

income >$100,000 USD (P < 0.05) was associated with less burden

whereas taking time off work in the previous month (P < 0.003) and

caring for a child with inhibitors (P < 0.001) were associated with

greater burden. Adjusted odds ratios indicated that caregivers of

children with inhibitors were 5.37 (95% CI 1.98–14.58) times more

likely to have high burden compared to caregivers of children without

inhibitors.

Conclusions: Caregivers of children affected by inhibitors to FVIII/

FIX replacement therapy were significantly more burdened than care-

givers of children without inhibitors. The burden of caregivers should

be considered when assessing the psychosocial aspects of managing

patients with inhibitors.

PB4.38 – Haemophilia A:
Clinical – XVI

PB 4.38-1
Immunological detection of factor VIII antibodies in
congenital and acquired haemophilia A
Batty P1, Moore GW2, Platton SJ1, Maloney JC2, Bowles L1,

Pasi J3, Rangarajan S2 and Hart DP3

1Royal London Hospital; 2Guy’s and St Thomas’ NHS Foundation

Trust; 3Barts and the London School of Medicine and Dentistry,

QMUL, London, UK

Background: The Nijmegen Bethesda assay is the gold standard for

detection of Factor VIII (FVIII) antibodies, albeit with significant

inter-laboratory variability. However, it may miss low titre antibodies

or those without direct inhibitory capacity. This may not have immedi-

ate clinical repercussions but the true rate of anti-FVIII immunological

activity in clinical studies may be underestimated. This could compro-

mise the significance of surrogate markers of inhibitor risk. A FVIII

ELISA kit (Hologic, previously GTI Diagnostics) has previously been

described. This detects both inhibitory and non-inhibitory FVIII anti-

bodies. This assay does not form part of standard laboratory practice

in the United Kingdom. We present a large cohort describing the

application of this FVIII ELISA in routine laboratory practice.

Aims: To compare anti-FVIII antibody detection by the Bethesda

assay and FVIII ELISA in congenital and acquired haemophilia A in

two large haemophilia treatment centres.

Methods: All routine inhibitor samples from patients with congenital

and acquired haemophilia A were tested in parallel using the Bethesda

assay and FVIII ELISA. These were subdivided based on diagnostic

information provided at the time of venepuncture. Samples were

defined as being positive if the Bethesda assay was ≥0.7 BU/mL and/

or if the ELISA optical density (OD) was greater than that of the kit

control.

Results: Four hundred and ninety seven samples (240 patients) were

tested in parallel by Bethesda and ELISA: 140 patients with severe

haemophilia A (291 samples); 86 patients with non-severe haemophilia

A (129 samples); 14 patients with acquired haemophilia A (77 sam-

ples). Sixty three samples were positive by the Bethesda assay, median

1.2 BU/mL (0.7–978) and 75 positive by ELISA, median OD 0.978

(0.204–3.363). There were 40 discrepant samples: 14 Bethesda positive/

ELISA negative; 26 Bethesda negative/ELISA positive. Comparing

the assays for all samples the ELISA demonstrated a sensitivity of

77.8%, specificity 94.0%, positive predictive value (PPV) 65.3% and

negative predictive value (NPV) of 96.7%. In the sub-group analysis

of patients with acquired haemophilia A the ELISA demonstrated a

sensitivity of 100%, specificity 82.9%, PPV 36.8% and NPV 100%,

with 12 samples found to be positive by ELISA, but negative by the

Bethesda assay.

Conclusions: Detection of FVIII antibodies by ELISA offers a simple

method of batch testing, complementing the Bethesda assay. This test

does not require modification for residual FVIII levels. Immunological

detection of anti-FVIII antibodies may have as yet unforeseen predic-

tive applications, e.g. risk of relapse in acquired haemophilia A. The

reasons for ELISA and Bethesda assay discrepancy and resulting clini-

cal significance needs to be defined through prospective collaborative

studies.

PB 4.38-2
Long-term anti-FVIII antibody response in Bethesda-
negative haemophilia A patients on continuous
replacement therapy
Klintman J, Hillarp A, Berntorp E and Astermark J

Lund University, Malm€o, Sweden

Background: Patients with haemophilia A may develop non-neutraliz-

ing anti-FVIII antibodies (NNA) that escape detection by the Beth-

esda assay, but are detected using immune-based assays. Recently, we

and others found NNAs to be directed, not only towards non-func-

tional parts of the protein, but towards all regions of the FVIII pro-

tein. We also showed in a cohort of brother pairs with haemophilia A,

a heterogeneous antibody response towards different FVIII products.

However, the clinical relevance and the natural history of NNA

remain unclear.

Aims and Method: We have followed a cohort of unrelated subjects

with haemophilia A, on continuous replacement therapy, for 4 years

with the goal of exploring the long-term development of NNA using

an ELISA assay.

Results: Ten of 78 subjects (12.8%) exhibited an immune response that

was transient and heterogeneous, and none of the subjects developed

an inhibitor towards FVIII during the study period. In order to inves-

tigate the potential clinical relevance of NNA, the result of the ELISA

assay was examined in relation to clinical variables. No associations

between a positive ELISA assay and age, F8 mutation or PAC implan-

tation was found. We found a trend towards an increased NNA risk in

HCV positive subjects. Interestingly, patients with NNA had signifi-

cantly fewer bleeding episodes (P = 0.048) compared with NNA-nega-

tive subjects.

Conclusion: The results indicate that the immune response towards

FVIII within an individual may vary over time, and that anti-FVIII

antibodies may potentially exert not only detrimental effect on FVIII

protein, but hypothetically protective or potentiating effects as well.

However, the clinical impact of NNA still remains unclear and

requires further investigation.

The study was approved by the regional research ethics committee for

southern Sweden.

PB 4.38-3
Carrier and prenatal diagnosis in sporadic haemophilia
A and B families in China
Lu Y

Ruijin Hospital affiliated to Medical College of JiaoTong

University, Shanghai, China

Background: About 1/3 of haemophilia families were sporadic families.

Carrier and prenatal diagnosis in these families is necessary and it is

important to determine the origins of the mutations.

Aims: In this report, we made genetic diagnosis of 40 sporadic HA

families and three sporadic HB families.

Methods: LD-PCR and PCR were adopted for the screening of the

INV22 and INV1 respectively. The F8/F9 coding and boundary

sequences were analyzed by sequencing. Seven STR sites related to F8/

F9 gene were combined together to apply to the linkage analysis
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respectively. ABI PRISM SNaPshot ddNTP Primer Extension kit was

used to analyze the chimerism. We assessed the sensitivity of the pri-

mer extension PCR method for detecting the mosaicisms by a mutant/

wild DNA mix experiment.

Results: Tests showed that these 40 HA families were caused by INV22

(13/40), small insertions(6/40), small deletions(5/40), missense muta-

tions(10/40) and nonsense mutations(6/40). The three sporadic HB

families were all caused by missense mutations. From the linkage anal-

ysis, we confirmed that the origin of the mutations. For INV22 posi-

tive families, eight were from the maternal grandfathers (MGF) with

no INV22 mutations and the others from the carrier maternal grand-

mothers (MGM). For the other INV22 negative families, 13 index’s

mothers were normal according to the DNA sequencing, the other 14

were carriers, in which six of the mutations were from MGM and the

others from the MGF. The origin of the mutations were form the

maternal grandfathers in all of the HB families. Mosaicism was identi-

fied in two families with the mutation of c.G96085T, c.T32874A in HA

families and c.A32772T in HB familiy respectively. For the HA fami-

lies, somatic mosaicism was identified in both of the grandmother’s

blood and oral cells with the percentage of 10.62% and 11.01%

mutant (c.G96085T) respectively. 33% mutant (c.T32874A) was

detected in the index’s mother’s blood cells while the formal DNA

sequencing demonstrated the normal results. In HB family, the mater-

nal grandfather’s oral mucosa cells possessed wild-type as well as

mutant F9 genes and the percentage of the mutation was 14.4%. We

estimated the limit of the mosaicism detection as 2% mutant allele.

Conclusions: Based on the present study, we can reasonably suggest

that intron 22 and 1 inversions screening combined with the linkage

analysis using seven STR sites are available for carrier detection and

prenatal diagnosis in Chinese HA families and the direct sequencing of

F9 gene combined with the linkage analysis are available for diagnosis

in Chinese HB families. The extention primer PCR method is a good

approach to detect the mosaicism and can give information which may

prove valuable in determining the origin of new haemophilia muta-

tions, and in counselling relatives as well.

PB 4.38-4
Quality of hemophiliacs treatment in India – a survey
Sachdeva A, Ramzon M, Gulati R, Dinand V and Yadav S

Sir Ganga Ram Hospital, Delhi, India

Background: India with a population of 1.2 billion would have approx-

imately 75,000 hemophiliacs. The problems with management of

hemophilia in developing countries are poor awareness, inadequate

diagnostic facilities and scarce factor concentrates for therapy.

Aims: This study describes the epidemiology and health services

offered to hemophiliacs in India.

Methods: Survey was done through organizing hemophilia awareness

camps with workshops in 12 cities of North India in last 2 years by

expert hemophilia team. A detailed survey form was filled to know the

quality of care in hemophiliacs.

Results: The survey included 403 patients with median age of 13 years

(range 1.5–65 years) (73.7% were <20 years of age). Hemophilia A

and B constituted 90.3% and 9.7% with severe, moderate and mild

disease in 70.5%, 22.3% and 7.2% respectively. Half of patients had

family history of hemophilia. Median age of clinical presentation was

1 year (range: birth to 20 year). At the time of first diagnosis of hemo-

philia, 67%, 29.5% and 3.5% patients had spontaneous, traumatic

and procedural bleeding respectively. Majority of patients (90.4%)

were being treated on demand, 39/403 (9.6%) were not even exposed

to factor therapy yet (receiving alternative treatment). At the time of

diagnosis 22.3% patients received factor replacement therapy, 61%

received alternate form of treatment in the form of blood transfusion,

fresh frozen plasma or cryoprecipitate and 16.7% received minimal or

no treatment. The most common manifestation seen was target joint

in 247/403 (61.3%) of patients. Single target joint was involved in 215/

403 (53.3%) patients with knee joint in 43.7%, elbow 7.4%, hip 2%,

shoulder 1.2% and ankle in 0.7%. Two and three target joints were

present in 28/403 (6.9%) and 4/403 (1%) respectively. Clinical (Child

instrument) and Orthopedic joint scores were pathetic in these

patients. Permanent disability was present in 155/403 (38.5%), of these

15.1% were using crutches. Inhibitor levels were not checked in major-

ity (>95%) of patients. Most of patients were using ice packs (63%)

and tranexemic acid (55%) for their bleeding episodes, crutches

(15.1%) for disability, 27.8% different NSAIDS, 8.2% codeine, 20%

paracetamol, 1% homeopathic and 1% antispasmodic as pain killers.

Virological studies for HIV, hepatitis B and C were performed in

10.6%, 11.4% and 10.2% of patients respectively. Two patients were

positive for HIV, Hep B and HCV each. Not more than 10 patients

were covered with insurance or reimbursement policies. Only few

states governmental agencies are providing factor replacement free of

cost. Major reasons for not using regular factor replacement were eco-

nomical, followed by illiteracy. Secondary prophylaxis was opted by

6.7% of patients and none opted for primary prophylaxis.

Conclusion: Although this survey does not cover the whole country

uniformly, it gives a snap view of health care services offered to 403

patients with hemophilia in India. Access to factor replacement is lim-

ited by economical constraints. More emphasis should be put on com-

prehensive services and prophylactic factor replacement to improve

quality of life in developing countries.

PB 4.38-5
The impact of hemarthropathy on the QoL of Korean
patients with severe hemophilia A: The critical level of
hemarthropathy for the QoL
Jun S1, You CW2, Shin HJ1 and Han JW3

1Pusan National University Hospital, Busan; 2Eulji university

Hospit, Daejeon; 3Yonsei University College of Medicine, Seoul,

South-Korea

Background: It is acknowledged that as the degree of hemarthropathy

approaches a certain critical level, the disabled physical state may

markedly affect the QoL of hemophiliacs. However, the critical level

of hemarthropathy may be different in different countries because the

QoL could be influenced not only by the physical state but also by

socio-cultural environments across countries.

Aims: The impact of hemarthropathy on the QoL in Korean hemo-

philia A patients were investigated to find out the critical level of he-

marthropathy in these patients.

Methods: This study was conducted in 27 severe hemophilia A patients

over 17 years old who were registered at a single hemophilia treatment

center. Depending on observed Pettersson scores of these patients at

the start of study, they were divided into three groups, P (Pettersson

score) £10, P 11~19 and P³20 groups. The QoL of each patient,

assessed by the SF 36 (Korean version), was compared between the

groups. In addition, a correlation analysis was conducted between Pet-

tersson scores and scales of the SF36 to assess the impact of hemarthr-

opathy on the QoL.

Results: In the present study, Pettersson scores were significantly corre-

lated with physical health scales (PF, BP, GH) and physical compo-

nent summary (PCS). None of the scores of the SF36 scales were

different between the P£10 and P11~19 groups. In contrast, the scores

of PF and MH scales were significantly different between the P11~19
and P³20 groups. When changes in the scores of each scale in the SF36

were observed according to changes in Pettersson scores, the average P

score of 13.0 � 2.7 was thought to be the critical level of hemarthrop-

athy because above that level, hemarthropathy and physical and men-

tal health of the patients rapidly deteriorated.

Conclusions: The progression of hemarthropathy to the critical level

should be delayed as long as possible to prevent or to delay a rapid

deterioration of the QoL of Korean patients with hemophilia.
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Social determinants of quality of life in persons with
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1Hematology and Oncology Research Center, Tabriz University of

Medical Sciences; 2Associated Professor of Psychiatry, Clinical

Psychiatry Research Center; 3M.D. Associate Professor, Program

for Estimation of Pretest Probability; 4Hematology and Oncology

Research Center, Tabriz University of Medical Sciences, Tabriz, Iran

Background: The availability of safe and effective factor replacement

therapies, in persons with hemophilia (PWH), has in some countries

answered the basic need for treatment of these patients. In countries

and regions where factor replacement and other treatment facilities are

not enough available, Psychosocial support may help PWH, to cope

with their disease and related problems. Meanwhile, most of the social

determinants evaluations in PWH have been a component of quality

of life (QoL) questionnaire – based studies.

Aims: This study is designed to evaluate the QoL in adult PWH, by

focusing on social determinants of QoL and their relationship with

health related dimensions, in Tabriz hemophilia treatment center

(HTC) of Iran.

Material and Methods: The survey instrument was a self-report 36

items questionnaire, ‘A36 Hemofilia – QoL’, which is a disease specific

questionnaire for the assessment of the health-related QoL in adults

living with hemophilia. A total of 100 Hemophilia A and B, mild to

severe, over 17 years old participated in this study within 1 year.

Results: A36 Hemofilia-QoL Total score (TO) was 71.88(�26.89 SD),

which was in the range of moderate to good. Dimensions covered by

this survey were classified as good to moderate for Physical Health

16.37 (51.15%), Treatment Satisfaction 5.39 (67.37%), Treatment Dif-

ficulties (60.62%). Other dimensions were classified as moderate to

poor for Daily Activities 7.20 (45%), Joint Damage (5.52%), Pain 3.50

(43.75%), Emotional Functioning 9.26(46.3%), Mental Health 5.8

(48.41%), Relationships and Social Activities 9.58 (47.9%). Patients

who treat in our HTC, had better QoL score (P = 0.000), and educa-

tion has a significant impact on the social aspects of QoL (P = 0.18).

The QoL was very poor in urban area in contrast to patients who lived

in the city (54.45 vs. 74.21, respectively). Single patients have a better

QoL than married patients (76.56 vs. 68.50, respectively).

Conclusion: Our results showed that PWH who live in urban areas

have very poor QoL and more disease complications, because of less

replacement therapies and lack of awareness of their diseases. Serious

designed works strongly recommend for this group of PWH.

PB4.39 – Haemophilia A:
Clinical – XVII

PB 4.39-1
Peak FVIII levels and time spent in hemostatically
effective FVIII range post-infusion correlates with
improved efficacy for prophylaxis in hemophilia A: a
closer look at the other end of the curve
Valentino LA1, Collins PW2, Pipe S3, Blanchette VS4, Schroth Ph5,

Fritsch S6, Ewenstein BM7 and Spotts G5

1Rush University Medical Center, Chicago, IL, USA; 2University

Hospital of Wales, Cardiff, UK; 3University of Michigan, Ann

Arbor, MI, USA; 4Hospital for Sick Children, Toronto, Canada;
5Baxter Healthcare, Westlake Village, CA, USA; 6Baxter

Innovations GmBH, Vienna, Austria; 7Baxter Healthcare,

Research and Development, Westlake Village, CA, USA

Background and Aims: We previously demonstrated that increasing

time with a FVIII concentration below 1 IU dL(�1) is associated with

increased total hemorrhages and hemarthroses in severe hemophilia A

patients treated with regular prophylaxis regimens (Collins PW, et al. J

Thromb Haemost 2009; 7: 413–20). Targeting trough levels at ≥1%
above baseline using PK-guided dosing at 72 h intervals has been dem-

onstrated to be an effective treatment strategy (Valentino LA, et al. J

Thromb Haemost 2012; 10: 359–367). In this study, subjects on PK-

guided dosing experienced a median annual bleed rate (ABR) of 2.0

(range 0–17.1) representing a 96% reduction in ABR from on-demand

therapy. The individual FVIII half-lives (median: 11.7 h; range: 7.3–
30.7; IQR: 10.1–13.6; 5–95% percentiles: 7.7–21.4), and therefore, the

FVIII dose/infusion (median 41.3 (IU/kg), range 18.9–84.9) varied

widely in the study cohort. This allowed examination of the role of

treatment- and patient-related variables other than FVIII trough in

achieving low ABRs in patients using individualized regimens.

Methods: Data from subjects prescribed PK-guided dosing given every

third day (n = 34) were examined. Average Cmax was estimated using

the individual IVR values for each subject and their average dose per

prophylactic infusion. AUC/week and time spent above 5, 10, 20, 30, or

40% FVIII levels (i.e, within hemostatically effective, non-hemophilic

range) in each subject were extrapolated using parameters from individ-

ual PK profiles and actual infusion records. Negative binomial multi-

variate regression model was used for analysis with age and BMI as

covariates.

Results: The estimate for Cmax ranged from 24.3 to 167.5% (median

70.9%). A significant relationship between lower Cmax and increased

risk for bleeding was seen (All bleeding P = 0.0004; joint bleeding

P = 0.0013). Similarly, time spent above 30% and 40% FVIII levels

showed a significant relationship with lower ABR (all bleeds,

P = 0.0034 and P = 0.0012, respectively). Similar significant relation-

ships were found in all AUC/week variables tested (e.g., above 5%,

10%, and 20%); both AUC and time spent variables are strongly cor-

related with average Cmax. A substantial reduction of ABR during

prophylaxis as compared with on-demand therapy was seen in each

subject however many of those with higher ABR on prophylaxis

appeared to have had more bleeding episodes during the preceding on-

demand period and had a lower% ABR reduction on prophylaxis.

Otherwise no other parameters examined (e.g., age, BMI, number tar-

get joints, compliance) appeared different amongst these subjects.

Summary and Conclusion: These results demonstrate a relationship

between higher Cmax values and/or time spent within ‘hemostatically

effective’ FVIII range and better prophylactic efficacy in subjects on

PK-guided dosing given every third day. While targeting FVIII trough

at >1% above baseline is generally effective, this strategy alone may

not be suitable for all patients, especially those with high ABRs on on-

demand therapy, and with longer FVIII half-lives, who require lower

FVIII doses to maintain the specified trough levels. These findings

may have significant implications for the development of optimal indi-

vidualized PK-guided prophylactic dosing regimens with unmodified

FVIII concentrates as well as with the modified longer-acting FVIII

molecules currently in development.

PB 4.39-2
Self-efficacy in the Dutch pediatric population;
Reliability and validity of the Hemophilia Self-Efficacy
Scale (HSES)
Lock J1, Raat H2, Hijmans CT3, Peters M3, Tamminga YJ4,

Leebeek FWG2, Moll HA1 and Cnossen MH1

1Erasmus Medical Center – Sophia Children’s Hospital,
Rotterdam; 2Erasmus Medical Center, Rotterdam; 3Academic

Medical Center – Emma Children’s Hospital, Amsterdam;
4University Medical Center Groningen, Groningen, The

Netherlands

Background: In all patients with chronic diseases, self management

capacities of the patient and caretakers with regard to the disease are

of importance. Especially in hemophilia patients on prophylaxis, ade-

quate judgement and motivation considering adherence to prescribed
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therapy, and behaviour are important skills; summarized by the term

self-efficacy. Previous studies have demonstrated that a well developed

capacity towards self-efficacy is associated with greater adherence and

less clinical manifestations of disease. Therefore, it is important to

quantify a patients’ self-efficacy and to formulate interventions to

modify self-efficacy skills.

Aims: To assess the reliability and validity of a novel scale measuring

disease-specific perceptions of self-efficacy in patients with hemophilia

on prophylactic clotting factor replacement therapy.

Patients and Methods: Children from three Dutch Hemophilia Treat-

ment Centers with severe and moderate hemophilia on prophylactic

treatment were included. Exclusion criteria were: prophylactic treat-

ment <1 year, presence of inhibitors and language difficulties. Parents

and children aged 10–18 years filled out the study questionnaire. Writ-

ten informed consent and ethical approval was obtained.

The Hemophilia Self-Efficacy Scale (HSES) consists of 12 items relat-

ing to participants’ perceptions of their ability to function on a day-to-

day basis and to manage symptoms (e.g. bleedings episodes) and thera-

peutic interventions in hemophilia. This instrument is based on the val-

idated Sickle Cell Self-Efficacy Scale with the concept of the ability

towards ‘self-care’. This incorporates an individuals’ perceptions of

both disease symptoms and the patients’ abilities to cope with or

reduce these symptoms.

Response choice ranged from ‘not at all sure’ to ‘very sure’ on a 5-

point Likert scale. Higher scores reflect greater self-efficacy, the total

score range is 12–60. Psychometric properties (construct validity

including Cronbach’s alpha, discriminative validity, test-retest reliabil-

ity) were empirically assessed. Convergent validity was tested with pre-

viously validated generic measure of related construct (General Self-

Efficacy Scale (GSES). Predictive validity was assessed by computing

correlations between HSES total score and reported health-related

quality of life in the previous month (Haemo-QoL).

Results: A total of 53 parents and 28 adolescents filled out the ques-

tionnaire (response rate 79%). Median age of the children was

11.4 years (IQR 8.1–13.9). Test-retest reliability was measured in a

subgroup (n = 55). Mean of total score was 55.5 (SD 4.7, range 38.0–
60.0). Construct validity: mean Cronbach’s alpha was good for the

total score (0.8). The scale had no floor effects but did have a ceiling

effect of 21%. Test-retest Pearson correlation was positively significant

(0.8; P < 0.001). Correlation between disease specific self-efficacy and

GSES was statistically significant (Pearson correlation 0.5, P < 0.001).

The reported Haemo-QoL correlated significantly to HSES scores

(Pearson correlation �0.33, P = 0.02), indicating that higher self-effi-

cacy was associated with higher quality of life.

Conclusions: HSES is a reliable and valid tool to asses patients’ self-

efficacy in patients with severe or moderate hemophilia and prophylac-

tic treatment. In our study, high self-efficacy correlates with higher

quality of life reported by HaemoQol, underlining the importance of

evaluation of capacity towards self-efficacy.

PB 4.39-3
Recombinant activated factor VII use for surgical/
invasive procedures in congenital haemophilia with
inhibitors and acquired hemophilia: analysis from 10-
year Japanese post-marketing surveillance
Takedani H1, Shima M2, Horikoshi Y3, Koyama T4, Fukutake K5,

Kuwahara M6 and Ishiguro N7

1IMSUT Hospital of the Institute of Medical Science, Tokyo;
2Nara Medical University, Kashihara; 3Shizuoka Children’s

Hospital, Shizuoka; 4Tokyo Medical and Dental University,

Tokyo; 5Tokyo Medical University, Tokyo; 6Novo Nordisk

Pharma Ltd., Tokyo; 7Nagoya University, School of Medicine,

Nagoya, Japan

Background: Patients with congenital haemophilia with inhibitors

(CHwI) and acquired haemophilia (AH) are at risk of bleeding compli-

cations during surgical/invasive procedures, since replacement therapy

for the missing coagulation factor is ineffective. Therefore, manage-

ment of bleeding requires the use of bypassing agents, such as recombi-

nant activated FVII (rFVIIa, NovoSeven�). To investigate the safety

and efficacy of rFVIIa in the treatment of bleeding during surgical/

invasive procedures in Japanese patients, data from Japanese post-

marketing surveillance was analysed.

Methods: A multi-centre, observational study was conducted from

May 2000 to March 2010. The dosing regimen of rFVIIa was decided

based on the institutional practice at each centre. The rFVIIa dosing

regimen and adverse events were recorded, and the clinical efficacy

evaluated according to three criteria: (i) blood loss (during a proce-

dure) compared with that expected from previous surgeries in haemo-

philia patients; (ii) effectiveness of bleeding control (during a few days

post-procedure), and (iii) maintenance of bleeding control (during a

few weeks post-procedure until removing stitches). Patient follow-up

was for 6 months to evaluate other complications.

Results: Twenty-two patients with congenital haemophilia A under-

went 38 surgical/invasive procedures (orthopaedic: 43%, central

venous access device: 16%, dental/oral: 16%, gastrointestinal: 11%,

small incision/suture: 11%, thoracic: 5%). Of these 38 procedures,

92% were evaluated as ‘blood loss as expected or less’ and 89% as

‘effective in bleeding control, i.e. bleeding was stopped completely or

reduced considerably’. Bleeding control was maintained in 95% proce-

dures after wound closure. Seven congenital haemophilia B patients

underwent 13 surgical/invasive procedures (orthopaedic: 62%, central

venous access device: 15%, dental/oral: 8%, gastrointestinal: 8%,

small incision/suture: 8%). Of these, 69% were evaluated as ‘blood

loss as expected or less’ and 77% as ‘effective in bleeding control’.

Bleeding control was maintained in 95% of procedures. Five patients

with AH underwent five surgical/invasive procedures (gastrointestinal:

40%, dental/oral: 20%, obstetrics: 20%, central nervous system:

20%). Of these, 60% were evaluated as ‘blood loss as expected or less’

and 80% as ‘effective in bleeding control’. In 60% of procedures, the

bleeding control was maintained. Activated prothrombin complex

concentrate was used when bleeds were not controlled with rFVIIa.

Thrombophlebitis occurred in an 11-year-old male with congenital

haemophilia A with an inhibitor. He underwent elbow surgery with

continuous infusion of rFVIIa, and a mild thrombophlebitis of a

superficial vein was observed in the arm in which the catheter was

placed. The thrombophlebitis resolved naturally. The case was deter-

mined to be related to rFVIIa administration.

Conclusions: rFVIIa provided adequate haemostasis for the majority

of surgical/invasive procedures in patients with CHwI and AH,

without serious adverse reactions. The efficacy and safety profile

for Japanese patients was similar to the published data from other

countries.

PB 4.39-4
The first review of global spontaneous adverse event
reports for a third generation recombinant factor VIII
concentrate (Octocog Alfa): 10 years of safety
experience
Berg R, Gringeri A and Reininger AJ

Baxter Innovations GmbH, Vienna, Austria

Background: The low number of spontaneous Adverse Event (AE)

reports in rare disorders and the variety of reporter sources such as

physicians or patients require a thorough understanding of reporting

trends to evaluate safety data. Spontaneous reporting represents an

important tool to identify Adverse Drug Reactions previously unrec-

ognized in the clinical development process. Regional or local databas-

es, e.g. FDAs FAERS, EUHASS, are subject to different reporting

cultures or research questions that hold a potential for biased perspec-

tive. Pharmacovigilance activities of Marketing Authorization Holders

provide a unique, global picture allowing to identify and thereby mini-

mize potential bias.
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Aims: The a priori assumption that all biologics of one class have a

similar safety profile can be hazardous: e.g., manufacturing processes

may result in different safety profiles. Herein we provide a compre-

hensive 10-year overview of Octocog Alfa safety profile since its first

marketing authorization as determined by the longest and largest

dataset of spontaneous AE reports published for a 3rd generation

rFVIII.

Methods: The global safety database for Octocog Alfa was reviewed

for all spontaneously reported AEs (excluding solicited reports)

received between July 2003 and September 2012. Reporting trends

were analyzed per reporting sources and regions. Important AEs such

as inhibitor formation are further discussed.

Results: More than 13 billion international units of Octocog Alfa were

distributed during the review period, corresponding to an estimated

87,000 patient-years of exposure. A total of 648 spontaneous AE

reports were received. Of these, 311 AE reports included information

on the development of factor VIII inhibitors. The reporting rate of

FVIII inhibitors for both PUPs and PTPs remained stable over time

suggesting the absence of safety signals. Five spontaneous AE reports

included the event of an anaphylactic reaction. Significant differences

were observed for reporting trends in individual countries with respect

to reporting rates as well as per reporting source. For the US, total

numbers of AE reports from patients and healthcare professionals

such as nurses and pharmacists by far exceed the number of AE

reports received from physicians. This is in sharp contrast to other

regions, such as Japan, where AE reports from physicians dominate

spontaneous reporting. Globally, consumer reports included a higher

percentage of non-serious events compared to reports from physicians.

In addition consumers and healthcare professionals were focused on

different types of AEs. The often cited Weber-effect (the increase of

the absolute number of AE reports during the first 2 years of product

marketing with a subsequent reporting decrease thereafter despite

increasing sales) could not be observed.

Summary/Conclusions: Despite the complexity of AE reporting trends,

the 10-year review of spontaneous AE reports received globally for

Octocog Alfa did not result in the detection of previously unrecog-

nized risks or product quality issues. This data is usually not disclosed

publicly but is important information to confirm the premarketing

safety profile given the limited sample size needed for licensing FVIII

therapeutics. Data derived from spontaneous reporting is an integral

part of the overall safety profile of a product and needs to be taken

into account for optimal treatment decisions.

PB 4.39-5
National Haemophilia Registry of China – a developing
registry
Xue F, Yang R and Zhang L

Blood Disease Hospital, Chinese Academy of Medical Science,

Tianjin, China

Background: In Jaunary 2010, as a result of continuous efforts to raise

the awareness at authority level, the ministry of health of china

launched the Haemophilia data management system project.

Aims: The aim of this summary is to describe the development of the

China National Haemophilia registry.

Methods: National hemophilia registry of China is a registry to collect

the information of patients with hemophilia or other inherited bleed-

ing disorders. It’s a government authorized, medical centres partici-

pated registry. One national registry centre and 31 provincial centres

were established. National hemophilia registry centre(Blood disease

hospital, PUMC) is responsible for merging, analyzing the data cen-

tralized from all provincial centre. All the provincial registry centres

are medical centres and responsible for collecting and transfer the data

of whole province using both stand-alone entry software and web-

based entry programme protected by password. The National identifi-

cation number is used as the unique ID and marker for routine dupli-

cate management.

The system will generate a general data and presented on web-site for

public. The privacy of patients entered would be fully preserved during

registered.

Result: The data analyzed here are from January 2010 to December

2012, total 10,652 patients entered in the registry, including 9055(85%)

hemophilia A(HA) patients, 1298(12.2%) hemophilia B (HB) patients,

54(0.5%) vWD patients and 245(2.3%) patients with rare bleeding dis-

orders.

There are 6600(72.9%) severe, 1691(18.7%) moderate, 668(7.4%)

mild and 96(1%) unknown type HA and 874(67.3%) severe, 290

(22.3%) moderate, 124(9.6%) mild and 10(0.8%) unknown type HB

patients enrolled in the registry. Age distribution of patients <13-year
old is 27% for HA and 24% for HB, between 14 and 18-year old is

11% for both HA and HB, between 19 and 60-year old is 56% for

HA and 58% for HB, more than 60- year old is 2% for HA and 4%

for HB. At last, 4% HA patients and 3% HB patients do not have

age data.

Among 1345(15%) HA and 243(19%) HB patients have HBs-Ag data,

80(5.9%) HA and 17(7%) HB patients have positive result. Among

1273(14%) HA and 235(18%) HB patients have HCV-Ab data, 171

(13.4%) HA and 31(13.2%) HB patients have positive result. There

are 31 HA and 1 HB patients detected with HIV-Ab, constitute 2%

and 0.4% of patients who have HIV infection data.

Refer to the first bleeding age, 6437(71.1%) HA and 246(19.0%) HB

patients presented before 2-year old, 1718(20.0%) HA and 277(21.3%)

HB between 2 and 7-year old, 654(7.2%) HA and 134(10.3%) HB

between 7 and 18-year old, 246(2.7%) HA and 72(5.6%) HB older

than 19-year old.

Summary/Conclusions: The national hemophilia registry comprises a

great deal of data on variant aspect of patients. However it also has

some shortcomings need to be updated or modified in future to obtain

more precise and dynamic information of patients. For example,

because the stand-alone software cannot be allied with electronic chart

used by variant centres, the data cannot be updated in time. We will

continue update the system to make it more useful in improving

healthcare condition of China.

PB 4.39-6
Comparison of a ELISA FVIII inhibitor assay with the
Nijmegen Modified Bethesda assay in patients with
inherited and acquired haemophilia A
Riddell A, Pickering WM, Lawler P, Yildiz L, Drebes A and Yee T

Royal Free London, London, UK

Backgound: FVIII inhibitors are usually detected and quantified using

Nijmegen modified Bethesda (NMB) assays or enzyme-linked immu-

nosorbent assays (ELISAs). Current UKHCDO guidelines recom-

mend testing patients with severe haemophilia after a wash out period

of 24 h and in those patients with mild or moderate haemophilia a

heat inactivation step of patient plasma can be used prior to testing.

Aims & Methods: To compare NMB assay in heat inactivated plasma

samples (90 min @ 56 °C) with ELISA method (FVIII Antibody

Screen – GTI Diagnostics, USA) using normal plasma. Patients were

included even if the trough factor VIII level, either due to endogenous

or treatment related FVIII was >1 IU/dL.

Results: In total 160 samples were tested {including patient samples

with severe HA (n = 82), Moderate HA (n = 7), mild HA (n = 18),

and acquired HA (n = 51)}. Of 160 samples, 103 were negative by

NMB assay and of these seven were positive by the ELISA inhibitor

assay (two with severe HA, three with mild HA and one with acquired

HA). 57/160 patient samples were NMB positive of which 10 samples

were negative by the ELISA inhibitor assay. All 10 samples were from

four patients with acquired HA and had NMB levels ranging from 0.7

to 2.2 BU and FVIII:C levels ranging from 40 to 109 iu/dL. The 51

samples with acquired HA came from 12 patients in whom FVIII lev-

els ranged from <1 to 118 iu/dL and NMB unit levels that ranged from

1 to 73,000 BU.
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Discussion: 4% of samples in this study showed a discrepancy with

the NMB assay with higher positivity by ELISA. Low titre inhibi-

tors are not uncommon in severe haemophilia A and it is possible

that the ELISA detects FVIII inhibitors at an earlier point than the

NMB assay or that they are non-neutralising FVIII antibodies and

not significant. The negative ELISA results in the acquired HA sam-

ples but positive with NMB assays is hard to explain, and it may be

related to epitopes not recognised by the ELISA. Heat inactivation

of plasma from patients with acquired HA for use in the NMB assay

is useful especially when FVIII levels are within the reference range

(>50 IU/dL), as it allows detection of low titre FVIII antibodies and

therefore it may help decide on the duration of immunosuppression

before tapering and preventing relapses. In conclusion the value of

both these assays should be explored with correlation to clinical

endpoints.

PB4.40 – Heparin-induced
thrombocytopenia (HIT):
Clinical – III

PB 4.40-1
Frequent off-label use of fondaparinux in patients with
suspected acute heparin-induced thrombocytopenia
(HIT) – final results from the GerHIT multi-centre
registry study
Schindewolf M1, Steindl J1, Beyer-Westendorf J2, Schellong S3,

Dohmen PM4, Brachmann J5, Madlener K6, P€otzsch B7,

Klamroth R8 and Lindhoff-Last E1

1Goethe University Hospital Frankfurt/M., Frankfurt am Main;
2University Hospital Carl Gustav Carus, Dresden; 3Municipal

Hospital Dresden Friedrichstadt, Dresden; 4Heart Centre Leipzig,

University of Leipzig, Leipzig; 5Klinikum Coburg, Coburg;
6Kerckhoff-Klinik, Bad Nauheim; 7University Hospital Bonn,

Bonn; 8Vivantes Klinikum im Friedrichshain Berlin, Berlin,

Germany

Background: In life-threatening HIT, alternative anticoagulation with

a non-heparin anticoagulant is strictly recommended. However, off-

label use with fondaparinux has been reported in the literature.

Aim: The aim was to collect data on the ‘real-life’ management of

patients with suspected acute HIT.

Methods: In a national multi-centre registry study, the 4T’s scores for

the clinical probability of HIT were determined retrospectively in 261

patients diagnosed with HIT between 01/2005 and 10/2009. Only

patients with a score of ≥4 points and treatment with at least one dose

of argatroban (A), lepirudin (L), danaparoid (D), or fondaparinux (F)

were included for evaluation of laboratory diagnostic strategies and

prescription practices of anticoagulants.

Results: 195 patients were included. The 4T’s scores were 4/5/6/7/8

points in 46 (23.6%)/50 (25.6%)/74 (38.0%)/13 (6.7%)/7 (3.6%)

patients, respectively. The median treatment duration before HIT was

6.0 (unfractionated heparin [UFH]), 7.0 (low-molecular weight hepa-

rin [LMWH]), and 10.0 days (UFH/LMWH). During heparin ther-

apy, 53 (27.2%) thromboembolic events, 5 (2.6%) skin lesions, 1

(0.5%) amputations, 24 (12.3%) Hb-relevant bleedings, and 2 (1.0%)

deaths occurred. A functional heparin-induced platelet activation

assay was performed in 96.9%, an immunogenic PF4/heparin-depen-

dent ELISA was performed in 89.2%, a particle gel immunoassay was

used in 12.3%, and a serotonin-release assay none of the patients. The

alternative monotherapy strata were: argatroban in 16.4%, lepirudin

in 2.1%, danaparoid in 23.6%, fondaparinux in 40.0% of the patients;

the sequential therapy strata were: AF in 5.6%, DA in 5.6%, DL in

2.1%, and DFL in 0.5% of the patients.

Summary/Conclusion: The laboratory diagnostic strategy for HIT in

Germany is mostly (>96%) based on the recommended 2-step strategy

(immunogenic plus functional assay). Regarding therapeutic

approaches, fondaparinux is widely applied off-label in up to 50.3% of

the patients with acute suspected HIT and a high clinical pretest prob-

ability (median 4T’s score: 6 points).

PB 4.40-2
Apixaban as an alternate anticoagulant for the
management of patients with heparin-induced
thrombocytopenia
Walenga JM, Prechel M, Hoppensteadt D, Escalante V,

Chaudhry T, Jeske W and Bakhos M

Loyola University Medical Center, Maywood, IL, USA

Background: Heparin-induced thrombocytopenia (HIT), an immune

mediated disorder due to antibodies generated against platelet factor 4

(PF4) complexed with heparin, is associated with a pronounced hyper-

coagulable state, thrombin generation, endothelial cell damage, and

upregulation of an inflammatory state. Anticoagulant alternatives to

heparin that do not interact with HIT antibodies are needed for anti-

coagulant management. Intravenous use direct thrombin inhibitors

have been proven effective but their use is associated with a bleeding

risk and drug-specific limitations. For prevention and long-term anti-

coagulation, oral warfarin is used despite its shortcomings including

protein C reduction and skin necrosis. Fondaparinux is used off-label

by some. Apixaban is a new small molecule, direct acting oral FXa

inhibitor that may be considered for the anticoagulant management of

patients with HIT.

Methods: In order to determine if there is a lack of functional platelet

activation for apixaban in the presence of HIT antibodies, the two tra-

ditional and widely used clinical laboratory tests for the diagnosis of

HIT were utilized: the 14C-Serotonin Release Assay (14C-SRA; using

washed platelets) and the heparin-induced platelet aggregation assay

(PA-HIT; using platelet rich plasma). HIT antibodies from multiple

patients and platelets from different donors were employed to assure

the robustness of the data. The response to apixaban concentrations

covering the clinical dose range (0.05–50 mg/mL) was compared to the

response obtained with unfractionated heparin (UFH; 0.1 and 100 U/

mL).

Results: In the 14C-SRA (n = 35) and in the PA-HIT (n = 37), only

baseline negative platelet activation and aggregation responses with all

HIT specimens were observed at all apixaban concentrations (average

across all concentrations: 11 � 4% serotonin release and 8 � 3%

aggregation, respectively; mean � SEM; positive responses are

>20%). In comparison, UFH gave strong positive responses to each of

the same HIT antibody specimen/platelet donor combinations

(82 � 3% release and 78 � 6% aggregation at 0.1 U/mL; P < 0.01

vs. apixaban). Comparative studies demonstrated strong responses for

enoxaparin (n = 10; 73 � 5% release and 62 � 7% aggregation at

10 mg/mL) equal to UFH and no positive response for fondaparinux

(n = 20) in both test systems.

Conclusions: This study demonstrated a consistent absence of platelet

activation with apixaban in the presence of HIT antibodies using two

different methodologies. Based on the inert response of apixaban in

these in vitro studies and because this drug is structurally unrelated to

heparin, apixaban is not expected to contribute to the propagation of

the HIT syndrome. Since apixaban is an inhibitor of thrombin genera-

tion it is expected to have an additional benefit in blunting the hyper-

coagulable state observed in HIT. Apixaban may provide an option

for oral anticoagulation in patients with HIT, particularly for the

extended management and prevention of HIT. Clinical trials to deter-

mine safe and effective anticoagulation regimens during the various

clinical phases of HIT are warranted.
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PB 4.40-3
Rapid exclusion of the diagnosis of immune HIT by
AcuStar HIT and heparin-induced multiple electrode
aggregometry: a prospective monocenter study
Minet V1, Bailly N2, Baudar J2, Walbrecq S2, Chatelain C2,

Chatelain B2, Dogn�e J-M1 and Mullier F2

1University of Namur, Namur, Belgium; 2CHU UCL Mont-

Godinne-Dinant, Yvoir, Belgium

Background: Immune heparin-induced thrombocytopenia (HIT) is a

severe adverse reaction of heparin treatment, potentially leading to

life-threatening thrombosis. Early and accurate diagnosis is essential

but remains challenging. The combination of an immunological and a

functional assay improves HIT diagnosis. We have recently shown, in

a retrospective study on 106 inpatients in CHU UCL-Mont-Godinne-

Dinant, Belgium, that the combination of 4T’s rule, AcuStar HIT

(immunological assay) and heparin-induced multiple electrode aggre-

gometry (HIMEA) (functional assay) with optimized cut-offs is useful

for rapid and accurate diagnosis of immune HIT. This led to a pro-

posal of diagnostic algorithm for immune HIT based on 4T’s rule,

AcuStar HIT, and HIMEA. Briefly, when 4T’s score is ≤3, no addi-

tional laboratory test is required because HIT is considered very unli-

kely. When 4T’s test score is >3, AcuStar HIT is performed: (i) when

positive, HIMEA is performed; (ii) when negative, HIT is considered

very unlikely. In case of negative Acustar HIT and 4T’s test score is

>6, HIMEA is performed.

Aims: The primary objective of this study was to explore prospectively

the performances of our optimized diagnostic algorithm on inpatients

suspected of HIT. The secondary objective was to evaluate perfor-

mances of 4T’s rule, AcuStar HIT and HIMEA in comparison to the

clinical outcome.

Methods: This study initially included 99 consecutive unselected inpa-

tients with clinically suspected immune HIT. 4T’s rule was calculated.

AcuStar HIT-Ab (PF4-H), AcuStar HIT-IgG (PF4-H), and HIMEA

tests were performed, and clinical outcome collected. AcuStar HIT-

IgG (PF4-H) and HIMEA were performed in case of positive AcuStar

HIT-Ab (PF4-H) or 4T’s rule >6. Sensitivity and specificity of 4T’s

rule, AcuStar HIT-Ab at manufacturer’s cut-off and at our cut-off as

well as the overall diagnostic strategy were calculated using clinical

outcome as the reference.

Results: One patient had the diagnosis of immune HIT. Among the 99

patients, 58 presented a low pre-test probability (≤3/8). None of these

58 patients had immune HIT. AcuStar HIT-IgT (cut-off >9.41) pre-
sented one false positive, also positive with AcuStar HIT-Ab (cut-off

>2.89). The negative HIMEA allowed diagnostic exclusion. Among

the 41 patients presenting a medium-high pre-test probability (>3/8),
AcuStar HIT-IgT was 100.0% concordant to the clinical outcome.

The only patient affected by immune HIT was positive on AcuStar

HIT-IgT, AcuStar HIT-Ab and HIMEA. AcuStar HIT-IgT at our

cut-off (>9.41) and at manufacturer’s cut-off (>1.00) both showed sen-

sitivity of 100.0% with a specificity of 99.0% and 89.8%, respectively.

Sensitivity and specificity of 4T’s rule are 50.0% and 58.8%. Overall,

our optimized diagnostic algorithm showed sensitivity and specificity

of 100.0% in this patient cohort.

Conclusion: We demonstrated in this prospective study that our opti-

mized algorithm is a rapid and accurate diagnostic tool to exclude the

diagnosis of immune HIT.

PB 4.40-4
Prospective comparison of the HIT expert probability
(HEP) score vs. the Warkentin’s 4T’s score in a
quaternary care center
Farahani N, Kitahara S and Tcherniantchouk O

Cedars-Sinai Medical Center, Los Angeles, CA, USA

Background: Heparin-induced thrombocytopenia (HIT) can be an elu-

sive, difficult diagnosis when multiple comorbidities exist; a common

issue in patients of tertiary and quaternary care centers. Currently, cli-

nicians’ routinely employ the Warkentin’s 4T’s score to assess and

quantify the pre-test probability of actual HIT. More recently, the

novel Heparin Expert Probability (HEP) score has been developed in

hopes of supplanting the 4T’s score as a model that is easier to use and

more predictive of HIT.

Aim: To prospectively evaluate and compare Warkentin’s 4T score vs.

the HEP score and their correlation with (i) PF4 optical density and

(ii) serotonin release assay (SRA).

Methods: From May 2011 to February 2012, we evaluated 453 consec-

utive HIT lab tests. We further evaluated 49 patients (86 cases) that

exhibited positive polyspecific PF4 assays (OD >0.40) with 4T’s score,

HEP score, and serotonin release assays (SRA). Residents rotating on

the coagulation service determined the 4T’s/HEP scores, which were

later confirmed by one of two coagulation consultants.

Results: For PF4 OD = 0.41–0.99, the mean and 95% confidence

interval (CI) for 4T’s/HEP scores were 3.2 � 0.7 and 2.8 � 1.1,

respectively. For PF4 OD = 1.0–1.99, the mean and 95% CI for 4T’s/

HEP scores were 3.5 � 1.2 and 2.5 � 2.2, respectively. For PF4 OD

≥2.0, the mean and 95% CI for 4T’s/HEP scores were 4.3 � 2.0 and

4.6 � 4.7, respectively.

For SRA-negative patients, the average 4T’s/HEP scores were 3.3 and

2.2, respectively. For SRA-positive patients, the average 4T’s/HEP

scores were 4.4 and 5.0, respectively. The p-values for the comparison

of the mean score between SRA-positive and SRA-negative individu-

als for 4T’s/HEP scores were 0.13 and 0.088, respectively.

Discussion: The average 4T’s score demonstrated an incremental

increase with increasing PF4 optical densities. In contrast, the average

HEP scores did not demonstrate an incremental increase with increas-

ing PF4 optical densities (i.e. the average HEP score was lower for OD

1.0–1.99 than for OD 0.4–0.99 and did not demonstrate a positive cor-

relation).

The HEP score did not distinguish between SRA-positive and SRA-

negative patients (mean HEP score of 5.0 vs. 2.6, P = 0.08). Therefore,

the HEP score is not more predictive of HIT than the 4T’s score. This

is in contrast to a previously published, retrospective study comparing

HEP vs. 4T’s as they relate to SRA results.

Since no differences were found between the HEP and 4T’s score in

their ability to correlate with SRA and because 4T better correlated

with OD, we advocate for the use of the 4Ts score. Furthermore, the

4T score is easier to recall and relatively straightforward than the HEP

score which can be complex and cumbersome.

PB 4.40-5
Cost-effective HIT diagnosis: utilizing IgG-specific PF4
assays reduces the number of confirmatory serotonin
release assays without missing true HIT
Farahani N, Tcherniantchouk O and Kitahara S

Cedars-Sinai Medical Center, Los Angeles, CA, USA

Background: Heparin-induced thrombocytopenia is a pro-thrombotic,

potentially fatal entity requiring integration of clinical and laboratory

data for diagnosis. No widely standardized laboratory approaches for

diagnosis exist and there is debate as to whether a polyspecific or IgG-

specific PF4 assay is superior for screening. The polyspecific assay has

a low threshold to call ‘positive’ (OD >0.40) and may result in high

false positive HIT diagnoses that can produce costly outcomes, includ-
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ing confirmatory serotonin release assay (SRA) testing and/or treating

non-HIT, thrombocytopenic patients with expensive direct thrombin

inhibitors (DTIs) that carry a bleeding risk.

Aim: Compare polyspecific vs. IgG-specific anti-PF4/heparin ELISAs

(PF4) to determine whether the IgG assay can reduce confirmatory

SRA testing (expensive send-out with long turn around time), without

missing true HIT, and/or unnecessary treatment with DTIs.

Methods: 453 HIT work-ups (4T’s score, polyspecific PF4) were

reviewed (05/2011–02/2012), including 86 work-ups on 49 patients

with polyspecific OD ≥0.4. The manufacturer recommends reporting

results as ‘positive’ (OD ≥0.4) or ‘negative’. In our lab, we additionally

report the numerical OD values: ‘negative’ 0–0.39; ‘borderline’ 0.4–
0.84; ‘positive’ 0.85–2.79; ‘strong positive’ ≥2.80. For patients with OD

>0.4, SRA testing and an IgG-specific PF4 was performed (GTI, PF4

kits).

Results: 29 patients had ‘borderline’ polyspecific PF4 (OD 0.4–0.84);
none were SRA-positive; corresponding IgG PF4 was 0.07–0.73. Nine-

teen patients had ‘positive’ polyspecific PF4 (OD 0.85–2.79); 7 of 19

were SRA-positive; corresponding IgG PF4 was 0.29 to >3.0. One

patient had ‘strong positive’ polyspecific PF4 (OD ≥2.80); one of one

was SRA-positive; corresponding IgG PF4 was 1.86. HIT work-up

was requested more than once in 15/49 patients; 1/15 converted from

borderline to positive SRA.

Discussion: Laboratories performing PF4s should report the numerical

OD values. Since most U.S.laboratories use the same kits (according

to CAP surveys), we propose the following interpretive ranges for the

IgG-specific PF4 correlating with the degree of suspicion for true HIT:

Negative: OD <0.4
Intermediate positive: 0.4 ≤ OD <1.0
Positive: OD ≥1.0

Previous literature suggested that an IgG-specific assay could miss rare

cases of non-IgG-mediated HIT; however, in this study, cases with

PF4 ≥ 1.0 by the polyspecific assay were also positive by the IgG

assay. Therefore, the IgG assay did not miss any true HIT.

True clinicopathologic HIT diagnoses confirmed by SRA were made

in 8 of 20 patients (40%) with positive polyspecific PF4. DTI was or

could have been stopped after negative SRA results were obtained on

three patients with strongly positive PF4 (by either polyspecific or IgG

assay). Therefore, since PF4 is a screening assay (sensitive but not spe-

cific), an SRA is required to confirm HIT in such cases.

The use of IgG PF4 reduced ‘borderlines’ by 75% (22 of 29 borderline

polyspecific PF4 were negative by IgG PF4). Had the IgG assay been

used, these cases would not have required SRAs and 6 of 14 patients

(43%) who had received DTI would not have received the drug.

In conclusion, utilization of the IgG-specific PF4 assay can help reduce

the number of confirmatory SRAs performed and also reduce DTI uti-

lization.

PB 4.40-6
Incidence of Heparin-induced thrombocytopenia in
sick children who used unfractioned heparin for
prophylaxis in intensive care unit
Kavakli K, Mursalov G, Karapinar B, Karapinar DY, Balkan C

and Karadas N

Ege University Children’s Hospital, Izmir, Turkey

Heparin is the standard therapy for the prevention of venous thrombo-

embolism in children. Heparin-induced thrombocytopenia (HIT) is a

well-known serious adverse effect related with heparin therapy or pro-

phylaxis. Although HIT affects up to%5 of adult patients treated with

unfractionated heparin (UFH), prospective studies are so rare in chil-

dren in respect of incidence.

Aim of this study was to determine the incidence of HIT in UFH-

exposed children for prohylaxis. Patients who used treatment doses of

UFH were excluded. Only ICU patients were included. We performed

a prospective single center phase-IV study in Ege University Children’s

Hospital after approved by Ethics Commitee and Ministry of Health.

Children who exposed to UFH for any time in ICU service were eligi-

ble for study. Study group consists of 28 ICU patients. Mean age was

52 month (range: 1–204). Thirteen of patients were female and others

were male. All patients used diluted UFH for flushing to maintain

patency of central lines in the ICU.

Blood samples were collected for platelet counts (CELL DYN 3700

counter, Abbott), anti-Heparin/PF4 antibody (ELISA)(Asserachrom

HPIA-Ig G, Diagnostica Stago) and Heparin-induced platelet agrega-

tion tests (APACT-4004, Tokra) before and after 10 days (median)

(range: 7–15) of first UFH exposure.

After 2 years of prospective observation, we have not found any single

patient diagnosed as HIT by clinical findings and confirmed by labora-

tory analysis. Significant dropping (>50%) of platelet count after

10 days of heparin exposure was observed in only four ICU patients.

Only one patient had below <150.000/mm3. However, ELISA and

agregation tests were negative for these patients. Reasons for throm-

bocytopenia were evaluated for underlying medical conditions as

trauma, pneumonia and sepsis. They were not evaluated as HIT. In

one another ICU patient, ELISA test was found border-line positive

(O.D: 1.374) (positive controls: 1.35 � 0.34). However, no thrombocy-

topenia and no activation in agregation related heparin studies were

found. This result was evaluated as false-positivity for ELISA. How-

ever, mean OD values for ELISA test was found significantly elevated

after heparin exposure (before heparin: 0.119 � 0.061 vs. after hepa-

rin: 0.258 � 0.262)(Wilcoxon test; P < 0.0001). Elevated heparin-

induced agregation response (more than >20% after heparin exposure)

was not determined in any ICU patient.

In routine clinical practise, infants with requiring admission to ICU

are particularly at risk of venous thromboembolism and likely to be

exposed to heparins for prevention and treatment. However, in this

single center phase-IV study, we have not found prospectively any

HIT positive patient among 28 ICU patients. Reasons for low inci-

dence may be dilution of heparin, lower and prophylactic doses, short

exposure time and medical vs. surgical intervention. UFH Heparin

seems to be safe agent for children with ICU for prophylaxis.

PB4.41 – Rare bleeding disorders – V

PB 4.41-1
Variant Bernard Soulier syndrome with ambiguous
mutation data: a diagnostic dilemma
Cutler J1, Drew A1, Moore G1, Madan B2, Mitchell M1

and Okoli S2

1GSTS Pathology; 2Guys and St Thomas’ NHS Trust, London, UK

Bernard-Soulier syndrome (BSS) is a rare autosomal recessive bleeding

disorder, with an estimated frequency of 1:1,000,000, characterized

clinically by mucocutaneous bleeding, post traumatic haemorrhage,

and menorraghia in females. The classic laboratory findings are mac-

rothrombocytopenia, absent ristocetin-induced platelet aggregation

and absent or markedly reduced expression of the Glycoprotein Ib-IX-

V complex on platelet surfaces. Genetic abnormalities have been iden-

tified in three of the genes encoding the sub units of the GP Ib-IX-V

complex, GP1BA, GP1BB and GP9. No mutations causative of BSS

have been reported in GP5, and this is consistent with a lack of

requirement for GPV expression for expression of the other subunits

of the GPIb-IX-V complex.

We present a young patient with a complex clinical history, in whom

non classical laboratory findings complicate the diagnosis of BSS.

A 20 year old Zimbabwean female, with no family history of bleeding,

had a long personal history of recurrent epistaxis, haematemesis and

menorraghia. She also suffers from migraine, epilepsy and asthma. Ini-

tial investigations resulted in a presumptive diagnosis of ITP, and she

received treatment on that basis.

She recently presented with severe acute abdominal pain, haematuria

and haematemesis necessitating blood transfusion. Further investiga-
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tive work-up revealed a macrothrombocytopenia and a markedly

reduced platelet aggregation in response to ristocetin alone. A full

panel of platelet glycoprotein expression studies showed normal levels

of glycoproteins Iba and IX. This prompted molecular analysis of the

GP1BA, GP1BB & GP9 genes to confirm the diagnosis of BSS. The ex-

ons and splice junctions of the three genes were PCR amplified and

sequenced, and the only variant detected was a homozygous c.488C>A
substitution within exon 3 of GP9. This base change predicts the

replacement of the native Alanine at codon 163 with an Aspartic Acid

(pAla.163Asp). This change has not been previously reported as causa-

tive of BSS, but results of 5/6 in silico software algorithms support this

change being pathogenic. It is, however, reported as a very low fre-

quency polymorphism in the African population, with a Minor Allele

Frequency of 0.0018. This frequency results from seven heterozygous

individuals from a total of 2624: No individuals homozygous for

c.488A were recorded.

The c.488C>A variant may represent the first pathogenic GP9 substi-

tution which produces mutant complexes that appear on the cell sur-

face essentially at normal levels, in a similar manner to the GP1BA

variant Bolzano (c.515C>T). Our findings demonstrate that, in cases

of macrothrombocytopenia, reduced ristocetin induced platelet aggre-

gation may be sufficient for a diagnosis of BSS to be made even in the

absence of a reduction in glycoprotein expression. The vast amount of

SNP data, generated by genome projects will increasingly present

interpretive challenges in assessing variants of unknown clinical signifi-

cance in specific patient populations. Further, the curation of SNP and

locus specific mutation databases does not always favour the distinc-

tion between pathogenic and benign variants. In BSS, as in other auto-

somal recessive disorders, the finding of a small number of

heterozygous individuals should not preclude the variant from being

considered potentially pathogenic in the homozygous state.

PB 4.41-2
Mild bleeding diathesis in 10 patients due to
functional deficiency of plasminogen activator
inhibitor type 1 (PAI-1)
Iwaniec T1, Zdziarska J2, Wypasek E3, Undas A3, Padjas A1,

Musial J1 and Skotnicki AB2

1Jagiellonian University Medical College; 2Department of

Hematology Jagiellonian University Medical College; 3Institute

of Cardiology, Jagiellonian University Medical College, Cracow,

Poland

Background: Plasminogen activator inhibitor type 1 (PAI-1) down-reg-

ulates fibrinolysis and plays an important role in maintaining homeo-

stasis of the coagulation system. PAI-1 deficiency is one of the rarest

bleeding disorders, described for the first time in 1989. Quantitative or

qualitative PAI-1 deficiency causes hyperfibrinolysis and mild to mod-

erate bleeding tendency, mainly mucocutaneous. The disorder is diffi-

cult to diagnose as available PAI-1 activity assays lack sensitivity in

the lowest range. The true prevalence of this condition is not known.

Aims: The aim of this study was to identify cases of PAI-1 deficiency

among patients referred to our clinic due to bleeding symptoms.

Methods: In every patient with a history of bleeding (spontaneous/

excessive bleeds from at least two anatomical localizations or bleeds

from one localization with family history of bleeds) standard coagula-

tion test were performed to exclude common coagulation disorders:

platelet count, APTT, PT, thrombin time, fibrinogen activity, von

Willebrand factor activity (at least twice), platelet aggregation tests,

factor VIII, IX and XI activity. If no abnormality was detected, PAI-1

activity was measured with Berichrom PAI (Siemens, Germany). In

patients with decreased PAI-1 activity PAI-1 antigen level was mea-

sured with ELITEST PAI-1 (Hyphen BioMed, France). Alpha2-anti-

plasmin deficiency was excluded. Blood samples were drawn between

8 a.m. and 10 a.m. as PAI-1 plasma level shows a diurnal variation

and reaches highest levels in the early morning.

Results: PAI-1 activity was measured in 93 patients and was decreased

in 10 females (0–1.5 U/mL, mean 0.6 U/mL, normal range 2.0–7.0).
Repeated measurement from separate plasma samples showed concor-

dant results (0.2–1.4 U/mL, mean 0.8 U/mL). PAI-1 antigen level in

all 10 patients was normal or moderately decreased (22–62 ng/mL,

mean 39.5, normal range 30–60 ng/mL). All 10 patients suffered from

menorrhagia, nose and/or gum bleeds and excessive bleeding post sur-

gery, delivery or tooth extraction. Eight suffered from mild iron defi-

ciency anaemia. Four patients required blood transfusion at least once

in their life. Nine patients had positive family history for bleeds. Tra-

nexamic acid treatment was tried in six patients with good results.

Summary/Conclusions: PAI-1 deficiency should be taken into consider-

ation in the differential diagnosis of bleeding patients. Results must be

interpreted with caution, however, until standardized diagnostic assays

will be available. We can suspect, that bleeding symptoms in our

patients are caused by PAI-1 functional defect. Good response to an-

tifibrinolytic treatment supports this hypothesis.

PB 4.41-3
Congenital Factor XIII deficiency in women; a
systematic review of literature
Sharief L, Davies J, Pollard D, Lee CA and Abdul-Kadir R

Royal Free Hospital NHS Foundation Trust, London, UK

Background: Factor XIII deficiency is a rare congenital bleeding disor-

der. There is a paucity of data in the literature about obstetrics and

gynecological problems in women affected with Factor XIII deficiency.

Aims: To examine gynecological problems and obstetrical complica-

tions and outcome in women with congenital FXIII deficiency

Methods: An electronic search was performed to identify the published

literature on PUBMED, EMBASE, BIOSIS Previews, Journals

@OVID and CINAHL Plus databases using the following keywords:

‘congenital factor XIII deficiency’ AND ‘women OR Pregnancy’. A

total of 34 relevant articles were found and included in this systematic

review; 23 case reports and 11 case series dating from 1964 to 2012.

Results: A total of 120 women were identified. Menorrhagia (28%)

was the second most common bleeding symptom. Ovulation bleeding

was reported in 10% of women. Among 60 women, 189 pregnancies

were reported; of these, 125(66.2%) resulted in a miscarriage with his-

tory of recurrent miscarriage observed in 16(27%) women. Among the

129 pregnancies without prophylactic therapy, 122 resulted in a mis-

carriage and only seven progressed to viability stage. Out of 64 preg-

nancies reaching viability status, ante partum hemorrhage occurred in

four pregnancies while postpartum hemorrhage was seen in 15 (23%)

of cases.

Conclusion: Women with congenital Factor XIII deficiency suffer sig-

nificant bleeding complications. Menorrhagia and ovulation bleeding

are common gynecological problems and possibly more prevalent than

reported. Pregnancies in women with Factor XIII deficiency have a

significant risk of miscarriage, placental abruption and postpartum

hemorrhage if not on prophylaxis treatment.

PB 4.41-4
Solvent-detergent plasma abolished severe bleeding
tendency and normalized procoagulant activity in
Calibrated Automated Thrombogram both in plasma
and platelets of a FV deficient patient
Virtanen L1, Jouppila A1, Joutsi-Korhonen L2, Lemponen M2

and Lassila R2

1Helsinki University Central Hospital; 2Helsinki University

Central Hospital, Coagulation Disorders Unit, Helsinki, Finland

Background: Congenital FV deficiency is a rare (1:1,000,000) bleeding

disorder with varying bleeding tendency. Our patient, a 43-year-old
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woman got diagnosis of FV deficiency at the age of 6 months. She has

suffered from severe bleeding symptoms, including mucosal, intra-

abdominal and muscular bleeds and hemarthrosis. The bleeds have

occurred cyclically about every 10–14 days. For the last 4 years, we

have treated her with prophylactic solvent-detergent (S/D) plasma

(Octaplas�, 2 units) infused every 2 weeks. The treatment has not

shown any adverse effects and clinical efficacy has been excellent. She

has not had any clinically relevant bleeds during prophylactic plasma

replacement.

Aims: We studied coagulation variables and platelet functions before

and after adminstration of S/D plasma.

Methods: Citrated blood samples were collected to assess, APTT, pro-

thrombin time (PT, with Owren and Quick methods), thrombin time,

antithrombin, FV, FVIII, fibrinogen, protein C and S, von Willebrand

factor (VWF) (VWF:RCo and antigen). Thrombin generation was

measured with calibrated automated thrombogram (CAT�, Thermo

Labsystems) in platelet-poor (PPP) (1 pM or 5 pM TF) and platelet-

rich plasma (PRP) (1 pM TF) without adding corn trypsin inhibitor.

Agonist (collagen, ADP, arachidonic acid, TRAP) -induced platelet

aggregation (Multiplate�) and platelet function analyses (PFA-100�)

were performed in whole blood. The PFA� was cross-supplemented

with normal PPP.

Results: At baseline 2 weeks after plasma infusion the patient had

undetectable FV activity, APTT >100 s, normal PT (131%) with Ow-

ren but highly elevated (INR 8.0) with Quick method (Coagucheck�).

All other coagulation test results and Multiplate� were normal. In

PFA collagen/ADP-triggered closure time (CT) (mean 131 s,

SD � 19, n = 8) was prolonged while collagen/EPI-triggered CT

(mean 135 s, SD � 24, n = 9) was normal. Thrombin generation was

completely undetectable in CAT� both in PPP and PRP. After S/D

plasma infusion (at 2 h) FV inclined to 12–18%, but this was enough

to normalize APTT (33 s). In whole blood INR measured with Coagu-

check (with Quick method) decreased from 8.0 to 1.7–1.9. Collagen/
ADP-triggered CT in PFA� remained somewhat elevated and

unchanged after plasma infusion. Supplementation of patient plasma

with normal PPP corrected the prolonged collagen/ADP-triggered CT

in PFA. Intriguingly, simultaneously thrombin generation increased

above that of normal control both in PPP and PRP. Specifically, in

PPP the thrombin peak increased 1.6-fold and in PRP time to peak

shortened.

Conclusions: After administration of regular prophylactic S/D plasma

replacement therapy in every 2 weeks abolished the severe bleeding

tendency without any adverse effects. The patient did not experience

any bleeds. Although plasma infusion increased FV activity only to

12–18%, less than claimed for the threshold for proper hemostasis, it

normalized APTT and in CAT� reversed the FV-associated deficiency

in plasma and PRP of the patient. Mere factor V coagulation activity

assessment failed to associate with clinical efficacy of the regular S/D

plasma supplementation.

PB 4.41-5
An international systematic study for the assessment
of bleeding phenotype in platelet type von Willebrand
disease
Kaur H1, Scovil S1, MacEachern K2, James PD1 and Othman M1

1Queen’s University; 2St Elizabeth Health Care, Kingston, Canada

Background: Rare bleeding disorders such as platelet type von Wille-

brand disease (PT-VWD) pose diagnostic challenges and remain

under-reported. Definitive information about the presenting bleeding

symptoms and the need for haemostatic support during times of hae-

mostatic challenge such as pregnancy, childbirth and surgery is lack-

ing. Specific guidelines regarding the diagnosis and treatment together

with appropriate patient monitoring are compromised by the limited

understanding of the clinical phenotype. Quantitation of bleeding

symptoms using a standardized bleeding questionnaire that produces a

valid bleeding score (BS) has proven to be useful in the diagnosis of

mild bleeding disorders. So far, there have been no systematic studies

to evaluate the bleeding phenotype in PT-VWD.

Aim: To highlight the importance of bleeding score in assessing bleed-

ing phenotype and its variability in PT-VWD patients together with

systematic assessment of the laboratory phenotype. The study also

Aims to investigate the value of an electronic bleeding questionnaire

(eBQ) in international studies on rare bleeding disorders.

Methods: An electronic version of the condensed MCMDM-1VWD

questionnaire was developed as a web application using the PHP

scripting language and MySQL relational database platform. Security

was ensured by using password protection, database encryption and

encrypted transfer protocols. Electronic questionnaire responses col-

lected via the application were validated to ensure congruency with the

MCMDM1-VWD scoring key and thus maintain the same specificity

and sensitivity as the original questionnaire. Internal validation and

archiving of data at the point of entry eliminated transcription/inter-

pretation error and allowed automatic computation of the BS upon

completion of the questionnaire. A call for study participation was

made available on ISTH website and individual participation was

invited by emails sent to potential collaborators. Each investigator was

provided with a unique ID and passcode to fill the online eBQ during

a patient’s clinic visit (http://pt-vwd.org/ebq/). Full systematic labora-

tory analysis will be performed on plasma obtained from PT-VWD

patients worldwide including conventional haemostatic tests, specific

VWF related tests as well as thromboelastography.

Results: To date, five PT-VWD patients (1 male and 4 females) from

four countries representing different platelet GP1BA mutations:

M239V (1 patient), G233V (2 patients) and D235Y (2 patients) have

participated. The average age of participants was 46.4 (range: 34–67).
The bleeding scores were variable (mean = 9.6, range: 3–17). Variabil-
ity was seen in BS even in patients with similar mutations and

appeared independent of patient age. Post-operative bleeding occurred

in 3 (60%) patients. Menorrhagia was not the most common symptom

in female patients. One patient experienced gastrointestinal bleeding

without additional mucocutaneous bleeding symptoms. The eBQ was

tested in 50 normal females, three of which showed abnormally high

scores and are currently under investigation for VWD type 1.

Conclusions: The eBQ helps standardize recording of phenotypic data

related to PT-VWD patients and objectively assesses the bleeding phe-

notype. This is not only of value in PT-VWD, but also in patients with

other suspected rare bleeding disorders. Automatic computation of the

BS improves efficiency in terms of time and resources for international

studies.

PB 4.41-6
Long-termed secondary prophylaxis in rare factor
deficiencies of children in eight cases
Salcioglu Z1, Akcay A1, Tugcu D1, Sayilan Sen H1, Aydogan G1,

Akici F1, Gokce M1, Aktay Ayaz N1, Siraneci R1 and Baslar Z2

1Istanbul Kanuni Sultan Suleyman Education and Research

Hospital; 2Istanbul University, Cerrahpasa Medical School,

Internal Medicine, Istanbul, Turkey

Rare factor deficiencies (RFD) cover the deficiencies of fibrinogen,

Factor II, Factor V, Factor V + VIII, Factor VII, Factor X, Factor

XI, Factor XIII, and vitamin K associated factors. Many national

and international study groups conducted studies regarding the diag-

nosis and treatment of rare factor deficiencies in 2000s. The exis-

tence a mortality and morbidity risk associated with severe bleedings

has brought the search for prophylaxes related to these disorders

into the agenda. In addition, the good results obtained with primary

and secondary prophylaxes in haemophilia cases have attracted the

attention to the possibility that the same consideration could also be

applied to rare factor deficiencies. Prophylaxis is recommended in

these patients if such severe bleedings as central nervous system

bleedings, gastrointestinal bleedings, and articular hemorrhages

recur. Our prophylaxis application related to eight congenital rare
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factor deficiency cases being followed at our clinic comprising of five

patients with Factor VII deficiency, one patient with afibrinogen-

emia, one patient with FV deficiency, and one patient with Factor X

deficiency were evaluated in our article. Application ages of our

patients ranged between 2 weeks and 7 years of age. Six of them

were boys and two were girls. Prophylaxis was applied due to intra-

cranial bleeding to three of our Factor VII deficiency patients, for

gastrointestinal system bleeding to one of them, and for the develop-

ment of chronic hemarthrosis and hemarthrosis that requires the

application of radioisotope synovectomy to one patient. 20 mcg/kg

active recombinant FVII was used once a week in the prophylaxis

of our FVII deficiency cases. Transition to two doses a week was

required for one patient. Prophylaxis is being applied with 30 IU/kg

prothrombin complex concentrate 2 days a week to our patient with

Factor X deficiency for recurring central nervous system bleedings

and with 50 mg/kg fibrinogen every 2 weeks to our patient with afi-

brinogenemia for recurring intramuscular bleedings causing severe

pain and difficulty of walking. Our patient with FV deficiency to

whom prophylaxis is applied due to intracranial bleeding, on the

other hand, receives 20 mL/kg fresh frozen plasma once a week.

The prophylaxis periods of our patients range between 10 months

and 7 years. The observation as well as clinical and laboratory find-

ings of our patients together with the details related to their prophy-

laxis processes were presented in our proceedings accompanied with

the relevant literature.

PB4.42 – Rare bleeding disorders – V

PB 4.42-1
Health-related quality of life and Caregivers’ burden in
partners of persons with haemophilia
Lindvall K1, Von Mackensen S2, Elmst�ahl S1 and Berntorp E1

1Lund University, Malm€o, Sweden; 2Institute of Medical

Psychology, Hamburg, Germany

Background: Assessment of HRQoL in haemophilia is important on

one hand to provide information for clinical decision making and on

the other hand to verify which impact has haemophilia on patients but

also on their partners. Advances in haemophilia care and prophylactic

treatment throughout life have improved HRQoL for patients and the

older haemophilia population has different needs compared to the

younger population. In countries with a long tradition of prophylaxis,

patients with haemophilia have nearly reached the same life expec-

tancy as the general population and have to face the same problems

related to co-morbidities and cognitive impairments as the general

population. These co-morbidities may influence the HRQoL of hae-

mophilia patients; on the other hand these problems are supposed to

have a further impact on the burden of partners of haemophilia

patients in terms of financial, physical and psychological aspects.

Aim: A cross-sectional single-centre cohort study in partners of adult

haemophilia patients was performed in Malm€o, Sweden aiming to

assess the burden of the disease on partners of haemophilia patients.

The study was approved by the Regional Ethical Review Board in

Lund, Sweden.

Method: Study subject-rated outcomes were filled in by partners (SF-

36, Visual Analogue Scale of Interference, Caregivers′ Burden Scale)

and haemophilia patients (SF-36, VAS of Interference, Haemo-QoL-

A, HEP-Test-Q).

Results: A total of 108/150 eligible partners of haemophilia patients

(72%) participated. Mean age for partners was 44.7 years and for

patients 47.1 years. The majority of couples were married (65.7%). In

average couples were together since 19.8 years and had in average 1.7

children. Patients and their partners reported in general a quite similar

HRQoL; by contrast partners reported significant better HRQoL in

the domains ‘physical functioning’ (P < .001) and ‘general health’

(P < .031). No significant difference compared to the General Swedish

population for the respective age group 45–54 years was found.

Partners of haemophilia patients across different severities reported

lower HRQoL in the domain ‘emotional role’ of the SF-36

(P = <.041), with highest impairments for partners of moderately

affected patients.

Interference of haemophilia with daily life measured by means of the

VAS showed significant difference between partners and patients,

(P < .001); partners reported less interference with their daily life

(Mean = 12.32) compared to patients (Mean = 23.10).

Partners reported in general low burden of haemophilia in the Care-

givers Burden Scale. No differences across haemophilia severity

groups were found. ‘Emotional involvement’ was the biggest burden in

the mild and moderate group, while in the severe group ‘general strain’

was the biggest burden. In addition ‘isolation’ was a big burden in

moderate partners.

Conclusion: Partners of haemophilia patients reported in general good

HRQoL and a low burden of the disease except for partners of moder-

ate patients where a decreased HRQoL and higher burden was

reported. In Sweden patients start prophylaxis at an early age with life-

long treatment which is probably the reason for low impact of the dis-

ease in partners seen in this study. For partners to a PWH with severe

joint problems, a higher impact of the disease in partners may be

foreseen.

PB 4.42-2
Congenital FXI deficiency: evaluation of bleeding
phenotype and correlation with FXI activity (FXI:Act)
Santoro C1, Di Mauro R1, Baldacci E1, Mercanti C1,

Abbruzzese R1, Barone F1, Bochicchio RA2, Parlanti L1

and Mazzucconi MG1

1Hematology, Sapienza Univeristy; 2Clinical Pathology, Sapienza

Univeristy, Rome, Italy

Background: Bleeding phenotype in FXI deficiency is variable and gen-

erally related to surgery/trauma. Moreover, there is a poor correlation

between bleeding and baseline FXI:Act.

Aim: To retrospectively describe the hemorrhagic phenotype of our

FXI deficient population and to relate the phenotype with FXI:Act.

Patients and Methods: Since 1973, we have been following 94 FXI defi-

cient patients from 65 different families: 43 F, 51 M; diagnosis median

age: 28.7 years (0.9–83.9); median follow-up: 0.9 years (0.1–36.2);
median FXI:Act of all patients: 38% (range 0.5–69%; normal values:

70–140); FXI:Act ≤1% in five patients, >1 ≤ 5% in 12, >5 ≤ 10 in 3,

>10 ≤ 20 in 6, >20 ≤ 70 in 68. Excessive bleeding is reported as

described in medical records.

Results: Fifty six patients experienced bleeding episodes not surgery-

related: ecchimoses in 27, hematomas in 2, epistaxes in 23, gastrointes-

tinal hemorrhages in 14, meno-methrorrhagia in 2, hematuria in 4,

post-traumatic intracranial hemorrhage in 1, gum bleeding in 1, pul-

monary bleeding in 1.

Prior to diagnosis, 64 patients underwent 133 surgeries (93 major, 40

minor). Prophylactic treatment was administered in 3/133 procedures:

tranexamic acid (TA) in 1, fresh frozen plasma (FFP) in 2. Twenty

eight/133 (21%) post-surgery hemorrhages were reported in 19

patients; in 12/28 cases, transfusional therapy (FFP and/or red blood

cells units) was needed. Median FXI:Act of bleeder patients was 28%

(0.5–53%). Twenty nine spontaneous deliveries (SD) and eight caesar-

ian sections (CS) were performed without prophylaxis: 4 post-partum

hemorrhages occurred (patients FXI:Act: 2, 6, 27, 52.3% respectively).

In three cases transfusional therapy was necessary. Forty nine patients

underwent dental surgeries without prophylaxis: 17 experienced haem-

orrhages at least after one procedure (bleeders median FXI:Act: 11%,

[1–57%]). In one case FFP was necessary to stop the bleeding.

After diagnosis, 23 patients underwent 34 surgeries (14 major, 20

minor). Prophylactic treatment was administered in 23/34 procedures:

TA in 7, FFP in 2, desmopressin in 4, FFP + TA in 8, desmopres-

sin + TA in 2. The only bleeding reported (1/23, 4%) was after an
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emergency appendectomy performed under TA administration, in a

patient whose FXI:Act was 2.8%. In 2/11 surgeries performed without

prophylaxis, an excessive bleeding was reported but transfusional ther-

apy was not necessary; FXI:Act was 29% for both bleeder patients.

Four SD and five CS were performed with prophylaxis: FFP in 4, TA

in 2, desmopressin in 3. No post-partum hemorrhages occurred. Six-

teen patients underwent 20 dental surgeries; prophylactic treatment

was administered in 15/20 procedures without any bleeding complica-

tions: TA in 6, FFP + TA in 4, FFP in 4, desmopressin + TA in 1.

During two dental procedures performed without prophylaxis,

patients bled excessively; their FXI:Act was 6% and 45% respectively.

Conclusions: We confirm the wide variability in bleeding phenotype in

FXI deficient patients, not related to the FXI:Act levels. Moreover we

highlight that a good management of prophylaxis treatment dramati-

cally reduces the percentage of bleedings in case of surgery (21% vs

4%), deliveries and dental procedures. Because of the low correlation

between FXI:Act and the phenotype, we highlight the need of labora-

tory-based prognostic factors for a better management of these

patients.

PB 4.42-3
A novel mutation in downstream half of wasp gene
correlates with worse clinical presentation of the
Wiskott-Aldrich syndrome
Medina S1, Siqueira LH1, Colella MP1, Vilela M2 and Ozelo MC1

1INCT do Sangue Hemocentro Unicamp (University of

Campinas); 2Faculty of Medical Sciences, Campinas, Brazil

Background: Wiskott-Aldrich syndrome (WAS) is a rare recessive dis-

ease characterized by thrombocytopenia, eczema, recurrent infections,

microthrombocytopenia and an increased risk of autoimmunity and

malignancy. In this syndrome the gene of Wiskott-Aldrich protein

(WASP) is affected; it is located on chromosome X-p11.22-p11.23, en-

comprises 12 exons and encodes for a protein of 502 amino acids.

WASP is selectively expressed in hematopoietic stem cells and is

involved in cell signaling and reorganization of the cytoskeleton.

Mutations in the WASP gene may also be associated with other mild

manifestations such as X-linked thrombocytopenia (XLT) and X-

linked neutropenia (XLN).

Aim: To correlate the mutational status of the WASP gene with clini-

cal manifestations in Wiskott-Aldrich syndrome.

Patients and Methods: In this study, we collected peripheral blood

samples from three patients and their mothers, performed genomic

DNA extraction from the leukocyte pool and sequenced WASP gene.

Results: Case 1. JCM, male, 4 years old, with mild hemorrhagic mani-

festations since 9 months old, with no family history of bleeding or

thrombocytopenia. He had platelet counts ranging from 23 to

208 9 109/L and low mean platelet volume (MPV), ranging from 5.6

to 6.5 fL (lower normal limit: 7 fL). He did not show any evidence of

immunodeficiency or eczema (WAS clinical score: 1). Molecular analy-

sis of WASP gene identified a missense mutation in exon 2, resulting in

an amino acid change (p.T45M). Both the clinical presentation and

the location of the found mutation (exon 2) are compatible with the

diagnosis of X-linked thrombocytopenia. Case 2. JCF, male,

18 months old, with severe thrombocytopenia (<209 109/L) and

severe hemorrhagic history, frequently requiring platelet transfusions.

He also displays serious immunodeficiency and extensive eczema.

Upon molecular investigation, it was detected the presence of

p.E133K mutation in exon 4 of WASP gene. Case 3. LSMN, male,

6 months old, who has had scattered petechiae and recurrent gastroin-

testinal bleeding since birth with severe microthrombocytopenia. Since

4 months old he has eczema and recurrent infections. This child has a

family history of a brother who died at 6 months old with similar

bleedings and recurrent infections. Molecular assessment of WASP

gene revealed a mutation that has not been previously described, with

an insertion in intron 11, leading to involvement of exon 11.

Summary/Conclusion: WAS implicates a spectrum of clinical manifes-

tations ranging from mild thrombocytopenia or neutropenia to severe

cases of microthrombocytopenia, eczema, immunodeficiency, and

increased susceptibility to autoimmune diseases and cancer. Generally

lighter manifestations of the syndrome are associated with mutations

in exons 1 and 2 of WASP gene, as observed in the first case described.

More severe manifestations, such as those observed in cases 2 and 3,

are caused by mutations affecting other regions of the gene, occurring

predominantly in its downstream half. Thus, this new mutation found

in case 3 and the clinical presentation of this patient are in agreement

with previous data, confirming that the clinical phenotype of WAS is

strongly influenced by the effect of the mutation in WASP gene.

PB 4.42-4
Changes in FXIII levels during various stages of
pregnancy
Sharief L1, Peyvandi F2, Lawrie AS3, Mackie IJ3, Smith C1,

Davies J1 and Abdul-Kadir R1

1Royal Free Hospital NHS Foundation Trust, London, UK; 2U.O.S

Hemophilia and Thrombosis Center, Milan, Italy; 3Haemostasis

Research Unit, London, UK

Background: Coagulation factors show significant changes during

pregnancy, most factors showing a progressive increase until the end

of gestation. There is only limited data on factor XIII level, its refer-

ence range and its variation during pregnancy.

Aims: To assess changes in factor XIII and establish the reference

range for factor XIII activity during normal pregnancy.

Methods: A cross sectional study was performed on 376 women who

were at various stages of normal non-eventful pregnancies. Blood sam-

ples were collected during first trimester (gestational age 0–12 weeks,

n = 116), second trimester (gestational age 13–28 weeks, n = 132) or

third trimester (gestational age 29–42 weeks, n = 128). Factor XIII

was assayed on a CS-5100 analyser (Sysmex UK Ltd, Milton Keynes,

UK) using a chromogenic reagent (Berichrom FXIII chromogenic

assay kit. Siemens Healthcare Diagnostics, Marburg, Germany). The

manufacturers declared normal reference range for this reagent is 70–
140 l/dL. Data from the clinical samples were found to be normally

distributed, therefore, reference ranges were calculated using the mean

and two standard deviations.

Results: The mean +/� SD (observed range) Factor XIII activity was

111.7 � 29(57–186) IU during first trimester, 96 � 26 (38–162) IU

during second trimester, and 83.4 � 21(27–142) IU during third tri-

mester. 95% Reference intervals of Factor XIII activity were measured

during the first (54–169 IU; six results <70 IU), second (45–147 IU; 15

results <70 IU), and third (42–125 IU; 34 results <70 IU) trimester of

pregnancy. There was a statistically significant reduction in the FXIII

activity between each trimester of pregnancy (P < 0.0001; ANOVA).

Conclusion: Relative to the manufacturer’s reference range, this study

has shown that some women have a significantly decreased level of fac-

tor XIII activity during a normal uneventful pregnancy. However, fur-

ther investigation of those women with apparently decreased FXIII

levels is required before the reference ranges of FXIII in normal preg-

nancy can be properly established.

PB 4.42-5
Inhibitor in congenital factor VII deficiency, report of
two cases
Baghaipour MR, Rastegar Lari G, Shervinrad M, Ravanbod S

and Jazebi M

Comperehencive Hemophilia Care Center, Tehran, Iran

Factor VII deficiency (FVIID) is a congenital rare autosomal recessive

bleeding disorder with the incidence of 1/300,000 to1 in 500,000. We
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present a two cases of congenital FVIID, who had received intermit-

tent intravenous recombinant activated factor VII (rFVIIa) that has

experienced factor VII inhibitor production. Factor VII deficiency is a

life threatening bleeding disorder with prevalence of one symptomatic

case out of half a million individuals. Fresh frozen plasma, prothrom-

bin complex concentrates, factor VII concentrates and (or) recombi-

nant activated factor VII (rFVIIa) are considered for treatment of

factor VII deficiency.

We present two boys (4 and 8 years old) with congenital FVII defi-

ciency. Both of them were diagnosed after intracranial bleeding during

infancy and rFVIIa was used for their treatment. After a period of

unresponsiveness to rFVIIa, inhibitor was found in the level of 191

and 170 BU respectively.

We used Feiba for the older case and controlled his musculoskeletal

bleedings and the titer of inhibitor gradually decreased to <20 BU.

Furthermore we performed full genetic analysis and found their muta-

tions.

To the best of our knowledge this is the first report of inhibitor against

factor VII among patients with congenital FVII deficiency. Moreover

we suggest a successful therapeutic management in these cases.

PB 4.42-6
Laboratory assessment of Hermansky-Pudlak
Syndrome: a case report
Pilgrimm-Thorp AK, Pillitteri D, Scholz T, Krause M

and Kirchmaier CM

Deutsche Klinik f€ur Diagnostik, Wiesbaden, Germany

Hermansky-Pudlak Syndrome (HPS) is a rare, autosomal recessively

inherited disorder that is divided into seven subtypes (HPS 1–7) that
share the following three symptoms: oculocutaneous tyrosine positive

albinism, ceroid lipofuscinosis and a platelet disorder due to a d-Stor-
age-Pool deficiency leading to spontaneous bleeding episodes, espe-

cially epistaxis and mucocutaneous bleedings at a normal platelet

count. Pulmonary fibrosis is a major complication in some types of

HPS.

An 11-year old Russian girl presented with facial haematoma, oculo-

cutaneous albinism and severely impaired sight. The parents reported

recurrent epistaxis and haematoma.

Routine parameters showed normal PTT, normal FVIII- and von-

Willebrand-Factor (vWF) levels and a normal in vitro bleeding time.

Platelet analysis showed a rather normal platelet aggregation with a

slight desaggregation in response to collagen and no aggregation in

response to TRAP.

Fibrinogen binding was normal in response to ADP but pathological

in response to TRAP, Mepacrine staining was reduced and in vivo

bleeding time was longer than 15 min.

FACS analysis of platelet granules using mabs CD62P and CD63

showed a total lack of dense bodies but normal alpha granule content.

ATP determination test showed a total lack of ATP after platelet acti-

vation confirming the absence of dense bodies. Thrombin generation

in platelet rich plasma showed a reduced ETP and Peak.

A DDAVP challenge test was conducted resulting in a normalized in

vivo bleeding time. FVIII and vWF-levels were elevated approximately

threefold.

We conclude that not all laboratory methods are able to reveal a com-

plex haemorrhagic disorder like HPS. For example in vitro bleeding

time is not a possible screening parameter in case of HPS. Here, it is

necessary to evaluate platelet function using specialized tests such as

granules determination, fibrinogen binding in response to various agon-

ists or ATP-determination in order to reveal the platelet dysfunction.

PB4.43 – Von Willebrand disease:
Clinical – V

PB 4.43-1
The effectiveness of screening of exon 28 in patients
with Type 3 Von Willebrand disease
Ravanbod S, Enayat S, Rassoulzadegan M, Nasirnejad F, Rastegar

Lari G, Chupan A, Baghaipour MR, Jazebi M and Ala F

Comprehensive Hemophilia Care Center, Tehran, Iran

Type 3 Von Willebrand disease is a severe autosomal recessive bleed-

ing disorder with almost undetectable levels of VWF. Its molecular

diagnosis is particularly complex due to the large size of the VWF

gene, with 52 exons and the existence of a highly homologous (>96%
homology) pseudogene. Presently, 1157 VWD patients are registered

in this centre’s database, of whom 508 (43.9%) have been tentatively

diagnosed as type 3 or severe VWD. The high prevalence of this type

of VWD is due to consanguineous marriages practiced in Iran.

Although molecular diagnosis of type 3 VWD by direct sequencing of

the entire VWF gene is now carried out in developed countries, in

developing countries with limited resources such as Iran, this is not as

yet feasible.

In this study we report the results of the investigation of 155 unrelated

patients from the type 3 VWD patients on our database, sequencing

only exon 28 of the VWF gene, as this exon is the first step to geneti-

cally investigate any patient with severe VWD.

In this group, we have identified 15 (9.6%) p.Arg1659X nonsense

mutations, 10 of whom are of Arab ethnicity. Pseudogene conversion

was found in 7 (4.5%) patients having a p.Gln1311X nonsense muta-

tion. Finally, five previously unreported mutations, including, one

c.4710C>A substitution leading to p.Tyr1570X; three frameshift muta-

tions in position 4029 due to a T deletion; one A insertion in position

3968, one A deletion in position 4308 and the entire deletion of exon

28, causing VWF inhibitor formation in one patient.

With this limited approach, we have managed to identify 27(17.4%)

genetic defects in our type 3 VWD patients. In addition to facilitating

genetic counselling and carrier detection in these families, these find-

ings could also help in better understanding of the correlation between

genetic defects and bleeding symptoms.

PB 4.43-2
Four novel von Willebrand factor mutations in mild
von Willebrand disease
Castaman G1, Giacomelli S1, Coppola A2, Rodeghiero F1

and Tosetto A1

1San Bortolo Hospital, Vicenza; 2University Federico II, Napoli,

Italy

Background: The likelihood to detect a causative von Willebrand fac-

tor (VWF) gene mutation in patients with von Willebrand disease

(VWD) decreases significantly with increasing VWF levels >30 U/dL

(Goodeve et al, 2007).

Aim of the study. We identified four novel VWF mutations in patients

with mild VWF deficiency and a disproportionately significant bleed-

ing tendency (bleeding score ³ 5).
Methods: The entire coding sequence and promoter region of VWF

was screened by direct sequencing.

Results: One mutation occurred in the propeptide region (c. 430 G>A
in exon 4 leading to G144S) in a patient with a type 2 N Normandy

phenotype (FVIII:C 16 U/dL, VWF:Ag 47 and VWF:RCo 44 U/dL).

Interestingly, desmopressin administration corrected VWF deficiency

completely (VWF:Ag and VWF:RCo >130 U/dL), while FVIII:C

remained below 50 U/dL, suggesting impaired VWF-FVIII binding. A

second mutation (c.2878 C>T in exon 22 leading to R960W) occurred

in the FVIII binding region of VWF. Basal FVIII:C was slightly
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higher than VWF (FVIII:C 54 U/dL, VWF:Ag 40 and VWF:RCo

42 U/dL), but its survival after desmopressin was shorter. A third

mutation (c.3583 G>T in exon 27 leading to E1195Y) occurred in the

D3 domain and was associated with a type 2A/2M phenotype (FVIII:

C 44 U/dL, VWF:Ag 55 and VWF:RCo 20 U/dL). The latter (c.5827

C>T in exon 34 leading to R1943C) occurred in the D4 domain and

was associated with a true type 1 VWD phenotype (FVIII:C 54 U/dL,

VWF:Ag 48 and VWF:RCo 44 U/dL), although the loss of cysteine

could be implicated in abnormal multimerization.

Conclusions: This study confirms the wide heterogeneity of phenotypes

in VWD accounted for by the importance of the domain in which the

mutation is located. Furthermore, a causative VWF gene mutation

could be often detected even in milder VWF deficiency with a signifi-

cant bleeding history

PB 4.43-3
Atorvastatin ameliorates angiodysplasia-associated
bleeding in von Willebrand Disease
Goodyear DM and Poon M-C

University of Calgary, Calgary, Canada

Background: The association between angiodysplasia and congenital/

acquired von Willebrand Disease (vWD) has been well described and

appears to be related to a loss of high molecular weight multimers or

von Willebrand Factor (VWF)-mediated regulation of angiogenesis1,2.

Management of angiodysplasia-associated bleeding in these patients

consists of various therapies, including VWF replacement therapy,

octreotide, hormone therapy, beta-blockers and anti-fibrinolytics.

Recent case reports describe the successful use of anti-angiogenic ther-

apies such as thalidomide or atorvastatin in these patients. Statins

exhibit cholesterol-independent vascular effects and inhibit angiogene-

sis in high doses3. The availability and side effect profile of atorvasta-

tin make it an attractive option to manage angiodysplasia-associated

bleeding in patients with VWD.

Aim/Methods: Retrospective chart review and case report describing

successful management of angiodysplasia-associated bleeding in two

patients with VWD

Case 1: 73 year old female with Type 2B VWD (previously described

as Montreal Platelet Syndrome) with recurrent angiodysplasia-associ-

ated bleeding and iron-deficiency anemia since 2008. Bleeding was con-

trolled with VWF replacement therapy twice weekly (60 IU VWF:

RCo/kg), octreotide, combination estrogen/progestin therapy and

intermittent tranexamic acid. While on therapy in 2011, she had three

hospital admissions for acute gastrointestinal bleeding requiring red

blood cell (RBC) transfusions. Endoscopy confirmed bleeding from

angiodysplasia in the small bowel. Despite alternate day VWF replace-

ment therapy and addition of proton pump inhibitor, patient contin-

ued to have melena and needed intravenous iron replacement for

chronic anemia.

Patient has had no GI bleeding since beginning atorvastatin in Decem-

ber 2011. Began 10 mg daily with dose titration every 4 weeks to maxi-

mum of 80 mg. No adverse side effects were experienced clinically or

on monthly laboratory monitoring. Patient discontinued use of octreo-

tide in February 2012 and hormone therapy in September 2012. Has

not required tranexamic acid or iron infusions. Laboratory parameters

have improved (December 2011: hemoglobin 111, MCV 79, ferritin 16

compared to December 2012: hemoglobin 144, MCV 90, ferritin 77).

VWF replacement therapy was decreased to three times weekly in Jan-

uary 2013.

Case 2: 71 year old female with Type 2M VWD and multiple comor-

bidities including angiodysplasia-associated bleeding from the cecum

confirmed on colonoscopy, dialysis-dependent renal failure and myelo-

fibrosis – receiving VWF replacement therapy post-dialysis three times

weekly (60 IU VWF:RCo/kg). Began to have hematochezia in May

2012 requiring RBC transfusions every 3–4 weeks. Started atorvasta-

tin 10 mg daily with no further hematochezia and reduction in RBC

transfusion requirements (every 6–8 weeks) after 6 months of therapy.

Conclusions: These cases illustrate that atorvastatin may be used to

successfully control angiodysplasia-associated bleeding in patients

with VWD, especially in those who have failed standard therapies. It

may also result in an improvement in iron deficiency anemia with

reduced iron and RBC transfusion needs. Atorvastatin is preferred

because it is easily accessible and has a better side effect profile than

thalidomide which is associated with venous thromboembolism.

References:

1 Fressinaud E et al. Thrombosis and Haemostasis. 1993;70:546.

2 Starke RD et al. Blood. 2011;117(3):1071.

3 Skaletz-Rorowski A et al. Seminars in Vascular Medicine.

2004;4:395.

PB 4.43-4
Predictors of von Willebrand disease diagnosis in
individuals with borderline von Willebrand factor
plasma levels
Bucciarelli P1, Siboni SM1, Stufano F1, Biguzzi E1, Canciani MT1,

Mistretta C1, Baronciani L1, Lotta LA2, Rosendaal FR3

and Peyvandi F1

1Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico,

Milan; 2Angelo Bianchi Bonomi Hemophilia and Thrombosis

Center, Milan, Italy; 3Leiden University Medical Center, Leiden,

The Netherlands

Background: Individuals with borderline von Willebrand factor

(VWF) plasma levels represent a diagnostic challenge. Second level

tests are required to confirm or exclude the diagnosis of von Wille-

brand disease (VWD). These tests are time-consuming and expensive.

Advance knowledge which individual parameters can predict the diag-

nosis of VWD would allow performing second level tests only in a sub-

set of individuals with borderline VWF.

Aims: To assess which individuals with borderline VWF plasma levels

are likely to have VWD and should undergo second level tests.

Methods: Between 2007 and 2011, 950 individuals referred to our cen-

ter after bleeding episodes or detection of abnormal coagulation tests

were investigated with first screening tests (blood count, PT, APTT,

factor VIII:C, VWF:RCo and VWF:Ag). In 95 of these patients [64

females and 31 males; median age: 28 years (IQR: 15–44)] borderline
VWF plasma levels (i.e., VWF:RCo between 30 and 60 IU/dL) were

found. All 95 patients underwent second level tests (VWF collagen

binding, VWF multimeric analysis, ristocetin-induced platelet aggluti-

nation, and VWF intra-platelet analysis) to diagnose or exclude (and,

if diagnosed, to characterize) VWD. In all of them the bleeding diathe-

sis was evaluated by calculating the bleeding severity score (BSS). A

positive family history was defined as having at least one first- or sec-

ond-degree family member with hemorrhagic diathesis. Data of all the

95 individuals with borderline VWF were used to build a multivariable

logistic regression model in which VWD (confirmed or excluded with

second level tests) was the outcome and individual characteristics (e.g.,

sex, age, BSS, family history, VWF:RCo plasma levels, ABO blood

group) were considered as predictors. This model was used to assess

which variables were predictive of VWD. The predictive capability of

the logistic model was measured as the area under the ROC curve

(AUC).

Results: In 47 of the 95 individuals with borderline VWF (49%) the

diagnosis of VWD was established with second level tests. Of them, 38

(81%) were type 1, 7 (15%) type 2 and 2 (4%) had an acquired von

Willebrand syndrome. In the multivariable logistic model, a negative

linear relationship between VWF:RCo plasma levels and risk of hav-

ing VWD was present, most evident for individuals with non-0 blood

group, in whom a 7-fold increased risk of a positive diagnosis was

found for every 5 IU/dL decrease in VWF:RCo [adjusted odds ratio:

7.00 (95% CI: 1.48–33.11)]. The other variable clearly associated with

VWD diagnosis was female sex [adjusted odds ratio: 5.86 (95% CI:

1.49–19.37)]. BSS, positive family history and age were poorly
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associated with VWD diagnosis. The full logistic model explained

about 60% of the outcome variance (R2: 0.596) and its AUC was 0.89

(95% CI: 0.83–0.95).
Conclusion: Low VWF:RCo plasma levels and female sex are the two

strongest predictors of VWD diagnosis in individuals with borderline

VWF. The role of low VWF:RCo levels is mainly evident in individu-

als with non-0 blood group. This predictive model has a promising dis-

criminative capability to identify patients with VWF borderline levels

who are likely to have VWD.

PB 4.43-5
Significant improvement of live birth rate in VWD
patients with repetitive reproductive failure treated
with VWF concentrate
Von Depka Prondzinski M, Henkel-Klene A, D€opke S,

Ekhlasi-Hundrieser M and Detering C

Werlhof-Institut, Hannover, Germany

Background: Women with von Willebrand Disease (VWD) are at risk

of a variety of complications including miscarriage. Pregancy loss may

occur pre-, peri- or post-implantation. Currently, there are limited

data defining the exact risk of miscarriage and preventive therapeutic

options.

Aim: The aim of this study was to improve the live birth rate in

patients with von Willebrand disease and recurrent pregnancy losses.

Here, we report data on their treatment with VWF concentrate.

Method: In total 55 pregnant patients (mean age: 31.4; 22–42) were
included in this open-label, single-centre study (52 patients with VWD

type 1 and 3 with type 2A). They received VWF concentrate (VWF-C)

because of previous miscarriage associated with bleeding (78%), bleed-

ing during pregnancy (13%) or other reason (9%). Prior pregnancy

losses (in total 101 of 135 pregnancies, 75%) occurred in trimester 1

(t1: n = 86), t2 (n = 10) and in t3 (n = 5). Historical live birth rate

(LBR) was 25.4%. Blood samples were collected up to 279 days of

pregnancy to analyse FVIII:C, VWF antigen (VWF:Ag) and ristocetin

cofactor activity (VWF:RCo). Furthermore, the median doses of fac-

tor concentrates/kg BW and the median total number of infusions

were calculated. A total of 109 healthy pregnant women served as a

control to establish pregnancy adopted reference ranges.

Results: Our data show an increase of mean FVIII:C (106–163 IU/

dL), VWF:Ag (124–239 IU/dL) and VWF:RCo (108–183 IU/dL),

resp., under replacement therapy throughout the whole pregnancy. In

spite of replacement therapy FVIII:C, VWF:Ag and VWF:RCo stayed

close to the lower limit of the controls. Mean total VWF concentrate

administered per pregnancy was 163644 IU during 43.2 treatment

days (range: 1–107) and life birth rate increased to 80% (P < 0.0001)

with a relative risk reduction to 0.19 to develop pregnancy loss.

Conclusion: In bleeding patients with VWD and recurrent miscarriages

we could demonstrate a dramatic increase of LBR from 25.4 to 80%

and a risk reduction of miscarriage of 80% in women receiving VWF

concentrate. The optimal treatment strategy remains to be clarified.

PB 4.43-6
Analysis of clinical phenotype and genotype in
patients with VWD2B, in a single institution of
Argentina
Woods AI1, Bermejo IE2, S�anchez-Luceros A1, Kempfer AC1,

Calderazzo JC1, Meschengieser S2 and Lazzari MA1

1IMEX-CONICET-ANM; 2National Academy of Medicine, CABA,

Argentina

Background: Type 2B von Willebrand disease (VWD2B) is character-

ized by gain-of-function mutations in the A1 domain of von Wille-

brand factor (VWF) inducing a greater affinity for platelet GPIb,

associated with the disappearance of large forms of multimers

(HMWM), thrombocytopenia, positive ristocetin induced platelet

aggregation (RIPA) at low concentrations, and VWF:RCo/VWF:Ag

<0.6. An atypical form of VWD2B was also described, characterized

by both normal platelet count (PC) and multimers, but positive RIPA

at low concentrations (Casonato A, 2010). It is extremely important to

determine the degree of severity of the disease, correlating in each

patient the phenotype with genotype. This could help to decide for

example, the input to the patient prophylactic treatment, prophylaxis

of bleeding in a challenge as surgery, childbirth, etc.

Aims: We tried to find a relationship between the mutations identified,

the BSS, PC, multimeric pattern, lower minimal aggregating ristocetin

concentration, and propeptide/VWF:Ag ratio (VWFpp ratio) in 19

patients (pts) with VWD2B with candidate mutations.

Methods: The exon 28 was amplified and sequenced (ABI Prism310).

BSS was calculated in each pts.

Pts were grouped according to their mutation.

Results: The following mutations were described in our pts:

p.R1304V (n = 3; females = 2); BSS = 4.3 � 0.9; all pts with both

normal PC, and multimers, and positive RIPA at 0.5 mg/mL. VWFpp

ratio (normal value = 1.5 � 0.5) = 2.5 � 0.3.

p.R1306W (n = 4; females = 2); BSS = 6.3 � 1.9; low PC and absence

HMWM = all of pts; positive RIPA at 0.3 mg/mL = 25% of pts, at

0.5 mg/mL = 75% of pts. VWFpp ratio = 2.21 � 0.4.

p.R1308C (n = 4; females = 4), BSS = 4.3 � 1.8; low PC = 50% of

pts; absence of HMWM = all pts; positive RIPA at 0.3 mg/mL = 25%

of pts, at 0.7 mg/mL = 75%of pts. VWFpp ratio = 2.1 � 0.5.

p.V1316M (n = 8; females = 5) was the most frequent mutation in our

pts. BSS = 4.6 � 1.0; low PC = 87.5% of pts; absence of

HMWM = all of pts; positive RIPA at 0.3 mg/mL = 25% of pts, at

0.5 mg/mL = 62.5% of pts, at 0.6 mg/mL = 12.5% of pts. VWFpp

ratio = 2.5 � 0.4.

Conclusion: Phenotypic profile of p.R1304V revealed atypical

VWD2B, given the presence of both normal PC and multimers in

those pts.

Considering the other 16 pts with typical VWD 2B, all of them had

absence of HMWM, and 81.25% had low PC.

Pts with p.R1306W had BSS higher than the other pts, although the

difference was not statistically significant (P = 0.158); all those pts also

had low PC and absence of HMWM. These findings could indicate a

higher tendency to more severe clinical symptoms associated with this

mutation. No differences were observed in the BSS with the other pts.

It is important to take into account that only 15.8% of our 19 pts

showed positive RIPA at 0.7 mg/mL. In contrast, a 75% of pts with

p.R1308C had positive RIPA at 0.7 mg/mL.

According to these results, we agree with the recommendations of

using 0.5–0.7 mg/mL RIPA for diagnosing VWD2B (SSC, ISTH

2010).

VWFpp ratio was slightly high in all our pts with typical and atypical

VWD2B, but unrelated to the different mutations, the BSS, the PC,

and the lower aggregating concentrations of RIPA.
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PB4.44 – Von Willebrand disease:
Clinical – VI

PB 4.44-1
Individually tailored prophylaxis in Type 3 von
Willebrand Disease patients: efficacy and safety of a
von Willebrand Factor concentrate with a low factor
VIII content
Gouider E1, Peerlinck K2, Hermans C3, Gadisseur A4,

Klukowska A5, Knuchel N6, Stevens W6, Matysiak M5, Meddeb B1

and Henriet C6

1Hospital Aziza Othmana, Tunis, Tunisia; 2Gasthuisberg Hospital,

Leuven, Belgium; 3Cliniques Universitaires Saint-Luc, Bruxelles,

Belgium; 4Antwerp University Hospital, Edegem, Belgium;
5Medical University of Warsaw, Warsaw, Poland; 6LFB, Les Ulis,

France

Background: Patients with von Willebrand disease (VWD) have highly

variable bleeding tendency including life-threatening and spontaneous/

trauma-related bleeds. As two bleeding patterns mucosal and non-

mucosal are identified for VWD, individualized prophylactic therapy

was introduced in a clinical protocol in order to provide optimal treat-

ment.

Aims: To evaluate, in a prospective multicentre study, the efficacy and

safety of WILFACTIN (von Willebrand factor concentrate with low

factor VIII content) in patients on long-term prophylaxis.

Methods: Prophylaxis regimen was defined according to the type of

bleeding episodes to be prevented (mucosal or non-mucosal) and the

patient’s response to WILFACTIN (plasma levels at 48 h post-infu-

sion of 60 IU VWF:RCo/kg). In patients with predisposition to muco-

sal bleeds and post-infusion VWF:RCo levels >10 IU/dL, the regimen

was 60 IU/kg twice a week (if <10 IU/dL, three times a week). In

patients with predisposition to non-mucosal bleeds and post-infusion

FVIII:C levels >20 IU/dL, the regimen was 40 IU/kg twice a week (if

FVIII:C < 20 IU/dL, three times a week).

The primary efficacy endpoints were the number of spontaneous

bleeds and the annual frequency of bleeding episodes. Both treated

and non-treated bleeds were taken into account. The secondary end-

point was the analysis of all bleeding symptoms.

Results: Analysis included seven patients with type 3 VWD. Patient

median age at prophylaxis start was 16 years (11–45). The follow-up

was at least 1 year. They had a history of recurrent bleeding episodes

from musculoskeletal (3), gastrointestinal (GI) (1) or other mucosal (3)

origin.

Median annual bleed rate was lower during prophylactic treatment

compared to during the year prior to enrolment: reducing from 33 to

1.1 in ‘musculoskeletal’ group and from 52 to 4.2 in ‘mucosal’ group,

excluding GI. No episode of GI bleeding occurred during the

31 months of follow-up in the patient included for this prevention.

Individually, the annualized bleeding rate was reduced by more than

67% in six of the seven patients. Due to defective dentition at study

entry, the seventh patient had an average of 58.2/year during prophy-

lactic treatment. This patient had repeated traumatic gingivorrhagia

(not treated) until his dental condition was corrected. Across all

patients, the median reduction in bleeding rates was 81.9%. Two

patients had no spontaneous bleeds during the first year. When analy-

sing all bleeding symptoms, the patients experienced a total of 109

bleeding episodes over 206 patient-months or 4.35 bleeds per year per

patient. Only 23 of 109 bleeds (21%) required a curative treatment and

most of them (86%) were controlled by a single injection of WILFAC-

TIN. No factor VIII concentrate was used. Five patients developed

trauma-induced bleeds for a total of 85 (78%) bleeds. No patient pre-

sented thrombotic complications nor developed a neutralizing inhibi-

tor to VWF.

Conclusion: Prophylactic treatment of VWD resulted in an obvious

reduction in annual bleeding rate compared to episodic treatment.

This study shows that individually tailored prophylaxis with WILF-

ACTIN is safe and efficacious.

PB 4.44-2
Analysis of clinical severity of VWD2A and VWD2M
patients, according to their candidate mutations, in a
single institution of Argentina
Woods AI1, S�anchez-Luceros A1, Kempfer AC1, Calderazzo JC1,

Meschengieser S2 and Lazzari MA1

1IMEX-CONICET-ANM; 2National Academy of Medicine, CABA,

Argentina

Background: Type 2A and 2M Von Willebrand disease (VWD2A and

VWD2M) are characterized by VWF:RCo/VWF:Ag <0.6, absent

1.2 mg/mL ristocetin induced platelet aggregation (RIPA). Type 2A

shows absence of high and intermediate molecular weight multimers,

whereas type 2M shows normal multimers. Given the variable bleeding

tendency, it is extremely important to determine the degree of severity

of the disease, correlating in each patient the phenotype with genotype.

This could help to decide for example, the input to the patient prophy-

lactic treatment, prophylaxis of bleeding in a challenge as surgery,

childbirth, etc. At least two different pathophysiological mechanisms

are known within VWD2A: mutations that impair multimerization

(group I) and those with increased susceptibility of ADAMTS13

(group II), predominantly in the A2 domain.

Aims: We wanted to look for clinical parameters that would be signifi-

cant to establish ‘a priori’ differences in clinical behavior of VWD2A

and 2M pts. We analyzed the bleeding score system (BSS, ISTH) and

the propeptide/VWF:Ag (VWFpp ratio: normal value = 1.5 � 0.5)

between VWD2A patients (pts) (n = 11), and VWD2M pts (n = 33)

trying to find (if any) some differences in the severity of clinical symp-

toms in type 2A and 2M variants with candidate mutations.

Methods: The exon 28 was amplified and sequenced (ABI Prism310) in

VWD2A and VWD2M pts previously diagnosed. Pts were grouped

according to the VWD variant and their mutation. BSS, VWFpp ratio

and mutation were analyzed in each VWD variant

Results: VWD2A:

All (n = 11): BSS = 6.18 � 2.7; VWFpp ratio = 2.46 � 0.76.

In the A1 domain: p.P1266Q (n = 1): BSS = 5; VWFpp ratio = 2.13;

p.C1272F (n = 2): BSS=8.0 � 2.0; VWFpp ratio = 3.26 � 0.12;

In the A2 domain: p.L1503P (n = 1): BSS = 4; VWFpp ratio = 1.6;

p.G1505R (n = 1): BSS = 10.0; VWFpp ratio = 2.56;

p.Y1542D (n = 1): BSS = 2; VWFpp ratio = 1.27;

p.R1597W (n = 3): BSS = 5.3 � 1.9; VWFpp ratio = 2.8 � 0.4;

p.I1628T (n = 1): BSS = 5; VWFpp ratio = 2.08;

VWD2M

All (n = 33): BSS = 4.5 � 2.5; VWFpp ratio = 2.2 � 0.74;

In the A1 domain: p.F1293C (n = 2); BSS = 4.5 � 1.5; VWFpp

ratio = 2.9 � 0.6

p.R1315C (n = 6); BSS = 3.8 � 1.7; VWFpp ratio = 2.0 � 0.6

p.G1324S (n = 1): BSS=13; VWFpp ratio = 1.22

p.R1334Q (n = 1); BSS = 3; VWFpp ratio = 1.09

p.R1374C (n = 7); BSS = 3.0 � 1.4; VWFpp ratio = 2.9 � 0.56

p.A1437T (n = 2); BSS = 4.5 � 0.5; VWFpp ratio = 2.76 � 0.19

In the A2 domain: p.E1549K (n = 10); BSS = 4.1 � 1.8; VWFpp

ratio = 2.06 � 0.4

p.R1564W (n = 1); BSS = 8; VWFpp ratio = 1.12

p.R1583W (n = 1); BSS = 4; VWFpp ratio = not done

p.I1628T (n = 3); BSS = 4.0 � 2.9; VWFpp ratio = 1.79 � 0.17

Conclusion: Globally considered, BSS were higher in VWD2A than in

VWD2M variant, although the difference was not statistically signifi-

cant (P = 0.065). There was no difference with the VWFpp ratio

between VWD2A and 2M variants. No differences could be estab-

lished on BSS and VWFpp ratio and the candidate mutations in each

VWD variant; however, the number of pts with mutations is too small

to draw conclusions. Given these results, it is possible to consider that
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the presence of all multimers might be associated with a better clinical

profile of VWD2M pts, despite the VWF:RCo/VWF:Ag <0.6 seen in

these pts. Some other unknown conditions could be influencing the

severity of the clinical profile observed in patients VWD2A.

PB 4.44-3
Evaluation of a commercial von Willebrands factor:
factor VIII binding assay for the identification of von
Willebrands disease Normandy variant
Needham J, Lewis H and Rangarajan S

Hampshire Hospitals NHS Foundation Trust, Basingstoke, UK

Background: von Willebrands disease (VWD) Normandy variant (type

2N) is a rare autosomal recessive sub-type of VWD resulting from a

missence mutation that impairs the ability of von Willebrands factor

(VWF) to bind factor VIII (FVIII) resulting in a reduced FVIII con-

centration and half-life in the circulation. If there is no informative

family history and limited clinical features, patients with type 2N

VWD can potentially be diagnosed with a mild or moderate haemo-

philia A phenotype in the case of males and possible haemophilia A

carrier in the case of females, due to low levels of factor VIII and usu-

ally normal levels of VWF. Until recently only ‘in-house’ assays have

been available for the assessment of VWF binding to FVIII. There is

now a commercial assay available designed to identified patients

homozygous or compound heterozygous for type 2N VWD which

offers standardisation of reagents and calibration.

Aims: To evaluate the enzyme immunoassay (ELISA) based Stago As-

serachrom VWF:FVIIIB assay in the differential diagnosis of sus-

pected patients with type 2N VWD, mild or moderate haemophilia A

or haemophilia A carrier and the suitability of assay method for auto-

mation.

Methods: VWF binding to FVIII using the Stago Asserachrom VWF:

FVIIIB was measured using frozen citrated plasma samples from 40

patients with known type 2N VWD, type 1 VWD, mild or moderate

haemophilia A and normal subjects. The assay was performed manu-

ally according to the manufactures instructions and an automated

method established on the Triturus plate reader (Grifols). The patients

VWF antigen (VWFAg) level must be known and for both methods

the initial dilution of plasma samples to a standardised 10.0 IU/dL

VWFAg concentration was performed manually.

Results: Patient and normal VWF:FVIIIB levels ranged from 10.0 to

145.0% and results correlated (r = 1.0) with patient clinical diagnosis

based on phenotype and genotype results. VWF:FVIIIB levels <20.0%
correlated known type 2N VWD patients. There was good correlation

(r = 0.98) and no significant difference (P = 0.2) between manual and

automated performance of assay.

Summary/Conclusions: The evaluation has demonstrated that the

assay is suitable for manual or automated performance following pri-

mary dilution of sample and provides a standardised approach as an

alternative to ‘in-house’ assays. However, the determination of indi-

vidual patients VWFAg level and subsequent dilution of sample is crit-

ical to the accurate final measurement of VWF:FVIIIB levels. The

Stago Asserachrom VWF:VIIIB assay was found to correlate 100%

with patients previously diagnosed with homozygous or compound

heterozygous for type 2N VWD or excluded. The availability of a

commercial assay for VWF:FVIIIB should assist in the diagnosis and

clinical management of patients presenting with reduced levels of cir-

culating FVIII.

PB 4.44-4
Genetic analyses of two patients with von Willebrand
disease (VWD) type2B: implication of type 2B in the
differential diagnosis for thrombocytopenic patients
Sanda N1, Tanaka R2, Kishimoto M3, Suzuki N1, Kunishima S4,

Takatsu M1, Matsumoto H1, Nakamura S3 and Matsushita T1

1Nagoya University Hospital, Nagoya; 2Saitama Medical

University, Iruma-gun; 3Nagoya University Graduate School of

Medicine, Nagoya; 4National Hospital Organization Nagoya

Medical Center, Nagoya, Japan

Background/Aim: Von Willebrand disease (VWD) is one of the most

common inherited bleeding disorder characterized by quantitative

and/or qualitative von Willebrand factor (VWF) abnormalities. In this

study, we performed genetic analyses of the VWF gene from four Jap-

anese patients from two unrelated families with thrombocytopenia,

who had been diagnosed as idiopathic thrombocytopenic purpura

(ITP).

Case 1: a 14-year-old man. His abdominal purpura was found at

1 year and 10 months old. He presented unexplained thrombocytope-

nia (17 9 109/L) with increased bone marrow megakaryopoiesis and

had been diagnosed as ITP. He had no family history of bleeding ten-

dency. Pulsed corticosteroid therapy or high dose intravenous c-globu-
lin administration had no effect on thrombocytopenia. Sustained easy

bruising and epistaxis continued until he was referred to our institu-

tion. Factor VIII procoagulant activity (FVIII:C) was found to be

decreased to 52% of normal and the plasma ristocetin cofactor activity

of VWF (VWF:RCo) and the antigen (VWF:Ag) was 25% and 69%,

respectively.

Case 2: The propositus is a 41 years old father of a family pedigree

and had been diagnosed as chronic ITP. He and his two sons had mod-

erate thrombocytopenia (57, 60, 32 9 109/L, respectively) and showed

moderate bleeding symptoms of easy bruising and epistaxis. When

they lived in US, he was diagnosed as VWD and his plasma VWF

lacked higher molecular weight large multimers. FVIII:C, VWF:RCo,

VWF:Ag was 30% and 13%, 28%, respectively.

In both patients, ristocetin-induced platelet aggregation was normal or

enhanced in the presence of lower concentrations of ristocetin. In the

peripheral blood smear of the both patients, giant platelets and large

platelet aggregates were visible, suggesting that thrombocytopenia was

due to uncontrolled platelet aggregation in the circulation.

Methods: We amplified the exon 28 including the exon/intron bound-

aries of the VWF gene by polymerase chain reaction using allele-spe-

cific primers, and analyzed DNA sequences of the patients.

Results: Direct sequencing showed that case 1 patient was heterozy-

gous for a A1461D (c.4382C>A) substitution. Case 2 and his sons

were heterozygous for a V1316M (c.3946G>A) substitution. These

mutations are located in the VWF A1 domain and have been found in

VWD type2B patients.

Conclusion: Patients presenting muco-cutaneous bleeding and throm-

bocytopenia are usually diagnosed as ITP when the bone marrow

megakaryocytes are normal/increased. Especially case 1 had no rela-

tives of VWD and the diagnosis of type 2B VWD was not performed

unless plasma VWF concentrations were tested. We conclude and pro-

pose that type 2B VWD should be included in the differential diagno-

sis of thrombocytopenia and VWF:RCo or VWF:Ag is tested when

other conditions are excluded causing thrombocytopenia.
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PB 4.44-5
Analysis of von Willebrand Disease in the South
Moravian population (Czech Republic): The BRNO-
vWD Study; an update
Vangenechten I1, Smejkal P2, Zapletal O2, Bouddount F1,

Zavrelova J2, Blatny J2, Penka M2, Michiels JJ1 and Gadisseur A1

1Antwerp University Hospital, Edegem, Belgium; 2University

Hospital Brno, Brno, Czech Republic

Von Willebrand Disease (VWD) is an autosomally inherited bleeding

disorder caused by a quantitative or qualitative defect of von Wille-

brand factor (VWF). The current ISTH classification is based on mea-

surement of VWF:Ag, VWF:RCo, Ristocetin Induced Platelet

Aggregation (RIPA) and VWF multimers.

In a collaboration between the University Hospital Brno (Czech

Republic) and the Antwerp University Hospital (Belgium) a family-

based analysis of VWD in the Moravia area of the Czech Republic

was performed. Blood samples were collected from patients with sus-

pected or known VWD with one of the following characteristics:

VWF:Ag <35%, VWF:RCo/VWF:Ag <0.7, VWF:CB/VWF:Ag <0.7,
FVIII:c/VWF:A < 0.5, or positive low concentration RIPA, and

grouped in families. From each family the proband was included in

the study together with a at least one affected sibling or parent.

Blood was collected from 205 patients from 95 families with suspected

VWD. FVIII:c, VWF:Ag, VWF:RCo, VWF:CB, VWFpp, VWF-

FVIII binding (if indicated), VWF multimers and molecular analysis

were performed at Antwerp University Hospital. Platelet Function

Analyzer and RIPA testing were done locally.

Based on laboratory tests and VWF multimers distribution of different

subtypes of VWD was as follows: VWD type 1 in 60/95 families (incl.

1 type 1 Vicenza family), and type 2 in 29/95 families (type 2A in 14/

95, type 2B in 4/95, and type 2M in 8/95), with 6/95 still unconfirmed/

unclassified. All cases of type 3 (6/205 patients) were based on the pres-

ence of (often asymptomatic) type 1 VWD in both parents. Diagnosis

of VWD type 1 Vicenza was suggested by a high VWFpp/VWF:Ag

ratio (4.87) and confirmed by the presence of the R1205H mutation.

Molecular analysis is still ongoing with currently 41/95 families fully

analysed and the remainder partially. Sofar, 28 Mutations in the VWF

gene have been found in 55/95 families, of which 2 are new to the

ISTH VWD database (http://www.vwf.group.shef.ac.uk/), and await-

ing gene expression studies. In 12/95 families heterozygous type 2N

mutations were detected.

This study is the first characterisation of VWD in the (South) Mora-

vian population of the Czech Republic. These data are important for

understanding of phenotype-genotype relationship in VWD. The full

laboratory and multimeric analysis for all samples are finished. Fur-

ther molecular analysis is ungoing.

PB 4.44-6
DDAVP use and cardiovascular outcomes in patients
with bleeding disorders undergoing invasive
procedures
Suryanarayan D, Goodyear DM and Poon M-C

University of Calgary, Calgary, Canada

Background: Desmopressin (1-deamino-8-D-arginine vasopressin,

DDAVP) is commonly administered for surgical prophylaxis or treat-

ment of acute bleeding in patients with hemophilia A, von Wille-

brand’s disease (vWD) and various platelet disorders. There are

anecdotal reports of myocardial infarction in adult patients treated

with desmopressin. For this reason, it is used with caution in patients

with cardiovascular disease and is considered contraindicated in

patients with unstable coronary artery disease and poorly controlled

hypertension. The Southern Alberta Rare Blood and Bleeding Disor-

ders Clinic (RBBDC) in Calgary have used DDAVP regularly for sur-

gical prophylaxis for patients with mild hemophilia A and von

Willebrand disease who have been proven to have an increase in von

Willebrand and Factor VIII levels after administration of DDAVP.

Aim: The objective of this study was to determine if DDAVP use in

our patients with mild hemophilia A and von Willebrand disease,

increases the risk of adverse cardiovascular events, including myocar-

dial infarction, angina or atrial fibrillation. Secondary outcome of

interest was the incidence of hyponatremia after DDAVP.

Study Design: Retrospective database and chart review.

Methods: Retrospective chart review and RBBDC database review

was conducted on all patients with bleeding disorders who underwent

surgical procedures requiring DDAVP prophylaxis/treatment between

Jan 2008 and Feb 2012.

Results: A total of 289 patients with bleeding disorders underwent sur-

gical procedures between Jan 2008 and Feb 2012. Out of these,

DDAVP prophylaxis was used for 119 procedures (38 minor, 81

major) in 78 patients (M:F = 25:53, mean age 45 (range 17–71). Diag-

nosis included: 55(70%) VWD [6(10%) type 2, 49(89%) type 1], 16

(20%) mild hemophilia A and other bleeding disorders 7(9%). Cardio-

vascular comorbidities included: coronary artery disease 10 (13%),

hypertension 19 (24%), diabetes 7(9%) and congestive heart failure 1

(1%). All the patients received DDAVP at mean dose of

19.8 � 3.4 mcg. The mean number of treatments was 2.2 � .5 (range

1–5) for major and 1.2 � 0.7 (range 1–5) for minor procedures.

Adjunctive therapies used included tranexamic acid in 21(27%), Ko-

genate FS� in 4(5%) and Humate P in 1(2%). Sixteen patients aged

≥60 years (mean age 66.4 � 4.4) underwent a total of 24 procedures

(major:15.62%; minor 9.37%). Of these, 8(50%) had comorbid coro-

nary artery disease, 8(50%) had hypertension and 3(19%) had diabe-

tes. The mean number of treatments for this group was 1.9 � 1.3

(range 1–4) for major and 1 (range 1–3) for minor procedures. Adverse

events were described in 2 (2%) patients within 1 month of DDAVP

administration. A 60 year old female with undiagnosed bleeding disor-

der, hypertension, and coronary heart disease developed atrial fibrilla-

tion on Day 20 post DDAVP for transjugular liver biopsy.

Postoperative hyponatremia noted in a 66 year old male with mild

hemophilia A undergoing colonoscopy. There were no cases of myo-

cardial infarction, angina or congestive heart failure reported.

Conclusion: Surgical prophylaxis/treatment with DDAVP was gener-

ally safe and well tolerated. There were few adverse cardiovascular

outcomes in patients above 60 years of age

PB4.45 – Anticoagulant
agents – XVIII

PB 4.45-1
Factors predicting choice of anticoagulant treatment in
elderly patients with VTE – findings from the RIETE
registry
Sterpu R1, Bertoletti L2, Mahe I3, Hennou S3, Pinson M3,

Hernandez L4, Schellong S5, Garcia-Bragado F6 and Monreal M7

1Hôpital Louis Mourier, Colombes, France; 2Centre Hospitalier

Universitaire, Saint Etienne, France; 3Hôpital Louis Mourier –
APHP, Colombes, France; 4Hospital General Universitario de

Alicante. Spain, Alicante, Spain; 5Municipal Hospital of Dresden

Friedrichstadt, Dresden, Germany; 6Hospital de Girona Dr. Josep

Trueta., Girona, Spain; 7Hospital Universitari Germans Trias i

Pujol, Barcelone, Spain

Background: The incidence of venous thromboembolism (VTE)

increases significantly with age, and clinicians face multiple age-specific

challenges in real life management of VTE.

Aims: We investigated factors influencing the choice of acute and long

term anticoagulant treatment in an elderly, non-selected population

diagnosed with VTE, with the aim of clarifying what treatment deci-

sions clinicians are currently making for this population.
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Methods: Using data collected in the RIETE registry (an international

registry of consecutively enrolled patients with VTE), we analyzed clin-

ical characteristics and therapy choices in 11,403 patients ≥75 years

old. Acute treatment is defined as treatment administered in the first

days (<10 days). Long term treatment is all anticoagulant treatment

administered afterwards. Patients were treated according to standard

practices. All patients were followed up for at least 3 months.

Results: Low molecular weight heparins (LMWH) were the initial

treatment in 93.5% of patients over 75. Presence of severe renal insuffi-

ciency (estimated GFR <30 mL/min/m2) was significantly associated

with clinicians’ use of unfractionated heparin (UFH) in the acute

phase of treatment (OR 2.05, 95% CI 1.5–2.6).
For long term treatment, clinicians followed two major strategies: vita-

min K antagonists (VKAs) were used in 8124 (71.2%) patients and

LMWH used in 2879 (25.2%) patients. In long term treatment, the

major determinant in choosing long term LMWH therapy over VKAs

was the presence or not of cancer (OR 2.52, CI 2.2–2.76). Clinicians
favoured long term LMWH treatment when anaemia was present (OR

2.07, 95% CI 1.9–2.27). Severe renal insufficiency (estimated GFR

<30 mL/min/m2) did not discourage practitioners from choosing long

term LMWH therapy, as 405 patients (14.07%) treated with long term

LMWH had a creatinine clearance <30 mL/min/m2. Age, weight and

laboratory abnormalities such as thrombopenia were other major

influences on treatment choice.

A direct comparison between patients treated with VKA and those

treated with long term LMWH revealed that the latter patients were

more fragile, had lower body weights, had significantly more comor-

bidities (such as chronic lung disease, chronic renal disease, anaemia,

and thrombopenia), were more prone to immobility, and had shorter

durations of anticoagulant treatment. Amongst these patients, 946

(32.86%) had a concomitant diagnosis of cancer.

Conclusion: Real life assessment of VTE management shows that

choosing anticoagulant treatment remains difficult in elderly patients.

Overall, this choice was determined by parameters classically associ-

ated with the risk of bleeding. Unexpectedly, clinicians seemed to con-

sider LMWH to be safer for chronic use in extremely fragile elderly

patients, perhaps due to an overestimation of bleeding risks associated

with VKA treatment. Our study highlights the need for controlled

randomised studies with the aim of determining the best anticoagula-

tion strategy to adopt in patients over 75 years old.

PB 4.45-2
Association between bleeding risk and persistence on
warfarin therapy in patients with VTE in clinical
practice
Kaatz S1, Fu AC2, AbuDagga A2, LaMori JL3, Bookhart BK3,

Damaraju CV4, Tan H2, Schein J3 and Nutescu E5

1Hurley Medical Center, Flint, MI; 2HealthCore Inc., Wilmington,

DE; 3Janssen Scientific Affairs, LLC, Raritan, NJ; 4Janssen

Research & Development, LLC, Raritan, NJ; 5University of Illinois

Hospital & Health Sciences System, Chicago, IL, USA

Background: It is unclear how healthcare providers weigh bleeding risk

in patients with venous thromboembolism (VTE) and various levels of

VTE recurrence risk who are treated with warfarin.

Aim: To examine the association between bleeding risk level and length

of warfarin therapy among patients following a first observed VTE

event.

Methods: Data from the HealthCore Integrated Research Database,

representing 45 million members in 14 US commercial health plans,

were used in this retrospective observational study. Patients meeting

the following criteria between June 2007 and September 2011 were

identified: (i) had a first observed VTE, designated as the index event;

(ii) had no prior use of anticoagulants; (iii) were aged ≥18 years old;

(iv) had ≥12 months continuous health plan eligibility before and after

the index event; (v) had ≥1 anticoagulant prescription fill within 7 days

after the index event and ≥1 warfarin fill during the post-index period;

and (vi) had no mechanical valve replacements, atrial fibrillation, or

rivaroxaban/dabigatran use during 12 months before the index event.

Patients were categorized by bleeding risk level based on the Comput-

erized Registry of Patients with Venous Thromboembolism bleeding

risk scheme: high (score >4), intermediate (score 1–4), and low bleed-

ing risk (score 0). Length of therapy was measured by continuous war-

farin treatment, based on consecutive fills of warfarin with <90 days of

allowable gap, unless there was an international normalized ratio test

every 42 days. Survival analyses (Kaplan-Meier curves and Cox pro-

portional hazard model) were used to estimate the effects of bleeding

risk levels on length of therapy and were adjusted for baseline demo-

graphics and VTE recurrence risk levels (provoked VTE, cancer-

related VTE, and unprovoked VTE).

Results: Of the 1868 patients who met inclusion criteria (mean age

57 � 15 years, 47% female), 45% had low, 54% had intermediate,

and 1% had high bleeding risk. The average length of warfarin therapy

was 314 � 266 days (mean follow-up period 733 � 245 days).

Patients with low bleeding risk had a mean of 277 � 254 days of ther-

apy, while patients with intermediate/high bleeding risk had a mean of

344 � 273 days. Stratifying by VTE recurrence risk (provoked, can-

cer-related, and unprovoked VTE) showed that patients with interme-

diate/high bleeding risk were less likely to discontinue warfarin

therapy than were those with low bleeding risk (all P values <0.001).
After adjusting for demographics and VTE recurrence risk, patients

with intermediate/high bleeding risk remained 25% less likely to dis-

continue warfarin therapy than those with low bleeding risk (hazard

ratio 0.75, 95% CI: 0.64–0.87, P < 0.001).

Summary/Conclusion: VTE patients with intermediate/high bleeding

risk were less likely to discontinue warfarin therapy than were those

with low bleeding risk, which seems counterintuitive. Patients with

high bleeding risk may also be perceived to have higher VTE recur-

rence risk; however, these patients were still less likely to stop warfarin

therapy after statistical adjustment for VTE recurrence risk. Addi-

tional studies are needed to investigate whether clinical prediction

rules for bleeding and recurrent VTE are associated with duration of

warfarin therapy in real-world clinical practice.

PB 4.45-3
Differential effects of dabigatran etexilate and
ticagrelor on bleeding as assessed by washed blood
and shed blood tests in healthy subjects
Van Ryn J1, Giessmann T1, Gouya G2, Wolzt M2, Schurer J1,

Lobmeyer M1 and Brueckmann M1

1Boehringer Ingelheim Pharma GmbH & Co KG, Biberach,

Germany; 2Medical University of Vienna, Vienna, Austria

Background & Aim: The most frequent side effect associated with long

term anticoagulant and antiplatelet therapy is bleeding. It has been

attempted with different methods to assess blood loss in healthy volun-

teers (HV). The purpose of this study was to examine the feasibility of

two alternative methods for the assessment of bleeding due to antico-

agulation with dabigatran etexilate (DE) vs. antiplatelet therapy with

ticagrelor.

Methods: Washed blood and shed blood methods were tested in two

groups of 12 HVs. DE (Pradaxa�, 220 mg, n = 8) or ticagrelor (Brilin-

ta�180 mg, n = 4) was given as a single dose and bleeding methods

were done at 0, 2, (3 only washed blood) and 6 h.Washed blood: a fore-

arm skin incision with junior Surgicutt� was made and the wound area

was washed with saline. Wash solution was collected and measured

photometrically. AUC was recorded as blood loss, bleeding time as the

first well with optical density (OD) <0.05. Shed blood: two incisions in

the forearm using an adult Surgicutt� were made and blood emerging

from the wound was collected over 4 min and placed in a protease

inhibitor solution. Plasma was assayed by ELISA for ß-thromboglobu-

lin (ß-TG), thrombin-antithrombin (TAT), prothrombin fragment
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(F1 + 2), fibrinopeptide A (FPA). Venous blood was taken at the same

time points.

Results: Study drugs were well tolerated. Blood loss (AUC) at predose

was 70 � 42 OD*sec and bleeding time was 3.6 � 0.6 min. DE

increased AUC 2–3-fold over baseline at 2, 3, and 6 h in washed blood

test, but had no effect on bleeding time prolongation vs. control. Ti-

cagrelor increased blood loss (AUC) >10-fold and prolonged bleeding

time from 5.4 to >20 min. DE reduced ß-TG, FPA and slightly

reduced TAT, but had no effect on F1 + 2 in shed blood. Ticagrelor

reduced ß-TG, but had no effect on other parameters in shed blood.

Parameters were unchanged in venous blood.

Conclusions: This study shows that quantification of bleeding with DE

and ticagrelor is possible using the washed blood technique. Shed

blood increases sensitivity of detecting the pharmacological activity of

these compounds compared to venous blood. These two methods

could serve as experimental models to sensitively assess blood loss and

to also allow for the investigation of reversal agents.

PB 4.45-4
A randomized clinical trial for the effects of an
anticoagulation clinic in heart disease patients at a
Brazilian public hospital
Martins MAP, C�esar C, Ribeiro D, Nobre VA, Oliveira JAC,

Palhares DMF, Botelho GR, Rocha MO and Ribeiro ALP

Universidade Federal de Minas Gerais, Belo Horizonte-MG,

Brazil

Background: Warfarin sodium is the oral anticoagulant most com-

monly prescribed in Brazil. The management of patients under warfa-

rin therapy is challenging due to the drug’s narrow therapeutic index,

wide variability in dose response, and the need for frequent monitoring

of the international normalized ratio (INR). Clinical evidence shows

that better outcomes are achieved when anticoagulation therapy is

managed by anticoagulation clinics rather than by the usual medical

practice.

Aims: To determine the efficacy and safety of an anticoagulation clinic

in heart disease patients.

Methods: A randomized clinical trial was performed including a calcu-

lated sample size of 280 heart disease outpatients recruited from 2009

to 2010 at a public hospital in Belo Horizonte, Brazil. The inclusion

criteria were age of >18 years, definitive cardiopathy diagnosis and at

least one indication for long-term oral anticoagulation. The exclusion

criterion was treatment with warfarin for <30 days prior to recruit-

ment. Data collection was performed during the patient admission

process in an anticoagulation clinic recently established in this hospi-

tal. Of the 280 patients enrolled, 151 were randomly assigned to the

control group and followed-up for 6 months while assisted by the

usual medical practice and for additional 6 months after the interven-

tion represented by the anticoagulation clinic. The variables analyzed

were: sex, age, time in therapeutic range (TTR) and number of throm-

boembolic and bleeding events. Any type and severity of hemorrhage

were considered as bleeding event (eg. hematoma, epistaxis, gastroin-

testinal or intracerebral hemorrhage). Thromboembolic events

included arterial and venous thrombosis. INR results were used to cal-

culate TTR by linear interpolation. Measurements of central tendency

and variability were calculated. The comparison of TTR was per-

formed by paired t-test. The analysis of complications was performed

by nonparametric Willcoxon. The database was created by double

entry in Epidata and statistical analyses were performed with SPSS, v.

18.0. The Ethics Committee of the Universidade Federal de Minas Ge-

rais approved this research. All participating patients signed a written

informed consent. The study was registered in ClinicalTrials.gov under

the code NCT01006486.

Results: The mean age was 56.3 � 13.9 years and 80 (53.0%) patients

were female. In the first semester, the TTR was 55.5 � 28.5% and

there were 182 complications related to the use of warfarin (171

hemorrhagic and 11 thromboembolic events). In the second semester,

the TTR was 62.1 � 22.6% and there were 95 complications (93 hem-

orrhagic and 2 thromboembolic events). There was statistically signifi-

cant difference in TTR between the two semesters (P = 0.006).

Additionally, there was a statistically significant difference of adverse

events between the two semesters (P = 0.003).

Summary/Conclusion: These results demonstrated that the anticoagu-

lation clinic was associated with the improvement of TTR which is an

important parameter of quality of the oral anticoagulation. There were

fewer complications after assistance in the anticoagulation clinic.

These findings suggest that the availability of this service as a support-

ive specialized care may represent a useful strategy to manage the risks

associated with warfarin therapy. Moreover, it can help to improve

the quality of care focused on heart disease patients assisted by the

Brazilian Public Health System.

PB 4.45-5
Correctness of the identification by patients of colour
of urine samples obtained a point of care test for
dabigatran and rivaroxaban
Harenberg J1, Du S2, Kr€amer S1 and Weiss C3

1Clinical Pharmacology; 2Clinical Phramacology; 3Biometry and

Statistics, Mannheim, Germany

Background: In certain clinical situation such as for fibrinolytic ther-

apy it may be necessary to know weather patients have a new oral anti-

coagulants (NOAC) on board or not. Otherwise it makes the decision

for a medical intervention difficult. Also, it is important that patients

are fully compliant with NOACs, more so than with warfarin, which

has a longer half-life. NOACs are excreted between 25% and 80% into

the urine and can be determined by point of care (POC) methods. The

precision of the POC test is close to 100% for dabigatran (D) and 97%

for rivaroxaban (R) when performed by trained medical personal.

Aim: We determined the precision of the reading of the colour of the

POC tests by the naked eye of patients because the test will be per-

formed by patients themselves.

Methods: Urine was obtained from 15 patients each during therapy

with 110 mg bid or 150 mg bid D or 10 mg od R or no anticoagula-

tion. The presence of NOACs were analysed by the POC tests. These

are based on the development of specific colours within 15 min in the

presence (positive, blue or clear colour) and absence (negative, green

or yellow colour) of D and R, respectively. The colour of the total of

60 samples was identified by the naked eye of 30–32 patients.
Results: A total of 480 and 465 naked eye readings of the colours were

available for D and R samples obtained by the POC tests were avail-

able for analysis. The results are given as mean and 95% confidence

interval (CI), sensitivity, specificity, accuracy, positive (PPI) and nega-

tive predictive index (NPI, all%), and the Youden-Index (sensitiv-

ity + sensitivity – 100) for D and R. The sensitivity was 100% (99.2–
100) and 96.6% (94.5–98.0) for D and R; the specificity was 99.2%

(97.9–99.8) and 98.0% (96.1–99.1) for D and R; the accuracy was

99.6% (98.9–100) and 97.2% (95.9–98.2) for D and R; the PPI was

99.2% (97.9–99.8) and 98.3% (96.6–99.2) for D and R; the NPI was

100% (99.2–100) and 96.1% (94.2–98.0) for D and R; and the Youden

Index was 0.99 for D and 0.95 for R, respectively.

Conclusion: Patients identify the colours of urine samples obtained by

a POC method specific for D and R in urine from patients on treat-

ment with high precision. Patients have to learn testing and identifica-

tion of colour by expert personal. During this exercise patients with

therapy of D with so far unknown very rare amblyopia for red-green

colour are identified. For those few patients another person has to per-

form the POC test. Patients currently perform the test themselves

using a prototype test system.
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PB 4.45-6
Analysis of the preference of patients to choose
conventional or new oral anticoagulants based on a
short questionaire
Zolfaghari S1, Kremer C1, Abou-Ayash N1, Fr€olich L, MD2,

Harenberg J and MD1

1Clinical Pharmacology; 2Geriatric Psychiatry, Mannheim,

Germany

Background: Heparins and vitamin K antagonists (VKA) are treat-

ments of chose for prevention of embolism in atrial fibrillation, for

prophylaxis of postoperative deep vein thrombosis following total hip-

and knee replacement surgery and treatment of acute venous thrombo-

embolism and of their recurrent events. Several new oral anticoagu-

lants (NOAC) are available for these indications. Certain factors are

now identified which patients with atrial fibrillation would benefit

from NOAC compared to VKA. Personality traits are known to influ-

ence patient’s decision to choose specific treatment options.

Aim: Aim of the project is to identify personality traits which influence

the decision of patients to choose treatment with conventional or new

oral anticoagulants.

Methods: In the first step, patients (n = 110) on stable treatment VKA

for at least 3 months completed the validated personality inventory

(Freiburger Pers€onlichkeitsinventar FPI-R) and a self-developed ques-

tionnaire on general attitudes regarding anticoagulant therapy with

about 47 items. For evaluation of the results, patients were divided in

two groups according to the reply to the question weather they would

be willing to switch from VKA to a NOAC. Six items of the self devel-

oped questionaire and the introversion/extraversion scale of the FPI

were identified by means of a logistic regression to discriminate

patients willing or not willing to change VKA to NOAC therapy. This

short questionnaire was completed by the same patients (n = 85) after

6 months to confirm the reproducibility of the regression analysis.

Results: Logistic regression analysis defined the following seven items

of the long questionaire and of the FPI for their willingness to change

the medication from VKA to NOAC with 98% probability: extraver-

sion – introversion scale on the FPI-R, hope for a better quality of life

with a NOAC, no scepticism for new drugs, wish of no routine moni-

toring for dose adjustment, relevance of the practitioner’s opinion,

thoughts in the past of alternatives for anticoagulation, and difficulty

to adjust the prothrombin time. The short questionnaire identified

with a probability of 85% of the same patients willing to change the

anticoagulant therapy (chi square test P < 0.0001).

Conclusion: Seven items were identified for the identification of the

preference of patients to perform oral anticoagulant with VKA or

NOAC. These questions are now available in the internet to substanti-

ate the results www.blutverduennung.uni-hd.de. The study compares

the results of the replies of to the questions for patients on treatment

with VKA, patients who changed anticoagulation from VKA to

NOAC and patients without experience of VKA treatment and being

on anticoagulant therapy with one of the NOACs from initiation of

therapy.

PB4.46 – Anticoagulant agents – XIX

PB 4.46-1
Asian patients with splanchnic vein thrombosis: a sub-
analysis from an international registry
Riva N1, Bang S-M2, Oh D3, Lee JO2, Schulman S4, Sartori MT5,

Grandone E6, Beyer-Westendorf J7, Barillari G8, Di Minno D9,

Duce R10, Malato A11, Santoro R12, Dentali F1 and Ageno W1

1Department of Clinical and Experimental Medicine, Insubria

University, Varese, Italy; 2Seoul National University, Seoul,

South-Korea; 3Pochon CHA University, Seoul, South-Korea;
4McMaster University, Hamilton, Canada; 5University of Padua,

Padua, Italy; 6IRCCS Casa Sollievo Della Sofferenza, S.Giovanni

Rotondo, Italy; 7Dresden University Clinic, Dresden, Germany;
8Ospedale di Udine, Udine, Italy; 9University of Naples, Naples,

Italy; 10Galliera Hospital, Genoa, Italy; 11Cattedra ed UO di

ematologia con trapianto, Palermo, Italy; 12Azienda Ospedaliera

Pugliese-Ciaccio, Catanzaro, Italy

Background: Splanchnic vein thrombosis (SVT) is a manifestation of

unusual site venous thromboembolism (VTE). Studies on patients with

deep vein thrombosis and pulmonary embolism suggest that epidemi-

ology, pathogenesis and management in Asian countries might be dif-

ferent from Western regions. However, whether these differences

pertain also to SVT is unknown.

Aims: The aim of this analysis was to compare the characteristics of

SVT in Asian and Western countries.

Methods: We enrolled in a prospective multicenter international regis-

try, 613 consecutive patients with an objectively diagnosed SVT

between May 2008 and January 2012. Information on clinical presen-

tations, risk factors and therapeutic strategies was collected and analy-

sed separately for Asian and non-Asian patients and then compared.

Results: 137 Asian patients were included. Asian patients were younger

than non-Asian patients (51 vs. 54 years, P = 0.032), most commonly

of male gender (70.1% vs. 60.5%, P = 0.052) and less likely to have a

personal or family history of VTE (3.7% vs. 13.6%, P = 0.002, and

0.7% vs. 10.6%, P = 0.001, respectively).

Computed tomography was more frequently performed in Asian

patients (96.4% vs. 63.9%, P < 0.001), while ultrasonography was

more commonly used in non-Asian patients (2.2% vs. 28.1%,

P < 0.001). According to the site of thrombosis, Budd-Chiari syn-

drome (BCS) was predominantly found in Asian patients (19.0% vs.

5.8%, P < 0.001), whereas portal vein thrombosis was more often

diagnosed in non-Asian patients (67.9% vs. 79.7%, P = 0.005).

Among the 46 patients with BCS, Asian patients presented more fre-

quently liver cirrhosis (45.8% vs. 14.3%, P = 0.050), but less haemato-

logical cancer (0% vs. 28.6%, P = 0.007). BCS was incidentally

detected in more Asian patients (50.0% vs. 14.3%, P = 0.027); while

abdominal pain (25.0% vs. 76.2%, P = 0.002), anorexia (0% vs.

23.8%, P = 0.017) and fever (0% vs. 19.0%, P = 0.040) were more

commonly reported in non-Asian patients.

Among the 552 patients with spleno-porto-mesenteric (SPM) vein

thrombosis, Asian patients were more likely to have underlying solid

cancer (31.5% vs. 19.4%, P = 0.008) and less likely haematological

cancer (1.8% vs. 10.3%, P = 0.008) or ongoing hormonal therapy

(0% vs. 5.3%, P = 0.007). SPM thrombosis was more frequently

unprovoked in Asian patients (36.9% vs. 24.7%, P = 0.013). No dif-

ferences between the two groups emerged in the proportion of patients

with incidentally detected SPM thrombosis.

Anticoagulant treatment was less utilized in Asian patients, since dur-

ing the acute phase only 51.1% patients were started on anticoagula-

tion, compared with 84.8% non-Asian patients (P < 0.001). Asian

patients received more frequently unfractionated heparin (15.3% vs.

8.8%, P = 0.039) and less frequently low molecular weight heparin or

fondaparinux (32.1% vs. 77.4%, P < 0.001), compared to non-Asian

patients. No difference was found in the prescription of vitamin K
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antagonists. Thrombolysis was more commonly performed in Asian

patients (3.6% vs. 0.9%, P = 0.032).

Conclusions: The results of our analysis suggest that Asian patients

with SVT may have specific characteristics. Differences in pathogene-

sis and clinical manifestations are possibly explained by ethnicity,

while the diverse management approaches may also be due to the

observational nature of our study.

PB 4.46-2
Vitamin K in oral solution or tablets: a cross-over study
and randomized controlled trials to compare effects
Van Rein N, Willem LM, Gebuis EPA, Groeneveld E-J,

Rosendaal FR and Van Der Meer JM

Leiden University Medical Center, Leiden, The Netherlands

Background: Vitamin K1 (VK1) is used to reverse effects of coumarins.

The current formulation in the Netherlands is an oral solution in oil,

but recently tablets have become available. Tablets have a longer shelf

life and are easier to ingest. However, bioavailability of VK1 is higher

in the presence of fatty substances, possibly resulting in different

effects of the oily solution compared with the tablets.

Aims : To compare the bioavailability and the effect on the interna-

tional normalized ratio (INR) of tablets and solutions of VK1 in

healthy volunteers and anticoagulated patients.

Methods: The study consisted of three parts, all carried out with 5 mg

of VK1. First, the bioavailability of the tablets and solution was

assessed in a crossover study with healthy volunteers. The volunteers

took the tablets or oral solution and crossed over to the other formula-

tion after a wash-out period of 2 weeks. VK1 plasma levels were mea-

sured at t = 0,2,4,6 and 24 h. Primary outcomes were VK1

concentrations after 4 h and the area under the curve (AUC). Second,

patients on phenprocoumon who had to undergo an invasive proce-

dure and had to take VK1 were asked to participate. INRs were mea-

sured at t = 0.24 and 48 h to compare effects. These were considered

similar when the percentage of patients with and INR <2.0 at 48 h did

not differ more than 10% between both formulation groups. Third,

patients using phenprocoumon with an indication for VK1 due to a

high INR were asked to participate. INRs were measured at t = 0.24

and 48 h and VK1 levels were measured at t = 0 and 24 h. The pri-

mary outcome was the decrease in INR after 24 h and results of this

part will be available at the ISTH. Informed consent was obtained

from all subjects and the study was approved by the medical ethics

committee of the LUMC.

Results: In the crossover study, concentrations of VK1 at 4 h were

96 nM for the tablet and 83 nM for the solution group, and were not

different (mean difference 13 nM, 95% confidence interval [CI]

= �44–69). The AUCs were 301 nmol/mL∙h for the tablet and

282 nmol/mL∙h for the solution group, and were not different (mean

difference 19 nmol/mL∙h, 95% CI = �126–164). In the second part,

clinical characteristics of the two patient groups were similar. We

excluded one patient because he was previously shown to be resistant

to VK1. Two patients dropped out of the tablet group at day three

(due to earlier admission to the hospital and a too high INR at 24 h

[INR = 2.3]). The average INR decreased from 2.52 (95% CI 2.42–
2.62) to 1.59 (95% CI 1.55–1.63) to 1.39 (95% CI 1.36–1.42) for the

solution, and from 2.55 (95% CI 2.48–2.62) to 1.65 (95% CI 1.61–
1.68) to 1.41 (95% CI 1.39–1.43) for the tablets at 0, 24 and 48 hours

respectively. The patients with INRs under 2.0 were 36 (100%) in the

solution compared to 33 (100%) in the tablet group.

Conclusions: Bioavailability and effects on the INRs of VK1 solution

and tablets are similar.

PB 4.46-3
Efficacy and safety of dabigatran in over 75 years old
patients with atrial fibrillation
Mavri A, Sinigoj P, Vene N, Vizintin-Cuderman T, Tratar G,

Gubensek M, MIklic M and Ostasevski-Fernandez N

University Medical Centre, Ljubljana, Slovenia

Background: The use of dabigatran, an oral direct thrombin inhibitor,

for the prevention of stroke is increasing in patients with atrial fibrilla-

tion and is being applied also to the elderly, who might be exposed to

higher bleeding risk.

Aim: To assess efficacy and safety of dabigatran in patients with atrial

fibrillation aged more than 75 years.

Methods: Patients attending our Anticoagulation clinic that started da-

bigatran, after its release in our country in September 2012, were

included. Before starting the treatment renal and liver function and

hemoglobin and platelets count were assessed and all patients com-

pleted an educational course on anticoagulant treatment.

Results: 290 patients on dabigatran were followed for mean

91 � 58 days, 136 were aged >75 (80.1 � 3.9) years and 154 < 75

(64.8 � 8.6) years. The older group had higher CHADS2 (2.7 � 1.1

vs. 1.5 � 1.1, P < 0.001) and HASBLED scores (1.3 � 0.5 vs.

0.8 � 0.7, P < 0.001). Majority of the elderly patients (93%) received

110 mg bid dose (D110), while the majority of the younger patients

(75%) received 150 mg bid dose (D150).

There was no major bleeding in the older group. In the younger group

two patients suffered major gastrointestinal bleeding, both on D150,

and treatment was discontinued. There were 19 (14.0%) minor bleed-

ing in the older and 26 (16.9%) in the younger group (RR = 0.83;

95% CI 0.48–1.43; P = 0.59), predominantly epistaxis, subconjuncti-

val, gum bleeding, bruises and minor haematochezia, gynecological

and urological bleeding. Only in nine cases of minor bleeding treat-

ment was interrupted for a few days. There was no statistically signifi-

cant difference in age, CHADS2 or HASBLED score between patients

that experienced minor bleeding and those that had no bleeding

events, neither in the older, nor in the younger group. Due to gastroin-

testinal side effects treatment was discontinued in 10 patients (3.5%),

in seven patients in the older (all on D110) and in three patients in the

younger group (all on D150). None of the patients suffered a thrombo-

embolic event.

Conclusion: In our population of patients older than 75 years, treat-

ment with dabigatran was safe and effective using lower dose of dabig-

atran in majority of the old population.

PB 4.46-4
Assessment of apixaban on automated analyzers using
a Liquid Anti-Xa assay
Cao Z, Kung C, Bottenus R and Triscott M

Instrumentation Laboratory, Orangeburg, New York, NY, USA

Background: Apixaban (ELIQUIS) is a direct factor Xa inhibitor anti-

coagulant indicated to prevent venous thromboembolism after elective

hip or knee replacement and to reduce the risk of stroke and systemic

embolism with nonvalvular atrial fibrillation. Although apixaban does

not require regular monitoring, its assessment in certain situations is

helpful.

Aims: HemosIL Liquid Anti-Xa assay (Instrumentation Laboratory,

Bedford, MA, USA) is an automated chromogenic assay intended for

the quantitative determination of unfractionated heparin (UFH) and

low molecular weight heparin (LMWH) in human citrated plasma on

IL Coagulation Systems. Here, we report its performance on ACL

TOP Family analyzers to measure apixaban in plasma samples.

Methods: HemosIL Apixaban calibrators and controls were used to

calibrate and quality control, respectively the HemosIL Liquid Anti-

Xa assay on ACL TOP analyzers. Two levels of calibrators (0 and

500 ng/mL apixaban) and two levels of controls (150 and 300 ng/mL
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apixaban) were prepared with known concentrations of apixaban

spiked into normal plasma. The lyophilized calibrators and controls

were reconstituted with 1 mL of water. A 5-point calibration curve

was created and apixaban plasma values were assessed using the stored

calibration curve. A similar method can be applied to other automated

analyzers.

Results: The auto-dilution mode on the ACL TOP Family analyzers

with the bilevel apixaban calibrators was used to create a 5-point cali-

bration curve (0, 100, 200, 350 and 500 ng/mL apixaban). The test’s

nominal linearity range of 10–500 ng/mL can be extended to 1000 ng/

mL with reflex testing. After reconstitution, the controls and calibra-

tors have on-board stability of at least 8 h, closed-vial 2–8 °C storage

stability of 10 days, and closed-vial �20 °C storage stability of at least

2 months. Precision studies showed overall CV% of 1.42, 2.07 and

2.24 for the 500 ng/mL calibrator, 150 ng/mL low control and 300 ng/

mL high control, respectively. The test is interference free with biliru-

bin up to 25 mg/dL, hemoglobin up to 500 mg/dL and triglyceride up

to 1000 mg/dL.

Summary/Conclusions: HemosIL Liquid Anti-Xa assay has been pro-

ven to be a robust assay for the detection of antithrombin-dependent

anticoagulants. Here, we report its application for testing of the direct

factor Xa inhibitor anticoagulant, apixaban. The apixaban test with

HemosIL Liquid Anti-Xa can be easily implemented on ACL TOP

analyzers. The test has good sensitivity in the low range to verify clear-

ance of apixaban prior to surgery, as well as sensitivity in the clinical

range and high range. The test has satisfactory calibrator/control sta-

bility, good sample precision, and minimum interference from pre-ana-

lytical variables.

PB 4.46-5
The influence of novel oral anticoagulants (NOAC) on
routine coagulation assays
Byrne MB, Doyle M, White B, Ryan K, O’Donnell J

and O’Connell N

St James’s Hospital, Dublin, Ireland

Background: Novel oral anticoagulants licensed for use in Europe

include the direct thrombin inhibitors (DTI) Dabigatran (Pradaxa�)

and Argatroban (Argatra�, Arganova� or Novostan�) and the factor

Xa inhibitor, Rivaroxaban (Xarelto�). These drugs are increasingly

being prescribed as an alternative anticoagulant to Warfarin or Hepa-

rin. Evaluation of the effects of these anticoagulants on local coagula-

tion assays is recommended.

Aims: The aim of this project was to assess the effect of the novel anti-

coagulants on routine coagulation assays including the Prothrombin

Time (PT), Activated Partial Thromboplastin Time (APTT), Throm-

bin Time (TT) and the Fibrinogen assay.

Method: A series of reference plasmas were prepared with increasing

doses of the relevant anticoagulant. The direct thrombin inhibitor

plasma concentrations were assayed by a dilute thrombin time (Hemo-

clot Thrombin-Inhibitor assay, Hyphen BioMed). The Rivaroxaban�

plasma concentrations were measured using an anti-Xa assay (Hemo-

sIL Test€a Heparin, Instrumentation Laboratory) with calibrators from

Hyphen BioMed. The PT and APTT were measured using HemosIL�

RecombiPlasTin 2G and SynthASil respectively, the TT using an in-

house dilution of DIAGEN Bovine Thrombin and Fibrinogen by the

Clauss method using two reagents, HemosIL� Fibrinogen-C and Trin-

iCLOT[TRADEMARK] Fibrinogen. Plasma levels of anticoagulant

were correlated with the PT, APTT, TT and Fibrinogen level.

Results: The Thrombin Time proved most sensitive to the DTIs show-

ing prolongation above the reportable range of 60secs at 0.03 lg/mL

Dabigatran and 0.27 lg/mL. Argatroban. However, the rapid prolon-

gation of the TT means that while a normal TT indicates very low lev-

els of DTI, a prolonged TT does not give an indication of drug

concentrations. The PT and APTT showed a dose dependent increase

for the DTIs (R2 > 0.98) with the APTT effect being more pro-

nounced. The most notable effect of the DTIs on routine assays was

on the Fibrinogen assay using the HemosIL� Fibrinogen-C reagent. A

decrease in measured Fibrinogen levels occurred with increasing con-

centration of both Argatroban and Dabigatran. This decrease was less

apparent with TriniCLOT[TRADEMARK] reagent which has a

higher thrombin concentration of approximately 75 NIH U/mL vs. 35

NIH U/mL for the HemosIL� Fibrinogen-C reagent. The reagent dis-

crepancy for measured fibrinogen increased with increasing concentra-

tions of DTI. The PT and APTT showed a dose dependant increase

for Rivaroxaban and again the APTT effect was more pronounced.

Conclusion: Argatroban, Dabigatran and Rivaroxaban cause prolon-

gation of the PT and APTT. Argatrobanand Dabigatran cause

marked prolongation of the TT. Clauss Fibrinogen assays may give

falsely reduced measured levels in the presence of a DTI but a more

accurate estimation of Fibrinogen concentration is obtained if the con-

centration of thrombin is increased. The effect of the novel anticoagu-

lants on routine coagulation assays may be difficult to interpret in the

acutely ill or bleeding patient who may have concomitant dilutional or

consumptive coagulopathy. In these situations, a specific assay is rec-

ommended for analysis of plasma drug concentrations but knowledge

of the effects of the novel anticoagulants on local coagulation assays is

also useful for clinicians.

PB 4.46-6
Moderate-intensity warfarin therapy in extended
treatment of venous thromboembolic disease improve
patient comfort, decreasing bleeding risk without
increasing risk of relapse: a matched-paired study
Casals Sole FJ

Hospital Clinic, Barcelona, Spain

Background: Extended anticoagulant treatment is recommended for

patients with venous thromboembolic disease (VTD) and cancer activ-

ity or a proximal non-provoked deep venous thrombosis with low

bleeding risk. Low-intensity warfarin therapy (INR target range

between 1.5 and 2) has been used for this situation; however a signifi-

cant number of relapses occurred.

Aims: We suggest treating these patients with moderate-intensity of

Vitamin-K antagonists (VKA) (INR target range 1.8–2.5).
Methods: All patients were followed in one Centre. Consecutive

patients with VTD intended to be in extended anticoagulant treat-

ment, taking VKA for more than 3 months in standard regimen (INR

range 2–3) were switched to a new control range (INR range 1.8–2.5)
after patient’s consent. Intervals for INR testing were programmed

following a previously designed algorithm. Time in Therapeutic Range

(TTR) was computed by Rosendaal method. Annual Risk of Intrace-

rebral Haemorrhage (ARICH) was computed by weighting each INR

value-day for adjusted annually incidence of intracerebral haemor-

rhage reported by Hylek (2003) in warfarin treated patients. Paired-t

test for small samples and Wilcoxon signed rank tests were used to

evaluate differences. Discriminant and data analyses were performed

using STATA12 statistical software.

Results: Starting in September 2003 this study was conducted to Octo-

ber 2012. In this period 22 patients were recruited mean age

64.6 � 18.9 years (59% of men), treated previously with VKA at INR

2–3 therapeutic range for a median of 1.02 years, and then were trea-

ted for a median of 2.04 years with VKA at the new therapeutic range.

No recurrences appear in a follow-up of 78.1 patients-years, two major

bleeding episodes (one post-traumatism) were found, two patients died

for an unrelated VTD episode. A significant reduction in therapeutic

cost was attained (from 78–113 €/month to 52–63 €/months) conse-

quence of reduction in monitoring frequency (from 17.9 to 12.8 of

median tests/year, P < 0.001). From 1591 INR measurements, median

INR value’s was significantly decreased in patients treated with the

proposed regimen (INR 2.42–2.27 P < 0.005). No statistically differ-

ences between both series were found in TTR (67.2 � 11.2% in the

INR standard range and 62.7 � 15.4% in the new range), nor in
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Percentage of Time Elapsed (PTE) at INR <1.5, but a significant dif-

ference is found between both series in PTE at INR >3.0, but this sig-
nificance disappear when INR >3.5 was analyzed. The TTR computed

between the INR extended to 1.8 and 3.2, was 83.06% and 89.45 for

each series respectively. ARICH (0.4%) was significantly reduced with

the proposed regimen (P = 0.04). But despite using this therapeutic

regimen we identified 13.6% of unstable or/and unacceptable treat-

ments, predisposing these patients to a bleeding and/or thrombotic

risk and making them candidates to stop therapy or to switch to the

news orals anticoagulants.

Conclusion: With moderate-intensity VKA treatments there are signifi-

cant tendencies to ameliorate patient comfort, decreasing INR moni-

toring frequency and costs, without increasing adverse effects,

supporting safety to reduce the lower INR limit to 1.8. But a more

extensive study would avoid a type II error.

PB4.47 – Anticoagulant agents – XX

PB 4.47-1
The effect of venous thromboembolism treatment
patterns and clinical outcomes in a real world
population: the Q-VTE study cohort
Tagalakis V, Patenaude V, Kahn SR and Suissa S

Lady Davis Institute for Medical Research/Jewish General

Hospital, Montreal, Canada

Background: Few studies have assessed treatment patterns of acute

venous thromboembolism (VTE) and their effect on clinical outcomes

in a real world population.

Aim: We aimed to identify determinants of anticoagulant treatment

patterns for acute VTE, and the effects of these patterns on VTE

death, recurrence, and bleeding in a real world setting.

Methods: We used the linked administrative healthcare databases of

the province of Qu�ebec, Canada, including the hospitalization, univer-

sal healthcare services, out-patient prescription, and vital statistics da-

tabases. We identified all beneficiaries with an incident DVT or PE

between 2000 and 2009 using diagnostic algorithms based on ICD-9-

CM or ICD-10-CA diagnosis codes. Subjects who were not eligible for

drug insurance coverage at the time of diagnosis were excluded. Sub-

jects were followed until VTE recurrence, death, major bleeding, or

end of study (December 31, 2009). Anticoagulant use was character-

ized by anticoagulant type and duration of treatment. Hazards ratio

models were used to estimate the effect of treatment patterns as a func-

tion of patient characteristics, and to determine their effect on clinical

outcomes.

Results: Among the 40,776 cases with VTE, 29,598 cases (73%) were

dispensed a prescription for an anticoagulant, and most (n = 26,247;

89%) received a vitamin K antagonist (VKA). In all, 58% of cases dis-

continued VKA within 90 days of initiating warfarin. In a multivari-

able analysis, predictors of VKA initiation over time included a

diagnosis of PE (Hazard Ratio (HR) 1.62, 95% Confidence Interval

(CI) 1.58–1.66), older age groups, and patients hospitalized for VTE.

Predictors of VKA discontinuation included a diagnosis of DVT (HR

1.18, 95% CI 1.15–1.22), younger age groups, and out-patient diagno-

sis and management of VTE. Short-term (<30 days) and long-term

(>30 days) VKA use were associated with improved mortality com-

pared to no VKA use (Rate Ratio (RR) 0.63, 95% CI 0.60–0.68 and

RR 0.59, 95% CI 0.59–0.67; respectively). The mortality benefit was

no longer observed following VKA discontinuation and there was

excess mortality 15–70 days after discontinuation in the short-term

(RR 1.26, 95% CI 1.15–1.37) and long-term (RR 1.53, 95% CI 1.36–
1.73) users. Compared to no VKA use, short-term and long-term use

were associated with a decreased recurrence rate (RR 0.71; 95% CI

0.62–0.82 and RR 0.60; 95% CI 0.50–0.71; respectively). The rate of

recurrence increased after 15 days of discontinuation and at 1 year

remained elevated in short-term (RR 2.10; 95% CI 1.64–2.68) and

long-term (RR 2.49; 95% CI 1.87–3.33) users. The rate of major bleed-

ing was increased with short-term (RR 1.34, 95% CI 1.22–1.48) and
long-term VKA use (RR 1.50, 95% CI 1.36–1.66) and remained ele-

vated until 70 days following discontinuation.

Conclusions: Our study provides useful information regarding predic-

tors of treatment patterns for VTE in a real world setting. Moreover,

irrespective of duration, anticoagulation therapy with VKA is associ-

ated with improved mortality, a decreased risk of recurrence, and an

increased risk of major bleeding, and that following discontinuation,

the mortality benefit is no longer seen, the rate of recurrence is signifi-

cantly higher, and the risk of bleeding may persist.

PB 4.47-2
Alterations induced by Rivaroxaban on hemostasis can
be reversed by different coagualation factor
concentrates: in vitro experimental studies with steady
and circulating human blood
Arellano-Rodrigo E1, Galan AM2, Sanz V2, Molina P2,

Reverter JC2, Tassies D2, D�ıaz-Ricart M2 and Escolar G2

1Hospital Clinic; 2Hospital Clinic, IDIBAPS, Barcelona, Spain

Background: Rivaroxaban is a new oral anticoagulant with inhibitory

action on FXa with a good efficacy and safety profile, but with no spe-

cific antidotes that could rapidly reverse its prohemorrhagic potential.

Aims: We explored the effects of rivaroxaban on hemostasis with spe-

cial emphasis on possible interferences with platelet and coagulation

mechanisms under flow conditions. We also investigated the potential

action of different factor concentrates at reversing the antihemostatic

action of rivaroxaban.

Methods: Concentrations of rivaroxaban equivalent to the Cmax

reported at steady state after 20 mg rivaroxaban (230 ng/mL) were

added in vitro to blood alliquots from healthy donors. A series of labo-

ratory approaches were applied to explore modifications in hemostas-

tic mechanism using technologies implying steady and flow conditions.

Modifications in platelet reactivity towards surfaces were measured at

elevated shear rates in a cone and plate analyzer (Impact R�). Effects

on thrombin generation (TG) and on thromboelastometry parameters

(TEM) were assessed. Modifications in platelet adhesive, aggregating

and procoagulant activities were evaluated in studies with flowing

blood maintained at a shear rate of 600-1. The potential reversal

action of rFVIIa at final concentrations in blood equivalent to 270 lg/
kg, activated prothrombin complex concentrates (aPCCs) at 75 IU/kg

or non activated prothrombin complexes (PCCs) at 50 IU/kg, were

assessed.

Results: Rivaroxaban did not affect the reactivity of platelets to a poly-

meric surface in the Impact R�. Rivaroxaban altered TG parameters

as confirmed by a prolongation in the lag-phase and a reduction in the

maximal thrombin peak. The previous alterations were significantly

improved by rFVIIa, aPCCs and PCCs. The intensity of the effects of

rivaroxaban and the efficacy of the concentrates to improve TG were

highly dependent on the composition of the reagents used to trigger

TG. Rivaroxaban prolonged clotting time (CT), clot formation time

(CFT) and reduced maximal clot firmness (MCF) in TEM studies.

Alterations in these parameters were corrected and occasionally over-

compensated (MCF) by rFVIIa and aPCCs. Rivaroxaban quantita-

tively reduced platelet and fibrin interactions (P < 0.05 and P < 0.01,

respectively) with damaged vascular surfaces in studies with flowing

blood. These alterations were counteracted by the different concen-

trates, with platelet interactions showing a more pronounced correc-

tion with rFVIIa and aPCCs, and fibrin formation being variably

compensated with efficacies following this quantitative order

rFVIIa>aPCC>PCCs.
Conclusions: Rivaroxaban at 230 ng/mL added to blood from healthy

volunteers caused evident alterations in hemostasis parameters related

to its recognized anticoagulant action. Alterations in hemostasis

induced by rivaroxaban were variably compensated or even reversed

by the different factor concentrates. Studies with flowing blood under
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conditions that more closely relate to the bleeding situation reveal that

relatively high doses of rFVIIa, aPCCs or PCCs could be useful in the

restoration of hemostasis in patients subjected to treatment with this

new oral anticoagulant. Further studies should help establishing doses

of these concentrates that can effectively and safely restore the altera-

tions on hemostasis in to the different clinical settings. Grants: EC10-

070, SAF2009-10365, SAF2011-28214, RedHERACLES RD06/0009/

1003, FIS(CP04-00112, PS09/00664).

PB 4.47-3
Adherence to anticoagulant treatment with dabigatran
in a real-world setting
Schulman S1, Shortt B2, Robinson M1 and Eikelboom JW1

1McMaster University, Hamilton; 2University of Waterloo,

Mississauga, Canada

Background: In clinical trials the adherence to prescribed regimen with

dabigatran was enhanced by frequent follow-up visits and pill counts.

There is concern that in clinical practice without laboratory monitor-

ing or pill counts the adherence to a twice-daily regimen will be

reduced and the risk of thromboembolic events is thereby higher than

in the trials.

Aims and Methods: In a cross-sectional cohort study we interviewed

During July–September 2012 all patients who had been started on da-

bigatran by us or referred to our clinic, had remained on treatment for

at least 3 months and are followed by our anticoagulant clinic. As part

of routine clinical care all patients receive an initial teaching session,

explaining the rationale for anticoagulation and careful instructions

regarding the treatment. After a visit at 3 months we only see the

patients every 12 months. We obtained information on the number of

capsules of dabigatran dispensed by the pharmacy of each patient cov-

ering the entire treatment period, not including RE-LY and RELY-

ABLE participation time. Adherence was calculated as daily doses dis-

pensed divided by number of days between first and last refill minus

days off dabigatran for invasive procedures or hospitalization, and

was expressed as percent. In addition, information on bleeding, throm-

boembolic events and other adverse events, specifically dyspepsia, was

captured from the interviews and medical records.

Results: We interviewed 103 patients and could not reach another four

patients by telephone. Seventeen patients had participated in the RE-

LY and RELY-ABLE trials and had been treated with dabigatran for

a total of 62.8 (�15.6) months, of which 14.4 (�2.0) months after con-

clusion of those studies, and 86 patients were study-na€ıve with treat-

ment for 13.0 (�5.5) months. The mean age was 75.5 (�8.5) years,

45% were females, and mean CHADS2 score was 2.5. Dispensation

data was obtained for 99 patients and adherence was 99.7% (median;

interquartile range 94.6% to 100%) with 10 patients showing <80%
adherence. On the interview 40 patients (39%) acknowledged that they

sometimes had missed taking the medication, ranging from ‘twice in

6 years’ to ‘every day’. Eighteen patients (17%) reported bleeding

complications, four of which required hospitalization; one patient had

an ischemic stroke and 28 (27%) reported some degree of dyspepsia.

There were no significant differences in the results between study-expe-

rienced and study-na€ıve patients.

Conclusion: In our clinical practice, adherence to the twice-daily dabig-

atran regimen was generally good, although 10% of the patients had a

low adherence of <80%. Routine feedback from the pharmacies could

inform the physician to improve the anticoagulant management. A

limitation of our study is that we cannot validate that the patients

actually ingested the capsules.

PB 4.47-4
Thrombelastometry monitoring of the anticoagulant
effect of dabigatran etexilate
Stancheva AG

University Hospital Lozenetz, Sofia, Bulgaria

Introduction: Dabigatran etexilate is an oral, reversible, competitive

direct thrombin inhibitor, affecting both thrombin generation and

activity. While coagulation monitoring is not required with dabigatran

etexilate in routine clinical practice, effects on various coagulation

assays have been studied. Thrombin clotting time (TT), ecarin clotting

time (ECT), TT determined by Hemocloth� thrombin inhibitor assay

and plasma diluted thrombin time (PDTT) have been used to evaluate

the anticoagulant effects of dabigatran. Lack of readily available

method to determine the degree of dabigatran induced anticoagulation

activity creates a major challenge.

Aim: Thrombelastometry assess and interpretation of the anticoagu-

lant effects of direct thrombin inhibitor on patients undergoing dabig-

atran therapy.

Methods: The study includes 35 patients receiving dabigatran (110 mg

twice daily), five of them undergoing elective hip replacement surgery

and 26 patients with atrial fibrillation. Rotation Thrombelastometry

analyses were performed on ROTEM� analyzer (Pentapharm GmbH,

Munich, Germany) in citrated blood, based on reagent activation of

the haemostatic processes with thromboplastin tissue factor (TF) for

EXTEM test, and aprotinin for APTEM test. STA Compact (Diag-

nostica Stago-Roche) was used to determine TT. The assays were per-

formed before starting dabigatran therapy, on the first and on the

seventh day after the beginning of the therapy. Two patients passed

sight bleeding esophageal incidents during this period. The same RO-

TEM� parameters were also assayed in citrated blood assays with con-

secutive increasing plasma concentrations of dabigatran.

Results: ROTEM� parameters EXTEM/CT (x = 160s � 25s; ref. r.

38–79s) b INTEM/CT (x = 310s �42s; ref. r. 100–240s) are signifi-

cantly increased in patients with fixed therapeutic doses of dabigatran.

These parameters express high linearity in consecutively increasing da-

bigatran plasma concentration (from 15 mkg/mL to 44 mkg/mL). The

rest ROTEM� parameters providing information for clot formation

function (EXTEM/CFT and INTEM/CFT), fibrin polymerization

(FIBTEM), firmness of the clot (EXTEM/MCF and INTEM/MCF)

and clot elasticity (MCE) remain in reference ranges and show no sig-

nificant changes in consecutively increasing dabigatran plasma concen-

trations. The two patients with clinical manifestation of dabigatran

overdoses expressed very high values of EXTEM/CT (230s; ref.r.38–
79s) b INTEM/CT (448s ref.r. 100–240s).
Conclusion: Our investigations suggest that Rotation throm-

belastomethry (ROTEM�)could be used as a possible method for

monitoring the anticoagulant effect of dabigatran therapy .

PB 4.47-5
Large inter-individual variability of the response to
new oral anticoagulants
Bloemen S1, De Laat M1, Ninivaggi M1, Lenderink T2,

Leers MPG2, De Laat B1, Hemker CH1 and Al Dieri R1

1CARIM, Maastricht University, Maastricht; 2Atrium Medical

Centre, Heerlen, The Netherlands

Background: New, direct inhibitors of thrombin and factor Xa (FXa)

show more stable pharmacokinetics than vitamin K antagonists do.

Before the conclusion can be drawn that this warrants standard dose

treatment it should be ascertained that the pharmacodynamic charac-

teristics of the agents are predictable as well.

Aims: To investigate the response of the plasma from healthy subjects

and patients with atrial fibrillation (AF) to a fixed dose of conven-

tional and new anticoagulants.
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Methods: Thrombin generation (TG) was determined by calibrated

automated thrombinography (CAT).

Platelet poor plasma (PPP) of 44 healthy subjects was spiked with ota-

mixaban (direct FXa inhibitor), melagatran (direct thrombin inhibi-

tor), unfractionated heparin, dermatan sulfate and pentasaccharide at

concentrations around IC50. Thrombin generation was measured at

5 pM tissue factor and 4 lM phospholipids. The effect on TG of riva-

roxaban (direct FXa inhibitor) in five patients with AF was assessed in

whole blood, platelet rich plasma (PRP) and PPP before therapy and

in the 1st and 2nd week of therapy, 3 h after ingestion of the drug.

Results: In the PPP of 44 healthy subjects the coefficients of variation

(CV’s) were 18% for the uninhibited endogenous thrombin potential

(ETP) and 16% for the uninhibited peak height. A dose-dependent

inhibition of all anticoagulants was observed in both ETP and peak

height. The concentration of anticoagulant that inhibited ETP and

peak around 50% was added to the individual plasmas. After inhibi-

tion the variation increased to 20–24% (ETP) and 24–43% (peak) for

conventional and modern anticoagulants alike.

In the patients, both after 1 and 2 weeks of therapy, the ETP in PPP,

PRP and whole blood decreased to a highly variable extent. The least

variation was seen in PPP. The individual values of the response to riv-

aroxaban of the ETP were (1st week [%]/2nd week [%]): 21.9/29.3;

33.4/38.9; 9.1/11.3; 50.4/40.8 and 34.6/0.5. The values are to disparate

and the number of patients too small to draw any quantitative conclu-

sion, but it is obvious that the inter-individual variation is enormous.

The differences in inhibition between the first and the second week in

the same individual appear more similar than the inter-individual dif-

ferences, which suggests that there may exist high and low responders.

Conclusions: This study indicates that the new anticoagulants cause

quantitative changes in thrombin generation, that are as variable as

those brought about by administration of vitamin K antagonists or by

heparin treatment. The first results in patients suggest that, before rely-

ing on the effect of a fixed dose, the dose response in a patient should

be determined.

PB 4.47-6
A single-centre prospective study on fluctuations in
INR control for Singapore’s Muslim patients on oral
anticoagulation therapy with stable dosing over the
months of Ramadan and Hari Raya Aidilfitri
Lai YF, McCheen HH, Lim SH, Yeo HIF, Nah SC, Kong MC,

Mya HTD, Lee LH and Ng HJ

Singapore General Hospital, Singapore, Singapore

Background: Oral Vitamin K Antagonist (OVKA) is known to have its

anticoagulant effects augmented by changes in dietary vitamin K

intake and lifestyles. During the Muslim fasting month of Ramadan,

where dietary habits and lifestyles are altered, such effects may sur-

face.

Aims: To detect and study INR deviations and percentage time within

therapeutic range (%TTR) before, during and after Ramadan in stable

warfarinized patients, whom otherwise have steady INR control.

Methods: Potential study subjects were screened from hospital antico-

agulation clinic (ACC) database, and pharmacy’s warfarin dispensing

records. Only stable warfarinized patients who met the inclusion crite-

ria were shortlisted and contacted for recruitment. All recruited

patients underwent weekly INR monitoring, with four readings per

subject per month, using Coaguchek XS Point-of-care coagulometer

throughout a 3-month study period from a month before Ramadan to

a month after it. The warfarin doses for these patients were kept con-

stant, and they were instructed to keep to their usual religious prac-

tices, eating habits and lifestyle as previous years. All readings were

blinded to the subjects until the end of the study to minimize con-

founding factors.

Results: In the intention-to-treat analysis population (n = 32), the

mean difference in INR during the Pre-Ramadan month and the

Ramadan month was significant at 0.207 [P = 0.032, 95% CI 0.013–
0.401]. In contrast, a greater mean difference in INR of �0.309

[P = 0.001, 95% CI �0.506-(�0.112)] was observed between the Ram-

adan and the Post-Ramadan months. No significant changes in INR

were detected between the non-Ramadan months [P = 0.629, 95% CI

0.93-(�0.298)], thereby suggesting that these increases in INR during

Ramadan could be attributed to fasting. In the per-protocol analysis

population (n = 30), where study drop-outs and confounding results

were excluded to increase sensitivity, the difference in INR between

the Pre-Ramadan and Ramadan periods was 0.228 [P = 0.002, 95%

CI 0.86–0.369]; and �0.256 [P = 0.002, �0.399] for Ramadan and

post-Ramadan periods. Mean difference across non-Ramadan months

was insignificant [P = 0.692, 95% CI �1.172–0.114]. These show that

the INR readings had increased significantly during the fasting month

in line with our postulation that a reduced vitamin K intake and

changes in lifestyle could lead to an increase in INR. The percentage

time within therapeutic range (TTR) also showed a dip to 69.56%

compared to 80.99% before Ramadan and 70.80% after Ramadan.

The secondary outcome of the study focused on the time taken to

return to baseline INR after a fluctuation is observed during the Ram-

adan period. From the Kaplan-Meier survival analysis, on average,

the first out-of-range INR can be seen 12.1 days [95% CI 9.0–15.1]
after the start of fasting. Subsequently, an average of 10.8 days [95%

CI 7.9–13.7] is required for the INR to return back to its therapeutic

range after Ramadan ends.

Conclusion: The results of this study suggests possibility of significant

INR fluctuation during Ramadan fasting. Additional caution or even

pre-emptive dose reduction may be warranted especially for patients

maintained at higher end of their target ranges, or for patients pre-

scribed with narrower target ranges.

PB4.48 – Anticoagulant agents – XXI

PB 4.48-1
Aptamer based thrombin inhibitors: efficacy and
functional stability in vitro
Gribkova I1, Spiridonova V2, Gorbatenko A1 and Sinauridze E1

1National Research Center for Hematology, Ministry of Health,

Moscow; 2Belozersky Institute of Physico-Chemical Biology at

Lomonosov Moscow State Unive, Moscow, Russian Federation

Background: Thromboembolic diseases are a major cause of human

mortality worldwide. Any strategy of anticoagulant therapy is essen-

tially aimed at neutralizing excess thrombin production. A new

approach in this field is development of enzyme inhibitors on the basis

of single- or two-stranded DNA or RNA fragments (aptamers). The

advantage of such type of inhibitor is possibility to create antidotes to

them. Thrombin was the first protease to which an inhibitory aptamer

(15TBA) was produced. Subsequent research with computer modeling

provided a basis for engineering other aptamers (31TBA etc.). How-

ever the life span of these inhibitors in circulation in vivo was limited

by a few minutes. It was assumed that the reason for such effect was

destructive action of 3’-exonuclease.

Aims: Investigation in vitro of anticoagulant properties by a new global

coagulation test of thrombodynamics and measurement of functional

stability in human blood of two single-stranded DNA thrombin-inhib-

iting aptamers (15TBA and 31TBA).

Methods: Anticoagulant activity of 15TBA (5‘-GGTTGGTGTGGTT

GG-3‘) and 31TBA (5‘-CACTGGTAGGTTGGTGTGGTTGGGG

CCAGTG-3‘) was investigated by a new coagulation test of thrombo-

dynamics, measuring the spatial clot growth rate in nonstirred plasma.

The functional stability of aptamers during incubation in human

blood was investigated in vitro by measuring APTT. Samples for

analysis of coagulation were withdrawn after 1 h, 2 h, 3 h, 4 h of

incubation.

Results: Both aptamers reduced the spatial clot growth rate (IC50 for

clot growth rate decreasing are 9.5 vM and 4.0 vM for 15TBA and
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31TBA, correspondingly). Thrombin-inhibiting aptamersretained their

anticoagulant activity during incubation in human whole blood in vi-

tro for at least 4 h.

Conclusions: Thrombodynamic test perfectly monitors anticoagulant

conditions in human plasma. It was shown that 15TBA and 31TBA

decrease clot growth rate, with 31TBA being a more active anticoagu-

lant. The anticoagulant activity of both aptamers was stable in human

whole blood in vitro for hours. So, the 3’-exonuclease could not be the

reason for fast decrease of aptamers’ functional activity in vivo. The

main role in the removal of oligonucleotides from the circulation is

played obviously by the liver.

The work was supported by RFBR grant N11-04-01530.

PB 4.48-2
Laboratory monitoring of novel oral anticoagulants
rivaroxaban and dabigatran
Eerenberg ES1, Kamphuisen PW2, Sijpkens MK1, Meijers JC3,

B€uller HR1 and Levi M1

1Academic Medical Center, Amsterdam; 2University Medical

Center Groningen, Groningen; 3Academic Medical Center

Amsterdam, Amsterdam, The Netherlands

Background: Rivaroxaban and dabigatran are new oral anticoagulants

that both have been licensed worldwide for the treatment of atrial

fibrillation and rivaroxaban also for venous thrombosis. Both drugs

specifically inhibit one coagulation factor, factor Xa and thrombin,

respectively, and both compounds have stable pharmacologic profiles,

making regular monitoring as rewuired for Vitamin K antagonists

unnecessary. However, in specific circumstances, such as in renal insuf-

ficiency, patients using these anticoagulant drugs may need laboratory

monitoring and perhaps dose adjustments.

Aims : The aim of this study was to assess a proper monitoring method

for both drugs.

Methods and Results: Samples were used from a cross-over study in

healthy volunteers, originally designed to find a method of reversal for

both anticoagulants (Eerenberg et al, Circulation, 2011). Twelve

healthy male volunteers received rivaroxaban 20 mg twice daily, and

dabigatran 150 mg twice daily for two and a half days, with a wash-

out period of 11 days. Blood was drawn at the end of each treatment

period. Following rivaroxaban treatment, the median plasma concen-

tration was 273 lg/L, with an almost three fold difference in the inter-

quartile range (158–393). Rivaroxaban significantly prolonged the

anti-FXa assay and prothrombin time (PT), and both assays showed

the best correlation with plasma concentrations (rho 0.63 for the anti-

FXa assay and 0.47 for the PT). Dabigatran administration led to a

median plasma concentration of 88 lg/L, with also a nearly three fold

variability in the interquartile range (54–133). Dabigatran increased

the activated partial thromboplastin time (aPTT), the Hemoclot and

ecarin clotting time (ECT) significantly, and all assays correlated well

with plasma concentrations (rho 0.99, 0.99 and 0.97, respectively).

Conclusions: Plasma concentrations of rivaroxaban and dabigatran

in healthy volunteers show considerable variability. Coagulation

assays that corresponded well with plasma concentrations are the anti-

FXa and PT for rivaroxaban, and the aPTT, Hemoclot and ECT for

dabigatran.

PB 4.48-3
Thrombin generation assay to monitor the reversal of
anticoagulants by FEIBA
Turecek PL, Schrenk G, Schaedler M, Peyrer-Heimstaett S,

Rottensteiner H and Scheiflinger F

Baxter Innovations GmbH, Vienna, Austria

Background: Rivaroxaban and dabigatran, direct inhibitors of factor

Xa and factor IIa (thrombin) respectively, are new oral anticoagulants

(NOACs) used in a large number of patients to prevent thromboembo-

lic disease following orthopedic surgery and non-valvular atrial fibril-

lation. In the event of a major bleed, however, there is no specific way

to reverse their anticoagulant effect.

Aims: The objective of the study was to evaluate and compare the

effect of rivaroxaban and dabigatran on the thrombin generation

(TG) potential of human normal plasma and to determine the poten-

tial of FEIBA, a marketed and clinically used activated prothrombin

complex concentrate, to reverse the anticoagulant effect of these

NOACs.

Methods: The effect of rivaroxaban and dabigatran on the TG of

human normal plasma was assessed using the Technothrombin TG

assay. TG was triggered by a tissue factor reagent containing a low

concentration of phospholipid micelles. Plasma was spiked with up to

1900 ng/mL of NOACs and TG determined with or without addition

of a concentration series of FEIBA. Prothromplex total, a marketed

and clinically used 4-factor PCC (prothrombin complex concentrate),

and Prothromplex, a marketed and clinically used 3-factor PCC,

served as active control items.

Results: Both rivaroxaban and dabigatran inhibited TG in a concen-

tration-dependent manner. In contrast to dabigatran which mainly

delayed the initiation phase (lag time), rivaroxaban inhibited TG with

respect to lag time and peak thrombin level even at low concentra-

tions. FEIBA corrected the impaired TG parameters induced by both

NOACs to the level of normal human plasma. 0.5 U/mL FEIBA com-

pletely restored TG of plasma spiked with 60 ng/mL rivaroxaban, and

had a similar effect on dabigatran. The potential to reverse the antico-

agulant effect of NOACs in vitro was less pronounced for Prothrom-

plex and nonexistent for Prothromplex total. This lack of efficacy

turned out to be associated with the presence of heparin in the formu-

lation buffer of these drugs. While FEIBA showed a concentration-

dependent increase of TG in human normal plasma, Prothromplex

had no effect and Prothromplex total even had an anticoagulant effect

on TG. Neutralization of heparin in Prothromplex total increased TG

to a level similar to that obtained with FEIBA when added to human

normal plasma.

Summary/Conclusions: Thrombin generation assay was demonstrated

to be suitable for monitoring the effect of NOACs and determining the

potential of FEIBA as a reversal agent. The mechanisms of rivarox-

aban and dabigatran to inhibit TG in human normal plasma were

shown to differ. Nonetheless, FEIBA effectively corrected the antico-

agulant effect of each NOAC. By contrast, other coagulation factor

complex concentrates containing heparin were not effective, and in

case of Prothromplex total, even showed an anticoagulant effect.

PB 4.48-4
Small-molecule thrombin inhibitors based on
derivatives of N-arylbenzamidines
Alekseeva P, Fedorova E and Kuvaeva E

Saint-Petersburg State Chemical Pharmaceutical Academy, Saint

Petersburg, Russian Federation

Thrombin is an enzyme which belongs to the class of hydrolases from

the group of serine proteases catalyzing the conversion of fibrinogen

to fibrin in blood clotting. Searching for substances that can control

the process of blood coagulation, particularly, by means of inhibition

of thrombin is one of the main areas of medicinal chemistry.
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At present argatroban is the only synthetic direct inhibitor of throm-

bin, used for intravenous introduction. Another medicine is dabiga-

tran etexilate, a low molecular weight prodrug, which has been

recently approved by the US Food and Drug Administration (FDA)

for oral use. Thus, the development of new direct thrombin inhibitors

is an urgent task.

In the present work on developing an oral drug with anticoagulant

activity a molecular design of a series of N-arylbenzamidines contain-

ing strongly basic amidine functional group in their structure was con-

ducted. Such groups are typical for many serine protease inhibitors.

Virtual screening was performed using the original docking program

FlexX that enables docking of a low molecular weight organic com-

pounds and calculating the energy of inhibitor-enzyme interaction.

The crystal structure of thrombin was used as a target for screening

and docking (PDB code 1O2G; http://www.rcsb.org/pdb). Virtual

screening was performed using our own library of ligands. The criteria

for selection of potential thrombin inhibitors were the highest value

scoring function (predicted binding energy, kcal/mol).

After computer simulation several compounds were selected for fur-

ther chemical synthesis and experimental verification of their activity.

Among the selected compounds N-phenylbenzamidine (I) and N-4-

nitro-phenylbenzamidine (II) demonstrated similar values of binding

energy.

However, despite the similarity of compounds’ I and II chemical struc-

ture, the conformation and location of these compounds regarding the

active site of the enzyme differed significantly.

Compound II showed a similar interaction with the active site of the

enzyme due to binding to the hydrophobic side chains of residues

Trp 60A, Trp 60D, and also forms hydrogen binding with Gly 216 of

thrombin active center. In contrast, the interaction diagram of com-

pound I with the enzyme did not contain all of the interactions for

the known inhibitors. Analysis of the results allowed us to assume

that compound II, in contrast to I, may demonstrate anticoagulant

activity.

To confirm this, compounds I and II were synthesized and studied for

potential anticoagulant activity.

The results of biological studies had demonstrated that only com-

pound II exhibited anticoagulant activity. Moreover this compound is

less toxic than the ligand I.

Thus, the virtual screening allowed the accurate identification of the

anticoagulant effect of compound II. This effect has been manifested

in increasing of the prothrombin time value among intact laboratory

rats after repeated (5 days) administration of this compound.

Compound II exhibits anticoagulant activity in the intact animals, low

toxicity (LD50 more than 2000 mg/kg intraperitoneal injection of labo-

ratory mice), and is of practical interest. The patent on the structure of

the corresponding potential inhibitor of coagulation is pending.

PB 4.48-5
Purification and characterization of fibrinogenolytic
serine protease from Agkistrodon brevicadus venom
Byambasuren S1 and Dashnyam P2

1Mongols Life Science Institutes; 2Mongolian Academy of

Science Institute of Botany, Ulaanbaatar, Mongolia

Complex mixtures of toxins from over 300 poisonous snakes found

throughout the world have been widely used as sources for discovering

drugs to dissolve blood clots and prevent strokes. Snake venoms con-

tain a number of serine and metalloproteinases, included among these

are the fibrinogenolytic serine proteanases5. Fibrinogenolytic enzymes

act on fibrinogen, leading to defibrinogenation of blood and a conse-

quent decrease in blood viscosity6. A Fibrinogenolytic serine protease

was purified from the venom of Agkistrodon brevicaduss.

The purpose of our study was identification, purification and charac-

terization of new fibrinogenolytic substance that can be a candidate

for antithrombotic agent.

Fibrinogenolytic enzyme was purified by HPLC 3-columns procedure

Blue Sepharose FF, Phenyl Sepharose HP and Source 15S column.

Homogeneity, molecular weight, iso-electric focus, fibrinogenolytic

activity of the purified protein was determined by 12% sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis with

reducing and nonreducing condition. Modification on Bigs method

was used to thrombin time determination. 0.2 mL of diluted plasma

and sample were incubated for 3 min and added 1NIH thrombin and

clotting time was recorded on MC1 coagulometer. Platelet-rich plasma

(PRP) was prepared freshly from rabbit blood containing 3.8%

sodium citrate by gentle centrifugation (100 rpm for 10 min). Platelet

poor plasma (PPP) was prepared from remaining platelet solution by

centrifugation. PRP was diluted to 200,000–250,000 platelets per

microliter with PPP. PRP (350 lL) plus 100 lL of sample was incu-

bated for 20–30 s in a Ap2110 ‘SOLAR’ aggregometer and collagen

(0.2%) was added to initiate platelet aggregation. The maximum

aggregation response obtained from addition of inducer and working

buffer instead of purified enzyme.

Two types of fibrinogenolytic enzyme (27 and 36 kDa) are contained

in Agkistrodon blomhoffii ussuriensis venom. Purified fibrinogenolytic

enzyme with 12 and 24 kDa molecular weight included in 36 kDa

dimer serine protease. Fibrinogenolytic enzyme cleaved quickly b-
chain and produced X-fragment. Fibrinogenolytic enzyme inhibited

platelet aggregation in 25–50% induced by collagen.

The purified enzyme is postulated that the enzyme is capable of func-

tioning in a cooperative manner to effectively remove fibrinogen and

consequently to reduce the blood viscosity. Also some developments

and more characterization studies need to be done with this enzyme.

PB 4.48-6
Interaction of defibrotide with dabigatran, rivaroxaban
and apixaban in the whole blood, platelet rich plasma
and platelet poor plasma studies
Fareed J1, Hoppensteadt D1, Jeske W1, Iqbal O1, Syed D1,

Kalodiki E2 and Wahi R1

1Loyola University Medical Center, Maywood, IL, USA; 2Imperial

College, London, UK

Introduction: Defibrotide represents a single stranded mammalian

DNA derived agent originally developed for anti-thrombotic and anti-

ischemic indications. Defibrotide is currently used to treat or prevent a

failure of normal blood flow (Veno-occlusive disease, VOD) in the

liver of patients having had bone marrow transplants or received cer-

tain drugs such as oral estrogens and mercatopurine. Defibrotide is a

polypharmocologic agent with multiple sites of actions, which include

anti-inflammatory and vaso-facilitatory effects. The purpose of this

investigation is to determine potential interactions of defibrotide and

some of the newer oral anticoagulant drugs, such as dabigatran, apix-

aban and rivaroxaban.

Materials & Methods: Defibrotide (lot no. DV0601) was obtained in

powder form from Gentium s.p.A (Villa Guardia, Italy). The active

form of dabigatran was purchased from Selleckcham (Houston, TX).

Apixaban and rivaroxaban were obtained commercially and were of

synthetic origin. The effect of defibrotide and the new oral anticoagu-

lant drugs, such as dabigatran, apixaban and rivaroxaban, on agonists

(epinephrine, ADP, collagen, arachidonic acid and 2.5 U thrombin)

was measured using platelet aggregation technique. The platelet rich

plasma collected from normal healthy donors (n = 15) were also sup-

plemented with each of the individual anticoagulant drugs, alone in a

range of 0–1000 ng/mL and in combination with defibrotide at

100 lg/mL. Such clotting times as the PT, aPTT and Heptest and

thrombin generation studies were carried out. In addition, whole

blood activated clotting time (celite) studies were carried out by sup-

plementing each of the individual oral anticoagulant agents at 1 lg/
mL, alone and with defibrotide at 100 lg/mL.
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Results: Neither defibrotide nor the newer anticoagulants produced

any effects on the epinephrine, ADP, collagen and arachidonic acid

induced aggregation of PRP (P > 0.05). However, dabigatran at con-

centrations of >62.5 ng/mL produced inhibition of thrombin induced

aggregation, all of the other agents did not have any effect on throm-

bin. Defibrotide at a concentration 100 lg/mL did not alter the aggre-

gation profile in anticoagulant supplemented PRP. In both the plasma

and whole blood anticoagulant assays, dabigatran produced stronger

anticoagulant effects (306 + 30 s) than both apixaban (145 + 12 s)

and rivaroxaban(160 + 15 s). Defibrotide exhibited minimal effects

(135 + 10 s). Defibrotide in combination with dabigatran produced

modest augmentation of the anticoagulant responses (360 + 42 s),

however, it had much weaker effects on rivaroxaban (168 + 18 s) and

apixaban(152 + 14 s). All of the anticoagulants in the TGA produced

varying degrees of inhibition of thrombin generation in the following

order; dabigatran > rivaroxaban > apixaban. Defibrotide did not pro-

duce any effects at concentrations of 100 lg/mL. When combined with

oral anticoagulants, it did not show any augmentation of rivaroxaban

and apixaban; however, it enhanced dabigatrans inhibitory effects.

Conclusions: These results suggest that defibrotide itself has weak or

negligible anticoagulant effects in the plasma and whole blood assays.

It does not produce any inhibitory effects on platelet function, more-

over, it does not have any modulatory effects on the new anticoagulant

mediated platelet aggregation responses. While defibrotide does not

show any interactions with apixaban and rivaroxaban, it has some

effect on the anticoagulant responses of dabigatran. These studies

demonstrate that unlike heparins, defibrotide exhibits minimal interac-

tions with newer oral anticoagulant drugs.

PB4.49 – Intrinsic pathway of
coagulation

PB 4.49-1
The Alzheimer’s disease-related peptide beta-amyloid
accelerates thrombin generation and clot formation in
plasma in a factor XII-dependent manner
Zamolodchikov D1, Renn�e T2 and Strickland S1

1Rockefeller University, New York, NY, USA; 2Karolinska

Institutet, Stockholm, Sweden

Background: There is strong evidence that the beta-amyloid peptide

(Ab) plays a key role in Alzheimer’s disease (AD). This disease is char-

acterized by cerebrovascular abnormalities, and numerous vascular

risk factors have been linked to AD development and progression.

Epidemiological and experimental data also suggest the existence of a

prothrombotic state in AD, manifested as elevated plasma levels of

thrombin generation markers, increased levels of activated platelets,

and improvement in memory and pathology following anticoagulant

therapy. Such a hypercoagulable state could contribute to cognitive

decline by causing cerebral hypoperfusion and inflammation, leading

to neuronal dysfunction. Ab, which is cleared from the brain into the

circulation, may contribute to the prothrombotic state in AD by

enhancing the activity of coagulation factors.

Aims: Here, we investigated whether Ab can potentiate coagulation

factor activity and promote thrombin generation and clot formation in

plasma.

Methods and Results: Clot formation in human plasma, monitored by

turbidity assay, was accelerated in the presence of Ab. To determine if

accelerated clotting was a result of Ab’s enhancement of one or more

coagulation factors, thrombin generation in platelet rich and platelet

poor plasma was monitored by calibrated automated thrombogram.

Lag time to thrombin generation was decreased and thrombin peak

height was increased by Ab in a dose-dependent manner. This effect

was abolished when coagulation factor XII (FXII) was inhibited and

when FXII�/� mouse plasma was used, but not when the extrinsic

coagulation pathway was blocked. Chromogenic substrate assays and

Western blotting showed that Ab can activate FXII and lead to factor

XI activation, suggesting that Ab may accelerate thrombin generation

via activation of the intrinsic coagulation pathway.

Conclusion: These findings, combined with our previous results dem-

onstrating Ab-mediated impaired fibrinolysis, provide a possible

mechanistic role for Ab in the procoagulant state observed in AD.

PB 4.49-2
Activation of the intrinsic pathway of coagulation
without kinin generation in factor XII-deficient chicken
plasma
Prezoto BC1, Lui MS1 and Da Motta G2

1Butantan Institute; 2Federal University of S~ao Paulo, S~ao Paulo,

Brazil

Background: After binding to negatively charged materials in vitro,

mammalian activated factor XII (FXIIa) triggers both the intrinsic

pathway of coagulation and plasma kallikrein-kinin system (KKS),

respectively through its natural substrates factor XI (FXI) and plasma

prekallikrein (PPK). However, it is unclear how these two systems are

activated in vivo and whether they are activated simultaneously. In

mammals, high molecular weight dextran sulfate (DXS, ~500 kDa)

can activate factor XII (FXII), leading to plasma kallikrein formation,

and generation of bradykinin, inducing to a transient depressor

response. A single gene corresponding to the predecessor of both FXI

and PPK is present in chicken genome, but that corresponding to FXII

is missing. The contact system activator ellagic acid-based reagent

(EA) can reduce the clotting time (CT) of recalcified chicken whole

blood (WB) samples despite the lack of FXII.

Aims: We investigated in chickens whether both fibrin formation and

KKS can be activated by negatively charged materials in vitro and in

vivo, respectively.

Methods: WB samplesfrom rats and chickens (n = 6 each) collected in

the presence of sodium citrate (0.38%)were recalcified after pretreat-

ment with EA (¼ of the dose used in aPTT assay)and theCT measured

by rotational thrombelastometry (final volume 340 lL). Possible acti-
vation of the KKS was tested by measuring mean arterial pressure

(MAP) changes after i.v. injection of DXS (150 lg/kg) into the jugular

veins of anesthetized, non-heparinized, rats and chickens (n = 6 each)

(sodium pentobarbital, 60 mg/kg, i.p., and 100 mg/kg, i.m., respec-

tively). The responses to DXS injection were measured either in the

presence or absence of the bradykinin-potentiating peptide Captopril

(0.1 mg/kg).

Results: Exposure to EA reduced CT of chicken and rat WB samples

from 1013 � 156 to 375 � 62 s, and from 248 � 32 to 98 � 07 s,

respectively (mean � SEM). The FXII inhibitor, corn trypsin inhibitor

(CTI, 100 lg/mL), did not prevent the stimulation of clotting by EA in

chicken WB (375 � 62 s), although it completely blocked this effect of

EA in rat WB (235 � 29 s). However, the stimulation of clotting by

EA in chicken WB was blocked by the FXI inhibitor, aprotinin

(500 UI/mL) (1097 � 187 s). Chicken WB clotting induced by the fac-

tor X activator, Russel’s viper venom (10 ng/mL) (456 � 56 s) was not

inhibited in the presence of the same dose of aprotinin (472 � 47 s). In

rats DXS caused a transient fall in MAP (from 85 � 5 to

42 � 4 mmHg, performing 120 s to return to basal level) andduration

of the hypotension was prolongedby Captopril (from 92 � 8 to

48 � 6 mmHg, performing316 s to return to basal level). The same

dose of DXS failed to affect basal values of MAP (88 � 9 mmHg) in

chickens either in the presence or absence of Captopril.

Summary/Conclusions: Our data suggest that the chicken intrinsic

pathway can be activated in the absence of FXII, leading to fibrin for-

mation through activation of FXI, without activation of the KKS. We

propose this clotting system as useful for studying regulatory molecu-

lar mechanisms for FXI and KKS activation in vivo.
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PB 4.49-3
Inhibiting the activation of the intrinsic pathway with a
FXII-targeting RNA aptamer
Woodruff BS, Layzer J and Sullenger B

Duke University, Durham, NC, USA

Background: Understanding the differences between thrombosis and

hemostasis in the vascular system is critical to developing safe and

effective anticoagulants, as this depends on striking the correct balance

between inhibiting thrombus formation (efficacy) and reducing the risk

of severe bleeding (safety). To this end, constituents of the intrinsic

pathway of coagulation, namely factor XII, appear to be involved in

pathological thrombus formation, but are not required for hemostasis.

Exposure of the plasma protein factor XII to an anionic surface gener-

ates activated factor XII that not only triggers the intrinsic pathway of

blood coagulation through the activation of factor XI, but also medi-

ates various other vascular responses through activation of the plasma

contact system. While deficiencies of factor XII are not associated with

excessive bleeding, thrombosis models in animals deficient in factor

XII have suggested that this protease contributes to stable clot forma-

tion. Therefore, factor XII has emerged as an attractive therapeutic

target to treat or prevent pathological thrombosis formation without

increasing the risk for hemorrhage.

Aims: Using an in vitro directed evolution and chemical biology

approach, we sought to isolate a nuclease resistant RNA aptamer that

binds specifically to factor XII and directly inhibits factor XII coagu-

lant function.

Methods and Results: Utilizing convergent systematic evolution of

ligands by exponential enrichment (SELEX), we first selected for an

enriched pool of aptamers that bound to the plasma proteome. We

then used this ‘focused’ pool to isolate a nuclease resistant RNA apt-

amer that binds to FXII and FXIIa with high affinity and specificity.

This aptamer dose dependently prolongs fibrin clot formation in an

aPTT, while having no effect in a PT. Biochemical assays employed to

determine the method of anticoagulation found that while this apt-

amer does not inhibit the active site of FXIIa, it does inhibit the auto-

activation of factor XII by various substances. In addition, this

aptamer inhibits factor XI activation, while not affecting the ability of

FXIIa to activate prekallikrein.

Conclusions: Thus, using the aptamer platform, we have characterized

a potent and effective anticoagulant, which offers targeted inhibition

of discrete macromolecular interactions involved in the activation of

the intrinsic pathway of blood coagulation. We believe that we have

isolated a powerful tool which can be utilized to further elucidate the

role of FXII in hemostasis and thrombus formation, as well as identi-

fied a promising therapeutic agent that might prove to be an effective

and safe means of controlling coagulation.

PB 4.49-4
Cycling induces a hypercoagulable state via contact
activation
Posthuma J1, Loeffen R1, Van Oerle R1, Henskens YMC2, Ten

Cate H1, Spronk HMH1 and Van Der Meijden PEJ1

1Cardiovascular Research Institute Maastricht, Maastricht

University Medical Cent, Maastricht; 2Maastricht University

Medical Center, Maastricht, The Netherlands

Background: Although a clear association between exercise and activa-

tion of coagulation has been demonstrated, evidence is fragmented

and the trigger remains unknown. Given the protease activated recep-

tor (PAR) activation by coagulation proteases and the subsequent cel-

lular effects such as inflammation, migration and apoptosis,

haemostatic changes during exercise may contribute to the develop-

ment of endofibrosis in cyclists. This pathology is characterized by

intimal thickening of the iliacal artery, with reduced blood flow as a

consequence.

Aim: In this proof-of-principle study the overall changes in the haemo-

static and haematological profile of young (semi)-professional cyclists

after long-term strenuous exercise was investigated.

Methods: Venous blood was collected from 17 male cyclists before and

after 4 h of cycling (�120 km). The coagulation system was assessed

by thromboelastometry (ROTEM; NaTem), thrombin generation

(TG: CAT method), FXIa concentration using a modified CAT based

assay, and Thrombin-Antithrombin (TAT) levels. Platelet reactivity

was measured by impedance aggregometry (Multiplate). Von Wille-

brand factor (vWf) levels, tissue plasminogen activator (tPA) activity,

and D-dimer levels were measured for evaluation of endothelial func-

tion and fibrinolytic activity.

Results: Hematocrit and hemoglobin levels remained constant during

exercise. Compared to baseline, white blood cell count was signifi-

cantly elevated, predominantly caused by a 1.2 fold increase in mono-

cytes and a 2.7 fold increase in neutrophils, which were related to a

significant increase in cortisol (375 � 81 vs. 440 � 106 nM). Likewise,

the vWf level was increased (110 � 44 vs. 193 � 72%). An increased

coagulation activity after exercise was shown by a significant elevation

in TAT levels (1.9 � 0.6 vs. 2.5 � 0.8 ng/mL). Furthermore, non-trig-

gered ROTEM clot formation was significantly accelerated (CT

1109 � 188 vs. 918 � 82 s) with increased clot strength (MCF

44.0 � 3.6 vs. 49.1 � 5.3), suggesting the presence of an endogenous

coagulation trigger. These results were supported by a two fold

increased thrombin generating potential in the absence of a tissue fac-

tor trigger, as well as by 1 pM tissue factor triggered TG. The

enhancement of TG was not influenced by inhibition of the extrinsic

pathway through active site inhibited factor VII, suggesting the contri-

bution of the intrinsic pathway of coagulation. This finding was sup-

ported by a 2 fold increase in FXIa level. The procoagulant state was

accompanied by enhanced platelet aggregation in response to ADP,

arachidonic acid and TRAP. The fibrinolytic activity was increased, as

indicated by elevated tPA activity (0.6 � 0.3 vs. 1.9 � 1.1 U/mL) and

D-dimer levels (210 � 66 vs. 246 � 119 ng/mL).

Conclusions: Cycling induces a hypercoagulable state through both

increased platelet reactivity and contact dependent activation of coag-

ulation. Furthermore, cycling leads to increased fibrinolytic activity

and endothelial dysfunction. Although this procoagulant response in

cyclists may primarily reflect a physiological response to physical

stress, it may eventually contribute to abnormal vascular responses

including the development of endofibrosis.

PB 4.49-5
Genetic characterization of seven patients affected by
FXI deficiency
Castaman G1, Giacomelli S1, Giuffrida A2, Dragani A3

and Biasoli C4

1San Bortolo Hospital, Vicenza; 2Immunohaematology and

Transfusion Medicine, Haemophilia Center, Verona Hospital,

Verona; 3Haemophilia Center, University of Pescara, Pescara;
4Bufalini General Hospital, Cesena, Italy

Background: FXI deficiency is a rare bleeding autosomal disorder

characterized by a heterogeneous bleeding tendency, often unrelated

to the levels of circulating FXI. More than 150 mutations have been

reported in FXI gene and two are most frequent in the Jewish Ashke-

nazi population (Glu117X and Phe283Leu).

Aim: In this study we report the genetic analysis of nine Italian

patients (five with severe and four with mild FXI deficiency).

Results: One asymptomatic patient (FXI:C = 0.3%) has two known

heterozygous mutations (Glu117X/c.908DelG). The other four

patients with a severe deficiency (FIX:C = 1–5%) have four different

homozygous mutations: two novel, Gln-13X (in the propeptide) and

Trp407Arg (in the active site), one known splice site mutation in intron

6 (c.595 + 3A>G) and one Gly578Cys (in the active site), already

described by our group. The latter two patients have a mild bleeding
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history. Both missense variations are in the Apple 3 domain of the pro-

tein. In position 407 a substitution of the amin oacid Tryptophan with

a Cysteine has been already described. The substitution of an aromatic

and hydrophobic amino acid (Trp) with a linear and basic one (Arg)

possibly interferes with the polar bond with the Ile403 and Gly404 resi-

dues causing protein instability.

Two patients with mild deficiency but with a significant bleeding his-

tory show the heterozygous variation Trp228Cys. Another mild

patient with post-surgery bleeding has a heterozygous Cys122Tyr sub-

stitution. Finally, the last asymptomatic patient with mild FXI defi-

ciency is heterozygous for a Arg184Gly mutation.

Conclusions: This study confirms the wide genetic heterogeneity in Ital-

ian patients of non-Jewish origin affected by FXI deficiency. Further-

more we confirm the lack of correlation between levels of circulating

FXI and the manifestation of bleeding symptoms.

PB 4.49-6
Novel coumarins with improved solubility as FXIIa
inhibitors
Bouckaert C, Vancraeynest C, Dolusic E, Fr�ed�erick R and Pochet L

University of Namur, Namur, Belgium

Background: Thrombotic diseases remain a major cause of death in in-

dustrialised countries. Anticoagulants have proven their efficacy to

address these disorders. However severe bleeding complications are

still reported even with the use of recently marketed drugs. Novel and

safe antithrombotics are thus required.

In this perspective, coagulation factor XIIa (FXIIa), a serine protease

implicated in the contact phase of coagulation cascade, recently

emerged as a promising target in the development of such agents.

Indeed, it was demonstrated that FXII deficiency or inhibition protects

against thrombosis without causing spontaneous bleeding in mice.

Aim: Based on these considerations, the goal of our project is to

develop novel selective FXIIa inhibitors to detail the exact role of this

enzyme in thrombotic diseases. These compounds could also be a good

starting point for the development of new antithrombotic drugs.

The 3-carboxamide coumarins are to date the only nonpetidic and

selective inhibitors of FXIIa described in literature (COU294). How-

ever, their low solubility and poor pharmacokinetics resulted in a lack

of activity in in vivo models of thrombosis. As a consequence, we aim

to improve these characteristics while keeping the selectivity and

potency towards FXIIa.

Methods: Twenty-five compounds were synthesized. Their solubility

was investigated in pH 7.9 TRIS-imidazole. Inhibition potency on

FXIIa was screened at several concentrations according to the maxi-

mum of solubility.

Results: A new series of coumarins with an amino group at position 3

or 6 of the carboxamide coumarin scaffold was first synthesized. While

solubility was largely increased the inhibition potency on FXIIa

remained relatively low.

Conclusion: A new series of 3-carboxamide derivatives was synthesized

to selectively inhibit FXIIa and with the aim of improving their solu-

bility. Pharmacomodulations will be fully discussed.

PB4.50 – Blood coagulation
system – V

PB 4.50-1
Protein C inhibitor and the ambivalent regulation of
apoptotic cell removal
Rieger D, Sokolokova B and Geiger M

Medical University of Vienna, Vienna, Austria

Background: Protein C inhibitor (PCI) is a secreted serine protease

inhibitor, first ascribed to inhibit activated protein C, but it also inacti-

vates other clotting factors and fibrinolytic enzymes, suggesting a regu-

latory role in hemostasis. Glycosaminoglycans and certain negatively

charged phospholipids, like phosphatidylserine (PS) and phosphatidyl-

ethanolamine (PE), bind to PCI and stimulate its activity. PS is best

known as a phagocytosis marker, exposed on the surface of apoptotic

cells, serving as phagocytosis signal. Deranged apoptotic cell removal

by phagocytes can lead to tissue damage and chronic inflammation,

which is a risk factor for the development of vascular disease.

Aims: It is the aim of this study to determine binding of PCI to cell

membranes with different lipid surface exposure (e.g.: live and apopto-

tic cells) and to determine the influence of PCI on the process of apop-

totic cell removal.

Methods: To investigate the influence of PCI on phagocytosis we used

a dual color Flow Cytometry based study design, and apoptotic Jurkat

cells as ‘meal’ for phorbol ester differentiated U937 cells, that show

macrophage like functions. To study the binding of PCI to different

cell membranes PCI was directly coupled with a fluorophore. Different

cell types and -stages were incubated with PCI-Cy3 together with the

apoptosis marker Annexin V-FITC, and analysed by confocal micros-

copy, fluorescence resonance energy transfer (FRET) microscopy, and

Flow Cytometry .

Results: Our results indicate that exogenously added PCI inhibits the

phagocytosis of apoptotic cells. PCI bound primarily to apoptotic cells

and only to a small extent to U937 cells. The amount of PCI-binding

U937 cells increased with differentiation, probably due to a higher

degree of PS exposure on the surface of macrophages involved in

phagocytosis. Interestingly, the expression of PCI increased with the

time of phorbol ester induced differentiation, resulting in enhanced

phagocytosis. Data obtained by FRET analysis suggest an interaction

of PCI and PS on the surface of apoptotic cells, probably leading to

coverage of the phagocytosis marker PS, preventing recognition by

phagocytes.

Conclusion: On the one hand this study underlines the importance of

PCI for the function of mature macrophages, but on the other hand

uncovering secreted PCI as a negative regulator of apoptotic cell

removal. Further studies are needed to clarify this ambivalence of one

protein performing differently in the process of apoptotic cell phagocy-

tosis and its relevance for vascular disease.

PB 4.50-2
Hemostasis in acute respiratory viral infections in often
sick children with gene’s polymorphism (asp299gly)
toll-4 and (ser 249 pro) toll-6 receptors
Malezhik L, Karpova N and Malezhik M

Chita state medical academy, Chita, Russian Federation

We were interested in hemostasis in acute respiratory viral infections

in often ill children, which were carriers of genetic defects in the Toll-4

(Asp299Gly) and Toll-6 (Ser249Pro) receptors. Purpose: To examine

the state of the hemostatic system with SARS in sick children in the

presence of polymorphism of Toll-4 (Asp299Gly) and Toll-6 (Ser249-

Pro) receptors.

Materials and Methods: 190 children from 1 to 3 years often ill with

acute respiratory infections were examined. The control group con-

sisted of healthy children from 1 to 3 years with the number of epi-

sodes of SARS not more than four cases per year. Of 190 patients 90

children were carriers of the gene polymorphism (Asp299Gly) Toll-4

receptor, and 100-were carriers of mutations in the gene (Ser249Pro)

Toll-6 receptor. Blood sampling was performed at admission to hospi-

tal; coagulation and fibrinolytic activity was determined by conven-

tional methods in children with ARI.

Results: It was established that acute respiratory viral infection was

developed during the following hypercoagulability in often ill children.

It was expressed by the shortening of plasma recalcification time,

increasing concentration of the fibrinogen and the number of fibrin

monomer complexes. Fibrin was depressed by fibrinolysis due to rapid

formation. The main cause of hypercoagulability in ARI was antigenic
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activation of immune cells and destruction of affected tissues. The

expression occurred on the cell surface of tissue factor, which was initi-

ated by the formation of prothrombinase on the external mechanism

by activation of cells involved in inflammation. The degree of expres-

sion was higher in sick children than in healthy ones, which could be

one of the causes of hypercoagulability in blood flow in respiratory

infections. The expression of tissue factor was marked greater in

genetic defects in membrane receptors (Toll-4) than in similar cells

with normal structure of signaling receptors. Besides, the level of fibrin

monomer complexes was higher in holders of polymorphic variants of

the gene Toll-4 receptor concentration of fibrinogen than that of simi-

lar ill children with normal allele 299 Asp. Fibrinolysis was slowed due

to rapid formation of fibrin especially in carriers of mutant heterozy-

gote (Asp299Gly) and homozygote with the replacement of allele

(299Gly). Such changes in findings of hemostasis were revealed in sick

children with polymorphisms Toll-6 (Ser249Pro) receptor. They had

high blood concentrations of fibrinogen, fibrin monomer complexes.

Euglobulin fibrinolysis was lengthened in heterozygotes (Ser249Pro) to

12.5% in comparison with carriers of the normal homozygotes and by

32% for the holders of the mutant homozygotes with allele 249Pro.

Tissue factor expression on cells with the genetic defect in the Toll-6

receptor was more marked than in healthy children.

Conclusion: Consequently, hypercoagulability in children with ARI

was more marked in the polymorphism of genes Toll-4 and Toll-6

receptor than those of the same children, but without the genetic muta-

tions in the signaling receptor.

PB 4.50-3
Developmental haemostasis: the quantity of
haemostatic proteins change with age
Attard C1, Van der Straaten T1, Vasiliki K1, Monagle P2

and Vera I1

1Murdoch Childrens Research Institute, Parkville; 2University of

Melbourne, Melbourne, Australia

Background: Developmental haemostasis recognises the physiological

differences in the haemostatic system of neonates and children com-

pared to adults. Compared to the knowledge of haemostatic system

physiology in adults, our understanding in neonates and children

remains inadequate.

Routine clinical coagulation testing most commonly measures func-

tional parameters of the haemostatic system once it has been activated.

While many studies have demonstrated age-specific differences in func-

tional haemostatic assays, very few studies have measured age-specific

quantitative levels of haemostatic proteins.

The majority of studies in the paediatric setting use the term ‘quantity’

when in fact they are referring to a functional measurement rather

than the direct measurement of a specific protein.

An understanding of the normal fluctuations in the quantity of haemo-

static proteins is vital in the prevention, diagnosis, and treatment of

haemostatic problems during infancy and childhood. This is especially

important in the setting of novel anticoagulants that target specific

proteins of the coagulation system.

Aim: To develop age-specific, quantitative reference ranges for a com-

prehensive number of haemostatic proteins.

Methods: Plasma samples were obtained from 120 healthy individuals

from the following age groups: neonates (Day 1 and Day 3), 28 days

to 1 year, 1–5 years, 6–10 years, 11–16 years and adults. Each age-

group consisted of 20 individuals.

Factors II, V, VII, VIII, IX, X, XI, XII, and XIII, Plasminogen, Pro-

tein C as well as total and free Protein S were quantified using com-

mercially available sandwich ELISA assays (Diagnositica Stago and

Affinity Biologicals).

Reference ranges were determined for each protein and age-group by

encompassing 95% (between the 2.5th and 97.5th centiles) of the pop-

ulation.

Neonatal and paediatric results were compared to adult results using

an independent t-test, where a P value of <0.05 was considered statisti-

cally significant. The Levene’s Test for Equality of Variance was used

to determine the variance. Where unequal variance was detected, an

Aspin-Welch test was used. Correction for multiple testing was con-

ducted using the Monte-Carlo approach based on 10,000 samples. All

analyses were performed using NCSS 2007, Version 07.1.12.

Results: The concentration of the majority of coagulation proteins was

found to vary significantly with age. Of the proteins measured, 10 were

significantly different between neonates and adults and these differ-

ences persisted throughout childhood for most of these proteins. Fac-

tor XIII and Factor VIII were the only proteins that did not change

with age.

Conclusion: The results of this study confirm for the first time that the

quantity of most coagulation proteins changes significantly with age.

Further research is required to investigate how the quantity of haemo-

static proteins influences functional assays. Furthermore, it is impera-

tive that we investigate how the differences in the quantity of these

proteins contributes to the effect of anticoagulants, especially when

considering the use of novel anticoagulants that target specific proteins

of the coagulation system.

PB 4.50-4
Effects of rVIIa in thrombocytopenic cord blood derived
plasma
Haidl H, Grangl G, Schlagenhauf A, Leschnik B, Schweintzger S

and Muntean W

Medical University of Graz, Graz, Austria

Background: Primary haemostasis of newborns is excellent in normal

conditions, although neonatal platelets show impaired function in

aggregation measurements. Thrombocytopenia is a well known prob-

lem in neonatal care, and poses a significant risk for bleeding, particu-

larly intracranial haemorrhage.

RVIIa, developed and licensed for bleedings of haemophiliacs with

inhibitors, has almost become an universal haemostatic agent in differ-

ent bleeding events including thrombocytopenic bleeding. In cases of

life-threatening bleedings, rVIIa also has been applied for newborns.

Aim: Aim of our study was to assess in vitro data about the effects of

rVIIa on thrombin generation in normal and thrombocytopenic neo-

natal plasma in comparison to adults.

Methods: Cord blood and adult blood was collected (n = 5 each), PRP

was prepared by centrifugation at 250 g and different concentrations

of platelets (100,000/lL, 75,000/lL, 50,000/lL, 10,000/lL and PPP)

were created by diluting with autologous PPP. Thrombin generation

with PRP reagent was measured using Calibrated Automated

Thrombography (CAT) with rVIIa (1.5 lg/mL and 3 lg/mL final con-

centration) and without.

Results: Addition of rVIIa leads to a shortening of lag time. This effect

is more pronounced in cord blood. Time-to-peak is slightly shortened

in cord blood, but not in adult blood, velocity index is decreased only

in cord blood. Total ETP and peak levels are not markedly influenced

by rVIIa. These effects are comparable in all tested platelet concentra-

tions. There is no difference in the effects of 3.0 lg/mL or 1.5 lg/mL.

Conclusion: Data show that platelets in cord blood derived plasma can

create enough surface for rVIIa to accelerate initiation phase of coagu-

lation even in thrombocytopenic plasma. This implicates that rVIIa

has similar effects in neonatal plasma even under conditions of throm-

ocytopenia compared to adult controls. As controlled studies on use of

rFVII in neonatal patients are rare, our in-vitro measurements shed

light into the procoagulatory efficacy in this particular patient group.

The right dosage in neonates remains a point of discussion.
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PB 4.50-5
Thrombin generation testing to monitor warfarin
anticoagulation in thrombotic antiphospholipid
syndrome patients
Efthymiou M1, Lawrie AS1, Mackie IJ1, Machin SJ1 and Cohen H2

1University College of London; 2University College London

Hospitals NHS Foundation Trust, London, UK

Background: Warfarin monitoring in patients with antiphospholipid

antibodies (aPL) can be complicated due to the variable responsiveness

of thromboplastin reagents to lupus anticoagulants (LA), which may

in turn potentially influence the validity of the prothrombin time (PT)-

International Normalised Ratio (INR) in monitoring anticoagulation

treatment in thrombotic antiphospholipid syndrome (APS).

Aim: To evaluate thrombin generation potential in thrombotic patients

with and without APS treated with warfarin anticoagulation and to

compare the INR values obtained using two commonly used PT/INR

reagents, which have differing sensitivity to LA.

Methods: Eighty thrombotic patients with (n = 35) and without

(n = 45) APS receiving warfarin anticoagulation were studied (32 out

of 35 of the APS patients were LA positive). Thrombin generation test

(TGT) was performed using the calibrated automated thrombinogram

with the PPP reagent (5 pM tissue factor, 4 lM phospholipid, Diag-

nostica Stago). Three parameters were derived from the thrombin gen-

eration curves: lag time, peak, and endogenous thrombin potential

(ETP). PT in all samples was measured with the Innovin (Siemens)

and the PT Fib HS Plus (IL) thromboplastin reagents using the Sys-

mex CS-5100i and the IL TOP500, respectively. INR was calculated

using instrument-specific assigned ISI values. Thrombin generation

parameters were correlated with INR values and compared between

the patient groups. Amidolytic Factor X (FX) levels were measured

using a commercial kit (Biophen, Hyphen). Unless otherwise indi-

cated, results are expressed as median and observed range.

Results: INR with Innovin and PT Fib HS Plus were 2.93 (1.55–5.93)
and 3.03 (I.58–5.17) respectively for the APS patients and 2.48 (0.98–
5.85) and 2.45 (0.95–4.79) respectively for the non-APS patients. Seven

patients (4 APS) showed >0.5 INR unit difference between reagents;

five of these seven patients had an INR >4.5. There was an inverse cor-

relation between the INR and the normalised endogenous thrombin

potential (ETP%) in both patient groups: Innovin and PT Fib HS Plus

vs. ETP in APS patients: rs = �0.84 and rs = �0.80 respectively

(P < 0.0001) (ETP% 20.7 [8.9–49.2]); and in non-APS patients:

rs = �0.83 and rs = �0.73 respectively (P < 0.0001) (ETP% 29.9 [5.8–
95.6]). Similar relationships were observed with normalised peak

thrombin values. The normalised ETP and peak thrombin were signifi-

cantly decreased and lag times significantly increased in the APS com-

pared with the non-APS patients (P < 0.001, 0.007 and 0.0001

respectively), which may reflect the higher INR values in the APS

patients. Amidolytic FX levels (19.7 (12.7–34) APS, 20.9 (12.7–131.5)
non-APS) correlated well with the INR with both thromboplastins

and with the ETP.

Conclusion: These data suggest that anticoagulant intensity on warfa-

rin determined using Innovin and PT Fib HS Plus, with instrument-

specific ISI values, concurs with that measured by the TGT which pro-

vides a good assessment of anticoagulant intensity in APS as well as

non-APS patients. ETP evaluation combined with PT-INR may give a

better indication of the intensity of anticoagulation in both thrombotic

APS and non APS patients.

PB 4.50-6
Evaluation of a new chromogenic protein C assay (DG-
Chrom PC) on the Q Hemostasis Analyzer (Grifols)
Hickey KP, Cooper P and Kitchen S

Sheffield Haemophilia and Thrombosis Centre, Sheffield, UK

Background: Protein C (PC) assays need to demonstrate strong preci-

sion, linearity, and specificity to be suitable techniques for PC estima-

tion. Grifols (Spain) have developed a new chromogenic PC (DG-

Chrom PC) assay for their Q Hemostasis Analyzer.

Aim: Evaluate the performance characteristics of Grifols DG-Chrom

PC assay with comparison to an established PC technique.

Method: All blood samples were taken into 0.109 M citrate tubes and

centrifuged at 2000 g for 10 min prior to freezing aliquots at �70 °C.
The DG-Chrom PC (Q-PC) assay on the Q Hemostasis Analyzer uti-

lises reconstituted lyophilised snake venom PC activator (Protac) and

chromogenic substrate. The reference PC method was an in house

assay performed on ACL TOP analyser (Instrumentation laboratory,

UK) utilising Protac (Pentapharm, Switzerland) and chromogenic sub-

strate, S-2366 (Quadratech, UK).

Results: All calibration curves (n = 11) generated r2 values >0.999 with

Q-PC assay. Three levels of precision (n = 40) were performed for Q-

PC; normal pool (99 IU/dL) returned CV of 1.7%, abnormal pool

(48 IU/dL), CV 2.5% and low abnormal pool (12 IU/dL), CV 5.3%.

PC assays can suffer from cleavage of chromogenic substrate by tar-

gets other than PC e.g. kallikrein. Replacing Protac activator with buf-

fer and testing normal (n = 10) and abnormal plasmas (n = 10)

established that no non-specific cleavage of chromogenic substrate was

detected. Q-PC estimations performed on PC deficient plasma (Tech-

noclone, UK) generated undetectable PC levels (n = 10).

Pooled plasma with PC of 130 IU/dL demonstrated good linearity

between 0 and 130 IU/dL (n = 5), mean r2 of 0.998 with Q-PC assay.

Accuracy of Q-PC assay was evaluated (n = 5) using 3rd SSC analysed

at four dilutions. Undiluted plasma (89 IU/dL) generated mean esti-

mate of PC 90.1 IU/dL, at 44.5 IU/dL dilution, mean PC of 46.4 IU/

dL, at 22.2 IU/dL dilution, mean PC of 24.1 IU/dL, and at 11.1 IU/

dL dilution, mean PC of 11.3 IU/dL. The limit of sensitivity of this

assay was evaluated using 3rd SSC diluted in buffer (n = 5). Q-PC

accurately measured PC level of a 5.6 IU/dL dilution, estimates of PC

level ranged from 4.3 to 5.2 IU/dL.

For method comparison residual plasmas stored at �70 °C were uti-

lised. Study groups included low PC (congenital and acquired,

n = 54), healthy normals (n = 57), heparinised (n = 11) and liver dis-

ease (n = 13) samples. Linear regression analysis of all samples calcu-

lated weighted r value of 0.984 (n = 143), within test groups

correlation (r2) ranged between 0.782 and 0.977. There were statisti-

cally significant differences between PC assay results obtained in indi-

vidual test groups and in the combined group, however the differences

were small and in no group was this difference large enough to be con-

sidered clinically relevant.

Conclusion: The new Grifols PC assay (DG-Chrom PC) demonstrates

good precision and excellent linearity. Q-PC limit of sensitivity was

measured at 5.6 IU/dL using 3rd SSC and the assay appears suitable

for diagnosis of hereditary homozygous PC deficiency. No significant

optical density was observed for Q-PC assay when blank assessment

was performed, suggests PC blank estimation is not routinely required.

Q-PC compared well with the established in house assay when patho-

logical and healthy normal patient samples were tested.

PB4.51 – Blood coagulation
tests – XV

PB 4.51-1
Evidence that low protein C is a crucial determinant of
the pro-coagulant imbalance in cirrhosis
Chantarangkul V1, Tripodi A2, Primignani M1, Lemma L1,

Clerici M1 and Peyvandi F3

1IRCCS C�a Granda Maggiore Hospital Foundation; 2Universit�a

degli Studi di Milano; 3Universita degli Studi di Milano, Milano,

Italy

Background & Aims: Cirrhosis is associated with a plasmatic pro-

coagulant imbalance detected by thrombin generation tests per-

formed in the presence-vs.-absence of such activators of protein C as
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thrombomodulin or Protac�. This imbalance is thought to be due to

decreased protein C and increased factor VIII. To test this hypothe-

sis we analyzed plasma from 50 patients with cirrhosis before and

after in vitro addition of purified protein C meant to restore normal

levels.

Methods: Results for two thrombin generation assays were expressed

as ratios of endogenous thrombin potential (ETP) with-to-without-

thrombomodulin or as Protac�-induced coagulation inhibition (PICI

%). By definition, high ETP ratios or low PICI% reflect a pro-coagu-

lant imbalance.

Results: The median (range) protein C level before addition was 40%

(4–101%) and increased to 156% (110–305) after addition (P < 0.001).

The pro-coagulant imbalance, which was high before protein C addi-

tion [ETP-ratio = 0.83 (0.44–1.00)] was reduced after addition [ETP-

ratio = 0.60 (0.14–0.84)], P < 0.001. ETP-ratios were inversely corre-

lated with protein C activity (rho = �0.46, P < 0.001). Similar results

were obtained with the Protac�-assay.

Conclusions: The results provide direct evidence that the pro-coagulant

imbalance observed in plasma from patients with cirrhosis is due to

reduced protein C and can be reversed by increasing its levels. The

findings may have clinical implications for the treatment or prophy-

laxis of thrombosis in these patients.

PB 4.51-2
Effekt of recombinant Factor VIIa BAY 86-6150 on clot
formation kinetics
Siegemund T1, Adam N2, Schobess R2, Scholz U2

and Siegemund A2

1The Scripps Research Institute, La Jolla, CA, USA; 2MVZ Labor

Dr. Reising-Ackermann und Partner, Leipzig, Germany

Background: BAY 86-6150 is a new recombinant FVIIa preparation

with increased half-life and improved potency by enhanced binding to

activated platelet surfaces. In hemophilia A and B the onset of blood

coagulation is delayed and the clot formation is diminished. Clot

waveform analysis is a fast and affordable method to investigate fibrin

generation by analyzing the kinetic properties of fibrin formation after

activation of the intrinsic coagulation cascade.

Aim: Clot waveform analysis is used to demonstrate the capability of

BAY 86-6150 to correct a hypocoagulable state and is compared to

thrombin generation (TG) and thrombelastography.

Method: All patients were from the centre of blood coagulation and

had a history of bleeding disorders. Healthy subjects from our lab

served as controls. Blood drawings and subsequent experiments where

performed after informed consents were obtained in accordance to the

Declaration of Helsinki. The measurements were performed in whole

blood, in platelet-rich and platelet-poor plasma. BAY 86-6150 was

added in vitro and coagulation was tested using clot waveform analysis

(ACL TOP, activator Synthasil, Instrumentation Laboratory, Kirch-

heim, Germany), ROTEM (Tem International, Munich, Germany),

CAT (Thrombinoscope, Maastricht, The Netherlands) and Techno-

thrombin TGA (Technoclone, Vienna, Austria). For clot waveform

analysis the time-dependent change of absorbance was analyzed as

well the first three derivatives of the curve.

Result: All used methods showed a dose-dependent correction of

delayed and diminished coagulation in hemophilia by BAY 86-6150.

TG showed a complete normalization as well as thrombelastography.

In clot waveform analysis, independent of tissue factor activation,

BAY 86-6150 normalized the delay and total fibrin formation; fibrin

formation velocity remained slightly slowed down. The procoagulant

effect of BAY 86-6150 was strong in severe hemophilia and diminished

in healthy controls.

Conclusion: Recombinant FVIIa BAY 86-6150 showed a dose-depen-

dent normalization of coagulation in severe hemophilia. Onset and

velocity of clot formation was improved significantly. BAY 86-6150

did not lead to a procoagulant state in healthy controls. Clot wave-

form analysis is an affordable, extremely fast and convenient method

to investigate different aspects of clot formation and may pose as an

alternative to thrombin generation and thrombelastography.

PB 4.51-3
Design and establishment of a biobank for a
multicenter and interdisciplinary prospective cohort
enrolling elderly patients with venous
thromboembolism (SWITCO65+)
Méan M1, Aujesky D1, Laemmle B1, Gerschheimer C2, Trelle S3

and Angelillo-Scherrer A4

1Inselpital, Bern; 2CHUV, Lausanne; 3Bern University Hospital,

Bern; 4University Hospital of Lausanne (CHUV), Lausanne,

Switzerland

Background: In the field of haemostasis, many preanalytical variables

influence the results of coagulation assays and may affect the quality

of the subsequent results. Therefore, methods to limit these results

variations should be foreseen when building a biobank in the field of

haemostasis. A biobank of biological material from venous thrombo-

embolism (VTE) patients is essential for translational research aiming

to better characterize VTE at several levels ranging from diagnostic

and prognostic classification to prediction of response to therapy.

Aim: Our detailed description of the biobank of the Swiss Cohort of

Elderly Patients with Venous Thromboembolism (SWITCO65+) is

thus intended to facilitate set-up of other biobanks in the field of he-

mostasis and to contribute substantively to the discussion of Good

Practice and Standard Operating Procedure.

Methods: SWITCO65+ is a multicentre interdisciplinary cohort that

prospectively enrolled consecutive patients aged ≥65 years with VTE

at nine Swiss hospitals from September 2009 to March 2012. The

patients will be followed up until December 2013. The cohort includes

a large biobank with biological material from each participant taken

at baseline and after 12 months of follow-up. Whole blood from all

participants was assayed with a standard haematology panel, for

which fresh samples are required. Two buffy coat cryovials, one PAX-

gene Blood RNA System tube and one whole blood sample were also

collected at baseline and will be used for RNA/DNA extraction. Blood

samples were processed and cryovialed within 1 h of collection for spe-

cial assays, and transported in batches by commercial courier to a cen-

tral laboratory where they were stored in ultra-low temperature

archives. Use of barcoding and electronic databases ensured efficient

management of the biobank. All analyses of the same type were per-

formed in the same laboratory in batches. Using multiple core labora-

tories increased the speed of sample analyses and reduced storage

time.

Results: Among the 1003 patients who agreed to participate in the

cohort study, 905/1003 (90.2%) had a blood collection at baseline. The

SWITCO65+ DNA and RNA depository was designed to permit both

genome wide association and-replication studies, with the single limi-

tation that 99.8% of the study patients were Caucasians. Only a small

minority of those 905 patients refused to provide blood samples for

genetic analyses (6.5%). By October 16th, 2012, after an average fol-

low-up time of 512 days, 799 (80.1%) patients were still actively par-

ticipating, 150 (15.0%) had died, and 1 (0.1%) was lost to follow-up.

Forty-seven out of 1003 (4.7%) patients had withdrawn their consent,

but only 6 (0.6%) did not allow us the use of their data and blood sam-

ples for analysis. By November 2012, 20,802 vials were stored in the

central SWITCO65+ biobank and 7852 vials had already been sent for

subsequent analyses in one of the four participating laboratories (Lau-

sanne, Z€urich, Bern, Geneva).

Discussion: After recruiting, processing and analyzing the blood of 905

study participants, we determined that the adopted methods and tech-

nologies were fit-for-purpose and robust.
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PB 4.51-4
A simple screening method for the identification of the
presence of FVIII and FIX inhibitors by determining the
steepness of the routine aPTT reaction curves
Coen Herak D, Milos M and Zadro R

Zagreb University Hospital Center, Zagreb, Croatia

Background: The majority of modern coagulation analyzers have the

feature to continously monitor the changes in light transmittance or

absorbance during the performance of routine aPTT. Consequently,

every aPTT measurement is recorded as a reaction curve characterized

by the specific shape and slope that depends on coagulation accelera-

tion associated with the formation of fibrin. Besides the routine evalu-

ation mode, some analyzers check the plausibility of a kinetic curve by

using additional checking methods in order to protect from false aPTT

results. If kinetics does not meet the criteria, the result is flagged with a

question mark, meaning that the result is questionable and that the

kinetic curve should be visualy inspected. We have observed that in

plasma samples with FVIII and FIX inhibitors flagged aPTT results

were obtained due to the doubtful onset of coagulation because kinetic

curve did not reach the predefined angle.

Aims: This prompted us to investigate the possibility to detect the pres-

ence of FVIII and FIX inhibitors by analyzing flagged aPTT results

after visual inspection and manual measurement of angle that deter-

mines the steepness of reaction curve.

Methods: The study included 61 patient plasma samples with request

for the determination of FVIII or FIX inhibitors. Routine aPTT mea-

surement was performed using Actin FS on the BCS-XP coagulation

analyzer (Siemens Medical Solutions Diagnostics, Germany) at

405 nm with the manufacturer’s proposed evaluation method DRIFT-

ING BASELINE (DB) and checking method ANGLE DB with prede-

fined minimal angle of 30 degrees. Each aPTT result with angle lower

than 30 degrees was flagged and the measurement continued at

570 nm (checking method ANGLE DB with predefined minimal angle

of 15 degrees), followed by the visual inspection of the kinetic curve.

Additionally, for each aPTT result manual measurement of reaction

curve angle at 405 nm was performed. FVIII and FIX activities were

measured by one-stage clotting assay. Inhibitor screens were per-

formed and inhibitor titers determined by the Nijmegen modified

Bethesda assay. Patients were divided into two groups according to

the absence (group I, n = 38) or presence (group II, n = 23) of FVIII

(n = 21) and FIX (n = 2) inhibitors.

Results: A flagged aPTT result at 405 nm was recorded in all patients

with inhibitors, and in three patients without inhibitors. When mea-

surement continued at 570 nm, no flagged aPTT result was obtained.

For all tested samples an excellent correlation between FVIII activities

(range: 1–91 U/dL; median: 7.0 U/dL) and measured angle (range:

25.5–78.0 degrees; mean angle �SD: 49.2 � 19.4 degrees) was

obtained (r = 0.928; P < 0.001). Statistically significant difference

(P < 0.001) for measured angle was identified between group I (range:

29.5–78.0 degrees; mean angle �SD: 62.1 � 12.6 degrees) and group

II (range: 25.5–29.5 degrees; mean angle �SD: 28.0 � 1.3 degrees).

ROC curve analysis revealed that the predefined minimal angle of 30

degrees distinguishes between patients with and without inhibitors

with 100% sensitivity and 92.1% specificity.

Summary/Conclusions: Based on obtained results, ANGLE DB check-

ing method together with visual inspection of aPTT reaction curve and

angle measurement, provides a simple and reliable tool as a screening

method for the presence of FVIII and FIX inhibitors.

PB 4.51-5
Laboratory estimation of expanded uncertainty of D
dimer measurement by ELISA.
Martinuzzo ME1, Carbone RJ1, Barrera HL1, Ujhelly C2, D′
Adamo MA1, Otaso JC1, Gimenez IM1 and Oyhamburu J1

1Hospital Italiano de Buenos Aires-Grupo Bioqu�ımico; 2Hospital

Italiano de Buenos Aires, Buenos Aires, Argentina

D dimer (DD) is a useful biomarker of thrombin and plasmin effect

that is widely used by Haemostasis and Thrombosis laboratories.

There is a lot of discrepancy of results obtained by different methods,

but ELISA one has been recognized as the most sensitive with the

higher negative predictive value for the exclusion of venous thrombo-

embolism. The cut off value for exclussion of venous thromboembo-

lism widely used by this method is 500 ng/mL FEU. The aim of the

present study was to estimate the uncertainty of the measurement of

DD in our laboratory. We did it by using the data of the Internal Qual-

ity Control provided by the manufacturer and those from the results of

the last five CGL Surveys of College of American Pathologist. We cal-

culated the extended uncertainty of DD measured by an ELISA (Vidas

D-Dimer Exclusion) following the Nordtest Handbook formula: Inter-

nal Quality Control + Interlaboratory comparison results.

Formulas used were:

Combined standard uncertainty (lc) = √(cv² + m bias²)
cv = cv Internal Quality Control

m bias = √(RMS b)² + l (Cref)²)
RMS b: √Σ bias²/n (total DD surveys results)

l (Cref): RMS of cv interlaboratory/√N (number of participant labo-

ratories of CGL)

Expanded uncertainty (U) = 2 9 lc (95% of confidence Interval)

We calculated U for the two levels of control provided by the manu-

facturer: one around 500 ng/mL FEU and the other around 5000 ng/

mL FEU. Each lot of the reagent provides different lot of both con-

trols (low and high), we performed an ANOVA analysis to make sure

that their values were statistically comparable.

U results obtained were 15.57% for the lower level of control (500 ng/

mL FEU) and 16.76% for the higher (5000 ng/mL FEU). The results

were similar for the two levels of control, and both were acceptable

considering that U should not be >⅔ of the allowed total error (TEA),

Gella Tom�as et al, Documents of SEQC 2009: 27–29. In our labora-

tory we chose TEA of 30%, requirement informed by The American

Association of Bioanalysts.

U values expressed as quantity of analyte were 78 and 838 ng/mL FEU

for the lower and the higher level, respectively, being the possible report

for patients’ plasma results 500 � 78 and 5000 � 838 ng/mLFEU.

Conclusion: The expanded uncertainty estimation is a useful tool to

assess the quality of results produced by the laboratory. The U of DD

measurement by ELISA estimated in our laboratory was acceptable,

but its value should be considered and it could be very important when

clinical decisions are taken, particularly at 500 ng/mL FEU level.

PB 4.51-6
Validation of rivaroxaban anti-Xa activity
measurement
Rathbun S, Tafur AJ, Mauer K, Gausman J and Marlar RA

University of Oklahoma Health Sciences Center, Oklahoma City,

OK, USA

Background: New oral anticoagulants are increasingly being used. Spe-

cifically, rivaroxaban has been approved for use without routine moni-

toring, but the lack of a predictable drug level measurement may

complicate management of anticoagulated patients. Drug level mea-

surement is instrumental in monitoring compliance, potential medica-

tion failure, safety for interventional procedures, and for the care of

the chronically anticoagulated patient and pediatric, pregnant, renal

disease patients. Activated partial thromboplastin time, and
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prothrombin time have been evaluated as surrogate measurements for

rivaroxaban and found to have poor correlation. Alternatively, high-

performance liquid chromatography-tandem mass spectrometry

[HPLC-MS/MS] can be used to measure rivaroxaban levels between

0.50 and 500 lg/L with excellent inter-assay accuracy, but the timely

clinical availability is limited. To overcome these limitations, an anti-

factor Xa based assay using rivaroxaban calibrators is currently under

investigation as a method to monitor rivaroxaban.

Aims: The aims of the project are to correlate the STA�-Liquid Anti-

Xa using the STA�-Rivaroxaban Calibrators (Diagnositica Stago)

with the serum drug levels via HPLC-MS/MS in patients currently

receiving rivaroxaban, and secondly, to correlate the PT/PTT, throm-

bin generation (CAT assay) and Thromboelastograph (TEG) with the

anti-Xa activity and HPLC-MS/MS rivaroxaban level.

Methods: This is a prospective validation cohort study including 20

adult patients receiving rivaroxaban and 10 healthy control subjects.

Recruited patients receiving rivaroxaban have a total of three blood

samples taken at specific time points at least 2 h apart. Plasma is

divided into four aliquots of 0.5 mL for measurement of PT/PTT,

anti-factor Xa rivaroxaban assay, rivaroxaban HPCL-MS/MS, and

thrombin generation. TEG activity is measured at one random time

point for each patient. Correlation and linear regression evaluations

are performed on each of the clotting based tests including both TEG

and LC/MS/MS values. All tests are centrally measured except for the

independent measurements of HPLC-MS/MS. A rho2 of >0.9 will be

considered acceptable for clinical use.

Results: To date, all 10 healthy controls and 4 of 20 identified patients

receiving rivaroxaban have been completed including TEG analysis.

Upon completion of sample collection, statistical and clinical analysis

will be completed. Based on our preliminary evaluation, the anti-factor

Xa assay with rivaroxaban calibrators and controls will have a positive

correlation with serum measurements by HPLC-MS/MS and a good

correlation with the PT/PTT. To date, the TEG results are intriguing

in their response to clot formation and structure. The thrombin gener-

ation assay will provide additional information regarding the level of

anticoagulation and rivaroxaban induced variation.

Summary: We anticipate that the results of this study will validate a

viable rivaroxaban-specific quantitative assay using rivaroxaban cali-

brators in a standard anti-factor Xa activity for the measurement of

rivaroxaban that is applicable for patient monitoring when medication

compliance or peri-procedural evaluation is required.

PB 4.52-1
Dilute Russell Viper Venom Time: a useful assay for
the monitoring of direct oral anticoagulants in
patients?
Douxfils J1, Classen J-F2, Baudar J2, Walbrecq S2, Chatelain C2,

Chatelain B2, Mullier F2 and Dogn�e J-M1

1University of Namur, Namur; 2CHU UCL Mont-Godinne-Dinant,

Yvoir, Belgium

Background: Direct oral anticoagulants (DOACs) include anti-IIa

agent (dabigatran etexilate: DE) and anti-Xa agents (rivaroxaban,

apixaban and edoxaban). DOACs do not require monitoring nor fre-

quent dose adjustment. However, searching for the optimal response

at the individual patient level may be useful in some situations. Acti-

vated partial thromboplastin time, Hemoclot Thrombin Inhibitor�

(HTI) and ecarin clotting time have been proposed to monitor dabiga-

tran whereas anti-Xa chromogenic assays are preferable to monitor

anti-Xa agents. However, there is still a need for a global test easily im-

plementable and widely available that may be used for all DOACs.

Recent studies showed that the dilute Russell Viper Venom Time

(DRVV-T) could be used for the monitoring of DOACs but these

results have not been performed on clinical samples.

Aim: To analyse and compare the results obtained with STA�-DRVV

Screen and Confirm with the clinical plasma drug levels estimated with

Hemoclot Thrombin Inhibitor� (HTI) for DE samples and Biophen

Direct FXa Inhibitor� (DiXaI) for rivaroxaban samples.

Materials: Three patients under DE (150 mg bid) and three patients

under rivaroxaban (20 mg od) were included in this study. Blood sam-

ples were taken at 2 h and 3 h after drug administration, and just

before the next scheduled intake of the drug (Ctrough: 12 h for DE and

24 h for rivaroxaban). The following tests were performed at each

time-point:

Estimation of plasma drug concentrations: The HTI� (Hyphen Biomed)

assays and the Biophen DiXaI� (Hyphen Biomed) were performed to

estimate plasma drug concentration for DE and rivaroxaban samples,

respectively. These tests have been shown to highly correlate with the

HPLC-MS/MS reference measurement.

Dilute Russell Viper Venom Time: STA�-DRVV Screen and Confirm

(Stago Diagnostica) were performed according with the recommenda-

tions of the manufacturer. Normal pooled plasma used as reference

for the ratio was obtained from 42 healthy individuals.

Results: The estimated plasma range concentration was from 0 to

308 ng/mL for DE and 0 to 388 ng/mL for rivaroxaban. STA�-

DRVV and the estimated plasma dabigatran concentration highly cor-

relates (r2 = 0.90 and 0.95 for Confirm and Screen, respectively) but

showed a plateau at 100 and 200 ng/mL for Confirm and Screen,

respectively. The correlation between STA�-DRVV and the estimated

rivaroxaban concentrations depends on the reagent (r2 = 0.95 and

0.78 for Confirm and Screen, respectively). The relation was linear on

the range of concentration encountered in this study. The use of ratio

did not improve the correlation parameters.

Conclusion: STA�-DRVV Confirm and Screen should not be used to

evaluate DE therapy since concentrations above 100 and 200 ng/mL

could not correctly be discriminated. STA�-DRVV Confirm could be

used as a screening test to estimate rivaroxaban plasma levels thanks

to the high correlation and the good sensitivity on the whole therapeu-

tic range. Further investigations are required to propose normal range

value at different sampling time.

PB 4.52-2
Validation of an assay for determination of anti-xa
activity of Rivaroxaban
Delavenne X1, Meuley R1, Baylot D2 and Mismetti P1

1University Hospital of Saint-Etienne; 2Clinique Mutualiste,

Saint-Etienne, France

Aim: Rivaroxaban (Xarelto�) is a new oral direct factor Xa inhibitor.

The purpose of this study was to evaluate the performance of STA� –
Liquid anti-Xa reagent (Diagnostica Stago), for the ex vivo measure-

ment of rivaroxaban anti-Xa activity. Accuracy of this assay was eval-

uated by comparison of results with HPLC/MS method, across a wide

range of concentrations.

Method: Samples were tested with STA� – Liquid Anti-Xa reagent

used with a dedicated set-up on STA-R� analyzer in combination with

STA� – Rivaraxaban Calibrator and STA� – Rivaroxaban Control. A

second aliquot of each plasma sample was tested in HPLC/MS follow-

ing a protocol previously validated.

109 samples from two different studies were included in the method

comparison.

- 74 plasma samples obtained from patients receiving rivaroxaban

therapy (10 mg OD) for prevention of venous thromboembolic risk in

hip/knee replacement.

- 35 plasmas obtained from seven healthy young male volunteers

drawn: 2 h, 3 h, 4 h, 6 h and 10 h after ingestion of a 80 mg single

dose of rivaroxaban. Besides, samples withdrawn at T0 h were tested

only with STA� – Liquid Anti-Xa to verify the residual anti-Xa activ-

ity (in the absence of the molecule).

Both studies were conducted in accordance to ethical rules and had

received ethical committee and health agency approvals.

Correlation was analyzed through linear regression and differences

were plotted in Bland & Altman graph.
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Results: Analysis of QC results shows good inter-day precision:

CV = 2% with STA� – Liquid Anti-Xa based on results in ng/mL, for

both levels of concentration.

Results obtained in ex vivo plasma samples ranged from 25 to 370 ng/

mL.

The correlations between STA� – Liquid Anti-Xa and HPLC/MS

demonstrated results equivalence.

Linear regression equation: y = 1.09x + 13.10 (r = 0.990)

Results obtained for samples withdrawn at T0 h were all inferior to

the detection limit of the assay (25 ng/mL).

Conclusion: The combination of STA� – Rivaroxaban Calibrator and

Control with STA� – Liquid Anti-Xa gives consistent results with the

reference method, the HPLC/MS, and is suitable for the daily activity

of any laboratory.

PB 4.52-3
Point of care heparin monitoring: combined use of clot
rate and clot time
MacDonald SG1, Luddington R1, Sharples L2 and Besser M2

1Cambridge University Hospitals NHS Foundation Trust;
2Papworth Hospital NHS Foundation Trust, Cambridge, UK

Background: The Sonoclot� analyser (Sienco Inc., Denver, Colorado)

assesses the viscoelastic properties of whole blood using resistance to

motion imparted on a vertically oscillating tubular probe allows

assessment of plasma coagulation, platelet function, clot retraction

and fibrinolysis, in combination and independently.

Heparin dosing with the kaolin activated clotting time (ACT) is used

in Cardiopulmonary bypass and cardiology interventions but not in

ICU where aPTT is preferred. There is an unmet need for a point of

care analyser that allows reliable heparin dosing between 0.3 and

1.0 U/mL in ICU patients.

The Sonoclot � allows the measurement of an ACT equivalent reac-

tion time to clot formation alongside kinetic measurements of clot for-

mation, the clot rate (CR).

We investigated the Sonoclot to determine whether the values gener-

ated by this technology could give a more accurate and therefore clini-

cally useful heparin estimate in patients receiving heparin therapy.

Aims: To assess whether a combination of Activated Clotting Time

(ACT) and Clot Rate (CR) provides a better prediction of Heparin

Anti-Xa level than each parameter separately using the Sonoclot ana-

lyser.

Methods: Samples from nine volunteers were collected into 3 mL S-

Monvette collection tubes containing 0.106 mol trisodium citrate.

These were pooled within 15 min of collection and were spiked to hep-

arin spike levels of 0, 0.2, 0.4, 0.6 and 0.8 U/mL using unfractionated

heparin (LEO Laboratories Ltd, Risborough, UK). Actual Anti-Xa

levels were determined using the HaemosiL liquid heparin assay (IL

UK, Ltd.)

Routine ACT measurements (Haemochron) were compared to the

aPTT assay on the Sonoclot analyser. Results for ACT and CR were

assessed for utility in predicting heparin level.

Statistical analysis: Data summaries based on comparative plots were

constructed to assess the relationship between heparin levels and visco-

elastic parameters provided by the Sonoclot analyser. Thereafter,

equations were made to model the relationships in order to calculate

the dose of heparin from individual and combined parameters.

Results: Using the Sonoclot analyser, there is a strong linear relation-

ship between heparin Anti-Xa level and ACT, and strong non-linear

relationship with clot rate; using log (CR) this relationship was linear.

ACT alone explains 91% of the variation in heparin, log(CR) 95%

and a combination of the two 96% of the variation.

Summary/Conclusions: Statistically, ACT and CR are very highly

correlated and when combined in a single model compete against

each other to explain the effect of heparin rather that contributing

separately to the anticoagulant effect. However, when ACT and

log(CR) are combined the predicted heparin level is expected to be

within �0.18 of the true heparin value 95% of the time compared to

within �0.30 (ACT alone) and �0.22 (log(CR) alone).

These results suggest a model incorporating both the heparin depen-

dant increase in clot formation time as well as the decreased rate of

clot formation will provide a more accurate estimate of the true level

of heparin in a patient than traditional time based heparin estimates as

is the case for aPTT and ACT.

PB 4.52-4
Effects of rFVIIa and vatreptacog alfa on clot formation
and thrombin generation in blood from patients with
haemophilia
Fernandez-Bello I1, Lind V2, Butta Coll NV1, Jim�enez Yuste V1,

Stenmo C2 and Ezban M2

1Hospital Universitario La Paz, Madrid, Spain; 2Novo Nordisk S/

A, Copenhagen, Denmark

Background: Monitoring the effectiveness of bypassing agents remains

a challenging issue in the treatment of haemophilia patients with inhib-

itors as no validated assays are yet available. Thromboelastography

(TEG) and thrombin generation test (TGT) are currently being evalu-

ated to assess the clinical efficacy of by-passing agent such as activated

recombinant factor VII (rFVIIa). These analytical procedures are sub-

jected to large variability and no standardized protocol exists which

makes clinical application difficult. In order to obtain more insight

into the mechanism of action of rFVIIa and vatreptacog alfa (a potent

rFVIIa analogue), and to define linking of TEG/TGT variables to clin-

ical outcome after treatment with these agents, we evaluated the effect

of both drugs on TEG and TGT.

Aims: To study the effect of vatreptacog alfa and rFVIIa on TEG and

TGT throughout application of several assay conditions.

Methods: Whole blood from 11 patients with severe haemophilia (one

patient with inhibitor against FIX) and 15 healthy donors was col-

lected in citrate tube and citrate tube containing 50 lg/mL corn tryp-

sin inhibitor (CTI)(HTI). Whole blood, platelet poor plasma (PPP)

and platelet rich plasma (PRP; 100,000 platelets/lL) from patients

with haemophilia were spiked with concentrations of rFVIIa and vatr-

eptacog alfa representing the expected in vivo concentration after i.v.

administration of 90 lg/kg (rFVIIa) and 80 lg/kg (vatreptacog alfa).

Normal range for TEG and TGT was established based on healthy

controls with no addition of drugs. Conditions for TEG analysis

included addition of three final concentrations of tissue plasminogen

activator (tPA, 1.2–1.5–1.8 nM) and two final dilutions of Innovin

(1:30,000 or 1:50,000) as source of tissue factor (TF). Conditions for

TGT included coagulant activation by addition of Reagent PPP-Low

(Thrombinoscope) for PPP, and preactivation with convulxin/TRAP

(Bachem) for PRP samples.

Results: In PPP-TGT tests, CTI produce an anticoagulant effect in all

TGT variables in both controls and untreated plasma of patients with

haemophilia. Both rFVIIa and vatreptacog alfa shortened lagtime and

time-to-peak significantly. Both compounds showed significant differ-

ence from untreated patient samples. The response of vatreptacog alfa

was, as expected, more pronounced on time-to peak, ETP and peak.

Influence of CTI in PRP-TGT tests was stronger than observed in the

PPP-tests. In the TEG test, final dilution 1:50,000 of Innovin (0.1 pM

TF) produced the largest difference between rFVIIa and vatreptacog

alfa for all parameters, in particular in the MA. Inclusion of CTI

induced a strong anticoagulant effect in all parameters but improved

differentiation between the effect of rFVIIa and vatreptacog alfa.

Conclusions: Addition of CTI to blood prior analysis by TGT and

TEG dampens the response in both haemophilia and normal blood.

TGT in PRP without CTI was the best condition to evaluate effect of

rFVIIa and vatreptacog alfa. In the TEG test, a dilution of 1:50,000

Innovin is useful for monitoring effect of rFVIIa and vatreptacog alfa.

Addition of 1.5 nM tPA further allows to study effect on clot strength

(MA). All results are based on experimental in vitro assays, the clinical

response requires further studies in the future.
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PB 4.52-5
Evaluation of the Silica Clotting time (SCT) test as a
secondary test for the detection of Lupus
Anticoagulant
Gandhi T, Chowdary P and Riddell A

Royal Free Hospital, London, UK

Background: Anti-phospholipid antibodies are a large heterogenous

family that are commonly detected as Lupus Anticoagulant (LA),

anti-cardiolipin antibodies (aCL) or anti-ß2 Glycoprotein1 antibodies.

LAs are antibodies which inhibit in-vitro phospholipid dependent

coagulation assays and are not specific to any coagulation factor. Pub-

lished guidelines for lupus testing require laboratories to use two

screening tests of different principles to test for LA. The latest guide-

lines published by Keeling et al. 2012 specify that the first test should

be the DRVVT and the second ‘will usually be an aPTT using a

reagent with proven LA sensitivity or a modified aPTT’ with the addi-

tion of a confirmatory step to demonstrate phospholipid dependence.

Aims: Our current practice involves performing a DRVVT and aPTT

50:50 mix. Our aim was to evaluate the Instrumentation Laboratory

(IL) SCT assay to be used as a secondary screening test for LA. The

SCT is a lupus sensitive aPTT based test which includes a confirmatory

step to demonstrate phospholipid dependence.

Methods: Initial screening tests including PT, INR, aPTT, TT and

aPTT 50:50 mix were analysed using IL reagents, DRVVT was analy-

sed using American Diagnostica Lupus reagents and SCT was analy-

sed using the IL SCT kits on an ACL TOP (IL UK). In total, double

spun plasma from149 patients were analysed. aCL and anti-ß2 Glyco-

protein1 levels were included in the evaluation. 35 normal plasma con-

trols were also tested for the SCT to establish a local reference range.

Results: Both the SCT-Screen and SCT-Confirm assays showed good

intra and inter assay coefficient of variation (CV) of 2.9% and 2.8%

respectively and the establishment of the 99th percentile (Pengo et al.,

SSC 2009) from 35 normal controls indicated a cut-off value of 1.16.

Both the DRVVT and SCT ratio demonstrated good agreement in

79% of patient samples. A total of 30 (20%) positive LA’s were picked

up using both tests. The DRVVT test alone detected 18/30 (60%) and

the SCT alone detected 28/30 (93%). Of the samples positive for LA,

12/30 (40%) were not detected by the DRVVT test. Anti-ß2 Glycopro-

tein1 antibodies were requested in only 61/149 patients in which four

were positive. Three out of four tested positive with both DRVVT and

SCT and one was negative with both. aCL antibodies were requested

in 104/149 patients with eight having a raised IgG level. Three were

positive with DRVVT and SCT and a further two were only positive

with the SCT. Three patients tested negative with both.

Conclusion: Anti-phospholipid antibodies are very heterogenous.

There is no single test or reagent available to detect all positive LA’s.

Our results demonstrate the value of investing in a secondary test

which can make testing for LA more sensitive. Being an aPTT based

test, the SCT will also show a prolongation with both the screen and

confirmatory steps in presence of clotting factor deficiencies. SCT is a

very useful secondary test that compliments the DRVVT and meets

the current guidelines.

PB 4.52-6
Hemocompatibility of manufactured nanoparticles:
guidelines proposal
Laloy J

University of Namur, Namur, Belgium

Background: Nanosciences and nanotechnologies are in constant evo-

lution. Development of new therapeutic and diagnostic agents using

nanotechnologies for reach their pharmaceutical target require the

knowledge of biocompatibility of nanoparticles with the blood com-

pounds. Hemostasis is the ensemble of physiological phenomena

which prevent and lead to stop bleeding; it maintains the vascular

integrity. A dysfunction of the hemostasis can lead to slow down or

even to completely stop the circulation of the blood. It is therefore pri-

mordial to know what NPs can have an effect on coagulation.

Aims: The aim of this study is the evaluation of the biocompatibility of

manufactured nanoparticles (NPs) on erythrocytes integrity, on plate-

lets aggregation and on coagulation cascade.

Methods: Five types of NPs were studied: carbon nanotubes, fulle-

renes, silicon dioxide, copper oxide and silicon carbide. Various tech-

niques assessing activation and aggregation of the platelets or the

impact of NPs on coagulation cascade were investigated. An approach

in transmission and in scanning electron microscopy was also accom-

plished.

Results: The Impact-R� with scanning electron microscopy support

and the calibration thrombin generation tests were the reference

method to investigate the potential impact of NPs on platelet function

and the procoagulant activity of NPs, respectively.

Conclusions: Guidelines for testing NP hemocompatibility were sug-

gested which responds to a request of scientific community due to lack

of recommendations for the evaluation of nanomaterial hemocompati-

bility.

PB4.53 – Blood coagulation
tests – XVII

PB 4.53-1
Clot waveform analysis in patients with thrombophilia
Siegemund T1, Scholz U2 and Siegemund A2

1The Scripps Research Institute, La Jolla, CA, USA; 2MVZ Labor

Dr. Reising-Ackermann und Partner, Leipzig, Germany

Background: Clot waveform analysis derives additional information

from the fibrin formation process in an aPTT or PT measurement

beyond the usual clotting time. Using an optical detection system,

alteration of absorbance during clot formation is mathematically pro-

cessed to obtain data regarding fibrin formation (measured curve),

thrombin activity (first derivative), prothrombinase activity (second

derivative) and tenase activity (third derivative).

The only available global assay to detect hypercoagulability is the cost-

and labor-intensive thrombin generation assay; an actual hypercoagu-

lable state can be detected by the determination of D-dimer or pro-

thrombin fragments f1 + 2.

Aim: The majority of known procoagulant alterations of the coagula-

tion cascade are located in the vicinity of thrombin and factor Xa for-

mation. Therefore, using clot waveform analysis is a promising tool to

investigate patients with thrombophilia. The study is aimed to show

the feasibility of clot waveform analysis for screening and monitoring

patients with inherited or acquired thrombophilia. The results are

compared to established thrombophilia markers, including thrombin

generation, D-dimer and prothrombin fragments f1 + 2.

Methods: Clot waveform analysis is measured using an ACL TOP

(Instrumentation Laboratory, Kirchheim, Germany), using a Syntha-

sil-activated aPTT assay (Instrumentation Laboratory). Measured

optical data were processed using the Savitzky-Golay algorithm. D-

dimer and prothrombin fragments f1 + 2 (Siemens Healthcare Diag-

nostics, Marburg, Germany) were determined, as well as thrombin

generation using the ETP assay (Siemens Healthcare Diagnostics) or

Technothrombin TGA (Technoclone, Vienna, Austria).

Only patients with a clearly defined diagnosis and a complete throm-

bophilia screening were included. Pregnant women were observed

from the first trimester till 6 weeks post partum. From each subject an

informed consent was obtained.

Results: Patients with thrombophilia showed significantly higher

thrombin generation than healthy controls or patients without throm-

bophilia. Clot waveform analysis showed significant differences

between these groups in all investigated parameters.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

ABSTRACTS 967



D-dimer, prothrombin fragments f1 + 2 and thrombin generation

increase through pregnancy from first to third trimester and normalize

post partum. The same tendency was observed with all parameters cal-

culated from clot waveform analysis. Pregnant women with LMWH

(measured at trough level) have higher prothrombotic markers than

patients without therapy.

Conclusions: Clot waveform analysis is an inexpensive, easy and fast

method to screen and monitor patients with thrombophilia and can be

done without any additional measurements beside a standard aPTT.

Clot waveform analysis also reflects the physiological and unphysio-

logical changes occurring in uncomplicated or complicated pregnancy,

respectively. The method can be easily adapted to other optical detec-

tion systems.

PB 4.53-2
Measurement of dabigatran concentrations by
calibrated thrombin clotting time in comparison
to LC-MS/MS in human volunteers on dialysis
Stangier J, Schmohl M, Gansser D, Moschetti V, Ley L

and Formella S

Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der

Riss, Germany

Background: Dabigatran etexilate is an oral direct thrombin inhibitor

approved for prophylaxis of venous thromboembolism following sur-

gical total knee or hip replacement and for stroke prevention in

patients with non-valvular atrial fibrillation in more than 80 countries

worldwide. Although clinical monitoring of dabigatran etexilate is not

required, a simple and precise laboratory method to measure dabiga-

tran concentrations in patient plasma may be useful in certain clinical

circumstances, e.g. emergency situations.

Aims: In a PK/PD study in generally healthy end stage renal disease

(ESRD) human volunteers, dabigatran pharmacokinetics and -dynam-

ics were investigated. Ethics committee approval and patients’

informed consent were obtained. Serial plasma samples were collected

for analysis of dabigatran plasma concentrations by LC-MS/MS, and

by the quantitative Hemoclot� direct thrombin inhibitors (dTT) assay.

Assay precision and accuracy, and comparability of dabigatran con-

centrations determined by the dTT assay with those determined by an

LC-MS/MS reference method, were investigated.

Methods: Samples were obtained from seven ESRD human volunteers

without atrial fibrillation in steady state conditions of dabigatran in a

Phase I clinical trial for measurement of dabigatran by dTT (citrated

plasma samples) and by a validated LC-MS/MS reference method

(EDTA plasma samples). Plasma concentrations were not corrected

for dilution by citrate solution in sampling tubes. The dTT assay was

calibrated with commercially available dabigatran standards (Hyphen

BioMed, France). Agreement of dabigatran concentrations determined

by the dTT assay and the reference LC-MS/MS method was assessed

by regression analysis and Altman-Bland difference plots. Mean bias

and limits of agreement were calculated.

Results: Prolongation of dTT paralleled the dabigatran plasma con-

centration-time profile in these healthy volunteers and displayed a lin-

ear correlation with dabigatran plasma concentrations. The mean R2,

slope and intercept of the regression line were 0.93, 0.146 s/(ng/mL)

and 32 s (baseline dTT), respectively. The Hemoclot assay showed

excellent assay precision with coefficients of variation (CV) below 5%

for total, within-day and between-day imprecision. Accuracy deter-

mined by analysis of quality control samples (QC) at 122 and 297 ng/

mL dabigatran was 90% and 111%, respectively. Between-day impre-

cision (CV) of QC analyses was 5% at 297 ng/mL and 9% CV at

122 ng/mL dabigatran. Dabigatran concentrations in study samples

were between 7 and 440 ng/mL. In total, 304 paired data points were

included in the method comparability study. Correlation of dabigatran

concentrations determined by dTT and LC-MS/MS were assessed by

regression analysis. The R2 of the linear regression line was 0.96 with a

slope of 1.013 which is within the acceptance limits of 0.85–1.15. The
mean concentration ratio of the LC-MS/MS and dTT was 0.955.

Conclusion: The Hemoclot� thrombin inhibitor assay is a simple

method to measure dabigatran plasma concentrations in otherwise

healthy human volunteers undergoing regular haemodialysis. Agree-

ment between dabigatran concentrations determined by the dTT assay

and the LC-MS/MS reference method met pre-specified acceptance

criteria.

PB 4.53-3
Thromboelastometry in liver transplantation of end-
stage liver disease and familial amyloidotic
polyneuropathy patients
Leite F1, Magalh~aes R2, Chumakova A2, Siva C2 and Cruz E2

1Santo Ant�onio’s Hospital -Centro Hospitalar do Porto; 2Santo

Ant�onio’s Hospital -Centro Hospitalar do Porto, Porto, Portugal

Background: Bleeding is a serious intraoperative complication of

orthotopic liver transplantation (OLT) compromising graft and

patient survival. Thromboelastometry (TE) is a point-of-care test that

monitors haemostasis in a cell-based model, providing different infor-

mation from plasmatic standard laboratory tests (SLT), namely plate-

let function and fibrinolysis. In our center TE was used to diagnose

and manage haemostasis disorders in OLT, performed at surgery the-

ater by hematologists. In contrast to most candidates to OLT with

end-stage liver disease (ELD), familial amyloidotic polyneuropathy

(FAP) patients have normal liver function (1). Clinical data results are

contradictory concerning TE cost/effectiveness analysis. We evaluated

the consumption of blood and blood products in OLT performed in

ELD and FAP groups of patients.

Methods: From 59 OLT, 42 were performed in ELD and 17 in FAP

groups. SLT data [fibrinogen concentration, prothrombin time (PT),

international normalized ratio (INR), platelet count (PC) and acti-

vated partial thromboplastin time (APTT)], hematocrit, haemoglobin,

and TE using ROTEM� technology have been recorded at basal, hep-

atectomy, anhepatic, reperfusion and final phases of OLT surgery. The

severity of disease has been evaluated by the Model for End-Stage

Liver Disease (MELD) United Network for Organ Sharing modifica-

tion score for patients with hepatic failure. We compared the number

of units of blood components [red blood cells (RBC), plasma and

platelets)] transfused between groups of patients who underwent OLT

with TE (+TE) with the control group without TE monitoring (-TE)

presenting similar severity of liver disease [ELD + TE (n = 23) vs.

ELD-TE (n = 19) and FAP + TE (n = 10) vs. FAP-TE (n = 7)]. This

evaluation included the blood and blood components transfused dur-

ing surgery till 48 h after OLT. Student-t test was used to assess differ-

ences between groups (P < 0.05).

Results: There were no differences in MELD score between ELD + TE

and ELD-TE groups (15.1 � 1.6 vs. 12.9 � 1.6; P = 0.36). Basal

hematocrit (%), hemoglobin level (g/dL) and PC (x103/mL) were not

different between ELD + TE and ELD-TE groups [(32.8 � 1.1 vs.

30.3 � 1.5; P = 0.24); (10.9 � 0.4 vs. 10.4 � 0.6; P = 0.48);

(128.7 � 8.9 vs. 119.5 � 16.3; P = 0.61) respectively]. We did not find

significant differences in the number of RBC, platelets nor plasma

between ELD groups (+TE vs -TE) [(5.9 � 1.3 vs. 4.3 � 1.2;

P = 0.39); (1.0 � 0.6 vs. 1.6 � 0.8; P = 0.52); (4.0 � 1.1 vs.

2.1 � 0.9; P = 0.19) respectively]. In FAP group, 48 h after surgery

the TE+ group showed higher RBC consumption (1.22 � 0.4 vs.

0.29 � 0.2; P = 0.02) despite higher basal PC (246.7 9 103/

mL � 16.3 vs. 181.8 9 103/lL �25.7; P = 0.04) and lower PT and

INR at hepatectomy (12.4 � 0.36 vs. 13.8 � 0.26; P = 0.02 and

1.1 � 0.03 vs. 1.3 � 0.03; P = 0.045, respectively). No significant dif-

ferences were found in the other parameters.

Conclusions: In our center, thromboelastometry use in liver transplan-

tation was not associated with lower blood transfusion in patients with

or without hepatic failure. This result may be due to the fact that a
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hematologist in the operating theater made transfusion decisions putt-

ing together TE and SLT results with clinical judgment in accordance

with validated transfusion algorithms.

(1)-LismanT, PittauG, LeiteF etal. (2012) The circulating platelet

count is not dictated by the liver, but may be determined in part by the

bone marrow: analyses from human liver and stem cell transplanta-

tions. J Thromb Haemost; 10:1624–30.

PB 4.53-4
Impact of apixaban on haemostasis diagnosis assays:
practical recommendations
Douxfils J1, Classen J-F2, Baudar J2, Walbrecq S2, Chatelain C2,

Chatelain B2, Mullier F2 and Dogn�e J-M1

1University of Namur, Namur; 2CHU UCL Mont-Godinne-Dinant,

Yvoir, Belgium

Background: As other anticoagulant drugs, apixaban may affect the

results of a series of coagulation assays routinely used in case of

thrombophilia or in the exploration of a haemorrhagic event. There is

a need for the clinician and the biologist to know whether these tests

are influenced by apixaban.

Aim: We aim at providing good laboratory recommendations for the

accurate interpretation of haemostasis routine laboratory assays that

may be influenced in patients treated with apixaban.

Materials: Apixaban is spiked at increasing concentration (0–500 ng/

mL) in normal citrated human platelet-poor plasma to assess the

Thrombin Time (TT), Ecarin Clotting Time (ECT), Reptilase Time

(RT), testing for lupus anticoagulant (dilute Russell Viper Venom

Time (dRVVT), PTT-LA� and Staclot-LA�), Activated Protein C

Resistance (APC-R), measurement of clotting factors (XII; XI; IX;

VIII; VII; V; X and II), antithrombin measurement (with thrombin

and factor-Xa based assay), fibrinogen measurement (Clauss and PT-

derived method) and Protein-C and free Protein-S (immunological and

clotting method). All methodologies were performed according to the

recommendations of the manufacturer.

Results: Thrombin time, ecarin clotting time and reptilase time

Both of these tests are not influenced by apixaban.

Determination of lupus anticoagulant

The PTT-LA� and the Staclot-LA� are both prolonged in a concen-

tration dependent manner in presence of apixaban. DRVV-T (screen

and confirm) is also prolonged dose dependently. For PTT-LA� and

Staclot-LA� (with buffer or phospholipids)the relation is exponential

and the concentration needed to double the clotting time (2xCT) is

52 ng/mL, 23 ng/mL and 32 ng/mL, respectively. For DRVV-T

(screen and confirm) the relation is linear and the 2xCT is 205 ng/mL

and 230 ng/mL, respectively.

Activated protein C resistance, clotting factor measurement, protein-C

and protein-S measurement

Apixaban mainly influences the aPTT-based clotting factor measure-

ment (FVIII, FIX, FXI and FXII). This may be explained by the rela-

tively low sensitivity of Innovin� (the PT-reagent used for the PT-

based determination of clotting factor II, V, VII, X) in comparison

with the CKPrest�. The protein-C measurement is not affected by

apixaban as well as the measurement of free protein-S using the immu-

nological method. The measurement of free protein-S using the chro-

nometric method is affected by apixaban (increase of 13% by 100 ng/

mL of apixaban). The APC-R ratio is only affected at high concentra-

tion (447 ng/mL) of apixaban.

Antithrombin measurement

Apixaban influences the measurement of antithrombin using factor

Xa-based chromogenic assay (12% per 100 ng/mL). Thrombin-based

chromogenic assay is not affected by the presence of apixaban.

Fibrinogen measurement (Clauss and PT-derived methods)

The measurement of fibrinogen is not influenced by apixaban using

the Clauss method. For the PT-derived method, the variability is

greater with an overestimation of the fibrinogen rate at higher concen-

trations (>200 ng/mL) in apixaban.

Conclusions:We show that immunological assays are not influenced by

apixaban. When applicable, these tests should be recommended. Apix-

aban mainly interferes with chronometric or chromogenic assays that

involve FXa or upstream coagulation factors. When these tests are

used, it is mandatory to take into account the inter-reagent variability

as well as the delay between the last intake of the drug and the blood

sampling.

PB 4.53-5
Multimodal microscopy for real time imaging of
thrombus formation
Kalchenko V1, Kuznetsov Y1, Meglinski I2 and Harmelin A1

1The Weizmann Institute of Science, Rehovot, Israel; 2University

of Otago, Dunedin, New Zealand

Background: The use of multimodal optical diagnostic approach has a

great potential in biomedical research and It can significantly expand

the capabilities of vascular diagnostics.

Objective: To evaluate a multimodal approach for simultaneous in vivo

imaging of laser induced thrombus formation.

Methods: In the present study we combined time domain Laser

Speckle Imaging (tLSI) technique with Digital Fluorescence Intravital

Microscopy (dFIM).

Results: tLSI approach has been used for rendering blood vessels

structure and monitoring blood flow in the mouse ear in vivo, with high

spatial resolution, whereas dFIM provides visualization of thrombus

formation and changes in the vascular permeability, assisted by appli-

cation of various fluorescent contrast agents (Fluoroscein, FITC,

Rhodamin 6G).

Conclusion: The combined application of tLSI and dFIM approaches

provides efficient in vivo imaging method of laser induced thrombus

formation along with changes in blood flow velocity within all vessels

in the region of interest.

PB 4.53-6
Evaluation of a new liquid recombinant human
thromboplastin reagent for the determination of
prothrombin time (PT) in an optical coagulometer
Miranda M and Montanini V

Diagnostic Grifols, Parets del Vall�es, Spain

Background: A new liquid recombinant human thromboplastin

reagent (DG-PT L Rec) for the determination of prothrombin time

(PT) was evaluated by Grifols prior to its launch. This reagent is

intended mainly for screening of the extrinsic coagulation pathway

and monitoring oral anticoagulant therapy (OAT).

Aims: The aim of this study was to evaluate the performance of the

reagent in Q Hemostasis Analyzer (Grifols) with normal and OAT

samples, by comparing it to an established similar reagent, as well as

assessing its precision with commercial control plasma.

Additionally, performance of the reagent in PT-derived fibrinogen

assay (PT-DF) was evaluated by comparing it to fibrinogen Clauss

assay, and assessing its precision with commercial control plasma.

Methods: Precision was determined according to CLSI EP5 guidelines

in normal (DG-C1) and abnormal (DG-C2) lyophilised control plasma

and in a commercial pool of normal plasma (PNP).

DG-PT L Rec performance was compared to an established recombi-

nant human thromboplastin (Innovin, Siemens). Method comparison

was performed by analysing 105 fresh platelet poor plasma (PPP) from

patients under OAT therapy and apparently healthy individuals.

Comparison of PT-DF assay and fibrinogen Clauss assay (DG-FIB L

Human, Grifols) was performed by analyzing 35 fresh PPP from

apparently healthy individuals.

Results: Within-run precision (CVwr) in seconds and ratio was lower

than 3% in normal and abnormal level. Within-device precision
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(CVwd) in seconds and ratio was within 4% in normal and abnormal

level.

Least-square linear regression of the results obtained by DG-PT L Rec

and Innovin achieved a correlation coefficient (r) higher than 0.990.

DG-PT L Rec obtained longer clotting times in OAT samples, being

thus highly sensitive for these kind of samples. There was no clinically

significant difference neither in ratio for normal samples nor in INR

for OAT samples in the therapeutic range.

For PT-DF assay, CVwr and CVwd in mg/dL were lower than 6% and

8%, respectively, in normal and abnormal level.

Least-square linear regression of the results obtained by PT-DF assay

and DG-FIB L Human achieved a correlation coefficient (r) higher

than 0.970. There was no clinically significant difference in normal

fibrinogen values.

Conclusion: DG-PT L Rec is a liquid recombinant human thrombo-

plastin reagent suitable for screening of the extrinsic coagulation path-

way and monitoring oral anticoagulant therapy in Q Hemostasis

Analyzer, obtaining precise and reliable results.

DG-PT L Rec is adequate for PT-DF assay in Q Hemostasis Analyzer,

achieving precise results and being comparable to Clauss fibrinogen

assay results for normal samples.

PB4.54 – Blood coagulation
tests – XVIII

PB 4.54-1
Influence of FIX and FVIII PEGYLATION on FIX and
FVIII activity based on APTT assays
Lochu A1, Romari N1, Beltran J1, Magdelaine A1, Ezban M2

and Hermit MB2

1Diagnostica Stago, Gennevilliers, France; 2Novo Nordisk, M�aløv,

Denmark

Background : N9-GP is a 40kD PEGylated recombinant human FIX

derivate and N8-GP is a 40kD PEGylated recombinant human FVIII

derivate in development at NOVO NORDISK. It is a new class of

molecules for the treatment of haemophilia, characterized by a pro-

longed half-life. It has been shown that PEGylation of proteins could

influence the clotting times in certain APTT based assays.

Aim : The aim of this study is to evaluate the impact of PEGylation of

FIX (N9-GP) and FVIII (N8-GP) on respectively FIX and FVIII

activity using the one stage clotting assay with a wide range of APTT

reagents (Diagnostica Stago and TCoag) on the STA-R� analyser

(mechanical clot detection, Diagnostica Stago) and chromogenic

assays (Hyphen).

Methods : FIX deficient plasmas were spiked with FIX preparations:

BeneFIX� (Pfizer) or N9-GP (Novo Nordisk). FVIII deficient plasmas

were spiked with FVIII preparations: Advate� (Baxter) or N8-GP

(Novo Nordisk). These preparations were tested both in one-stage

clotting assays using different APTT reagents from Stago and TCoag,

on the STA-R�, and with chromogenic assays. WHO International

Standards, BeneFIX� or Advate� and N9-GP or N8-GP preparations

were used as calibrators.

Results : The results of this study for N9-GP showed a wide variability

of the FIX activity using non-PEGylated molecules as calibrators,

depending on the APTT reagent used. Levels of FIX were underesti-

mated with a Kaolin based APTT reagent (STA� - CK Prest�), over-

estimated with Silica based APTT reagents (STA� - PTT A,

TriniCLOT Automated aPTT, TriniCLOT aPTT HS and TriniCLOT

aPTT S), slightly underestimated with an Ellagic Acid based APTT

reagent (STA� - Cephascreen �) and in the normal range with a FIX

chromogenic assay.

Using the N9-GP molecule as calibrator, FIX levels were all in the

normal range, whatever the APTT reagents.

Concerning FVIII activity, using non-PEGylated molecules as calibra-

tors, levels of FVIII were underestimated with Silica based APTT

reagents (STA� - PTT A, TriniCLOT Automated aPTT, TriniCLOT

aPTT HS and TriniCLOT aPTT S) and in the normal range with a

Kaolin based APTT reagent (STA� - CK Prest�), with an ellagic acid

based APTT reagent (STA� - Cephascreen�) and with a FVIII chro-

mogenic assay.

Using the N8-GP molecule as calibrator, FVIII levels were all in the

normal range, whatever the APTT reagents.

Conclusions : The study confirmed the impact of PEGylation of FIX

and FVIII on FIX and FVIII activity APTT based assays, respec-

tively. Some reagents provided activity in the normal range while other

APTT reagents showed a wide variability. Further investigations are

needed to understand the biochemical mechanisms involved in these

interactions and to try to normalise the results by different means such

as the use of a specific calibrator or assigning an assay specific conver-

sion factor to obtain results comparable to those obtained with chro-

mogenic assays.

PB 4.54-2
Influence of time delays in sample processing on
protein S assays
Hickey KP, Cooper P, Kitchen S and Makris M

Sheffield Haemophilia and Thrombosis Centre, Sheffield, UK

Background: There is increasing centralisation of coagulation services

with requirement to transport samples to central sites for testing.

Plasma may be frozen for transport but the cheaper option, transpor-

tation of blood samples at ambient temperature may sometimes be

considered. Preanalytical variables such as time delay in sample pro-

cessing can adversely influence coagulation tests.

Aims: To investigate the effect of storing citrated whole blood at room

temperature for 24 h, on different activity and antigenic assays of free

protein S (FPS).

Method: Five samples were drawn from healthy donors (n = 10) into

Becton Dickinson (BD) citrated (0.109 M) vacutainer tubes. One sam-

ple was centrifuged (2000 g for 10 mins) and plasma aliquots frozen at

�70 °C within 30 min of venepuncture (time 0). The remaining sam-

ples were stored at 20–25 °C for 4, 8, 12 and 24 h and plasma frozen

at �70 °C. FPS antigen was measured by; automated immunoassay

(FPS-IL) (Instrumentation Laboratory, UK), Liatest FPS (Stago,

France), Innovance FPS (Siemens, UK), and ELISA (Woodhams

method). Samples were also tested with PS activity assays; Clot S (Pre-

cision Biologic, Canada), Pro S (IL, UK), Protein S Ac (Siemens, UK)

and StaClot (Stago, France).

Results: There was no statistically significant change over 24 h in FPS

levels when tested by Liatest, Innovance or ELISA assay (P ≥ 0.05)

The Liatest and Innovance FPS antigen assays showed a mean 3% fall

in FPS at 24 h and the FPS ELISA, a mean 2% fall in FPS at 24 h.

With FPS-IL statistically significant change was observed at 8 h

(P ≤ 0.05), with a mean 11% fall (range �8 to �14%) in FPS at 24 h.

Statistically significant change in StaClot PS activity occurred at 12 h

(P ≤ 0.01), however diagnostically significant changes were observed

in individual samples by 4 h. The other activity assays showed statisti-

cally and diagnostically significant change in PS activity at 8 h

(P ≤ 0.05). Overall falls in PS activity at 24 h; Clot C (mean �15%,

range �9% to �29%), Pro S (mean �17%, range �12 to �26%), Pro-

tein S Ac (mean �14%, range �7 to �24%), StaClot (mean �14%,

range +10 to �32%).

Conclusion: FPS antigen demonstrates differing stability in samples

stored as whole blood depending on methodology employed for analy-

sis. Liatest and Innovance FPS methods employ two monoclonal anti-

body and share similar stability to ELISA technique utilising

polyclonal antibody. Increasing loss of measurable FPS is observed in

the FPS-IL assay which incorporates an initial stage of binding FPS to

a C4b-binding protein latex reagent prior to the addition of a mono-

clonal antibody latex reagent. Whole blood samples stored at room

temperature are stable for FPS measurement for 24 h if analysed using

Liatest, Innovance or ELISA FPS assays, but <8 h if using FPS-IL.
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We have previously shown that FPS can be reliably measured by

ELISA (polyclonal antibodies) up to 72 h, whilst FPS-IL demon-

strated increasing instability with statistically significant change at 48

and 72 h (P ≤ 0.001).

PB 4.54-3
Time-and space-resolved imaging of coagulation as a
method for monitoring the effectiveness of LMWH
therapy after total hip replacement
Serebriyskiy I1, Taranenko IA2, Vuimo TA1, Surov S1,

Ovsepyan RA1, Ataullakhanov F1 and Momot AP2

1HemaCore, Moscow; 2Altay branch of Research centre for

Hematology, Ministry of Health, Barnaul, Russian Federation

Background: In the postoperative period after total hip replacement

patients assigned LMWH. Anticoagulant therapy in some patients can

be ineffective. The aim of this study was to investigate the possibility

of a new global coagulation assay to control effect of enoxaparin.

Methods: In vitro study – plasma samples frome nine patients after

total hip replacement with the addition of increasing concentrations of

enoxaparin 0.0, 0.03, 0.06, 0.12, 0.25, 0.5, 1.0, 2.5 anti-Xa IU/mL. The

clinical study included 44 patients before and after total hip replace-

ment. Enoxaparin 40 mg opd, 1–10 day after surgery. Plasma samples

were collected before surgery, after surgery before the start of enoxap-

arin, after 5 days of enoxaparine treatment, after 10 days of enoxapar-

ine treatment, after 30 days postop, after 90 days postop. Time-and

space-resolved imaging of coagulation (Thrombodynamics, Hema-

Core LLC, Russia) – a new global coagulation assay based on video-

microscopy of a fibrin clot growing from an imitated damaged vessel

wall (surfaces with immobilized tissue factor), the growth rate of the

fibrin clot in space V was measured (norm 20–30 lm/min).

Data are presented as Median (25th percentile; 75th percentile), * -

P < 0.05.

Results : In vitro experiments V were: 0.0 IU/mL – 34.7(33.7;35.8),

0.03 IU/mL – 30.9(27.1;31.0)(P = 0.008 vs. 0.0 IU/mL), 0.06 IU/mL

– 23.(21.6;24.2) (P = 0.008 vs. 0.03 IU/mL), 0.12 IU/mL – 14.1

(13.8;15.5)(P = 0.008 vs. 0.06 IU/mL), 0.25 IU/mL – 10.0 (9.5;10.1)

(P = 0.008 vs. 0.12 IU/mL), 0.5 IU/mL – 5.5(5.0;8.3)(P = 0.008 vs.

0.25 IU/mL), 1 IU/mL – 4.9(3.0;5.3(P = 0.01 vs. 0.5 IU/mL), 2.5 IU/

mL – 2.0(1.6;2.5(P = 0.008 vs. 1.0 IU/mL).

In clinical study V in patients plasma samples were: before surgery –
28.1(26.1; 31.1), after surgery – 41.9 (34.6; 46.2)(* vs. preop.), on the

5th day – 26.9(20.6;30.8)(* vs. postop.), 10 day – 26.5(21.3;29.7),

30 day – 28.5(26.0;33.4)(* vs. 10 day), day 90 – 36.0(32.3;42.3)(* vs.

30 day).

Conclusion: Growth rate of the fibrin clot in space V can be use for

detecting of enoxaparin anticoagulant effect. In pts after HIP replace-

ment V can detect enoxaparin anticoagulant effect and can detect

some pts with return postop. condition after end of enoxaparin

treatment

PB 4.54-4
Evaluation of TEG� and ROTEM� inter-changeability
Campello E, Luca S, Claudia RM, Sara M, Elena P and Paolo S

Department of Cardiologic, Throcacic and Vascular Science,

University of Padua, Padova, Italy

Background: The principle behind Viscoelastic Haemostatic Assays is

based on the tendency of blood to increase its viscosity and elasticity

through the process of coagulation. The clot changes over time are

visualized as an evolving trace where the time to initiation of clot for-

mation, the rate of clot formation and the maximum strength of the

clot are among the most commonly utilized variables. The greatest use

has been the application of VHAs-guided transfusion of blood compo-

nents in hepatic and more widely in cardiac surgery. Recent years have

seen a renewed interest in this technology with applications for both

pharmaceutical monitoring and patient screening. Two frequently

used VHA devices are TEG� and ROTEM�. They differ markedly in

terms of function and user interface, and it is not clear whether this

affects their performance in a clinical setting. Only a few studies have

previously compared the interchangeability of TEG� and ROTEM�.

In particular, studies performed within cardiac surgery and liver trans-

plantation procedures concluded that the assays may be inter-change-

able. Conversely, inter-changeability seemed to be limited in the

trauma setting.

Aim: The aim of our study was to compare the results of the TEG�

and ROTEM� analyses in a cohort of patients with different pro-hem-

orrhage conditions and to assess the inter-changeability of the two

devices.

Methods: We measured blood samples from 18 consecutive patients

referred to our Unit for a pro-hemorrhagic condition. The TEG� and

ROTEM� assays were performed simultaneously. In the TEG� sys-

tem, we performed three measurements: the kaolin TEG� (kaoTEG),

the rapid TEG� (r-TEG), and the functional fibrinogen (FF-TEG). In

the ROTEM� system three measurements were also performed:

INTEM, EXTEM and FIBTEM. We compared three widely used

variables from the VHA trace: the reaction time from initiation of the

assay to the first detectable coagulation, denoted R-time for TEG�

and clotting time (CT) for ROTEM�; the time from start of coagula-

tion to clot amplitude of 20 mm, called the K-time in TEG� and clot

formation time (CFT) in ROTEM�; lastly, the maximum amplitude

(MA) for TEG�, which corresponds to the maximum clot firmness

(MCF) for the ROTEM� device. Correlations were calculated using

Sperman’s rank correlation coefficient.

Results: Patients enrolled were bleeding during bi-ventricular assis-

tance (4), during liver transplantation (3), cardiovascular surgery (5),

trauma (2), pediatric patients under L-Asparagenase induction therapy

for acute lymphatic leukemia (4). We found a good correlation

between: (a) MCF and MA in the three tests considered (INTEM vs.

kaoTEG r = 0.77, P < 0.01; EXTEM vs. r-TEG 0.76, P = 0.01; FIB-

TEM vs. FF-TEG r = 0.69, P < 0.01); (b) CT and R-time in INTEM

vs. kaoTEG (r = 0.57, P = 0.002) and in EXTEM vs. r-TEG

(r = 0.51, P = 0.01); (c) CFT and K-time in INTEM vs. kaoTEG

(r = 0.27, P = 0.04) and in EXTEM vs. r-TEG (r = 0.31, P = 0.03).

Conclusions: According to these observations inter-changeability

between TEG� and ROTEM� is confirmed in different clinical set-

tings. The search for a ‘global’ assay of haemostasis continues and the

TEG�/ROTEM� or a derivative of this technology may provide the

answer, or part of the answer, to that question.

PB 4.54-5
Unravelling the thrombin generation assay
Dunster JL1, Byrne H2, Franks S3, Gibbins JM1 and King J4

1University of Reading, Reading; 2University of Oxford, Oxford;
3Health and Safety Laboratory, Buxton; 4University of

Nottingham, Nottingham, UK

Background: The enzyme thrombin is central to blood coagulation,

being the end product of a complicated protein cascade with multiple

feedbacks that operates over multiple time scales to ensure thrombin is

delivered to the right place at the right time. The propensity for a

patient’s blood to clot may be determined by the thrombin generation

assay. A typical profile of thrombin generation over time is character-

ised by an initial lag phase followed by a rapid increase that is subse-

quently inhibited. Recent improvements in, and commercialisation of,

the thrombin generation assay mean that there are an expanding num-

ber of studies utilising it.

Aims: By modelling and mathematical analysis of the reactions within

the thrombin generation assay we hope to enhance our understanding

of the sequence of reactions within this complicated network providing

simplified approximations and network diagrams that clearly indicate

which reactions dominate at each point in time. Comparison of model
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simulations to experimental data in principle allows us to determine if

current biological knowledge of the thrombin generation cascade is

sufficient to explain experimental results.

Method: We present a mathematical model for the early steps in the

generation of thrombin. We have analysed this model using the

method of matched asymptotic expansions to derive a sequence of sim-

plified models in time that characterise the key reactions within the

cascade.

We have then extend our initial model to represent the coagulation

cascade as it would occur in the environment of the thrombin genera-

tion assay. The resulting system of ordinary differential equations is

used to generate numerical simulations that we compare to some of

the experimental data now being generated from the commercial assay

under a variety of disease conditions.

Results: The mathematical analysis breaks down the complicated net-

work of reactions into a series of much simpler mathematical approxi-

mations in time. Two of the simplified models found provide an

excellent substitute for the full model, capturing the exposive growth

in thrombin generated and then its decay. We also derive simple math-

ematical expressions for the key parameters of time-lag, peak concen-

tration and ETP (area under the curve) that describe the thrombin

generation assays trace in time.

Numerical simulations of our full model, without any modification in

parameter values obtained from literature, show a close fit to pub-

lished experimental data.

Conclusion/Summary: By applying the method of matched asymptotic

expansions to this complicated network of reactions we have produce-

da series of simple mathematical snapshots at distinct points in the

time scale over which thrombin is generated. This allows us to under-

stand the dependenceof eachtime-point on protein levels and rate

parameters. Fromthis we are able to derive simple mathematical

expressions for the key markers of thrombin generation(e.g. peak con-

centration and ETP) allowingamuch simpler interpretation of them in

terms of the kinetic parameters. Approximations such as these could

be used to connect experimentally derived biological markers to the

underlying mechanisms that cause them to vary.

PB 4.54-6
Validation of a new liquid fibrinogen assay
Berthier A1, Blanc M2, Foissaud V3 and Khoury E4

1Stago, Asnieres-Sur-Seine; 2Emile Roux Hospital, Le Puy-en-

Velay; 3Military Hospital, Percy; 4General Hospital, Le Raincy –
Montfermeil, France

Background: The Clauss method for fibrinogen testing appears to be

the most reliable method for general use in clinical laboratories.

Aim: STA� – Liquid Fib is a new liquid fibrinogen assay for the quan-

titative determination of fibrinogen levels in plasma which is based on

the Clauss clotting method.

The aim of this study was to evaluate STA� – Liquid Fib perfor-

mances through a method comparison conducted in three different

laboratories: Le Puy en Velay, Montfermeil and Percy;France.

Method: Patients were tested with STA� – Liquid Fib and the refer-

ence method: STA� – Fibrinogen 5 on STA-R� or STA� Compact

analyzers using precalibrated test setups.

673 patients referred to the laboratory for fibrinogen testing and were

included in the study.

45 samples had fibrinogen levels under 1.5 g/L and 47 samples had

fibrinogen levels above 8 g/L. Samples were spread along the working

range (0.4–12 g/L).

Correlations were analyzed through linear regressions (STA� – Liquid

Fib vs. STA� – Fibrinogen 5) and Bland Altman Graph.

Results: Results obtained with the new reagent STA� – Liquid Fib vs.

the current reagent STA� – Fibrinogen 5 are well correlated:

- Puy en Velay: y = 1.00x – 0.13 (r = 0.99)

- Montfermeil: y = 1.00x �0.01 (r = 1.00)

- Percy: y = 1.03x �0.12 (r = 0.99)

A Bland Altman Graph shows that more than 95% of samples are

within the acceptable ranges.

Conclusion: Results show good consistency between STA� – Liquid

Fib and STA� – Fibrinogen 5. In addition, STA� – Liquid Fib

improves workability by its ready to use liquid format.

PB4.55 – Coagulation factor VIII

PB 4.55-1
Detection of non-human sialic acid N-
glycolylneuraminic acid in Factor VIII products by
ultra-performance liquid chromatography with
fluorescent labeling
Lu Q, Mei B and Peters RT

Biogen Idec Hemophilia, Waltham, MA, USA

Background: Glycosylation is a common posttranslational modifica-

tion found on mammalian proteins, and these glycan structures often

terminate with a sialic acid. Human glycans terminate with a specific

form, N-acetylneuraminic acid (NANA). However, recombinant gly-

coprotein therapeutics produced in animal cell lines and/or with ani-

mal serum often contain N-glycolylneuraminic acid (NGNA), a

derivative of NANA, which is not normally found in humans. It has

been reported that all humans possess anti-NGNA antibodies and

sometimes at high level approaching 0.1–0.2% of circulating IgG. As a

result, NGNA is potentially immunogenic and needs to be monitored.

Aims: The aim of the study is to determine NGNA levels in recombi-

nant FVIII Fc fusion protein (rFVIIIFc), which is expressed in a

human cell line, HEK 293, and compare to NGNA levels in other

recombinant FVIII products that are produced in animal cell lines, by

using a sensitive ultra-performance liquid chromatography (UPLC)

method with fluorescence detection after 1,2-diamino-4,5-methylenedi-

oxybenzene (DMB) labeling.

Methods: FVIII samples were incubated with 50 mM sulfuric acid at

80 °C for an hour, and the released NGNA was then derivatized with

DMB at 50 °C for 3 h covered by aluminium foil. The DMB deriva-

tized sample was analyzed by UPLC fluorometric detection using a

C18 column (1.7 lm particle size). The NGNA standards were pre-

pared the same way as protein samples to obtain the calibration curve.

The NGNA levels in FVIII molecules were determined based on the

obtained calibration curve. The percentage mole NGNA per mole of

protein was calculated for all the tested FVIII products.

Results: The method showed very good linearity for NGNA from

2.5 fmol to 6.2 pmol. The limit of detection (LOD) and limit of quan-

titation (LOQ) for NGNA were estimated to be 2.5 fmol and 4.5 fmol,

respectively. No detectable NGNA was found in rFVIIIFc that was

produced with human cell line HEK293, whereas different levels of

NGNA (mole percentage) were detected in the marketed recombinant

B-domain deleted FVIII (20.31 � 0.73%) and two marketed full

length recombinant FVIII (1.33 � 0.14% and 5.99 � 0.32%, respec-

tively) which are all produced with animal cell lines, CHO or BHK.

Conclusions: A very sensitive and robust UPLC method with fluores-

cence detection was developed for the detection of NGNA after DMB

labeling. No NGNA was found in rFVIIIFc by this method as

expected, whereas all the other recombinant FVIII products tested

contained levels of NGNA significantly above the LOD of the assay.

Although the impact of the presence of these potentially immunogenic

non-human modifications are not known for FVIII, recombinant

expression using a human cell line grown in chemically defined media

ensures that the glycan structures are fully human.
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PB 4.55-2
Molecular characterization of nine F8 splicing
mutations in RNA isolated from patient’s leukocytes.
Evaluation of in silico prediction tools accuracy
Martorell L1, Corrales I2, Parra R3, Raya A4, Barquinero J5

and Vidal F2

1Institute for Bioengineering of Catalonia (IBEC), Barcelona;
2Banc de Sang i Teixits, Barcelona; 3Banc de Sang i Teixits,

Hospital Universitari Vall d’Hebron, Barcelona; 4Inst.

Bioengineering Catalonia (IBEC, CIBER ICREA), Barcelona;
5Institut de Recerca Hospital Vall d’Hebr�on (VHRI-UAB),

Barcelona, Spain

Background: The inherited deficiency Haemophilia A (HA) is caused

by a broad spectrum of defects in the FVIII gene (F8). Mutations

affecting mRNA splicing comprise approximately 8% of the reported

HA cases in the F8 mutation database. However, only a few of them

have been fully characterized by mRNA analysis.

It is known that correct mRNA splicing involves four different signals

to recognize exon-intron boundaries: 5’ and 3’ splice junctions of the

intron, branch sites and a polypyrimidine tract. In addition, exon rec-

ognition can be affected by several cis-acting elements within the exons

and introns. In silico prediction analysis can provide a valuable means

to predict the molecular effect of splice site mutations, however it only

displays score variations, which difficult the interpretation regarding

the exact biological consequences.

Aim: To systematically characterize the phenotypic effect of potential

splice site mutations (PSSM) and to understand the correlation with

FVIII levels and disease severity.

Methods: Eight pairs of primers were designed for full-length F8

cDNA amplification by single-step RT-PCR in RNA isolated from

leukocytes. This procedure was used to study nine (six of them hitherto

unreported) PSSM, previously identified at genomic level in the rou-

tine molecular diagnostic of HA patients. The effect of PSSM in the

F8 mRNA expression and processing was studied using samples from

healthy donors as a control. The concordance of in silico predictions

and experimental data was then assessed.

Results: The mRNA analysis in the HA index cases demonstrate

diverse molecular mechanism: c.601 + 1delG produces either the exon

4 or 4 plus 5 skipping; c.602-11T>G results in the exon 5 skipping;

c.671-3C>G where either exon 6 or 5 and 6 were lost; c.6115 + 9C>G
that skipped exon 19; and c.6016-1G>A where the exon 20 was

skipped. Both c.1009 + 1G>A and c.1009 + 3A>C mutations resulted

in the activation of a cryptic donor splicing site skipping the last

121 bp and 135 bp respectively of exon 7; and finally, intron retention

was showed in cases: c266-3delC that result in the activation of a cryp-

tic acceptor splicing site (ASS) 57 bp within the intron 2 and c.5587-

1G>A that presented a cryptic ASS 44 bp within intron 16. The experi-

mental results obtained were compatible with observed phenotypes.

Although, in silico analyses were unable to predict the splicing effect of

several mutations, combination of distinct in silico tools running dis-

tinct algorithms is sensitive and accurate predicting in many cases

whether an effect on splicing is expected and can be used prudently as

a decision-making guide.

Conclusion: The method developed can be extended to study the path-

ogenic effects of any PSSM along F8. Our results also demonstrated

the presence of ectopic aberrant transcripts in leukocytes from HA

patients and from control samples, that could hinder the interpretation

of results. Hence, the study of F8 mRNA from leukocytes has to be

considered carefully but it is still a useful tool to determine the mecha-

nisms by which PSSM contributes to the phenotype in HA patients.

Funding:HEMO-iPSC (FIS PI11/03024-PI11/03029)

PB 4.55-3
Heat-sensitization allows the detection of anti-FVIII
antibodies in patients with acquired hemophilia, who
have a negative Bethesda assay
Bodo I1, Szederjesi A1, Galgoczi J1, Kael K1, Nagy E2, Pap K1,

Szabo K1, Varkonyi A1, Vilimi B1 and Masszi T1

1St. Istvan & St. Laszlo Hospital; 2National Rheumatology

Institute, Budapest, Hungary

Background: The Bethesda assay is the standard way to detect anti-

FVIII antibodies (Abs) in both hereditary hemophilia A (HA) with

inhibitors, and acquired hemophilia A (AHA). Unfortunately, the

Bethesda assay is insensitive. A recent modification reported that heat

treatment sensitized the traditional Bethesda assay in patients with

HA who had presumed inhibitors based on the fact that they had

shortened in vivo FVIII survival. There is no available data so far with

the modified assay in AHA. AHA antibodies are different from the

inhibitors found in hereditary HA in many ways. Thus, it is not trivial

that the modification should also work in AHA. Also, the setting of

treated AHA offers a much more convenient way of detecting the in

vivo effect of the inhibitor, because endogenous FVIII levels rise grad-

ually with treatment and there is no need to measure exogenous FVIII

half life.

Aims: To prove the concept of heat-sensitization for the classic Beth-

esda assay, and to see if heat treatment will also render the Bethesda

assay more sensitive in detecting antibodies in AHA patients.

Methods: To prove the concept, we tested the sensitized assay in a

cohort of 15 AHA patients followed at our institution. We identified

samples stored between October 2011 and January 2013. We identified

14 samples with FVIII <70%, and a traditional Bethesda assay result

of <5 BU for testing with the heat sensitized method1. As a negative

control, we also tested 24 samples from the same patients with

FVIII>70% (i.e. samples from patients in complete remission).

Results: Of 15 consecutive patients with AHA, we identified seven

patients who had samples with FVIII levels <70%. Of these seven

patients, five had at least one sample that tested negative with the tra-

ditional Bethesda assay, while positive with the modified heat-sensi-

tized assay. Of 14 samples with FVIII <70% and negative traditional

Bethesda assay, eight tested positive with the modified heat-sensitized

assay. In four patients, where the false-negative FVIII zone with the

traditional Bethesda assay could be determined (i.e. the zone where

only the sensitized assay detects anti-FVIII ABs), the zone fell between

42% and 67% FVIII. All samples that tested positive with the classic

assay were also positive with the modified assay. None of the 24

patient samples with >70% FVIII levels had positive antibody tests

with either of the assays.

Conclusion: We conclude that the heat-sensitized modified Bethesda

assay allows detection of previously undetected anti-FVIII Abs in a

large proportion of acquired hemophilia A patients. This proves the

concept of the heat treatment making the assay more sensitive while

preserving specificity.

Reference:

1. Dardikh M et al., J Throm b Haemost 2012, 10: 706.
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PB 4.55-4
Identification of structurally permissive regions in
coagulation factor VIII suitable for the insertion of
exogenous peptidyl elements
John K1, Liu T1, Chang P-YB2, Ding S2, Patarroyo-White S1,

Goodman A1, Kumar S1, Wang D3, Seth Chhabra E1, Mezo A1,

Pierce JR4, Haiyan J5, Baisong M6, Schellenberger V7

and Robert P6

1Biogen Idec Hemophilia, Waltham, MA; 2Amunix Inc.,

Mountain View, CA; 3Biogen Idec, Cambridge, MA; 4Biogen

Idec, Cambridge, MA; 5Biogen Idec Hemophilia, Waltham, MA;
6Biogen Idec Hemophilia, Waltham, MA; 7Amunix Inc, Mountain

View, CA, USA

Background: Several strategies for extending the half-life of human fac-

tor VIII (FVIII) have resulted in the development of variants that

achieve up to a 1.6-fold half-life increase in humans compared to

unmodified FVIII. The intra-domain insertion of unstructured hydro-

philic polypeptides of defined amino acid composition and low immu-

nogenic potential (XTENs) is a promising alternative approach for

generating FVIII variants with improved pharmacokinetic properties.

The impact on the clearance and function of FVIII may be optimized

by varying the location, composition, length and number of XTEN

insertions by entirely recombinant methods. This work provides the

first example of a systematic effort to identify sites within FVIII that

can structurally accommodate the insertion of exogenous peptidyl ele-

ments, including XTEN, without the loss of FVIII activity.

Aim: To evaluate the amenability of FVIII to intra-domain polypeptide

insertion and to lay the groundwork for the development of multiple

XTEN-containing FVIII molecules with improved pharmacokinetic

properties.

Methods: Insertion sites within FVIII were selected on the basis of the

following criteria: (i) significant inter-species protein sequence variabil-

ity, (ii) high calculated accessible surface area, (iii) exclusion of sites

within defined secondary structural elements, (iv) moderate to high

intrinsic flexibility predicted by molecular dynamics simulation, and

(v) exclusion of sites proximal to known hemophilia A missense muta-

tions. A 42 residue XTEN element (XTEN-42) was inserted at sites

that satisfied these criteria, as well as at selected sites that did not, and

the resulting FVIII activity in conditioned medium of transfected

HEK293 cells was measured. Next, XTEN-144 was substituted at sites

that had yielded activity with XTEN-42 insertion and inserted at sev-

eral additional sites, including those determined to be structurally

analogous by spatial alignment of FVIII domains, and activity was

similarly measured. Several different non-XTEN peptidyl elements

were also substituted at positions determined to be permissive for

insertion.

Results: Based on the criteria described above, a total of 59 sites in

FVIII were evaluated with XTEN-42 and/or XTEN-144 insertion. Of

these, 37 sites, designated ‘permissive sites’, accommodated the inser-

tion of either XTEN-42 or XTEN-144, or both, as determined by

FVIII chromogenic assay. No permissive sites for XTEN-144 insertion

were identified in the C domains of FVIII. Rather, permissive sites

clustered within two distinct surface loops, designated ‘permissive

loops’, in each of the three A domains. These permissive loops occupy

structurally analogous positions in the A domains of FVIII and corre-

spond spatially to sodium binding elements on the surface of cerulo-

plasmin, a copper-binding paralog of FVIII and FV. Tolerability to

insertion was not XTEN-specific, as FVIII accommodated diverse

polypeptides including GFP, a 27 kDa protein with a defined tertiary

structure, at these sites without abrogation of cofactor activity.

Conclusions: The permissive sites identified in FVIII are located within

particular regions that tolerate insertion of peptidyl elements without

loss of FVIII activity. These results set the stage for combinatorial

approaches to evaluate the effect of multiple XTEN insertions on the

activity and pharmacokinetic properties of FVIII.

PB 4.55-5
Factor VIII assessment using one-stage clot and
chromogenic assay in trials investigating
pharmacokinetics of different FVIII products
Tiede A1, Ezban M2, Krogh-Meibom T3, Saugstrup T2 and Møss J2

1Hannover Medical School, Hannover, Germany; 2Novo Nordisk

A/S, Søborg, Denmark; 3Aarhus University, Tjele, Denmark

Background: Two assays are widely used for assessment of FVIII:C

activity in plasma, the one-stage clot assay (OS) and the two-stage

chromogenic substrate (CS) assay. The CS assay is mainly used for

potency labelling of FVIII concentrates, in particular inEuropeaccord-

ing to EMA guidelines. Outside Europe, FVIII concentrates are often

labelled according to the OS assay, which is also more widely used to

monitor treatment in clinical practice. Discrepancies between these

two assays have been reported and attributed to specific products,

assay conditions, or the standard used.

Aims: To assess the impact of OS vs. CS assay discrepancy on pharma-

cokinetic parameters that are typically reported in clinical trials.

Methods: Clinical samples: Samples were derived from clinical trials in

adult previously treated patients (ED>150) with severe haemophilia A

(FVIII <1%) after a washout period of at least 4 days. A single intra-

venous dose of different FVIII products (recombinant or plasma-

derived) was administered at a dose of 25, 50 or 75 IU/kg. Blood sam-

ples were collected before dosing, (15 min), 30 min, 1, 4, 8, 12, 24, 30

and 48 h post dose. Spiked plasma: Haemophilia A plasma was spiked

with FVIII concentrates (target concentration: 0.03, 0.2, 0.6 and

0.9 IU/mL). Products: Three recombinant products (Advate� Baxter,

Kogenate� Bayer, and turoctocog alfa, Novo Nordisk) and three

plasma-derived FVIII products (Hemofil M� Baxter, Emoclot� Kedri-

on, and Fandhi� Grifols). Assays: OS assay using the SynthASil

(Instrumentation Laboratory) aPTT reagent and CS assay based on

the Coamatic� kit (Chromogenix). All measurements were done

against commercial standard human plasma (Siemens) for the clinical

samples and the 6th WHO FVIII plasma standard for the spiked sam-

ples.

Results: All recombinant products showed a discrepancy between

results from OS and CS assay. The FVIII activity measured with the

CS assay was higher than when measured with the OS assay (mean

CS/OS ratios: Kogenate 1.65, Advate 1.22, turoctocog alfa 1.26).

Plasma-derived products showed either no or very low discrepancies

(mean CS/OS ratios: Hemophil 1.11, Emoclot 0.97, Fandhi 1.11). Sim-

ilar results were obtained with spiked plasma samples. The discrepancy

was consistently observed across the whole range of activities tested in

clinical samples (0.01–1.5 IU/mL) and spiked plasma (0.03–0.9 IU/

mL). The assay discrepancy affected most PK parameters (AUC, CL

and C30 min), but had less impact on the terminal half-life.

Conclusion: The discrepancy between the two types of FVIII assay

affects all recombinant products regardless of the length of the B-

domain. The discrepancy affects parameters reported in clinical trials

as well as routine monitoring. This should be taken into account when

comparing trials and products. The consistent use of CS assay for

labelling and monitoring of products or the use of product specific

standards may eliminate discrepancies.
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PB 4.55-6
Pre-clinical pharmacokinetic and pharmacodynamic
(PK/PD) characteristics of rVIII-SingleChain, a novel
recombinant single-chain FVIII
Zollner S, Raquet E, Feussner A, M€uller-Cohrs J, Metzner H,

Weimer T, Pragst I, Dickneite G and Schulte S

CSL Behring GmbH, Marburg, Germany

Background: rVIII-SingleChain, a novel recombinant coagulation fac-

tor VIII, produced and formulated without added animal- or human-

derived materials, is under development at CSL Behring in the clinical

trial program AFFINITY.

Aim: The present nonclinical studies were conducted in animals to

gather knowledge about the PK/PD characteristics and as a result may

enable a more precise estimate of the haemodynamic efficacy of rVIII-

SingleChain for future clinical use in haemophilia A patients.

Methods: The PK behaviour of rVIII-SingleChain was assessed in dif-

ferent preclinical animal species. Doses ranging between 50 and

250 IU/kg of rVIII-SingleChain or licensed full-length FVIII concen-

trates were given to animals as a single intravenous administration.

Plasma samples were drawn at various time-points following drug

administration and systemic FVIII levels were determined by means of

FVIII activity or FVIII antigen measurements. For investigation of

the PD activity, escalating doses of rVIII-SingleChain and compara-

tors, comprising either B domain deleted or full length FVIII, were

administered to haemophilia A mice. Following drug treatment total

blood loss was monitored as a primary endpoint after tail clip and a

subsequent 30 min observation period. Furthermore, procoagulant

activity was measured as occlusion rate in a FeCl3-induced arterial

thrombosis model in vivo and by recording thrombin generation activ-

ity ex vivo, both after administration of rVIII-SingleChain or full-

length FVIII to haemophilia A mice at dose levels of 200–250 IU/kg.

Results: Overall, treatment with rVIII-SingleChain resulted in slightly,

but consistently improved pharmacokinetic properties compared to

full-length rFVIII when measuring plasmatic FVIII concentrations. In

all animal species systemic availability, mean residence time and termi-

nal half life were increased between 1.6 and 2 fold, while clearance

rates were decreased two fold for rVIII-SingleChain compared to full-

length rFVIII. Whereas, other variables like in vivo recovery and vol-

ume of distribution of rVIII-SingleChain were comparable to full-

length rFVIII. Under acute bleeding conditions as present in the tail

clip model, the pharmacodynamic efficacy of rVIII-SingleChain was

found to be indistinguishable from all licensed rFVIII products tested.

Furthermore, consistent with the favourable pharmacokinetic charac-

teristics, equal doses of rVIII-SingleChain showed increased thrombin

generation vs. full-length rFVIII: For advanced time points between 2

and 6 days thrombin peak levels of 50–250 nM were sustained after

treatment with rVIII-SingleChain indicating an average extension of

PD effects by 20 h. Similarly, prolonged procoagulant activity of

rVIII-SingleChain compared to full-length rFVIII was observed in

haemophilic mice over 64 h after treatment following FeCl3-induced

arterial thrombosis as a consequence of endothelial damage.

Summary/Conclusion: In conclusion, the nonclinical studies presented

interesting PK/PD properties of rVIII-SingleChain in animals, since

pivotal characteristics required for sustained haemostatic efficacy

appear favourable. Results obtained from this investigations support

the evidence necessary for proceeding with clinical trials and to explore

whether such favourable nonclinical properties of rVIII-SingleChain

may translate into clinical benefits for the treatment of haemophilia A

patients.

PB4.56 – Angiogenesis and Arterial
Vascular Disorders

PB 4.56-1
A Novel Technetate-99 m labeled anti-intergin peptide
dimer useful for tumor imaging
JI S1, Zheng Y2, Ruan C3 and Liu S2

1Jiangsu Institute of Hematology, Suzhou, China; 2Purdue

University, West Lafayettte, IN, USA; 3Jiangsu Institute of

Hematology First Affiliated Hospital of Soochow University,

Suzhou, China

Background: Integrin avb3 plays a significant role in tumor angiogene-

sis and metastasis, is expressed at very low levels on quiescent epithe-

lial cells and mature endothelial cells, but it is overexpressed on

activated endothelial cells of neovasculature and some tumor cells.

Therefore, integrin avb3 is considered as an interesting molecular tar-

get for early cancer detection. Cyclic RGD peptides are potent integrin

avb3 receptor antagonists.

Aims: Evaluation of 99mTc-HYNIC-6D-RGD2as a new radiotracer for

tumor imaging.

Methods: HYNIC-6D-RGD2 was evaluated for its integrin avb3 bind-
ing affinity against 125I-echistatin bound to U87MG cells in a whole-

cell displacement assay. After radiolabeling, 99mTc-HYNIC-6D-

RGD2was analyzed by radio-HPLC. Female athymic nu/nu mice (4–
5 weeks) were inoculated subcutaneously with 5 9 106 of U87MG

cells into the shoulder flank of each animal. Three weeks after inocula-

tion, the animals were used for biodistribution and imaging studies.

The tumor-bearing mice (20–25 g) were randomly selected, and each

animal was administered with ~0.1 MBq of 99mTc-6D-RGD2 by tail

vein injection. Animals (5–8) were sacrificed by sodium pentobarbital

overdose (~200 mg/kg) at 5, 30, 60 and 120 min post-injection (p.i.).

Blood, tumors and normal organs (brain, eyes, heart, spleen, lungs,

liver, kidneys, muscle and intestine) were harvested, weighed, and

counted on a Perkin Elmer Wizard – 1480 g-counter. The organ

uptake was calculated as the percentage of injected dose per gram of

wet tissue (%ID/g). The blocking experiment was performed using

RGD2 as the blocking agent in six animals.

Results: The IC50 value for HYNIC-6D-RGD2 was calculated to be

66.68 � 0.19 nM. 99mTc-6D-RGD2 was prepared in very high specific

activity and high radiochemical purity (>95%), and was able to remain

stable in solution for >24 h post-labeling. The tumor uptake of 99mTc-

6D-RGD2 was 4.20 � 0.42, 3.13 � 0.47, 2.45 � 0.90 and

0.30 � 0.01%ID/g at 5, 30, 60 and 120 min post-injection, respec-

tively. The blocking experiment clearly showed that the tumor uptake

of 99mTc-6D-RGD2 is integrin avb3-specific.

Conclusion: Considering its high uptake in the xenografted U87MG

glioma tumors, fast clearance from normal organs and high metabolic

stability, it was concluded that 99mTc-6D-RGD2 is may be a useful

tool for imaging integrin avb3-positive tumors.

PB 4.56-2
Optimal antithrombotic strategy in patients
undergoing carotid endarterectomy
Gamzatov T and Svetlikov A

Sokolov Clinical Hospital 122, Saint Petersburg, Russian

Federation

Background: Over the last decades carotid endarterectomy (CEA) has

become one of the most common surgical procedures. The aim of

CEA is to prevent stroke or transient ischemic attack (TIA) in patients

with carotid artery diseas (CAS). Although protective, this procedure

may be associated with minor and major neurological complications

including stroke and TIA. Some of these complications are due to
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improper surgical technique, inadequate neurological control or

underestimation of collateral blood flow at the time of surgery. How-

ever, improper regimen of antithrombotic treatment during and after

carotid endarterectomy is known to be important factor contributing

to the development of neurological deficits in this group of patients.

International guidelines on the surgical management of carotid artery

disease advocate for the routine use of low-dose aspirin (50–325 mg

daily) before, during and after surgical procedure in order to prevent

intraoperative and postoperative arterial thromboembolic complica-

tions. However, no algorithm has been proposed with regard to

patients with aspirin-resistance as well as those, who are at a high risk

for venous thromboembolism (VTE).

Aim: To optimize existing guidelines on the surgical management of

carotid artery disease by suggesting the differentiated antithrombotic

strategy for patients with aspirin resistance and those at high risk of

venous thromboembolism.

Methods: 60 patients with carotid artery disease have been consecu-

tively operated with conventional endarterectomy technique involving

synthetic patch angioplasty. All patients were split in two groups

according to their aspirin-resistance test. Group A (n = 12) was formed

from the patients with aspirin-resistance and Group B (n = 48) without

it. All patients received standard regimen of preoperative antiplatelet

treatment with aspirin 75–150 mg daily. However, patients from group

A (n = 12), have been put on clopidogrel 75 mg daily immediately after

surgery provided that they didn’t have documented clopidogrel-resis-

tance. Patients from group B (n = 48) have been left on aspirin after

surgical procedure. Those patients with high venous thromboembolism

risk score (four patients in all, one from group A and three from group

B) have been managed with prophylactic doses of low-molecular-

weight heparins in addition to their antiplatelet treatment.

Results: Mean age of the study individuals was 68.5 � 5.4 years for all

enrolled subjects and did not vary considerably between two groups.

Both groups were uniformly sex-matched. There have been no strokes

or transient ischemic attacks in either group after surgery. Postopera-

tive wound hematoma was diagnosed in two patients (4.2%) from

group B, one of which required repeated surgical intervention.

Conclusions: In light of commonly encountered aspirin resistance, dif-

ferentiated antithrombotic strategy is essential when considering opti-

mal antithrombotic treatment in patients undergoing CEA. However,

larger studies will be needed to confirm clinical efficacy of this

approach.

PB 4.56-3
VEGF-A, sVEGFR-1, sVEGFR-2 in myeloproliferative
neoplasms
Drela E, Rosc D, Gadomska G, Stankowska K, Boinska J, Slusarz R

and Michalska M

Nicolaus Copernicus University in Torun, Collegium Medicum in

Bydgoszcz, Poland, Bydgoszcz, Poland

Background: The most important and effective angiogenic factor is

vascular endothelial growth factor (VEGF), responsible for differenti-

ation, migration and survival of endothelial cells. VEGF works by

binding with specific tyrosine kinase receptors: VEGFR1, VEGFR-2

and VEGFR-3. Currently, there are known two soluble forms of the

VEGF receptors (sVEGFR): sVEGFR-1 and sVEGFR-2, which may

act as inhibitors of angiogenesis. The results of studies conducted in

many diseases and pathological conditions indicate a significant role

of VEGF in tumor angiogenesis. There is an ongoing search for non-

invasive, effective research methods to assess the intensity of angiogen-

esis in the course of many diseases, including those in myeloprolifera-

tive neoplasms.

Aims: The aim of this study was to evaluate the concentration of

VEGF-A, sVEGFR-1 and sVEGFR-2 in patients with MPNs.

Methods: The study involved 79 patients with myeloproliferative neo-

plasms (mean age 61.42), hospitalized and diagnosed at the Clinical

Ward of Hematology of the Dr. J. Biziel University Hospital No. 2 in

Bydgoszcz, Poland. These patients were enrolled in the study at the

time of the diagnosis of MPNs and prior to the implementation of

appropriate treatment. The study group included 46 patients with

essential thrombocythaemia (ET), 19 with polycythemia vera (PV),

seven with chronic myeloid leukemia (CML) and seven with the pri-

mary myelofibrosis (PMF). The control group consisted of 39 healthy

volunteers to correspond to the age (the mean age of 60) and gender to

the study group. In blood samples were determined VEGF-A,

sVEGFR-1 and sVEGFR-2 using ELISA tests (R&D Systems, USA).

The study was approved by the Bioethics Committee of Collegium

Medicum in Bydgoszcz, the Nicolaus Copernicus University in Torun,

Poland.

Results: In the present study, there was a significantly higher concen-

tration of VEGF-A in all patients with MPNs, as compared to the

control group (Me = 96.00 pg/mL vs. 18.82 pg/mL, P < 0.000001).

There were also demonstrated significantly lower levels of sVEGFR-1

and sVEGFR-2 in patients with myeloproliferative neoplasms com-

pared to the control group (P = 0.004001 and P < 0.000001, respec-

tively). Furthermore, we made a detailed analysis of the results in

respective subgroups of patients with myeloproliferative neoplasms, as

compared to the control group. The concentration of VEGF-A was

significantly higher in all subgroups: ET (Me = 105.74 pg/mL), PV

(Me = 71.72 pg/mL), PMF (Me = 64.80 pg/mL) and CML

(Me = 553.84 pg/mL) compared to the control group (Me = 18.82 pg/

mL). It was also found significantly lower levels of sVEGFR-1 in

patients with PV (Me = 87.66 pg/mL) and ET (Me = 87.44 pg/mL),

as compared to the control group (Me = 133.70 pg/mL) (P =
0.021815 and P = 0.009522, respectively). SVEGFR-2 concentration

was significantly lower in all subgroups of patients with MPNs, as

compared to the control group.

Conclusion: Increased levels of VEGF-A indicate the increased angio-

genesis in patients with myeloproliferative neoplasms.

PB 4.56-4
Evaluation of arterial stiffness in b-thalassemia/Hb E
patients
Satitthummanid S1, Uaprasert N2, Sutcharitchan P2, Puwanant S2,

Srimahachota S1 and Boonyaratavej Songmuang S2

1King Chulalongkorn Memorial Hospital; 2Chulalongkorn

University, Bangkok, Thailand

Background: The common disease-related complications of thalasse-

mia intermedia (TI) are venous thromboembolism and pulmonary

arterial hypertension leading to right-sided heart failure. b-thalasse-
mia/Hb E has TI phenotypes and is more prevalent in South East

Asia. However, systemic arterial complications have been less studied.

Non-invasive and blood pressure independent arterial stiffness mea-

surement of Cardio-Ankle Vascular Index (CAVI) has been used and

able to predict outcomes in general population.

Aims: To assess arterial stiffness using CAVI method in b-thalassemia/

Hb E compared to normal population.

Methods: Age and sex matched cases of 43 b-thalassemia/Hb E and 43

normal subjects were examined with CAVI, echocardiography, ferri-

tin, CBC and blood chemistry.

Results: CAVI values in b-thelassemia/Hb E patients were significantly

higher than controls (7.79 vs. 7.26, P = 0.002), and significantly corre-

lated with pulmonary pressure, PASP (r = 0.39, P = 0.012) and PADP

(r = 0.47, P = 0.002), heart rate (r = 0.36, P = 0.02), MCV (r = 0.31,

P = 0.045) and MCH (r = 0.32, P = 0.039). In addition, b-thalasse-
mia/Hb E patients had significantly higher heart rate, pulmonary pres-

sure, BUN, triglyceride levels and peak tricuspid annular systolic

velocity (RV S’) but significantly lower BMI, diastolic blood pressure,

Hb, MCV, MCH, Cholesterol, HDL and LDL levels than controls.

Subgroup analysis revealed post splenectomy has higher PADP than

controls but has no correlation with CAVI values.
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Conclusions: Systemic arterial stiffness using CAVI method was signifi-

cantly increased in b-thalassemia/Hb E patients and correlated with

increased pulmonary arterial pressure. Therefore, CAVI might be con-

sidered as a surrogate marker of atherosclerosis as well as cardiovascu-

lar morbidities in TI patients. A prospective study in a large

population of patients is warranted.

PB 4.56-5
HDL cholesterol, apolipoprotein A-I, and HDL
subfractions predict severity of coronary artery disease
Gurbel PA1, Kevin BP1, Tantry US1, Gesheff M1, Singla A1,

Franzese C1 and Toth P2

1Sinai Center for Thrombosis Research, Baltimore, MA;
2University of Illinois College of Medicine, Peoria, IL, USA

Background: Observational studies demonstrated an inverse relation

between HDL cholesterol and risk for developing coronary artery dis-

ease (CAD) and its clinical sequelae including MI, death, and need for

revascularization. HDL2 (large) is protective, HDL3 (small) is associ-

ated with increased risk for disease. More recent studies suggest that

HDL2 and HDL3 are equally beneficial. We evaluated the relationship

between HDL-C, apo A-I, and HDL subfractions and severity of

CAD.

Methods: Patients (n = 353) with suspected CAD with or without sta-

tins therapy, were enrolled. Lipids and lipoproteins were measured by

a vertical density gradient, ultracentrifugation technique in blood sam-

ples collected prior to coronary angiography (CA). The severity of

CAD was defined as minimal stenosis (<25%), intermediate stenosis

(25–75%), and severe stenosis (>75%) of any major coronary vessel as

indicated by CA.

Results: The severity of atherosclerotic lesions inversely correlated

with HDL-C and apo A-I irrespective of statin therapy. Among

patients not receiving statin therapy, both HDL 2 and 3 correlated

inversely with severity of atherosclerotic disease. For patients on statin

therapy, the relationship between disease severity and HDL3 was sig-

nificant.

Conclusions: In the MAGMA study, serum levels of HDL-C, apoA-I,

and HDL3 have an inverse and significant relationship to severity of

CAD. These results support accruing evidence that higher levels of

HDL2 and HDL3 are associated with less severe CAD.

PB 4.56-6
Releasate of PAR1-activated platelets enhances
capillary formation of endothelial progenitor cells
Huang Z, Zhu L, Miao X, Ander C, Hjemdahl P and Li N

Karolinska Institute, Stockholm, Sweden

Background: Endothelial progenitor cells (EPCs) contribute impor-

tantly to endothelial regeneration and new vessel formation. Platelets

contain both pro- and anti-angiogenic regulators, and release them dif-

ferently upon different stimuli. Thrombin receptor PAR1 stimulation

is known to induce selective release of pro-angiogenic regulators.

Aims: To investigate if the releasates of PAR1-activating peptide

(PAR1-AP) stimulated platelets can enhance the angiogenic properties

of EPCs.

Methods: Venous blood was collected from healthy subjects for Ficoll

isolation of mononuclear cells. The cells were cultured in an endothe-

lial conditioning medium (ECM: EBM-2 Single Quots medium plus

10% FBS) during 4 weeks, with culture media changed every third

day. Autologuous washed platelets (2 9 109/mL) were stimulated by

PAR1-AP (10 lM), and the releasate was collected after centrifuga-

tion. EPC proliferation was monitored using a [3H]-thymidine incor-

poration assay. EPC migration was assessed using a modified Boyden

chamber, and an in vitro tube formation assay was performed on

Matrigel-covered culture plates.

Results: EPC colonies usually appeared after 3 weeks culture, with 1–
2 colonies per 60 mL blood. EPC colonies generated from adherent

peripheral mononuclear cells displayed a cobblestone morphology.

Supplementation with PAR1-AP releasate (10% ECM volume)

approximately doubled the migration of EPCs in modified Boyden

chambers (n = 3). Moreover, PAR1-AP releasate enhanced EPC tube

formation on Matrigel[TRADEMARK] Matrix. Thus, as compared

to ECM alone, EPC cultures with PAR1-AP releasates developed

denser capillary network, with increased numbers of branch points

(by approximately 55%). Surprisingly, the releasate did not promote

but rather attenuated EPC proliferation as evidenced by a 30%

reduction of thymidine incorporation in EPC cultures with PAR1-AP

releasates.

Conclusions: Releasates from PAR1-AP-stimulated platelets enhance

the capillary forming capacity of EPCs. Inhibitory effect of the relea-

sate on EPC proliferation is probably due to the fact that PAR1 stimu-

lation can still induce a considerable release of anti-angiogenic factors.

PB4.57 – Fibrinogen/Fibrin – V

PB 4.57-1
Combination of haemostatic agents reduces blood loss
and enhances survival in a two-hit model of blunt liver
injury
Zentai C1, Rossaint R1, Ten Cate H2, Spronk HMH2

and Grottke O1

1RWTH Aachen University Hospital, Aachen, Germany;
2Maastricht University Medical Center, Maastricht, The

Netherlands

Background: In the treatment of trauma-induced coagulopathy there

has been a shift from an empirical treatment with FFP to a targeted

therapy with coagulation factors concentrates and other haemostatic

agents in recent years. Tranexamic acid (TX) is increasingly used as

first line therapy for traumatised patients. Prospective studies investi-

gating the combination of TX with other haemostatic agents are

missing.

Aims: In a two-hit pig model with two blunt liver injuries and haemor-

rhagic shock we explored the effects of a combined therapy with TX,

fibrinogen, and prothrombin complex concentrate (PCC) on blood

loss and coagulation variables.

Methods: After local ethical approval trauma was induced in 36 anaes-

thetised pigs. A second hit standardised blunt liver injury grade III

was induced using a custom made instrument. After the first injury

phase with severe haemorrhagic shock over 30 min, animals were

resuscitated with crystalloids to maintain nadir blood pressure. Ten

minutes after the following second liver injury animals were re-trans-

fused with washed erythrocytes and randomised to receive either nor-

mal saline (control), TX (15 mg/kg, TX group), TX and fibrinogen

(90 mg/kg, TXF group) or TX, fibrinogen and PCC (20 U/kg, TXFP

group).

Thromboelastometry (ROTEM), including a modified method for

fibrinolysis (‘tPA-ROTEM’) and global coagulation parameters were

monitored over 4 h and blood loss was measured. Statistical analysis

was performed using ANOVA with Tukey post hoc. The significance

was defined as P < 0.05.

Results: Coagulation was severely impaired after the infliction of inju-

ries and haemorrhagic shock. Prothrombin time (PT: 15 � 2 s) and

clot formation (CFT: 81 � 14 s) prolonged over time. Correspond-

ingly, concentrations of fibrinogen (49 � 10 mg/dL) and clot strength

(MCF: 53 � 4 mm) were severely reduced. Infusion of fibrinogen

restored CFT, MCF and increased concentrations of fibrinogen signifi-

cantly. An additional impact on global coagulation variables after the

infusion of PCC could not be observed. In contrast, coagulation in the

control group was increasingly impaired over time. TX-treated ani-

mals showed an inhibition of tPA induced fibrinolysis with no impact

neither on MCF nor CFT.
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The total blood loss as the primary endpoint of this study was lowest

in the TXF (1012 � 86 mL) and TXFP (1037 � 118 mL) groups, fol-

lowed by the TX (1579 � 306 mL) and control group

(2376 � 478 mL; P < 0.05. Accordingly, all animals of TXF and

TXFP groups survived, whereas five of nine animals (55%) and two

out of nine animals (22%) died in the control and TX groups, respec-

tively (P < 0.05). Clinically and macroscopically no adverse events

were observed.

Conclusions: The early application of TX and fibrinogen significantly

reduced blood loss and enhanced coagulation variables in a highly

lethal model with blunt liver injuries and prolonged haemorrhagic

shock. The additional use of PCC showed no further effects in this spe-

cific animal model, which is most likely attributed to a lack of impaired

thrombin generation. Thus, the early use of a combined treatment with

coagulation factors and TX is a reasonable and safe approach to

reduce the need for the transfusion of FFP and red blood cells.

PB 4.57-2
Detection, localisation and quantification of
intracellular phosphorylated human fibrinogen by
proximity ligation: a novel approach for the
characterisation of fibrinogen phosphorylation
Cooke EJ, Cordell PA, Pease RJ, Grant PJ and Smith KA

University of Leeds, Leeds, UK

Background: Human fibrinogen is secreted from hepatocytes in its

phosphorylated form, with 20–25% of circulating fibrinogen phos-

phorylated exclusively at Aa chain Serine 3 (Ser3) and Serine 345

(Ser345). Elevated levels of phosphorylated fibrinogen have been

observed in foetal fibrinogen, ovarian cancer patients, venous throm-

boembolism and acute phase responses; however, the cause of this

increase and the effect of fibrinogen phosphorylation on clot structure

and function remain undetermined. The latter has previously been

investigated in vitro using several potential kinases but the results have

proved inconsistent, failing to clarify the role of these phosphorylation

sites. Similarly, this post-translational modification has yet to be

explored at a cellular level.

Aims: The aim of the current investigation was to develop a method

for the detection of intracellular phosphorylated human fibrinogen Aa
chains and determine the subcellular location of fibrinogen phosphory-

lation.

Methods: We have carried out a proximity ligation assay (PLA) using

commercially available reagents to detect and quantify phosphorylated

fibrinogen in two cell lines: i) human hepatocytes (HepG2 cells), and

ii) Chinese hamster ovary cells expressing recombinant human fibrino-

gen. The cells were fixed, permeabilised and blocked for non-specific

binding before probing with anti-fibrinogen Aa chain and anti-phos-

phoserine primary antibodies. Hybridisation of secondary PLA probes

in close proximity results in the generation of a DNA template, which

is amplified and detected with fluorescently-labelled oligonucleotides.

Markers for endoplasmic reticulum, Golgi apparatus and nucleus

detection were incorporated to reveal the site of fibrinogen phosphory-

lation. Finally, cells were mounted and imaged using confocal micros-

copy.

Results: Using this technique we have visualised, for the first time,

phosphorylated fibrinogen within HepG2 and CHO cells. Preliminary

data suggests phosphorylation of fibrinogen takes place in the endo-

plasmic reticulum, as indicated by the distribution of signal and mini-

mal co-localisation with the Golgi apparatus. In contrast, control cells

expressing the Bb and c chains of fibrinogen contained negligible sig-

nal of random distribution, highlighting the specificity of this method.

Conclusion: This novel approach will facilitate identification of the

protein kinase(s) responsible for this modification in vivo, providing a

valuable tool for the characterisation of Ser3 and Ser345 phosphoryla-

tion. Furthermore, it will be used to determine whether elevated levels

of fibrinogen phosphorylation accompanying the acute phase response

result from increased synthesis of high molecular weight fibrinogen, or

an up-regulation of fibrinogen kinase activity in response to extracellu-

lar stimuli. Elucidating the mechanism of cellular fibrinogen phos-

phorylation and its contribution to haemostatic and thrombotic

processes could aid the diagnosis and management of associated

pathologies.

PB 4.57-3
Functional aspects of platelets and factor XIII in
hereditary afibrinogenaemia
Hoffmann T, Bomke B, Seidel H, Strathmann K, Alatsaki A,

D€ucker C and Scharf RE

Heinrich Heine University Medical Center, Duesseldorf, Germany

The clinical phenotype of hereditary afibrinogenaemia (HAF) is hetero-

geneous. Thus, even profound deficiency of fibronogen (Fg) and, conse-

quently, in fibrin (Fn) formation may not be associated with a

hemorrhagic phenotype. We now studied a patient with HAF and

examined platelet and FXIII function with regard to Fg/Fn parameters.

Patient: The proposita is a 30-year-old woman in whom afibrinogena-

emia resulting from a mutation in the FGA gene

(c.510 + 1_510 + 4delGTAAinsCCAAAA) was diagnosed after gas-

trointestinal hemorrhage at birth. During childhood and adolescence,

the patient suffered from easy bruising only. In 2012, ankle joint bleed-

ing for the first time necessitated replacement therapy with a fibrino-

gen concentrate (FgC, Haemocomplettan� CSL Behring).

Methods: Coagulation screening was performed by prothrombin time

(PT)(Thromborel S�, Siemens), activated partial thromboplastin time

(aPTT) (Pathrombin SL�, Siemens) and thrombin time (TT)(BC

Thrombin�, Siemens). For fibrinogen assessment, the Clauss method

(Multifibren�, Siemens) and nephelometric determination of the anti-

gen concentration (Sigma�) were used. FXIII activity was measured

with the Berichrom FXIII� test (Siemens), FXIII antigen concentra-

tion was assessed using an ELISA test (Haemochrom�). Platelet func-

tion was screened with PFA-100� (Siemens) and platelet aggregation

studies were performed by light transmission with a DiaSysGreiner�

instrument. For thrombelastometry ROTEM�(tem international) was

used. To assess dysfunctional fibrinogen, the ratio of Fg (Clauss) and

Fg concentration was used (Fg-R, normal >0.9). Likewise, FXIII dys-

function was estimated by the ratio of FXIII activity and FXIII anti-

gen concentration (FXIII-R, normal >0.9). All tests were performed

before as well as after hemotherapy with FgC.

Results: Prior to substitution, none of the coagulation tests (PT, PTT,

TT, TEM) revealed any detectable clot formation. Platelet function

appeared intact upon PFA screening and aggregation testing in

response to high-dose arachidonic acid and collagen. By contrast,

platelet aggregation with ‘weak agonists’ was strongly reduced (epi-

nephrine 5%, normal >70%; ADP 46%, normal >70%). FXIII levels

were reduced to 22% in activity (normal >80%) and to 58% in concen-

tration (normal >70%). Hemotherapy with FgC led to an increase of

Fg levels (Clauss) in a dose- and time-dependent manner. Conse-

quently, the results of the hemostasis tests, including TEM, improved

or normalized, which was also true for platelet aggregation in response

to weak agonists. Moreover, FXIII activity increased. This increase

was strongly correlated to Fg levels (Clauss) (r = 0.98). Of note,

despite the uniform increases both in Fg and FXIII activity, the Fg

ratio (0.62) as well as the FXIII ratio (0.54) remained abnormal.

Conclusion: This case report illustrates that impaired platelet function

in HAF may be restricted to reduced aggregation upon stimulation

with weak agonists. Substitution of fibrinogen can restore normal

platelet aggregation. FXIII function in HAF appears to be compro-

mised due to reduced concentration and reduced function. Even

though fibrinogen substitution leads to strongly correlated increases of

Fg levels (Clauss) and FXIII activity, functional deficiencies of Fg/Fn

and FXIII may persist. Our observations warrant extended assessment

of platelet function and FXIII function in patients with fibrinogen dis-

orders.
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PB 4.57-4
Fibrinogen clottable protein assays (Clauss assay vs.
CLOTr methods): the effects of fibrinogen & thrombin
concentrations on clot formation, structure and clot
turbidity
Raut S

National Institute For Biological Standards and Control, Potters

Bar, UK

Background: Following the establishment of the WHO 3rd Interna-

tional Standard (IS) for Fibrinogen Plasma (09/264) and more recently

the WHO 2nd IS Fibrinogen Concentrate (09/242), it was evident that,

although Clauss assays were found to be suitable for assaying fibrino-

gen clottable protein in plasma [low inter-laboratory variability,

GCV = 3.2%; n = 22 with good agreement (<4% difference) with

CLOTr (assays following clot removal) methods], they were not found

to be suitable for assaying fibrinogen concentrates [high inter-labora-

tory variability, GCV = 17.2–26.8%; n = 17–24 with poor agreement

(18–81% higher potency) with CLOTr methods]. Studies were carried

out to investigate this discrepancy.

Aim: To investigate the influence of fibrinogen and thrombin concen-

trations on assays used to determine thrombin clottable protein in

fibrinogen concentrates.

Methods: Clot turbidity (as measured by absorbance at 405 nm) mea-

surements were carried out at varying fibrinogen and thrombin con-

centrations to assess their effects on clot structure and function. SDS-

PAGE analysis and Transmission Electron Microscopy (TEM) were

also carried out to assess the structure of the clot, and fibre & protofi-

bril formation respectively.

Results: At physiological concentrations of fibrinogen (1–4 mg/mL),

an increase in low levels of thrombin concentration (from 0.03 to

0.6 IU/mL) leads to a proportional increase in turbidity (absorbance)

of the clot. However, higher thrombin levels (from 0.6 to 20 IU/mL)

lead to a reduction in turbidity. Furthermore, at supra-physiological

concentrations of fibrinogen (e.g. @ 10 mg/mL), this reduction in tur-

bidity is observed at a much lower thrombin concentrations (from 0.3

to 5 IU/mL). At low thrombin concentrations, it is thought that fibri-

nopeptide cleavage is slower (as observed by slower rate of absor-

bance) so that protofibrils are formed more slowly and shorter

protofibrils aggregate as they are formed, resulting in thicker fibres.

But at higher thrombin concentrations, the maximum rate of assembly

is greater and the maximum turbidity is consequently lower. The lower

turbidity with an increase in fibrinogen concentration can be similarly

explained. These results are further confirmed by SDS-Page gels and

TEM scans.

Conclusions: Results from these studies indicate that clotting can be

influenced by thrombin and fibrinogen concentrations. Small differ-

ences between the concentrations of these analytes can have a signifi-

cant effect on the turbidity & opacity of fibrinogen clot being formed

and this may explain the high variability observed in Clauss assays,

where both mechanical and photometric clot detection systems are

employed and where significantly higher thrombin concentrations are

used (100–200 IU/mL). These differences are less apparent with the

CLOTr method where clot is initially formed, removed and washed

prior to protein analysis. For assays of thrombin clottable protein in

fibrinogen concentrates, optimal concentrations of fibrinogen and

thrombin concentrations are found to be 1–4 mg/mL and 1–5 IU/mL

respectively. For Clauss assays further validation is likely to be

required. These finding are to be proposed for the EP monograph revi-

sion for this method.

PB 4.57-5
New liquid quality controls for D-Dimer assays with
extended stability
Robert M, Vial T, Aiello L, Ashwell T, Langlet S and Grimaux M

Stago, GENNEVILLIERS, France

Background: Due to evolutions in quality assessment programs under-

taken by medical laboratories, Stago has developed the STA� – D-Di

Control. The kit comprises of two levels of liquid controls, which are

dedicated for use with D-Dimer assays, when performed on Stago ana-

lyzers. These controls can be used in conjunction with STA� – Lia-

test� D-Di or STA� – Liatest� D-Di PLUS. The levels of these

controls are targeted to have a D-Dimer concentration of around

0.75 lg/mL and 2.30 lg/mL.

Aim: The aim of this study is to demonstrate the performance of the

STA� – D-Di Control kit, in terms of analyzer on board stability and

after opening.

Methods: STA� – D-Di Control 1 and 2 were opened and placed on

board:- the STA-R� and STA Compact� analyzers for 72 h- the STA

Satellite� for 48 h. The controls were then assayed with STA� – Lia-

test� D-Di. The controls were also assayed after the opening of the

vials, which were then recapped and stored at 2–8 °C for 30 days.

Results: The on board stability results show that the absolute varia-

tions tested on a lot

- after 72 h on the STA-R� and the STA Compact� is 0.05 lg/mL

and 0.02 lg/mL for Control 1 and 0.13 lg/mL and 0.04 lg/mL for

Control 2, respectively

- after 48 h on the STA Satellite� is 0.00 lg/mL for Control 1 and

0.08 lg/mL for Control 2.

Stability after the opening of the vial and storage at 2–8 °C for 30 days

shows that the absolute variations observed for a lot does not exceed

0.00 lg/mL for Control 1 and 0.05 lg/mL for Control 2.

Conclusion: STA� – DDi Control is stable over time, allowing the use

of Quality Controls on board the analyzer over a period of 72 h on the

STA-R� and STA Compact� or 48 h on the STA Satellite�. In addi-

tion, STA� – DDi Control when stored at 2–8 °C in its original

recapped vial, is stable for 30 days. With this extended stability, the

STA� – D-Di Control allows laboratories to adapt the frequency of

quality control in an optimized way. The liquid formulation also

allows better practicality and the reduction in handling errorsSTA� –
D-Di Control can be used with the STA� – Liatest� D-Di or STA� –
Liatest� D-Di PLUS for D-Dimer Assays.

PB 4.57-6
Purification and characterization of a new fibrinogen
concentrate: results at laboratory scale
Guglielmone H, Farias F, Lombardi R, Bernardi M and Vitali M

Universidad Nacional de C�ordoba, C�ordoba, Argentina

Background: Fibrinogen (Fg) replacement therapy is mandatory dur-

ing the hemorrhagic episodes in congenital and acquired fibrinogen

deficiencies, the latter being associated with liver failure, disseminated

intravascular coagulation, massive transfusion and cardiac surgery. At

present, only a few Fg concentrates are available worldwide.

Aims: The objective of this study is to show the results achieved, in a

laboratory scale, of a new Fg concentrate obtained from discarded

material produced during the process of purification of Factor VIII.

Methods: After the dissolution of the cryoprecipitate, aluminum

hydroxide treatment, viral inactivation process, adjustment of pH and

ionic strength, this protein mixture is loaded on an ion exchange col-

umn. Under these conditions, the unbound protein material eluted is

used as a source for isolation of Fg. After adjusting the pH and con-

ductivity, this eluate is mixed with heparin-Sepharose in a ratio near

1:1 and washed with buffer of equilibrium (sodium citrate, sodium

chloride, glycine and lysine) until absorbance near to 0. Fg is eluted

with the same buffer but containing more high concentration of
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glycine and lysine in a sharp peak. Next, the product obtained is con-

centrated for ultra-filtration and lyophilized.

Results: In total 20 chromatographic runs were made starting from dif-

ferent eluates which contained an average of 246 mg/dL of immuno-

logic Fg (range 180–306 mg/dL). The concentration of functional and

immunological Fg obtained in the peaks after elution were

319 � 48 mg/dL and 340 � 58 mg/dL, respectively and the total pro-

tein concentration was 351 � 65 mg/dL. The ratio between Fg func-

tional/immunologic was 0.94 and Fg functional/protein concentration

was 0.91. The electrophoresis in polyacrylamide gels and Western blots

analysis revealed the presence of a single band representing >90% of

total protein content in the zone of Fg.

Summary: The results allow us to conclude that using a fast and inex-

pensive method starting from an eluate of proteins, which in our work-

ing conditions were discarded; we can isolate and purify a concentrate

of Fg with a high degree of purity and coagulability judging by the

protein analysis.

PB4.58 – Other coagulation
factors – IV

PB 4.58-1
Spectroscopic evidence of intrinsic disorder in the
activation peptide of coagulation factor X
Persson E1, Kaas Hansen MJ1 and Kragelund B2

1Novo Nordisk A/S, M�aløv; 2University of Copenhagen,

Copenhagen, Denmark

Background: The vitamin K-dependent coagulation factors (F) VII,

IX, X and protein C share the same domain organisation, with the

exception of an activation peptide missing in FVII. FX possesses the

longest half-life and activation peptide, where two N-linked glycans

(N39 and N49) are key determinants. Upon activation of the zymo-

gens, the activation peptide is released and the circulatory half-life

drops dramatically. The half-life of the zymogen and activated forms

of FVII are similar. A half-life prolonging effect of the activation pep-

tides has been shown when these were inserted in FVII. Altogether,

this indicates that the activation peptides play a fundamental role in

the retention and clearance mechanisms of the coagulation factors.

Recently, the N-linked glycans in the activation peptide of FX were

found to be important for localisation to macrophages protecting it

from rapid clearance. The influence of the N-linked glycans on the

structure of FX and that of the activation peptide is unknown. In

order to gain more knowledge about the life cycle of vitamin K-depen-

dent coagulation factors structural information about the activation

peptides would be valuable.

Aims: To investigate the structure of the activation peptide of FX

alone and in the context of zymogen FX and the influence of the N-

linked glycans on the structure.

Methods: Structural characterisation of the human FX activation pep-

tide, expressed in E. coli, was performed using multidimensional het-

eronuclear nuclear magnetic resonance (NMR) spectroscopy. Plasma-

derived human FX, N-deglycosylated FX and FXa were studied using

circular dichroism (CD) and fluorescence spectroscopy.

Results: The NMR studies of the glycan-free FX activation peptide

showed that it is intrinsically disordered without a defined fold. How-

ever, determination of residual secondary structure, from backbone

carbon chemical shifts using a urea-denatured sample as the internal

reference, revealed a transient a-helix located between residues 32 and

39 in the activation peptide. Far-UV CD spectroscopy of FX, N-degly-

cosylated FX and FXa indicated that FX and N-deglycosylated FX

have indistinguishable secondary structure contents, whereas FXa

appeared to be less disordered. Near-UV CD studies indicated only

minor differences between the tertiary structures of FX, N-deglycosy-

lated FX and FXa. Fluorescence spectroscopy experiments revealed

no differences in the emission intensity or in wavelength of emission

maximum between FX and N-deglycosylated FX, whereas the emis-

sion maximum for FXa was blue-shifted indicating a lesser degree of

structural disorder.

Summary/Conclusions: The isolated activation peptide of FX is intrin-

sically disordered with a transient, low-populated a-helix. Our data

strongly indicates that the structural disorder persists when the activa-

tion peptide is in the context of the parent protein, and that the N-

linked glycans do not influence the structure of FX.

PB 4.58-2
Pseudonaja textilis venom FXa is poorly inhibited by
human antithrombin
Johnson DJ and Huntington JA

University of Cambridge, Cambridge, UK

The venom of the Common Brown Snake (Pseudonaja textilis) contains

an analogue of the mammalian prothrombinase complex consisting of

factor Va (fVa) and factor Xa (fXa) orthologues with identity to the

human versions of 54% and 49% respectively. Evolutionary modifica-

tions of its own plasma fX and fV, such as the removal of the membrane

dependency of the complex and improved affinity of venom fVa for

fXa, led to the venom having powerful systemic procoagulant activity

resulting in the conversion of its prey’s prothrombin to thrombin. This

leads to consumptive coagulopathy of the victim, causing severe fibrino-

gen depletion, early hypotension and spontaneous bleeding and pulmo-

nary thromboembolism. The use of heparin to prevent the catastrophic

coagulation as a result of envenomation by P. textilis has been investi-

gated, however one study suggested that pre-treatment with heparin

can prevent the coagulant effects of the venom, while another showed

that treatment with heparin 15 min after envenomation had no effect.

Here our aim is to investigate the inhibition of P. textilis fXa by

human antithrombin and to determine if inhibition is affected by hepa-

rin pentasaccharide. Rates of inhibition of recombinant P. textilis fXa

were measured in the presence and absence of pentasaccharide by mea-

suring depletion of uncomplexed fXa over time on SDS PAGE. In the

absence of pentasaccharide human antithrombin inhibited P. textilis

fXa poorly with a kapp of 7.1 M/s, at least 500 fold slower than human

fXa. Inhibition was enhanced by pentasaccharide by around 1000 fold

(similar to the enhancement seen for human fXa). The poor inhibition

rates, both in the presence and absence of pentasaccharide, can be

explained by differences in the 36 loop and the autolysis loop that con-

tribute to recognition of antithrombin, including the critical argi-

nine150 (chymotrypsin numbering) residue in human fXa which is a

proline in P. textilis. Evolutionary changes in P. textilis venom fXa

have therefore resulted in a molecule that is poorly inhibited in mam-

malian blood, thus enhancing the potency of the venom.

PB 4.58-3
Real-life use of activated recombinant Factor VII
(rFVIIa) in elderly patients with haemophilia with
inhibitors – data from the UK National Haemophilia
Database
Dolan G1, Bjerre J2 and Hay CRM3

1Queens Medical Centre, Nottingham, UK; 2Novo Nordisk,

Bagsværd, Denmark; 3Manchester Royal Infirmary, Manchester,

UK

Background: Improved management has led to greater life expectancy

and a growing population of elderly patients with haemophilia. Acti-

vated recombinant Factor VII (rFVIIa) has been approved globally

for the treatment of bleeds in patients with haemophilia with inhibi-

tors. It is important to assess the safety of rFVIIa from post-marketing

reports in elderly patients, who are at increased risk of thromboembo-

lism, and for whom data have previously been scarce.
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Aims: To assess the real-world use and safety of rFVIIa in elderly

patients (≥65 years old) in a post-marketing surveillance study

requested by EMA when licensing the higher (270 lg/kg) rFVIIa dose,
and conducted on behalf of Novo Nordisk by the UK National Hae-

mophilia Database between 1/1/08 and 30/6/11.

Methods: The National Haemophilia Database (NHD) collects data

from all UK haemophilia centres on all patients with bleeding disor-

ders, collecting treatment data quarterly and adverse event death and

diagnostic data as it arises. Data on rFVIIa dosing and safety, includ-

ing adverse drug reactions, were collected prospectively. The study

was conducted in accordance with the Data Protection Act and the

Declaration of Helsinki.

Results: Overall, 139 patients were treated with rFVIIa for a total of

1356 bleeding episodes (episodes/patient: median 3.0; mean 9.76; range

1–124). Of these, 29 (20.9%) were elderly patients (>65 years old)

(median age 70.6 years; mean 73.1 years, range 65.2–94.9 years), who

were treated for 130 treatment episodes (episodes/patient: median 2.0;

mean 4.48; range 1–59). Most (79/130 [61%]) of these episodes were in

patients with haemophilia A, with lower proportions in acquired hae-

mophilia (33%) and FVII-deficiency (6%). Elderly patients received a

lower initial rFVIIa dose compared with the rest (mean 106.8 vs.

152.7 lg/kg; median 90.2 vs. 112.2 lg/kg), a higher number of rFVIIa

doses (mean 5.7 vs. 4.4; median 3.0 vs. 1.0) and had a longer median

duration of treatment (7.0 vs. 2.6 h). In addition, elderly patients

received a higher accumulated rFVIIa dose than the total population

(mean 590.0 vs. 548.8 lg/kg; median 273.0 vs. 253.4 lg/kg). Initial
rFVIIa dose administered was between 10.6 and 285.7 lg/kg and 24-h

dose range was 35.1–938.7 lg/kg in elderly patients. Single-dose regi-

mens (i.e., a dose spaced >26 h from previous and following doses)

were administered to 48.3% of elderly patients for treatment of 21/130

(16.2%) episodes; this is substantially lower than the proportion of

patients and episodes treated with single-dose regimens in the total

population (71.9% and 51.3%, respectively). No adverse drug reac-

tions, including thromboembolic events, disseminated intravascular

coagulation or anti-rFVIIa antibody formation occurred in patients of

any age.

Conclusions: This study documents the extensive use of rFVIIa in

elderly patients with haemophilia with inhibitors. Importantly, no

safety concerns have been raised for this population, including no

reports of thromboembolic events. Single-dose regimens were less fre-

quent in the elderly population and the total accumulated dose per

treatment episodes was higher. The data suggest that higher initial dos-

ing may shorten treatment duration in the elderly, but this requires

further study.

PB 4.58-4
Ribavirin effects on expression of coagulation factors
in HepG2 cells
Ando Y1, Suzuki A1, Okuyama E1, Murata M1, Kato I1, Takagi Y1,

Takagi A1, Murate T1, Saito H2 and Kojima T1

1Nagoya University Graduate School of Medicine; 2National

Hospital Organization-Nagoya Medical Center, Nagoya, Japan

Background and Aims: Previously, Yamamoto et al. reported signifi-

cant decreases in doses of clotting factors used for hemostatic therapy

and increased activities of clotting FVII in henophiliacs during admin-

istration of anti-HCV agent, ribavirin. They also showed that ribavirin

upregulated FVII mRNA in cultured human normal hepatocytes as

well as hepatoma cell line (HepG2). Although the action of ribavirin

was evaluated, its complete effects were not yet elucidated. In this

study, we investigated molecular mechanisms of FVII upregulation by

ribavirin. Furthermore, we also focused on the other coagulation fac-

tors and analyzed ribavirin effects on their mRNA expressions in

HepG2 cells.

Methods:We treated HepG2 cells with ribavirin (100 lg/mL) or myco-

phenolic acid (MPA; 100 lM) for 24 h, and added guanosine at a final

concentration of 100 lM if necessary. We isolated total RNA from

the cells and subjected to quantitative RT-PCR to determine mRNA

levels of prothrombin, FV, FVII, FX, FXI, FXII, and HPRT1.

HPRT1 was used as ribavirin-insensitive control.

Results: First, we verified that FVII mRNA was increased by ribavirin

treatment. Ribavirin metabolite, ribavirin-monophosphate, is an

inhibitor of IMP dehydrogenase (IMPDH), which is a rate-limiting

enzyme for the de novo purine nucleoside synthesis. We tested another

IMPDH inhibitor, mycophenolic acid (MPA), and found MPA treat-

ment also upregulated FVII gene expression. Thus, we hypothesized

IMPDH inhibition was critical for FVII mRNA increase. We used

guanosine together with ribavirin to confirm our hypothesis, because

intracellular GTP depletion induced by IMPDH inhibition could be

reversed by addition of guanosine. As a result, we found that the FVII

upregulation was completely diminished by guanosine supplementa-

tion. Meanwhile, we analyzed expression levels of the other coagula-

tion factors, and found that ribavirin upregulated expression levels of

several coagulation factors such as prothrombin, FV, FX, FXI, and

FXII. While the increase levels differed individually, prothrombin,

FX, and FXII mRNAs were increased only slightly; FV mRNA was

upregulated to the same extent as FVII mRNA and FXI mRNA much

more abundantly. We also analyzed FIX mRNA; however, HepG2

cells did not express FIX mRNA in a detectable level. MPA also up-

regulated these coagulation factors similarly. All of these upregula-

tions were retracted by addition of guanosine.

Summary/Conclusions: Herein, we demonstrated that FVII was upreg-

ulated by ribavirin treatment. The FVII mRNA increase was induced

in response to the intracellular GTP depletion following IMPDH inhi-

bition. We also observed that ribavirin as well as MPA upregulated

the other coagulation factor expressions, which were cancelled by

addition of guanosine. Taken together, intracellular GTP reduction

induced by ribavirin or MPA resulted in the significant mRNA upre-

gulations of FV, FVII, and FXI. Although not all coagulation factor

expressions were evaluated, the effect of ribavirin on these genes might

attenuate hemorrhagic episodes in vivo.

PB 4.58-5
Elimination capacity of transmissible spongiform
encephalopathy (TSE) model agents by the production
process of therapeutic antithrombin
Figueras FJ, Otegui M, Belda JF, Vinent A, Caballero S, Diez JM,

Gajardo R and Jorquera J

Instituto Grifols, S.A., Parets del Valles, Spain

Background: The variant Creutzfeldt-Jakob disease (vCJD) is a trans-

missible spongiform encephalopathy (TSE) mainly present in UK

(UK) that peaked in the year 2000 with 28 cases. From 1995 (1st

case) to December 2012, 227 cases have been reported across the

world, 176 of them in the UK and 27 in France. Worldwide, it can be

observed a downward trend in deaths and new cases, and no new

cases of vCJD have been reported in UK since October 2011. The

vCJD agent is mainly located in the Central Nervous System. How-

ever it can be found in the lymphatic system and non-neural tissues

at much lower concentration. It has never been biochemically

detected in human plasma suggesting that the concentration may be

lower than in the above mentioned tissues. Nevertheless, as a precau-

tionary measure, UK plasma is not used for the production of plasma

derivates. Furthermore, even in the current absence of vCJD preva-

lence in the general population, Grifols studies the manufacturing

processes to evaluate their capacity of removing prions in case they

were present. In that sense, spiking and endogenous infectivity experi-

ments have shown that different plasma protein manufacturing steps

are very effective removing TSE model agents. Aims:Laboratory

studies were conducted to establish the capacity of Grifols’ anti-

thrombin (Anbinex�) production process, to remove a spiked TSE-

model agent.
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Methods: For this purpose, two different brain-derived materials of

Scrapie affected hamsters (strain 263K), clarified brain homogenate

and detergent treated brain homogenate, were deliberately spiked into

intermediate process solutions. Prion protein (PrPSc) was detected by

Western Blot assay (WB) for protease-resistant prion protein. TSE

infectivity was measured using a hamster bioassay. Three production

steps were assessed: Fraction I and Fraction II + III precipitations

and Nanofiltration through 15 nm filters (Planova
TM 15N).

Results: The studied manufacturing steps showed a high capacity to

remove the TSE model agent. Reduction Factors for the different TSE

preparations (clarified brain and detergent treated brain homogenates,

respectively) were 1.02 and 1.32 log10 WBU for Fraction I precipita-

tion step, 3.83 and 2.39 log10 WBU for Fraction II + III precipitation

step and ≥3.59 and ≥3.76 log10 WBU for the nanofiltration step. These

results obtained by Western blot were in good agreement with bioas-

say data (Reduction Factors of 1.02 and 3.33 log10 ID50 for Fraction I

and Fraction II + III precipitations).

Conclusion: Anbinex� manufacturing process effectively removes TSE

model agents used as a model of vCJD, indicating that the production

process has a high potential to eliminate TSE agents, in the unlikely

event of a donor with vCJD.

PB 4.58-6
A prospective, open-label, randomized, parallel study
with AICC to evaluate the efficacy and safety of
prophylactic vs. on-demand treatment in hemophilia A
or B subjects with inhibitors
Antunes S1, Tangada S2, Stasyshyn O3, Mamonov V4, Phillips J5,

Guzm�an-Becerra N2, Grigorian A2, Schroth Ph2, Ewenstein BM2

and Wong WY2

1UNIFESP, S~ao Paulo, Brazil; 2Baxter Healthcare Corporation,

Bioscience, Westlake Village, CA, USA; 3Ukrainian National

Academy of Medical Science, Lviv, Ukraine; 4Hematology

Research Center of the Russian Academy of Medical Sciences,

Moscow, Russian Federation; 5Wellington Hospital, Wellington

South, New Zealand

Background: Treatment with FEIBA NF (AICC) is a key therapeutic

option for controlling acute and difficult to treat hemorrhages in

hemophilia A or B patients with inhibitors. Severe and recurrent epi-

sodes of joint, muscle, and soft tissue bleeds lead to significant joint

damage and morbidity. Prevention of hemorrhages with prophylactic

therapy reduces morbidity and improves quality of life. This clinical

study evaluated the safety and efficacy of prophylaxis with AICC com-

pared to on-demand treatment.

Aims: To demonstrate reduction of annualized bleed rate (ABR) in

subjects using AICC prophylactically compared to on-demand ther-

apy

To evaluate the safety of prophylactic AICC treatment compared to

on-demand treatment.

Methods: This prospective, randomized study was designed with two

arms: prophylaxis and on-demand regimens over 12 months �
14 days. Thirty-six hemophilia A or B subjects with inhibitors refrac-

tory to FVIII or FIX treatment were enrolled across 17 sites globally.

Seventeen subjects randomized to the prophylaxis arm, received AICC

at a dose of 85 � 15 U/kg every other day. Nineteen subjects random-

ized to the on-demand arm received AICC for control of acute bleed-

ing episodes at dosages per their treating physician. Median age of the

subjects was 23.5 years. The study was approved by each institutional

ethics committee and all subjects signed informed consent.

Results: The median ABR for subjects in the prophylaxis arm (7.9)

was significantly lower than subjects in the on-demand arm (28.7). For

both intent-to-treat (ITT) and per-protocol (PP) efficacy analysis sets,

the differences in mean transformed ABRs between prophylaxis and

on-demand were statistically significant (P = 0.0003 and P = 0.0006,

respectively). Occurrence of new target joints was substantially lower

in the prophylaxis arm (7 in 5/17 subjects) compared to the on-demand

arm (23 in 11/19 subjects). Median ABR for new target joints was

higher in the on-demand arm (5.9) than in the prophylaxis arm (0); the

difference is statistically significant (P = 0.027). A majority of the

bleeding episodes were treated with a single infusion (both regimens

56.5%) and rated as excellent or good (on-demand 90.2%; prophylaxis

75.7%).

Of the 104 AEs reported, 30 were serious and 74 non-serious. Twenty-

seven AEs (26.0%) in 8 (22.2%) subjects were deemed related to FEI-

BA; of these three were serious. Thirteen of the 36 subjects treated with

AICC did not report any AEs. There was one unrelated death and one

subject discontinued the study due to a non-serious hypersensitivity

reaction. There were no thromboembolic events reported.

Conclusion: AICC was safe and efficacious in controlling acute and dif-

ficult to treat bleeding episodes in both prophylaxis and on-demand

regimens

Significant reduction (72.5%) in ABRs for all bleeds was achieved with

prophylactic use of AICC compared to on-demand therapy

Zero bleeding episodes was achieved on prophylaxis in 3/17 (17.6%)

and 1/13 (7.7%) subjects in ITT and PP analysis sets respectively

Prophylaxis with recurrent dosing of AICC was safe without any clini-

cal thromboembolic events or laboratory signals of thrombogenicity

PB4.59 – Regulation of coagulation
and fibrinolysis – IV

PB 4.59-1
Applying phage display to screen a library of
a1-protease inhibitor mutants for thrombin
inhibitory activity
Sheffield WP, Scott BM and Gierczak RF

McMaster University, Hamilton, Canada

Background: Proteases of the coagulation system are primarily regu-

lated by serine protease inhibitors (serpins) such as antithrombin (AT)

and heparin cofactor II (HCII). Alpha-1-proteinase inhibitor (a1-PI) is
the most abundant serpin in plasma. The a1-PI M358R (‘Pittsburgh’)

mutant exhibits greatly increased rates of thrombin inhibition com-

pared to wild-type a1-PI, which predominantly regulates neutrophil

elastase. M358 (P1) lies at the reactive centre (P1-P1’) bond of the

reactive centre loop (RCL) of a1-PI, cleaved by cognate proteases as

they become trapped in the serpin-type inhibitory complex. The rela-

tionship between RCL structure and serpin inhibitor function is

incompletely understood and has not been subjected to saturation

mutagenesis. a1-PI M358R is a less potent inhibitor of thrombin than

AT or HCII maximally activated by glycosaminoglycans, suggesting

that it could be further engineered into a more potent thrombin-inhibi-

tory serpin.

Aims: To apply phage display as a tool for the directed evolution of

more active and/or more specific thrombin inhibitors based on the a1-
PI scaffold.

Methods: The T7Select 10-3b (Novagen) phage display system was

used to express a1-PI M358R on the bacteriophage surface, fused C-

terminally to the first 348 residues of the T7 10B capsid protein. The

T7Select 10-3b system was then used to express a library of a1-PI
mutant proteins with all possible codon combinations at positions P2

(P357) and P1 (M358) (441 possible mutants). The library was bio-

panned using a biotinylated sheep anti-human thrombin affinity-puri-

fied IgG and streptavidin- coated magnetic beads, in order to select the

a1-PI P2P1 mutants capable of forming stable complexes with throm-

bin. All sequences retrieved after five rounds of biopanning were

inserted into arabinose-inducible E. coli expression vectors, and the

recombinant a1-PI P2P1 mutants were expressed in soluble form and

screened for thrombin inhibitory activity.

Results: Following incubation of purified phage displaying only a1-PI
M358R with thrombin, denaturation-resistant a1-PI M358R fusion
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protein-thrombin complexes were detected by immunoblotting of solu-

bilized phage, validating the approach. After biopanning of the a1-PI
P2P1 mutant phage library, the a1-PI P357/M358R sequence appeared

with a 50% frequency in randomly selected phage plaques, with the

remaining candidates expressing a variety of novel mutant sequences.

The a1-PI P357/M358R sequence did not appear in phage plaques

from the sample library mock-biopanned for five rounds without the

addition of thrombin. When expressed in E. coli, the a1-PI P357/

M358R protein was the only P2P1 mutant capable of forming a stable

complex with thrombin.

Summary/Conclusions: a1-PI serpin maintained its inhibitory function

when fused to T7 10B capsid protein on the surface of bacteriophage.

Only one other serpin (plasminogen activator inhibitor 1) has been

previously expressed in this manner. The number of mutants generated

and screened in this study was over five times greater than the total

number of a1-PI mutants previously described in the literature. These

findings suggest that the a1-PI M358R protein has the optimal P2P1

sequence for thrombin inhibition, and constitute proof-of-principle for

the application of this system to screen libraries of up to 10 million

mutants in order to discover novel thrombin inhibitors of potential

therapeutic value.

PB 4.59-2
Factors IXa and XIa promote uncontrolled clot growth
under static conditions
Parunov LA1, Jha K1, Andersen JF2, Tucker I3, Ataullakhanov F4,

Lee TK1 and Ovanesov MV1

1US Food and Drug Administration, Bethesda, MD; 2National

Institutes of Health, Bethesda, MD; 3Oregon Health and Science

University School of Medicine, Portland, OR, USA; 4Center for

Theoretical Problems of Physicochemical Pharmacology,

Moscow, Russian Federation

Background: The fibrin clot stabilizes aggregated platelets and contrib-

utes to thrombogenesis by recruiting cells and proteins from circulat-

ing blood. However, the role of coagulation cascade reactions in the

growth of the thrombus edge remains poorly understood.

Aims: In this study we evaluated three pathways of fibrin clot elonga-

tion under stagnant plasma conditions: passive diffusion of activated

coagulation factors (F) IIa, IXa, Xa and XIa from the clot base to its

edge, generation of activated factors inside the clot, and activation of

coagulation by pre-activated FIXa and FXIa that may be present in

circulation outside the growing clot.

Methods: A thin layer of recalcified human plasma was embedded in a

low temperature melting point agarose gel and brought in contact with

the immobilized tissue factor (TF) or a chamber with mixtures of acti-

vated coagulation factors and TF. Videomicroscopy of clot growth –
thrombodynamics – was used to continuously monitor propagation of

the clot edge into unclotted plasma. Small molecule coagulation factor

inhibitors, inhibitory antibodies and single or double factor deficient

plasmas (DP) were used to block individual steps of the coagulation

cascade.

Results: In FIX-DP, immobilized TF, liquid TF and diffusion of FXa

and FIXa induced dose-dependent but short (2–10 min) initial phases

of rapid (up to 100 lm/min) growth rates resulting in small dense clots

(0.2–2 mm in length) at the plasma/activator interface. These clots

continued to grow further at a slow but almost steady rate (5–20 lm/

min) for the duration of experiment (up to 120 min).

Addition of FIX in the absence of FXI(a) produced an intermediate

phase of moderate clot growth rates for up to 40 min, at which time

the clot growth rate declined steadily. Addition of FXI in the absence

of activation by FXIIa reversed the decline, i.e., the rate of clot growth

became quasi-steady. The quasi-steady clot growth was independent

of FXI activation by FXIa; however, it was regulated by levels of FIX

and FXI, and it could be reduced by blocking activation of FXI by

thrombin and activation of FIX by FXIa. This quasi-steady clot

growth could be induced by contact with TF, beta-thrombin or FXIa.

Premixing FIX-DP with picomolar amounts of FIXa or FXI-DP with

sub-picomolar FXIa (i.e., at concentrations that do not activate clot-

ting independently of TF) resulted in fast and steady clot growth that

was independent of the starting concentration of immobilized TF but

proportional to FIXa or FXIa.

Conclusions: Diffusion and activation of coagulation factors inside the

clot can support propagation of thrombus edge in the absence of

blood flow. The effect is limited by the availability of TF at the site of

injury, the distance from the site of TF exposure, and FXI activation

inside the clot. Presence of FIXa and FXIa in circulation removes

these limitations and supports uncontrolled clot growth. These results

suggest that control of FIXa activity and its generation by FXIa could

limit growth of intravascular thrombi.

PB 4.59-4
Peritoneal mesothelium expresses functionally active
thrombomodulin
Morser J, Shao Z and Leung L

Stanford School of Medicine, Stanford, CA, USA

Background: The thrombin-thrombomodulin (TM) complex activates

protein C (PC) and procarboxypeptidase B 2 (proCPB2 aka TAFI)

that play anti-coagulant and anti-inflammatory roles within the vascu-

lature. Extravascular expression of TM, however, has not been well

studied. We hypothesized that TM is expressed on peritoneal mesothe-

lial cells and leukocytes and thus facilitates PC and proCPB2 activa-

tion by thrombin within the peritoneal cavity

Methods:Mouse peritoneal macrophages were collected by lavage with

PBS. Following PBS lavage, peritoneal mesothelial cells were detached

from the peritoneum by intra-peritoneal trypsinization and lavage.

Isolated MCs were maintained in culture for up to 4–5 passages. The

phenotype of peritoneal macrophages and mesothelial cells was deter-

mined by immunofluorescence labeling in single cell suspension and in

frozen abdominal tissue sections. PC and proCPB2 activation assays

were performed in a 24-well culture plates on top of a single layer of

mesothelial cells in culture. Levels of activated PC and CPB2 were

measured using chromogenic substrates.

Results: Freshly isolated peritoneal mesothelial cells expressed high

levels of TM while residential macrophages express TM weakly on

their surface as detected by immunofluorescent staining and flow

cytometry. Immunofluorescence studies of frozen sections of mouse

abdominal wall, omentum, and intestine showed TM expression on

the cells lining the peritoneum. Primary peritoneal mesothelial cells

were adherent and displayed a typical polygonal, cobblestone-like

morphology in culture. These cells expressed TM and endothelial pro-

tein C receptor (EPCR) on their surface, and the epithelial cell mark-

ers, calretinin, and cytokeratin intracellularly. Unlike endothelial cells,

mesothelial cells were negative for the endothelial markers P-selectin

(CD62p) and PECAM-1 (CD31). Thrombin activates PC and proC-

PB2 in the presence of cultured primary mouse peritoneal mesothelial

cells. This activity is blocked by pre-treatment of mesothelial cells with

a neutralizing anti-TM polyclonal antibody showing that thrombin

activation of PC and proCPB2 on mesothelial cells is dependent on the

presence of TM.

Conclusion: TM is expressed on peritoneal mesothelial cells and is

functional, serving as thrombin’s cofactor for protein C and proCPB2

activation. In the setting of peritoneal inflammation, thrombin gener-

ated locally will bind to mesothelial TM, leading to generation of acti-

vated PC and CPB2 and thus is actively involved in regulation of

inflammation, fibrin clot formation and fibrinolysis within the perito-

neal cavity.
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PB 4.59-5
Role of platelets in the regulation of the spatial
propagation of fibrin clot
Budkova V1, Balandina A2, Zapariy A3, Ataullakhanov F3

and Panteleev MA2

1Lomonosov Moscow State University, Khimki; 2Center for

Theoretical Problems of Physicochemical Pharmacology RAS,

Moscow; 3HemaCore LLC, Moscow, Russian Federation

Background: Activated platelets affect blood coagulation by secreting

contents of their granules and exposing phosphatidylserine on the

outer leaflet of the cell membrane.

Aims: We investigated the influence of platelets on the process of spa-

tial fibrin clot growth in the reaction-diffusion in vitro experimental

model (Thrombodynamics assay).

Methods: Spatial clot growth was monitored by light scattering in re-

calcified platelet-rich plasma (PRP) or in platelet-free plasma (PFP) of

healthy subjects following activation with immobilized tissue factor

(TF) at either high or low density (80 or 8 pmole/m2, respectively).

Results: When coagulation was initiated by high TF density, platelets

only moderately increased spatial clot growth velocity (V) from

25.7 � 1.9 to 38.7 � 8.3 lm/min (n = 3, P = 0.08); a similar effect

was achieved with artificial phosphatidylserine microvesicles

(V = 38.1 � 1.4 lm/min).

On the contrary, in experiments with low TF density activation, plate-

lets greatly increased V (from 6.5 � 2.3 lm/min in PFP to 42.6 �
10.6 lm/min in PRP; n = 4, P < 0.05). In heparin-supplemented

plasma (0.09 ME/mL) activated with high TF density V was 12.2 �
2.3 lm/min in PFP and 27.3 � 6.2 lm/min in PRP (n = 9, P < 0.05).

Addition of prostaglandin E1 (platelet activation inhibitor) in heparin-

ized PRP decreased V in 1.5 � 0.4 times (n = 3, P = 0.1). Apyrase and

wortmannin did not show any effect on the spatial clot growth.

Conclusion: Clot growth rate in a reaction-diffusion system is insignifi-

cantly affected by platelets in normal conditions (physiological TF

density and inhibitors concentration). Nevertheless the physiological

concentration of the platelets in the plasma decrease the influence of

clotting factors such as TF density decrease or heparin presence mak-

ing system less sensitive to clotting conditions.

PB 4.59-6
Coleus forskohlii extract attenuates the anti-
coagulation activity of warfarin
Chiba T1, Yokotani K1, Yamazaki Y2, Shimura F2, Yamada S3,

Shinozuka K4, Sato Y1 and Umegaki K1

1National Institute of Health and Nutrition, Tokyo; 2Jumonji

University, Saitama; 3University of Shizuoka, Shizuoka;
4Mukogawa Women’s University, Hyogo, Japan

Background: Coleus forskohlii root extract (CFE) is a popular herbal

ingredient in commercial dietary weight-loss supplements. The CFE

used for such supplements has been standardized as 10% (w/w) active

component forskolin. However, the safety of CFE remains unclear.

Aims: We studied the effects of CFE on cytochrome P450 (CYP)

expression in the liver and its interaction with warfarin, which is a

widely used anticoagulant.

Methods: ICR mice (male, 5 weeks old) were fed AIN93G-based diets

containing various doses of CFE (dried roots of C. forskohlii obtained

from Bangalore in southern India, extracted and standardized as 10%

forskolin) or pure forskolin (Biomol, Plymouth Meeting, PA, USA).

Plasma levels of aspartate aminotransferase (AST), alanine amino-

transferase (ALT), and alkaline phosphatase (ALP) were determined

by enzymatic methods. Total cytochrome P450 content in liver micro-

somes was determined by optical density method, and activities of CYP

subtypes were determined by high-performance liquid chromatogra-

phy. CYP subtypes mRNA and protein levels in the liver were mea-

sured by real-time polymer chain reaction and Western blot analysis,

respectively. Anti-coagulation activity was determined by prothrombin

time, activated partial thromboplastin time, and thrombo test.

Results: When mice were fed various doses (0, 0.005, 0.05, 0.5, and

5%) of CFE for 3 weeks, the higher doses (0.5, 5%) of CFE decreased

body weight and increased the relative liver weight, and significantly

increased plasma levels of AST, ALT, and ALP. In addition, a high

dose (0.5%) CFE significantly prolonged activated partial thrombo-

plastin time. These data suggest that excess intake of CFE could

induce hepatotoxicity and may inhibit coagulation. On the other hand,

lower doses (0.005, 0.05%), which are comparable to doses taken in

dietary weight-loss supplements in humans, did not change body

weight, relative liver weight, or plasma levels of AST, ALT, or ALP.

These data suggest that low-dose CFE does not induce hepatotoxicity.

However, increased total content of hepatic CYP and activities of

CYP2B, 2C, and 3A were observed with a lower dose (0.05%). Consis-

tent with these findings, CFE increased CYP2B, 2C, and 3A mRNA

expressions in the liver. CFE also increased CYP2C and 3A, but not

2B, proteins in the liver. Unlike the CFE, pure forskolin had little

effect on CYP induction, indicating that an unknown factor is

involved. When mice fed 0.05% CFE for 1 week were challenged with

warfarin by gavage on the last 2 days of the treatment regimen, warfa-

rin-induced anticoagulation was attenuated by CFE in parallel with

induction of CYP, especially S-warfarin 7-hydroxylase.

Summary/Conclusions: These results indicate that intake of CFE, but

not its active component forskolin, induces hepatic expression of

CYPs and might affect efficacy of other drugs, including warfarin. To

be safe, patients who take medicines should avoid using CFE, even

though its effects might depend on the source of CFE or personal con-

ditions.
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PB 4.60-1
Biomarker profiling of bladder cancer patients
undergoing radical cystectomy. Relevance of
thrombotic and inflammatory processes
Hoppensteadt D, Clark M, Quek M, Iqbal O, Kahn D, Cunanan J

and Fareed J

Loyola University Medical Center, Maywood, IL, USA

Introduction: Inflammation and hemostatic activation may contribute

to postsurgical thrombosis in patients with bladder cancer. This study

profiled antiphospholipid antibody (APA), procoagulant microparticle

(MP) and antiglycosaminoglycan antibody (AGA) levels and the

thrombin generation profile in bladder cancer patients.

Materials and Methods: 134 serum samples collected from patients

undergoing radical cystectomy and samples collected from healthy

male and female individuals (n = 50) were analyzed. APA were mea-

sured with by ELISA (American Diagnostica, Stamford CT). MP were

measured using a functional procoagulant assay (Hyphen Biomedical,

ParisFrance). AGA were measured with a commercially available

assay from GTI (Madison, WI). Thrombin generation was measured

using a fluormetric method (Technoclone, Vienna, Austria). The pro-

teomic profile was analyzed by SELDI-TOF mass spectrometry.

Results: A higher prevalence of elevated biomarkers was seen in the

cancer group compared to normals. The average MP value was

3.1 + 5.8 nM (range 0.1–34.6 nM) with 26 of 134 samples were above

the normal values of 2.8 � 1.1. The average APA value was 6.7 � 11

(range 4–65 nM) with 32 above normal. The average AGA value was

0.22 � 0.09 (range .01–.8O) with 10 above normal. SELDI analysis

showed unique biomarkers in the area of 11–12 kDa, 15.1–15.4 kDa,

and 15.8–16.2 kDa which were absent in the normal group. Higher

thrombin generation was observed in the cancer group.

Conclusion: This data suggests that bladder cancer patients have sub-

clinical activation of thrombotic and inflammatory processes. The MP

may be generated by cellular damage whereas the APA and AGA sug-

gest vascular endothelial damage and activation. The unique proteo-
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mic biomarkers in these patients suggest endogenous protease activa-

tion. A clinical correlation in the subset with higher markers may pro-

vide insight into the biomarker role in prognosis, risk stratification

and treatment of bladder cancer.

PB 4.60-2
Prevalence of unexpected pulmonary embolism at
contrast-enhanced CT scan performed for cancer
staging in patients with advanced lung cancer
Verso M1, Franco L1, Mosca S2, Fischer M2, Chiari R3,

Marconi V2, Paglialuca L4 and Agnelli G1

1Division of Internal and Cardiovascular Medicine-Stroke Unit;
2Radiology Department, Santa Maria della Misericordia Hospital;
3Division of Medical Oncology, Santa Maria della Misericordia

Hospital; 4Division of Medical Oncology, Santa Maria della

Misericordia Hospital, Perugia, Italy

Background: Patients with advanced lung cancer have been reported to

be at high risk for venous thromboembolism (VTE). In patients with

cancer, a rate of unexpected pulmonary embolism (UPE) of about

1.5% has been reported.

Aims: The aim of the study was to determine the prevalence of UPE in

patients with stage IIIB or IV NSCLC or extensive SCLC who under-

went CT scans for cancer staging.

Methods: We reviewed the contrast-enhanced CT scans of the chest

performed for routine cancer staging in consecutive patients with

advanced lung cancer (stage IIIB or IV NSCLC or extensive SCLC)

referred to the Division of Medical Oncology at thePerugia hospital

between 2008 and 2012. All CT scans were reviewed by an ad hoc

panel composed by three radiologists. PE was defined as unexpected

when a filling defect in central, lobar, segmental or sub-segmental pul-

monary arteries were observed in absence of clinical suspicion of PE.

Results: Overall, 223 patients were included in the analysis: 180

patients with IV-NSCLC, 24 patients with IIIB-NSCLC, and 19

patients with extensive SCLC. A total of 899 CT scans were reviewed.

The prevalence of UPE was 19.7% (44/223): 34 (77.3%) in patients

with IV-NSCLC, 7 (15.9%) in patients with IIIB-NSCLC, and 3

(6.8%) in patients with advanced SCLC. Patients with UPE were 26

males and 18 females and had a mean age of 58 years (range 24–78).
UPE was monolateral in 30 patients and bilateral in 14 patients. UPE

involved central pulmonary arteries in six patients, lobar arteries in 16

patients and segmental arteries in 19 patients. Three patients had an

isolated sub-segmental UPE. The mean time between cancer diagnosis

and UPE was 11.8 months. 27% of cancer patients with UPE had the

positive CT scan at diagnosis and 50% within 3 months. A recurrence

of UPE was observed in one patient.

Conclusions: Patients with IIIB or IV NSCLC or extensive SCLC have

a high rate of UPE at CT scan performed for cancer staging. UPE was

bilateral in about one third of patients. A minority of UPE involved

isolated sub-segmental arteries.

PB 4.60-3
Impact of chronic kidney disease and treatment with
LMWH on the risk of major bleeding in patients with
cancer-associated venous thromboembolism
Kooiman J1, Den Exter PL1, Cannegieter SC1, Le Cessie S1, Del

Toro J2, Sahuquillo JC3, Pedrajas JM4 and Huisman MV1

1Leiden University Medical Center, Leiden, The Netherlands;
2Hospital General Universitario Gregorio Mara~n�on, Madrid;
3Hospital Municipal de Badalona, Barcelona; 4Hospital Cl�ınico

San Carlos, Madrid, Spain

Background: Information on the risks of recurrent venous thromboem-

bolic events (VTE) and major bleeding during anti-coagulant treat-

ment in patients with cancer-associated VTE and chronic kidney

disease (CKD) is scarce.

Aim: We analyzed these risks in CKD patients with cancer-associated

VTE and compared their risk with those of non-CKD patients.

Methods: 1684 patients diagnosed with cancer-associated VTE

between 2001 and 2011 were followed for 180 days after VTE diagno-

sis. Patients were treated mainly with low molecular weight heparin

(LMWH) or vitamin-K antagonists. Primary outcomes were recurrent

VTE and major bleeding. Secondary outcome was fatal bleeding.

Results: Recurrent VTE occurred in 62/994 (6.2%), 29/548 (5.3%),

and 3/142 (2.1%) patients without CKD (eGFR >60 mL/min), with

moderate (eGFR 30–60 mL/min), or severe CKD (eGFR <30 mL/

min), respectively. Hazard Ratios (HRs) for recurrent VTE in moder-

ate and severe CKD compared with non-CKD patients were 1.1 (95%

CI 0.7–1.8) and 0.5 (95% CI 0.2–1.7), respectively. Major bleeding

occurred in 45/994 (4.5%), 32/548 (5.8%), and 17/142 (12.0%)

patients without, with moderate or severe CKD, respectively. HR for

major bleeding in patients with moderate and severe CKD compared

with non-CKD patients were 1.6 (95% CI 1.0–2.6) and 3.7 (95% CI

2.0–6.7) and for fatal bleeding 3.6 (95% CI 1.2–11.4) and 12.5 (95%

CI 3.7–45.1), respectively. These increased bleeding risks in CKD

patients were mainly observed in patients treated with LMWH.

Conclusions: The risks of major and fatal bleeding were increased in

CKD patients, with VTE and cancer, which was most prominent in

those treated with LMWH. These results highlight that LMWH

should be used with caution in this specific population.

PB 4.60-4
Von Willebrand factor, ADAMTS13 levels and
prediction of venous thromboembolism in patients
with cancer
Pepin M1, Kleinjan A2, Hajage D3, B€uller HR2, DiNisio M2,

Kamphuisen PW4, Mahe I1 and Stepanian A1

1APHP – Hopital Louis Mourier, Colombes, France; 2Academic

Medical Center, Amsterdam, The Netherlands; 3APHP – Hopital
Bichat, Paris, France; 4University Medical Center Groningen,

Amsterdam, The Netherlands

Background: Cancer patients are at high risk for venous thromboem-

bolism (VTE). However, thromboprophylaxis in these patients is asso-

ciated with an increased hemorrhagic risk. The Khorana score is a risk

scoring model for prediction of VTE that includes clinical and labora-

tory parameters. It has been expanded by incorporating two biomar-

kers, soluble P-selectin (P-sel), and D-Dimer. Other laboratory

markers like prothrombin fragment 1 + 2 (F1 + 2) have also been

reported to predict VTE in cancer patients. von Willebrand factor

(VWF) is a mutimeric protein that promotes platelet adhesion and

aggregation in high shear stress conditions; it is also implicated in

venous thrombosis. ADAMTS13 (a desintegrin-like and m�etallo-

prot�ease thrombospondin type 1 motif) specifically cleaves VWF mul-

timers and subsequently regulates its activity; previous studies

displayed decreased levels of ADAMTS13 in cancer patients when

compared to patients without cancer.

Aims: (i) to search for an association between VWF and ADAMTS13

levels and VTE in cancer patients; (ii) to compare Khorana score and

expanded Khorana score before and after addition of VWF and AD-

AMTS13 levels.

Methods: multicenter case-control study. Subjects were ambulatory

patients receiving chemotherapy for stage III or IV cancer, prospec-

tively followed for 6 months for the development of VTE. Each case

(patient who developed VTE) was matched with seven controls

(patients who did not develop VTE) for age, sex, type of cancer and

stage. The Khorana score and the expanded score were calculated.

ADAMTS13 activity was measured using a fluorescence resonance

energy transfer assay; VWF, ADAMTS13 antigen, P-sel, D-Dimer

and F1 + 2 levels were measured using ELISA methods. Univariate
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and multivariate analysis were performed to compare the levels

between cases and controls. Logistic models were used to test whether

VWF and ADAMTS13 levels would add significant prognostic infor-

mation to Khorana and expanded Khorana score. Results are

expressed as odds ratios (OR) and their 95% CIs.

Results:We studied 20 cases and 140 controls. VWF levels were signifi-

cantly higher in cases when compared to controls (326 � 185% vs.

242 � 158%; P = 0.02), whereas ADAMTS13 levels were not signifi-

cantly different (activity 87 � 18.9% vs. 81.5 � 18.9; antigen

579 � 108 ng/mL vs. 564 � 137 ng/mL). VWF and ADAMTS13 lev-

els were not correlated (r = �0.06 Pearson). VWF levels significantly

increased with increasing stage of cancer (P = 0.03) whereas ADAM-

TS13 activity levels only tended to decrease (P = 0.06). The addition

of VWF levels significantly improved the Khorana score (OR = 3.5

[1.2–10.2]). ADAMTS13 activity levels significantly improved the

Khorana and the expanded Khorana scores (OR = 5 [1.4–23.5]) and
5.8 [1.4–28.2], respectively).
Summary/Conclusions: Prospective studies are needed to confirm our

results and determine if VWF and ADAMTS13 can be used as predic-

tive markers of VTE in stage III/IV cancer patients. Our results also

highlight a role of VWF and ADAMTS13 in the pathophysiology of

VTE in cancer.

PB 4.60-5
Thrombotic events in children with malignancies in
relation to treatment components of chemotherapy
Russo A1, Wingerter A1, Dudda JL1, Feketeova J1, Scharrer I2

and Faber J1

1University Childrens Hospital Mainz; 2University of Mainz,

Mainz, Germany

Background: Thrombotic events are an important factor for morbidity

and mortality in pediatric patients with hematological malignancies

and solid tumors. The pathogenesis of these complications is most

often multifactorial and either related to the underlying malignancy,

the use of central venous catheters (CVC), certain antineoplastic treat-

ment elements and/or genetic risk factors.

Aims: To retrospectively analyze thrombotic events and underlying

pathogenetic factors in a single center pediatric cohort treated for

malignant disease.

Methods: Overall 498 patients with childhood cancer (age 2–17 year)

diagnosed between 2002 and 2012 were studied with regard to occur-

rence of thrombotic events, their association with antineoplastic ther-

apy and hereditary thrombophilia.

Results: We recorded a total of 30 thrombotic events in 22 children

among our patient population comprising 10 deep vein thromboses

(DVT), 2 pulmonary embolisms (PE), 3 cerebral sinus venous throm-

boses (CSVT), 2 cerebral infarction, 3 venoocclusive diseases (VOD)

and 10 CVC occlusions. In exception of one patient, thrombotic events

occurred closely associated with antineoplastic polychemotherapy

regimes including asparaginase, anthracyclines, high dose mtx, actino-

mycin and glucosteroids. Screening for genetic risk factors was possi-

ble in 15/22 children. 7/15 revealed a hereditary procoagulative

abnormality.

Conclusion: Thrombotic events can occur in children with various

malignancies and chemotherapy regimen. Screening for genetic risk

factors as well as careful management and supportive treatment is

therefore essential for prevention of thrombosis in these patients sup-

plemented by anticoagulative therapy.

PB 4.60-6
Impact of haemophilia on cancer detection and
management: a retrospective study
Biron-Andreani C1, De Moerloose Ph2, D’Oiron R3,

Chambost H4, Schved J-F1 and Hermans C5

1University Hospital, Montpellier, France; 2University Hospital

and Faculty of Medicine, Geneva, Switzerland; 3Bicêtre APHP

University Hospital, Paris- Le Kremlin Bicêtre, France; 4La Timone

Hospital AP-HM, Aix Marseille University, Marseille, France; 5St-

Luc University Hospital, Brussels, Belgium

Background: Lymphoma or hepatocarcinoma secondary to blood-

borne transmitted diseases are well known malignancies in persons

with haemophilia (PWH). However with increasing life expectancy

more PWH are facing other malignancies such as prostate or colorec-

tal cancers, requiring a close collaboration between oncologist and the

haemophilia specialist.

Aims: The aim of present study was to analyze the impact of haemo-

philia on cancer detection and its management in five European hae-

mophilia treatment centers (Brussels, Geneva, Marseille, Montpellier

and Paris-Bicêtre) from three countries.

Methods: We collected retrospectively in the last 10 year-period, clini-

cal data on cases of cancer that occurred in PWH.

Results: A total of 46 malignancies occurred in 1267 PWH during the

observation period. Eighteen tumors were fatal (39%). The most com-

mon types of malignancy were hepatocellular carcinoma (12/46) and

urogenital tract tumors (9/46). A change in bleeding pattern revealed

cancer in four patients only. No bleeding was associated with chemo-

therapy or radiotherapy. Few bleeding complications occurred with

surgical procedures because of insufficient haemostatic coverage for

some cases and in spite of adequate clotting factor substitution for

others. After cancer diagnosis, five patients had to be switched from

on demand to prophylaxis substitution. In the majority of cases the

treatment protocol of cancer was not modified because of hemophilia.

Conclusion: Our study emphasizes that in adults PWH a change in

bleeding pattern should raise the suspicion of malignancy and also that

a PWH should benefit from the same oncologic treatment as other per-

sons with cancer but no hemophilia.

PB4.61 – Cancer and
Thrombosis – XI

PB 4.61-1
Recombinant thrombomodulin reduces the elevation of
some biomarkers after allogeneic hematopoietic stem
cell transplantation
Nomura S, Ish Kii, Fujita S, Yoshimura H, Hotta M, Nakanishi T

and Ito T

Kansai Medical University, Moriguchi, Osaka, Japan

Background: Levels of cytokines, chemokines and soluble molecules

fluctuate after allogeneic hematopoietic stem cell transplantation

(HSCT). They can be influenced by various post-transplant complica-

tions, as well as by existing basal diseases, types of transplantation,

and the conditioning regimen used.

Aims: In the present study, we investigated the effects of recombinant

thrombomodulin (rTM) on levels of the cytokines, chemokines, and

soluble factors registered in the ‘SIGHT’ research.

Methods: The subjects were 116 patients who underwent allogeneic

HSCT (bone marrow = 69, peripheral blood stem cells = 20, cord

blood = 37). Blood samples were collected before and after transplan-

tation. Levels of cytokines (interleukin-6, tumor necrosis factor-a,
high-mobility group box (HMGB) 1), chemokines (monocyte chemo-

tactic protein (MCP)-1, RANTES), and soluble molecules (soluble

vascular cell adhesion molecule (VCAM)-1, soluble E-selectin, plas-
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minogen activator inhibitor-1, platelet-derived microparticles

[PDMP]) were measured by enzyme-linked immunosorbent assay. The

rTM was administered as a therapy for transplantation-associated co-

agulopathy (TAC). This protocol was completed in day 4–14 after

HSCT and consisted of day doses of 380 unit/kg with every days. Con-

trol group was also used heparin or no anti-coagulation therapy.

Results : MCP-1, IL-6, and TNF-a exhibited more significant eleva-

tions on days 7–14 after HSCT. In contrast, the levels of HMGB1, sE-

selectin, sVCAM-1, PAI-1 and PDMP exhibited significant changes on

days 14-28. There were significant improvements in TNF-a, sE-selec-

tin, sVCAM-1, HMGB1, PAI-1 and PDMP after rTM treatment, but

not after heparin treatment.

Summary/Conclusion: We believe one of causes for TAC is pro-inflam-

matory cytokine including HMGB1. For this reason, it is thought that

the direct anti-inflammatory effect of rTM’s lectin domein plays an

important role in therapeutic mechanism for TAC. The present find-

ings suggest the possibility that rTM can play a therapeutic role for

TAC after allogeneic HSCT.

PB 4.61-2
Peak factor Xa generation as a candidate biomarker for
bevacizumab-induced thrombotic and bleeding events
Lakoski SG1, Brummel-Ziedins K1, Connolly G2, Bravo MC1,

Cushman M1 and Khorana A2

1University of Vermont, Colchester, VT; 2University of Rochester,

Rochester, MN, USA

Background: Bevacizumab, an anti- vascular endothelial growth factor

monoclonal antibody, is an important component of regimens against

colorectal and other cancers but is associated with a high risk of both

thrombotic and bleeding events. The mechanisms underlying this are

incompletely understood.

Aims: We evaluated the impact of bevacizumab therapy on Factor (F)

Xa, a critical enzyme in blood coagulation, in a prospective pilot

cohort study.

Methods: We prospectively enrolled patients initiating systemic treat-

ment with a bevacizumab-containing regimen for metastatic colorec-

tal, renal, breast, or lung cancer or lymphoma. At baseline and after

1 month of therapy we measured individual concentrations of plasma

factors II, V, VII, VIII, IX, X, antithrombin and tissue factor pathway

inhibitor and estimated tissue factor-initiated peak FXa generation

using a mathematical model. Simple t-tests were used to assess statisti-

cal differences between groups.

Results: The cohort comprised 40 patients including 45% women, with

a mean age of 59 (12) years. We ascertained six venous thromboembo-

lism (VTE) events (15%) and seven bleeding events (17%). Peak FXa

generation at baseline was 2.0 nM � 0.16 (SE). Over a 1 month per-

iod on bevacizumab, there was a �3% �7 change in FXa generation,

�6% �8 for patients who did not develop VTE and 16% � 18 among

those with a VTE (P = 0.29). D-dimer also changed during therapy

among those developing VTE (5% � 8) compared to those without a

VTE (�3% � 3 respectively, P > 0.05). Among those with hemor-

rhage, there was a �22% � 12 change in FXa compared to �2% � 9

among those without hemorrhage (P = 0.30), with similar trends for

D-dimer (�7% � 8 vs. �2% � 4, P > 0.05, respectively).

Conclusion: In this pilot study, total active FXa generation increased

(albeit not statistically significantly) after 1 month of treatment with

bevacizumab among those who developed a VTE; conversely, FXa

generation decreased among those who developed minor or major

bleeding. We propose that FXa generation is a candidate biomarker of

bleeding and thrombosis risk during bevacizumab therapy and further

studies to investigate this are warranted.

PB 4.61-3
Anticoagulant treatment of cancer patients with
pulmonary embolism in the real world
Kleinjan A1, Hutten B1, Di Nisio M2, Kamphuisen PW3

and B€uller HR1

1Academic Medical Center, Amsterdam, The Netherlands;
2G.D’Annunzio University, Chieti, Italy; 3University Medical

Center Groningen, Groningen, The Netherlands

Background: Since 2004, international guidelines provide specific rec-

ommendations for patients with cancer and pulmonary embolism

(PE), namely long-term treatment with low molecular weight heparin

(LMWH). However, recent studies indicate that the use of LMWH

mono-therapy might be far from optimal. Another important area of

uncertainty is the duration of the anticoagulant treatment.

Aims: Therefore, we evaluated the real world clinical practice of type

and duration of anticoagulant therapy in cancer patients with PE over

a period of 10 years.

Methods: This was a retrospective cohort study based on data from

the Dutch Pharmo database, which contains hospitalisation and

pharmacy data of over 4 million patients. PE patients with or without

cancer were identified according to the International Classification of

Diseases Ninth Revision (ICD9 CM), based on at least one hospital-

ization for cancer within 2 years prior to and 1 year after the PE.

Thereafter, every subject with PE and cancer was matched to two

subjects with PE without cancer, for age, sex and year of diagnosis of

PE. The primary objective was to assess the type and duration of out-

patient anticoagulant treatment for PE. The secondary objective was

to evaluate the incidence of hospitalizations for bleeding during fol-

low-up, which were expressed as incidence rate per 1000 patient

years.

Results: Between January 1998 and August 2008, 600 cancer patients

with PE and 1200 patients with PE without cancer were identified.

Overall, long-term LMWH was prescribed in 82 (13.7%) of the can-

cer patients and in 8 (0.7%) of the cancer free patients (P < 0.001).

From 1998 to 2008, there was an increase in the use of long-term

LMWH in cancer patients, but not in controls (P < 0.001 and

P = 0.76, respectively). In patients with cancer and PE in 2007/2008,

LMWH was prescribed in 42 (32%) cases, compared to 1 (1.7%) of

the cancer patients with PE in 1998/1999. Median duration of treat-

ment was 5.8 months (interquartile range (IQR) 3.1–8.8) in cancer

patients, compared to 7.0 months (4.9–11) in patients without cancer

(P < 0.001). Cancer patients on long-term LMWH were treated for a

median duration of 5.1 months (IQR 3.4–9.7), compared to

5.9 months (IQR 3.0–8.7; P = 0.36) in the cancer patients on VKA.

In the group of cancer patients, 22 hospitalizations for bleeding per

1000 patient-years of follow-up were counted, compared to 11 hospi-

talizations per 1000 patient-years in the non-cancer patients (OR 1.9;

95% CI 1.2–3.1).
Summary/Conclusions: Although the use of LMWH in patients with

cancer and PE is increasing, in 2008, patients are still mostly treated

with VKA, and not with LMWH as recommended by guidelines.

Future studies should focus on reasons for this underuse and on the

impact of long-term LMWH use on the quality of life of cancer

patients. Additionally, most cancer patients with PE are not treated

indefinitely, instead receive anticoagulants for 6 months or shorter.
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PB 4.61-4
L-asparaginase induced laboratory and clinical
hemostasis impairments and use of replacement
therapy in children treated from acute lymphoblastic
leukemia – single center experience
M. Jovic, D. Micic, M. Kuzmanovic, O. Serbic-Nonkovic and

A. Jovanovic

Mother and Child Health Care Institute of Serbia, Dr. Vukan

Cupic, Belgrade, Serbia

L-asparaginase is an essential component of regimens used to treat

patients with acute lymphoblastic leukemia (ALL). Reduced synthesis

of proteins such as antithrombin, fibrinogen and other coagulation

factors causes both thrombotic and hemorrhagic complications associ-

ated with L-asparaginase.

This was retrospective analysis of 42 children with acute lymphoblastic

leukemia treated according the protocol ALLIC-BFM 2009 from the

1st of April 2010 up to 31st of December 2012 in our Institute. All 42

patients have received protocol IA, 13 patients have received protocol

IB Augmented and 32 patients up to now have finished protocol IIB.

At the diagnosis the median value of prothrombin time was 80%, med-

ian value of activated partial thromboplastin time (aPTT) 26.5 s, med-

ian fibrinogen level was 3.4 g/L, and the median platelet count was

70 9 109/L. At that time there was no need for transfusions with fresh

frozen plasma, cryoprecipitate or antithrombin concentrate. Several

children received platelet transfusions, and there were neither throm-

boembolic nor major hemorrhagic complications.

During the first part of induction treatment (protocol IA), median val-

ues of PT and aPTT were almost the same as the values at the diagno-

sis (88.1% and 25.15 s), median fibrinogen value has dropped up to

1.1 g/L, antithrombin ranged from 23.2 up to 146% (median 66.3%),

and D-dimers from 104 up to 8283 ng/mL (median 441 ng/mL). The

median platelet count was 132 9 109/L. Fourteen children received

different types of replacement therapy once, three, four, five or six

times (10 single infusion of antithrombin, 17 single infusion of cryo-

precipitate and four simultaneous infusion of antithrombin and cryo-

precipitate, 31 infusions in total). One patient has developed partial

sagittal sinus venous thrombosis, and sever hypoproteinemia with

edema of the lower extremities was noticed in three patients.

During the second part of induction treatment (protocol IB Aug),

median PT value was slight diminished (69.5%) and median aPTT was

prolonged (32.15 s), median fibrinogen value has gradual increased up

to 2 g/L. Antithrombin ranged from 28 up to 141.3% (median

44.3%), but the median value of D-dimers significantly dropped up to

156.5 ng/mL. Median value of platelet count was 98.75 9 109/L.

Seven patients have received replacement therapy once, twice or three

times (8 single infusion of antithrombin, 1 single infusion of cryopre-

cipitate and 1 simultaneous infusion of antithrombin and cryoprecipi-

tate, 10 infusions in total).

During the first part of reinduction therapy (protocol IIA), median

values of PT (110.2%), aPTT (24.8 s), antithrombin (88.6%), D-

dimers (146 ng/mL) and platelet count (276 9 109/L) was in normal

ranges. We only registered lowering of fibrinogen levels (median 0.9 g/

L). Replacement therapy with cryoprecipitate received six patients

during this part of treatment.

During augmentation and reinduction course there were no clinical

manifestations of hemostasis impairment.

In conclusion, the most frequent and most sever impairments of hemo-

stasis due to L-asparaginase were noticed during the first part of the

induction period, so it is therefore clear that during this part of treat-

ment there were the greatest need for replacement therapy. The rarest

disorders of hemostasis (exclusively hypofibrinogenemia) were

recorded during the reinduction phase

PB 4.61-5
Thrombotic events in acute promyelocytic leukemia –
Single center experience
Mirjana M, Suvajdzic N, Elezovic I, Bogdanovic A, Djunic I,

Colovic NR, Virijevic M, Vidovic A and Tomin D

Clinic of Hematology, Clinical Center of Serbia, Belgrade, Serbia

Background: Acute promyelocytic leukemia (APL) is a distinct subset

of acute myeloid leukemia characterized by severe coagulopathy at

presentation. As a part of the clotting activation, thrombosis either at

diagnosis or during the treatment is a less recognized and probably

underestimated life-threatening manifestation of APL

Aim: To report trombotic events in 60 de novo APL patients and to

identify factors predictive for thrombosis development.

Method: We retrospectively analyzed data on ED in 60 newly diag-

nosed, t(15;17)(q22;q12) or PML-RARA positive APL patients (med-

ian age 44 years, range 19–78; 31/29 female/male) managed at the

Clinic of Hematology from 2004 to 2012 with all-trans retinoic acid

combined with anthracyclines. The diagnosis of deep vein thrombosis

(DVT) was established by Color Doppler ultrasonography. The diag-

nosis of cardiac ischemic condition was based on electrocardiographic

and cardiac enzymatic modifications. Budd-Chiari syndrome was diag-

nosed by CT scan and central retinal vein occlusion by ophthalmos-

copy and fundus angiography.

Results: Thrombotic events (TE) were registered in 10/60 (16.7%)

APL patients: five with DVT, (catheter-related in two patients), two

with cerebral infarction and one by one patient with acute myocardial

infarction, Budd-Chiari syndrome and central retinal vein occlusion.

The timing of TE was as follows: one patient exhibited TE before ther-

apy initiation, seven during induction, one patient during II consolida-

tion and one during maintenance therapy. Only 2/10 (20%) patients

displayed coagulation impairment at the time of thrombosis. One

patient with TE (cerebral infarction) died during induction.

The main clinical and biological characteristics of 10 APL patients

with thrombosis were: median age 47.5 years (range 31–64); 3/9

female/male; median WBC count 5.6 9 109/L (range: 1.1–88); median

platelet count 46 9 109/L (range: 18–93); Sanz’ s risk stratification:

high 3/11 (27.5%), intermediate 3/11 (27.5%), low 5/11 (45%); Dis-

seminated intravascular coagulation (DIC) was confirmed in 8/11

(72.7%) patients, median ISTH DIC score (International Society of

Thrombosis and Hemostasis Scoring System for disseminated intra-

vascular coagulation) was 5.4 (range: 2–7); variant form of APL dis-

played in 1/11 (9.1%) patients; seven patients disclosed aberrant

immunophenotypic features: expression of CD2 in five and CD15 in

two patients; additional cytogenetic abnormalities 2/10 (20%) patients;

FLT3-ITD was documented in 2/10 (20%) cases; differentiation syn-

drome in 2/10 (20%).

Patients with TE displayed significantly higher median WBC count

(5.6 9 109/L vs. 3.6 9 109/L, P = 0.04), higer median platelet count

(46 9 109/L vs. 29 9 109/L, P = 0.006) and more frequent CD2

expression (50% vs. 24%, P = 0.002). No correlation was found with

age, French-American-British subtype, laboratory coagulation param-

eters (fibrinogen, prothrombin time, activated prothrombin time, D-

dimer), ISTH DIC score, CD15 expression, additional cytogenetic

abnormalities, FLT3-ITD and differentiation syndrome.

Conclusion: TE rate of 16.7% in our APL cohort showes that TE rate

in APL is frequent, especially during induction treatment. This result

emphasizes significance of D-dimmer monitoring after coagulopathy

resolution. Besides, our study suggests the possible relationship

between TE occurrence on one side and laboratory findings (WBC and

platelet count; CD2 expression) on the other.
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PB 4.61-6
Thrombotic complications in hematological
malignancies
Mishra P1, Mahapatra M2 and Seth T2

1All India Institute of Medical Sciences, New Delhi; 2AIIMS,

Delhi, India

Background: Patients with haematological malignancies have both a

procoagulant state and an increased risk of thrombosis because of

therapy. Population based surveys have identified haematological

malignancies as a leading cause of thrombosis.

Aim: To evaluate the prevalence and outcome of patients with throm-

botic complications in hematological malignancies.

Method: We identified patients with thrombosis from the case records

of 636 indoor admissions with haematological malignancies from Jan-

uary 2010 to December 2011. We performed plasma homocysteine lev-

els, factor V leiden, immunological markers including ACLA, ANA,

and flow cytometric analysis for CD55 or CD 59 deficiency in all

patients who had a thrombus. Proteins C, S and Antithrombin were

analysed after patients were asymptomatic and off anticoagulation.

Results: Thirteen patients suffered a thrombosis. There were eight

venous, six arterial thrombi including one patient who had both. Six

patients had thrombus as presenting feature. Arterial thrombi involved

brain in four and lung in two patients. Venous thrombi involved lower

limbs in 4, sagittal sinus in two and renal vein in one patient who also

had lower limb DVT. One patient each with waldenstrom’s macro-

globulinemeia (WM) and follicular lymphoma(FL) presented with leg

DVT. However the patient with WM also had concurrent renal cell

carcinoma and the patient with FL had liver cirrhosis. Among the

remaining patients, seven had acute lymphoblastic leukemia(ALL)

and four had acute myeloid leukemia(AML). Two patients with ALL

had thrombus at presentation-one leg DVT and one anterior cerebral

artery thrombus respectively. Remaining five patients with ALL suf-

fered a thrombotic episode after starting chemotherapy. One of these

patients had a pulmonary embolus and all the remaining four had

intracerebral thrombi. The patient with ALL who had a pulmonary

embolus was Philadelphia positive on Imatinib and had not received

any L-asparaginase(L-ASP) prior to the thrombotic episode. All other

ALL patients had received L-ASP. L-ASP was successfully continued

in all patients under cover of heparin or warfarin except for one

patient who suffered another episode of intracerebal thrombus despite

anticoagulation. Two patients with AML had a thrombus at presenta-

tion of whom one presented with a parietal lobe infarct and the other,

a young male of 28 years, had prior myocardial infarction and a docu-

mented factorV Leiden mutation. Of the other two AML patients who

presented after chemotherapy, one patient was in induction phase and

the other had started consolidation with high dose cytarabine at the

time of thrombotic episode. Both these thrombotic episodes involved

the upper limb (1 subclavian and 1 brachial) and were perhaps associ-

ated with the PICC line. No patient died because of thrombotic com-

plications. Only one patient with ALL required a discontinuation of

L-asparahinase. None of hese patients except for the one AML patient

with Factor V Leiden mutation had a prior thrombotic episode.

Conclusions: An overt thrombotic episode was uncommon in our

cohort of patients. There were predictive factors in none but one

patient. L-ASP was most likely association in patients with ALL. L-

ASP can be successfully continued under anticoagulant cover. A

thrombotic episode had no bearing on outcome after chemotherapy.

PB4.62 – Antiphospholipid – V

PB 4.62-1
Variability in exposure of epitope G40-R43 of domain I
in commercial anti-b2-glycoprotein I IgG ELISAs
influences the diagnosis of the antiphospholipid
syndrome
Pelkmans L1, Kelchtermans H2, De Groot PG3, Zuily S4,

Regnault V4, Wahl D4, Pengo V5 and De Laat B2

1Cardiovascular Research Institute Maastricht, Maastricht, The

Netherlands; 2Synapse BV, Cardiovascular Research Institute

Maastricht, Maastricht University, Maastricht, The Netherlands;
3University Medical Centre Utrecht, Utrecht, The Netherlands;
4Regional Competence Centre for Rare Vascular Diseases, Nancy

University Hospital, Nancy, France; 5Thrombosis Centre,

University of Padua, Padua, Italy

Background: Diagnosis of the antiphospholipid syndrome (APS)

depends on the detection of autoantibodies against b2-glycoprotein I

(b2GPI), the most prominent antigen in APS. A main problem is the

high variability between commercially available anti-b2GPI assays.

Anti-b2GPI antibodies constitute a heterogeneous population, but

predominantly antibodies reacting to a cryptic epitope Glycine40-

Arginine43 (G40-R43) in domain I of b2GPI are associated with

thrombosis. b2GPI is present in blood in a native conformation. After

interaction with anionic surfaces it opens up, resulting in exposure of

G40-R43. Therefore, in diagnostic assays b2GPI should be presented

in the open conformation enabling antibodies to react with G40-R43.

Aims: We hypothesize that the high variability between commercial

anti-b2GPI ELISA assays arises from variation in exposure of epitope

G40-R43.

Methods: Two patient-derived monoclonal antibodies P2-6 and P1-

117 were tested for their reactivity towards b2GPI. Using both anti-

bodies, we compared exposure of epitope G40-R43 on b2GPI in com-

mercial anti-b2GPI IgG assays (A-E). Ten G40-R43-reactive and 10

negative patient samples were tested in assays A and B. Additionally,

samples of 176 SLE patients, possibly suffering from APS, were

tested for reactivity towards domain I of b2GPI and for positivity in

assays A and B.

Results: Using neutral vs. anionic ELISA plates, we have shown that

antibody P1-117 specifically reacts with epitope G40-R43, exposed

only in the open conformation, while antibody P2-6 recognizes b2GPI

irrespective of its conformation. In assay A, both antibodies showed

equal reactivity towards b2GPI, indicating that all the coated b2GPI

exposes epitope G40-R43. In other assays P1-117 displayed lower reac-

tivity towards b2GPI than P2-6, demonstrating a reduced exposure of

G40-R43. To rule out that other assay features account for the

observed differences in reactivity, we have re-examined the reactivity

of both antibodies on coated plates of assay A and B using the proto-

col and reagents from each assay. In all combinations, reactivity of

both antibodies on a plate was comparable to the results obtained with

its own protocol and reagents. This suggests that the coating, rather

than any other component of the assays, is responsible for the differ-

ences between the assays. Interestingly, all 10 G40-R43-reactive

patients tested positive in assay A, vs. only three in assay B. 24 of the

176 SLE patient samples were found positive for reactivity against

domain I of b2GPI by ELISA. Of these 24, 23 tested positive in assay

A, vs. only 19 in assay B. Decreasing the cut-off value of assay B did

not ameliorate test results, suggesting that the differences in correct

patient classification between the assays is not simply the result from

different cut-off settings.

Conclusions: Exposure of epitope G40-R43 on b2GPI is highly variable

in commercial anti-b2GPI assays. By testing patient samples we have

indications that patients may be falsely assigned negative in assays

characterized by a reduced exposure of G40-R43. Our results have

major implications for the diagnosis of APS. Antibodies P2-6 and
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P1-117 can serve as controls to ensure sufficient exposure of G40-R43.

Alternatively, we encourage the development of alternative assays

coating only domain I of b2GPI.

PB 4.62-2
Elevated levels of endothelial cell microparticles in
patients with antiphospholipid antibodies correlate
with levels of anti-beta2-glycoprotein I antibodies
McCrae KR and Chaturvedi S

Cleveland Clinic, Cleveland, OH, USA

Background: The antiphospholipid syndrome (APS) is characterized

by venous or arterial thrombosis and/or recurrent fetal loss in the pres-

ence of circulating anti-phospholipid antibodies. It has been shown

that these antibodies can cause activation of endothelial cells that leads

to shedding of microparticles (MP). These MP have been ascribed pro-

coagulant properties and increased MP levels have been observed in

several disease states that share a phenotype of vascular dysfunction,

inflammation and thrombosis such as cardiovascular disease, venous

thrombosis and cancer.

Aims: The aim of this study was to characterize the levels of endothe-

lial cell, monocyte, and platelet derived as well as tissue factor bearing

MP in patients with APS. A secondary aim was to study whether MP

levels correlate with titers of anticardiolipin antibodies and anti-b2 gly-
coprotein I antibodies.

Methods: Citrated whole blood from 47 patients with APS and 144

healthy controls were centrifuged at 1500 g for 15 min and the

supernatant was centrifuged at 13,000 g for 2 min to obtain platelet

free plasma (PFP). To detect MP and their origin, PFP was incu-

bated with the following fluorochrome conjugated monoclonal anti-

bodies and analyzed by flow cytometry (LSRII BD biosciences):

Annexin V-APC, CD105-PE and CD144-PE (endothelial cells);

CD41-PECy4 (platelets); CD14-PE (monocytes); and anti-Tissue

Factor mAb-Alexa Fluor647. MP measurements were left skewed so

a log 10 transformation was performed before comparing them with

a t-test or running correlation analyses. P < 0.05 was considered sig-

nificant for all analyses.

Results: Females comprised 52% of patients and 55% controls. The

median age of patients and controls was 43 years and 29 years, respec-

tively; however there was no association between age and MP num-

bers. Thirteen patients had APS along with SLE, 29 had a history of

venous thrombosis, 12 had had strokes, and 5 of 21 female patients

had a history of pregnancy loss.

Levels of Annexin-V, CD105 and CD144 (endothelial derived), CD41

(platelet derived) and TF positive MP were higher in patients

(47,000 � 7900, 10,140 � 2164, 46,690 � 8783, 127,200 � 28,050,

and 7270 � 2810 MP/mL respectively) vs. controls (17,000 � 1800,

3824 � 374, 17,320 � 2636, 54,910 � 7132 and 2537 � 747 MP/mL

respectively). These differences were highly statistically significant (all

P < 0.02). In contrast, there was no difference between CD14 positive

MP levels (1035 � 167 vs. 1409 � 465, P = 0.66).

There was no significant association between age or clinical features

(thrombosis, strokes, pregnancy loss) and MP levels. Interestingly, MP

positive for Annexin V, CD105 and CD144 (endothelial markers)

showed a positive correlation with IgG anti-beta 2- glycoprotein I

(anti- b 2GPI) (R = 0.60, P = 0.006) and IgM anti- b 2GPI (R = 0.58,

P = 0.006). These did not correlate with CD14 or CD41 positive MP

levels and there was no association between MP levels and anti-cardio-

lipin antibodies.

Conclusions: Plasma of APS patients contains higher levels of endothe-

lial cell and platelet derived microparticles and these correlate with

anti- b 2GPI titers. This suggests that there is a chronic state of endo-

thelial cell and platelet activation in these patients even in the absence

of thrombosis and that anti-phospholipid antibodies likely play an

important pathologic role in thrombosis.

PB 4.62-3
False positive results of Lupus Anticoagulant in
plasmas of patients receiving LMWH or the new oral
anticoagulants
Martinuzzo ME, Barrera HL, D′Adamo MA, Otaso JC, I

Gimenez M and Oyhamburu J

Hospital Italiano de Buenos Aires-Grupo Bioqu�ımico, Buenos

Aires, Argentina

In the new guidelines for lupus anticoagulant (LA) diagnosis it is

established not to study patients receiving unfractioned heparin, dicu-

marinic oral anticoagulants with INR >3.00 and to discontinue

LMWH at least 12 h before searching a LA. In the last 2 years, oral

direct thrombin and oral direct Xa inhibitors have been worldwide dis-

tributed for prevention and treatment of venous thromboembolism

(VTE) and atrial Fibrillation (AF). So, it seems important to recognize

the effect of these anticoagulants on results of LA tests. The aim of the

present study was to describe the rate of false positive results of screen-

ing, mixing and confirmatory tests for LA in plasmas of patients that

previously have normal coagulation tests results (LA-) and were

receiving LMWH in therapeutic doses, Dabigatran etexilate (DAB)

220 mg/day because of an AF or Rivaroxaban (RIV) 10 mg/day for

prophylaxis of VTE in elective hip replacement or 15 mg/day for AF.

In patients with LMWH blood was taken at 4 h post dose, and for

DAB and RIV between 1.5 and 4 h post dose. Tests evaluated were

PT, APTT, ICA for APTT mixing study, DRVVT screen, ICA for

DRVVT mixing study, normalized ratio (NR) for DRVVT screen/con-

firm, and NR for silica clotting time (SCT) screen/confirm. All tests

were performed in a photo optical coagulometer (ACL TOP). The cut

off points of tests and indexes were calculated according to guidelines

as the 99th percentile of 50 plasmas from healthy donors. Plasmas

from patients receiving LMWH (n = 15, anti Xa activity 0.5–1.6 U)

presented: 26.6% PT activity <70%, 53.3% prolonged APTT and

62.5% of them did not correct with normal plasma (NP), 60% pro-

longed SCT screen, but only 10% positive NR SCT screen/confirm,

66.6% prolonged DRVVT screen, 50% of them without correction

with NP, and 70% positive NR for confirmatory. Plasmas from

patients taking DAB (n = 15) presented: 93.3% PT <70%, 100% pro-

longed APTT without correction with NP, 100% thrombin time very

prolonged, 100% DRVVT very prolonged without correction with

NP, and 80% of them with a positive NR DRVVT confirm, 100% of

SCT screen prolonged but only 6.7% of positive NR SCT confirm.

Among those receiving RIV at 15 mg/day (n = 4) all presented PT

prolonged, DRVVT screen very prolonged without correction with

NP and positive NR confirm, 75% presented slightly prolonged the

APTT (<1.5 times), all SCT screen prolonged, but none positive NR

for confirmatory test. Finally, plasmas from patients taking RIV

10 mg/day (n = 20), 75% presented PT <70%, only 10% prolonged

APTT, 75% DRVVT screen prolonged, 80% of them did not correct

with NP, and 73.3% with NR confirm positive, 20% of SCT screen

prolonged but none of them with NR for SCT confirm positive. In

conclusion, LMWH at therapeutic dose, DAB and RIV greatly affect

recommended tests for LA testing not only in the screening and mixing

studies, but also in confirmatory tests. It is mandatory to clearly access

to the list of medications that patients are taken, and discontinue these

anticoagulants before searching a LA to avoid false positive results.
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PB 4.62-4
Anticoagulation for patients with antiphospholipid
antibodies undergoing cardiopulmonary bypass – a
novel strategy for optimisation of heparin
anticoagulation
Ryan K1, Goodyer M1, O’Connell N1, Gilmore R1, Ni Ainle F1,

Jenkins V1, Fagan P2, Young V2 and O’Donnell J1

1NCHCD, Dublin 8; 2St. James’s Hospital, Dublin, Ireland

Introduction: Cardiopulmonary Bypass (CPB), an essential compo-

nent of many cardiothoracic surgical procedures, requires extremely

high plasma heparin concentrations to prevent thrombosis within the

extra-corporeal circuit, which may be life-threatening or result in sig-

nificant morbidity. Consequently, heparin concentrations in the

range of 3–4 IU/mL are required for CPB, which contrasts with the

target of approximately 0.6 IU/mL used in the treatment of venous

thrombosis. CPB surgery is also associated with a significant risk of

major haemorrhage, particularly if excessive heparin is administered.

Therefore, unfractionated heparin (UFH) and protamine doses are

carefully monitored and titrated during CPB using near patient Acti-

vated Clotting Time (ACT) testing. It is recognised that Lupus Anti-

coagulants (LA) may influence this test. Thus, heparin monitoring in

LA patients undergoing CPB surgery constitutes a common clinical

problem.

Aims: No consensus exists on heparin monitoring in LA patients

requiring CPB surgery. As LAs are heterogenous, their effect on the

ACT is unpredictable. We wished to establish an appropriate ACT

range for such patients by adopting an individualised approach and

testing the response of the ACT to increasing heparin concentrations

in such patients.

Methods: To elucidate the relationship between heparin concentration

and ACT, we performed pre-operative ex-vivo spiking studies in seven

patients with LA and prolonged APTTs who were planned to undergo

CPB. In brief, whole blood was collected and spiked with increasing

heparin concentrations (0–7 IU/mL). At each concentration, both

ACT and anti-Xa levels were determined. In addition, peri-operative

haemostasis was assessed in a prospective manner.

Results: Four patients has baseline prolonged ACTs. One patient dem-

onstrated a non-linear response between increasing heparin concentra-

tions and ACT, precluding this test’s use as a means of determining

intra-operative heparin concentrations and necessitating the use of

anti-Xa monitoring. Four patients has flattening of their ACT curves,

such that a standard ACT target of 400–480 s would have resulted in

heparin concentrations significantly outside the desired 3–4 IU/mL

range.

Conclusion: Cumulatively, these novel data demonstrate definitely that

ex-vivo spiking studies are critical in order to optimise heparin dosing

for LA patients undergoing CPB surgery. We propose that this meth-

odology should be adopted as gold-standard practice.

PB 4.62-5
Anti-b2 Glycoprotein I autoantibodies and
atherosclerosis in patients with ischemic stroke
Ben Said M1, Sfar I1, Younes S1, Chaker F1, Bannour I2,

Boughamoura L3, Ben Abdallah T1, Guermazi S1 and Gorgi Y1

1Hôpital Charles Nicolle de Tunis, Tunis; 2Facult�e de M�edecine

de Monastir, Monastir; 3Hôpital Tahar Sfar de Mahdia, Mahdia,

Tunisia

Background: b2-Glycoprotein I (b2GPI) is a major antigenic target of

antiphospholipid antibodies, with natural anticoagulant properties.

IgG and IgM anti b2GPI are biological markers of the antiphospholi-

pid syndrome (APS) and are strongly associated with thrombosis. The

possible relationship between anti-b2GPI (ab2GPI) antibodies and

atherosclerosis is interesting because b2GPI has been found in athero-

sclerotic lesions. Anti-b2GPI could be implicated in the onset and/or

progression of vascular parietal lesions and consequently in the patho-

genesis of stroke.

Some authors have described an association between IgA ab2GPI

antibodies and diseases related to atherosclerosis but studies are still

few. The aim of the present study is to evaluate a possible association

between ab2GPI of IgG, IgM, IgA isotypes and atherosclerosis in a

group of patients with ischemic stroke

Patients & Methods: A total of 41 patients (20 male, 21 females) aged

26–84 years (mean 56 years), with ischemic stroke proved by CT-scan

were included in our study. All patients were investigated with Dopp-

ler carotid to detect significant atherosclerotic changes (vascular steno-

sis with luminal reduction ≥50%). The control group consisted of 80

healthy subjects. We evaluated ab2GPI (IgG, IgM and IgA isotypes)

in plasmas of patients and normal controls by an enzyme-linked

immunosorbent assay (Orgentec).

Results: Positivity for ab2GPI antibodies of was seen in 18 cases

(44%) of patients and none of the plasmas from the healthy control

group (P < 0.001). The most frequent isotype was IgA (n = 14,

34.1%), followed by IgM (n = 10, 24.4%) and IgG (n = 7, 17%).

Among the 18 patients positive for ab2GPI, 8 (45%) are positive for

only one isotype: IgA in four cases (22%), IgG in three cases (17%),

and IgM in one case (6%). All patients with IgM ab2GPI were nega-

tive for rheumatoid factor. The combination of three isotypes was seen

in three cases (17%) and two isotypes in seven cases (39%). There was

a correlation between IgM and IgA ab2GPI (P < 0.001) but not

between IgG and IgA ab2GPI or IgG and IgM ab2GPI.

Atherosclerotic plaque was detected in carotid Doppler in 31 patients

(75%). Positivity of IgA or IgM ab2GPI are significantly associated

with atherosclerosis (P < 0.01 and P < 0.05 respectively).

All patients without atherosclerosis are negative for IgA and/or IgM

ab2GPI. Positivity of IgG ab2GPI is not associated with atherosclero-

sis.

Discussion: Our results corroborate those of other studies which dem-

onstrate a significant prevalence of ab2GPI in unselected patients with

stroke. Our data showed a strong correlation between IgA and IgM

ab2GPI in this disease. This study suggests that elevated IgM and/or

IgA ab2GPI could be risk factors for atherosclerosis and might con-

tribute to the occurrence of ischemic stroke. IgG ab2GPI directed

against domain I are implicated in the occurrence of thrombosis but

not in atherosclerosis. Does IgA and IgM ab2GPI recognize domain I

or others domains of the molecule involved in the protective role

against atherosclerosis ?

PB 4.62-6
Antiphospholipid and antinuclear antibodies in
schizophrenic patients during antipsychotic treatment:
findings from the ANTRE study
Mal�y R, Masopust J, Andr�ys C, Baant J, Krejskov�a V and Hos�ak L

University Hospital, Hradec Kr�alov�e, Czech Republic

Background: Psychiatric disorders themselves and treatment with first

or second generation of antipsychotic medications have been associ-

ated with increased risk of venous thromboembolism (VTE). Signifi-

cantly higher levels of antiphospholipid (APA) and antinuclear

antibodies (ANA) were repeatedly found in schizophrenic patients.

Antiphospholipid antibodies (anticardiolipin antibodies – ACLA,

antibody to beta2-glycoprotein I – beta2 GPI and lupus anticoagulat –
LA) are among the most important risk factors of venous and arterial

thrombosis.

Methods: This case-control prospective ANTRE (ANtipsychotics

ThRombosis Embolism) study evaluates a possible association

between APA (ACLA, beta2 GPI, LA) and antinuclear antibodies

(ANA) and increased risk of thrombosis in patients with psychosis.

IgG, IgM beta2 GPI, ACLA antibodies, LA and total ANA were

assessed in 46 antipsychotic-naive patient with acute psychosis
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(27.7 � 8.0 years, range 18–52) and compared to 46 healthy controls

matched for age and gender. In the patient group, we measured all the

above parameters again after 3 months, one and 2 years of antipsy-

chotic treatment.

Results: Prior to the initiation of antipsychotic treatment, there was

significant difference in the plasma levels of ANA, ACLA and

beta2 GPI IgG between patients and healthy controls. Elevated

ANA was significantly higher (P < 0.05) than in the controls at the

baseline as well during the 2 years of follow up. The plasma levels

of beta2 GPI (IgG and IgM) and ACLA IgG increased signifi-

cantly (P = 0.047; P = 0.013 resp. P = 0.007) in the course of 2-

years antipsychotic treatment. Values of ANA did not change dur-

ing follow- up.

Conclusions: These results point towards the existence of an autoim-

mune mechanisms in the pathophysiology of schizophrenia. On the

other hand the pathological mechanisms of VTE in schizophrenia

patients could be possibly explained by the increased titres of APA

especially IgG isotype. We suppose an influence of the antipsychotic

treatment on the rise in the levels of the APA.

PB4.63 – Antiphospholipd – VI

PB 4.63-1
High specificity of Silica clotting time confirm/screen
normalized ratio for LA diagnosis
Martinuzzo ME, Barrera HL, D′Adamo MA, Otaso JC,

Gimenez IM and Oyhamburu J

Hospital Italiano de Buenos Aires-Grupo Bioqu�ımico, Buenos

Aires, Argentina

The new guidelines for the diagnosis of lupus anticoagulant (LA)

stressed the importance of avoid false positive results for LA, trying

to improve specificity. Reagents for silica clotting time (SCT) has

been introduced in our country last year, a test describe as a com-

bined Screen/confirm duet, Silica based, as was recommended to

reach the diagnosis of LA. The aim of the present study was to eval-

uate the specificity of this test for the presence of LA. We included

samples from patients referred to our laboratory for LA searching:

250 which tested positive for LA with our standard tests (DRVVT

and APTT) and 84 samples which tested LA negative. As control

groups we also tested: 25 samples from patients previously LA nega-

tive taken coumarin anticoagulants (ACO), 18 samples from cirrhotic

patients, six from patients with DIC, 28 from patients with congeni-

tal deficiencies (2 Factor V, 2 Factor X, 7 haemophilia A, 5 haemo-

philia B, 5 Factor XI, 4 Factor XII and 3 patients with vWD), 10

samples from patients receiving LMWH at therapeutic dose, 6 sam-

ples from those receiving UFH, 15 Dabigatran etexilate 220 mg/day,

and 7 Rivaroxaban 15 mg/day which presented SCT screen pro-

longed. SCT screen/confirm normalized ratio (NR) was calculated

for each sample and results were evaluated using the cut off point

(1.19) obtained according the guidelines as the 99th percentile of 60

plasmas from healthy donors. From the 250 LA positive samples

SCT was positive in 72% of LA clearly positive (n = 204) and 22%

of weak LA (n = 46). Among samples which tested LA negative

(n = 84). 7 (8.3%) tested positive for SCT (five of them with NR

close to the cut off point). From these six patients presented APTT

and/or DRVVT slightly prolonged but not fulfilling mixing or confir-

matory results to be considered as positive LA. Considering all con-

trol samples (n = 115) we observed only three positive SCT NR: one

sample from a patient receiving LMWH, one receiving dabigatran

and one with ACO. The specificity of the test was really high 97.4%,

particularly taking into account we evaluated a wide spectre of sam-

ples which presented acquired or congenital abnormalities of blood

coagulation.

Conclusion: We showed that SCT expressed as SCT screen/confirm

NR with a cut off properly calculated is a very useful tool to improve

specificity of LA testing, because it helps to differentiate the p

PB 4.63-2
Erythrocyte and platelet microparticles are associated
with thrombotic complications of antiphospholipid
syndrome
Wahl G1, Merhi-Soussi F2, Zuily S1, Devignes J1, Lecompte TP3

and Latger-Cannard V1

1CHU de Nancy; 2Universite de Lorraine, Vandoeuvre, France;
3Hopitaux Universitaires de Gen�eve, Geneva, Switzerland

Background: Microparticles (MP) derived from endothelial cells, leu-

cocytes and platelets are increased in patients with antiphospholipid

antibodies. It is currently unknown whether erythrocyte MP are

increased in patients with antiphospholipid antibodies.

Aims: Thus the aim of our study was to quantitate circulating micro-

particules (MP) from endothelial cells, leucocytes, platelets and ery-

throcytes to establish their clinical correlation in patients with

antiphospholipid antibodies with or without thombosis.

Methods: The patient population consisted of 33 patients with anti-

phospholipid antibodies, 23 of which had thrombotic antiphospholi-

pid syndrome. Controls were 25 normal healthy subjects. All gave

informed consent. In this study, we evaluated the number of MPs pres-

ent in plasma from endothelial (EMP), platelet (PMP), leucocytes

(LMP), and erythrocyte (ErMP) origin in healthy subjects in compar-

aison with two antiphospholipid patient group, thrombotic (APS

patients) and non thrombotic (aPL patients). Data were acquired and

analysed using a FACSCalibur flow cytometer with appropriate soft-

ware (BD Biosciences, CA, USA).

Results: We compared the number EMP, PMP, LMP, and ErMP in

two antiphospholipid patient groups, thrombotic (23 APS patients)

and non thrombotic (10 aPL patients) both of which were all positive

for aPL in comparaison with 25 healthy subjects. Levels of MP of vari-

ous cellular origins in patients were compared with controls. EMP

(pannel A) and LMP (pannel B) were increased in all patients with aPL

(APS patients and patients without vascular thrombosis), P = 0.04 and

P = 0.0063 respectively. On the contrary PMP (pannel C) and ErMP

(pannel D) were similar to controls in thrombosis-free aPL patients

(P = 0.31) while they were significantly increased in patients with APS

and thrombosis, P = 0.0063 and P = 0.042 respectively.

Summary/Conclusion: Altogether our data show that circulating LMP

and EMP levels are increased in patients with aPL without thrombosis

but not PMP and ErMP. Circulating PMP and ErMP are only

increased in APS patients. These results suggest that PMP and ErMP

contribute to thrombosis in patients with antiphospholipid antibodies.

PB 4.63-3
Antibody titers and clinical outcomes in patients with
single-double or triple positivity antiphospholipid
antibodies
DeSancho MT, Bamme J, Chapin J, Christos P, Nguyen M

and Roshal M

Weill Cornell Medical Center, New York, NY, USA

Background: Antiphospholipid Syndrome (APS) is a clinico-pathologic

diagnosis characterized by the presence of thrombosis; pregnancy

complications; and persistent (>12 weeks apart) presence of anti-

phospholipid antibodies (aPLs): anticardiolipin antibodies (aCL),

anti-beta 2 GP1 antibodies (anti-b2GPI), and a clot-based dilute Rus-

sell viper venom test (DRVVT). Prior studies suggest that having three

positive tests (triple positivity) in previously asymptomatic patients

leads to higher risk of clinical manifestations. The role of the DRVVT

ratio in these groups is uncertain.

Aims: To compare the incidence of clinical manifestations and

DRVVT ratios among patients with one or two positive tests and

those with triple positivity.

Methods: Retrospective chart review from January 1, 2002 to December

31, 2012 of patients ages 18–95 who were tested for aPLs at New York
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Presbyterian Hospital. Demographics, presence of autoimmune dis-

eases and cardiovascular risk factors including coronary artery disease,

hypertension, hyperlipidemia, smoking status, and diabetes mellitus

was collected.We reviewed the clinical manifestations defined as throm-

bosis: myocardial infarction (MI), cerebrovascular accident (CVA),

pulmonary embolism (PE), deep vein thrombosis (DVT) and pregnancy

complications. Titers of aCL and anti-b2GPI IgG and IgM isotypes

were considered to be positive if >20 GPL or MPL and >99th percentile

respectively. We calculated average antibody titers for aCL and anti-

b2GPI in the two groups. We also calculated DRVVT ratios for both

groups, as (clot time without phospholipid excess)/(clot time with phos-

pholipid excess). A ratio of 1.2 or greater was considered positive.

Results: We had 55 patients with single or double-positive aPLs, and

23 patients with triple positive aPLs. The two groups were similar in

gender (65% vs. 61%), history of autoimmune diseases (16% vs. 13%)

and cardiovascular risk factors. There was no statistically significant

difference in the incidence of CVAs (14.5% vs. 17.4%), MIs (3.6% vs.

13%), PEs (12.7% vs. 21.7%), DVTs (31% vs. 39%), or other VTE

events (3.6% vs. 13.04%). Similarly, we did not identify a difference

between pregnancy losses in the first trimester (13.8% vs. 28.6%), sec-

ond trimester (13.9% vs. 14.3%), or third trimester (0% in both

groups). All aPL antibody titer levels were significantly elevated in the

triple positive group compared to the single/double positive group.

The titers were aCL IgG = 17.6 vs. 95.9, aCL IgM = 20.8 vs. 47.5,

anti-b2GPI IgG = 10.7 vs. 73.5, anti-b2GPI IgM = 28.5 vs. 56.7,

P ≤ 0.001 for all four aPLs). The DRVVT ratios were higher in the tri-

ple positive group compared to the single and double positive group

(1.654 vs. 1.383; P = 0.01).

Conclusions: While not statistically significant, there was a trend

toward more MI, PE and first trimester pregnancy losses in the triple

positivity group compared to the single and double positive aPL. All

aPL titers were significantly higher in patients with triple positivity

aPL including DRVVT ratios than in patients with single-double posi-

tivity. Larger prospective multicenter studies are needed to determine

the set of antibodies and the role of DRVVT ratio in predicting clinical

outcomes in patients with aPLs.

PB 4.63-4
Circulating endothelial cells are increased in patients
with antiphospholipid syndrome
Wahl G1, Zuily S1, Heymonet M1, Massin F1 and Faure GC2

1CHU de Nancy; 2Universite de Lorraine, Vandoeuvre, France

Background: Circulating endothelial cells (CECs) are markers of endo-

thelium damage and have been reported in antiphospholipid syndrome

(APS). However it is unknown whether CECs are associated with

thrombotic complications in vivo.

Aims: To determine whether CECs are increased in patients with anti-

phospholipid antibodies (aPL) in particular according to their throm-

boembolic history and underlying disease.

Methods: Clinical and laboratory variables were recorded from a pro-

spective cohort. CECs were assessed by CellSearch�, Veridex; CECs

phenotype: CD146+, CD105+, DAPI+, CD45- in patients with aPL

and/or SLE. We determined clinical and laboratory variables signifi-

cantly associated with a high rate of CECs (>20/mL). Informed con-

sent was obtained from each patient.

Results: Forty-six patients were included (mean age 44 � 15 years, 37

women). Twenty patients had SLE and aPL and 26 only aPL. Forty-

two patients had a history of one or several thrombotic/obstetrical

manifestations. The presence of a elevated CECs was associated with

history of myocardial infarction (29.7 � 28.1 vs. 10.6 � 18;

OR = 8.75[CI 95%; 1.2–63.9], P = 0.04), pulmonary embolism

(21.3 � 22.3 vs. 10.3 � 18.7; OR = 8[CI 95%; 1.6–40.3], P = 0.01).

Summary/Conclusions: In patients with aPL, history of pulmonary

embolism and myocardial infarction are significantly associated with

endothelial perturbation evaluated by the number of CECs.

PB 4.63-5
Prevalence of antiphospholipid antibodies in
psychiatric patients users and non-users of
antipsychotics
Delluc A1, Rousseau A2, Le Galudec M3, Canceil O4,

Woodhams B2, Etienne S4, Walter M3, Mottier D5, Van

Dreden P2 and Lacut K5

1EA 3878 GETBO, Brest; 2Diagnostica Stago, Gennevilliers;
3Universit�e de Bretagne Occidentale, Brest; 4Universit�e Paris

Descartes, Paris; 5Inserm, CIC 0502, Brest, France

Background: Past reports have suggested that antiphospholipid (aPL)

antibodies may emerge as a response to antipsychotics treatment, since

a high prevalence of aPL antibodies in antipsychotics users has been

observed. However, no control group of non-medicated psychiatric

patients was included in these reports.

Aims: We aimed to determine the prevalence of aPL antibodies in psy-

chiatric inpatients users and non-users of antipsychotics in order to

assess a potential association between aPL antibodies and antipsychot-

ics

Methods: In a cross sectional study we determined the prevalence of

aPL antibodies in 333 psychiatric inpatients. We compared the pro-

portions of positive aPL antibodies tests between users and non-users

of antipsychotics with adjustments for potential confounders (age and

psychiatric diagnosis). To detect the presence of lupus anticoagulant

(LA) in the plasma, two coagulation tests were performed: dilute Rus-

sell viper venom time (STA-Staclot dRVV Screen/Confirm, Diagnosti-

ca Stago), and LA sensitive partial thromboplastin time (PTT-LA

Diagnostica Stago). IgG and IgM antib2GP-1 were detected by

ELISA with Asserachrom anti b2GP1, and anticardiolipin antibodies

IgG and IgM were detected by ELISA with Asserachrom APA (all

from Diagnostica Stago)

The protocol was approved by our hospital’s Ethics Committee. After

complete description of the study to the subjects, written informed

consent was obtained from all patients, their relatives, or their guard-

ian before inclusion.

Results: Patients’ mean age was 57.3 � 18.1 years (range 19–93 years),

153 (45.9%) were male. Of these 333 patients, 59 (17.7%) were diag-

nosed as having organic mental disorder (ICD-10 codes F0), 86

patients (25.8%) had schizophrenia (ICD-10 codes F2 and F8), 110

(33.0%) had mood disorder (ICD-10 codes F3), and 78 patients

(23.4%) had another psychiatric diagnosis (ICD-10 codes

F1 + F4 + F5 + F6 + F7). At admission, 185 patients (55.6%) were

receiving at least one antipsychotic medication. The proportion of an-

tipsychotics users carrying at least one aPL antibody was 27.0% (50/

185) compared with 27.2% (40/148) in non-users (P = 0.24). The prev-

alence of each subgroup of aPL antibodies (LA, IgM and IgG anti-

b2GP-I antibodies, IgM and IgG anti-cardiolipin antibodies) was not

different between users and non users of antipsychotics (22.2% vs.

23.6%, P = 0.62, 3.8% vs. 2.0%, P = 0.75, 0.0% vs. 0.0%, P = NA,

1.1 vs. 1.4%, P = 0.91, 2.7% vs. 3.4%, P = 0.71 respectively with

adjustments for age and psychiatric diagnosis). In each subgroup of

psychiatric disorders, the proportion of patients with aPL antibodies

was not different between users and non-users of antipsychotics except

in patients with mood affective disorder. In this category, 14.9% of the

47 antipsychotics users and 33.3% of the 63 non-users had a positive

test for at least one aPL antibody (P = 0.04). This difference was due

to the presence of LA, which was detected in 10.6% of antipsychotics

users and 30.2% of non-users (P = 0.03).

Conclusions: aPL antibodies were frequently found in patients with

psychiatric diseases and no significant increase in the prevalence of

aPL antibodies was observed in antipsychotics users. Long term pro-

spective epidemiologic cohort studies are needed to establish the possi-

ble pathogenic implications of persistent aPL antibodies in psychiatric

patients.
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PB 4.63-6
Hypoprothrombinaemic Lupus Anticoagulant
Syndrome masquerading as Acquired Haemophilia in a
5-year-old child
Sivaprakasam P1, Tunstall O2, Reilly-Stitt C3, Marshall J4

and Hamilton M5

1Bristol Royal Hospital for Children, Bristol; 2Consultant

Haematologist, Bristol Royal Hospital for Children, Bristol;
3Bristol Royal Infirmary, Bristol; 4Royal Devon and Exeter

Hospital, Exeter; 5Consultant Haematologist, Devon, UK

Background: Hypoprothrombinaemic lupus anticoagulant syndrome

(HLAS) is a rare phenomenon caused by acquired hypoprothrombina-

emia in the presence of lupus antibodies (LA). They pose both bleed-

ing and thrombotic risk. It can be associated with systemic lupus

erythematosus or rarely in children due to infections, medications or

other causes producing antibodies

Aim: We describe a previously healthy child who presented with bleed-

ing symptoms, later diagnosed with HLAS and responded to appropri-

ate therapy

Methods: We describe a previously healthy 5-year-old child who pre-

sented to her local hospital with the new onset of bruising and ecchy-

moses, 2 days after a viral illness. Initial investigations revealed a

prolonged prothrombin time (PT) (INR 2.3) and activated partial

thromboplastin time (APTT) (APTTr 3.0). Factor assays using a

reagent with intermediate lupus sensitivity showed a Factor VIIIC of

6%, Factor IX of <1% and Factor XI of 4% with otherwise normal

levels. LA screen was positive. She was given a tentative diagnosis of

Acquired Haemophilia and transferred to our hospital for further

investigation and management.

Results: Initial investigations showed normal full blood count includ-

ing platelet count (280 9 10*9/L) but prolonged PT (17.3 s) and

APTT (61 s). A 50/50 mix study gave an APTT of 37.2 s and PT

12.8 s. Fibrinogen and D-dimer were normal. LA screen was positive,

however autoimmune screen was negative. Factor analysis revealed

Factor II 8.3%; Factor V 140%; Factor VII 79%; Factor X 84%.

APTT dependent factor levels using an agent with low lupus sensitiv-

ity, Actin FS, were normal or near-normal but with markedly non-par-

allel curves.

She was diagnosed with post-viral Hypoprothrombinaemic Lupus

Anticoagulant Syndrome. Short-course corticosteroid therapy was ini-

tiated; there was no recurrence of the bleeding and she showed consis-

tent improvement in Factor II -levels 1 week and 6 weeks post

therapy: 38.8% and 91% respectively. LA screen remained positive.

Summary: Hypoprothrombinaemic Lupus Anticoagulant Syndrome is

a rare but previously reported condition in childhood. In this case, the

presentation was with large bruises and ecchymoses and apparently low

FVIIIC and FIX levels giving the apparent clinical syndrome of

acquired haemophilia. It was only with repeat testing using reagents less

sensitive to lupus anticoagulants that the diagnosis became clear and

even then assays were difficult to interpret due to marked inhibition.

PB4.64 – Arterial Vascular
Disorders – V

PB 4.64-1
Increased fibrinogen rises thrombin generation and
fibrin clot formation in obese Zucker rats
Regnault V1, Lagrange J1, Louis H1, Max JP1, Thornton SN1,

Wahl D1, Feve B2, Benetos A1 and Lacolley P1

1Inserm U1116, Vandoeuvre-les-Nancy; 2Inserm U938, Paris,

France

Background: The metabolic syndrome (MetS), a cluster of risk factor

including abdominal fat, hypertension, dyslipidemia and disturbed

glucose and insulin metabolism is associated with modifications in the

arterial wall such as endothelial dysfunction and atherothrombosis.

Enhanced platelet reactivity and coagulation and decreased fibrinoly-

sis have been proposed as potential mechanisms but the determinants

linking MetS and hemostasis remains unknown in particular in age-

dependent arterial wall stiffening.

Aims: The main objective was to determine the triggering mechanisms

and the substratum of the prothrombotic state in MetS.

Methods: We have characterized the hemostasis phenotype of lean and

obese Zucker rats, aged 25 (adult) and 80 weeks (very old). Platelet

reactivity was assessed by aggregation studies with platelet-rich plasma

(PRP) and washed platelets and by using ADP and collagen as agon-

ists. Thrombin generation was monitored in PRP and platelet-poor

plasma (PPP) using calibrated automated thrombography (CAT). The

in vitro reactivity of the coagulation system was estimated by the

endogenous thrombin potential (ETP). Fibrinolysis was measured by

a classical clot lysis assay in which thrombomodulin was added.

Results: Prothrombin fragment F1 + 2 and thrombin/antithrombin

(TAT) complexes were increased in obese rats at 25 weeks of age.

Platelet count was increased in obese rats at both ages (789 � 34 vs.

574 � 37 109/L at 25 week-old and 834 � 63 vs. 633 � 29 109/L at

80 week-old rats) without change in platelet response to ADP or colla-

gen. ETP in PPP was higher in 25 week-old obese rats than in lean rats

of the same age (428 � 29 vs. 328 � 27 nM/min) and still higher at

80 weeks compared with age-matched group (422 � 30 vs.

306 � 11 nM/min). Similar differences were observed wit PRP.

Plasma prothrombin and tissue factor levels were increased in obese

rats whatever the age whereas antithrombin was unchanged. The most

striking result in obese rats was the increase in ETP without increase in

thrombin peak but with a delay in thrombin inhibition. Fibrinogen

was increased in obese rats (4.0 � 0.2 vs. 2.8 � 0.1 g/L at 25 week-

old and 4.9 � 0.2 vs. 3.1 � 0.1 g/L at 80 week-old rats). Addition of

purified fibrinogen in lean rats resulted in an increase in ETP and

delayed thrombin inhibition. Half-lysis time was prolonged in obese

rats at 25 weeks (46.5 � 1.2 vs. 41.5 � 0.7 min) and increased with

age (54.1 � 1.1 vs. 49.3 � 1.8 min in 80 week-old obese and lean rats

respectively). A cytokine array showed an increase in pro-inflamma-

tory cytokines in obsess rats whatever the age.

Summary/Conclusion: To conclude, we have shown that thrombin gen-

eration increased in obese adult and very old Zucker rats without

change in platelet activation. Increased inflammation and related

fibrinogen level and subsequent decreased fibrinolysis may account for

this hypercoagulable state in obese rats.

PB 4.64-2
Impact of venous thromboembolism on future risk of
atrial fibrillation – the Tromsø study
Enga KF, Mathiesen EH, Løchen ML, Mathiesen EB, Njølstad I,

Wilsgaard T, Braekkan SK and Hansen JB

University of Tromsø, Tromsø, Norway

Background: It has been widely accepted that pulmonary embolism

may precipitate cardiac dysrhythmias although the degree of evidence

is low. Pulmonary embolism may increase the right atrium pressure

with subsequent atrial dilatation, eliciting stretch injuries that can in

turn trigger atrial fibrillation (AF). Venous thromboembolism (VTE)

is a common term for deep vein thrombosis and pulmonary embolism,

since clinically silent pulmonary embolism often occur in the presence

of a deep vein thrombosis. To our knowledge, the association between

venous thromboembolism, including pulmonary embolism and deep

vein thrombosis, and subsequent atrial fibrillation has not yet been

explored in a prospective cohort study.

Aims: We wanted to investigate the impact of incident venous throm-

boembolism on future risk of atrial fibrillation in a prospective cohort

study recruited from the general population.

Methods: The study included 29 774 subjects who attended at least one

survey of the Tromsø study (1994–95, 2001–02, 2007–08). Baseline
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information was obtained by questionnaires, blood samples and a

physical examination. Incident events of VTE and AF were registered

and validated from date of study inclusion to the end of follow-up,

December 31, 2010. Cox proportional hazard regression using age as

time-scale and VTE as a time-dependent variable was performed to

estimate crude and multivariable hazard ratios (HR) with 95% confi-

dence intervals (CI). Sex, body mass index, smoking, physical activity,

total cholesterol, self-reported cardiovascular disease and diabetes

were potential confounders included in the multivariable analyses. The

study was approved by the regional committee for research ethics, and

all participants gave their informed written consent to participate.

Results: Of the study participants, 540 (1.8%) had an incident VTE

event, of which 50 (9.3%, age-adjusted incidence rate (IR) of atrial

fibrillation per 1000 person-years: 17.76, 95% CI: 13.44–23.47) suf-

fered from subsequent atrial fibrillation during a median follow-up of

15.6 years. There were 1619 subjects that had an atrial fibrillation

without a prior VTE event during follow-up (5.8%, age-adjusted IR:

12.65, 95% CI: 12.05–13.29). Subjects with VTE had 64% higher risk

of AF compared to subjects without VTE (multivariable adjusted HR:

1.64, 95% CI: 1.23–2.19). The risk estimates for atrial fibrillation were

higher after pulmonary embolism (HR: 1.84, 95% CI: 1.17–2.90) than
after deep vein thrombosis (HR: 1.50, 95% CI: 1.04–2.17). The inci-

dence of atrial fibrillation was highest during the first 6 months after

the VTE event (IR: 24.38, 95% CI: 12.31–48.26).
Conclusion: We found that incident venous thromboembolism was

associated with future risk of atrial fibrillation. Our findings support

the concept that overt and silent pulmonary embolism may lead to car-

diac dysfunctions that, in turn, can trigger atrial fibrillation.

PB 4.64-3
Different role of hypercoagulability in myocardial
infarction and ischemic stroke: a systematic review
Maino A1, Siegerink B2, Algra A3, Peyvandi F4 and Rosendaal FR2

1Angelo Bianchi Bonomi Hemophilia and Thrombosis Center,

Milano, Italy; 2LUMC, Leiden, The Netherlands; 3UMCU,

Utrecht; 4Angelo Bianchi Bonomi Hemophilia and Thrombosis

Center University of Milan, Milano, Italy

Background:Hypercoagulability increases the risk of arterial thrombo-

sis. However, there is emerging evidence that this effect may differ

between various manifestations of arterial disease.

Aims: To compare the effect of coagulation factors as measures of hy-

percoagulability on the risk of ischemic stroke (IS) and myocardial

infarction (MI).

Methods: We performed a systematic review of the literature searching

for papers reporting on prothrombotic measures as risk factors for IS

and MI. The effect of a risk factor on IS (relative risk for IS, RRIS)

was compared with the effect on MI (relative risk MI, RRMI) by calcu-

lating their ratio (RRR = RRIS/RRMI) with corresponding 95% confi-

dence interval (CI). To increase the validity of our analysis, we only

included studies that reported risks for both MI and IS. When a risk

factor has a similar effect (either increasing, decreasing or no effect) on

MI and IS, the RRR equals 1, whereas a RRR >1 indicates a greater

effect on IS risk than on MI, and vice versa. Prespecified subgroups

were based on age, sex, stroke aetiology, study type and population

baseline risk.

Results: We selected 70 papers, describing results from 32 study

cohorts, accounting for 351 markers of hypercoagulability. 205 of

these markers involved pro-coagulant factors, 46 anti-coagulant fac-

tors, 63 markers of fibrinolysis and 37 markers of platelet function and

other pathways. 135 out of 351 markers (38%) had an RRR between

0.9 and 1.1, thus likely affecting the risk of IS and MI equally. In con-

trast, 136 out of 351 (39%) had an RRR >1.1, indicating a larger effect
on IS risk than MI risk. Of these, 45/136 (33%) had an RRR >1.5 and

20/136 (15%) >2. The RRR of 80/351 (23%) markers of hypercoagula-

bility was <0.9. Pro-coagulant factors contributed for the greatest part

of the difference between RRRs (RRR >1.1, RRR <0.9: pro-coagulant
84/205 [41%], 44/205 [21%]; anti-coagulant 11/46 [24%], 10/46 [22%];

fibrinolysis 21/63 [33%], 15/63 [24%]; others 20/37 [54%], 11/37

[30%]). Within pro-coagulant factors the largest RRRs were observed

for F5 Leiden mutation (RRR 3.42, 95% CI 0.11–104), a variant of

FVIII (F8 rs6655259, RRR 4.72, 95% CI 0.62–35.73), presence of

lupus anticoagulant (RRR 8.13, 95% CI 0.61–108.76) and three vari-

ants of FXIII (F13A1 V34L, RRR 4.66, 95% CI 0.44–49.10; F13A1

T204P, RRR 11.1, 95% CI 5.64–21.82 and F13A1 rs3024462, RRR

3.71, 95% CI 0.62–22.35). A substantial part of the studies (15 studies,

216 factors) combined haemorrhagic and ischaemic stroke as a single

outcome. When restricted to those that excluded haemorrhagic stroke,

71 out of 135 markers (53%) had a RRR >1.1 (RRR >1.5: 33/84

[39%] and RRR >2: 16/84 [19%]). Larger RRRs were also found in

young study populations (RRR >1.1: 27/44 (61%); RRR >1.5: 21/29
(72%) and RRR >2: 14/29 (48%); five studies).

Conclusions: These results suggest that the effect of various markers of

hypercoagulability on the risk of IS is larger than that on MI, particu-

larly in the young.

PB 4.64-4
A novel and selective proteasome inhibitor modulate
expression of molecules linked to coagulation and
angiogenesis independent of NF-kB activation in
tumor cells
Chudzinski-Tavassi AM, Pacheco MTF, Berra CM, Moraes KLP,

Sciani J, Bosch RV and Onuki J

Biochemistry and Biophysics Laboratory, S~ao Paulo, Brazil

Amblyomin-X is a Kunitz-like recombinant protein which has shown

inhibitory properties on factor Xa and tenase complex and also inhib-

its proteasome in human tumor cell lines but not in normal human fi-

broblasts. Proteasome inhibition generates aggresomes transported by

dynein in which K48 and K63-linkage of ubiquitin signaling is

involved. This signaling is also important to NF-jB pathway and stud-

ies have been reported that recruitment of dynein translocate p65/p50

heterodimer to act as an activator of a large number of genes like tis-

sue factor (TF), TFPI and VEGF. The p50 subunit is generated by its

precursor molecule p105 that is processed by the proteasome. TFPI

not only inhibits thrombin generation by inhibiting FXa which then

inactivates TF/FVIIa complex but also can act as adhesive ligand for

cancer cells to extracellular matrices. Additionally, TF can enhance

tumor metastasis and VEGF contributes to angiogenesis. The present

study intends to evaluate the pathway that links coagulation and can-

cer in the antitumoral mechanism of action of Amblyomin-X. Cell cul-

ture: Normal human fibroblasts, Mia-PaCa-2 and SK-Mel-28 tumor

cell lines. Real-Time PCR: SYBR� green based reaction. Aggresome

formation: Commercial kit for flow cytometry and fluorescence

microscopy. Ubiquitin signaling: Flow cytometry with specific K63

and K48 antibodies. Western blotting: Cell lysis and immunoblotting

after SDS-PAGE with specific antibodies. NF-jB, dynein, Ubc13,

VEGF and TF gene expression were upregulated in Mia-PaCa-2 after

24 h of Amblyomin-X treatment. Only NF-jB, Ubc13 and dynein

genes were upregulated in SK-Mel-28. Fibroblasts have normalized

the expression levels of the targets analyzed in 24 h. Protein expression

ofsome targets has been modified in tumor cells while only p50 has

been modulated in fibroblasts. Amblyomin-X induced aggresome for-

mation only in tumor cells. The K63 linkage signal was increased in all

cell lines and corroborates with Ubc13 upregulation while K48 linkage

has decreased only in tumor cells. Amblyomin-X inhibits proteasome

and induces aggresome formation only in tumor cells. The molecule

seems to trigger NF-jB signaling as a cell response in fibroblasts but

do not target proteasome and cell death. Our data indicates that NF-

jB, although high expressed, can be inactive to transcript its targets

like TFPI, TF and VEGF, since proteasome inhibition can prevent
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degradation of IKB, a natural inhibitor of NFkB, which in turns,

could remain sequestered and inactive. Moreover, protein expression

of p50 subunit has also decreased in tumor cells and its precursor p105

has increased indicating thatproteasome inhibition had affected its

proteolysis. Additionally, K63 signaling for aggresome formation and

decreased K48 signaling as a cell response, contributes to inactivate

NF-jB pathway. Therefore, increased mRNA levels of TF and VEGF

in Mia-PaCa-2 indicates that these targets may have its gene expres-

sion activated by another pathway independent of NFjB activation,

as a tumor response to Amblyomin-X treatment. Aggresome forma-

tion and increased TFPI expression may contribute respectively to cell

apoptosis and metastasis reduction, effects already observed in vivo in

previous data, in the mechanism of action of Amblyomin-X.

PB 4.64-5
Correlation between factor VII-activating protease and
metabolic control in children and adolescents with
Type 1 diabetes
Grangl G, Leschnik B, Pansy J, Schaffer E, Fr€ohlich-Reiterer E,

Borkenstein M, Muntean W and Gallistl S

Medical University Graz, Graz, Austria

Background: Factor VII-activating protease (FSAP) is a circulating

serine protease for which a potential role in the regulation of hemosta-

sis and vascular remodeling processes is postulated. Higher levels and

activity of FSAP have been reported in patients with deep vein throm-

bosis, ischemic stroke, or acute coronary syndrome.

Diabetic micro- and macroangiopathy, major complications of diabe-

tes mellitus type I, are associated with endothelial cell alterations and

hypercoagulability caused by formation of advanced glycosylation end

products due to hyperglycemia. The central role of HbA1c levels for

the prediction of micro- and macrovascular complications in patients

with type 1 diabetes is generally accepted.

Aims: The aim of this study was to investigate a possible relation

between plasma concentrations of FSAP and HbA1c levels in patients

with type 1 diabetes mellitus (T1DM).

Methods: Microalbuminuria, levels of FSAP und HbA1c were investi-

gated in 37 patients with type 1 diabetes. FSAP was also determined in

healthy age matched controls.

Results: Median age of patients was 13.6 years (3.3–20.7); median

duration of diabetes was 6.5 years (0.8–15.7), median microalbuminu-

ria was 4.69 mcg/min (0.1–45.4), median HbA1c was 8.4% (5.6–11.5).
FSAP levels were significantly higher in patients with T1DM,

18.3 mcg/mL (11.2–21.4), than in healthy controls, 15.8 mcg/mL

(12.6–21.6), P < 0.01. In addition, we found a significant correlation

between HbA1c and FSAP (r = 0.42, P < 0.05). This correlation

stayed significant after adjustment for age and duration of diabetes.

There was no correlation between microalbuminuria und levels of

FSAP.

Summary: FSAP levels were significantly elevated even in children and

adolescents with type 1 diabetes compared with healthy controls and

correlated significantly with HbA1c levels. Our study strengthens the

importance of metabolic control in the development of vascular alter-

ation in patients with type 1 diabetes.

PB 4.64-6
Coronary microvascular dysfunction due to essential
thrombocythemia and policythemia vera: the missing
piece of the puzzle of their increased cardiovascular
risk?
Cella G1, Famoso G2, Tona F2, Ballin A2, Osto E2, Omenetto E2

and Vianello F2

1University of Padua; 2Cardiovascular Medicine, Padua, Italy

Background and Aim: Essential thrombocythemia (ET) and Polycythe-

mia vera (PV) increase the risk for cardiovascular events. We evalu-

ated coronary flow reserve (CFR) by transthoracic Doppler

echocardiography (TDE), as an index of coronary microvascular func-

tion, in ET and PV.

Patients and Methods: 49 ET and 17 PV patients (pts) (38 Fand5 F,

aged 61 � 16 and 58 � 13 years respectively) without clinical evi-

dence of heart disease, and 50 controls matched for age and gender

were studied. Coronary flow velocity in the left anterior descending

coronary artery was detected by TDE at rest and during adenosine

infusion. CFR was the ratio of hyperaemic diastolic flow velocity

(DFV) to resting DFV. A CFR ≤2.5 was considered abnormal. The

median time from ET and PV diagnosis was 7 years (range 0–24) and
4 years (range 0–10) respectively. Patients with a reduced CFR under-

went a computed tomographic coronary angiography.

Results: In ET and PV pts, CFR was lower than in controls (2.9 � 1.0

and 2.3 � 0.8 vs. 3.4 � 0.7, P < 0.005 and P < 0.0001 respectively).

CFR was ≤2.5 in 15 (31%) ET pts and 12 (71%) ET pts compared with

controls (4%). At multivariable linear regression analysis adjusted for

diagnosis (control, ET and PV respectively), age, gender and cardio-

vascular risk factors, diagnosis and age were the only determinants of

CFR (diagnosis b = �0.424, P < 0.0001; age b = �0.347, P = 0.004

respectively). Patients with reduced CFR, undergone to coronary angi-

ography failed to show any haemodynamic significant stenosis both of

the left main coronary artery and of the left anterior descending coro-

nary artery.

Conclusions: In ET and PV patients CFR is lower than in controls, this

is due to a coronary microvascular dysfunction rather than to a coro-

nary stenosis. Further studies on a wider population is needed to

establish the links between coronary microvascular dysfunction and

these myeloproliferative diseases.

PB4.65 – Hormones, pregnancy,
women’s issues – IV

PB 4.65-1
Impact on the initial pregnancy loss subtype on
pregnancy outcomes in the conventionally treated
purely obstetric antiphospholipid syndrome
Gris J-C, Bouvier S, Cochery-Nouvellon E, Lissalde-Lavigne G,

Mercier E, Balducchi J-P, Mousty E and Mar�es P

University Hospital, N̂ımes, France

Background: In the purely obstetric form of antiphospholipid syndrome

(APS) treated according to guidelines, the impact of the initial clinical

heterogeneity on the subsequent pregnancy outcomes is uncertain.

Aims: We aimed to design a prospective study in women with a purely

obstetric APS.

Methods: We performed a 10-year observational study of 1592 non-

thrombotic women who had experienced three consecutive spontane-

ous abortions before the 10th week of gestation or one foetal death at

or beyond the 10th week of gestation (NOH-APS, Blood 2012;119

(11):2624–32). A total of 517 women finally fulfilled the APS diagno-

sis criteria, leading to treat the subsequent pregnancy attempt using

prophylactic low molecular weight heparin LMWH plus low dose

aspirin LDA. We report the relevant risk factors for pregnancy out-
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comes, with special emphasis on the initial clinical presentation (spon-

taneous abortions: n = 206 vs. foetal death: n = 311). The relevance of

other pregnancy loss subtypes (primary vs. secondary), of the pres-

ence/absence of an associated systemic illness, of anthropometric char-

acteristics (age >35 years, BMI >30 kg/m2 or <18.5 kg/m2, varicose

veins), of metabolic characteristics (diabetes mellitus, hypercholester-

olemia, hypertriglyceridemia), of life habits (smoking, oral contracep-

tives) and of haemostatic parameters (positive lupus anticoagulant

LA, positive anticardiolipin IgG antibodies aCL-G and IgM antibod-

ies aCL-M, positive anti-beta2-glycoprotein 1 IgG antibodies

aB2Gp1-G and IgM antibodies aB2Gp1-M; positive F5 6025 or F2

rs1799963 polymorphisms) was systematically evaluated by multipara-

metric logistic regressionanalysis.

Results: aB2Gp1-M was finally the single risk factor for spontaneous

abortions (P = 0.013) whereas initial foetal loss was the single signifi-

cant risk factor for subsequent foetal loss (P = 0.014).

Initial foetal loss (P = 0.005) and BMI >30 kg/m2 (P = 0.037) were

two independent risk factors for a subsequent pre-eclampsia (PE).

None of the studied characteristics was a significant risk factor for PE

before 34 weeks of gestation (WG).

Initial foetal loss was the single significant risk factor for a premature

birth before 37 WG (P = 0.0001) and before 34 WG (P = 0.0035).

None of the clinical characteristics/biological markers was a significant

risk factor for the birth of a small-for-gestational age neonate (SGA,

customised percentile th WG to the 27th day after delivery).

The ischemic placenta diseases (IPD) being defined as a composite

endpoint associating PE, placental abruption and SGA neonates, ini-

tial foetal loss (P = 0.049), aCL-M (P = 0.025) and varicose veins

(P = 0.028) were independent risk factors for IPD.

An initial foetal loss was the single significant risk factor when the IPD

definition was extended to stillbirth cases.

Summary/Conclusions: In women with the purely obstetric APS, the

initial clinical presentation impacts on the risk of poor outcomes dur-

ing the first pregnancy attempt conventionally treated.

Initial foetal loss indicates a higher risk of subsequent foetal loss, pre-

eclampsia, premature birth, or ischemic placenta diseases than initial

recurrent spontaneous abortions, despite treatment.

This fact may indicate insufficient treatment doses and principles in

case of initial foetal loss, or the presence of unknown cofactors in APS

patients with initial foetal loss. The analysis of the mechanisms of foe-

tal loss is still needed, even in APS women.

PB 4.65-2
Severe preeclampsia: evaluation of D-dimer, PAI-1
and inflammatory cytokine
Pinheiro MB1, Carvalho M2, Martins-Filho OA3, Mota A2,

Godoi LC2, Alpoim PN2, Teixeira-Carvalho A3, Borges KB2

and Dusse LMS2

1Universidade Federal de S~ao Jo~ao Del Rei, Dvin�opolis;
2Universidade Federal de Minas Gerais, Belo Horizonte; 3Centro

de Pesquisas Ren�e Rachou-Fundac�~ao Osvaldo Cruz, Belo

Horizonte, Brazil

Background: Preeclampsia (PE) is a multi-system disorder of preg-

nancy characterized by hypertension and proteinuria. A predisposition

to endothelial dysfunction, which may trigger abnormal activation of

the hemostatic and/or inflammatory systems, is thought to play a cru-

cial part in pathogenesis of PE.

Aims: The aim of this study was to investigate the relationship between

hemostatic and inflammatory parameters in women with severe PE.

Methods: D-Dimer, PAI-1 (American Diagnostica�), IL-8, IL-6,

TNF-a (Human Inflammation kit Cytometric Beads Array (CBA) –
BD Biosciences Pharmingen, USA) and IFN-c (Human Th1/Th2

CBA – BD Biosciences Pharmingen, USA) levels were measured in

severe PE (N = 59), normotensive pregnant (N = 49) and non-preg-

nant women (N = 48).

Results: D-Dimer and PAI-1 were significantly higher in severe PE vs.

normotensive pregnant (P < 0.001 for both) and non-pregnant women

(P < 0.001 for both). IFN-c was higher in severe PE vs. normotensive

pregnant (P = 0.018) and non-pregnant women (P < 0.001) and in

normotensive pregnant vs. and non-pregnant women (P = 0.024). IL-

6 was significantly higher in severe PE vs. non-pregnant women

(P < 0.001) and in normotensive pregnant vs. non-pregnant women

(P < 0.001). TNF-a did not differ among groups. D-Dimer and PAI-1

showed an elevated area under ROC curve (0.938 and 0.873). A weak

correlation between D-Dimer vs. IL-8 (r = 0.597, P < 0.001) and PAI-

1 vs. IFN-c (r = 0.397, P = 0.045) were found in sPE.

Conclusion: D-Dimer and PAI-1 levels showed to be important tools

for discriminating severe PE. However, no important correlation

between these haemostatic markers and cytokines levels was found.

More studies are necessary to improve the knowledge of hemostasis

and inflammation in severe PE.

Financial support: CN.

PB 4.65-3
A safe and effective regimen for managing women at
intermediate and high risk of pregnancy-related
venous thrombosis
Durian M, Roeters van Lennep JE, Duvekot J, Leebeek FWG

and Kruip JHA

Erasmus University Medical Center, Rotterdam, The Netherlands

Background: The optimal approach for venous thromboembolism

(VTE) prophylaxis during pregnancy and postpartum in women at

increased risk of VTE is still not established despite recent efforts to

resolve this matter.

Aims: To evaluate the safety (incidence of postpartum hemorrhage

[PPH]) and efficacy (incidence of pregnancy-related VTE) of a proto-

col recommending thromboprophylaxis with 5700 IU anti-Xa nadrop-

arin once daily (or an equivalent dose dalteparin 5000 IU once daily)

in pregnancies at intermediate and high risk of VTE.

Methods: This is a single center study performed at the Erasmus Uni-

versity Medical Center in women at intermediate or high risk of preg-

nancy-related VTE. They received low-molecular-weight heparin

(LMWH) according to our protocol only postpartum (intermediate

risk of VTE) or during pregnancy and 6 weeks postpartum (high risk

of VTE). Pregnancy-related VTE was defined as VTE during preg-

nancy or within 3 months postpartum. Postpartum haemorrhage

(PPH) was defined as blood loss >500 mL and severe PPH as blood

loss >1000 mL. The study was not subject to the Medical Research

Involving Human Subjects Act and was approved by the Medical Eth-

ics Committee.

Results: One hundred and nineteen pregnancies in 93 women were con-

sidered at risk of trombosis of which 57 pregnancies had an intermedi-

ate risk and 62 pregnancies had a high risk of VTE. In our cohort, no

VTE was observed in women using LMWH prophylaxis. No women

were lost to follow-up. The occurrence of PPH was 21.7% (95% CI,

15.2–30.1%) and severe PPH 8.7% (95% CI, 4.8–15.3%). There was

no significant difference in PPH between intermediate and high risk

pregnancies. Estimated blood loss during delivery was comparable to

previous Dutch studies.

Summary/Conclusion: VTE prophylaxis with the current dose of

LMWH prophylaxis in pregnant women at an intermediate or high

risk of pregnancy-related VTE proved to be safe, since we did not

observe an increase in PPH. In our cohort of women the dose of

LMWH was effective in preventing pregnancy-related VTE. A ran-

domized trial comparing the current dose LMWH with lower-dose

LMWH in pregnant women at intermediate and high risk of VTE is

urgently needed.
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PB 4.65-4
No increased fibrinolysis in women with menorrhagia
Wiewel-Verschueren S, Knol MH, Lisman T, Bogchelman DH,

Kluin-Nelemans HC, Van Der Zee AGJ, Mulder AB and Meijer K

UMCG, Groningen, The Netherlands

Background: Menorrhagia is a common problem. At least 5–10% of

women in reproductive age seek medical attention for menorrhagia.

Bleeding disorders have been recognized as important etiologic and/or

contributing factors in some women with menorrhagia. Increased fibri-

nolysis might also lead to menorrhagia.

Aim: To investigate fibrinolytic parameters, including clot lysis time

(CLT) in women with menorrhagia.

Methods: The study was approved by the Institutional Review Board

of the University Medical Center of Groningen. Informed consent was

obtained from all patients and controls. We included 102 patients

referred for menorrhagia (PBAC-score >100). Patients and controls

(28 healthy volunteers without menorrhagia) had haemostatic testing

in the 1st week after menstruation. For 79 patients and all controls

fibrinolytic parameters (FXI, TAFI-act, PAI, t-PA, PI) and CLT were

available. TAFI, PAI and PI act as inhibitors of fibrinolysis, CLT

measures overall fibrinolytic potential.

Results: Median age was 46 years (range 23–59) in patients and

40 years (range 27–57) in controls (P = 0.02). In 33% (n = 26) of the

patients a gynecological abnormality was found. Fibrinolytic parame-

ters were comparable in patients and controls, except for TAFI (91%

vs. 83.9% P = 0.02) and PI (104.8% vs. 96.9% P < 0.01), which were

significantly higher in patients. CLT tended to be longer in patients

than in controls (72.0 min vs. 67.1 min; P = 0.21). Patients had lower

FXI levels than controls (mean: 100% vs. 124%; P < 0.01), although

within the reference range. Patients with FXI levels <100% had signifi-

cantly shorter CLT, lower TAFI, PAI and PI levels than patients with

levels >100%. In patients, shorter CLT correlated with lower TAFI

and PAI. In controls we observed only a correlation with PAI.

In women with menorrhagia without gynecological abnormalities we

found significantly lower TAFI and PAI levels compared to women

with gynecological abnormalities (TAFI: 88% vs. 96%, P = 0.03;

PAI: 16.0 lg/L vs. 25.6 lg/L, P = 0.03).

Conclusion: Fibrinolytic capacity is not increased in women with men-

orrhagia. Overall, the fibrinolytic inhibitors TAFI and PI were even

higher in patients than in controls. However, inhibitors of fibrinolysis

are lower in subgroups of women with lower FXI and in women with

unexplained menorrhagia. The clinical relevance is not clear yet.

PB 4.65-5
Is rotation thrombelastometry a useful method for
monitoring of hemostasis in normal pregnancy and
puerperium?
Stasko J1, Duraj L1, Hasko M1, Lisa L1, Sokol J1, Simonova R1,

Biringer K2, Danko J1 and Kubisz P1

1Jessenius Faculty of Medicine, Comenius University, Martin,

Slovakia

Aims: Aim of the study was to analyse the changes of hemostasis in

normal pregnancy and puerperium by rotation thrombelastometry

(ROTEM) and compare these results with those in healthy non-preg-

nant women.

Methods: Prospective observational study was approved by the etics

committee of Jessenius Faculty of Medicine. All study subjects gave

their informed consent to participate in the study. Fifty normal preg-

nant women, mean age 30.6 [19–44] years, were enrolled into study

and tested by ROTEM (INTEM and EXTEM) repeatedly during

pregnancy and puerperium (T1: 11–12th week, T2: 17–18th week, T3:

25–26th week, T4: 35–36th week and T5: 6–7th week after delivery).

Blood count and hemocoagulation tests were studied at the same time

as well. In the control group there were 54 healthy women (blood

donors), age 30.5 [18–45] years, examined by the same investigations.

Statistical analysis was performed by SPSS 16.0 (Chicago, IL, USA).

Results: At almost all time during pregnancy there was the significant

reduction of clotting time (CT), more pronouced in EXTEM com-

pared to INTEM. In EXTEM test the significance of CT reduction

was as followed: CTT2:CTT1 (P < 0.005), CTT3:CTT1 (P < 0.00001),

CTT4:CTT1 (P < 0.00001), CTT5:CTT1 (P < 0.0001). In EXTEM

test there was also the significant CT reduction of CTT3

(P < 0.00001), CTT4 (P < 0.00001) and CTT5 (P < 0.0001) compared

to healthy non-pregnant controls. The maximum clot firmness (MCF)

was very significantly increased in both EXTEM and INTEM tests

compared to healthy non-pregnant controls (MCFT1-MCFT4

P < 0.00001; MCFT5 P < 0.005). In EXTEM test the MCF showed

the significant increase between MCFT3:MCFT1 (P < 0.05) and very

significant increase between MCFT4:MCFT1 (P < 0.00005). The dif-

ferences between MCFT2:MCFT1 and MCFT5:MCFT1 were not sig-

nificant.

Summary/Conclusions: Our ROTEM results testify for a tendency to

hypercoagulation in normal pregnancy, especially in the 2nd and 3rd

trimester of pregnancy (max. 36–37th week) as well as in puerperium.

In our cohort of normal pregnant women the arrangement of hemosta-

sis was not achieved completely even at 6–7th week after delivery

(MCF5 not significantly increased). Acknowledgement: Study was

supported by projects APVV 222-11, Vega 1/0016/12, UK/319/2012

and CEPV II (ITMS 26220120036) which was cofinanced from EC

sources.

PB 4.65-6
Anticoagulation in pregnant women with history of
unexplained miscarriage
Mahnel R1, Alrifai M2, Fischer R2, Heidinger K2, Kelm C2, Kirsch-

Altena A2, Mondorf W3, Mondorf C3 and Kemkes- Matthes B2

1Haemostas- Praxis zur Behandlung von

Blutgerinnungsst€orungen, Frankfurt; 2Haemostasis Center,

University Hospitals Giessen and Marburg GmbH, Giessen;
3Haemostas- Praxis, Frankfurt, Germany

Background: Unexplained miscarriage affects 11–15% of women. Low

molecular weight heparin (LMWH) is frequently given to prevent

recurrent pregnancy loss. However, only limited data exist concerning

LMWH treatment for prevention of miscarriage, especially in non

thrombophilic women and in women with one miscarriage.

Aims: The aim of this study is to reveal the rate of live births in

patients (with or without thrombophilic disorders) with unexplained

miscarriage treated with LMWH during pregnancy.

Methods: 243 women with one ore more unexplained miscarriages

were examined. Thirteen patients were lost for follow-up and therefore

excluded from analysis, thus 230 women (average age at beginning of

gestation: 33 years) with one (n = 50) or more (n = 180) unexplained

miscarriages were examined.

Data were collected during first pregnancy under LMWH treatment.

Women with an indication for anticoagulant treatment other than

abortion and women with antiphospholipid antibodies were excluded.

LMWH was given in prophylactic dosage.

The following thrombophilia parameters were determined: Factor V

Leiden mutation, Prothrombin (G20210A) polymorphism, protein C,

protein S, antithrombin, antiphospholipid antibodies.

Results: In 41% of pregnant women (94/230) thrombophilia was

observed: 51 women with Factor V Leiden mutation, 26 with Pro-

thrombin polymorphism, 3 with protein C deficiency, 13 with protein

S deficiency and 1 with antithrombin deficiency.

The proportions of women who gave birth to a live infant were 73% in

women with thrombophilia (69/94) and 77% in women without

thrombophilia (105/136).
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Women who had experienced one miscarriage had – after pregnancy

under LMWH – a live birth rate of 88% (44/50), women with more

than one miscarriage had a live birth rate of 73% (131/180).

Except vaginal bleeding, no bleeding complications occurred during

LMWH treatment. Moreover, no haemorrhagic complications in asso-

ciation with delivery were reported. Furthermore there was no hepa-

rin- induced thrombocytopenia or thromboembolism.

Conclusions: Thrombophilia has been identified in about 41% of

women with unexplained miscarriage. When LMWH was given during

pregnancy, live birth rate in women with only one miscarriage was

higher than in women with >2 miscarriages. Thus, thrombophilia

seems to be one risk factor for occurrence of miscarriages. Heparin

therapy to prevent miscarriage is safe, but it is still unclear whether

LMWH improves the chance of live birth in women with unexplained

miscarriage.

PB4.66 – Hormones, pregnancy,
women’s issues – V

PB 4.66-2
May-Hegglin anomaly in pregnancy: a systematic
review
Davies JS, Hussein B, Shareif L, Gomez K and Abdul-Kadir R

Royal Free Hospital NHS Foundation Trust, London, UK

Background: May-Hegglin anomaly is an autosomal dominant disor-

der, characterised by a variable degree of thrombocytopenia, large

platelets and inclusion bodies in white blood cells. Bleeding manifesta-

tions are generally mild but severe bleeding episodes have been

reported.

Aims: To perform a systematic review of the literature to assess the

affect of May-Hegglin anomaly on pregnancy outcomes and bleeding

manifestation

Method: A systematic review of literature for May-Hegglin anomaly

during pregnancy was performed using electronic databases including

PUBMED, MEDLINE, and EMBASE. The following keywords were

used ‘May-Hegglin anomaly’, ‘pregnancy’, ‘gestation’ and ‘inherited

thrombocytopenia’. Initial literature review revealed 655 articles.

Twenty-six articles were relevant to MHA in pregnancy, and were

included in the review.

Results: The review revealed 26 articles (25 case reports and one case

series) including 75 pregnancies (five twin pregnancies) in 40 women.

In 11 women, first presentation was incidental thrombocytopenia dur-

ing routine antenatal blood test. Of these, five women were misdiag-

nosed as ITP, including three who underwent splenectomy for

resistant ITP. Postpartum haemorrhage (PPH) and bleeding after mis-

carriage were presenting symptoms in two women.

Antiplatelet antibody was found in three pregnancies. Only one of

them required intervention with IVIG to prevent neonatal alloimmune

thrombocytopenia. Postpartum haemorrhage (PPH) was reported in

four pregnancies, three were primary PPH, one required blood trans-

fusion, one required platelet and cryoprecipitate transfusion and the

3rd was managed conservatively. There was one secondary PPH that

was treated conservatively. Neonatal outcome included 78 live neo-

nates and 2 intrauterine fetal deaths. Thirty four neonates had throm-

bocytopenia and subsequently were diagnosed with May-Hegglin

anomaly, 3 of them required prophylactic platelet transfusion as they

developed a very low platelet count and one neonate with platelet

count of 29 9 109/L received IVIG as the mother had a positive anti-

platelet antibody during pregnancy. No obvious bleeding complica-

tions were reported among the neonates.

Conclusion: May-Hegglin anomaly can present challenges during preg-

nancy and be associated with adverse maternal and neonatal outcome

due to bleeding complications. Joint management by obstetrians and

haematologists is required to minimise these risks.

PB 4.66-3
Incidence of pregnancy outcomes in women with
pregnancy loss subtypes bearing Leiden
polymorphisms:comparison with the purely obstetric
antiphospholipid syndrome
Gris J-C, Bouvier S, Cochery-Nouvellon E, Lissalde-Lavigne G,

Mercier E, Mousty E, Balducchi J-P and Mar�es P

University Hospital, N̂ımes, France

Background: By comparison to what is observed in the purely obstetric

form of antiphospholipid syndrome (APS) treated according to guide-

lines, the incidence of pregnancy outcomes in women with current con-

stitutive thrombophilias is uncertain.

Aims: We aimed to design a prospective study in women selected on

the same clinical criteria, according to the presence of APS, or of fre-

quent constitutive thrombophilias.

Methods: We performed a 10-year observational study of 1592 non-

thrombotic women who had experienced three consecutive spontane-

ous abortions before the 10th week of gestation or one foetal death at

or beyond the 10th week of gestation (NOH-APS, Blood 2012;119

(11):2624–32).
We compared the frequencies of pregnancy outcomes among women

positive for antiphospholipid antibodies (n = 517; treatment: prophy-

lactic LMWH plus low-dose aspirin), women carrying the F5 6025 or

F2 rs1799963 polymorphism (n = 279; recurrent abortions: no treat-

ment; foetal death: prophylactic LMWH), and women with negative

thrombophilia screening results (n = 796; no treatment).

We report the results comparing APS women and women carrying the

F5 6025 or F2 rs1799963 polymorphism (‘Leiden polymorphisms’).

Results: In women with recurrent abortions, the relative risk of early

abortion, foetal death, pre-eclampsia (PE; total PE, severe PE, PE

before 34 weeks, HELLP syndrome, PE with a small for gestational

age SGA neonate), placental abruption PA, any ischemic placental dis-

ease IPD, premature birth before 37 weeks or before 34 weeks and

neonatal mortality, computed between non-treated ‘Leiden polymor-

phisms’ women (n = 93) and treated APS women (n = 206), were non-

significant.

In women with foetal death, by comparison to treated ‘Leiden poly-

morphisms’ women (n = 186), treated APS women (n = 311) were at

higher risk of premature birth before 37 weeks or before 34 weeks; of

PE, severe PE, PE before 34 weeks, HELLP syndrome and PE with

SGA neonate; of any IPD. A trend (P < 0.15) was observed for

increased risks of foetal death, of eclampsia, of SGA neonates and of

neonatal mortality. By comparison to non-treated women with nega-

tive thrombophilia screening results (n = 313), treated ‘Leiden poly-

morphisms’ women were a lower risk of foetal loss, of premature

birth, of severe PE and of PE before 34 weeks, a trend being observed

for lower risks of SGA neonates and of any IPD.

Summary/Conclusions: In women with recurrent abortions, patients

bearing the F5 6025 or F2 rs1799963 polymorphism attempting a new

pregnancy without any treatment have similar pregnancy outcome

rates than treated purely obstetric APS women. Specific therapeutic

developments are unneeded in these Leiden positive women.

In women with foetal loss, treated patients bearing the F5 6025 or F2

rs1799963 polymorphism attempting a new pregnancy are at strikingly

lower risk of poor outcomes than treated purely obstetric APS women.

They are also at lower risks than non-treated women with negative

thrombophilia screening. Prophylactic LMWH given in our selected

F5 6025 or F2 rs1799963 positive women with unexplained foetal loss

appear to exert some protective effect during pregnancy. This protec-

tive effect might depend of the molecular mechanism underlying the

previous foetal loss, which identification is thus warranted.
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PB 4.66-4
Mild and severe preeclampsia: platelet activation,
platelet-leukocyte aggregates and monocytes-tissue
factor expression in assessment
Freitas LG1, Carvalho M1, Martins-Filho OA2, Sathler-Avelar R2

and Dusse LMS1

1Faculty of Pharmacy – Federal University of Minas Gerais, Belo

Horizonte; 2Centro de Pesquisa Rene Rachou, FIOCRUZ, Belo

Horizonte, Brazil

Background: Preeclampsia (PE) is a serious complication of pregnancy

associated with high maternal-fetal morbidity and mortality, whose

etiology remains unclear. In pure form, it is characterized by hyperten-

sion and proteinuria after 20th weeks of pregnancy, in normotensive

pregnant women. Studies suggest that platelet activation and aggrega-

tion contribute to the hypercoagulable state seen in this disease. More-

over, hemostatic and inflammatory changes associated with normal

pregnancy are more exacerbated in PE.

Aims: To assess platelet activation markers and monocytes-TF expres-

sion in mild (mPE) and severe (sPE) preeclampsia.

Methods: A cross-sectional study (ETIC 0243.0.203.000-10). Mean flu-

orescence intensity (MFI) of CD41a, CD61, CD42a, CD62P and

CD62P+ (%) were evaluated by flow cytometry in 35 preeclamptic

women (20 mPE and 15 sPE), 25 normotensive pregnant (NP) and 31

nonpregnant women (NW). Platelets-monocytes aggregates (APM),

platelets-neutrophils aggregates (APN) and monocytes-TF+ were

evaluated in 20 PE (12 mPE and 8 sPE), 20 NP and 20 NW. Data

were analyzed by ANOVA/LSD and Kruskal-Wallis/Mann-Whitney.

Differences were significant at P ≤ 0.05 and P ≤ 0.017 (Bonferroni).

Results: CD62P, CD62P+ (%), CD42a, APM (%), APN (%) and

monocytes-TF+ (%) did not differ among groups (P = 0.69; P = 0.54;

P = 0.57; P = 0.13; P = 0.02; P = 0.26). CD61 and CD41a were lower

in sPE vs. NW (P = 0.00). No difference were found for CD61 and

CD41a in sPE vs. mPE (P = 0.49; P = 0.48), sPE vs. NP (P = 0.79;

P = 0.69), mPE vs. NP (P = 0.63; P = 0.73) and for CD41a in mPE

vs. NW (P = 0.10).

Summary/Conclusions: The results showed that PE is associated with

reduced CD41a and CD61 expression on platelet surface. It can also

be inferred that the circulating platelets are not activated and the acti-

vated ones would be trapped in the platelet aggregates, no longer being

in circulation.

PB 4.66-5
Is bleeding disorders investigation mandatory in
women with verified menorrhagia?
Djukic S1, Antovic JP2, Andjelkovic N1 and Djukic A1

1Clinical Center and Faculty of Medical Sciences Kragujevac,

Kragujevac, Serbia; 2Karolinska University Hospital & Institute,

Stockholm, Sweden

Background: Menorrhagia is caused by bleeding disorders in substan-

tial number of cases and it is very common clinical problem among

women of reproductive age.

Objective: To estimate prevalence of coagulation disorders in females

with menorrhagia as well as frequency of menorrhagia and its charac-

teristics.

Method: 115 women (36.1 � 9.6 years) with symptoms of menorrha-

gia have been studied. Menorrhagia has been verified using semiquant-

itive method – Pictorial Bleeding Assessment Chart (PBAC) with score

>100 (equivalent >80 mL blood). Bleeding time (BT), coagulation

screening (PT, aPTT), VWF:Ag and VWF:Ac, FII, FV, FVII, FVIII,

FIX, FX and F XI activity, have been analyzed, as well as complete

blood count including hemoglobin (Hb) and serum iron.

Results: Menorrhagia (PBAC >100) has been objectively verified in 64

women (55.7%). In comparison with those with normal menstruation,

women with menorrhagia had higher SCOR of menstrual cycle

(Md = 150.0 vs. Md = 50.0; P < 0.001) but not its duration

(7.2 � 2.1 days vs.7.3 � 1.9 days; P > 0.05), lower FVII:Ac

(78.0 � 28.3% vs.100.5 � 35.0%; P < 0.001) and lower FX:Ac

(Md = 77.4%, 39.8–141.0% vs. Md = 87.8%, 42.0–143.0%;

P = 0.018). Coagulation defects have been found in 12 women

(10.4%) – decreased FIX:Ac in 4 (3.5%), decreased FVII:Ac in 1

(0.9%), decreased FX:Ac in 1 (0.9%), 1 woman (0.9%) was a hemo-

philia C carrier, while 5 women (4.3%) matched criteria for mild

VWD type 1. Women with coagulation disorders had prolonged PT

(Md = 13.1s, 12.2–14.8s vs. Md = 12.5s, 10.6–18, 3s; P = 0.032) (after

adjustment for the presence of FVII and FX deficiency this finding

was persistent for entire group). Anemia was diagnosed at 61 women

(53.0%) and these patients had higher SCOR of menstrual cycle

(Md = 109.0, 50–778 vs. Md = 100.0, 26–750; P = 0.036), they were

older (38.6 � 9.0 years vs. 33.5 � 9.5 years; P = 0.005) and had

higher values of FV:Ac (Md = 117.0%, 50.0–241.0% vs.

Md = 80.7%, 50.0–199.0%; P = 0.004) and FVIII:Ac (Md = 135.0%,

22.0–596.0% vs. Md = 118.5%, 70.0–460.0%; P = 0.066) in compari-

son with those with normal blood tests.

Conclusion: About half of patients with positive history (55.7%) of

heavy bleeding really had menorrhagia diagnosed with PBAC score.

Ability of women for self-evaluation of blood loss during period was

poor. Higher SCOR of menstrual cycle but not also its duration sug-

gests that intensity, but not its duration contributes to abundant men-

strual bleeding in women with menorrhagia. Coagulation

abnormalities were present at 10.4% of the examined population, pre-

dominantly mild VWD. At more than half of the patients anemia was

diagnosed and it was primarily associated with inflammation and

higher age. We suggest that objectively verification of menstrual loss

(PBAC) is mandatory and it seems that bleeding disorders investiga-

tion (screening for PT and VWD) predominantly in women with ane-

mia may be useful in the diagnostic algorithm of menorrhagia.

PB 4.66-6
Thrombin generation, APC resistance, protein S and
TFPI function in women with a history of a
thromboembolism during oral contraceptive use
Tchaikovski SN1, Thomassen CLGD2, Costa SD1, Bremme K3

and Jan R2

1Otto-von-Guericke University, Magdeburg, Germany;
2Cardiovascular Reasearch Institute Maastricht, Maastricht, The

Netherlands; 3Karolinska Institutet, Stockholm, Sweden

Background: Venous thromboembolism (VTE) is a multifactorial dis-

order that arises as the result of genetic and environmental factors.

Oral contraceptive (OC) use is a well-known acquired risk factor for

VTE. Up to 40% women, who develop a VTE during OC use have a

thrombophilia. Annual risk of a recurrent event among women with a

previous hormone-related VTE is about 2%, which suggests persis-

tence of the prothrombotic changes. Global coagulation tests are cur-

rently used to assess the over-all coagulation state and function of

different coagulation pathways. Thrombin generation assays and acti-

vated protein C (APC) resistance tests are associated with a risk for

primary and recurrent VTE.

Aims: To identify changes in APC resistance and thrombin generation

measured at different assay conditions in a population of women, who

had a VTE during OC use.

Methods: We compared thrombin generation, APC resistance as well

as the functional activities of protein S and TFPI in plasma of healthy

controls and women, who had a thrombotic event during OC use in

their personal history. Thrombin generation was measured via cali-

brated automated thrombography at 1 pM and 10 pM of tissue fac-

tor. The function of protein S and TFPI was evaluated in thrombin

generation-based assays and expressed as protein S and TFPI ratios.

The study was approved by the Medical Ethical committee of the Kar-
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olinska Institutet, Stockholm, Sweden. All participants gave written

informed consent.

Results: 57 women with VTE during OC use in the anamnesis and 25

non-pregnant healthy control women who were not using hormonal

contraceptives were recruited in the present study. 16 participants were

excluded from the thrombosis group due to hormonal contraception

(progestin-only pill or levonorgestrel-containing intrauterine device)

or medication interfering with blood coagulation. Both groups were

comparable with regards to age.

The thrombosis group had higher endogenous thrombin potential

(ETP) in the presence of APC as well as APC resistance as compared

to the control group (P = 0.014 and P = 0.033 respectively). Further-

more, women with a VTE in the anamnesis had an increased protein S

ratio (P = 0.032), indicating an impaired function of protein S.

Thrombin generation measured at 1 or 10 pM tissue factor and the

TFPI ratio did not differ between the groups.

The Pearson Chi-Square test confirmed a significantly higher number

of women with a thrombosis in the past among participants with val-

ues above the upper quartile (>75%) for the ETP determined in the

presence of APC as well as for the protein S ratio (P = 0.016 and

P = 0.045 respectively).

Summary: Women with a previous VTE had higher APC resistance as

compared to the control group. This might be explained by a higher

number of carriers of the factor V Leiden mutation in the thrombosis

group. Furthermore, women in the thrombosis group had an impaired

function of protein S that likely contributes to their prothrombotic

phenotype.

PB4.67 – Inflammation: Basic – III

PB 4.67-1
Overexpression of activated protein C improves host
defense during pneumococcal pneumonia
Kager LM1, De Boer DJ1, Roelofs JTH1, Meijers JC2, Isermann B3,

Van ‘t Veer C1 and Van der Poll T1

1Academic Medical Center, Amsterdam; 2Academic Medical

Center Amsterdam, Amsterdam, The Netherlands; 3IKCP, Otto-

von-Guericke University, Magdeburg, Heidelberg, Germany

Background: During pneumonia, inflammation and coagulation are

activated as part of anti-bacterial host defense. Activated protein C

(APC) has anticoagulant and anti-inflammatory properties and during

pneumonia its levels are decreased. Streptococcus pneumoniae is the

most common causative pathogen in community-acquired pneumonia.

Aims:We aimed to investigate the effect of endogenous overexpression

of APC during experimental pneumococcal pneumonia.

Methods: Wildtype (WT) and APC-overexpressing (APChigh) mice

were intranasally infected with S. pneumoniae (strain 6303). Mice were

sacrificed after 6, 24 or 48 h and survival studies were performed.

Lungs, liver, spleen and blood were harvested to measure bacterial

loads, cytokines, histopathology and coagulation parameters. Addi-

tionally, bronchoalveolar lavages (BAL) were done and the BAL-fluid

(BALF) and cells were analyzed.

Results: In comparison to WT mice, APChigh mice showed decreased

bacterial dissemination to liver (P < 0.05) and spleen (P < 0.01), while

no differences in local bacterial loads were measured. Additionally,

although no differences in overall lung histopathology were seen,

APChigh mice showed a significantly decreased total cell influx in

BALF due to decreased numbers of neutrophils (both P < 0.01),

which was accompanied by decreased levels of the pro-inflammatory

cytokine TNF-a (P < 0.05). Finally, APChigh mice showed a strong

trend toward a better survival when compared to WT mice (P = 0.06).

Conclusions: Overexpression of activated protein C improves host

defense during experimental pneumococcal pneumonia. These data

contribute to the knowledge of cell-protective effects of APC during

severe infections.

PB 4.67-2
SMTP, a novel family of small molecule anti-
inflammatory thrombolytic: structure-activity
relationships with respect to plasminogen modulation
and soluble epoxide hydrolase inhibition
Matsumoto N1, Suzuki E1, Koide H1, Hasegawa K2, Nishimura N2

and Hasumi K1

1Tokyo univ of Agricul and Technol; 2TMS Co., Ltd., Tokyo,

Japan

Background: The SMTP family small-molecules enhance plasminogen

activation through conformational change (plasminogen modulation;

PM). The SMTP molecule consists of a core unit (a tricyclic c-lactam
moiety with a geranylmethyl group) and an N-linked side-chain.

SMTP-7, which is a potent thrombolytic with an excellent potential to

treat ischemic stroke, is one of the SMTP compounds that comprises

>50 congeners differing in the side-chain. The excellent SMTP-7 activ-

ity in treating stroke is attributable not only to PM activity (thrombol-

ysis) but also to anti-inflammatory properties, which are implicated in

soluble epoxide hydrolase (sEH) inhibition (sEHi). sEH catalyzes the

conversion of the anti-inflammatory fatty acid epoxyeicosatrienoic

acid (EET) to an inactive corresponding diol, and inhibition of sEH

stabilizes endogenous EET, leading to anti-inflammation and neuro-

protection.

Aim: The present study aimed at evaluating potencies of a variety of

SMTP congeners with different N-linked side chains with respect to

PM and sEHi activities to elucidate their structure-activity relation-

ships for the design of ideal anti-inflammatory thrombolytic and for

the discrimination of the structural requirement for sEHi from that for

PM.

Methods: PM activity was determined by incubating plasminogen with

urokinase-type plasminogen activator and a chromogenic substrate.

sEH activity was determined by incubating mouse sEH with a fluoro-

genic substrate.

Results: Previous investigations have demonstrated that the N-linked

side-chain of SMTP is crucial for PM activity. Therefore, we evaluated

SMTP congeners with different side-chain for their potentials in PM.

The results demonstrated that the presence of both an aromatic group

and a negatively ionizable group in the side chain greatly potentiates

PM activity. For example, SMTP-7, which has a dimer like structure,

with butane-1-carboxylic acid-connected another core unit (which has

an aromatic hydroxyl group) as a side-chain, was one of the most

potent congeners with respect to PM activity. The N-linked side-chain

structures of other potent congeners included 4-phenylcarboxylic acid

(SMTP-19), 3-hydroxyphenyl-4-carboxylic acid (SMTP-22), 2-hy-

droxyphenyl-3-carboxylic acid (SMTP-25), and (S)-2-phenylacetic

acid (SMTP-43). On the other hand, a congener with hydrogen as a

side-chain (SMTP-0), consisting of the core unit alone, showed no PM

activity but had potent sEHi activity. Thus the presence of the N-

linked side-chain is not essential for sEHi, clearly discriminating struc-

tural requirement for sEHi from that for PM activity. The congeners

with hydrophilic or nonpolar side-chains, however, were essentially

inactive in sEHi, and the congeners with some isomers of hydroxyphe-

nylcarboxylic acid (including SMTP-25) were more potent than

SMTP-0, demonstrating that the side-chain played a role in the tuning

of sEHi activity in SMTP congeners.

Conclusions: The N-linked side-chain of SMTP is the crucial determi-

nant of its PM activity, while the minimum structural requirement for

sEHi is the core unit of SMTP (ie. SMTP-0). Congeners with some iso-

mers of hydroxyphenylcarboxylic acid as a side-chain are potent with

respect to both PM and sEHi activities. Certain types of the side-chain

affect sEHi both positively and negatively, contributing to the tuning

of sEHi activity of SMTP congeners.
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PB 4.67-3
Acute fluoxetine treatment increases leukocyte-
endothelial interactions in murine peritonitis
Herr N1, Mezger J2, Stallmann D3, Bode C3 and D€urschmied D3

1University Hospital Freiburg; 2University Hospital; 3University

Heart Center, Freiburg, Germany

Background: Activated platelets release serotonin at sites of inflamma-

tion where it acts as inflammatory mediator. We found recently that

serotonin enhances the recruitment of neutrophils to sites of inflamma-

tion. Chronic treatment with selective serotonin reuptake inhibitors

(SSRI) depletes the serotonin storage pool in platelets in humans and

mice, leading to reduced leukocyte recruitment in murine experiments.

Aims: Here, we examined the direct and acute effects of SSRI on leu-

kocyte recruitment.

Methods: Four week-old C57Bl/6 mice underwent acute (40 mg/kg i.p.

2 h before surgery) treatment with the standard SSRI fluoxetine or

vehicle. Serum and plasma serotonin concentrations were measured by

ELISA. Leukocyte rolling and adhesion on endothelium was analyzed

by intravital microscopy in mesentery venules at resting conditions

and after inflammatory stimulation with lipopolysacharide (LPS,

20 mg/kg i.p.). Leukocyte extravasation in sterile peritonitis, triggered

by 1 mL 4% thioglycollate i.p. for 4 h, was measured by flow cytome-

try of abdominal lavage fluid.

Results: Plasma serotonin levels were elevated with large variation

among individual mice 2 h after fluoxetine treatment (96 � 32 after

vehicle vs. 336 � 188 after fluoxetine application, P = 0.2, n = 6),

while serum serotonin did not change. Without further stimulation,

acute fluoxetine treatment increased the number of rolling leukocytes

(63 � 8 vs. 165 � 17/0.04 mm2/min) and decreased their velocity

(61 � 6 vs. 28 � 1 lm/s, both P < 0.0001, n = 10). Acute fluoxetine

treatment itself also induced leukocyte adhesion (0 vs. 3.5 � 0.8/

0.04 mm2, P = 0.004). Stimulation with LPS decreased mean rolling

velocity and multiplied leukocyte adhesion in both groups. Adhesion

was further amplified by acute fluoxetine application (27 � 3 vs.

36 � 2/0.04 mm², P = 0.008, n = 10). Leukocyte migration in sterile

peritonitis was not affected by acute fluoxetine treatment.

Conclusions: Surprisingly, acute fluoxetine treatment induced leuko-

cyte adhesion, suggesting an unknown, direct effect on endothelium.

This effect could also be mediated by a transient accumulation of sero-

tonin in the plasma, when uptake into platelets is blocked. These

observations warrant further investigation since they may have impli-

cations for the treatment of depression but also for anti-inflammatory

strategies.

PB 4.67-4
Effect of C1-inhibitor glycans on the kinetics of target
protease inhibition
Engel R, Roem D, Wagenaar-Bos I, Van Ham M, Zeerleder S

and Wouters D

Sanquin Blood Supply Foundation, Amsterdam, The Netherlands

Background: The anti-inflammatory plasma protein C1-inhibitor (C1-

inh) is the major inhibitor of the proteases of the contact phase and

the classical and lectin pathways of the complement systems. C1-inhib-

itor is a heavily glycosylated protein with 6 N- and 7 O-linked glycans

known. The sialic acids on the glycans are known to prevent the in vivo

clearance of the protein but studies to date indicate that C1-inh gly-

cans have no effect on its complex formation with target proteases.

However, the effect of C1-inh glycosylation on the kinetics of complex

formation with various proteases has not been studied in detail.

Aims: Study the kinetics of inhibition of target proteases by various

glycoforms of C1-inh to ascertain a role for C1-inh glycosylation in

protease inhibition.

Methods: Various C1-inh glycoforms are prepared either by recombi-

nant protein expression in Pichia pastoris or by in vitro enzymatic

treatment of plasma derived C1-inh (pdC1-inh). Kinetics of C1-inh

inhibition of C1s, FXIIa and kallikrein is studied with chromogenic

assays.

Results: Three glycoforms of recombinant human C1-inh are success-

fully produced in Pichia pastoris: wild-type (WT), truncated form

without the N-terminal 98 amino acids, thus removing all O-linked

and three N-linked glycans (NT98) and a mutant where the additional

three N-glycans of the C-terminal serpin domain are also removed

(NT98D). The wild-type and NT98 are similar to the pdC1-inh in their

inhibition kinetics to C1s, FXIIa and kallikrein. However, NT98D
shows significantly reduced association to the proteases. This mutant

also exhibits lower heat stability than the WT and NT98. Together this

indicates that the three N-glycans of the serpin domain play an impor-

tant role in stability and function of C1-inh.

Studies are now underway to determine the inhibition kinetics of addi-

tional glycoforms of the pdC1-inh. Using enzymatic treatment either

entire glycans or only the sialic acids are removed. Also a fucosylated

form of pdC1-inh, to mimic the glycoform expected in acute phase

inflammation, has been prepared.

Conclusions: The N-glycans present in the serpin domain of C1-inh are

crucial for the stability and function of C1-inh.

PB 4.67-5
The modulation of astrocyte functions by activated
protein C
Gorbacheva L1, Ivanova A1, Pinelis V2, Reiser G3, Ishiwata S4

and Strukova S1

1Lomonosov Moscow State University, Moscow; 2Scientific

Centre for Children‘s Health, Russian Academy of Medical

Sciences, Moscow, Russian Federation; 3Institute for

Neurobiochemistry, Otto-von-Guericke University, Medical

Faculty, Magdeburg, Germany; 4Department of Physics, Faculty

of Science and Engineering, Waseda University, Tokyo, Japan

Background: Activated protein C (APC) is polyvalent cofactor-depen-

dent serine proteinase. APC has no only exclusive anticoagulation

activity, but also protective effects in systemic inflammation and neu-

rodegeneration. Recently neuroprotective effects of APC on stressed

neurons, hypoxic brain endothelium has been found and APC may be

useful in therapy of stroke (Zlokovic et al., 2005, Gorbacheva et al.,

2009, Wang et al., 2012). Astrocytes are the immune cells of human

brain. Many pathological processes in brain are accompanied with

structural and functional changes of astrocytes. It is known that reac-

tive astrogliosis observed during various inflammatory diseases,

encephalopathy, acute brain injuries and neurodegenerative patholo-

gies. However, the participation of APC in regulation of astrocyte

function is not yet clear. Thrombin (Th) promotes cell proliferation,

which correlated with astrogliosis (Nicole et al., 2005). S100B protein

express in high abundance and release by astrocytes (Sen, Belli, 2007),

and abnormally elevated levels of S100B contribute to the prominent

reactive gliosis.

Goal. In this study the influences of APC on the morphological and

functional parameters of astrocytes at thrombin-induced activation

were investigated.

Methods: Experiments were performed on cultural astrocytes. Primary

cultures of astrocytes from cortex were obtained from brains of 1–3-
day-old Wistar rats. Confocal microscopy, Western blot methods and

MTT-assay of the cultured astrocytes at Th-induced toxicity and pre-

treatment with APC were used.

Results: Previously we and other researchers have shown that throm-

bin and APC can activate the same receptors and induce the different

effects (Zlokovic et al., 2005, Gorbacheva et al., 2009, 2010, Wang et

al., 2012). Here we demonstrate that the effect of APC on cultural as-

trocytes is opposite to the high concentration of thrombin. The high

concentrations of thrombin were manifested during inflammation,

injuries, etc.. Th may be account for the reactive astrogliosis which is
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associated with proliferation and morphological changes. Our data

point to dose-depended effects of thrombin on astrocytes. The concen-

tration of thrombin higher then 10 nM induced the significantly acti-

vation of astrocyte proliferation (on 25% compare to control), the rise

of S100 protein (in two times higher then in control), the formation of

stress fibres and the amount of free fields in astrocyte cultures. These

results indicate that thrombin alters cell migrational status and causes

morphological changes in astrocytes. We detected EPCR on cultural

rat astrocytes by the special anti-EPCR-antibodies for the first time.

The finding of new receptor EPCR on astrocytes make up the possibil-

ity of APC mediates itself effects not only via PAR1 receptor, but via

EPCR or two receptor PAR1 and EPCR. Pre-treatment and co-incu-

bation of astrocytes with APC led to prevention of the effect of Th on

cells. APC decreases to control values the level of S100B, the prolifera-

tion of astrocytes, the actin cytoskeletal rearrangement and the

amount of free fields in astrocytes culture which were induced by Th.

Conclusion: Thus APC has not only neuroprotective effects but also

can prevent the activation of astrocytes and astrogliosis during patho-

logical condition. Our results demonstrate new aspects of APC as a

protective agent for brain at trauma and neuropathology.

PB 4.67-6
Gene expression profiling of mouse platelet GPCRs
under chronic inflammatory conditions
De Candia E1, Palmer D2 and Coughlin SR2

1Catholic University of Rome, Rome, Italy; 2Cardiovascular

Research Institute-University of California of San Francisco, San

Francisco, CA, USA

Background: Some diseases associated to chronic inflammatory stim-

uli, such as diabetes, obesity and rheumatoid arthritis are associated to

high cardiovascular risk. In this study a mouse model of chronic

inflammatory stimulus in vivo was set up to evaluate modifications of

the expression of platelet GPCRs under these conditions

Aims : Aim of this study was to evaluate whether changes of platelet

transcritpome may occur in vivo as a consequence of inflammatory

stimuli

Protocol of the study: Ten C57/Bl6 mice were treated with low dose

lipopolysaccharide (LPS), i.e. 0.2 mg/kg s.c., or saline for five consecu-

tive days. Whole blood from treated mice was obtained by vena cava

blood draw. A highly purified platelet population was obtained by

standard centrifugation and washing procedures followed by negative

immunoselection for depletion of WBC, RBC and endothelial micro-

particles contaminating the platelet suspension. mRNA and cDNA

were prepared using commercially available kits. GPCRs expression

profiles of platelets from LPS- and from saline-treated mice were

obtained by real time PCR Taqman technology. Changes of GPCRs

expression on platelets were validated by functional studies on plate-

lets, by measuring P-selectin and aIIb-b3 integrin exposures after ago-

nist stimulation ex vivo, using conjugated MoAbs and flow cytometry.

Results: Treatment of mice with low dose LPS caused changes of the

expression of some relevant GPCRs and of the platelet function. LPS

treatment caused reduced expression of P2Y1 and of P2Y12 and of

CysLT2, a GPCR found to be relevant for mouse platelet function.

Accordingly, platelets from LPS-treated mice had reduced exposure of

P-selectin and of aIIb-b3 integrin upon ADP and LTC4 stimulation.

On the contrary, LPS treatment caused increased expression of PAR3

and PAR4 on mouse platelets. Accordingly, mouse platelets showed

increased response to thrombin.

Conclusions: Low dose inflammatory stimuli cause changes of GPCRs

expression in mouse platelets and changes of platelet responses to ag-

onists. Similar changes might happen in human diseases with a chronic

inflammatory stimulus associated to a high cardiovascular risk

PB4.68 – Inflammation: Clinical – III

PB 4.68-1
Hypercoagulability and hypofibrinolysis in patients
with human immunodeficiency virus infection partially
resolve after antiretroviral treatment
Sprenger HG, Lisman JA, Mulder AB, Van Der Werf TS,

Bierman WF, Meijer K and Tichelaar YI

University Medical Center Groningen, Groningen, The

Netherlands

Background: Patients infected with human immunodeficiency virus

(HIV) are known to have an increased risk of arterial and venous

thrombosis. This may involve changes in the hemostatic status, includ-

ing hypercoagulability and hypofibrinolysis. Some data suggest that

antiretroviral treatment (ART) reduces the increased risk.

Aim:We evaluated levels of coagulation factors, in vitro thrombin gen-

eration by automated calibrated thrombography and fibrinolytic

potential assessed by clot lysis time (CLT) in patients with HIV infec-

tion before starting ART and during the first 6 months afterwards.

Methods: Blood was drawn after written informed consent was

obtained just before ART was started, as well at 1, 3, and 6 months

after starting ART.

Results: We included 40 males (87.5% of Caucasian origin). At base-

line, FVIII:C and VWF:RCF were elevated (median levels: 205 and

196 IU/dL, respectively) and free protein S (FPS) was decreased

(70 IU/dL). Compared to healthy controls, CLT, endogenous throm-

bin potential (ETP), peak thrombin, as well as the velocity index

derived from thrombin generation curves were significantly increased

in patients at t = 0 (median levels: 49.9 vs. 67.5 min; 440 vs.

604 nM*min; 121 vs. 176 nM and 61.3 vs. 85.2 nM/min, respectively).

After 6 months of treatment, FVIII:C and VWF:RCF were signifi-

cantly reduced to 159, 129 IU/dL and FPS significantly increased to

84 IU/dL. CLT, ETP, peak thrombin and velocity index all decreased

but this did not reach statistical significance.

Summary/Conclusions: Patients with HIV infection were in a procoag-

ulant as well as a hypofibrinolytic state, which partially improved after

6 months of ART.

PB 4.68-2
Thrombomodulin-modified thrombin generation in
patients with diffuse peritonitis
Smirnova O1, Namestnikov Y1, Gurzhiy D2, Gamzatov K2,

Zemlyanoy V2, Lerner A1 and Papayan L1

1Russian Research Institute of Hematology and Transfusiology;
2North-Western State Medical University named after I.I.

Mechnikov, St -Petersburg, Russian Federation

Background: The diffuse peritonitis (DP) is a serious and common

infection. Its clinical course includes haemostatic abnormalities, rang-

ing from insignificant laboratory changes to excess activation of hae-

mostasis that may result in localized thrombotic complications or

disseminated intravascular coagulation. Thrombin generation test

(TGT) with the addition of thrombomodulin may be useful as a global

method to assess the individual coagulation profile in DP patients.

Aims: The aim of our study was to investigate the process of thrombin

generation in patients with DP.

Methods: Venous blood was obtained from 43 patients within 24 h of

the diagnosis of DP. The control group comprised 65 healthy volun-

teers. TGT was performed in platelet poor plasma in a Fluoroscan

Ascent� fluorometer at 5 pM tissue factor concentrations in the pres-

ence of human recombinant thrombomodulin using dedicated soft-

ware. The following parameters were analyzed: lag time of thrombin

generation (LT, min), endogenous thrombin potential (ETP,

nM*min), maximum concentration of thrombin (Peak, nM), time to
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reach the peak (TTP, min), and velocity index (VI = Peak/[TTP-LT],

nM/min). Statistical analysis of the results was performed by non-

parametric. Methods using the median (Me), 95% confidence interval

(95% CI) and Mann-Whitney U test (Statistica 6.0).

Results: Except for LT and TTP, there was significant difference

between patients and controls regarding ETP (Me (95% CI): 1496

(1133–1919) vs. 779.2 (594.5–919.5), P = 0.001), Peak (243 (203.6–
312.5) vs. 153.64 (134.9–195.2), P = 0.04) and VI (135.5 (87–191) vs.
72 (57–90.5), P = 0.005). In addition, ETP, Peak and VI demonstrated

a clear tendency to increasing in non-survivors than in survivors (Me:

1574.5 vs. 1493.1, 250.4 vs. 216.5 and 114.4 vs.101.1, accordingly,

P = 0.3).

Summary: Patients with DP are characterized by considerable hyper-

coagulability. Thrombomodulin-modified TGT may be a potentially

useful tool to identify patients with increased risk of DP mortality.

PB 4.68-3
Elevated platelet count, platelet activation and CRP in
gulf war veterans’ illnesses; evidence of a chronic
inflammatory state?
Johnson GJ, Leis LA, Slater BCS and Bach R

VA Health Care System, Minneapolis, MN, USA

Background: Gulf war veterans’ illnesses (GWVI) are chronic, multi-

symptom disorders in veterans of war in Kuwait and Iraq in 1990–
1991. GWVI are defined according to CDC criteria by symptoms in

two or three categories – fatigue, mood-cognition, musculoskeletal

pain – not attributable to other diseases. The cause is unknown. A pre-

vious study observed impaired platelet activation in a majority of sub-

jects with GWVI who had evidence of blood coagulation activation

(Hannan KL, et al. Blood Coagul Fibrinolysis 2000;11:673–8).
Aims: To further characterize platelet function in GWVI we studied 43

subjects (40 male) with GWVI (GWVI+) and 21 male subjects who

served concurrently in the war zone but who did not meet diagnostic

criteria for GWVI (GWVI-). All participants in the study were free of

infections and other known inflammatory disorders.

Methods: The following studies were performed in all subjects: platelet

count, immature platelet fraction (IPF), plasma thrombopoietin

(TPO), plasma C-reactive protein (CRP), light transmission platelet

aggregation and ATP secretion in response to 0.5 mM arachidonic

acid, 0.5 lMU46619, 1.0 lMU46619, 0.5 lMADP, 0.5 lM epineph-

rine, 1 lg/mL collagen, 10 lM TRAP 6, 50 lM TRAP 6, and sponta-

neous platelet aggregation.

Results: Significant differences between the group means of GWVI+
and GWVI- subjects were observed for the following: platelet count

(236.1 � 55.4 vs. 205.9 � 44.2 9 103/mm3; P = 0.036); spontaneous

platelet aggregation (7.8 � 2.6 vs. 5.6 � 1.2%; P = 0.011); platelet

ATP secretion in response to 50 lM TRAP 6 (17.9 � 5.5 vs.

12.8 � 3.3 nmoles ATP/109 platelets; P = 0.013; CRP (4.0 � 4.6 vs.

1.5 � 1.3 mg/L; P = 0.020. IPF, TPO, platelet aggregation and plate-

let secretion in response to other agonists did not differ between

GWVI+ and GWVI- subjects. Subset analyses of platelet aggregation

and secretion based on medication history revealed no significant dif-

ferences between GWVI+ and GWVI- subjects. Among subjects who

had elevated CRP (>2 mg/L) platelet aggregation in response to

0.5 lM U46619 was significantly elevated (62.0 � 37.8 vs.

39.8 � 39.3%; P = 0.029).

Summary: Platelet aggregation and secretion were not impaired in

GWVI+ subjects. Platelet count, spontaneous platelet aggregation,

platelet secretion in response to thrombin receptor agonist, TRAP6, and

CRPwere significantly elevated inGWVI+ subjects. In addition subjects
with elevated CRP had significantly elevated platelet aggregation in

response to thromboxane analog, U46619. The differences between

GWVI+andGWVI- subjectswere independentofmedication effects.

Conclusion: Platelet activation is not impaired in GWVI, but elevated

plasma CRP, platelet count, and platelet U46619-induced aggregation

are characteristics not previously described that suggest GWVI is a

chronic inflammatory disorder.

PB 4.68-4
Gene expression analysis in patients with spontaneous
deep venous thrombosis
Barnab�e A1, Santiago-Bassora D1, Severino P2, Carazzolle MF1,

Pereira AG1, Orsi LA1, De Paula EV1, H€oehr NF1 and Annichino-

Bizzacchi JM1

1State University of Campinas, Campinas; 2Albert Einstein

Research and Education Institute, S~ao Paulo, Brazil

Background: Deep venous thrombosis (DVT) is a multifactorial dis-

ease and in about 30% of patients no risk factor can be identified.

Association of inflammation and haemostasis is thought to play a sig-

nificant role in the pathogenesis of DVT.

Aim: We hypothesized that distinctive patterns of gene expression in

mononuclear cells from patients with DVT could be relevant to the

pathogenesis of the disease.

Methods: cDNA microarray technology (CodeLink Bioarrays) was

used to study the gene expression profile of five patients with sponta-

neous DVT, three of their siblings and one healthy individual. DVT

patients were selected based on strict clinical characteristics, including

no hereditary predisposition or known risk factors. Functional analy-

sis of differentially expressed genes was used to identify biological pro-

cesses possibly differentially regulated in DVT.

Results: Preliminary analysis showed that 2% of approximately 55,000

transcripts contained in the array had significant differences in expres-

sion when spontaneous DVT patients were compared to their asymp-

tomatic siblings and healthy individuals (2-fold change, P < 0.05).

When all these genes were taken into account we were able to identify

the deregulation of genes associated with both haemostasis and coagu-

lation (F2RL2, LPA, FOXA2, FBLN5, PROZ, GNA12 and

PAPSS2). Aiming to better describe our data, we divided genes in two

groups: up (607 genes) and down-regulated (499 genes) in DVT

patients as compared to siblings and healthy individual. Up-regulated

genes are involved in 50 biological processes, including, chemotaxis

(e.g., CCL1, CCR3, FER, IL8, NUP85, PLA2G1B) cell motility/

migration (e.g., APOB, IL8, TGFBR1) and protein transport (eg.,

STX3, AKAP12, SMURF1). On the other hand, down-regulated

genes are involved in 25 biological processes, such as, cell adhesion

(e.g., CD93, CD97, ACTN1, ITGA11) and blood circulation (e.g.,

EPB41, LPA, NFE2). Interestingly, some genes found by Lewis et al.

(2011) were similar in our study (FOXP1, ITPR2, MZF1, UBE2D2,

LTB).

Conclusions: Evaluation of the significance of these distinctive gene

expression profiles between patients with spontaneous DVT compared

to their asymptomatic siblings and healthy individuals could reveal

novel insights into the pathophysiology of the first DVT episode and

of DVT recurrence, as well as new biomarkers or therapeutic targets.

Prospective studies are needed to validate these results.

PB 4.68-5
Up-regulation of tissue factor, adhesion molecules,
nitric oxide and adiponectin in end stage renal disease.
A paradoxical interplay
Fareed J1, Kaneva K1, Hoppensteadt D1, Cunanan J1, Syed D1,

Singh A2 and Bansal V1

1Loyola University Medical Center, Maywood, IL; 2Brigham and

Women’s Hospital, Boston, MA, USA

Introduction: End stage renal disease (ESRD) represents the fifth (final)

stage of chronic kidney disease characterized by an established kidney

failure (GFR <15 mL/min/1.73 m2). Severe cardiovascular and cere-
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brovascular manifestations progressively occur in ESRD, resulting in

acute coronary syndrome and stroke. The ESRD patients also exhibit

a hypercoagulable state despite the use of heparin during maintenance

hemodialysis suggesting the activation of other components of the he-

mostatic network. To further understand the pathophysiology of

ESRD, this study was designed to measure the circulating levels of tis-

sue factor (TF), adhesion molecules, such as p-selectin (P-Sel), soluble

ICAM (s-ICAM), nitric oxide and adiponectin (AD).

Methods: This study included 119 ESRD patients undergoing mainte-

nance hemodialysis in conjunction with an ongoing IRB approved

protocol on the profiling of inflammatory markers in this syndrome.

Citrated blood plasma samples were collected from these patients prior

to the routine dialysis session. Blood samples were centrifuged at

3000 g and platelet poor plasma was frozen at �80 °C for further

analysis. Blood samples from normal healthy male and female volun-

teers (n = 53) served as controls. Nitric oxide levels (NO) were

measured using a commercial kit from R&D systems (Minneapolis,

Minnesota) and ELISA based methods for TF, P-Sel, s-ICAM and

adiponectin were also purchased from R&D systems. A chromogenic

substrate method was used to measure the anti-Xa activity in both the

controls and ESRD patients. Tissue factor mediated thrombin genera-

tion (TGA) was measured using a fluorogenic substrate method (Tech-

noclone Vienna, Austria).

Results: Tissue factor levels were found to be increased in the ESRD

group (20.4 � 6.1 pg/mL) vs. the control (11.9 � 2.8 pg/mL). The

nitric oxide level was markedly higher in the ESRD group

(32 � 17 lM) vs. the controls (7 � 3 lM). Wide variations in the

range of nitric oxide were noted (3–60 lM), whereas in the normals

the range was much narrower (5–12 lM). The p-selectin levels were

also elevated in the ESRD group (46 � 20 ng/mL) vs. the control

(31 � 3 ng/mL). The soluble ICAM levels were higher in the ESRD

group (250 � 112 ng/mL) vs. the control (180 � 19 ng/mL). The

ESRD group also showed a wide variation in the ICAM level, ranging

from 20 to 530 ng/mL. Interestingly, the adiponectin levels were also

increased in the ESRD group (19.2 � 9.3 lg/mL) vs. the control

(11.2 � 4.1 lg/mL). The pre-dialysis samples of the ESRD patients

exhibited detectable levels of heparin like activity as evident by the

inhibition of Xa (13 � 14% inhibition), which is approximated to

>0.1 U/mL heparin.

Summary/Conclusions: These studies suggest that TF, NO, p-selectin

and s-ICAM levels are increased in the ESRD patient. It is of interest

to note that despite that a significant number of ESRD patients were

diabetic; the AD levels were increased in this group. This may be due

to the repeated administration of heparin during dialysis sessions and

the use of anti-diabetic and anti-hypertensive medications. Thus, these

results suggest that while ESRD represents a pro-inflammatory/hyper-

coagulable state, the repeated administration of heparin and other

drugs may contribute to the regulation of the hemostatic process and

inflammatory balance. Since adiponectin has anti-atherogenic and

anti-inflammatory roles, it may contribute to the regulatory processes

to control inflammatory and thrombotic mediators in ESRD.

PB 4.68-6
Increased expression of caspase 4 gene in
mononuclear cells from patients with deep venous
thrombosis
Santiago-Bassora FD, Barnab�e A, Dos Santos A, Deckmann AC,

Carazzolle MF, Pereira AG, Orsi LA, De Paula EV and Annichino-

Bizzacchi JM

State University of Campinas – UNICAMP, Campinas, Brazil

Background: Deep venous thrombosis (DVT) is a common and poten-

tially fatal condition affecting 1% to 2% of the population worldwide,

with an annual incidence of 1 in 500. While hereditary or acquired risk

factors are identified in most patients with DVT, about 40% of

patients present yet unknown risk factors.

Aims: In the present study, we evaluated the gene expression profile

from mononuclear cells of patients with spontaneous DVT (SPONT),

risk factor-associated DVT and patients with antiphospholipid syn-

drome (APS).

Methods and Results: In this study, we performed a comparative analy-

sis of gene expression from mRNA extracted from mononuclear cells

of 15 patients with previous DVT of the lower limbs. Patients were

divided in subgroups: (i) SPONT without any known hereditary

thrombophilia (n = 5); (ii) risk factor-associated DVT (either acquired

or hereditary thrombophilias) (n = 5); and (iii) patients with APS-

associated DVT (n = 5); all compared to the healthy volunteers. Using

bioarray technology, 60 upregulated and 56 downregulated genes were

identified in DVT patients when compared to healthy volunteers. Azu-

rocidin 1 (AZU1), Caspase (iv) (CASP4), Cartilage-associated protein

precursor (CRATP), Vascular endothelial growth factor (FLTI),

Immunoglobulin Heavy Chain Constant region mu (IGHM),

Glutathion S-transferase, microsomal 2 (MGST2) and RNA polymer-

ase II subunit (POLR2J) genes were selected for validation with quan-

titative real-time PCR (qRT-PCR).

Conclusion: The increased expression of CASP4 was confirmed in the

same sample of DVT patients without any known risk factors

(P = 0.050; n = 4). CASP 4 has been described induce NF-kB activity

and acts in the activation of Caspase 1 which participates in the con-

version of proIL1b and proIL-18 to IL1-b and IL-18. In addition,

IL-18 may induce the adhesion of T cells, increase the immune

response of natural killer cells, enhance production of interferon-g

and induce chemotaxis and activation of monocytes. Increased

CASP4 expression could thus be involved in the pathogenesis of

DVT in these patients. Further studies are warranted in larger

cohorts to confirm these findings.

PB4.69 – Non-Inherited Risk Factors
VT – V

PB 4.69-1
Prevalence of clonal populations of hematopoietic cells
with paroxysmal nocturnal hemoglobinuria phenotype
in patients with splanchnic vein thrombosis
Ageno W1, Dentali F1, De Stefano V2, Piovella F3, Bazzan M4,

Piana S5, Santoro R6, Poggio R7, Poli D8 and Tosetto A9

1University of Insubria, Varese; 2Catholic University, Rome;
3Ospedale San Matteo, Pavia; 4Humanitas Clinic, Torino;
5University of Genoa, Genoa; 6Ospedale di Catanzaro,

Catanzaro; 7Ospedale Galliera, Genova; 8Ospedale Careggi,

Firenze; 9Ospedale San Bortolo, Vicenza, Italy

Background: Venous thromboembolism is a serious complication in

patients with paroxysmal nocturnal hemoglobinuria (PNH) and fre-

quently occurs in unusual sites, such as the splanchnic and cerebral

veins. In particular, PNH is a well recognized cause of Budd Chiari

syndrome. It has been hypothesized that the presence of mutant PNH

clones can be associated with an increased risk of splanchnic vein

thrombosis (SVT) even in the absence of overt disease, but the preva-

lence of PNH clones in non-selected SVT patients remains unknown.

Aims: In a multicentre cross-sectional study, we aimed to determine

the prevalence of PNH clones in a group of patients with SVT and

without overt PNH.

Methods: Patients with objective diagnosis of SVT within the previous

2 years were eligible for the study. Patients with known or clinically

suspected PNH and patients receiving treatments potentially interfer-

ing with laboratory assessment of PNH clone were excluded. Infor-

mation was collected on demographic characteristics, on the site of

SVT and the presence of risk factors. All patients underwent blood

sampling and the presence of PNH clone was centrally assessed using

flow cytometric analysis of granulocytes and monocytes, counting the

number of FLAER -ve events Because of the high-sensitivity tech-
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nique used, those samples with FLAER -ve events higher than the

95th percentile underwent a second evaluation to avoid false-positive

results.

Results: A total of 199 SVT patients were enrolled in the study, 116

(58.3%) were males, mean age was 54 years (range 17–94). Site of

thrombosis was portal in 100 patients, mesenteric in 67, splenic in 37,

and supra-hepatic in 10. Thrombophilia was diagnosed in 70 (35.2%)

patients, whereas JAK2 mutation was present in 28 of 125 (22.4%)

screened patients. Other risk factors for SVT included cirrhosis in 28

patients (14.1%), recent surgery in 22 patients (11.1%), and haemato-

logical disease in 21 patients (10.6%); in 71 (35.9%) patients SVT was

defined idiopathic. Mean time elapsed between SVT diagnosis and

study testing was 21 months. Cells with the PHN phenotype (defined

as clustering of FLAR -ve events, >5 cell per 50,000 events, confirmed

in two independent samples) were detected in 2 (1.01%, 95% CI 0.18–
3.99) patients. SVT occurred in the superior mesenteric vein in one

patient and in the portal vein in the second patient. SVT was second-

ary to IBD in one patient and was idiopathic in the second patient.

Time between SVT diagnosis was 2 months and 24 months, respec-

tively.

Conclusions: PNH clones can be detected in patients with a history of

SVT and no clinical manifestations of disease. Future studies are

needed to explore the potential role of this finding in the pathogenesis

of SVT and to better define in larger cohorts the cost-effectiveness of

screening for PNH clones in this population.

PB 4.69-2
Systemic hypoxia and risk of venous thromboembolism
– the Tromsø study
Borvik T1, Enga KF1, Brækkan SK1, Melbye H1 and Hansen JB2

1University of Tromsoe, Tromsoe; 2University of Tromsø, Tromsø,

Norway, Tromsø, Norway

Background: Previous autopsy and venography studies indicate that

venous thrombosis is initiated in the valvular sinus of veins in an envi-

ronment characterized by local hypoxia and intact endothelium.

Experimental studies have shown thal local hypoxia promotes endo-

thelial expression of adhesion molecules and activation of monocytes

with subsequent formation of microparticles with expression of ligands

for adhesion receptors at the endothelium and expression of tissue fac-

tor (TF) which may initiate targeted thrombus in the valvular sinuses.

To the best of our knowledge, however, no previous study has investi-

gated the association between systemic hypoxia and future risk of

venous thromboembolism (VTE).

Aims: We wanted to investigate the association between systemic

hypoxia, defined by oxygen saturation, and future risk of VTE in a

population-based prospective cohort study.

Methods: Pulse oximetry was measured in 8684 men and women who

participated in the fifth or sixth Tromsø study, conducted in 2001–2
and in 2007–8. Events of VTE were registered from data of study en-

rolment until the end of follow-up, December 31, 2010. The best of

three pulse oximetry measurements were used in analyses, and values

below 70% were considered as invalid. Cox proportional hazard

regression models were used to assess age-adjusted and multivariable

hazard ratios (HR) with 95% confidence intervals (CI). Age, sex, body

mass index and smoking status were included in the multivariable

analyses. The study was approved by the regional committee for

research ethics, and all participants gave their written consent to par-

ticipate.

Results: In total, 188 VTE events were registered during a median of

6.62 person-years (Incidence rate: 3.57, 95% CI: 3.10–4.12). The risk

of VTE increased by 18% per 3% decrease in oxygen saturation (mul-

tivariable HR: 1.18, 95% CI: 0.91–1.55). Subjects with oxygen satura-

tion <97% (21% of the population) had a higher risk of VTE

compared to subjects with oxygen saturation of 97% or above (multi-

variable HR: 1.54, 95% CI: 1.13–2.09). Low oxygen saturation was

especially associated with provoked VTE (multivariable HR: 1.65,

95% CI 1.12–2.43) whereas the risk estimates for unprovoked VTE

were lower (HR: 1.38, 95% CI: 0.83–2.30).
Conclusions: Our findings may imply an inverse association between

systemic oxygen saturation and future risk of VTE. It is not known,

however, whether the risk of VTE is a direct consequence of low sys-

temic oxygen saturation or is due to unrecognized confounders.

PB 4.69-3
RDW-CV and MPV as a risk indicators for deep venous
thrombosis
Pasker-de Jong PCM1, Hofstraat S1, Albers-Akkers M2, Van

Noord P1 and Van Kraaij M3

1Sanquin Research, Nijmegen; 2Interregional Red Cross (INR)

Anticoagulation centres, Nijmegen; 3Sanquin Blood Supply,

Nijmegen, The Netherlands

Background: Inflammation has been related to venous thromboembo-

lism, but it is unknown whether MPV and RDW are associated with

venous thrombosis risk.

Aims: To study the association of MPV and RDW as indicators of

inflammation with venous thromboembolism

Methods: We included 1915 healthy new donors and 150 new VTE

patients who visited the blood bank or anticoagulation centre in Ni-

jmegen or Arnhem, the Netherlands, between september 2011 and feb-

ruary 2012. Blood samples were taken at the first visit, and then after

1 month, 3 months and 6 months if still under treatment for patients,

whereas donors were sampled at each visit, varying over time. Donors

were participants in the ZINC study. All blood samples were analysed

with an automated cell counter at the quality control lab of the blood

bank in Nijmegen. Patient and donor characteristics were collected

from the files at entry.

Results: More patients than donors were male, and patients were

30 years older. At the first visit, MPV was somewhat lower in patients

than in controls, and increased over time. Red cell diameter width was

statistically significantly higher in patients than in controls, and

remained higher. Further results will be presented at the ISTH.

Summary/Conclusion: MPV was not associated with venous thrombo-

embolism in our study, whereas RDW was. One explanation may be

that the MPV had changed prior to inclusion in our study due to the

thromboembolic even tor its treatment. RDW remained high in

patients with thromboembolism. The fact that we included patients on

average 6 days after their thromboembolic event and first treatment

may have resulted in these findings.

PB 4.69-4
Clinical presentation of isolated distal deep vein
thrombosis differs significantly from proximal disease
states
Horner D1, Hogg K2, Body R1, Nash MJ1 and Mackway-Jones K1

1Central Manchester University Hospitals NHS Foundation Trust,

Manchester, UK; 2The Ottawa Hospital, Ottawa, Canada

Background: There is ongoing lack of consensus on the management

of isolated distal deep vein thrombosis (IDDVT). While some clini-

cians treat as they would for proximal disease, other experts manage

the condition as a distinct entity. Limited comparative literature exists

on risk profile and presenting clinical features in direct support of this

assertion.

Aims: We sought to determine the clinical and aetiological presenta-

tion of IDDVT and compare it to that of proximal disease.

Methods: An observational, ambulatory prospective cohort study.

Consecutive patients attending an established outpatient thrombosis

service during the year 2011 were included. Historical, aetiological and

clinical data were collected routinely by attending physicians on a
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standardized proforma during the initial clinical encounter. This data

was anonymised and stratified by outcome at vascular ultrasound.

Descriptive and regression analyses were performed to identify and

quantify predictors of distal vs. proximal thrombotic disease.

Results: 1888 patients attended the service with suspected deep vein

thrombosis, with a retrospective pre-test probability of 8.3% for acute

thrombotic disease. Distribution of acute disease was shared evenly

between distal (78 cases [49.7%]) and proximal (79 cases [50.3%])

thrombi.

Distal cases were significantly more likely to be provoked (P = 0.025),

right sided (P = 0.039) and to present with localised pain (P = 0.003).

Distal cases were less likely to present with entire leg swelling or calf

swelling >3 cm (both P < 0.01). Laboratory markers of clot burden

and inflammation were all significantly reduced in the IDDVT group

compared to proximal cases.

Conclusions: Patients with IDDVT are significantly different to those

with proximal disease, regarding clinical presentation and risk profile.

Our results concur with previous evidence supporting the idea of ID-

DVT as a distinct disease entity. Diagnostic algorithms which place

clinical importance on accurate diagnosis of IDDVT could potentially

use these findings to guide investigative strategy and influence thera-

peutic management.

PB 4.69-5
Pulsed methylprednisolone therapy markedly increases
thrombin generation potential in a rabbit experiment
Ashikaga T1, Yamashita A2, Muto S1, Nagae C1, Akita M1,

Suzuki N1, Yamazaki S1, Takayama S3 and Taki M2

1St.Marianna University School of Medicine, Kawasaki; 2St.

Marianna University School of Medicine, Yokohama city Seibu

Hospital, Yokohama; 3Daito Bunka University, Tokyo, Japan

Background: We use pulsed methylprednisolone (m-PSL) therapy for

various diseases, including intravenous immunoglobulin therapy-

resistant Kawasaki disease, encephalopathy and immune thrombocy-

topenic purpura. Heparin is often administered along with pulsed

m-PSL therapy for thrombosis prevention. However, the effects of ste-

roids on blood coagulability and the underlying mechanisms remain to

be clarified.

Aims: To clarify the effects of steroids on blood coagulability, we mea-

sured thrombogenicity using the thrombin generation test (TGT)

before and after pulsed m-PSL injections in rabbits.

Methods: First, we injected m-PSL (30 mg/kg/day, 3 days) into the ear

veins of rabbits (Japanese white species, male). The dose of m-PSL

was determined according to the treatment protocol for humans. As

the control, we injected rabbits with PSS (physiologic saline solution).

We examined the parameters of TGT, prothrombin time (PT), acti-

vated partial thromboplastin time (APTT), fibrinogen, antithrombin,

soluble fibrin (SF), D-dimer, factor VII activity (FVII:C), factor VIII

activity (FVIII:C), factor IX activity (FIX:C), and factor XI activity

(FXI:C), before and after the injection. Next, we investigated the

effects of adding m-PSL or recombinant activated factor VII prepara-

tion (rFVIIa) on the thrombin generation potential of rabbit plasma in

vitro.

Results: Among the TGT parameters, the lag time was shortened

(0.8 � 0.11 times) and the endogenous thrombin potential (ETP)

(1.31 � 0.31 times) and peak (1.91 � 0.69 times) were increased in the

pulsed m-PSL group (N = 29) as compared to the control group

(N = 12), indicating a marked increase in thrombin generation poten-

tial. Plasma FVII:C was increased (1.68 � 0.47 times) in the pulsed m-

PSL group. The increased thrombin generation potential could be

reproduced in vitro by the addition of rFVIIa preparation, but not by

adding m-PSL. Neither SF nor D-dimer levels were increased after

pulsed m-PSL administration.

Conclusion: In conclusion, our results suggest that administering

m-PSL pulsed therapy to rabbits increases FVII:C and markedly

increases thrombin generation potential. However, neither SF nor

D-dimer levels were increased, indicating that thrombosis was not

induced by pulsed steroid therapy alone. Therefore, we propose that

administration of an anticoagulant during steroid pulse therapy may

be clinically appropriate when thrombotic risk factors are associated

with the underlying disease.

PB 4.69-6
Incidence of venous thromboembolism (VTE) after
major surgeries and proposal of evidence-based
Korean guidelines for the prevention of VTE
Bang S-M1, Jang MJ2, Kim KH3, Yhim HY4, Kim YK5, Bae SH6,

Kim SH7, Mun YC8, Kim I9, Jung CW10, Choi N-K11 and Oh D2

1Seoul National University Bundang Hospital, Seongnam-si;
2CHA University School of Medicine, Seongnam-si;
3Soonchunhyang University College of Medicine, Seoul;
4Chonbuk National University Hospital, Jeonju; 5Chonnam

National University Hospital, Hwasun; 6Catholic University of

Daegu School of Medicine, Daegu; 7Dong-A University College

of Medicine, Pusan; 8Ewha University College of Medicine,

Seoul; 9Seoul National University Hospital, Seoul;
10Sungkyunkwan University College of Medicine, Seoul;
11Medical Research Collaborating Center, Seoul National

University Hospital, Seoul, South-Korea

Background: VTE is a well-recognized, public health issue in the world.

There are well-known international guidelines for thromboprophylax-

is. But those are mostly based on the epidemiologic data of Western

population and those are not currently applicable for Korean medical

environment.

Aims: This study was performed to evaluate the incidence rate of

symptomatic VTE after major operations such as orthopedic and non-

orthopedic surgeries for the frequent cancers and benign diseases in

Korea.

Methods: We used the database of the Korean Health Insurance

Review and Assessment Service which is a unified insurance system

covers almost Korean. The post-surgical claims data for recent 5 years

from 2007 to 2011 were extracted, searched for major surgeries using

both the operation and major diagnosis codes. Total 1,009,694 cases

were selected. Finally VTE cases within 5 weeks after operation were

sorted out using both diagnosis codes of VTE and prescription codes of

heparin or low-molecular-weight heparin. VTE means all VTE includ-

ing deep vein thrombosis (DVT) and/or pulmonary embolism (PE).

VTE other than DVT and PE such as upper extremities or splanchnic

vein thrombosis were excluded. Overall incidences of VTE, DVT and

PE were 0.71%, 0.44% and 0.45%, respectively. Each surgery was

grouped as moderate, low and very low risk of VTE according to VTE

incidence. Total knee or hip replacement, hip fracture surgery, opera-

tions for colorectal, pancreas, ovary or esophageal cancer belonged to

high risk and recommended for the use of LMWH, UH or mechanical

prophylaxis. Surgeries for stomach, hepatobiliary, cervix, lung or brain

tumor were at low risk and needed mechanical prophylaxis. Surgeries

for breast, kidney, bladder, prostate cancer, and benign diseases had a

very low risk of VTE and need early ambulation only.

Conclusion: Based on these results, we propose the second Korean

guidelines for the prevention of VTE after surgery.
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PB4.70 – Non-Inherited Risk
Factors VT – VI

PB 4.70-1
The risk of venous thrombosis after a symptomatic
arterial event in an older population
Casais P1, Engbers MJ2, Cushman M3, Cannegieter SC2,

Rosendaal FR2 and Van Hylckama Vlieg A2

1Institute of Epidemiological Research, Buenos Aires, Argentina;
2Leiden University Medical Center, Leiden, The Netherlands;
3University of Vermont, Colchester, USA

Background: Age increases the risk of venous thrombosis (VT) and

arterial thrombosis; several studies have shown that a prior arterial

thrombosis increases the risk of subsequent VT. Whether this is the

case in an older population is not known.

Aims: To determine whether an association is present between a his-

tory of a symptomatic cardiovascular event and the risk of VT in an

older population.

Methods: These analyses were performed in the AT-AGE study (Age

and Thrombosis Acquired and Genetic risk factors in the Elderly).

The AT AGE study is a population based two-center case-control

study that included 406 patients with a first deep venous thrombosis of

the leg or a pulmonary embolism in Leiden, The Netherlands and Ver-

mont, US. The study was approved by the Medical Ethical Commit-

tees of the Leiden University Medical Center and of the University of

Vermont, USA, respectively. All participants signed the informed writ-

ten consent. Control subjects aged 70 years and older were recruited

from general practitioners (n = 433). Individuals with active malignant

disease were excluded. Information on a history of arterial disease was

obtained from an interview at home. Arterial events were defined as

cardiovascular events, i.e., a history of angina, myocardial infarction,

heart bypass surgery, and cerebrovascular events, i.e., a history of

stroke or transient ischemic attack. We evaluated the risk of thrombo-

sis associated with a history of an arterial event. For cases, time

between the most recent arterial event and the occurrence of venous

thrombosis was calculated, and for control subjects the time between

the most recent arterial event and the index date. The risk of VT after

a symptomatic arterial event was calculated for different time intervals

(time since arterial event: <1 year, 1–5 years, and >5 years). Odds

ratios (OR) and 95% confidence intervals (95% CI) were assessed

using logistic regression analysis, after adjustment for age, sex, body

mass index (BMI continuous) and study site (Leiden vs. Vermont).

Results: Among 404 cases (age 78.7 � 5.6 years, range 70.0–100.9)
and 431 control subjects (age 77.5 � 5.4 years, range 70.3–96.3), a
positive history was reported by 138/404 (34.2%) cases and 133/431

(30.9%) control subjects (OR 1.1, 95% CI 0.8–1.5). The year of occur-
rence of the arterial event was available in 125 cases and in 123 control

subjects. Median time since last arterial disease was 6 years (range 0–
58 years) for the cases and 8 years (range 0–36 years) for the control

subjects. Of the cases 18 (6.3%) and 13 (4.2%) control subjects had an

arterial event in the year prior to the index date (OR 1.3, 95% CI 0.6–
2.8). No increased risk of thrombosis was found either for the time

intervals of 1–5 years (OR 0.9, 95% CI 0.6–1.5) and >5 years (OR 1.2,

95% CI 0.8–1.8) prior to the VT.

Conclusion: Overall, we observed no association between a history of

arterial disease and risk of venous thrombosis in this elderly popula-

tion.

PB 4.70-2
Risk of atherothrombotic events in patients after deep
vein thrombosis
Pasha SM, Tan M, Van Rees Vellinga TFD, Klok FA

and Huisman MV

LUMC, Leiden, The Netherlands

Background & Aims: Several studies have shown elevated incidences of

atherothrombotic events (ATE) in patients with unprovoked venous

thromboembolic events (VTE). This association remains understudied

in patients with isolated deep vein thrombosis (DVT). We evaluated

the incidence of ATE in patients with DVT and compared it to

patients with provoked DVT and controls without DVT.

Methods: Patients with compression ultrasonography (CUS) proven

unprovoked DVT, provoked DVT, and symptomatic patients, in

whom DVT was excluded by CUS, were followed and scored for the

occurrence of ATE.

Results: 170 patients with provoked, 74 patients with unprovoked

DVT and 991 patients without DVT were included. During follow-up

128 ATE occurred (incidence 6.5/100 patient-years). Adjusted hazard

ratio (HR) was not different between patients with DVT and without

DVT (1.4; 95% CI 0.76–2.4). In contrast, patients with unprovoked

DVT suffered ATE more frequent than provoked DVT patients (3.16;

95% CI 1.1–9.1) and control patients (HR 2.8; 95% CI 1.3–5.7). Nota-

bly, when fully adjusted for known ATE risk factors the risk differ-

ences between controls, provoked and unprovoked DVT patients

diminished: HR 1.1 (95% CI 0.47–2.5) and 1.7 (95% CI 0.80–3.6)
respectively.

Conclusion: Our study showed that risk of ATE in patients with unpro-

voked DVT was higher than in patients with provoked DVT or con-

trol patients. Interestingly, after full adjustment for multiple known

risk factors, the significant difference between unprovoked DVT

patients and provoked DVT patients or control patients diminished.

This implicates that the correlation between ATE and DVT is non-

causal and the measured cardiovascular risk factors are confounders

in this correlation.

PB 4.70-3
An age-related prospective cohort study in patients
with retinal vein occlusion: risk factors, antithrombotic
treatment and outcome
Sartori MT1, Barbar S1, Don�a A1, Piermarocchi S2, Pilotto E2,

Saggiorato G1 and Prandoni P1

12nd Chair of Internal Medicine; 2Ophthalmology Unit, Padua,

Italy

Background: Cardiovascular (CV) risk factors and thrombophilic

states are involved in the onset of retinal vein occlusion (RVO), but

their role in relation to patient’s age is debated. Treatment with anti-

thrombotic drugs is controversial, although RVO has been surmised

as a predictor of a subsequent vascular event.

Aims: To evaluate risk factors, the effects of antithrombotic therapy

and the occurrence of vascular events after a first episode of RVO,

according to patient’s age at RVO onset.

Methods: Patients with central or branch RVO confirmed by fluores-

cein angiography were enrolled in this prospective cohort study after

obtaining informed consent according to Helsinki Declaration. Com-

mon CV risk factors (hypertension, diabetes, hyperlipemia, obesity,

smoking), congenital and acquired thrombophilia were evaluated.

Patients received anticoagulants (LMWH and warfarin) or aspirin for

at least 3 months and they were followed every 6–12 months. Vascular

events after RVO were recorded.

Results: One-hundred patients with central RVO and 32 with branch

RVO were enrolled. Five (8.3%) patients younger than 50 years and 4

(5.5%) over 50 years had a hereditary thrombophilic defect, and the

difference was not significant. Antiphospholipid antibodies, hype-
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rhomocysteinemia, or PAI-1 increase were present in 29% of patients

with no age-related differences. One or more CV risk factors were

found in 35 (58%) patients of the younger group, and in 66 (91%) of

the older group (P < 0.001). Antithrombotic treatment lead to both a

satisfactory recanalization of occluded veins and visual acuity

improvement especially in younger patients. Vascular events occurred

in 19 (14%) cases after 4 � 3.3 years from RVO; they were more fre-

quent in older than in younger patients (22% vs. 5%, P 0.005).

Conclusion: Distribution of CV, but not of other prothrombotic risk

factors, seems to be influenced by age in RVO patients. Patients with a

first episode of RVO, especially those older than 50 years, are likely at

risk of a subsequent vascular event.

PB 4.70-4
Association of perioperative inflammation and
coagulation status with delayed VTE after major
surgery
Cheng S1, Baird C1, Luzier E1, Nordenholz KN1, Matero D1,

McCarter M1, Pearlman N1, Gajdos C1, Tran ZV2

and Wischmeyer P1

1University of Colorado School of Medicine, Aurora; 2Colorado

School of Public Health, Aurora, CO, USA

Background: Patients presenting for major abdominal surgery are at

increased risk of subsequent venous thromboembolism (VTE). Inflam-

mation and hypercoagulable state are both implicated in the pathogen-

esis of VTE. It is unclear if perioperative inflammatory biomarkers

and viscoelastic coagulation testing are predictive of future VTE.

Aims:We conducted a posthoc analysis of a study on major abdominal

surgery patients to assess if the severity of perioperative inflammation

and hypercoagulable state on viscoelastic coagulation testing was cor-

related with VTE at 6 months after surgery.

Methods: This study was conducted with full IRB approval. Patients

were randomized to 1 of 2 heparin regimens for postoperative VTE

prophylaxis while in the hospital (subcutaneous heparin or low-dose

heparin infusion). Blood samples were drawn in the OR prior to inci-

sion, and then daily for 5 days. Patients were followed for 6 months

for symptomatic VTE (any pulmonary embolism + symptomatic

DVT).

Results: 110 patients were randomized. Follow-up was completed in

100% of patients. 18 patients had symptomatic VTE at 6 months. In

bivariate analysis of the intention-to-treat population, age, gender,

ICU length of stay, smoking status, in-hospital VTE prophylaxis regi-

men, and BMI had no association with 6 month VTE. Peak IL-6, IL-

8, IL-10, and TNF-a levels also showed no correlation with 6 month

VTE. The Sonoclot clot rate on day 5 showed a trend towards eleva-

tion in patients subsequently diagnosed with subsequent 6 month

VTE (40.4 � 15.1 U/min in patients with VTE vs. 31.9 � 16.4 U/min

in patients without VTE, P = 0.07), although this difference did not

reach significance. Within the group randomized to low-dose heparin

infusion, this difference became significant (48.4 � 11.8 U/min in

patients with VTE vs. 29.9 � 17.4 U/min in patients without VTE,

P = 0.01).

Conclusions: In this small study, clinical variables and inflammatory

cytokines levels showed no association with delayed postoperative

VTE after major abdominal surgery. However, the Sonoclot clot rate,

a measure of activated fibrin polymerization, showed a trend towards

elevation on the 5th day after surgery in patients who eventually devel-

oped symptomatic VTE within 6 months. Further prospective study

of the Sonoclot and other viscoelastic coagulation tests for the identifi-

cation of surgical patients at high risk of VTE after hospital discharge

is necessary.

PB 4.70-5
Root cause analysis of hospital-acquired venous
thromboembolism: a quality improvement initiative
Diamantouros A, Valenzuela V, Varma G, Brown P

and Geerts WH

Sunnybrook HSC, Toronto, Canada

Background: Hospital-acquired venous thromboembolism (HA-VTE)

is a serious but largely preventable complication of hospitalization that

can result in significant morbidity, mortality and expenditure of

resources. A hospital-wide initiative involving guidelines, order sets,

education, and audits and feedback has been in place for over 5 years

to improve the use of appropriate thromboprophylaxis at a university

hospital. Despite these efforts, monthly audits demonstrate that an

average of 13% of inpatients do not receive appropriate thrombopro-

phylaxis. In an effort to further improve quality of care, an additional

initiative was implemented to identify cases of HA-VTE, conduct a

root cause analysis (RCA) for each to identify causative and contribut-

ing factors, and provide feedback to the healthcare team involved in

the specific patient’s care. HA-VTE was defined as symptomatic and

occurring in hospital or within 2 months of discharge.

Aims: To improve the quality of patient care with respect to prevention

of VTE through the identification of cases of HA-VTE, conduction of

RCA and feedback to the healthcare team.

Methods: Cases of symptomatic, objectively-confirmed deep vein

thrombosis (DVT) and/or pulmonary embolism (PE) that occurred

more than two calendar days after admission and up to 2 months after

hospital discharge were identified through the ultrasound imaging

department. All cases with HA-VTE were reviewed and classified as

potentially prevention HA-VTE (PPHA-VTE) or unpreventable HA-

VTE based on hospital thromboprophylaxis policy. For patients with

PPHA-VTE, written feedback was provided to the healthcare team

and data was entered into an ongoing database to determine both tem-

poral and patient group trends.

Results: In 2012, 73 cases of HA-VTE (average of 1.4 per month) were

identified. There were 32 cases (44%) of DVT and 41 cases (56%) of

PE. 51 (70%) of the cases were diagnosed during admission and 22

(30%) following discharge. No fatal PEs were identified. RCA of the

cases revealed that thromboprophylaxis had been prescribed according

to hospital policy in 71%. Approximately half of the cases in which

‘appropriate’ prophylaxis had been provided were seen in general sur-

gery, gynecologic oncology and trauma patients. 7(22%) of the cases

of DVT and 14 (34%) of the cases of PE were determined to be poten-

tially preventable. Approximately half of these cases were seen in gen-

eral or orthopedic surgery patients. The reasons for which cases were

deemed potentially preventable included: no prophylaxis given (19%),

inappropriate delay in initiation (43%), incorrect dose of thrombopro-

phylaxis (29%), and inadequate duration (10%). At this stage of data

collection and review, there is insufficient evidence of trends to suggest

a change in thromboprophylaxis policy.

Summary/Conclusion: This feasible methodology provides insight into

the burden of HA-VTE not seen with other strategies. Over the year,

among the 73 clinically-important HA-VTE events, 29% were associ-

ated with suboptimal thromboprophylaxis. Feedback to the healthcare

teams responsible for the care of these patients has led to discussions

and strategies for further quality improvement. Ongoing data collec-

tion will help guide modifications to our hospital-wide thrombopro-

phylaxis policy and suggest more targeted quality improvement

strategies to ensure optimal patient care.
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PB 4.70-6
Splanchnic vein thrombosis in Siriraj hospital: etiology
and outcome
Chinthammitr Y, Wateperm C and Chanwanichkulchai R

Siriraj Hospital, Bangkok, Thailand

Background: Splanchnic vein is composed of portal, splenic, hepatic,

and mesenteric veins. Splanchnic vein thrombosis (SVT), an uncom-

mon condition, has multiple etiologies such as malignancy, some he-

matologic condition, intraabdominal infection with variable outcome.

Aims: To evaluate etiology of splanchnic vein thrombosis and mortal-

ity rate at 1 year.

Methods: Patients with a diagnosis of SVT based on ICD-10 code since

January 2008 to December 2009 were included. We performed retro-

spective chart review for etiologies, clinical manifestation, laboratory

results, treatment and outcome of SVT.

Results: The study included 147 patients (91 men) with a median age

of 56 years (range 18–90). The sites of SVT included portal vein

(89.8%), mesenteric vein (18.4%), splenic vein (12.9%), and hepatic

vein (4.1%) whereas 27.9% had multiple vessel thrombosis. Most

common etiology was malignancy (68.0%, such as hepatocellular car-

cinoma [54.4%] and cholangiocarcinoma [8.2%]) followed by cirrhosis

(52.4%), local factor (7.5%, such as hepatobiliary infection [5.4%])

and myeloproliferative disorder (2.7%). The most common clinical

manifestation was abdominal pain (55.7%) followed by ascites

(23.8%), hepatomegaly (23.8%) and weight loss (21.7%). All-cause 1-

year mortality rate was 56.5%. Multivariate analysis found that malig-

nancy was significantly associated with 1-year mortality rate (81.2%

vs. 10.2%; adjusted HR 13.5, 95% CI 5.2–35.0, P < 0.001). Preferred

management in malignancy associated SVT was conservative treat-

ment (70.7%). Some patients (19.7%) were treated by anticoagulant

mostly in non-malignant cause and they had bleeding complication

rate of 13.8%. Among 54 patients who had repeated imaging within

1 year, 37% showed improvement of thrombosis.

Conclusion: Most common etiology of splanchnic vein thrombosis was

hepatocellular carcinoma. One-year mortality rate of splanchnic vein

thrombosis was 56.5%. Malignancy related SVT had a higher mortal-

ity rate than non-malignancy related SVT significantly.

PB4.71 – Paediatric Thrombosis – V

PB 4.71-1
Thromboembolic events emerging during the
treatment of childhood acute lymphoblastic leukemia
Aydogan G, Sayilan Sen H, Tugcu D, Akcay A, Aktay Ayaz N,

Akici F, Salcioglu Z, Demirkaya M and Gokce M

Kanuni Sultan Suleyman Research and Education Hospital,

Istanbul, Turkey

Background: Thromboembolic events are serious complications of

childhood acute lymphoblastic leukemia (ALL) therapy, that may

result in significant morbidity and occasionally mortality. The rate of

thrombosis in 1752 children with ALL from 17 prospective studies was

5.2%. In these studies, the relationship between thromboembolic

events and treatment with steroids and L-asparaginase were reported.

Aim: The aim of this study is the evaluation of the prothrombotic risk

factors in children with ALL under modified BFM protocol.

Patients and Methods: Three hundred and thirty children with newly

diagnosed ALL were recruited in observational cohort study con-

ducted between January 2004 and May 2012. Patients with ALL were

searched for any accompanying prothrombotic risk factors. All symp-

tomatic thromboembolic events diagnosed were recorded.

Results: Nine patients of the overall 330 (2.7%) had thrombosis, of

them 66.7% had venous thrombosis, and 33.3% had arterial thrombo-

sis. Deep venous thrombosis of the lower extremity was present in one

case. Other eight patients had cerebral thrombosis (three arterial and

five venous). All the cerebral thrombosis had developed at the induc-

tion phase of the therapy. Prothrombotic risk factors were detected in

6 (66.7%) patients (2 had protein S, 1 had protein C, 2 had homozy-

gous, 1 had heterozygous Factor V Leiden deficiency. One patient had

prothrombin 20210A mutation). One of the patients with arterial cere-

bral thrombosis had died. The rate of death due to thrombosis in chil-

dren with ALL was found as 0.3%.

Conculusions: Thrombosis in children with ALL is an important com-

plication with high morbidity and mortality. As the patients that we

follow, when the rate of central venous catheter use has declined, the

rate of thrombosis also decrease and then cerebral thromboembolic

events become significant relatively. Patients with the prothrombotic

risk factors should be followed- up carefully for the possible emergence

of cerebral thrombosis and strategies of antithrombotic prophylaxis

should be investigated in this setting.

PB 4.71-2
Does management of warfarin by patients with home
INR testing improve health related quality of life in
children/families
Bruce AK, Massicotte P and Bauman M

University of Alberta, Canada, Canada

Background: Health Related Quality of Life (HRQOL) refers to how

an individual’s wellbeing may be affected by health and therapeutic

management strategies. HRQOL is essential to develop appropriate

therapeutic choices, generate research strategies, and adjust policies

for improvement of healthcare adherence and outcomes. HRQOL is

the ‘gold-standard’ measurement for patient relevant outcomes. Man-

agement of warfarin by patients (MWP) with home INR monitors (i.e.

families make their own dose adjustments based on guidelines) has

demonstrated that families make suitable dosing adjustments, and

have improved control as illustrated by time in therapeutic range. The

child and family may also have greater investment in their care with

increased responsibility to adhere to therapeutic guidelines. The effect

of MWP on HRQOL as a contributing factor to adherence must be

determined.

Aims: To determine whether HRQOL improves with the long term

implementation of MWP.

Methods: The warfarin KIDCLOT PAC QL© was administered to

families on self-management over the period of years; baseline, 1, 3

and 5 years after the initiation of MWP. Each patient and parent was

compared to themselves over the years. Focus groups were held during

group anticoagulation clinics to ensure patients had opportunity to

express their values, perceptions, concerns, and preferences. Three sep-

arate focus groups were held: MWP, adolescent MWP, and patient

whose warfarin was dose adjusted by healthcare providers. Two staff

members/group. Responses were coded to identify themes by two inde-

pendent researchers.

Results: The mean impact on HRQOL was 29% pre, 33% at 1 year

and 28% at 2 years on MWP for parents. The mean impact on

HRQOL was 30% pre, 25.7% at 1 year, and 23.5% for children/teens.

Focus groups revealed although caregivers felt anxiety about the

increased responsibility (‘makes me nervous because I feel more

responsible’) in managing their child’s warfarin, a strong preference

for MWP existed, as reflected in comments ‘makes you more knowl-

edgeable’, ‘increased flexibility’, and a ‘greater degree of indepen-

dence’. Teens indicated that they had ‘better awareness’ and were

‘more independent’. One family decided to leave MWP due to anxiety

but then returned to MWP practice after a few months. Five year data

is pending as group anticoagulation clinics are held in spring due to

access to healthcare in a northern environment.

Conclusions: MWP provides the child/family more investment in man-

aging their health condition as indicated by focus group themes. The

KIDCLOT PAC QL © parent proxy inventory measured an increased

impact of warfarin on HRQOL in the first year of MWP then a return
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to baseline. Focus groups revealed that the patents felt the responsibil-

ity of MWP suggesting caregivers have improved awareness and

knowledge of the impact of warfarin on their lives. There was a strong

preference for MWP secondary to increased understanding, indepen-

dence, and confidence documented in the focus groups. Finally, MWP

nurtures awareness and autonomy in teens. Increased duration of

MWP may result in decreased stress, anxiety and increased HRQOL

through continued patient/family knowledge acquisition with the sup-

port of the health team.

PB 4.71-3
Postthrombotic syndrome in children with limb venous
thromboembolic events
Pergantou H1, Xafaki P2, Avgeri M2, Komitopoulou A2,

Adamtziki E2, Kapsimali Z2, Mazarakis M2 and Platokouki H1

1Haemophilia Centre/Haemostasis Unit, Aghia Sophia Children’s

Hospital; 2Haemophilia Centre/Haemostasis Unit, Aghia Sophia

Children’s Hospital, Athens, Greece

Background: Postthrombotic syndrome (PTS) is a chronic complica-

tion of deep vein thrombosis (DVT), increasingly recognized in chil-

dren during the last decade. PTS may affect patient’s quality of life for

many years, due to its devastating sequelae.

Aim: To evaluate the incidence, clinical characteristics, management,

and potential predictive factors for PTS in children with a history of

DVT.

Patients and Methods: Data of children with DVT in upper and lower

extremities, referred to our Unit from January 2000 to January 2012,

were retrospectively analyzed. Children suffered malignancies and fol-

lowed at oncology departments of our hospital were excluded from the

analysis, because of incomplete data. For evaluation of severity of

PTS the modified Vilalta scoring system was applied.

Results: Thirty children (60% males) were diagnosed with DVT at a

median age of 5.5 years. The median follow-up period was 6 years (2–
13 years). DVT was present in upper extremities in only three patients,

while the rest (90%) suffered a lower extremity DVT with extension to

inferior vena cava in 9 (33.3%) and concomitant pulmonary embolism

in 3 (11%) patients. Positive family history of DVT or thrombophilia

was reported in six cases. PTS was developed in nine patients (30%)

�5/9 were boys. Moreover, one additional patient endured amputa-

tion of both his limbs due to extensive necrosis. PTS, occurred after a

median period of 3 months (1–12 months) following DVT, was ini-

tially graded mild in six children and moderate in 3. In comparison to

upper extremity DVT, lower extremity thrombotic event was associ-

ated with development of PTS (P < 0.005). Highly elevated D-dimers

were present in all nine PTS cases at DVT diagnosis. Extensive occlu-

sion (n = 9), presence of thrombophilic factors -especially a natural

inhibitor deficiency (n = 4) – and recurrence of DVT (n = 4) were asso-

ciated with development of PTS. All PTS patients had been treated

upon DVT diagnosis with anticoagulants for a median period of

24 months (3–60 months), while graduated elastic compression stock-

ings were applied in 8/9 for 1–4 years, soon after PTS development.

Appropriate diet was initiated in one obese female adolescent for

achieving the optimal body weight. During a median observational

period of 5 years (1.5–10 years), the outcome of PTS was: complete

recovery in one boy with moderate PTS, improvement from moderate

to mild in one boy with initially diagnosed moderate PTS, while PTS

grade was defined as unchanged in all six patients with mild and in one

with moderate PTS. The better than expected outcomes in all cases

may be attributed to early therapeutic interventions.

Conclusion: Given the chronic debilitation following PTS of lower limb

in children, it is crucial that future larger prospective multi-centre stud-

ies be organized, with the aim to provide better understanding of path-

ophysiology, risk factors and possible preventive tools for paediatric

PTS, in order to improve the long- term quality of life of young

patients.

PB 4.71-4
Epidemiology of thrombosis in children with cancer
Piovesan D1, Attard C2, Monagle P1 and Ignjatovic V2

1The University of Melbourne; 2Murdoch Childrens Research

Institute, Parkville, Australia

Background: A large amount of research has focused on the epidemiol-

ogy of thrombosis in adult cancer populations however little has been

done in paediatric populations. Many studies examining children with

cancer, particularly ALL have identified factors that increase the risk

of thromboembolism (TE) including chemotherapy, central venous

lines (CVL’s), prothrombotic defects, age and surgery. However, there

are no clear guidelines for identification of high-risk groups, prophy-

laxis or management of TE complications in paediatric cancer

patients.

Aims: To review the literature regarding the epidemiology, mecha-

nisms, risk factors, prophylaxis and outcomes of thrombosis in chil-

dren with cancer and to identify areas where more research is needed.

Methods: The PubMed database was searched from 1.01.1990 to

21.12. 2012 using the search terms: cancer, children, epidemiology,

paediatric, thrombosis, and thromboembolism.

Results: The incidence of symptomatic VTE in children with cancer is

2.1–7.9%, 30% of which are associated with CVL’s. The incidence of

asymptomatic VTE is ~40%. The most common location of VTE is

CNS representing ~50% of TE events. DVT, particularly upper

extremity DVT is common and has been strongly associated with

CVL’s. Lower extremity DVT, also commonly reported, is associated

with prolonged duration of immobilisation in hospitalised patients.

The incidence of PE accounts for 20% of VTE events and arterial

thrombosis is quite rare at ~3.6%.

Key characteristics that increase the risk of thrombosis in paediatric

cancer patients include the cancer type (ALL, AML, lymphoma and

sarcoma), age (older patients and neonates), the presence of a CVL,

presence of pulmonary/intra thoracic disease, chemotherapy (concom-

itant treatment of L-asparaginase and corticosteroids particularly dur-

ing induction therapy, as well as growth factor agents) and

prothrombotic defects (FV Leiden mutation, prothrombin G20210A

and MTHR variant, particularly children with haematological malig-

nancies).

Outcomes for paediatric cancer patients who have suffered from TE

vary but include post-thrombotic syndrome, PE, recurrent TE,

destruction of upper venous system and death.

Recent studies suggest that higher D-dimer levels, platelet count and

activity allow better prediction of a child’s hypercoagulable state and

therefore their risk of TE.

Conclusion: The factors involved in aetiology of thrombosis in children

with cancer are many and complex. Focused studies aimed at enabling

accurate risk stratification are required to allow recommendations for

thromboprophylaxis to be developed.

PB 4.71-5
Quality of life of children participating to a formalized
INR self-monitoring vitamin K antagonist educational
program
Amedro P1, Bajolle F2, Cheurfi R2, Nogue E1, Lasne D2,

Picot M-Ch1, Dorka R1 and Bonnet D2

1University hospital, Montpellier; 2Necker hospital, Assistance

Publique Hopitaux de Paris (AP-HP), Paris, France

Background: Children under vitamin K antagonist (VKA) should ben-

efit from a formalized educational program using self-monitoring of

their International Normalized Ratio (INR). In France, since the 2008

Public Health Law, children and/or their family who wish to partici-

pate to INR self-monitoring must integrate a formalized authorized

educational program to anticoagulation therapy led by a paediatric

cardiologist.
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Aim: Our national reference centre for congenital heart diseases, while

building this program, aimed to regularly evaluate the quality of life

(QoL) of children.

Methods: All children and parents participating to our INR self-moni-

toring VKA educational program were invited to complete a QoL

questionnaire during each group session. Generic pediatric QoL ques-

tionnaires were used (QUALIN for infants <2 years old, PedsQL for

children aged 2–18). Both parents independently participated. PedsQL

Child self-report QoL questionnaires were used for children above

5 years, under trained nurse supervising. Each family participated to

1–3 educational sessions. This study received the approval of the Eth-

ics Committee. Relations between QoL and patients’ characteristics

were studied. Patient’s clinical instability during the program and

duration of life with chronic illness were analyzed as biases which both

classically influence QoL assessment.

Results: 111 children (54 girls, 57 boys) participated to our INR self-

monitoring program between 2010 and 2012. Indications for VKA

were classical within paediatric population: valve replacement

(n = 47), total cavo-pulmonary connexion (n = 33), dilated cardiomy-

opathy (n = 13), Kawasaki disease (n = 8), others (n = 10). No family

refused to be enrolled in this study. 476 QoL questionnaires (27 QUA-

LIN, 449 PedsQL) were completed by 265 different persons (80 chil-

dren, 107 mothers, 78 fathers), depending on the number of group

sessions for each family. There were no significant relationships

between QoL and patient’s sex, type of AVK (warfarin or fluindione),

number of group sessions, chronic illness duration or moment of diag-

nosis (prenatal or postnatal). Qol scores were significantly lower

among children with congenital heart disease (n = 80). Fathers and

mothers’ QoL scoring are rather well correlated but are significantly

lower than their child’s self- assessment. There are almost no differ-

ences of QoL between children under transient VKA treatment

(n = 37) and those treated for life (n = 74).

Conclusion: Routine QoL assessment well applies to educational pro-

grams with strong joining of families and children. As all patients

included in this study are in self-monitoring, we could not evaluate the

impact of self-monitoring on patients’ QoL. However our results show

that classical morbidity factors, which are mostly relevant for doctors,

are not always correlated to QoL, which is mostly relevant for

patients. We are now finalizing to collect data from a matched popula-

tion to compare QoL of children under VKA to controls. Our centre

leads five official education programs (pulmonary hypertension, anti-

coagulation, transition to adulthood, pacemaker-Defibrillator and

chronic cardiac failure) and aims in further studies to compare QoL of

children participating to such programs to those who don’t.

PB 4.71-6
Portal vein thrombosis in children and adolescents
Williams S, Fayea N, Al Hinai K, Brandao LR and Labarque V

Hospital for Sick Children, Toronto, Canada

Background: Portal vein thrombosis (PVT) is an important cause of

portal hypertension (PH) in children. Complications include upper

gastrointestinal bleeding from the rupture of esophageal varices, hy-

persplenism secondary to splenomegaly, growth retardation, and por-

tal biliopathy. Management may include portosystemic shunting.

Unlike neonatal portal vein thrombosis which has low reported rates

of portal hypertension of <5%, while gastrointestinal bleeding occurs

in up to 80% of children with PVT.

Aims: The aim was to describe the presentation, treatment, and out-

comes of an unselected cohort of children presenting with portal vein

thrombosis, to determine if the outcome differed with age of presenta-

tion.

Methods: The study was approved by the hospital research ethics

board and written consent waived. A retrospective chart review of

infants and children with PVT presenting to the Hospital for Sick Chil-

dren from January 2008 to January 2012, identified from the clinical

thrombosis database was conducted. Neonates were excluded, and age

was limited to 31 days to 18 years at time of presentation. Clinical and

radiologic data were collected. Descriptive statistics and Fisher exact

testing were completed to compare the two groups; infants (age

≤1 year) and children (age. >1 year).

Results: 36 children with PVT were identified. At the time of presenta-

tion, 14/36 patients (38%) had underlying liver disease (biliary atresia

(n = 6), sclerosing cholangitis (n = 3), metabolic disease (n = 1), che-

motherapy induced liver disease (n = 2), hepatic infiltration (n = 2).

The majority of PVTs, 19/36 (52%), were identified incidentally, on

abdominal ultrasound completed during work up for other medical ill-

ness; (fever and sepsis (n = 7), pre- or post- liver transplant (n = 5),

elevated liver enzymes (n = 2), pre Kasai (n = 1), abdominal pain

(n = 10). Risk factors (intra-abdominal infection, sepsis or abdominal

surgery) were present in 25/36 (70%). Infants (n = 20) had a mean age

(�SD) of 5 months (�3), children (n = 16) had a mean age of 10 years

(�5). Mean follow-up in infants was 24 months (�24) and in children

was 36 months (�37). There was a history of a prior umbilical venous

catheter in 10/20 (50%) infants and 1/16 (6%) children (P = 0.0091).

Cavernous transformation was found on initial imaging in 2/20 (10%)

infants and 7/16 (44%) children (P = 0.049). Gastrointestinal bleeding

at time of initial presentation was present in 0/20 infants and in 5/16

(31%) children (P = 0.012). There was no difference between infants

and children in hypersplenism (19%) gastrointestinal bleeding in fol-

low-up (11%), PH at time of presentation (20%), PH in follow-up

(31%), thrombus resolution (58%), need for portosystemic shunting

(8%), growth failure (20%) or thrombophilia [low protein C, protein

S, antithrombin] (44%). There was no difference in radiologic resolu-

tion with anticoagulation (67%) or without anticoagulation (57%).

Conclusions: In this single institution cohort, limited by the small num-

ber of patients, rates of portal hypertension and gastrointestinal bleed-

ing were similar in infants and children, but higher than reported rates

in neonates. PVT in infants had a greater association with previous

umbilical catheter, and presented less often with cavernous transfor-

mation or gastrointestinal bleeding than in children.

PB4.72 – Thrombophilia – V

PB 4.72-1
Clinical characteristics of double heterozygous for
factor V Leiden and prothrombin mutation. Findings
from the RIETE Registry
Gadelha T1, Jaras Hern�andez MJ2, Hirmerova J3, Santos M4

and Monreal M5

1Hospital Universitario Clementino Fraga Filho, UFRJ, Brasil, Rio

de Janeiro, Brazil; 2Hospital de Cantoblanco, Madrid, Spain;
3University Hospital Plzen, Pizen, Czech Republic; 4Centro

Hospital de Entre o Douro e Vouga, Santa Maria de Feira,

Portugal; 5Hospital Universitari Germnas Trias i Pujol, Barcelona,

Spain

Background: Patients with the double heterozygousy (DH) for factor

V Leiden (FVL) and prothombin G20210A (PT 20210A) are rare.

Consequently, there is scarce information on their clinical characteris-

tics when presenting with a first episode of acute venous thromboem-

bolism (VTE).

Patients and Methods: RIETE is an ongoing registry of consecutive

patients with symptomatic, acute VTE. We compared the clinical pre-

sentation of double heterozygous patients for FVL and PT 20210A

with single heterozygous and with patients with no thrombophilia.

Results: In all, 6057 patients were tested for FVL and PT 20210A. Of

these, 724 were heterozygous for FVL, 552 heterozygous for

PTG20210A, 88 double heterozygous, and 4693 tested negative. Their

median age was 49 � 18, 51 � 18, 45 � 18, and 56 � 19 years,

respectively. About half of the patients (51%, 45%, 50% and 48%,

respectively) had idiopathic VTE, with no difference between sub-

groups. Among women, 36%, 35%, 39% and 23% respectively were
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using estrogens; 6.5%, 6.8%, 10% and 3.3% were pregnant; and

3.0%, 4.8%, 7.7%, and 2.1% postpartum. As for the VTE presenta-

tion, 35%, 52%, 34% and 51% respectively presented with acute pul-

monary embolism (PE). PE patients with FVL or DH less likely

presented with tachycardia (17% and 14% vs. 34% and 33%, respec-

tively) or hypoxemia (17% and 14% vs. 34% and 33%, respectively)

than those with PT 20210A or no thrombophilia.

Conclusions: Double heterozygous for FVL and PT 20210A have the

first VTE earlier than non thrombophilic and single heterozygous

patients. Estrogen use is the most frequent associated risk factor, with

the same frequency for double or single heterozygous patients. Double

heterozygous patients and heterozygous for FVL have a lower fre-

quency of pulmonary emboli and less hypoxemia.

PB 4.72-2
Challenges in the diagnosis of type II antithrombin
deficiency with heparin-binding site defects
Heylen O, Orlando C and Jochmans K

UZ Brussel, Brussels, Belgium

Background: Antithrombin (AT) is a potent inactivator of thrombin

and the major inhibitor of blood coagulation. Hereditary AT defi-

ciency is a rare autosomal dominant disorder with a predisposition to

recurrent venous thrombosis. Two types are distinguished, quantita-

tive (type I) and qualitative (type II) deficiencies. The latter can be sub-

classified in mutations that affect binding to heparin (Heparin-Binding

Site, HBS), the reactive site (Reactive Site, RS) or both (Pleiotropic

Effect, PE). When screening for AT deficiency, measurement of AT

activity is the test of choice. Current methods quantify AT activity by

chromogenic tests measuring the inhibition of thrombin or FXa by

AT in the presence of heparin. Patients with HBS defects can show

varying activity levels depending on the assay conditions used and

may therefore not be detected. Although HBS deficiencies are associ-

ated with a milder thrombotic phenotype, if present in homozygous

state or associated with other more prevalent thrombophilic risk fac-

tors, such as factor V Leiden or G20210A prothrombin mutation,

thrombotic risk is markedly increased.

Aims: To study the suitability of several commercial AT activity assays

for the identification of HBS variants and to ameliorate detection of

these HBS deficiencies by adjusting assay conditions.

Methods: Our study included 29 patient samples with different HBS

variants, all confirmed by molecular analysis. We evaluated three anti-

Xa based activity tests (HemosIL� Liquid AT, IL; Coamatic� AT,

Chromogenix; Innovance� AT, Siemens) on the ACL Top� 500

instrument and one anti-IIa activity test (Biophen� Antithrombin,

Hyphen Biomed) on the ACL Elite� Pro analyzer. We also tried to

optimize assay conditions for the Coamatic� test by varying sample

dilution, incubation time and analyzer.

Results: The sensitivity of the anti-Xa assays for HBS deficiencies was

59%, 76% and 100% for HemosIL� Liquid AT, Coamatic� AT and

Innovance� AT, respectively. Two specific mutations are responsible

for this high variability between assays, namely the p.Pro41Leu and

p.Arg47His mutations. The anti-IIa assay showed a sensitivity of 47%

and was only able to detect some of the p.Leu99Pro and p.Arg47Cys

variants. The anti-IIa assay yielded higher activity levels when com-

pared to an anti-Xa assay (Coamatic� on ACL Elite� Pro) with an

absolute average increase of 25%. Adapting the sample dilution (1/80

instead of 1/100) in the Coamatic� test did not show any improvement

in sensitivity. Lower activity values were obtained with this assay by

setting a short fixed incubation time (110 s instead of 100–140 s) with

a resulting increase in sensitivity of 76% to 86%. The sensitivity fur-

ther increased to 96% when another analyzer (ACL Elite� Pro instead

of ACL Top� 500) was used. This is probably due to differences in

reagent constituents’ final concentration in the reaction cuvet.

Conclusion: Several commercial assays fail to detect AT deficiency

HBS variants, emphasizing the importance of the assay conditions.

Some deficiencies, especially the p.Pro41Leu and p.Arg47His muta-

tions, can be missed. Adaptation of assay conditions, namely the incu-

bation time, showed a significant improvement in sensitivity.

However, one should be cautious with these adjustments, as they

might evoke a decrease in specificity of the assay.

PB 4.72-3
Molecular markers of blood hipercoagulability and
values of overall coagulation potential in double
heterozygotes for the FV Leiden and FII G20210A
mutation
Miljic P1, Bodrozic J2, Djordjevic V3 and Antovic A4

1Clinic of Haematology, Belgrade; 2Clinical Center of Serbia,

Clinic of Haematology, Belgrade; 3Institute of Molecular

Genetics and Genetic Engineering, Belgrade, Serbia; 4Karolinska

Institutet, Department of Clinical Sciences, Dandryl Hospital,

Stockholm, Sweden

Background: Double heterozygosity for the FV Leiden and FII

G20210A mutation is relatively rare thrombophilic condition with

prevalence in Caucasian population of about 0.1%. This condition is

generally considered as strong thrombophilia, and some authors rec-

ommend indefinite anticoagulant treatment after first thrombosis in

carriers of this mutations. However, published data regarding risk of

thrombosis in double heterozygotes are scarce and reported relative

risk for first venous thrombosis ranges from 1.4 (Meinardi JR, 2001)

up to 20 (Emmerich J, 2001).

Aim: Aim of this study was to investigate concentration of molecular

markers of blood hypercoagulability, and values of overall coagulation

potential in individuals who are carriers of both FV Leiden and FII

G20210A mutation.

Methods: Among 1850 selected patients with thrombosis or pregnancy

loss tested in one center between 2003 and 2010 for both FV Leiden

and FII 20210A mutations, we identified 28 double heterozygotes, giv-

ing prevalence of 1.6%. Concentration of TAT, prothrombin fragment

F1 + 2 and D-dimer were measured in plasma of 16 double heterozyg-

otes by ELISA methods. Overall coagulation potential test, which

reflects global haemostatic balance, was measured according methods

described by He S et al. (Thromb Res 1999;96:145–56). Results of

these tests in 16 double heterozygotes were compared with results of

the same tests obtained in 133 heterozygous and 12 homozygous carri-

ers of FV Leiden, 38 heterozygous carriers of FIIG20210A, 53 primary

antiphospholipid syndrome (APS) patients and 77 healthy control per-

sons. In all symptomatic individuals blood for analysis was drawn at

least 3 months after cessation of anticoagulant therapy or termination

of last pregnancy.

Results: Mean concentrations of all three investigated markers of

blood hypercoagulability: F1 + 2, TAT complex and D-dimer were

higher in double heterozygous group than in other investigated

groups. Mean levels of investigated markers were as follows: in double

heterozygotes- F1 + 2 1.89 � 0.89; TAT 7.46 � 4.68; D-dimer

139 � 169; in FV Leiden heterozygotes- F1 + 2 1.30 � 0.56; TAT

5.14 � 2.15; D-dimer 95 � 126; in FV Leiden homozygotes- F1 + 2

1.23 � 0.54; TAT 4.83 � 1.24; D-dimer 77 � 40; in FII G20210A

heterozygotes- F1 + 2 1.5 � 0.73; TAT 5.65 � 2.81; D-dimer

90 � 114; in primary APS- F1 + 2 1.16 � 0.51; TAT 6.17 � 3.23; D-

dimer 81 � 116; and in control individuals- F1 + 2 0.94 � 0.2; TAT

4.57 � 1.68; D-dimer38 � 29). Mean overall coagulation potential in

investigated groups was as follows: in double heterozygotes-

19.4 � 6.4; in FV Leiden heterozygotes-17.9 � 3.8; in FV Leiden ho-

mozygotes-16.1 � 2.6 in FII G20210A heterozygotes-17.1 � 3.5; in

primary APS-17.8 � 4.7; and in control individuals – 14.5 � 2.7.

Conclusion: Results of our study indicate an increased level of basal

activation of coagulation system in symptomatic double heterozygotes

for the FV Leiden and FII G2012A mutation which is higher or com-

parable to patients with FV Leiden, FII G20210A mutation or

patients with primary antiphospholipid syndrome. High values of
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overall coagulation potential indicate a shift of haemostatic balance

toward blood hypercoagulability in double heterozygotes even in basal

state, suggesting presence of strong prothrombotic condition.

PB 4.72-4
Role of promoter polymorphisms of Glutathione
Peroxidase (GPX3) gene in the development of Deep
Vein Thrombosis in Asian Indian population
Saxena R1, Akhter MS1, Rashid H2, Ranjan R1 and Sharma A1

1All India Institute of Medical sciences; 2Indian Council of

medical Research, New Delhi, India

Background: Amongst the various known acquired and inherited fac-

tors that alter the haemostatic balance, oxidative stress (OS) plays a

pivotal role in the development of thrombosis. OS mediates the patho-

genesis of venous thrombosis by allowing the reactive oxygen species

(ROS) to enhance platelet hyperactivity and depleting nitric oxide

(NO). NO is a well known vasorelaxant that has antithrombotic effects

which upon depletion may lead to deep vein thrombosis (DVT). An

efficient ROS scavenging mechanism comprising of various enzymatic

and non enzymatic antioxidants is determining in the prevention of

oxidative assault. Plasma Glutathione peroxidase (GPx3) is a major

antioxidant enzyme in plasma, scavenging ROS arising during normal

metabolism or after oxidative insult. A deficiency of this enzyme

increases extracellular oxidant stress, promotes platelet activation, and

may promote oxidative posttranslational modification of fibrinogen

that leads to DVT.

Aims: To find out the role of promoter GPX3 polymorphisms in the

development of DVT in Asian Indian population.

Methods: Patients were recruited from outpatient clinics and wards of

the Department of Haematology at the All India Institute of Medical

Sciences, New Delhi, India. We studied 100 consecutive DVT patients

(M:F = 67:33, age range = 18–65 years) confirmed by Doppler ultra-

sonography, computerized tomography (CT) scan (for cerebral venous

thrombosis). Patients with pulmonary embolism, malignancy, preg-

nancy and diabetes were excluded from the study. Non-related sex and

age (+5 years) matched healthy individuals (n = 100) of north Indian

origin were also included in the study in order to determine risk posed

by the polymorphisms. Most cases (73) were of lower limb thrombosis,

and 15 cases were of upper limb thrombosis. Thrombosis at unusual

sites was present in 12 cases, these included cerebral (5), abdominal

(4), subclavian (1), renal (1) and retinal vein (1). All variants (�942 A/

C, �927 T/C, �861 A/T, �568 T/C, �518 T/C) were genotyped in the

whole study population (100 patients and 100 controls) by restriction

fragment length polymorphism (RFLP) and allele specific PCR. This

study was approved by the local ethics committee of the All India

Institute of Medical Sciences and was in accordance with the Declara-

tion of Helsinki.

Results: All the polymorphisms were in Hardy-Weinberg equilibrium.

Amongst the five SNPs only two �568T/C and �861 A/T SNP show

association with the DVT. �861A/T shows both genotypic

(P = 0.0151, chi-square = 5.23;O.R. = 2.45) as well as allelic associa-

tion (P = 0.002, chi-square = 11.32;O.R. = 3.12) while �568T/C

shows only allelic (P = 0.03 chi-square = 4.04;O.R. = 4.03) associa-

tion with DVT.

Conclusion: Susceptibility to DVT in North Indian Asian patients may

be associated with some variants (�568T/C and �861A/T) of

GPX3gene. Relatively small sample size and borderline P-values might

bias the results obtained and that the association might be confounded

by difference in the two groups or due to varied environmental expo-

sures, which are known to modify the influence of GPX3 variants on

disease risk. However this needs to be replicated and confirmed in a

larger multicentric population which will account for the genetic heter-

ogeneity of the Indian population.

PB 4.72-5
Thromboembolic disease in overweight and obese
patients
Paredes HJ and Gonzalez MF

M. Francisco Gonzalez M.D.P.A., SUMTER, USA

Background: Overweight and obesity are increasing in the general pop-

ulation; both represent additional risk for thrombotic disease.

Aims: Present information on frequency and associated risk factors for

first and recurrent arterial, venous or combined thromboembolic

events in overweight and obese patients referred to our center for hy-

percoagulability assessment.

Methods: Retrospective review of clinical and laboratory data from

249 consecutive patients with hypercoagulability diagnosis. Subjects

are classified as overweight, obese or extreme obese based on body

mass index by NIH guidelines and stratified by the type of thrombosis

and recurrences. Results are presented as frequencies and percentages.

Results: We found 231 subjects with thrombotic disease, 170 (73.6%)

were overweight (59), obese(82) or extreme obese (29) with one or

more clotting events, 40% females, age of first episode between 17 and

86 years old (mean 47.5+/� 15.1), recurrences in 91.7% of cases, 55

subjects with more than two episodes. Venous thromboembolism was

found in 61.2%, while only arterial in 41 patients. Thrombophilic

genetic markers were found in 54 subjects; in 64.7% six or more

thrombotic risk factors were simultaneously present.

Conclusions: Three of four patients with thromboembolic disease are

either overweight or obese with extremely high frequency of recur-

rence. Genetic markers of hypercoagulability are present in one third

and they add to the high presence of other risk factors.

PB 4.72-6
Association of JAK2 V617F mutation and
tromboembolic events among patients with essential
thrombocytemia and idiopathic myelofibrosis in a
Brazilian center: evidence of a retrospective study
Villaca PR, Zeinad-Valim AK, Okazaki E, Linardi CG,

Suganuma LM, Seguro F, Chamone DAF and D’Amico EA

Hospital das Cl�ınicas – University of Sao Paulo, Sao Paulo, Brazil

Background: Thromboembolic events are the leading cause of morbid-

ity and mortality in patients with bcr-abl negative myeloproliferative

diseases. Recent studies indicate a possible association of JAK2

V617F mutation with the risk of vascular phenomena in this group of

patients, especially in individuals with essential thrombocythemia

(ET), and less consistent in those with idiopathic myelofibrosis (MF).

In this retrospective study we evaluate patients with ET and MF fol-

lowed up at a large tertiary hospital of the State of Sao Paulo, the

prevalence of VTE in this population and its association with JAK

V617F mutation.

Results: 105 patients were followed up at our institution with ET,

being 71% females. Of this total, 53 (50.4%) had heterozygous JAK2

V617F mutation, and 28 (52.83%) of those patients had thrombosis

(18 arterial thrombosis – AT and 10 venous thrombosis-VT). In 52

subjects with TE without the mutation (50.9%), 13 (25%) had previ-

ous thrombosis (6 AT and 7 VT). The presence of JAK2 mutation was

a risk factor for thrombosis in patients with ET (P = 0.0049). In the

group of patients with MF (20 women and 19 men), 19 (48.71%) were

positive for the mutation. Only eight patients in this group had throm-

bosis (7 AT and 1 in VT). In subjects with MF without JAK2 muta-

tion, 4 (20%) developed thrombosis (3 AT and 1 VT). In patients with

MF the presence of JAK2 V617F mutation was not an important fac-

tor for the development of thrombosis (P = 0.1760).

Conclusion: The myeloproliferative diseases are characterized in most

cases by long survival, and its treatment, which includes prolonged use

of cytoreductive agents, may be associated with progression to acute

leukemia and teratogenicity. These variables lead us to carefully con-
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sider the assessment of the thrombotic risk, in order to individualize

the treatment in this population so heterogeneous. The presence of the

mutation in patients with TE appears to be associated with increased

incidence of thromboembolic events, similar to published data. How-

ever prospective studies are needed to validate these results and opti-

mize the therapeutic strategy.

PB4.73 – Thrombophilia – VI

PB 4.73-1
Identification of a new thrombophilic disorder that
affecting a correct N-glycosylation causes
antithrombin deficiency
De La Morena-Barrio ME1, Mart�ınez-Mart�ınez I1, De Cos C2,

Sevivas TS3, Mi~nano A1, Padilla J1, Lefeber D4, Jaeken J5,

Vicente V1 and Corral J1

1Centro Regional de Hemodonaci�on. Hospital Morales Meseguer.

UMU. IMIB, Murcia ; 2Servicio de Hematolog�ıa, Hospital Puerta

del Mar, C�adiz, Spain; 3Department of Haematology, Centro

Hospitalar de Coimbra, Coimbra, Portugal; 4Institute for Genetic

and Metabolic Disease, Radboud University Nijmegen,

Nijmegen, The Netherlands; 5Center for Metabolic Diseases,

Universitair Ziekenhuis Gasthuisberg, Leuven, Belgium

Since the description of antithrombin deficiency as the first thrombo-

philic factor in 1965, an intense search for new defects has been done,

with quite frustrating results. This search has identified rare mutations

and three common polymorphisms on few haemostatic elements. Gen-

ome wide association studies suggest that it is unlikely that new com-

mon polymorphisms could play a relevant role in thrombosis.

Therefore, rare mutations on genes that might influence key haemo-

static proteins are good candidates. To identify new thrombophilic

defects we focused our interest on antithrombin since even minor defi-

ciency of this key endogenous anticoagulant significantly increases the

risk of thrombosis. Thus, we recruited 29 patients with venous throm-

bosis and antithrombin deficiency, 4 severe (50%), and 25 moderate

(70–85%) that had no mutations in the gene encoding antithrombin

(SERPINC1). Analysis of plasma by western blot revealed an anti-

thrombin isoform with lower molecular weight in four patients (14%).

Glycomic analysis confirmed an impaired glycosylation (reduced sialic

acid and galactose content) in all cases. This defect was not specific of

antithrombin, as we detected abnormal glycoforms on other proteins

(a1-antitrypsin, transferrin and prothrombin). These data encouraged

to compare these samples with the commonest congenital disorder of

glycosylation (PMM2-CDG), a rare autosomic recessive disorder with

a large clinical spectrum including mental and psychomotor retarda-

tion, that causes defects in the assembly, transfer, and processing of N-

linked oligosaccharides. In all four cases, electrophoretic, HPLC and

Q-TOF patterns were fully compatible with a PMM2-CDG. Molecu-

lar analysis of PMM2, the gene affected in this disorder, revealed one

case with compound heterozygosis (p.Arg141His and p.Cys241Ser),

providing an accurate diagnosis of PMM2-CDG. This patient, with a

mild mental retardation, had severe antithrombin deficiency (50%)

and developed four thrombotic events, the last two on stable oral anti-

coagulant therapy. This report, together with previous thrombotic

events described in children with PMM2-CDG, sustains that this dis-

order should be considered as a rare thrombophilic disorder. Interest-

ingly, the remaining three cases only had heterozygous mutations in

PMM2 (p.Arg141His, IVS4 + 21 G>C and IVS2 �13 G>A). These

three cases are adult males who developed early thrombosis, but with-

out additional clinical features of PMM2-CDG. Moreover, they all

shared moderate hepatic dysfunction due to alcohol abuse. These

results strongly suggest a new disorder we called CDG-like, result of

the combination of a congenital defect in heterozygosis affecting the

N-glycosylation pathway (PMM2) with an acquired factor also dis-

turbing this pathway (alcohol also interferes with the correct glycosyl-

ation) that lead to a CDG phenotype with a high risk of thrombosis

but without neurological consequences. Finally, the CDG-like disor-

der might be underestimated, as the 5 years follow-up of the

p.Arg141His CDG-like patient revealed a normal transferrin pattern

and no antithrombin deficiency in some samples.

Conclusions: The analysis of antithrombin in thrombophilic patients

with antithrombin deficiency has allowed the identification of a new

thrombophilic disorder that, affecting the N-glycosylation pathway

indirectly disturbs this key anticoagulant serpin. Accordingly, our

study suggests that a diagnosis of PMM2-CDG or CDG-like might be

suspected in patients with antithrombin deficiency and no mutations

in the SERPINC1 gene.

PB 4.73-2
Long-term follow-up in four homozygous protein C
deficiencies with late clinical onset
Conard J

Hotel-Dieu-Cochin University Hospital, PARIS, France

Background: Homozygous protein C (PC) deficiency is a very rare and

severe hereditary thrombophilia. It is associated with purpura fulmin-

ans, massive thrombosis and disseminated intra-vascular coagulation

(DIC) in the newborn. However, in a few number of cases, late diagno-

sis of the deficiency has been made when skin necrosis was observed at

the start of oral vitamin K antagonists (VKA) treatment. Long-term

anticoagulation is generally recommended in these patients.

Aim: Aim of the study was to assess the antithrombotic prophylaxis

and long-term follow-up in severe PC deficiencies with late clinical

onset.

Results: Results in one man and three women with genetically con-

firmed homozygous type I PC deficiencies with late clinical onset are

reported. Patients are 35–79 years old. The first episode of venous

thromboembolism (VTE) was a proximal deep vein thrombosis (DVT)

observed between 17 and 45 years and all patients experienced skin

necrosis when VKA (fluindione, acenocoumarol, warfarin) were intro-

duced. One woman had three pregnancies without thromboprophylax-

is and without VTE. Deficiency was detected at time of VTE in three

cases, and in the 4th one, it was detected because of family history of

VTE but homozygous status was detected later when she developed

skin necrosis. PC levels without oral anticoagulant treatment are rang-

ing from 10 to 23%. Homozygous amino acid replacements have been

found in positions 168 (Pro-Leu), 267 (Ala-Thr), 301 (Gly-Ser) and

178 (Arg-Gln).

Patients have had recurrent episodes and have been followed for 25,

25, 22 and 3 years. Only one patient is on long-term phenprocoumon

(long-acting VKA) for 25 years and had no recurrent VTE episode,

although ulcers eventually occurred. In another patient, re-introduc-

tion of VKA failed on two occasions because of recurrent skin necrosis

and she is still on prophylactic dose of LMWH after 23 years. In one

patient, VKA were not re-started because of severity of skin necrosis

and she is on LMWH for 3 years. The last patient has had over the

past 22 years intermittent LMWH treatment at prophylactic doses for

episodes of superficial vein thrombosis, after a knee surgery and for

long haul flights.

Conclusion: None of these four homozygous patients had purpura ful-

minans or massive thrombosis as a first episode at birth. All of them

had skin necrosis at start of VKA administered for VTE when they

were adults. They are genetically confirmed homozygous but PC levels

are measurable and patients had a late clinical onset: this latter finding

was not known before the first patient we described in 1984. Skin

necrosis at the start of VKA treatment is very rare and should be an

alert to measure PC plasma level, and PS level as well. These four

patients have had different long-term preventive approach. New tar-

get-specific oral anticoagulants might be an alternative to VKA treat-

ment.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 290–1019

ABSTRACTS 1015



PB 4.73-3
Inherited thrombophilia as a risk factor for gestational
vascular complications
Baptista A1, Martinho P1, Fidalgo T1, Sevivas T1, Oliveira AC1,

Mac�~aes A2, Salvado R1, Barata C2, Martins N1 and Ribeiro ML1

1CHC – Centro Hospitalar e Universit�ario de Coimbra; 2MBB –
Centro Hospitalar e Universit�ario de Coimbra, Coimbra, Portugal

Background: The gestational vascular complications (GVC) are associ-

ated to a variety of factors, including the pregnancy physiologic hyper-

coagulability, acquired prothrombotic risk factors (ARF) and, to an

extent that is still under investigation, the presence of thrombophilia.

The use of anticoagulant prophylactic therapy (AcPT) is still contro-

versial and the case-by-case approach is yet the preferred attitude.

Aims: In a group of women with GVC of unknown aetiology we aimed

to evaluate the role of inherited thrombophilia, to identify ARF and

to observe the impact of the AcPT in the success of the following preg-

nancies.

Methods: We studied the polymorphisms Factor V Leiden, PRT

G20210A, PAI-1 4G/5G, ACE I/D, F13A1 Val34Leu and the haplo-

type M2 within the ANXA5 gene in two groups: the control group of

69 healthy women with none GVC and the patients group of 106

women with a history of at least one GVC. Women with anticoagulant

factors congenital deficiency, hyperhomocysteinemia, antiphospholi-

pid syndrome, autoimmune diseases, anatomical defects of the repro-

ductive system, foetal chromossomopathies or foetal losses associated

to infections were excluded from the study. Eighteen patients had

recurrent miscarriage, 11 foetal death in utero, 37 preeclampsia or

HELLP syndrome (PE/HELLP), 9 intra-uterine growth restriction

(IUGR) and 31 had more than one GVC (>1GVC).

Results: We found a statistically significant association between the

genotype PAI-1 4G/4G and the occurrence of GVC (P = 0.019;

OR = 2.613; IC95% [1.149, 5.492]). When analysing the different sub-

groups we found the same polymorphism associated to the occurrence

of PE/HELLP (P = 0.011; OR = 3.478; IC95% [1.294, 9.351]) or

>1GVC (P = 0.023; OR = 3.175; IC95% [1.135, 8.879]). Regarding

the ARF in the patients group, we found that 2 (1.9%) had diabetes, 29

(27.4%) had arterial hypertension and 40 (37.7%) obesity. 58.5% of the

patients had at least one ARF, 8 (7.5%) had only ARF and in 8 (7.5%)

we did not find neither ARF nor any of the studied polymorphisms. In

the group of 30 women presenting at least one of the polymorphisms

that had subsequent gestations, 13 were submitted to AcPT. Among the

17 without AcPT, 7 (41.2%) presented GVC (4 PE, 2 PE + IUGR and

1 early miscarriage); only 2 woman (15.4%) with AcPT had IUGR.

Conclusion: In our study only the genotype PAI-1 4G/4G had a statis-

tically significant correlation with GVC, in particular with PE/

HELLP. The fact that no prothrombotic risk factors were found in

7.5% of the patients indicates that there are still unidentifiable causes

to these pregnancy complications. Although the anticoagulant prophy-

lactic therapy seems to be associated with fewer and less severe GVC,

the group is too small to allow any conclusions. Further studies are

ongoing.

PB 4.73-4
Effect of genetic variants in the TAFI gene on TAFI
levels, the efficiency and safety of anticoagulant
therapy in patients with venous thromboembolism in
Russian population
Vorobyeva N1, Doroshchuk N1, Khasanova Z1, Dobrovolsky A1,

Titaeva E1, Postnov A1, Kirienko A2 and Panchenko E1

1Russian Cardiology Research and Production Complex; 2Russian

State Medical University, Moscow, Russian Federation

Background: Several studies have reported that thrombin activatable

fibrinolysis inhibitor (TAFI) levels may be partly determined

genetically. Results from these studies are conflicting. The influence of

TAFI genetic variants on the efficiency and safety of anticoagulant

therapy is not yet clear.

Aims: To determine the frequency of the TAFI gene polymorphisms

and theirs effect on TAFI levels, the efficiency and safety of anticoagu-

lant therapy in pts with venous thromboembolism in Russian popula-

tion.

Methods: One hundred and eleven pts (76 men) in the age 18–76 (mean

54 � 14) years with deep vein thrombosis (DVT) and/or pulmonary

embolism (PE) were included in the study. Pts received unfractionated

or low molecular weight heparin for at least 5 days followed by long-

term warfarin therapy (international normalized ratio 2.0–3.0). TAFI

levels were measured at baseline by a chromogenic assay with reagent

kits «STA STACHROM TAFI» (Diagnostica Stago). Three TAFI

genetic polymorphisms (–438G/A, 505G/A and 1040C/T) were investi-

gated. The follow-up period was 18 months. Endpoints were DVT/PE

recurrences and hemorrhagic complications. Results of TAFI levels

are presented as a median (interquartile range).

Results: In all pts, median of TAFI levels was 106 (90; 133)%. The fre-

quency of –438GG, –438GA, –438AA genotypes was 67.6%, 29.7%

and 2.7%; 505GG, 505GA, 505AA genotypes – 47.8%, 49.5% and

2.7%; 1040CC, 1040CT, 1040TT genotypes – 50.5%, 41.4% and 8.1%

respectively. Univariate regression analysis showed that all three poly-

morphisms were associated with TAFI levels. For the –438G/A and

1040C/T variants, the carriers of rare alleles (–438A and 1040T) were

associated with lower TAFI levels than common alleles (–438G and

1040C) – 98 (82; 118) vs. 106 (89; 137)%, P = 0.004 and 99 (87; 119)

vs. 106 (89; 135)%, P = 0.002 respectively. While for the 505G/A, the

carriers of the rare allele (505A) was associated with higher TAFI lev-

els – 113 (94; 143) vs. 106 (89; 132)%, P = 0.067. During 18 months of

anticoagulant therapy, the frequency of DVT recurrences was 17%,

and the frequency of hemorrhagic complications was 30% (major

bleedings – 2%, minor bleedings – 28%). There were no PE recur-

rences. We found no associations among all TAFI genetic variants

and the risk of DVT recurrences and hemorrhagic complications dur-

ing 18 months of anticoagulant therapy.

Conclusion: In pts with venous thromboembolism in Russian popula-

tion, the –438G/A, 505G/A and 1040C/T polymorphisms of the TAFI

gene associate with TAFI levels but do not influence on the risk of

DVT recurrences and hemorrhagic complications during 18 months of

anticoagulant therapy.

PB 4.73-5
The prevalence of thrombophilia in patients with
isolated superficial vein thrombosis
Hirmerova J, Seidlerova J, Subrt I and Slechtova J

University Hospital, Charles University in Pilsen, Pilsen, Czech

Republic

Background: Superficial vein thrombosis (SVT) shares some common

risk factors with deep vein thrombosis (DVT). However, SVT has been

considered banal and therefore has drawn little scientific interest until

recently. Little is known about the prevalence of thrombophilia in

SVT patients.

Aims: The aim of our study was to evaluate the prevalence of thromb-

ophilic disorders in a group of patients with isolated SVT of the legs.

Methods: We examined 74 outpatients (age 58.4 � 14.8 years, 70.3%

women) referred to vascular clinic with SVT on the legs. We obtained

family and personal history and performed clinical and ultrasono-

graphical examination, as well as laboratory thrombophilia workup.

For statistical evaluation we used Student t-test and v2 test.
Results: In most cases (90.5%) SVT occurred on varicose veins, on

both legs almost equally (47.3% right side; 50% left side; 2.7% bilater-

ally). Duration of symptoms was in quite a wide range

(9.6 � 9.1 days). In 71.6% of patients SVT had not been preceded by

any trigger, the rest of cases had been provoked by immobilization,

injury, erysipelas, tumour, oestrogen therapy or pregnancy. In eight
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cases (10.8%) SVT approached saphenofemoral junction at the dis-

tance ≤3 centimetres. Positive family history of SVT was reported by

33.8%; that of DVT by 35.1% patients while positive personal history

of SVT had 47.3% and that of DVT 28.4%. Factor V Leiden (FVL)

was found in 13 persons (17.6%); in three cases even in a homozygous

trait. Other thrombophilias were less frequent –mutation in prothrom-

bin gene G20210A was revealed in 6.8%; antithrombin deficiency in

7.1%; protein S deficiency in 4.1%, protein C deficiency in 1.4% and

antiphospholipid antibodies in 2.7%. The prevalence of thrombophilic

disorders was higher in men and younger individuals with SVT but the

only factor significantly associated with thrombophilia was positive

family history of DVT.

Summary/Conclusions: In the group of 74 outpatients with SVT we

found relatively high prevalence of thrombophilic disorders (39.2%),

the most prevalent one was FVL. The presence of thrombophilia in

these patients was significantly associated with positive family history

of DVT. Our results suggest that patients with SVT and positive fam-

ily history of DVT be potentially considered for thrombophilia screen-

ing. These findings deserve further evaluation in a larger study and

may become a small contribution to our changing approach to SVT

management.

PB 4.73-6
Evaluation of the INNOVANCE Free PS Ag assay: an
easy and reliable assay for the automated
determination of free protein S
Pilgrim S, Esch V, Kolbe-Scheu K, Schleifer M and Lichte A

Siemens Healthcare Diagnostics Products GmbH, Marburg,

Germany

A new latex particle-enhanced immunoassay for the quantitative deter-

mination of free protein S, INNOVANCE� Free PS Ag, has been

developed. Validated assay applications are available on Siemens

BCS� and BCS XP systems as well as on Sysmex� CA-1500, CA-7000

and CS-2000i/2100i systems. INNOVANCE Free PS Ag reagent com-

ponents are liquid and ready to use. They can be stored on board the

systems up to 48 h (BCS/BCS XP, Sysmex CA-1500/CA-7000 systems)

or 72 h (Sysmex CS-2000i/2100i systems), and may be used up to

8 weeks after first opening of the reagent vials.

INNOVANCE Free PS Ag assay applications are linear over the mea-

suring range of 10–150% of the norm free protein S with a limit of

quantification of 5% of the norm. No high-dose hook is seen up to a

theoretical concentration of 550% of the norm free protein S.

The INNOVANCE Free PS Ag assay measures free protein S mole-

cules without showing cross reactivity to protein S/C4BP complexes.

No interference by rheumatoid factors up to 3640 IU/mL or by heter-

ophilic antibodies up to 3641 ng/mL was detected.

No interference by endogenous and exogenous interference substances

was observed up to concentrations of: 1000 mg/dL hemoglobin,

60 mg/dL bilirubin, 2570–3066 mg/dL (depending on the system used)

triglycerides, 625 mg/dL cholesterol, 7.5 IU/mL unfractionated hepa-

rins, 10 IU/mL low molecular weight heparins, 11 g/L fibrinogen, and

24.8 9 10E-7 per mL platelets.

Different INNOVANCE Free PS Ag lots show highly comparable

results over the whole measuring range.

Thus, the INNOVANCE Free PS Ag assay offers an easy and reliable

automated method for the determination of free protein S in human

plasma.

Disclosure of Interest: Authors are coworkers of Siemens Healthcare

Diagnostics Products GmbH, Marburg, Germany.

INNOVANCE Free PS Ag assay is not availbale for sale in the U.S.

PB4.74 – Fibrinolysis and FXIII

PB 4.74-1
Fibrinolysis wave as a possible cause of rethrombosis
Zhalyalov AS1, Panteleev MA2, Ataullakhanov F3

and Shibeko AM3

1Center for Theoretical Problems of Physicochemical

Pharmacology, Moscow; 2National Research Center for

Hematology, Moscow; 3HemaCore LLC, Moscow, Russian

Federation

Background: Plasminogen activators are used for the treatment of

thrombotic events in patients with thromboembolism and stroke.

However, there are possible complications of this therapy like second-

ary thromboembolism or rethrombosis, the cause of which is not clear.

Aims: In this work we evaluated the underlying mechanisms of fibrino-

lysis and coagulation system interaction, which might be responsible

for the secondary thromboembolism, using a newly developed model

of spatial fibrin clot growth and lysis.

Methods: A thin layer of unstirred human blood plasma contacting

with the surface with immobilized tissue factor was monitored to regis-

ter the fibrin clot growth and its lysis. Plasma was supplemented with

streptokinase, urokinase or tissue plasminogen activator at different

concentrations close to the concentrations used in thrombolytic ther-

apy to test their ability to cause clot lysis. Time when the clot started

to grow and when it started to dissolve, and rates of these processes

where used to evaluate the influence of plasminogen activators on the

systems of plasma coagulation and fibrin clot lysis.

Results: Fibrinolysis started in area of activation of coagulation and

propagated towards the direction of clot growth. The spatial rate of

clot lysis (66 � 9 lm/min) did not depend on the concentration or the

type of thrombolytic agent (measurements were performed in the con-

centration range of TPA 0.75–20[lg/mL], urokinase 180[UI/mL],

streptokinase 200[UI/mL]). In contrast to the lysis rate, the time when

fibrinolysis started increased with the decrease of TPA concentration

(1.7 � 0.3 min for 20 lg/mL TPA; 29 � 14 min for 0.75 lg/mL

TPA).

Conclusion: The subject of this study corresponds to situation if any

clotting occurs during the plasminogen activator therapy. A possible

mechanism of secondary thrombosis may be related with the wave of

lysis, which started from the place of clot growth, detaching the clot

from the vessel wall and thus forming an embolus for rethrombosis.

Plasminogen activator concentration defines only the time when the

lysis will start, but not the overall efficacy of the drug, i.e. when the

lysis started, the time of clot dissolution will be the same for all activa-

tor concentrations.

PB 4.74-2
Polymorphism thr325ile in thrombin-activable
fibrinolysis inhibitor gene in dyslipidemic subjects
from Brazil
Santos IR, Carvalho MG, Sousa MO, Ferreira CN and Gomes KB

Federal University of Minas Gerais, Belo Horizonte, Brazil

Background: Thrombin-activable fibrinolysis inhibitor (TAFI) is a

plasma zymogen synthesized in the liver, which plays an important

role in hemostasis, acting as a potent inhibitor of fibrinolysis in its

activated form. Studies have shown that increased plasma concentra-

tions of TAFI could be a risk factor for thromboembolic and coro-

nary artery disease (CAD). These diseases are a major cause of

morbidity and mortality worldwide, constituting a public health

problem. The role of hyperlipidemia is well known in the evolution of

CAD, since its presence increases the formation of atherosclerotic

plaque and subsequent thrombus formation. Many individuals with

alterations in lipid profile are undiagnosed or undertreated, persisting
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with an altered lipid profile and thereby increasing the risk of coro-

nary events.

Aims: In this study the frequency of the Thr325Ile polymorphism

(+1040C/T) in the TAFI gene in dyslipidemic and normolipemic indi-

viduals was evaluated and correlated with TAFI plasma levels.

Methods: 107 dyslipidemic patients from 30 to 60 years were evalu-

ated and compared with a control group of 101 normolipemic sub-

jects of similar age. All subjects gave informed consent and the study

was approved by ethics committee from the Federal University of

Minas Gerais, Brazil. The molecular analyses were performed by

PCR-RFLP. Citrated plasma TAFI levels were determined using an

ELISA test. Statistical analyses were performed using SPSS 13.0 soft-

ware, by the chi-square test, Mann-Whitney and Spearman rank cor-

relation.

Results: The T allele frequency in the case group was 0.327 compared

with 0.248 in the control group, but the difference was not significant

(P = 0.213). Also for the genotype frequencies there was no significant

difference between the two groups (P = 0.210). However, a significant

difference was found between medians of TAFI plasma levels between

the dyslipidemic group (8.5 mg/mL) and the normolipemic group

(7.21 mg/mL), with P value <0.01. There was a negative correlation

between TAFI antigen levels and the presence of the TT genotype

(r = �0.209, P = 0.002). A negative correlation was also observed

between the levels of TAFI and the presence of the allele T

(r = �0.159, P = 0.021).

Conclusions: These results suggest that dyslipidemia may be associated

with higher levels of TAFI while the +1040T allele seems to be associ-

ated with lower levels of TAFI.

PB 4.74-3
Residual perfusion defects in patients with pulmonary
embolism and fibrinolytic system
Cellai AP1, Lami D2, Cenci C2, Marcucci R2, Fiorillo C2, Becatti M2,

Mannini L1, Poli D1, Abbate R2 and Prisco D2

1AOU-Careggi; 2University of Florence, Florence, Italy

Background: The relative balance between clot formation and lysis is

considered to reflect the thrombotic potential but few methods are

available to study this issue. Little is known about the pathophysiol-

ogy of persistent vascular obstruction abnormalities after pulmonary

embolism (PE). In previous studies we have observed a slight increase

in CLT of pateints with previous PE vs. controls.

Aims: To assess the behaviour of fibrinolytic system components in

patients with complete or incomplete restoration of pulmonary perfu-

sion after an episode of acute PE.

Patients and Methods: We studied 80 patients after stopping oral

anticoagulant therapy for an acute episode of PE. Ventilation/perfu-

sion lung scan and echocardiography were performed to detected a

percentage of residual vascular obstruction (RVO). Persistent perfu-

sion defects were defined as a los of pulmonary vascular obstruc-

tion ≥10%, according a previously validated method of analysis of

scintigrafic data. The Analyses of Clot Formation, Morphology,

and Lyses were performed using the Clotting and Lysis assay

according to Carter (2007) and clot lysis time CLT according to

Lisman (2005) TAFI (ag), PAI (ag) and t-PA (ag) plasma levels

were measured with commercially available ELISA whereas a2-An-

tiplasmin (a2-AP), plasminogen and factor XIII were measured

using Berichrom reagents with the BCS system. Fibrinogen was

evaluated with Clauss assay and plasmin mediated lysis of fibrin b-
chain according to Morris (2006). ECLT was measured according

to Buckell (1958).

Results: Ventilation/perfusion lung scan was available for 71 patients.

Patients with RVO ≥10% were 18/71(25.4%) and without RVO were

53/71(74.6%). Median plasma levels of t-PAag, TAFIag, a2-AP,

fibrinogen, lysis of fibrin b-chain and fXIII were similar between

patients with and wthout RVO. CLT was not different between the

two groups. Finally, by analysisng plasma turbidimetric parameters

through EuroCLOT assay, statistically significant differences

(P < 0.05) were observed between patients with RVO and without. A

similar behaviour was observed in PAIag plasma levels (0.005) and

ECLT(P = 0.049).

Conclusion: An alteration of endogenous fibrinolysis, regarding to

behaviour of Lysis assay and PAI-1 plasma levels, seems to be a spe-

cial feature of PE patients with incomplete restoration of pulmonary

perfusion.

PB 4.74-4
Molecular basis of 21 severe FXIIIA deficiency cases:
11 novel mutations detected
Shanbhag SD, Ghosh K and Shetty S

National Institute of Immunohaematology NIIH ICMR, Mumbai,

India

Background: Congenital FXIII deficiency can be due to defects in

either F13A gene (known as type 2 defect) or F13B gene (type 1

defect). Bleeding disorders as a result of mutations in the F13B gene

occurs rarely (<5% of reported factor XIII deficiency cases). The inci-

dence of severe FXIII deficiency is one in 3–5 million people and is

inherited in an autosomal recessive pattern. This rare bleeding disorder

affects people of all races and there is often a history of consanguinity

within most of the families of FXIII deficient patients. FXIII defi-

ciency is a serious lifelong bleeding diathesis, common symptoms rang-

ing from neonatal umbilical stump bleed to impaired wound healing,

prolonged bleeding from injury site, intracranial haemorrhage, menor-

rhagia and recurrent miscarriages in women.

Aims: To study the molecular basis of FXIII deficiency cases and to

provide genetic diagnosis in affected families.

Methods: We have analysed 21 severe FXIII deficient patients, diag-

nosed on the basis of their clinical history, normal screening coagula-

tion and clot solubility assay. Genomic DNA was extracted by the

phenol chloroform method, and mutations were detected by direct

DNA sequencing of the F13A gene. 15 of 21 patients had history of

primary consanguinity.

Results: 17 mutations were detected in 21 FXIII deficient patients, of

which 8 were missense (6 novel, 2 recurrent), 6 nonsense (3 novel, 3

recurrent), and 2 patients showed a novel single base pair deletion; two

patients showed a known splice site mutation in exon 14. A large dele-

tion in exon 3 is suspected in 2 unrelated patients because of repetitive

failure of PCR amplification of this exon. Six polymorphisms were

detected in these patients, of which one is novel.

Conclusion: We have identified F13A gene mutations in 21 FXIII defi-

cient patients, and observed a high heterogeneity in the mutation pro-

file. The data obtained would assist in establishing a National

Mutation Database, and enable an accurate carrier and antenatal

diagnosis in affected families.

PB 4.74-5
Mutation analysis in patients with decreased
fibrinogen level
Baran B1, Odnoczko E1, Stefanska-Windyga E1, Mital A2,

Ivaskevicius V3, Oldenburg J3 and Windyga J1

1Institute of Hematology and Transfusion Medicine, Warsaw;
2Medical University of Gdansk, Gdansk, Poland; 3Institute of

Experimental Haematology and Transfusion Medicine, University

Clinic, Bonn, Germany

Background: Fibrinogen is a 340-kDa glycoprotein synthesized in he-

patocytes that circulates in plasma at a concentration of 1.5–4.5 g/L.

The three genes encoding fibrinogen Bb (FGB), Aa (FGA), and c
(FGG) are clustered in region of approximately 50 kb on human chro-

mosome 4.
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Aims: The objective of this study is the molecular characterization as

well as genotype-phenotype analysis of patients with decreased fibrino-

gen level.

Methods: We examined 17 patients (9 [53%] females, 8 [43%], males).

Each patient was asked about the type of clinical manifestations

(bleeding, thrombosis). The FGA, FGB, FGG genes were analysed by

automated direct sequencing of all coding regions and exon/intron

splicing sites on ABI 3130 sequencer. In all patients, the functional

concentration of fibrinogen (Clauss method; Multifibren*U, Siemens)

and thrombin clotting time (BC-Thrombin Reagent, Siemens), were

determined. Additionally, in group of eight patients rotational throm-

boelastometry (ROTEM�-delta; FIBTEM, Pentapharm), was per-

formed. Von Willebrand factor (VWF) and factors VIIII, IX, XI

activities, were analyzed in study subjects with bleeding symptoms. In

patients with thrombosis we looked for common thrombophilic

defects: F5 p.R506Q and F2 c.G20210A genotypes, antithrombin and

protein C activities, free protein S antigen level.

Results: In our patient population 5/17 (29%) were asymptomatic, 4

(24%) – stated a tendency for bleeding, 6 (35%) – had thrombotic

complications and 2 (12%) females – reported miscarriages. Direct

sequencing approach revealed six novel mutations (not registered in

GEHT www.geht.org as well as HGMD www.hgmd.cf.ac data base)

in six patients (FGG: c.78 + 5G>A, p.D178H, p.R223I, p.G240R,

p.D314Y, p.W395S), and three previously reported mutations (FGA:

p.R35H, FGB: p.G444S, FGG: p.A108G) in eight patients. All patients

with identified mutation were heterozygous. In three cases, no changes

in analysed sequence had been found. Fibrinogen concentration was

0.4–1.4 g/L (normal range: 2–5 g/L). Thrombin time was prolonged in

all patients (22–45.5 s; normal: <21s). Activities of VWF and factors

VIII, IX, XI in four patients with bleeding tendency, were in normal

ranges. In six study subjects with thrombosis, no thrombophilic defect

has been revealed. Thromboelastometry (ROTEM�) showed reduced

maximum clot firmness in five patients (MCF-FIBTEM 4–8 mm;

norm 9–25 mm). In this group 2/5 patients were asymptomatic (causa-

tive mutation c.78 + 5G>A; no mutation in second one), 2/5 had mis-

carriages (p.A108G, p.R223I), 1/5 has thrombotic event (p.W395S). In

three patients with the same mutation p.R35H, MCF-FIBTEM was

normal: 11–16 mm; one was asymptomatic and two experienced

thrombosis.

Summary: Studies on fibrinogen gene mutations might enable better

understanding of pathophysiology and clinical course of inherited

hypo-/dysfibrinogenemia as well as assist in optimal tailoring of hae-

mostatic/antithrombotic treatment.

PB 4.74-6
Role of genotyping in FXIII deficiency
Weerens R, Van Heerde WL, Schoormans S, Diekstra A

and Brons P

Nijmegen Univeristy Medical Centre, Eindhoven, The

Netherlands

Background: FXIII deficiency is a rare autosomal recessive disease,

caused by genetic defects in the A subunit located on chromosome 6

(p24–25) or the B subunit located on chromosome 1(q32-32.1).

More than 95% of the patients with FXIII deficiency are affected

by a mutation in the A subunit. Currently more than 70 A subunit

mutations have been identified. Mutations in the B subunit are very

rare, only seven are known. Two different tests are available to

detect FXIII deficiency. The clot solubility test is a qualitative test

only able to detect severe deficiency (<1%). The quantitative test

analyses FXIII activity levels by indirectly measuring the amount of

measuring ammonia released by FXIII(a) in the first step of trans-

glutaminase reaction. Patients with severe FXIII deficiency have

plasma levels between 1 and 5%. Recently we were confronted with

a young immigrant patient suspected with a tumor in his upper leg

but showed to have a large hematoma. Screening assays showed

slightly elevated PT and APTT levels, increased D-dimer (2400 ng/

mL) levels and a low Hemoglobin concentration. Further analysis

showed that the patient was suffering from FXIII deficiency. The

qualitative assay was negative corresponding to <1% FXIII. The

quantitative assay however showed levels of 4–7% FXIII, suggesting

a less severe phenotype.

Aim: To clarify the discrepancy between the quantitative and qualita-

tive assay results.

Methods and Results: We sequenced the genes of both subunits of fac-

tor XIII. Our patient had no mutations in the B-domain but carried a

homozygous missense mutation in exon 3: c233G>A (p.Arg78His) of

the A-domain. This mutation is located in the beta-sandwich, which is

highly conserved. International registries have reported that other

mutations in the same region have shown to be pathogenic. The

patient is currently treated with FXIII-A2B2 concentrate (Fibrogam-

min P) every 6 weeks.

Conclusion: Our case illustrates that in patients with a discrepancy

between qualitative test result (i.e. <1%) and quantitative analysis of

FXIII activity, genotyping is recommended. As the clot solubility test

can only detect severe deficiency, test results can be normal in patients

with mild to moderate FXIII deficiency. Additionally, the quantitative

assay has a cut off point around 5% making it less sensitive to detect

severe FXIII deficiency. In patients with unknown FXIII deficiency

genotype, diagnosis can be missed if only a one analysis is performed.

We recommend to sequence FXIII gene subunits when a discrepancy

between qualitative and quantitative tests is found or if one only FXIII

activity assay is performed.
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PO 001
Correlation of hemostatic parametres with age in
patients with myocardial infarction
Antonijevic MN1, Zivkovic I1, Jovanovic L1, Vukosavljevic D1,

Radovanovic N1, Perunicic J1, Radanovic A2, Matic D1,

Djordjevic V3 and Obradovic S4

1Clinical Centre of Serbia, Belgrade, Serbia; 2Medical Centre,

Trebinje, Bosnia-Herzegovina; 3Institute of Molecular Genetics

and Genetic Engineering; 4Military Medical Academy, Belgrade,

Serbia

Background: Age is a well-known risk factor for thrombosis though

the mechanisam of more frequent thrombosis occurence in older

patients has received little attention in clinical research so far.

Aim: Identifying specific hemostatic parametre changes related to the

age of myocardial infarction patients.

Methods: The study involved a group of 173 patient with myocardial

infarction older than 45. We investigated blood count parametres and

hemostatic markers (antithrombin, protein C, FVII, FVIII, vWF, FX,

FXII). The statistical analysis was done using primarily Spearman’s

correlation test.

Results: The average patient age was 61.28 � 10.38 years. There was

detected a negative age correlation with haemoglobin levels

(P = 0.002), white blood counts (P < 0.001) and antithrombin

(P < 0.001). A positive age correlation with vWF (P = 0.023) was

determined. The levels of FVIII showed only a tendency towards

higher levels (P = 0.056). Protein C, FVII, FX, FXII levels did not

demonstrate any correlation with age.

Conclusion: Detecting phatogenic parametres responsible for acute

myocardial infarction occurence may contribute to the establishment

of adequate preventive measures and therapy optimalisation. It is nec-

essary to conduct more comprehensive research to gain more reliable

results in this field.

PO 002
Diagnosis of acquired hemophilia due to pregnancy
Apostolovska R, Dejanova -Ilijevska V, Nikolova I, Neceva V

and Bojadzieva-Makarovska T

Institute of transfusion medicine, Skopje, Macedonia

Background: The acquired hemophilia (AH) is potentially life-threat-

ening bleeding disorder caused by the spontaneous development of au-

toantibodies against plasma coagulation factors, most frequently to

FVIII (as in our case). Diagnosis can be difficult because is a very rare

condition (approximately one person per million each year), the

patient does not have the usual personal or family history but have dis-

tinctly different clinical symptoms who are differ from those of heredi-

tary hemophilia.

Aims: Importance of performance of laboratory tests for a rapid and

adequate diagnosis of AH.

Methods: Presented is a case of AH in a 24-year-old woman (PF) diag-

nosed after delivery. Analyzed were: screening haemostasis, correction

of aPTT with normal plasma, biological activity of FVIII and LAC

and evaluation of inhibitors of FVIII by Bethesda coagulation

method.

Results: A few days after the delivery, 24-year-old woman was admit-

ted at the Outpatient Department in the Institute of Transfusion Medi-

cine -Skopje. She had prolonged postpartum bleeding and bruises.

Screening haemostasis showed: aPTT = 110″ (normal rang: 27″–37″)
and PT = 12″ (normal rang: 10″–15″); the aPTT does not correct with

normal plasma (88″). We suspected AH or LAC. LAC was negative.

The diagnosis was confirmed by the finding of a decreased level of

FVIII = 0, 19% (normal 50–120%), and presence of inhibitors to

FVIII = 166 BU (normal < 0, 60 BU). Woman was hospitalized at

the Clinic of Hematology. After 8 days treatment aPTT was 74″ (71″),
and FVIII = 0, 21%; 25th day of treatment aPTT = 55″ (41″),
FVIII = 2, 09% and inhibitors to FVIII = 9 BU. After 1 month treat-

ment the laboratory findings were normal: aPTT = 33″, FVIII = 55%

and inhibitors to FVIII = 0, 45 BU without relapse.

Summary/Conclusions: Rapidly and accurately – a timely diagnosis

will enable clinicians to apply treatment strategies – control of bleeding
and eradication of the inhibitor. Collaboration with an experienced

Hemophilia centre is recommended.

PO 003
Haemostatic changes in cirrhotic patients
Baccouche H, Labidi A, Mahjoub S, Raissi A, Ben Mohamed W,

Filali A and Ben Romdhane N

Rabta Hospital, Tunis, Tunisia

Introduction: Liver cirrhosis leads to the impairment of coagulation

protein synthesis. The aim of this study was to assess the alterations of

haemostatic parameters in the evolution of liver cirrhosis scored

according to Child’s classification.

Methods: A case control study including 51 cirrhotic patients and 51

healthy subjects matched by age and sex was conducted. Disease sever-

ity was estimated according to Child Pugh classification. Prothrombin

time (PT), activated partial thromboplastin time (APTT). Procoagu-

lant factor activity (factor I, VII, II, V, VIII, XII) and inhibitor factor

activity (Protein C, protein S) were detected with clotting assay. Anti-

thrombin activity was detected with chromogenic assay. Search for

Anticardiolipin and antiB2cardiolipin antibodies wasinvestigated. Sta-

tistical analysis was performed using SPSS software version 19.0.

Results: There were 25 males and 26 females. Mean age at inclusion

was 56.8 years old [range16–86]. Patients were categorized as class A

in 13 patients (25.5%), class B in 23 patients (45.1%), and class C in

15 patients (29.4%). Mean level of PT and APTT were significantly

prolonged in cirrhotic patients than in controls. Procoagulant factors

and anti-coagulant factors were significantly lower in cirrhotic

patients: factor VII (54.87 vs. 96.7; P < 0.0001), factor II (42.7 vs.

99.6%; P = 0.002), factor V (50.3 vs. 97.8%; P = 0.008), factor XII

(59.4 vs. 93.6%; P < 0.0001), antithrombin (50.2 vs. 100.6%;

P < 0.0001), protein S (49.6 vs. 81.6%; P < 0.0001) and proteinC

(45.7 vs120.6%; P < 0.0001). However, mean level of factor VIII was

significantly higher in cirrhotic patients (115.87 vs. 95.8%; P = 0.03).

On the other hand, anticardiolipin antibodies were more frequent in

cirrhotic patients than in controls (47.9 vs. 12.5%; P = 0.005) but not

B2 glycoprotein antibodies (2.1 vs. 0%). When comparing patients

according to disease severity, factor (VII, II, V, XII), protein S and

protein C decreased significantly from class A to C (respectively,

P < 0.0001, P = 0.012, P = 0.009, P = 0.002, P = 0.001,

P = 0.001). However, factor VIII and protein S increased without

reaching a significant level.

Conclusion: Patients with liver cirrhosis are characterized by decreased

levels of most of procoagulant factors. In fact, prolonged PT has been

considered until recently as an index of bleeding. However, decreased

levels of anti-coagulant factor in association with the elevated level of

factor VIII suggest that patients may have a tendency to thrombosis.

Accordingly, these hemostatic modifications lead to a fragile balance

which could bend to either bleeding or thrombosis.
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PO 004
Factor VIII inhibitor and pulmonary embolism
developing in a patient after meningioma resection:
clinical and laboratory aspects
Bryant A1, Kershaw G2, Zebeljan D1, Motum P1 and Das R1

1Liverpool Hospital, Liverpool; 2Royal Prince Alfred Hospital,

Sydney, NSW, Australia

Background: Acquired haemophilia A is caused by the presence of a

factor VIII inhibitor in a non-haemophiliac individual. It is a rare but

potentially life-threatening event, with an estimated incidence of 1 per

1.48 million persons per year. These inhibitors can occur in associa-

tion with auto-immune disorders, malignancy, post-partum or arise in

individuals without known pre-disposing factors.

Aims: This paper describes the clinical and laboratory features of a

case of FVIII inhibitor and pulmonary embolism developing in a

patient following meningioma resection.

Methods: Basic laboratory investigations were coagulation screens,

mixing tests and Bethesda assay for factor VIII inhibitors. Lupus anti-

coagulant testing was by diluted Russell’s Viper Venom time

(DRVVT) mixing tests according to published guidelines. Coagulation

factors were assessed by one-stage assays.

Results: A previously well 65-year old female presented to the emer-

gency department with a 2-month history of headaches. MRI revealed

a right frontal lobe extra-axial mass measuring approximately

5.5 9 6.0 9 6.0 cm with a 2.2 cm midline shift and subfalcine hernia-

tion. On resection, a meningioma was diagnosed. On postoperative

day 5, the patient was anti-coagulated with low dose molecular weight

heparin (LMWH) for DVT prophylaxis. By day 70, at the same time

she was developing excessive haematomas of 3–4 cm around the

LMWH injection sites, she also developed a pulmonary embolism.

This was treated with therapeutic dose LMWH, followed by warfarini-

sation. After 2 weeks of therapeutic LMWH/warfarin, a progressive

increase in the APTT was noted, peaking at 141 (normal range 25–37).
The APTT had been normal prior to exposure to LMWH. A haema-

tology consultation was requested. Mixing tests revealed a slow acting

inhibitor with APTT on immediate mix of 44 s rising to 66 s after

incubation. One-stage factor assays showed a FVIII:C level of 1 U/dL

and FIX:C of 48 U/dL. A FVIII inhibitor of 9.1 BU/mL was detected

by day 100, peaking at 22 BU/mL by day 110. The presence of a lupus

anticoagulant was excluded by a normal dRVVT ratio of 0.95

(< 1.20). In view of these changes anticoagulation was immediately

reversed and an IVC filter was inserted. The patient subsequently suf-

fered repeated major bleeding episodes requiring emergency treatment

with recombinant FVIIa and packed cells. Immunosuppressive ther-

apy with cyclophosphamide, prednisone and rituximab was com-

menced. By post operative day 140, the FVIII inhibitor had reduced to

less than 0.5 BU/mL indicating successful clearance of the inhibitor.

The patient remains inhibitor-free with normal FVIII:C and is off all

immunosuppression. The IVC filter has been removed.

Summary/Conclusions: The development of a FVIII inhibitor causing

acquired haemophilia A is an uncommon but serious cause of bleed-

ing. This patient had two known predisposing factors for the develop-

ment of an inhibitor: malignancy and surgery. Early recognition of the

inhibitor was essential to allow cessation of the patient’s anticoagula-

tion therapy. Eradication of the inhibitor was achieved with a com-

bined approach of steroids, cyclophosphamide and rituximab.

PO 005
Unusual thrombotic complications in patients with
acute promyelocytic leukemia
Colovic NR1, Suvajdzic N1, Kosanovic-Jakovic N2, Vidovic A1,

Miljic P1, Djunic I3, Mitrovic M3, Virijevic M3 and Tomin D1

1Medical Faculty University of Belgrade; 2Clinic for Eye Disease/

Medical Retinal Department Clinical Center of Serbia; 3Clinic of

Hematology, Clinical Center Serbia, Belgrade, Serbia

Background: The risk of thrombotic events persists in patients with

acute leukemias during remission induction chemotherapy and even

after achieving complete remission. The treatment of acute promyelo-

cytic leukemia (APL) with all-trans retinoic acid (ATRA) results in

rapid resolution of the coagulopathy and bleeding, but paradoxically

induces thrombosis in a small number of patients.

Material and Methods: Case 1. We present a 45-year old man, with low

risk APL in whom thrombosis of v. centralis retinae occurred in com-

plete cytologic and molecular remission while on maintenance therapy

with ATRA. While in complete remission inJanuary 2012 he noticed

vision disturbances which gradually progressed to complete loss of

vision on left eye. Ophtalomologic examination detected occlusion of

left v.centralis retinae with oedema of maculae. Screening tests for

thrombophilia have been done: Fibrinogen 5.28 g/L, PV 89%/75–
120%), partial thromboplastin time 26 s (25–35 s), KCT 94.1 s (70–
90 s), LA1, 41.3 s (< 45s), Antithrombin III 130% (80–120%), PCG

0.46 (> 0.8), PC 142% (70–140%), APCR 1.7 (2.1–3.5), PS 104% (63–
135%). With PCR-RFLP method it was found that the patient was

heterozygous carrier for factor 5 Leiden mutation (G1691A) and het-

erozygote for MTHFR C677T with hyperhomocysteinaemia. The risk

for thrombotic events is especially evident in APL where various

thrombogenic factors have been identified, but also co-morbid condi-

tions such as arterial hypertension, diabetes and hyperlypidemia may

be contributing factors for thromboses as well as inherited thrombo-

philia.

Case 2. A-49-year-old female presented with a history of headache,

weakness and fatigue and CT cerebral scan revealed a subdural

haematoma above right cerebral hemisphere. Physical finding was nor-

mal. Laboratory examinations revealed: Haemoglobin (Hb) 82 g/lm

white blood cells (WBC) 5.7 9 109/L, platelets 47 9 109/L. D-dimer

15 lg/L, PT 66&. Bone marrow aspirate contained 73% blast cells

with Auer rods in some cells, POX+. Immunophenotype of mononu-

clear bone marrow aspirate showed C34, CD38, cMPO, cCD68,

CD117, CD13, CD33, CD11a, CD11b, CD4, CD64, CD56, CD2+.
Cytogenetic analysis revealed t(15;17) in three mitoses and molecular

examination presence of PML/RAR alpha+ transcript. The patient

was treated according to PETHEMA protocol with idarubicin and

ATRA. During the period of aplasia she developed thrombosis of

v.hepatic sin (Budd Chiari syndrome) typ II which was with LMWH

treated. The patient achieved complete remission of APL. She was fur-

ther treated with LMWH until complete resolution and recanalisation

of hepatic vein.

Conclusion: APL, a subtype of AML is characterized by life-threating

bleeding and occasionally with thromboembolic events occuring typi-

cally during induction remission therapy with ATRA and idarubicin.

In younger patients with APL accompanied with an unusual throm-

botic event haemostatic and molecular tests for inherited and acquired

thrombophilia should be performed.
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PO 006
Transiently prolonged prothrombin times with reduced
factor VII levels in acutely ill children
Creagh MD1, Benyon L2, Takada A2, Johns S1, Carson P1

and Harris S1

1Royal Cornwall Hospitals NHS Trust, Truro; 2Peninsula College

of Medicine & Dentistry, Plymouth, UK

Background: Over the course of 3 years, eight children with prolonged

prothrombin times (PT) were identified, with further testing demon-

strating a consistent reduction in factor VII and a variable reduction

in a range of vitamin K dependent clotting factors (V, IX & X). Cor-

rection of the PT was demonstrated when the patients returned to nor-

mal health. A literature search revealed limited case reports of vitamin

K depletion in adults, suggesting linkage to poor dietary intake of

Vitamin K rich foods, but of unclear clinical consequence, specifically

for haemorrhage.

Aims: To determine the clinical circumstances and possible causation

of prolonged PT’s in children, the relationship to dietary intake of

Vitamin K rich foods and the potential consequences for haemor-

rhage.

Methods: Patients were identified by abnormal laboratory PT (with

activated partial thromboplastin time) screening tests on admission to

hospital. The children ranged in age from four to seventeen years. Six

were boys and two were girls. Dietary intake was formally assessed in

three patients and by retrospective examination of clinical correspon-

dence for the remaining five.

Results: Eight acutely unwell children had prolonged PT’s (range

15.6s–22.2s [reference range 10.0–15.0s]). Four cases were associated

with bleeding, of which two were post tonsillectomy, one with tonsilli-

tis and one following abdominal trauma with bleeding identified on

laparoscopic investigation. Of the remaining four children, none of

whom had bled, two had meningitis, one with pneumonia and one

with a perforated appendix who underwent surgery. All eight children

had lowered factor VIIc levels (range 21–54 IU/dL [referance range

65–150 IU/dL]). Three children considered at risk for haemorrhage

received vitamin K1, one post laparotomy, one with meningitis and

with one pneumonia, with no subsequent bleeding episodes. In two of

these children the PT rapidly responded to intravenous Vitamin K1,

while one child with more persistently lowered factor VII levels

received 4 weeks of oral Vitamin K1 with correction of the PT and fac-

tor VII. Of the other five children the PT and factor VII levels

improved when they returned to normal health. In three of the chil-

dren, formally assessed for dietary intake, their parents reported

chronically poor dietary intake of Vitamin K rich foods prior to the

acute illness. Of the remaining five children, it was concluded that

there was probable dietary disturbance in the days prior to hospital

admission.

Conclusions: Transient prolonged PT’s and low FVII’s may be identi-

fied in acutely unwell children, in association with both chronic and

probably acute poor dietary intake for Vitamin K. This may be of sig-

nificance if a child faces a haemostatic challenge, as the depletion of

Vitamin K dependant factors may increase the likelihood of bleeding.

Assessment of a child’s dietary and haemorrhagic history is advisable

for acutely ill children. Further study needs to be undertaken in chil-

dren on the dietary consequences of acute illness, the effects on vita-

min K intake and coagulation parameters, to determine whether this

may contribute to haemorrhagic risk.

PO 007
Assessing the range of dietary vitamin K intake in
children undergoing tonsillectomy
Creagh MD1, Benyon L2, Takada A2, Johns S1, Carson P1,

Burley G1, Harris S1 and Flanagan P1

1Royal Cornwall Hospitals NHS Trust, Truro; 2Peninsula College

of Medicine & Dentistry, Plymouth, UK

Background: Vitamin K is essential for production of the coagulation

factors II, VII, IX and X, such that deficiency or antagonism can com-

promise haemostasis. Known causes of vitamin K deficiency include

liver or malabsorptive disease, and iatrogenic causes. Dietary defi-

ciency is not currently considered a risk factor. This Department has

recently observed eight acutely ill surgical and medical paediatric

patients with transient prolonged prothrombin times (PT) and factor-

VIIdeficiency, unexplained by illness or drug treatment, in whom it

was concluded that dietary deficiency of vitamin K was the likely cau-

sation.

Aim: To assess vitamin K intake in paediatric patients undergoing ton-

sillectomy and the possible consequences for haemostasis.

Methods: A pro-forma survey was undertaken by the parents of chil-

dren undergoing tonsillectomy, at the time of a pre-admission clinical

assessment. As there is no well-established measure in common clinical

use for assessing vitamin K intake, a score was developed based on the

subjective assessment by the parents for the frequency for intake of a

range of foods, common to the local diet, in the preceding week. The

vitamin K intake for each food was used, divided according to defined

content of vitamin K per common measure (USDA National Nutrient

Database) and ascribed as high, moderate or low, each category gain-

ing 3, 2, or 1 points whilst a standard portion was assumed. Results

were expressed as a score whereby the vitamin K content points were

multiplied by the frequency of food consumption over the preceding

week. The scores were histographically profiled and analysed for prob-

ability distribution and skewness. In addition parents were asked to

comment on their child’s diet when they were acutely unwell with ton-

sillitis. Subsequently the clinical and laboratory record at the time of

surgery was assessed for complications and interventions including

coagulation screening.

There were eighteen subjects, of whom 15 had progressed to tonsillec-

tomy. The profile for the range of scored results for vitamin K intake

was negatively skewed (skewness: �0.131) showing the majority of

subjects had a high score, suggesting an adequate vitamin intake.

Three children had four minor complications of surgery including: epi-

staxis (n = 1), vomiting (n = 2) and a vasovagal event (n = 1). No sub-

ject required coagulation screening at the time of surgery so PT

prolongation and coagulation factor deficiency were not analysable.

Fifteen children had had recurrent tonsillitis, in 61% of whom their

parents reported probable reduction of vitamin K intake when they

were ill.

Conclusion: The variability of vitamin K content in the diet of children

prior to tonsillectomy diet has been highlighted. It is possible that dur-

ing an acute episode of tonsillitis or prior to surgery, paediatric

patients may undergo a dietary change which does not favour an ade-

quate vitamin K intake and may result in transient changes in coagula-

tion parameters and be a risk for haemorrhage. Further dietary studies

of vitamin K would necessitate a larger sample size with an improved

validated clinical measure for assessing intake.

PO 008
Acquired hemophilia A with severe anemia
Dahmani B, Lascar S, Fissore-Magdelein C, Sorlin P, Magdelein X

and Robino C

CH Monaco Princesse Grace, MONACO, France

Background: Acquired hemophilia A (AHA) is a rare bleeding disorder

caused by an autoantibody to coagulation factor (F) VIII. It is charac-
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terized by soft tissue bleeding in patients without a personal or family

history of bleeding.

Aim: To increase awareness of this disorder among clinicians, because

bleeds in AHA are often spontaneous, and the severity does not corre-

late with the factor VIII level or strength of the inhibitor.

Methods: Diagnosis and treatment methods are based on clinical expe-

rience and involve coagulation studies and the use of coagulation fac-

tor concentrates.

Results: Diagnosis and treatment: A 88-years-old woman presented to

our hospital, after a fall, with hematoma and functional impotence of

the left lower limb. Here hemostasis was previously normal. She did

not have any family history of bleeding disorders. Laboratory tests

revealed a white blood cell count of 8350 cells/lL with an initial hemo-

globin level of 5.6 g/dL and platelet count of 313 9 103 cells/lL.
Coagulation studies revealed a normal prothrombin time, and pro-

longed aPTT of 70 s. The presence of an inhibitor of coagulation was

diagnosed via prolonged aPTT and a mixing study that did not correct

with the addition of normal plasma PTT when an immediate mixing

test was performed; with a ratio of patient’s plasma to normal plasma

of 1:1. Quantitative assays factor VIII activity 4% and the presence of

factor activity inhibitor measured at 1.5 Bethesda units in the serum.

Acquired hemophilia A (AHA) was diagnosed.

Four units of red blood cells were transfused, and 75 UI/kg/day of

human factor VIII during 3 days, oral prednisone therapy 1 mg/kg/

day, plus human erythropoietin ‘Darbepoetin alfa’ 40 l once a week,

every Friday during 5 weeks. Here aPTT, and factor VIII gradually

improved.

Summary/Conclusion: Clinicians should suspect a diagnosis of

acquired hemophilia in patients with unexplained persistent and pro-

found bleeding from soft tissue and mucosa and in any patient who

presents with bleeding and a prolonged aPTT without other cause,

and without any history of bleeding. Our patient was discharged with

prednisone as immunosuppressive therapy with treatment plan for a

slow tapering of steroids as well as careful monitoring of here coagula-

tion parameters disorders.

Further diagnostic investigations in terms of finding an underlying

cause for the acquired hemophilia were done, we did not find any etio-

logical factors associated with AHA [ autoimmune disease, drugs,

solid tumor, vaccination, hematologic malignancies, skin disorders,

respiratory disorders, infections, others (diabetes, surgery), idiopathic

]. Treatment should be focused on controlling the immediate bleeding

episode and suppressing the immune reaction against the coagulant

factor. Immunosuppressive therapy with steroids or cyclophospha-

mide for inhibitor eradication should begin immediately after diagno-

sis is made.

PO 009
Multiple myeloma presenting with acquired factor VIII
inhibitor – a case report
Fidelis F1, Oliveira R2, Guimaraes JP2, Graciott E2, Pires G2,

Rezende P2, Ribeiro D2 and Ribeiro D2

1Hospital das Clinicas da UFMG; 2Universidade Federal de Minas

Gerais, Belo Horizonte, Brazil

Introduction: Acquired factor VIII inhibitor (AFI) is a very rare entity

with an estimated incidence of 0.2–1 per million and a mortality rate

ranging from 8% to 22%. This condition occurs in association with

drugs, viral and parasitic infections, in autoimmune conditions such as

graft vs. host disease, solid tumors and myeloproliferative and lym-

phoproliferative disorders. Only five cases of AFI have been associated

with multiple myeloma (MM). Acquired factor VIII inhibitor usually

presents with bleeding (cutaneous and mucosal) while hemarthrosis,

which is commonly seen in patients with congenital hemophilia, is very

infrequent in AFI.The diagnosis of the acquired inhibitor is usually

made with the laboratory finding of an elevated activated partial

thromboplastin time (aPTT) that cannot be corrected by plasma mix-

ing study (incubating for 2 h at 37 °C equal volumes of patient plasma

and normal plasma), and further confirmed by low factor VIII activ-

ity/antigen levels along with elevated factor VIII inhibitor levels using

the Bethesda assay. Treatment is usually based on steroids and cyclo-

phosphamide.

Case report: A 39-year-old man was referred to our hematology unit

to evaluate a diagnosis of myeloma. Two months prior to this presen-

tation he started with hematomas in his body and pain in your right

thigh. He visited many medical services looking for a diagnosis.

The patient had no history of bleeding disorders. The physical exam

was normal.

Amagnetic resonance was performed and showed lytic lesion in ace-

tabulum and some images suggesting blood collections in psoas and

gluteo muscles.

His initial labs showed a normal hemogram and the coagulation pro-

file demonstrated a normal protrombin time and an elevated activated

partial thromboplastin time of 58s (control, 31s).

Serum protein electrophoresis showed a biclonal band between beta

gamma region. An IgA paraprotein was identified by Imunofixation.

Bone marrow aspiration showed normal celularity with 28% of

plasma cell infiltration.

In our Unit he was submited to further evaluation. X-ray films of the

bones revealed no lytic areas. The serum Beta2 microglobulin level

was normal. The liver function was normal, also serum calcium and

serum dehydrogenase. Activated partial thromboplastin time was

repeated and could not be corrected by mixing with normal plasma.

Additionally, other coagulation tests including fibrinogen and factor

assays (IX, XIII, X) were in normal rangeslFactor VIII activity level

was found to be 4% while the Bethesda assay confirmed the presence

of an AFI.

A diagnosis of IgA multiple myeloma (Durie Salmon stage IA and

International Scoring System stage I), associated with acquired FVIII

inhibitor was made and treatment with cyclophosfamide, dexameta-

sone and thalidomine was started.

He is receiving the second cycle and activated partial thromboplastin

time measured in the last visit was 49s (control, 34s) and he hasn’t been

no bleeding or new hematomas.

Conclusion: This case demonstrates that AFI can be seen in plasma cell

disorders such as MM, and can be the first manifestation of these dis-

eases. Therefore this association should be remembered in patients

with hematological malignancies and excessive bleeding not related

with low platelet counts and with abnormal coagulation tests.

PO 010
Factor X inhibitor: an unexpected bleeding disorder
with a therapeutic challenge
Fouassier M1, Cherel G2, Graveleau J1, Bezaa A2, Trossa€ert M1,

Loubiere C2, Ardillon L1, Lenting PJ2, Ternisien C1, Denis CV2,

Sigaud M1 and Christophe OD2

1CHU de Nantes, Nantes; 2Inserm U 770, Le Kremlin-Bicêtre,

France

Background: Isolated factor X (FX) deficiency is a rare coagulopathy.

It may be hereditary or even more rare an acquired condition.

Acquired FX deficiency states are usually secondary to systemic amy-

lo€ıdosis in which FX binds irreversibly to amyloid fibrils or in associa-

tion with some malignancies. Sporadically, transient selective FX

deficiency has also been reported in the absence of amyloidor cancers.

Patient and Results: A 86-year-old patient was referred to our depart-

ment for persistantepistaxis and gum bleeding. His medical history

consisted of high blood pressure, appendectomy, total hip replacement

and ileus requiring surgery. None of these surgical procedures had

been complicated with abnormal bleeding. Clinical examination

showed several hematomas: left forearm, right testis and right buttock.

Initial laboratory testing revealed a platelets count of 196 9 109/L,

normal fibrinogen concentration (4.6 g/L) but a low haemoglobin level
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of 7.3 g/dLrequiring blood transfusion. There was no sign of vitamin

K deficiency. Furthermore, serum protein electrophoresis and immu-

noelectrophoresis were normal and there was no immunoglobulin free-

light chain in serum, indicating neither amylo€ıdosis nor monoclonal

gammopathy.

Laboratory abnormalities includedsignificantly prolonged prothrom-

bin time (PT), activated partial thromboplastin time (aPTT) and an

aPTT mixture assay was slightly above the reference interval. Specific

factor assays revealed a profoundly decreased FX activity (0.01 IU/

mL), whereas FX antigen was 0.3 IU/mL. Although a Bethesda inhib-

itor assay for a FX inhibitor was negative, patient plasma fully inhib-

ited FX activity in Russell’s viper venom and tissue factor/factor VIIa-

based FX chromogenic assays. Moreover, an immunosorbent assay

showed the presence of anti-FX IgG antibodies, which did not react

with murine FX or other human vitamin K-dependent coagulation

factors. Typing studies revealed that patients’ immune response

towards FX involves preferentially IgG1 and IgG4. Pre-incubation of

FX with patients’ IgG did not alter FX clearance following injection

in mice.

Therapy with an infusion of Prothrombin Complex Concentrates was

initiated but immediately stoppedbecause of an anaphylactic shock,

and treated successfully by epinephrine and corticosteroids. The treat-

ment further resulted in normalization of FX levels.

Conclusions: Prothrombin complex concentrates are given as replace-

ments in cases of acquired or inherited deficiency. However, our study

showed that allergy or anaphylaxis should be considered especially

when the patient has an idiopathic, isolated acquired FX deficiency

with no history of bleeding, and no primary pathology that could

cause FX deficiency. Corticosteroids alone (1 mg/Kg/d) permitted to

obtain an increase of FX activity and a clinical improvement with no

further hemorrhagic event.

These data also demonstrate that acquired FX inhibitors appearing in

transient selective FX deficiency in the absence of amyloid or malig-

nancies can display specificity against restricted functional domains of

FX.

PO 011
Recombinant activated factor VII in treatment of
bleeding complications in thrombocytopenic patients
Galstyan G, Makarova P, Polokhov DM and Orel E

Scientific Center for Hematology, Moscow, Russia

Background: Hemorrhage in patients (pts) with thrombocytopenia

usually is treated with platelet transfusions. In cases of an inefficiency

or impossibility of platelet transfusion recombinant activated factor

VII (rFVIIa) may be useful.

Aim: Aim of the study was to evaluate efficacy of rFVIIa to control of

bleeding in thrombocytopenic pts and relationship between clinical

response and coagulation tests.

Methods: We observed 6 pts with thrombocytopenia and hemorrhagic

syndrome who didn’t answer platelet transfusions due to alloimmuni-

zation or who couldn’t receive platelets because of religious beliefs

(Jehovah’s Witness). All pts were treated with single bolus dose (40–
90 mcg/kg) of rFVIIa (Koagil VII, Masterclone, Russia). APTT, INR,

FVII:C level,

endogenous thrombin potential (ETP) and Thromboelastography

(TEG) were evaluated before rFVIIa administration, in 15 min, in

60 min and in 120 min after rFVIIa administration.

Results: In all pts clinical response was achieved. In 3 pts gastrointesti-

nal bleeding was stopped. In patient with subarachnoid hemorrhage

after injection of rFVIIa good clinical response was achieved despite

low platelet level (6 109/L). Administration of rFVIIa allowed to exe-

cute invasive procedures (lumbar puncture, catheterization of central

vein). In patient with aplastic anemia (Jehovah’s Witness) and very

low blood platelet count (1 9 109/L) two repeated injection of rFVIIa

reduced hemorrhagic syndrome (epistaxis, petechia) and, allowed to

perform catheterization of central vein. The plasma concentration-

time profile of FVII:C and ETP demonstrated a dose dependent

increase. The peak of increase of FVII:C (from 59% to 545%) and

ETP (from 1000 to 1200 nM min) was noted in 15 min after rFVIIa

administration. However maximal clinical response and normalization

of TEG parameters (R, MA) were observed only in 60 min, when the

level of FVII:C started decreasing (to 430%). In 120 min level of

FVII:C remained higher than norm (370:), but parameters of TEG

came back to initial levels.

Conclusion: rFVIIa treatment showed an improvement in the control

of bleeding in pts with thrombocytopenia who for various reasons

couldn’t receive therapy by platelet concentrates. Clinical response

and improvement of parameters of TEG didn’t coincide with increase

of a level of FVII:C in plasma.

PO 012
Long-term follow up in Acquired Hemophilia A:
clinical courses and outcomes observed in a single
Hemophilia Centre
Gamba G1, Ghidelli N1, Lodo F1, Montani N1 and Ambaglio C2

1University of Pavia; 2Fondazione IRCCS Policlinico S.Matteo,

Pavia, Italy

Background: The prospective study from the European Acquired

Hemophilia Registry (EACH2) reported the clinical outcomes of a

large number of patients after < 1 year follow up.

Aim of the study: To report the clinical courses and outcomes in

patients with Acquired Hemophilia A (AHA) enrolled during 5 years

in Hemophilia Centre of Pavia.

Methods: Since June 2007 to July 2012 AHA has been diagnosed in 18

pts (8 women and 10 men) aged between 27 and 93 years. Twelve pts

were over 70 years. AHA was idiopathic in 9 pts (50%), attributed to

Autoimmune diseases in 4 pts (22%), to malignancies in 3 pts (17%),

to pregnancy (PPAHA) in 2 pts (11%). The pts have been treated on

demand with by passing agents (aPCC or rFVII) during acute bleeding

and with immunosuppressive drugs [PDN � CTX and in 3 cases of

failure with rituximab), to eradicate the inhibitor.

Results: One man (62 year) with malignancy and one woman

(89 years) with idiopathic AHA died after 2 months from AHA diag-

nosis for causes not related to hemorrhagic complications. Stable

Complete Remission (CR) of AHA was obtained in 12 pts (66%) after

a period of time variable from 1 month to 2 years. Three pts achieved

remission only during PDN treatment (clinical follow up 26 months,

10 months and 6 months) Among the 8 pts (44%) in CR followed for

more than 3 years, 2 pts relapsed: in the first pt with previous PPAHA

after 35 months of CR, not in relation to another pregnancy, in the

second pt with idiopathic AHA after 25 months of CR. Two pts died

respectively after 4 years and 1 year from achieving CR for causes not

related to AHA.

Conclusion: The causes of death in patients with history of AHA is fre-

quently not related to this disease. CR is obtained in a large percentage

of cases, nevertheless relapses can occur even after a long period from

CR, so that a clinical follow up is lifelong recommended.

PO 013
Haemostatic parameters including Factor VIII levels in
different types of tuberculosis in Northern India
Gupta N, Kutiyal A and Garg S

Maulana Azad Medical College, New Delhi, India

Background: Vascular occlusions- cerebral and peripheral- are encoun-

tered in our patients with tuberculosis with upto 10% being peripheral

venous thrombosis and cerebral arterial in 6- 41%. Haemostatic

abnormalities in these clinical subjects is inadequately studied espe-

cially from developing countries which report 95% of the 5.8 million

new cases annually (WHO 2009).

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1020–1206

1024 ABSTRACTS



Aim: To study the coagulation parameters including coagulation Fac-

tor VIII level in different types of tuberculosis at baseline and after

intensive phase antitubercular treatment.

Methodology: One hundred and twenty eight adult patients over

12 years of either sex with newly diagnosed tuberculosis of different

sites- categorized as pulmonary, CNS, disseminated and others- were

included after written informed consent. Along with detailed clinical

assessment, the haemostatic parameters assessed included CBC, Pro-

thrombin Time (PT), Activated Partial Prothrombin Time (APTT),

Factor VIII level, Fibrinogen and D-dimers. These parameters were

repeated after 2 months of intensive standard antitubercular therapy

(ATT).

Results: Mean age of the 128 subjects was 31.55 � 15.03 years, range

12–75 years. Pulmonary, CNS, disseminated and other types of tuber-

culosis comprised 30.5%, 28.9%, 17.2%, and 23.4% respectively.

Abnormal PT and APPT at baseline was seen in 64 (50%) and 23

(18%) cases respectively whereas the mean coagulation Factor VIII

level was 125.08 � 72.83%. The Factor VIII was deranged in 45

(35.15%) cases, being high in 28.12% and low in 7.03%. Baseline

fibrinogen levels were altered in 73 (57%), with 62 being elevated

beyond 400 mg%. D-Dimers were high in 57.8% patients. Platelets

were disturbed in 66 (51.5%), with thrombocytopaenia in 47 and

thrombocytosis (exceeding 400 9 109/L) in 19 cases.

After intensive phase ATT for 2 months, the PT reverted to normal in

32 (50%) of 64 abnormal at baseline across all tuberculosis (P < 0.01).

APTT did not show a similar trend. Coagulation Factor VIII levels

did not change significantly after ATT (125.08 � 72.83 vs.

126.21 � 37.65 IU/mL) whereas the fibrinogen levels decreased signif-

icantly from 391.43 � 167.34 to 272.33 � 92.66 mg% (P < 0.01).

Cases with elevated D-dimers came down to 12.5%. All the abnormal-

ities in platelet counts- thrombocytopaenia as well as thrombocytosis-

reverted to normal within the 2 months of ATT.

Subgroup analysis on the four different types of tuberculosis mirrored

these results except for the PT in disseminated tuberculosis where the

P value was 0.08.

Conclusions: Platelet disturbances were seen in half of the patients with

tuberculosis, thrombocytopaenia being thrice as common as thrombo-

cytosis. Elevated PT/INR was present in half of all cases whereas

APTT was deranged in 18%.

Coagulation Factor VIII levels were high in 28% cases, high fibrino-

gen levels in 48% cases and high D-dimers in 58%. These elevated

fibrinogen, D-dimers, and coagulation Factor VIII levels observed

in patients with different types of tuberculosis may favour a risk to

hypercoagulable state and which improved with anti-tubercular

therapy.

PO 014
Snake venom induced coagulopathy
Hiremath V

Vijayashree Diagnostics, Bangalore, India

Background: Snake venom induced mortality and morbidity is a

neglected health hazard in tropical and sub-tropical regions particu-

larly in rural areas of the world. Snake venom secreted from highly

specialized venom glands, has evolved to capture prey. Primarily, the

venom is evolved to immobilize, kill and digest the prey and is a potent

defensive weapon. It is a complex mixture of enzymatic and non-enzy-

matic components affecting various organs and haemostatic system.

Aim: The present study aims at evaluating snake venom induced

coagulopathy, with differential effect of ‘big four’ venomous snakes

of India (Naja naja, Daboia russelli, Echis carinatus and Bungarus

caeruleus).

Method: The effect of ‘big four’ snake venoms on haemostasis was

evaluated using pooled human citrated plasma and citrated plasma

obtained from venom injected rats. Routine clotting assays (PT,

APTT), Fibrinogen content, specific factor assays were used to deter-

mine the effects on haemostasis and visco-elasticity tests for clot for-

mation were used to evaluate pro-coagulant/anticoagulant nature of

snake venoms.

Results: The findings revealed differential action of venom from big

four snakes towards coagulation cascade. The results showed that of

D. russelli and E. carinatus venoms exhibited pro-coagulant activity,

whereas N. naja and B. caeruleus venoms are anticoagulant in nature.

E. carinatus venom showed strong pro-coagulant and D. russelii

venom showed defibrinating effect. N. naja venom showed stronger

anticoagulant than B. caeruleus venom. Further, the mechanism by

which N. naja venom exhibits anticoagulant effect was evaluated. Clot-

ting times in PT and APTT assays were prolonged with the increasing

concentration of the venom, with minimal effects on fibrinogen level,

FX and FVII activities. Interestingly, FVIII is significantly decreased

with the increasing concentration venom and this decrease was time-

dependent. FVIII was completely inactivated after 12 min at 1 mg/mL

of venom. Similar results were obtained in plasma from venom

injected rats (60 min after injecting respective lethal dose of N. naja,

E. carinatus, D. russelli and B. caeruleus through intraperitoneal

route), with slight variations. In contrast, no effect was seen 30 and

45 min after venom injection. Thus, N. naja venom exhibited anticoag-

ulant effect under both in vitro and in vivo conditions. Similarly, D.

russelii venom exhibited defibrinogenating activity in both conditions.

In contrast, E. carinatus venom exhibited pronounced pro-coagulant

effect in vitro and anti-coagulant effect in vivo. B. caeruleusvenom

exhibited negligible effect towards rat plasma.

Conclusion: The marked differential effect on coagulation cascade will

be useful in treatment of snakebite victims, based on the characteristic

haemostatic effect. The administration of specific anti snake venom

based on the observed effects will be an important strategy in treat-

ment and management of snakebite victims.

PO 015
Bleeding into tongue – case history of acquired
haemophilia A
Hrdlickova R1, Cermakova Z2, Blahutova S1 and Ryzi M1

1The University Hospital in Ostrava; 2Medical Faculty, University

of Ostrava, Ostrava, Czech Republic

Background: Acquired haemophilia A is a rare form of acquired coag-

ulopathy caused by autoantibodies against coagulation factor VIII. It

is characterized by major bleeding complications often life-threaten-

ing.

Aims: The authors report case history of acquired haemophilia in

85 years old woman with medical history of hypertension, ischemic

heart disease, ischemic stroke without neurological consequences and

no past bleeding history during operation (appendectomy and hyster-

ectomy for myomas) and no family history of coagulopathy. The first

sudden onset of bleeding was observed in the oral cavity – mostly into

the tongue and under tongue oral mucosa when she was admitted to

the department of internal medicine for generalized worsening.

Methods: Laboratory investigations showed a prolonged APTT-R

(activated partial tromboplastin time ratio) 4.1 and normal PT (pro-

thrombin time) and TT (thrombin time). Fibrinogen and antithrombin

were normal. Failure of correction on mixing study prompted further

evaluation of individual clotting factors activity: FVIII (0.8%), FIX

(47.7%), FXI (52.7%), FXII (38.8%). The low FVIII:C (FVIII activ-

ity) was confirmed by testing with Actin FS, Siemens (insensitive to

lupus antikoagulant) – 1.8%. The FVIII inhibitor titer was quantified

13.6 BU (Bethesda units). However, lupus anticoagulant was also con-

firmed by platelet neutralization procedure (PNP).

Result: Bleeding complications were well controlled by bypassing

agents rVIIa at a dose 100 lg/kg every 3 h during the first day and by

aPCC (activated prothrombin complex) at a dose 90 IU/kg twice daily

when hematuria or soft tissue bleeding and diffuse bruising mani-

fested. Immunosuppressive therapy was initiated with methylpredniso-

lone 500 mg infusion first 3 days and continues with combination

prednisolon 1 mg/kg and cyclophosphamide 1 mg/kg. After 6 weeks
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from therapy initiation antibody titer did not drop significantly. Inhib-

itor eradication was successful after the use of second line agent ritux-

imab 375 mg/m² weekly for 4 weeks. The inhibitor completely

disappeared after 128 days from diagnosis and patient is still in remis-

sion (9 months of dispenzarization). Underlying associated disease

was not found except only laboratory manifested lupus antikoagulant.

Summary/Conclusion: Rituximab used as a second line therapy in

elderly patient was well tolerated, only infection complications were

observed after this treatment – bronchopneumonia and urine infec-

tion. Patient is still in remission in this time.

PO 016
Acquired hemophilia A: literature review and report of
two cases
Lluch-Garcia R, Valero-Nu~nez M, Garc�ıa-Navarro I, L�opez-

Mart�ınez A, Luis-Hidalgo MM, Bautista-Claver T, Sancho-Tello R,

Mena F and Mayans-Ferrer JR

Arnau De Vilanova Hospital, Valencia, Spain

Background: Acquired hemophilia A (AHA) is a hemorrhagic disorder

caused by autoantibodies, generally IgGk4, directed against circulat-

ing factor VIII (FVIII) of coagulation which neutralize its procoagu-

lant function.

Is a rare bleeding disorder with an estimated anual incidence between

1 and 1.5 per million per year, with a biphasic behavior, with a first

peak occurring among young adults due to cases in women in the post-

partum period, and a second major peak in elderly patients.

In approximately 50% of cases, FVIII autoantibodies occur in patients

lacking any relevant concomitant disease and remain idiophatic, while

the rest cases may be associated with hematologic malignancies, solid

cancers, autoimmune disorders, infections, drugs or other illnesses.

The diagnosis is based on the initial detection of an isolated prolonga-

tion of activated partial thromboplatin time (APTT) which does not

normalize by mixing study and a reduced FVIII levels, with evidence

of FVIII inhibitor activity.

The treatment of AHA is based on two aspects: treatment of acute

bleeding and eradication of the acquired FVIII-inhibitor.

Patients: Two clinical cases are presented, one acquires and one sec-

ondary. An 87 years old man with no past medical history and a

60 years old man with rheumatoid artritis, AHAI an refractory ane-

mia. Both consulted for mucocutaneous bleeding, objectifying length-

ening of TTPA isolated, not corrected with mixing test, decreased en

FVIII level and detection inhibitor against FVIII. The 87 years old

patient also presented TVP in the right leg with positive lupus antico-

agulant. Both were treated with hemostatic treatment with rFVIIa.

Treatment was prescribed corticosteroids vs. inhibitor (1 mg/kg/

weight) y rituximab (375 mg/m2/per week X 4 doses). In a case was

added previously cyclophosphamide. Both patients responded with

increased in FVIII level above 40% and cessation of bleeding manifes-

tations.

Discussion: AHA is a rare autoinmune bleeding disorder. Bleeding into

the skin, muscles and soft tissues are the principal clinical manifesta-

tions.

The diagnosis should be considered in patients with unexplained bleed-

ing and prolonged activated partial thromboplastin with no previous

personal or family history of bleeding. In laboratory the mixing test

(mixture of patient plasma and normal plasma) is important, in AHA

APTT does not normalize after this test with reduced FVIII levels and

an inhibitor against FVIII.

AHA treatment is based on three aspects: 1) treatment of bleeding

with bypassing agents as a first-line treatment (aPCC and rFVIIa), 2)

eradication of the inhibitor with immunosuppressive agents (predni-

sone alone or with cyclophosphamide as a first-line treatment) and 3)

treatment of the underlying disorder. Rituximab may be useful as first-

line therapy in patients for whom immunosuppressive agents fails or

are contraindicated.

After treatment AHA must be monitored with regular APTT, FVIII

activity and FVIII inhibitor titer measurement with accurate clinical

evaluation.

AHA is a rare coagulation disorder that usually presents to clinicians

without previous experience. Prompt recognition is very important to

initiate an early management.

Noted for its rarity deep vein thrombosis with hemorrhagic disease in

one of our cases.

PO 017
Our experience in the use of prothrombin complex
concentrate in patients with acute haemorrhage
Lokar L1, Lokar M2, Bizjak B1 and �Sega M1

1University Clinical Center Maribor; 2University of Maribor,

Maribor, Slovenia

Background: Prothrombin complex concentrate (PCC) is recom-

mended for rapid reversal of vitamin K anticoagulants which is essen-

tial when acute bleeding or emergency surgery occurs. Prothrombin

complex concentrate produce more rapid effect with a better clinical

outcome, and do not cause volume overload compared with fresh-fro-

zen plasma (FFP).

Aim: Our goal is to report our institutional experience with Prothrom-

bin complex concentrates for the treatment of acute bleeding in the

surgical settings.

Methods: This is a retrospective analysis in a University Clinical Cen-

ter Maribor with 1288 beds. We report a case series of 64 patients with

acute haemorrhage who were treated with PCC in the last 2 years.

Results: During 2011–2012 sixty-four patients received PCC, 75%

(fourty-eight of sixty-four) men and 25% (sixteen of sixty-four)

female. The most common causes of bleeding among patients were

cardiac or vascular surgery (17), abdominal surgery (12), multi-trauma

(12), obstetrical complications (1), neurosurgery (14), urology (4),

orthopedic surgery (1) and patients in internal intenive care unit (3).

Forty-five percent (twenty-nine of sixty-four) patients were on antico-

agulant therapy with warfarin or acenocoumarol. Ten of them were

neurosurgery patiens, three cardiovascular, six multi-trauma, six

abdominal surgery, three urology and one hematologic patient. Six of

twenty-nine patients who were receiving anticoagulants were over-

dosed while twenty-three patients were in therapeutic range. The med-

ian dose of PCC administred was 1800 units per patients (25–50 IU/kg

body weight). Most patients with INR in therapeutic range achieved

an INR of 1.5 or less after one prothrombin complex concentrate infu-

sion while patients with INR above therapeutuc range did not.

Conclusions: Rapid reversal of excessive anticoagulation with PCC

should be undertaken in patients with serious bleeding at any degree

of anticoagulation. These patients have much better outcome than

patients treated only with FFP and vitamin K.

PO 018
Acquired haemophilia: why the delay in diagnosis?
Louw S

NHLS, Johannesburg, South Africa

Background: Acquired haemophilia is a rare but potentially life-threat-

ening bleeding disorder resulting from the autoimmune depletion of a

coagulation factor, most commonly factor VIII. Patients without any

previous bleeding history presents with sudden onset of haemorrhage.

Urgent laboratory diagnosis and quantification of the inhibitor is nec-

essary in order for appropriate treatment to be instituted.

Case study: A 32 year old patient presented to a tertiary care facility at

37 weeks gestation with spontaneous labour and a breech presenta-

tion. The patient underwent an uneventful Caesarean section. Post

surgery the patient’s abdomen was distended with ongoing haemor-

rhage from the surgical scar. The haemoglobin remained low (< 6 g/
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dL) despite multiple blood transfusions resulting in a re-look laparot-

omy and bilateral uterine artery embolisation. The first PI/PTT was

performed 4 days after admission with a twice normal aPTT but no

correction study was done. The prolonged aPTT was confirmed on

repeat testing with the first correction study performed 12 days post

admission. The aPTT failed to correct and factor VIII and IX levels

were performed 14 days post admission followed by quantification of

the factor VIII inhibitor. At the time of diagnosis the patient had

received more than 50 units of packed cells, multiple platelet and FFP

units and developed a femoral artery aneurysm at a vascular access

site. After the correct diagnosis the patient received appropriate hae-

mostatic agents and therapy to eradicate the inhibitor.

Discussion: Delayed diagnosis of acquired haemophilia can have seri-

ous consequences. This delay has also been documented in other cen-

tres with a range of 3 days to 9 months from the onset of bleeding to

correct diagnosis. Omission of baseline haemostatic parameter testing

and lack of thorough analysis of abnormal laboratory results contrib-

ute to the delayed diagnosis.

Keywords: Acquired haemophilia; life-threatening; laboratory diagno-

sis.
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PO 019
Bleeding tendency associated with a coagulation
inhibitor in two patients with monoclonal
gammopathy of undetermined significance
Low J, Jarvis S, Desai S and Joseph J

St Vincent’s Hospital, Sydney, NSW, Australia

Background and Aims: Acquired haemostatic defects affecting coagula-

tion, fibrinolysis or platelet function may occur in patients who have

abnormal levels of monoclonal protein (M-protein) in the blood. We

present the cases of two patients with a monoclonal gammopathy of

undetermined significance (MGUS) – [WHO ICD-O Code (9765/1)],

who presented with a history of moderate bleeding and an abnormal

APTT.

Methods and Results: Patient 1 was a 70 year old female who presented

for elective insertion of a permanent pacemaker. She had developed a

bleeding tendency later on in life, mainly related to invasive procedures

and surgery. She was known to have a MGUS with an IgA Lambda

M-protein of 7 g/L and considered to have a lupus anticoagulant (LA)

on testing performed elsewhere. The APTT (Actin FS, a lupus insensi-

tive reagent) was prolonged at 57s (Reference Interval 25–35s) and

there was no correction in mixing studies, demonstrating the presence

of an inhibitor. The prothrombin time and fibrinogen level were nor-

mal but the thrombin time (TT) was slightly prolonged at 13 s (RI 10–
12s. The intrinsic factors were markedly decreased (1–4%), rising only

slightly higher when tested with higher dilutions of the patient plasma,

suggesting the presence of a LA like inhibitor. The inhibitor also inter-

fered with factor specific inhibitor assays (Bethesda). However, LA

testing (RVV and APTT with Actin FSL and Actin FS) performed in

our laboratory, was negative. Chromogenic Factor VIII was 114%.

The patient was managed with infusion of fresh frozen plasma (FFP)

prior to the procedure, which went ahead without any bleeding com-

plications whilst in hospital or following discharge.

Patient 2 was a 53 year old male with a several year history of mild to

moderate bleeding after surgical procedures which were managed with

infusions of FFP. The APTT was always prolonged with an inhibitor

type profile similar to Patient 1 in that intrinsic factors were moder-

ately reduced in the presence of a LA-like inhibitor but LA testing was

negative on different occasions except for one. Some years later, he

was found to have an IgG Lambda M-protein of 9 g/L with a diagno-

sis of MGUS.

Conclusions: It was concluded in these 2 cases of patients with MGUS

and a history of bleeding, that the abnormal APTT was due to the

presence of the M-protein (one an IgG and the other an IgA), the

mechanism of action remaining unclear. These laboratory studies illus-

trate the difficulties in distinguishing a lupus like inhibitor from other

inhibitors. With both patients, intrinsic factor assays were affected by

the presence of the inhibitor to various degrees with increasing factor

levels measured in higher dilutions of the patient plasma. This interfer-

ence with factor assays was also evident in Bethesda inhibitor assays

but no specific factor inhibitor could be demonstrated. Nor was there

any consistent laboratory evidence of the presence of a lupus anticoag-

ulant. Both cases were managed successfully with FFP infusions,

although the rationale for the efficacy of FFP also remains unclear.

PO 020
Acquired Von Willebrand syndrome: about one
observation
Messaoudi R, Hadj T, Benlaledj D, Rahal Y, Ch�erif-Hosni A,

Bensahli M, Bekadja MA and Arabi A

University hospital Oran, Oran, Algeria

Introduction: Von Willebrand syndrome is an acquired rare bleeding

disorder developing in an elderly patient with no history hemorrhagic

staff or family. Mechanisms are multiple, the most common autoim-

munity, adsorption on the surface of tumor cells or accelerated prote-

olysis.

Objective: Difficulty therapy in a patient with Von Willebrand-

acquired. Observation: patient aged 69 with a history of mono arthritis

in 1972 operated for cholelithiasis in 1976 tonsillectomy in 1995 extrac-

tion of a molar in 1995, 2007 giant hematoma of the right buttock

after intramuscular injection. In 2010, the etiological severe haemor-

rhagic syndrome following the bite of a language concluded acquired

von Willebrand disease. Laboratory tests showed normal bleeding

time 7 min (ivy-incision), an aPTT of 51 s (M/T = 1.64) while the TP

is normal rate factor VIIIC collapsed to 12.60% and Von Willbrand

factor VWF Ag: 7%, vWF-RCo 3%, the ratio RCo/Ag < 0.43, the

systematic search for autoantibodies discovered an anti-VWF 8 IU

(neutralization test) associated with anti VIII-7UB by Bethesda Nijme-

gun method. In France, in April 2012 angina secondary to thrombosis

of the circumflex artery. In the pre-op�eraoire is diagnosed with von

Willebrand disease. The patient was operated under emergency Wille-

brand factor without incident.

Discussion: (1) The acquired Willebrand disease: age, lack of personal

history and/or family history of hemorrhagic disease. Our patient has

a mono arthritis, decreased VWF-RCo and FvW-RCO/Ag ratio < 0.7.

VWF antibody that is found in 16% (Ref 1) cases is found in our

patient is most associated with anti-VIII. (2) In our patient, the mecha-

nism character is selected according to the criteria defined by the Inter-

national Register of von is probably related to mixed proteolysis

accelerated by the existence of a thrombus in the circumflex artery

(21% of cases in the literature) and an autoimmune mechanism in the

presence anti-VIII and anti-VWF (2–6% of cases in the literature).

The existence of a mono arthritis is a chronic course of disease in favor

of a system that would settle low noise. (3) The susceptibility of our

patient bleeding risk and thrombotic risk may be increased by age, and

history of hypertension and dyslipidemia. (4) feature in our patient, it

presents a antiFVW and anti VII acquired therapeutic problem.

Conclusion: Von Willebrand syndrome is a disease acquired excep-

tional. But we must think in the elderly and therefore to search system-

atically.

Annuler les modifications
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PO 021
Inhibitor characterization in acquired haemophilia and
its influence on bleeding profiles and treatment
response: CIHA-01 project
Mingot ME1, Marco P2, Aznar JA3, Altisent C4 and GTHI group5

1Regional Universitary Hospital Carlos Haya, M�alaga; 2Alicante

General Universitary Hospital, Alicante; 3Universitary Hospital La

Fe, Valencia; 4Vall d′hebron Hospital, Barcelona, Spain; 5SETH,

Thrombosis and Haemostasis Spanish Society, Spain, Spain

Background: Acquired haemophilia (AH) is a rare autoimmune bleed-

ing disorder induced by autoantibodies against clotting factors. The

most frequent target is factor VIII (FVIII). Clinical picture is an acute

or recent onset of bleedings in subjects without personal or family his-

tory of bleeding disorders, associated with a long activated partial

thromboplastin time (aPTT). Bleeding pattern is different from con-

genital haemophilia, typically with more mucocutaneous and soft tis-

sue events. There is no correlation between residual FVIII, inhibitor

titer and severity of bleeding, we propose that FVIII target epitopes

could influence inhibitor characteristics, bleeding profile and treatment

results.

Aims: To recognize FVIII epitopes target in AH.

To analyse any correlation between these epitopes, inhibitor kinetic

and titre, bleeding severity, haemostatic and eradication treatment

response.

To identify changes in inhibitor characteristics throughout AH treat-

ment.

Methods: This is a prospective, descriptive, non-interventional obser-

vational study. Ethics Committee evaluation and informed consent are

requested from all patients. Expected number of patients: 30 (expected

diagnosis rate of 40 cases-year, and an inclusion rate of 35%). Sam-

pling schedule: At diagnosis, 14 days post-diagnosis, 56 days after

remission and free from eradication treatment. If eradication fails and

an alternative therapy is initiated, sampling schedule will be repeated.

Demographic data to include: age, sex, underlying disorders, bleeding

profile, haemostatic and immunosuppressive treatment, transfusions

and treatment adverse events. Haemostatic parameters: FVIII activity

(one stage coagulation method), mixing test (one stage based on Kas-

per method), FVIII inhibitor titer (Bethesda method) and epitope

mapping by immunoblot analysis.

Results: Patients recruitment started in June 2011 and it is still open.

By December 2012, 26 centers have applied for inclusion. Nineteen

patients have been included. Four of them died before second sample

extraction. Six subjects have completed the study. Nine patients are on

sampling period. In the six evaluable patients, median age is 63 years-

old (range 19–82). AH was idiopathic in all cases but one (drug associ-

ated). The median pick inhibitor titre is 21 BU (Bethesda Units)

(range, 17–400). Kinetic was type 2 only in one case. Three patients

show reactivity against light chain and A1 and A2 domains, two

patients against light chain and other one against A2 domain. First

line treatment was prednisone or prednisone and cyclophosphamide in

all cases. Two patients required second-line treatment. One patient did

not respond to eradication therapy even after 3° lines treatment. He

was a 65 years-old, idiopathic HA, kinetic type 1 and 30BU inhibitor

of antibody against the light chain. Only one patient changed antibody

specificity during immunosuppressive therapy. He is a drug-associated

AH, 400BU titer, type 1 kinetic, specificity against light chain and A1

and A2 domain. He failed 1° line treatment and in sample just before

2° line treatment, specificity moved to light chain.

Conclusions: By the moment is not possible to get any conclusion. We

hope to collaborate with knowledge to predict clinical profile and

treatment response in AH.

PO 022
Accuracy of thromboelastometry analysis in detecting
patients treated with vitamin k antagonists
Nagler M1, Bachmann LM2 and Wuillemin A3

1Inselspital University Hospital, Berne; 2Medignition Inc., Zug;
3Luzerner Kantonsspital, Lucerne, Switzerland

Background: The accuracy of thromboelastometry analysis to rule-out

patients treated with oral anticoagulants (OAC) such as vitamin k antag-

onists (VKA) is unknown. Existing studies suggest limited sensitivity,

but no accuracy analysis has been done. A low sensitivity may limit the

clinical value of thromboelastometry in trauma patients because VKA

are common, are associated with an increased risk for bleeding, and rep-

resent an important risk factor formortality in this setting.

Aims: We investigated the extent of accuracy as determined by sensi-

tivity, specificity and the negative likelihood ratio of thromboelastom-

etry analysis in detecting patients treated with VKA and we calculated

the probability that a patient is treated with VKA given a negative test

result.

Methods: To preclude confounding variables such as dilutional coagul-

opathy, thrombocytopenia or acute traumatic coagulopathy, the inves-

tigation was conducted in stable patients without other risk factors for

bleeding. The study was approved by the local ethical review board

and all participants provided written informed consent. We enrolled

patients consecutively that were evaluated for risk of recurrent venous

thromboembolism between February 2011 and October 2012 at our

institution. Participants were stratified according to (a) oral anticoagu-

lation with VKA and (b) no anticoagulation. Thromboelastometry

analysis was conducted using two ROTEM� delta analysers. Detec-

tion of VKA was defined as EXTEM measurements above reference

ranges established by others (clotting time > 79 s; maximum clot firm-

ness < 50 mm). Patients were considered as OAC patients if interna-

tional normalised ratio (INR) was 1.7 or above at the time of

thromboelastometry analysis.

Results: For this preliminary analysis, data from 63 patients treated

with VKA (17.6%) and 294 patients without anticoagulation were

available. Two hundred and seventeen of the 357 patients were female

(60.8%), median age was 43.5 years (IQR 30.4–59.2 years). OAC was

done almost exclusively with phenprocoumon. Thromboelastrometry

analysis was abnormal in 42 patients with OAC and in three patients

without, and it was normal in 21 patients with OAC. Sensitivity was

66.7% (95% CI: 53.7–78.1%), specificity was 99.0 (95% CI: 97.1–
99.8%), and the negative likelihood ratio was 0.51 (95% CI: 0.37–
0.68). When using a pre-test probability of 17.6%, the probability that

a patient is treated with VKA given a negative thromboelastometry

result is 9.8% (95% CI: 7.8–12.7%).

Summary/Conclusions: The results of our investigation indicate that

thromboelastometry analysis is of limited value in ruling-out that a

patient is treated with VKA. Therefore we suggest, that thromboelas-

tometry analysis does not substitute INR determination in trauma

patients.

PO 023
Haemodilution with Nacl solutions below 600mOsm/L
Induce hypercoagulability while concentrations above
1200 mOsm/L progressively impair coagulation as
evaluated with thrombelastography in vitro
Ogweno GO and Gwer S

Kenyatta University, Nairobi, Kenya

Background: Solutions of Nacl at various concentrations are the main-

stay of trauma resuscitation. Though acute trauma associated coagul-

opathy has been attributed to haemodilution, the role of fluid

osmolality remains large unexplored.

Methods: Citrated whole blood was collected from 10 healthy volun-

teers and haemodiluted (20%v/v) with (mOsm/L) 300,600, 1200, 1500,
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and 1800 of Nacl solutions in vitro, undiluted sample acting as control.

Thrombelastography[TRADEMARK] (Haemoscope, Niles) after re-

calcification was used to assess coagulation. Kruskal-Wallis was used

for statistical analysis.

Results and Discussion: Nacl solutions concentrations of 300 and

600 mOsm/L shortened r and k values while alpha angle and maxi-

mum amplitude were increased, but not significant. Solutions at 1200,

1500 and 1800 mOsm/L lengthened r and k values with reduction of

alpha and maximum amplitude. It is evident that concentrations below

600 mOsm/L are either hypercoagulable or do not impair coagulation.

In contrast, solutions above 1200 mOsm/L progressively induce hypo-

coagulability. Significance level was < 0.01.

Conclusion: At 20% v/v haemodilution, Nacl solutions below

600 mOsm/L maintain, while concentrations above 1200 mOsm/L

impair whole blood coagulation. Impairment is more on clot strength

than clot formation time suggesting effect of on either fibrin polymeri-

zation or platelet function. Further tests are warranted to clarify the

observation herein.
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PO 024
Monitoring anticoagulation during Extra-Corporeal
Membrane Oxygenation (ECMO) in patients with
acute respiratory failure
Passamonti SM, Panigada MP, Artoni A, Mietto C, Bucciarelli P

and Martinelli I

Fondazione IRCCS Ca’ Granda –Ospedale Maggiore Policlinico,

Milan, Italy

Background: Extra-corporeal membrane oxygenation (ECMO) is a via-

ble alternative to mechanical invasive ventilation in selected patients

with acute respiratory failure. To avoid blood clotting in the circuit,

patients need to be anticoagulated with intravenous heparin in continu-

ous infusion to maintain an activated partial thromboplastin time

(aPTT) ratio between 1.5 and 2.5. A standard dose of antithrombin con-

centrate (1000 U/24 h) is often supplemented when plasma levels drops

below 50%. In such patients aPTTmonitoring can be hampered by sev-

eral confounding factors, mainly due to the acute inflammatory condi-

tion. Hence, alternative laboratory tests should be looked for.

Aim: To asses the reliability of aPTT in monitoring anticoagulation

with heparin during ECMO, compared to an anti-factor Xa assay.

Methods: Observational study of 12 consecutive patients during veno-

venous ECMO with daily blood sampling.

Results: Mean ECMO duration was 9 � 4 days. Overall, a moderate

correlation between aPTT and anti-Xa assay was observed (r = 0.52).

Anti-Xa levels were positively correlated with antithrombin levels

(r = 0.61).

Conclusions: To monitor heparin anticoagulation in patients on

ECMO, aPTT and anti-factor Xa measurements can be considered

equivalent.

PO 025
Multiple inhibitory effects associated with IgG kappa
multiple myeloma
Remotti L, Ingratti MF, S�anchez Luceros A, Grosso SH,

Meschengieser S, Blanco AN and Lazzari MA

Academia Nacional de Medicina, Buenos aires, Argentina, CABA,

Argentina

Background: Haemostatic alterations are often detected in patients

with monoclonal gammopathies such as multiple myeloma (MM).

They frequently show abnormal coagulation tests (thrombin times,

fibrin degradation products (FDP), platelet aggregation, and bleeding

time), due to the interference of the paraprotein present in their

plasma.

Aims: The aim of this report is to present the case of a patient with

multiple myeloma whose prothrombin time (PT), activated partial

thromboplastin time (APTT) and thrombin time (TT) were signifi-

cantly prolonged and did not correct by mixing with normal plasma.

Case Report: A 47-year-old man with IgG kappa multiple myeloma

was referred to our institute, because he had had episodes of haematu-

ria and epistaxis without previous history of bleeding in major surger-

ies.

Results: Coagulation screening of patient’s plasma showed prolonged

APTT (ratio 4.6; RV: 0.87–1.13), PT (ratio 1.5; RV: 0.82–1.13) and TT

(ratio 1.6; RV: 0.75–1.25), and slightly high fibrinogen clotting activity

(430 mg/dL). Mixing tests did not correct neither the APTT (ICA 72;

control < 10), the PT (1.31; control 1.19) or TT (1.38; control 1.1) sug-

gesting an inhibitory effect on different coagulation pathways. FDP

were negative.

Screening (APTT and dRVVT) and confirmatory tests were performed

showing results compatible with positive lupus anticoagulant like

effect (LA-like). No time dependent inhibitory effect (characteristic of

the anti FVIII inhibitors) was detected.

Moreover, FVIII and IX coagulant activities were very low (2 UI/dL

and 1.2 UI/dL respectively) probably due to the interference of LA-

like effect and/or the paraprotein effect; an apparent activity increase

was observed on progressive dilutions of patient’s sample for both fac-

tors.

Coagulation activity of the extrinsic pathway factors was normal

except for FV (52 UI/dL). Mixing tests did not correct FV activity

and no apparent activity increase was observed on progressive dilu-

tions of patient’s sample. These behaviour was compatible with a spe-

cific inhibitory effect on FV activity.

In addition, the inhibitory effect on TT was normalized by progressive

dilutions of patient’s plasma, suggesting an interference of the para-

protein on the polymerisation of fibrin.

Conclusion: Interferences on coagulation tests due to the paraprotein

effect have been previously described mainly on thrombin time; LA-

like activity was also reported in multiple myeloma patients. Anti-FV

autoantibodies have been identified rarely in patients with monoclonal

gammopathies The results of the case presented here suggest multiple

inhibitory effects. In addition to the interference on fibrin polymerisa-

tion and LA-like activity, an inhibitory effect against FV was also

detected; further studies are necessary in order to characterize this

effect. None of them can be clearly associated with the clinical symp-

toms of the patient.

PO 026
A sensitive mixing test to screen for clotting factor
inhibitors
Rojnuckarin P and Akkawat B

Chulalongkorn University, Bangkok, Thailand

Background: Mixing studies are helpful for clotting factor inhibitor

screening in cases with APTT prolongation. However, the standard

consensus procedure is lacking.

Aim: The objective is to develop a sensitive inhibitor screening assay in

bleeding patients. The test is preferably insensitive to lupus anticoagu-

lants (LA) in this setting.

Methods: Plasma samples investigated for APTT prolongation

(N = 90) were tested for factor VIII or IX inhibitors and LA. Positive

mixing was defined as an ability of one part of patient plasma to pro-

long APTT of one part of pooled normal plasma (PNP) after 2-h incu-

bation. Two controls, which were also incubated for 2 h, were PNP

mixed with test plasma immediately before the APTT test and PNP

mixed with buffer. The cutoff APTT ratio difference of 0.05 was the
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laboratory percent coefficient of variation (%CV). Three lots of APTT

reagents were investigated.

Results: There were 18 (20%) clotting factor inhibitor cases. The mean

titer was 1.7 ranging from 0.67 to 4.0 Bethesda units. Fifteen samples

of LA were regarded as negative. The mixing study using any lots of

APTT reagents showed 100% sensitivity for clotting factor inhibitors.

The sensitivity for LA was lower. The majority of factor inhibitors

were time-dependent, while the LA inhibition was mostly immediate.

One lot of the reagent displayed 93.1% specificity, but the other 2 lots

showed higher false positive rates.

Conclusion: We described a sensitive screening test for clotting factor

inhibitors. However, optimal lots of APTT reagents need to be deter-

mined to obtain excellent specificity.

PO 027
Two cases of acquired haemophilia A associated with
chronic myelomonocytic leukaemia
Uaprasert N, Wongrakpanich S and Rojnuckarin P

Chulalongkorn University, Bangkok, Thailand

Background: Acquired haemophilia A (AHA) is an uncommon, but

potentially fatal bleeding diathesis caused by autoantibody against cir-

culating coagulation factor VIII (FVIII). The underlying causes of

AHA can be identified in approximately half of patients, of which

malignancies account for 10–20%. Heretofore, there has been only

one case report of AHA concomitant with chronic myelomonocytic

leukaemia (CMMoL).

Aims: We reported two more cases of AHA with CMMoL in our hos-

pital and reviewed possible causal relations between these two rare

blood disorders.

Methods: We retrospectively reviewed patients diagnosed as AHA in

King Chulalongkorn Memorial Hospital from 2003 to 2012. Of 14

documented AHA, eight patients had no apparent underlying condi-

tions, while three had systemic lupus erythematosus, two CMMoL

and one indolent B-cell non-Hodgkin lymphoma. Surprisingly, two

cases of CMMoL were found as an underlying aetiology connected to

AHA.

Results: Case 1: A 41-year-old male presented with left gluteal abscess

and excessive bleeding after drainage. Screening coagulogram revealed

isolated prolonged aPTT uncorrected by mixing study. Autoantibody

against FVIII was detected at a level of 107.5 Bethesda units (BU).

Complete blood count demonstrated leukocytosis with marked mon-

ocytosis. Bone marrow study was compatible with CMMoL. He

received cyclophosphamide combined with prednisolone. Unfortu-

nately, he did not show any response and subsequently died due to sus-

pected intracranial hemorrhage. Case 2: A 54-year-old male presented

with multiple large spontaneous ecchymoses, hematoma at the entire

left arm after venipuncture, and gross hematuria. Initial laboratory

investigation revealed leukocytosis with marked monocytosis as well

as isolated prolonged aPTT. The quantitative assay for FVIII inhibitor

revealed a level of 21 BU. The bone marrow examination was consis-

tent with CMMoL. He received prednisolone monotherapy for inhibi-

tor elimination and rapidly achieved complete response 3 weeks after

the initiation of immunosuppressive therapy. The pathogenesis of

CMMoL-associated AHA remains unknown. The tumour cells may

express neoantigens, which their structures mimic FVIII, and subse-

quently trigger the development of FVIII autoantibodies. In addition,

abnormal T-cell responses to antigen presentation as well as dysregula-

tion of B- and T-cell interactions, especially when neoepitopes from

malignant clones are over-exposed, may result in the development of

FVIII inhibitors. An alternative explanation is immune dysregulation

resulting in autoimmune complications. Autoimmune phenomena

have been sporadically reported in patients with CMMoL such as vas-

culitis, polyarthritis, Coombs negative haemolytic anaemia and

immune thrombocytopaenia. These autoimmune disorders were able

to be successfully treated with immunosuppressive therapy. In addi-

tion, autoantibodies against circulating coagulation factors such as

FVIII and factor XI in patients with CMMoL were previously

reported.

Conclusion: We reported two case of CMMoL-associated AHA. The

pathological basis involved in the development of FVIII autoantibod-

ies in CMMoL remains poorly understood. The optimal managements

for this rare association require further studies.

PO 028
Haemostatic function in hypothyroid state
Vavilova TV1, Ivanov AM2 and Egorova EN2

1North-West State Medical University named after

I.I.Mechnikov; 2S.M.Kirov Military Medical Academy, Saint-

Petersburg, Russia

The link between haemostatic disorders and thyroid function is uncer-

tain. In some cases hypothyroidism is associated with acquired von

Willebrand syndrome and may have several haemostatic abnormalities

such as modification of the coagulation proteins and bleeding ten-

dency.

The aim to investigate haemostatic function in patients with overt

hypothyroid state.

Methods and Objectives: Fifty-one patients were included – 31 with

hypothyroid state 18–71 years old (53.5 � 10.6), eight male, 23 female

and 20 control persons with light thyroid gland structure changes, but

without thyroid dysfunction 29–76 years old (53.9 � 9.7), eight male

14 female. Quik test, APTT, thrombin time, fibrinogen (Clauss), anti-

thrombin, plasminogen, protein C, protein S, factor VIII activity, von

Willebrand factor antigen, D-dimers were measured (STA Compact,

Stago reagents). The results are presented as median, 25 and 75 per-

centiles (Me [25%; 75%]); statistic Mann-Witney U-criteria was used.

Results: There were no any significant changes of Quick test, thrombin

time, antithrombin, plasminogen, protein C, protein S and D-dimers

in hypothyroid patients. But APTT as screening test and some addi-

tional tests showed hypocoagulation tendency. APTT was prolonged

in hypothyroid group up to 30.1 [29.0;33.0] s compared with controls –
28.0 [26.0;30.0] s, U = 183.5, Z = �2455, P = 0.014. Factor VIII

activity was significantly reduced up to 69 [58;80]% (97[75;119]% in

controls, P = 0.016); von Willebrand factor antigen chanced in the

same manner – from 102 [64;120]% up to 65 [56;79]%, P = 0.006.

From the other hand fibrinogen was higher in thyroid hypofunction

but inside the reference range: 3.9 [3.3;4.5] g/L vs. 3.3 [3.1;3.6] g/L,

P = 0.028.

Conclusion: There are clear tendency to hypocoagulation in patients

with decreased level of thyroid function, which may be suspected

according to APTT results and confirm by factor VIII activity and von

Willebrand factor antigen. It seems to be important in any cases of

surgery or haemorrhagic syndrome in this patients.

PO 029
Acquired factor VIII inhibitor associated to prostate
cancer in elderly
Villaca PR, Okazaki E, Zeinad-Valim AK, Rocha RF, Chamone DAF

and D’Amico EA

Hospital das Cl�ınicas, University of Sao Paulo, Sao Paulo, Brazil

Background: Acquired factor VIII inhibitor is a rare bleeding disorder

and accounts for 1.3–1.5 cases per million per year, with the mortality

rate around 22%. It occurs most frequently in elderly people, and the

incidence increases with age. Clinical features are characterized by a

large spectrum of bleeding, from subcutaneous bruising to life threat-

ening bleeding, such as muscle, intracranial or gastrointestinal hemor-

rhages. Search for an underlying cause is negative in up to 50% of the

cases. Some relevant conditions associated are: rheumatoid arthritis,

systemic lupus erythematosis, malignancy, pregnancy and pemphigoid.

Treatment is based on the control of bleeding and eradication of the
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inhibitor. We describe a case of acquired FVIII inhibitor and lupus

anticoagulant in a patient with prostate cancer, succesfully treated

with corticosteroids plus azathioprine.

Case report: A 77-year-old man with controlled reumatoid arthritis

and prostate cancer was referred with a history of bleeding after exere-

sis of a node in the left forearm and spontaneous multiple hematomas

(upper and lower limb, and chest). Coagulation tests revealed a pro-

longation of activated partial thromboplastin time (APTT), and failure

to correct after 1:1 mixing with normal plasma FVIII activity was

severely decreased (< 1%), with increased FVIII inhibitor level (512

BU). Other coagulation factors were normal. Lupus anticoagulant was

negative at the time of the diagnosis. Treatment with activated pro-

thrombin-complex concentrate (FEIBA), steroids and azathioprine led

to improvement of his clinical symptoms. After 5 months of immuno-

ssupressive therapy it was observed normalization of coagulation

parameters (FVIII > 50%, inhibitor negative). Surgery for the cancer

was not indicated for urologic issues related to the age. Before

3 months of the complete withdrawal of immunosuppressive therapy,

he presented another decrease of FVIII activity with no correction of

APTT after mixing study, and a positive test for inhibitor. In order to

investigate the cause of the lower level of FVIII, it was performed

lupus anticoagulant test and substrate chromogenic FVIII assay

(SCA) to quantify the inhibitor was performed. The presence of LA

was confirmed, FVIII (SCA) was normal and FVIII inhibitor was neg-

ative using this methodology. After 2 months without immunossu-

pressors, the inhibitor was still negative (< 0.6BU).

Summary: Treatment of acquired FVIII is usually performed with cor-

ticosteroids plus cyclophosphamide. The decision to use azathioprine

was based on the mortality rate of 22% due to infectious complica-

tions, possibly related to myelotoxicity of cyclophosphamide, and the

frequent occurrence of factor VIII acquired inhibitors in elderly peo-

ple. Lupus anticoagulant is common in cancer, and it can interfere

with the determination of coagulation factors. It is important to use

sensitive assays to avoid inadequate treatment. As the cancer was not

eradicated, it is possible that the inhibitor relapses. This is an interest-

ing case of acquired FVIII inhibitor associated to cancer in an elderly

patient, which treatment with prednisone and azathioprine resulted in

eradication of the inhibitor.

PO 030
Parameters of hemostasis in patients with deep
frostbites and malnutrition
Vitkovsky Y, Konnov V and Shapovalov K

Chita State Medical Academy, Chita, Russia

Aim: The aim of the study is to provide indicators of hemostasis in

patients with deep frostbites and malnutrition.

Research Methods: Conducted a prospective nonrandomized con-

trolled study in 59 patients of both sexes with the local cold injury, that

were hospitalized to City Clinical Hospital -1 of Chita during the win-

ter period of 2009–2011. The composition of therapy consisted of anti-

coagulants of direct action under the protocol. The object of the study

was the blood of patients. Blood sampling was not carried out up to

reactive period of local cold injury. Inclusion criteria: deep frostbites,

hospitalization up to reactive period of the local cold injury, hospital-

ization in the early and late reactive periods of the local cold injury.

Exclusion criteria: age younger than 16 years; age older than 60 years;

sepsis; acute renal failure. The control group included 23 healthy vol-

unteers of similar age and sex.

Patients were divided into two groups of nutritional status. Nutrition

assessment was conducted on amount of balls of the table Luft V.M.

and Kostyuchenko A.L. ‘Indicators of the severity of malnutrition’ at

the beginning of hospitalization. The first group included 22 patients

with eutrophia, that have secured a total of 28–30 balls. The second

group consisted of 37 patients with malnutrition, the result of which

does not exceed 27 balls. Twenty patients of the first group and 32

patients of the second group were hospitalized in the first 2 days after

the injury. Assessment of platelets was performed twice in these

patients: in the early reactive period of the local cold injury (ERP) and

in the late reaction period (LRP) of the local cold injury again.

Research methods were assessment and quantitative comparison of

platelets, expression of tissue factor (TF) and tissue factor pathway

inhibitor (TFPI), antithrombin-III (AT-III). These data are presented

as median and interquartile range. Comparison of the groups was used

the Mann-Whitney test.

Results of the study: Comparison of platelets were revealed higher

(P < 0.001) in both groups, then control group 301 (255;356) in 1 mkl

in the ERP and LRP. Comparison of platelets was revealed lower

(P = 0.042) in patients with malnutrition, than in patients with eutro-

phia: 187 (117;291) vs. 214 (196;325) in 1 mkl. Were no differences of

comparison of platelets (P = 0.832) between groups 1 and 2: 471

(287;648) and 445 (278;600) in 1 mkl. TF expression were revealed

higher (P < 0.001) in both groups, then control group 33.1

(28.9,37.8)%. Were no differences of this parameter between groups 1

and 2: 54.8 (45.4;61.8) and 61.6 (51.4;70.5)%. TFPI was revealed

higher (P = 0.021) in patients with eutrophia, then control group 3.2

(2.7;3.6) and (P = 0.022) then the group with malnutrition: 2.9

(1.7;3.8) vs. 3.8 (3.6;4.1) ng/ml. AT-III was revealed lower in patients

with malnutrition: 72.0 (55.0;97.1)% vs. 101.7 (87.9;111.7)% of con-

trol group (P = 0.005) and vs. 101.7 (87.9;111.7)% of the group with

eutrophia (P = 0.047).

In conclusion, patients with deep frostbites and malnutrition have

changes parameters of hemostasis.

PO 031
Some hemostatic parameters in patients with severe
influenza A/H1N1, requiring artificial ventilation
Vitkovsky Y, Malyarchikov A and Shapovalov K

Chita State Medical Academy, Chita, Russia

Background: Change in blood coagulation system is an essential conse-

quence of the cytokine cascade, resulting from activation of immuno-

reactive system in response to the introduction infected. Strains of

some viruses, including influenza virus, have not only epithelial, but

endothelial activity. Endothelial cells are involved in the implementa-

tion of a wide range of biological effects, including an active effect on

all parts of hemostasis.

Objective: To investigate the change in blood coagulation system in

patients with severe pneumonia against influenza A/H1N1, on

mechanical ventilation.

Materials and Methods: A study in 16 patients aged 25–50 years with

influenza A/H1N1 pneumonia complicated by severe. The control

group consisted of 20 healthy volunteers. All patients were treated in

the intensive care unit of City Clinical Hospital 1 in Chita in Novem-

ber 2009 study was conducted on 1–2, and 7–8 per day of hospitaliza-

tion. Evaluated fibrinogen, APTT, INR, SFMC. Statistical analysis

was performed using the software package Microsoft Excel.

Results: Found that patients with severe pneumonia against the back-

ground of influenza A/H1N1 on the 1–2 day of onset fibrinogen levels

decreased by 17% relative to the control, APTT decreased by 26%,

INR increased by 1.2 fold, the number SFMC increased by 87%.

While the 7–8 day fibrinogen increased by 63%, APTT decreased by

15%., INR increased by 1.1 fold, the number of SFMC has increased

by 7.2 fold compared to the control group. The development of pneu-

monia in patients during influenza A H1N1, certainly accompanied by

the presence of systemic inflammatory response syndrome (SIRS),

implying an increase in plasma immunoreactive system mediators (leu-

kotrienes, prostaglandins, etc.). This can lead to multiple organ failure.

Lungs contain the most, compared to other organs, the number of

endothelial cells. As a result, the direct damage to the lung tissue by

virus, and the presence of multiple organ failure, affecting the endothe-

lium, which leads to a deviation of the functioning of blood coagula-

tion and the development of hypercoagulability.
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PO 032
A retrospective study of treatment and outcome of
consecutive patients with Acquired Haemophilia A
Yap ES1, Lee SY2, Saw S2 and Chee YL1

1National University Hospital; 2National University Hospital,

Yong Loo Lin School of Medicine, Singapore, Singapore

Background: Acquired Haemophilia A (AHA) is a rare autoimmune

bleeding disorder with an incidence of 1.34–1.48 per million per year.

Bleeding results from the development of inhibitory autoantibodies to

FVIII and is fatal in 8–22%. Prompt diagnosis is crucial so that treat-

ment can begin immediately. This comprises control of acute bleeding,

inhibitor eradication and treatment of the underlying disorder. There

is limited data in Asian patients with the largest report comprising

only 46 patients.

Aims: This is a retrospective review of our cohort of 15 patients with

AHA in our institution.

Methods: All consecutive AHA patients treated at NUH between Jan

2006-Dec 2012 were included. Clinical and laboratory data were

extracted from case records. AHA was diagnosed using UKHCDO

2006 criteria. Major bleeding was defined using ISTH 2005 criteria.

Complete remission (CR) was defined as normalization of FVIII level,

undetectable inhibitor and no immunosuppression.

Results: Fifteen patients were included, six females and nine males.

Their median age was 68 (range, 38–92 years). All presented with

spontaneous bleeding, 10 with major bleeding. The 3 commonest sites

were skin (n = 12), muscle (n = 8) and genitourinary (n = 3). An

underlying cause was found in three patients – post-partum, acute

myeloid leukaemia and connective tissue disease. Median FVIII level

was 4% (range, < 1–9%), median inhibitor titre was 80 BU/ml (range,

9–576 BU/mL). Twelve patients received bypassing agent FEIBA and

1 received FVIII concentrate. two patients did not receive any bypass-

ing agents as they had minimal bleeding. All major bleeding episodes

responded to treatment. Median number of days of FEIBA treatment

was 6.5 (range, 0–20 days), and median dose of FEIBA per kg weight

was 69 U/kg/day (range, 39–167) for the first 3 days. Thirteen patients

received immunosuppression with prednisolone and cyclophospha-

mide and 2 with prednisolone alone. All patients normalized their

FVIII level with 9 achieving CR (60%) at a median of 190 days (range,

17–231 days). One patient relapsed after CR. Four patients had immu-

nosuppression-related toxicity including 3 Grade 3 sepsis and 1 fatal

sepsis. One patient who achieved CR died on AML treatment.

Conclusion: Despite the older age and presentation with major bleed-

ing in 66.7%, the outcome of our case series is excellent. All bleeding

episodes responded to treatment and all patients normalized their

FVIII levels with immunosuppression. Although a pan-European reg-

istry (EACH2) recently reported on 501 patients, there are only Three

published case series in Asia with 70 cases in total. Similar to other

Asian patients, our patients were less likely to have a secondary cause

(20% of cases) and more likely to have durable CR (60%). In contrast,

the EACH2 study a secondary cause was found in 48% and relapse

rate was 33%. However, the median time to FVIII > 70 IU/dl and CR

were longer for our cohort at 82.5 and 190 days respectively compared

with 40 and 74 days respectively for EACH2 patients. This may reflect

the lack of an underlying cause and/or different immunosuppression

tailing regimens.

PO 033
Activated prothrombin complex concentrate in
acquired haemophilia A: an Italian registry-the F.A.I.R.
study
Zanon E1, Milan M2 and Schino M3

12Chair of Internal Medicine, Haemophilia Center, 2Haemophilia

Center Padua, Padua; 32Senior Medical Affair Manager- Baxter,

Roma, Italy

Background: Acquired Haemophilia A is a disease characterised by

bleeding manifestations and alterations in coagulation tests (lengthen-

ing of the activated Partial Thromboplastin Time-aPTT) in patients

having no previous personal or family history of coagulation disorder.

It is an autoimmune disorder, due to the presence of auto-antibodies

specifically directed against factor-VIII (FVIII-inhibitor). It is a rare

condition, with a reported incidence of around 1–4 cases per million/

year. The risk of AHA increases significantly with age (range 55–
78 years), with an approximately equivalent sex ratio. This disease is

associated with high rate of mortality, usually due to delay in diagnosis

and inadequate management of hemorrhagic episodes. Recent data

have shown that excellent or good haemostasis was obtained with

Activated Prothrombin Complex Concentrate (aPCC, FEIBA�, Bax-

ter) administered at doses of 50–100 U/kg every 8–12 h in 76–100% of

treated bleeding though no standardised treatment protocols are avail-

able.

Aim: The purpose of this study is to evaluate the dosage, efficacy and

safety of aPCC, used for bleeding episodes, in an Italian population of

50 AHA patients.

Patients and Methods: The FAIR study (Feiba in Acquired haemo-

philia A, an Italian Registry) is an observational, non interventional,

retrospective/prospective study on safety, efficacy and dosage of Feiba

in AHA. Fifty patients with confirmed diagnosis of Acquired Haemo-

philia A according to standard laboratory methods and treated with

aPCC are expected to be enrolled in this study. It is planned to analyse

25 patients retrospectively and 25 prospectively. Ten sites are expected

to be involved in the study, after the approval of local ethics commit-

tees. General information (i.e. patients’ medical history, FVIII levels

and Inhibitor titre and information about bleeding episode manage-

ment, adverse events) is collected into an electronic case report form

(eCRF). Subjects have to be older than 18 years and they shall have

given a written informed consent.

Conclusion: Data from the Italian Haemophilia Registry database will

be used to better assess the dosage, efficacy and safety of aPCC in

patients with acquired haemophilia A in order to make standardised

protocols available for treatment of bleeding episodes.

PO 034
Evaluation of an automated method for the
measurement of dabigatran in plasma
Byrne MB, Doyle M, White B, Ryan K, O’Donnell J

and O’Connell N

St James’s Hospital, Dublin, Ireland

Background: Dabigatran (Pradaxa�) is a novel oral anticoagulant cur-

rently licensed for use inEurope for the primary prevention of venous

thromboembolic events in adults who have had an elective total hip or

knee replacement surgery. It is also used for the prevention of stroke

or systemic embolism in adults with non-valvular atrial fibrillation

with one or more risk factors. Its anticoagulant effect is achieved via

direct inhibition of thrombin. Dabigatran is cleared primarily by renal

excretion with a half life of 13 h with normal renal function. It may be

necessary to monitor levels of Dabigatran in instances where clearance

is compromised, in life threatening bleeding or in situations where

thrombosis persists despite anticoagulation.

Aims: A reliable reproducible assay is required to measure levels of

Direct Thrombin Inhibitors (DTI) in plasma. A commercial CE
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marked kit (Hemoclot Thrombin Inhibitors CK002L, Hyphen Bio-

Med) for the quantitative measurement of direct thrombin inhibitors

in citrated human plasma was verified for use with the ACL TOP auto-

mated coagulation system (Instrumentation Laboratory).

Method: The method is based on the ability of Dabigatran to inhibit a

constant and defined concentration of thrombin. Citrated plasma is

diluted with saline and mixed with Normal Pooled Plasma (NPP) at a

ratio of two parts NPP to one part diluted plasma and a thrombin time

is performed on this mixture. The level of Dabigatranis calculated by

reading from a standard curve using calibrators with known levels of

the drug. The assay was controlled at the lower and upper range of

measurement for the calibration curve. Evaluation included calibra-

tion precision and stability, sensitivity and assay precision.

Results: Linear calibration curves (R2 > 0.985) were achieved for the

assay with an inter-assay calibration precision (CV%) at < 5%. Peak

plasma concentrations are in the range of 0.10–0.40 lg/ml and trough

concentrations are in the range of 0.02–0.15 lg/ml. Two calibration

curves were constructed with an achieved sensitivity ranging from 0.05

to 0.50 lg/ml. Assay precision was acceptable with a CV% of < 10%.

Overall performance characteristics were satisfactory for this assay.

Conclusion: In specific instances where measurement of Dabigatran is

necessary, the Hemoclot Thrombin Inhibitor assay is deemed suitable

for use in our laboratory.

PO 035
Level ranges for a new latex agglutination
immunoassay for free protein S antigen in a pregnant
women cohort
Delgado BRC, Gomes HC, Carvalho M, Goncalves LR, Araujo F,

Montenegro N and Namora G

Centro Hospitalar S~ao Jo~ao, Porto, Portugal

Background: In normal pregnancy the haemostasis balance modifies

towards hypercoagulability, to decrease bleeding complications on

delivery. There is an increase in concentration of most clotting factors,

a decrease in some of the natural anticoagulants, namely protein S

(PS), and reduced fibrinolytic activity. PS deficiency is a well known

risk for thrombosis. Free PS (fPS) assay measures unbound PS frac-

tion and can be used as a surrogate marker for PS activity.

Aims: We evaluated a pregnant women cohort to establish range val-

ues of fPS during normal pregnancy for a new immunoassay, INNO-

VANCE� Free PS Ag kit (Siemens, Marburg, Germany).

Patients and Methods: A study cohort of 56 pregnant women without

personal or familial thrombophilia, mean age 31 years (15–41), was
divided in four groups according to number of weeks of pregnancy:

three patients in first group (until 22 weeks), 9 in second group (23–
28 weeks), 24 in third group (29–35 weeks), and20 in fourth group

(36–41 weeks) were evaluated. Blood samples were collected by veni-

puncture into 3.8% sodium citrate tubes. Plasma was separated into

aliquots within 4 h of collection and stored at �70 °C until analysis.

Free Protein S was measured in duplicate on a BCS� XP System by

latex agglutination test, using INNOVANCE� Free PS Ag kit (Sie-

mens, Marburg, Germany).

Results: A histogram showed a normal distribution of fPS levels in the

study cohort. Subgroup analysis was performed: in first group fPS was

56.0% (44.8–67.3), in second group 53.4% (44.0–62.7), in third group

50.4% (47–53.7) and 49.6% (44.0–55.2) in fourth group. Despite a

decreasing tendency of fPS until term, no statistically difference was

found between the four groups. Due to the weak contribution of the

results of the first group, we used the results of the other groups (23–
41 weeks) to determine the normal range of fPS in pregnancy. Com-

paring this cohort to a previously studied control group of blood

donor women without hormonal contraceptive methods and fitting

age range, a statistically difference (P < 0.001) was found, with a mean

fPS of 50.9% (28.4–70.6%, CI 90%) in the cohort analyzed vs. a mean

fPS of 86.5% (57.8–126.7%, CI 90%) in control group.

Conclusion: Our results of fPS in pregnant women are similar to previ-

ously reported. The use of distinct normal ranges for specific popula-

tions allows risk stratification of thrombosis, namely in pregnant

women.

PO 036
At what time derived fibrinogen must replace the
clauss assay
Freire I, Azevedo AP and Gago T

Hospital S~ao Francisco Xavier, Lisboa, Portugal

Background: Dabigatran is an oral, reversible thrombin inhibitor that

has shown promising results so far, with the advantage that laboratory

monitoring is not needed/deemed. However, clinicians and patholo-

gists must be aware how coagulation assays are affected when han-

dling emergency interventions, bleeding complications or overdoses.

Aims: To show how a derived fibrinogen assay that usually has a bad

behavior in measuring high and low levels of fibrinogen can be useful,

when some of thrombin reagents used for clauss fail to detect fibrino-

gen levels in patient’s samples with dabigatran.

Methods: Three common coagulations assays (TP; APTT and Fibrino-

gen) were done in two elderly (male: 88 and female: 83 years old) when

admitted in our hospital. Both presented a personal history of atrial

fibrillation, hypertension, metabolic disease and abnormal renal func-

tion and both were medicated with dabigatran (150 mg bid). For both

patients, TP and APTT were prolonged but only in one patient clot-

ting time for APTT was not achieved; the levels of fibrinogen by clauss

method were less than 0.30 g/L for both patients. In face of these

results pathologists wanted to know the levels of dabigatran regarding

that only one of the patients had bleeding complications. The levels of

dabigatran found were above 700 ng/mL, higher for the hemorrhagic

patient which was consistent with APTT but as Ddimer was normal

and there wasn’t any explanation for the low level of fibrinogen a

derived fibrinogen was performed, and normal results for fibrinogen

were found, between 3.0 and 5.0 g/L. It was performed derived fibrin-

ogen vs. clauss in other patients medicated with dabigatran for concen-

trations between 70 and 540 ng/mL, and verified that only above

400 ng/mL of dabigatran the results of fibrinogen were very different

between the two methods. It was also performed for those samples the

clauss with another reagent and the results were similar to the derived

fibrinogen, although lower for the clauss method.

Conclusions: Current knowledge is that none of the global tests are elec-

tive to assess the anticoagulant effect of dabigatran: APTT shows poor

dose-response linearity and intermediate responsiveness to increase

dose beside be depend of the reagent used; TP presents good linearity

but poor responsiveness; TT has excellent linearity but excessive

responsiveness and when fibrinogen is performed the results with clauss

method for overdoses are not reliable, they are extremely affected by

the reagent used and can be extremely dangerous when offered to the

clinician, in view of our results we think the derived fibrinogen could be

a good alternative to assess the anticoagulant stage in overdoses.

PO 037
Effect of primary tube underfilling and hemolysis on
PT, APTT, antithrombin and D-Dimer assays;
implementing the pre-analytical sample integrity
checks of the Sysmex CS-2100i System*
Hoogendoorn H1, De Haan J2, McGrath J1 and Ali E1

1Hemostasis Reference Laboratory Inc., Hamilton, ON, Canada;
2Siemens Healthcare Diagnostics Products GmbH, Marburg,

Germany

Background: Pre-analytical visual inspection of primary blood collec-

tion tubes is a subjective and inconsistent procedure at best. A new
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generation of hemostasis analyzers offers pre-analytical sample-integ-

rity checks (PSI) to detect incorrect primary-tube fill volumes as well

as interfering levels of hemolysis, icterus, and lipemia. We looked at

the effect of incorrect tube fill and hemolysis on several hemostasis

assays with the optical based system above as well as a mechanical

detection based analyzer, and questioned whether PSI checks can

replace visual inspection in routine lab workflow.

Methods: Normal and heparin-spiked blood samples were modified by

various levels of hemolysis or by controlled underfilling of collection

tubes. Samples were then tested for PT (Thromborel� S reagent),

APTT (Dade� Actin� FSL reagent) and antithrombin (INNO-

VANCE� Antithrombin assay) on both the Sysmex� CS-2100i (CS-2)

and STA Compact� (STA) analyzers.

In a separate part of the study, normal samples were spiked with

0.5 lg/mL D-Dimer and then submitted to the same levels of underfill-

ing and hemolysis (INNOVANCE� D-Dimer assay on CS-2, Liatest�

D-Dimer assay on STA).

Finally, the pre-analytical integrity of 1548 blood samples from several

outpatient clinics were inspected visually by lab technologists and by

the CS-2 PSI checks prior to testing.

Results: Underfilling and hemolysis resulted in longer PT on both ana-

lyzers. APTT was prolonged with tube underfilling and shortened with

increasing hemolysis on both analyzers. Moreover, APTT of heparin-

ized samples normalized when free hemoglobin levels exceeded 400 mg/

dL. Tube underfilling caused lower AT results with both systems.

Hemolysis did not affect AT results on the CS-2, but caused decreasing

AT results on the STA before becoming unreadable. D-Dimer measure-

ments on both systems were hardly affected by underfilling. In contrast,

hemolysis caused dramatically increasing D-dimer results on STA, but

no noticeable effect onD-Dimer results on the CS-2.

All sample tubes with improper fill volumes (> 110% or < 90%) or

hemolysis (≥ 0.5%) were detected by the PSI checks of the CS-2.

During inspection of the 1548 samples, 267 were found to have low fill

volume by visual checks and 226 by PSI checks on the CS-2. Compari-

son of negative samples (no underfilling) with positive samples (under-

filling detected by both visual inspection and PSI) demonstrated

significant differences (P < 0.05) for the above assays. Samples

detected visually but not with PSI-checks did not differ in result from

the negative samples.

Conclusions: PT, APTT, AT and D-Dimer assays are sensitive to

improper tube filling and/or hemolysis, irrespective of the type of ana-

lyzer. Pre-analytical factors can interfere significantly with the assay

result, even to the extent that a different diagnosis is suggested.

These results suggest that assessment of underfilling and hemolysis by

the PSI checks on the CS-2 analyzer may provide an objective, reliable

and efficient alternative to visual inspections.

*Sysmex CS-2100i System is not available for sale in the U.S.

PO 038
A modified coagulation time (activated partial
thromboplastin time) assay for the measurement of
very low levels of factor VIII activity
Kaneko M, Saito Y, Kanno NY and Yatomi Y

The University of Tokyo Hospital, Tokyo, Japan

Background: It is essential to accurately determine the level of blood

coagulation factor VIII (FVIII) activity to evaluate the severity of hae-

mophilia A. In general, FVIII activity is assessed by activated partial

thromboplastin time (APTT) coagulation time with the use of FVIII

deficient plasma. However, the precision of the assays are usually not

standardized and hence guaranteed at the levels less than 1% of FVIII.

The reasons for this are thought to be due to the differences in FVIII

sensitivity of the APTT reagents and varying characteristics of FVIII-

deficient plasma, e.g., their residual FVIII activities.

Aims: The accurate measurement of FVIII activity, even at low ranges

less than 1%, is presumed to be possible by the modified APTT assay

when we select suitable combination of APTT reagent and FVIII-defi-

cient plasma. For this purpose, we sought to identify the APTT

reagent and FVIII-deficient plasma, enabling high sensitivity in the

detection of FVIII activity and the resultant measurement of the FVIII

activity in its very low range.

Methods: The assay was performed with APTT reagents as follows:

HemosIL SynthASil reagent APTT (Instrumentation Laboratory),

Coagpia APTT-N (Sekisui Medical), Thrombocheck APTT-SLA, and

Thrombocheck APTT (Sysmex). Besides normal human pooled

plasma obtained from healthy volunteers, HemosIL Calibration

Plasma and Coagtrol N (Sysmex) was used as normal plasma. The

assessment of FVIII activity was performed with FVIII-deficient

plasma products as follows: HemosIL Factor VIII Deficient Plasma

and two kinds of factor VIII-deficient plasma (Sysmex and George

King Biomedical). FVIII activity of normal human pooled plasma was

defined as 100% arbitrarily, and the FVIII activity of each normal

plasma was determined. Plasma of 50% FVIII activity was prepared

by separate combinations of each normal plasma and each FVIII-defi-

cient plasma. Thereafter, serial dilutions of mixed plasma were assayed

by various APTT reagents on Coapresta-2000 (Sekisui Medical). Fac-

tor VIII activity was evaluated by APTT coagulation method using

three FVIII deficient plasmas, and by chromogenic method using

COATEST SP (Chromogenix).

Results: Prolongation of coagulation time based on APTT was widely

varied among the samples of serial dilution of the mixed plasmas, and

significant difference was observed at the levels less than 5%. We

assumed that larger extension rate of APTT prolongation results in

higher sensitivity and more accurate measurement of FVIII activity. It

was found that the combination of the George King’s deficient plasma

and HemosIL SynthASil was favorable. As for the detection of factor

VIII activity, the combination of reagents and plasmas were similar to

the result from APTT study. There was remarkable difference among

FVIII deficient plasmas, and measurement level of FVIII activity was

lower using the George King’s deficient plasma and COATEST SP.

However, there are no reference materials for measurement of FVIII

activity. Thus, further studies are necessary to assess this preference in

order to quantitate the true value of FVIII activity.

Summary/Conclusion: Appropriate combination of reagents and plas-

mas based on their characteristics may improve the sensitivity of FVIII

activity measurement.

PO 039
Interference in von Willebrand factor latex
immunoturbidometric assays, lupus anticoagulant
assays and one-stage factor assays in a patient with
splenic marginal zone lymphoma
Kershaw G1, Mui B2 and Cunningham I2

1Royal Prince Alfred Hospital; 2Concord Hospital, Sydney, NSW,

Australia

Background: Latex immunoturbidometric assays (liatests) are com-

monly used assays for the measurement of von Willebrand factor

(VWF) antigen and some types of VWF activity assays. Because these

assays are based on agglutination of antibody-coated latex particles by

target antigen at typically use low sample dilution, there is potential

for interference by non-specific agglutinating agents in the test plasma.

The most common of these is rheumatoid factor, but others include

human anti-mouse antibodies.

Aims: To describe a case of grossly discordant results observed

between a VWF antigen liatest and a VWF activity liatest in a patient

with splenic marginal zone lymphoma.

Methods: VWF antigen (VWF:Ag) assays were performed on the

STA-R analyser by liatest. VWF activity (VWF:Ac) assays were per-

formed on the CA-1500 analyser by a method employing two steps:

firstly, binding of plasma VWF to a recombinant glycoprotein 1b

(rGp1b) containing two gain-of-function mutations; secondly aggluti-
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nation of the VWF-rGP1b complex by latex particles coated with anti-

Gp1b (Siemens Innovance). Collagen binding activity was measured

by enzyme-linked immuno-sorbent assay. Ristocetin cofactor activity

(VWF:RC) was assessed by aggregometry with formalin fixed platelets

and ristocetin. Lupus anticoagulant (LA) tests were by APTT and

DRVVT-based assays.

Results: The INR was 1.8 and APTT 63 s (RI: 25–37 s).The VWF:Ag

could not be measured at standard sample dilution (1/2) due to analy-

ser flags. At 1/15 dilution the VWF:Ag was 1134% (RI: 55–200%)

reducing to 386% at 1/50 dilution. Free protein S antigen was also not

measurable due to a marked ‘dose-hook’ effect seen at several dilu-

tions. At standard dilution (1/3) the VWF:Ac level was 11% (RI: 50–
185%). The VWF:Ac rose progressively with dilution and peaked at

17,152% at 1/384 sample dilution, falling to 5171% at 1/1536 sample

dilution. VWF:RC was 345% (RI: 50–200%) and VWF:CB was 218%

(RI: 45–180%). Both LA sensitive and LA insensitive APTTs were 15–
20 s prolonged with non-correction in 1:1 mixing tests and final LA

ratio of 1.00 (negative for LA). The DRVVT screen clotting time was

normal on neat plasma. Assays for coagulation factors VIII, IX and

IX showed non-parallelism. Coagulation factors II, V, VII and X

showed normal levels. The patient had a greatly raised IgM anticardio-

lipin antidody (ACA) titre of 4640 MPL (RI: < 20 MPL). Total IgM

was mildly elevated at 3.49 g/L (RI: 0.5–3.0 g/L).

Summary/Conclusions: This is an unusual case of interference in sev-

eral types of coagulation assays, the exact cause of which is not clear.

Of particular interest was the marked effect of the inhibitor on the

rGp1b-based VWF:Ac assay. The patient most likely has elevated

VWF levels of approximately 300% based on VWF:RC levels. The

interference may possibly be due to the markedly elevated IgM anti-

cardiolipin antibody. Scientists should be aware of potential interfer-

ence in immunoturbidometric assays caused by unusual inhibitors,

possibly IgM ACA, which may only be suspected from discordant

results seen in assays based on differing principles.

PO 040
Hypercoagulability markers in renal transplanted
patients: association to inflammatory response
Mota APL1, Gomes KB1, Martins-Filho OA2, Pinheiro MB1,

Carvalho MG1 and Dusse LMS1

1UFMG – Universidade Federal de Minas Gerais, 2Centro de

Pesquisas Ren�e Rachou – FIOCRUZ, Belo Horizonte, Brazil

Background: Renal transplant is able to trigger an intense inflamma-

tory response and alterations in the hemostatic system. However the

pathophysiological mechanisms leading to these changes are not com-

pletely understood.

Aims: The aim of this study was to investigate hypercoagulability and

inflammatory biomarkers in patients undergoing renal transplant

without clinical signs of rejection according to renal function.

Methods: We evaluated the plasma levels of regulatory (IL-4, IL-5 e

IL-10) and proinflammatory cytokines (IL-8, IL-6, IL-1b, TNF-a, IL-
12p70, IFN-c) by flow cytometry BD� Biosciences Pharmingen, USA

and hemostatic parameters (thrombomodulin/TM, von Willebrand

factor/FvW, ADAMTS13 and D dimer/D-Di) by ELISA American

Diagnostica� Inc. This study was approved by the Ethics Committee

at Federal University of Minas Gerais, Brazil and informed consent

was obtained from all participants. The research protocol did not

interfere with any medical recommendations or prescriptions.

Results: Results showed an increase of D-Di and tendency to increase

of IL-6 levels in the subgroup with creatinine plasma level > 2.0 mg/

dL compared to subgroup with creatinine < 1.4 mg/dL. The regula-

tion of inflammation in the short term post-transplant was mediated

by IL-5 and the pro-inflammatory state in the long was mediated by

IL-12. Multinomial regression analysis revealed that ADAMTS13 was

associated with creatinine plasma levels. A multivariate logistic regres-

sion analysis showed that the Di-D plasma levels were associated with

glomerular filtration rate.

Conclusion: These results suggest that the D-Di was a promising mar-

ker to estimate renal function. Besides, ADAMTS13 has shown prom-

ise for estimating renal function.

PO 041
Correlation between hemostatic molecular markers
under warfarin anticoagulation
Nagao T, Shiga T and Uchiyama S

Tokyo Women’s Medical University, Tokyo, Japan

It is well known that novel oral anticoagulants (NOAC) can be moni-

tored with exact precision by neither conventional prothrombin time

nor activated partial thromboplastin time. To investigate the possibil-

ity of new surrogate markers for NOAC efficacy, we evaluated the util-

ity of two hemostatic molecular markers indicating thrombin or fibrin

generation among patients with nonvalvular atrial fibrillation (NVAF)

undergoing chronic warfarin anticoagulation.

We recruited patients with NVAF who were treated with warfarin for

at least 6 months continuously. Two hemostatic molecular markers,

prothrombin fragment 1 + 2 (F1 + 2) and soluble fibrin monomer

complex (SFMC), and PT-INR were measured simultaneously.

Blood specimens from 69 patients with NVAF (mean

age = 73.4 � 9.3, 22 females) were taken into investigation. Among

INR ranges between 1.11 and 3.76 (mean INR = 1.94), there existed a

significant negative correlation between INR and F1 + 2 (r = 0.4668,

P < 0.0001), whereas most samples (67/69) showed an SFMC mea-

surement under the sensitivity limit (< 0.3 lg/mL) and a lack of corre-

lation with INR and F1 + 2 of SFMC.

This study revealed the utility of F1 + 2 as a new surrogate marker for

chronic anticoagulation including that with NOAC, whereas SFMC is

not tenable as such due to poor sensitivity.

PO 042
Use of the thrombin generation test in patients with
ischemic cerebral pathologies
Novelli C, Morelli B and Giorgetti A

Legnano Hospital, Legnano (MI), Italy

Background: The patients referred to the neurology department of the

hospital of Legnano with suspected ischemic undergo imaging studies

and laboratory investigations; of these is also included screening for

thrombophilia, which aims to highlight anomalies in hemostatic sys-

tem. This screening includes assays (with functional methods) of the

major physiological inhibitors of coagulation (antithrombin, protein C

and protein S) and the main mutations associated with increased risk

of thrombosis (FV Leiden and FII20120A). In addition to these

parameters we have included, in the thrombophilic screening, the dos-

age of prothrombin fragment 1 + 2 (F1 + 2) and thrombin-antithrom-

bin complexes (TAT) for the evaluation of the activation of

coagulation and fibrinolysis.

Aims: Recently we have included in the protocol of thrombophilic

screening also the test of thrombin generation in order to assess the

ability to detect the presence of a hypercoagulable state.

Methods: Fifty-eight consecutive patients were investigated pertaining

to the neurology department with suspected ischemic pathology. The

surveys were conducted during the period January to December 2012.

On the day of sampling the following tests were performed: PT, aPTT,

fibrinogen, protein C, protein S, and D-dimer; the other tests were per-

formed subsequently on aliquots of plasma stored frozen at �80 °C
until the moment of the analysis. The thrombin generation test was

performed on CAT (Calibrated Automated Thrombogram) System of

Thrombinoscope, Stago group. As activator of coagulation was used

tissue factor 5 pM.

Results: We evaluated the following parameters: Lag time, ETP, Peak,

tt Peak, Velocity Index e Start Tail, The group of patients had mean
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values, SD and ranges for the above parameters respectively equal to

2.93, 0.88, 2.0–7.3, 1600, 338, 905–2582, 280, 86, 79–583, 5.93, 1.37,
4.3–11.7, 102.8, 47.9, 18.2–291, 23.4, 3.6, 16.7–39.7.
The control group represented by 61 blood donors instead showed

mean values, SD and ranges for the parameters above, respectively

equal to 2.85, 0.32, 2.33–3.33, 1448, 193, 1176 -1676, 253, 43, 186–320,
5.9, 0.78, 5.0–7.3, 88.1, 3.1, 45–187, 22,5, 4.9, 19–25.
Using a statistical sofware (MedCalc) were compared the values thus

obtained with the Mann-Whitney test and the values were equal to

0.451, 0.201, 1.143, 0.548, 0.265 AND 0.868 respectively for Lagtime,

ETP, Peak, Velocity Index and Start Tail.

Conclusion: Was not reached statistical significance for any of the

parameters considered, but the values achieved for Peak and ETP in

some patients with ischemic stroke were significantly higher than the

maximum limit found in the control group. Further studies should be

conducted on a larger number of patients, but the results obtained in

our study are already suggestive of useful employment of the test in

patients with acute cerebral ischemic disease.

PO 043
Is it necessary to monitor dabigatran efficacy?
Sigutova P, Hajsmanova Z and Korelusova I

University Hospital Pilsen, Plzen, Czech Republic

Background: Dabigatran etexilate acts as a reversible direct thrombin

inhibitor without activity of antithrombin as a cofactor. At present the

recommendation for prevention assume dabigatran use as an alterna-

tive to vitamin K antagonist therapy. For patients with a lower risk of

bleeding is appropriate and effective dose of 150 mg twice daily, at a

higher risk of bleeding is secure a lower dose of 110 mg twice daily. In

patients with only one serious risk of thromboembolism we can use da-

bigatran in a single daily dose of 110 mg. Dabigatran is rapidly

absorbed from the gastrointestinal tract with concentration peak 2 h

after administration. In the Czech Republic the recent approval of da-

bigatran for the prevention of ischemic stroke in patients with chronic

atrial fibrillation is accompanied by rather widely expanded applica-

tion of this drug. Simple dosage without monitoring is one of the

advantages of dabigatran. On the other hand in the case of life-threat-

ening bleeding or urgent surgery haematologists should have rapid

coagulation test at hand to solve the question how to evaluate haemo-

stasis in these patients.

Aims: To have own experience with dTT in patients with bleeding

complication.

Methods: Calibrated quantitative diluted thrombin time (dTT; Hemo-

clot Thrombin Inhibitors; Hyphen BioMed, France) was used for the

quantitative determination of dabigatran etexilate. Measurements

were performed on coagulation analyzer STA-R Evolution. We exam-

ined 51 patients in the age range 45–90 years treated with dabigatran

150 mg twice daily in the period from March to September 2012.

Blood samplings were analysed after a minimal 3-day dosing and 12 h

after last administration.

Results: Prolonged tests APTT and TT compared with the level of da-

bigatran measured by dTT were found quite different in all our

patients. dTT remains the only specific test determining the actual hae-

mocoagulative status.

Conclusion: Our small analysis verified, that the simple coagulation

method based on inhibition of constant defined thrombin concentra-

tion should be always available in the coagulation laboratory because

it helps to clinicians to determine the impact of dabigatran on the

immediate patient’s bleeding complications. Expansion of elderly com-

plicated patients receiving dabigatran is expected and so this simple

dTT test can bring another experience in the short future.

Therefore, this method is successfully used in our routine laboratory

praxis.

PO 044
Evaluation of assay performance of the rivaroxaban
screening assay TECHNOCLOTⓇ RIVAROXABAN
SCREEN
Wagner L1, Binder NB1 and Siegemund A2

1Technoclone GmbH, Vienna, Austria; 2Labor Reising-

Ackermann, Leipzig, Germany

Background: Rivaroxaban is a new oral direct Factor Xa (FXa) inhibi-

tor. The increasing use of the new oral anticoagulants administered for

prevention of VTE in patients after orthopedic surgery creates the

need of their measurement in the clinical routine. Anti-Xa assays cali-

brated with special Rivaroxaban calibrators are used for precise deter-

mination of rivaroxaban concentrations in patient samples.

It has been shown that rivaroxaban interferes with routine clotting

assays, like PT, APTT or factor assays. For correct interpretation of

the results it is necessary to have information on rivaroxaban in the

sample.

A simple sreening assay was developed to screen for the presence of

rivaroxaban in patient samples.

Aim: The aim of this study was to evaluate the performance of the new

clotting assay for screening rivaroxaban in patient plasma samples.

Method: Technoclot� Rivaroxaban Screen is a clotting assay based on

the activation of FXa in the patient sample. Rivaroxaban beeing a

direct Xa inhibitor will prolong the clotting time in patient sample in

comparison with normal plasma sample. The normalized ratio will

give the information on rivaroxaban presence in the sample.

Patient samples and normal plasma spiked with different concentra-

tions of rivaroxaban were used for assay evaluation.

Results: In normal samples the normalized Ratio was found to be

between 0.8 and 1.2.

Samples with rivaroxaban gave ratios of > 1.3, the ratios being corre-

lated to the rivaroxaban concentration. Patient sample with 52.2 lg/L
had a ratio of 1.39.

Conclusions: Our data demonstrate that Technoclot� Rivaroxaban

Screen is a simple method suitable for screening samples with rivarox-

aban even in laboratories were only routine clotting tests are per-

formed.

PO 045
New immunodepleted plasmas for determination of
Factor VIII and IX activity
Watson C1, Gehrisch S2 and Siegert G2

1Leicester Royal Infirmary, Leicester, UK; 2Medical Faculty TU

Dresden, Dresden, Germany

Background: STA�-ImmunoDef VIII and IX (Diagnositca Stago) are

new immunodepleted human plasmas to be used with STA�-C.K. Pre-

st� for the determination of factor VIII and factor IX activity in

plasma.

Aims: Performances of these reagents were evaluated on patient sam-

ples (including Haemophiliac patients) across a wide range of factor

VIII and factor IX activities. Two laboratories were involved: Leices-

ter, UK for factor VIII and Dresden, Germany for factor IX.

Methods: For each factor, calibrations were performed using STA�-

Unicalibrator (one unique calibration curve) and Internal Quality

Controls (IQC) were tested using STA�-System Control N + P on

STA-R�. For factor VIII study, 144 patient’s plasmas were tested in

15 runs: 63 Deficient VIII samples (including 16 Severe Haemophilia

A patients), 53 normal samples and 28 other samples (including 10

interferences).

For factor IX study, 144 patient’s plasmas were tested in 13 runs: 57

Deficient IX samples (including 16 Severe Haemophilia B patients), 66

normal samples and 21 other samples (including 11 interferences).

Samples were tested with the new products along the working range,

STA�-ImmunoDef VIII (0.7–400%) and STA�-ImmunoDef IX
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(0.7–300%), and results were compared to the ones obtained with a

reference method STA�-Deficient VIII or IX with STA�-C.K. Prest�

on STA-R� analyser.

Correlations were analyzed through linear regressions and differences

were plotted in Bland & Altman graphs. During the analysis, the sta-

bility of calibration was evaluated by comparing results obtained with

a systematic calibration and results obtained with the calibration of

the first day.

Results: Analysis of IQC results shows good day to day reproducibil-

ity: CV < 5% based on factor levels. IQC results also suggest that sys-

tematic calibration is not required.

The correlations between new and current reagents show equivalence

of results.

• Factor VIII: y = 0.973x + 1716 (r = 0.994)

• Factor IX: y = 0.984x + 2.635 (r = 0.989)

Results for clinical haemophilia segregation were also in good agree-

ment, especially for Severe Haemophilia.

Conclusion: Results show good consistency between STA�-Immuno-

Def and STA�-Deficient used with STA�-CK Prest� for all the assay

working range. Besides, these studies strongly suggest there is no need

for a systematic calibration. Finally, results confirmed that Haemo-

philiac patients are well segregated with these new products.

PO 046
Coagulation profile in polycythemia vera and essential
thrombocythemia patients in Medan Indonesia
Widjaja SS1, Tambunan KL2, Siregar Y1 and Koh S3

1Faculty of Medicine USU, Medan; 2Faculty of Medicine UI,

Jakarta, Indonesia; 3NUHS Singapore, Singapore, Singapore

Thrombosis, the main complication of Polycythemia Vera (PV) and

Essential Thrombocythemia (ET) patients, can significantly affect the

prognosis and quality of life. In this cohort study we study the coagu-

lation profile of 35 PV and ET patients. We measured the TAT-Com-

plex, Beta thromboglobulin (bTG), von willebrand factor (vWF),

fibrinogen and D-dimer. Results TAT-Complex was increased in 22

cases (63%, P = 0.011), bTG was increased in 35 cases (100%,

P = 0.443), vWF 7 cases (20%, P = 0.030), fibrinogen 10 cases

(29%, P = 0.000). Thrombosis were excluded with D-dimer negative,

and found out there’s 10 cases of thrombosis. Most of the cases has

the history of thrombosis (32 cases, 91%) with arterial thrombosis 13

cases (39%), venous thrombosis 10 cases (28.6%) and microvascular

disturbances 21 cases (60%). History of thrombosis show statistically

significant (P = 0.011) to develop thrombosis.

Conclusion: Most of the PV and ET patients showed significant hyper-

coagulable state towards thrombosis.

PO 047
Adverse efects of PEG-Asparaginase treatment in
paediatric population and relation with APOE
polymorphisms and hereditary thrombophilia
Azevedo J1, Coucelo M2, Constanc�o C3, Sevivas T4, Santos S3,

Brito M1, Benedito M2, Martins N2 and Ribeiro LML2

1Servic�o de Oncologia HP- CHUC; 2Servic�o Hematologia CHC-

CHUC; 3Servic�o de Hematologia do CHC- CHUC; 4Hematologia

CHC- CHUC, Coimbra, Portugal

Background: Asparaginase, including its peguilated formulation (PE-

GAsp) is effective in induction/consolidation schemes for Acute Lym-

phoblastic Leukaemia (ALL). It is associated with adverse effects such

as allergy, thrombosis, pancreatitis and deranged lipid metabolism,

which can be severe and delay treatment.

The identification of subgroups at risk would allow us to define pre-

ventive and early intervention strategies to address PEGAsp treatment

associated complications.

Aims: Analise the incidence of adverse effects related to PEGAsp

administration for ALL in paediatrics and its relation with hereditary

thrombophilia risk factors and APOE polymorphims; to identify sub-

groups at risk.

Methods: Analysis of children (< 18 years) with ALL (B and T) treated

in our Centre since May/2007 with regimen DFCI05–01, which

includes PEGAsp; ALL risk stratification: standard (SR), high (HR)

and very high risk (VHR).

Severe adverse effects (sAE)- those causing PEGAsp administration

delay or suspension: allergy, extreme hypertriglyceridaemia (HTG,

TG > 11 mM, fasting), pancreatitis and thrombotic events.

Genetic thrombophilia risk factors assessed: PRT A20210G, FV Lei-

den and MTHFR C677T, by PCR-Mutiplex. APOE genotype (poly-

morphisms e2, e3, e4) was determined by direct sequencing.

Results: Forty-eight children were studied (SR-23, HR-19, VHR-6). A

54.2% (n = 26) suffered sAE, of which 2 were allergic reactions, with a

higher rate of sAE in highest ALL risk groups: HR-84.2%, VHR-

66.7%, as compared with SR-26%. In the 24 children with non-allergic

sAE, 14 HTG (SR-2, HR-10, VHR-2) and 7 pancreatitis (SR-3, HR-4)

were documented. Twenty-three percent of patients suffered a throm-

botic event, 91% of which were documented in the highest risk ALL

groups (HR-8, VHR-2, SR-1).

Heterozygous (htz) PRT A20210G was found in one child (SR) and

htz FV Leiden in another (HR); eight children were homozygous

(hmz) MTHFR C677T (SR-3, HR-5).

Genotype APOE was determined in 46 children: 74% e3/e3 (n = 34/

46), 15.2% e3/e4 (n = 7/46), 8.7% e2/e3 (n = 4/46) and only one e4/

e4 (2.1%).

We did not find any correlation between APOE genotype and HTG or

pancreatitis.

Of those 10 high ALL risk patients with thrombosis, 1 was htz FV Lei-

den, four patients carried allele e4 (e3/e4) (one with htz FV Leiden); 6

were e3/e3 (3 hmz MTHFR C677T and 1 with strong anticoagulant lu-

pic). Among the HR/VHR groups, only 2 children, who carried both

the allele e4 and hmz MTHFR C677T, did not suffer any thrombotic

event during the observation period, one of which was under prophy-

lactic enoxaparin due to known risk factors (MTHFR C677T homozy-

gosy and oral anticonceptives therapy).

Conclusion: In this series of 48 children with ALL treated with PE-

GAsp, we documented a 54.2% frequency of sAE, with a higher inci-

dence in high ALL risk. As previously described, the overall incidence

of sAE was associated with high ALL risk score and an older age at

diagnosis. Thrombotic events occurred at a high frequency in our

patients (23%), 91% in children with a high ALL risk score (HR/

VHR).

A larger series is warranted to confirm a possible emerging hypotheti-

cal association between APOE and/or MTHFR polymorphisms and

thrombotic events among our high risk ALL risk paediatric popula-

tion.

PO 048
Long-term use of Low-Molecular-Weight Heparins
(LMWH) for cancer-associated venous
Thromboembolism: Clinical Practice and Patients’
Perception in the TROPIQUE study
Cajfinger F1 and Farge Bancel D2

1SOMPS Hôpital de la Salpêtri�ere; 2Saint Louis Hospital, Paris,

France

Background: Long-term treatment with LMWH is the recommended

standard for treatment of venous thromboembolism (VTE) in cancer

patients. In a previous study, the prescription of LMWH in France

was shown to comply poorly with established recommendations [1].

Few data are available on the long-term prescription in clinical prac-

tice and treatment follow-up in cancer patients. Study objectives are to

document the prescription and use of curative doses of LMWH, to
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assess whether treatment follow-up is consistent with established rec-

ommendations and to assess patients’ perception of the therapy. Clini-

cal outcomes such as VTE recurrence and bleeding are also

documented.

Methods: This is an ongoing prospective, observational, multicenter

study in cancer patients with symptomatic VTE and an indication for

treatment with LMWH for at least 6 months. Adult patients, aged

18 years or more, willing to participate, with diagnosed malignancy

and recent symptomatic VTE in whom a treatment with LMWH has

been initiated within less than 7 days, are consecutively included in the

study. Patients already treated with LMWH for more than 7 days or

with a contra-indication to LMWH are not eligible to participate. Main

study outcome measures include the proportion of patients treated with

LMWH according to the French established recommendations as well

as patients’ expectation and satisfaction based on the validated Percep-

tion AntiCoagulant Treatment Questionnaire (PACT-Q) [2].

Assuming a normal patient distribution and the unfavorable hypothe-

sis that only 50% of patients are treated according to the national rec-

ommendations, 384 patients are needed to obtain conclusive results

with a precision of 5% and a risk error of 5%. Incidences of 7% of

VTE recurrence and 6% of major bleeding are expected. A total of 400

patients are therefore planned to be included in the study. PACT-Q

scores will be calculated per item at baseline (PACT-Q1) and globally

at study end or at treatment discontinuation (PACT-Q2). Scores will

be expressed in means and medians.

As of end of January 2013, 50 sites were activated and 70 patients were

enrolled. Completion of enrollment is expected by June 2013.

Conclusion: The results obtained from this study will add significantly

to the knowledge regarding the long-term treatment with LMWH to

prevent recurrent cancer-associated VTE in real clinical practice and

patients’ treatment perception as PACT-Q are applied for the first time

to this patient population. Important prospective data on the long-

term management of cancer patients with symptomatic VTE will be

generated, and analyses of clinical parameters will add important

information that may help to further tailor therapy and improve com-

pliance with established recommendations.

[1] Sevestre et al, Journal of Clinical Oncology, 2012 ASCO Annual

Meeting Proceedings. Vol 30, No 15_suppl (May 20 Supplement),

2012: 1580.

[2] Prins, M.H., et al., Multinational development of a questionnaire

assessing patient satisfaction with anticoagulant treatment: the ‘Per-

ception of Anticoagulant Treatment Questionnaire’ (PACT-Q). Health

Qual Life Outcomes, 2009. 7: p. 9.

PO 049
Evidence of the ‘off-label’ usefulness of FEIBAⓇ to
manage the critical gastro-intestinal bleeding in
patients with haematological malignancies
Cultrera D, Cipolla A, Caraci MR and Di Raimondo F

Haemophilia Regional Reference Centre, Catania, Italy

During the clinical course of haematological malignancies in patients

with acute leukemias at onset of disease as well as in or after the inten-

sive chemotherapies, the massive gastro-intestinal (GI) haemorrhages

constitute life-threatening complications. In this scenario, several

coagulation abnormalities and severe thrombocytopenia are consid-

ered causative factors of GI bleeding. The complex treatments include

administration of platelet concentrates (PC), red blood cell (RBC)

units, antifibrinolytic drugs, plasma infusions, somatostatin acetate

and H2-antagonist intravenously, even recombinant activated FVII

(rFVII) boluses with unsatisfactory results. In the past decade we expe-

rienced that FEIBA�, at 90 IU/KG infusions were capable to stop

dramatic GI bleeding in patients with haematological malignancies

not respondent to various therapeutic attempts.12 consecutive patients

(seven females and five males), age ranging 19–79 years, with acute

myeloid leukaemia (n = 4), non-Hodgkin lymphoma (n = 3), at

onset of disease (n = 4) and during intensive combined chemotherapy

(n = 8) were considered during 14 episodes of massive GI bleedings.

In all patients the haemostatic profile showed as expected several coag-

ulation changes as PT and aPTT slight prolongation, D-dimer eleva-

tion and fibrinogen in normal range, sometimes Protein C and Protein

S together with Antithrombin III variable reduction. No sepsis find-

ings were documented. Severe thrombocytopenia (< 20.000/lL) and

marked anaemia (Hb < 7 g/dL, Hct < 21%) were also present. By

FEIBA� administration (90 IU/Kg) at first infusion (n = 3), at sec-

ond infusion (n = 5) after 6 h, at third infusion (n = 2) after 12–
18 h, at fourth infusion (n = 4) after 24 h, we achieved GI haemor-

rhages complete control with safe and efficacious outcomes, even with-

out PC in six patients. Interestingly, in five patients we carried out

during their critical haemorrhagic occurrences an endoscopy with vid-

eocapsula to explore the site of GI tract lesion. We noted small bowel

origin of bleeding (n = 3) and in caecum/ascendent colon

(n = 4).Obviously, the surgeon excluded the operation as well as the

digital subtraction angiography (DSA) to perform trnscatheter embo-

lization even in emergency owing to massive bleeds and/or critical con-

ditions of the patients. It is noteworthy that after FEIBA� in 4 of

these same patients we demonstrated by endoscopic videocapsula non

GI haemorrhages, thus providing strong evidence that bleeds has been

resolved. Despite the mechanisms by which FEIBA� determines bleed-

ings’ stopping in life-threatening haemorrhages of patients with hae-

matological malignancies are to be defined, from our observation and

for critical practice we propose FEIBA� employment safely in GI dra-

matic and massive bleeds, even if this indication is off-label, but effica-

cious based on clinical endpoints and suggest use of this drug in

patient who needs a rapid control of GI bleeds.

PO 050
Association of Factor V Leiden mutation with
thrombosis in newly diagnosed cases of acute
leukemia in Pakistan
Naz A, Ahmed S, Nadeem M and Shamsi T

National Institute of Blood Disease and Bone Marrow

Transplantation Center, Karachi, Pakistan

Background: Acute Leukemia is commonly occurring of blood cancer

with very high morbidity and mortality rate through out the globe.

Newly diagnosed acute leukemia patients may have significantly high

risk of thrombosis.

Aims: The purpose of study was to estimate the risk of thrombosis

with frequency and association of Factor V Leiden in newly diagnosed

cases of acute leukemia and as well as in healthy individual served as

control.

Patients and Method: Case control study was conducted in haematolo-

gy and research departments of National institute of blood disease and

bone marrow transplantation from March 2011 to December 2012

after approval of Institutional review board. Total 90 cases including

newly diagnosed cases of 27 with AML, 38 with ALL and 25 healthy

blood donors served as control were selected with signed consent that

were already screened from other thrombophilia markers including

Protein C, Free Protein S, AT III and activated protein C system. Acti-

vated protein C system was tested using ProC-Global assay (Dade

Behring, Marburg, Germany). A decreased response, normalized ratio

(NR) below 0.80 is suggestive of presence of homozygous Factor V

Leiden mutation. Genomic DNA was isolated by standard Qiagen col-

umn. Factor V Leiden mutation confirmed by restriction fragment

length polymorphism (RFLP) for a 220 base pair (exon 10-intron10)

fragment of factor V. The Fragment was amplified by polymerase

chain reaction using the specific primers. Amplified product was

digested by restriction enzyme Mnl1 and separated by electrophoresis

on 6% acrylamide gel and stained with silver nitrate. Simple descrip-

tive and chi square test was applied for the statistical analysis of data

by using SPSS version 17.0.
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Results: Only 2 cases of acute myeloblastic leukemia were identified as

homozygous Factor V Leiden mutation with thrombo-embolic events

out of 65 patients of acute leukemia with mean age of

25.38 � 13.85 years. The frequency of FVL G1691A polymorphism

was 7.4% in acute myeloblastic leukemia patient compared to none in

control and acute lymphoblastic leukemia patients (P < 0.05).

Conclusion: Our study suggests that chances of finding FVL mutation

leading to thrombosis are higher in acute myeloblastic leukemia than

acute lymphoblastic leukemia in newly diagnosed patients. Prospective

studies with larger sample size are required to validate our findings.

PO 051
Thrombotic complications associated with
chemotherapy: an analysis of 356 patients
Tamamyan G, Danielyan S, Zohrabyan D, Safaryan L,

Voskanyan A, Sargsyan L, Hakobyan L, Avagyan A

and Harutyunyan L

‘Muratsan’ Hospital Complex of Yerevan State Medical

University, Yerevan, Armenia

Background: Thrombosis is a well recognized complication of cancer

and is associated with severe organ damage and a high mortality. It is

well known, that chemotherapy potentiates the risk of thrombosis.

The type and the stage of cancer, as well as patients’ age are also

among the risk factors.

However, many studies were conducted in this field; still the mecha-

nisms for chemotherapy and cancer-associated thrombosis are not well

known and there are a lot of gaps to be filled.

Aims: The main aims of this study were to investigate the association

between chemotherapy and thrombosis, to determine the frequency of

those thrombotic complications and to identify patients with cancer at

a high risk for developing these thrombotic episodes.

Methods: During 4 years of this study (from 2008 to 2012) 356 cancer

patients were treated and observed at the Clinic of Chemotherapy of

‘Muratsan’ Hospital Complex of Yerevan State Medical University,

from which 48 patients were children until 18-year-old. Retrospective

data was collected concerning thrombotic complications associated

with chemotherapy and the analysis was done. All the patients with

prior thrombotic events before chemotherapy treatment were excluded

from our study group.

Results: In children group there was no incidence of thrombosis during

and after chemotherapy. Among 308 adult patients 9 cases (2.9%) of

thrombosis were evaluated. Three patients (25%) from 12 patients

with testicular cancer, 3 (9.1%) from 33 lung cancer patients, 2 (11%)

from 17 patients with B-cell lymphoma and 1 (1.5%) in 66 breast can-

cer patients had thrombotic complications. One of those three patients

with lung cancer resembled pulmonary thromboembolism.

Summary/Conclusions: However, the incidence of thrombosis in whole

group of study is not so high, but it is significant in some subgroups,

especially in testicular cancer, B-cell lymphoma and lung cancer.

Therefore, early prophylaxis of thrombosis in mentioned groups of

patients is quite important and can reduce thrombotic complications

and thrombosis-associated morbidity and mortality.

PO 052
Diagnosis of functional and structural platelet
disorders – implication for oncology
Vasilenko I1, Matveeva A1, Polyakov P2, Bichenkov O2

and Balkanov A2

1N.I.Pirogov Russian National Research Medical University;
2M.F.Vladimirsky Moscow Regional Clinical and Research

Institute (MONIKI), Moscow, Russia

In the past years, the prevalence of malignant neoplasms of the oral

cavity and nasopharynx has grown up to 28.8% per 100 thousand of

population and lethality during a year since the moment of cancer

diagnosis in this location reached 40.3%. In the majority of patients

with advanced oral and nasopharyngeal tumors, radiation therapy

(RT) remains a single method of treatment. One of the main causes of

the contemporary RT failure is a presence of chronically hypoxic ra-

dioresistant cell fraction within a tumor. The low-level laser radiation

is used for radiomodification of these cells. However, till now, there

are none of approaches worked out allowing objective assessment of

therapeutic results and prediction of the disease outcome. Studying the

mechanisms of thrombosis and metastasis in oncologic practice con-

vincingly showed an important role of thrombocytes in these pro-

cesses. Chemo- and radiotherapy also influence hemostasis condition.

The objective of the study is elaboration of the method to estimate the

efficiency of treatment of oncologic patients with different stages of

the disease receiving radiotherapy combined with low-level laser radia-

tion as a radiosensitizer.

A total of 45 patients with malignant oral tumors (MOT) were exam-

ined in dynamics: 20 patients were treated with only RT, 25 – with RT

in combination with intravenous blood laser radiation (radiation

power 25 mw, wave length 632.8 nm). The control group included 30

practically healthy people. All patients underwent distant gamma-ther-

apy (DGT) using uncommon regimen of dose fractioning in summa-

rized focal doses isoefficient 72–73 Gy. Analysis of the

morphofunctional condition of live unfixed and unstained thrombo-

cytes was carried out in the real time using express-method of vital

computed phasemetry on the bass of device-program complex for cel-

lular diagnostics using cytomorphometry and microelectrophoresis.

Morphological structure size parameters and adhesive activity of cir-

culating population was assessed. ADP-induced aggregation was used

as a reference method.

In patients examined, the number of immovable cells, slightly or highly

activated, and degenerative cells was, on the average, 27.6, 44.4, 25.5

and 2.5 vs. 63.1, 20.9, 12.3 and 3.7% of the norm. Increase in the mean

diameter values of circulating thrombocytes by 23.4, 26.8 and 30.3%

was noted as well as of perimeter by 17.6, 21.3 and 24.6%, and square

by 30.2, 32.5 and 38.1% in patients with II, III and IV MOP stages,

accordingly. The cellular height and volume reflecting granules condi-

tion decreased by 10–15%. With growth of DGT dose, the number of

active thrombocytes increased and the size parameters also changed.

Inclusion of intravenous blood laser radiation into the course of radio-

therapy enabled normalization of thrombocyte structural-and-volumi-

nous characteristics (growth of the height and volume, diminishing of

diameter, perimeter and square) and reliable reduction of their activat-

ing potential.

Thus, application of the express-method of vital computed phasemetry

of thrombocytes in oncologic practice allows objective determining the

level of intravascular activation of thrombocytes. Morphometric and

functional thrombocyte parameters can serve criteria of the efficiency

of the radio- and laser therapy carried out.

PO 053
LMWH generics as first line drugs in prophylaxis of
thrombotic complications in cancer patients
Vorobev A

The First Moscow State Medical Sechenov University, Moscow,

Russia

Background: The most perspective methods of prophylaxis of throm-

bophilia and thrombosis in cancer patients is administration of low-

molecular weight heparin (LMWH). That is connected with a number

of its features: 30% of LMWH activity are performed through AT III

and 70% through TFPI; LMWH activates fibrinolysis by exemption

t-PA from endothelium; LMWH is inhibit leukocytes procoagulant

activity; LMWH less often cause the heparin-induced thrombocytope-

nia. LMWH is effective in case of warfarin resistance. LMWH admin-

istration does not required constant laboratory control. The purpose:

To specify an optimum schedule of administration LMWH for
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prophylaxis of thrombotic complications in cancer patients in periop-

erative period.

Materials and Methods: Two hundred and twenty-six cancer patients

at random was divided in three groups in accordance to scheme of

heparin administration: I – LMWH (Hemapaxan) 24 h prior to sur-

gery treatment, further once a day on 0.4 mL (4000 IU) within

10 days in the postoperative period – 75 patients II – LMWH (Hemap-

axan) once day on 0.4 mL (4000 IU) within 10 days in the postopera-

tive period – 77 patients III – Unfractionated heparin on 5000 IU 3

times a day within 10 days in the postoperative period – 74 patients

Lab Methods a quantitative estimation of platelets aggregation in the

presence of Adrenaline, Collagen and ADP in various concentration

(10–3, 10–5, 10–7) to determine degree of their activation. Determina-

tion of a platelets marker of activation – platelets antiheparin factor 4

(PF4). DIC-syndrome markers: D-dimer, TAT, prothrombin frag-

ments F1 + 2.

Results: Before surgery treatment the rate of subcompensated DIC-

syndrome was 18.5–50% depending of localization and degree of

tumor expansion. After surgery treatment the rate of subcompensated

DIC-syndrome considerably increased, and was found signs of decom-

pensated DIC-syndrom. In total the rate of patients with DIC-syn-

drome was 52–75%. In the first group normalization of levels of

thrombophilia markers (TAT, PF4, F1 + 2) was observed in 3–5 days

after surgery treatment. In the II group thrombophilia markers tended

to normalization in 5–7 days after operative intervention. In III group

normalization of thrombophilia markers was found out only after

7 days. Some patients remained increased level of D-dimer up to

10 days. Besides that, in 28 patients (13.7%) was found extensive pain-

ful hematomas in a place of heparin injection.

Conclusions: Perioperative period is the extremely dangerous for

thrombotic complications risk and demands careful control of a hemo-

stasis system functions. At present till now still there is no uniform tac-

tics of thrombotic complications prophylaxis in perioperative period.

The scheme offered by us: LMWH (we have studied the effectiveness

of biosimilar grug – Hemapaxan) 24 h prior to operative intervention,

further once a day on 4000 IU within 10 days in the postoperative per-

iod can be recommended for all cancer patients as the program-mini-

mum, however for 10th day of application of such scheme it is

necessary to control of a condition of hemostasis system in order to

determine necessity of continuation of prophylaxis application of

LMWH. Besides that, we consider necessary to provide the analysis of

genetic forms of thrombophilia and APS for all cancer patients with

clinically expressed thrombotic complications.

PO 054
Diffuse intracranial haemorrhage in Factor V
deficiency: two case reports
Karimi M, Moghaddam M, Gerdabi J, Afrasiabi A,

Dehbozorgian J, Ardeshiri R and Zahedi Z

Hematology Research Center, Shiraz University of Medical

Sciences, Shiraz, Iran

Background: Factor V (FV) deficiency is a rare autosomal recessive

bleeding disorder and its prevalence has been estimated to be 1 out of

1,000,000 populations. Factor V deficiency can present from mild to

severe bleeding symptom such as bruising, nose and mouth bleeds. In

severe forms of factor V deficiency, joint bleeding and risks of central

nervous system bleeding can be seen in newborns.

Aim: We report two cases of severe FV deficiency, presenting with

intracranial hemorrhage (ICH).

Methods: Case 1 is a 6- month male infant who was admitted to emer-

gency Hospital because of lethargy and pallor. He had normal condi-

tion after a Normal Spontaneous Vaginal Delivery. The patient’s

parents were not relatives. Coagulation screening showed a prolonged

Prothrombin time (PT) of 25s and upper limit of normal Partial

Thromboplastin time (PTT) of 40s and His hemoglobin was 5 g/dL.

Computed tomography (CT)-Scan was undertaken and revealed a

large intraparenchymal in the left frontoparietal lob, with significant

edema and mid line shifted to the right side (Figure 1). Coagulation

factor assays revealed a FV plasma activity < 0.5%. FFP treatment

was stopped for 24 h because of poor venous access after 1 month of

ICH. Unfortunately patient passed away 1 day later.

Case 2 is a 4- month old boy who was admitted in Hospital with skin

bleeding, convulsion and poor feeding. There was no history of a hem-

orrhage diathesis in their family, and parents were second degree rela-

tive. He had ICH and spontaneous bleeding from gums. A non-stop

bleeding had occurred after circumcision at 20 days after birth and he

had been treated with FFP without diagnosis. Coagulation tests

showed prolonged PT and PTT and plasma FV activity was below one

percent. FFP (15 cc/Kg) was transfused to patient once a day and he

became clinically stable. After 1 month, FFP infusion was reduced to

once a week after 1 month of therapy.

Conclusion: An intraventricular hemorrhage associated with FV defi-

ciency was first reported by Whitelaw et al. in 1984. Deficiency of FV

leads to in severe bleeding symptoms such as ICH. So, FV activity

should be considered in newborn or infants with ICH as well as FX,

FVII and FXIII assays that clearly are common causes of ICH in new-

borns. FFP is the only method of treatment in patents with FV defi-

ciency, and prophylaxis with FFP is recommended in patients with

severe bleeding symptoms or in cases of ICH.

PO 055
Congenital combined deficiency VII and V associated
with thrombocytopenia
Messaoudi R, Hadj T, Benlaledj D, Moulasserdoune K, Rahal Y,

Ch�erif-Hosni A, Seghier F and Touhami F

University hospital Oran, Oran, Algeria

Although they are very rare, the combined deficits V and factor VII

congenital deficiencies and combined deficiency VII and other factors

the factor IX, X, XI, lack of protein C are known (1). We report the

case of an association of congenital combined deficiency VII and V

associated with mild thrombocytopenia. Patient and methodsIt is a

patient aged 42 years, nonconsanguineous parents, m�enarchie at the

age of 12 years, menorrhagia scarce, married, G4P1, scalable current

pregnancy 33 weeks, with a history of death in two- utero at 7 months

and the other 2 months during the first two pregnancies, a girl aged

5 years in good health born by cesarean section requiring two blood

units and 2 units of fresh frozen plasma. Has a herniated disc without

any treatment. Not taking medication. The only problem serious

bleeding was observed at the age of 7 years after injury of the hand. If

not the patient had multiple dental extractions without special precau-

tions, no bleeding postpartum at different deliveries, no epistaxis, no

gingivorragie. C is in search of the etiology of deaths in- utero we

found a moderate thrombocytopenia 98,000/mm3, TP 58%,

APTT:32 s. (Witness 34 s), Fibrinogen 4.60 g/L. The assay showed a

differential deficit at 36% V, VII deficiency in 36%, 104% II, the X-

92%, VIIIc 286%, 116% plasminogen. The dosage of 78% ATIII,

Protein C at 105%, Protein S A71% 261% RPCA. The search for

lupus anticoagulant negative. Given the large size of platelets, a

research Dystrophy Jean Bernard Soulier negative by flow cytometry.

The study of the family could not be made for the grandparents and

parents of the patient. Consists of siblings three sisters and five broth-

ers: one older sister 44 years this D deficiency in 52% V, Y brother

aged 33 has a V deficiency in 54%, A brother aged 40 has a combined

deficit in V (34%) and VII (56%), explorations have not been made in

other siblings.

Discussion: VII deficiency has been described associated with unex-

plained mental retardation, a epicanthal folds, the ductus arteriosus

and other anomalies that remain unexplained. The rarity of a disease

can teach us many things in physiology and pathophysiology study

that deficits and/or frequent illness. In addition, these deficits must be

combined very few in mind before a certain replacement therapy

apparently isolated deficit remaining inadequate or ineffective.
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PO 056
Registry of inhibitors in mild and moderate
haemophilia A patients in Spain
Cid AR1, Jim�enez Yuste V2, Nu~nez RJ3, Mingot E4, Sedano C5,

Palomo A4, L�opez-Fern�andez MF6, Paloma MJ7, Altisent C8

and Prieto M9

1Hospital La Fe, Valencia; 2Hospital Universitario La Paz, Madrid;
3Hospital Virgen del Rocio, Sevilla; 4Hospital Universitario Carlos

Haya, Malaga; 5Hospital Marqu�es de Valdecilla, Santander;
6Complejo Hospitalario A Coru~na, Coru~na; 7Hospital Virgen del

Camino, Pamplona; 8Hospital Vall d′Ebr�on, Barcelona; 9Hospital
General Yague, Burgos, Spain

Background: Inhibitor development occurs less frequently in mild and

moderate haemophilia A patients than in severe ones. The develop-

ment of alloantibodies against factor VIII (FVIII) in these patients is

often associated with important clinical problems such bleeding phe-

notype changing into a more severe form. We have tried to determine

the characteristics of the patients who develop inhibitors in this

pathology in our country.

Patients and Methods: All patients with mild and moderate haemo-

philia A and inhibitors registered at several centers of hemophilia in

Spain in the last 20 years were included. Demographic and hemophil-

iac data (date of birth, ethnicity, FVIII level, family history of haemo-

philia and inhibitor development, F8 gene mutation) were obtained.

We also obtained data related to inhibitors: initial and maximum his-

torical titres, kinetic reaction type, inhibitor against exogenous o both

endogenous and exogenous FVIII, exposure days (ED) and intensive

replacement therapy before inhibitors. We collected data of treatment

to bleeding episodes and immune tolerance induction if performed.

Results: Fifteen patients (four with moderate and eleven with mild hae-

mophilia A) developed inhibitors in this period. All our patients were

Caucasian. In twelve of them information about F8 gene mutation is

available. Six cases have a mutation considered as high risk for inhibi-

tor development (four R2150H and two R593C mutations). Average

age at which inhibitors developed was in the age range of 28 (3–64)
and 38 (6–47) for moderate and mild haemophilia patients. Eleven

patients (73%) had an inhibitor considered as high titre. In the major-

ity of the patients (8/13) inhibitor development occurs after more than

50 ED. Only 6 out of the 15 patients underwent eradicator treatment,

5 of which (83%) responded positively.

Conclusions: Several patients present mutations associated to high risk

for inhibitor development. As well as in severe haemophilia, the major-

ity of inhibitors show high titres. Apart from this disease, inhibitors

may develop at an advanced age showing many ED. Many patients do

not undergo proper treatment and the inhibitor may disappear. The

mild and moderate haemophilia patients with inhibitors showed quite

a significant difference as compared to severe haemophilia A patients.

PO 057
Fluctuation in factor VIII levels in a patient with
hemophilia B
Guler N1 and B€uy€ukkaya P2

1Ondokuz Mayis University, School of Medicine; 2Ondokuz

Mayis University, Samsun, Turkey

Background: In here, we want to share an interesting patient with He-

mophila B in whom Factor VIII levels are fluctuating. 31 years old

male patient was following with hemophilia B and Hemophila A since

2 years old. He had been diagnosed as combined factor deficiency

because of low Factor VIII (7%) and low Factor IX (5%) levels. He

was followed by adult hematology department after 22 years old.

When we checked his Factor VIII levels were such as: 7%, 138%,

208%, 117%, 52%, 63%, 15%, 64%, 29%, 80%, 80%, 19%, 19%,

101% during last 29 years. We checked whether Fresh Frozen Plasma

(FFP) replacements were done just before these measurements, the sit-

uation was safe. There was not any replacement. Factor inhibitors for

VIII and IX were always negative. His Factor IX levels were consistent

such as 5%,%7 during last 29 years.

The level of vWF Ag was 97%, in the same way there was not FFP

replacement just before this measurement. His blood group is O Rh +.
Patient’s mother, father and sister’s blood groups are also O Rh +.
According to patient’s history his mother and sister have got same sit-

uation as low Factor VIII and low Factor IX. However, we could not

reach their old charts.

Summary: Finally, if our patient would carry hemophilia A gene, his

factor VIII levels never can be as high as 138% or 208%. Because of

his blood group there is a big suspicion for the reason of these fluctua-

tions; it can be a von Willebrand disease in O blood group patient.

After this evaluation we accepted patient as only as Hemophilia B not

together with Hemophilia A despite low Factor VIII levels such as

7%, 15%, 19% and 29%. We planned to study of ristocetin cofactor

activity. We are still thinking that whether there is a big waving in his

vWF Ag level or vWF activity results in very low (7%) and high Fac-

tor VIII levels (208%).

PO 058
Structural comparison of a new recombinant rFVIII
molecule, turoctocog alfa, and commercially available
FVIII products
Kristensen AK, Kjalke M, Klausen NK, Ezban M and Vad K

Novo Nordisk, Maaloev, Denmark

Background: Turoctocog alfa is a new recombinant FVIII molecule

(rFVIII) with a truncated B-domain consisting of 21 amino acids from

the naturally occurring B-domain.1 Commercially available rFVIII

products are either produced from the full-length gene resulting in a

heterogeneous mixture of heavy chains with different lengths of the B-

domain attached (Advate� or Kogenate FS�) or from a construct with

a 14 amino acid B-domain attached (ReFacto AF�). The essential role

of the B-domain is to facilitate the secretion from the FVIII synthesiz-

ing cells. As the B-domain is not required for procoagulant activity,

the biological activity of turoctocog alfa and Advate� in vitro2 and in

vivo3 is comparable.

Aim: To compare the structure and homogeneity of turoctocog alfa to

commercially available rFVIII products.

Methods: The FVIII-related components present in Advate�, Kogen-

ate FS�, ReFacto AF� and turoctocog alfa have been analysed using

SDS-PAGE with and without thrombin digestion followed by N-ter-

minal amino acid sequencing of excised bands, size exclusion (SE)-

HPLC and reverse phase (RP)-HPLC.

Results: SDS-PAGE of turoctocog alfa showed the expected major

bands corresponding to the heavy chain (HC) and light chain (LC) in

addition to a minor band corresponding to the single chain (scFVIII).

The same band pattern for HC, LC and scFVIII was observed for Re-

Facto AF�, while several high molecular weights bands corresponding

to HC with different length of the B-domain attached were observed

for Advate� and Kogenate FS�. Following thrombin digestion, all

rFVIII products showed the expected bands corresponding to the A1

and A2 domains and the activated LC. In addition to intact A2, Re-

Facto AF� contained two components with lower mass likely due to

C-terminal cleavage within A2.4 For turoctocog alfa the major compo-

nents in the RP-HPLC profile consisted of HC and LC and a small

amount (approximately 3%) of scFVIII. Heterogeneity of HC was

observed for all rFVIII compounds. Turoctocog alfa had two compo-

nents, one with C-terminal at amino acid 740, i.e. at the end of the A2

domain, and one containing the 21 amino acid B-domain. Advate�

and Kogenate FS� both contained several HC degradation products

corresponding to HC’s with different lengths of the B-domain

attached. For Advate�, a specific LC component containing part of

the B-domain was observed. The SE-HPLC of turoctocog alfa and
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ReFacto AF� have similar profiles, while variation due to the hetero-

geneously processed B-domains was observed for Advate� and Kogen-

ate FS�.

Conclusion: The major difference of the commercially available rFVIII

products is the variation in length of the B-domain: Advate� and Ko-

genate FS�, encoded by the full-length gene, showed highly heteroge-

neous profiles in SE- and RP-HPLC, while ReFacto AF� and

turoctocog alfa both exhibit more homogeneous profiles. For Ad-

vate�, a specific LC variant containing part of the B-domain was

observed. After thrombin cleavage all rFVIII compounds contain the

expected pattern of A1, A2 and activated LC, however, ReFacto AF�

also contains smaller size A2 domains. In summary, turoctocog alfa is

a highly homogeneous rFVIII product.
1Thim, Haemophilia 2010;16:349–59.
2Christensen, Haemophilia 2010;16:878–87.
3Martinowitz, Haemophilia 2011;17:854–9.
4Sandberg, Thromb Haemost 2001;85:93–100.

PO 059
The activity of glycoPEGylated recombinant FVIII
(N8-GP) can be measured in both two-stage
chromogenic and one-stage clotting assays
Krogh-Meibom T, Olsen EHN, Kjalke M and Ezban M

Novo Nordisk A/S, Maaloev, Denmark

Background: N8-GP is a 40KDa glycoPEGylated recombinant human

FVIII. The PEG group is selectively attached to a unique O-linked gly-

can in the B-domain of turoctocog alfa, which upon activation is

released and generates activated FVIII (FVIIIa) similar to native

FVIIIa.1 N8-GP and FVIII have similar potency in animal bleeding

models, however N8-GP has longer duration of effect. In humans N8-

GP has a 1.6-fold prolonged half-life compared to rFVIII. N8-GP is in

late stage clinical development for bleeding prophylaxis in haemo-

philia A.

Aim: To evaluate N8-GP relative to non-PEGylated rFVIII in two-

stage chromogenic and one-stage clot assays.

Methods: Different FVIII compounds (turoctocog alfa, N8-GP,

Advate�, and Haemate�) were analysed in two-stage chromogenic

assays and in one-stage clotting assay with different APTT reagents.

Reference materials (plasma, rFVIII, N8-GP) were calibrated against

WHO FVIII standard.

Results: The activity of N8-GP and turoctocog alfa was comparable

when measured in two-stage chromogenic assays. Thus, chromogenic

assays do not appear to be affected by the PEG group of N8-GP. In

the one-stage clot assay the activity measured for turoctocog alfa, Ad-

vate� and Haemate� was within 100 � 25% of labelled value irrespec-

tively of APTT reagent used. APTT reagents containing ellagic acid in

general gave activities for N8-GP within 100 � 25% of labelled value,

e.g. the use of Actin FS� and STA Cephascreen� resulted in recoveries

of N8-GP close to 100%. Other reagents, in particular the silica-based

reagents, resulted in activities below 75%. The latter suggested some

interaction of silica-based APTT reagents with the PEG group of N8-

GP. Full recovery was achieved for all APTT reagents when using the

N8-GP standard. Addition of free PEG to the assay buffer did not

influence the performance of rFVIII in the one-stage clot assay, i.e. the

interference is only observed when the PEG moiety is attached to

rFVIII.

Summary/Conclusion: As for rFVIII (e.g. turoctocog alfa), the activity

of glycoPEGylated recombinant FVIII (N8-GP) can be reliably mea-

sured against the WHO FVIII standard in two-stage chromogenic as

well as in one-stage clotting assays with ellagic acid-based APTT

reagents. Other APTT reagents provided reduced recoveries, probably

due to interference of the PEG group of N8-GP with APTT reagent.

The reagent specific variations can be normalised by introduction of

an assay specific conversion factor or by using a N8-GP standard. The

data illustrate the need for evaluating performance of new FVIII prod-

ucts in various activity assays using different reagents.

1. Stennicke et al. Blood 2013, doi:10.1182/blood-2012-01-407494

PO 060
Selective measurement of PEGylated human
recombinant factor VIII (BAX 855) in laboratory animal
plasma
Turecek PL, Weber A, Engelmaier A, Minibeck E, Hainzelmayer S,

Schwarz H-P and Scheiflinger F

Baxter Innovations GmbH, Vienna, Austria

Background: Quality-determining attributes of protein therapeutics

such as half-life, immunogenicity or resistance against proteolytic deg-

radation, can be improved by the covalent attachment of polyethylene

glycol (PEG), i.e. PEGylation. Monitoring the resulting PEGylated

protein in preclinical settings requires a composite assay type that not

only measures the parent, unmodified protein, but also its PEG moiety

introduced by PEGylation.

Aim: We therefore developed a ligand-binding assay (LBA) to selec-

tively measure PEGylated human recombinant factor VIII (rFVIII;

BAX 855), and validated it for use in pharmacokinetic studies in maca-

ques, rats and FVIII-deficient mice.

Method: The LBA uses a combination of an anti-PEG antibody and a

polyclonal anti-human FVIII antibody-peroxidase conjugate as a

reporter antibody. PEGylated rFVIII BAX 855 is selectively captured

via its PEG moiety by the plate-bound anti-PEG antibody and then

detected by binding of the reporter antibody. Concentration-depen-

dent responses were obtained with a calibration curve ranging from

0.18 to 2 ng FVIII-bound PEG/mL. We validated the LBA in the

matrix of macaque, rat and FVIII-deficient mouse plasma, according

to the EMA guideline on bio-analytical assay validation.

Results: Using the combination of anti-PEG capturing antibody and

anti-FVIII reporter antibody allowed us to specifically measure human

PEGylated rFVIII in all three plasma matrices. This was posible even

in macaque plasma where usually a high degree of cross-reactivity

interferes with the specific immunological measurement of human

FVIII. The assay’s selectivity allowed measurement of BAX 855 with-

out interference by endogenous FVIII in wild-type animal models.

Results of the assay validations proved the LBA suitable for its

intended use in all three species: Mean accuracy, expressed as the

recovery of BAX 855 spiked at five relevant concentrations to the

plasma of macaques, rats and FVIII-deficient mice, was 91.9%, 96.4%

and 91.7%, respectively, with all individual values in a � 20% range,

even at the lower limit of quantification. Intra- and inter-run precision

also complied with accepted recommendations for assays of this type.

The three animal plasma matrices showed no influence on the linearity

of the dilution series obtained for BAX 855-containing plasma sam-

ples. The LBA’s mean total errors, giving the sum of absolute accuracy

and precision, were 11.0%, 16.4% and 15.2% for rat, E17 mouse and

macaque plasma spiked with BAX 855 at FVIII-bound PEG concen-

trations ranging from 10 to 400 ng/mL, and were < 35% at the assay’s

lower limit of quantification.

Summary/Conclusions: A ligand-binding assay was developed and suc-

cessfully validated for measuring the PEGylated rFVIII preparation

BAX 855 in the plasma of laboratory animals. The concept of using

paired antibodies, and in particular, the application of an anti-PEG

antibody to capture the PEGylated protein, can be extended to mea-

surement of other PEGylated biologicals using an appropriate reporter

antibody.
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PO 061
Modification-dependent activity assay: A new assay
type for selective activity measurement of PEGylated
human factor VIII (BAX 855)
Turecek PL, Weber A, Engelmaier A, Haindl S, Mohr G,

Schwarz H-P and Scheiflinger F

Baxter Innovations GmbH, Vienna, Austria

Background: Quality-determining attributes of protein therapeutics

such as half-life, immunogenicity or resistance against proteolytic deg-

radation can be improved by the covalent attachment of polyethylene

glycol (PEG), i.e. PEGylation. Optimally, PEGylation does not or

only minimally reduces the biological activity of the modified mole-

cule. Measurement of the activity of the resulting PEGylated protein

can be achieved with a new type of activity assay, which only measures

the protein’s activity as long as the PEG moiety is present. This assay

type is therefore termed modification-dependent activity assay

(MDAA).

Aim: We developed and validated a modification-dependent activity

assay to selectively measure the FVIII activity of the PEGylated

human recombinant factor VIII (rFVIII) preparation BAX 855 in nor-

mal and in FVIII-deficient human plasma without interference by

non-PEGylated FVIII.

Method: The MDAA combines the use of an anti-PEG antibody with

an FXa-based chromogenic FVIII activity assay. PEGylated rFVIII

BAX 855 is selectively captured by the plate-bound anti-PEG anti-

body, and non-PEGylated compounds including endogenous FVIII

when present are removed by washing. The activity of the bound

PEGylated FVIII is then determined by chromogenic FVIII activity

assay. The assay, which, due to its underlying principle, shows abso-

lute specificity for PEGylated FVIII, was validated for measurement

of BAX 855 in human plasma samples according to the EMA guide-

line on bio-analytical assay validation.

Results: The six-point calibration curve of the MDAA ranged from 2.2

to 69 mU FVIII/mL; thus, it was as sensitive as conventional chromo-

genic assays. Using this MDAA for measurement of samples from a

preclinical pharmacokinetic study in a FVIII-deficient mouse model

(E17 mice) provided almost overlapping time vs. activity curves com-

pared with those obtained with the conventional chromogenic FVIII

assay. Results of the validation proved the MDAA suitable for its

intended use: Mean accuracy, expressed as the recovery of PEGylated

rFVIII BAX 855 spiked at five concentrations ranging from 0.07 to

2 U/mL to normal human plasma and FVIII-deficient plasma was

97.1% and 96.1%, respectively, with all individual means in a � 12%

range even at the lower limit of quantification (LLOQ). Intra- and

inter-run precision clearly complied with accepted recommendations

with relative standard deviations of less than 12%, even at the LLOQ.

The selectivity of the capturing step was confirmed by competition

with PEG and an anti-PEG antibody: In both cases, a dose-dependent

signal reduction was obtained.

Summary/Conclusions: A highly selective MDAA was developed and

successfully validated for measurement of the PEGylated rFVIII prep-

aration BAX 855 in normal human plasma and FVIII-deficient

plasma. This particular concept of specifically capturing PEGylated

rFVIII before measuring its activity can be extended to other PEGylat-

ed proteins. The results obtained with this newly developed assay type

will allow to determine whether or not the PEGylated protein is still

intact.

PO 062
Differentiation of the natural, full length recombinant
FVIII molecule from B-domain deleted recombinant
FVIII with respect to its hemostatic potency
Turecek PL, Schrenk G, Gritsch H, Romeder-Finger S, Knappe S,

Dockal M and Scheiflinger F

Baxter Innovations GmbH, Vienna, Austria

Background: A variety of recombinant FVIII (rFVIII) preparations

that provide efficacious replacement therapy in hemophilia A patients

are available. These preparations include full-length rFVIII (FL

rFVIII), which is equivalent to the naturally occurring FVIII molecule,

and genetically engineered B-domain deleted rFVIII (BDD rFVIII).

Determination of an accurate FVIII activity is crucial for manufactur-

ing, and especially for product dosing in clinical settings and testing of

patient plasma. Several studies have demonstrated that assessing reli-

able FVIII activity for BDD rFVIII is a significant challenge due to

the major discrepancy in results obtained with FVIII chromogenic and

1-stage clotting assay. Moreover, FVIII 1-stage clotting activity

depends on the type of aPTT reagent used.

Aims: The objective of the study was to evaluate differences in potency

determination between FL rFVIII and BDD rFVIII with respect to

their dependency on the type of aPTT reagent used in the 1-stage clot-

ting assay.

Methods: Potency of FVIII was measured by a FVIII chromogenic

activity assay and 1-stage clotting assay, using different commercial

available aPTT reagents. Both the 8th international standard for blood

coagulation factor VIII concentrate (NIBSC #07/350) and human nor-

mal plasma served as assay reference standards. The performance of

the two different types of rFVIII products was compared by calculat-

ing the ratios between FVIII 1-stage clotting and chromogenic activi-

ties.

Results: Depending on aPTT reagent type, FVIII potencies varied

within a relatively broad range, independent of which type of assay

reference standard was used. The resulting ratios between FVIII 1-

stage clotting and chromogenic activity showed a broader variance for

the BDD rFVIII products than for FL rFVIII products.

Summary/Conclusions: Although further investigation is required to

substantiate our observation, dependence on aPTT reagent type

appeared more pronounced for BDD rFVIII than for FL rFVIII. As

clinical laboratories use a number of commercial aPTT reagents with

different compositions, determination of the correct potency and con-

centration in plasma post infusion of BDD rFVIII might be more chal-

lenging than for the natural, full-length rFVIII molecule.

PO 063
Factor XI deficiency: a family report
Benlaldj D1, Bougherza M2 and Seghier F1

1University hospital of Oran; 2Regional Military University

Hospital of Oran, Oran, Algeria

Background: Factor XI (FXI) deficiency is an autosomal recessive

inherited coagulation disorder associated with a mild bleeding ten-

dency, absence of spontaneous bleeding and this manifestations are

weakly correlated with plasmatic FXI level.

Methods: We describe an asymptomatic family withe FXI deficiency.

The patient 65 year old man; diagnosed after a systematic blood test,

his wife, her two girls and son were tested. Factor XI level were deter-

mined by one-stage plasma clotting assay. Von Willebrand Factor

(VWF) activity were determined by visual method.

Results: The patient and her two girls have a severe deficiency (FIX

level 2%). The wife patient and her son have a minor deficiency

(respectively FXI levels 56% and 46%). Previous studies suggested

that VWF activity may influence bleeding tendency. The absence of

bleeding history in this familly and the result of VWF activity level

(mean 116%, range 81% �135%) that suggest a role of VWF.
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Conclusion: This result suggests the necessity to perform assay of VWF

activity in investigation of factor XI deficiency, to evaluate a bleeding

tendency.

PO 064
Factor XI deficit: cases report
Ruades Ninfea MA, Duboscq C, Ceresetto J, Prieto S, Shanley C,

Stemmelin G, Rabinovich O, Palmer S and Bullorsky EO

Hospital Britanico de Buenos Aires, BUENOS AIRES, Argentina

Background: Factor XI deficit is a uncommon condition with a esti-

mated incidence of one case per million. Bleeding as clinical manifesta-

tion are polymorphic, and also the relationship between the level of

factor XI and bleeding events.

Aims: To describe clinical presentations, diagnosis, level of factor XI

and treatment the nine patients in our center.

Methods: The factor levels were done by one stage clotting method (at

least two dilutions). Fibrinogen levels were made with a Clauss

method, and the Factor VW levels with antigenic and immuneturbi-

metric methods. All test were made with an optic automated coagulo-

meter.

Results: The mean age was 48 years old (range 9–73), 7 was female.

The diagnosis as screening preoperative test when prolonged APTT

was found in six patients, post surgical bleeding 2, as metrorrhagia in

1 of cases. None presented as spontaneous or severe bleeding before

the diagnosis was made. The factor XI measured were between 9%

and 50%, two patients presented severe Factor XI deficit with a level

less than 15% (one with metrorrhagia and the other without bleeding

manifestations) and seven patients the deficit was mild with a factor

XI level between 30 and 50%. No molecular test and platelet Factor

XI were available in our country. In six patients we used fresh frozen

plasma, in two anti fibrinolytics and in one DDAVP, previously to the

surgical procedure since there is no factor XI concentrate in Argentina.

None of them had post surgical bleeding.

Conclusion: (1) Factor XI is an uncommon condition, but must be

ruled out in a patient with a prolongued APTT with correction in mix

assays; (2) In pre surgical intervention are effective fresh frozen

plasma, antifibrinolytics and DDAVP as an alternative to Factor XI

concentrate.

PO 065
Prevalence of Venous Thrombo-Embolism & Related
Morbidity and Mortality among hospitalized patients
in Saudi Arabia (SAVTE Registry)
Abo-El-nazar Y1, Al-Hameed F2 and Group SR3

1Um AlQora University; 2KSAU-HS Univeersity; 3Savte Group,

Jeddah, Saudi Arabia

Background: Venous Thrombo Embolism (VTE) is a serious and

potentially fatal condition. Its prevalence and incidence has not been

clearly defined on a large scale bases in Saudi Arabia. Appropriate

prophylaxis can lead to favorable and cost-effective results.

Aims: The primary objective is to determine the percentage of VTE

patients who received appropriate anti-thrombotic prophylaxis

according to ACCP guidelines. The secondary objective is to deter-

mine the mortality due to VTE events, type of VTE events, and per-

centage of patients prescribed the anti-coagulant therapy and

adherence to it after discharge.

Methods: Seven major tertiary hospitals in the Kingdom of Saudi Ara-

bia have participated in this study. During the period from 1 July 2009

till 30 June 2010, all cases of VTE recorded in the hospitals, were col-

lected using patients’ medical records and computerized databases of

the hospitals. Only patients with confirmed diagnosis of VTE were

included in the analysis.

Results: One thousand two hundred and forty-one of confirmed VTE

were included in the study analysis. A 58.3% of them were DVT only,

21.7% were PE and 20% had both DVT and PE. A 21.4% and 78.6%

of confirmed VTE occur in surgical and medical patients respectively.

A 40.9% of total VTE cases received prophylaxis.

Only 63.2% of surgical patients and 34.8% of medical patients had

received appropriate prophylaxis (P < 0.001). Mortality rate was

14.3% of all patients. A 89.4% of survived patients were on anti-coag-

ulation therapy at discharge, and 71.7% were adherent to it on follow-

up.

Conclusions: VTE is a significant cause of morbidity and mortality in

hospitalized patients. All efforts should be made to reduce the gap

between guidelines and practices in implementing appropriate VTE

prophylaxis.

PO 066
Acute Deep Venous Thrombosis secondary to May-
Thurner syndrome: a case report
Acosta KRA, Ganzon MS, Carino RG and Esposo EA

St. Luke’s Medical Center, Quezon City, Philippines

Background: We report a case of a 31 year-old female with pain and

swelling of the left lower extremity as the initial presentation of acute

deep venous thrombosis (DVT) secondary to May-Thurner Syndrome,

a rare case with unknown overall prevalence or incidence, that results

in iliofemoral DVT due to an anatomical anomaly where the left com-

mon iliac vein is compressed between the right common iliac artery

and the lumbar vertebrae. She had a two-day history of pain and swell-

ing of the left lower extremity, difficulty ambulating, warmth, and pur-

plish discoloration of the skin. On physical examination, the left lower

extremity had purplish discoloration, varicosities, increased capillary

refill time, grade three pitting edema, warmth, tenderness from the

medial part of the thigh to the calf and limitation of movement. Its cir-

cumference was greater than the right lower extremity by 10 cm.

Pulses were full and equal, with intact reflexes, sensory, and no masses

or inguinal lymphadenopathy.

Aims: May-Thurner Syndrome is often unrecognized due to the preva-

lence of other more easily recognized risk factors for DVT. A more

invasive study, such as venography, is necessary to correctly identify

and manage this anatomical anomaly to prevent debilitating sequelae.

Methods: Duplex scan of lower extremities showed acute DVT par-

tially occluding the left common iliac and distal external iliac veins,

proximal to distal femoral vein, and popliteal vein. CBC, PT, and PTT

were unremarkable. She had elevated Factor VIII levels at 201%, and

low protein S level at 19%, prompting investigation for thrombophilia

which yielded negative findings. On further work-up, venography

revealed stenotic, anomalous vein originating from the left iliac vein,

obstruction from the left common iliac vein to mid-proximal femoral

vein and collaterals in the common femoral vein to the left common

iliac vein. Workup for anti-phospholipid antibody syndrome, systemic

lupus erythematosus, malignancy, lymphedema, and infection were

negative.

Results: Management was aimed at clearing the thrombus present and

correcting the underlying compression of the left iliac vein. Methods

of clearing the thrombus include anticoagulation and thromboreduc-

tive strategies. Initial anticoagulation with Enoxaparin was overlapped

with Warfarin for long-term anticoagulation. She also underwent

catheter-directed thrombolysis with Alteplase, and ilio-femoral, popli-

teal, and posterior tibial thrombectomy after IVC filter insertion; how-

ever, treatment failed as evidenced by persistence of pain and swelling

on the left lower extremity, and occurrence of pulmonary embolism.

Subsequently, femoro-femoral vein bypass using cross-over great

saphenous vein and AV fistula creation to the femoral venous bypass

graft were successfully performed, followed by chronic anticoagulation

with Rivaroxaban. Clinical improvement was noted with completely

resolved pain and swelling on the left lower extremity after 6 months.
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Follow-up duplex scan of lower extremities also showed marked

improvement.

Summary/Conclusions: A comprehensive diagnostic approach is essen-

tial to accurately identify this anatomical anomaly as a cause of iliofe-

moral DVT, especially in a young female with unilateral pain and

swelling of lower extremity. Long-term anticoagulation and throm-

boreductive strategies, while indicated, are not adequate to prevent

long-term sequelae in May-Thurner Syndrome, and a more invasive

therapeutic approach, surgery, is indicated.

PO 067
The role of clinical scores in the diagnosis of
pulmonary thromboemboli
Comert S, Caglayan B, Mutlu S, Fidan A and Kiral N

Dr.Lutfi Kirdar Kartal Training and Research Hospital, Istanbul,

Turkey

Background: Pulmonary thromboembolism (PTE) is a common dis-

ease, that requires prompt diagnosis and treatment due to the high

morbidity and mortality. Clinical scoring methods are used for the

diagnosis of PTE in addition to the algorithms that includes clinical,

radiological and laboratory parameters. Wells and the modified Gen-

eva clinical scores are two of these methods.

Aim: The aim of this study was to compare the roles of these two meth-

ods in the diagnosis of PTE.

Methods: The demographic and clinical characteristics, risk factors,

Wells and modified Geneva scores, arterial blood gas values, radio-

graphic and computed tomography angiography findings of patients

hospitalized in our clinic with the pre-diagnosis of PTE between Janu-

ary 2010 – December 2012 were retrospectively analyzed. The role of

Wells and modified Geneva clinical scores in the diagnosis of PTE was

evaluated and compared with each other by Mann–Whitney-U test

using the SPSS 17.0 program, P < 0.05 was considered statistically sig-

nificant.

Results: Two hundred and twelve patients, 104 (49.1%) female and

108 (50.9%) male, hospitalized with the diagnosis of PTE were

included in the study. The mean age of patients was

60.6 � 17.7 yeras, 124 of these patients (58.5%) were treated with the

diagnosis of PTE and 88 (41.5%) of them consisted of patients who

were diagnosed besides PTE. Twenty-three (18.5%) of cases were in

low, 99 (79.8%) were in moderate and 2 (1.6%) of them were in high

clinical probability with the Wells scoring method. On the other hand,

98 (79%) of patients were in moderate and 26 (21%) of them were in

high clinical probability with the modified Geneva scoring. The mean

Wells and modified Geneva scores were 2.74 � 1.08 and 2.83 � 6.51.

It is determined that Wells score and the modified Geneva score were

statistically significant in the diagnosis of PTE (P = 0.03,

P < 0.0001).

Conclusion: As a result, a variety of clinical scoring methods are

important in achieving the diagnosis of PTE. In our study, Wells scor-

ing method is found more valuable than the modified Geneva scoring.

PO 068
Retrospective evaluation of pulmonary
thromboembolism cases
Comert S, Caglayan B, Mutlu S, Fidan A and Kiral N

Dr.Lutfi Kirdar Kartal Training and Research Hospital, Istanbul,

Turkey

Background: Pulmonary thromboembolism (PTE) is a common dis-

ease, that requires prompt diagnosis and treatment due to the high

morbidity and mortality.

Aim: The aim of this study is to evaluate retrospectively the clinical,

laboratory and radiological findings of patients that diagnosed and

treated as PTE.

Methods: The demographic and clinical characteristics, risk factors,

arterial blood gas values, radiographic and computed tomography

angiography findings of patients hospitalized in our clinic with the

diagnosis of PTE between January 2010 – December 2012 were retro-

spectively analyzed.

Results: The most common risk factors were older age (> 65) (48.4%),

deep venous thrombosis (44.4%), immobilisation (27.4%) and surgical

operation in last 4 weeks (14.5%). The most common symptoms

observed in our patients were dyspnea (75.0%), cough (29.8%), chest

pain (27.4%), hemoptysis (21.0%) and unilateral lower extremity pain

(14.5%), respectively. Chest X-ray reveals parenchymal lesions in 82

(66.1%), pleural effusion in 57 (46.0%) and linear atelectasis in 28

(22.6%) of the cases. Serum d-dimer level was high in 121 (97.6%)

cases. Fifty-one (41.1%) of patients had hypoxemia and 69(55.6%)

had hypocapnia arterial blood gasses. Thrombosis was detected in

44.4% of cases at lower extremity Doppler ultrasonography. A 62.9%

of the patients were diagnosed with V/Q scintigraphy while 37.1% of

them were diagnosed with computed tomography angiography of the

thorax.

Conclusion: We consider that clinical evaluation is also important

besides the radiological and laboratory examinations in PTE suspected

cases. The morbidity and mortality can be reduced if PTE is kept in

mind especially in patients with risk factors.

PO 069
D-dimer, P-selectin and Microparticles are superior to
duplex ultrasound in the diagnosis of DVT
Eissa DG, Ghozlan MF, Osman A and Mahmoud HM

Ain Shams University, Cairo, Egypt

D-dimer, P-selectin and Microparticles are superior to duplex ultra-

sound in the diagnosis of DVT.

Background: Diagnosis of DVT is based upon clinical suspicion in

patients at risk and confirmatory duplex ultrasound imaging of the

deep venous system of the affected extremity. Currently, no single

blood test exists alone to diagnose DVT and the most widely used test,

D-dimer, is useful to exclude the diagnosis of DVT due to its high sen-

sitivity, but cannot establish the diagnosis due to its poor specificity.

Aim: This study was performed to determine the significance of D-

dimer, P-selectin and microparticles biomarkers in the diagnosis of

DVT.

Methods: Three groups of individuals were examined: 50 normal indi-

viduals (Group I); 50 symptomatic patients for DVT whose duplex

ultrasound was positive (Group II) and 50 symptomatic patients with

normal duplex ultrasound (Group III). Measurment of D-dimer by

immunoturbidimetric assay, P-selectin by flowcytometry and micro-

particles by ELISA was performed for all individuals.

Results: D-dimer, P-selectin and microparticles were significantly

higher in groups II and III compared to group I individuals. Group II

vs. Group III individuals had D-dimer values of 4.41 � 2.07 vs.

2.1 � 1.37 mg/L (P = 0.000); P-selectin values of 31.91 � 14.9 vs.

22.96 � 10.7%(P = 0.021) and microparticles levels of 42.12 � 14.1

vs. 21.08 � 14.61 nM (P = 0.000). Using ROC curves, we deter-

mined D-dimer cut-off level of 0.92 mg/L, P-selectin value of 17.8%

and microparticles level of 16.5 nM that can accurately differentiate

normals from duplex positive patients for DVT. In Group III, 14

patients developed thrombosis in a period of time ranging from 3 to

7 days which necessitates the establishment of new cut-off levels for

each of the three studied markers to differentiate duplex negative

patients for DVT without thrombosis from those of the same group

who developed thrombosis being 2.81 mg/L for D-dimer (57% sensi-

tivity and 94% specificity), 30.2% for P-selectin (57% sensitivity and

94% specificity) and 26 nM for microparticles (43% sensitivity and

100% specificity).

Conclusion: D-dimer, P-selectin and microparticles can be used to

diagnose DVT. In addition, newly estimated cut-off values for the

three studied biomarkers can confirm the presence of DVT in patients
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and thus they can start anticoagulation therapy even before duplex

ultrasound turn positive or when it is unavailable.

Keywords:D-dimer, P-selectin, microparticles, DVT.

PO 070
Normalized activated protein C sensitivity ratio and
protein S-specific activity are useful predictive markers
for venous thromboembolism
Kobayashi T1, Hirai K1, Kasamatsu N1, Kobayashi M1, Iwase T1,

Kanai T1, Matsuoka T1, Sugiyama K2 and Tsuda T3

1Hamamatsu Medical Center; 2Hamamatsu Univercity School of

Medicine, Hamamatsu; 3Shino-Test Corporation, Sagamihara,

Japan

Background/Aims: Predicting venous thromboembolism (VTE) is very

difficult and effective markers have yet to be established. This study

aimed to determine whether the normalized activated protein C sensi-

tivity ratio (APC-sr) and protein S (PS) activity/antigen ratio (PS-spe-

cific activity) are useful predictive markers for VTE.

Patients and Methods: APC-sr and PS-specific activity were examined

in scheduled surgical patients and in patients with VTE onset before

anticoagulation in Hamamatsu Medical Center between January 2010

and March 2012. Citrated plasma was obtained perioperatively from

surgical patients. APC-sr was determined by an endogenous thrombin

potential (ETP)-based assay with computer-assisted calibrated auto-

mated thrombography. The total PS activity assay is comprised of

three solutions, Reagent 1 (APC), Reagent 2 (Factor Va) and Reagent

3 (Factor Xa, prothrombin and S-2238), and is readily applicable to

automated analyzers. To measure total PS activity, the PS-C4bBP

complex in plasma was first dissociated by diluting samples and adding

liposomes with high affinity for PS. PS antigen was assayed by latex

agglutination by an anti-PS monoclonal antibody. Then, PS-specific

activity was calculated. Pulmonary embolism (PE) and deep venous

thrombosis (DVT) were diagnosed and then confirmed by CT scan-

ning or Doppler blood flow scanning. Approval for this study was

granted by the Hamamatsu Medical Center Review Board in 2009.

Informed consent was obtained from all participants prior to blood

collection.

Results: Twenty orthopedic patients, 30 patients with abdominal

malignancies, six pregnant women who had cesarean deliveries, and 22

symptomatic VTE patients (16 PE, 6 DVT alone) were enrolled in this

study. Among 56 surgical patients, one with a gynecological malig-

nancy developed DVT postoperatively. The mean (� SD) preopera-

tive APC-sr was 1.27 (� 0.69) in orthopedic patients, 1.27 (� 0.68) in

abdominal malignancy patients, and 1.82 (� 0.45) in pregnant women.

These values were somewhat high, and increased through the 3rd to

4th days postoperatively. APC-sr in patients with VTE at the onset

before anticoagulation was 2.92 (� 1.47) (P < 0.01, Games-Howell

test). These data indicate a reduction of sensitivity to APC in these

patients. PS-specific activity was less than 0.7 (�3 SD) in 7 of 19 VTE

patients (36.8%) and in 6 of 16 PE patients (37.5%). Total PS activity

was less than 60% in 5 of 19 VTE patients (26.3%) and in 4 of 16 PE

patients (25%). Moreover, APC-sr and PS-specific activity were 2.76

and 0.61, respectively, in a patient with postoperative DVT. There was

an inverse correlation between APC-sr and total PS activity. Cut-off

values calculated employing a receiver operating characteristic curve

were 2.0 (sensitivity 71%, specificity 88%) for APC-sr, and 0.72 (sensi-

tivity 37%, specificity 94%) for PS-specific activity.

Conclusion: These data suggest APC-sr (> 2.0) and PS-specific activity

(< 0.72) to potentially be useful predictive markers in patients at high

risk for VTE.

PO 071
DVT to VTE: a nursing evolution or revolution?
Lavery RC and Speers H

Belfast Health & Social Care Trust, Belfast, Northern Ireland

As part of the Emergency Department at the Belfast City Hospital, an

outpatient deep vein thrombosis (DVT) service, a nurse led clinic was

setup to triage all patients presenting with suspected DVT. Eighty-five

percent of all patients reviewed did not have a DVT whilst all sus-

pected pulmonary embolus were admitted directly.

The Belfast City Hospital ED has faced a period of temporary closure.

This posed a challenge to the nurse led service. An options appraisal

review took place and it concluded to only manage those patients with

confirmed DVT, pulmonary embolus with a PESI score of 0 and su-

perfical thrombphlebitis.

We have collated our data and present the findings of the new chal-

lenging patient cohort.

At a total of 120 patients have been managed with an average of 8.5

per week. The age range was 18–99 years with 45% male. Of 90

patients diagnosed with a DVT two-thirds were in proximal lower

limb. Risk factors for VTE included 31 with a previous personal his-

tory of VTE, 17 with a positive family history, 8 of the females were

on OCP/HRT. One in every four patients was diagnosed with a hospi-

tal acquired thrombosis (HAT), 3 post partun, 13 general medical/sur-

gical, and 17 related to trauma/orthopaedics. Of these patients just 14

had received chemical thromboprophylixis, 3 were risk assessed but

not prescribed.

Whilst the change in service has been challenging it has also been

rewarding, as we have been motivated into developing new care path-

ways for patients and information leaflets relevant to the many ques-

tions which we are most frequently asked.

PO 072
Thromboses of unusual localization and pregnancy
Makatsaria A, Makatsaria A, Bitsadze V, Kitsenko E, Khizroeva D

and Panfilova O

I.M. Sechenov First Moscow State Medical University, Moscow,

Russia

Background: Thromboses of atypical localizations are life-threatening

complications in pregnant woman.

Materials and Methods: From 2001 to 2012 we observed 27 cases of

thromboses of unusual localization at pregnant women: splanchnic

system thromboses (Badd-Kiari syndrome, mesenterial, splanchnic

veins and portal vein), thromboses of renal veins and retinal veins,

thromboses of the upper extremities, a catheter – associated thrombo-

ses which haven’t been associated with oncology, thromboses of brain

venous sinus. Among them 18 cases were associated with pregnancy, 6

– with oral contraceptives, 3 – with IVF.

Analyses for the genetic and acquired defects of a hemostasis were

conducted in all patients. At 24 of 27 pts thrombophilia was detected:

the phrothrombin mutation (geterozygous)- at 6 pts, a homozygous

mutation of factor V Leiden – at 1 pts, heterozygous – at 6, hyperhom-

ocysteinemia – at 50%, AFA circulation- at 67%, at one patient we

detected a combination of prothrombin mutation and F V Leiden. In

almost all cases the combination of the genetic and acquired forms of

thrombophilia was detected.

Twelve from these patients in the subsequent were observed for preg-

nancy-course. Anticoagulant treatment was carried out since the preg-

nancy beginning, during all pregnancy and within 6 weeks of the

postoperative or postnatal period with enoksaparin sodium (from 0.6

to 2 ml daily). There were no repetitions of thromboses of common

and unusual localization, as far as there were no hemorrhagic compli-

cations.
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PO 073
A comparative study of two automated assays for
D-Dimer used in patients admitted in the Emergency
Department in a university hospital
Marques-Verdier A

CHU of Clermont-Ferrand, Clermont-Ferrand, France

Background: D-dimers are the products of degradation of fibrin by

plasmin. Their detection is evidence of the activation of fibrinolysis.

When a patient is admitted for suspected venous thromboembolism

(VTE), a clinical score determine the probability, low, medium, high

for this diagnosis. In case of low or moderate probability, D-dimer test

is useful with a sensitive test: if the D-dimer result is below the positive

threshold, this result can rule out the diagnosis of VTE.

Aims: The aim of our study was to compare the results between two

automated quantitative assays used in our laboratory.

Methods:

‐ 548 plasma samples from 541 adult patients admitted to the emer-

gency department were tested from July to December 2012. Seven

patients had two samples at 6 months, or during the same hospi-

tal stay or during two successive hospital stays.

‐ Exclusion criteria included pregnancy and age over 60 years.

‐ 249 samples (45%) were collected from men and 299 (55%) from

women.

‐ The median age was 38 years in both sexes (range 16–60 years).

‐ The 548 samples were tested by simple determination within 2 h

after the admission of patient to the emergency department. Two

methods were used: a quantitative automated turbidimetric

immunoassay (STA-Liatest D-DI on STA-R analyzer, Diagnosti-

ca Stago) and a quantitative automated enzyme immunoassay

automated (VIDAS D-Dimer Exclusion, BioM�erieux SA).

‐ The detection limit was different between the two assays: 0.220

microg/ml (FEU) for STA-Liatest D-DI and 0.045 microg/ml

(FEU) for the Vidas method.

‐ The clinical cut-off used for subjects aged less than 60 years was

0.500 microg/ml (FEU).

Results:

‐ 493 patients (90.0%) had normal results and 12 (2.2%) had

abnormal results with the two tests.

‐ 40 patients (7.3%) had a normal result with the STA-D-DI Lia-

test assay and an abnormal result with Vidas assay. The median

value of the differences was 0.190 microg/ml (range 0.060–0.390).
Nineteen samples were slightly above the upper cut off level used

in the Vidas D-dimer assay. The collection of clinical data (Wells

score, diagnosis, radiology) is in progress.

‐ three patients (0.5%) had an abnormal result with the STA-D-DI

Liatest assay and a normal result with the Vidas D-Dimer assay.

There were small variations in either side of the clinical cut-off.

Neither the rheumatoid factor, nor monoclonal gammapathy

were looked for.

Summary/Conclusions: These two methods of determination of

D-Dimer well give concordant results for 92.2% of plasmas tested.

But the rate of discordant results (7.3%) seems high (although two

tests have different sensitivity) and a study of the clinical features of

patients is underway to understand.

PO 074
Inferior vena cava agenesis as cause of deep venous
thrombosis in a young patient: case report and
literature review
Mello TBT1, Giovelli J2, Lopes AD2 and Borges AP2

1Mario Gatti Hospital; 2Centro M�edico Hospital, Campinas,

Brazil

Background: Inferior vena cava agenesis (IVCA) is a rare anomaly

with an estimated prevalence at 0.5% in the general population. Deep

venous thrombosis (DVT) is the main clinical feature associated with

this condition.

Aims: We report clinical date of DVT associated IVCA in a young

patient, together with a literature review surrounding this association.

Methods: We performed a systematic literature review of published

reports based on Pub Med and Medline up to December 2012.

Results: The 13 years old male teenager was admitted to our teaching

hospital complaining of 2 day of severe lower abdominal pain. The

abdominal ultrasound showed chronic inferior vena cava thrombosis

with extensive collaterals and a partial thrombosis in mesenteric vein

and an image suggesting ileoileal intussusception. He underwent lapa-

rotomy with successfully correction of the problem. Due the chronic

nature of thrombosis, none anticoagulant was initiated. The patient

recovered and was discharged. Four days after, he returned to hospital

with severe back and groin pain. The CT scan revealed an infrahepatic

AVCI with venous drainage through dilated lumbar venous collaterals

into the azygous system in addition an extensive bilateral iliofemoral-

popliteal venous thrombosis. The thrombophilia screening was nega-

tive. The patient was put on lifelong oral anticoagulation and remains

well at 2 years follow-up. The literature has reported 86 cases of IVCA

associated DVT, with a median age of 30 years (8.5–67), a male sex

predominance (64 patients/74%) and in 40% of the cases the site of

DVT was the bilateral proximal veins of the legs. An interesting find-

ing is that, due the aberrant collateral venous drainage in rare cases

the thrombosis mimicked ureteric colic or lumbar disc herniation. The

majority of the cases (88%) the treatment consisted solely of long term

anticoagulation.

Conclusion: This is the first case of IVCA associated with bowel

obstruction. IVCA should be regarded in young patients (predomi-

nantly males) with spontaneous bilateral DVT.

PO 075
Role of D-dimer monitoring for the diagnosis of deep
vein thrombosis in patients undergoing neurosurgery
for brain tumor
Sartori MT1, De Bon E1, Della Puppa A2, Dalla Valle F1,

Piovella C1, Padoan A3, Ciccarino P2, Bernardi D3, Scienza R2

and Prandoni P1

12nd Chair of Internal Medicine; 2Neurosurgery; 3Laboratory

Medicine Unit, Padua, Italy

Background: Patients undergoing neurosurgery for brain tumor remain

at risk for deep vein thrombosis (DVT) despite the use of multimodali-

ty prophylaxis. Clinical suspicion may be challenging in this setting

due to consciousness alteration, sensitivity and/or motor deficits in the

post-operative period. Lower limb venous ultrasound (US) monitoring

would be useful, but it is often not feasible in clinical practice. D-dimer

measurement may help early detection of DVT, but its transient

increase after surgery may lead to misinterpretation.

Aims: To evaluate the behaviour of D-dimer levels before and after

surgery in patients operated for brain tumor, with or without DVT

confirmed by US.

Methods: Consecutive patients undergoing craniotomy for high grade

glioma (GBM) or meningioma were tested for D-dimer (normal value

< 225 lg/L) before (T0), 1 day (T1) and 7 days (T2) after neurosur-

gery. Each patient received complete compression US of lower limbs

at T0 and T2 to verify the presence or absence of DVT. During the

hospital stay, all patients received multimodality antithrombotic pro-

phylaxis with elastic stockings, intermittent pneumatic compression

and low-dose LMWH. Informed consent according to Helsinki Decla-

ration was obtained by each patient.

Methods: Forty-two patients, 27 males and 15 females with a mean age

of 61.0 � 11.5 years, were enrolled; 25 patients had GBM and 17 had

meningioma. Two patients had DVT before surgery and were

excluded; six patients developed DVT within 7 days after surgery.

Median (IQR) D-dimer levels in patients with and in those without
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DVT were 144.5 (133–839) lg/L and 110 (61–167) lg/L at T0, 909

(537–1486) lg/L and 560.5 (308–1023) lg/L at T1, 1994.5 (1733–2063)
lg/L and 110.5 (61–167) at T2, respectively. The differences were sig-

nificant by ANOVA between patients (F 9.9, p 0.0032) and within

patients at T2 (F 9.18, P < 0.001). Age and gender adjusted analysis

did not change the results. In each patient the T2-T1 difference (delta

T2-T1) in D-dimer values was calculated. If a delta T2-T1 cut-off level

of 116 lg/L was used, D-dimer demonstrated a sensitivity of 100%

(95% CI 0.46–1.00), a specificity of 87% (95% CI 0.69–0.95), and a

negative predictive value of 75% (CI 0.57–0.87) for DVT.

Conclusions: In patients undergoing craniotomy for brain tumor, a

close monitoring of D-dimer during the hospital stay might be useful

to exclude a suspicion of DVT, avoiding to perform US, when a

decrease in D-dimer levels is observed after the transient rise related to

the surgical intervention.

PO 076
Prevalence of perioperative asymptomatic proximal
deep vein thrombosis following gynecological cancer
surgery in Thai patients
Sermsathanasawadi N, Thangrod R, Hongku K, Wongwanit C,

Ruangsetakit C, Chinsakchai K and Mutirangura P

Siriraj Hospital, Bangkok, Thailand

Background: The long belief that acute deep vein thrombosis is rare in

Asian patients is challenged by many recent studies. Incidence of

thromboembolism among Asian patients had increased. However,

thromboprophylaxis for perioperative cancer surgery in Asian coun-

tries is not routinely performed. Gynecologic malignancies were the

most common cancer which associated with acute deep vein thrombo-

sis among Thai patients.

Aims: In this study, we reported the prevalence of perioperative

asymptomatic proximal deep vein thrombosis of 100 patients with

gynecologic cancer.

Methods: Duplex ultrasonography of proximal vein of legs was per-

formed in each patient before and 7–14 days after gynecologic cancer

surgery. Demographic data were collected including: age, sex, height,

weight, body mass index (BMI), previous diagnosis of treatment of

DVT and PE, history of irradiation and chemotherapy, family history

of VTE, recent immobilization of lower extremities (more than

3 days), recent surgery within 3 month, recent trauma within 3 month,

recent admission of severe medical illness, other associated cancers,

varicose vein, thrombophilia, use of contraceptive pills, hormonal

therapy, number of pregnancy, cardiac diseases and cerebrovascular

disease. Hospital charts were reviewed for the following information:

site of cancer, type of cancer, staging of cancer, type of operation,

patient position, type of anesthesia, duration of anesthesia, duration

of surgery, duration of postoperative immobilization, blood loss and

blood replacement, complication, duration of ICU stay and duration

of hospital stay.

Results: The results showed that preoperative prevalence of asymp-

tomatic proximal DVT of legs was 5% and postoperative incidence of

asymptomatic proximal DVT of legs was 2.11%. We found only 1 case

of symptomatic pulmonary embolism associated with asymptomatic

proximal DVT of lower extremities.

All DVT cases had adenocarcinoma of ovary or uterus, but not cervi-

cal cancer. Risk factors of venous thromboembolism were comparable

between DVT and non DVT group except number of children which

was higher in DVT group.

Conclusion: So the patients with adenocarcinoma of ovary and uterus

especially in patients who have high number of pregnancy seem to be

the greatest risk of perioperative VTE. Our result might make the phy-

sicians concern the high prevalence of VTE in perioperative period of

gynecologic cancer of Asian patients.

PO 077
Evaluating the effectiveness of warfarin therapy in
patients with deep vein thrombosis of the lower limbs
Verkholomova F1, Manukyan I2, Serebriyskiy I3, Krylov A2,

Ataullakhanov F4 and Shulutko A2

1CThPPhChPh; 2I.M. Sechenov First Moscow State Medical

University; 3Hemacore LLC; 4Center for Theoretical Problems of

Physicochemical Pharmacology, Moscow, Russia

Aim: Patients with DVT to anticoagulation vitamin K antogonist

(VKA) observed the inefficiency applied therapy. The aim of our study

was to investigate the risk of ineffective therapy.

Methods: We tested 60 patients with DVT (aged 56 � 15 year-old, M/

F 34/26). Patients were treated with unfractioned heparin (UFH) in

dosage of 450 U/kg 3 times per day starting from day 1 for 5 days and

with UFH combined with Warfarin starting from day 6 till day 10.

From day 11 patients were treated with Warfarin only. Tests for D-

dimer, international normalized ratio (INR) and Trombodynamics

were performed at day 0, 10 and 15. Data are presented as median

(25%, 75%).

Trombodynamics (HemaCore LLC, Russia) – a new global coagula-

tion test based on video-microscopy of a fibrin clot growing from an

imitated damaged vessel wall (surfaces with immobilized tissue factor)

in space, the growth rate of the fibrin clot V was measured (norm 20–
30 lm/min).

Results: INR from day 10 till day 15 increased from 1.4 (1.1; 2.1) to

2.6 (1.7; 3.6). As a result of anticoagulant therapy on 10 day, V

decreased significantly from 23.0 (21.7; 27.5) to 9.1 (6.1; 14.1) lm/min

(P < 0.05). By day 15, patients were divided into two groups. In the

Group 1 (n = 48), the growth rate of the fibrin clot V where remained

low 12.2 (8.2; 15.6), in Group 2 (n = 12) the level of V increased to

22, 3 (20.6;23.5) lm/min.

D-dimer level on day 10 of anticoagulant therapy decreased from 792

(422; 1161) to 276 (167; 370). On 15 day in the Group 1 D-dimer

level was 192 (116; 244) lg/L. In the Group 2, there is a significant

increase in D-dimer level to 530 (164; 826) lg/L, compared with the

Group 1 (P < 0.05). Four of the six patients in the Group 2, which

had D-dimer level higher than 400 lg/L having INR within the thera-

peutic range 2–3.
Conclusion: The increase of the growth rate of the fibrin clot V to nor-

mal levels in the patients with DVT on VKA therapy may indicate a

risk group with elevated D-dimer.

PO 078
How we understand DIC today in Russia
Bokarev IN

I.M. Sechenov First Moscow State Medical University (MSMU),

Moscow, Russia, Moscow, Russia

Background: Today there are many discussions on the definition of

acute and chronic DIC. For the practical physicians it makes many

problems in their work.

Aims: How to recognize it and what to do. In Russia we discussed this

problem many years and came to this decision.

Methods: Guideline of the Russion Association on Thrombosis, Hae-

mostasis and Vascular Patholy. Constant Intravascular Microcoagula-

tion(im) and DIC-Syndrom.

Constant presence of the markers of IM in plasma of healthy and sick

people give us the basis to think, that intravascular blood clotting is

going constantly, and there is need to underline its existence by the

term ‘Constant intravascular microcoagulation’- CIMC.

The intensity of CIMC may be different. The level of the markers of

IC of blood, which is measured in plasma of the healthy people must

be adopted as ‘normal’. The increase in intensity of IC may be discov-

ered in some transient disorders and following physical stress. After

those situations have passed, the intensity of intravascular clotting can
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return back to the ‘normal’ level. Certain chronic diseases exhibit a

constant increase of the intensity of IC, which does not exhibit any

special traits except of the clinical picture of the main disease. Previ-

ously these states were named ‘Chronic intravascular microcoagula-

tion’. It is possible, that special regulation of this stage of the CIMC

can improve the prognosis of the disease.

Levels of the CIMC intensity. 1-st grade NORMAL. 2-nd grade-Tran-

sient increase CIMC 3-d grade: Sustaned increased CIMC. 4th grade

DIC-SYNDROM.

DIC-syndrome is only the stage of CIMC, where the increase of its

intensity is an independent cause of the damage of body-organs and

body-tissues, such as bleeding, multiple organ damage, hypotony,

micro- and macrothrombosis and its different combinations.

Diagnostic criteria for CIMC, grade 4:-bleeding, or-low blood pres-

sure, or- acute heart, lung, kidney, liver insufficiency without acute

local ischemia Together with: fibrinogen level lower than normal

+platelet level is lower than normal. Fibrinogen level and platelets

numbers may be formally at the normal level, if they were increased

earlier. Progressive reduction of fibrinogen level and platelet numbers

must be the basis for DIC diagnosis and for the beginning of the treat-

ment.

Results: Successful treatment of the main disease and good constant

control of the coagulation tests-(fibrinogen and platelets- obligatory,

D-dimer, and fibrin-monomer(TPP)-desirable) are the best way of

DIC-prevention.

Conclusion: Inspite of the existing reports on the successful treatment

of DIC-syndrome there is very high mortality of those patients with

DIC. This fact is the basis for the future special research, which may

answer the question on the importance of prevention DIC-syndrome

by anticoagulant therapy. Further information is needed to determine

the influence of difficult ways of increasing coagulation- fibrin forma-

tion, platelets and fibrinolitic activity is the mechanismus of the pecu-

liar ‘DIC-syndrom’.

PO 079
Normal prothrombinase activity, systemic thrombin
activation, and lower antithrombin levels in patients
with DIC at an early phase of trauma: comparison with
Acute Coagulopathy of Trauma-Shock (ACOTS)
Gando S, Yanagida Y, Sawamura A, Hayakawa M, Kubota N,

Wada T, Ono Y and Yamamoto H

Hokkaido University Graduate School of Medicine, Sapporo,

Japan

Background:We tested the hypotheses that increase in systemic throm-

bin activation occurs both in disseminated intravascular coagulation

(DIC) with the fibrinolytic phenotype and acute coagulopathy of

trauma shock (ACOTS), and that the patients diagnosed as having

ACOTS overlap or are identical to those with DIC.

Methods: With the approval of the Institutional Review Board and

after written informed consent was obtained from either the patients

or their next of kin, 57 trauma patients, including 30 patients with

DIC and 27 patients without DIC were prospectively studied.

Patients with ACOTS, defined as a prothrombin time ratio > 1.2,

were also investigated. Twelve healthy volunteers served as control

subjects. The levels of soluble fibrin, antithrombin, prothrombinase

activity, soluble thrombomodulin, and markers of fibrin(ogen)olysis

were measured on days 1 and 3 following trauma. Systemic inflam-

matory response syndrome (SIRS) and the Sequential Organ Failure

Assessment (SOFA) were scored to evaluate the extent of inflamma-

tion and organ dysfunction.

Results: DIC patients showed more systemic inflammation and higher

SOFA scores, and were transfused with more blood products than the

non-DIC patients. On day 1, normal prothrombinase activity,

increased soluble fibrin, lower levels of antithrombin, and increased

soluble thrombomodulin were observed in DIC patients in comparison

with control subjects and non-DIC patients. These changes were more

prominent in DIC patients who met the International Society on

Thrombosis and Haemostasis overt DIC criteria. The multiple regres-

sion analysis showed that antithrombin is an independent predictor of

high soluble fibrin in DIC patients. Higher levels of fibrin and fibrino-

gen degradation products, D-dimer and the fibrin and fibrinogen deg-

radation products/D-dimer ratio indicated increased fibrin(ogen)olysis

in DIC patients. Almost all ACOTS patients overlapped with the DIC

patients. Therefore, the changes in the measured variables in ACOTS

patients coincided with those in DIC patients.

Conclusions: Normal prothrombinase activity and insufficient coagula-

tion control give rise to systemic increase in thrombin generation and

its activity in patients with DIC with the fibrinolytic phenotype at an

early phase of trauma. The same is true in patients with ACOTS, and

shutoff of thrombin generation was not observed.

PO 080
New diagnostic strategy of sepsis induced
disseminated intravascular coagulation (SEDIC); a
validation study
Ichiki R, Ishikura H, Nishida T, Nakamura Y, Kawano Y, Murai A

and Umemura T

Fukuoka University, Fukuoka, Japan

Background: The majority ill patients a systemic inflammatory

response have coagulation abnormalities. In the pathogenesis of sepsis,

inflammation and coagulation play a pivotal role. Evidence of an

extensive cross-talk between these two systems is increased recently.

However, there are different diagnostic criteria in sepsis and dissemi-

nated intravascular coagulation (DIC). So we defined the new diagnos-

tic criteria of sepsis induced DIC (SEDIC) as follow; Presepsin (PSEP)

level > 900 pg/mL and Protein C (PC) activity < 45%.

Aims: In this study, we attempted to validate this scoring system.

Methods: A single center, prospective, observational study was carried

out. Patients who had one or more systemic inflammatory response

syndrome (SIRS) criteria were included in this study. The blood sam-

ples were collected at the time of admission. The patients were classi-

fied into the three groups. SIRS and sepsis were diagnosed according

to the American College of Chest Physicians/Society of Critical Care

Medicine guidelines. The scoring system for Japanese Association for

Acute Medicine (JAAM) DIC was used for diagnosis of DIC. We

examined the severity of illness of the patients was evaluated according

the APACHE II score and organ failure was assessed by the SOFA

score. All patients were followed up for 28 days after enrollment in the

study, and 28-day all-cause mortality was assessed.

Results: A hundred fifteen patients were enrolled for this prospective

study from July 2011 to December 2012. Twenty nine patients

(19.2%;29/151) were SEDIC, sixty-one were pre-SEDIC (40.4%; 61/

151) and sixty-one were non-SEDIC (40.4%; 61/151). SEDIC scoring

system significantly reflected the positive rate of sepsis (P < 0.0001)

and JAAM DIC (P < 0.0001), SOFA score (P = 0.0015), APACHE

II score (P = 0.0316) and JAAM DIC score (P < 0.0001). The 28-day

mortality rate was significantly worsened, depending on the cutoff

points in the respective criteria (SEDIC 31.0%; pre-CEDIC 19.7%;

non-SEDIC 1.64%, P < 0.0001).

Conclusions: From these results, we strongly believed that the SEDIC

scoring system has an acceptable property for the diagnosis of sepsis

induced DIC. Moreover, PSEP and PC were able to be measured with

very simply and quickly. So we strongly suggest that this scoring sys-

tem can be useful for early treatment in a critical care setting.
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PO 081
Serum des-R prothrombin activation peptide fragment
2: a novel prognostic marker for disseminated
intravascular coagulation
Kim JE, Chung S, Kim HK, Yeon EH, Shin YS and Kim CW

Seoul National University College of Medicine, Seoul,

South-Korea

Background: Disseminated intravascular coagulation (DIC) is diag-

nosed based on the combination of predisposing underlying conditions

and laboratory tests for plasma coagulation markers. Because the col-

lection of blood plasma samples is a fastidious procedure, the serum

sample method may be preferred for measurement of coagulation

markers when feasible.

Materials and Methods: The novel serum marker des-R prothrombin

activation peptide fragment 2 (des-R F2) was measured using a sand-

wich enzyme-linked immunosorbent assay in 181 patients suspected of

having DIC. Thrombin generation potential was estimated with a cali-

brated automated thrombogram.

Results: Serum des-R F2 was generated with an in vitro clotting pro-

cess within a serum separation tube after blood collection. Low levels

of prothrombin and thrombin generation potential resulted in low

serum des-R F2 levels. Serum des-R F2 was significantly decreased in

overt DIC. Levels of des-R F2 correlated with DIC severity and other

coagulation markers. Of note, the decrease in serum des-R F2 levels

was a significant marker for predicting mortality.

Conclusions: The serum marker, des-R F2, can be used for the investi-

gation of DIC severity and prognosis. It should be considered a useful

marker, especially when only serum samples are available.

PO 082
Kasabach Merritt Syndrome (KMS) in infant with
hepatoblastoma
Komvilaisak P, Jirapradittha J, Kiatchoosakun P, Jetsrisuparb A

and Wiangnon S

Srinagarind Hospital, Khon Kaen, Thailand

Hepatoblastoma, the most common liver tumor in children, rarely

present in association with consumptive coagulopathy, thrombocyto-

penia and microangiopathic hemolytic anemia. A 39 week gestation

G2P1 infant was uneventful pregnancy born by vaginal delivery weigh-

ing 2750 g. His APGAR score at 1, 5 min were 9, 10 respectively. His

physical examination showed huge liver mass extending to iliac crest

without bruit and dyspnea. At day 2 of his age, he developed respira-

tory distress with cardiopulmonary failure requiring endotracheal

intubation, mechanical ventilation and inotropic drugs. Echocardio-

gram showed patent ductus arteriosus 3–5 mm. with left to right shunt

and good left ventricular contractility. He also developed early neona-

tal jaundice from hemolytic anemia requiring double phototherapy.

Exchange transfusion was performed three times according to microbi-

lirubin level nevertheless extensive phototherapy. Blood morphology

was compatible with disseminated intravascular coagulopathy. Com-

puterized tomography of abdomen showed marked hepatomegaly with

huge heterogenous mass occupying in right liver size

10.1 9 8.1 9 9.5 cm, neither calcification nor capsular refraction.

Alpha fetoprotein was > 400,000 IU/mL. His abdominal circumfer-

ence was increased from 34 to 38 cm within 9 days. Differential diag-

nosis between infantile hemangioendothelioma and hepatoblastoma

was made. Due to KMS, treatment including dexamethasone, pro-

pranolol and alpha interferon for infantile hemangioendothelioma was

commenced without success. Hepatic embolization was not done due

to limitation of small catheter. Pediatric surgery team for tissue diag-

nosis and hepatic artery ligation was consulted but not done due to

poor prognosis. He was expired from respiratory failure. An autopsy

of liver was compatible with hepatoblastoma. KMS could rarely occur

in association with hepatoblastoma.

PO 083
Coagulation abnormalities in adult hemophagocytic
lymphohistiocytosis
Manchanda N

Indiana University School of Medicine, Indianapolis, IN, USA

Background: Hemophagocytic lymphohistiocytosis (HLH) in adults is

a rare and serious multi-system illness with a grave prognosis. While

associated with several malignant, inflammatory and infectious pro-

cesses, it often has a genetic basis involving genes controlling the

immune response. (1) Delays in diagnosis and the non-specific nature

of clinical findings as well as laboratory tests often contribute to the

high mortality associated with this disease process. Detailed diagnostic

criteria have been proposed to make the diagnosis of HLH more uni-

form and predictable. (2) These include several abnormalities associ-

ated with the coagulation cascade including thrombocytopenia and

hypofibrinogenemia. However, there are few descriptions of the poten-

tial origin or clinical course of patients who present with significant

abnormalities in these variables. Several publications suggest con-

sumptive disseminated intravascular coagulation (DIC) or severe liver

dysfunction as being etiologically involved in causing severe hypofibri-

nogenemia. (3).

Aim: To further elucidate the factors associated with thrombocytope-

nia and hypofibrinogenemia in adult onset HLH

Methods: We performed a retrospective chart review on 7 consecutive

adult patients with a diagnosis of HLH seen over an 18-month period

at the Indiana university hospital system. The diagnosis of HLH was

confirmed in all patients using the latest diagnostic criteria. (2) We

evaluated the data with regression and correlation analysis utilizing

non-parametric methods. SPSS software (US) was used for data-anal-

ysis.

Results: The age range of patients was 32–76 years, with three men

and four women. A malignancy was diagnosed on presentation in 3 of

7 patients, a documented infection was present in 3 of 7 and 3 of 7

cases were idiopathic. Laboratory tests included platelet count, fibrin-

ogen, ferritin, prothrombin-time, d-dimer, ALT and serum bilirubin.

DIC was graded according to ISTH 2007 criteria. Fibrinogen was

found to be profoundly diminished (< 50 mg/dL) in 2/7 patients, one

with malignancy associated HLH and the other with an idiopathic ill-

ness. An elevated prothrombin time or depressed platelet count were

not associated with low fibrinogen levels. Liver malfunction reflected

by increasing bilirubin and ALT values were also not associated with

low fibrinogen. Presence or absence of overt DIC was not associated

with low fibrinogen (Spearman rho associated P = 0.47). Appropriate

non-parametric analysis was done in all cases.

Conclusion: Hypofibrinogenemia and thrombocytopenia have been

used as diagnostic markers for hemophagocytic lymphohistiocytosis.

In our preliminary study of seven patients, two of whom had severe

hypofibrinogenemia, we found no correlation between hyprofibrino-

genemia and thrombocytopenia, elevated prothrombin time, liver

function abnormalities, age or diagnosis of DIC. While several

patients had markedly diminished platelet counts, these did not corre-

late with low fibrinogen levels. Our data suggest that low fibrinogen

values in this disease process may need an alternate explanation other

than DIC or liver malfunction. We plan to extend our study to more

patients with HLH to further elucidate the origins of low fibrinogen

levels found in this disease.

References:

Janka GE. Ann. Rev. Med. 2012; 63: 233–246.
Henter J et al. Ped. Blood Cancer. 2007; 48:124–131.
Shabbir et al. Hematol. Oncology. 2011; 29:100–106.
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PO 084
Catastrophic evolution of disseminated intravascular
coagulation as initial manifestation of recurrent
prostate cancer
Mello TBT1, Gama P1, Mantalv~ao SL2 and Annichino-

Bizzacchi JM2

1Mario Gatti Hospital; 2Campinas State University, Campinas,

Brazil

Background: Disseminated intravascular coagulation (DIC) has been

extensively documented in prostatic cancer, with an incidence of

10%.in advanced stages. In the majority of the cases the coagulopathy

is subclinical and overt bleeding is rare. Moreover, DIC as an initial

manifestation of disease is unusual.

Aims and Methods: We describe clinical and laboratorial characteris-

tics of a patient in whom DIC was the presenting sign of recurrence in

prostate cancer.

Results: A 76-years- old man was admitted to emergency department

of our teaching hospital with a 7 days history of diffuse spontaneous

ecchymoses and an extensive hematoma in left upper limb. His past

medical history included successfully treatment for prostate cancer

2 years ago. He referred that in the last follow-up visit 3 months ago

the disease was in remission. Laboratory evaluation revealed: platelets

count 89 9 103/lL (normal: 150–400 9 103/lL); the prothrombin

time (PT): 30 s, INR: 1.8 (normal: < 1.25), the activated partial throm-

boplastin time (APTT): 22.8 s, R: 1.2 (normal: < 1.25), fibrinogen

level: 66.9 mg% (normal:200–400 mg%), D- dimer: 4.4 mg/L (nor-

mal: < 0.55 mg/L). A test for serum prostate-specific antigens was

9932 ng/ml (normal: < 4 ng/ml). Other parameters of blood count, as

well as renal and liver functions tests were within normal values. Bone

marrow biopsy showed prostatic adenocarcinoma, and the patient was

referred to oncology. After 10 days of onset of symptoms he returned

to the hospital with loss of consciousness. The brain CT scan demon-

strated an extensive intraparenchymal hemorrhage and the patient

died. The treatment for cancer had not yet started.

Conclusions: DIC without evident cause should always prompt a

search for a neoplastic disease, especially in eldery. The delay in diag-

nosis and treatment can be fatal.

PO 085
Evaluation of two automated soluble fibrin assays for
use in the routine hospital laboratory
Westerlund E1, Woodhams B2, Eintrei J3, S€oderblom L3

and Antovic JP3

1Emergency Unit, Stockholm, Sweden; 2Haemacon, Kent, UK;
3Karolinska Institutet, Stockholm, Sweden

Background: Fibrin monomer (FM) (which alone or in complex with

fibrinogen circulates as soluble fibrin [SF]) is an early product formed

after the initial action of thrombin on fibrinogen before the formation

of cross-linked fibrin. It is a much earlier produced fragment than D-

dimer which only forms after plasmin cleavage of cross linked fibrin.

FM could be considered as an earlier thrombotic marker potentially

expressing better specificity and sensitivity than D-dimer, especially in

disseminated intravascular coagulation (DIC). The manual semi quan-

titative method SF method (FS Test) is both time consuming and the

evaluation of the result is often complicated and operator dependent.

Aim: To evaluate two automated soluble FM assays and compare

them with FS Test.

Methods: Fifty-one consecutive samples referred for SF testing with

positive D-dimer (Roche) and 30 samples from emergency unit

(patients expected to have coagulation activation) were tested with

both the STA-Liatest FM (Stago) and the LPIA-Iatro SF (Mitsubishi)

and compared with the FS Test method.

Results: All samples testing positive with the semi quantitative SF

method were also positive with both of the automated methods.

Slightly more than half of the samples positive for D-dimer and nega-

tive with the old semi quantitative method were also positive with both

automated methods. Eight samples positive for D-dimer were negative

with all three SF/FM methods. Of the 30 samples obtained from the

emergency unit only one was positive with all four methods. Fifty-five

samples negative in the manual SF test were positive by D-dimer. Of

these, 30 were also positive by the STA-Liatest FM test and 33 were

positive with the LPIA-Iatro SF test. Kappa coefficient between F.S.

Test and STA-Liatest FM was 0.41 (moderate agreement) and between

STA-Liatest FM and LPIA-Iatro SF was 0.66 (good agreement) (Fish-

er’s exact test P < 0.0001). Intra- and inter-assay CV’s for both low

and high controls were < 3% for the STA-Liatest FM and around

10% for the LPIA-Iatro SF.

Conclusion: Both STA-Liatest FM and LPIA-Iatro SF showed a good

correlation with the old SF method. All samples positive with the old

method were also positive with new methods, thus excluding the risk

of obtaining increased false negative results. Probably, as a conse-

quence of the increased assay sensitivity, both of the automated quan-

titative tests gave more positive results than the semi quantitative SF

test. The STA-Liatest FM gave better precision and the assay was eas-

ier to perform than the LPIA-Iatro SF.

PO 086
The expression and secretion of ADAMTS13 in human
microvascular endothelial cells
Wang A1, Wu J1, Ding K1, Liu X1, Cai X1, Zhu W1, Sun Z1, Yu Z2

and Ruan C2

1Anhui Provincial Hospital Affiliated to Anhui Medical

University, Hefei; 2Jiangsu Institute of Hematology, Suzhou,

China

Background: Like other vascular endothelial cells,our study has con-

firmed that ADAMTS13 also express in human microvascular endo-

thelial cells. However, could human microvascular endothelial cells

secret ADAMTS13 protein? Does the secretion of ADAMTS13 from

human microvascular endothelial cells be regulated? These questions

are still unknown.

Aims: our study is aim to investigate that whether ADAMTS13 is

expressed and secreted by human microvascular endothelial cells, and

whether the secretion is to be regulated.

Methods: We used different concentrations of TNF-alpha (from 0 to

10 ng/ml) to stimulate human microvascular endothelial cells, Col-

lected and concentrated cell supernatants, and directly detected and

observed the expression and secretion of ADAMTS13 in human

microvascular endothelial cells, by using real-time quantitative PCR,

Western blot technology and immunofluorescence microscopy meth-

ods. We also detected the proteolytic activity of ADAMTS13 by using

GST-VWF73-His peptide as a specific substrate.

Results: We found that ADAMTS13 expression did exist in microvas-

cular endothelial cells and its supernatant, and by a dose-dependent

manner, 10 ng/ml TNF-alpha inhibited ADAMTS13mRNA expres-

sion which could reduce 59% comparison with the control group, The

results were confirmed from the levels of ADAMTS13 protein. And

10 ng/ml TNF-alpha inhibited ADAMTS13 activity which could drop

to 38% comparison with the control group in human microvascular

endothelial cells’ supernatant.

Conclusions: The study suggests that human microvascular endothelial

cells could also express and secret ADAMTS13, which may be a very

relevant compartment for plasma ADAMTS13 level. And the expres-

sion and secretion of ADAMTS13 in human microvascular endothe-

lial cells also be regulated by TNF-alpha.
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PO 087
Twin pregnancy with a very low ADAMTS13 activity
and existence of schistocytes together with
thrombocytopenia
Guler N1, B€uy€ukkaya P2, Kelkitli E2 and Ozatli D2

1School of Medicine, Ondokuz Mayis University; 2Ondokuz

Mayis University, Samsun, Turkey

Background: Twenty-nine years old woman with 18 weeks twin preg-

nancy was admitted to hospital with complaint about ecchymosis.

Hemoglobin and platelet values were 11.4 g/dL, 4.000/lL, respec-

tively. There were 3–4 schistocytes in per microscopic field at 1009

magnification in her peripheral blood smear. After this observation we

checked hemolysis laboratory. Direct and indirect coombs were nega-

tive. Other tests were such as: LDH 176 U/L, total/direct bilirubin 0.5/

0.13 mg/dL, haptoglobulin 52 mg/dL (30–200). In urine analysis, uro-

bilinogen and erythrocyte hemoglobin were 0.2 mg/dL and 200 eryth-

rocyte/lL, respectively. There were 6–8 erythrocytes in urine sample.

DIC parameters were such as: PT: 9.59 s, PTT 23.9 s, Antithrombin

III 104%, D-Dimer 1.3 mg/L (0.1–4.4), fibrinogen 2.7 g/L, Thrombin

time 19.35 s. Creatinine, AST and ALT were normal.

Her blood pressure was always within normal limits.

We sent sample for ADAMTS13 antigen and activity because of schis-

tocytes were observed in serial peripheral smears.

Corrected reticulocyte was normal (1.24%). The reason for normal val-

ues of reticulocyte, LDH, bilirubine, we diagnosed patient as ITP not

TTP despite schistocytes. Steroid of 1 mg/kg and 2 g/kg of IVIG were

started. Platelet was increased to 54,000 at the end of 1 week however

decreased to 20,000 in 13th days of treatment. We repeated to IVIG

and continued to steroid. Platelet increased to 164,000 and dropped to

117,000 in 3th days and 10th days of second IVIG treatment, respec-

tively. At that day; fifteen days later after sample sending; results for

ADAMTS13 came. ADAMTS13 antigen was 1.08 (0.5–1.6 l/mL);

ADAMTS13 activity was < 0.2 (40–130%), ADAMTS13 inhibitor was

13.6 (< 15 U/mL). Patient’s LDH and bilirubin were still normal, so

that very low ADAMTS13 activity (< 0.2) level was inconsistent with

patient’s other laboratories except schistocytes. She treated 1 month

steroid and then dose decreased. After 3 months, patient’s hemoglobin

and platelet are still normal. Now, she is at 31 weeks of her twin preg-

nancy. Her platelet 262,000 and health of babies are good.

Conclusion: We wanted to share this twin pregnancy patient because of

that: despite the existence of schistocytes and very low ADAMTS13

activity there was not obvious laboratory for hemolysis.

PO 088
Alterations of plasma VWF and ADAMTS13 activity in
the patients receiving bone marrow transplantation
Han Y, Hu L, Su J, Wang Q, Bai X, Wang Z, Wu D and Ruan C

The First Affiliated Hospital of Soochow University, Suzhou,

China

Background: Thrombotic complications are common and potentially

fatal in patients undergoing bone marrow transplantation (BMT).

Plasma ADAMTS13, a von willebrand factor (VWF)-cleaving prote-

ase, may play a role in the pathogenesis of transplantation related

thrombosis by cleaving the prothrombotic ultralarge VWF into less

active VWF multimers.

Aims: To investigate the alterations of plasma ADAMTS13 and VWF

in BMT recipients during the course of transplantation, and to evalu-

ate their clinical significance in the transplantation-related thrombotic

complications.

Methods: A total of 113 hematologic patients receiving allogeneic-

BMT were enrolled in this study, the sodium citrate anticoagulated

plasma was collected in �2, 0, 2 and 4 weeks following transplanta-

tion. Fluorescence resonance energy transfer substrate VWF73

(FRETS-VWF73) assay was established to detect the plasma ADAM-

TS13 activity while VWF antigen was measured by ELISA. Of all the

patients recruited for his study, eight patients were diagnosed to have

the thrombotic disorders and 49 patients were classified to have acute

graft-vs.-host disease (aGVHD). The alterations of ADAMTS13 activ-

ity and VWF level in the plasma of patients were analyzed during

transplantation, and the correlation between ADAMTS13/VWF and

transplantation-related thrombosis was evaluated using the SAS pro-

gram (version 9.3).

Results: The average plasma ADAMTS13 activity in 113 cases follow-

ing transplantation at each period were less than the healthy controls

(P < 0.01), while the VWF antigen level in each period were higher

than the controls (P < 0.05). Among all the patients after pretreatment,

69 showed decreased plasma ADAMTS13 activities (69/113, 593%),

including nine patients with more than 60% (9/113, 8.0%) decrease,

while the average plasma VWF antigen level of this 69 patients was sig-

nificantly increased in patients after pretreatment (P < 0.05). Consider-

ing thrombotic complications, the data showed that eight patients with

thrombotic complications had decreased plasma ADAMTS13 activity

(P < 0.01) and increased VWF antigen level after pretreatment

(P < 0.01) as compared with the non-thrombotic patients; three out of

8 (37.5%) showed more than 60% decrease in plasma ADAMTS13

activity. The level of ADAMTS13 activity dropped in the 49 patients

with aGVHD as compared with healthy controls (P < 0.01), but there

was no significant difference between patients with and without aG-

VHD. Twenty-five patients showed decreased plasma ADAMTS13

activities only at the onset of aGVHD occurrence (P < 0.01), in which

two of them decreased more than 60% (6%). Logistic regression analy-

sis showed that the ADAMTS13 activity declined by more than 60%

was the risk of thrombosis (P < 0.01), while decreased ADAMTS13

activity after pretreatment was not the risk factor for aGVHD.

Conclusions: We observed decreased plasma ADAMTS13 activity and

increased plasma level of VWF antigen in patients following trans-

plantation after pretreatment, especially in the patients with throm-

botic complications. Regression analysis showed a decrease more than

60% in plasma ADAMTS13 activity is the risk factor of thrombotic

complications, which was not correlated to the development of aG-

VHD although ADAMTS13 activity reduced in the patients when aG-

VHD occurred. Therefore, the plasma ADAMTS13 activity could be

an important parameter for the development of vascular disorder,

which has a potential role for the early diagnosis and therapy of

thrombotic complications.

PO 089
Von Willebrand Factor, ADAMTS13 activity,
inflammatory marker and their relationships with risk
factors of coronary artery disease
Lasom S, Komanasin N, Settasatian N, Settasatian C,

Kukongviriyapan U, Mongkolwongroj P, Intharapetch P,

Tantipanichteerakul K, Senthong V and Tatsanavivat P

Khon kaen university, Khon kaen, Thailand

Background: Coronary artery disease (CAD) is associated with endo-

thelial dysfunction and inflam�mation which in turn accelerated

thrombosis in individuals with CAD risk.

Aims: This study aimed to assess the relationships among von Wille-

brand factor (vWF) antigen, a disintegrin-like and metallo�protease

with thrombospondin type 1 repeats 13 (ADAMTS13) activity and

levels of high sensitive-C reactive protein (hs-CRP) as an inflammatory

marker with the risk factors of CAD.

Methods: The plasma levels of vWF antigen (vWF:Ag), ADAMTS13

activity and plasma hs-CRP were determined in 16 patients with CAD

and 11 individuals without CAD. vWF:Ag levels and ADAMTS13

activity were measured by an in-house enzyme-linked immuosorbent

assay (ELISA) and collagen binding based on ELISA method respec-

tively, whilst hs-CRP was assessed by using nephelometry method.

The ratio of the vWF:Ag level to ADAMTS13 activity was calculated.
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Results: The vWF:Ag levels, ADAMTS13 activity and hs-CRP levels

were decreased in CAD group compared to those of non-CAD group.

However, the differences were not significant (P = 0.629, 0.445 and

0.445, respectively). The ADAMTS13 activity was significantly lower

and the hs-CRP levels were significantly higher in males than those in

females (65.88 � 20.13 vs. 86.40 � 15.28%, P = 0.016 and

1.92 � 5.84 vs. 0.89 � 0.52 mg/L, P = 0.047). The vWF:Ag levels

were significantly increased in smokers compared to the non-smoker

group (0.85 � 0.32 vs. 0.57 � 0.28 IU/mL, P = 0.031). Individuals

who have risk factors for CAD including age ≥ 60 years old, hyperten-

sion, smoking and obesity showed tendency of an increase in hs-CRP,

vWF:Ag levels and vWF:Ag/ADAMTS13 activity ratio, whereas the

ADAMTS13 activity was decreased when compared to those without

risk factors. However, no significant differences of these parameters

between both groups were found (P > 0.05). The inflammatory mar-

ker, hs-CRP levels were negatively correlated with ADAMTS13 activ-

ity (r = �0.383, P = 0.049).

Conclusions: Alterations of ADAMTS13 activity as well as hs-CRP

levels in male and increased vWF in smokers were demonstrated in

this study. This might suggest the association of these parameters with

the risk factors for CAD and might be applied for the prognostic

markers of poor clinical outcome of the patients. However, to confirm

this association, a larger number of subjects should be recruited in fur-

ther study.

PO 090
Fibrinogen concentration and tensile strength of clots
Savushkin AV

Chita State Medical Academy, Chita, Russia

The thromboembolism can be the cause of death and invalidity.

Destruction of an initial blood clot or thrombus leading to embolus

formation depends on many factors. Fibrinogen seems to be one of

them and, probably, the most important one. As fibrin net is the

strength base of a clot its concentration must determinate the firmness

of a whole thrombus. There is no information about it in publications.

The aim of our work was to study if the tensile strength of blood and

plasma clots depended on fibrinogen concentration.

Thirty samples of blood were obtained from volunteers. Centrifuga-

tion was used to get plasma. Clotting took place inside the cell of the

special measure stretching equipment. After coagulation had com-

pleted cylindrical blood or plasma clot (diameter 6 mm) was stretched

before rupture. The critical rupture force and the fibrinogen concentra-

tion were measured. The last equaled 9.26 + 2.23 mcM/L.

The equation of linear regression of dependence between the rupture

force and the fibrinogen concentration was calculated.

For blood clots it was: F = 0.13 C + 32.6

(correlation coefficient 0.5, correlation relation 0.66).

For plasma clots it was: F = 0.51 C + 43.1

(correlation coefficient 0.61, correlation relation 0.69).

Where: F – critical rupture force, mN; C – fibrinogen concentration,

mcM/L.

Thus the linear statistical dependence was shown to be between fibrin-

ogen concentration and tensile strength of blood and plasma clots.

PO 091
Elimination of coagulation factor XIII from fibrinogen
preparations
Smith EL1, Cardinali B2, Ping L2, Ari€ens R1 and Philippou H1

1University of Leeds, Leeds, UK; 2University of North Carolina,

Chapel Hill, NC, USA

Background: Activated factor XIII (FXIIIa) catalyses cross-linking

between alpha- and gamma-chains of fibrin during clot formation and

also cross-links the major plasmin inhibitor, alpha 2-antiplasmin to

fibrin. Contamination of FXIII can be found in commercially avail-

able sources of fibrinogen purified from human blood.

Aims: To elucidate FXIII contamination in different commercially

available fibrinogens purified from human blood, and to characterise

two main techniques to remove FXIII from these fibrinogen prepara-

tions.

Methods and Results: Commercial fibrinogen was prepared according

to the manufacturers’ instructions, and further purified to remove any

FXIII contamination by one of two methods (i) ammonium sulphate

precipitation wherein ammonium sulphate was added to 20% (w/v)

with 10 mM CaCl2 and the sample was centrifuged to remove precipi-

tated material, including FXIII; (ii) affinity chromatography employ-

ing an IF-1 antibody (Kamiya Biomedical, Seattle, WA, USA, a

calcium dependent antibody that binds to the D-region of fibrinogen),

which includes a high salt wash that aids the dissociation of other pro-

teins from column bound fibrinogen. The ammonium sulphate precipi-

tation method allows large scale purification, whereas the affinity

chromatography is more suitable for small volumes due to the maxi-

mum fibrinogen binding capacity of the column (typically < 5 mg

dependent on amount of antibody immobilised). All commercial

fibrinogen preparations that had not been specifically depleted of

FXIII showed FXIII-A subunit was present in a western blot. Addi-

tionally, they showed varying degrees of FXIII activity as shown by an

in-house FXIII activity assay by incorporation of biotin-pentylamine

into either casein or fibrin substrates. Both the in-house (ammonium

sulphate precipition or IF-1 antibody affinity) and commercially FXIII

depleted samples showed no activity of FXIII in the fibrinogen prepa-

rations. However, batch to batch variation of the degree of FXIII-A

subunit antigen was observed in the ammonium sulphate method

although this was inactivate.

Summary and Conclusion: Fibrinogen from commercial sources is

highly contaminated with FXIII antigen and shows significant cross-

linking activity. In instances where it is key that fibrinogen is free of

FXIII contamination we recommend that either ammonium sulphate

precipitation is employed where large amounts of fibrinogen are

required. However, where small amounts of fibrinogen are required we

recommend that the fibrinogen is applied to affinity purification with

an IF-1 antibody column.

PO 092
Fibrinogen deficiency and surgical hemostasis-our first
experience
Stambolieva D1, Timova T1, Malinova T2 and Sorova M1

1Institute for transfusion medicine Skopje; 2Institute for

transfusion medicine, Strumica, Macedonia

Aim: Fibrinogen is a blood plasma protein produced by liver who

plays essential role in coagulation. It is converted into fibrin, catalyzed

by thrombin and also induces platelet activation and aggregation by

binding to the platelet reception GP2a/3b.

Case report: We report a case of a 9 years old boy who has to be pre-

pared for surgical intervention with Dg: Hernia inguinal lat.dex. Prior

to get ready him, we determined its blood group and Rhesus factor,

also and screening coagulation tests. PT and aPTT were normal, but

TT was abnormally prolonged (referenced value for that day reagent

was 22,7″, received value was 55,7″). We used equal parts of normal

plasma and patient plasma and elaborated a correction test-the result

was corrected to 26,5″. Our first suspicion was that there is deficit of

coagulation factor or eventually some undiagnosed liver disease. In

our biochemistry laboratory immediately was worked out the level of

fibrinogen and liver tests. Liver tests were normal, but Fibrinogen level

was decreased to 0.9 g/L, without any symptoms of bleeding before,

as the mother said to us. We suspected that this is probably isolated

factor deficiency (for which no factor concentrate is available in our

country). We also do not produce cryoprecipitate in our transfusion

service, because of technical reasons. So we decided to consult transfu-

siologist and hematologist in the reference centre in our capital town.
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The results were confirmed in their laboratory that the case is hypofi-

brinogenemia with instructions the boy to be prepared for surgery with

fresh frozen plasma – 20 mL/kg tt. That was done, although we know

the limitation of plasma-low fibrinogen level, large volume and risk of

viral transmition. After the plasma treatment, fibrinogen level was

increased to 3, 6 g/L, TT was normalized and the surgery was success-

fully finished.

Conclusion: This is the first case of fibrinogen deficiency in our transfu-

sion centre. There were different opinions between us, specialists of

transfusion medicine and surgeons about relationships between

plasma fibrinogen level and preoperative hemostasis. We agreed

together in one-if fibrinogen level is depleted, the supplementation is

the key for the maintenance of hemostasis function-to 2 g/L for sur-

geon hemostasis. The following is this case is to determinate exactly is

this is an inherited or some aquired hypofibrinogenemija.

PO 093
Detection of alpha-2-antiplasmin heterogeneity in
plasma by immunoprecipitation and SDS-PAGE/
western blotting
Abdul S1, Malfliet JMC1, Ari€ens R2, Leebeek FWG1, Rijken DC1

and Uitte de Willige S1

1Erasmus University Medical Center Rotterdam, Rotterdam, The

Netherlands; 2University of Leeds, Leeds, UK

Background: Alpha-2-antiplasmin (a2AP), the main natural inhibitor

of the fibrinolytic system, occurs in blood in different molecular forms:

a plasminogen-binding (PB-a2AP) form and a nonplasminogen-bind-

ing (NPB-a2AP) form. These molecular forms can be distinguished

from each other by the presence or absence of an intact C-terminus.

This C-terminus is crucial for the initial interaction with plasmin and

is a key component of a2AP’s rapid and efficient inhibitory mecha-

nism. NPB-a2AP has functionally been characterized via a modified

crossed immunoelectrophoresis technique. However, efficient methods

to isolate and biochemically characterize the NPB-a2AP have not yet

been described.

Aims:We aimed to develop an efficient method to detect and biochem-

ically characterize the different forms of a2AP, especially NPB-a2AP

in plasma by immunoprecipitation (IP) and SDS-PAGE followed by

Western blotting.

Methods: An IP method was set up to precipitate the different forms

of a2AP present in human plasma using a2AP-specific antibodies.

Magnetic protein G Dynabeads were labeled with a polyclonal total-

a2AP antibody to capture all the molecular forms of a2AP. Covalent

binding of the antibody to the protein G at the surface of the Dynabe-

ads was ensured by chemical crosslinking. Human normal pooled

plasma, depleted from IgGs present in plasma, was added to the bead-

antibody complex for a2AP antigen capture. A2AP was eluted from

the bead-antibody-complex by heating for 10 min at 95 °C in the pres-

ence of SDS. Lastly, the eluted a2AP was reduced at 95 °C and run on

a 10% SDS polyacryl amide gel followed by Western blotting. The

molecular forms of a2AP were detected using a polyclonal total a2AP

antibody, and a monoclonal antibody specifically directed to the C-ter-

minus of a2AP to distinguish PB-a2AP and NPB-a2AP. Fluorescent-

ly-labeled secondary antibodies were used to visualize the different

protein bands with an Odyssey scanner.

Results: With our developed method we were able to detect different

a2AP forms present in plasma on a Western blot. Using a polyclonal

total a2AP antibody as well as a specific antibody directed to the C-

terminus of a2AP, we confirmed the presence of NPB-a2AP in plasma.

PB-a2AP had an estimated molecular mass of 70 kDa, confirming the

known molecular mass of a2AP. NPB-a2AP had an estimated molecu-

lar mass of 60 kDa, which indicated an approximately 10 kDa molec-

ular mass difference between PB-a2AP and NPB-a2AP.

Summary/Conclusions: In summary, we have developed a fast and effi-

cient method to isolate and biochemically characterize the PB-a2AP

and NPB-a2AP from plasma using immunoprecipitation and SDS-

PAGE followed by Western blotting. This method will be used to iden-

tify the C-terminal cleavage site of a2AP by mass spectrometry.

PO 094
T-PA and PAI-1 levels in Tunisian Behc�et patients
Baccouche H1, BelFeki N2, Khanfir M2, Mahjoub S1,

Houman MH2 and Ben Romdhane N1

1Rabta Hospital; 2Rabta University Hospital, Tunis, Tunisia

Background: Behc�et’s disease (BD) is a systemic vasculitis. Endothelial

damage is one of the ethiopathogenic mechanisms which can be associ-

ated with defects in coagulation and/or fibrinolysis.

Objectives: Assess the fibrinolytic activity in Tunisian patient with BD

through the determination of tissue type plasminogen activator (t-PA),

and plasminogen activator inhibitor 1 (PAI-1) levels.

Investigate the link of these findings to patients’clinical features, activ-

ity and severity.

Methods: A-44-BD patients were enrolled according to the criteria of

the international study group on Behc�et’s disease. According to the

Yosipovitch severity scale, patients were divided into three subgroups:

mild, moderate and severe disease. The activity index was elaborated

according to the Yazici scale. Concentration of t-PA was determined

by enzyme linked immunoabsorbent assay (ELISA) in patients and

compared to 46 healthy controls. Because of financial considerations,

PAI-1 levels were determined in only 12 patients.

Results: Mean age was 40 years (sex ratio M/F: 42/15).Mean level of t-

PA was 4.85 � 7.36 ng/mL in patients. No difference was found com-

pared to controls (5.62 � 8.49 ng/mL). Among patients, there was no

correlation between t-PA levels and clinical manifestations. No associ-

ation was found with severity index (6.5 vs. 4.5 ng/mL). T-PA levels

were higher in severe and moderate subgroups than in mild one. Mean

PAI-1 level was 10.7 ng/mL. It was significantly decreased in patients

with ocular involvement (1.66 vs. 19.75 ng/mL; P = 0.03). PAI-1 lev-

els were higher in active form than in inactive one and in severe and

moderate subgroups. There was no correlation between t-PA and PAI-

1 variations.

Conclusions: PAI-1 and t-PA vary in Behc�et’s disease. These findings

reflect endothelial dysfunction which is the cornerstone of the etio-

pathogenesis in BD. Further studies with larger groups are needed to

elucidate the impact of fibrinolytic parameters in BD.

PO 095
Functional characterization of metalloproteinases
(colombienases) with fibrinolytic activity from
Bothrops colombiensis venom
Guerrero B1, Gir�on M2, Salazar AM1 and Rodr�ıguez-Acosta A2

1IVIC; 2Universidad Central de Venezuela, Caracas, Venezuela

The hemostatic system is designed to maintain the blood fluidity by

inhibiting blood coagulation and platelet aggregation and promoting

fibrinolysis. Thrombosis is probably the most frequently symptom

among cardiovascular diseases. At the present time, trying to improve

the safety and efficacy of fibrinolytic therapy, several investigators

have been tracking to find out fibrinolytic enzymes from different

snake venoms.

Aims and Methods: Functional characterization [hemorragic, ADP-

Platelet aggregation, fibrino(geno)lytic, proteolytic (extracellular

matrix and basal membranes proteins- type IV collagen, laminin, gela-

tin and fibronectin), hemolytic, edematogenic and cytotoxic (cardiac

myoblasts cultures) activities] of fibrinolytic enzymes isolated from

Bothrops colombiensis venom.

Results and Discussion: Colombienases directly act on the fibrin, with-

out activating the fibrinolytic system (plasminogen/plasmin), they

degrade the fibrinogen Aa and Bb chains, as well as a-polymers,

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1020–1206

1054 ABSTRACTS



dimers c-c and a and b chains of fibrin and the fibronectin molecule;

additionally Colombienase-2 degrade fibrinogen c chains. Laminin

and type IV collagen were resistant to the Colombienases action. Gela-

tin-zymogram showed in B. colombiensis crude venom several active

bands (< 148 > 64 kDa) that may correspond to P-III class metallo-

proteinases. Additionally, Colombienase-2 presented an active band at

approximately 22 kDa. In contrast Colombienase-1 did not show gela-

tinolytic activity. All these activities were abolished by metalloprotein-

ases inhibitors. Colombienases have an insignificant edematogenic

activity, and both enzymes lacked hemorrhagic, hemolytic, cytotoxic,

plasminogen activator or coagulant activities, and no effect on platelet

aggregation induced by collagen or ADP. All these characteristics let

us to classify these enzymes as P-I class metalloproteinases that lack

the disintegrin domains and/or rich-in-cysteine, which appear to be

important for the induction of apoptosis and hemorrhagic activity.

Additionally, Colombienase-1 was recognized by a polyvalent anti

snake venom but Colombienase-2 was not recognized by this anti-

venom, suggesting that this protein presents low antigenic determi-

nants or that their presence in crude venom is low, unable to induce an

antibody response. Knowing the fibrinogenolytic activity of Colombi-

enases, this toxin should be administered in a high dose to induce an

adequate neutralizing immune response in animals.

Conclusions: The direct fibrino(geno)lytic activity of the Colombienas-

es, besides its poorly toxic effect, could be considered potential throm-

bolytic agents, given they property of dissolving fibrin clots or

preventing their formation.

PO 096
Plasminogen activity in patients with ligneous
conjunctivitis and hydrocephalus in Indonesia
Pudjianto S1, Setiabudy RD2, Mangunatmadja I1 and Susiyanti M1

1Faculty of Medicine, Univ. of Indonesia; 2Faculty of Medicine,

University of Indonesia, Jakarta, Indonesia

Background: Plasminogen is plasmin precursor, an important enzyme

needed in fibrinolytic system which is also important in wound healing.

It was reported that type 1 plasminogen deficiency results in pseudo-

membranous diseases which manifested as ligneous conjunctivitis.

Besides ligneous conjunctivitis, it is also associated with occlusive

hydrocephalus.

Aim of study: The aim of our study was to investigate plasminogen

activity in patients with ligneous conjunctivitis and hydrocephalus.

Methods: Seventy seven subjects were enrolled in this study, consisted

of one patient with ligneous conjunctivitis and his parents, 21 patients

with hydrocephalus, 20 normal children, and 33 normal adults. The

plasminogen activity of normal subjects was used as reference value.

Citrated plasma was obtained from each subject, and plasminogen

activity was measured by chromogenic substrate using reagents from

Sysmex company, Japan. This study had been approved by the ethical

committee of the Faculty of Medicine University of Indonesia and

informed consent for each subject had been obtained. Our study was

conducted at Cipto Mangunkusumo Hospital, Jakarta, Indonesia in

September 2012 until January 2013.

Results: Within run coefficient of variation (CV) plasminogen activity

in normal range was 3.1%, between day was 5.4%. In pathological

range between day CV was 9.6%. Plasminogen activity in patient with

ligneous conjunctivitis was 11.9%, very low compared with normal

children whose median was 116.8%(70.9–133.5%). His parents plas-

minogen activity was 68.45% and 80.65% which were quite low com-

pared with the activity in normal women 118.65%(112.48–124.43%)

and the activity in normal men 115.91% (110.60–121.24%).. Among

hydrocephalus patients, 5 out of 21 showed plasminogen activity

< 80%, 2 of them were 79.4%, one patient was 79.8%, two of them

neonates whose plasminogen activity were 57.1% and 55.4%.

Conclusion: This study suggests the possibility of heterozygote defect

in a patient with plasminogen activity lower than 80% and the refer-

ence range for plasminogen activity should not be as low as 75% as

believed today. This needs further study about chromosome defect in

subjects with plasminogen level < 80%, including hydrocephalus

patients.

PO 097
Computational study of Textilinin as an anti bleeding
agent to improve the stability and activity
Rahimi H, Abdoli S and Mahdian R

Pasteur Institute of Iran, Tehran, Iran

Background: textilinin-1, a serine protease inhibitor from Pseudonaja

textilis venom binds to and blocks the activity of a range of serine pro-

teases, including plasmin and trypsin. This compound is a more spe-

cific plasmin inhibitor than aprotinin while the side effects are much

fewer. So, it could be the possible drug in surgery. Although a number

of plasmin inhibitors are introduced, they are suffered from poor

potency and/or specificity of inhibition that either results in reduced

efficacy and decreased clinical application. Consequently, there is a

need for further development of high-affinity plasmin inhibitors that

maintain selectivity over other serine proteases.

Aims: The generation of new mutants by using the computational

study to improve the activity and stability of textilinin-1 and decrease

the side effects.

Methods: Based on the structural, evolutional and functional informa-

tion, new mutants were designed. Then, to predict the three dimen-

sional structure of each mutant, 10,000 model were generated by

MODELLER package. The Ramachandran plot, verify 3D and Z-

score were used to confirm the quality of the best model. The Gromacs

4.5.5 was employed to energy minimization of the selected models by

which the models were put in a water box for 5 nano second molecular

dynamic simulation. Finally, the binding affinity was investigated

using ClusPro software.

Results: Most mutants (ten ones) were stable after modeling and 5

nano second simulation. A better binding to substrates were observed

for four mutants including A18V, R15L, V16A and E34I. The Canoni-

cal loop (17–21), which is important for binding to serine proteases,

was conserved in all mutants but the structural shift toward beta-sheet

structure were found in two mutants: PCRVRF (13–18) and RV (15–
16). Replacement of Ala 18 substitution with Val lead to more confor-

mational space for interaction with substrates. Moreover, the mutants

interaction with water is probably accelerated by the surface charge

reduction.

Conclusion: To find the improved mutant with higher stability and

activity, the computational study would be a hopeful method.

PO 098
Circumcision in patients with haemophilia: a single
centre experience
Akcay A, Salcioglu Z, Tugcu D, Sayilan Sen H, Aydogan G, Akici F,

Gokce M, Aktay Ayaz N, Guvenc U and Sander S

Istanbul Kanuni Sultan Suleyman Education and Research

Hospital, Istanbul, Turkey

Background: Circumcision is the oldest and most frequent surgical

procedure in the world and especially in Turkey as is seen in the other

Islamic countries because of religious and traditional pressures.

Aims: In this study, we aim to report the experience of circumcision at

our clinic in a total of 58 patients with hemophilia (Haemophilia

A = 49, Haemophilia B = 9) between 1990 and 2013.

Methods: We retrospectively reviewed medical records of 56 haemo-

philia patients without inhibitors and two haemophilia A patients with

inhibitors who had been circumcised. Factor concentrates were given

before and after circumcision for 5–7 days. By-passing agents were

used for circumcision in haemophilia patients with inhibitors. In all

patients antifibrinolytic agents were used also. Fibrin glue was not
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used during circumcision procedures. Circumcisions performed with

an open method, with dorsal slit technique.

Results: In 27 (47%) patients factor activities were < 1%, 14 (24%)

were between 1 and 5% and 17 (29%) were > 5%. Their ages of cir-

cumcision were ranged from 3 months to 14 years (median 8 years).

Ten of 58 patients without inhibitors were referred to our centre with

bleeding after the circumcision before diagnosis of haemophilia. One

of these ten patients had moderate bleeding and nine of them had mild

bleeding. Forthy-eight patients with haemophilia were circumcised in

our centre under general anaesthesia. In three (6.25%) patients with-

out inhibitors had moderate bleeding, despite adequate factor replace-

ment. Transfusion was not needed. Thrombotic events were not

observed during factor replacement therapy and antibody occurrence

was not detected in these patients.

Conclusion: Examination of hemostasis tests carefully before circumci-

sion leads to the recognition of patients with bleeding diathesis. Our

experience showed that circumcision for patients with haemophilia

should be carefully performed by surgeons together with paediatric

haematologist, under appropriate conditions in haemophilia centres

which has comprehensive coagulation laboratory.

PO 099
Iliopsoas hemorrhage in congenital factor deficiencies:
the experience of C�ukurova University, Adana, Turkey
Antmen B, Sasmaz I, Karagun BS, Leblebisatan G and Kilinc Y

Cukurova University, Adana, Turkey

Background: Iliopsoas hemorrhage is a serious complication of bleed-

ing disorders that occurs most commonly in patients with severe

hemophilia and less commonly von Willebrand disease and Factor V

deficiency and is considered as potentially life threatening condition

and significantly associated with morbidity. Despite its clinical impor-

tance, there are few reports on the mode of presentation, treatment

and sequela. In this study, we presented our experience about iliopsoas

hemorrhage in patients with severe bleeding disorders.

Aim: In this study, we evaluated our patients with iliopsoas hemor-

rhage and compared with literature.

Patients and Methods: From 1995 to 2012, 19 patients with iliopsoas

hemorrhage were evaluated inC�ukurovaUniversity, Hemophilia cen-

ter. The findings of physical examination, pain locations, complica-

tions were assessed. Iliopsoas hematomas were confirmed by

ultrasonography, CT or MR scan. The treatment strategies were

noted.

Results: We evaluated 29 episodes of iliopsoas bleeding from 19

patients with congenital factor deficiencies (CFD). There were 13 with

hemophilia A, 4 with hemophilia B, 1 with factor V deficiency, and 1

with von Willebrand disease. Age range was from 45 days to 19 years.

Fourteen patients had one episode, three had two episodes, one had

three episodes, one patient with severe hemophilia A with inhibitor

had six episodes. Three patients had a high titer inhibitor against fac-

tor VIII. Iliopsoas hematomas were confirmed by ultrasonography in

all patients. Five patients needed erythrocytes transfusion. The mean

duration of therapy was 11.55 � 3.54 days, and the duration of hospi-

talization was 10.50 � 3.54 days. Patients with inhibitors were treated

with by-passing agents. In six bleeding episodes of one severe hemo-

philia A patient with inhibitor treated with recombinant factor VIIa

(rFVIIa). Activated prothombin complex concentrates (aPCC) was

given in two episode in two severe hemophilia A patients with inhibi-

tor. Long term complications included paresthesia in five patients in

the distribution of femoral nerve and quadriceps atrophy in four

patients.

Conclusion: Iliopsoas hematoma is a serious bleeding event in patients

with hereditary clotting disorders. In this report, we present our expe-

rience and treatment modality in 28 episodes of serious iliopsoas

hematoma in hereditary congenital factor deficiencies.

PO 100
The effect of water exercise on atrophic muscles
associated with limited range of motion in severe
haemophilia A patients
Antmen B

Cukurova University, Adana, Turkey

Aim: Haemophilia causes musculoskeletal problems over many years

secondary to recurrent hemarthrosis. In this study, the effects of water

exercises on the musculoskeletal system of severe haemophilia A

patients with muscle and joint problems are described.

Materials and Methods: Eleven severe haemophilia A patients on pro-

phylaxis treatment participated in the study.

Result: After completing a protocol of regular exercise, subjects dis-

played statistically significant increases in mid-thigh, upper thigh and

calf circumference (P < 0.05). Compared to pre-exercise values, signifi-

cantly increased strength leg extensor and flexor as well as range of

motion were also observed (P < 0.05). In addition, serum levels of

growth hormone were found to be significantly higher at the comple-

tion of all exercise protocols vs. pre-exercise levels (P < 0.05).

Conclusion: These results show that some easily performed exercise

protocols such as water exercises can promote muscle development

and increase range of motion of the joints. Water exercise is especially

preferred, because it is not a contact sport and the likelihood of colli-

sion is very low. Thus, potential future deformities may be prevented if

appropriate exercises are started without delay following an acute epi-

sode of bleeding.

PO 101
How well is haemophilia known among
non-hematologists?
Ar MC1, Erdem S1, Sarici A1, Salihoglu A2, Yokus O1,

Sametoglu F1 and Yurttas B2

1Istanbul Training and Research Hospital; 2Istanbul University

Cerrahpasa Medical Faculty, Istanbul, Turkey

Background: Haemophilia is a rare inherited bleeding disorder caused

by the deficiency of the clotting factors VIII or IX.

Haemophilia A (FVIII deficiency) is the most common form of the dis-

order, present in about 1/5000–10,000 male births. Haemophilia B

(FIX deficiency) occurs in around 1/20,000–34,000 male births. Hae-

mophilia, once a disease of the childhood, now became a clinical prob-

lem extending into the adult ages with the advent of modern treatment

tools. It is frequently observed that physicians facing with adult people

with haemophilia (PwH) either exaggerate the bleeding risk and avoid

offering treatment for non-haematological conditions or underesti-

mate the bleeding tendency leading to increased morbidity and mortal-

ity. This lack of knowledge about haemophilia greatly hampers the

management of both the bleeding episodes and other clinical condi-

tions.

Aim: The aim of the present survey was to determine the level of

awareness about haemophilia among non-haematologist physicians

treating adult patients in Turkey.

Methods: Fellows and consultants who are not primarily taking part in

the clinical management of the PwH were included in the study. They

were asked to complete a questionnaire with 10 multiple choice and 14

true/false questions about the diagnosis and treatment of haemophilia.

Physicians were also expected to report about their personal experi-

ence on haemophilia.

Results: A total of 133 physicians from aStateHospitaland aUniversi-

tyHospitalentered the study. All of the participants correctly identified

haemophilia as an inherited bleeding disorder. However, 83.5% only

knew that the manifest disease was primarily associated with male gen-

der. Only 1/5 of the subjects were aware of acquired haemophilia. One

hundred and six physicians (79.7%) could correctly recall the most fre-

quent sites of bleeding. Seventy percent of the subjects chose aPTT as
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the screening test for haemophilia. One in 10 physicians thinks that

platelet transfusion is an integral part of haemophilia management.

Almost 60% of the physicians had seen 1 or more PwH for a consulta-

tion. However, more than 70% of the included physician stated that

they would preferably not encounter with PwH and refer them to a

haematologist even for the treatment of non-haematological problems.

Almost all physicians agree that emergency treatment of bleeding epi-

sodes should be known by all but regular follow-ups and the adult-

hood medical problems should be managed by the haematologist or

the internist.

Summary/Conclusion: The results of this survey showed that the study

group was partially informed about haemophilia. The most striking

two outcomes were: (1) Eighty percent of the physicians had not heard

of acquired haemophilia; (2) In the era of home replacement therapy

more than 2/3 of the physicians still thought that joint bleeds should

be treated in the hospitals. These findings suggest an obvious need for

increasing the level of awareness about haemophilia among non-hae-

matologists. This survey would help in redesigning the basic as well as

continuing medical education programmes to defeat the fear against

haemophilia.

PO 102
Hematuria in congenital coagulation factor deficiencies
Balkan C, Karadas N, Karapinar D and Kavakli K

Ege University Children’s Hospital, Izmir, Turkey

Background: Spontaneous gross hematuria or subclinic microscopic

hematuria is not an uncommon manifestation in severe hemophiliacs

and has been thought to reflect tubular damage.

Aims: In this retrospective study, we evaluated the prevalence of hema-

turia in hemophiliacs and other congenital factor deficiencies in a com-

prehensive care center.

Methods: All medical records of hemophiliacs who attended this com-

prehensive hemophilia care centre between 1990 and 2012 were evalu-

ated. Six hundred and twenty-nine patients with congenital

hemorrhagic diathesis (383 hemophilia A (HA), 77 hemophilia B

(HB), 99 type-1, 16 type-2 and 14 type-3 vonWillebrand’s Disease

(VWD), 16 FVII deficiency, 8 FV deficiency, 5 FX deficiency and 11

rare factor deficiencies) were evaluated retrospectively in this study.

Results: Hematuria was determined in 39 of 383 HA patients, 12 of 77

HB patients, 5 of 129 VWD patients and 3 of 40 patients with the

other factor deficiencies. The first attack of hematuria occurred at the

age of 3–34 years (mean 15.5 � 6.9 years). Hematuria was seen in 59

of all hemophilia patients. Thirty four of these hemophiliacs had only

one hematuria episode, 8 had two, 4 had three, 3 had four episodes

and 10 had five and more episodes. Hematuria was seen in 29 severe,

20 moderate and 2 mild FVIII and FIX deficiencies. Inhibitors were

positive in 7 of these patients.

While there were no significant findings in ultrasonography in 41 of 59

patients (70%) who had hematuria, nephrolithiasis was observed in

seven patients (12%), pyelocaliectasis in one patient (1.7%) and renal

cyst in one patient (1.7%). Ultrasonography was not performed in

nine patients.

While eight patients (13.6%) received only hydration therapy, 43

patients (72.9%) received both hydration and factor replacement ther-

apy. Five patients (8.5%) received hydration and factor replacement

therapy. Two patients (3.4%) received fresh frozen plasma and 1

patient (1.7%) received fresh frozen plasma with combined prednisone

therapy.

No cause for hematuria was identified in 46 of these patients (78%).

Nine patients (15.3%) had nephrolithiasis, 1 (1.7%) had poststrepto-

coccal glomerulonephritis, 2 (3.4%) had urinary tract infection, 1

(1.7%) had renal cyst.

Conclusion: Our results are consistent with the other investigations

which rarely demonstrate urinary system abnormalities in these

patients. The long-term outcome of hematuria is largely unknown.

PO 103
SNC bleeding: experience on a single haemophilia
center (1990–2013)
Baques A, Peres Bianco RP, Guerrero G and Candela M

Academia Nacional de Medicina, Buenos Aires, Argentina

Background: Central nervous system (CNS) bleeding is one of the most

severe manifestations that occur in patients with Hemophilia, with a

high morbimortality.

Aims: The objective of this study was to evaluate retrospectively 110

patients affected with Hemophilia A (HA) and Hemophilia B (HB)

who had CNS bleeding, on a single center from 1990 to 2013, inorder

to establish incidence of recurrence, death rate, neurological impair-

ment, most frequent location, and efficacy of treatments.

Design and Methods: Of one thousand and nine hundred ambulatory

visits, we enrolled 110 patients: 93 patients with HA (78 patients with

HAs, eight patients with HAm and seven patients with HAl), 17 with

HB (14 patients has HBs, 2 has HBm and 1 with HBl).

They were presented 156 (12 events per year) central nervous bleeding

episodes, 27 patients (17, 2%) (21 HA, 6 HB) experienced a recurrence

and 10 (6%) (HAs 8, HAm 1, HAl 1) had more than one recurrence.

Twenty two (19, 8%) patients had an early onset of CNS bleeding

before the first 2 years of life, (15 HAs, 1HAm, 4HBs) others 88

(80.18%) later in life (62 HAs, 7 HAm,7 HAl and 9 HBs, 2 HBm,

1HBl). In 58 (36 HAs, 5 HAm, 3 HAl and 10 HBs, 3 HBm, 1 HBl) of

the episodes, CNS bleeding was spontaneous.

Results: Neurosurgery was performed in 27 patients: 20 (74%) with

HA (18 HAs, 1 HAm, 1HAl) and 6 (22.2%) with HB (5 HBs, 1 HBm),

in association with factor replacement therapy. Four (1%) patients

presented seizures. Psychomotor impairment were seen in 9(2.4%)

patients. Thirty nine deaths were recorded. Sixteen events occur in

patients that presented a discontinuation in prophylaxis.

Conclusion: Prophylaxis with clotting factor concentrates is considered

optimal care for patients with severe haemophilia A or B.

In our experience, CNS is the first cause of mortality .According with

the high proportion of patients (around 20%) that had, recurrence of

CNS bleeding, mostly patients with severe hemophilia. It would be

wise to optimize the indication of prophylaxis and intensive education

of patients and family in order to prevent CNS bleeding.

PO 104
Primary prophylaxis in Venezuelan cohort: 5-year
experience
Boadas A, Mijares ME, Hernandez L, Echenagucia M,

Fernandez N and Ruiz-Saez A

Banco Municipal de Sangre, Caracas, Venezuela

Introduction: Primary prophylaxis (PP) has been used with the purpose

of preventing recurrent hemarthroses and serious bleeding. In Venezu-

ela, once we achieved safe treatment of all people with hemophilia

(PWH) we started PP in children.

Patients and Methods: We enrolled boys with severe or moderate

hemophilia (FVIII or FIX ≤ 2.5UI/dL) and without inhibitors

(< 0.65Bethesda Units). The inhibitors were detected every 3 months,

an annual musculoskeletal evaluation in HJHS scale was done and

education regarding prophylaxis was given to parents. We used modi-

fied Canadian dose-escalating protocol, making the following changes:

lower dosage in < 1 year and skipping to the next phase when one

spontaneous hemarthroses appeared.

Results: Fifty-seven patients (severe HA: 43, moderate HA: 9, severe

HB: 4, moderate HB: 1) since January 2007 to December 2012. Aver-

age age of initiation in PP: 19 months (7–39), average duration:

25 months (2–60), average IU/kg/day:33.7(17–56), average hemarth-

roses in last year: 1.7 (1–5), average soft-tissue bleeding episodes in last

year: 2.3 (1–7). Twelve children were dismissed because of high-

response inhibitor development and 3 were dismissed for lack of
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adherence. No serious bleeding happened during the period under

analysis. One boy had one target joint, clinically evaluated.

Conclusions: It is key to keep educating parents continuously, explain-

ing the importance of complying with instructions and recording the

treatment in written form.

PO 105
Incidence of reduced bone mineral density among
patients with hemophilia
Boban A, Zupancic Salek S, Ka�stelan D and Nemet D

University Hospital Center Zagreb, Zagreb, Croatia

Background: Osteoporotic fractures bear a high morbidity and mortal-

ity rate, particularly in hemophilia patients. Reduced bone mineral

density (BMD) has been recently recognized in hemophilia patients,

but the pathology of bone metabolism is still unclear.

Aim: The aim of our study was to evaluate the impact of severity of

hemophilia, number of target joints and presence of inhibitors and

hepatitis C infection on bone mineral density in hemophilia patients.

Methods: We evaluated BMD in 58 patient with hemophilia A and

hemophilia B. Thirty-eight patients had severe hemophilia, defined by

FVIII of FIX activity < 1%, and 19 patients had mild and moderate

hemophilia, defined by activity of FVIII or FIX < 5%. Among

patients with severe hemophilia nine patients (23%) had positive

inhibitors to FVIII. Eighty-five patients were hepatitis C positive.

Number of target joints was higher in patients with severe hemophilia

when compared to patients with mild and moderate hemophilia, med-

ian 3.82 and 1.70 respectively. Lumbar spine and hip BMD was deter-

mined by dual-energy X-ray absorptiometry. Osteoporosis was

considered when T-value was < �2.0 and osteopenia when T-value

was < �1.0.

Results: Out of 58 patients with hemophilia 43% had normal bone

mineral density, 48% osteopenia and 9% osteoporosis. BMD was sig-

nificantly lower in hemophilia patients than in controls. The severity

of osteoporosis correlated with severity of hemophilia, but not with

number of target joints. There was no difference between groups

regarding presence of inhibitors or infection with hepatitis C.

Conclusion: Our results showed that patients with hemophilia have

high risk of developing osteoporosis and osteopenia, which is depen-

dent on severity of hemophilia, but not on presence of FVIII inhibitors

or hepatitis C infection.

PO 106
Feasibility study of a randomized control trial to
evaluate an internet-based self-management program
for adolescents with hemophilia: preliminary results
and observations
Breakey VR1, Ignas DM2, Warias A1, White M2, Blanchette VS2

and Stinson JN2

1McMaster University, Hamilton; 2The Hospital for Sick Children,

Toronto, Canada

Background: As adolescents with hemophilia approach adulthood,

they must assume responsibility for their disease management. An

innovative bilingual (English and French) Internet-based self-manage-

ment program, ‘Teens Taking Charge: Managing Hemophilia Online’,

was developed to support adolescents during this transition.

Aim: To determine the feasibility of an 8-week online educational pro-

gram using a randomized control trial design in terms of study accrual

and attrition rates; participants’ willingness to be randomized, compli-

ance with program and completion of outcome measures, and satisfac-

tion; as well as preliminary estimates of treatment effectiveness.

Methods: A non-blind pilot randomized control trial (NCT01477437)

was designed to test the feasibility the planned study of ‘Teens Taking

Charge: Managing Hemophilia Online’. Adolescents (N = 31), ages

12–18, were selected from three tertiary care centres in Canada. After

a research assistant (RA) had explained the study in detail and

obtained informed consent, adolescents were randomized to the inter-

vention (n = 15) or the control arm (n = 16). Adolescents in both

arms of the study were asked to complete pre- and post-outcome mea-

sures online and received weekly telephone support from a trained

RA. Following completion of the 8-week program, one-on-one semi-

structured interviews were conducted to assess user satisfaction with

the intervention. This study was approved by research ethics boards at

each site.

Results: At present, nine participants in the intervention arm have

completed the study in an average of 14.4 weeks (SD = 5.8) and three

are active in the program. Among those randomized to the interven-

tion, two participants dropped out of the study and 2 were lost to fol-

low-up, resulting in an attrition rate of 25% (4/16). Six participants in

the control group have completed the study. Despite the plan to give

the control participants access to the website after the study’s comple-

tion, the control arm has a higher attrition rate with five participants

being lost to follow-up and four participants dropping out or a rate of

56% (9/16). Reasons for dropping out included: disappointment in

not being assigned to the intervention, a lack of interest and being ‘too

busy’ to complete the program. Post-intervention interviews are ongo-

ing, with three participants interviewed to date. Overall, these teens

found the website to be informative, comprehensive and easy to use

and were satisfied with the program.

Summary: This pilot randomized control trial is ongoing. Interim find-

ings indicate an acceptable attrition rate in the intervention group as

compared to other online interventions. Higher than expected attrition

rate in the control group, suggests the need to improve the strategies

for maintaining participant engagement in the design of this web-

based intervention prior to a larger randomized control trial to assess

efficacy. Collection of qualitative interview data is ongoing and further

analysis is needed to assess study feasibility and alter design, if deemed

necessary.

PO 107
Ischemic stroke and haemophilia A: what therapy?
Campello E1, Luca S1, Barbara B2, Renzo M3 and Ezio Z2

1Department of Cardiologic, Throcacic and Vascular Science,

University of Padua; 2Department of Cardiothoracic and Vascular

Sciences, SS Hemophilia Center; 3Neuroradiology, Department of

Neuroscience, University of Padua, Padova, Italy

Background: Advances in haemophilia care have led to an increase in

the overall life expectancy of patients with haemophilia such that it is

approaching that of the general male population. Although data on

the protective effect of haemophilia on cardiovascular diseases are

conflicting, their longevity exposes this group of patients to the same

cardiovascular risk factors (hypertension, smoking, diabetes mellitus,

hyperlipidemia, obesity) as the general population. There are limited

data on the prevalence and management of such risk factors in

patients with haemophilia when compared to the general population.

In addition, evidence-based guidelines on management of patients with

cardiovascular diseases are lacking.

Aim: The purpose of our report was to describe three cases brought to

our attention from our adult haemophilia population. We also looked

at outcomes of our management of haemophilia patients with overt

cerebral ischemic events.

Methods/Methods: A 45 years patient, with severe haemophilia A trea-

ted on-demand, high blood pressure, HBV-HCV hepatitis, is hospital-

ized for subjective vertigo, postural instability, nausea, vomiting and

diplopia, right ptosis, right emivolto hypoesthesia. The TSA and trans-

cranial Doppler showed right vertebral artery with dissection of the

wall and occlusion of intracranial tract of left vertebral artery. The

Cerebral MRI showed ischemic lesion in the left lateral medulla and

inferior cerebellar peduncle (in the Posterior Inferior Cerebellar Artery

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1020–1206

1058 ABSTRACTS



territory); dissection of both vertebral arteries and left vertebral artery

occlusion; intramural hematoma along the course of the cervical right

vertebral artery. At follow up, the MRI described complete resump-

tion of the hematoma, persistence of left vertebral artery occlusion. To

date (44 months of follow-up) are not described further ischemic

events. A 53 years patient, with moderate haemophilia A treated on-

demand, HCV hepatitis, smoker, is hospitalized for right hemisoma

weakness. The Cerebral MRI showed acute ischemic lesion in the right

corona radiata in the territory of the perforating branches of middle

cerebral artery. He had a progressive recovery and to date (48 months

of follow-up) did not relapse. A 77 years patient, with moderate hae-

mophilia A treated on-demand, overweight, hypertension, diabetes

mellitus, smoker, is hospitalized for diplopia, dysarthria, and instabil-

ity in the standing. The cerebral TC highlighted some areola of clear

hypo-density bilaterally in nucleus-capsular as recent vascular out-

comes. All symptoms progressively regressed. To date (24 months of

follow-up) did not relapse. The antiplatelet therapy has not been

administered to any patient because of the protective effect of the hae-

mophilia. In the first patient it was administrated prophilaxis dose of

FVIII, because of the intramural hematoma along the right vertebral

artery. In all cases we have acted in the correction of cardiovascular

risk factors.

Conclusions: The cases are among the first described in the literature

and confirm the management difficulties and the uncertainty on the

correct treatment. Given the increased risk, haemophilia patients

should be screened regularly for hypertension, tobacco use, diabetes,

cholesterol, obesity especially during their periodic haemophilia evalu-

ation, and managed appropriately.

PO 108
Physical and mental quality-of-life in patients with
haemophilia in Belgium: the impact of financial issues
and of patients’ understanding of their condition
Carvalhosa AM, Henrard S and Hermans C

St-Luc University Hospital, Brussels, Belgium

Background: Haemophilia affects 988 people in Belgium. However,

there are very few studies evaluating patients’ quality of life (QoL) in

the country.

Aim: This project aimed to collect such data and assess the influence of

both well-identified factors (eg. arthropathies) on QoL, and of other

less studied, modifiable variables (eg. patients’ understanding of hae-

mophilia-related issues, financial concerns).

Methods: This study involved adult haemophilia A (HA) and B (HB)

patients, without current inhibitors, on replacement therapy, regularly

followed-up at our comprehensive treatment centre. After Ethics Com-

mittee approval, patients meeting the inclusion criteria (n = 84) were

informed and invited to complete a questionnaire, including the

SF36v2 QoL forms. Seventy one (n = 59 HA, n = 12 HB)

responded. Analysed variables included factors known to have an

impact on QoL (age, haemophilia type, treatment type [secondary pro-

phylaxis vs. on-demand], severity, number of arthropathies, sport

activities, HCV/HIV status) and others (occupation, self-assessed com-

pliance, concerns about haemophilia-related personal/public financial

issues, understanding of general haemophilia-related issues [transmis-

sion, identifying emergencies, holiday planning, identifying sources of

information, latest treatments available, insurance coverage, meaning

of ‘inhibitor’]). Data analysis was performed using the QualityMetric�

software for SF36v2 data, and a regression tree-based model (RT) to

evaluate the relative impact of the aforementioned variables on QoL

scores (norm-based). RT-based models are non-linear, non-parametric

alternatives to linear models for regression problems. All significant

variables appearing in the trees are clearly mentioned.

Results: QoL scores in our population (mean � SD age:

45.2 � 14.7 years old) were similar to those of other countries: the

physical QoL score (Physical Component Summary, PCS) was lower

compared to the healthy population (PCS = 46.3), whereas the mental

QoL score (Mental Component Summary, MCS) was within normal

values (MCS = 51.1). Scores did not depend on haemophilia type.

The PCS was primarily influenced by the number of arthropathies (RT

showed a PCS = 55.4 without arthropathies vs. 42.1 with ≥ 1 arthrop-

athy, P < 0.001), followed by the patients’ understanding of inhibitors,

haemophilia severity, and eventually patients’ compliance.

The MCS was primarily affected by patients’ concern regarding per-

sonal financial issues (spending) related to haemophilia (RT showed a

MCS = 54.2 when not concerned vs. 37.9 when concerned. Within this

last group, those with poor knowledge of insurance coverage had

lower MCS scores than their peers, P < 0.001). Age was the second

factor in the whole population, closely followed by patients’ under-

standing of insurance coverage, ability to identify sources of informa-

tion, haemophilia severity, HIV status, and ability to plan for holiday.

All other variables had little or no impact on these scores.

Summary/Conclusion: Haemophilia patients’ QoL in Belgium is com-

parable to that of other countries. Originally, our study highlights

modifiable variables influencing QoL, such as patients’ compliance

and their understanding of haemophilia-related issues, including finan-

cial issues. Indeed, these played a major role in mental QoL – a most

interesting finding in a time where the cost of clotting factor use chal-

lenges most countries’ healthcare systems.

We believe that addressing these questions by providing patients with

better focused information could significantly improve their QoL.

PO 109
Treatment of acute abdomen resulting from hematoma
of the jejunum in severe Haemophilia A
Chalkling AG, Pias SN and Perera F

Hospital Escuela del Litoral, Paysandu, Uruguay

Background: Adequate haemophilia care requires well-coordinated

specialist input when diagnosing and treating bleeding episodes.

Aims: We illustrate this with a case presenting with a bleeding episode

in an unusual location, easily diagnostically mistaken.

Methods: Presentation: A male patient, 55 years old, weight 54 kg,

with a history of tuberculosis with family and personal history of

severe Hemophilia A without inhibitors to Factor VIII, and previous

episodes of hematuria, hemoptysis and multiple episodes of bleeding

in both hip joints leading to musculoskeletal grade IV hemophilic

arthropathy, uninfected with blood borne viruses. The patient was

admitted to the Emergency Service with epigastric pain conformant

with diagnosis of gastritis for which he was treated. Readmitted 12 h

after the patient complaining of burning epigastric pain, anorexia,

nausea, vomiting, signs of peritoneal irritation and intestinal bleeding.

At this stage a Transfusion Medicine specialist consultation was

requested. A history of an episode of hematoma of the jejunum, con-

firmed by imaging studies 2 years previously, was revealed a presump-

tive clinical diagnosis of hematoma of the bowel loop was subject to

confirmation by investigation.

Investigations: Ultrasound revealed a thickened mass in the small

bowel loop, with diffuse and regular contours, approximately 11 cm

by 3 cm longitudinal axis cross, suggesting a hypogastrium hematoma

and moderate amount free fluid in pelvis. Coagulation Tests: APTT:

79. 8 s (VR 24–35) Prothrombin Time Activity 86%, Fibrinogen

816 mg/dl. Complete Blood Count: Hb 14.6 g/dl, Hematocrit 48.6%,

WBC 15,000 per mm3, platelets 213 000 per mm3.

Treatment: Commercial Factor VIII (Octanate�, Octapharma) load-

ing dose 1000 IU IV bolus and 2000 IU/given by continuous infusion

(CI) in the first day was followed by 2000 IU on the second day and

1000 IU every 24 h for a further 5 days.

Results: Clinical remission and CT scan resolution of hematoma. Evo-

lution:

The patient was readmitted with the same symptoms after a week. The

treatment course outlined above was repeated with full resolution. He

was discharged for further complete investigation of intestinal tract

and was kept on a prophylaxis regimen of 1000 IU every 2 days to
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minimize the risk of bleeding until perform the invasive study that

revealed no evidence of underlying lesions and confirm full resolution.

The patient has had no recurrence since 2 years.

Conclusions: Specialist input for haemophilia is crucial if misdiagnosis

with possible negative effects is to be avoided. The interface between

the admitting ward and the Transfusion Medicine specialist requires

improvement and formalization. Although a rare manifestation of

hemophilia, jejuminal hematoma has been described (Int J Hematol.

2006 Aug;84(2):166–9, Arch Klin Chir 1908;87: 542 -551) and should

be suspected with cases running a course similar to our report.

PO 110
Hemophilia children receiving immune tolerance
induction with adjuvant rituximab: 5-year long-term
follow-up
Chuansumrit AV1, Sirachainan N1, Wongwerawattanakoon P2,

Songdej D1, Kadegasem P1 and Sasanakul W1

1Department of Pediatrics, Faculty of Medicine; 2Department of

Nursing, Faculty of Medicine, Ramathibodi Hospital, Bangkok,

Thailand

Background: Immune tolerance induction (ITI) is essentially required

for hemophilia patients with inhibitor.

Aims: To evaluate the long-term outcome of hemophilia children

receiving low dose ITI.

Methods: Four hemophilia boys with inversion of intron 22 (A 2

cases), large deletion (A 1 case) and stop codon at exon 2 (B 1 case)

exhibiting inhibitors were enrolled in the study. Inhibitor was found at

1 year of age in three patients except for one hemophilia A was

referred to us at 10 years of age. All patients had high inhibitor titer

ranging from 30 to 3400 Bethesda units (BU). The hemophilia B

patient had anaphylaxis to prothrombin complex concentrate and fac-

tor IX concentrate. ITI was initiated at 10 years of age except for one

hemophilia A at 2 years and 10 months. The levels of inhibitor at initi-

ating ITI were 4.5, 16, 17 and 336 BU. Rituximab at the dose of

375 mg/m2/week for 4–6 doses were given simultaneously with factor

concentrate. For hemophilia A patients, factor VIII concentrate at the

dose of 100 unit/kg three times per week was given for 6 months fol-

lowed by 50 unit/kg three times per week for 6 months and then

tapered to 50 unit/kg twice per week continuously. For hemophilia B

patient, he initially received desensitization to factor IX concentrate in

the intensive care unit. However, factor IX concentrate at the dose of

40 unit/kg three times per week was given for 1 month followed by

40 unit/kg twice per week continuously. All patients were monitored

for 5 years.

Results: At the first year of ITI, the occurrence of spontaneous bleed-

ing episodes were seldom found. They were responsive to the adminis-

tration of recombinant activated factor VII (rFVIIa). The anamnestic

response of inhibitor was found during the first 4–6 weeks of ITI rang-

ing from 164 to 3000 BU. Three hemophilia A and B patients’ inhibi-

tors were gradually decreased to 3, 25 and 20 BU after completing ITI

for 1 year. During the follow-up, they exhibited 6.1, 8.5 and 2.7 BU in

the second year; 0.3, 0.9 and 9.6 BU in the third year; 0.87, 0 and 6.8

BU in the fourth year; and 0.1, 0 and 7.2 BU in the fifth year of ITI.

Although the success of ITI was achieved in two hemophilia A patients

with inversion of intron 22 at 3 and 4 years, respectively, the episodes

of bleeding were infrequent and additional rFVIIa was seldom

required. The hemophilia B patient did not have nephrotic syndrome.

One hemophilia A patient with large deletion failed to ITI since he

exhibited high inhibitor of 1040 BU at 6 months of ITI. Therefore, ITI

was stopped and he was switched to prophylaxis treatment of rFVIIa

at the dose of 90 mcg/kg three times per week for 1 year and two times

per week for the subsequent 4 years. He tolerated well with prophy-

laxis and seldom exhibited spontaneous bleeding episodes.

Conclusion: Low dose ITI with the simultaneous adjuvant rituximab

administration was helpful in hemophilia children with inhibitor.

PO 111
Challenging diagnosis of haemophilia
De luca M1, Cal�o Carducci FI1, Bicocchi MP2, Acquila M2,

Coletti V1, Persano G1, Cirillo M1, Soldati M1, D’Argenio P1

and Luciani M1

1Bambino Ges�u Children’s Hospital, Rome; 2Giannina Gaslini

Children’s Hospital, Genoa, Italy

Background: Haemophilia A (HA) is a rare X-linked recessive bleeding

disorder caused by deficiency or functional defects in coagulation fac-

tor VIII (FVIII).

Aims: Here we report two cases of challenging diagnosis of HA

because of unusual presentation.

Results: The first case is a 10-month-old female, admitted to our hospi-

tal because of a neck mass appeared within the previous 24 h, who

had a past medical history consistent with recurrent spontaneous hae-

matomas but no family history of bleeding disorders. During hospital-

ization, blood tests revealed aPTT prolongation (61.5 s) and a FVIII

level below 1%. The levels of von Willebrand factor antigen and rist-

ocetin cofactor activity were within the normal range. Further labora-

tory tests showed absence of FVIII inhibitors and lupus anticoagulant

antibodies. Ultrasonography and contrast enhanced computer tomog-

raphy were performed to investigate the neck mass and revealed a solid

lesion (approximately 44 9 47 9 23 mm) extended to the infraclavic-

ular and pectoral regions. In the suspicion of a lymphoproliferative

disease, the patient underwent surgical excision of the lesion. Histol-

ogy of the lesion surprisingly revealed a haematoma. Chromosomal

analysis showed a normal female karyotype and a mutation into the

FVIII intron 22 associated with a skewed X chromosome inactivation.

This mutation, present in the proposita and undetected in the periph-

eral blood DNA of her mother and her father, could be the result of a

de novo mutation. The patient started prophylactic treatment with

intravenous recombinant factor VIII, with progressive normalisation

of aPTT.

The second case is a male neonate, born by vacuum-assisted vaginal

delivery, whose mother had a thrombophilic condition and was pro-

phylactically treated during pregnancy with antiplatelet agents and

low molecular weight heparin. Family history was otherwise non sig-

nificant. On the first day of life, the child presented with petechiae and

gastric bleeding and received plasma and platelet transfusion. On the

third day, he developed generalized seizures. The brain ultrasonogra-

phy was suspicious of an aneurysm of vein of Galen and hydrocepha-

lus. Brain MRI showed an anomaly, suspicious of a vascular

malformation, localised on the quadrigeminal cistern that caused com-

pression of the cerebellum, anterior displacement of the brainstem and

consequent hydrocephalus. Blood tests revealed severe anaemia and

prolonged aPTT. Due to worsening neurological symptoms, diagnos-

tic imaging was repeated and showed initial herniation of the cerebel-

lar tonsils into the foramen magnum. The dosage of coagulation

factors revealed a severe deficiency of FVIII. Given the suspicion of

haemorrhagic diathesis, radiological images were re-evaluated; vascu-

lar anomalies were excluded and the diagnosis of haematoma was

made. Molecular studies were performed as described before, and

showed a rearrangement of the FVIII gene involving intron 22.

Because of the obstructive hydrocephalus, the child underwent surgical

placement of a ventriculo-peritoneal shunt and replacement therapy

with intravenous recombinant factor VIII was started. In the following

days, his general and neurological conditions have significantly

improved.

Conclusion: The HA diagnosis can be challenging. Lack of family his-

tory, difficulties in detecting haematomas by imaging techniques,

female gender and neonatal age represent misleading factors that can

delay the diagnosis.
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PO 112
Management of dental invasive procedures in
hemophilia A/B (HA/HB) and von willebrand disease
(VWD) outpatients: experience of a single center
De Padua V1, Santoro C2, Gaglioti D1, Bosco R1, Riva F1,

Baldacci E2, Mercanti C2, Parlanti L2 and Mazzucconi MG2

1George Eastman Hospital Rome; 2Hematology Sapienza

University of Rome, Rome, Italy

Background: Dental procedures in Hereditary Bleeding Disorders

(HBD) patients can be complicated by excessive bleeding. Replace-

ment prophylactic therapy, and local measures, dramatically reduce

the risk of complications in these surgeries. Moreover, self-infusion

and home-treatment reduce therapy cost. Aim. To describe the dental

procedures performed in a group of HA/B and VWD outpatients uti-

lizing systemic prophylactic therapy and local measures.

Methods: During the last 6 years, in our Dental Department, we per-

formed 154 surgeries on 49 patients (41M, 8F; median age 48 years,

range 11–82) affected by HBD: 15 severe, 7 moderate, 10 mild HA; 2

severe, 2 mild HB; 6 type 1, 1 type 2A, 3 type 2B, 3 type 3 VWD. The-

HemophiliaCenterprovided personalized therapeutic schemes, on the

basis of coagulopathy type/severity and type of surgery. Factor VIII

concentrates were administered in severe, moderate and few cases of

mild HA; FIX concentrates in severe and mild HB; desmopressin in

mild HA, VWD type 1 and type 2A; FVIII/VWF concentrates in

VWD type 1, in case of low response or contraindication to Desmo-

pressin, type 2B and type 3. One hundred and twenty one dental and

roots extractions, 10 third molar surgical extractions, 1 excisional

biopsy, 2 cysts enucleation, 18 scaling and roots planing, 1 gingival

graft, 1 hypertrophic gingival tissue removal were performed under

local and loco-regional anesthesia. Local hemostasis was ensured

applying gelatine packing, fibrin glue, absorbable suture, 15-min com-

pression with tranexamic acid saturated gauze. In the post-operative

period patients were treated with antibiotics and continued the self-

infusion of concentrates/desmopressin for an average period of 5 days

(3–7). Tranexamic acid mouthwashes (three times a day for 3 days)

were prescribed; acetaminophen was used as the only pain-relief

treatment.

We didn’t observe any hemorrhagic or infectious complications. All

patients completed the post-surgery home-treatment.

Conclusions: A tailored prophylactic treatment ensures a good hemo-

stasis in HBD patients undergoing dental procedures. Multidisciplin-

ary approach allow to manage coagulopathic patients without

bleeding complications; home-treatment reduces management cost.

PO 113
Rituximab plus prednisolone for managing hemophilia
A with FVIII-inhibitor
Ding K, Wu J and Zhang L

Anhui Provincial Hospital, Hefei, China

Backgrand: The Hemophilia A patients with FVIII inhibitor often

experienced recurrent episodes of deadly bleeding and treating them is

difficult.

Aim: to explore the treatment for the Hemophilia A patients with

inhibitor with Immunosuppressive therapy.

Methods: Case: An 23-year-old Chinese male was diagnosed with

severe hemophilia A with high title anti-FVIII inhibitor. He had

Hematuria and soft tissue hemorrhage in his left psoas. A blood exam-

ination showed neutrophilia with a white blood cell count of 11,200/

lL (77.1% neutrophils), an activated partial thromboplastin time of

126.90 s, coagulation factor VIII (FVIII) < 1.0%, and anti-FVIII

inhibitor, 5 BU/mL. Anti-FVIII inhibitor title, FVIII level and the

percent of CD20+ cells were detected after rituximab used.

Results: The bleeding episodes were controlled with intravenous high-

dose FVIII followed by fresh frozen plasma and PCC. In addition,

oral prednisolone (30 mg/day) plus four low-dose of rituximab

(100 mg/week 9 4) effectively suppressed anti-FVIII inhibitor levels

while simultaneously reducing the CD20+ cells count (0%). No other

drug side effect occurs.

Conclusion: This report describes the effectiveness of a combination of

prednisolone and rituximab followed by immune tolerance therapy in

managing hemophilia A with high title anti-FVIII inhibitor.

PO 114
Evaluation of quality of life in adult patients with
hemophilia in Northwest of Iran
Dolatkhah R1, Fakhari A2, Zakaria Pezeshki M3, Shabanlouei R4,

Gholchin M4 and Tavassoli N4

1Hematology and Oncology Research Center, Tabriz University of

Medical Sciences; 2Associated Professor of Psychiatry, Clinical

Psychiatry Research Center; 3M.D.Associate Professor, Program

for Estimation of Pretest Probability; 4Hematology and Oncology

Research Center, Tabriz University of Medical Sciences, Tabriz,

Iran

Background and Aims: Several studies have been published addressing

quality of life (QoL) issues in people with hemophilia, and nowadays

several hemophilia Health Related QoL (HRQOL) measures are avail-

able. The purpose of HRQoL evaluation is to go beyond the presence

and severity of symptoms of disease or side effects of treatment, exam-

ining how patient perceive and experience these manifestations in their

daily lives.’A36 Hemofilia-QoL’ is a disease specific questionnaire for

the assessment of the HRQoL in adults living with hemophilia. This

questionnaire is a self-report measure that comprises 36 items, and is

quick and simple to administer. Higher Score is better QoL in these

patients.

Aims: The main aim of this study is evaluation of Quality of Life in

adult patients with hemophilia in northwest of Iran, Tabriz Hemo-

philia Treatment Center.

Methods: A total of 100 Adults with Hemophilia were recruited

assessed in Hemophilia Treatment Center of Tabriz. Inclusion criteria

were age over 17 years, mild to severe hemophilia A or B (HA and

HB), and informed consent from the participants. All statistical analy-

ses were performed using the SPSS statistical package (version 13.0).

Results: The Mean age of the hemophilia patients was 32.16 years

(range 17–70, SD 11.68). Eighty tree patients were HA, and 17 cases

were HB, and the average of the Qol were 71.70 and 72.75 respectively.

There was statistical difference in patients whit different severity of

diseases, as severe hemophiliacs had less score: Mild = 104.53, Moder-

ate = 68.56, and Severe = 64.31.The QoL was very poor in urban area

in contrast to patients who lived in the city (54.45 vs. 74.21, respec-

tively).Single patients have a better QoL than married patients (76.56

vs. 68.50, respectively).

Conclusion: Using items from A36Hemofilia QoL instruments proved

to be a useful approaches to the assessment of Physical Health and

Health Related criteria in patients with Hemophilia.

PO 115
A possibility of relation between weather to joint
bleedings in haemophic patients
Fuj Tii1, Saito S1 and Fuj Tii2

1Hiroshima University Hospital; 2Hiroshima University,

Hiroshima, Japan

Background: It has been known well that weather has some relevance

to joint pain in persons with rheumatism, metal plates by the treatment

of bone fractures and some trouble in their joints. Haemophilic

patients also have arthritis as well as them and some complain that

there are more joint bleeds in bad weather than those in fine weather.
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Aims: To clarify whether there is the relation between weather to joint

bleedings or not in haemophic patients.

Methods: Hand-held patient diaries have been collected from the

patients who have home infusion treatment in Hiroshima University

Hospital once a year. The days and parts of joint bleedings in respec-

tive patients were identified on their patient diaries. And then, we

investigated the weather, minimum temperatures and atmospheric

pressures at patients’ residential area on the day and the day before of

respective bleedings on the basis of database from Hiroshima Local

Meteorological Observatory.

Results: The data from 23 haemphilic patients in our hospital was

collected and investigated. The total number of joint bleeding epi-

sodes amounted to 2391 in the total 71 years’ data. There was no

difference of bleeding counts among the seasons. The mean tempera-

ture difference when bleedings episodes occurred was 1.61 degree C

and the mean atmospheric pressure difference was 2.83 hectpascal

on the day when bleeding episodes occured. Nine of 11 patients who

experienced more bleeding episodes at the change of weather than at

invariable weather had bleedings when the weather became worse.

All of them except for one case had some severe target joints. On

the other hand, a half of 12 patients who had no relation to the

change of weather on bleedings had bleedings when the weather

became worse.

Summary/Conclusions: It could not be clarified statistically whether

there is the relation between weather to joint bleedings or not in hae-

mophic patients. As the reason, so many factors concern to joint

bleedings as exercises, unusual motions, existence of target joints or

prophylaxis and so on. However, the bleeding episodes may more fre-

quently occur when the weather became worse. It is possible that

change of weather could concern to irritation or occult pain of target

joints at least.

PO 116
A prospective post-authorization safety surveillance
study in 384 hemophilia A patients with
antihemophilic factor (recombinant) plasma/albumin
free method demonstrates safety and efficacy in Japan
Fukutake K1, Hanabusa H2, Taki M3, Matsushita T4, Shima M5,

Shirahata A6 and Advate7

1Tokyo Medical UniVersity; 2Ogikubo Hospital, Tokyo; 3St.

Marianna University School of Medicine Yokohama City Seibu

Hospital, Yokohama; 4Nagoya University Hospital, Nagoya;
5Nara Medical University, Kashihara; 6Kitakyushu Yahata Higashi

Hospital, Kitakyushyu, Japan; 7Baxter, Tokyo, Japan

Background: Post authorization surveillance studies are essential for

the evaluation of safety in the real life clinical practice settings. Japa-

nese Post-Authorization Safety Surveillance Study (J-PASS) of AD-

VATE [Antihemophilic Factor (Recombinant) Plasma/Albumin Free

Method rAHF-PFM] was initiated in February 2007 under Japanese

ordinance Good Post-Marketing Study Practice (GPSP).

Aims: To investigate safety, i.e. adverse events, namely inhibitor devel-

opment, and efficacy in hemophilia A patients who are using rAHF-

PFM in routine clinical practices, which are including on-demand and

prophylaxis treatments.

Methods: The prospective, multicenter, open-label, observational sur-

veillance was conducted at 101 sites during the period from February

2007 to June 2012 to investigate hemophilia A in patients who were

prescribed rAHF-PFM under treatment regimen for 2 years, with

more than three exposure days experience of previous FVIII products

(EDs), and regardless of presence or absence of inhibitors, using elec-

trical data capture system (EDC).

Results: Of 384 subjects receiving the rAHF-PFM more than once, 341

(89%) completed 2 years of observation and 43 subjects were with-

drawn: lost to follow-up (15), move to other hospitals (7), unable to

complete during the study period (7), subject request (6), adverse

events (3) or unsatisfied therapeutic response (1), and others (6). The

severity of hemophilia were as follows: < 1%:288 (75%), 1–2%: 45

(12%), > 2–5%:28(7%) and > 5%:21(6%). The mean age at the time

of enrollment was 25 years (range:0–81). EDs at study entry were as

follows: ≤ 50EDs (n = 42), 51–150EDs (n = 16), to ≥ 151EDs

(n = 326). As the worst record on efficacy evaluation during study

period, Excellent/good rating was 92.7% for prophylaxis and 95.3%

for on-demand therapy. Thirty-six subjects had inhibitor history, and

6 among them had positive titer at entry. Of the 30 subjects with a

prior history of inhibitor at entry, no one developed recurrent inhibi-

tors. One of the 6 subjects with inhibitor at entry dropped out, because

of an increase in inhibitor titer from 5BU/ml to 33BU/ml after ITI.

Three of 39 subjects with ≤ 50EDs and no inhibitor history at entry

developed low titer inhibitor (7.69%, 95%CI:1.62, 20.87). No de novo

inhibitor developed in 309 subjects with ≥ 51ED (0%, 95%CI:0, 0.96).

No inhibitor was detected in subjects who switched from pd-FVIII or

2nd generation rFVIII to rAHF-PFM. Of 236 subjects who started or

were on prophylaxis at entry, 210 continued on the prophylaxis regi-

men and their median annual bleeding rate (ABR) was 3.96 times/y.

The prophylaxis regimens were 3 times per week (50%), two times per

week (30%), one time per week (12%) and other. Of 148 who started

on-demand therapy at entry, 32 moved to prophylaxis. Their median

ABR was improved from 23.52 to 1.98.

Conclusions: This result further supports the safety profile of rAHF-

PFM with both prophylaxis and on demand therapy in a large Japa-

nese Hemophilia A population.

PO 117
Treatment of hemophiliacs with inhibitors Experiences
of mascara-ALGERIA-N.GAID MEHALHAL, F
.ARBAOUI, H.CHALABI, N .YAKHOU. E.P.H YESSAD
KHALED. MASCARA.- ALGERIA-
Gaid Mehalhal N

EPH Yessaad Khaled, Mascara, Algeria

The appearance of alloantibody inhibitor or anti FVIII or FIX side

effect is the largest and most formidable replacement therapy concen-

trates.

The incidence of inhibitors is higher in severe HA, 20% and 30%, it is

only 4% and 5% in HB.

Paptients and Methods: We report in this observation a series of 37

hemophiliacs with 33 HA (89%) and 4 HB (10%) including 3 from the

same sibling.

The median age was 21 years (range 2–40 years).

Hemophilia is severe in 19 cases (51%), moderate in 11 cases (29%),

Minor in seven patients (18%).

Between 2005 and 2012, and 19 severe hemophiliacs 5 of them have

developed inhibitors with a hemophiliac B.

The median age at the time of the discovery of the ACC is 8 years

(range 2–14 years old).

The diagnosis was read 4 times a periodic review and once to the ineffi-

ciency of replacement therapy.

The treatment was administered the FVII available in our center since

2007.

A hemophiliac A 10 year old received prophylaxis for 2 years. due to

an injection of Novoseven. due to 90 lg/kg per week and self-treat-

ment.

Control of the ACC as was done in about every 6 months depending

on the availability of reagents. We found a rate stabilization ACC or a

regression to an advanced 0.6 UB.

Conclusion: The occurrence of inhibitors in hemophiliacs is the most

serious complications making replacement therapy ineffective and sup-

port difficult due to irregular and insufficient amounts of specific treat-

ments in our country and irregular systematic research specific

treatments in our country.
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PO 118
Retrospective study of sporadic haemophilia in the
region of Murcia, Spain
Garc�ıa-Candel F1, Tizzano E2, Majado MJ1, Caba~nas V1,

Garc�ıa-Candel A1, Moreno M1 and Moraleda JM1

1Hospital Cl�ınico Universitario Virgen de la Arrixaca, El Palmar

(Murcia); 2Hospital Sant Pau, Barcelona, Spain

Background: Classically, the incidence of sporadic haemophilia is

about a third of total cases, but in more recent publications there is an

incidence of 30–50% depending on several series, predominantly in

severe haemophilia.

Aims: Our goal was to study the distribution of sporadic haemophilia

in our population and the gene mutation type.

Methods: In our region there are 80 hemophiliac patients, 65 HA and

15 HB, distributed in 53 unrelated families. We have studied the family

pedigree of 46 families in the years 2007–2011. We study the genetic

mutation causing hemophilia by long range polymerase chain reaction

(PCR).

Results: We obtained 24 sporadic families (52.2%). In this group the

incidence of severe haemophilia (A or B) was 79.1% (severe haemo-

philia A 54.2% and severe haemophilia B 25%. The type of gene

mutation found were: Intron 22 inversion (5 families), point mutations

(14 families), splicing mutations (2 families), large deletions (1 family),

partial deletions (1 family), duplication (1 family). Five familes had

mutations not described in the Haemophilia A Data Base (HAM-

STeRS). Eight families had mutations with high risk of developing

inhibitors.

Conclusions: The sporadic haemophilia is a signifiant group in the

hemophilic population. In our series, the incidence is similar to the

recently data published with the special importance of new mutations

not previously described and the mutations with high risk of inhibitor

development.

PO 119
Physiotherapy is an important element of the modern
haemophilia treatment
Halimeh S, Rott H, Kappert G, Kindermann C and Rosenthal M

GZRR, Duisburg, Germany

Introduction: Patients with haemophilia suffer from joint bleedings

which can leed to athropathia.

The administration of factor concentrate is primary to prevent of these

bleedings.

Thus we like to investigate if there is an additional benefit by subsidi-

ary measures. We offered these patients physiotherapy in our centre

and investigated them systematically.

Methods: Forty-four patients (age 4–62 years) were interviewed to

quality of life and their pain sensation before and after 1 year of phys-

iotherapy. We used also the substitution calendar as a data source.

Twenty-nine patients (66%) were treated prophylactically and 15

patients (34%) were treated on demand.

For the data analysis we used SPSS (version 21.0). With algebraic sign

test by the scaled sizes and CHI2-test by the dichotomous sizes.

Under physiotherapy the well being has increased. Pain could be

diminished 2.6 scale points in the mean. Analgesics use was reduced 1

scale point in the mean. The number of bleedings decreased and addi-

tional concentrate administration could be reduced. During the phys-

iotherapy all kind of injuries were less frequent as before.

Conclusions: An individualized physiotherapy can raise the quality of

life of a patient with haemophilia through increase of the physical

function, prevention of bleedings and injuries and also pain reduction.

Besides this costs can be reduced as there is less coverage of factor con-

centrate.

These results can only be achieved if the physiotherapy is adjusted on

the status of the individual joint.

PO 120
Assessment of QoL in Korean hemophiliacs: the
impact of health- related factors, social state and a
treatment factor on QoL of Korean hemophiliacs
Han JW1, Jeon SE2, Ho Jin S2, Sun Ah L3 and Chur woo Y4

1Yonsei University Health System, Seoul; 2Pusan National

University Hospital, Pusan; 3Daegu Fatima Hospital, Daegu;
4Eulji university Hospital, Daejeon, South-Korea

Background: Health-related factors, treatment factors and social state

of hemophilia patients may have impact on their QoL. However, the

impact of these factors, especially social state and treatment factors,

may be different among countries with different social, cultural back-

grounds and treatment approach. Therefore, identification of those

factors in each country is vital to establishing potential strategies to

intervene in hemophilia patients.

Aims: The impact of health-related factors, a treatment factor and

social state on QoL of Korean hemophilia patients were evaluated.

Methods: Data were collected by questionnaires and reviews of the

medical records of Korean hemophilia patients over 17 years of age.

QoL was evaluated with the standardized questionnaires of SF36. The

disease- and health-related factors such as the severity and type of dis-

ease, presence of inhibitor, HCV and HIV infection history, disability,

and analgesic use history were obtained from medical records.

Arthropathy was evaluated by a patient’s perception of involved major

joints, both knee, ankle and elbow joints. Sociodemographic data such

as marital state, occupational state and education years were obtained

by questionnaires. Self-injection ability, as a treatment factor, was

evaluated by self-injection diaries and questionnaires. Age-adjusted

partial correlation analysis and multiple regression analysis were con-

ducted to elucidate the impact of theses observed data on QoL of the

patients.

Results: Similar to results of other studies, the severity of hemophilia,

inhibitor presence and other disease- and health-related factors were

correlated only with several physical health scales of SF36. Marital

state, the only social state, correlated with QoL of hemophilia patients

in Korea, also had impact only on the physical health scale. However,

self-injection score, the only treatment factor surveyed in the study,

was significantly associated not only with physical health but also with

mental health scales of Korean hemophilia patients.

Summary/Conclusion: Health-related factors and social state had

impact only on the physical health of Korean hemophilia patients. A

treatment factor, self-injection ability, had impact on both the physical

and mental health of these patients.

PO 121
Participation for innovation: survey of motivation for
clinical studies evaluating new treatments for
haemophilia
Henrard S1, Speybroeck N2 and Hermans C3

1Universit�e catholique de Louvain; 2Institute of Health and

Society IRSS, Universit�e catholique de Louvain; 3Hemostasis and

Thrombosis Unit, Division of Hematology, Cliniques

Universitaires, Brussels, Belgium

Background: Over the last 50 years, clinical research into new treat-

ments has contributed to transform the care of individuals with hae-

mophilia. This has been largely possible through the commitment of

people with haemophilia to take an active part in clinical research.

While much has been achieved, much remains to be accomplished

such as the development and validation of longer acting clotting factor

concentrates, new bypassing agents and the validation of treatment

strategies aiming at preventing or reducing the risk of inhibitor devel-

opment. Although many clinical trials are currently ongoing around

the world, most of them are facing difficulties in recruiting candidate
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patients, mainly in developed countries. In this context, there is a

major need to improve the patients’ awareness of the importance of

clinical research in haemophilia and highlight the opportunities of an

active participation in clinical trials.

Aims: A survey was launched to evaluate the motivation of patients

with haemophilia for clinical research and identify factors which might

influence their willingness to participate.

Methods: A specific questionnaire was sent to 136 adults with haemo-

philia (≥ 18 years) regularly attending the haemophilia treatment Cen-

ter of the Cliniques Universitaires Saint-Luc, Brussels, Belgium.

Different aspects such as socio-demographic status, familial situation,

haemophilia treatment, knowledge about principles and perceived ben-

efits and risks of clinical studies, positive and negative factors for moti-

vation were extensively addressed. The classification tree (CT) was

used to identify predictors of willingness to participate. CT-based

models are non-linear and non-parametric alternatives to linear mod-

els for regression problems.

Results: A total of 60 patients returned the completed questionnaire

(n = 60/136, 44.1%). Results show that most patients have a limited

knowledge about the general principles of clinical research. Among the

60 patients, 49 would agree to participate in a clinical trial but are

mainly concerned by possible side effects of new treatments (n = 25/

49, 51.7%) or time lost from school or work (n = 26/49, 53.1%).

Moreover, few patients are ready to take part in phase 1 trial fearing

unknown reactions or side-effects (n = 10/49, 20.4%). Predictors of

willingness to participate in a clinical study were evaluated using CT

and three groups were created. Group 1 is compounded by patients

who report no knowledge of clinical research modalities (Rate of will-

ingness to participate: 28.6%, n = 2/7). The 2 other groups are com-

pounded by patients who report a good knowledge of clinical research

modalities and who are not interested in having more information

(Group 2, Rate of willingness to participate: 0.0%, n = 0/2) or in con-

trary who want more information (Group 3, Rate of willingness to

participate: 92.2%, n = 47/51).

Summary/Conclusions: In conclusion, the rate of willingness to partici-

pate in clinical studies is significantly lower in patients who report no

knowledge of clinical studies modalities and in patients who are not

interested in having more information on it. This survey highlights the

importance to raise awareness and provide better knowledge about the

modalities, risks and benefits of clinical research in order to increase

the number of potential participants in clinical trials in haemophilia

and probably other rare diseases.

PO 122
Do inhibitors, treatment regimen and bleed frequency
impact parent-directed haemophilia treatment centre
and provider utilisation: An analysis of parents of
children with haemophilia in the HERO study
Iorio A1, Nugent D2, Stain AM3, Gregory M4, Pericleous L5

and Cooper D6

1McMaster University, Hamilton, Canada; 2Children’s Hospital of

Orange County, Orange, USA; 3Kiddies Health Care Inc, Toronto,

Canada; 4UK Haemophilia Society, London, UK; 5Novo Nordisk

A/S, Bagsværd, Denmark; 6Novo Nordisk Inc., Princeton, USA

Background: Congenital haemophilia is primarily treated through

comprehensive care at a haemophilia treatment centre (HTC) by a

variety of healthcare professionals. Annual or semiannual comprehen-

sive care visits support home treatment in most developed countries.

However, little is known about the relationship amongst the presence

of inhibitors, on-demand vs. prophylactic treatment or bleed fre-

quency, and HTC utilisation of the comprehensive team members

involved in care.

Aims: To describe the relationship between resource utilisation, inhibi-

tor status, treatment regimen and bleed frequency as reported by

parents of children with haemophilia (children) in the Haemophilia

Experiences, Results and Opportunities (HERO) Study.

Methods: A post-hoc descriptive analysis of data from parents of chil-

dren < 18 years in eight countries with home treatment (Argentina,

Canada, Germany, France, Italy, Spain, UK and United States).

Annual bleed frequency was categorised for analysis (0, 1–5, 6–10, 10–
20, > 20 bleeds).

Results: Of 453 parents, most reported their oldest children < 18 years

had no inhibitors (411), and most children were treated with prophy-

laxis (without inhibitors: 80 on-demand, 311 prophylaxis; with inhibi-

tors: 7 on-demand, 24 prophylaxis). The distribution of children

among each annual bleed frequency category (0/1–5/6–10/10–20/> 20)

was 65/197/78/27/24. Mean/median ages (years) were similar across

treatment regimens among children without inhibitors (on-demand

9.5/9, prophylaxis 9.7/9) and among children with inhibitors (on-

demand 11.7/11, prophylaxis 11.3/13). Median age was higher with

increased annual bleed rates (9/9/10/11/12). Most parents responding

were female (without inhibitors81%, with inhibitors 71%). Rates of

full-time, part-time or self-employment were similar in parents of chil-

dren without inhibitors (on-demand 33%, prophylaxis 36%), in par-

ents of children with inhibitors (on-demand 29%, prophylaxis 32%)

and with increasing bleed frequency (38%/36%/32%/32%/30%).

Activity risk was similar across children with and without inhibitors,

irrespective of treatment or annual bleed frequency. Mean/median

annual bleeding frequency was higher in children without inhibitors

on on-demand (7.5/3 vs. 5.2/3) and in children with inhibitors on pro-

phylaxis (12.1/8) and on-demand (9.2/6). Mean/median annual HTC

visits were higher in children on prophylaxis (without inhibitors 5.5/2,

without inhibitors 7.3/4) than on-demand (without inhibitors 4.8/3,

with inhibitors 4.8/3). Median visits were higher with increased bleed

frequency (2/2/3/3/5). The healthcare professionals reported as

involved in haemophilia management were largely similar across

groups, including by annual bleed frequency. Nurses were more fre-

quently involved in the care of children with inhibitors on prophylaxis

(71%) than on-demand (57%), whereas social workers were less fre-

quently involved (8% vs. 29%). Physiotherapist involvement was more

frequently reported for children without inhibitors on prophylaxis

(34%) than on-demand (23%).

Conclusions: Parents responding to the HERO survey provided inter-

esting insights into differences between care of children and adult with

haemophlia. While children with higher bleed frequencies were older,

parental employment rates were similar irrespective of bleed fre-

quency, the presence of inhibitors and treatment regimen. HTC utilisa-

tion was higher in children on prophylaxis vs. on-demand, suggesting

perhaps closer monitoring; utilisation also increased in children with

higher bleed frequency. Involvement of physiotherapy and social

workers in comprehensive care was less than expected.

PO 123
Potential relationships between negative impacts on
employment or relationships with haemophilia centre/
provider utilisation: An analysis of parents of children
with haemophilia from the HERO study
Iorio A1, Cassis F2, Gregory M3, Kalnins W4, Wisniewski T5

and Cooper D5

1McMaster University, Hamilton, Canada; 2University of S~ao

Paulo Faculty of Medicine Clinics Hospital, S~ao Paulo, Brazil;
3UK Haemophilia Society, London, UK; 4German Haemophilia

Society, Hamburg, Germany; 5Novo Nordisk Inc., Princeton, USA

Background: Psychosocial issues affecting children with haemophilia,

their parents and unaffected siblings include negative parental experi-

ences with employment and, for both parents and patients, difficulties

with relationships with friends and siblings. The relationship amongst

these issues and healthcare utilisation is not well known.
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Aims: To describe the relationship of utilisation of haemophilia treat-

ment centres (HTCs) and healthcare professionals with parent-

reported negative experiences with employment and parent/children/

sibling relationships in the Haemophilia Experiences, Results and

Opportunities (HERO) Study.

Methods: A post-hoc descriptive analysis of data from parents of chil-

dren with haemophilia < 18 years from 8 countries with home treat-

ment (Argentina, Canada, Germany, France, Italy, Spain, UK and

United States).

Results: Of 453 parents (80% female), 268 reported a negative experi-

ence with work, 175 reported a negative experience telling friends

about their son’s haemophilia and 38 reported a negative impact on

unaffected siblings. There was no difference in employment rate

amongst parents who did/did not report negative experiences with

work (73%). The majority (55%) of parents who reported a negative

impact described it as small. Parents who reported negative experi-

ences telling friends were less likely to be employed (63%) than those

who did not (78%) and were more likely to report a considerable or

a little negative impact on siblings (28% vs. 18%). Parents with nega-

tive experiences at work reported higher mean/median HTC visits/

year (6.3/3 vs. 4.1/2 without). Social workers were involved in the

management of 26% of children whose parents reported a negative

impact on siblings. Social workers were more frequently involved

with children whose parents reported negative experiences with work

(30% vs. 24%) and telling friends (33% vs. 25%). Nurse involvement

was higher in those reporting negative experiences with work (71%

vs. 64%) and telling friends (74% vs. 64%). The frequency of coun-

sellor/psychologist involvement was similar amongst parents who

did/did not report negative experiences with work or telling friends.

More parents with negative experiences with work (22% vs. 12%) or

telling friends (25% vs. 13%) reported treatment for psychological

conditions for themselves, their partners or their sons in the previous

5 years. Psychological support was more frequent for their sons

(work: 24% vs. 14%; friends: 25% vs. 17%) and for the parent or

partner (work: 31% vs. 24%; friends: 33% vs. 24%). Ratings of help-

fulness of support were similar across those with/without negative

experiences.

Conclusions: For parents, there was no difference in the employment

rate of those with or without negative impact on work, and the major-

ity who reported a negative impact described it as small. Those with

negative experiences telling friends were more likely to report negative

impacts on unaffected siblings. HTC visits were higher when parents

had negative experiences with work. Social workers were slightly more

frequently involved in management of children whose parents reported

negative experiences with work or telling friends. Slightly more parents

with negative experiences reported treatment for psychological condi-

tions, including support for their son or themselves/partners. Further

studies might assess negative experiences and their temporal relation-

ships with HTC visits and feedback.

PO 124
Potential relationships between negative impacts on
employment or relationships and haemophilia
treatment centre/provider utilisation: an analysis of
adults with haemophilia from the HERO study
Iorio A1, Cassis F2, Gregory M3, Kalnins W4, Wisniewski T5

and Cooper D5

1McMaster University, Hamilton, Canada; 2University of S~ao

Paulo Faculty of Medicine Clinics Hospital, S~ao Paulo, Brazil;
3UK Haemophilia Society, London, UK; 4German Haemophilia

Society, Hamburg, Germany; 5Novo Nordisk Inc., Princeton, USA

Background: Psychosocial issues facing people with haemophilia

include dealing with negative experiences with employment, relation-

ships and intimacy, and with other adults. The relationship amongst

these issues to healthcare utilisation is not well known.

Aims: To describe the relationship of haemophilia treatment centres

(HTCs) and healthcare professional utilisation with negative experi-

ences with employment, relationships and intimacy amongst adults

with haemophilia in the Haemophilia Experiences, Results and Oppor-

tunities (HERO) Study.

Methods: A post-hoc descriptive analysis of data from adults

≥ 18 years from 8 countries with home treatment (Argentina, Canada,

Germany, France, Italy, Spain, UK and United States).

Results: Of 515 adults, 393 a reported negative impact on work, 158

reported a negative impact on relationships and 123 reported a nega-

tive experience telling friends about their haemophilia. Of the 265

adults in long-term relationships, 135 reported impacts on intimacy.

Mean/median ages were similar amongst adults with and without neg-

ative experiences. Adults who reported negative impacts on work were

less likely to be employed (59% vs. 80%); of the 393 adults reporting a

negative impact, the impact was reported as very large (25%), moder-

ate (34%) and small (41%). More adults reporting negative impact on

work (32% vs. 25%) sought HTC advice on employment. Adults

reported HTC advice on employment as helpful (mean/median 4 on a

1-to-5-point scale), although this was lower for those reporting a nega-

tive impact on work (mean 3.8 vs. 4.6 without). Adults with negative

experiences with relationships and telling friends were more likely to

have sought advice on employment. Adults reporting negative impacts

on relationships were likely to have also had negative impacts on inti-

macy (30% vs. 12%) and telling friends (39% vs. 27%). Adults report-

ing negative experiences telling friends were likely to report negative

impacts on relationships (33% vs. 22%) and intimacy (32% vs. 18%).

Adults reported HTC advice on intimacy as helpful (mean/median 3.9/

4). Adults reporting impacts on intimacy were more likely to have had

discussions on intimacy with the HTC (37% vs. 20%), but were less

likely to report this discussion as very helpful (28% vs. 48%). Median

number of HTC visits per year was 2, regardless of negative experi-

ences. Nurses were more frequently involved in haemophilia manage-

ment for adults with negative experiences with work (56% vs. 41%),

relationships (55% vs. 52%), telling friends (61% vs. 50%) and inti-

macy (70% vs. 44%); social worker involvement was more frequently

reported by those with negative experiences (work, 24% vs. 8%; rela-

tionships, 23% vs. 19%; telling friends, 33% vs. 16%; intimacy, 29%

vs. 11%). Counsellor/psychologist involvement was infrequently

reported (15%), including in those with negative experiences. Slightly

more adults with negative impacts on relationships (34% vs. 22%) and

negative experiences telling friends (32% vs. 24%) reported being trea-

ted for psychological conditions.

Conclusions: Most adults found advice from HTCs helpful, and those

with negative experiences were more likely to have seen an HTC nurse,

social worker or counsellor/psychologist. More specific studies assess-

ing the temporal relationship with HTC visits/advice and negative

experiences may guide better resource utilisation.

PO 125
Relationship of quality of life, pain and self-reported
arthritis with activity, bleed rate and haemophilia
treatment centre/provider utilisation: results from the
HERO study
Iorio A1, Forsyth A2, Guelcher C3, Buzzi A4, Wisniewski T5

and Cooper D5

1McMaster University, Hamilton, Canada; 2Rush University

Medical Center, Chicago; 3Children’s National Medical Center,

Washington, DC, USA; 4Fondazione Paracelso Onlus, Milan,

Italy; 5Novo Nordisk Inc., Princeton, USA

Background: Haemophilic arthropathy results in varying degrees of

pain and disability. The Haemophilia Results, Experiences and Oppor-

tunities (HERO) study examined health-related and psychosocial

issues impacting adults with haemophilia (adults) and associated

effects on quality of life (QoL).
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Aims: To examine potential relationships amongst QoL measures, pain

interference and self-reported arthritis and age, employment, activity,

bleed frequency, and haemophilia treatment centre (HTC) and health-

care professional utilisation.

Methods: Adults ≥ 18 years completed a 5-point Likert scale on pain

interference over the prior 4 weeks, a health-related visual analog scale

(VAS, 0–100, coded as an 11-point categorical response) and a stan-

dard QoL assessment (EQ-5D-3L mobility, usual activities, self-care

and pain/discomfort). Data from 8 countries with home treatment

(Argentina, Germany, France, Italy, Spain, UK and United States)

are presented.

Results: Overall, 515 adults (236 with self-reported arthritis)

responded. Adults with self-reported arthritis were older (median 41

vs. 35 years); median age increased with progressive disability and

worsening pain. The percentages reporting full-time, part-time or self-

employment declined with increasing disability (EQ-5D self-care none/

moderate/unable: 73%/53%/36%) and pain interference (none or a lit-

tle/moderate/a lot or extreme: 73%/67%/40%); among adults with

arthritis, the percentage employed was lower (57% vs. 69% unem-

ployed). The percentage self -reporting arthritis incompletely corre-

lated with ‘moderate’ functional disability on EQ5D (self-care 61%,

usual activities 70%, mobility 63%, pain/discomfort 49%) and pain

interference (a lot/extreme 66%). The percentage reporting ‘good’ EQ-

5D VAS scores of 80–90–100 declined with increasing pain/disability

as indicated by the EQ-5D mobility (none/moderate/unable: 56%/

17%/50%), usual activities (39%/8%/0%), self-care (52%/10%/7%)

and pain/discomfort (none/moderate/extreme: 63%/26%/14%), pain

interference (54%/19%/10%) and presence of arthritis (no/yes: 43%/

22%). Median annual bleed rates increased with increasing pain/dis-

ability on EQ-5D mobility (2/7/203), usual activities (5/13/7), self-care

(3/8/38) and pain/discomfort (2/6/18), pain interference (3/6/10) and

self-reported arthritis (3/10). Adults with disability/pain on EQ-5D

reported a higher mean but only slightly higher median HTC visits per

year; there was little difference even in mean visits across pain interfer-

ence categories and between those with and without arthritis. The per-

centage of adults reporting a lot/extreme pain interference was

generally higher in those with more disability as reported by all 4 EQ-

5D domains, and in those with arthritis. Adults reporting difficulties

with self-care and pain/discomfort, pain interference or arthritis were

more likely to report nurse involvement (self-care: 45%/60%/79%;

pain/discomfort: 49%/51%/67%; pain interference: 48%/52%/61%;

arthritis: 45%/61%) as well as social worker involvement (self-care:

16%/23%/50%; pain/discomfort: 14%/20%/32%; pain interference:

14%/25%/28%; arthritis: 14%/27%) in their haemophilia manage-

ment. In contrast, physiotherapist utilisation was only moderate and

did not change much with disability (self-care 32%/44%/43%), pain

(pain/discomfort 39%/35%/44%) or arthritis (34%/41%).

Conclusions: Increased disability and pain were associated with

increased age, lower employment, more bleeds and slightly more HTC

visits. Whereas nurse and social worker involvement in haemophilia

management increased with disability/pain and the presence of arthri-

tis, physiotherapist utilisation was moderate and fairly similar regard-

less of the extent of disability/pain or presence of arthritis. Additional

physiotherapy involvement or follow-up might be helpful in those with

haemophilic arthropathy; this could be evaluated in a prospective

study.

PO 126
Does higher risk activity change bleed frequency and
haemophilia treatment center/provider utilisation in
children with haemophilia: an analysis from the HERO
study
Iorio A1, Forsyth A2, Querol F3, Stain AM4, Pericleous L5

and Cooper D6

1McMaster University, Hamilton, Canada; 2Rush University

Medical Center, Chicago, USA; 3University Hospital La Fe,

Valencia, Spain; 4Kiddies Health Care Inc, Toronto, Canada;
5Novo Nordisk A/S, Bagsværd, Denmark; 6Novo Nordisk Inc.,

Princeton, USA

Background: Low- to moderate-risk physical activity is recommended

in people with haemophilia; however, relationships amongst activity

risk level, treatment regimen, presence of inhibitors, and haemophilia

treatment center (HTC) and healthcare professional utilisation have

not been investigated.

Aims: To examine associations between activity risk level and HTC

and healthcare professional utilisation in children with haemophilia

(children), either with (WI) or without (WOI) inhibitors, taking treat-

ment (on-demand vs. prophylactic) regimen into account.

Methods: A post-hoc descriptive analysis of data from parents partici-

pating in the Hemophilia Experience, Results and Opportunities

(HERO) Study from 8 countries with home treatment responding

about their oldest affected children < 18 years old.

Results: Overall, 453 parents responded; mothers accounted for 81%

of parents of children WOI and 71% of parents of WI. Most

(n = 391) children described had no inhibitors. Overall, 311 children

WOI and 24 WI were on prophylaxis. For children WOI, most

reported participating in medium-risk activities for both on-demand

(lower/medium/higher: 26%/44%/30%) and prophylaxis (21%/45%/

34%). Amongst the smaller number of children WI, activity was

mostly reported as lower or medium-risk (on-demand: 57%/29%/

14%; prophylaxis: 42%/46%/13%). Median ages (years) of children

WOI and WI were 10 and 12 years, respectively. Median age generally

increased with increasing activity risk amongst children, both WOI

(on-demand: 2/12/11; prophylaxis: 4/11/9) and WI (on-demand: 12/

10/17; prophylaxis: 13/11/13). The median number of bleeds/year was

similar amongst children WOI with increasing activity risk levels (on-

demand: 2/5/3; prophylaxis: 3/3/3); in WI, median annual bleed fre-

quency decreased with increasing activity in those receiving on-

demand (15/7/2) but increased in WI on prophylaxis (1/10/12). Med-

ian HTC visits/year were generally lower with higher-risk activity

amongst children WOI (on-demand: 3/3/2; prophylaxis: 4/2/2) but

varied for WI (on-demand: 3/5/2; prophylaxis: 6/4/4). Amongst chil-

dren WOI, nurse involvement in haemophilia management increased

with higher activity risk in those on prophylaxis (65%/78%) but

decreased in those on on-demand (81%/67%); the same was seen for

social work involvement (prophylaxis: 24%/41%; on-demand: 38%/

25%). Physiotherapy involvement increased with increasing activity

risk in children WOI on prophylaxis (30%/30%/42%) but not in those

on on-demand (24%/23%/21%); physiotherapist visit frequency was

similar. Median perceived disease control (0 = not at all to 10 = well

controlled) was similar across activity risk levels for children both

WOI (on-demand: 8/9/8; prophylaxis: 9/9/9) and WI (on-demand: 6/

10/7; prophylaxis: 8/8/8).

Conclusions: More common use of prophylaxis treatment in the chil-

dren with or without inhibitors in HERO allows for broader assess-

ment of relationship of activity risk level to bleed frequency and HTC

and healthcare professional utilisation at the expense of describing the

on-demand population. As expected, increasing activity risk was

reported with older children. In children WOI, bleed frequency was

generally unchanged and HTC visits generally reduced with higher-

risk activities; data were more variable in the small group with inhibi-

tors. Irrespective of treatment regimen and presence of inhibitors, par-

ents perceived good disease control regardless of activity risk.
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Prospective studies are needed to better understand the relationships

between activity, bleeding and HTC monitoring, and the potential

impact of prophylaxis compliance on bleed frequency.

PO 127
Do bleed rates and haemophilia treatment centre/
provider utilisation vary with physical activity risk in
adults with haemophilia: An analysis from the HERO
study
Iorio A1, Forsyth A2, Querol F3, Stain AM4, Pericleous L5

and Cooper D6

1McMaster University, Hamilton, ON, Canada; 2Rush University

Medical Center, Chicago, IL, USA; 3University Hospital La Fe,

Valencia, Spain; 4Kiddies Health Care Inc, Toronto, ON, Canada;
5Novo Nordisk A/S, Bagsværd, Denmark; 6Novo Nordisk Inc.,

Princeton, NJ, USA

Background: Lower- to moderate-risk physical activity is recom-

mended in adults with haemophilia; however, relationships amongst

activity risk level (accounting for treatment regimen and inhibitors)

and haemophilia treatment centre (HTC) and healthcare professional

utilisation have not been investigated.

Aims: To examine associations between activity risk (lower/medium/

higher) and HTC and healthcare professional utilisation in adults, tak-

ing absence (WOI) or presence (WI) of inhibitors and treatment (on-

demand vs. prophylactic) regimen into account.

Methods: A post-hoc descriptive analysis of data from adults

≥ 18 years participating in the Hemophilia Experiences, Results and

Opportunities (HERO) Study from eight countries with home treat-

ment.

Results: Overall, 515 adult (431 without inhibitors) responded, with

treatment mainly divided between on-demand (n = 180) and prophy-

laxis (n = 203). The distribution of activity risk was shifted toward

higher-risk activities for adults WOI on prophylaxis (lower/medium/

higher: 44%/40%/16%) vs. on-demand (50%/40%/10%). While there

were few total numbers of adults WI reporting moderate- to higher-

risk activities, a similar shift was noted for those on prophylaxis (72%/

17%/10%) vs. on-demand (82%/15%/3%). Adults reporting higher-

risk activities tended to be younger (median age: 41/36/31 years),

except for adults WI on on-demand (median age: 36/31/41 years).

Employment rates were higher in those reporting higher-risk activities

(57%/68%/77%), regardless of treatment regimen or inhibitor status.

For adults WOI on prophylaxis, mean bleeds/year were greater with

higher-risk activity (10/14/29); however, median values and interquar-

tile ranges were similar across risk groups. Data were more variable

for adults WOI on on-demand and for adults WI. Regardless of treat-

ment regimen, adults WOI reporting higher-risk activities were more

likely to report no/little pain interference in the prior 4 weeks (68%

prophylaxis, 71% on-demand) than those reporting lower-risk activity

(45% prophylaxis, 47% on-demand). Mean/median number of HTC

visits/year did not differ by activity risk level. In adults WOI on pro-

phylaxis, nurse and social worker involvement in haemophilia man-

agement increased with higher-risk activity (42%/64%/68% and 13%/

27%/21%, respectively); in contrast, physiotherapist involvement was

similar regardless of activity risk level (37%/39%/43%). For adults

WOI on on-demand, nurse/physiotherapist involvement declined and

social worker involvement increased with increasing activity risk. Data

were more variable for adults WI.

Conclusions: Activity is encouraged for adults as a means to maintain

joint function and overall health. However, the interaction between

activity risk level, treatment regimens and inhibitors is complex, even

when assessed in large global data sets like HERO. While the HERO

data suggest adults WOI engaged in higher-risk activities are younger,

more often employed and more often on prophylaxis, the associations

are more difficult to study in those WI even in this large dataset. While

activity risk did not seem to significantly impact HTC visit frequency,

we observed that those WOI on prophylaxis doing higher risk activi-

ties may have higher bleeding rates and may be more likely to report

nursing and social work support to management of their disease. More

complex multivariate analyses of the HERO data and additional

focused prospective research may help to further investigate these

interrelationships between activity, bleeding and HTC monitoring.

PO 128
Association of treatment regimen and location with
bleed frequency, quality of life and comorbidities in
adults and children with haemophilia from the HERO
study
Iorio A1 and Buzzi A2

1McMaster University, Hamilton, Canada; 2Fondazione Paracelso

Onlus, Milan, Italy

Background: Congenital haemophilia with inhibitors or without inhibi-

tors is primarily treated with on-demand factor replacement or pro-

phylaxis, administered at home or at a haemophilia treatment centre

(HTC). Little is known about the relationships of treatment regimen

and location with bleed frequency, quality of life (QoL) or comorbidi-

ties in haemophilia.

Aims: To examine the associations of treatment regimen, treatment

location, bleed frequency, QoL indicators and comorbidities in adults

with haemophilia (adults) and bleed frequency in children with haemo-

philia (children) from the Haemophilia Experiences, Results and

Opportunities (HERO) Study.

Methods: A post-hoc analysis of data from adults ≥ 18 years and par-

ents of children < 18 years. QoL in adults was assessed using EQ-5D-

3L.

Results: Overall, 648 adults responded and were treated with factor

concentrates. Most were treated with either on-demand (n = 289) or

prophylaxis (n = 207), with fewer reporting on-demand plus situa-

tional prophylaxis (n = 146); 6 responded they did not know or

declined to answer. Of 79 adults with inhibitors who responded on

treatment, most were treated with either on-demand (n = 43) or pro-

phylaxis (n = 29), with few reporting on-demand plus situational pro-

phylaxis (n = 7). Most adults were treated primarily at home (76%),

with 50% treated ‘always at home’ and 26% treated ‘mostly at home

but sometimes at the HTC’. Overall, mean/median annual bleed fre-

quency did not differ amongst adults receiving on-demand (13.9/5.0)

vs. prophylaxis (14.8/5.0); for those treated on-demand plus situa-

tional prophylaxis, mean/median was 28.9/20.0. Mean/median annual

bleed frequency was higher for adults treated at home (20.0/8.0) than

at the HTC (10.8/4.0). More adults treated at home reported any com-

orbidity (home: 85.9%; HTC: 73.9%) and, specifically, arthritis

(home: 55.0%; HTC: 28.8%). Likewise, more adults with inhibitors

treated at home reported any comorbidity (home: 100%; HTC:

81.5%) and arthritis (home: 59.6%; HTC: 14.8%). Overall, fewer

adults treated with prophylaxis (prophylaxis: 36.2%; on-demand:

47.8) or at home (home: 37.5%; HTC: 54.9%) reported no issues with

EQ-5D mobility, as did adults with inhibitors treated at home (home:

32.7%; HTC: 74.1%). More adults receiving on-demand reported no

pain/discomfort (on-demand: 32.9%; prophylaxis: 20.8%); there was

no difference attributable to treatment location. Overall, there were no

differences in mean/median EQ-5D index by treatment regimen (on-

demand: 0.750/0.800; prophylaxis: 0.747/0.778) or location (home:

0.736/0.778; HTC: 0.753/0.800). However, adults with inhibitors trea-

ted at home had a lower mean/medianEQ-5D index (home: 0.687/

0.764; HTC: 0.760/0.816). Overall, 547 parents of children treated with

factor concentrates rsponded; most children were treated with prophy-

laxis (prophylaxis: n = 356; on-demand: n = 143) and at home

(home: n = 397; HTC: n = 146). Mean/median annual bleed fre-

quency was lower for children treated with prophylaxis (6.2/3.0) than

on-demand (12.0/6.0). Bleed frequency did not differ by treatment

location in children.
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Conclusions: Whereas bleed frequency did not differ by treatment regi-

men in adults, children on prophylaxis reported a lower annual bleed

rate than for children on on-demand. Amongst this nonhomogenous

patient population, adults who were treated at home and received pro-

phylaxis were the most frequent bleeders and more difficult to treat. In

HERO, patients and parents reported treatment modalities and

HERO is not designed to evaluate the different treatment regimens.

PO 129
Association between treatment regimen and quality of
life assessed by EQ-5D-3L and pain interference in
adults with haemophilia with and without inhibitors in
the HERO study
Iorio A1, Buzzi A2, Benchikh El Fegoun S3 and Cooper D4

1McMaster University, Hamilton, Canada; 2Fondazione Paracelso

Onlus, Milan, Italy; 3Novo Nordisk, Zurich, Switzerland; 4Novo

Nordisk Inc., Princeton, USA

Background: Treatment options for haemophilia A (HA) and B (HB),

with or without inhibitors, include on-demand and prophylactic factor

replacement. Little is known about the relationship between treatment

regimen and quality of life in adults with haemophilia, with and with-

out inhibitors.

Aims: To examine the association between treatment regimen and

quality of life in adults with and without inhibitors from the Haemo-

philia Experiences, Results and Opportunities (HERO) Study.

Methods: A post-hoc analysis of data from adults ≥ 18 years from 10

countries participating in the HERO Study. Adults completed a stan-

dard EQ-5D-3L assessment; EQ-5D index was calculated based on

Shaw et al, 2005.

Results: In total, 675 adults completed qualitative and quantitative

questions on quality of life and well-being. Most adults reported HA

(498), 86 reported HB and 91 reported HA/HB with inhibitors. Half

(n = 45) of those reporting inhibitors were from the US. Adults with

inhibitors were younger (median/maximum age 34/69 years) than

those without inhibitors (36/86 years). At a global level, treatment was

split between on-demand (289, 43%) and prophylaxis (207, 31%);

fewer reported on-demand plus situational prophylaxis (146, 22%).

This was similar for adults with inhibitors (on-demand 43 [47%],

including 20 US; prophylaxis 29 [32%], including 22 US; on-demand

with situational prophylaxis 7 [8%]). Most adults (598, 89%) and

adults with inhibitors (86, 95%) reported pain had interfered with their

daily life in the past 4 weeks; of those, 301 (50%) reported constant

pain (38 [44%] with inhibitors). Mean EQ-5D index for adults with

inhibitors was 0.707; it was 0.745 for HA and 0.741 for HB. Median

EQ-5D index was the same for HA, HB and adults with inhibitors

(0.778). Mean EQ-5D for adults on prophylaxis was 0.707, 0.712 for

adults on-demand and 0.731 for adults treated on-demand with situa-

tional prophylaxis. Almost half reported no issues with mobility (HA:

41%; HB: 38%; inhibitors: 44%). Most adults reported no issues with

usual activity (HA: 81%; HB: 79%; inhibitors: 74%). For adults with

inhibitors, the percentage reporting no issues with usual activity was

similar across treatment regimens (on-demand: 72%; prophylaxis:

79%; on-demand with situational prophylaxis: 71%). Approximately

half reported no issues with self-care (HA: 56%; HB, 49%; inhibitors:

43%) or anxiety/depression (HA: 54%; HB: 53%; inhibitors: 54%).

Few denied any pain/discomfort (HA: 26%; HB: 28%; inhibitors:

19%). Self-care is the only index that shows a significant difference

amongst the types of haemophilia. Statistical comparison for mobility

and usual activity was not possible due to the small number who

responded to each question.

Conclusions: Globally, adults with inhibitors in HERO had a lower

mean EQ-5D index and more frequently reported problems in indi-

vidual EQ-5D domains than those without inhibitors. While differ-

ences in age and treatment regimen across participating countries

limit descriptive analysis, multivariate analyses may yield further

insights. The underlying reasons for selecting treatment regimens

(e.g. pain vs. bleed control, desired activity participation, employ-

ment) likely also impact quality of life and need to be factored into

future studies.

PO 130
Patient survey – Pain therapy in haemophilia in
Germany
Kalnins W1, Schelle G2, Jost K3, Eberl W4 and Tiede A5

1Deutsche H€amophiliegesellschaft, Marmagen;
2Interessengemeinschaft H€amophiler (IGH), Bonn; 3Bayer

HealthCare, Leverkusen, Germany; 4St€adtisches Klinikum

Braunschweig, Braunschweig; 5Medizinische Hochschule

Hannover, Hannover, Germany

Background: Pain management for patients with haemophilia is

assumed to be highly relevant. As a result from the disease and its

complications, patients with haemophilia often suffer from pain,

which has to be treated adequately. One challenge, among others, is

the selection and application of appropriate analgesics.

Aims: We have conducted a patient survey on ‘pain therapy in haemo-

philia’, which aims to evaluate the current situation of pain manage-

ment for patients with haemophilia and to identify potential areas for

improvement.

Methods: A pain management survey was developed in a joint effort

by physicians, patient representatives and Bayer. In cooperation with

two major patient organisations in Germany, the Deutsche H€amophil-

iegesellschaft (DHG) and the Interessengemeinschaft H€amophiler

(IGH), about 1.960 copies were sent to patients with haemophilia A

and B. Parents of children with haemophilia were requested to fill in

the questionnaire on their behalf. Questions concern the types of pain,

frequency and severity, medical specialists consulted, types of pain

therapies, and the patients’ level of satisfaction with the pain manage-

ment.

Results: The survey started in September 2012 and was completed by

the end of October. Six hundred and eighty-five questionnaires were

filled in and sent back, i. e. a 35% response rate. Preliminary results

show that 86% of respondents experienced episodes of pain. About

half of the patients have used physiotherapy as a measure of pain man-

agement. Joint pain is the most common type of pain, remarkably so

even in young patients. The comprehensive evaluation of the patients’

view is underway. It is expected to contribute important insights on

the current pain management situation in haemophilia, thus helping to

identify factors for improvement.

Conclusions: Patient and physician surveys are powerful tools, which

we have used for the assessment of the current situation in pain man-

agement for patients with haemophilia. Following the complete evalu-

ation of results, measures for optimization will be developed in order

to improve the long-term care of patients with haemophilia.

PO 131
An experience of use of Traumastem P in control of
spontaneous mucosal bleeding in patients with
inherited bleeding disorders in Southern Iran
Karimi M, Haghpanah S and Zahedi Z

Hematology Research Center, Shiraz University of Medical

Sciences, Shiraz, Iran

Background: Bleeding complications are the most important complica-

tions in patients with inherited bleeding disorders. Use of local haemo-

static agents could help to decrease blood loss, need to blood

transfusion, systemic coagulation therapy and consequently duration

of hospital stay especially in patients with inherited bleeding disorders

due to more susceptibility of bleeding.
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Aim: We evaluated the safety and efficacy of Traumastem P for the

management of spontaneous mucosal bleeding in patients with con-

genital bleeding disorders.

Methods: In this case series, 12 patients with inherited bleeding disor-

ders who were complicated by nose or mouth bleeding were investi-

gated from May to August 2012 in southern Iran. Our participants

selected from the patients who were registered at the Hemophilia cen-

ter of Shiraz University of Medical Sciences. Traumastem P (Emoxi-

cel Polvere)(Bioster company, Czech Republic) was used in all

patients as hemostat agent without factor infusion. Response to this

haemostatic powder was evaluated in patients. Complete stop bleed-

ing in a 1–4 min period was considered as good response, stop bleed-

ing in a 4–30 min period was considered as fair response and not

stop bleeding as no response. Patients were followed for any adverse

reactions till 72 h after administration. The study protocol was

approved by the Ethics Committee of Shiraz University of Medical

Sciences. Informed consent was obtained from all patients or the par-

ents of children.

Results: Participants consisted of five female and seven male; six

patients with hemophilia type A, two Factor VII deficiency, two von

Willebrand disease (vWD) type III, one vWD type I, and one glanz-

mann’s thrombasthenia. Mean age of the patients was

13.4 � 9.9 years with median age of 10.5, and range of 1–34 years.

From eight hemophilia patients, five had severe (< 1%) factor defi-

ciency. The Level of factor deficiency in other patients was ranged

between 3.5% and 26.8%. Age at diagnosis of the patients ranged

from at birth to 20 years old. All patients came with nose bleeding

except one with mouth bleeding. All patients showed good response to

Traumastem P except one with fair response; a 34-year-old man with

severe hemophilia A and complicated by mouth bleeding who had

been diagnosed at birth.

Conclusion: Traumastem P can use as a safe and effective local hemo-

static agent for control of nose bleeding in patients with inherited

bleeding disorders. Subsequently it could be an economically valuable

hemostatic agent in these patients. Further studies are needed to evalu-

ate the effect of Traumastem P for control of other site of bleeding in

these patients.

PO 132
Areas of concern for caregivers of children with
hemophilia A and B: results of a cross-sectional survey
in the US
Kelley L1, Pham H2, DeKoven M3, Lee W3, Powers J3, Cooper D2

and Wisniewski T2

1LA Kelley Communications, Georgetown; 2Novo Nordisk,

Princeton; 3IMS Health, Alexandria, USA

Background: Hemophilia is a bleeding disorder resulting from reduced

or absent clotting factors. It is a life-long condition characterized by

recurring joint bleeds that can lead to chronic pain. Treatment of

bleeds and pain in children are typically managed at home by parents

or other relatives (i.e. caregivers), who may be affected by the manage-

ment of the disorder. Previous research with hemophilia caregivers

suggested that caregivers are affected by emotional stress, financial

issues, personal sacrifice, medical management, child’s pain and trans-

portation issues when caring for children with hemophilia.

Aims: To quantify the overall burden of hemophilia on caregivers and

to identify specific areas of concerns.

Methods: A caregiver opt-in-research database was used to invite 681

caregivers to complete an on-line survey. The survey included 64 ques-

tions on caregiver demographics, six burden domains (emotional

stress, financial, sacrifice, medical management, child’s pain, and

transportation), and three visual analogue scales (VAS). The three

VAS scales (0–10) measured overall burden, current child’s pain and

burden when seeing child in pain. For each survey question, respon-

dents were asked to rate their burden on a scale from 1 to 5 where ‘1’

represented ‘never burdened’ and ‘5’ represented ‘nearly always’ bur-

dened. Survey questions were reviewed with three caregivers prior to

implementation. IRB approval was obtained.

Results: Of the 681 caregivers invited, 310 (45.5%) caregivers com-

pleted the on-line survey. Most respondents were mothers (88%)

between 18 and 54 years; 73.9% of respondents reported taking care

of 1 child with hemophilia. Most children (86.45%) had been diag-

nosed with hemophilia A and (85.81%) had been diagnosed more than

2 years ago. On a scale from 0 to 10, the mean level of burden felt by

caregivers when a child is in pain was 7.54 (SD 2.62) and the most

common response (29.7%) was a ‘10’. Of the six survey domains,

‘Child’s pain’ was the most burdensome (mean = 3.54 out of 5). Fifty-

nine percent and 77% of caregivers reported they were ‘quite fre-

quently to nearly always’ burdened with worrying about the child’s

joint and bleeding pain and wishing they can take their child’s pain

away, respectively. Emotional stress was the second most burdensome

domain (mean = 2.79); 51% reported they ‘quite frequently’ or ‘nearly

always’ are concerned with the child’s future when they are not

around. Other areas of concern identified by those reporting they were

‘quite frequently’ or ‘nearly always’ burdened included: extra planning

involved when traveling (42%), rising co-payments over time (33.5%),

accessing child’s vein or port (24.5%), and the expectation that life

would be different at this age (22.6%) .

Conclusions: Hemophilia caregivers are impacted by the burden of

their child’s pain. Parents also report concerns with the child’s future,

venous access, travel planning, and rising co-payments. Recognizing

these factors is important when considering educational programs to

lessen caregiver burden. Future research that incorporates these find-

ings into the formal validation of an instrument to assess caregiver

burden should be explored.

PO 133
Immune tolerance induction in children with severe
hemophilia A and inhibitor in Poland
Klukowska A1, Laguna P1, Dobaczewski G2, Janik-Moszant A3,

Kamienska E4, Koltan A5, Pietrys D6 and Waleszkiewicz-

Majewska B7

1Warsaw Medical University; 2Medical University, Wroclaw;
3Silesian Medical University, Zabrze; 4Pomeranian Medical

University, Szczecin; 5Collegium Medicum Nicolaus Copernicus

University, Bydgoszcz; 6Jagiellonian University, Krakow;
7Department of Laboratory Diagnostics and Immunology,

Warsaw, Poland

Background: The development of factor VIII inhibitors (FVIII) is the

most serious complication in patients with haemophilia today. The

highest risk of developing inhibitors is during the first 20 exposure

days. First-line treatment for patients with haemophilia A and inhibi-

tors is to attempt to induce immune tolerance by regular infusion of

FVIII.

Aims: The results of immune tolerance induction (ITI) were presented

in this study.

Methods: In 1993–2012 ITI were used in 31 children with severe hemo-

philia A and high titer of FVIII inhibitor in Poland. Inhibitors were

measured according to Bethesda method in Nijmegen modification.

Results: The median age of patients was 18 months (ranged from 5 to

81 months) in the time of inhibitor detection. Inhibitor was detected

within 3 to 100 exposure days to FVIII concentrates (median 19 expo-

sure days). Median of maximal titer of FVIII inhibitors found before

ITI start was 40 and ranged from 3.8 to 1024 BU/ml. Titers of FVIII

inhibitors ranged from 3.1 to 151 BU/ml (median 16 BU/ml) at the ini-

tiation of ITI regimen. Most patients (23) were treated with plasma

derived FVIII concentrates, medium or high-purity, seven patients

with recombinant FVIII concentrates and one with cryoprecipitate

before inhibitors were detected. In ITI usually the same type of con-

centrate was used. In 23 children ITI was started with single daily dose
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of ≥ 100 IU/kg, in two patient daily dose of 50 IU/ml was given and

in four children FVIII concentrate in a dose of 100 IU/kg was admin-

istered twice a day. In the 2 remaining patients doses of 50 IU/kg 2–3
times a week were repeated. Total elimination of factor VIII inhibitor

was achieved in 22 patients. In the other two patients the ITI was par-

tially effective and the recurrences of low titer inhibitor, below 1 BU/

ml was observed. In another two patients immune tolerance was not

achieved and ITI regimen was discontinued after 15 and 18 months.

ITI is ongoing in five patients. Duration of ITI ranged from 2 to

83 months (median 12 months). In patients with positive results the

median of ITI was 10.5 months. One boy started second procedure of

ITI in 9 months after failure of first one. It was partially effective after

42 months but several doses of rituximab were added. The other

patient with ITI evaluated as partially effective was treated with ritux-

imab as well. After achievement of complete ITI, prophylaxis with

FVIII concentrates was continued 2 or 3 times a week in dose of 20–
50 IU/kg. Only 1 boy was treated on demand.

Conclusion: High efficacy of ITI was found in young children with

severe haemophilia A.

PO 134
A systematic review of treatment patterns in Japanese
haemophilia patients
Krishnan S1, Wada K2, Crawford B2 and Lee-Grossman CW1

1Biogen Idec, Weston, USA; 2Adelphi Values, Toyko, Japan

Background: Literature detailing the clinical patterns of haemophilia

treatment and the economic and humanistic burden in Japan is scarce.

This is the first review attempting to address the aforementioned

issues.

Aims: To conduct a systematic review of epidemiology, clinical prac-

tice, economic and humanistic burden of hemophilia in Japan.

Methods: A systematic literature search was conducted to identify

existing literature with clinical patterns of haemophilia and the eco-

nomic and humanistic burden of haemophilia in Japan. We searched

MEDLINE and JDream II using ‘haemophilia’ and ‘Japan’ as key

words. The search included publications from January 2002 to Octo-

ber 2012 with both English and Japanese. JDream II was searched in

Japanese. We also searched reports and presentations from profes-

sional associations and government agencies for grey literature.

Results: We identified 318 publications at the first round, and after

removing duplicates and irrelevant articles, 50 were included in this

systematic review. In a population-based report by the Japan Foun-

dation of AIDS Prevention demonstrates that the prevalence of hae-

mophilia in Japan is low with 4475 hemophilia A cases and 971

hemophilia B cases in 2011 (approximately 0.004% overall). Popula-

tion-based studies found that 43–59% of patients with haemophilia

are treated with prophylaxis. Of patients under 20 years old with

severe and moderate haemophilia, 60–76.7% were on prophylaxis.

Reported home treatment rate was high (66.3–83.5%), administered

by either by patients themselves or parents, but poor adherence

based on short dosing interval was reported among adolescents

(aged 13–19 years). While prophylaxis and home-infusion are

accepted as standard of care in most young and severe patients,

patients preferred on-demand vs. prophylaxis. Search results revealed

very little research focusing on humanistic and economic aspects for

haemophilia.

Summary/Conclusions: This is the first systemic review on clinical pat-

terns and utilization of haemophilia treatment in Japan. Clinical prac-

tice patterns are found to be very similar to the West with regard to

recommending prophylaxis and offering convenient home treatment

to patients. Nonetheless, adherence to prophylaxis regimens among

adolescents and young adults is relatively low. Patient education and

the options for new therapeutic regimens offering shorter dosing-inter-

val should be explored further as they may aid in deterring long term

consequences such as the development of target joints, arthropathy,

and poor quality of life.

PO 135
Treatment strategy and outcomes among US
haemophilia patients: results of a patient survey
Krishnan S1, Vietri J2 and Furlan R2

1Biogen Idec, Weston, FL, USA; 2Kantar Health, Milan, Italy

Background: Haemophilia can be treated on an as-needed basis with

episodic (on-demand) therapy or routinely with prophylaxis. Those

treating on-demand may have more bleeding episodes relative to those

on prophylaxis, poorer health outcomes, and greater use of healthcare

resources.

Aims: To assess the relationship between use of on-demand vs. pro-

phylactic treatment with patient-reported outcomes and adherence in

adult US haemophilia patients.

Methods: Adults with haemophilia were identified through a panel of

patients originally recruited from haemophilia treatment centers and

associations. The study protocol received central institutional review

board approval and all patients reported consent to be included in

the study. Panelists reporting moderate or severe haemophilia were

invited to complete an on-line questionnaire assessing experience with

bleeding and joint problems, personal characteristics, and validated

scales. The revised Short Form-12 Health Survey (SF-12v2) was

included to assess health status, and the Validated Haemophilia Regi-

men Treatment Adherence Scale-Prophylaxis (VERITAS-Pro) was

included to assess adherence to prophylactic treatment. Those using

prophylactic treatment were compared to those treating on-demand

using t-tests for continuous measures and chi-square for categorical

variables. Comparisons were first conducted on a combined sample

of A & B patients, and repeated among only those with haemophilia

A. Limited sample sizes prevented separate analysis of patients with

haemophilia B.

Results: A total of 76 patients with haemophilia (74 male, 2 female; 62

with haemophilia A, 14 with haemophilia B) completed the survey,

with a mean age of 35.9 years, with most (62%) using prophylactic

treatment for haemophilia. Relative to patients using prophylactic

treatment, those treating on-demand were older (40.8 vs. 32.5 years,

P < 0.05) and had lower physical component summary (PCS) scores

(41.5 vs. 48.6, P < 0.05). These patients also reported more bleeding

episodes in the past year 23.2 vs. 10.7, P < 0.05). Analyses limited to

patients with haemophilia A (60 male, 2 female) yielded similar results

mean age was 34 years, with most (68%) using prophylactic treatment.

Haemophilia A patients using on-demand treatment were older (39.9

vs. 31.1 years, P < 0.05), had lower physical component summary

(PCS) scores (39.1 vs. 48.9, P < 0.05), and more bleeding episodes in

the past year (24.2 vs. 11.0, P < 0.05) vs. haemophilia A patients on

prophylaxis. Only a minority of patients reported ‘Always’ doing pro-

phylaxis infusions on scheduled days (38%), infusing the recom-

mended number of times per week (38%), or adhering to the schedule

provided by the treatment center (28%), though most (70%) reported

always using the doctor-recommended dose.

Summary/Conclusions: Health status was worse and bleeding more

common among moderate and severe adult haemophilia patients trea-

ted on-demand relative to those treated with prophylaxis, though most

patients reported some non-adherence to the recommended treatment

schedule. These conclusions support current clinical guidelines advo-

cating prophylaxis as the current standard of care for haemophilia,

though further efforts to improve patient adherence may be war-

ranted.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1020–1206

1070 ABSTRACTS



PO 136
Regional factors influencing participation in clinical
trials in hemophilia in the United States of America
and South Africa
Kruse-Jarres R1, Rodman A1 and Mahlangu J2

1Tulane University, New Orleans, USA; 2University of the

Witwatersrand Medical School and NHLS, Johannesburg, South

Africa

Background: Clinical trials are the gold standard for evaluating medi-

cal interventions and developing best practices in clinical care. Multi-

center, multinational trials are common, especially in rare bleeding

disorders such as haemophilia. Regional differences in perceptions

about health research and decision making when engaging in such

research will affect enrolment. We hypothesized that there are regional

cultural differences in health research participation in the bleeding dis-

orders communities in the USA and South Africa (SA).

Aim: To elicit factors influencing participation in clinical trials in

patients with haemophilia and other congenital bleeding disorders in

the USA compared to SA.

Methods: This was a collaborative cohort study conducted in the USA

(Comprehensive Louisiana Hemophilia Care Center) and SA (Com-

prehensive Haemophilia Care Centre, Johannesburg). Both sites

obtained ethics approval. Adult patients and parents of pediatric

patient with congenital bleeding disorders at both participating hemo-

philia centers were invited to participate in a one-time, anonymous,

on-line survey (implied consent).

Results: Seventy four (53 patients, 21 parents) participants in SA and

64 (28 patients, 35 parents) in the USA completed the survey. More

participants in SA classified their disease as severe (78 vs. 59%). There

was a comparable family history of a bleeding disorder (57 vs. 59%).

Slightly fewer subjects in SA had participated in clinical trials before

(41% vs. 52%). Both sites felt that the doctor had the highest level of

responsibility in clinical studies, but both also felt high levels of

responsibly lay with the patient. When asked how they were protected

during clinical trials, most subjects in SA felt it was themselves (80%

vs. 50% in USA, P = 0.0002) and at both sites not all patient felt that

they were protected by their physician (68% in SA and 55% in USA

felt protected by their physician). At both sites the most important rea-

son to participate in clinical studies was to contribute to research in

the field, a free gift/money was least important. More subjects in SA

thought that participation in research was safe/very safe (88% in SA

vs. 69% in USA, P = 0.0067). At both sites, the subject was the pri-

mary decision maker (over the doctor, nurse and family members) to

participate in study. While family and health care team played a major

role in decision making, spiritual/religious considerations, friends and

co-workers did less so. Significantly more subjects in SA were willing

to engage in clinical studies: phase I (26% vs. 8%, P = 0.0039) and

phase II (86% vs. 52%, P < 0.0005), phase III (88% vs. 50%,

P < 0.0005), phase IV (94% vs. 69%, P = 0.0001)

Summary/Conclusions: While the motivation to participate in clinical

studies was similar in both SA and USA, it appeared that there was

less trust and likelihood for participation at the USA site. This site has

a higher percentage of African American patients than many other US

sites. Knowing the sensitive history of human protection of African

American subjects in the US, this raised the question whether there

could be racial factors influencing decision making. We are collecting

further data to make this analysis.

PO 137
The use of central venous catheters in children with
haemophilia in Poland
Laguna P1, Klukowska A1, Rawicz M2, Puchalski S2

and Matysiak M1

1Department of Ped. Hematology and Oncology; 2Department of

Paediatric Anaesthesia and Intensive Caremedical University of

Warsaw, Warsaw, Poland

Introduction: Central venous access devices (CVaDs) are essential in

the management of haemophilia patients who need repeated urgent

administration of coagulation factor concentrates. The use of a facili-

tates treatment of young children with difficult peripheral venous

access.

Methods: Between 1997 and 2012 CVaDs were used in our depart-

ment. Seventy-two CVaDs (port-a-cath) have been inserted in 53

patients aged 3 months to 18 years.

Results: Fifty-three patients had haemophilia A and 2 had haemo-

philia B. Twenty-one out of 53 had haemophilia A complicated by

high-titre inhibitors and immune tolerance was used. In two patients

CVaDs were inserted three times, in 11 patients these catheters were

inserted twice and the remaining patients (44) they were inserted once.

The period of vascuport use ranged from 2 to 103 months. CVaDs

infections were observed 19 times in 12 children. All infected ports

were successfully treated with antibiotics, thrombotic complications

occurred in 7 boys 11 times. In 2 cases the ends of the CVaDs got torn

and moved to the heart and in 2 other cases the reservoir stated leak-

ing.

Discussion/Conclusion: Our investigations show that CVaDs are con-

venient in use but complications can occur. Central venous access

devices are recommended for these children.

PO 138
Is venous or arterial thrombosis a clinical problem in
patients with haemophilia? Experience from a Danish
haemophilia centre
Larsen JB, Nielsen KBJ, Poulsen H and Bor MV

Aarhus University Hospital, Aarhus N, Denmark

Background: Theoretically, haemophilia patients are to some degree

protected from arterial and venous thrombosis due to a hypocoagula-

ble state. However, as life expectancy rises for these patients due to

more effective treatment, with older age they can be faced with an

increased risk of atherosclerosis, surgical procedures and cancer, which

are all risk factors for thrombotic events. It could be feared that the

risk of thrombosis in haemophilia patients is an underestimated and

probably sometimes overlooked, and therefore the magnitude of the

problem and the clinical implications are difficult to estimate. Throm-

boprophylaxis and treatmentof haemophilia patients with thrombosis

is also a field where experience is limited, and approaches to treatment

vary considerably.

Aim: The aim of the study was to examine the prevalence of arterial

and venous thrombosis in the populations of haemophilia A and B

patients. We furthermore reviewed how patients were treated medi-

cally in case of a thrombotic event and whether any bleeding tendency

was seen in those patients.

Methods: We conducted a retrospective study, where medical records

of all patients with haemophilia A and B registered at the Haemophilia

and Thrombosis Centre, Aarhus University Hospital, Denmark from

1985 to 2011, were reviewed thoroughly and all the thrombotic events

noted in the records were registered.

Results: Of 169 haemophilia A patients, 5 cases of arterial thrombosis,

all in a coronary artery (3%), 3 cases of venous thrombosis (2%) and 2

cases of unclassified (eye vessel) thrombosis (1%) were found. Of 30

haemophilia B patients, 1 case of coronary artery thrombosis (3%), 1
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case of cerebral artery thrombosis (3%) and no cases of venous throm-

bosis were found.

The antithrombotic treatment received differed considerably between

cases, with acetylsalicylic acid and low molecular weight heparin as the

most commonly used drugs. In 1 case, increased bleeding tendency

was reported.

Summary/Conclusion: Arterial and venous thrombosis does occur and

can be a clinical problem in hæmophilia patients, especially with co-

existing risk factors. We found a prevalence of coronary artery throm-

bosis lower than the Danish male background population and compa-

rable to that reported in the literature. Due to the small patient

populations and the scarcity of literature in this field, however, it is not

possible to characterize the magnitude of this problem. Further multi-

centre studies are needed, preferably prospective and cross-national.

PO 139
The importance of taking the in vivo recovery test as a
routine evaluation for Hemophilia patients
Lee KS, Suh J and Kim UH

Kyungpook National University Hospital, Daegu, South-Korea

Background: As the replacement therapy evolves, the general manage-

ment of hemophilia is getting more important nowadays. Having regu-

lar standardized evaluations including musculoskeletal issues,

inhibitors, and transfusion transmitted infections, every 12 months, is

mainly recommended by WFH guidelines for the management of

hemophilia. However, through our precedent study, Individualized

replacement of FVIII based on in vivo recovery (IVR) in hemophilia A

patients during surgery, which was announced in the 17th congress of

EHA, 2012, we found that it is very important to check IVR on all

occasions and supply the coagulation factor VIII concentrates accord-

ing to the result to maximize the therapeautic effect. Since then, we

have done IVR test as a routine evaluation for all the hemophilia

patients who are managed in the Department of Pediatrics, Kyung-

pook National University Hospital, Daegu, Korea.

Aims: Through this study, we analyzed the results of IVR tests to

emphasize the necessity of IVR test.

Methods: Ten hemophilia A patients who had IVR test as a routine

evaluation from January 2011 to December 2012 were reviewed. All

patients were checked coagulation factor VIII activity four times

respectively, before, 15 min, 30 min, and 60 min after the injection of

factor concentrates. Green mono� or Advate� was used. Coagulation

factor VIII activity was measured using the STA-Unicalibrator ana-

lyzed by dilution with STA-Owren-Koller� buffer based on the param-

eter entered in the instrument (DIAGNSTICA STAGO, France).

Results: Two patients were severe (FVIII:C < 1 IU/dL), five patients

were moderate (FVIII:C 1–5 IU/dL), and the remainder were mild

(FVIII:C > 5 IU/dL) hemophilia A. They were all males. Their mean

age at the time of IVR test was 21 (range from 0 to 41) years old. The

peak coagulation factor VIII activity level was median 72.0% (range

from 43.4–138.0%), and the time at peak coagulation factor VIII

activity level was median 25, six were over 80%, one was under 60%

and the other three were between 60 and 80%. Five patients (50%)

had under expected peak coagulation factor VIII activity level.

Conclusions: This study shows that all the patients has his own pat-

terns on recovery test. Therefore, having regular IVR tests should be

included to the routine evaluations for all the hemophilia patients to

produce the better result in the treatment process.

PO 140
Clinical study to investigate the immunogenicity,
efficacy and safety of treatment with human-cl rhFVIII
in previously untreated patients with severe
haemophilia A
Liesner R1, Jansen M2 and Knaub S3

1Great Ormond Street Haemophilia Centre, London, UK;
2Octapharma, Vienna, Austria; 3Octapharma AG, Lachen,

Switzerland

Background: Human-cl rhFVIII is a B-domain deleted, human cell-line

derived recombinant FVIII concentrate for intravenous use, which will

be provided in single use vials containing a nominal potency of 250,

500, 1000 or 2000 IU each of freeze-dried rFVIII concentrate to be

reconstituted in 2.5 mL of WFI. Due to the absence of immunogenic

epitopes seen in recombinant FVIII concentrates from hamster cell

linesHuman-cl rhFVIII is thought to be potentially less immunogenic.

Five prospective GCP studies with Human-cl rhFVIII were conducted

in 135 adults and children with severe haemophilia A. In these studies

pharmacokinetics, efficacy and safety of the product was evaluated.

Observational period per patient was at least 6 months and at least 50

exposure days. The data indicate that Human-cl rhFVIII is bioequiva-

lent to Kogenate FS (both analyzed by the one-stage and the chromo-

genic assay) and effective in the treatment and prophylaxis of bleeding

episodes. There was no product related serious adverse event and none

of the PTPs treated with Human-cl rhFVIII developed an inhibitor.

Aim: To assess the immunogenicity in previously untreated patients

(PUPs), a prospective, multicentre, multinational, open-label, non-

controlled clinical trial is planned in around 45 clinical centres world-

wide, starting by the early 2013.

Methods: Hundred patients with severe haemophilia A without previ-

ous exposure to any FVIII concentrate or FVIII containing products

will be enrolled.

An inhibitor assay according to modified Bethesda method will be per-

formed pre-treatment, every 3–4 exposure days (ED 1–20) and every

10–12 EDs (ED 21–100) but at least every 3 months.

Secondary objectives are the assessment of the efficacy of Human-cl

rhFVIII during prophylactic treatment (based on the frequency of

spontaneous break-through bleeds), the assessment of the efficacy dur-

ing treatment of bleeds, and in surgical prophylaxis. Also the safety

and tolerability of Human-cl rhFVIII will be assessed. Furthermore

pharmacooeconomic aspects of treatment with Human-cl rhFVIII will

be assessed for the first time. The optional assessment of predictive

factors for the development of inhibitors is included in the study

protocol.

Results: The study is planned to start in Q1 2013.

Conclusion: Based on available data in PTPs Human-cl rhFVIII seems

to be bioequivalent to a licensed full-length rFVIII and safe and effec-

tive in the treatment and prevention of bleeding episodes with no

occurrence of an inhibitor. A global GCP-study is currently started in

order to investigate whether the reduced immunogenic profile of

Human-cl rhFVIII will translate into a lowered inhibitor incidence in

PUPs.

PO 141
A new board game to assess coping and perception of
children with hemophilia: validation and evaluation
Limperg PF, Haverman L, Colland VT, Van Ommen H, Peters M

and Grootenhuis MA

Emma Children’s Hospital AMC, Amsterdam, The Netherlands

Background: How children cope with and perceive their disease is an

important predictor of self-management and Health Related Quality

Of Life (HRQOL). The Hemophilia Coping and Perception Test

(HCPT) for children is a new tool (a board game) to assess coping,
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perception and knowledge of children with hemophilia. The HCPT is

based on the Asthma Coping and Perception Test (ACPT).

Aims: The aim of this study is to evaluate and validate the HCPT for

boys with hemophilia between 8 and 12 years old in the The Nether-

lands.

Methods: The HCPT is a board game containing a comprehensive set

of 33 questions about hemophilia, including knowledge, self-manage-

ment, coping, anxiety and perception. Additional questions concern

fun subjects or contain fun assignments. In this study, all boys from

five hemophilia treatment centers in theNetherlands (Amsterdam,

Groningen, Eindhoven, LeidenandRotterdam) with mild, moderate

and severe hemophilia between 8 and 12 years old were eligible. To

validate the HCPT, children and parents complete the HaemoQoL

(Haemophilia Quality of Life questionnaire – short version), two cop-

ing questionnaires (CODI; Coping with a Disease and the Op Koers

questionnaire) as well as the State-Trait Anxiety Inventory for Chil-

dren (STAIC). After finishing the HCPT, children and parents

respond to an evaluation questionnaire about the HCPT.

Preliminary results and hypotheses: So far, a total of 32 boys (response

rate 50%) played the HCPT (mean age 9.8 � 1.7). Both parents and

children report the HCPT to be informative and entertaining. We

expect the HCPT to be a valid and effective tool to detect problems

regarding coping, disease management, anxiety and the perception of

children with hemophilia and facilitate communication with children

with hemophilia.

Summary: To be able to provide tailored health care, it is important to

get insight in children’s knowledge, coping and perception of their dis-

ease. With the use of this new board game it is possible to get insight

in these aspects in a playful, child friendly way.

PO 142
Satisfaction with self-reported annual bleed rates
within a severe hemophilia a population
Lin VW and Epstein JD

Baxter BioScience, Westlake Village, USA

Background: Prospective clinical trials have demonstrated that Factor

VIII prophylaxis can help patients with severe hemophilia A achieve

or approach zero bleeding episodes per year. It is important to under-

stand current bleeding rates outside of these clinical trials and to mea-

sure patient satisfaction with how frequently they are bleeding to

identify opportunities to improve patient outcomes.

Aims: The objective was to compare patient self-reported ABR with

their level of satisfaction with their current ABR.

Methods: Adult patients and parents of children (< 18 years old) with

a self-reported physician diagnosis of severe hemophilia A in the Uni-

ted States were recruited and completed a web-based survey. The sur-

vey included questions regarding patient demographics, treatment

regimen, ABR, and satisfaction with their ABR using a five-item Lik-

ert scale. ABR responses were sorted into five categories (0–1, 2–5, 6–
11, 12–23, ≥ 24). Chi-square tests were used to test for statistically sig-

nificant differences between ABR and satisfaction levels. All respon-

dents provided online informed consent and the study complied with

the Declaration of Helsinki, receiving ethics board approval.

Results: The final sample included 164 respondents. The average

patient was 19.2 years old. One hundred and thirty-nine (85.8%)

respondents reported that they currently receive prophylaxis (defined

as infusions administered on an ongoing, regular schedule to prevent

bleeds). The most frequently (57.1%) reported reason that the on-

demand patients gave for not receiving prophylaxis was ‘not bleeding

enough to justify prophylaxis’ and the mean ABR reported by these

respondents was 10.4 (SD = 13.4). The mean reported ABR for all

respondents was 7.8 (SD = 13.4). There were 44 (26.8%), 61 (37.2%),

29 (17.7%), 21 (12.8%) and 9 (5.5%) respondents who reported 0–1,
2–5, 6–11, 12–23 and ≥ 24 ABRs, respecitvely. Overall, 60 (36.6%)

respondents were not satisfied with their self-reported ABR. Satisfac-

tion with ABR differed significantly by ABR category (P < 0.0001).

While 88.6% of those who reported zero to one ABR were ‘very satis-

fied’ with their bleeding rate, the percentage of respondents reporting

they were ‘very satisfied’ significantly declined as ABRs increased (with

50.8%, 6.9%, 9.5% and 0% reporting ‘very satisfied’ with ABRs of 2–
5, 6–11, 12–23 and ≥ 24, respectively). There was a statistically signifi-

cant difference in satisfaction levels between the 0–1 and 2–5 ABR cat-

egories (each P < 0.0001). In those who reported having two bleeds or

more per month (≥ 24 ABR), 66.7% reported ‘neither satisfied nor dis-

satisfied’ with the remaining third reporting either ‘somewhat dissatis-

fied’ or ‘very dissatisfied’.

Conclusions: As would be expected, severe hemophilia A patients who

reported zero to one ABR were highly satisfied with their bleeding fre-

quency. Healthcare professionals should be aware that patient satisfac-

tion was significantly lower for patients reporting ABRs between 2

and 5, implying that many of these patients may envision having fewer

bleeds. Additionally, the majority of patients reporting an ABR ≥ 24

were not dissatisfied with their ABR. Healthcare professionals may

consider engaging these patients regarding the consequences of a high

ABR and ensure that these patients are familiar with recent clinical

trial results that demonstrate the effectiveness of prophylaxis when

patients are adherent to the regimen.

PO 143
Immune tolerance induction (ITI) according to the
Bonn protocol in haemophilia A patients with
inhibitors using a plasma-derived VWF-containing
factor VIII concentrate: two paediatric case reports
Lohse J1, Gehrisch S1, Escuriola-Ettingshausen C2, Kreuz W2

and Knoefler R1

1University Hospital Dresden, Dresden; 2Johann-Wolfgang-

Goethe University Hospital, Frankfurt am Main, Germany

Background: ITI is the treatment of choice in haemophilia A patients

with high titre factor VIII (FVIII) inhibitors. Whether the source of F

VIII (plasma-derived-pd or recombinant-r) used for ITI has any

impact on success is discussed controversially. We report on two pae-

diatric haemophilia A patients with high titre inhibitors who under-

went successful ITI using VWF containing F VIII for first line as well

as a second line ITI.

Case 1: Due to a positive family history a severe haemophilia A was

diagnosed in the first patient after birth. Genetic analysis revealed a

splice site mutation which is associated with a low risk to develop

inhibitors. Since the age of 7 months the boy had several exposures to

rFVIII due to bleeds and surgery (herniotomy). After 23 FVIII expo-

sures he developed a high-titre inhibitor (maximal 31 BU). ITI was

started with the same rFVIII product (2 9 100 U/kg/d) leading to a

decrease of the inhibitor titre. After 5 months of treatment the inhibi-

tor titre rose again to 13 BU despite any changes of treatment or any

detectable triggers. The patient was switched to a VWF-containing

FVIII concentrate. In vitro testing showed a lower inhibitory activity

against VWF-containing F VIII concentrate compared to r FVIII.

After 8 weeks the inhibitor was not measurable any more. FVIII

recovery and half-life became normal.

Case 2: The second child presented with an extended soft tissue bleed-

ing after vein puncture at the age of 7 months leading to the diagnosis

of a severe haemophilia A caused by a large deletion in exons 24 and

25 of FVIII gene which is associated with a high risk to develop inhibi-

tors. Prophylaxis with r FVIII was started at the age of 26 months.

After 7 exposure days the child developed a high-titre inhibitor (maxi-

mal 12 BU). Again in vitro testing showed a lower inhibitory activity

against VWF-containing concentrates. ITI according to the Bonn pro-

tocol was started using a pd VWF-containing FVIII product leading

to a complete elimination of the inhibitor within 7 months.

Conclusions: Case 1 supports the fact that intensive treatment, such as

a surgical procedure within the first 20 exposure days increases the risk

of inhibitor development in severe haemophilia A patients markedly.
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As reported by others, both cases indicate that patients may benefit

from the use of a plasma-derived VWF-containing FVIII concentrate

in the frame of ITI. The relevance of in vitro testing in patients under-

going ITI is investigated in the OBSITI study in which both patients

were included.

PO 144
Identification of carriers of mutations in the factor VIII
gene that cause severe hemophilia A: first study in
Venezuela
L�opez-V�asquez L1, Ruiz-S�aez A2, Boadas A2, Porco A1

and Alb�anez S1

1Laboratorio de Gen�etica Molecular Humana B, Universidad

Sim�on Bol�ıvar; 2Centro Nacional de Hemofilia, Banco Municipal

de Sangre del Distrito Capital, Caracas, Venezuela

Haemophilia A (HA) is a genetic, recessive and X-linked hemorrhagic

disease caused by mutations in the coagulation factor VIII (F8) gene.

Severe HA is characterized by the lowest levels of F8 and is caused pri-

marily by the intron 22 inversion and by the intron 1 inversion; the rest

of the causative mutations are greatly diverse. Since this is an X-linked

disease, half of the male offspring of a HA carrier woman will proba-

bly inherit the disease. This makes the identification of carriers and

genetic counseling very important to the control of HA. Therefore, the

aim of this study was to determine whether eleven mothers of severe

HA patients have the mutations in the F8 gene previously found in

their sons (either in this study or in a previous one). First, in twelve

severe HA patients and then in potential carriers, the presence of the

intron 22 inversion and of the intron 1 inversion was investigated,

using an inverse and a regular PCR, respectively. There were also diag-

nosed potential carriers of large deletions through real-time PCR, and

potential carriers of point mutations through sequencing of the

involved region of the F8 gene. The intron 22 inversion was found in

three out of twelve severe HA patients (frequency: 27.3%) and it was

found in all five mothers of severe HA patients who had it. Intron 1

inversion was found in none of the patients analyzed. None of the two

mothers of patients with large deletions are carriers and all four moth-

ers of patients with point mutations are carriers. The frequency of

severe HA carriers was 81.8%. This is the first study conducted in

Venezuela and it will allow to establish the detection of carriers in our

country.

PO 145
Implementation of a Mobile Haemophilia Outpatient’s
Care in Germany – results of the HomeMHA project
Von Mackensen S1, Schleicher C2, Freidinger K2, Heine S3,

Graf N3 and Eichler H2

1University Medical Centre Hamburg-Eppendorf; 2Institute of

Clinical Haemostaseology and Transfusion Medicine;
3Department for Paediatric Oncology/Haematology, Homburg,

Germany

Background: Several haemophilia patients are facing obstacles visiting

their Haemophilia Treatment Centre (HTC) which is due to poor

infrastructure in some rural regions inGermany or patients’ impaired

health condition. Those patients would benefit from a mobile health

care centre.

Aim: The major goal was to build up a mobile haemophilia outpa-

tient’s care implementing a more extensive social and medical care by

getting knowledge about disease-specific problems in the direct private

environment of haemophilia patients (e.g. at kindergarten, school, job,

or within the family home).

Methods: The 3-years longitudinal project into the implementation of

a Mobile Haemophilia Outpatient’s Care (Homburger Mobile Haem-

ophilie Ambulanz = HomeMHA) started in 2010 at the HTC of theS-

aarlandUniversityHospital. Haemophilia patients and their families

were visited by a social education worker and/or a physician of the

HTC with a project car. The project included home visits and inter-

views to measure patients’ health-related quality of life (HRQoL) and

treatment satisfaction (TS) by means of validated questionnaires

(HRQoL: paediatric Haemo-QoL, adult Haem-A-QoL; TS: Hemo-

Sat); adult patients and parents of paediatric patients were asked as

well about their needs and wishes for a HomeMHA. In addition socio-

demographic and clinical data were collected.

Results: In total 56 adult haemophilia patients (78.6% haemophilia A,

60.7% severely affected, 48.2% on prophylaxis) with a mean age of

37.4 � 16.4 years and 23 paediatric patients (82.6% haemophilia A,

69.6% severely affected, 60.9% on prophylaxis) with a mean age of

9.8 � 4.2 years and their parents were interviewed. The median dis-

tance from patients’ home to the HTC was 45 km (range 3–200 km)

and travel time was in median 40 min (10–120). More than 90% of the

haemophilia patients and parents considered an intense binding to the

HTC and the implementation of the HomeMHA as ‘rather/very

important’. A 35.7% of haemophilia patients and parents would use

the services of the HomeMHA, especially for counselling and due to

their immobility. Adult patients reported a good HRQoL (Haem-A-

QoL total score 23.09 � 17.1) with highest impairments in the domain

‘sport & leisure’ as did young children aged 4–7 years

(M = 54.76 � 28.4), while children aged 8–12 years reported highest

impairments in the domain ‘friends’ (M = 57.64 � 17.4) and adoles-

cents in the domain ‘dealing’ (M = 38.93 � 28.4). Adult patients were

highly satisfied with their haemophilia treatment (M = 16.9 � 14.6)

and were mainly unsatisfied in the domain ‘ease & convenience’

(Hemo-Sat); by contrast parents of haemophilic children reported

most impairments in the domain ‘burden’ (M = 33.85 � 20.7).

Conclusions: Haemophilia patients were generally very satisfied with

the implementation of the HomeMHA and felt quite supported by

their haemophilia care which was as well reflected in their HRQoL

and TS.

PO 146
Sub-visible particles in recombinant FVIII products:
increased risk for immunogenicity?
Malisauskas M, Lubich C, Prenninger T, Matthiessen P, Turecek P,

Scheiflinger F and Reipert BM

Baxter BioScience, Vienna, Austria

Background: The development of neutralizing antibodies against FVIII

is the most challenging complication in current therapy for hemophilia

A patients. Despite progress in explaining the regulation of anti-FVIII

immune responses, the root cause for development of FVIII inhibitors

is still unknown. Studies with other protein therapeutics have shown

that certain types of protein aggregates, e.g. sub-visible particles, are

associated with an increased risk for immunogenicity. The formation

of such protein aggregates can be caused by physical stress factors

such as elevated temperature, freeze/thaw cycles or shear stress. The

sensitivity of different recombinant FVIII (rFVIII) products to form

sub-visible particles when exposed to physical stress has not been pre-

viously investigated.

Aim: To assess quantities and properties of sub-visible (0.75–70 lm)

particles in different rFVIII products including full-length and B-

domain deleted products, and to analyze the sensitivity of different

rFVIII products to form sub-visible particles under conditions of

physical stress.

Methods: Two full-length rFVIII products and two B-domain deleted

rFVIII products were analyzed. Sub-visible particles were assessed (1)

immediately after reconstitution of the products and (2) after exposure

of reconstituted products to physical stresses. Three different lots were

included for each product.

Samples were analyzed using a flow cytometry-based method based on

a combination of size calibration beads, counting beads and a number
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of different fluorescent probes that bind to distinct structural elements

of sub-visible particles. This method allows assessment of the amount,

size and nature (e.g. protein and non-protein particles) of sub-visible

particles. Moreover, we used the fluorescent dye 4-(dicyanovinyl)-julo-

lidine (DCVJ) to obtain structural information of the sub-visible parti-

cles. DCVJ binds to cross-beta-sheet structures in amyloid-like protein

particles (Hawe at al. Pharm Research 2008). Amyloid-like protein

particles could be associated with an activation of the innate immune

system as was demonstrated for Amyloid beta peptides. For compari-

son, we used Micro-Flow Imaging, a state of the art technology for the

quantification of sub-visible particles.

Results: Immediately after reconstitution, the concentration of sub-vis-

ible particles varied significantly between the different rFVIII products

analyzed. The structural properties of the detected sub-visible particles

were similar in all freshly reconstituted products.

After exposure of freshly reconstituted rFVIII products to physical

stress, the total number of sub-visible particles increased significantly

in products containing B-domain deleted rFVIII, but remained con-

stant in products containing full length rFVIII. In addition, an

increased concentration of cross-beta-sheet containing sub-visible par-

ticles was found in B-domain deleted rFVIII products but not in full

length rFVIII products.

Conclusions: We conclude that rFVIII products containing full-length

rFVIII and products containing B-domain deleted rFVIII differ in

their intrinsic propensity to form sub-visible particles when exposed to

physical stress. Furthermore, products containing B-domain deleted

rFVIII seem prone towards formation of cross-beta-sheet containing

sub-visible particles when exposed to the physical stress conditions

tested in our studies. This could be due to the lack of glycosylation

sites contained in the B domain of FVIII. Whether these cross-beta-

sheet containing sub-visible particles are associated with increased

immunogenicity of FVIII remains to be investigated.

PO 147
Evaluation causes of deaths among individuals with
inherited haemophilia A & B in North-eastern Iran
Mansouritorghabeh H1, Lida M2 and Modaresi A3

1Ghaem Hospital; 2Hematology Lab; 3Dr. Sheikh Hospital,

Mashhad, Iran

Introduction: Inherited haemophilia A & B (HA & HB) are worldwide

bleeding disorders that affect all ethnic groups. It is estimated that

about 1,000,000 affected peoples with haemophilia exist in worldwide.

Determination of causes of death in haemophilia may be useful for

healthcare officials to program for elimination causes terminate to

death in haemophilia.

Patients and Methods: We know 552 cases with inherited bleeding dis-

orders in North-eastern Iran. Among them, there are 287 cases with

HA and 92 with HB. To determine number of death and causes of

deaths among them, a call phone established to each affected ones to

extract data and record in questionnaire form. The rough data entered

to software Prism version 5 and descriptive methods of analysis pre-

sented here.

Results: Overall among 379 cases with HA & HB, there were 43 deaths

as follow:

HA: Among 287 cases, there were 143 (49.8%) with severe type, 59

(20.6%) with moderate and 85 (29.6%) with mild. We could find 38

deaths among them youngest one was 3 months year old and oldest

one was 70 years old and mean of age among dead ones was

25.84 year. The oldest death was happened 52 years ago and newest

one has happened 2 years ago and mean of time passed of death time

was 15.6 years. The dead one included 29 severe type (76.31%), 5

moderate (13.15%) and 4 mild type (10.5%). The death’s causes

included 10 episodes of central nervous system (CNS) bleeding

(26.3%), 6 cases with post trauma bleeding (15.7%), 6 cases with vari-

ous cancers (15.7%), 4 cases with cirrhosis of liver (10.5%), 4 cases

due to various uncontrolled bleeding (10.5%), 3 cases due to HIV

infection (7.8%), 2 cases due to unknown cause (5.2%), and a case due

to heart problem (2.6%) and another a case due to uncontrolled post

surgery bleeding (2.6%).

HB: Among 92 cases, there were 43 (46.7%) with severe type, 33

(35.9%) with moderate and 16 (17.4%) with mild. We could find 5

deaths among them youngest one was 28 year old and oldest one was

76 years old with mean of 46.2 year. The oldest death was happened

50 years ago and newest one has happened 6 years ago and mean of

time passed of death time was 16.2 years. The dead one included 2

severe type, a moderate and 2 mild type. The death’s causes included 2

episodes of CNS bleeding (40%), 2 cases of liver cirrhosis (40%), and

1 case with severe nose bleeding.

Discussion: The most common cause of death in the group under sur-

vey was spontaneous or post trauma bleeding in CNS. As most of

patients in the current group are on-demand infusion of relevant coag-

ulation factors, it seems prophylaxis regimens may be useful in preven-

tion at least part of deaths due to CNS bleeding.

PO 148
Meta-analysis of Post Authorization Safety Studies:
worldwide postmarking surveillance of hemophilia A
patients treated with antihemophilic factor
recombinant plasma/albumin-free method rAHF-PFM
Marcucci M1, Cheng J1, Oldenburg J2, Schoenig-Diesing C3,

Matovinovic E3, Romanov V3, Thabane L1 and Iorio A1

1McMaster University, Hamilton, Canada; 2University Clinic

Bonn, Bonn, Germany; 3Baxter Healthcare Corporation, Westlake

Village, USA

Background: A rigorously designed Post-Authorization Safety Surveil-

lance (PASS) program on rAHF-PFM use in hemophilia A patients

has been conducted in Europe, US, Australia, Korea, Taiwan and

Japan to identify adverse events (AEs), strengthen inhibitor risk esti-

mates obtained from pivotal trials, and explore product effectiveness.

Aims: To synthesize evidence on rAHF-PFM safety in a standard clini-

cal setting by analyzing available data collected from registered PASS

studies conducted from 2004 to 2012.

Methods: Summary data was extracted from clinical study reports for

hemophilia A patients enrolled in rAHF-PFM-PASS in Europe (11

countries plus Italy as a stand-alone data collection), US, Taiwan and

Australia. Outcomes included: AEs (total, serious [SAEs] and treat-

ment-related), including inhibitors (total, high responding [HR], de

novo). Incidence rates were calculated using exact binomial method

and then pooled using random effects model, with heterogeneity mea-

sured using I2. Subgroup analyses consisted of the following: disease

severity, previous exposure to FVIII concentrates at enrollment (< or

≥ 50 exposure days [EDs]), inhibitor history, and on-demand/prophy-

laxis regimen.

Results: Overall 883 patients were included, followed up for over

1 year, mean EDs from 85 to 103 across 5 studies; 611 (69.2%) had

severe disease (FVIII:C < 1%), mean age ranged from 12.1 to

31.4 years. 524 of 596 (11.6%) patients reporting the number of previ-

ous EDs at enrollment were treated for ≥ 50 EDs. During the study,

440/883 patients (49.8%) were treated only on-demand, 353 (40.0%)

only according to a prophylaxis regimen. About 741 total AEs and 36

rAHF-PFM-related AEs (22 of which were inhibitors) occurred at a

rate of 2.2 (95% CI 1.2–3.3, I2 99%) AEs every 100 infusions and 3

(95% CI 0.7–6, I2 70%) rAHF-PFM-related AEs every 10,000 infu-

sions. Total SAEs (n = 79) and rAHF-PFM-related SAEs (n = 24,

22 of which were inhibitors) occurred at a rate of 10 (95%CI 5–20, I2

79%) SAEs and 2 (95%CI 0.3–3%, I2 57%) rAHF-PFM-related SAEs

every 10,000 infusions. The proportion of patients with at least one

rAHF-PFM-related AE was not significantly different among those

initially treated on-demand and those initially receiving prophylaxis

(2.8% vs. 4.0%, OR [95%CI] = 0.65 [0.19, 2.20]). Among the 22

patients positive for inhibitor (2.0%, 95%CI 0.3–3.6%, I2 39%), 10
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were de novo (i.e. without history of inhibitor; data on inhibitor titer at

enrollment was not available for every patient), 9 HR, and 6 were in

severe patients. Six of 524 (1.1%, 95%CI 0.05–2.2%) patients with

≥ 50 previous EDs developed an inhibitor (4 de novo, 1 HR, 3 in severe

patients).

Summary: Meta-analyzing data from rAHF-PFM-PASS conducted in

different countries confirmed in the routine clinical setting the overall

favorable safety profile of rAHF-PFM. Effectiveness and sources of

heterogeneity will be explored.

PO 149
Mortality and cardiovascular disease in patients with
haemophilia: a pilot study in a single centre
Mart�ınez-Marini T, Costa-Pinto MJ, Gomez-del-Castillo M,

Galego A, Carnero J, Echevarr�ıa P, Batlle J and L�opez-

Fern�andez MF

Complejo Hospitalario Universitario A Coru~na, La Coru~na, Spain

Improvements in haemophilia care and antiviral treatments led to

increasing longevity for persons with congenital haemophilia. Older

patients face not only challenges related to haemophilia but also to

general comorbidity associated with aging such as cardiovascular dis-

ease (CVD) because the risk factors are expected to increase. The pau-

city of data is evident and there are no guidelines to help treaters to

manage these patients.

Aims:

1 To analyze the morbidity and mortality of patients with haemo-

philia along the last 25 years in a single centre.

2 To investigate the cardiovascular risk factors and the actions taken

according to them.

Methods: This is a retrospective study of patients with haemophilia A

and B attending our hospital for the past 25 years (n = 144). The

medical records were reviewed and separated in two groups: Group I –
Dead patients until data analysis (n = 33) Group II – Patients attend-

ing regularly to our hospital (n = 81). A descriptive data analysis was

made due to heterogeneity of population included.

Results: In Group I we observed that mean of age at time of death was

29.53 years and 75.8% (25/33) were HIV positive. Causes of death in

HIV positive patients was in 30.3% (10/25) related to AIDS, 18.2%

(6/25) related to hemorrhage, 12.2% (4/25) related to hepatitis C virus

(HCV) infection and 5 other causes. Causes of death in HIV negative

patients (8/33) were: 2 haemorrhages, 1 related to HCV, 1 lung cancer,

1 sepsis, 2 other causes and only 1 cardiovascular disease that suffered

a intracraneal bleeding during a hypertensive crises.

In Group II (n = 81), 33.3%( n = 25) had severe haemophilia, 4%(

n = 3) moderate and 70.6% (n = 53) mild. The mean age was

36.8 years. A 28.4% (n = 23) had less than 21 years old and 71.6%

(n = 58) were older than 21 years. Comorbidities in adult’s popula-

tion was: 24.7% (20/81) had VHC infection being all adults, 8.6% (7/

81) wereHIV positive, 4.9% (4/81) had malignancies. A 56% (32/58) of

patients with more than 21 years had CVD risk factors (RF) (hyper-

cholesterolemia, hypertrigliceridemia, diabetes, hypertension, smoker,

over weight or obesity); 53.3% had 1RF, 31.2% had 2RF, 9.3% had

3RF and 6.2% had 4RF. Seven patients presented major cardiovascu-

lar complications. There were 3 venous thrombosis, one mesenteric

thrombosis that needed a shunt portal-cava, 1 deep vein thrombosis

treated with vitamin K antagonist for 6 months and 1 central catheter

related thrombosis that needed anticoagulation with heparin. There

was also 1 critic carotid stenosis, 1 mitral valve stenosis submitted to

surgery biological prosthesis valvular and 1 ischemic cardiopathy, all

of them treated with chronic antiagregation therapy. Finally 1 supra-

ventricular tachycardia that needed a catheterism with heparin.

Conclusions: Hemophilia patients have higher life expentancy and

morbid-mortality is changing to CVD and risk factors similar to the

general population. These findings suggest the need of CVD preven-

tion measures and establishment of guidelines to treat these patients.

PO 150
Effectiveness and safety of long-term treatment with
recombinant factor VIII formulated with sucrose for
hemophilia A in clinical practice of emerging-market
countries
Meddeb B1, Gouider E1, Andreeva T2, Al Zoebie A3, Chernova T4,

Mehadzic S5, Lyudmila N6, Brunn M7, Tueckmantel C7

and Rauchensteiner S7

1Service H�ematologie Clinique Hôpital Aziza Othmana, Tunis,

Tunisia; 2City Polyclinic N. 37, St. Petersburg, Russia; 3Sheikh

Khalifa Medical City, Abu Dhabi, United Arab Emirates; 4Kirov

Institute of Hematology and Hemotransfusion of Federal Medico-

Biological A, Kirov, Russia; 5Klinika za Pedijatriju, Sarajevo,

Bosnia-Herzegovina; 6Akmolinskaya Regional Hospital,

Kokshetau, Kazakhstan; 7Bayer HealthCare Pharmaceuticals,

Berlin, Germany

Background: Full-length recombinant factor VIII formulated with

sucrose (rFVIII-FS) was one of the first rFVIII products introduced

for patients with hemophilia A in many emerging-market countries. In

these countries, plasma-derived FVIII products are still used in the

large majority of patients with hemophilia A. Therefore, clinical evi-

dence on rFVIII products from these countries is still scarce.

Aims: This study aims to analyze the effectiveness of rFVIII-FS for the

treatment of patients with mild, moderate, and severe hemophilia A

under real-life conditions in countries from North Africa, the Middle

East area, and Eastern Europe and to gain further insight into the

safety profile of rFVIII-FS in daily practice.

Methods: Patients diagnosed with mild, moderate, or severe hemo-

philia A, treated according to standard clinical practice with rFVIII-

FS as their only source of FVIII, were enrolled in this study. Informed

consent was obtained by all study participants or their guardians. No

additional limitations on inclusion criteria were made. Patient charac-

teristics, treatment characteristics, joint status, laboratory tests includ-

ing inhibitor measurements, and adverse events (AE) were

documented on paper case report forms at enrollment, month 12, and

month 24 by the treating physician. The patients recorded their infu-

sions and bleeds in patient diaries. The study was approved by the rele-

vant ethics committees or authorities.

Results: One hundred and eighty-six patients were included from 51

centers in 11 countries. Mean age was 12.8 years (range, 0–55). One

hundred and seven (58%), 65 (35%), and 14 (8%) patients had severe

(< 1% FVIII), moderate (1–5% FVIII), or mild (> 5% FVIII) hemo-

philia A, respectively. About half of the sample (54.3%) was treated

with > 150 exposure days (EDs) before enrollment. One hundred and

eight patients (58.1%) were on prophylaxis with 1, 2, or 3 injections

per week from enrollment until study end, and 59 patients (31.7%)

were treated only on demand. An additional 15 patients (8.1%)

switched between prophylaxis and on-demand treatment during the

study, and four patients (2.2%) received inhibitor-adapted therapy.

About half of the patients (47.8%) had a target joint. Patient diaries

were available for 155 patients (83.3%). Patients with severe hemo-

philia A on prophylaxis reported a median of 0.0 (range, 0–23.8)
bleeds per year, whereas those treated on demand had a median of

14.6 (range, 2.1–50.9) bleeds per year. A 91.1% of bleeds in the whole

sample were treated with 1–2 infusions. For 27 of the 186 patients

(15%), a positive inhibitor test before enrollment was reported. 9/186

patients showed positive inhibitor test results during the study; of

these, 5 tested positive before enrollment, and 4 (2.1%)- all with < 150

EDs – had no positive inhibitor test documented before study inclu-

sion. Thirty-one patients (16.7%) reported 74 AEs, of which the 9

mentioned inhibitor cases were the only drug-related AEs.

Summary/Conclusions: This study reconfirms the evidence for rFVIII-

FS in effectively treating acute bleeds in patients with mild, moderate,

and severe hemophilia A as well as preventing bleeds via weekly pro-

phylactic injections. The safety profile is as expected in hemophilia A.
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Utility of thrombin generation test in laboratory
management of hemophilia A patients
Milos M, Coen Herak D, Zupancic-Salek S and Zadro R

Zagreb University Hospital Center, Zagreb, Croatia

Background: Based on FVIII activity, hemophilia A is classified as

severe, moderate or mild. Large heterogeneity between FVIII activity

and clinical severity has been observed among patients with hemo-

philia A, indicating that the residual level of FVIII is not the only

determinant of the clinical phenotype. Nowadays, new laboratory

methods that assess overall hemostatic potential have been developed,

with intention to better diagnose and monitor hemophilia A patients.

Aims: The aim of this study was to compare new commercially avail-

able thrombin generation test (TGT) with laboratory methods rou-

tinely used for monitoring hemophilia A patients. Obtained results

were correlated with known clinical parameters – age at first joint

bleed, number of joints with hemophilic arthropathy, number of

annual joint bleeds and annual FVIII consumption.

Methods: Total of 81 hemophilia A patients (all hemophilia A

patients) were included in the study and divided in severe hemophilia

A patients (N = 37) and non-severe hemophilia A patients (N = 44).

TGT was performed with Endogenous Thrombin Potential Test, set-

ting ETP-C for hemophilia patients on BCS-XP (Siemens Medical

Solutions Diagnostics, Germany). Four ETP parameters were mea-

sured: area under the thrombin generation curve (AUC), peak throm-

bin concentration (Cmax), time to peak thrombin concentration (t-

max) and time to signal beginning (t-lag). FVIII clotting activity

(FVIIIclot) and FVIII chromogenic activity (FVIIIch) was performed

on BCS (Siemens, Marburg, Germany).

Results: Weak correlation between AUC/Cmax and FVIIIclot/FVII-

Ich was found in all hemophilia A patients and non-severe hemophilia

A patients (r = from 0.306 to 0.596). No correlation was found in all

three groups of patients for t-lag and t-max parameters. Similarly, no

correlation was found between ETP parameters and clinical parame-

ters, except weak correlation between AUC/Cmax and age at first joint

bleed (r = 0.248 and 0.291, respectively). The cut-off value of

≤ 25.6 mA for AUC, obtained by ROC analysis, allowed the discrimi-

nation of patients in two groups that statistically differ in all clinical

parameters, with sensitivity and specificity of 86.5% and 47.7%,

respectively.

Summary/Conclusions: Although the AUC was the best discriminating

parameter in TGT, based on the obtained results, the used ETP-C

method did not fulfill, for the time being, the goals expected for a rou-

tine laboratory method. It seems that weak thrombin signal obtained in

hemophilia patients makes this method more sensitive to different ana-

lytical and preanalytical factors, that need to be resolved in the future.

PO 152
Progress report on the experience of immune tolerance
induction with a VWF/FVIII concentrate in
haemophilia a patients in Colombia
Montano C1, David G1, Rueda E1, Estupi~nan D1, Maza A1, De Los

Reyes I1, Martinez L1, Gutierrez C1, Escuriola C2 and Kreuz W2

1Hemolife, Pereira, Colombia; 2HZRM Hamophilie-Zentrum

Rhein, Walldorf, Germany

Background: The development of inhibitors to FVIII in up to 40% of

patients is currently a major medical obstacle affecting the quality of

life of treated individuals and is associated with increased treatment

costs. Immune Tolerance Induction (ITI) is the only therapy capable

of eliminating inhibitors. This therapy has longer been considered that

could not be done in developing countries because of its high cost, but

today there are several pharmacoeconomic studies have shown that

ITI is cost-effective compared to on-demand or prophylactic therapy

with bypassing agents.

Since the Hemolife program establishment in 2006, has sought to

improve the management of haemophilia patients in Colombia. In

order to provide the best treatment for haemophilia patients with

inhibitors, the Hemolife physician group decided to enrol their

patients into the Observational Immune Tolerance Induction study

(ObsITI).

Objectives: Evaluate and document data on the success rate of ITI in

haemophilia A patients with FVIII inhibitors treated according to the

Bonn protocol.

Compare the costs of ITI therapy with the costs of the prophylactic

treatment with bypassing agents.

Methods: Since September 2009, 20 patients with inhibitors and poor-

prognosis for ITI success have been treated with octanate for ITI

according to the Bonn protocol. The outcome was assessed according

to the stringent success criteria defined in the ObsITI study: Inhibitor

elimination (< 0.6BU), FVIII in vitro recovery of > 80%, and FVIII

half-life of > 7 h.

Results: Eight patients out of 20 were unfortunately excluded from the

research program: one because of difficult venous access, three changes

the treatment center, and 4 due to their insurance decision. The results

from 12 patients will be presented. Seven of 12 patients have achieved

negative inhibitor in a mean time of 3.7 months (range 2–8). Four of
these 12 patients have continued ITI without achieving negative inhibi-

tor in a mean time of 10.7 months (range 2–22) and the other patient

stopped ITI after 24 months and inhibitor title > 480BU.

Five (41.6% of 12) out of seven patients that have achieved negative

inhibitor title, have reached three success criteria in a mean time of

11.8 months (range 5–22). Of these, one patient has been on follow up

prophylactic treatment with octanate for 12 months without relapse,

and four patients are still in ITI and tailing-off the FVIII dose.

Cost-of-care analysis was performed for seven patients undergoing ITI

with octanate, and the results were compared to prophylactic treat-

ment with activated prothrombin complex concentrate (aPCC) and

rFVIIa. Average savings of ITI over 10 years per patient were esti-

mated at US$8.1 million compared with prophylactic treatment with

aPCC, and US$12.4 million compared with prophylactic treatment

with rFVIIa.

Conclusions: ITI with octanate has proven to be effective in inhibitor

elimination. ITI therapy is cost-effective and allows major savings to

the health system in comparison to the prophylactic treatment with

aPCC and rFVIIa, so every time more patients, even from developing

countries, should get the benefit of this therapy.

PO 153
Rapid immune tolerance induction following primary
immunologic prophylaxis in a hemophilia A patient
with high-titre inhibitor
Moorehead PC1, Thibeault L2, Tuttle A3, Grabell J3, Dwyre L2,

Silva M3, James P3 and Lillicrap D3

1Janeway Child Health and Rehabilitation Centre, St. John’s;
2Kingston General Hospital; 3Queen’s University, Kingston, ON,

Canada

Background: Observational studies suggest that primary immunologic

prophylaxis (PIP) – starting factor VIII (FVIII) exposure early and in

the absence of immunologic ‘danger signals’- may decrease the inci-

dence of FVIII inhibitors in hemophilia A patients. It is unknown

whether PIP might have other effects, such as altering the ability to

achieve tolerance in patients who do develop inhibitors or altering the

biologic parameters of their anti-FVIII immune response. The longitu-

dinal behaviour of anti-FVIII IgG1 and IgG4 levels during the early

phase of inhibitor development and immune tolerance induction (ITI)

has not previously been described. We report a case of rapidly success-

ful ITI in a boy with severe hemophilia A who developed an inhibitor

after PIP, along with analysis of his anti-FVIII IgG1 and IgG4 levels

over time.
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Methods: A boy with severe hemophilia A caused by a five base pair

insertion into exon 14 of the F8 gene started PIP with recombinant

FVIII (Advate) 10 IU/kg once weekly at 11 months of age, without

prior bleeding events or FVIII exposures. ITI, when started, was with

FVIII (Advate) 100 IU/kg once daily. Patient plasma collected at vari-

ous times was assayed for FVIII inhibitory activity with the Nijmegen

modification of the Bethesda assay. Plasma was assayed by ELISA for

anti-FVIII total IgG, IgG1 and IgG4. For total IgG and IgG1, positiv-

ity was defined as optical density at 490 nm (OD) more than 3 SD

above the mean OD of six normal plasma samples. For IgG4, OD

above blank values were obtained, without a positivity criterion.

Results: An inhibitor was detected after 5 exposure days (ED) with a

titre of 1.5 Bethesda units (BU). FVIII exposure continued until 19

ED. Nine days after last FVIII exposure, the inhibitor peaked at 19

BU. ITI started 8 weeks after last FVIII exposure at a titre of 9

BU. No inhibitor was detectable 6 weeks after initiating ITI. Levels

of anti-FVIII IgG1 and total IgG paralleled the Bethesda titres, with

both being below positivity at the same time that inhibitory activity

became undetectable. Levels of anti-FVIII IgG4 became detectable

later than IgG1 and FVIII inhibitory activity were found, and con-

tinued to increase after these other parameters had plateaued. IgG4

had decreased significantly when the other parameters became unde-

tectable.

Conclusions: Our patient underwent successful ITI in less than

6 weeks. Given that his Bethesda titre peaked at 19 BU, it should not

be assumed that this was a transient inhibitor. It may be that although

PIP did not prevent an inhibitor, it predisposed him toward rapid tol-

erance induction. The sequential generation of anti-FVIII IgG1 and

IgG4 is a novel finding, but the significance and generality of these as

prognostic biomarkers of the anti-FVIII immune response must be

established. Similar investigations should be undertaken in more

patients, with and without PIP.

PO 154
Frequency of FVIII inhibitor in patients treated with
plasma derived FVIII concentrates
Morongova A1, Batorova A1, Bubanska E2, Jankovicova D1

and Prigancova T1

1National Hemophilia Center, Bratislava; 2Regional Hemophilia

Center, Banska Bystrica, Slovakia

Background: Development of the inhibitors against FVIII is the most

challenging complication of the treatment of hemophilia. In the era of

using high purity FVIII concentrates we are witnessing the increasing

frequency of inhibitors in severere hemophilia. The results of studies

comparing inhibitor incidence in patients treated with plasma derived

FVIII (pdFVIII) and recombinant products (rFVIII) are inconclusive.

Most recently Gouw et al. (NEJM 2013) demonstrated the cumulative

incidence of clinically relevant inhibitors in 33.1% (high titer inhibitors

25.7%) of patients treated with pdFVIII, the frequency similar to that,

observed after rFVIII products. In Slovakia so far the majority of

hemophilia patients have been treated with pdFVIII concentrates, so

we evaluated the incidence of inhibitors in this patients group.

Methods: Since 1997 all severe hemophilia patients have been followed

systematically for the development of inhibitor, which was tested after

each 5, 10 and 20 exposure doses (ED) until the first 20, 50 and 80

exposures to FVIII, later on every 6 months. Inhibitors above 0.7 BU

or 0.5 Nijmegen BU confirmed by three consecutive tests were consid-

ered positive.

Results: Cumulative incidence of inhibitors was evaluated in 45 previ-

ously untreated patients (PUP′s) with severe hemophilia A (FVIII

< 1 IU/dL) born between 1997 and 2011 and followed at our two cen-

tres. Thirty nine PUP′s have been treated with pdFVIII, out of them

33 PUP′s reached more than 80 ED of pdFVIII. Eight and one patient

switched for rFVIII after reaching 80–100 and 4 ED of pdFVIII,

respectively. Inhibitors developed in 5/38 (13.2%) pdFVIII treated

patients after a mean 22 ED (10–27). The mean age at the inhibitor

detection was of 39 months (22–68). One, two and two inhibitors were

transient, low titre and high titre, respectively. No inhibitor was

observed in eight patients who switched for rFVIII after 80–100 ED of

pdFVIII, however, a patient with four exposures to pdFVIII devel-

oped low titre inhibitor after consecutive 21 ED of rFVIII. Yet rFVIII

was used from the beginning of replacement therapy in only four PUP′
s. Two of them developed high titre inhibitor at age of 14 and

18 months, after 20 and 40 ED of rFVIII, respectively, in absence of

risk factors such as major bleed, vaccination, infection, surgery and/or

intensive treatment.

All but one patient, who had transient inhibitor, have been treated

with immune tolerance induction (ITI) with a succesful outcome in 2

low and 3 high responders, respectively. The high dose ITI is still

ongoing in two high rersponders developing inhibitor after rFVIII.

Conclusion: Cumulative incidence of inhibitors in our severe hemo-

philia patients treated with pdFVIII was 13.2% (high titer-inhibitors

5.3%), much lower than that reported most recently in the literature.

Our group of patients is too small to evaluate the role of other confo-

undig inhibitor risk factors. However, the development of high-titer

inhibitors in 2/4 PUP ′s treated exclusively with rFVIII resulting in a

challenging management of this complication, is worying.

PO 155
Situation with haemophilia in Ukraine – the first
results of work of regional haemophilia center
Moroz G1, Gartovska I1, Derbeneva N2 and Vydyborets S1

1National Medical Academy for Postgraduate Education; 2Kyiv

regional oncological hospital, Kyiv, Ukraine

Organization of care for patients with hereditary diseases is an extre-

mely difficult problem. In historical terms, the model of care for

patients with haemophilia varied depending on the availability of

drugs clotting factors for substitution therapy. But the greatest posi-

tive effect on the dynamics of care to patients with impaired blood

clotting was observed in those countries that are centres for compre-

hensive health services for patients with haemophilia. This model of

care was one of the most successful public health programs in the

developed world. In Ukraine, mainly the organization of care for

patients with haemophilia was sent for treatment of complications of

the disease. This model of care for patients with haemophilia in the

absence of clotting factor concentrates, and then in a large deficit

drugs had the right to life, because doctors could only provide treat-

ment of complications of haemophilia in haematology departments.

Today Ukraine is gradually increasing funding and provision of

patient clotting drugs. In 2011–2012 pp. centralized purchasing and

procurement through regional budgets have been significantly

increased. In 2011, only for children had purchased 14 million IU, in

2012 – 16 million IU through centralized procurement for state pro-

grams. Additionally, each region held purchase factors for patients in

their region. Therefore, the provision of children in 2012 averaged

39,000 IU per one patient. The further increase in funding the pur-

chase of drugs, approved clinical protocols dramatically increase the

possibility of selecting certain types of treatment. The most effective

way to solve these problems is to create a multidisciplinary team of

specialists (haemophilia centers) in each region of Ukraine, which can

provide medical qualified service.

In 2012 regional haemophilia center for patients of Kyiv region was

established. For diagnostic coagulation studies and laboratory moni-

toring of therapy was purchased coagulometer and reagents. Under

the supervision of specialists regional center for haemophilia and other

disorders of haemostasis are 35 patients with severe haemophilia,

including – 23 patients with severe haemophilia A (13 – adults and 10

children), 11 patients with severe haemophilia B (8 – adults and 3 chil-

dren), and one patient with severe von Willebrand disease. Today

Regional Hemophilia Center provides diagnosis haemophilia,
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conducts qualitative and quantitative determination of inhibitors, clin-

ical and laboratory monitoring of treatment.

Thus, the regional haemophilia of Kyiv region commenced the imple-

mentation of modern principles of care for patients with haemophilia

and other disorders of haemostasis.

PO 156
Moba-Roku – a new internet assisted monitoring
system of home infusion program for hemophilia care
in Japan
Nakadate H, Ishiguro A, Namiki C, Furuoya Y, Mastmoto S

and Saito J

National Center for Child Health and Development, Tokyo, Japan

Background: In Japan, home infusion program for hemophilia patients

has become very popular. Many hemophilia patients have been treated

with home infusions of FXI or FVIII products by themselves or by

their parents. In this program, complete monitoring of infusion

records is priority of good care management for patients and for their

health care providers. We have two way of recording system of this

program, one is classical printed form type, another is new one – an in-

ternet assisted infusion recording system, which is through a mobile

phone and/or a personal computer (PC). With this system, patients,

their parents and health care providers can easily access the graphical

collections of data which have contained of bleeding sites, date of

bleedings occur, number of infusions, type of products, and etc., via

internet. We call this in Japanese ‘Moba-Roku’ which means mobile

phone assisted infusion recording system, provided by Baxter Japan,

and it is coming into wide use. This is the first presentation of the inter-

net assisted infusion monitoring system ‘Moba-Roku’.

Aims: In this report, we have evaluated the quality of this new moni-

toring system of home infusion program for hemophilia care.

Methods: We conducted two surveys aimed to evaluate this new moni-

toring system in August 2011 and April 2012. The questionnaires were

distributed among registered ‘Moba-Roku’ users who were patients

and their parents by email. Thirty-seven users responded to 1st survey

and 14 users responded to 2nd survey.

Results: In Japan, before introducing ‘Moba-Roku’, when hemophilia

patients had underwent infusion therapies, they had recorded home

infusion data through classical printed form type only, always record-

ing; 62.2%, sometime; 10.8%, seldom; 27.0%, respectively. But almost

of those records were kept left at their home, very few were seen by

their health care providers, therefore they might have not enough med-

ical consultation of disease status based on bleeding and infusion

records. After introducing ‘Moba-Roku’, they had recorded home

infusion data, always; 71.5%, sometime; 14.3%, seldom; 14.3%,

respectively. When they were going to record their infusion data with

this internet assisted monitoring system, through a mobile phone;

57.2%, through a PC; 35.7%, through either; 7.1%, respectively.

There no difference of frequency of infusion recording between the

classical printed form type and the new internet assisted one. But after

introducing ‘Moba-Roku’, 57.1% of patients and their parents had

consulted their health care providers with these graphical collections

of infusion data, when they had visited their clinics. Since 2010, our

facility also has introduced ‘Moba-Roku’ to 10 patients and it

enhances our daily practice communication between patients and our

hemophilia care team (physicians, nurses, pharmacists, etc.). We have

regarded it contributes to the good care of hemophilia patients.

Conclusion: The new internet assisted infusion monitoring system

‘Moba-Roku’ might enhance the quality of care management for

hemophilia patients themselves and also for their health care providers.

PO 157
Causes of death in a cohort of patients with
haemophilia in a Haemophilia Care Center in the last
5 years
Nu~nez RJ and Perez-Garrido R

Hemophilia Unit, Seville, Spain

Background: The increased life expectancy of the hemophilia popula-

tion, as a result of advances in factor replacement therapy and the

introduction of highly active antiretroviral therapy (HAART) has

enabled hemophiliacs to reach an older age. Since the 1970s, mortality

in the hemophilia population has been dominated by human immuno-

deficiency virus (HIV) and hepatitis C virus (HCV)-associated compli-

cations. However, age-related diseases such as cardiovascular

disorders and cancer, are being increasingly recognized in such

patients.

Aims: This abstract describes causas of death in a cohorte of patient

with haemophilia in a haemophilia care center in the last 5 years.

Method: A causes of death analysis was conducted among 257 patients

with haemophilia A and B (68 severe, 39 moderate and 152 mild hae-

mophiliacs), who were treated at the haemophilia care center in Sevil-

la. Information on mortality in our patient cohort was obtained from

the medical records.

We analized data on age, type and severity of haemophilia, modality

of treatment, inhibitor development, HIV and HCV status and cause

of death.

Results: Among the 257 haemophiliacs patients treated at our haemo-

philia center, eight deaths were observedbetween January 2008 and

December 2012. Their average age was 45.8 years (range 40–60).
Hemophilia type was A in all cases and severe in six cases, moderate

and mild in the other two patients, respectively. All patients were on

demand treatment, 4 with plasma-derived and 3 with recombinant fac-

tor VIII concentrates. One patient presented a high-titer inhibitor,

treated with bypass agent on demand. Six patients were HIV-positive,

all of them well controlled withHAARTand five of then were coinfect-

ed with HCV. Two patients presented chronic HCV infection. One

patient died of lung cancer, smoker as a risk factor. One severe haemo-

philiac died of a spontaneous intracranial haemorrhage. Two patients

died of HCV-associated complications; one of them, coinfected with

HIV and cirrhosis status and previus failure of conventional treatment

of chronic HCV infection, developed fatal hydropic decompensation

in relation to a new antiviral treatment. The other patient died of end-

stage liver disease. Four patients died of cardiovascular disease. A hae-

mophiliac A severe suffered an acute myocardial infarction after

administration of recombinant FVIII and died of a fatal ventricular

arrhythmias after apercutaneous coronary intervention. The second

patient, a haemophiliac with inhibitor, had a first coronary event after

infusion of a single dose of bypass agent; after 2 years in relation to a

surgery episode, he suffered a massive acute myocardial infarction.

The third patient, a moderate haemophiliac with several aging diseases

(atrial fibrillation, cardiac valvulopathy and cirrhosis), died of an

acute myocardial infarction. The last patient died of a ruptured

abdominal aorta aneurysm.

Conclusion: Infection with HIV and HCV continue to play dominant

roles in the older hemophilia population. However, after introduction

of HAART the causes of mortality are changing in the last years. The

results of this study show that cardiovascular diseases have become a

new challenge for physicians working in hemophilia centers and under-

line the need to optimize the management of ischemic heart disease in

hemophiliacs.
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Filling the gap on long-term joint health and HRQoL
outcomes data in hemophilia A using a single product
(rAHF-PFM), non-interventional registry, AHEAD
Oldenburg J1, Tsakiris D2, Abraham I3, Brondke H3, Pirck M4,

Engl W4, Loew-Baselli A4, Pina P4 and Spotts G5

1Institute for Experimental Haematology and Transfusion

Medicine, Bonn, Germany; 2Umiversity Hospital Basel, Basel,

Switzerland; 3Baxter Deutschland GmbH, Unterschleibheim,

Germany; 4Baxter Innovations GmbH, Vienna, Austria; 5Baxter

Healthcare Corporation, Westlake Village, CA, USA

Background/Aims: Hemophilic arthropathy resulting from recurrent

joint bleeds leading to joint damage – is a major cause of disability in

patients with hemophilia A. Most post-approval safety surveillance

studies in hemophilia A however only monitor safety and effectiveness

for 6–12 months leaving a gap in our understanding of longer-term

joint health outcomes and health-related quality of life (HRQoL). The

ADVATE (rAHF-PFM) Hemophilia A Database (AHEAD) study is

designed to capture long-term outcomes data on patients with hemo-

philia A in Germany and other European countries receiving treat-

ment under routine practice setting including on-demand therapy,

primary or secondary prophylaxis, or immune tolerance induction

therapy. Data is being collected from patients prescribed rAHF-PFM

using standard dosing treatment regimens as well as emerging treat-

ment practices including individualized pharmacokinetic (PK)-guided

prophylaxis dosing. Study endpoints include long-term joint health

outcome and other hemophilia-related co-morbidities, HRQoL, effec-

tiveness and safety.

Materials and Methods: Eight hundred and fifty subjects with hemo-

philia A (FVIII ≤ 5%) are to be enrolled (500 in Germany; 350 from

other European countries). Informed Consent is required; study to

comply with Declaration of Helsinki. Joint health will be assessed

using physical examination as well as routinely used imaging technolo-

gies. HRQoL will be measured using validated questionnaires such as

SF-10 or SF-12, hemophilia-related co-morbidities and safety and

effectiveness will be measured using standard methods. The protocol

has been amended to capture additional data on the determination of

individual PK parameters and dose calculations used in PK-guided

prophylaxis dosing. Study enrollment began in 2010 in Germany and

2011 in other European countries. Subjects will be observed for

4 years; enrollment continues through 2015.

Results: As of January 2013, 469 patients (318 in Germany and 151 in

other European countries) have been enrolled at 43 initiated sites in

Belgium, Czech Republic, Denmark, Greece, Hungary, Italy, Portu-

gal, Spain, Sweden, Switzerland, and the UK, and from 30 sites in

Germany.

The mean age (range) for the ‘European’ and German cohorts is 20.8

(0–68) and 28.6 (1–80) years, respectively. In both study arms, most

patients had severe hemophilia A (FVIII < 1%): 52% in ‘Europe’

(n = 78) and 76% in Germany (n = 242), and were receiving prophy-

laxis: 66% in ‘Europe’ (n = 100) and 74% in Germany (n = 236). At

baseline, 35% of patients in the ‘European’ cohort showed at least one

joint with arthropathy. In the German cohort, 40% of patients exhib-

ited at least one joint with arthropathy at baseline. Of the 469 enrolled

patients, 19 patients in Germany have been followed for 2 years, and

123 for 1 year; 38 patients in ‘Europe’ have been followed for 1 year.

Conclusions: The AHEAD study will capture important long-term out-

comes data on a broad patient population using rAHF-PFM in rou-

tine clinical practice. The amended protocol will also facilitate

collection of outcomes data on new, emerging treatment practices such

as individualized PK-guided dosing. These data will fill an important

gap in the current literature and may provide insights on best treat-

ment practices and patient variables related to good long-term out-

comes.

PO 159
A study of risk factors for the development of FVIII
inhibitors in Indian severe haemophilia A patients
Pinto P, Ghosh K and Shetty S

National Institute of Immunohaematology (Indian Council of

Medical Research), Mumbai, India

Background: Development of ‘FVIII Inhibitors’ or alloantibodies to

Factor VIII in patients with congenital haemophilia A is a serious

complication of FVIII replacement therapy. It prevents the efficient

clinical management of these patients, particularly those with severe

haemophilia A, and leads to a substantial increase in mortality, as well

as in the frequency and cost of management of bleeds among these

patients, especially post-operatively. Inhibitor development in haemo-

philia A patients is thought to be complex and influenced by various

genetic and non-genetic risk factors. Associations with various risk

factors have been suggested in different populations. In earlier studies

in Indian haemophilia A patients, IL10 haplotypes and TNFA

rs1799724 promoter polymorphisms have been found to be signifi-

cantly associated with inhibitor development, while four exonic non-

synonymous FVIII SNPs, G1679A [R484H], A2554G [R776G],

C3951G [D1241E], and A6940G [M2238V], whose haplotypes encode

six wild-type FVIII proteins (H1 – H6) have not been found signifi-

cant.

Aim: The aim of this study was to analyse the association of other

genetic (HLA) and non-genetic (treatment-related) risk factors with

inhibitor development in Indian severe haemophilia A patients.

Methods: One Hundred Indian severe hemophilia A patients, (40 con-

secutive inhibitor positive patients and 20 concordant/discordant fam-

ily members, as well as 40 consecutive inhibitor negative control

patients (over 10 years of age with > 10 exposures to treatment prod-

ucts) were included in the study after their informed consent. The

study was approved by the Institutional Ethics Committee for

Research on Human Subjects of the National Institute of Immunohae-

matology (ICMR), Mumbai. A clinical proforma was designed to

record patient details. HLA- DRB1 and DQB1 alleles were genotyped

by PCR with Sequence Specific Primers (SSP), using the AllSet+TM

Gold SSP HLA-DQ and HLA-DR Low Resolution kits (Invitrogen,

USA). The results were analysed for statistical significance by Fisher’s

exact test.

Results: The mean age of the inhibitor positive patients was 24.57 (6–
55 years) and mean lifetime exposures to treatment products was

19.22 (4–43); and the mean age of the inhibitor negative patients was

28.30 (12–65 years) with 43.625 (15–220) mean lifetime exposures.

Among the inhibitor positive patients, 31/40 (77.5%) patients were

high-responders (> 5 BU/ml). The HLA-DRB1*13 allele (P: 0.048)

and the HLA-DQB1*05/*06 (P: 0.025) genotype were found to be sig-

nificantly higher in the inhibitor positive samples as compared to the

controls, in the samples studied so far. Treatment-related risk factors

such as type of treatment product and exposure to treatment products

before the first year of life (22.5% inhibitor positive patients vs. 12.5%

inhibitor negative patients) were not significantly different.

Conclusion: The association of these factors with other risk factors

such as FVIII mutations also, could provide useful insights into the

FVIII immune response, and possibly influence timely prediction, pre-

vention and treatment of FVIII inhibitors.
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Impact of rAHF-PFM prophylactic treatment on annual
bleeding rate and health-related quality of life of
adults with severe hemophilia A
Quon DV1, Shapiro AD2, Santagostino E3, Valentino LA4,

Epstein JD5, Guzman-Becerra N5, Schroth PH5 and Wong WY5

1Los Angeles Orthopaedic Hospital, Los Angeles; 2Indiana

Hemophilia and Thrombosis Center, Indianapolis, IN, USA;
3IRCCS Maggiore Hos, Milan, Italy; 4Rush University Medical

Center, Chicago; 5Baxter Healthcare, Westlake Village, CA, USA

Background: Limited prospective data exists comparing on-demand

and secondary prophylaxis in an adult-only population.

Aims: Assess the annual bleeding rate (ABR) and health-related qual-

ity of life (HRQOL) for adults who switched from on-demand to sec-

ondary prophylaxis in the rAHF-PFM Prophylaxis Study.

Methods: Patients previously treated on-demand with FVIII levels

≤ 2% received 6 months of on-demand treatment and were then ran-

domized to 12 months of either standard (20–40 IU/kg every other

day) or pharmacokinetic (PK)-tailored (20–80 IU/kg every third day)

prophylaxis. All adults (≥ 18 years) from this study were selected for

this post-hoc, subgroup analysis. ABR and HRQOL (measured using

the SF-36) were compared between the end of the on-demand and pro-

phylaxis phases. Bleeding events and HRQOL were also assessed lon-

gitudinally to understand how quickly prophylaxis impacted these

outcomes. Informed patient consent and ethics board approval was

received for this study.

Results: The intent-to-treat adult subset analysis included 55 subjects.

The median (range) patient age was 30 (18–59) years. The median

(IQR) ABR during on-demand treatment was significantly reduced

from 43.7 (26.1) to 1.0 (4.1) using either prophylaxis regimen

(P < 0.0001). During on-demand therapy, the median interval between

bleeding episodes was 7.1 days, however, after initiating prophylaxis,

patients experienced a median of 155.3 consecutive bleed-free days

(P < 0.0001). Statistically and clinically significant improvements in

physical HRQOL were reported following 12 months of prophylaxis

(P = 0.0035). This improvement was explained by significant

improvement (P < 0.001) in Bodily Pain after 3 months of prophylaxis

which approached average pain levels reported by the general US pop-

ulation and was sustained for the entire 12-month period.

Summary/Conclusions: Adults patients who initiated secondary pro-

phylaxis quickly saw a significant reduction in their ABR and subse-

quent improvement in their physical HRQOL.

PO 161
Prophylaxis in adults hemophiliac patients with severe
arthropathy
Ramirez CA1, Valencia G2, Arias D3, Arteaga A2 and Madrid M2

1IPS Especializad, 2IPS Especializada; 3IPS Especializaa, Bogota,

Colombia

Primary Prophylaxis is the standard management for patients with

haemophilia. Prophylaxis started in adulthood improves orthopedic

scores, decreases hemarthrosis frequency, physical disability, hospital-

ization rates, school/work absenteeism and has a positive impact on

quality of life. However, prophylaxis in adults has many barriers and

involves very high cost. Scientific evidence is limited. We described a

cohort of patients treated in a developing country.

Methods and Results: Twenty-four adult hemophliac patientes, treated

in a hemophlia center in Bogot�a, Colombia has been followed during

18 months. Age: 32.years (-range 18–63). Eighty percent with Hemo-

philia A, 20% hemophilia B. Seventy-six percent received plasma-

derived factor, 22% is given recombinant factor. One patient with

inhibitors is receiving FEIBA. All patients have severe arthropaty,

32% refers permanent or most of the time joint pain and 24% are

complety disabled. Prophylaxis infusion frequency (number/week)

2.28 (2–3), prophylaxis dose (IU/kg week): 15.6 (7.8–23). Mean num-

ber of bleeds in 18 months was 3.8. During following there were no

life-threatening bleedings. There were only two hospitalizations due to

hemorrhage. Quality of life was assessed with SF-36. Emotional role,

mental health, social function and livelness were score above 70.

Conclusions: Prophylaxis in adults with hemophilia and artropathy is

feasible in a developing country. Our patients has very low bleeding

and hospitalization rates, prophylaxis factor dose is relative low in

comparison with established doses for other series. Prophylaxis has a

positive impact on quality of life.

PO 162
Immune tolerance induction in adult severe
haemophilia a patients with a single FVIII/VWF
product: the UK experience
Rangarajan S1, Yee TT2 and Roy A3

1Hampshire Hospital NHS Foundation Trust, Basingstoke; 2Royal

Free Hospital, London; 3Basignstoke and North Hampshire

Hospital, Basignstoke, UK

Background: In haemophilia A patients, the development of neutralis-

ing antibodies against their replaced exogenous Factor VIII treatment

greatly increases the risk of developing major bleeding complications.

Immune tolerance induction (ITI) treatment protocols based on the

regular infusion of FVIII are the currently recommended intervention

for this serious complication, with the goal to eradicate the inhibitor

and to return to effective treatment with FVIII.

Aim: To evaluate the outcome of primary and rescue ITI in adult

severe haemophilia A patients with a single plasma derived FVIII/

VWF product (Fanhdi�, Grifols, Barcelona, Spain).

Methods: Retrospective data were analyzed from severe hemophilia A

patients (FVIII < 1%) with inhibitors from threeUKcenters. Com-

plete success was assessed as clearance of the inhibitor, partial success

when the inhibitor was reduced to less than 5 BU and the patient

responds effectively to Factor VIII replacement without needing

bypassing therapy. Results:Results are presented for nine adult

patients (ages 28–74) who underwent primary ITI (8 patients) or res-

cue ITI (1 patient) with FVIII/VWF concentrate. Treatment regimens

ranged from 40 IU/kg three times a week to 200 IU/kg per day. In the

primary ITI patients, mean peak inhibitor was 30.5 BU (range 0.9–93),
mean titre at start of ITI was 6.1 BU (range 0.6–22.9) and mean ITI

duration was 6.9 months (range 1–16). In the rescue ITI patient, peak

inhibitor was 1000 BU, titre at start of ITI was 16 BU and ITI dura-

tion was 12 months. Immune tolerance was achieved in all eight pri-

mary ITI patients, of which 7/8 achieved complete success. Partial

success was achieved in one patient. ITI failed in the one and only res-

cue patient. The overall rate of complete success was 77.7%. No

patients were observed to relapse in a mean follow-up period of

5 years (range 1.3–6.7).
Conclusion: The observed outcomes in ITI with Fanhdi� confirm other

recently published data which demonstrate high success rates with this

type of product.

PO 163
Intracranial hemorrhage in hereditary bleeding
disorders: the experience of C�ukurova University
Hemophilia Center
Sasmaz I, Antmen B, Karagun BS, Leblebisatan G, Yilmaz M

and Kilinc Y

Cukurova University, Adana, Turkey

Background: Intracranial hemorrhage (ICH) is a life threatening com-

plication of hereditary bleeding disorders in childhood resulting in

high rates of mortality and disabling sequelae.
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Aim: In this study, we evaluated our patients with intracranial hemor-

rhage and compared with literature.

Patients and Methods: From 1995 to 2012, 21 patients with intracranial

hemorrhage were diagnosed and evaluated in C�ukurova University

Hemophilia Center. ICH episodes, the findings of physical examina-

tion, CT scan or MRI and treatment strategies including surgical inter-

ventions were reviewed retrospectively.

Results: We evaluated 22 episodes of ICH from 21 patients with hered-

itary congenital factor deficiencies (CFD). Age range was from 9 days

to 12 years. There were 15 patients with hemophilia A, 2 patients with

hemophilia B, 2 patients with factor VII deficiency, 1 patient with fac-

tor X deficiency, 1 patient with von Willebrand disease. Two patients

with factor VII deficiency, 1 patient with factor X deficiency and 1

patient with von Willebrand disease were female. Except one patient

with factor X deficiency, all patients had one bleeding episode. Two

patients had a high titer inhibitor against factor VIII. The most impor-

tant factor was trauma. A history of recent trauma was documented in

10 patients. Intracerebral and subdural hematoma were more fre-

quently seen. The most frequent symptoms were seizure and headache.

The diagnosis of hemophilia was established in five patients after intra-

cranial hemorrhage who referred to our center with ICH. In nine

patients, hematoma was evacuated. Three hemophilia patients died

due to ICH and four patients presented late sequelae.

Conclusion: Intracranial hemorrhage is the most serious complication

in childhood, especially for hereditary bleeding disorders. Urgent

establishing diagnosis and treatment with prompt doses of factors to

initially maintain a normal concentration of circulating factor is man-

datory. Despite the prompt treatment, death and late sequelae can be

seen in this patients group.

PO 164
Treatment of outpatient dental extractions in persons
with inherited bleeding disorders
Schafer KL, Funke EA, Ducore JM and Powell J

University of California, Davis, Sacramento, CA, USA

Background: Excessive bleeding after tooth extraction is a common

risk for patients with Hemophilia A, Hemophilia B and von Wille-

brand disease. Current treatment uses clotting factors or desmopressin

acetate and oral antifibrinolytics to prevent prolonged bleeding; how-

ever, there are few well-defined protocols based on prospective studies

available for the prevention of post-dental extraction bleeding.

Aims: We completed a retrospective review of our treatment center’s

experience in the management of patients undergoing dental extraction

to evaluate the effectiveness of our protocol in preventing delayed

bleeding. We evaluated use of additional clotting factor, hospitaliza-

tion or patients who had delayed bleeding.

Methods: Four hundred and fifty charts of persons with bleeding disor-

ders were reviewed and 27 patients who had undergone dental extrac-

tions were identified. The protocol included collaboration with

community dentists and local hematologists. For patients with moder-

ate or severe Hemophilia A or B, and von Willebrand Type II or III, a

factor infusion was administered to raise factor levels to at least a pre-

dicted 80% correction. In some patients, this peak was measured by

appropriate laboratory tests. Patients with von Willebrand disease,

type I were treated with a dose of desmopressin acetate nasal spray

one h prior to procedure. All patients were treated with oral amino-

caproic acid, 100 mg/kg every 6 h for 5–7 days. A phone call was

made immediately after the procedure to assess bleeding complica-

tions. Further follow up was determined as needed.

Results: Twenty-seven patients with hemophilia A (n = 12) or Hemo-

philia B (n = 8) and von Willebrand disease (5 = type 1, 2 = type 2 or

3) underwent single extractions, third molar extractions or multiple

extractions in outpatient dental offices. Twenty-two patients with

uncomplicated bleeding disorders did not experience delayed bleeding

nor did they require treatment with additional doses of factor or

admission to the hospital. All delayed bleeding episodes occurred in

patients with complicated bleeding disorders. One patient with an

active high titer inhibitor required additional treatment with bypassing

agents for 3 weeks; one patient stopped his oral antifibrinolytics at

day 2, experienced delayed gingival oozing and required five additional

doses of factor daily; one patient with a psychiatric history was treated

with factor infusions daily for 1 week for complete dental extraction.

Two patients with complicated medical histories were admitted to the

hospital and not treated with the usual protocol: one with a history of

intracranial hemorrhage and transportation difficulties and one with

HIV and Hepatitis C-related thrombocytopenia.

Summary/Conclusion: Our data indicate that the treatment protocol

we use for routine dental extraction is safe and effective in preventing

excessive bleeding after tooth extraction in persons with uncompli-

cated Hemophilia A, B and von Willebrand disease. Our experience

suggests that persons with complicated bleeding disorders should be

considered for additional treatment. Our protocol, when used in col-

laboration with community dentists, could be used as a guide for those

treating patients with inherited bleeding disorders, and as a protocol

for prospective studies of treatment regimens for dental procedures.

PO 165
Surgery in hemophilia – a real therapeutic challenge for
a low-resource country
Serban M1, Poenaru D2, Ionita H2, Patrascu JM2, Ursu CE3,

Savescu D3, Jinca C3, Talpos-Niculescu S2, Lacatusu A4 and Ritli L5

1Children Emergency Hospital Louis Turcanu Timisoara;
2University of Medicine and Pharmacy ‘Victor Babes’; 3Children

Emergency Hospital ‘Louis Turcanu’, Timisoara; 4Medical center

of evaluation and rehabilitation for children ‘Cristian Serban’,

Buzias; 5University of Medicine and Pharmacy Oradea, Oradea,

Romania

Introduction: Surgery is a big challenge in the developing world

because of low accessibility and availability to an adequate substitu-

tion.

Objectives: We aimed at evaluating the outcomes of surgical proce-

dures in our conditions of substitution, of obstacles and difficulties we

met during surgery, assessing the risks and complications we were con-

fronted with.

Patients and Methods: Our descriptive observational retrospective

study included 171 surgical procedures, undertaken on 101 patients

(83- hemophilia A, 13 -hemophilia B and 5- von Willebrand disease,

92.07% of them with severe form) over a period of 11 years. In

15.84% of cases-2, in other 10.89% of cases – 3 and in 14.85% more

than 3 interventions have been undertaken, respectively.

Methods: Invasive elective procedures were predominant (84.80%) vs.

emergency measures (15.20%). We considered that 35.67% of surgical

interventions were major, 21.63% intermediate and 42.69% minor. By

the type of surgery, the orthopedic interventions prevailed (69%), fol-

lowed by complex stomatological (17.54%) and thoraco-abdominal

surgery (11.69%). The rate of complications was highest in major sur-

gery (67.79%), compared with moderate (20.33%) and minor

(11.86%) interventions. Their proportion was more important in

patients who underwent emergency (63, 63%) vs. programmed inter-

ventions (46.83%). The main obstacles were: low dosage (10.89%),

short duration of substitution (21.78%) or/and usage of native blood

products (6.93%), leading to increased postsurgical bleeding (38.61%)

and post-hemorrhagic anemia (25.74%); local infections complicated

the evolution in 8.91% of cases; the main threatening complication

was the development or increase of low (3.96%) or high (2.97%) titer

inhibitors; the risk of blood borne infection or thrombotic accident

was low (0.99%). The general outcome was encouraging: life-saving in

32.67%, improving the quality of life with assurance of professional

and social insertion in 67.32%.

Conclusion: Surgery is a high demanding intervention in hemophilia,

which cannot be ignored in a low resource country. It acts as lifesav-
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ing, life prolonging and quality of life improving measure. An emer-

gency depot is needed in each Hemophilia Treatment Center, and a

latent therapeutic demand of factor concentrates has to be calculated

in order to avoid the use of native blood products and complications.

PO 166
Quality of life and well-being of haemophilia patients
and parents in China: subgroup analysis of the HERO
study
Sun J1, Yang R2, Zhao Y3, Wang X4, Wu J5, Zhang X6, Guan T7

and Iorio A8

1Nanfang Hospital, Southern Medical University, Guangzhou;
2Institute of Hematology & Blood Diseases Hospital Chinese

Academy of Medical Sci, Tianjin; 3Peking Union Medical College

Hospital, Beijing; 4Ruijin Hospital, Shanghai Jiao Tong University

School of Medicine, Shanghai; 5Anhui Provincial Hospital, Hefei;
6Blood Centre of Shandong Province, Jinan; 7Hemophilia Home

of China, Beijing; 8McMaster University, Hamilton, ON, Canada

Background: Haemophilia A (HA) and B (HB) are serious congenital

bleeding disorders, whose prognosis and outcomes are improved by

comprehensive care and access to treatment. Bleeding and complica-

tions have negative influence on patients’ and parents’ daily life and

social relationships, and can induce psychosocial problems. The Hae-

mophilia Experiences, Results and Opportunities (HERO) study’s pri-

mary objective was to quantify the impact of key psychosocial factors

affecting people with haemophilia (PWH). Questionnaires targeting

PWH ≥ 18 years and parents of patients < 18 years were used to col-

lect information on demography, social relationships and treatment in

this survey involving 10 countries. EuroQoL-5D (EQ-5D) Index was

used to assess quality of life (QoL).

Aims: To present and compare data on QoL and well-being in the

HERO study between China and other countries.

Methods: A descriptive comparative analysis of Chinese patients’ and

parents’ subgroups.

Results: Overall, 675 patients and 561 parents were recruited, of which

110 (16.3%) patients and 58 (10.3%) parents were from China. There

were 40.0% and 89.7% of Chinese patients and parents married or in

a long-term relationship (60.0%, P < 0.01 and 83.5%, P = 0.22 for

non-Chinese). For Chinese PWH: The overall mean EQ-5D score

(healthy subject score = 1.00) was 0.71 (0.75 for non-China,

P = 0.07). Mean scores for subgroups by disease were 0.72 (HA) and

0.68 (HB), and mean scores for subgroups by treatment were 0.70 (on-

demand), 0.87 (prophylaxis) and 0.73 (on-demand with situational

prophylaxis). Issues with mobility (71.8%), self-care (27.3%), usual

activities (58.2%), pain/discomfort (65.5%) and anxiety/depression

(60.0%) were noted in higher percentage than those reported in non-

China except pain/discomfort. Overall, 36.4% (28.7% for non-China,

P = 0.11) reported self-assessing ‘health’ scores ≤ 50 using a 100-

point scale. And 13.6% (7.4% for non-China, P < 0.05) thought that

pain interfered ‘extremely’ with their daily life, while 32.7% (14.9%

for non-China, P < 0.0001) rated this as ‘quite a lot’. Only 7.3%

received psychological treatment in the past year (25.3% for non-

China, P < 0.01). For Chinese parents: The percentages of Chinese vs.

non-Chinese parents hiding haemophilia from others (60.3% vs.

13.3%, P < 0.0001), feeling too much pressure (37.9% vs. 17.1%,

P < 0.01), considering that the close relationship with partner was

hampered (27.6% vs. 16.7%, P < 0.05) and preventing patients from

‘too dangerous’ sports (89.7% vs. 50.9%, P < 0.0001) were signifi-

cantly higher. Significantly less Chinese parents thought that haemo-

philia ‘did not prevent desired holidays’ (37.9% vs. 69.6%,

P < 0.0001) or ‘did not influence their son’s school relationships’

(36.2% vs. 56.1%, P < 0.01). Altogether, 25.9% received psychologi-

cal treatment in the past year (24.3% for non-China, P = 0.79). On a

7-point scale (where a higher score indicated more optimistic attitude)

for patient/parent future outlook, the mean score in China was 4.22/

3.96 (5.13/5.64 for non-China, P < 0.0001/P < 0.0001), with a signifi-

cantly lower percentage scoring 7 point (very optimistic) than their

counterparts in non-China (11.8%/0.0% vs. 23.5%/30.6%, P < 0.01/

P < 0.0001).

Conclusion: Haemophilia impacted QoL of patients and families more

in China than in other countries in the study. A few of Chinese

patients and parents received psychological support and treatment.

Chinese patients and parents were not as optimistic about future out-

look as their counterparts from other countries.

PO 167
Adult onset high titer inhibitor disappeared in a patient
with congenital hemophilia A after immune tolerance
induction therapy
Suzuki T

Tokyo Medical University, Tokyo, Japan

Background: Factor VIII (FVIII) inhibitors most frequently develop in

patients with severe hemophilia A during relatively young ages and in

the early stage of their replacement therapy.

Objective: We report the case of a 38 year-old male patient with severe

hemophilia A in whom recently developed FVIII inhibitor was eradi-

cated after immune tolerance induction therapy (ITI).

Clinical course: The patient was diagnosed at 3 months of age because

of his bleeding tendency, which was not present in any of his family

members. The patient was treated with plasma-derived FVIII concen-

trate until 2003 and recombinant product (rFVIII) thereafter. On first

detection in 2002, his FVIII inhibitor titer was 1.6Bethesda Units

(BU)/ml. Thereafter, the inhibitor titer increased gradually to 2.4 BU/

ml in 2004 and 5 BU/ml in 2007. The patient and his general practi-

tioner did not attempt to rectify the low inhibitor titer because the

FVIII concentrate continued to be effective for his subcutaneous and

joint bleeding. The frequency of his subcutaneous hemorrhages

increased from around 2004 and increased doses of FVIII concentrate

ceased to provide an adequate hemostatic effect. Thus, he visited

another general hospital. In 2008, his inhibitor titer rose to 8 BU/ml.

In 2009, when he moved to the hemophilia treatment center in our uni-

versity hospital to plan his therapeutic options, his inhibitor titer was

17.9 BU/ml. His screening examination showed no significant findings

with respect to autoimmune diseases. Episodic on-demand treatment

with FVIII concentrates was discontinued and treatment with a low-

dose protocol of ITI, 50 U/kg of rFVIII, Advate� (Baxter Inc.), 3

times a week, was introduced.

Result: After starting ITI, his inhibitor titer reached a maximum

36.8 BU/ml in the third week of treatment. However the titer declined

slowly and episodic bleedings decreased. After 1 year of ITI treatment,

the inhibitor was eradicated (< 0.6 BU/ml, more than 70% of the

recovery). At present the patient has been receiving the same regimen

as a regular replacement and there has been no relapse. At the time of

writing, only a few results regarding the usage of ITI in adult patients

with congenital hemophilia A has been reported.

Conclusion: ITI treatment was thought to be worth considering for

inhibitor patients who have not yet received it, and even for older

patients or patients in whom ITI treatment failed without the patient

receiving sufficient dose or completing the full course of treatment.

Informed consent was obtained from the patient concerned and the

authors state that they have no conflict of interest in this study.
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PO 168
Surgery in FVIII inhibitor patients: single center
experience of 13 procedures in 8 patients
Teitel J1, Sholzberg M1 and Floros G2

1University of Toronto; 2St. Michael’s Hospital, Toronto, ON,

Canada

Background: Surgery in congenital and acquired hemophilia A patients

with factor VIII inhibitors is problematic. There are no widely

accepted consensus guidelines for managing surgery in these patients.

As inhibitor patients are generally refractory to replacement therapy

with factor VIII concentrates, achieving hemostasis requires the use of

the inhibitor bypassing agents activated prothrombin complex concen-

trate (APCC) or recombinant activated factor VII (rFVIIa). Porcine

plasma-derived factor VIII was used as a bypassing agent in the past,

but is no longer available. Bypassing agents are less reliably effective

than replacement therapy, and there are no widely available or vali-

dated laboratory assays to monitor their efficacy.

Aims: Our aim is to share our experience of consecutive major and

minor surgical procedures in inhibitor patients done in a single adult

hemophilia treatment center over a period of 14 years.

Methods: Between 1998 and 2012 we performed 13 surgical procedures

in eight inhibitor patients using all three inhibitor bypassing agents.

The nature of the procedures, hemostatic management protocols, and

outcomes of these consecutive, unselected cases will be reviewed.

Results: Six patients had severe and one had mild congenital hemo-

philia A; one had acquired hemophilia. All had longstanding factor

VIII inhibitors. Patient ages at the time of surgery ranged from 20 to

74 years. The surgeries included: 4 major orthopedic procedures in

three patients (2 total knee arthroplasties, 1 ankle arthroplasty, 1 ankle

fusion); four dental surgeries in two patients; one pacemaker implanta-

tion (in the acquired hemophilia patient); two nasopharyngoscopies

with biopsies and cauterization (in the same patient); one craniotomy

(bilateral burr holes); and 1 tracheostomy. The surgeries were done

under cover of treatment with APCC, rFVIIa, or porcine factor VIII

concentrate. One procedure, a tooth extraction done with APCC in a

congenital hemophilia patient, had a poor outcome; he had severe

bleeding which required intensive care admission, sequential rFVIIa

and APCC, and lingual artery embolization. One knee arthroplasty

done with APCC had a fair outcome; early re-bleeding occurred,

which was felt to be due to excessively rapid tapering of APCC, and

which responded to more intensive APCC administration. All other

surgeries had good or excellent outcomes. For major procedures, coag-

ulation parameters were followed in part to confirm perturbation of

the hemostatic system but mainly as surveillance for consumption co-

agulopathy. Thromboprophylaxis was not given to those treated as

hospital in-patients.

Summary and Conclusions: We observed excellent or good outcomes in

11 of 13 surgical procedures in inhibitor patients, a fair outcome in 1,

and a poor outcome in 1. The use of global hemostasis assays might

have proven helpful for monitoring therapy but the value of these

modalities in surgery needs to be validated. Necessary surgery should

not be withheld in hemophilia A patients because of the presence of a

factor VIII inhibitor. Although access to a specialized coagulation lab-

oratory is not necessary to guide therapy, these procedures should only

be performed in hemophilia treatment centers, under the care of physi-

cians and surgeons experienced in managing patients with complex

bleeding disorders.

PO 169
Use of factor VIII after inhibitor clearance in patients
with moderate hemophilia
Tran Q1, Harvey DR1, Meeks S2, Chapman R2 and Kempton C2

1Emory University, Atlanta; 2Emory University, Children’s

Healthcare of Atlanta, Atlanta, GA, USA

Background: Anti-factor VIII (FVIII) inhibitory antibodies (inhibitor)

are a major complication of hemophilia A (HA) and can be seen in up

to 30% of persons with severe HA and about 0.9–7% of those with

mild or moderate HA. Inhibitors can be eradicated through the use of

immune tolerance induction (ITI), rituximab, or other immune modu-

lating treatments. It is unknown whether persons with moderate HA

(MHA) who develop an inhibitor can restart factor replacement ther-

apy after resolution of their inhibitor in the absence of ITI. To our

knowledge, there are no published reports describing the re-initiation

of FVIII replacement therapy in persons with MHA complicated by

an inhibitor.

Aims: To review a single institution’s experience with re-initiation of

FVIII treatment in patients with MHA after clearance of their inhibi-

tor without ITI.

Methods: Persons with MHA with inhibitor were identified from a

database of current patients treated at the Emory/Children’s Hospital

of Atlanta (CHOA) Hemophilia Treatment Center (HTC). Their med-

ical record was reviewed. Information collected includes baseline

FVIII levels, f8 gene mutation, the occurrence of intensive FVIII expo-

sure (> 5 days) prior to inhibitor development, the peak inhibitor titer,

inhibitor eradication treatment received, and when the patient

restarted FVIII replacement.

Results: At the Emory/CHOA HTC, 67 patients with MHA are fol-

lowed routinely. Among this cohort, five were identified to have their

course complicated by an inhibitor; 4/5 had high-titer inhibitor; 4/5

had prior intensive exposure; and 3/5 (Case #2, #4 and #5) had the

N1922S mutation. One patient (Case #1) underwent ITI and was

unsuccessful. Case #2 received rituximab without inhibitor clearance

until 13 months after treatment. One month after inhibitor resolution,

he restarted FVIII replacement therapy. At his first re-exposure to

FVIII, his FVIII recovery was > 100% and half-life was 10.8 h. He

continued to treat with FVIII (25 IU/kg) thrice weekly to prevent

recurrent ankle bleeds. After 3 months of treatment, he had similar

FVIII recovery and half-life and negative Bethesda assay and has con-

tinued on the same regimen for an additional 5 months of follow-up.

Three patients did not receive any treatment and had resolution of

their inhibitor after 36 months (Case #3), 23 months (Case #4), and

9 months (Case #5). Of these three that had spontaneous resolution, 2

are now receiving FVIII replacement therapy on-demand. Case #3 was

re-exposed to FVIII, following 10 years of negative inhibitor titers, for

treatment of persistent hematuria despite recombinant factor VIIa

(rFVIIa) requiring hospitalization. After 3 days (6 doses) of FVIII

treatment, he did not have an anamnestic response. He has received 1

FVIII infusion since re-initiation of FVIII replacement therapy. Case

#4 had 3 months between undetectable inhibitor and re-exposure and

has been treated on-demand for 17 years without recurrence. His cur-

rent annual exposure is approximately 30 infusions. The third patient

(Case #5) with spontaneous resolution has elected to continue to use

rFVIIa to treat bleeding episodes.

Summary/Conclusion: Persons with moderate hemophilia A who clear

their inhibitors without ITI may be successfully treated with FVIII

without recurrence of inhibitors.
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PO 170
Outcome of liver transplantation haemophilia patients
in the Nordic countries
Tran HTT1, Andersen I2, Foss A1, Berntorp E3, Poulsen L4,

Lassila R5, Tjønnfjord G2 and Holme PA2

1Oslo University Hospital; 2Institute of Clinical Medicine, Oslo,

Norway; 3Malm€o University Hospital, Malm€o, Sweden; 4�Arhus

Universitetshospital,�Arhus, Denmark; 5Helsinki University

Central Hospital, Helsinki, Finland

Background: Until the mid-1980s, the vast majority of persons with

haemophilia who had received plasma-derived non-heat-treated coag-

ulation factor concentrates became infected with hepatitis C virus,

HIV or both. Of those, about 10–15% developed end stage liver dis-

ease (ESLD) or hepatocellular carcinoma and required liver transplan-

tation. Liver transplantation (LTX) in haemophilia patients has the

potential to cure haemophilia as the donor liver is able to synthesise

the deficient coagulation factor. However, the coagulopathy associated

with ESLD may carry an additional bleeding risk affecting the out-

come of this surgical intervention. Previous reports from different

LTX centers worldwide have in general concluded that the peri- and

postoperative outcomes in haemophilia patients were similar to non-

haemophilia patients but the recurrence of HCV infection remains the

main challenge for longterm outcome. Nevertheless, little is known

about the outcome of LTX in haemophilia patients in the Nordic

countries.

Aims: The objective of this study was to evaluate the outcome of LTX

in haemophilia patients in the Nordic countries.

Materials and Methods: Scandiatransplant is a Nordic organ exchange

organization established for more than 40 years ago with a close col-

laboration between the transplant centers in the five Nordic countries

(Norway, Iceland, Denmark, Sweden and Finland). The study

included all haemophilia patients who have undergone liver transplan-

tation in the involved countries. Data from the Nordic Liver Trans-

plant Registry supplemented by clinical information obtained from

medical records provided by each transplant centre were used for anal-

ysis. The Nordic Liver Transplant Registry is a prospective database

of all patients undergoing LTX where data are updated regularly, at

least once a year.

Results: From 1993 to 2011, a total number of nine patients with hae-

mophilia underwent LTX (2 from Norway, 4 from Sweden, 1 from

Finland and 2 from Denmark). The mean age at LTX was 59 (range

45–64) and the main indication for LTX was HCV related liver dis-

ease. Three are still alive while 6 have died. The mean survival time

post LTX for those who died were 11 months (range 3–20 months).

The longest survival among the patients who are still alive is 15 years.

The causes of death were renal failure, gastrointestinal haemorrhage,

non-anastomotic biliary complication, recurrence of original tumor,

cerebrovascular event and bacterial infection. For those undergoing

LTX between 2001 and 2008 only 20% in the haemophilia patient

population had a 5 years survival compared to 83% in the non-hae-

mophilia patients.. Among the three longterm survivers the mean age

at LTX was 48 vs. 56 years for those who have died.

Conclusion: The study showed that LTX in haemophilia patients under

the coverage of coagulation factor concentrates in the Nordic coun-

tries was safe and consistent with previous reports from other centers.

However, the 5 years survival was substantially reduced in the haemo-

philia patients. The age at transplantation seemed to be the main fac-

tor associated with reduced survival in patients with haemophilia.

PO 171
Experience of home prophylactic treatment of
inhibitory form of haemophilia A in children using
recombinant activated FVII
Vdovin V1, Svirin P2, Shiller E2, Luchinkina E2, Malkova O2

and Ageenkova E2

1Izmailovskaya Children Hospital; 2Izmaylovski Children

Hospital, Moscow, Russia

Background: Prophylactic treatment of children with Haemophilia A

and FVIII inhibitor by recombinant activated factor VII (rFVIIa) has

wide dose range from 90 to 300 mkg/kg for obtaining effective hemo-

stasis.

Aims: To assess the efficiency of rFVIIa – Koagil-VII (‘GENERIUM’,

Russia) which was used in individual doses and schemes for reduction

of hemartrosis and severe bleedings frequency, also for prevention of

complications (chronic synoviitis, arthropathy etc.).

Methods: Four patients obtained home prophylactic treatment by Ko-

agil-VII within 1 year (since June 2011 to June 2012) with the follow-

ing doses: from 141 to 257 mkg/kg with interval of 12 or 24 h. The

quantity of bleedings and conditions of target joints were compared

with results of prior year treatment (since May 2010 to May 2011).

Treatment was ‘on demand’ and after serious bleeding patients got

short courses of prophylactic treatment during up to 3 months with

the following doses: from 90 to 120 mkg/kg with interval of 48 h.

Results: Patient 1: 2.6 years old. Weight – 14 kg. Inhibitor > 40 BE.

Treatment scheme: 171.4 mkg/kg with interval of 12 h during

4 months, further 257.1 mkg/kg in the morning and 171.4 mkg/kg in

the evening during 8 months. Bleedings amount before prophylactic

was 29 (16 hemarthrosis), bleedings amount during prophylactic – 9 (2

hemarthrosis). Patient 2: 6 years old. Weight – 25 kg. Inhibitor – 27

BE. Treatment scheme: 120 mkg/kg with interval of 12 h during

12 months. Bleedings amount before prophylactic – 25 (20 hemarthro-

sis), bleedings amount during prophylactic – 4 (3 hemarthrosis).

Patient 3: 6.3 years old. Weight – 30 kg. Inhibitor – 36 BE. Treatment

scheme: 160 mkg/kg with interval of 48 h during 1 month, subse-

quently 160 mkg/kg with interval of 24 h during 11 months. Bleedings

amount before prophylactic – 28 (17 hemarthrosis), bleedings amount

during prophylactic – 13 (7 hemarthrosis). Patient 4: 14 years old.

Weight – 34 kg. Inhibitor > 40 BE. Treatment scheme: 141.1 mkg/kg

with interval of 24 h during 162 days, further 141.1 mkg/kg with inter-

val of 12 h during 187 days. Bleedings amount before prophylactic – 8

(3 hemarthrosis, 1 extensive hematoma of thigh, 3 retroperitoneal

hematomas, 1 renal bleeding), bleedings amount during prophylactic –
6 (2 hemarthrosis, 3 small hematomas, 1 renal bleeding). Regression of

chronic synoviitis in the target joints took place in all patients. During

the prophylactic period all identified hemartrosis and hematomas

occur after injuries. No side effects of Koagil-VII was identified.

Summary/Conclusion: Prophylactic treatment of children with FVIII

inhibitor by recombinant activated factor VII (rFVIIa) – Koagil-VII is

efficient when individual high doses and treatment schemes are deter-

mined. It resulted in reduction of bleedings in 1.5–6 times and stopped

of arthropathy progress.

PO 172
Diagnosis of inherited coagulation disorders – when
and why?
Vukelic-Damijani N, Balen S, Ivankovic E and Katalinic N

Clinical Hospital Center Rijeka, Rijeka, Croatia

Background: The testing of inherited coagulation disorders has been

carried out in our institution for more than 35 years. The total number

of patients with coagulation disorder was 107, as follows: 39 with

hemophilia A, 12 with hemophilia B, 8 with FXI deficiency, 15

with von Willebrand’s disease, and 33 patients had rare coagulation

disorder.
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Aim: Analysis of the age of diagnosis and the reason why coagulation

disorder has been diagnosed.

Method: Analysis and statistics elaboration of medical and laboratory

data.

Results: Hemophilia A has been diagnosed in 39 patients. Severe

hemophilia A has been diagnosed in 18% (7/39), which is 3/7 (43%) in

the first year of life while the other 57% (4/7) till the third year of life.

All the mentioned above have been tested for the same reason, which

is bleeding. Moderate hemophilia A has been diagnosed in 23% (9/

39), within the ranging of diagnosis from 1 till 40 years of age. Reason

for testing was bleeding in 67% (6/9), preoperative screening in11%

(1/9) and family screening in 22% (2/9). Mild hemophilia A has been

diagnosed in 23 cases (59%), in the range from 2 months till 50 years

of age. The reason for testing was bleeding in 43% (10/23), family

screening in 26% (6/23) and preoperative testing in 30% (7/23) of

cases.

Hemophilia B was found in 12 patients. One patient (8%) had severe

hemophilia B, the reason for testing was bleeding in the child’s first

year of life. Moderate hemophilia B has been diagnosed in 50% (6/12)

of cases in the range from the 1st year of age till they were 40 years

old, and the reason for testing was bleeding in 66% (4/6) of cases, pre-

operative screening as well as family screening was reason in 17% (1/

6). Mild hemophilia B has been diagnosed in five cases (42%) from the

first year of age till the age of 60. The bleeding was reason for 2/5

(40%) of patients to get tested, preoperative screening diagnosed 2/5

(40%), while family screening diagnosed 1/5 (20%) of cases.

The factor XI deficiency was proved in eight patients, ranging from

20 years till 70 years of age. In 7/8 (87%) of cases the reason for being

tested was preoperative screening while in 1/8 (13%) of cases was

bleeding. Von Willebrand’s disease was diagnosed in 15 patients from

3 months of age till 40 years of age. The reason for being tested was

bleeding in 67% (10/15), preoperative testing in 13% (2/15) and family

screening in 20% (3/15) of cases.

Other rare coagulation disorders, as the FI, FV, FVII, FX, FXIII defi-

ciency or combined deficiency have been found in 33 patients.

Conclusion: severe cases of hemophilia and severe hereditary coagula-

tion disorders have been diagnosed at an early stage of life, mostly due

to bleeding. Milder cases of hemophilia and coagulation disorders

have been diagnosed at a rather wider range of age span and it was

mainly due to preoperative testing or family screening.

PO 173
Successful anticoagulation with concomitant factor VIII
replacement in a severe haemophilia A patient
suffering a life threatening thrombotic event
Xavier F1, Maahs J1, Hallett RL2, Nakar C1, Rampersad AG1,

Gupta S1 and Shapiro AD1

1Indiana Hemophilia & Thrombosis Ctr; 2Northwest Radiology,

Indianapolis, IN, USA

Background: Venous thromboembolic events (VTE) in severe hemo-

philic patients are rare, with spontaneous life-threatening thrombosis

even scarcer. Literature is limited and clear guidelines regarding the

management of anticoagulation (ACO) in hemophilic patients includ-

ing factor replacement therapy, ACO agent, treatment duration, inten-

sity, and safety of ACO are not available.

Aims: A teenage male with severe haemophilia A (HA) suffered a

spontaneous life-threatening thrombosis requiring both FVIII replace-

ment and ACO. The patient received 6 weeks of ACO comprised of

initial unfractionated (UFH) then subsequent low-molecular-weight

heparin (LMWH), and FVIII with complete resolution without recur-

rence (4.5 months follow-up). This case demonstrates the use of safe

ACO in haemophilia.

Methods: An 11 year-old male with severe (< 1%) HA without inhibi-

tor who was maintained on prophylaxis with recombinant FVIII

(Xyntha�) via peripheral venous access (dosing tailored by pharmaco-

kinetics (PK solutions�- SummitPK.com) with every other day infu-

sion), presented to his local emergency room with acute incapacitating

abdominal pain. A presumptive diagnosis of appendicitis was made

and the patient infused with his standard FVIII dose (67 IU/kg) and

transferred to our institution. Further evaluation revealed ischemic

bowel syndrome due to a thrombosis with total occlusion of the supe-

rior mesenteric vein documented by Doppler ultrasonography and CT

venogram. ACO was initiated within 6 h from acute pain onset. Prot-

rhombotic evaluations performed at diagnosis, and as outpatient were

negative for underlying risk factors (protein C, S, antithrombin defi-

ciency; factor V Leiden mutation; protrhombin gene 20210A muta-

tion; Lupus Anticoagulant/Phospholipid dependent antibodies;

lipoprotein-a; homocystein; paroxysmal nocturnal hemoglobinuria,

fibrinogen).

Results: Following 48 h of ACO with UFH (targeted anti-Xa 0.35–
0.70 units/mL) and recombinant FVIII (rFVIII; Xyntha�) continuous

infusion targeting FVIII > 80%, total clot resolution was observed via

US Doppler. ACO was continued with UFH for 5 days with concur-

rent rFVIII (levels between > 80% and < 200%). Pain improved fol-

lowing 24 h, and resolved after 48 h of ACO. A transition to LMWH

was performed 1 week after documentation of clot resolution (1 mg/

kg/dose enoxaparin SC BID; targeted anti-Xa 0.5–1 units/ml). Fol-

lowing discharge on once daily bolus rFVIII the patient was unable to

maintain trough FVIII activity > 10% despite a calculated 120% cor-

rection, therefore twice daily calculated 60% correction with rFVIII

was initiated and resulted in troughs of 30–50% activity. Anatomical

evaluations with MRI/MR venography revealed no underlying struc-

tural abnormality that contributed to the thrombotic event. The

patient was maintained on ACO and twice daily rFVIII for 6 weeks

without recurrence or bleeding complications.

Summary/Conclusion: Here we report successful and safe ACO cov-

ered with factor VIII replacement in a patient with severe HA suffering

from a life threatening spontaneous VTE event. While occurrences of

myocardial infarction and cerebrovascular accident in patients with

HA have been documented, in contrast, little literature exists regarding

venous thrombosis in these patients. It is extremely important that

clear guidelines concerning the safety and duration of ACO following

VTE be established in this specific patient population.

PO 174
Clinical experience with new third generation
recombinant B-domain deleted factor VIII concentrate
(beroctocog alpha) in a single center
Yoo KY1 and Yoon HJ2

1Korea Hemophilia Foundation; 2Department of Hematology-

Oncology, College of Medicine, Kyung Hee University, Seoul,

South-Korea

Background: Third generation recombinant factor VIII concentrates

have become the prevailing drug for hemophilia A patients. By 2010, 2

types of the concentrates, 1 full-length recombinant factor VIII (octo-

cog alfa) and 1 B-domain deleted factor VIII (moroctocog alfa), were

available across the world. Recently new B-domain deleted factor VIII

(beroctocog alfa) has been introduced in Korea.

Aims: We aimed to evaluate the efficacy and safety of the new drug.

As for efficacy, we conducted in vivo recovery (IVR) and efficacy rat-

ing. Regarding safety, inhibitor titer and adverse events were moni-

tored.

Methods: We reviewed 89 hemophilia A patients’ medical records and

surveyed for efficacy rating through telephone. Two previously

untreated patients were included. Phenotype was severe in 63, moder-

ate in 18, and mild in eight patient. Exposure days (ED) were available

in 82 patients. IVR with dosage of 25 U/kg of the concentrate was car-

ried out in 29 patients using one-stage assay. Inhibitor assay using

Bethesda assay were available in 31 patients. At the time of inhibitor

assay, their mean ED reached 17, and ED was 50 or more in 13
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patients. In terms of efficacy rating, 45 patients responded as 4 point

scale.

Results: IVR was 2.4%/u/kg and inhibitor titer 0.1 BU/ml with no

development of inhibitor. Eighty-four percent of the patients rated the

efficacy as excellent (42%) and good (42%). Sixteen percent of patient

rated as fair. Six of 82 patients (8%) reported eight minor adverse

events: posterior neck flushing sense (3), nausea (2), chest thightness

(1), buring heart (1), dizziness (1).

Summary: The new third generation B-domain deleted factor VIII

showed satisfactory IVR (2.4%/u/kg) and efficacy rating (84%). There

was no inhibitor development in 31 patients with mean 17 ED. Only

minor adverse events were observed.

PO 175
Spectrum of molecular events encountered in
Hemophilia B in a referral hospital in North India
Das R, Ahluwalia J, Kaur J, Senee HK, Chopra G, Trehan A,

Malhotra P and Marwaha RK

Postgraduate Institute of Medical Education & Research,

Chandigarh, India

Background: Hemophilia B (MIM# 306900; HB) is the second most

common severe inherited bleeding disorder encountered in our popula-

tion. Due to a wide range of molecular heterogeneity, identification of

the mutation is necessary to offer carrier detection and prenatal diag-

nosis.

Aims: We characterized the molecular events in eighteen patients (17

families) and performed carrier screening in family members to offer

appropriate counselling.

Methods: Identification of cases of HB was carried out at our Institute

by the coagulation screening tests followed by Factor IX assays. Geno-

mic DNA was extracted from peripheral blood leucocytes using stan-

dard phenol-chloroform method. Coding regions including the splice

junctions were amplified by PCR using specific sequences. Automated

sequencing was performed on the ABI Prism 310 sequencer (Applied

Biosystems, Foster City, CA, USA).The software Sequencher was used

for evaluating the sequencing results, followed by base to base evalua-

tion of results. Whenever possible the mother’s sample was sequenced

to identify the inheritance and sisters were evaluated for carrier status.

Results: Eighteen patients of HB in 17 families were analysed. Ten dif-

ferent point mutations were identified of which nine were missense

mutation and one was an acceptor splice (b) Ex 2 (CAG?CGG).

Three of the missense mutations resulted in a stop codon termination.

Seven of the mutations involved the amino acid arginine and conse-

quently a CpG island. Exon 2 was the commonest exon to be involved

in a mutation/deletion (11 cases). The commonest recurring mutation

was c. 6364 Cd -4(CGG?TGG) R-W in exon 2. Three cases showed

deletions of which one case showed deletion of exons 1–3. Four novel
mutations found were splice (b) Ex 2 (CAG?CGG), c.6436 Cd 20

(GAA?TAA) E-X, Cd 121 (CAG?CTG) Q-L with 26 nucleotide

deletion (including beginning of intron 6) and Cd 169 (del actc) Fs X

28/29. Four mutations were found to be reported earlier in the Haemo-

philia B mutation database (version 13, 2004) http://www.kcl.ac.uk/ip/

petergreen/haemBdatabase.html, but not from India. The Malmo

polymorphism (rs6048:G>A; Ala194Thr in the primary translation

product and Ala148Thr in the mature protein) in the activation pep-

tide of the protein encoded by exon 6 was detected in 2 of 10 alleles.

Twelve mothers were tested for the specific mutation detected and all

were found to be heterozygous. Carrier screening for twelve sisters

showed six each to be carriers and normal. Prenatal diagnosis was car-

ried out successfully in one family.

Summary/Conclusions: This study has characterized seventeen hemo-

philiac families from Northern India and identified four novel muta-

tions/deletions. Additional four mutations not yet described from

India were also found. Except for two mutations which were recurrent,

all were single cases. No sporadic case has been identified as yet. Thir-

teen cases (72%) involved the PCR product amplifying exons 2 and 3

together and this can therefore be tested for initially. The analysis is

useful to carry out carrier screening and prenatal diagnosis for our

population.

PO 176
Real-life use of activated recombinant Factor VII
(rFVIIa) in patients with haemophilia B with inhibitors
– data from the UKHCDO/NHD registry
Hay CRM1, Bjerre J2 and Dolan G3

1Manchester Royal Infirmary, Manchester, UK; 2Novo Nordisk,

Bagsværd, Denmark; 3Queens Medical Centre, Nottingham, UK

Background: Activated recombinant Factor VII (rFVIIa, NovoSev-

en�, Novo Nordisk, Denmark) is established as a well-tolerated and

effective bypassing agent for the treatment of patients with haemo-

philia with inhibitors, and is approved for use at standard (3 9 90 lg/
kg) and high (1 9 270 lg/kg) doses in the United Kingdom (UK).

Data on the use of rFVIIa in patients with haemophilia B (HB) is lim-

ited because of the rarity of the condition; however, anecdotal reports

suggest rFVIIa may be less effective in HB than haemophilia A (HA).

Aims: To assess the real-world use and safety of rFVIIa in patients

with haemophilia with inhibitors in a post-marketing surveillance

study, requested byEMA and conducted by the UK National Haemo-

philia Database (NHD) (1 Jan 2008 to30 June 2011).

Methods: The NHD collects treatment and adverse event data quar-

terly from all UK haemophilia centres, in accordance with the Decla-

ration of Helsinki. Anonymised data on rFVIIa dosing and adverse

event occurrence were reported from patients with haemophilia treated

with rFVIIa. Dose regimens were determined by the managing

clinician.

Results: Sixty-seven patients (median age 23.2 years) from 25 centres

were included, involving 1057 treatment episodes with rFVIIa. Sixty

HA patients reported 976 treatment episodes (42.1% in patients

< 18 years old; 8.1% in those ≥ 65 years old) and seven HB patients

(11%; median age 25 years) reported 81 episodes (40.7% in patients

< 18 years old; none in those ≥ 40 years old). Most HB treatment epi-

sodes (76/81, 93.8%) involved acute, non-surgical bleeds, while two

(2.5%) were treated prophylactically and three (3.7%) were for sur-

gery. Patients with HB received a lower initial rFVIIa dose compared

with HA (mean 139.5 lg/kg vs. 180.7 lg/kg; median 119.0 lg/kg vs.

148.1 lg/kg; range 23.6–291.6 vs. 11.0–491.8 lg/kg). Higher initial

rFVIIa doses (≥ 180 lg/kg) were administered more frequently to

patients with HA than HB (40.5% vs. 13.5%), although more patients

had missing data in the HB group (32.1% vs. 8.4% for HA). Patients

with HB received a higher mean number of rFVIIa doses than HA (5.2

vs. 4.5), had a longer mean duration of treatment (47.0 vs. 41.6 h) and

received a higher mean total dose of rFVIIa (759.6 vs. 604.7 lg/kg).
Single-dose regimens (a dose spaced > 26 h from previous and follow-

ing doses) were used in 57.1% of patients with HB for treatment of

35.8% of episodes; this is substantially lower than the proportions of

patients and episodes treated with single-dose regimens in the sub-

group with HA (71.7% and 52.3%, respectively). There were no

adverse events judged to be related to rFVIIa. No thromboembolic

events or episodes of anti-rFVIIa antibody formation were reported.

Conclusions: These data reveal differences in the rFVIIa dose regimens

used in patients with HB vs. HA in theUK. Patients with HB are trea-

ted with lower initial rFVIIa doses, and are more likely to receive mul-

tiple dosing than patients with HA. Treatment of HB may be

improved by administering higher initial rFVIIa doses. There were no

reports of adverse drug reactions and no thromboembolic events in

HA or HB patients.
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PO 177
RFVIIa prophylaxis for hemophilia B with recurrent
high-titer inhibitors: a single patient experience
Kovalova Z, Grutupa M, Cebura E, Vishnevska-Preciniece Z,

Nikulshin S and Medne G

University Children’s Hospital, Riga, Latvia

Many patients with severe hemophilia develop inhibitors to coagula-

tion factors, the presence of inhibitors makes the treatment very chal-

lenging for both patients and doctors. Hemostatic cover for bleeding

episodes is costly and thus has a substantial economic impact on health-

care budget. Life quality of these patients usually deteriorates along

with progression of arthropathies that lead to permanent disability.

We present a case of a male patient with severe hemophilia B born in

1997. The diagnosis was made at the age of 8 months (factor IX

< 0.1%), deletion at Ex6 was detected. During first years of life he

received on demand treatment with plasma-derived factor IX concen-

trate. In pre-school age two major target joints (right knee and left

ankle) developed, followed later by other knee and ankle. In-hospital

treatment usually was required 2–3 times per year due to recurrent

severe bleeding episodes. In 2006 we performed Rifampicin synovior-

thesis procedures for target joints, covered by factor IX. Between the

procedures an allergic skin reaction (diffuse urticaria) to an unidenti-

fied agent (probably, FIX or rifampicin) was observed. Two weeks

after synoviorthesis the patient developed severe hemorrhage after

tooth extraction that was refractory to high-dose FIX, inhibitors

> 250 BU were detected. Therapy was switched to rFVIIa on-demand

treatment; still, frequent in-hospital treatments occurred. In July 2008

an episode of resistance to rFVIIa was detected when continuous

bleeding after tooth extraction with hemostatic covering (rFVIIa)

lasted for 4 days. Local treatment (surgical revision, orthodontic

plate) and tranexamic acid were applied in combination with rFVIIa

for 5 days, IVIG and Methylprednosolone. In 5 days clinical response

was achieved, inhibitor titer at this time was 5 BU. Parents refused ITI

that time, in 6 months during routine follow-up the inhibitors disap-

peared. Frequent hemorrhages occurred during next 3 years, leading

to arthropathies in major leg joints. Twenty-seven bleeding episodes of

different localizations were observed in January-November 2011

(mean rate – 2.5 bleeds per month), with monthly consumption of

rFVIIa 516–2459 lg/kg.
The decision to start prophylactic treatment with rFVIIa was made in

adolescence (14 years) due to progressively deteriorating quality of

life. Low-dose empirical approach (90 lg/kg 3 times per week) was

chosen. The prophylactic treatment was started in the end of Novem-

ber 2011. Only 5 bleeds occurred during 9 months of prophylaxis, with

monthly consumption 800–1575 lg/kg. In August 2012 a massive

spontaneous left leg soft tissues hematoma occurred that turned

refractory. FIX was added with good clinical effect at the beginning,

but the loss of hemostatic control occurred in 5–6 days, while titer of

inhibitors rose > 16BU. After this episode we changed the prophylaxis

to the current 230 lg/kg 3 times per week. With this regime only one

nose bleeding was detected in 5 months period, monthly consumption

of rFVIIa during the last months was 1900–3500 lg/kg. Thus, the

number of bleeding diminished dramatically during the last year of

prophylaxis, the compliance to therapy was very good. The optimal

dosage remains unclear, repeated episodes of resistance to rFVIIa are

still unpredictable.

PO 178
Treatment strategy and outcomes among US
haemophilia B patients: results of a patient survey
Krishnan S1, Furlan R2 and Vietri J2

1Biogen Idec, Weston, FL, USA; 2Kantar Health, Surrey, UK

Background: Information on patient-reported outcomes and adherence

is scant in haemophilia B.

Aims: To describe the treatment characteristics and outcomes of US

haemophilia B patients.

Methods: Adults and caregivers of children with haemophilia were

identified through a panel of patients originally recruited from haemo-

philia treatment centers and associations. The study protocol received

central institutional review board approval and all patients reported

consent to be included in the study. Panelists reporting moderate or

severe haemophilia were invited to complete an on-line questionnaire

assessing experience with bleeding and joint problems, personal char-

acteristics, and validated scales. The revised Short Form-12 Health

Survey (SF-12v2) was included to assess adult health status, and the

Short Form 10 Health Survey (SF-10) was used to assess health status

in children. Adherence to treatment was measured with the VERI-

TAS-Pro for patients treating prophylactically. The current analysis

was limited to patients with haemophilia B.

Results: A total of 24 patients with haemophilia B (14 patients & 10

parents) completed the survey; more than half (14/24) were on prophy-

lactic treatment. All patients/parents surveyed considered themselves/

their child to have severe haemophilia. Relative to the average of US

adults, adult haemophilia B patients had physical health status slightly

below the average (PCS = 46.4) and mental health status slightly

above the average (MCS = 53.8). The pattern among children was

similar, with mean physical health status below population norms

(PHS = 48.5) and psychosocial health slightly above the norm

(PSS = 55.8). Over 70% of the patients (17/24) had experienced at

least one bleed requiring replacement factor in the past year, and

almost half of these patients (8/24) experienced 10 or more bleeds

requiring replacement factor over the same period of time. Two thirds

(16/24) had experienced joint pain in the past month, and almost 80%

(19/24) had experienced joint pain in the past year. Two patients

reported having at least one hospital stay due to bleeding and five

patients at least one emergency room visit due to a bleeding episode in

the past year. Approximately one-third of those using prophylactic

treatment (5/14) were considered non-compliant based on the VERI-

TAS-Pro (total score > 57.7 as suggested by literature), an instrument

utilized to measure compliance within the haemophilia population.

Summary/Conclusions: Physical health among haemophilia B patients

was low, and complications were common. One-third of those on pro-

phylactic treatment were considered non-compliant to regimen. Fur-

ther research is needed to characterize the relationship between

adherence to therapy, health status, and clinical outcomes.

PO 179
Identification of mutations in the Factor IX gene in
patients with Hemophilia B in Venezuela
Latorre L1, Ruiz-S�aez A2, Boadas A2, De Bosch N2 and Porco A3

1Universidad Simon Bolivar; 2Centro Nacional de Hemofilia.

Banco Municipal de Sangre, Caracas, Venezuela; 3Laboratorio de

Gen�etica Molecualr Humana B. Universidad Sim�on Bol�ıvar,

Caracas, Venezuela

Hemophilia B (HB) is an X-linked disorder caused by genetic abnor-

malities in the coagulation factor IX (F9) gene. Severe HB (SHB)

patients generally experience prolonged bleeding episodes, which, if

not treated, could result in serious life-threatening complications.

Mutations causing HB are entirely restricted to the F9 gene, which is

located at Xq27, and the specific genetic lesion determines the severity

of the disorder. The aim of this study was to determine the genetic

alteration causing HB in a population from Venezuela and evaluate

the possible effect of the mutation on the structure and function of the

protein. Blood samples were obtained from the Banco Municipal de

Sangre de Caracas and informed consents were obtained from all

patients. In the Human Molecular Genetics Laboratory of the Uni-

versidad Sim�on Bol�ıvar, we extracted the genomic DNA and detected

the mutations present in the F9 gene using Conformation-Sensitive

Gel Electrophoresis (CSGE) as a mutation screening method. Fifty
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percent of the variations were found on the region corresponding to

exon 8 (serine protease catalytic region), 13% to exon 6 and 5 (activa-

tion peptide and EFG-2 domain), and 6% to exons 4, 2 and 1 (corre-

sponding to EFG-1, Gla domain, and signal peptide, respectively).

The possible effect on the function of the protein of each of the muta-

tions identified was analyzed, and its relationship with the severity of

the disease was evaluated. This study allowed the identification of 11

new mutations non previously described, including 4 missense, 1 del/

ins, 3 deletions, 1 nonsense and 2 mutations within critical splicing

sites. This is the first time that molecular studies in the F9 gene from

patients with HB were performed in Venezuela, leading to the initia-

tion of new studies where carrier identification in families with hemo-

philia B patients could be performed.

PO 180
Mitroaortic valve replacement in a haemophilic B
patient with an intracardiac abscess and cerebral septic
embolism. Case report
Nobre Fernandes S, Carvalho M, Lopes M and Ara�ujo F

Centre of Thrombosis, Haemostasis and Vascular Biology,

Department of Transfusio, Oporto, Portugal

Background: Life expectancy of persons with haemophilia has

improved markedly. Around 1 in 30 patients with hemophilia will have

intracranial hemorrhage at least once during their lives. When cerebral

hemorrhage is associated with septic embolism, the scenario becomes

more critical. Cardiac surgery constitutes a major hemostatic challenge

because of sternotomy, heparinization, extracorporal circulation,

hypothermia and cardiac arrest.

Case Report: A 28 years-old patient, with known mild haemophilia B

(FIXC: 30%), entered in emergency room (ER) with a motor deficit in

his right side and sphincter incontinence with 12 h evolution. His wife

referred a 3 month history of headache and dizziness, with febrile

evening peaks. Due to these symptoms, he went to a local hospital

3 weeks before, and was discharged with a diagnosis of a respiratory

infection and 7 days of antibiotherapy. When he finished antibiothera-

py, started to feel pain on his lower limbs, without limitations, that got

worse. On admission on ER he was awaked and cooperating with no

dizziness or headache at that time. Physical examination revealed a

grade II mesosystolic murmur over aortic valve and a grade IV systolic

murmur over mitral valve, tachycardia, normal blood pressure and

afebrile. On neurologic evaluation he presented a Glasgow Score of

15, right side hemiparesis (involving face) and hypoesthesia without

visual involvement. He was diagnosed a multifocal cerebral haemor-

rhage after computed tomography (CT). He was admitted on the

stroke unit for conservative treatment. Transthoracic echocardiogram

(TTE) detected moderate aortic insufficiency (bicuspid valve) and

moderate to severe mitral insufficiency, slight thickening of mitral

valve, with adherent vegetation on the anterior leaflet that extended to

interatrial septum. Transesophageal echocardiography confirmed

those findings. The abscess (38 mm length/11 mm thickness) was adja-

cent to anterior aortic leaflet, interatrial septum, and slightly on right

atrium, continuing to anterior mitral leaflet. Streptococcus mitis was

found in blood cultures and a diagnosis of cerebral haemorrhage as a

result of a septic embolism from intracardiac abscess was made. Look-

ing for the cause of infection, a dental abcess was found and three

teeth extractions were performed.

Due to high risk of septicaemia and haemorrhage, he underwent car-

diac surgery 1 month later. He needed aortic and mitral valve replace-

ment with bioprosthesis and reconstruction of mitral aortic curtain

(bovine graft). All the procedure was made under factor replacement.

He was discharged 1 week after surgery and entered an intensive phys-

ical rehabilitation programme at a local hospital. Presently, 2 years

after, the patient is on anticoagulation therapy with warfarin, without

physiotherapy although lightly disabled, nevertheless he regained his

drive license.

Conclusions: This report is a ‘happy end’ of a critical scenario in a

haemophilic patient only achieved due to excellence clinical care in a

haemophilia reference center, within a central hospital and a high

experienced multidisciplinary team.

PO 181
Linkage analysis coupled with direct mutational
screening in carrier detection and prenatal diagnosis of
hemophilia B
Ranjan R, Akhter MS, Sharma A, Kumar S, Deka D and Saxena R

All India Institute of Medical Sciences, New Delhi, India

Background: Hemophilia B is an X-linked recessively inherited bleed-

ing disorder characterized by deficiency of procoagulant factor IX

(FIX). The treatment is expensive, hence to step down the incidence of

this disease in developing countries, the method of choice is carrier

detection followed by prenatal diagnosis.

Aim: The aim of the study was to find out potential carriers and

affected fetus.

Methods: Fifty one (30 with family history & 21 sporadic) unrelated

hemophilia B patients and their family members were the subjects of

this study. Carrier detection by linkage analysis using the polymorphic

markers Mnl I, Dde I, Hha I and Sal-I was performed in families with

history of Hemophilia B. In sporadic families, the carrier status of

female subjects was ascertained by conformation sensitive gel electro-

phoresis (CSGE) followed by sequencing. Prenatal diagnosis was per-

formed in 28 fetus samples using chorionic villus sampling in 22 cases

and 6 with cordocentesis depending on the gestational age and inform-

ativity of the linkage markers.

Results: Of the 30 families with positive family history, the defective X

chromosome was tracked in 25 mothers. CSGE helped us to diagnose

21/26 (21 sporadic hemophilic and 5 uninformative families from link-

age analysis) mothers. Fetuses affected with Hemophilia B were diag-

nosed in 8 (50%) by chorionic villus sampling whereas cord blood

factor IX assay diagnosed 2 to be affected. Six of the fetus from the C

vs. was diagnosed as a female child.

Conclusion: Carrier detection followed by prenatal diagnosis serves as

an effective way to curb Hemophilia B in an Indian setting. We found

that the choice of technique, chorionic villus or cordocentesis, is not

really an alternative, but rather dependent on the gestational age of

presentation.

PO 182
The efficacy and safety of Benefix in severe and
moderate Hemophilia children in China: a signal centre
observation study
Wu R1, Wu X1, Li G1, Zhen Y1, Zhang N1, Wang Y1, He W1,

Luke KH2 and Poon M-C3

1Beijing Children’s Hospital, Beijing, China; 2University of

Ottawa, Children’s Hospital of Eastern Ontario, Ottawa;
3University of Calgary, Foothills Hospital, Calgary, AB, Canada

Background: BendfiX as the only recombinant product for hemophilia

B has been well comfirmed its effects, but not yet in Chinese pediatric

hemophilia B.

Aims: To explore the efficacy and safety of the application of Benefix

in Chinese severe and moderate Hemophilia B children for low-dose

prophylaxis.

Methods: Benefix for low-dose prophylaxis 20 UI/kg, once a week

for severe and moderate Hemophilia B children in Beijing Children’s

Hospital, observed (1) efficacy:Reduction of bleeding, improvement

of daily life participation; (2) safety: the side-effect during the Bene-

fix intervention and monitor the inhibitor during the prophylaxis

period.
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Results: There were 11 analyzable cases, the duration was mean

25 weeks (17–27 weeks); mean age 7 year and 2 month(range

9 months to 15 year-old); nine cases were severe and two cases moder-

ated hemophilia B; six cases received on-demand, 4 received prophy-

laxis intervention methods and 1 case without any treatment before

the observation, median exposure day was 68ED (range 0–> 150ED).

(i) Efficacy: the total reduction of bleeding was 67.7%(78.6% reduc-

tion compared to original on-demand treatment and 47.8% for origi-

nal prophylaxis cases; 8/9cases daily life participation improved (5/6

for original on-demand or without treatment and 3/3 for original pro-

phylaxis treatment); (ii) Safety: there was no anaphylaxis during the

Benefix intervention and only one person and one time = 0.6 BU/ml

transient inhibitor presented and low-downed to 0 BU/ml in the end

of observation for all cases.

Conclusions: There were the efficacy and safety for the Benefix applica-

tion in Chinese severe and moderate Hemophilia B children for low-

dose prophylaxis.

PO 183
Persistence of circulating heparin levels during
maintenance hemodialysis in end stage renal disease
patients
Bansal V1, Kaneva K2, Hoppensteadt D1, Cunanan J1, Syed D1,

Singh A3 and Fareed J1

1Loyola University Medical Center; 2Loyola University Stritch

School of Medicine, Maywood; 3Brigham and Women’s Hospital,

Boston, MA, USA

Background and Aims: Despite the development of newer oral antico-

agulants, heparin has remained the anticoagulant of choice for hemod-

ialysis patients. Wide variations in the heparinization responses have

been observed in hemodialysis patients. The purpose of this investiga-

tion was to measure circulating heparin levels in patients prior to and

after hemodialysis.

Methods: This study included 119 End Stage Renal Disease (ESRD)

patients undergoing maintenance hemodialysis. For the 3–4 h hemodi-

alysis duration, a heparin-loading dose of 1000 Units followed by two

dosages of 500 Units/h were administered. Blood samples were col-

lected prior to and immediately after the dialysis. Citrated plasma was

frozen at �70 °C and analyzed utilizing Activated Partial Thrombo-

plastin Time (APTT), Heptest and Prothrombinase Induced Clotting

Time (PiCT). Circulating Anti-Xa levels were measured using a chro-

mogenic substrate method. Thromboplastin induced thrombin genera-

tion (TGA) was also measured using a fluorogenic method. The

Antithrombin (AT) levels were measured using functional assay. Hep-

arin levels were determined using a calibration curve constructed from

the heparin used in the dialysis unit. TFPI antigen levels were mea-

sured using an ELISA method.

Results: In the APTT and Heptest, no significant differences between

pre and post plasma samples were noted. The circulating levels of hep-

arin were from 0 to 1.08 U/ml with a mean of 0.07 � 0.11 for the

APTT and a range of 0 to 1.98 for the Heptest with a mean of

0.09 � 0.26 U/ml. In the PiCT test the range was from 14.0 to 300 s

for the pre dialysis samples with a mean of 32.0 � 38.2, whereas for

the post samples the range was from 15.2 to 110 with a mean of

29.6 � 14.0. The circulating Anti-Xa levels in the pre dialysis samples

ranged from 0 to 0.77 with a mean of 0.10 � 0.14, whereas the post

level ranged from 0 to 0.51 with a mean of 0.13 � 0.11. For the throm-

bin generation, the% inhibition levels ranged from 0 to 100% pre dial-

ysis with a mean of 34.2 � 34% and ranged 0 to 100% post dialysis

with a mean of 44.5 � 34.4%. The Antithrombin levels ranged from

28 to 130% with a mean of 86.6 � 9.5% in the pre dialysis samples.

The TFPI levels were 88 � 12 ng/ml in the pre-dialysis and increased

to 106 � 18 ng/ml after dialysis.

There was no significant difference between pre and post dialysis sam-

ples using APTT, Heptest, PiCT and TFPI, whereas the Thrombin

generation and Anti-Xa resulted in a statistically significant P

value < 0.05 when comparing the two groups.

Summary/Conclusion: Wide variations in circulating heparin levels are

noted in maintenance hemodialysis patients at pre dialysis and post

dialysis time periods. Some patients exhibit higher levels of heparin

due to a vascular access flush. These results also suggest that the use of

heparin in maintenance hemodialysis patients in repeated regimen

results in a steady state hypocoagulation as evidenced by the inhibition

of thrombin generation, circulating Anti-Xa level and the prolonga-

tion of various clotting times.

PO 184
The effect of empiric systemic anticoagulation prior to
imaging for pulmonary embolism on mortality
Beam D1, Kabrhel C2 and Kline JA1

1Indiana University School of Medicine, Indianapolis;
2Massachusetts General Hospital, Harvard Medical School,

Boston, MA, USA

Background: Current evidence is conflicting about the impact of

administering heparin prior to results of imaging, or empiric systemic

anticoagulation (ESA), for pulmonary embolism (PE). Prior work

shows that delay in anticoagulation increases mortality, but patients

selected for ESA are more ill and have increased overall mortality.

Aims: To create a propensity matching score which corrects for illness

acuity in patients given ESA, and then retest the association of ESA

with mortality.

Methods: Using an existing multicenter sample of 7940 emergency

department patients who underwent testing for acute PE (n = 481),

we used logistic regression to create a propensity score (propscore).

The score was tested for accuracy at predicting ESA using receiver

operating characteristic curve (ROC) analysis. The independent pre-

dictive effect of ESA was tested using conditional logistic regression,

with cases (deaths, 1.3% of sample) and controls (survivors) matching

by the propscore, and predictors: ESA, the pulmonary embolism

severity index (PESI), respiratory distress, and end-stage condition.

Summary/Conclusions: The six propscore predictors for ESA (350/

7940 or 4.4%) were: PE the most likely diagnosis, unilateral leg swell-

ing, history of PE, active malignancy, O2 < 94%, and HR > 100. The

area under the ROC for the propscore was 0.78 (95% CI 0.73–0.80)
indicating fair accuracy for predicting ESA. Conditional logistic

regression revealed odds ratios (95% CIs) for the prediction of death

were as follows: PESI 1.04 (1.03–1.05), ESA 1.2 (0.6–2.4), Respiratory

distress 1.2 (0.4–3.8), End stage disease 5.0 (2.8–8.9). After propensity

matching, the use of ESA has no effect on mortality. The appearance

of equipoise justifies the need for a randomized trial.

PO 185
Comparison of adherence to three times a day low
dose unfractionated heparin for venous
thromboembolism prophylaxis between surgical and
medical ward patients
Bhatt SH and Seoane-Vazquez E

Massachusetts College of Pharmacy and Health Sciences, Boston,

MA, USA

Background: Low dose unfractionated heparin (LDUH) received a

Grade 1A recommendation for venous thromboembolism (VTE) pro-

phylaxis. While the optimal daily LDUH dose is unclear, many institu-

tions and guidelines recommend 5000 units subcutaneously three times

per day. Adherence with three times daily administrations is challeng-

ing, and if suboptimal prophylaxis administration occurs, an increased

risk for hospital acquired VTE may exist.

Aims: The purpose of this evaluation was to assess differences in

adherence with three times daily LDUH VTE prophylaxis between
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inpatient surgical and medically ill patients. The study also identified

barriers to LDUH adherence.

Methods: After IRB approval, patient demographic and LDUH

administration data was extracted from medical charts and pharmacy

records of a random sample of hospitalized patients admitted for

> 24 h and with active orders for three times per day LDUH VTE pro-

phylaxis. The patients were grouped in two cohorts, surgical (patients

in non orthopedic and intensive care surgical wards) and medical (i.e.

patients in medical wards). The unit of analysis was the observation

(i.e. hospital stay requiring LDUH VTE prophylaxis). Patients receiv-

ing therapeutic anticoagulation or LDUH < 24 h were excluded from

analysis. Descriptive analysis, t-test and chi-square tests were per-

formed in the analysis. The level of statistical significance was set a pri-

ori at 0.05.

Results: The study included 586 observations in the medical cohort

and 141 observations in the surgical cohort corresponding to 554 and

125 patients, respectively. The average age of patients was higher in

the medical cohort (63.5 � 17.5) than in the surgical cohort

(56.7 � 16.9) (P < 0.001). The proportion of women was 51.9% and

50.5% in the medical and surgical cohorts, respectively (NS).

The surgical cohort had higher proportion of all potential doses

received than the medical cohort (70.2% vs. 27.2%; P < 0.001) and

lower average number of total given doses (7.74 � 6.41 vs.

9.18 � 9.79; P < 0.05). The average number of missing dosages was

lower in the surgical than in the medical cohorts (0.44 � 0.84 vs.

3.13 � 5.49; P < 0.001). The average of the percentage of the total

number of dosages received was higher in the surgical than in the med-

ical cohort (94.30 � 13.07 vs. 71.86 � 31.69; P < 0.001).

The main documented reasons for missed doses were: patients off-floor

(n = 7, 16.9% of 41 cases with missing doses), patient refusal (n = 5;

12.2%) and ambulation (n = 1; 2.4%) in the surgical cohort; and

ambulation (n = 119; 28.0% of 425 cases with missing doses), patient

refusal (n = 89, 20.9%) and patient off-floor (n = 72; 16.9%) in the

medical cohorts.

Conclusions: Adherence to LDUH three times a day dosing is signifi-

cantly greater in patients admitted to surgical wards vs. medical wards,

even though the total potential doses for both cohorts were numeri-

cally similar. Barriers to adherence appeared to be higher in medical

ward patients. The impact of lack of adherence on the risk of develop-

ing in-hospital VTE requires further investigation.

PO 186
Effects of novel oral anticoagulants on venous
thrombosis model and bleeding time assay
Fonseca RJC, Cortez RF and Mourao PAS

Instituo de Bioquimica Medica, Rio de Janeiro, Brazil

Background: Heparin has been used for more than 50 years to treat

and prevent thrombosis. Although heparin is the second most fre-

quently used natural drug, its source is very limited since it is only

obtained from pig intestine or bovine lung. Therefore, due to the

increasing use of heparin there is an urgent need for new anticoagu-

lants or alternative sources of heparin.

Objectives: In the present work, we compare the effect of novel oral

anticoagulants such as dabigatran etexilate, rivaroxaban and apixaban

using venous thrombosis model and bleeding time assays. Coagulation

parameters were also evaluated and compared with fucosylated chon-

droitin sulfate, a potent anticoagulant polysaccharide extracted from

sea cucumber.

Methods: Wistar were randomly divided into several groups. Anti-

thrombotic activity was investigated in rats with the vena cava model

using thromboplastin as the thrombogenic stimulus. Bleeding tendency

was evaluated using the bleeding time model.

Results: Thrombus formation was completely inhibited at 20 mg/kg of

apixaban and dabigatran etexilate, while rivaroxaban had a great vari-

ation effect in thrombus weight at this dose. Total inhibition of throm-

bus formation using fucosylated chondroitin sulfate was achieved only

at 50 mg/kg. All novel anticoagulants caused intense blood loss, while

fucosylated chondroitin sulfate and low molecular weight heparin had

no effect on bleeding time assay.

Conclusion: The approach to study novel anticoagulants involves test-

ing compounds with well-defined structures in different assays to

define the multitude of their haemostatic effects. The complexity of the

regulatory mechanisms involved in the action of these compounds

makes it difficult to predict the in vivo effect exclusively using in vitro

assays.

PO 187
No clinically relevant interaction between
sugammadex and heparin (enoxaparin and
unfractionated heparin) on coagulation
Kruithof A1, De Kam PJ2, El Galta R3, Moerland M1, Kluft C4, Van

Lierop MJ3, Dennie J2, Troyer M2, Gutstein D2 and Burggraaf J1

1Centre for Human Drug Research, Leiden, The Netherlands;
2Merck, Whitehouse Station, NJ, USA; 3MSD, Oss, The

Netherlands; 4Good Biomarker Sciences, Leiden, The Netherlands

Background: The selective relaxant binding agent sugammadex (Bridi-

on�) is associated with limited and transient prolongation of activated

partial thromboplastin time (APTT) and prothrombin time (PT) in

healthy male volunteers. In vitro experiments indicated these effects

may be explained by a transient decrease in Factor Xa formation and

activity induced by sugammadex. This study assessed the potential

interaction between sugammadex and heparin (enoxaparin and unfrac-

tionated heparin [UFH]).

Methods: A randomized, double-blind, placebo-controlled, 4-period,

cross-over design was conducted in healthy male volunteers for enox-

aparin (Part 1, 40 mg subcutaneously) and UFH (Part 2). In Part 1, 13

subjects (23.2 � 3.7 years, BMI 22.6 � 2.4 kg/m2) received one of the

following treatment sequences: placebo-sugammadex (4 mg/kg), enox-

aparin-placebo, enoxaparin-sugammadex (4 mg/kg), or enoxaparin-

sugammadex (16 mg/kg). Sugammadex/placebo was administered

intravenously 3 h after enoxaparin/placebo administration. In Part 2,

43 subjects (24.3 � 5.4 years, BMI 23.0 � 2.8 kg/m2) received similar

treatments as in Part 1, however, 5000 units UFH replaced enoxaparin

and the placebo-sugammadex combination was performed at 16 mg/

kg. Anti-Xa activity, APTT, sugammadex plasma concentrations, and

safety were assessed. Evaluation of clinically meaningful interaction

was based on true geometric mean ratios (GMRs) and corresponding

2-sided 90% confidence intervals (CI) for different AUEC3–30 min

treatment comparisons. The pre-defined clinically meaningful effect

margin for APTT and anti-Xa activity was 1.50.

Results: Enoxaparin treatment induced anti-Xa activity up to 0.35–
0.37 IU/mL within 3 h after administration in all 3 treatments arms.

Anti-Xa activity was not affected by additional sugammadex adminis-

tration; the GMR and corresponding upper limit of CI for sugamma-

dex co-administered with enoxaparin vs. enoxaparin alone excluded

the pre-defined clinically meaningful effect margin of 1.50 (1.02–1.07
and 1.04–1.08, 4 and 16 mg/kg sugammadex, respectively). Enoxapa-

rin prolonged APTT by approximately 5–6 s (2h55 min after enoxapa-

rin: 36.3–37.4 s). Sugammadex induced an additional immediate

limited prolongation of approximately 2 and 5 s (4 and 16 mg/kg,

respectively), which disappeared within 1 h post-dose (GMR and

upper limit CI for 16 kg/mg sugammadex with enoxaparin vs. enoxap-

arin alone: 1.09–1.13).
UFH prolonged APTT up to 1–2 s (2h55 min after UFH: 33.6–34.3).
Sugammadex induced an immediate additional prolongation of

approximately 2 and 7 s (4 and 16 mg/kg sugammadex, respectively),

which gradually declined within 2–3 h. The GMR and corresponding

upper limit of CI for sugammadex co-administered with UFH vs.

UFH alone were below the pre-defined clinically meaningful effect

margin of 1.50 (1.04–1.06 and 1.13–1.15, 4 and 16 mg/kg sugamma-

dex, respectively). Anti-Xa activity was 0.05–0.06 IU/mL after UFH
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treatment and did not differ between the treatment arms. Subsequent

administration of sugammadex/placebo did not affect anti-Xa activity

(GMR and upper limit CI for 16 kg/mg sugammadex with UFH vs.

UFH alone: 1.05–1.09). The plasma concentration profiles of sug-

ammadex were comparable in presence and absence of heparins. Sug-

ammadex was well tolerated by all treated subjects (with and without

heparin).

Conclusion: No clinically relevant interaction between sugammadex

and heparin (enoxaparin and UFH): no additional effect of sugamma-

dex on anti-Xa activity was observed, and the additional effect of sug-

ammadex on APTT was limited and transient.

PO 188
Biossimilar enoxaparins available for clinical use in
Brazil
De Oliveira S, Glauser B, Almeida GBF, Dos Santos G, Pereira M

and Mour~ao P

Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil

Background: Patent protections for Low Molecular Weight Heparins

(LMWHs) expired or will expire soon. As a consequence biossimilar

drugs are trying to obtain approval for clinical use. Five biossimilar

versions of enoxaparin are now available for clinical use in Brazil.

However, there still skepticism about the possibility to obtain prepara-

tions of LMWHs similar to the reference drug because of the complex-

ity involved in the process to generate LMWHs, starting from

unfractionated heparin. Here, we performed a careful analysis of bios-

similar vs. reference enoxaparin available for clinical use in Brazil.

Aim: We intend to use a detailed protocol to investigate the similarity

of enoxaparins available for clinical used in Brazil. We employed a

detailed structural analysis of the biossimilar vs. reference enoxapa-

rins, test of their in vitro and in vivo anticoagulant and antithrombotic

activities and finally their effects after continuous administrations to

rats during a period of 30 days. We intend to assure the efficacy and

safety of the biossimilar enoxaparins available for clinical use in Bra-

zil.

Materials and Methods: We compared biossimilar vs. reference enox-

aparins using a variety of methods. Their structures were investigated

using high field nuclear magnetic resonance (NMR), including one

dimensional and two dimensional spectra (1H-1H TOCSY and 13C- 1H

HSQC), the molecular size distribution was determined by gel perme-

ation chromatography and their anticoagulant activities were estab-

lished based on the anti-Xa anti-IIa assays and on direct binding to

antithrombin. Approximately 100 batches of biossimilar enoxaparins

were included in this initial investigation. On a second stage selected

bathes were tested on animal models of experimental thrombosis and

bleeding, associated with determination of their pharmacodinamic.

Finally, enoxaparins were administered continuous to rats over a per-

iod of 30 days in order to investigate possible toxic effects after a long

period of administrations.

Results: The biossimilar and reference batches of enoxaparin available

for clinical use in Brazil have similar structures and anticoagulant

activities. They also showed equivalent responses in animal models of

experimental thrombosis and bleeding, achieved similar plasma con-

centrations, showed no toxic effect after continuous administration

over a period of 30 days.

Conclusions: Our results indicate that biossimilar enoxaparins avail-

able for clinical use in Brazil are similar to the reference drug. Of

course, biossimilar enoxaparins are now produced by an increasing

numbers of companies. Each preparation requires a carefully analysis

to assure their efficacy and safety. We believe the protocol of our study

may help to define a guide line for analysis of biossimilar LMWHs.

PO 189
A comprehensive evaluation of factors effecting range
and precision for heparin Anti-IIa and Anti-Xa
chromogenic assays
Shaklee P and Shaklee MJ

Provision Kinetics, Inc., Arlington, Wisconsin, WI, USA

In response to the heparin contamination crisis, regulatory agencies in

the US, Europe, and Japan have begun implementing anti-factor IIa

(Anti-IIa) and anti-factor Xa (Anti-Xa) testing requirements for man-

ufacturers of unfractionated heparin. The present and proposed phar-

macopeial assay protocols confine heparin concentrations to a

relatively narrow range, which limits the general utility of these assays.

In the present studies, we sought to optimize these Anti-IIa and Anti-

Xa heparin assay protocols to allow for measurement of an expanded

range of heparin concentrations while maintaining precision of the

assay. Based upon the biochemistry and enzymology underlying these

assays, we focused our study on two variables, namely, the initial con-

centration of antithrombin (AT), as well as the time of incubation

allowed for AT-heparin complex formation. We hypothesized that

decreasing either the AT concentration or the incubation time would

result in a corresponding increase of the heparin measurement range

of the assay. Due to the critical nature of precision for these heparin

pharmacopeial assays, our studies sought to determine the test preci-

sion for each test (Anti-IIa and Anti-Xa) and for each parameter var-

ied. Using three different automated hemostasis analyzers, our results

demonstrated that it was possible to expand the heparin range at least

4-fold over the original pharmacopeial test concentrations using

decreases in either AT concentration or incubation time, without a sig-

nificant negative impact on test precision. These studies demonstrate

that the Anti-IIa and Anti-Xa pharmacopeial assays can be made

more versatile and widely applicable without sacrificing test precision.

PO 190
The assessment of patients with heparin-PF4 antibody
positivity: the importance of expert haematological
input remains
Bosworth JL, Austin S and Uprichard J

St George’s Hospital, London, UK

Background: Heparin-induced thrombocytopenia (HIT) is an anti-

body-mediated reaction to heparin characterised by thrombocytopenia

and increased thrombotic risk. Increased awareness and the need for

early diagnosis have led to the requesting of HIT screens by physicians

unfamiliar with their interpretation. As a tertiary referral centre with a

large cardiothoracic practice, thrombocytopenia and suspected HIT

occurs frequently.

Aims: To critically evaluate the indications, management and out-

comes of patients with positive HIT screens over a 3-year period and

address the need for a diagnostic algorithm involving haematologists.

Method: A single centre retrospective analysis of all positive HIT

screens between 2010 and 2012 was undertaken. Paper and electronic

records were reviewed.

Results: One hundred and eighty-one HIT screens using a GTI-PF4

ELISA were performed. Twenty-nine positive results were identified

involving 27 evaluable patients – 6 females and 21 males with a median

age of 70 years (range 3–89). Eleven patients had undergone cardio-

thoracic surgery in the preceding 30 days. Others were renal (5), surgi-

cal (5), orthopaedic (1), medical (4) and paediatric (1).

No patients had a high pre-test probability (4T score 6–8). The pre-test
probability score was intermediate (4T score 4–5) in eight patients and

low (4T score 0–3) in 19. In the latter group eight received an alterna-

tive anticoagulant (danaparoid). Eight continued heparin and in three,

heparin was stopped but no alternative anticoagulant given during the

episode of thrombocytopenia. No thrombotic events occurred in this

group. One patient in the low pre-test probability group developed
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skin necrosis whilst receiving unfractionated heparin on haemofiltra-

tion. Although HIT was felt to be clinically unlikely, in view of his

strongly positive HIT ELISA (OD 4.1585) he was converted to danap-

aroid which continued until his death.

Seven of the eight patients with an intermediate 4T score were

switched to danaparoid. Three of these had thrombotic events.

In five of the patients with positive HIT screens there was bleeding of

WHO grade 2 or more. Two of these were patients in the intermediate

score group.

Sixteen of the screen positive patients received platelet transfusions

during the inpatient episode. These were administered therapeutically

for haemorrhage and prophylactically before invasive procedures.

On review it was felt that five of the 27 patients with positive HIT

screens were likely to have had HIT. Three of these experienced

thrombotic complications. All were managed with danaparoid. The

mean OD in this group was 2.55 (95% CI 1.18–3.92) compared to a

mean OD in the others of 1.32 (95% CI 0.93–1.71).
Summary: Our local experience reveals that diagnosis of HIT remains

complex. Recently at our centre there has been a reduction in the

involvement of haematologists in suspected HIT. Our audit identified

the overdiagnosis of a rare condition, with implications of inappropri-

ate care. Despite the increased awareness of HIT, expert haematologi-

cal involvement remains paramount. In response to these findings, we

have developed a diagnostic algorithm involving haematological

advice from the outset. We suggest that the accurate diagnosis of HIT

depends on the involvement of the haematology service.

PO 191
Serotonin Release Assay (SRA) results for confirmation
of Heparin Induced Thrombotic Thrombocytopenia
(HITT)
Brighton TA, Kondo M, Prawitha D and Just S

SEALS, Prince of Wales Hospital, Sydney, NSW, Australia

Background: Heparin induced thrombocytopenia (HIT) is an immune

mediated disorder associated with heparin therapy with clinically sig-

nificant HIT defined when patients have both thrombocytopenia and

thrombosis. Washed platelet assays such as the serotonin release assay

(SRA) are the most useful in the detection of clinically significant HIT

antibodies.

Aim: The aim was to assess the effectiveness of SRA in the confirma-

tion of clinically significant HIT.

Method: The Haematology Department, South Eastern Area Labora-

tory Services (SEALS) located at the Prince of Wales Hospital, Syd-

ney, Australia has been performing the SRA for HIT confirmation

since the 1990’s. Samples are received from laboratories around Aus-

tralia and New Zealand. The serotonin release assay performed is the

original assay described by Sheridan (Blood Vol 67, 1986). A review

was carried out on all positive SRA samples tested in the last 2 years

to determine whether the positive result correlated with a clinical pic-

ture of HIT in the patient.

Results: A total of 249 samples were tested for SRA in 2010 and of

these 42 samples were positive. In 2011a total of 206 samples were

tested for SRA and of these 37 samples tested positive.

The HIT screening test was positive for all cases in 2010 and for all

cases except one in 2011, where the HIT screen was negative and the

doctor insisted on the SRA due to the clinical history of the patient.

The majority of the positive SRA tests that had clinical information

provided were determined on the basis of this information to have clin-

ically significant HIT, due to a low platelet count whilst on heparin

therapy and a thrombotic event.

Negative SRA tests that had clinical information provided were also

reviewed with the majority of the negative SRA tests only having

thrombocytopenia whilst on heparin therapy with very few having

both thrombocytopenia and thrombosis.

Conclusion: As thrombocytopenia on heparin is the trigger for HIT

screening both negative and positive SRA patients were found to have

thrombocytopenia. Thrombosis a serious complication of HIT along

with thrombocytopenia occurred more commonly with SRA positive

patients. Our review confirms the importance of SRA testing in

patients suspected of HITT due to the high proportion of patients with

positive SRA with both thrombocytopenia and thrombosis.

PO 192
Detection of of heparin-induced thrombocytopenia
antibodies by functional and immunological methods
and comparison with genetic risk factor
(polymorphism of Fc? receptor)
Slavik L, Svobodova G, Ulehlova J, Krcova V, Hlusi A

and Prochazkova J

University Hospital Olomouc, Olomouc, Czech Republic

Aim: In our study we investigated group of 100 plasma samples from

patients with suspected HIT. The patients were sent for testing of HIT

on basis 4 T’s score. The aim of our study was to compare the results

of the functional test (whole blood impedance aggregometry – WBIA)

and immunoassay (ELISA) well as to determine the risk of a genetic

predisposition for the development of HIT. From literature findings,

was as genetic predisposition risk factor of developing HIT determined

polymorphism of platelet receptor Fcc (FCGR2A gene). The

FCGR2A gene polymorphism is manifested as substitution amino acid

arginine for histidine in position 131.

Method: The samples were tested by functional and immunological

assay. We used WBIA as functional assay and ELISA as immunologi-

cal assay.

The WBIA method uses determine the degree of activation of donor

platelets in the presence of patient’s plasma by heparin at concentra-

tion 0.5 IU/ml. The WBIA test was performed: 300 lL of citrated

whole blood with donor platelets, 150 lL of heparin (final concentra-

tion of 0.5 resp. 100 IU/ml) and 300 lL of patient platelet-poor

plasma (PPP). Changes in the aggregation was monitored for 20 min.

The cut-off for screening assay was upper than 20 AUC. The confir-

mation with higher dose of heparin must provide negative results.

ELISA test were performed in IgG, IgA and IgM class and results

were classified as negative for OD < 0.300, suspected (0.300–0.500)
and positive OD > 0.500.

Genetic analysis for presence FCGR2A polymorphism was performed

by real-time PCR on LightCycler. The assay was be performed on

basis melting curve analysis. The temperature melting was determined

for amino acid arginine 62 °C and histidine 52 °C.
Results and Conclusion: Method of WBIA were positive 10 patients

and 90 negative patients in comparison to ELISA where were positive

only four patients mostly in IgG class antibodies. The WBIA is easy

examination with rapid turn-around time and warrants a multi-labora-

tory trial to complete its validation as a confirmatory assay for platelet

activation. The measurement by WBIA provides in group of patients

higher specificity and sensitivity than ELISA assay.

The genetics predisposition was detected significantly higher in group

with positive results by WBIA than in patients with negative results by

WBIA. The representation of normal alleles in the whole cohort was

20.2% and mutational state was 79.8%.

Supported by a grant LF-2013–04.
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PO 193
A rheological study of incipient clots formed by
heparinized plasma: assessing the health risk
associated with HIT and exploring the use of Gel Point
detection for therapeutic management
Thomas B1, Evans A1, John W2, Rauova L3, Cines DB2, Williams R1

and Hawkins KM1

1Swansea University, Swansea; 2University of Pennsylvania;
3Children’s Hospital of Philadelphia, Philadelphia, PA, USA

Background and Aim: Unfractionated heparin (UFH) is often adminis-

tered to cardiac and orthopedic patients undergoing surgery in order

to prevent thrombosis. Occasionally, a fatal reaction to UFH, termed

Heparin-Induced Thrombocytopenia (HIT), may occur. Rapid and

accurate diagnosis of HIT is very important, as any delay in the cessa-

tion of UFH has been associated with an initial 5–10% daily risk of

thrombosis, amputation, or death. Misdiagnosis of HIT can result in

exposing thrombocytopenic patients to alternative anticoagulants,

contributing to major hemorrhage.

Up to 5% of patients who receive UFH develop HIT-associated anti-

bodies, causing platelet activation, leading to thrombocytopenia and

thrombosis. Diagnostic tests such as the ELISA assay have limited

specificity, alternatively, the SAR assay is highly specific but doesn’t

allow for real time results.1 The purpose of the present work is to

investigate the potential application of rheometrical measurements of

incipient clots, as a novel diagnostic tool for detecting the onset of

HIT. The work reported herein involves measuring changing gelation

times and fractal dimensions,(df), of plasma samples at different con-

centrations of UFH (Heparin sodium salt from porcine intestinal

mucosa: H3149 Sigma-Aldrich).

Method: Platelet poor plasma, (PPP), represents an ideal model sys-

tem, wherein the number of immeasurable variables associated with

the coagulation process can be controlled, leaving only a quantifiable

number of platelets and the remaining enzymes and proteins.

The rheometrical detection of the gel point (GP) of coagulating blood

provides a method of determining the structural characteristics of

incipient clots, which are dominated by a fibrin network. Thrombi

with ‘dense’ fibrin networks are more difficult to lyse and are poten-

tially more dangerous than those with ‘more open’ networks. Fractal

analysis of the GP of coagulating blood provides a method of quanti-

fying clot structure in terms of a df, as well as providing a normal clot-

ting time, (CT). Previous rheometrical experiments on blood show

that the CT and df of incipient clots formed in healthy volunteers are

significantly altered by the in-vitro addition of heparin. Showing an

increase in CT and a progressive decreases in df with increasing levels

of heparin.

Results: Pooled PPP from healthy individuals, with the addition of

0.15NIH/ml of thrombin and 0.005 mg/ml of tissue factor, at 37 °C,
have a normal CT = 147 s, � 36.09 s. With a normal df = 1.92°,
� 0.12°. When 0.2 U/ml of Heparin is added to the PPP there is an

increase in CT = 404 s, � 156.82 s.

Current experiments include the addition of different concentrations

of PF4, to optimize the ratio of PF4: UFH, neutralizing the UFH

effect on the PPP. The last step will include the addition of anti-bodies

to the model system and the measurement of any deviation of CT and

df from normal heparinized PPP values.

Summary: This study is important to fully understand and elucidate

the mechanisms of HIT and to explore the potential use of rheometry

as a tool for monitoring in-vivo heparin therapy, in patients most at

risk of developing HIT post-surgery.

PO 194
The utility of ELISA optical density as a prognostic tool
in patients with confirmed heparin-induced
thrombocytopenia
Turley E, Sandhu I, Wu C and Szkotak A

University of Alberta, Edmonton, AB, Canada

Background: Heparin-induced thrombocytopenia (HIT) is associated

with anti-platelet factor-4 (PF4)/heparin antibodies that activate plate-

lets, resulting in thrombocytopenia and a pro-thrombotic state.

ELISA-based methods are commonly used to screen for the presence

of these antibodies; however, only functional assays confirm their

platelet-activating activity. At our institution, antibody-mediated

platelet activation is demonstrated by lumi-aggregometry, a method

validated previously against the gold standard (serotonin-release

assay). It has been suggested that in ELISA positive patients higher

optical density (OD) correlates with more frequent thrombotic mani-

festations. It is not well established whether this is because the magni-

tude of the OD correlates with the likelihood of HIT, or if the

magnitude of the OD is also prognostic of thrombosis in patients with

confirmed HIT.

Aims: The objective of this study was to evaluate the association of

OD with thrombotic events in patients with HIT confirmed by lumi-

aggregometry. The predictive value of the strength of the luminescence

ratio was also evaluated.

Methods: Quantitative anti-PF4 detection was performed using an

IgG-specific ELISA kit (Gen-Probe, San Diego) in patients with clini-

cally suspected HIT. Then confirmatory testing by lumi-aggregometry

was performed for samples with ELISA OD ≥ 0.400. HIT antibody-

induced activation of washed healthy donor platelets was tested at

therapeutic (0.1 and 0.5 U/mL) and high (100 U/mL) concentrations

of porcine heparin. The degree of platelet activation was quantitated

luminographically based on the light flash reaction of ATP (released

from platelet dense-granules) with luciferin luciferase reagent. A ratio

of therapeutic to high heparin luminescence amplitude of > 5.0 and

platelet aggregation at therapeutic but not high concentration was

considered a positive result. HIT assay results from September 2010 to

July 2012 were reviewed to identify patients with positive HIT testing

by lumi-aggregometry and to record ELISA OD and luminescence

amplitude ratio data. Patient records were then reviewed to identify

objectively confirmed new or recurrent venous or arterial thrombotic

events occurring in the 5 days preceding or the 30 days following the

date of positive HIT testing.

Results: Among 33 patients with confirmed HIT, 14 (42%) experienced

HIT-associated thrombotic events. On average, patients with throm-

boembolic events had a significantly higher ELISA OD than those

patients without (Mann-Whitney test, P = 0.03). However, the ratio

of luminescence amplitude was not significantly different between the

two groups (P = 0.20). There was no significant correlation between

luminescence ratio and OD in patients with (rs = 0.40, P = 0.16) or

without thromboembolism (rs = 0.03, P = 0.92).

Conclusion: In this large cohort of patients with HIT confirmed by

lumi-aggregometry, OD, but not ratio of luminescence amplitude, is

associated with thrombotic events. ELISA OD may be of value to

prognosticate for thrombosis in patients with confirmed HIT.
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Recurrence of heparin-induced thrombocytopenia
induced by the re-administration of heparin after
negative conversion of HIT antibodies in a patient with
hemodialysis
Wanaka K1, Matsushima H2, Kaneko C3, Miyashita K3,

Walenga JM4, Otani M5 and Nakajima Y5

1Kobe Rearch Projects on Thrombosis and Haemostasis;
2Matsushima Clinic; 3Kobe Research Projects on Thrombosis and

Haemostasis, Kobe, Japan; 4Loyola University Medical Center,

Illinois, IL, USA; 5Kobe City Medical Center West Hospital, Kobe,

Japan

The cause of heparin-induced thrombocytopenia (HIT) is the appear-

ance of anti-PF4/heparin complex antibody (HIT antibodies), and the

disease is characterized by thrombocytopenia and venous or arterial

thrombosis. HIT antibodies are transient and disappear within about

100 days after the withdrawal of heparin. We have succeeded in use of

heparin re-administered more than 100 days after the negative conver-

sion of HIT antibodies in 14 patients who had developed HIT upon

the introduction of dialysis. However, in the 15th patient HIT recurred

upon heparin re-administration for dialysis.

The patient (69-year-old male) developed rapidly progressive glomeru-

lonephritis and dialysis was introduced. Nafamostat mesilate (NM)

was used as an anticoagulant for the initial dialysis. And then unfrac-

tionated heparin (UFH) was used from day 12. The platelet count was

291 9 103/lL before the introduction of dialysis, but decreased to

95 9 103/lL on day 12 and to 44 9 103/lL on day 25. Suspecting

HIT, heparin was withdrawn. Due to retinal bleeding, NM was used

as an alternative anticoagulant, but was switched to argatroban on

day 38. The platelet count rapidly recovered after the switch to arg-

atroban. HIT antibodies were positive on both ELISA (PF-4

Enhanced�, GTI; Waukesha, WI, USA) and the 14C-serotonin release

assay (SRA). SRA and ELISA became negative on days 129 and 299,

respectively. HIT antibody negativity (ELISA) was confirmed on day

402, and dialysis with heparin was initiated again on day 441. Dialysis

with heparin was performed 4 times without any incident through day

448. Then blood coagulation was noted in the circuit on day 451

(10 days after restarting of heparin administration) and the platelet

count decreased to 107 9 103/lL on day 453. Suspecting HIT, admin-

istration of heparin was immediately discontinued, and argatroban

was used as an anticoagulant. HIT antibodies became positive on both

ELISA and SRA.

As an index of the level of enhanced coagulation, D-dimer (LPIA-

ACE D-D dimer II; Mitsubishi Chemical Medience, Tokyo) was high

(7.87 lg/ml) on day 66, but decreased along with a decrease of the

HIT antibody level. The D-dimer level rose again (1.34 lg/ml) on day

479 (38 days after re-administration of heparin). The D-dimer level

was higher during the initial episode of HIT than that of the second

one, suggesting that the hypercoagulable state was more severe than

that in the second episode of HIT.

Clinical symptoms of HIT including blood coagulation in the circuit

and thrombocytopenia were observed after the fifth day from heparin

administration in both episodes. In this patient, the conditions which

induced the first HIT episode may have also been established in the

second episode. It would seem logical to consider the second episode

as a new development of HIT, rather than as a recurrence.

PO 196
Inherited thrombophilia and other risk factors in
women with thrombotic complications of oral
contraceptives
Batorova A, Jankovicova D, Prigancova T and Morongova A

University Hospital, Bratislava, Slovakia

Background: Venous thromboembolism (VTE), although rare, remains

one of the serious adverse consequences of oral contraceptives (OC).

Aim and Methods: Clinical data, inherited thrombophilia and other

thrombotic risk factors were evaluated in women with the contracep-

tives-related thrombosis referred to our centre for thrombophilia

investigation.

Results: Out of seventy-one women with a median age of 32 years (19–
45) 62 (87%) patients used oral contraceptives of the 3rd and 4th gen-

eration. Deep vein thrombosis (DVT), pulmonary embolism (PE),

sinus vein thrombosis (SVT) and transitory ischemic attacks were

diagnosed in 48/67.6%, 21/29.5%, 8/11.3% and 3/4% of the women,

respectively. The source of embolisation was not revealed in 12/21

patients with pulmonary embolism. Even fifty-five (77.5%) women

had at least one (28 pats) or a combination of more than two (27 pats)

thrombotic risk factors in addition to the use of contraceptives (famil-

ial thrombosis 37, personal VTE history 2, obesity 5, trauma/surgery

6, smoking 5, inherited thrombophilia 25, lupus anticoagulant 2, mild

hyperhomocysteinemia 1). Congenital thrombophilia was revealed in

25/71 (35.2%) women: heterozygous FVLeiden, heterozygous

FIIG20210A and double heterozygous mutation in 20 (28%), 3 (4.2%)

and 2 (2.8%) women, respectively. However, thrombophilia as the

only additional risk factor of thombosis was present in 8/11.3% of all

contraceptives users only. In seventeen of 25 (68.7%) thrombophilia

patients an assotiation with other risk factor was present (familial

thrombosis 13, DVT history 1, leg trauma 3). Eight patients developed

sinus vein thrombosis, out of them 2, 2 and 1 had prothrombin muta-

tion, lupus anticoagulant and mild hyperhomocysteinemia, respec-

tively. In three SVT patients no other risk factor than the use of the

OC was revealed.

Conclusion: Our study demonstrates a high prevalence of thrombotic

risk factors in OC users who developed serious thrombotic complica-

tions. In fourty six (65%) patients the risk factors could have been

identified and thrombotic complications avoided by thorough family/

patient history and/or by providing adequate information to the

women taking the pills. As the routine screening for inherited throm-

bophilia before prescribing the OC is not recommended, it is essential

strictly to follow the medical eligibility criteria according to WHO rec-

ommendations for the use of oral contraceptives.

PO 197
Gynaecological problems in women with severe
inherited platelet disorders – a single centre experience
Bowles L1, Depala A2 and Beski S1

1Barts Health; 2Barts and The London School of Medicine,

London, UK

Background: We present a series of 3 teenage and 3 adult females with

inherited platelet disorders (5 Glanzmanns thrombasthenia [GT], 1

Bernard Soulier Syndrome [BSS]) and describe their gynaecological

management in a joint Gynaecology & Bleeding Disorders Clinic from

March 2010.

Results: Case 1: Thirteen year-old (P0 + 0) with GT presented with

menorrhagia and iron deficiency anaemia (IDA) since menarche. She

was initially managed with norethisterone and tranexamic acid (TA).

Five months later, norethisterone was substituted for a progesterone-

only pill (POP), with good effect.

Case 2: Fourteen year-old (P0 + 0) with BSS, presented with menor-

rhagia at menarche reporting continuous bleeding for 4 weeks. Her

haemoglobin was 8.3 g/dL and she was given HLA matched platelets,
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TA and norethisterone. Thereafter she switched to a POP and TA, but

continued to have irregular bleeding. She then started a combined oral

contraceptive pill (COCP) plus TA during withdrawal bleed, with

good effect.

Case 3: Sixteen year-old (P0 + 0) with GT and longstanding severe

gingival bleeding, frequently requiring red cell and HLA matched

platelet transfusions, presented with menorrhagia shortly after menar-

che. She was given norethisterone and TA which helped initially. How-

ever, her menses became heavier and due to concerns about

compliance, was switched to a combined contraceptive transdermal

patch, then to a higher dose COCP and thereafter to a POP, plus TA.

With the POP she has lighter menses, however remains transfusion

dependent.

Case 4: Twenty-three year-old (P0 + 0) with GT, presented with right

iliac fossa pain, and a right sided ovarian cyst (8 9 8 9 8 cm) on

ultrasound (US). A right ovarian cystectomy was performed with peri-

operative transfusion of HLA matched platelets. A 12 cm ovarian cyst

was removed, histology showed an endometrioma. She had a progers-

terone-only implant inserted subdermally and currently has minimal

bleeding and no dysmenorrhea. Her most recent US is normal.

Case 5: Twenty-five year-old (P0 + 0) with GT, presented with menor-

rhagia and IDA since menarche. She was managed with the COCP

continuously for 3 months plus TA during the withdrawal bleed.

Despite this, she had intermenstrual bleeding (IMB), and on one occa-

sion was admitted with heavy PV bleeding and transfused red cells and

HLA matched platelets. She declined alternative hormonal therapies.

Her haemoglobin remains satisfactory on 3 monthly COCP.

Case 6: Thirty-nine year-old (P0 + 0) with GT and anti IIb/IIIa anti-

bodies, presented with menorrhagia and IDA. MRI showed bilateral

endometriomas and left tubuo-ovarian complex (3 9 5 9 3 cm). Ca

125 normal. She opted for the subdermal progesterone-only implant

with HLA matched platelet and rVIIa cover. She bled post insertion

and had further doses of HLA matched platelets and rVIIa. Since, she

has had no PV bleeding and is not iron deficient. Her latest MRI

showed the endometrioma has resolved.

Conclusion: These cases demonstrate the severe nature of gynaecologi-

cal issues in women with GT and BSS. Menorrhagia since menarche is

a prominent feature, but there are other complications for example

haemorrhagic ovarian cysts. Joint management with a gynaecologist

and haemophilia specialist is vital for the complex management of

these high risk patients.

PO 198
Prenatal diagnosis in haemophilia A and B families:
combine cordocentesis and gene diagnosis
Dai J, Lu YL, Ding Q, Wang LH and Wang X

Shanghai Jiao Tong University School of Medicine Ruijin

Hospital, Shanghai, China

Background: Haemophilia A (HA) and B (HB) are the two most com-

mon X-linked recessive inherited bleeding disorders. In developing

countries like China, the burden ofhaemophilia is heavy as there is a

poor social support and lack of appropriate therapeutic measures.

Reducing the incidence of haemophilia is thus one of the main objec-

tives of any haemophilia care centre.

Aim: In this study, we offered prenatal diagnosis for females who from

haemophilia A or B familiies with absence of affected members in the

family. Twenty-nine females were investigated in this study in their

second trimester.

Methods:Fetal sample was collected with the help of Ultrasound-

guided puncture between 19 and 23 weeks. PT, APTT and fibrinogen

testing were performed in the fetal blood. A battery of coagulation fac-

tor assays were assessed by one-stage clotting method detected on IL

coagulation analyser, including all the coagulation factors except fac-

tor XIII.

Results: Eight boy fetus were diagnosed as haemophilia A patient and

three were haemophilia B patient. Factor VIII activity mean value dur-

ing 19 and 23 weeks gestation is 36.58% with the range from 12% to

58%, to factor IX which is 11.97% with the range from 5.4% to 16%.

The blood samples of two HA fetus and one HB fetus were tested

using gene diagnosis requested by their family. Genetic defection were

all be detected and the results are consistent.

Conclusion: The results show that it is possible to offer prenatal diag-

nosis in index-case-absent haemophilia family by combine cordocente-

sis and genetic diagnosis. But for haemophlia B, it is always difficult to

judge the result for fetus if the index case in this family is a mild to

moderate patient. For the affected member absent family, if the fetus

is a patient, maybe it is a good news for them so they can do the

genetic diagnosis which is a high accuracy technology for prenatal

diagnosis.

PO 199
Antiplatelet effect of Tyrame [N-(3-hydroxy-1:3:5(10)-
estratrien-17b-yl)-4-hydroxy-phenethylamine]
De La Pe~na A1, Fernandez-G JM1, Flores-Garcia M2,

Marin-Ocampo R2, Uribe-Lezama C1, Pinzon E1, Fortoul T1,

Torres I1 and Salgado V1

1Universidad Nacional Aut�onoma de M�exico; 2Instituto Nacional

de Cardiologia, Mexico, Mexico

Background: Millions of women use oral contraceptives or estrogen

replacement therapy even thought, it is known that estrogens increase

the risk of venous thrombosis, myocardial infarction and stroke. To

decrease dose pharmaceutical presentations has not completely offset

this adverse effect. In the search for new compounds with estrogenic

activity which do not favor a prothrombotic state were synthesized

(amino-estrogens). We have previously communicated anticoagulant

or antiplatelet effect of these compounds.

Aim: To design, synthesize and asses the antiplatelet aggregating effect

of Tyrame, a new amino-estrogen.

Methods: Tyrame was synthesized by a condensation reaction between

the corresponding amine and estrone. The compound was character-

ized by their physical constants and spectroscopic properties: melting

point, infrared spectroscopy, mass spectrometry, FAB +, nuclear mag-

netic resonance and by X-ray crystallography.

Compounds were administered (1–4 mg/100 g weight, subcutane-

ously) to male mice, CD1, which are kept at a controlled temperature

with food and water ad libitum, with light-dark cycles of 12–12 h.

After 24 h, a blood sample was taken.

Whole blood platelet aggregation was performed using an aggregome-

ter (Model 560 CA; software Model 810 AGGRO/LINK Chrono-log,

Havertown, PA, USA). Briefly, 500 lL of saline and 500 lL of citrat-

ed blood were added into a test cell stirrer. After an incubation period

of 5 min at 37 °C, the agonist was added and the recording started.

During the following 6 min the ability of platelets to adhere and aggre-

gate onto 2 metal wires was measured by the electrical resistance

change between the sensor wires. The impedance change caused by the

adhesion of the platelets onto the sensor surfaces was plotted against

time and the top of the aggregation curve was quantified in arbitrary

units (U).

The protocol was approved by the ethical committee of UNAM.

Results: The results show that Tyrame at 4 mg/100 g reduce 30%

platelet aggregation induced by ADP.

Summary. Tyrame were designed and synthesized in the Institute of

Chemistry of UNAM. It was characterized by their physical, spectro-

scopic constants and X-ray crystallography. Tyrame was administered

subcutaneously and inhibit ADP-induced platelet aggregation in

whole blood by 30%.
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Successful pregnancy outcome in a patient with factor
XII deficiency and recurrent fetal loss
Ettorre CP, Malcangi G, Scarafile R, Iandolo V, Romano F

and Marino R

Unviversity Hospital, Bari, Italy

Background: Factor XII (FXII) deficiency is a rare autosomal recessive

disorder whose clinical implications are still undefined. It does not pre-

dispose towards a bleeding tendency and many reports have evidenced

its association with an increased risk for both arterial and venous

thrombosis. Its role in recurrent abortions is controversial.

We describe the successful outcome of a pregnancy in a woman with

FXII deficiency and recurrent fetal loss.

Case Report: The patient is a 38-year old woman with an obstetric his-

tory of recurrent foetal loss (3 spontaneous miscarriages in the first tri-

mester of pregnancy and a subsequent interruption of pregnancy due

to a fetal abnormality). The endocrinological work-up revealed the

presence of an autoimmune thyroiditis, treated initially with methi-

mazole and subsequently with L-thyroxine. Familial and personal his-

tory was negative for thromboembolic and/or bleeding disorders.

Coagulation tests evidenced a prolonged activated thromboplastin

time, measured as ratio (R: 9.0) with a normal value of prothrombin

time; clotting factors dosage showed the presence of a severe FXII

deficiency (< 1%). Inherited trombophilia screening and antiphosphol-

ipid antibodies resulted negative; a moderate hyperhomocysteinemia

was detected and treated with folate supplementation. At the age of 37

the patient planned a new pregnancy and started antithrombotic pro-

phylaxis with enoxaparin (4000 IU/die) associated with folate therapy

throughout the pregnancy. The antenatal period was uneventful and

the woman underwent a caesarean section at term under general

anaesthetic without any replacement therapy. No haemorragic or

thrombotic complication were observed. Pharmacological thrombo-

prophylaxis was continued in the post-partum period for a month.

Conclusion: Many reports have shown an association of FXII defi-

ciency with recurrent miscarriages, even if such correlation has not

been confirmed by other studies. In this patient with FXII deficiency

the coexistence of other predisposing conditions, such as the hype-

rhomocysteinemia and the thyroid disease, may have contributed to

the recurrent fetal loss. Thromboprophylaxis with enoxaparin resulted

effective in venous thromboembolism prevention in absence of any

bleeding event. Further data are needed to evaluate the possible role of

low molecular weight heparin in supporting a positive outcome of

pregnancy in FXII deficient women with recurrent foetal loss.

PO 201
Mutations within exon 8 of Protein Z gene of women
with fetal loss: structural implications assessed by
molecular dynamic simulations
Favuzzi G1, Tiscia G1, Caliandro R2, Nico G2, De Stefano V3,

Rossi E3, Za T3, Grandone E1 and Margaglione M4

1I.R.C.C.S. ‘Casa Sollievo della Sofferenza’, San Giovanni

Rotondo; 2CNR, Bari; 3Catholic University, Rome; 4University of

Foggia, Foggia, Italy

Background: Recently, several researches aimed at investigating the

influence of Protein Z (PZ) on the pregnancy outcome. Women experi-

enced fetal losses could present sporadic or polymorphic variants of

PZ gene (PROZ), almost all with effect on the serine-protease (SP)

domain. We previously reported a approximately 6-fold higher risk for

fetal losses in women carrying mutations within PROZ exon 8. Crystal

structures of PZ in complex with the PZ-dependent inhibitor (PZI)

have been recently obtained.

Aims: To investigate structural implications of PROZ mutations for

fetal loss events.

Methods: In two different Thrombosis Centres (San Giovanni Rot-

ondo andRome), 611 women with previous recurrent fetal losses were

recruited. As controls, 546 women with healthy pregnancies randomly

selected from a Southern Italian general population without a history

of VTE were enrolled. PZ levels were measured in all the controls and

in 137 (22.4%) women with fetal losses. Direct sequencing of the exon

8 was performed. Eight sporadic mutations and two polymorphisms

were found. Molecular dynamics simulations (10 ns) have been per-

formed for the wild type PROZ and for 10 PROZ mutants observed in

Italian patients, to investigate their structure in aqueous solution. Sim-

ulation data have been processed by novel tools to analyze the residue-

by-residue backbone flexibility, and correlated with the statistics of the

observed mutations. The study was approved by the local ethics com-

mittee and complies with Declaration of Helsinki. Participants gave

their written informed consent for present and future use of the clinical

data.

Results: All the mutations observed are located in the region coding

for SP domain. Sporadic mutations have been associated with anoma-

lous flexibility of residues belonging to specific regions. Among them,

the most important is a loop region which is in contact with the longest

helix of PZI. Other regions have been identified, which hold anoma-

lous flexibility associated with potentially protective gene variants.

Summary/Conclusions: A possible interpretation of effects associated

with observed gene variants is provided. The exploration of PZ/PZI

interactions seems essential in explaining these effects.

PO 203
Successful anticoagulation to prevent recurrent
miscarriage in two women with severe thrombophilia
and von Willebrand disease
Heidinger K1, Fischer R1, Alrifai M2, Kelm C1, Kirsch- Altena A1

and Kemkes- Matthes B1

1Haemostasis Center, University Hospitals Giessen and Marburg

GmbH; 2Haemostasis Center, Giessen, Germany

Background: We report about successful outcome of pregnancy of two

patients with recurrent miscarriage and severe thrombophilia (one

woman with homozygous factor V Leiden mutation, one woman with

antiphospholipid syndrome) in addition to von Willebrand disease

(VWD) type I. VWD is a common hereditary bleeding disorder.

Affected women often show menorrhagia, bleeding complications

occur in more than 50% of women after childbirth or pregnancy loss.

Aims: In spite of increased bleeding risk of these two women, anticoag-

ulant treatment during pregnancy to prevent miscarriage was given.

Patients were treated with low molecular weight heparin (LMWH)

since beginning of gestation, one woman additionally received acetyl-

salicylic acid until gestational age of 36 weeks.

Methods: Women I (body weight 83 kg) had a history of two miscar-

riages (first trimester: < 13 weeks). No thromboembolism, no bleeding

tendency in history. Homozygous factor V Leiden mutation and VWD

type I (RisCo 39% of normal, VWF Ag 52% of normal) were diag-

nosed at the age of 30 years. Women II (body weight 76 kg) had a his-

tory of three miscarriages (first trimester). No thromboembolism, but

bleeding symptoms since childhood. Antiphospholipid syndrome (ß2-

glycoprotein type IgM was repeatedly increased: 32 U/mL, norm

< 20 U/ml) and VWD type I (RisCo 47% of normal, VWF Ag 67% of

normal) were diagnosed at the age of 29 years.

Results: With beginning of gestation both patients received LMWH

(dalteparin 5000 IE/d). Patient I was treated during two pregnancies

up to 6 weeks after delivery without any complications. No thrombo-

embolism or bleeding complications occurred during both pregnancies

and vaginal delivery. No substitution of VW concentrates was neces-

sary. Patient II was additionally treated with acetylsalicylic acid

50 mg/d until gestational age of 36 weeks. Due to repeated vaginal

bleeding and cervix hematoma treatment with acetylsalicylic acid was

consistently interrupted for some days. VW parameters increased
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during pregnancy up to normal levels (RisCo 115% of normal, VWF

Ag 201% of normal). Vaginal delivery was performed without any

complications, but 3 weeks postpartum curettage was needed because

of bleeding.

Conclusions: Anticoagulant treatment (LMWH and acetylsalicylic

acid, respectively) in women with VWD and severe thrombophilia to

prevent miscarriage remains save and seems to be successful regarding

live birth rate. Pregnancy requires close monitoring.

PO 204
Platelet hyperaggregability in patients with fetal loss:
the selected gene polymorphisms
Kubisz P1, Sokol J1, Biringer K1, Lisa L1, Skornova I1, Ivankova J1,

Skerenova M1, Danko J1 and Stasko J1

1Jessenius Faculty of Medicine, Comenius University, Martin,

Slovakia

Aims: To evaluate selected polymorphisms of GAS6, MRVI1 and

PEAR1 genes in patients with Sticky platelet syndrome (SPS) and fetal

loss.

Methods: Twenty-three patients with SPS, manifested as fetal loss, 42

controls without SPS and with no history of fetal loss and thrombosis.

SPS was diagnosed by platelet aggregometry (PACKS-4 aggregometer,

Helena Laboratories, USA). Four single nucleotide polymorphisms

(SNPs) of the GAS6 gene (rs7400002, rs1803628, rs8191974,

rs9550270), two SNPs of the PEAR1 (rs12041331, rs12566888) and

MRVI1 (rs7940646, rs1874445) genes were evaluated.

Results: We observed a significant higher occurrence of homozygotes

for the variant C compared to holders of T allele (according to reces-

sive association model of inheritance) at the rs7400002 (GAS6 gene) in

the group of SPS patients with fetal loss vs. control subjects

(P < 0.049). In addition, non-significant but still important result is

that the haplotype C/C is associated with 8-fold increase risk of fetal

loss vs. holders of T allele (odds ratio [OR] 8.632, 95% confidence

interval [CI] 0.903–82.540). In adaptive model of inheritance, the

results indicate that women carrying the genotype C/C have a signifi-

cant 11-fold increased risk of fetal loss vs. holders of genotype C/T

(odds ratio [OR] 11.429, 95% confidence interval [CI] 1.085–120.355).
According to dominant model of inheritance, we identified a signifi-

cant higher occurrence of homozygotes for the variant G compared to

holders of T allele at a SNP in PEAR1 gene (rs12566888) in the group

of SPS patients with fetal loss vs. control subjects (P < 0.046).

Summary/Conclusions: Our results can support an idea that selected

GAS6 and PEAR1 gene polymorphism may be associated with the

platelet hyperaggregability – a possible cause of fetal loss. SPS is likely

a multifactorial inheritance disorders. Acknowledgement: Study was

supported by project APVV 222-11, Vega 1/0016/12, UK/319/2012

and CEPV II (ITMS 26220120036) which is cofinanced from EC

sources.

PO 205
Thrombophilia in ethiopathogenesis of IVF failure
Makatsaria A, Khizroeva D, Makatsariya N, Panfilova O,

Stuleva N and Bitsadze V

I.M. Sechenov First Moscow State Medical University, Moscow,

Russia

Background: IVF failure has recently been associated not only with

embryo quality or endometrial receptivity but with thrombophilia.

Materials and Methods: we examined 109 patients after IVF failure.

Among them – 76 after repeated IVF, and 33 pregnant women after

IVF who received anticoagulant therapy at the period of planning of

pregnancy. All of them had complicated obstetric history and venous

thrombosis. Control group consisted of 100 healthy pregnant women.

All patients were tested for acquired and inherited thrombophilia and

hemostasis parameters.

Results: The prevalence of thrombophilia was found in all 109 patients

with IVF failure and consisted 92%. The incidence of genetic throm-

bophilia was 45%. MTHFR mutation was found in 43%, prothrom-

bin gene mutation -11%, Factor V Leiden mutation – 9%, PAI-I gene

polymorphism – 71%, t-PA – 37%. Forty-four percent had circulation

of antiphospholipid antibodies, 48% – anti-b2-GP I antibodies, 25% –
anti-annexin V antibodies, and 11% – antibodies to prothrombin.

Hyperhomocysteinemia was found in 57%. Multigenic thrombophilia

was revealed in 78%, combination of genetic thrombophilic mutations

and circulation of APA was identified in 61%. All women with preg-

nancy after IVF who received therapy from the fertile cycle and during

all pregnancy (LMWH, antioxidants, aspirin, folic acid, natural pro-

gesterone, vitamins group B) were delivered with healthy newborn.

Comments: These data suggest that thrombophilia may play a role in

the genesis of IVF failure, especially in cases of multigenic and com-

bined thrombophilia. Since thrombophilia has been diagnosed anti-

thrombotic therapy should be evaluated in patients with

thrombophilia and IVF failure.

PO 206
LMWH and natural progesterone in patients with
multiple pregnancy and thrombophilia
Makatsaria A, Makatsariya N, Bitsadze V, Khizroeva D

and Panfilova O

I.M. Sechenov First Moscow State Medical University, Moscow,

Russia

Background: thrombophilia play an important role in obstetric compli-

cations, especially in cases of multiple pregnancy. Normal pregnancy

is a prothrombotic state and associated with profound alterations in

the coagulation and fibrinolytic systems.

Materials and Methods: we examined 42 patients with multiple preg-

nancy, thrombophilia and complicated obstetric history. All pregnan-

cies were dichorionic. Twenty-three women were after IVF. These

patients were compared with group of 75 women examined retrospec-

tively with multiple pregnancy, thrombophilia (78.5%) and obstetric

complications (fetal loss syndrome 48%, antenatal fetal death 35%,

IUGR 15%, neonatal death 13%, preeclampsia 64%, severe pre-

eclampsia 10%, abruptio placentae 29%, preterm labor 28%) and did

not receive anti-thrombotic therapy.

All patients had been examined for the genetic and acquired thrombo-

philia.

Results: Forty-seven percent of patients had circulation of antiphosp-

holipid antibodies, 31% – hyperhomocysteinemia. The incidence of

factor V Leiden mutation was 9%, prothrombin gene mutation –
13%. Eighty-four percent of patients had combined thrombophilia.

Anticoagulant therapy was started after first visit to a doctor: 21

women with IVF were cured from preparing to IVF, 12 – from the per-

iod of pregnancy planning, 9 – at the beginning of I trimester of preg-

nancy. All patients received LMWH, folic acid, vitamins B, Omega-3,

micronized progesterone.

In 4 cases there was fetal reduction in woman pregnant with triplets.

Mild preeclampsia was in five patients at term 30–34 weeks of preg-

nancy. Eleven women had Cesarean section as planned at 37 weeks.

Twenty-two patients were delivered at term 34–36 weeks and 9 at 30–
34 weeks. There were no cases of obstetrical complications.

Comments: Testing for thrombophilia should be performed in all

patients with multiple pregnancy. Since thrombophilia has been diag-

nosed LMWH therapy and micronized progesterone should be

started.
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PO 207
Biosimilar LMWH in prevention of repeated
thromboses at pregnant women with trombophilia
Makatsaria A, Bitsadze V, Panfilova O, Makatsariya N

and Yashenina E

I.M. Sechenov First Moscow State Medical University, Moscow,

Russia

Background: The biosimilar enoxaparin is effective and safe in preven-

tion of repeated thromboses at pregnant women.

Materials and Methods: We examined 57 patients at the age of

29.4 � 5.5 years with a history of venous tromboembolism and

burdened obstetrical anamnesis. The control group consisted on 60

women with the physiological uncomplicated pregnancy course.

Among the patients with tromboembolism 32 patients had deep veins

thromboses, 14–thromboembolism of the pulmonary artery, 11 –
thrombosis of atypical localizations (splenic, mesenterial, hepatic,

ovarian veins). Eighty-two percent had burdened obstetrical history

(fetal loss syndrome – in 57%, preeclampsia – in 40%, placental

abruption – in 32%). We performed laboratory screening for genetic

and acquired thrombophilia. We detected thrombophilic condition in

90% of all cases: in 23.5% – mutation of the factor V Leiden (hetero-

zygous), a prothrombin mutation – in 13.7% (heterozygous). PAI-1 –
in 41.2%(homozygous) and in 33.3% – heterozygous. Heterozygous

form of MTHFR C677T was found in 52.9%) In 40% of cases hype-

rhomocysteinemia was detected. Circulation of antiphospholipid co-

factors (beta-2 GP -1) was found in 27.5% of patients. Polimorphismes

of proinflammatory cytokines were detected in 40% of patients. Both

genetic and acquired thrombophilia were detected in 75% of all cases.

Results: there was no repeated trombotic complications in patients

treated with Hemapaxan. Twenty-five (44%) women were undergone

cesarean cection, 32(56%) women had uncomplicated vaginal delivery.

Fifty-seven alive newborns were born.

Comment: biosimilar enoxaparin applied in women with repeated

thromboses and thrombophilia allowed to prevent repeated thrombo-

ses in 100% of cases and improve perinatal outcomes.

PO 208
Pregnancy and arterial thrombosis
Makatsaria A, Akinshina S, Bitsadze V, Khizroeva D, Gadaeva Z,

Makatsaria A and Stuleva N

I.M. Sechenov First Moscow State Medical University, Moscow,

Russia

Background: The incidence of ischemic stroke associated with preg-

nancy is unknown but is estimated to be about 4.2–210 per 100,000

deliveries. Ischemic stroke is estimated to occur in 12–35% of women

of 15–45 years old in association with pregnancy. Events occur most

frequently in the III trimester of pregnancy or postpartum. Pregnancy

is a kind of an essential spontaneous screening test for the risk of early

stroke in women. Pregnancy augments the risk f stroke in 3–13%.

Materials and Methods: We observed 71 patients with history of arte-

rial thrombotic complications and 60 healthy pregnant women (con-

trol group). Among 71 women with arterial thrombosis 5 of them had

stroke and venous thromboembolic complications (VTE), 4 had myo-

cardial infarction, three patients – acute arterial cerebral thromboem-

bolism and thrombosis of prosthetic heart valves. Some women had

history of stroke and ileo-femoral thrombosis and splenic infarction

and thrombosis occurred in different other localizations (n = 19,

26.7%) including combination of ischemic stroke and retinal thrombo-

sis, deep vein thrombosis, Takayasu syndrome and renal thrombosis,

subclavian artery thrombosis, avascular necrosis of the femoral head

and reoccurred cerebral thromboembolism in patients with cata-

strophic antiphospholipid syndrome.

I subgroup consists of 27 patients with history of arterial thrombosis.

All these women were enrolled into the study from the fertile cycle or

from the beginning of pregnancy andd therapy was started early. II

subgroup accepted 23 patients from II or III trimesters of pregnancy

and therapy was started after their admission. Thrombosis was associ-

ated with pregnancy in 17 women (28.8%). The remaining 21 patients

with arterial thrombosis had thromboembolic complications during

current pregnancy.

All included patients had been examined for the hemostasis system.

Results: risk factors of arterial thrombosis included systemic diseases

(SLE, vasculitis) 16.9%, metabolic syndrome 37.3%, hypertonic dis-

ease 27.1%, cardiac arrhythmia 5.1%, the presence of prosthetic heart

valves 6.8%, inadequate anticoagulant therapy, open foramen ovale

5.1%, intake of oral contraceptives 3.4%, surgery interventions 6.8%,

septic complications 1.7%, vertebrobasilar abnormalities 11.9%.

Different forms of thrombophilia were present in 88.2% of patients.

Multigenic inherited thrombophilia was recorded in 84.3% of patients

(including one or more homozygous mutations), combined fibrinolytic

defects in 76.5% patients, APA circulation in 41.2%, and hyperhomo-

cysteinemia in 19.6%. It is important to pay attention to high preva-

lence of pre-eclampsia in patients with history of ischemic stroke

(41.2% vs. 8.3% in control group, P < 0.05) but in II subgroup debut

of pre-eclampsia occurred much earlier and was more severe probably

because of lately started therapy.

All patients were delivered by cesarean section. Absolute indication

for surgery was history of cerebral thromboembolism.

Conclusion: the revelation of the multigenic thrombophilic predisposi-

tion (84.3%) and especially fibrinolytic defects (76.5%) and APA cir-

culation indicates an essential role of thrombophilia in the genesis of

thrombotic complications. Early pathogenic anticoagulant therapy-

from the fertile cycle when a women start to plan a pregnancy allows

prevent reoccurred thrombotic events, severe obstetric complications

and improve perinatal outcomes.

PO 209
Different clinical manifestations of APS in obstetric
practice
Makatsaria A, Khizroeva D and Makatsaria A

I.M. Sechenov First Moscow State Medical University, Moscow,

Russia

Background: obstetric complications such as fetal death, premature

delivery, pre-eclampsia, fetal growth retardation, placental insuffi-

ciency and recurrent abortions are the characteristic manifestations of

APS. They can occur in patients with known APS with previous arte-

rial or venous events in any tissue or organ, or be its first or only mani-

festation.

Objectives: We determined different manifestations in the APS and

assessed whether these clinical situations are due to the presence of an-

tiphospholipid antibodies.

Methods: during 2000–2012 we observed more than 850 patients with

different obstetric and gynecological complications and APS (recur-

rent miscarriage, preeclampsia, placental thrombosis, fetal growth

retardation, metabolic syndrome, infertility, venous and arterial

thrombosis, hypopituitarism Sheehans syndrome, failure of IVF,

HRT, oral contraceptives and others).

Results: our investigation demonstrated that the presence of autoanti-

bodies to various phospholipids and phospholipid-binding proteins

(antibodies to beta-2-glycoprotein I, annexin V, prothrombin and to

the antiphospholipid subtypes) has been identified in 64% of cases. In

women with history of obstetric complications and circulation of APA

fetal loss was found in 33.5% of cases, pre-eclampsia – 17.2%, throm-

bosis and placenta abruptio – 44%, stroke – 2.2%, IVF – 35.7%. In

71.5% APS was associated with genetic thrombophilia. Complex inter-

actions of acquired and genetic thrombophilia are the worst combina-

tion and contribute to the causation of thrombotic events in most

cases.

Conclusions: APS is one of the few treatable causes of pregnancy loss,

and successful pregnancy rates of 70% or more can be achieved with
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appropriate treatment. So, laboratory testing for aPL and antibodies

to phospholipid-binding proteins has routinely to be recommended in

the patients with suspected thrombophilia and attentive clinical care is

required for best outcomes.

PO 210
Antithrombotic prohylaxis in pregnant patients with
prosthetic heart valves
Makatsaria A, Akinshina S, Bitsadze V, Khizroeva D, Panfilova O

and Makatsariya N

I.M. Sechenov First Moscow State Medical University, Moscow,

Russia

In patients with prosthetic heart valves pregnancy and labor are asso-

ciated with high thrombotic risk. Physiological hypercoagulation dur-

ing pregnancy can reveal aquired and inherited hemostasis

abnormalities which were asymptomatic before pregnancy.

Aim: To determine genetic thrombophilia and antiphospholipid

antibodies (APA) in pregnant women with prosthetic valve throm-

bosis.

Material and Methods: Since 2000–2012 we have examined 11 preg-

nant women (at mean age 20–30 years) with mechanical valve throm-

bosis (mitral valve – n = 8, aortic valve – n = 2, tricuspid valve –
n = 1) from 59 pts with prosthetic valves. Analysis of thrombophilia

and APA was performed in all patients.

Results: History of obstetric complications (recurrent fetal loss, intra-

uterine growth restriction, preeclampsia, antenatal death) was

observed in six women. Thromboembolic complications were observed

in seven women (stroke – n = 4, renal and spleen thrombosis n = 2,

iliofemoral thrombosis after cesarean section n = 1). Before the

admission in our hospital (in 8–28 weeks of gestation) six patients

received warfarin without regular monitoring, four patients – LMWH

in low doses. One patient did not receive any anticoagulants in preg-

nancy during 1 month. Fetal mortality was 50%. One patient died due

to pulmonary embolism 48 h after the simultaneous cesarean section

and valve replacement. Thrombosis must be due to inadequate antico-

agulation monitoring. Multigenic thrombophilia (≥ 4 mutations con-

comitantly) and APA were detected in 100%. MTHFR C677T, PAI-1

675 4G/5G, t-PA I/D, F Hageman 46C/T, fibrinogen – 455G/A, FV

Leiden, prothrombin G20210A were detected in 6, 6, 2, 2, 4, 2 and 2

cases respectively. Lupus anticoagulant, anti-b2-glycoprotein I, anti-

cardiolipins, anti-annexin V antibodies were detected in 4, 6, 3 and 4

patients respectively.

Conclusion: Pregnancy in patients with PHV carries significant risk.

The presence of severe pregnancy complications, thrombotic events in

anamnesis is an indication for the screening for genetic thrombophilia

and antiphospholipid syndrome.

PO 211
Multiple pregnancy, chorion and placental abruption
and thrombophilia
Makatsaria A, Bitsadze V, Panfilova O and Makatsariya N

I.M. Sechenov First Moscow State Medical University, Moscow,

Russia

We examined 91 women with multiple pregnancy after IVF. Seventy

percent of patients had ovarian hyperstimulation syndrome. All preg-

nancies were complicated: abruption placentae – in 51 cases, chorion

detachement – in 40 cases. Sixty-two percent of patients had previous

history of fetal loss syndrome, 78% – abruptio placentae associated

with preeclampsia, 35% – burdened thrombotic anamnesis, 47% –
burdened family thrombotic history.

Methods: Clinical and hemostasiological examination. Criteria of

genetic thrombophilia: mutation of the factor V Leiden, mutations of

prothrombin G20210A, antithrombin III deficiency, protein C defi-

ciency, 3 homozygous thrombophilic polymorphisms, or 5 heterozyg-

otic polymorphisms, moderate or heavy hyperhomocycteinemia and

antiphospholipid syndrome.

Results: We detected thrombophilia in 83% of cases: mutation of fac-

tor V Leiden (�) in 20%, mutation of prothrombin G20210A (�)– in

13%, PAI-1 – in 72%, hyperhomocycteinemia – in 36%, antiphosp-

holipid syndrome in 25%, polymorphisms of proinflammatory

cytokines in 68%, inherited thrombophilia assotiated with antiphosp-

holipid syndrome- in 45% of cases.

Conclusion: We suggest that thrombophilia plays important role in

pathogenesis of complications of multiple pregnancy after IVF. We

recommend to perform screening for genetic and aquired thrombophi-

lias before IVF in patients with placental and chorion abruption and

other pregnancy comlications in anamnesis. In case of detection of

thrombophilic condition anticoagulant and antoxidant treatment and

vitamins support is recommended in preparation to IVF, during gesta-

tion after IVF and in postnatal period.

PO 212
Massive obstetric bleedings and pathology of
hemostasis system
Makatsaria A

I.M. Sechenov First Moscow State Medical University, Moscow,

Russia

In spite of existing standards of hemorrhages prophylaxis maternal

death from massive obstetric bleeding remains the main cause of

maternal mortality in developing countries and occurs in developed

countries. According to our 25 years independent experience massive

obstetric bleeding can be divided into moderate and massive. Due to

our experience since 1989 to 2012 (analyses of 200 cases massive of

obstetric clinic) massive obstetric haemorrhage mostly is initially coag-

ulopathic. At the same time coagulopathy and hemostasis insufficiency

have different character.

Main risk factors that provoke massive obstetric bleedings are, besides

obstetric reasons, hemostasiologic disturbances:

1 (a) acute forms of DIC; (b)conversion of the chronic form of DIC

to the acute or sudden appearance of acute forms – placental

abruption, chorioamnionitis, septic shock, heavy preeklampsia,

anafilaktoid syndrome of pregnancy (amniotic embolism)

2 the hidden undiagnosed forms of hemorrhagic diathesis – Wille-

brand disease, thrombocytopathias, taking of medicines influencing

on hemostasis, liver diseases (defect of synthesis of coagulation fac-

tors and their inhibitors), sudden appearance of inhibitors of coag-

ulation in bloodstream (Factor VIII inhibitor). Analyzing 200 cases

of maternal death from massive obstetric bleeding we found that

45% of medical reports these women consist of notes about hemor-

rhagic history. It indicates the absence of correct diagnostics of

hemorrhages.

3 absence of adaptive hemostasiological changes that are typical in

pregnancy.

We suggest that extend laboratory screening for latent coagulopathic

disturbances is of high clinical value in correct diagnosis and treatment

of massive obstetric.

During last 7 years we observed and examined 91 women, survived

after massive obstetric bleeding. Blood loss was mire than 2.0 L.

According to our data in patients with history of massive obstetric

bleeding we revealed thrombophilic and hemorrhagic defects in hemo-

stasis system including thrombophilia in 61% (genetic – 55, acquired –
28, multigenic – 14), platelet’s defects in 31%, and Von Willebrand dis-

ease in 13%.

Dysplasia of connective tissue of vascular wall predispose to bleeding

due to primary vascular platelets defects in vast wound surfaces during

placenta separation in labor or abnormal placenta abruptio bleedings.

Mechanical methods of bleeding arrest which are widely used recently

can) In our practice since 1998 to 2012 we observed pregnancy and labor

in 56 women with mesenchymal dysplasia (Marfan, Ehlers-Danlos,
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Osler-Veber-Rendu syndromes) including subclinical forms of diseases

in patients of ages 18–36 years.

Hemostasis abnormalities were discovered in 69.6%: in 45% – hypo-

function of platelets and acquired von Willebrand disease.

All 56 were delivered by cesarean section. Vaginal delivery is contrain-

dicated because of risk of uterus rupture and vessels rupture. There

were no cases of bleeding because of fresh frozen plasma uses pre-,

intra- and postoperatively.

We advised 1 case of sudden death of patient with undiagnosed earlier

Marfan syndrome. Autopsy studies have found aortic rupture.

Hepatic disorders characterized by coagulopathy as well as thrombotic

complications. In cases of diagnosed primarily coagulopathy massive

obstetric hemorrages can be successfully prevented (before labor or

cesarean).

PO 213
Successful pregnancy outcome in women with bad
obstetric history and recurrent fetal loss due to
thrombophilia: efficacy of combination of aspirin and
heparin
Malato A, Saccullo G, Napolitano M, Lo Coco L, Raso S,

Santoro M, Tarantino G, Vaccarella G and Siragusa S

Unit of Haematology and Transplantation, Paolo Giaccone

University Hospital, Pal, Palermo, Italy

Backgound: Recent investigations highlight the potential role of

thrombophilia for determining unfavorable pregnancy outcome

including recurrent fetal loss. However, the results so far published

furnish discordant results. There are differences of opinion whether

these patients need to be treated with aspirin, unfractionated heparin,

low’ ‘molecular weight heparin or corticosteroids.

Purpose: To evaluate the safety of anticoagulant agents, such as aspi-

rin and heparin, in women with a history of at least two spontaneous

miscarriages or one later intrauterine fetal death without apparent

causes other than inherited thrombophilias.

Material and Methods: We studied, for the common tests for acquired

and congenital thrombophilia, 108 women with previous adverse (i.e.,

preeclampsia, intrauterine growth restriction (IUGR), placental

abruption, intrauterine fetal death and recurrent pregnancy loss). Low

molecular weight heparin was given at 4000 IU subcutaneously once

daily, started at positive pregnancy testing and followed until delivery.

Aspirin, 100 mg daily, was given in addition to enoxaparin to women

with and without antiphospholipid syndrome. The anticoagulation

was continued 6 weeks in postpartum period.

Methods: All the women were positive either for a solitary or for a

combination of acquired and heritable thrombophilia markers (FVLe-

iden, 13%, FII mutation 12%, MTHFR C677T 49% MTHFR

A1298C 34.5% Combined defects 32.7% Fasting homocysteine levels

14.8%, LAC 22%); 52 out of 108 patients (48.1%) had subsequent

pregnancies. They were treated with low’ ‘molecular weight heparin

plus aspirin, and all of them had successful pregnancy outcome (live

birth rate of 100%). None of the patients had any adverse reactions

such as heparin-induced thrombocytopenia, thrombosis, or fracture.

None of the patients had to interrupt the therapy for any adverse treat-

ment-related complications.

Conclusions: Thromboprophylaxis with aspirin and heparin in women

with bad obstetric history and recurrent fetal loss due to thrombophil-

ia seems to be safe in prevention of pregnancy loss in women with

inherited and acquired thrombophilia. Its efficacy should be tested in

properly designed clinical trials.

PO 214
Excessive menstrual blood losses can cause severe iron
deficient anemia in women with inherited or acquired
coagulation disorder for oral anticoagulant treatment
Napolitano M1, Saccullo G1, Alberto D2, Orecchioni A3,

Grandone E4, Malato A5, Lucchesi A6, Mariani G7 and Siragusa S8

1University of Palermo; 2Istituto Superiore di Sanit�a, Palermo;
3Central Laboratory, Regional Hospital of L’Aquila, L’Aquila;
4Ospedale Casa Sollievo della Sofferenza, San Giovanni Rotondo;
5Ospedale Cervello, Palermo; 6Istituto Scientifico Romagnolo per

lo Studio e la Cura dei Tumori, Meldola; 7University of Ferrara,

Ferrara; 8University of Palermo, Thrombosis and Hemostasis

Center, Palermo, Italy

Background: Excessive menstrual blood losses (EMBL) are a frequent

symptom of a inherited bleeding disorder (IBD) but they can also com-

plicate treatment with oral anticoagulants (OAT). EMBL negatively

affect the quality of life and can lead to severe iron deficient anemia,

sometimes requiring red blood cells transfusion. The quantitative

determination of menstrual blood losses can effectively support the

management of this frequent complication through an early detection

that can help to avoid excessive iron losses and maintain a positive bal-

ance of iron homeostasis.

Objective: To quantitatively determine in a prospective evaluation,

menstrual blood and iron losses in women with a diagnosis of inher-

ited or acquired coagulation disorder secondary to OAT referring to

our Center for iron deficient anemia.

Methods: Alkaline Hematin Method (AHM) was applied for the quan-

titative determination of menstrual blood losses (MBL) in each

enrolled woman. A personal and gynecological history was recorded

and all other potential known causes of iron deficiency were excluded

in each enrolled woman. Sanitary protection wears used during menses

were carefully collected and analyzed in a central laboratory. Menses

were studied from 1 cycle to 3 consecutive cycles. A group of healthy

women with normal hemoglobin and ferritin levels was enrolled as

control. Blood cells count and ferritin serum levels were determined

before enrollment and at least 2 weeks after the last menses. EMBL

were defined as MBL > 80 mL. Iron losses were determined from the

hematin values.

Results: Seventeen women with a known diagnosis of inherited bleed-

ing disorder or under OAT, with a therapeutic INR (range:2–3), were
enrolled for iron deficient anemia: von Willebrand’s Disease (vWD,

n = 3), Factor VII deficiency (n = 6), OAT for Deep Vein Thrombo-

sis or Pulmonary Embolism (n = 8). Mean age at enrollment was

30.2 years (SD:5.19). Mean Hemoglobin levels were: 9.7 g/dL

(SD:2.4); mean serum ferritin levels: 5 ng/dL (SD:3.37); mean menses

duration was 6 days (SD:2); mean MBL was 95 ml (SD:12.7). Median

amount of iron lost was 5.2 mg/cycle. In the control group (n = 25),

mean age at enrollment was 29.9 years (SD:6.4), mean Hemoglobin

levels were: 13.5 g/dL (SD:0.9); mean serum ferritin levels: 36.2 ng/dL

(SD:20); mean menses duration was 4.5 days (SD:1); mean MBL was

45 ml (SD:17.2). Median amount of iron lost was 0.8 mg/cycle.

Conclusion: Excessive menstrual blood losses can be the leading cause

of moderate to severe iron deficient anemia in women with inherited

bleeding disorder or under OAT. The quantitative determination of

menstrual blood losses can help to clinically define the problem and

take adequate measures to prevent iron deficient anaemia and improve

quality of life

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1020–1206

ABSTRACTS 1101



PO 215
D-Dimers and pregnancy
Nikoloska I, Neceva V, Apostolovska R, Bojadzieva-Makarovska T,

Velkova E and Samonikov-Tosevksa J

Institute of transfusion medicine, Skopje, Macedonia

Background: Elevated D-Dimers (D-D) levels are observed in all dis-

eases and condition with increased coagulation activation especially

during pregnancy which is common hypercoagulability state. Some of

women have high values of D-D, don’t have trombotic problems or

problems with pregnancy, but some of them have low values of D-D

and have problems with thrombosis or problems with pregnancy. D-D

values are very useful tool to prevent thromboembolic complications,

such as VTE – DVT or pulmonary embolism during pregnancy.

Aims: To show the values of D-D in pregnant women during trimesters

in ITM for first 3 months in 2012 year.

Methods: Two hundred and sixty pregnant women in different months

of pregnancy. Quantitative determination of D-D in plasma of preg-

nant women with Innovace D-D, immunoturbidimeric assay (normal

value < 500 ng/mL) for use on BCS (Bechring – Siemens) analyzer.

Results: Two hundred and sixty pregnant women were admitted in

Outpatient department in ITM in the first 3 months in 2012 year. The

values of D-D show those results: In the first trimester in 34 women

values of D-D was until 1.316 ng/mL. In second trimester 107 women

had D-D values until 2.369 ng/mL but 50 women in VI th lunar month

of pregnancy had higher D-D values instead those in IV th or V th

lunar month. In last trimester in 167 women values was until 3.122 ng/

mL. All those women have born healthy child.

Summary/Conclusions: Range of D-D not correlates with pregnancy

problems. Values of D-D are increasing proportionally during each

month of pregnancy, so question is which value of D-D would be

upper border to start with prophylaxis therapy. Collaboration between

gynecologist and coagulations is most important.

PO 216
Evaluation of protein C activity in pregnant Nigerians
Nwagha TU, Nwagha U, Ibegbulam OG and Ocheni S

University of Nigeria Teaching Hospital, Enugu, Nigeria

Introduction: Thromboembolic phenomenon is under reported among

pregnant Nigerians. The paucity of data and hence low index of clini-

cal suspicion among obstetricians and care givers are hugely contribu-

tory to this.

Aims and Objectives: This study is aimed at establishing mean levels of

protein C activation (PCA) ratio, prothrombin time (PT), activated

partial thromboplastin time (APTT) and platelet count in pregnant

Nigerians.

Subjects and Method: A prospective study was carried out in a tertiary

institution in Enugu State, Nigeria over the 7 months period. Two

hundred pregnant women in the 2nd and 3rd trimester and 50 non

pregnant female controls were recruited and PCA ratio (coagulometric

assay), PT, APTT and platelets count were also determined.

Results: there was a significant difference using ANOVA (P < 0.0001)

in the mean platelet count for female non pregnant control subjects

and the pregnant subjects in the second trimester and third trimester

which were 226.34 � 69.16 9 109/L, 186.38 � 42.81 9 109/L and

167.46 � 49.63 9 109/L respectively. The post hoc multiple compari-

son showed that this was as a result the differences between control

subjects vs. the pregnant subjects in their 2nd trimester of pregnancy

(P < 0.0001), the control subjects vs. pregnant subjects in their 3rd tri-

mester (P < 0.0001), as well as the 2nd vs. 3rd trimester (P = 0.004).

There were also significant difference in The mean PT and APTT for

female non pregnant control subjects and Pregnant subjects in the sec-

ond trimester and third trimester which were for PT,13.17 � 0.77 s,

12.19 � 0.84 s and 13.10 � 2.09 s respectively and APTT 40.09 �
3.44 s, 36.83 � 3.61 s and 39.51 � 4.44 s respectively. However, the

post hoc multiple comparison showed that this finding was mainly due

to the differences in PT and APTT between the control subjects vs. the

pregnant subjects in their 2nd trimester of pregnancy and between the

2nd vs. 3rd trimester (P < 0.0001), The differences noted between the

control subjects vs. pregnant subjects in their 3rd trimester for both

PT and APTT were not contributory (P = 0.960) and (P = 0.642)

respectively.

The female non pregnant controls and pregnant subjects in their 2nd

and 3rd trimester with PCA ratio ≥ 4 were 20%, 52%and 27% respec-

tively while those with APC sensitivity ratio ≤ 4 were 8%, 38% and

61% respectively. There was a significant difference (P = 0.000) in

the mean PCA ratio of the non-pregnant controls and the pregnant

subjects which were 4.27 � 0.44, 3.87 � 0.50 and4.34 � 0.43 respec-

tively. These changes were also statistically significant (P < 0.0001).

The post hoc multiple comparison showed that these were due to dif-

ferences between the non-pregnant control subjects vs. pregnant sub-

jects in their 3rd trimester and the pregnant subjects between the 2nd

trimester vs.3rd trimester (P < 0.0001). However, the differences

between non pregnant control subjects vs. the pregnant subjects in

their 2nd trimester of pregnancy were not contributory (P = 0.671).

Conclusion: There are changes in protein C activity (PCA ratio), PT,

APTT and platelet count in our pregnant women. This largely would

imply the possibility of thromboembolic disorders in pregnancy and

hence the appropriateness of heightened index of clinical suspicion

among our obstetricians and care givers.

PO 217
Thrombocytopenia and pregnancy
Tadlaoui D1, Bendaoud H2 and Guechi Z2

1Nafissa Hamoud Hospital, Hussein Dey CHU; 2Nafissa Hamoud

Hospital, Algiers, Algeria

The thrombocytopenia is related to 4–8% of the pregnancies, the rate

of platelets is generaly moderate 70 Giga/L and the thrombopenia is

insulated occurring especially after the third quarter or sometimes with

the first quarter without maternal haemorrhage. It is necessary to dif-

ferentiate this thrombocytopenia ITP (immune thrombocytopenia

Purpura) which is much rarer (1–5 cases out of 10,000 pregnancies)

with an important hemorrhagic risk, a foetal or neonatal haemor-

rhage, since at the time of a ITP, the antibodies anti platelets cross the

placenta. The principal objective of our study is to detect on one hand

these thrombocytopenia in order to pose a diagnosis as soon as possi-

ble of it and to avoid the massive haemorrhage which perhaps fatal,

and on the other hand, the search for possible thrombocytopenia

could be really a good indicator of pregnancy complications.

We followed 216 pregnant women presenting no characteristic

obst�etrical, for each one of them a blood numeration’platelets was

done, by knowing that they all presented an initial biological assess-

ment (biochemical, hematologic and serologic). At the time of discov-

ered of a thrombocytopenia, a blood smear is then carried out in order

to eliminate on the one hand, false thrombocytopenia, and on the

other hand, to study the other cellular lines (red and white cells) to

check if the cytopenia is insulated or associated (see the quantitative

aspect on NFS). At 20 of them, a 9.25% frequency, we especially find

a thrombocytopenia in the third quarter, and for three pregnant

women only more precociously at the end of the first. Anaemia is pres-

ent among 182 women (84.25%) during the last quarter (Iron Anaemia

deficiency or by mixed deficiency). No hemorrhagic sign was

announced, the thrombocytopenia was not symptomatic. The rate of

platelets varied between 65 and 110 G/L (Algerian Standards: 120–
380 G/L) Among the etiologies, two cases of DIC (disseminated intra-

vascular Coagulation) were diagnosed (Assessment of consumption

carried out) three cases of TIP where the rate of platelets fell from 65

to 42 G/L at the end of the pregnancy with caused Caesarean, 1

HELLP syndroma, and 14 of them were purely related to the preg-

nancy, the rate of platelets returned to normal 10–20 days after the

delivery. This preliminary study enabled us to quickly detect the three

cases of TIP in order to avoid the hemorrhagic risk at the foetus or the
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new-born baby more especially as the maternal rate of the platelets

does not reflect that of the new-born baby at all, indeed, for the three

cases the rate was lower than 30 G/L and the treatment was very

quickly founded, the NFS must be systematic at the new-born baby

and the premature. The frequency of the thrombocytopenia at the

pregnancy being of 6.48%, the initial anamnesis and assessments must

be essential to interpret allthe results obtained.

PO 218
Plasma thrombin generation and circulating
nucleosomes in women with early abortions
Tormene D, Ammollo T, Semeraro F, Gjergji M, Camerin M,

Visentin S, Nardelli G and Simioni P

University of Padova, Padova, Italy

Background: Miscarriages are distressing complications of pregnancy

affecting about 15% of pregnancies, and 2% are recurrent.

Chromosomal abnormalities are considered the leading cause of early

abortions, other causes are represented by uterine abnormalities, endo-

crine disorders, infections, immunological disorders. However, about

50% of recurrent miscarriages is unexplained.

As thrombophilic conditions are associated with an increased risk of

obstetric complications we performed a case control study aiming to

evaluate the association between early abortions, thrombin generation

and levels of circulating nucleosomes, a marker of tissue damage and

inflammation with prothrombotic potential.

Materials and Methods: Twenty-six women who were enrolled at the

time of early abortion and the same number of healthy women of com-

parable gestational age were included in the study. The levels of circu-

lating nucleosomes and thrombin generation were measured in the two

groups. Quantification of circulating total nucleosomes was deter-

mined using a commercially available ELISA kit and nucleosomes

were quantified in arbitrary unit (AU). Thrombin generation was

determined by calibrated automated thrombinography (CAT).

Results: Plasma thrombin generation was measured in the absence of

triggers (recalcification) or in the presence of tissue factor (TF, 5 pM).

The thrombin generation was significantly lower in cases with respect

to controls under both conditions: in the presence of TF the thrombin

peak in cases was 267.7 nM and in controls 321 nM (P = 0.007) and

the endogenous thrombin potential (ETP) 1286 � 327.2 nM/min and

1526 � 270.5 nM/min, respectively (P = 0.004).

Circulating levels of nucleosomes were similar in cases (median value

56 � 22 AU) and controls (median value 62.5 � 26 AU).

Conclusions:These preliminary results provide evidence that lower lev-

els of thrombin generation are associated with an increased risk of

early miscarriages suggesting that a state of hyper-coagulability may

favor the implantation of the embryo. Further studies are needed to

better understand the role of circulating nucleosomes and thrombin

generation in early miscarriages.

PO 219
The features platelet hemostasis in pregnant women
with missed abortion
Vasilenko I1, Gaspsryan S2, Nalgieva M2, Lifenko R2

and Topuzov A2

1N.I.Pirogov Russian National Research Medical University,

Moscow; 2Stavropol State Medical Academy, Stavropol, Russia

The problem of miscarriage in their social value is one of the leaders in

modern obstetrics. In the reproductive loss structure the rate of missed

abortion (MA) is 10–20%. Last years much attention in studying of is

MA genesis are attended to hemostatic disorders, including genetically

determined forms of thrombophilia, hyperhomocysteinemia, anti-

phospholipid syndrome, etc. Therefore, a detailed studying of the

platelet morphofunctional characteristics can improve the diagnosis

and treatment of MA.

The features of the morphofunctional state of peripheral blood plate-

lets were analyzed in the I trimester of gestation in 35 pregnant women

with physiological, 40 – with MA, as well as in 20 somatically healthy

women of reproductive age. Investigations were carried out in the real

time using novel information biotechnology based on the apparatus-

and-program complex (APC «Bioni», Westtrade LTD, Moscow, Rus-

sia) for cellular diagnostics using computed cytomorphometry (module

computer laser phase-interference microscopy module «Bioni-CPM»)
and microelectrophoresis (microelectrophoresis module «Bioni-
MEPh»). Dynamics of the morphofunctional parameters of the cellu-

lar membranes (electrokinetic parameters of the separate cells and cel-

lular population as a whole, percent of immovable cells, an average

fluctuation amplitude, cell distributions in amplitude (histograms),

asymmetry, and excess) was estimated as well as the computer platelet

images (three dimensions of whole cells and their parts, different cross-

sections and histogram) and optic-geometrical parameters of each

platelet and its distribution by sizes. At one time standard hemostasis

studies of peripheral blood in patients were performed including the

platelet number, ADP-induced aggregation. Analysis of coagulation

hemostasis was performed by determining the activated partial throm-

boplastin time (aPTT), prothrombin time (TV), prothrombin index,

number of fibrinogen data thromboelastography. Determined the

presence of antiphospholipid antibodies (aPL), lupus anticoagulant

(LA).

The circulating platelet multiplicity reflects cell distinctions in size,

density, metabolic, functional, biochemical features and the level of

megakaryocyte polymorphism. When MA revealed marked heteroge-

neity of platelet hemostasis: reduced percentage of resting platelets

(49% vs. 56% in physiological pregnancy), increased content of acti-

vated cells (32% and 14% vs. 28% and 11%, respectively), the average

in the population value of the diameter, perimeter, area and volume of

platelets increased by 19.2%, 15.9%, 39.1% and 44.4%, respectively.

Apparently, this is due to the processes of conversion of the cell hemo-

stasis towards activation and implementation of hypercoagulability.

The subpopulation of large platelets (with diameter > 5 microns) were

isolated and characterized. Outside of pregnancy the macroform con-

tent does not exceed 2%, in physiological pregnancy (I term) – 4%,

MA – increases to 7%. All patients with MA were followed up 7–
10 days after emptying the uterus against the background of antiplat-

elet and anticoagulant therapy. The effectiveness of treatment was

evaluated by the activation status of the restoration and normalization

of morphometric parameters of circulating platelets.

There were significant correlation relationship between the platelet

morphometric parameters, different morphological cell types, and the

most important indicators agregatogramms. On the basis on these

results, a system of objective and informative criteria for the timely

MA diagnosis and the adequacy of pathogenetic therapy.

PO 220
The clinical outcome of 103 pediatric ITP patients in
one center
Bay A and Karaoglu O

Gaziantep University, Gaziantep, Turkey

Background: Immune thrombocytopenic purpura (ITP) is a common

disease in children that can be seen in two clinical forms as acute and

chronic.

Aims: In our study, clinical course and treatment responses of patients

with childhood ITP were evaluated in terms of determining causes of

disease and the factors affect on chronicity.

Methods: The files of 103 patients followed as ITP and sufficient infor-

mation can be accessed between march 2006 and February 2011 at

Gaziantep University Faculty of Medicine, Department of Pediatric

Hematology were investigated for history, clinical examination, labo-

ratory findings, clinical course and treatment responses.
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Results: Average age at diagnosis was 73.0 � 50.7 months and female/

male ratio was 1.1. Thirty-three percent of the patients had history of

previous infection and 3.9% had history of vaccination. Bruising

(75.7%) and epistaxis (35.9%) were most common compliants at

admission. Most of the patients were admitted in spring (29.1%) and

summer (27.2%). In our ITP patients 33.3% had previous viral infec-

tion, 20.6% had antinuclear antibody (ANA) positivity, 29% had anti-

thyroglobulin antibody positivity. At the admittion 50.5% of the

patients were diagnosed as acute ITP and 49.5% were diagnosed as

chronic ITP. The age of diagnosis > 10 years, admission platelet count

> 10,000/mm3, and those with insidious onset, chronity was signifi-

cantly higher than those without a history of previous infection

(P = 0.009, P = 0.001, and P = 0.003 respectively). Asthe preferred

initial treatment with intravenous immunoglobulin (IVIG) and steroid

there was no difference in terms of the treatment response and relaps

rate (P = 0.097, P = 0.62 respectively). Between follow up without

treatment, IVIG, and steroid treatments there was no difference in

terms of chronicity (P = 0.33).

Conclussion: In children, ITP can be seen after previous infection or

vaccination and may be associated with underlying autoimmun dis-

ease. Although the prognose is variable, age at diagnosis, platelet

count at admission, and previous history of infection are risk factors

for chronicity.

PO 221
The serum TPO levels, not a good biomark in children
immune thrombocytopenia
Chen Z, Ma JY, Jiang J, Jin L, Zhang L, Yang J and Wu R

Beijing Children’s Hospital, Beijing, China

Objective: To explore the relationship between serum TPO levels and

the prognosis of children Immune Thrombocytopenia (ITP) during

their onset period.

Method: The children (< 14 years) with new-diagnosis ITP were

included in this study in Hematology Center ward of Beijing Chil-

dren’s Hospital from April 2012 to September 2012. The serum throm-

bopoietin (TPO) levels were tested in all patients. All of the children

were followed in the 3rd month and were divided to two groups:

Remission group (platelet count > 100 9 109/L) and Non-remission

group platelet count < 100 9 109/L according to the platelet count.

Several clinical data of the children with ITP were collected included:

the first platelet count, megakaryocytes count of bone marrow for the

ITP diagnosis, response to treatment measure, platelet count in the 3rd

month followed period. And the relationship between these clinical

data and serum TPO levels were analysed.

Result: There were 33 children with new-diagnosis ITP were included

in this study. Age: from 2 months to 12 years old, median age is

3.0 years old. Six cases in non-remission group and other 27 cases in

remission group. Correlation analysis showed no significant correla-

tion between TPO levels and platelet count before therapy

(P = 0.775,r = �0.051) and megakaryocyes count of bone marrow

(P = 0.773,r = �0.051). similarly, no significant correlation were

founded between TPO levels and response of treatment (P = 0.907,

r = �0.021). The TPO levels were no significant difference between

non-remission group and remission group (P = 0.456).

Conclusion: There is no significant correlation bewteen serum TPO lev-

els and several clinical data of Children ITP. The TPO levels can’t be

used as a biomark for evaluating the prognosis of children ITP.

PO 222
Safety and efficacy of laparoscopic splenectomy in
children with chronic immune thrombocytopenic
purpura
Evstafyeva I1, Poddubnyi I2, Tolstov K2, Donyush D1, Svirin P1

and Vdovin V1

1Izmailovskaya Children Hospital; 2Moscow State University of

Medicine and Dentistry, Moscow, Russia

Background: Prevalence of Immune thrombocytopenic purpura (ITP)

in Russian children range 5.5–6.5 in 100,000. Fifteen percent of them

suffer from chronic ITP with excessive bleeding and poore quality of

life. Treatment mode for this group is splenectomy.

Aims: To evaluate safety and efficacy of laparoscopic splenectomy

(LS) in children with chronic ITP.

Methods: During the period 2000–2012 we observed 61 children with

chronic ITP, who had excessive impending bleedings (35 – epistaxis, 20
– menorrhagia, 7 – kidney bleedings, 4 – intestinal bleedings, 6 – gum

bleedings, 7 – eye bleedings, 2 – cerebrovascular accidents, 1 – hemo-

thorax). Pre-operative conservative treatment in all patients included

intravenous immunoglobulin (IVIG), steroids, interferon-alpha, anti-

D-Rh immunoglobulin, danazol with no sufficient effect. The age of

the patients varied from 2 to 17 years. The mean disease duration was

51.1 months. Laparoscopic splenectomy was performed in all patients.

Three trocars – two 5 mm and 10 mm – were used in all cases; Liga-

sure instruments were employed for dissection and vessels ligation and

transection (including the vascular pedicle).

Results: Mean platelet count during the surgery was 110.3 9 10 (9)/L

(range 12–383 9 10(9)/L). Mean surgery time was 65 min (range 30–
195 min). There were no indications for conversion. Five children

required red cells transfusion in the early postoperative period, 29 –
had reactive postoperative pancreatitis. No fatal complications

occurred. There were no relaparoscopies or relaparotomies in our ser-

ies of 61 patients. After LS 35 (57.4%) children have stable normal

platelet count without bleedings; 26 (42.6%) children after LS need

additional drug therapy- danazol, IVIG, steroids. After surgery and

additional drug treatment nine children (14.7%) still have severe

thrombocytopenia with episodes of bleeding.

Conclusion: LS in combination with conservative therapy was effective

in 85.3% of actively bleeding ITP children after unsuccessful nonsurgi-

cal therapy.

PO 223
Comparison of length of stay for inpatients with
immune thrombocytopenia treated with anti-Rh(D) vs.
those treated with intravenous immunoglobulin or
steroids
Melinscak H1, Shapira I2, Grossbard ML1 and Varma M1

1St Luke’s Roosevelt Hospital; 2Beth Israel Medical Centre, New

York, NY, USA

Background: Anti-Rh(D) is an effective treatment for immune throm-

bocytopenia [ITP]. It has a more rapid onset of action (1 day) vis a vis

glucocorticoids (3 days) and intravenous immunoglobulin [IVIG]

(4 days). A direct comparison of length of stay [LOS] for adult inpa-

tients receiving these therapies has hitherto not been performed.

Aims: To determine whether anti-Rh(D) therapy for ITP results in

shorter mean LOS compared to treatment with glucocorticoids or

IVIG.

Methods: With institutional review board approval, a retrospective

chart review was conducted to assess length of stay in relation to treat-

ments proffered for ITP. The defining diagnosis of ITP [coded 287.31]

was rendered from the computerised record at St. Luke’s-Roosevelt

Hospital Center. In a period spanning 01SEP2005 through

29FEB2012, 303 admissions were identified, of which 78 were just for

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1020–1206

1104 ABSTRACTS



active ITP, and in which ITP-related complications or other co-mor-

bidities did not impact on LOS. Single agent therapy – glucocorticoids,
anti-Rh(D), or IVIG – was administered in 50 of the 78 admissions;

combination therapy was given in the remaining 28. LOS was

extracted from the medical record. An average LOS was tabulated for

each treatment group. Age and gender were also recorded. An apriori

one-way ANOVA calculation was used to compare LOS among

patients treated with prednisone, dexamethasone, or IVIG. The stu-

dent’s t-test was used to compare LOS between patients treated with

anti-Rh(D) vs. the group of patients treated with prednisone, dexa-

methasone, or IVIG (http://www.physics.csbsju.edu/stats/).

Results: There were 45 adult and 5 pediatric admissions. The median

age was 43 years, range 3–78 years. The male:female ratio was 1.1:1.

Mean LOS (days) was similar for patients treated with prednisone

(n = 7) 2.714 [95% CI 1.841–3.588], dexamethasone (n = 7) 3.000

[95% CI 2.127–3.873], or IVIG (n = 10) 2.500 [95% CI 1.769 thru

3.231], P = 0.66. Mean LOS was shorter for patients treated with

anti-Rh(D) (n = 26) 1.888 [95% CI 1.383 thru 2.386] in comparison

with the group of patients treated with prednisone, dexamethasone, or

IVIG (n = 24) 2.71 [95% CI 2.186 thru 3.230], P = 0.027. There

were no complications noted in the treatment arms.

Summary/Conclusions: LOS is 1 day shorter for ITP patients treated

with anti-Rh(D) vs. those treated with glucocorticoids or IVIG.

According to the findings of this study, anti-Rh(D) is a rapidly effec-

tive, well-tolerated therapy for ITP.

PO 224
Successful management of ITP during pregnancy:
weekly IVIg is an option
Villaca PR, Okazaki E, Zeinad-Valim AK, Chamone DAF

and D’Amico EA

Hospital das Cl�ınicas – University of Sao Paulo, Sao Paulo, Brazil

Background: Primary ITP is an autoimmune disorder characterized by

isolated thrombocytopenia (peripheral blood platelet count

< 100 9 109/L) in the absence of other causes or disorders that may

be associated with thrombocytopenia. Pregnancy does not increase the

risk of developing ITP nor does it exacerbate preexisting ITP,

although anecdotal reports of exacerbation of ITP during pregnancy

with improvement after delivery. Treatment is largely based on the risk

of maternal hemorrhage. Studies have shown that pregnancy in

women with ITP can proceed safely with low hemorrhagic risk, with

around 1/3 of patients requiring intervention. Throughout the first 2

trimesters a platelet count at 20 to 30 9 109/L or higher do not rou-

tinely require treatment, unless the patient is symptomatic or to pro-

duce an increase in platelet count to a level considered safe for

procedures. They should be monitored more closely as delivery

approaches. Corticosteroids are the first line of therapy in pregnant

women; intravenous immune globulin (IVIg) is commonly used in ste-

roid resistant patients. Other treatments such as intravenously admin-

istered anti-D (IV anti-D) and splenectomy during pregnancy have

been reported. The mode of delivery is determined by obstetrical con-

siderations.

Case report: A 20-year-old woman was admitted to the hospital during

week 20 of her first pregnancy because of thrombocytopenia (3 9 109/

L) without bleeding. She had no history of infection or drug intake. A

subclinical hypothyroidism was diagnosed. Laboratory studies

revealed a hemoglobin of 11.7 g/dL, WBC counts 12,300 9 109/L

(normal differential), and normal coagulation and serological tests.

She was started on oral doses of 60 mg of prednisone daily and IVIg

(1 g/Kg/day for 2 days) with a complete response. Despite being main-

tained with steroids, there was a significant drop in platelet count after

14 days. At this time she presented with petechiae on the trunk and

limbs, and she was noted to be hypertensive. IVIg was administered

again and a single weekly IVIg (400 mg/Kg) infusion was given, which

provided a normal platelet count. In the absence of any response and

because of hypertension, steroid was tapered to 30 mg. Cesarean sec-

tion was performed and she gave birth to a female infant with a nor-

mal platelet count.

Summary: Due to the paucity of RCTs, recommendations for the diag-

nosis and management of ITP in pregnancy are mainly based on clini-

cal experience and expert consensus. First-line treatment of ITP in

pregnancy include corticosteroids, IVIg, IV anti-D and splenectomy.

There are no comparative trials of corticosteroids and IVIg in preg-

nant women; however, response rates are similar to those in non-preg-

nant patients. For the management of maternal ITP patients failing

firstline treatment, azathioprine, cyclosporin A, splenectomy may be

some options to be used before delivery. In our patient, a single weekly

IVIg infusion was sufficient to prevent hemorrhage and provide an

adequate platelet count for delivery. IGIV therapy offers a therapeutic

modality in managing the difficult patients with ITP throughout their

pregnancy.

PO 225
CXCR4 gene variation is associated with minimal
platelet count of childhood primary immune
thrombocytopenia
Wang J-D1, Fan-Chen K2, Chi-Ren T3 and Te-Kau C1

1Taichung Veterns General Hospital, Taichung; 2Changhua Show-

Chwan Memorial Hospital, Changhua; 3Taichung Veterans

General Hospital, Taichung, Taiwan

Background/Aim: Primary immune thrombocytopenia (ITP) of child-

hood is an autoimmune disease characterized by abnormally increased

destruction of platelets and decreased megakaryopoiesis. Chemokine

receptor, CXCR4 is involved in the migration, homing, mobilization,

proliferation and survival of hematopoietic stem cells. In addition,

CXCR4 is shown to have an impact on the survival of platelets derived

from ITP patients.

Methods: Two single nucleotide polymorphisms (SNPs) of the CXCR4

gene (rs2228014 and rs2471859) were assessed in 100 children with ITP

and 126 healthy controls. The genotypes were analyzed by tetra

ARMS polymerase chain reaction and confirmed by direct sequencing.

Results: Compared with controls, the rs2228014 and rs2471859 geno-

types were not different in ITP patients (P = 0.225 and 0.759, respec-

tively). Further analysis of the relationship between CXR

polymorphisms and clinical features also showed that the rs2228014

and rs2471859 genotypes were not associated with protection from

chronicity and steroid-dependence in ITP patients. However, the mini-

mal platelet count were significantly decreased in patients with

rs266085 genotype C/C (P = 0.03).

Conclusion: The findings of this study suggest that CXR gene variation

may be associated with the minimal platelet count of childhood ITP.

PO 226
Decreased interlukin-7 in peripheral blood is due to the
negative feedback of apoptosis-resistance and over-
expression of pro-inflammatory cytokines of
lymphocytes in primary immune thrombocytopenia
Zhang D, Li H, Zhang X, Liu X, Xue F and Yang R

Institute of Hematology & Blood Diseases Hospital, Tianjin,

China

Background: Primary immune thrombocytopenia (ITP) is an autoim-

mune disease with many immune dysfunctions, including over-prolif-

eration and apoptosis resistance of auto-reactive lymphocytes. As a

critical cytokine for development and survival of lymphocytes,

whether interlukin-7(IL-7) is involved in ITP remains unclear.

Aims: This study aimed to determine the effects of IL-7 on the cyto-

kine production and survival of peripheral blood mononuclear cells

(PBMCs) and bone marrow mononuclear cells of (BMNCs) of ITP.
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Methods: The levels of IL-7 in PB and BM serum and the production

of IFN-c, tumor necrosis factor (TNF)-a, and IL-10 were measured by

ELISA. Besides, flow cytometric analysis of cell apoptosis was per-

formed by staining with annexinV-FITC/Propidium Iodide (PI). The

proliferation rate of PBMCs was examined by BrdU incorporation

method.

Results: The result showed that the plasma IL-7 levels in peripheral

blood (PB) from ITP patients were lower than that of the normal con-

trols, and it had correlation with therapy and platelet counts, but the

levels of IL-7 did not change in bone marrow (BM) of ITP patients

compared with that of normal controls. The results also showed that

IL-7 promoted the proliferation of lymphocytes both in PB and BM.

Additionally, we also found that the exogenous IL-7 up-regulated the

secretion of interferon-c, tumor necrosis factor-a as well as IL-10.

Conclusion: These findings suggest that decreased IL-7 in PB is a con-

sequence of the negative feedback of apoptosis-resistance and over-

expression of pro-inflammatory cytokines of lymphocytes in ITP

patients.

Hui Yuan Li and Dong Lei Zhang contributed equally to this study.

PO 227
Experience in treatment with alpha interferon in
children with hemangioma in Srinagarind Hospital
Komvilaisak P, Jetsrisuparb A, Wiangnon S and Choksantisook K

Srinagarind Hospital, Khon Kaen, Thailand

Background: Hemangioma, most common benign vascular tumor, has

natural history of proliferation in the first year of life followed by

spontaneous resolution. The treatment is not universal standard with

indication as following: impaired organ function and Kasabach Mer-

ritt syndrome (KMS). Alpha-interferon inhibits angiogenesis, endothe-

lial cell migration and proliferation.

Objective: To evaluate the outcome of alpha-interferon for the treat-

ment of hemangioma.

Methods: We recruited 35 patients with hemangioma receiving alpha-

interferon followed at hemangioma clinic between January 2001- Janu-

ary 2011.The patients’ data including sex, age, type and location of

hemangioma, indication, duration, outcome and complications of

treatment were reviewed.

Design: Retrospective descriptive study.

Measurements: We evaluate of the outcomes including improvement

of organ function, resolution of Kasabach Merritt syndrome (KMS)

and decrease hemangioma size.

Results: the number of patients was 35 patients (female = 21,

male = 14) with mean age 3.2 months (range 5 days-15 months), loss

follow up in five patients. Hemangioma was divided into cavernous

(9), capillary (10), mixed (7). Location of hemangioma includes head

and neck (21), extremities (7), mediastinum (3), intraosseous (1), liver

(2), larynx and epiglottis (2), and scrotum (1). Average age of treat-

ment was 4.7 months (range 5 days-18 months). Duration of response

in 29 patients was 4.7 months (range 1–6 months). Indications of

treatment included KMS (1), KMS with impaired organ functions (2),

impaired organ functions (30), infection (2), intracranial (1). Eleven

patients were decrease in size of mass > 50%, 14 patients were decrease

in size < 50% but 23 patients (82.1%) were improved organ function

and resolution of KMS. Complications of treatment were elevation of

liver enzymes (3), and fever (6).

Conclusions: The use of alpha-interferon was well response to improve

organ function and decrease hemangioma size. Due to spastic diplegia,

serious complication of alpha-interferon from previous case report

studies, the consideration of this treatment should be discussed with

parent in light of pro and cons.

PO 228
APC and PAR-antagonists’ protective effects on
inflammated mast cells and mast cells co-cultivated
with rat neurons
Erukhimovich A1, Gorbacheva L1, Bespalova Z2, Pinelis V3,

Strukova S1 and Reiser G4

1Lomonosov Moscow State University; 2Institute of Experimental

Cardiology; 3Centre of Children Health, RAMS, Moscow, Russia;
4Otto-von-Guericke University, Institute of Neurobiochemistry,

Magdeburg, Germany

Backgrounds: Serine proteinases of blood coagulation system – throm-

bin and APC – are signal molecules that regulate cell functions via pro-

tease-activated receptors (PARs). PAR activation with thrombin

results into transcription factors activation, increase of inflammatory

mediators, expression of adhesive molecules on cells’ surface [Angiol-

illo D.J., et al., 2010]. But APC through the same receptor with throm-

bin helps to stabilize cells and suppress inflammation [Griffin et al.,

2007]. Mast cells are rich with PARs and so they contribute to connec-

tion between coagulation and inflammation. Activated mast cells

secrete vasoactive and inflammatory factors, growth factors, and cyto-

kines. It was suggested that mast cells can promote blood-brain barrier

(BBB) damage. So stabilization of BBB after acute stroke via mast

cells regulation may become a new pharmacological target [P.J. Linds-

berg, et al., 2010]. It was shown previously that APC and iPAR 1-III

can significantly decrease histamine, IL 1b and IL 6 release from peri-

toneal rat mast cells [Rusanova A. et al., 2009, Strukova S. et al.

2011]. But there are very few data APC and PAR-antagonists effects

on TNF release from mast cells during acute inflammation and neuron

survival at co-cultivation with inflammatory mast cells after APC and

PAR-antagonists. Therefore it constitutes the aim of the present study.

Aims: To estimate secretory activity of mast cells in experimental peri-

tonitis and APC/PAR-antagonists influence on it. To study interaction

between mast cells and hippocampal neurons in co-culture.

Methods: Mast cells were isolated from rat peritoneal cavity and puri-

fied by centrifugation on Ficoll gradient. Histamine secretion was mea-

sured by spectrofluorescent methods, TNF secretion was measured by

ELISA. Hippocampal neurons were isolated from newborn rat cubs

and cultivated for 10 DIV (Gorbacheva et al., 2009). Mast cells were

pre-incubated with APC or PAR-antagonists for 15 min and then co-

cultivated for 1DIV with hippocampal neurons. To estimate the con-

tents of co-cultures immunostaining with mast cells tryptase and syn-

aptotagmin was performed. Neuron survival was estimated by

morphological staining with SYTO13, Hoechst and Ethidium Bro-

mide. Statistical analysis: non-parametric Mann-Whitney criterion.

All the studies that involve experimental animals were performed

according to ethic protocol approved by Lomonosov MSU.

Results: In short times of in vivo model (intraperitoneal injection of

Thioglycolate broth) APC effect on TNFa release from mast cells

resulted into 76% decrease of TNFa amount detected in mast cells

supernatant. It was also shown that APC (1 mkM) pre-incubated with

mast cells increased neuron survival by 12% compared to control

group without mast cells and by 32% compared to co-cultures with

untreated mast cells. The results also indicate that iPAR’s influence on

cell survival was more effective in tested concentrations of 2.5 mkM.

Total cell survival was increased for 40% and level of apoptosis and

necrosis was significantly suppressed.

Conclusions: The results show that APC and iPAR 1-III may be con-

sidered as effective cytoprotectors in our research model. If APC and

iPAR can possibly modulate and stabilize mast cells that may be a

background for investigation of mast cell-nerve interaction and cross-

talk in different models.
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PO 229
Splitomicin inhibits fMLP-induced superoxide anion
production in human neutrophils by activate cAMP/
PKA signaling inhibition of ERK pathway
Liao HR1, Liu FC2, Liou J-T2, Day YJ2 and Yu HP2

1Chang Gung University; 2Department of Anesthesiology, Chang

Gung Memorial Hospital, Tao-Yuan, Taiwan

Splitomicin, is a cell-permeable lactone derived from naphthol and

known to be a potent selective inhibitor of Sir2 (silent information

regulator 2). Previous studies have demonstrated that naphtholic

compounds pos- sess an inhibitory effect on neutrophils. Here, we

present our investigation on the inhibitory effects of splitomicin in

human neutrophils. The primary goal of our study was to locate a

possible candidate on inflam- matory reactions and to hopefully

develop a novel anti-inflammatory therapy. Neutrophils were pre-

pared following standard procedures. Neutrophils induced by either

fMLP (1 lM) or PMA (100 nM) were observed using a flow cytome-

ter and the intracellular production of superoxide anions was investi-

gated at different splitomicin concentrations. The cytosolic Ca++
influx concentration was measured using a fluorescence spec- tropho-

tometer, and Mac-1 expression was detected with a flow cytometer.

The MAP kinases were measured using western blotting. Our results

showed that splitomicin inhibited superoxide anion production by

fMLP (1 lM) and NaF (20 mM) in a concentration-dependent man-

ner (37.5–450 lM). Splitomicin (300 and 450 lM) also suppressed

fMLP-induced intracellular calcium ion mobilization and extracellu-

lar-signal regu- lated kinase (ERK) phosphorylation. Moreover, spli-

tomicin could inhibit fMLP-induced Mac-1 expression and increase

cAMP levels in human neutrophils. Our data demonstrated that spli-

tomicin exhibits a noticeable inhibitory effect on superoxide anion

production in human neutrophils. This negative effect was well- cor-

related with increased cAMP levels via PKA activity and the subse-

quent inhibition of ERK (p42/p44) phos- phorylation to decrease

superoxide anion production.

PO 230
Prospective study of inflammatory biomarkers in
patients undergoing peritoneal dialysis
Rios DRA1, Velloso MSS1, Lima SMA1, Turani SAD1,

Rodrigues LSM1, Pinheiro MB1, Dusse LMS2, Sabino AP2,

Gomes KB2 and Pinto SW3

1Federal University of Sao Joao del-Rei, Divin�opolis; 2Federal

University of Minas Gerais, Belo Horizonte; 3Hospital Sao Joao

de Deus, Divin�opolis, Brazil

Background: Peritoneal dialysis (PD) is a kidney replacement therapy

for patients in the end stage renal disease (ESRD). The PD has long-

term complications, including inflammation, fibrosis and neoangiogen-

esis, which make this therapy ineffective for proper removal of solutes.

Aims: The aim of this study was to evaluate inflammation biomarkers

in patients undergoing PD and to investigate the association with peri-

toneal solute transport rate (PSTR).

Methods: Forty-five patients who were under PD therapy for more

than 6 months in the Nephrology Center of Hospital Sao Joao de

Deus – Brazil, were eligible for this longitudinal study. IL-2, IL-4, IL-

6, IL-10, IFN-c, TNF-a plasma levels were measured, at baseline and

after 6 months on PD, by flow cytometry (BD-FACSFortessa), using

BD Cytometric Bead Array (CBA) Human Th1/Th2/Th17 Cytokine

kit. PSTR of small solutes was evaluated using the dialysate-to-plasma

ratio (D/P) of creatinine after a 4-h dwell. The Ethics Committee of

the Hospital Sao Joao de Deus approved this study and written

informed consent was obtained from all subjects. Statistical analysis

was performed using SigmaStat 2.03 program and ANOVA test.

Results: At baseline 12 patients were classified as low-transporters, 25

as low-average transporter and 8 as high-average transporters. There

was not difference between the respectively groups with regard to IL-2

(3.0 vs. 3.1 vs. 2.6 pg/mL), IL-4 (1.8 vs. 2.2 vs. 1.6 pg/mL), IL-6 (8.3

vs. 7.8 vs. 5.9 pg/mL), IL-10 (2.2 vs. 2.9 vs. 2.2 pg/mL), IL-17A (5.0

vs. 7.3 vs. 5.1 pg/mL), TNF-a (2.0 vs. 2.5 vs. 2.2 pg/mL) and INF-c
(3.2 vs. 3.5 vs. 2.8 pg/mL) plasma levels. Of the 45 patients, 12

(26.6%) were increased of the PSTR after 6 months follow-up. How-

ever, no significant changes were observed for cytokines levels during

this time.

Summary/Conclusions: No association between inflammation markers

and the PSTR in PD patients after 6 months follow-up was observed.

Moreover, further studies with a larger number of patients need to be

developed to better understand the pathogenesis of peritoneal dysfunc-

tion.

Supported by FAPEMIG, CNPq and UFSJ – BRAZIL.

PO 231
Role of protein S in murine model of allergic asthma
Takagi T1, Onishi M1, Chelakkot-Govindalayathil A1, Hosoki K1,

Tetsu K1, D’Alessandro-Gabazza CN1, Morser J2, Taguchi O1

and Gabazza EC1

1Mie University Graduate School of Medicine, Tsu, Mie, Japan;
2Stanford University Graduate School of Medicine, Stanford, CA,

USA

Background: Protein S may exert an anticoagulant activity by enhanc-

ing the anticoagulant activity of activated protein C and/or by directly

inhibiting the prothrombinase complex. Protein S itself may also

directly regulate inflammatory responses and apoptosis. Recent studies

have suggested that coagulation and anti-coagulation factors are asso-

ciated with asthma, but the relationship between asthma and protein S

is unclear.

Objective: To evaluate the effect of protein S in allergic bronchial

asthma. On this purpose, we compared the development of bronchial

asthma in wild type and human protein S transgenic mice.

Methods: Bronchial asthma was induced by sensitization and challenge

with ovalbumin (OVA). Mice treated with saline were used as control.

The effect of inhaled rhTM was assessedby administering it prior to

OVA exposure. Airway inflammation was evaluated by measuring the

number of inflammatory cells and the levels of cytokines in bronchoal-

veolar lavage fluid (BALF). Airway hyperresponsiveness was mea-

sured using a plethysmograph.

Results: Airway hyperresponsiveness was significantly decreased in

protein S transgenic mice compared with their wild type counterparts.

The number of eosinophils in BALF was decreased in protein S trans-

genic mice compared with their wild type counterparts.

Conclusions: These results suggest that protein S inhibits the develop-

ment of bronchial asthma.

PO 232
Protective effect of thrombomodulin in murine asthma
is dose dependent
Takagi T1, Onishi M1, Chelakkot-Govindalayathil A1, Toda M1,

Tetsu K1, D’Alessandro-Gabazza CN1, Morser J2, Taguchi O1

and Gabazza EC1

1Mie University Graduate School of Medicine, Tsu, Mie, Japan;
2Stanford University Graduate School of Medicine, Stanford, CA,

USA

Background: Thrombomodulin (TM), the thrombin receptor on the

endothelial cell surface, plays an important role in coagulation and

inflammation by inactivating thrombin and activating protein C. Pre-

viously we reported that recombinant human TM (rhTM) is protective

against murine asthma. However, the effect of different concentrations

of rhTM on asthmatic inflammation remains unclear.
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Objective: To evaluate the dose-dependent effect of inhaled rhTM on

airway inflammation and hyperresponsiveness in a murine asthma

model.

Methods: Bronchial asthma was induced by sensitization and chal-

lenge with ovalbumin (OVA). Mice treated with saline were used as

control. The effect of inhaled low dose to high dose rhTM was as-

sessedby administering it prior to OVA exposure. Airway inflamma-

tion was evaluated by measuring the number of inflammatory cells

and the levels of cytokines in bronchoalveolar lavage fluid (BALF).

Airway hyperresponsiveness was measured using a plethysmograph.

Particle size distribution of each different rhTM was measured by

Spraytec.

Results: The number of eosinophils in BALF and airway hyperrespon-

siveness was decreased by rhTM in a dose-dependent manner com-

pared to saline treated mice. rhTM concentration of 3.75 lg/ml was

associated with the lowest number of BALF eosinophils and airway

hyperresponsiveness, and with the smallest particle size.

Conclusion: These results suggest that the effect of rhTM in murine

asthma is dose- and particle size-dependent.

PO 233
The role of ETX in the pathogenesis of vascular
complications of diabetes
Wakabayashi N, Kimura M, Kanno Y, Kawashita E and Matsuno H

Doshisha Women’s Collage of Liberal Arts, Kyo-tanabe, Japan

Background: Vascular complications of diabetes can be largely classi-

fied into macroangiopathy such as cardiovascular disease, stroke, and

peripheral artery disease, and microangiopathy such as diabetic

nephropathy. Preventing the complications of these vessels can signifi-

cantly improve on QOL. However, the progression of vascular compli-

cations mechanism remains unclear.

Endotoxin (ETX) is a lipopolysaccharide (LPS) in the gram-negative

bacteria of the outer membrane of the cell wall, and is recognized as

a causative agent of lethal shock, high fever, DIC, etc. ETX contrib-

utes to acute and chronic inflammations, and triggers the innate

immune response characterized by cytokine release and immune sys-

tem activation. It was known that ETX induce reduce the dysfunction

of the kidney.

Aim: The aim of this study was to clarify the role of ETX in vascular

complications of diabetes.

Method: We obtained individual informed consent in the Traditional

Outpatient Department for Diabetes, Internal Medicine, Shiga Uni-

versity of Medical Science from 2005 to 2011 upon obtaining approval

from the ethics committee of the university, and measured the

amounts of ETX in the blood (343 patients).The study protocol is in

accordance with the Declaration of Helsinki.

Insulin resistance model mice by the ingestion of 70% glucose solu-

tion for 4 weeks were used in this study, insulin resistance in mice

was confirmed by Oral Glucose Tolerance Test (OGTT). We mea-

sured the blood flow in the tail of mice by using the Doppler blood

flow meter, and then. We also examined the amount of ETX in the

blood and kidney.

Result: We found that ETX was detected in the blood of 148 patients

with type 2 diabetes, and the patients who are detected ETX was also

significantly increased the level of urine albumin compared with unde-

tected patients. ETX was detected in the blood and kidney of insulin

resistance model mice. We also found that the blood flow of the insulin

resistance model mice was significantly reduced compared with con-

trols.

Conclusion: We found that ETX was detected in blood of patients in

type 2 diabetes, the renal function in the patients was significantly

reduce. We also found that ETX was detected in blood and kidney of

insulin resistance model mice, the function of the blood vessel was

reduced. These data suggest that ETX may plays a pivotal role in the

pathogenesis of vascular complications of diabetes.

PO 234
Venous thrombosis and the incidence of factor V
Leiden and factor II A20210 mutation in the cardiac
pacing patients
Domagala TB1, Lelakowski J2, Janczura M2, Dziedzina S1,

Iwaniec T1, Rydlewska A2 and Musial J1

1Jagiellonian University School of Medicine, Krakow, Poland;
2The John Paul II Hospital, Krakow, Krakow, Poland

Background: The pathogenesis of venous thrombosis (VT) is multi-fac-

torial, involving the acquired and genetic factors. Additionally to the

predisposing factors (e.g. pacemaker implantation), genetic predisposi-

tion due to molecular abnormalities of the coagulation pathway com-

ponents have been encountered in the subjects with thromboembolic

disease. In the patients of European ancestry, common mutations

within the coagulation factor V (FV Leiden) gene and the factor II

(G20210A prothrombin mutation) gene have been demonstrated to

account for a large number of thromboembolism cases. There is a scar-

city of studies focused on the contribution of genetic risk factors to VT

(i.e. FV Leiden and G20210A prothrombin mutation) in the cardiac

pacing patients.

Aim: To assess whether FV Leiden and G20210A prothrombin muta-

tion are associated with venous thrombosis in the cardiac pacing

patients.

Methods: The study group comprised 95 subjects (38 females, mean

age 71 � 7.58 years) with a cardiac pacemaker. Cardiac pacemakers

were implanted due to SSS, AVB (II, III gr.), atrial fibrillation cum

brady-arrhythmiae, respectively. All subjects were subsequently fol-

lowed up for 18 months, whereupon in 10 subjects VT developed. Sub-

jects were divided according to the non-occurrence (Group A; n = 85;

mean age 71.2 � 7.6 years) or occurrence (Group B; n = 10; mean

age 72.6 � 7.2 years) of VT in the post-implantation period, respec-

tively. A transthoracic echocardiogram (TTE) and a venous ultra-

sound examination were performed.

Screening for FV Leiden and the G20210A prothrombin mutation

were carried out by standard methods. Also the levels of D-dimers,

fibrinogen, tissue factor (TF), factor VII, plasminogen activator inhibi-

tor-1 (PAI-1), interleukin-6 (IL-6) and hsCRP) were determined before

and at the 7th day, within 6 and 12 months after pacemaker implanta-

tion, respectively.

Results: The two groups did not differ with respect to the pacing mode.

The symptoms of VT occurred in 10 subjects in Group B at a mean of

13.06 months (7–17 months), i.e. in 11.76% of the entire study popu-

lation. The subclavian and brachiocephalic veins on the pacemaker

side were occluded. Three subjects (20.0%) in Group A and six sub-

jects (7.0%) in Group B were the carriers of FV Leiden (P = 0.01),

whereas 3 (3.5%) subjects in Group A had the G20210A prothrombin

mutation.

Initially, the plasma levels of prothrombotic (D-dimers, fibrinogen,

TF, factor VII, PAI-1) and proinflammatory (IL-6, hsCRP) markers

were appreciably higher in Group B than in Group A (P < 0.001). In

all study subjects the values continued to rise until the 7th day after

pacemaker implantation. Within 6 and 12 months after the procedure

the trend towards increasing the plasma levels of these markers was

observed in Group B only. In Group A the levels returned to normal.

Conclusion: It is highly recommendable that all cardiac pacing patients

be screened for FV Leiden and G20210A prothrombin mutation.

Coexistence of FV Leiden with the acquired VT risk factors increases

the risk of thrombosis after pacemaker implantation.
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Impact of inherited thrombophilia on the risk of
recurrence venous thromboembolism (VTE) in
Georgian population
Makhaldiani L1, Pirtskhelani N2, Kochiashvili N2, Pargalava N3,

Gaprindashvili E1 and Kartvelishvili K2

1Institute of Hematology and Transfusiology; 2National Forensics

Bureau; 3Georgian Centre of Angiology and Vascular Surgery,

Tbilisi, Georgia

Background: Factor V Leiden (1691G/A) and prothrombin gene muta-

tions (20210G/A) are the most common genetic markers that predis-

pose to a first episode of venous thromboembolism (VTE). However,

whether the presence of these mutations confer an increased risk of

recurrent venous thromboembolism is controversial.

Methods: A total of 70 patients with venous thromboembolism were

genotyped by PCR analysis for the prothrombin gene (PTH) mutation

and factor V Leiden (FVL) and were followed prospectively for recur-

rent VTE.

Aim: The aim of the present study is to estimate the impact of inherited

thrombophilia on the risk of recurrence venous thromboembolism

(VTE) onset in Georgian population.

Results: A total of 26 patients (37%) suffered recurrent VTE, while the

rest of the patients 44 (63%) had the first episode of venous thrombo-

embolism. In 20 patients out of 70 were found the genetic markers of

inherited thrombophilia. In 10 patients (38%) out of 26 with recurrent

venous thromboembolism were detected mutations that predispose to

inherited thrombothilia, while in 44 patients with first episode of

venous thromboembolism, mutations were identified in only 23% of

cases. Thus, presence of mutations in patients with inherited thrombo-

philia were associated with increased risk of recurrent VTE. In these

data, the recurrence rates were higher among those with the factor V

Leiden (8 patients with reccurent VTE had factor V Leiden and 2

patients had both, factor V Leiden and prothrombin gene mutations.

The results also showed the presence of double heterozygous of FVL

and PTH mutations in the group of patients with recurrent VTE.

Conclusions: In a prospective evaluation of 70 patients, the presence of

inherited thrombophilia was associated with a significantly increased

risk of recurrent VTE, particularly among those with factor V Leiden

mutation. Differently from other populations the role of mutations

responsible for development of inherited thrombophilia in the patho-

genesis of recurrent VTE has not been yet studied in Georgian popula-

tion. The preliminary studies of mutations indicate that the

investigated mutations significantly increase the risk of onset of recur-

rence venous thromboembolism (VTE) in Georgian population. The

future investigations in this area would be especially important.

PO 236
Familial screening in the case of Budd-Chiari syndrome
with multiple thrombi due to Arg42Ser mutation in the
protein C gene
Muratsu J1, Morishima A1, Kukida M1, Tanaka A1, Fan X2,

Miyata T3 and Sakaguchi K1

1Sumitomo Hospital, Osaka, Japan; 2National Cerebral and

Cardiovascular Center; 3National Cerebral and Cardiovascular

Center, 5-7-1, Fujishirodai, Suita, Osaka, Japan

Background: Protein C is the precursor of a vitamin K-dependent ser-

ine protease that plays an important role in the regulation of blood

coagulation. Heterozygous protein C deficiency is inherited in an auto-

somal dominant fashion, and hereditary deficiency in this protein is

associated with a high risk of thrombotic disease. Patients with protein

C deficiency are at increased risk of recurrent venous thrombo-embolic

events. A C-to-A substitution at nucleotide number 1387 within exon

III of the protein C gene (PROC) is designated protein C Osaka 10. A

c.125C>A change was identified in the proband and encodes an Arg42-

Ser mutation. Arg42 is located at the cleavage site recognized by the

enzyme that normally processes protein C to its active form. On the

other hand, the frequency of heterozygous protein C deficiency may be

as high as 1/200 to 1/500 in healthy adults; however, those affected do

not exhibit thrombotic manifestations. Thus, the contribution of pro-

tein C deficiency to thrombogenicity remains to be determined.

Aim: We investigated the contribution of Arg42Ser mutation to

thrombogenicity. We analyzed difference between the patients compli-

cated thrombosis and no thrombosis with the same PROCmutation.

Methods: A 34-year-old Japanese female was admitted to our hospital

for Budd-Chiari syndrome with multiple venous thrombi caused by an

Arg42Ser mutation in PROC. We investigated genetic analysis of fam-

ily members and analyzed their character.

Result: An Arg42Ser mutation in PROC was also identified in the

patient’s father and younger brother, whereas the sequence of her

mother’s DNA in this region was found to be wild-type. The levels of

total cholesterol and LDL cholesterol in our patient were higher than

those of her younger brother and father. Idiopathic high levels of

hepatic enzymes were detected in our patient’s younger brother as well

as her father, both of whom exhibited hypertriglyceridaemia.

Summary/Conclusions: Our present study reveals that the patient’s

brother or father did not experience thrombotic events, even though

they harbored the same Arg42Ser mutation in PROC with a concomit-

tant decrease in protein C activity. We suggest two hypotheses to

account for the absence of detectable thrombosis in our patient’s fam-

ily members, despite these individuals harboring the same mutation as

our patient with a concomittant decrease in protein C activity. The

first hypothesis maintains that elevated levels of total cholesterol may

be a risk factor for venous thromboembolism (VTE). Moreover, in this

case, we noted no recurrence of thrombosis after statins were adminis-

tered to our patient for 18 months. Our second hypothesis maintains

that levels of protein C activity were elevated by physiological

increases in the levels of triglycerides and hepatic enzymes, findings

consistent with a report that protein C activity is relatively high in

patients with hypertriglyceridaemia.

PO 237
Protein C deficiency: a case study
Timova T, Kocovska E, Stambolieva D, Malinova T, Maninska L,

Gorgevska V, Ortakovska S and Vitlarova J

Institute of transfusion medicine of R.Macedonia, Strumica,

Macedonia

Background: The inherited thrombophilias are a heterogeneous group

of genetic disorders associated with an elevated risk of venous throm-

boembolism (VTE). Causes of inherited thrombophilia include the fac-

tor V Leiden mutation, the protrombin gene mutation,

dysfibrinogenemia, and deficiencies of protein C, protein S, and anti-

thrombin III. The function of protein C is to inactivate factor Va and

factor VIIIa.

Aims: Protein C deficiency by plasma level alone is found in 1 in 200 to

1 in 500 persons in the general population. However, many affected

individuals remain asymptomatic throughout life. Protein C deficiency

is present in approximately 2–5% of patients presenting with VTE.

This case report has demonstrated an increased risk of multiple venous

thromboembolic disease in patients with protein C deficiency.

A case study: A 55-year-old woman got pain in the left hypohondrium

accompanied by fever. She was hospitalized and during her stay in the

hospital she started complaining about pain in her left lower leg.

Results: A CT of the abdomen and thorax was performed and it

showed the following findings: a) The scanned part of the chest shows

a small pleural effusion on the left side, with small plate-like atelecta-

sis; b) On the level of mediastinum trunkus pulmonalis with defects in

filling the lobar and segmental parts which points to pulmonary

thromboemboly; c) Abdominal aorta with defects in filling (possible

thrombosis) in the length of 5.4–1.8 sm proximally from trunkus celia-
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cus; d) Liver, gallbladder and pancreas with normal findings; e) Spleen

with diffuse hypodense zones with different sizes which do not show

colouring after application of i.v. contrast and point to infarct zones;

f) The other organs in the small pelvis are KT regular. A colour Dopp-

ler sonographic screening of the circulation of the lower extremities

showed DVT of the left lower leg. EKG and Ehocardiogpraphy of the

heart with normal findings. Laboratory tests (coagulatory and bio-

chemical) with the following findings: lightly increased cholesterol 5.45

(3.50–5.20), LDH 660 (208–378), D-Dimeri positive (3200 ng/ml), PT,

aPTT and TT point to hypercoagulation condition. Diagnosis: DVT

of the lower leg, Pulmonary thremboemboly, Thrombosis of the

abdominal aorta, Infarct of the spleen. The therapy was as follows:

LMWH (Low Molecular Weight Heparin) in therapeutic doses

together with oral anticoagulant therapy for 10 days until achieving a

therapeutic INR (target 2.5; range 2.0–3.0) as well as acetylsalicylic

acid of 100 mg per day. The control tests performed after 1 month

show slight regression in relation to the previous CT findings. Further

tests for exclusion of neoplastic processes were carried out as well as

genetic tests for hereditary thrombophilia. A heterozygous deficit of

Protein C was determined.

Conclusion: The risk of VTE increases with age and among heterozyg-

otes thrombosis is unusual before age 20 years. Treatment of a patient

with protein C deficiency depends upon the individual patient’s risk of

thromboembolic disease. Patients that have had multiple thromboem-

bolic episodes or are at high risk of further episodes may be considered

for long-term oral anticoagulation therapy.

PO 239
Platelets function as enhancers of the dendritic
cell-mediated allergic response
Ito T, Nakanishi T, Inaba M and Nomura S

Kansai Medical University, Moriguchi, Japan

Dendritic cells (DCs) are widely distributed in the body to enhance the

innate immune response by cytokine production through antigen rec-

ognition and initiate acquired immunity by priming na€ıve CD4+ T

cells. Thus, DCs are the master cells in activating immune responses.

Recently, it has been demonstrated that the interaction between thy-

mic stromal lymphopoietin (TSLP) and human DCs plays an essential

role in evoking inflammatory Th2 responses in allergy through expres-

sion of CCL17 by DCs, which recruits memory Th2 cells to the skin.

Meanwhile, platelets represent an important linkage between inflam-

mation, thrombosis, and atherosclerosis. Platelets express many

immune mediators such as cytokines and TNF superfamilies. How-

ever, few researchers have suggested that platelets have the ability to

modulate DC-mediated immune responses.

We newly demonstrated that TRAP (thrombin receptor agonist pep-

tide)-activated platelets expressed RANKL that is a molecule

expressed on activated T lymphocytes working to maintain survival

and maturation of DCs. The activated platelets promoted CD86

expression on DCs through the RANKL. We further clarified that the

activated platelets enhanced the production of CCL17 induced by the

DC stimulated with TSLP. Thus, platelets have the ability to enhance

the DC-mediated Th2 response and may contribute to the allergic

inflammation. In conclusion, our study may provide new insights of

platelet function into the possible mechanism of allergic response that

stems from DCs.

PO 240
Modern approach for the detection of pulmonary
embolism and our results of it surgical cure
Medvedev AP1, Nemirova SV1, Melnikov NY1, Pichugin V1

and Bokarev IN2

1Nizhny Novgorod State Medical Academy, Nizhny Novgorod;
2I.M. Sechenov First Moscow State Medical University MSMU,

Moscow, Russia, Moscow, Russia

Background: More than 6 500,000 people worldwide died from pulmo-

nary embolism every year. According M.Verstaete 65% of Pulmonary

Embolism were not diagnosed.

We propose to begin to think about the possibility of PE at the early

stage as the patients is admitted to ICU of the Hospital and according

with the ECG, and cardiac enzimes to do the PA blood pressure at

once. If it increased to do. KT with contrasting.

The aim of our study was to develop indications to pulmonary embo-

lectomy and to evaluate results of surgical treatment of PE.

Material and Methods: From January 2007 to September 2012, 239

patients with suspicion on massive PE were sent to our hospital. Diag-

nosis of PE was confirmed in 175 patients.

Intravenous infusion of thrombolytic agents under dynamic ultra-

sound control in combination with symptomatic intensive therapy was

used in patients with moderately expressed signs of an overload or dys-

function of the right ventricle, pulmonary artery pressure below

50 mm Hg, and absence of intracardiac (thrombus) pathology. Indica-

tions to pulmonary embolectomy was: PE of high risk with the right

ventricle dysfunction and PAP more than 50 mm Hg, the presence of

absolute contraindications to thrombolytic therapy or its inefficiency,

the presence of intra cardiac blood clot, and also the central or mixed

localization of blood clots in pulmonary artery.

Methods: Seventy-seven patients with acute massive PE were operated.

Disease duration from the moment of the first clinically significant epi-

sode of PE was in average 5.3 � 1.7 days. Operation in all these cases

was emergent. Hospital mortality rate was 5.19%. The condition of 73

patients was satisfactory, breathing rate at rest was 16–18 in a min,

pressure in PA decreased to 23.8 � 7.0 mm Hg. The choice of a

method of an open embolectomy depends on localization of thrombo-

emboli in the pulmonary artery tree and the right heart, and also on

presence of accompanying intra cardiac pathology.

We consider justified embolectomy without cardiopulmonary bypass

in general surgery hospitals in case of the isolated unilateral embolic

defeat of large pulmonary arteries. We give preference to operation

with artificial blood circulation in specialized departments of cardio-

vascular surgery in case of bilateral defeat. It should be noted that

thrombolytic therapy before operation isn’t contraindication to surgi-

cal treatment. Conclusion. Thrombolytic therapy demands constant

monitoring of the patient condition, thus the echocardiography is

highly informative, safe and available method of the research, allowing

to define further tactics of maintaining patients with PE and to define

indications to surgery. Surgical treatment of PE is ‘a method of the

second line’, applied in case of impossibility or an inefficiency of

thrombolytic therapy.

PO 241
Treatment of occluded stented segments in the venous
system by ultrasound accelerated catheter directed
thrombolysis
Strijkers HW, De Wolf MA, Arnoldussen CWKP, De Graaf R, Ten

Cate-Hoek AJ and Wittens CHA

MUMC+, Maastricht, The Netherlands

Introduction: Stent placement in the venous system is an increasingly

used treatment modality in chronic venous obstruction as well as addi-

tional treatment after thrombolytic therapy in iliofemoral DVT. Reoc-

clusion of the recanalized venous tract in these patients is the most
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important complication and manifests as a rethrombosis of the stented

segments in up to 51% of cases. Reocclusion mostly occurs within the

first 6 months after stent placement. We report on our experience in

treating in-stent (re) thrombosis with ultra-sound accelerated catheter

directed thrombolysis in patients referred to our tertiary center.

Methods: Retrospective analysis of patients treated for venous stent

occlusion, after PTA and stent placement for either chronic venous

occlusive disease or persistent vein compression in patients with acute

DVT. Duration of the occlusion and suspected clot age were assessed

using patient complaints and typical findings on duplex ultrasonogra-

phy (DUS). DUS and venography were used to assess patency of the

venous tract and to determine the cause of reocclusion. Acute treat-

ment of occlusion consisted of ultrasound accelerated catheter directed

thrombolysis. Additional procedures included: PTA, stent placement,

and creation of an arteriovenous-fistula.

Results: We identified 12 patients from our database who were treated

between January 2009 and October 2012. Mean age was 38 (16–54),
and 50% were male. In four patients May-Thurner syndrome was

found. Four presented with C1 disease, 1 with C2, 3 with C3, 2 with

C4 and 1 with C5. Indications for stenting were; treatment of underly-

ing obstruction after initial thrombolysis in acute DVT in five patients

and treatment of chronic venous obstructive disease in seven patients.

Technical success was achieved in 67% of patients. Complications dur-

ing the intervention were; minor bleeding complications in two

patients, positive blood cultures for staphylococcus aureus in one and

a heparin-induced thrombocytopenia in one. Patency rate was 67%, as

all successfully treated segments remained patent, during a mean fol-

low-up of 10 months (1–24). Additional treatments were; restenting in

four patients and creation of an arteriovenous fistula in three patients.

Conclusion: Treatment with catheter directed thrombolysis of throm-

bosed stent tracts is feasible and safe, in this population with complex

secondary venous disease. Adequate treatment of these underlying

causes of rethrombosis after stenting yields excellent patency rates.

PO 242
Polyphosphatehosphate is an haemostatic agent in
vivo
Larsson M, Labberton L, €Osterholm Corbascio C, Nickel KF

and Renn�e T

Karolinska Institutet, Stockholm, Sweden

Background: Polyphosphate is an inorganic polymer of linear linked

phosphate units that is abundantly found in nature and used in techni-

cal processes. Polyphosphate are procoagulant mediators in plasma.

Aims: Here, we analyzed synthetic polyphosphate of 70 phosphate

units of as hemostatic agent in clinical relevant bleeding models in

swine.

Methods and Results: Polyphosphate efficiently initiated real time

thrombin formation in a factor XII-dependent manner in plasma.

Topical applied polyphosphate terminated bleeding from liver and

spleen wounds similarly to fibrin sealant or factor XII activator Kaolin

and largely reduced blood loss, whereas tri-phosphate was inactive.

Electron microscopy, histology and immunohistochemistry revealed

that polyphosphate triggered fibrin meshwork formation and

improved fibrin fiber structure at the wound site. Polyphosphate-trig-

gered inflammatory leukocyte recruitment, edema and vessel activa-

tion was minor. Polyphosphate was degraded to inactive fragments

with a half-life of 2 h by plasma-borne phosphatases.

Summary/Conclusion: The data identify polyphosphate as an inexpen-

sive hemostatic agent with broad therapeutic implications.

PO 243
Hemorrhagic diathesis in patient with multiple
myeloma – case report
Lisá L, Plamenov�a I, Holl�y P, Sokol J, Sta�sko J and Kubisz P

Jessenius Medical Faculty Comenius University, Martin, Slovakia,

Martin, Slovakia

Background: Myeloma cells usually produce the monoclonal immuno-

globulin (M-Ig; paraprotein) that interferres with platelets and causes

thrombocytopathy. On other hand it acts in the coagulation cascade,

prolongs the basic coagulation tests and clinically leads to the complex

disorder of hemostasis associated with the very high risk of bleeding.

Case-report: Authors describe a case of 62-years old patient with muti-

ple myeloma and hemorrhagic diathesis. In the significant hyperpro-

teinemia and paraproteinemia were found in the laboratory tests (the

total serum proteins 122 g/L). Because of abnormal level of M-Ig that

interferred with the coagulation factors prolonged standard coagula-

tion tests were detected – slightly prolonged prothrombine time (PT;

70% INR; 1.17), more prolonged activated partial thromboplastine

time (APTT; 40.1 s) and not measurable thrombine time (TT; more

than 3 min). In full blood count severe thrombocytopenia was found.

These laboratory findings were clinically manifested as an extensive

hematomas in axillar and thoracic regions, with the size of 22 9 8 cm

on the left, and 14.5 9 6 cm on the right. The patient underwent the

standard treatment to stop bleeding (hemostyptics, transfusions of

thrombocytes concentrates, fibrinogen), except transfusion of fresh

frozen plasma which was contraindicated due to severe hyperprotein-

emia. In spite of this treatment and repeated transfusions of erythro-

cytes concentrates signs of circulatory instability became evident.

Surgical hemostasis was repeatedly contraindicated by vascular sur-

geon due to severe thrombocytopenia and coagulopathy. Therefore

the recombinant activated factor VII (rFVIIa) was used. Effect of this

factor – shortening the standard coagulation times except of the

thrombine time – was obvious after first intake of rFVIIa. Several

doses of the rFVIIa were needed. In spite of normalized laboratory

findings the control computer tomography of chest revealed progres-

sion of the bleeding. On other hand the clinical performance status of

patient was improved and lower need of the transfusion treatment was

detected. The treatment with rFVIIa continued till stabilization of

patient (the total dose 45 mg of rFVIIa).

Conclusion: None of the standard coagulation tests may monitor the

effect of the rFVIIa treatment and hemostasis status in vivo. The stan-

dard coagulation tests were not helpful in the management of the mas-

sive or life-threatening bleeding in patient with the multiple myeloma.

PO 244
The effect of adenosine/lidocaine/Mg2+ on correcting
coagulopathy following traumatic hemorrhagic shock
Pecheniuk NM1, Letson HL2, French S1 and Dobson GP2

1Queensland University of Technology, Kelvin Grove, Brisbane;
2James Cook University, Townsville, Australia

Background: Previous studies have shown that the use of Adenocaine�

(adenosine and lidocaine) and Mg2+ can rescue and stabilize the heart

during hypotensive resuscitation and provide a full correction of coag-

ulopathy (reversal of aPTTand PT) in a severe hemorrhage rat model.

Aims: To shed light upon the potential mechanisms of action of adeno-

caine�/Mg2+ on the reversal of coagulopathy as observed in our hem-

orrhagic shock rat model, we have investigated if adenosine, lidocaine

and magnesium has an effect on in vitro coagulation in human plasma.

Methods: APTT and PT clotting times in human pooled normal

plasma were examined at doses, up to 5 mM each, of adenosine, lido-

caine and magnesium and combinations thereof.

Results: APTT clotting times in human pooled normal plasma were

significantly shortened upon increasing concentration of lidocaine

0–5 mM (P = 0.029) and MgSO4 (P < 0.0001). Dose analysis of

adenosine (0–5 mM) showed no difference in APTT. No significant
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differences in PT clotting times were observed with adenosine, lido-

caine or magnesium sulphate (0–5 mM) in human normal pooled

plasma. The combined use of adenosine:lidocaine:magnesium

(1:3:2.5 mM) decreased the APTT and PT clotting times by an average

of 4 and 2 s, respectively. The doses tested here are approximately 30

times higher than what would be present in the circulation of our rat

hemorrhagic shock model after bolus infusion of the Adenocaine�/

Mg2+, for which our previous studies indicated correction of APTT

and PT clotting times. These differences observed between our present

and previous studies may be attributable to variations between the in

vitro and ex vivo analysis and between the two species.

Summary: Our previous investigations concluded that Adenocaine�/

Mg2+ has coagulation restorative properties in addition to being able

to rescue and stabilize the heart. The present findings suggest that the

correction of APTT and PT clotting times observed in the rat are either

not due to the effect of increasing adenosine, lidocaine or magnesium

alone or in combination, relying other physiological factors operating

during traumatic hemorrhagic shock, or are not necessarily transferra-

ble to the human situation. The mechanisms of this resuscitation

regime on coagulation parameters warrant further investigation.

PO 245
Fibrinogen therapy of severe bleeding based on whole
blood rotational thromboelastometry
Spiezia L, Maggiolo S, Campello E, Bon M, Pelizzaro E

and Simioni P

University of Padova, Padova, Italy

Background: Fibrinogen is an under-recognized coagulation factor

critical for producing effective clot in surgical patients. Moreover,

fibrinogen plasma levels are reported to be predictive of perioperative

bleeding. Although, the normal fibrinogen plasma levels are between

200 and 400 mg/dL, the target fibrinogen level in a bleeding patient is

not known. Most transfusion algorithms recommend supportive ther-

apy with fibrinogen when plasma levels are less than 100 mg/dL. In

this situation, fibrinogen concentrates is a better option than fresh fro-

zen plasma or cryoprecipitate to restore adequate fibrinogen plasma

levels. Perioperative monitoring of blood coagulation is critical to bet-

ter understand causes of hemorrhage, to guide hemostatic therapies,

and to predict the risk of bleeding during the consecutive anesthetic or

surgical procedures. Point-of-care coagulation monitoring devices

assessing the viscoelastic properties of whole blood (i.e. rotation

thromboelastometry), may overcome several limitations of routine

coagulation tests in the perioperative setting.

Aim: The aim of this retrospective study was to evaluate in a cohort of

adults with severe bleedings, treated with fibrinogen concentrates, the

effects in terms of red blood cells (RBC), plasma, platelets and fibrino-

gen administration, 30 days mortality and recovery time in intensive

care units, if the indication to treatment with fibrinogen was based on

thromboelastometry or on the fibrinogen plasma level.

Methods: We retrospectively evaluated 81 consecutive patients with

acute severe bleeding, which had necessitated supportive therapy with

fibrinogen concentrate. In 40 patients (cases) fibrinogen was adminis-

tered according to thromboelastometric profile (ROTEM�) and 42

(controls) the administration of fibrinogen was based on the determi-

nation of plasmatic fibrinogen according to the test of Clauss.

Methods: We observed a consumption of RBC (14 � 8 vs. 12 � 8 U),

plasma (12 � 8 vs. 9 � 6 bags) and platelets (1 � 2 vs. 1 � 1 bags)

similar (P = ns) in cases and in controls. The average amount of

administered fibrinogen was significantly higher in patients monitored

with ROTEM� compared to the control group (6 � 3 vs. 4 � 3 g,

P < 0.05). In cases we observed a lower 30 day mortality than in the

control group (28% vs. 37%) and a lower recovery time in intensive

care units (12 � 10 vs. 17 � 15 days). These differences have not

proved statistically significant.

Conclusions: The data of our study, although preliminary, indicate that

the amount of fibrinogen administered according to the results of

thromboelastometry was higher than that given by the value of the

plasma fibrinogen obtained by the Clauss method. This difference

could improve patient outcome in terms of 30 days mortality and

recovery time in intensive care units. Prospective and larger studies are

needed to confirm the results of our study.

PO 246
BDNF acts as an autocrine cell proliferation factor in
TPO stimulated megakaryocytic cell line
Tamura S1, Moriyama T1, Matsuno K1, Suzuki-Inoue K2

and Ozaki Y2

1Hokkaido Univesity, Sapporo; 2University of Yamanashi, Chuo,

Japan

Background: While human platelets contain brain-derived neurotroph-

ic factor (BDNF) and release it upon activation, a previous report on

MEG-01, a megakaryocytic cell line, found no trace of BDNF produc-

tion, and the pathophysiological function of platelet BDNF has

remained elusive.

Aims: We sought to investigate whether MEG-01 can produce BDNF

under various conditions. Furthermore, to examine the pathophysio-

logical function of BDNF on megakaryocytic lineages, we evaluated

the effect of BDNF on proliferation and polyploidization of MEG-01.

Methods: MEG-01 cultured with or without thrombopoietin (TPO)

was subjected to western blot analysis to detect BDNF in MEG-01.

Proliferation of MEG-01 stimulated with TPO, BDNF, or the combi-

nation of TPO and BDNF was accessed in the presence or absence of

BDNF neutralizing antibody. Polyploidization assay was performed

by measuring DNA contents of MEG-01 cultured with TPO and/or

BDNF using flow cytometry with propidium iodide staining.

Results: Western blot analysis revealed no BDNF signal in MEG-01 in

the absence of TPO, whereas BDNF production was clearly detected

in MEG-01 stimulated with TPO. In proliferation assay, TPO added

to the cell culture increased the cell number, and BDNF alone also

accelerated MEG-01 proliferation. The combination of TPO and

BDNF further accelerated MEG-01 proliferation. A BDNF-neutraliz-

ing antibody significantly suppressed cell proliferation of MEG-01

stimulated with TPO, suggesting that BDNF serves as an autocrine

proliferation factor. On the other hands, BDNF did not positively

affect the ploidy of MEG-01.

Conclusions: In this study, we demonstrate that MEG-01 produces

BDNF in the presence of TPO and that it serves to potentiate cell pro-

liferation without changing its ploidy. Our in vitro findings suggest that

BDNF regulates MEG-01 proliferation in an autocrine manner, and

that BDNF may be a physiological autocrine regulator of megakaryo-

cytic progenitors, constituting a family of megakaryocyte-colony stim-

ulating factors (MEG-CSF).

PO 247
Comparison of platelet microparticles quantification
between patients with Alzheimer disease and
individuals without cognitive impairment
Gonc�alves GS1, Campos MF2, Duarte RCF1, Martins-Filho OA2,

Caixeta L1, Dusse LMS1, Silveira JN1 and Carvalho MG1

1Federal University of Minas Gerais; 2Centro de Pesquisas Ren�e

Rachou – Fiocruz, Belo Horizonte, Brazil

Introduction: Microparticles (MP) are small membrane fragments that

are released during cell activation and apoptosis. Once MP are

formed, they can move carrying membrane proteins from their cell of

origin. The most common MP are derived from platelets. Increased

number of platelets MP has been observed in patients who have an

increased platelet activation as in Alzheimer disease (AD). Consider-

ing that senil plaques in the brain are formed by b amyloid and that

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1020–1206

1112 ABSTRACTS



platelets are the main source of the amyloid precursor protein (APP)

in the blood of humans, it can be assumed that platelet activation in

patients with AD may contribute to the pathogenesis of this disease.

This study describes the initial attempts made in characterizing the

phenotype of PMP in AD.

Objective: To investigate whether levels of platelet microparticles

(PMP) in the blood of patients with Alzheimer’s disease (AD) are

increased comparing to individuals without cognitive impairment

(controls).

Methods: The study was approved by the ethics committee at the Fed-

eral University of Minas Gerais (UFMG), Brazil, and blood samples

of the participants were collected after informed consent by themselves

or relatives. PMP were determined in plasma from 118 subjects with

similar age and socioeconomic status (AD, n = 59 and controls,

n = 59), selected in the University Hospital at the UFMG, by flow cy-

tometric technique using Annexin V (capable of recognizing phospha-

tidylserine present on the surface of PMP). Furthermore, it is also

used PE fluorochrome for labeling of monoclonal antibodies against

CD41a platelet surface. PMP isolated from plasma were then analised

according to the size and granularity.

Results: No significant difference in the values of PMP (%) between

the control group (27.6%) and DA (28.3%) was found. The lack of

significant difference between the two groups might be partially attrib-

uted to the lifestyle changes of patients with Alzheimer disease, namely

diet controlled by family members and caregivers. The use of medica-

tions that decrease platelet activation by these patients may also have

a role. However, the lack of platelet profile data before installing the

DA preclude any inference about the possible correlation between the

plasma level of PMP and development of this devastating disease.

Conclusion: PMP levels in plasma samples were not different between

control and Alzheimer disease groups, with considerable results over-

lapping in both groups.

Supported by CNPq, CAPES and FAPEMIG – BRAZIL.

PO 248
Identification and isolation methodologies for blood
microparticles
Saunder X1, Monagle P2 and Ignjatovic V1

1Murdoch Childrens Research Institute; 2The University of

Melbourne, Parkville, Australia

Background: Blood microparticles have been shown to be involved in a

number of disease processes such as inflammation, vascular injury,

angiogenesis and thrombosis. There have been extensive studies con-

ducted into the quantification and characterization of microparticles

and their association with certain disease processes. However, the

methods used to study microparticles have lacked standardization,

and the optimal protocols remain unclear, making it difficult to com-

pare results across different studies.

Aim: To review published methods used for isolation and characterisa-

tion of microparticles in human blood.

Methods: The PubMed database was searched using the search terms:

microparticles, endothelial, method, protocols, blood, platelet, isola-

tion for the 5 year period of 2008–2012.
Results: Blood samples are typically collected in the atraumatic fashion

with a large needle (19G or 21G), to reduce stress and endothelial reac-

tion. In order to avoid contamination the first 3 ml is usually discarded,

while the remainder is collected in a vacutainer containing citrate

(0.105–0.129 M). Centrifugation parameters tend to have the most var-

iation in the overall testing for microparticles. Strategies ranged from a

two step centrifugation process to detecting microparticles directly from

the platelet poor plasma, the rationale behind the different approaches

included whether to run the risk of losing microparticles through centri-

fugation. Storage of the microparticles following centrifugation was

achieved by a variety of freezing processes as this step was shown not

to affect the microparticle count. The most frequently used are snap

freezing in liquid nitrogen as well as freezing samples at -80 °C.

Detection of microparticles is accomplished by utilizing the expression

of antigens on the surface of the various forms of microparticle, i.e.

endothelial-derived (EMP), platelet-derived (PMP), leukocyte-derived

(LMP) and exposing them to their complementary antibody. PMPs

are detected mainly by CD31, CD41 and CD42 antibodies; LMPs are

detected by the CD45 antibody; EMPs are detected by CD144,

CD62E, CD146, CD54, CD31, CD105 and vWF antibodies. As PMPs

and EMPs are both detected by CD31, this can be exploited to identify

EMP in platelet free plasma by using CD31 +/CD41- marker.

Conclusion: There are multiple protocols utilized for microparticle iso-

lation and characterisation. Standardisation is crucial in studying these

important cellular elements, if we are going to be able to compare

results of various studies.

PO 249
Prothrombotic microparticles concentration after
percutaneous coronary intervention and stent
implantation
Zawilska KM1 and Wachowiak J2

1J.Strus Hospital; 2Regional Hospital, Poznan, Poland

Background: Platelet activation accompanying numerous diseases as

well as medical procedures can result in thrombotic complications. Mi-

croparticles (MP) are shedded upon platelet activation, and may be

used to assess platelet function.

Aims: To measure MP concentration in the plasma of patients (pts)

with coronary artery disease (CAD) taking aspirin and clopidogrel,

before as well as after elective percutaneous coronary intervention

(PCI) with or without stent implantation.

Methods: One hundred and thirty pts (76 men, 54 women) with CAD.

During elective PCI stent implantation (bare-metal stent or drug-elut-

ing stent) has been performed in 35 pts. MP concentration was mea-

sured using ZYMOPHEN MP-Activity test of HYPHEN BioMed

Research Company before, 24 h and 1 month after PCI. In the control

group there were 26 healthy blood donors not taking antiplatelet drugs.

Results: The influence of PCI and stent implantation on the generation

of prothrombotic microparticles (MP) has been presented in tables 1

and 2. (M-men; W-women; MPc – microparticles concentration, VC-

variation coefficient).

Table 1: MP concentration in plasma (nM) in patients subjected to

percutaneous coronary intervention.

Table 2: Variation of MP concentration in plasma in patients sub-

jected to percutaneous coronary intervention.

The mean microparticles concentration in the control group was

4.2 � 2.3 nM.

Conclusions: Microparticle concentration in patients with coronary

artery disease was higher than in the control group. In women it

increased after coronary angiography, and in men after stent implanta-

tion. The average results did not exceed the values regarded as normal,

20% of results were > 10 nM, considered as the cut-off value for path-

ological results.

PO 250
Anticoagulant activity of sulfated polysaccharides from
the green seaweed Cladophora falklandica
Arata P1, Ciancia M1, Kordich L2 and Quintana I2

1Facultad de Agronom�ıa, Universidad de Buenos Aires; 2Facultad

de Ciencias Exactas y Naturales, Universidad de Buenos Aires,

Buenos Aires, Argentina

Background: Some sulfated polysaccharides were found to have anti-

coagulant properties. Seaweeds from the Cladophorales synthesize sul-

fated xyloarabinogalactans. Aqueous extracts from C. falklandica

showed as major constituents galactose and arabinose, and high per-

centage of sulfate. Taking into account the increasing interest in the
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development of new antithrombotic agents, these polysaccharides

deserve to be investigated as potential anticoagulants.

Aims: To evaluate the anticoagulant activity of the water extracts of

C. falklandica.

Methods: The room-temperature water extracts (CX1-CX3) were eval-

uated. Determinations of prothrombin time (PT), activated partial

thromboplastin time (APTT) and thrombin time (TT) were assayed

according to established methods. Normal platelet depleted citrated

plasma (900 lL) was mixed with 100 lL of each polysaccharide

extracts, in different concentrations, and incubated for 1 min at 37 °C.
Saline solution was used as control. TT-like assays were also per-

formed with purified fibrinogen (3 mg/mL) instead of plasma. Results

were expressed as ratios obtained by dividing the clotting time

achieved with the extract by the time achieved with the control. In

order to performed fibrinformation studies, clots were generated by

adding thrombin (0.05 IU/mL) and calcium chloride (20 mM) to the

preincubated plasma. The kinetics was evaluated measuring optical

density (OD) at 405 nm every one min up to constant values. Assays

were carried out in polystyrene strips, in the presence of different con-

centrations of CX2 (10–100 lg/mL) or saline solution as control. The

sigmoid curves obtained (OD vs. time) were characterized by three

parameters: lag phase, maximum velocity achieved and final network

OD. All assays were performed in quadruplicate.

Results: The second room temperature water extract (CX2), comprises

arabinose as the major component (60.6%), galactose (23.5%) and

xylose (10.5%), with a high percentage of sulfate, with a molar ratio

carbohydrate: SO3 of 1:0.7. CX2 was the most active one in coagula-

tion tests. This fraction significantly prolonged PT, APTT and TT, in

concentration dependent manner; for CX2 solution (100 lg/mL) the

ratios were 1.8, 5.2, and 4.1, respectively. For the TT-like assays the

ratio was 2.7, for the same concentration of CX2. The kinetics analysis

of fibrinformation with CX2 showed statistically significant differences

vs. control in lag phase (0.5 � 0.0 min vs. 6.0 � 0.0 min, P < 0.001),

Vmax (408.5 � 30.4 min vs. 212 � 23.8 min, P < 0.001) and in the

final network OD (0.709 � 0.002 vs. 0.801 � 0.011, P < 0.001).

Conclusions: The second water extract of C.falklandika showed antico-

agulant activity by global coagulation tests with normal plasma; there-

fore CX2 could potentiate thrombin inhibition by antithrombin and/

or heparin cofactor II. Besides, TT-like assays with purified fibrinogen

suggest that, at least one of the mechanisms involved would be direct

thrombin inhibition. By other hand, a probable procoagulant effect

was shown by fibrinformation kinetics. In other to understand these

findings further studies are currently undertaken.

PO 251
Purification method thrombin-like enzyme and
fibrinogenolytic enzyme from Agkistrodon blomhoffi
ussuriensis snake venom
Buyanbadrakh B1, Dashnyam P2 and Byambasuren S3

1Health Science University of Mongolia; 2Mongolian Academy of

Science; 3Alsglobal LLC, Ulaanbaatar, Mongolia

Background: Snake venoms contain a variety of proteolytic enzymes

affecting the host coagulation process. Snake venom fibrinogenolytic

enzymes act on fibrinogen, leading to defibrinogenation of blood and

a consequent decrease in blood viscosity. And thrombin-like enzymes

are responsible for in vitro blood-clotting activity present in several

snake venoms is a protease which resembles at least in part thrombin,

a multifunctional protease that plays a key role in coagulation.

Aims: The purpose of this study was purification of fibrinogenolytic

and thrombin-like enzymes (TLE) from snake venom.

Methods: The crude venom of Agkistrodon blomhoffii ussuriensis was

used as a raw material for obtaining of fibrinogelytic enzyme and

TLE. The venom separation was started with affinity chromatogra-

phy on Blue Sepharose FF and followed by Phenyl Sepharose HP,

Source 15S for fibrinogelytic and Sephadex G25 SF for TLE. The

TLE activity was monitored by detection of the clot formation on

coagulometer and fibrinogenolytic activity was determined by

enzyme electrophoresis.

Result: The TLE was a single chain glycoprotein with 27 kDa molecu-

lar weight and fibrinogenolytic enzyme was a heterodimer protein that

includes two polypeptides with 36 kDa molecular weight. Purified

TLE cut from fibrinogen molecule only fibrinopeptide A and that

allows make it to class a-specific TLE. Fibrinogenolytic enzyme was

cleaved on b-chain quicker than a-chain and slower than on c-chain.
Conclusion: Agkistrodon blomhoffii ussuriensis snake venom contains

36 kDa fibrinogenolytic enzyme that can be purified by affinity and 2

more ion exchange chromatography and 27 kDa TLE that can be

purified by same affinity and size exclusion chromatography.

PO 252
Alterations in natural coagulation inhibitors in acute
leukemias
Galar M, Szumowska A, Kostur A, Bolkun L and Kloczko J

Medical University of Bialystok, Bialystok, Poland

Background: Inherent inhibitors of coagulation carefully control the

blood clotting system in vivo and ensure that blood propagation does

not lead to occlusion of the vasculature. TM/protein C/protein S path-

way is important in modulating coagulation. Acute leukemia develop-

ment is accompanied by various abnormalities of hemostasis with

nearly all patients demonstrating subclinical activation of coagulation.

Our previous study revealed a low plasma concentrations of anticoag-

ulation proteins at the moment of diagnosis of acute leukemia.

Aim: The aim of this study was to estimate the concentrations of

selected endogenous anticoagulation proteins in patients with acute

leukemia receiving chemotherapy.

Methods: Blood samples were obtained from 20 adult patients with

acute leukemia (AML-13; ALL-7) at the following time intervals:

before treatment (0) and on the 7th (1), 14th (2) and 21st (3) day of

chemotherapy. The patients were followed-up in the Department of

Hematology, University Hospital in Bialystok. They were not under

the oral anticoagulant treatment and had normal liver function. Con-

trol samples were obtained from 20 healthy subjects, age- and sex-

matched. Plasma concentrations of protein C (PC), total protein S

(PS), soluble thrombomodulin (sTM) and soluble endothelial protein

C receptor (sEPCR) were measured by ELISA method, using commer-

cial tests. The patients with AML and ALL underwent the induction

regimens according to generally applicable standards.

Results: The low concentrations of PC, found in ALL patients at diag-

nosis (76.1 � 26.9%), were elevated on the 7th (109.9 � 28.2%) and

14th (100.8 � 31.3%) day of the treatment, then became reduced at

21st day to approximately normal value (89.1 � 27.3%). In patients

with AML the concentration of PC remained low during all the time

of treatment (0–63.0 � 20.8%; 1–62.1 � 17.2%; 2–57.4 � 14.3%; 3–
50.3 � 17.2%). There were no differences in the levels of total PS in

both groups of leukemia during the treatment. The concentrations of

sEPCR which were low at diagnosis of acute leukemia, were rapidly

reduced on the 7th day and remained downregulated thereafter (AML:

0–82.8 � 57.1; 1–46.0 � 10.3; 2–44.9 � 10.6; 3–36.5 � 10.5 ng/ml;

ALL: 0–79.7 � 34.7; 1–44.3 � 15.9; 2–47.3 � 31.4; 3–
44.9 � 25.7 ng/ml). The study revealed that sTM concentrations,

which were elevated in acute leukemia at the diagnosis (AML;

72.2 � 101.7; ALL: 140.6 � 199.3 ng/ml), were reduced at 7th and

14th (AML: 1–64.1 � 32.5; 2–64.3 � 38.0; ALL: 1–71.1 � 25.2; 2–
66.6 � 19.8 ng/ml) day of treatment in order to reach very high values

at the 21st day (AML: 124.5 � 139.4; ALL: 120.7 � 159.8 ng/ml).

Conclusions: Alterations in the concentrations of the physiological

inhibitors of blood coagulation may result from different pathogenesis

of acute leukemias as well as of different treatment of AML and ALL.

This study indicates that basal coagulation system markers (PC, PS,

sTM, sEPCR) may be helpful in monitoring patients presenting a dis-

order of this anticoagulant pathway, especially during treatment of

acute leukemia. Nevertheless, some limitation of this study is a small

number of enrolled patients.
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Venous thromboembolism prophylaxis with
rivaroxaban subsequent to enoxaparin in major
orthopaedic surgery
Altintas F1, Ulucay C1, Ozler T1, Kilincoglu V2, Guzelbey T1

and Aksu BC3

1Yeditepe university, Istanbul; 2Medical park hospital, Gaziantep;
3Yediyepe university, Istanbul, Turkey

Background: Venous tromboembolism is an important complication

for which precautions should be taken after major orthopaedic surgery

(elective hip and knee replacement, hip fracture).

Aim: Short and long period pharmacoprophylaxis are suggested for

the prevention of venous thromboembolism in all guidelines following

major orthopaedic surgery. In this study, we evaluated the efficiency

of new oral anticoagulant prophylaxis following low molecular weight

heparin.

Methods: Seventy-two major orthopaedic surgeries (32 total knee

arthroplasty, 19 total hip replacement, 16 hip fracture) had been per-

formed between January 2012 to October 2012 in Yeditepe University

Hospital. Thirteen patients were male and 59 patients were female.

The mean age of the patients was 69 (range; 43–96). Forty-one patients
had risk factors related to venous thromboembolism. After 12 h from

the surgery; 2 9 30 mg enoxaparin was given subcutaneously to all

patients throughout following in hospital. After the discharge from the

hospital; 1 9 10 mg rivaroxaban was prescribed to all of them. Short-

term prophylaxis (for 10 days) was administered to the patients with

knee prosthesis. Long-term prophylaxis (for 30 days) was adminis-

tered to the patients with hip prosthesis and patients operated for hip

fracture who had two or more risk factors.

Results: Venous doppler ultrasonography was performed to all

patients after 6–12 weeks from the surgery. Venous thromboembolism

was not detected in any of the patients.

Conclusions: Venous thromboembolism prophylaxis with enoxaparin

following by rivaroxaban is an effective modality in patients who

undergo major orthopaedic surgery.

PO 254
Start-register (Survey on anticoagulated patients
register): the first year of activity
Antonucci E1, Magrini N2, Marongiu F3, Pengo V4, Poli D5,

Tripodi A6 and Palareti G7

1University of Florence, Firenze; 2CEVEAS, Modena; 3University

of Cagliari, Cagliari; 4University of Padua, Padua; 5AOU Careggi,

Florence, Florence; 6University of Milan, Milan; 7University of

Bologna, Bologna, Italy

Background: Oral anticoagulation treatment with vitamin K antago-

nist (VKA) has been shown to be effective in numerous randomized

clinical trials, but despite the potential clinical benefits they are unde-

rused especially in patients at high risk of bleeding. In the last years

many efforts are directed towards the development of novel orally an-

ticoagulants (NOA) and many clinical trials were conducted to com-

pare the efficacy and safety of the different therapy. However, in the

setting of clinical trials, there is a very tight control therapy, resulting

in lower rates of therapeutic failure. This makes difficult not only the

assessment of the value of NOA but the evaluation of their health-eco-

nomic benefits.

Aims: The purpose of START-Register is to provide information to

help physicians on evaluation of treatment option, aiding treatment

selection in their patients. In addition it is also aimed to improve our

knowledge on the disease, (including epidemiologic, diagnostic, pro-

phylactic and therapeutic information), on analysis of different possi-

ble treatments (monitoring, dosages, frequency of controls), and on

therapy used (protective efficacy, complications during therapy or

after suspension).

Methods: Participatings enroll all patients that meet predefined eligibil-

ity criteria, and data of each patient including indication to treatment,

underlying conditions and type of anticoagulant were collected on the

web-site of the register.

Results: From September 2011 to December 2012 active participating

members are 68; 3016 patients (males 54%) were prospectively

enrolled. The indication to treatment was: atrial fibrillation in 58% of

patients, thromboembolic events in 30%, mechanical heart valve in

5%. Patients underwent elective cardioversion was 6%. VKA were

used in all patients enrolled and bridging therapy with low-molecular-

weight-heparin was used in 42% of patients.

Conclusion: START-Register, a multicenter observational prospective

and non-interventional register, will allow us to enhance our under-

standing of the risk-benefits of the various anticoagulant drugs and

therapy options.

PO 255
Dabigatran overdosis vs. disseminated intravascular
coagulation
Azevedo AP, Gago T and Freire I

Hospital S~ao Francisco Xavier, Lisboa, Portugal

Background: Dabigatran is a direct thrombin inhibitor obtained from

dabigatran etexilate, an oral prodrug that is hydrolyzed in the liver.

Dabigatran is 80% renally excreted with a half-life of approximately

13 h with a glomerular filtration rate (GFR) of > 80 ml/min, and 18 h

with a GRF of 30–50 ml/min. Peak plasma concentration is in the

range of 100–400 ng/ml. Trough concentrations are in the range of

20–150 ng/ml.

Clinicians and pathologists require knowledge how routine coagula-

tion assays are affected not only with therapeutic doses but also with

overdose levels. Although there is a dose-dependent effect of dabiga-

tran on laboratory clotting assays, the results are dependent on the last

dose of drug taken and the factors that influence pharmacokinetics

such as GFR. There is also a marked variation of results concerning

the reagents used, mainly in fibrinogen measurements. These way clot-

ting assays (PT, aPTT, TT and fibrinogen) may be misinterpreted by

clinicians.

Aims: Presentation of a clinical case with bleeding complications, and

how the misinterpret of coagulation assays evolution can influence

diagnosis.

Methods: Eighty-three years old female, with personal history of atrial

fibrillation, asthma, type two diabetes, hypertension, osteoporosis and

dyslipidemia, treated with dabigatran, amiodarone, metformin and

multiple analgesia. She was admitted for analgesic therapy adjustment

and decision on possible surgical intervention, following ancient osteo-

porotic fracture of L4. At admission, her laboratorial control revealed

anemia, leukocytosis and thrombocytopenia, elevated RPC and

abnormal renal function. No coagulation tests were done. On the sec-

ond day of hospitalization, without apparent triggering factor, starts

prostration, hematochezia, bruising at venipuncture sites and oral cav-

ity bleeding during nasogastric intubation. New laboratorial control

revealed not clottable PT, aPTT and fibrinogen Clauss, with a severely

worsening of inflammatory/infection markers. Given these results, cli-

nicians formulated two diagnostic hypotheses: severe DIC by sepsis vs.

iatrogenic effects caused by dabigatran.

Pathologists were asked to interpret coagulation assays. Platelets and

D-Dimmers were done and the diagnosis of severe DIC was concluded

to be unlikely/excluded.

Therapy with dabigatran was discontinued. Multiple transfusion ther-

apy was administered, on the third day the bleeding diathesis stopped

and on the fifth day the coagulation assays normalized.

Conclusions: New oral anticoagulant, dabigatran, a direct inhibitor of

thrombin, can induce big changes in coagulation assays: not clottable

TP, aPTT and Clauss fibrinogen.

In the case presented, the results (prolonged aPTT and PT, falsely low

fibrinogen) associated with severe hemorrhage were wrongly inter-
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preted, suggesting DIC. In reality, the patient had no changes in fibrin-

ogen (hypo or dysfibrinogenemia). By the other hand, D-Dimmer and

platelets measurement could help to exclude DIC.

Despite disruption of dabigatran immediately after start of bleeding

complaints, these persisted for two more days and coagulation assays

took 5 days to become normal, although the half-life of dabigatran is

shorter.

The use of these drugs in the general population and outside the con-

text of clinical trials induces differences regarding the safety estab-

lished. These differences may be particularly relevant in populations

underrepresented in these trials, like the elderly and individuals with

impaired renal function, as in this case.

PO 256
Efficacy and safety of thromboprophylaxis with use of
LMWH and warfarin in the traumatology-orthopedic
hospital
Bozhkova SA, Borisov AM, Tikhilov RM, Novokshonova A

and Cibin AV

R.R. Vreden Russian Research Institute of Traumatology and

Orthopedics, St-Petersburg, Russia

In 2011 in our hospital were performed 20 584 orthopedic operations,

6 230 of them were associated with high venous thromboembolism

(VTE) risk. Total fatality rate was 0.07% (15 cases). Lethality from

pulmonary embolism (PE) compounded 0.01% – two cases.

We studied efficacy and safety of our local Protocol of Thrombopro-

phylaxis, based on the 8th edition of ACCP Guidelines, 2008.

The investigation was retrospective. We analyzed medical cards of 732

patients after total hip or knee replacement (THR, TKR) in 2011.

Most of surgery operations were performed with neuroaxial anesthe-

sia. There were 68.7% women. The mean age of the patients was

56.7 � 10.7. Primary arthroplasty was performed in 663 cases (87.9%

– THR, 12.1% – TKR), revision surgery – in 55 cases (THR – 91%,

TKR – 9%). The mean duration of primary joint replacement was

93.0 � 27.8 min, revision arthroplasty – 129.7 � 51.5 min. Inpatient

treatment was 13.4 � 0.7 days after surgery. A 99.87% of surveyed

patients were supposed to have high risk of VTE. A 88.5% of all

patients were older than 40 years, therefore, they appeared to have

extra risk factor of VTE. A 6.3% of aged upwards 75 years composed

a group of particularly high risk of VTE and hemorrhagic complica-

tions associated with anticoagulants. The VTE prophylaxis by low

molecular weight heparins (LMWH) was started 12 h before surgery

in 100% cases. The mean duration of a course LMWH was

10.3 � 0.8 days (dalteparin sodium was received by 71.6% patients,

nadroparin calcium – 17.6%, enoxapain sodium – 9.2%). In one case

low dosage of dalteparin was used due to the improper risk stratifica-

tion. Since the 7th-8th days all patients received warfarin. It recom-

mended to 99.7% of patients after the release. Early mobilization

(77.3% of patients) and graduated elastic compression stockings

(37.9%) were used as unspecific thromboprophylaxis. We detected no

hemorrhagic complications, which lead to cancellation of anticoagu-

lants. Four VTE were observed (0.52%). One patient (woman,

63 years old) died due to pulmonary embolism at 9th day after THR.

For other patient (woman, 83 years) PE was diagnosed at 10th day

after surgery, at 29th day – sharp cardiovascular insufficiency and

death were developed. Both cases of fatal PE after THR were associ-

ated with cancellation LMWH while target level of INR was not yet

achieved by warfarin intake. Superficial vein thrombosis was detected

in two patients (0.26%) by ultrasonography at 8–10 days after

surgery.

The study showed that routine use of the Protocol was effective and

safe. However, have been revealed insufficient use of mechanical VTE

prevention methods and difficulties with selection of warfarin dosage.

Thus, more frequent use of mechanical thromboprophylaxis and use

of new oral anticoagulants, which doesn’t require laboratory monitor-

ing and selection of the dose, can raise the efficacy of the Protocol.

Monitoring of Observance of the local Protocol and the analyses of all

VTE cases are necessary to establish the causes of these complications

and to find ways to improve it.

PO 257
Identification of brodifacoum exposure and
subsequent monitoring of treatment and recovery
using functional markers of vitamin K status
Christian AD1, Card DJ2, Gilmore R3 and Harrington DJ2

1GSTS Pathology; 2St. Thomas’ Hospital, London, UK; 3Galway

University Hospital, Galway, Ireland

Background: Superwarfarins are highly potent, freely available vitamin

K antagonist type anticoagulants that are widely employed as rodenti-

cides. They exert their effect by blocking the vitamin K epoxide reduc-

tase complex (VKOR) thereby limiting the recycling of vitamin K

from the inactive, oxidised form (vitamin K 2,3-epoxide) back to the

metabolic form (vitamin K hydroquinone). Vitamin K is an essential

micronutrient utilised as a cofactor for vitamin K dependent carboxyl-

ase which is required for the post-translational activation of various

vitamin K-dependent proteins, most notably in this case, coagulation

factors II, VII, IX and X.

Aims: We describe a case of superwarfarin exposure in a 20 year old

male who presented in April 2011 (approximately 6 weeks post super-

warfarin exposure) with left calf pain and the subsequent use of func-

tional vitamin K status markers to successfully monitor recovery and

guide treatment. At presentation, ultrasound showed extensive haem-

orrhage. The patient’s Hb was 6.2 g/dL, PT > 120 s and APTT

> 240 s. He was immediately given 3500 units of 4-factor Prothrombin

Complex Concentrate and 20 mg IV phytomenadione (vitamin K1

[K1]) (Konakion). The INR subsequently corrected, however it

increased once more over the following days to 1.4. In response, the

daily phytomenadione dose was increased to 40 mg. The INR cor-

rected and remained normal with continued daily K1.

Methods: A serum sample was collected and a superwarfarin screen

performed by normal-phase HPLC with diode array detection. K1

and vitamin K1 2, 3-epoxide (K1O) were measured by reversed-phase

HPLC with in-line chemical reduction and fluorescence detection.

Undercarboxylated prothrombin (PIVKA-II) was measured by

ELISA.

Results: Brodifacoum, a long-acting superwarfarin with a clearance

half-life of approximately 20–100 days was detected 100 lg/L. Super-
warfarin action was confirmed by an elevation in the circulatory con-

centration of PIVKA-II to levels greater than those seen in

anticoagulated patients (> 7 AU/mL) and by detection of K1O at a

highly elevated concentration relative to K1. Monthly monitoring of

brodifacoum and vitamin K markers was performed and is ongoing.

Brodifacoum was not detectable in any subsequent samples (collected

at intervals since April ‘11) presumably due to hepatic pooling; how-

ever its ongoing effects were evidenced by elevated PIVKA-II and

K1O. PIVKA-II remained elevated until 180 days post-presentation

and then returned to normal (undetectable [< 0.2 AU/mL]), indicating

complete correction of the coagulation defect by ongoing phytomena-

dione administration. K1O remains highly elevated relative to K1

(ratio = 1.2–3.7) 530 days post-presentation.

Conclusions: The use of novel laboratory markers conferred a number

of benefits not seen with conventional coagulation assays: Confirma-

tion of diagnosis by the direct measurement of brodifacoum; evidence

that ongoing action was not a consequence of repeated-exposure;

monitoring of treatment with vitamin K; biochemical evidence of con-

tinued vitamin K antagonism 18 months post-exposure. These results

indicate this patient still requires treatment with phytomenadione at

this time with further monitoring of vitamin K markers to determine

when treatment should be discontinued.
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In vitro assessment, using thrombin generation, of the
applicability of Prothrombin Complex Concentrate as
an antidote for Rivaroxaban
Dinkelaar J1, Molenaar PJ1, Ninivaggi M2, De Laat B2,

Brinkman HJA3 and Leyte A1

1OLVG, Amsterdam; 2Maastricht University, Synapse BV,

Maastricht; 3Sanquin Research, Amsterdam, The Netherlands

Background: Rivaroxaban has been approved as antithrombotic agent

for prevention of venous thrombo-embolism for specific indications.

At present no antidote is appointed and no guidelines have been for-

mulated for the measurement of Rivaroxaban reversal.

Objectives: In this in-vitro study, we evaluated the influence of pro-

thrombin complex concentrate (PCC: Cofact) on the anticoagulant

effects of Rivaroxaban as measured by prothrombin time (PT) and

various thrombin generation tests.

Methods: Plasma and whole blood samples from healthy volunteers

were spiked with Rivaroxaban in concentrations up to 800 lg/L, PCC
was added to these samples in concentration ranges as used clinically

to reverse anticoagulant effects of vitamin K antagonists (VKA). PT,

endogenous thrombin potential (ETP) and calibrated automated

thrombography (CAT) assays were measured with varying tissue fac-

tor (TF) concentrations.

Results: Addition of PCC to Rivaroxaban spiked donor samples did

not result in normalization of PT and thrombin generation lag time In

contrast, normalization of ETP and CAT area under the curve did

occur. However the response on PCC addition was strongly TF con-

centration dependent and in whole blood less PCC was required for

Rivaroxaban reversal as compared to plasma.

Conclusions: PCC does not neutralize the lengthening effect on PT and

thrombin generation lag time of Rivaroxaban anticoagulated blood in

vitro, however total thrombin formation could be normalised. Perfor-

mance of the different thrombin generation tests is assay condition

dependent. Therefore, prospective studies are needed tot clarify which

assay condition and parameter describes in vivo haemostasis best in

Rivaroxaban patients that are treated with PCC.

PO 259
Defibrotide interactions with newer oral
anticoagulants and antithrombotic agents
Fareed J, Hoppensteadt D, Iqbal O, Cunanan J, Bansal V, Abro S

and Wahi R

Loyola University Medical Center, Maywood, IL, USA

Introduction: Clinical trials of defibrotide, a polydisperse mixture of

porcine-derived single-stranded oligonucleotides demonstrate benefits

for the treatment and prophylaxis of hepatic veno-occlusive disease

(VOD) in hematopoietic stem cell therapy. This study investigated the

effect of defibrotide on the anticoagulant and antiprotease actions of

the newer oral anticoagulants.

Materials and Methods: Whole blood drawn from 25 healthy individu-

als was supplemented with 250 ng/mL of each of the individual oral

anticoagulant drugs alone and with 100 lg/ml defibrotide. Celite acti-

vated clotting time (ACT) measurements were made. For the plasma

based assays, a fixed concentration of defibrotide (100 lg/mL) was

supplemented with defibrotide to pool plasma alone and with each of

the individual oral anticoagulants (0–1000 ng/mL). To investigate the

effect of defibrotide on agonist induced platelet aggregation PRP was

prepared with varying amounts of defibrotide (0–100 lg/ml). To test

the effect of defibrotide on warfarin, plasma samples from patients

with INR range of 1.5–3.0 were supplemented with 100 lg/ml and the

PT/INR was re-determined.

Results: While apixaban and rivaroxaban did not prolong the ACT,

dabigatran produced a modest increase at 250 ng/mL; addition of

newer oral anticoagulants to defibrotide supplemented plasma did not

prolong the PT. Dabigatran showed a slight interaction in the aPTT

assay. Defibrotide, did not impact agonist induced platelet aggrega-

tion. Defibrotide, alone and with newer oral anticoagulants, did not

increase the PT/INR values of plasma samples collected from warfarin

treated patients at concentrations of up to 100 lg/ml.

Conclusions: Based on the indications for the new oral anticoagulant

drugs, their circulating levels and rapid clearance, it is unlikely that de-

fibrotide will produce any interactions with these drugs.

PO 260
Dabigatran etexilat overdose and life-threatening
gastrointestinal bleeding
Hajsmanova Z, Slechtova J, Sigutova P and Lavickova A

University Hospital, Plzen, Czech Republic

Background: New oral anticoagulants – dabigatran, rivaroxaban, apix-
aban and others – are small-molecule, selective inhibitors that bind to

the selective coagulative site of vitamin K-dependent factors Xa and

IIa. These drugs are attractive for patients due to the peroral drug

form, a fixed dose administered once or twice daily to patients with

normal body weight and renal function. There is no need for labora-

tory drug efficacy monitoring when the standard conditions are met.

One great disadvantage is the fact that elderly people can easily over-

dose on it and their renal function can change over time rapidly. A

specific antidote has not yet been developed.

We would like to present our experience with life-threatening bleeding

that was managed successfully. Our case report deals with a 83-year-

old lady with numerous comorbidities.

(diabetes mellitus, ischemic heart disease, etc.)

She was admitted to hospital for weakness and pre-shock status, when

she had been treated with the standard dose of dabigatran (Pradaxa�,

Boehringer Ingelheim) 150 mg twice daily for atrial fibrillation. Melae-

na wad occurred shortly before admission, verified in the hospital, and

so the urgent gastrointestinal tract examination was indicated. The

laboratory results of both the blood count and haemocoagulative

parameters were severe even critical (Hb 76 g/L, APTT- R 3.16, TT

more than 120 s, fibrinogen 0.33 g/L, D-dimers 0.81 mg/FEU). dTT

was 500 ng/ml ten h after the last dose of dabigatran.

Volume resuscitation and complete haemodynamic support was self-

evident.

The lower dose of FEIBA (approximately 25 IU per kg b.w.) was

administered to the patient as a bolus immediately before gastroendos-

copy. A bleeding stomach ulcer was proved and successful surgical

haemostasis followed. The persisting pathological haemocoagulative

parameters were normalized by fresh frozen plasma infusions during

following 2 days, so APTT – R became lower to 1.8, PT- R 1.66, while

pathological thrombin time more than 120 s persisted.

In spite of the fact that the woman was resuscitated because of malig-

nant bradycardia, now she is again being treated with dabigatran etex-

ilate for persistent atrial fibrillation.

Conclusion: This is our first experience with FEIBA used for dabiga-

tran overdosing treatment. We were afraid to administer higher dose

of FEIBA due to the hypercoagulative woman′s state. rFVIIa would

have been the further step to stop bleeding.

PO 261
Incidence of thromboembolic and bleeding events
according to the timing of prophylaxis after orthopedic
major surgery
Hwang HG, Kim MS, Lim G, Lee HH, Lee HU and Ji JW

Soonchunhyang university Gumi Hospital, Gumisi, South-Korea

Background: Venous thromboemolism, including deep vein thrombosis

and pulmonary embolism represents major concern after orthopedic

major surgery. But concern about bleeding complication after surgery
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may make orthopedic surgeon hesitate to start anticoagulation with

low-molecular weight heparin (LMWH) for more than 6 days in real

practice even though it is recommended to retart 6–8 h after wound

closure.

Aims: This study is designed to provide the information regarding the

incidence of venous thromboembolism or bleeding according to the

timing of anticoagulation with LMWH after major orthopedic sur-

gery.

Methods: Patient who underwent major orthopedic surgery with femur

fracture from July 2013 to December 2013, were retrospectively identi-

fied and reviewed with chart. Orthopedic surgery included bipolar

hemiarthroplasty and closed reduction with interal fixation. Patients

who received prophylaxis with LMWH within 5 days of surgery were

classified as group 1, and after 6 days as group 2. Patients who need to

have briding therapy due to anticoagulation therapy with warfarin

were excluded. Whether there are events of venous thromboembolism

or bleeding complication were followed for 30 days of procedure.

Major bleeding was defined as drop of hemoglobin level of 20 g/L or

more, or leading to transfusion of 2 or more units of whole blood or

red cells or bleeding in critical organ.

Results: Sixteen patients were included. There were 5 men and 11

women, ranging in age form 67 to 90 years with a mean age 78.8. Site

of femur fracture was right in 11 patients. Preoperative LMWH injec-

tion was done in 14 patients (87.5%). Mean number of injection after

operation was 9.4. Interval between surgery and injection postopera-

tive was 4.72 � 1.98 (range, 0.5 to 8 days) overall, 3.55 � 1.52 (range

0.5 to 5 days) in Group 1, and 6.67 � 0.75 (Range 6–8) in Group 2.

Pulmonary embolism occurred in one patient 2 days after procedure

in Group 2. Major bleeding occurred in one paitent 3 days after proce-

dure in Group 2.

Summary/Conclusion: Limitation is small number of data, but no one

showed bleeding complication in Group 1. It is important to follow

the recommendation that prophylaxis with LMWH be started 6–8 h

after wound closure to prevent venous thromboembolism.

PO 262
Profiling anticoagulants from hematophagous animals:
an on-line post-column bioactivity assay with parallel
mass spectrometric identification
Iyer K1, Slovak M2, Kool J3 and Kini MR1

1National University of Singapore, Singapore, Singapore; 2Slovak

Academy of Sciences, Bratislavia, Slovakia; 3VU University

Amsterdam, Amsterdam, The Netherlands

Background: Cardiovascular and cerebrovascular diseases are among

the most dreaded killers in most developed countries. There have been

numerous anticoagulants that have been developed to circumvent

deaths and debilitation due to these diseases. Over the years, natural

sources such as plant and animal extracts have proven to contain a

wide array of pharmacologically important compounds. Since the sali-

vary gland extracts of hematophagous animals like ticks and mosqui-

toes are rich in anticoagulants, these exogenous proteins can be used

as therapeutic agents based on their highly specific targeting. These

pharmacologically active anticoagulants inhibit central enzymes of the

blood clotting cascade. As these inhibitors are present in min amounts,

they are difficult to identify using traditional analytical scale chro-

matographic approaches.

Aim: We propose to identify novel potent inhibitors of the key

enzymes involved in the blood coagulation cascade.

Methods: We propose to identify novel potent inhibitors through the

development of a miniaturized workflow for on-line post-column pro-

filing of the crude salivary gland extracts. In this miniaturized work-

flow, purification is first performed via nano liquid chromatography.

Thereafter, the eluent is split into two lines, one being fed into an on-

line post-column bioassay where its anticoagulant properties are

tested. The other is fed into a mass spectrometer for compound identi-

fication. As the bioassay and MS-guided identification are carried out

in parallel, we will be able to match the proteins with its corresponding

activity. In this manner, profiling of the salivary gland extracts is

achieved through a single tandem workflow. The development of this

technique, counters the constraints posed by the limited amounts of

exogenous compounds available from these hematophagous animals.

This miniaturized workflow will be used to profile the salivary extracts

of ticks and mosquitoes.

Conclusion: With the identity of the anticoagulants from the hema-

tophagous animals being elucidated, they can be recombinantly

expressed and purified from suitable expression systems. This will

allow the study of the mechanisms of these inhibitors so that their

therapeutic potentials can be explored further.

PO 263
Are the complications of anticoagulant treatment with
vitamin K antagonists in atrial fibrillation gender
dependent?
Kovacev JB, Novakovic-Anucin SL, Gnip S, Radovic P, Canak V,

Filipov P and Mitic G

Clinical Centre of Vojvodina, Novi Sad, Serbia

Background: It is well known that patients with atrial fibrillation are at

great risk for thromboembolic complications. Long-term anticoagu-

lant treatment is recommended in that case. Atrial fibrillation affects

males more than females. Several studies have shown that females are

at higher risk of thromboembolic complications. Still there are insuffi-

cient evidence about gender-related complications.

Aims: The aim of our study was to compare the incidence of thrombo-

embolic and haemorrhagic complications between genders. We also

assessed the risk of these complications in relation to the CHA2DS2-

VASc and HAS-BLED score and time spent in therapeutic range.

Methods: The study included 224 patients treated with vitamin K

antagonists, followed for 851 patient-years in the Departmant of

Haematology, Haemostasis and Prevention of Thrombosis, Clinical

Centre of Vojvodina. Our group consisted of 119 (53%) male and 105

(47%) female patients. International Normalized Ratio measurements

have been done periodically and maintained at recommended range of

2.0–3.0. Thromboembolic and haemorrhagic complications were regis-

tered during regular controls by clinical examination, diagnostic pro-

cedures such as nuclear magnetic resonance, computing tomography

scan, endoscopic procedures, then laboratory analyses (examination of

urine sediment) and patient history. Risk of ischaemic stroke was esti-

mated using CHA2DS2-VASc score, while HAS-BLED score was used

to assess the risk of haemorrhagic complications.

Results: All patients were classified into three categories by CHA2DS2-

VASc score- at low risk 4 (1.8%), moderate risk 16 (7.1%) and high

risk 204 (91.1%). The most numerous were patients over 65 years- 184

(82%). The most frequent comorbidities were hypertension (70%),

vascular diseases (38%) and diabetes mellitus (23%). Risk of thrombo-

embolic complications was higher in male patients (P = 0.002). Using

HAS-BLED score 84 (38%) patients were at low risk and 140 (62%)

were at high risk of haemorrhagic complicationts, but there was no sig-

nificant difference in the incidence of complicationts between genders

(P = 0.915). Both genders were at the same risk of haemorrhagic

complications (P = 0.358). One hundred and thirty-nine (62%) pat-

iens with stable INR had the same incidence of thromboembolic and

haemorrhagic complications compared to those with labile INR- 85

(38%).

Summary/Conclusions: Small sample study showed that all patients

were at great risk of thromboembolic complications, male more than

female. Complications of anticoagulant treatment were not gender

dependent.
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PO 264
Laboratory coagulation assays and ROTEM
thromboelastography in monitoring the reversal of
dabigatran with FEIBA and haemofiltration
Leong J, Thomson E, Ali A, Jarrold U and Kanagasabapathy P

Royal Infirmary of Edinburgh, Edinburgh, UK

Background: Dabigatran, a direct thrombin inhibitor, is increasingly

prescribed in the management of atrial fibrillation. There remains no

effective reversal agent for patients presenting with bleeding or requir-

ing emergency surgery. In the case of life threatening bleeding, the only

effective treatment recommended by the manufacturers is haemodialy-

sis. FEIBA (factor VIII inhibitor bypassing agent) has been purported

as a potential reversal agent for dabigatran. However, there is limited

data on the clinical efficacy in humans. Clinical management is further

complicated by routine coagulation laboratory assays, which can only

provide limited information in these emergency situations. ROTEM

thromboelastography represents a whole blood haemostasis assay

capable of providing rapid results in the perioperative and emergency

setting. We present a clinical case of dabigatran reversal in a 74-year-

old patient who presented with septic shock and acute renal injury sec-

ondary to duodenal ulcer perforation.

Aims: To present our clinical experience using FEIBA in the periopera-

tive setting for the reversal of dabigatran. To discuss the potential role

for ROTEM thormboelastography in monitoring dabigatran reversal.

Finally, to highlight the limited efficacy of CVVH (continuous veno-

venous haemofiltration) in plasma clearance of dabigatran.

Methods: ROTEM thromboelastography (INTEM, EXTEM, FIB-

TEM), dabigatran assays (BIOPHEN DTI Kit HYPHEN BioMed),

APTT assay reagent (SynthASil IL) and PT assay reagent (recombo-

plastin-IL).

Results: This 74-year-old patient was admitted with a 3 day history of

abdominal pain and septic shock. Radiological investigations con-

firmed a perforated duodenal ulcer requiring emergency surgery. On

admission, APTT>210s and PT>140s compatible with dabigatran

accumulation secondary to acute kidney injury (eGFR 20 [baseline

> 60]) corresponding to dabigatran levels 1.68 lg/ml. ROTEM

Thromboelastography performed at baseline: INTEM CT 1660s,

MCF 5 mm, while a-angle and CFT were immeasurable. The patient

was taken to theatre. Pre-operatively, Vitamin K 10 mg IV and FEIBA

2500 IU (50 IU/kg) were administered.

Immediately post FEIBA, ROTEM thromboelastography parameters

show an improvement: INTEM CT 1336s, MCF 23 mm, CFT 1651

and a-angle 13°. The patient underwent an omental oversew of the

duodenal ulcer with no significant bleeding complications. There was

minimal bleeding noted by the surgical team perioperatively. At two h

post FEIBA, INTEM parameters suggest decreasing haemostatic effi-

cacy (CT 2036s, MCF 5 mm and the a-angle and CFT were immeasur-

able). Dabigatran levels were 1.71 lg/ml, APTT and PT were

prolonged again with no end point. The patient was transferred to the

intensive care unit where CVVH (Xenium XPH 130 filter) was started

for management of acute kidney injury. CVVH was noted to have little

effect on dabigatran levels (pre = 1.71 lg/ml, post = 1.56 lg/ml).

Post-operatively no clinical signs of bleeding were detected and no fur-

ther doses of FEIBA were administered. The patient subsequently died

2 days post surgery with complications related to bowel ischaemia.

Summary: We highlight an effective clinical response to FEIBA for da-

bigatran reversal in the perioperative setting. We demonstrate the

potential role for ROTEM thromboelastography in monitoring dabig-

atran reversal. Additionally, as demonstrated by dabigatran assay

monitoring, CVVH does not achieve plasma clearance of dabigatran

and therefore cannot be considered as a therapeutic option.

PO 265
Are point-of-care devices useful for monitoring
bleeding risk under rivaroxaban treatment?
Mani H, Herth N, Kasper A, Schuettfort G, Weil Y, Linnemann B

and Lindhoff-Last E

Johann Wolfgang Goethe- University Hospital, Frankfurt,

Germany

Objective: Monitoring of rivaroxaban may be required in emergency

situations when acute lifethreatening bleeding or thrombosis occurs or

when operations need to be planned. The aim of this study was to

investigate ex vivo the time- and concentration-dependent effects of

rivaroxaban on point-of-care devices (POCT).

Methods: POCT was performed in blood samples of 27 consecutive

patients who received 10, 15 or 20 mg/od of rivaroxaban; the samples

were collected prior to and two h after drug intake at steady state.

Twenty-five patients receiving phenprocoumon and 20 healthy individ-

uals were also enrolled in this study. The whole blood prothrombin

time (PT), activated partial thromboplastin time (aPTT) and activated

clotting time (ACT) were determined using the GEM PCL Plus coagu-

lation system. Additionally, PT was measured on the CoaguCheck XS.

In citrated plasma the PT, aPTT and drug concentration were deter-

mined.

Results: Two h after the drug administration, significant, concentra-

tion-dependent prolongations of PT, aPTT and ACT were observed to

different extents. The PT measured using GEM PCL Plus (range 15.1–
116.5 s) was most sensitive to the rivaroxaban plasma concentrations

(range 0.0–430.1 ng/ml). The PT ranges determined using Coagu-

Check XS (11.2–26.4 s) or Neoplastin Plus� (12.0–37.6 sec in plasma)

resulted in decreased good differentiation between the maximum con-

centration and through levels of the rivaroxaban administration.

Conclusion: Whole blood PT values that are assessed with POCT sys-

tems, such as the GEM PCL Plus, enabling dose-dependent determina-

tion may be helpful to monitor the target specific oral anticoagulants

as rivaroxaban in critical situations.

PO 266
Topical use of antithrombotics
Ng L1, Monagle K1, Ignjatovic V2 and Monagle P1

1The University of Melbourne; 2Murdoch Childrens Research

Institute, Parkville, Vic., Australia

Background: Antithrombotics are usually administered intravenously,

subcutaneously or orally. However, topical application of anticoagu-

lants is reported.

Aims: To review the available literature regarding clinical conditions,

topical anticoagulant treatment and resulting positive or adverse

effects and subsequently attempt to ascertain their safety and efficacy.

Methods: Interrogation of MEDLINE/Pubmed databases for topical

anticoagulant treatments between 1/1/1990 and 11/12/2012 using the

search terms ‘topical’ and: heparin; warfarin; low molecular weight

heparin; tissue plasminogen activator; urokinase; streptokinase; acti-

vated protein C. Review articles were used for cross-referencing and

corroboration and excluded from further analyses.

Results: There were 42 studies reported in 11 different clinical condi-

tions. Most studies were randomized, placebo controlled trials, pro-

spective cohort studies or case reports. The clinical conditions in

which topical anticoagulants were used included microangiopathy,

acute haemorrhoids, periodontitis, dermatitis, phlebitis, burns, ocular

conditions and surgery, blunt force impact, scars, clinical conditions

associated with superficial venous thrombosis (SVT), and other.

The most commonly used topical anticoagulant is heparin, used in

83% of the studies analyzed. Other treatments utilized were activated

protein C (APC), tissue plasminogen activator (tPA), streptokinase

and low molecular weight heparin (LMWH). APC, tPA and LMWH

were administered as liquids, whereas heparin and streptokinase were
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applied via more than 1 method, such as gels, pastes, liquids and

sprays.

Dosage of different anticoagulants, if they were stated, varied depend-

ing on clinical conditions.

Most studies reported mean improvements or resolution of symptoms/

condition in patients. A 8.6% of studies reporting heparin treatment

had no resolution or improvement of outcome and 1 study related to

streptokinase treatment reported no outcome. A further 19.0% of

studies reported adverse effects, such as allergic reactions, mild to

moderate pain, mild contact urticaria and pruritus. A 16.7% of which

involved heparin and the remaining 2.3% APC. However, it was not

made clear in 9.5% of studies if the negative effects were a direct result

of the anticoagulant treatment investigated.

Summary/Conclusion: Topical anticoagulant treatment is used in dif-

fering ways in different clinical situations and gives rise to variable

outcomes. Further research has to be conducted to match clinical con-

ditions with their safest and most effective topical treatment.

PO 267
Improving vitamin K antagonists management through
daily low dose vitamin K supplementation
Paoletti O, Cancellieri E, Zimmermann A, Bassi L, Damiolini E,

Zambelli S and Testa S

Haemostasis and Thrombosis Center, A.O. Istituti Ospitalieri,

Cremona, Italy

Background: VKA therapy is a lifesaving treatment, used in the pri-

mary and secondary prevention of both arterial and venous thrombo-

sis. It is characterized by a high intra/inter-individual variability due to

drug interactions, genetic factors, intercurrent diseases and dietary

vitamin K intake. As shown in literature, instability of anticoagulation

may be associated with a low dietary intake of vitamin K. As a conse-

quence of INR variability an increase of bleeding and thrombotic

complications is observed.

Case report: A 79-year-old man, without significant previous diseases,

was admitted to a cardiological division, because of the onset of atrial

fibrillation at high frequency. Warfarin was immediately started in

association with low molecular weight heparin at therapeutic dose.

Five days after discharge the patient was re-admitted because of epi-

staxis and over-anticoagulation, showing a PT INR = 12, immediately

normalized with concentrated prothrombin complex and vitamin K.

One month after restarting anticoagulation patient condition was as

follow: very low quality treatment (time in the therapeutic

range = 5%), high frequency of INR monitoring (2–3 times/week),

very low mean warfarin posology (1.75 mg/week). Within possible

non genetic causes of high variability, only the concomitant treatment

with amiodarone could have only partially explained the high sensitiv-

ity to AVK. CYP2C9 and VKORK1 genotypes were measured and

showed aplotype A/A VKORK1 that is associated to a major sensitiv-

ity to warfarin. To control the high INR variability, we decided to

treat the patient with a supplementation of low dose of vitamin K

(50 mcg/die). Rapidly we observed a stabilization of INR levels, with

an improvement of quality treatment: time in the therapeutic range

reached the 65%; frequency of INR monitoring was reduced to 1 con-

trol each 2–3/weeks, warfarin posology was stabilized at 3.75–5 mg/

week.

Discussion: This case report shows us that therapeutic instability of

warfarin treatment is strongly associated to the high sensitivity and

low dose requirement. As known, genotyping both CYP2C9 and

VKORK1, helps to identify patients that show an early response to

VKA therapy with a consequent risk of overdosage and haemorragic

complications.

Besides variations in dietary intake of vitamin K can have a significant

effect on anticoagulant response to oral anticoagulants. In this case we

observed that supplementation with a low dose of oral vitamin K con-

tributes to improve anticoagulant stability, with a consequent reduc-

tion of both hemorrhagic and thrombotic risks. For this reason a

healthy dietary regimen containing enough fruits and vegetables

should be recommended to each patient on vitamin K antagonists

despite previous recommendations. Probably direct oral anticoagu-

lants may improve and simplify anticoagulation management of very

AVK unstable patients.

PO 268
A personalized system to enhance INR monitoring
Paoletti O1, Linder M2, Zimmermann A1, Bassi L1, Delpero N1,

Valdes R2, Dellanoce C1 and Testa S1

1Haemostasis and Thrombosis Center, A.O. Istituti Ospitalieri,

Cremona, Italy; 2PGXL Laboratories, Louisville, KY, USA

Background: Warfarin is the most commonly used oral anticoagulant

drug and dose requirements are influenced by genetic and non-genetic

factors. Due to the difficulty in determining an individual’s proper

warfarin dose, therapy is typically initiated with a standard dose fol-

lowed by INR monitoring. A Personalized Medicine Interface Tool

(PerMIT) is a software utility that supplies critical guidance to warfa-

rin dosing decisions by modeling the dose requirements and response

characteristics of individual patients based on their genotypic and

physical characteristics.

Aims: The central objectives of this study were to 1) test the hypothesis

that in comparison to patients who demonstrate above average time in

therapeutic range, patients who experience a low time in therapeutic

range demonstrate a greater proportion of dosage adjustments which

are inconsistent with status of achieving pharmacokinetic steady state,

and 2) to determine the proportion of above range INR’s which are

preceded by trends in the plasma concentration time profile that would

have predicted the out of range INR event.

Methods: We conducted a retrospective analysis of fifty patient treated

with warfarin. A database including patient characteristics, CYP2C9

and VKOR C1 genotypes and the first thirty days of warfarin dosages

and INR measurements was created to estimate maintenance dose and

graphical display of the calculated S-warfarin plasma concentrations

([Cp]) and INR measurements. From the graphical display of the

patient’s measured INR values and calculated plasma concentration

time profiles, the following data were extracted:

A Time in therapeutic range (TTR, 2.0–3.0) was determined based on

linear interpolation

B Average daily dose administered when the INR was within range

C C.Number of INR measurements of > 3.0 that were predicted by

the concentration time profile

D percentage of dosage decisions that were consistent with interpreta-

tion of the plasma concentration time profile

Methods: The time maintained within the target therapeutic range

(TTR) was significantly greater (70 � 0.15% vs. 31 � 0.15,

P < 0.0001) for those patients where 60% or more of the dosage deci-

sions were consistent with the plasma concentration time profile. Over-

all 9 of 28 (32%) INR measurements that exceeded 3.0 were predicted

by a preceding increase in plasma concentration. Within the group

with the greater average TTR, above range INR’s were more common

(18 vs. 10) and were less often predicted by the plasma concentration

time profile (22% vs. 50%). This appears to be associated with fluctua-

tions in the INR which are independent of changes in plasma S-warfa-

rin concentration. Among the patients with the lower TTR, a greater

proportion of INR’s were below range (54.7% vs. 26.6%). In each of

the groups, the average difference between the PerMIT estimated

maintenance dose vs. the average daily dose for the TTR period was

approximately 0.95 mg/d.

Conclusions: These data support the hypothesis, that a patient’s INR

response can be maintained within the therapeutic interval for a

greater proportion of time when dosing decisions are guided by the

plasma concentration time profile.
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PO 269
The effect of application of fresh frozen plasma on
prothrombin time in the patients overdosed with oral
anticoagulant medicaments
Paunovic M, Jankovic-Ore�scanin B and �Suput-Toma�s L

Clinical Centre ‘Zvezdara’, Belgrade, Serbia

Background: Risk factors in patients who receive oral anticoagulant

therapy (OAT) are age, severe kidney disease, liver disease and cardio-

vascular diseases, as well as unstable anticoagulant effect. According

to current recommendation, in case of bleeding, when INR is larger

that 9, fresh frozen plasma (FFP) is administered, in a dose of 10–
20 ml/kg or concentrate of prothrombin complex 50 U/kg and 1 mg

of the vitamin K intra venous.

Aims: The aim of the paper was to determine to what extent the appli-

cation of FFP improve protrombin time (PT) in the bleeding OAT

overdosed patients.

Material and Methods: To determine coagulation status, blood sam-

ples were taken by standard procedure. PT was done using recombi-

nant rabbit thromboplastin (HemosIL) with ISI 1.1 on ACL 7000

apparatus. Control PT was done 12 h after the administration of FFP.

Retrospective counting was done from the protocol for hemostasis

and delivery of blood and blood products.

Results: From 1 January 2011 to 31 December 2011, 40 patients were

treated in our institution due to bleeding. Most frequent forms of

bleeding were gum bleeding (7%), nasal bleeding (35%) and rectorra-

gia (58%). In 14 patients, INR was immeasurable, while in remaining

26 it ranged from 7.83 to 14.4. After FFP was administrated in the

dose of 15 ml/kg, 10 patients returned to therapeutic range (INR 2–4),
out of whom only one belonged to the group with immeasurable INR.

Conclusion: In overdosed OAT patients, the administration of FFP

only does not reduce INR to therapeutic range, which is also found in

the paper by other authors.

PO 270
Use of protrombin complex concentrates for urgent
reversal of dabigatran in the emergency department: a
pilot study
Quintana M1, Borobia AM1, Martinez Virto A1, Fabra S1,

Rivera A1, S�anchez Casado MNM2 and Garc�ıa Erce JA3

1Hospital Universitario La Paz, Madrid; 2Hospital Virgen de la

Salud, Toledo; 3Hospital San Jorge, Huesca, Spain

Background:Hypothetically prothrombin complex concentrates (PCC)

could overcome the anticoagulant effect induced by thrombin and fac-

tor Xa inhibitors because PCC contains coagulation factors II, VII,

IX, and X in a high concentration and they are known to enhance

thrombin generation. While in an animal model infusion with PCC

reversed the biological effect of rivaroxaban, data for dabigatran are

not as clear-cut.

Objectives: The aim of this study was to describe our experience from

the emergency department with the urgent reversal of anticoagulation

with dabigatran using a prothrombin complex concentrate.

Methods: An observational study of hemorrhagic complications was

carried out in patients treated with dabigatran over a period of

12 months (July 2011 to June 2012).

Results and Conclusions: We report a pioneer experience in five

patients on the suitability of PCC used for the reversion of the antico-

agulant effect of a direct thrombin inhibitor. PCC was used success-

fully in our emergency department and was able to control major

bleeding events. Based on the small amount of data, we suggest further

evaluation of the use of PCC in reversing massive hemorrhage caused

by dabigatran.

PO 271
Comparative study of medication compliance to two
anticoagulants in the prevention of venous
thromboembolism in orthopaedic surgery
Ribeiro MJ1, Morgado M1, Morgado S1 and Martinez J2

1University of Beira Interior; 2Hospital Centre of Cova da Beira,

Covilh~a, Portugal

Background: Rivaroxaban (Riv) is a selective, direct Factor Xa inhibi-

tor indicated in the prevention of venous thromboembolism in adult

patients undergoing elective hip or knee replacement surgery (HKRS).

It was introduced in the pharmacotherapeutic formulary of the Hospi-

tal Centre of Cova da Beira (CHCB) on February/2011. It is adminis-

tered orally, which is a potential advantage in terms of compliance

when compared to enoxaparin (Eno).

Aims: The aim of this study was to compare adherence to Eno vs. Riv

in adult patients undergoing elective HKRS. The occurrence of

adverse drug reactions (ADRs) was also compared in both groups.

Methods: Cross-sectional study of outpatient compliance to Eno or

Riv, in patients undergoing KHRS in CHCB, from February/2011 to

April/2012. The evaluation of medication adherence was carried out

using a validated questionnaire and the occurrence of ADRs was eval-

uated in a structured interview.

Results: The study included a total of 84 patients, who underwent elec-

tive knee (45 patients) or hip (39 patients) surgery; 42 patients were

subjected to therapy with Eno (18 knee + 24 hip) and 42 with Riv (27

knee + 15 hip). In all, 90.5% patients were considered adherent to

medication, but it was not observed a significant difference (P = 0.71)

between patients anticoagulated with Eno (92.9% adherent) or Riv

(88.1% adherent). Similarly, there was no significant difference

(P = 1) in medication adherence between patients undergoing knee or

hip surgery. However, there was a significantly higher occurrence of

ADRs (P = 0.002) in patients treated with Eno (38.0% patients

reported ADRs attributable to this drug, mainly hematoma in the site

of injection) when compared to patients treated with Riv (9.5%

patients reported ADRs attributable to this drug, mainly gastrointesti-

nal and skin disorders).

Conclusions: Although it was not observed a significant difference in

adherence to subcutaneous Eno vs. oral Riv, which may be potentially

attributed to the short-term anticoagulation therapy (2–5 weeks), the

occurrence of ADRs was significantly lower in patients treated with

the oral anticoagulant. This difference in drug-related adverse events

differs from other studies that detected similar adverse-event profiles.

From a methodological point of view, this is a small cross-sectional

study and our results must be considered exploratory in nature.

PO 272
The course of D-Dimer levels in patients getting
Rivaroxaban in therapeutical doses
Rott H, Halimeh S, Kappert G and Siebert M

Coagulation Centre Rhine-Ruhr, Duisburg, Germany

Background: D-Dimer levels are associated with thromboembolic risk.

Patients with atrial fibrillation or after thromboembolic diseases with

high D-Dimer levels have a higher risk of thromboembolic diseases.

Usually D-Dimer levels fall to normal range during an effective antico-

agulation.

Aims: To view the course of D-Dimer levels in patients receiving Riva-

roxaban.

Patients and Methods: We investigated the course of D-Dimer levels

before and 4 weeks after starting oral anticoagulation with Rivarox-

aban in 56 patients in during the year 2012.

The Rivaroxaban dose was 15 or 20 mg per day according to renal

function. The patients had atrial fibrillation or venous thromboembo-

lic disease and had an indication for oral anticoagulation (e.g.

CHADS2-Score > 2, recurrent thromboembolic disease, severe throm-
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bophilia). There was no patient with acute thromboembolic disease, so

that no patient had an indication for 2 9 15 mg/day.

Results: Of these 56 patients: 26 patients (46%) had normal D-Dimer

levels before and after intake of Rivaroxaban17 patients (31%) had D-

Dimer levels above normal range before therapy with Rivaroxaban an

normalized after 4 weeks of Rivroxaban therapy nine patients (16%)

had D-Dimer levels above normal range before starting rivaroxaban

and D-Dimer levels fell, but stayed above the normal range four

patients (7%) had normal D-Dimer during therapy with vitamin-K-

antagonist and D-Dimer levels rose above normal range after switch-

ing to RivaroxabanSummary:

In summary about 23% of our patients had D-Dimer levels above the

normal range despite anticoagulation with Rivaroxaban.

No thromboembolic event occurred during the investigation in these

56 patients regardless of the D-Dimer level. However, the follow up

was too short because the investigation time was only up to 12 month.

Conclusion/Discussion: It is not known, what it means clinically that a

subgroup of patients have D-Dimer levels above normal range despite

oral anticoagulation with Rivaroxaban.

Does it mean, these patients have a higher thromboembolic risk than

patients with normal D-Dimer levels during anticoagulation?Do these

patients need higher Rivaroxaban doses for effective anticoagulation,

for example 15 mg twice daily?A long term follow up of these patients

is needed to get more clinical data and to see, it the elevation of D-

Dimer during anticoagulation is clinical relevant.

PO 273
Safety of enoxaparin sodium (subcutaneous injection
kit) used in clinical settings in patients undergoing
abdominal surgery (general surgery and gynecology) –
specified drug-use survey
Sakon M1, Kobayashi T2, Wada H3 and Seo N4

1Nishinomiya municipal central hospital, Nishinomiya;
2Hamamatsu Medical Center, Hamamatsu; 3Mie University, Tsu;
4Museum North Avenue Clinic, Takamatsu, Japan

Background/Aims: A specified drug-use survey in Japanese patients

who underwent abdominal surgery (general surgery and gynecology)

was conducted from March 2009 to June 2012 to evaluate the safety of

CLEXANE� Subcutaneous Injection Kit 2000 IU used in clinical set-

tings.

Patients and Methods: The survey included patients who started treat-

ment with CLEXANE� Subcutaneous Injection Kit 2000 IU for cesar-

ean section and for whom preoperative creatinine clearance could be

calculated using the Cockcroft formula. In this survey, patient charac-

teristics at enrollment, adverse drug reactions (ADRs), bleeding ADRs,

and incidence rate of pulmonary thromboembolism were investigated.

Results: In this survey, 769 cases were collected by continuous registra-

tion in participating facilities from 131 facilities in Japan and 9 cases

were excluded from the safety analysis. Of the remaining 760 patients

(528 general surgery cases and 232 gynecology cases), two patients

were excluded from the efficacy analysis, resulting in 758 patients (526

general surgery cases and 232 gynecology cases) evaluated for efficacy.

The mean age of patients in the safety analysis was 61.9 years. BMI

indicated 33.9% were obese (³25 kg/m2) and 66.1% were non-obese

(< 25 kg/m2); malignant tumor was the most frequently observed

underlying disease. The mean duration of study treatment was

5.9 days.

There were 100 adverse effects (81 patients) observed, with an inci-

dence rate of 10.7%. Among these, 35 adverse effects (30 patients)

were hemorrhagic adverse effects with an incidence rate of 3.9%. The

common adverse effects were abnormal hepatic function, posttreat-

ment hematoma and increase in alanine aminotransferase, all of which

are known adverse events of the drug. Seventeen severe adverse effects

(11 patients) were observed with an incidence rate of 1.4%. Further-

more, pulmonary thromboembolism and deep vein thrombosis were

observed in 4 (0.5%) and 1 (0.1%) patients, respectively, but none of

these had a fatal outcome (death).

Conclusions: The specified drug-use survey on CLEXANE� Subcuta-

neous Injection Kit 2000 IU used in clinical settings in patients under-

going abdominal surgery (general surgery and gynecology) did not

reveal any potential new safety signals.

PO 274
Availability of laboratory monitoring of new oral
anticoagulant (rivaroxaban)
Sukhanov V1 and Petrova O2

1Regional Hospital #1; 2Regional Oncology Dispansary,

Ekaterinsburg, Russia

Background: Bleeding is still a frequent complication for patients on

treatment with newly developed oral anticoagulants. One of the main

reasons for this is the rejection of the need of laboratory monitoring.

Rivaroxaban (R) is a direct factor Xa inhibitors and can be taken

orally in fixed doses once or twice a day. R doesn’t have readily avail-

able assay to measure its anticoagulant effect (AE) so far.

The aim of this study was to evaluate the possibility of measuring AE

of R by one of well-known routine methods – blood recalcification

technique (RT).

Methods: From 2012 to 2013, we have studied 309 patients (pts) (M/F

158/151; mean age 59 � 8 years, range 39–68 years) with acute, symp-

tomatic, objectively confirmed (bilateral ultrasound) proximal

deep-vein thrombosis (DVT), without symptomatic pulmonary embo-

lism. Pts initially received therapeutic doses of LMWH (enoxaparin):

1 mg/kg twice daily. In 49 pts there was no any net clinical or ultra-

sound benefit after 5–7 days of initial anticoagulant treatment, there-

fore we decided to replace LMWH on R to all of them (after

preliminary investigation of RT). We started therapy with recom-

mended doses of R: 15 mg twice daily for 3 weeks and then 20 mg per

day. Method of RT in short: the basic idea of RT is the recovery of

ionized calcium initial concentration in citrated blood (balanced RT).

In our method we use lower concentration of calcium than in balanced

RT. Empirically we have found that this alteration increases sensitivity

of the test to detection of blood hypercoagulation (BHC). RT was

determined by thromboelastography (TEG 5000, the USA): time of

reaction ‘r’ – normal range = 660–960 s. Blood analysis was taken

after 3–4 h of LMWH injection or swallowing R.

Methods: Forty-nine pts had BHC (range = 375–428 s) after 5–7 days

of initial treatment with LMWH assessed by TEG. Replacement by R

increased ‘r’ to normal or hypocoagulation values (range = 685–
3450 s). Twenty-eight percent pts had significant blood hypocoagula-

tion after 3 days of therapy R (range = 1220–3450 s). All the changes

of R doses (to 20–15–10 mg daily) were induced by TEG values

(aimed value – normocoagulation of blood). Net clinical and objective

benefits of R therapy began to be detected on the 3rd to the 12th day.

There was no case of bleeding in our pts.

Conclusions: Laboratory monitoring is possible and desirable in some

cases for the selection of doses of rivaroxaban. TEG is a simple and

available method for dose adjustment of new oral anticoagulant (R)

therapy. This assay allows individualizing the therapy making it more

effective and safe.
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PO 275
New treatments and old effects: Dabigatran-induced
leukocytoclastic vasculitis
Valero Núñez M, Garc�ıa Navarro I, Mena Rodr�ıguez F, Benet

Campos C, Luis Hidalgo MM, Bautista Claver T and Mayans

Ferrer JR

Hospital Arnau de Vilanova, Valencia, Spain

Background: Oral anticoagulant therapy is increasingly used for the

prevention and treatment of thromboembolic complications of vascu-

lar disease. Until recently, we have depend on the vitamin K antago-

nist class drugs, now the new oral anticoagulants (direct thrombin

inhibitors and factor Xa inhibitors) are available. Bleeding is the most

serious complication of the use of this drugs. All trials (RE-LY,

ROCKET AF, ARISTOTLE) showed non-inferiority or superiority

for the efficacy outcome vs. warfarina and rates of major bleeding

complications were similar or even reduced. We report a case with a

unpublished complication in a patient who starts treatment with da-

bigatran.

Case report: A 70 year old man with medical history of hypertension

and smoking years ago. Diagnosed in February 2005 of atrial fibrilla-

tion, then started anticoagulation with acenocumarin which was

stopped in June 2005 after successful electrical cardioversion.

In July 2007 was diagnosed with persistent atrial fibrillation CHA2DS2-
VASc 2, HAS-BLED 2 and starts again acenocumarin therapy with

INR (International Normalized Ratio) target between two and three.

From the begining of treatment had regular levels of INR with regular

dosis of acenocumarin (16 mg weekly) until October 2011 when was

admitted with ischemic stroke of cardioembolic origin. This occurred

24 h after cardioversion. The INR on admission was 1.83. And it was

complicated with hemorrhagic transformation. The hospitalization

lasted 4 months. At the time of discharge the patient was independent

for almost all basic activities of daily living.

In November 2012 acenocumarol treatment was suspended and initi-

ate treatment with dabigatran 150 mg twice daily. The rest of the usual

treatment remained unchanged for months.

Just 10 days after the change the patient developed lower limb pal-

pable purpuric lesions, some with vesicles of hematic content. We

reduced dabigatran dose to 110 mg twice daily. But the skin lesions

continued to evolve with pelvic extension and appearance of super-

ficial necrosis (pictures). Blood count was normal, INR 1.44,

TTPAr 2.15 and creatinine 1.34 mg/dl. Detailed coagulation study

was normal.

Skin biopsy disclosed leukocytoclastic vasculitis.

Dabigatran was suspended and began low molecular weight heparin at

prophylactic doses, oral prednisone and topic treatment.

Actually the lesions improved (pictures) and the patient has resumed

acenocoumarin therapy without further incident. Next days, the

results to rule out another possible etiology of vasculitis will be ready.

Discussion: In addition to unexpected bleeding, skin reactions like

photosensitivity, maculopapular vesicular urticarial eruptions, purple

toes syndrome, skin tissue necrosis, and vasculitis are one of the

uncommon adverse effects of the vitaminK antagonists therapy.

We report a leukocytoclastic vasculitis with skin tissue necrosis case.

The cause of this was seemingly dabigatran because of the close tem-

poral relationship between exposure to the drug and the onset of the

symptoms, and the resolution of the lesions after dabigatran was dis-

continued. Illustrates this observation a new rare association between

vasculitis and dabigatran? Clinicians should be aware of this potential

adverse effect and recommend interrupting the drug intake when tem-

poral relation is evocative.

Like all new drugs, we need more experience in daily clinical practice,

outside clinical trials.

PO 276
Laboratory testing in new oral anticoagulants
Vavilova TV1, Belyavskaya O2, Sirotkina OV1

and Samokhovetz VA2

1North-West State Medical University named after

I.I.Mechnikov; 2City Diagnostic Centre, Saint-Petersburg, Russia

New oral anticoagulants (NOAC) showed clinical benefits and ‘non

inferiority’ in compare with traditional and were approved in many

countries. They don’t need in laboratory control and are used in fix

dozes. But the problem of interpretation of testing results in labora-

tory haemostasis for these patients in routine practice is unsolved.

The Aim to estimate the routine haemostatic parameters in patients

received NOAC and compare it with thrombotic and haemorrhagic

events.

Methods and objectives: Thirty-one patients with non valvular atrial

fibrillation were included – 24 received direct thrombin inhibitor da-

bigatran (42–81 years old, 11 male, 13 female) in dose 110 mg bid (11)

and 15 mg bid (13) and seven patients received direct anti-Xa inhibitor

rivarixaban 20 mg od (64–76 years old, 3 male, 4 female). Quik test,

APTT, thrombin time (TT), FVIII activity, vWF antigen, D-dimers

(D-d) were measured (STA Compact, Stago reagents). Observational

time – from 3 up to 6 months. The results are presented as median, 25

and 75 percentiles (Me [25%; 75%]); statistic Mann-Witney U-criteria

was used. In all cases renal function was estimate before treatment and

glomerular filtration rate (GFR) were calculated: it fluctuated from

43 ml/min to 98.8 ml/min.

Methods: We found significant prolongation of APTT and TT in dabig-

atran group: 43.7 [30.0;51.3] s and 148.6 [51.2;218.1], respectively. The

mean values in rivaroxaban group were 28.0 [26.0;30.0] s and 17.1

[16.4;17.7], P < 0.01. Markers of activation (FVIII, vWF, D-d) varied

widely in both groups and didn’t decrease during observational time.

There were no significant differences between two dabigatran dosing

groups or any correlation with GFR, probably in the result of small

groups.

We had no thromboembolic complications, but 3 hemorrhagic events:

macrohematuria and sclera hemorrhage (dabigatran), vaginal hemor-

rhage (rivarixaban).

Conclusion: There is significant prolongation of APTT and TT on da-

bigatran in distinction of rivaroxaban, without correlation with

adverse events. It was surprised the absence of activation markers

redaction under NOAC therapy. We need further investigation with

higher number of patients.

PO 277
Influence pharmacogenetics analysis on adequacy and
safety of therapy by indirect anticoagulants
Vorobyeva NA, Rogozina AS and Vorobyeva AI

NSMU, Arckhangelsk, Russia

In clinical practice pharmacogenetics analysis and pharmacogenetics

algorithm dosing of indirect anticoagulants are introduced to optimize

the therapy these drug.

The aim to estimate influence pharmacogenetics analysis for adequacy

and safety of therapy indirect anticoagulants at inhabitants of North-

west region of the Russia.

Materials and methods. Prospective not randomized cohort research.

The pharmacogenetics analysis (PGA) is performed to 100 patients

receiving therapy of coumarin. Supervision term over patients is

6 months. PGA was performed with polymerase chain reaction in real

time. All patients were divided into four groups according to received

prothrombin test results. Data processing was held with use of Micro-

soft Excel 2003 and SPSS 17.0 software.

Methods: Therapeutic hypocoagulation has been reached at 58%

patients for average 6 � 4.2 days (criterion efficiency of therapy is

level international normalised ratio 1.8–3.0). The normal genotype of
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PGA (CYP2C9, VKORC1-1639 G>A) has been revealed at 25%

patients, 70% patients had the episodes of bleedings, genotype defined

propensity to superfluous hypocoagulation has been revealed in 20%

cases and 44% patients had bleeding. The supporting dose calculated

on Gage et al. model receved of the all patients made 5.3 � 0.7 mg.

Conclusions: The pharmacogenetics analysis will not replace adequate

laboratory monitoring with level INR which reflecting safety therapy

of indirect anticoagulants.

PO 278
Intensity of bleeding following tooth extraction is
moderated by personality traits independently of
anticoagulant therapy
Zolfaghari S1, Harenberg J1, Marx S1, Hassani P1, Fischer J1,

Damian M2 and Fr€olich L2

1Clinical Pharmacology; 2Geriatric Psychiatry, Mannheim,

Germany

Background: Anticoagulation with dose adjusted vitamin-K antago-

nists (VKA, therapeutic range of the international normalized ratio

(INR) of 2–3) and low dose aspirin (65–330 mg daily) enhance bleed-

ing following tooth extraction. However, intensity of bleeding varies

substantially between patients. Guidelines disagree regarding interrup-

tion or continuation of anticoagulation for tooth extraction.

Aim: We hypothesized that personality traits may moderate bleeding

intensity following tooth extraction independent of anticoagulant ther-

apy with VKA or aspirin.

Methods: A total of 180 patients (77 female, 103 male, 49.9 + 15.3

years [mean, standard deviation]) underwent tooth extraction without

interruption of anticoagulation. The study was accepted by the local

university ethics committee and patients gave written informed con-

sent prior participation. Sixty three patients did not take any anticoag-

ulant (group 1), 60 patients were on aspirin (group 2), and 57 patients

on VKA (INR 2–3, group 3). Patients completed a validated state-trait

anxiety inventory (STAI), and a personality inventory with 12 dimen-

sions (Freiburger personality inventory [FPI]). Based on results of a

focus group with patients before tooth extraction, and a self-developed

questionnaire (ZAI) was set up on general attitudes regarding general

feeling and anxiety before tooth extraction. The 43 items of the ZAI

were reduced to six factors by multifactorial regression analysis. Den-

tists (JF, PH) rated bleeding intensity with a score from 0 to 9 accord-

ing a standardized protocol during and following the intervention. The

moderating effects of the STAI and FPI dimensions on the bleeding

index were calculated by correlation matrices and for the factors of the

ZAI by multinodal logistic regression analysis.

Results: Intensity of bleeding after tooth extraction was higher in

group 3 (score < 6 in 63%, score > 6 in 37% of patients) compared to

group 1 (92% and 8%) and group 2 (78% and 22%) and higher in

group 2 compared to group 1 (all P < 0.005, chi-square test). Personal-

ity traits influenced the bleeding intensity independently of anticoagu-

lation: higher anxiety values of STAI questionnaire and of the FPI

dimensions self consciousness, somatic distress, and emotionality cor-

related positively (P < 0.0001) and lower values for satisfaction

(P < 0.02) and extraversion (P < 0.003) correlated negatively with

increased values of the bleeding index. Moderating factors for a higher

bleeding index of the ZAI were fear for dentist visits, treatment, com-

plications and risks of intervention (all P < 0.001).

Conclusion: The intensity of bleeding following tooth extraction is

influence by anticoagulant therapy with VKA and aspirin and inde-

pendently of the anticoagulants by certain personality traits and

previous experiences of patients with tooth treatments. Personality

traits and specific experiences of patients with previous and fears

for other surgical interventions may also influence bleeding intensity

of other surgical interventions independently of anticoagulation.

The effect of new oral anticoagulants in this context remains to be

determined.

PO 279
Deep vein thrombosis of the penis: an unusual but
severe complication of prostatic abscess: case-report
and review of the literature
Alatri A, Calanca L, Schaller M-D, Sermier A and Mazzolai L

CHUV – Lausanne University Hospital, Lausanne, Switzerland

Venous thrombosis of the penis has most often been related to the

superficial venous system, an affection commonly referred to as Mon-

dor’s penile disease. Thrombosis of penis deep venous system (PDVT)

has been rarely reported and must be clearly distinguished because it

may cause serious clinical complications.

In this report, we describe the case of a 66-year-old patient, hospital-

ized for prostatic abscesses and septic shock, presenting with a PDVT.

Drainage of prostatic abscesses and treatment of septic shock (antimi-

crobial with piperacillin/tazobactam and support treatments) were

immediately undertaken. Patient was also treated with anticoagulant

therapy (low-molecular-weight heparin and vitamin K antagonists.

Duplex ultrasound showed vein recanalization after 6 months of anti-

coagulant treatment. Local clinical evolution was favorable despite

severe initial manifestation presenting with a high probability of major

necrotic sequel of penis.

This is the first reported observation of PDVT associated with infec-

tion. At our knowledge, only five cases of PDVT have been reported

in the literature. Outcome was negative in 3 cases resulting in penis

necrosis or persistent erectile dysfunction. PDVT has been associated

with Behc�et’s disease and heterozygous factor V mutation, Henoch-

Schonlein purpura and heterozygous factor II mutation, hyperhomo-

cysteinemia, activated protein C resistance and heterozygous factor V

mutation, trauma and elevated factor VIII levels. Duplex ultrasound

can be used to easily distinguish between superficial and deep venous

penile systems. Additionally, it allows analyses of arterial blood flow

as well as penile structures. Use of other imaging techniques, such as

MRI or CT-scan, provide additional and different information that

may be helpful in better targeting a differential diagnosis, in evaluating

an associated neoplasia, or in detailing proximal extension of throm-

bosis.

Anticoagulant treatment should avoid potentially serious complica-

tions in penile structures drained by the deep venous system, thus hin-

dering thrombosis extension to still patent segments. Additional

therapeutic options (i.e. thrombolysis or thrombectomy) may be con-

sidered depending on the severity of the clinical picture and according

to availability of resources and skills personnel. Identification and

treatment of an underlying cause provoking PDVT should always be

looked for. Searching for other prothrombotic conditions must also be

undertaken to optimize anticoagulant treatment duration.

PO 280
Over-representation of thoracic outlet obstruction in
patients with unprovoked upper extremity deep vein
thrombosis
Chan HW, Ning S, Chan AK, Rebello R and Lau K

McMaster University, Hamilton, ON, Canada

Background:Upper extremity deep vein thrombosis (UEDVT) is a rare

condition. Compared with lower extremity DVT, UEDVT has lower

risk of pulmonary embolism but it may cause considerable morbidity

due to post-thrombotic syndrome. The optimal duration of treatment

was 3 months according to the ACCP guidelines. Primary or unpro-

voked UEDVTs are a subset of UEDVTs that occur in the absence of

established risk factors such as catheter-induced injury or malignancy.

A potential cause of primary UEDVTs has been postulated to be

venous thoracic outlet obstruction. Paget-Schroetter Syndrome (PSS),

effort-induced axillary or subclavian vein thrombosis resulting from

vigorous and sustained upper extremity movements have been

described before. However, the prevalence and role of thoracic outlet
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obstruction, in particular intermittent venous outflow obstruction as a

significant risk factor for UEDVTs remain unclear.

Aims: To evaluate the correlation between positional venous thoracic

outlet obstruction and UEDVT.

Methods:Nine consecutive cases of unprovoked UEDVT referred over

a 2 year period (2010–2012) to a tertiary care center in Hamilton,

Ontario, Canada were reviewed. All patients were screened for throm-

bophilia. Contrast-enhanced 3D magnetic resonance angiography

(cMRA), combined with provocative manoeuvres with the arms in

abducted and resting positions, was performed for all patients to look

for thoracic outlet obstruction. Additional T2-weighed images were

performed with the affected arm in resting position to identify soft tis-

sue structures including brachial plexus. Detailed chart reviews were

conducted to look for additional risk factors for thromboses.

Results: Three of 9 (33.3%) patients had a history of sustained arm

movements. Of these patients, all had evidences of thoracic outlet

obstruction causing venous compression on MRA. The other 6

(66.6%) patients did not have a history of vigorous or sustained arm

movements. Four of these six patients (66.7%) had evidence of tho-

racic outlet obstruction causing venous compression on MRA. None

of the nine patients had clinical symptoms consistent with positional

venous thoracic outlet syndrome. Overall, seven of nine patients

(77.8%) had evidence of venous thoracic outlet obstruction on MRA

when the affected arm was in abduction position, with one patient

having obstruction with arms in both abduction and resting positions.

Summary/Conclusions: Positional thoracic outlet obstruction causing

intermittent venous blockade is over-represented in patients with

unprovoked UEDVT. If available, cMRA combined with provocative

manoeuvres should be performed in this patient population to define

the underlying pathology associated with the venous obstruction.

Whereas thoracic outlet obstruction presents as an ongoing factor

associated with UEDVT, the need for extended therapy beyond

3 months in this patient population should be readdressed. Further

recurrence may also be prevented by therapeutic strategies to avoid

positional venous obstruction.

PO 281
Venous thrombosis and plasma homocysteine levels in
the cardiac pacing patients
Domagala TB1, Lelakowski J2, Kotula-Horowitz K1, Janczura M2,

Dziedzina S1 and Musial J1

1Jagiellonian University School of Medicine; 2The John Paul II

Hospital, Krakow, Poland

Background: Despite major advances in the techniques of pacemaker

implantation, these procedures are still associated with many compli-

cations, occurring both early and late during the follow-up. Patients

who undergo the implantation of a pacemaker, or a defibrillator, are

at risk of thrombosis associated with transvenous leads. Increased

homocysteine levels are related to the occurrence of venous thrombosis

(VT), but whether this relation is actually causative still remains

unclear, as does the association between this amino acid and the com-

plications in the cardiac pacing patients.

Aim: To assess whether the occurrence of venous thrombosis and

plasma homocysteine levels are associated with the actual mode of car-

diac pacing.

Methods: The study group comprised 92 subjects (38 females, mean

age 71 � 7.58 years) with a cardiac pacemaker. Subjects were divided

according to the actual mode of cardiac pacing into Group A (64 sub-

jects; mean age 69.96 � 7.86 years) with physiological (DDD) pacing

and Group B (28 subjects; mean age 73.27 � 6.79 years) with non-

physiological (VVI) pacing, respectively. Cardiac pacemakers were

implanted due to SSS, AVB (II, III gr.), atrial fibrillation cum brady-

arrhythmiae, respectively. Transthoracic echocardiography was per-

formed prior to and after pacemaker implantation. Screening for

C677T polymorphism of MTHFR was carried out by the standard

method. The plasma homocysteine levels before and after 7 days,

within 1, 3, 6 and 12 months of pacemaker implantation were mea-

sured. The levels of D-dimers, fibrinogen, tissue factor (TF), factor

VII, plasminogen activator inhibitor-1 (PAI-1), interleukin-6 (IL-6)

and hsCRP) were also determined.

Results: The two groups differed with respect to the pacing mode. Dur-

ing the 18-month follow-up period 10 subjects developed VT, i.e.

11.76% of the entire study population (5 in Group A and 5 in Group B;

P = 0.12). The symptoms of VT occurred in 10 subjects within the

post-implantation period (mean of 13.06 months; 7–17 months). The

carrier frequency for 677T allele was similar in both study groups (0.296

vs. 0.327; p = ns). There were 5 (7.81%) and 3 (11.54%) homozygous

for allele 677T of the MTHFR gene (Group A and Group B, respec-

tively, P = 0.61). At baseline, plasma homocysteine levels were higher

in Group B subjects (14.98 � 3.47 lM vs. 13.07 � 3.48 lM;

P = 0.02). Also after pacemaker implantation, mean plasma homocy-

steine levels were significantly higher in Group B subjects (P = 0.04).

Also, in the Group B subjects only, after pacemaker implantation,

plasma homocysteine levels remained increased non-significantly for up

to 3 months (14.98 � 3.47 lM vs. 16.75 � 6.69 lM vs. 15.40 �
50 lM vs. 15.54 � 3.05 lM; for baseline, 7 days, 1, and 3 months, res-

pecively), and then spontaneously reverted to baseline values.

Conclusions: The MTHFR 677TT genotype and plasma homocysteine

levels were not related to the risk for VT. The elevated homocysteine

levels following pacemaker implantation may well be attributable to

the actual mode of cardiac pacing.

PO 282
Ageing of the venous valves as a new risk factor for
venous thrombosis in the elderly – the BATAVIA pilot
study
Karasu A, �Sr�amek A, Rosendaal FR and Van Hylckama Vlieg A

Leiden University Medical Center, Leiden, The Netherlands

Background: Increasing age is a strong risk factor for venous thrombo-

sis (VT). Previously, we have shown that ageing leads to damaged

venous valves, i.e. thicker and less functional valves. Ageing of the

venous valves has, as yet, not been investigated in vivo in relation to

the risk of venous thrombosis.

Aims: The aim of this study is to assess the effect of valve thickness

and function on the risk of venous thrombosis.

Methods: Analyses were performed in the Biology of Ageing and

Thrombosis: Appraisal of Valve thickness and function, and in vivo

Assessment – the BATAVIA study. We will invite 100 patients aged

70 years and older with a first deep venous thrombosis of the leg

between 2008 and 2011 and 100 controls subjects without thrombosis.

We will perform an extensive ultrasound examination of the venous

valves in the popliteal vein in the non-affected leg, as the non-affected

leg represents the stage of the ageing process of the venous valves in

the affected leg prior to the thrombotic event.

We excluded all patients with a recurrent VT in the contralateral leg

and patients with a history of deep venous surgery in the lower extrem-

ities.

The valves of the popliteal vein were imaged with a 9 MHz linear

probe using B-mode ultrasonography. Valve closure time (VCT) was

assessed as an indicator for valve function using an automatic inflat-

able cuff. After the examination, a short interview was conducted to

obtain information on post-thrombotic syndrome and varicose veins.

This study is still ongoing. Currently we present the results from the

pilot study (n = 20). At the time of the ISTH conference, complete

results of this study will be available.

When complete data for cases and control subjects are available, rela-

tive risks adjusted for age and sex will be estimated by calculating odds

ratios (OR) and their 95% confidence intervals (95% CI). This study

was approved by the Medical Ethics Committee of theLeidenUniversi-

tyMedicalCenterand all participants gave written informed consent.
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Results: Currently, measurements are available for the first 20 patients.

Mean age of the participants was 77.8 (range 74–90). In 18 of 20 par-

ticipants valve parameters could be measured. Mean thickness of the

valves was 0.43 mm (range 0.31–0.53 mm). Mean VCT was 0.35 s

(range 0.2–1.2 s), which shows that venous reflux was present in some

patients.

Conclusion: This pilot study shows that in vivo visualization of venous

valves and measurement of valve thickness by ultrasound is feasible.

Complete results will show whether ageing of the venous valves, i.e. an

increase in valve thickness and a decrease in valve function, is associ-

ated with an increased risk of venous thrombosis in the elderly.

PO 283
Management and treatment outcomes of venous
thromboembolism (VT)
Nori FS, Foyn S, Førsund A, Kahrs J and Ghanima W

Østfold Hospital in Fredrikstad-Norway, Fredrikstad, Norway

Background: Deep vein thrombosis (DVT) and pulmonary embolism

(PE) collectively known as VT are acute medical emergency affecting

1/1000 inhabitant. VT is often predisposed by risk factor. The symp-

toms of VT are non-specific and the diagnosis requires objective tests.

Anticoagulation is the mainstay of VT treatment. Clinical outcomes

after VT include recurrent thrombosis, cancer and mortality.

Aim: The aim of this study was to explore risk factors, clinical presen-

tation, treatment modalities and mortality after VT.

Methods: This study represents cases of VT registered in the Thrombo-

sis Registry of Oestfold the ‘The Troll registry’ during the period

2005–2011. This quality control registry includes base-line and follow-

up data on all patients managed for VT in Oestfold county of Norway.

First registration is considered as index event. The register is approved

by the Norwegian Social Science Data Service.

Results: In total 1308 objectively verified VT events were registered in

1231 patients 660 (54%) males. These were classified as DVT in 683

(52%), PE in 565 (43%) and both in 60 (5%). Median age at diagnosis

was 64 years (IRQ = 50–76). At time of data analysis 322 patients

were dead, including 131 (20%) of DVT patients, 182 (34%) of PE

and 11(18%) of those with both diagnosis. There was significantly

higher mortality among PE compared to DVT (P < 000.1). Median

time to death in DVT and PE were 0.9 years (Range = 0–6) and

0.5 years (0–7), respectively. Thirty-five percent of those having PE

and 21% of DVT died within first 90 days following diagnosis.

A risk factor was identified in 798 (61%) of the events; these were: pre-

vious VT 321 (25%); family history of VT 192 (15%); immobilization

220 (17%), including 101 (8%) orthopedic surgery, other general sur-

gery 50 (4%), trauma 57 (4%), medical disease 12 (1%); active cancer

262 (20%); long-haul flights 120 (9%); contraceptive pills/HRT 107

(8%); sedentary life style 82 (6%); known thrombophilia 60 (5%);

pregnancy 21 (2%).

Pain, swelling and/or tenderness were presenting features of DVT in

482 (75%); 539 (83%); 351 (55%), while dyspnea and/or chest pain

were found in 353 (66%) and 271 (50%) of PE, respectively. Seventy-

one (13%) of PE had received antibiotic by general practitioner (GP)

last 4 weeks before diagnosis. A 524 (77%) of DVT and 11 (2%) of

received ambulant treatment. Median duration of hospital stay in

DVT/PE was 4 and 5 days. Twenty (4%) of PE and 12 (2%) of DVT

received thrombolysis.

Summary/Conclusions: This study describes unselected population of

VT. A recognizable risk factor of VT was found in 61%. Despite wide

use of thromboprophylaxis 17% of VT were predisposed by a surgical

or medical condition requiring immobilization. These should have

been prevented if adequate thromboprofylaxis was given. Thirteen per-

cent of PE were misdiagnosed by GP as respiratory tract infection

indicating the need for greater awareness for this condition. There was

significantly higher mortality among PE patients than DVT.

Such quality control registries are required to monitor the quality of

management and unravel eventual weaknesses.

PO 284
Non-inherited causes of newly diagnosed venous
thromboembolism in Croatia in 2011: Croatian
Cooperative Group for Hematologic Diseases
(CROHEM) study
Pulanic D1, Gveric-Krecak V2, Nemet-Lojan Z3, Holik H4, Coha B4,

Babok-Flegaric R5, Komljenovic M6, Petrovecki M7, Zupancic

Salek S1, Labar B1 and Nemet D1

1Clinical Hospital Center Zagreb, Zagreb; 2General Hospital

Sibenik, Sibenik; 3General Hospital ‘Dr. Tomislav Bardek’,

Koprivnica; 4General Hospital ‘Dr. Josip Bencevic’, Slavonski

Brod; 5General Hospital Varazdin, Varazdin; 6General Hospital

‘Hrvatski ponos’, Knin; 7Dubrava Clinical Hospital, Zagreb, and

Rijeka University School of Medicine, Zagreb, Croatia

Background: Venous thromboembolism (VTE) is a major medical

health problem associated with significant morbidity and mortality.

VTE is a multifactorial disease, resulting from a complex interaction

of genetic and acquired factors. The incidence and characteristics of

VTE in Croatia has not been well described.

Aims: To investigate non inherited causes of VTE among newly diag-

nosed patients with secondary VTE in Croatia.

Methods: Croatian Cooperative Group for Hematologic Diseases

(CROHEM) conducted observational non interventional epidemiolog-

ical study from January 1st until December 31st 2011 analyzing medi-

cal records of newly diagnosed patients with VTE from 5 major

general hospitals (Sibenik, Knin, Koprivnica, Slavonski Brod, and Va-

razdin) in 4 different Croatian counties (Sibenin-Knin County, Ko-

privnica-Krizevci County, Brod-Posavina County, and Varazdin

County). Study was approved by a medical ethics committee of each

hospital.

Methods: There were 642 new cases of VTE in 2011; 389 (60.59%) of

them with deep vein thrombosis (DVT), 218 (33.96%) with pulmonary

embolism (PE), and 35 (5.45%) cases of both conditions. There were

280 (43.6%) males (median age 65 years) and 362 (56.4%) females

(median age 74 years, P < 0.001 compared to male). Among them,

371 (57.8%) were secondary and 271 (42.2%) were idiopathic VTE.

Recidivism of VTE was diagnosed in 78 patients (12.15%). There was

no difference in recidivism between secondary and idiopathic VTE.

Although patient population with VTE was in general old (median age

71 years), patients with secondary VTE were younger than those with

idiopathic VTE (median age 69 vs. 74 years, P < 0.001). There was no

gender difference between them. The most frequent causes of second-

ary VTE were cancer (40.4% of secondary VTE) and trauma, surgery

and immobilization (37.5% of secondary VTE), while other causes of

secondary VTE were less frequent (other diseases (e.g. neurological

diseases with paralysis, autoimmune diseases, inflammatory bowel dis-

eases) (17.9%), sepsis (9.7%), central venous catheter (3.25%), preg-

nancy [2.16% of secondary VTE]). More than one non inherited risk

factor for VTE had 43.40% of patients with secondary VTE. Among

all 642 VTE patients, 69 (10.75%) died, 35 (50.73%) of them having

VTE as a main cause of death. More patients died among secondary

VTE (55 deaths of 371 secondary VTE, 14.8%) than among idiopathic

VTE patients (14 deaths of 271 idiopathic VTE, 5.2%) (P < 0.001).

Summary/Conclusion: Many cases of secondary VTE had more than

one underlying non inherited condition for development of VTE. The

most common risk factors for VTE were malignancy, trauma, surgery,

and immobilization. Secondary VTE had higher mortality than idio-

pathic VTE. As non inherited risk factors for VTE, such as surgery

and cancer, are applicable to more people, improved thromboprophy-

laxis in these settings might substantially lower the incidence of VTE.
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Audit of completion of compulsory documented risk
assessment for venous thrombosis
Quinn K1, Lavery RC1, Speers H1 and Benson G2

1Belfast City Hospital; 2Northern Ireland Haemophilia Centre and

Thrombosis Unit, Belfast, Northern Ireland

Background: Venous thromboembolism (VTE) is historically a poorly

managed risk in hospitalised patients and it is responsible for the

deaths of an estimated 60,000 people in the UK each year. In order to

reduce the risk of VTE, the Belfast Health and Social Care Trust intro-

duced a thromboprophylaxis policy in December 2011 which gave

detailed guidance on appropriate VTE risk assessment for all hospita-

lised patients. This policy is in conjunction with a standard printed

VTE risk assessment which has been part of the hospital drug kardex

since 2010. In March 2012, we initiated auditing of the completion of

the trust VTE risk assessment and have continued auditing on a

monthly basis since then. We started our audit in one hospital base

within the trust and have since progressed the audit to involve all four

hospitals within the Belfast Trust, encompassing 2111 inpatient beds.

Aims: The overall aim of our audit is to increase the completion rate of

VTE risk assessment within the Belfast Trust. We have set our target

completion at 95%.

Methods: Three auditors collected data on a monthly basis. Every

inpatient drug kardex was reviewed for completion of the VTE risk

assessment. Data was collated and written feedback was given to each

ward within the hospital regarding their current performance.

Results: At the start of the audit, the completion of VTE risk assess-

ment at site one was 53.9%. After 9 months of auditing and feedback,

the completion has improved to 72%. At site two, initial completion

was 48.5%. This has only improved to 51.3% following 4 months of

auditing and feedback. The completion rate for site three, which is the

regional elective orthopaedic unit, was initially 58.2% and this has

dramatically improved to 91.8% after 4 months of auditing. At site

four, which is in the early stages of audit, the initial completion of

40.6% has improved to 43.6% after 2 months of audit.

Conclusion: Since the introduction of the VTE risk assessment and

Trust Policy, the completion target of 90% has only been achieved at

one hospital site within the Belfast Trust. The completion rate at the

remaining three sites is improving, but at a much slower rate. Our

audit is on-going on a monthly basis at all sites and we hope to see

continued improvement in all hospitals within the trust through feed-

back to wards and heightened awareness of the need for VTE risk

assessment.

PO 286
Is MTHFR 677 genotyping a link that can be missed
from the chain of assessment of the venous thrombosis
risk?
Vuckovic BA, Mitic G and Ilic TA

Clinical Center of Vojvodina, Novi Sad, Serbia

Background: Venous thrombosis is common cause of morbidity and

mortality in most developed countries. It may develop as a conse-

quence of numerous inherited and acquired risk factors, and a sinergy

of these factors further increases the risk of this disease. Efficient rec-

ognition and management of risk factors for venous thrombosis are

very important in reliable risk stratification, and recommendations

about analyses available for detecting risk factors that would respect

cost-benefit aspects are necessary for routine clinical practice with indi-

viduals already affected by the thrombotic process and for prevention

of this disease.

Aim: The aim was to clarify whether determination of homocysteine or

methylenetetrahydrofolate reductase (MTHFR) 677 genotyping has a

greater clinical significance in the daily practice of preventing venous

thrombosis and its complications.

Methods: A total of 110 subjects were enrolled. Among them 55

venous thrombotic patients (case group, mean age 41.24 � 12.13

years) and 55 healthy controls with no history of any thrombotic event

(control group, mean age 42.47 � 10.92). Patients and controls were

age and sex matched. Plasma homocysteine concentration was deter-

mined using a fluorescence polarization immunoassay method. Hype-

rhomocysteinemia was defined as plasma homocysteine levels above

12 lM. Detection of the MTHFR 677 C or MTHFR 677 T allele was

performed through real-time PCR on ABI PRISM 7000 Sequence

Detection System instrument, using the assay for allelic discrimination.

Statistical analyses were performed using the Statistic 10 software.

Informed consent was taken from the subjects. An institutional

committee had approved the study protocol.

Results: Statistically significantly higher mean homocysteine concen-

tration was found in cases compared to in controls (12.94 � 5.08 lM
vs. 9.72 � 3.82 lM; P < 0.001), and there was significantly higher

incidence of hyperhomocysteinemia in cases (63.6% vs. 18.2%;

P < 0.001). Comparison of subjects with idiopathic venous thrombosis

and those with secondary venous thrombosis did not show a signifi-

cant difference in relation to homocysteine levels (13.47 � 6.85 lM
vs. 12.46 � 2.73 lM; P = 0.980). On the basis of the results of

genetic testing for mutations in the MTHFR 677 gene, cases and con-

trols were classified into homozygous carriers of the mutation (677 T/

T), heterozygous carriers (677 T/C) and non-carriers (677 C/C). There

were no significant differences in homocysteine concentrations

between the three case subgroups (13.02 � 2.09 lM vs.

12.55 � 5.98 lM vs. 13.84 � 6.50 lM; P = 0.169) as well as between

the three control subgroups (9.21 � 2.37 lM vs. 10.07 � 4.90 lM vs.

10.13 � 2.58 lM; P = 0.706). Also, there were no significant differ-

ences in incidence of three genotypes between cases and controls

(P = 0.650). However, comparison of the levels of homocysteine

between the subgroups of patients and subgroups of healthy controls

showed that there is no significant difference in homocysteine levels in

the 677 T/T carriers in case group compared to 677 T/T carriers in

control group (13.84 � 6.50 lM vs. 10.13 � 2.58 lM; P = 0.114),

while there is significant difference between 677 T/C carriers in case

group and 677 T/C carriers in control group (12.55 � 5.98 lM vs.

10.07 � 4.90 lM; P = 0.014), and between non-carriers among

patients and non-carriers among controls (13.02 � 2.09 lM vs.

9.21 � 2.37 lM; P < 0.001).

Conclusion: Our results suggest that determination of plasma homocy-

steine concentration has a much more significant clinical role in the

prevention of venous thrombosis compared to MTHFR 677 genotyp-

ing.

PO 287
Factor VII levels and genetic polymorphisms in severe
preeclampsia
Godoi LC, Gomes KB, Carvalho M and Dusse LMS

University of Minas Gerais, Belo Horizonte, Brazil

Background: Preeclampsia (PE) is a syndrome characterized by the

onset of hypertension and proteinuria in normotensive pregnant

women, after the twentieth week of pregnancy. The PE is associated

with a hypercoagulable state even more evident that the physiological

condition of pregnancy. The actual model accepted for the blood coag-

ulation process detaches the tissue factor (TF) as the essential factor to

trigger the coagulation cascade pathway, which leads to fibrin blood

clot formation. When vascular damage occurs, blood is exposed to TF

that binds to factor VII (FVII), activating it (FVIIa). The TF/FVIIa

complex activates directly factors X and IX, resulting in thrombin gen-

eration and consequently in fibrinogen cleavage into fibrin monomers.

Previous studies suggest a relation between FVII gene polymorphisms,

-402GA and -401GT, and its plasma levels.

Aim: The aim of this study was to evaluate FVII plasma levels, the

FVII gene polymorphisms and the occurrence of severe PE.
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Methods and Results: A group of 94 pregnant from Brazil with severe

PE were evaluated. Plasma levels of FVII were not significantly differ-

ent when compared the genotypes AA X AG X GG regarding the -

402GA polymorphism (P = 0.078) and the genotypes GG X GT X

TT in -401GT polymorphism (0.082). The correlation between the

polymorphisms -402GA and -401GT and FVII plasma levels was also

not significant (P = 0.144 and 0.053, respectively).

Summary/Conclusion: The results demonstrated that there isn’t an

association between reduced levels of FVII and the presence of alleles -

402G and -401T in pregnant with severe PE.

PO 288
Investigation on expression pattern of VKORC1 in
mouse brain
Liphardt K1, Czogalla KJ2, Baader S3, Watzka M2

and Oldenburg J2

1University Clinic Bonn; 2Institute of Experimental Haematology

and Transfusion Medicine; 3Institute of Anatomy and Cell

Biology, Bonn, Germany

Background: The role of vitamin K is well-known in the coagulation

cascade. Additionally, vitamin K plays also a role in bone metabolism

and cell cycle regulation. Vitamin K dependent (VKD) proteins are

classified according to their structure and homology: proteins belong-

ing to coagulation (factor II, VII, IX and X, protein C), proteins

important for cell cycle (growth arrest protein 6 (Gas6) and protein S),

calcium-binding proteins (osteocalcin and matrix gla protein, MGP)

and proteins with unknown function (proline-rich gla proteins 1 and 2

and transmembrane gla proteins 3 and 4). Biological activation of

VKD proteins depends on posttranslational c-carboxylation by c-glut-
amyl carboxylase (GGCX). Vitamin K is reduced to hydroquinone by

the enzyme VKORC1 (Vitamin K epoxide reductase complex, subunit

1). Hydroquinone then serves as a cofactor for GGCX, rendering

VKD proteins biological active. Thereby, hydroquinone is oxidized to

epoxide which is reduced by VKORC1 back to the hydroquinone form

of vitamin K (known as vitamin K cycle).

Aims: The function of vitamin K in blood coagulation is well estab-

lished. However, the role beside coagulation is less understood. The

analysis of mRNA expression of VKORC1 in brain could clarify the

overall knowledge of vitamin K.

Methods: A probe with a length of 558 bp from murine VKORC1

cDNA was cloned into the pBluescript SK II + vector comprising T3

and T7 RNA polymerase promoters. By in vitro transcription DIG-

labeled RNA probes were generated. In situ hybridization (ISH) was

performed using paraffin mouse brain sections.

Results: We examined the expression pattern of VKORC1 in brain of

11 days (P11) old mice by ISH. VKORC1 mRNA was present in the

Purkinje cells of the cerebellum and in the pyramidal neurons of the

hippocampus.

Conclusion: Based on our results we suggest that VKORC1 is

expressed in mouse brain and an additional function of vitamin K

beside coagulation should be taken into account. Therefore, further

studies are needed to study the detailed role of VKORC1 in the con-

text of brain development and function.

PO 289
Establishment of a reference interval for canine FVIIa
level in healthy client owned dogs
Lövgren KM1, Kristensen AT2, Wiinberg B1, Tranholm M1

and Knudsen T1

1Novo Nordisk A/S, M�aløv; 2University of Copenhagen,

Copenhagen, Denmark

Background: Administration of recombinant human activated FVII

(rhFVIIa) is efficacious and safe for treatment of FVII deficiency as

well as inhibitor complicated haemophilia A and B. Dogs are pheno-

typically appropriate models for human FVII deficiency and haemo-

philia research, and administration of rhFVIIa has proven effective in

dogs. Still, little is known about normal canine FVII and FVIIa levels

in healthy dogs.

Aims: Establish a reference interval for activated canine FVII clotting

activity (cFVIIa:Clot) based on samples from a population of healthy

normal dogs.

Methods: Stabylite plasma from 41 healthy dogs of different breeds,

ages and sexual status, were analysed in a species specific FVIIa:Clot

assay, with all canine reagents. A standard curve was generated with

recombinant activated canine FVII (rcFVIIa) and used to convert clot-

ting times to FVIIa concentrations. The reference interval (RI) was

calculated using The Reference Value Advisor.

Results: The 95% RI for cFVIIa:Clot was 1.4–29 ng/ml, mean 5.3 ng/

ml, similar to what has previously been reported for human FVIIa:

Clot at 4 ng/ml (0.5–8.4 ng/ml).

Conclusions: The results demonstrate that dogs have a similar FVIIa

level to humans, which further supports the dog as a valuable animal

model for FVIIa research.

This study was approved by the Companion Animal Ethics and

Administrative Committee at the DepT. of Veterinary Clinical and

Animal Sciences, University of Copenhagen, and by the Novo Nordisk

Ethical Review Committee. For all dogs recruited the owners provided

a signed consent form.

PO 290
Congenital factor VII deficiency and surgery in a single
center experience
Park YS1, Park JK2 and Choi E-J3

1Kyung Hee University Hospital at Gangdong, Seoul; 2Busan Paik

Hospital, Busan; 3Catholic University of Daegu School of

Medicine, Daegu, South-Korea

Background: Congenital factor VII (FVII) deficiency is a rare hemor-

rhagic disorder that can cause excessive bleeding during and after sur-

gery in affected patients. The recombinant form of activated factor

VII (rFVIIa, NovoSevenR from Novo Nordisk, Bagsvaerd, Denmark),

which was developed as a second-generation bypassing agent, has

recently been used in the management of bleeding for patients with

congenital FVII deficiency.

Aims: We review the results of surgical procedures in patients with

congenital FVII deficiency at our center and describe the safety and

effectiveness of surgery with rFVIIa or with an antifibrinolytic agent

without rFVIIa.

Methods: We reviewed the results of nine surgical procedures in six

patients with congenital FVII deficiency at the Kyung Hee University

Hospital at Gangdong, Seoul, Korea, between January 2008 and

December 2012. We administrated rFVIIa preoperatively in seven

patients and postoperatively in six patients. We administrated rFVIIa

pre-and postoperatively. FVIIa was administrated every 4 h with the

first dose being administered 0.5 h preoperatively at least 48 h with

dose 15–30 /kg. After 48 h, the frequency was reduced according to

the patient’s clinical status. FVII levels were measured before testing

and then again after the intravenous administration of routine dose

FVIIa.

Results: Between January 2008 and December 2012 at our center, nine

operations were performed successfully and no complications were

observed in the six patients with congenital FVII deficiency. The med-

ian age of the patients was 10 years (range, 2–37 years). The median

level of FVII activity was 2% (range, 0.6–7%). Four major orthopedic

procedures, 1 tonsillectomy, 1 hydrocelectomy and 3 dental extrac-

tions were performed. The median duration of hospitalization was

6 days (range, 0–15 days). rFVIIa was administered at all procedures,

except the dental extraction that was performed using only antifibrino-

lytic agents without any replacement. FVII levels were very various
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depending on each individual. No bleeding or thrombogenic complica-

tions were observed in any case.

Conclusion: Patients with congenital FVII deficiency who require sur-

gery can be treated efficiently and safely with rFVIIa or antifibrinolytic

agents. rFVIIa was well tolerated and maintained effective hemostasis

and showed good clinical outcome after the major surgery. Knowledge

of the patients’ previous bleeding history and their response to rFVIIa

should be helpful in managing bleeding during surgery in patients with

factor VII deficiency.

PO 291
Pharmacodynamic effects of escalating dosages of a
new recombinant human Factor VIIa (LR769) in
congenital hemophilia A or B patients
Powell J1, Kluft C2, Moerland M3, Frieling J4 and Valentino LA5

1University of California Davis, Sacramento, CA, USA; 2Good

Biomarker Sciences, Leiden, The Netherlands; 3Centre for Human

Drug Research, Leiden, The Netherlands; 4rEVO Biologics,

Framingham; 5Rush University Medical Center, Chicago, IL, USA

Background: Congenital Hemophilia A and B treatment may be com-

plicated by the development of inhibitors to the deficient factor. In

such cases factor replacement becomes ineffective, and use of a bypass-

ing agent is needed to treat bleedings or in the peri-operative period. A

recombinant form of activated Factor VII has been available for this

purpose. In this study, the pharmacodynamic effects of a new recombi-

nant human Factor VIIa (LR769) produced by LFB/rEVO Biologics

are tested.

Aims: The objectives of the study are to assess the pharmacodynamic

effects over time of LR769 after a single dose of 25, 75, and 225 lg/kg
in hemophilia A or B patients with or without inhibitors.

Methods: Two sites in the USA and 1 in the Netherlands are partici-

pating. The study was approved by the IRB/EC of the institutions and

performed consistent with the Declaration of Helsinki. Informed con-

sent was obtained prior to any study activities. It is an open label, ran-

domized, cross-over study. Fifteen adult hemophilia A or B patients

with or without inhibitors will be treated in three dosing cohorts. Each

patient is treated in two cohorts on two separate occasions, according

to one of three sequences: 25 and 75 lg/kg, 25 and 225 lg/kg, or 75
and 225 lg/kg. Each dose cohort consists of 10 administrations.

Serial sampling to obtain plasma for performing several pharmacody-

namic parameters are taken at baseline and up to and including 24–
36 h after administration. Assays performed include a) Thrombin gen-

eration assay output (at variable assay conditions and made sensitive

to variations at high doses), including lag time, time to peak, peak,

and endogenous thrombin potential; b) activated partial thrombo-

plastin time; c) prothrombin time; d) Prothrombin fragments 1 + 2; e)

D-dimer; f) thrombin-antithrombin complex; g) thromboelastometry

using RoTEM, including evaluation of lysis.

Results: The first cohort has been successfully treated without any

safety issues, and dosing is continuing. At the time of the conference

the evolution over time of the pharmacodynamic parameters will be

presented.

Summary: In order to provide hemophilia patients with inhibitors

additional therapeutic options, a new recombinant human FVIIa

(LR769) is being developed. This study provides important informa-

tion in the target population on the pharmacodynamic effects of

LR769 in order to determine the appropriate dose and frequency of

administration for further clinical efficacy studies.

PO 292
Pharmacodynamic effects of two recombinant FVIIa
products in anticoagulated healthy volunteers
Reijers J1, Moerland M1, Frieling J2, Levi M3, Kluft C4, Guan Z1,

Freijer J1 and Burggraaf J1

1Centre for Human Drug Research, Leiden, The Netherlands;
2REVO Biologics, Framingham, MA, USA; 3Academic Medical

Centre, Amsterdam; 4Good Biomarker Sciences, Leiden, The

Netherlands

Background: For many years, recombinant human activated coagula-

tion factor VII (rhFVIIa) has been used for the treatment of haemo-

philia A or B patients with inhibitors to factor VIII or IX. The

effectiveness of treatment is determined by assessment of bleeding ces-

sation, however, a lack of a clear correlation between pharmacody-

namic (PD) and pharmacokinetic (PK) parameters hinders dose

optimisation and development of new rhFVIIa products. Therefore

PK and PD properties of two rhFVIIa products (LR724 and eptacog

alfa) were assessed in healthy volunteers, who were pre-treated with

fondaparinux to induce an anticoagulated state. LR724 is a novel

rhFVIIa product under development.

Methods: This double-blind clinical study was approved by an inde-

pendent medical ethics committee and informed consent was obtained

from all participants. Thirty-six healthy male subjects were dosed in a

randomised fashion to placebo (n = 6), 15, 45 or 90 lg/kg rhFVIIa

(6/0:6/6:6/6, LR724/eptacog alfa). Subjects received 5 mg fondapari-

nux subcutaneously 2 h prior to intravenous bolus administration of

study drug. FVIIa activity and antigen, thrombin generation (TGT),

coagulation times, and markers of coagulation activation were

assessed regularly up to 24 h. Based on the observed effect profiles, a

PK-PD model for PT and TGT lag time was developed with NON-

MEM.

Results: Both products induced a dose-dependent increase in FVIIa

activity; up to 1000-fold baseline at 90 lg/kg. Apparent half-life ran-

ged from 1.9 to 2.8 h. Reversal of the fondaparinux-induced anticoag-

ulant state was observed: significant reductions for TGT lag time

(�15.9% and �20.9% for 45 and 90 lg/kg) and related parameters

(time to peak, velocity index) and increase of AUC and peak value, PT

(�21.8% and �26.0% for 45 and 90 lg/kg) and APTT (�5.6% at

90 lg/kg). Prothrombin fragment 1 + 2 (+96.0%) and TAT complex

level (+83.9%) were only significantly increased at the highest dose

level of rhFVIIa. D-dimer and fibrinogen levels did not change signifi-

cantly.

The FVII activity time-course followed 2-compartment kinetics, and

was modelled, including endogenous FVII activity as a cosine function

of clock time, fitted to data from the placebo group. This PK model

was incorporated into a maximum effect PK-PD model to describe the

effects on PT and TGT lag time. For PT a flat baseline time-profile

was used and for TGT lag time a fondaparinux (anti-Xa) concentra-

tion-dependent component. Adding a 1-compartment PK model for

anti-Xa data from the placebo group resulted in a robust model for

the interaction between fondaparinux and the effects of the two prod-

ucts on TGT lag time.

Conclusion: By applying a fondaparinux challenge, pharmacodynamic

effects of LR724 and eptacog alfa could successfully be evaluated and

modelled in healthy volunteers. This clinical study demonstrated that

PT and TGT lag time are good markers to accurately assess the relation

between rhFVIIa dose level and procoagulant effect. Simulations with

this model may guide future drug development, and demonstrated that

repeated administration of both 45 and 90 lg/kg rhFVIIa at a 2- or 3-h
interval would result in a maximal pharmacodynamic effect.
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The association of FXIII val34leu polymorphism with
cerebrovascular thrombosis in Iranian patients
Sajjadi SM1, Samiei S1, Kheirandish M1, Tabatabaei SMR1

and Azadi A2

1Iranian Blood Transfusion Organization; 2Tabriz University of

Medical Sciences, Tabriz, Iran

Background: A G to T substitution in exon 2 of the FXIIIA gene

results in the replacement of Valine with Leucine in amino acid 34. It

has been suggested that this substitution (FXIII Val34Leu polymor-

phism) would be a predisposing factor for intracerebral hemorrhage or

a protective factor against venous thrombosis. Furthermore, FXIII

Val34Leu polymorphism has a significant heterogeneity among differ-

ent population.

Aim: An investigation into the role of FXIII Val34Leu polymorphism

in cerebrovascular thrombosis in Iranian patients using a case-control

study.

Method: Thirty-three patients with cerebrovascular thrombosis who

were admitted to Iranian Blood Transfusion Organization (IBTO)

thrombosis and hemostasis laboratory were selected as case group.

The control group were consisted of 100 age and sex matched

healthy subjects. FXIII Val34Leu polymorphism were genotyped by

using polymerase chain reaction (PCR)-restriction fragment length

polymorphism (RFLP) method. Cfo1 was used as the restriction

enzyme.

Results: No significant differences was observed between the preva-

lence of Val/Val (wild type) genotype in case (75.8%) and control

groups (64.0%). On the other hand, the prevalence of FXIII Val34Leu

polymorphism was not significantly different in cases (24.02%) and

controls (36%) with a Pv of 0.151 and odds ratio of 0.569 (95% confi-

dence interval: 0.233–1.392).
Summary/Conclusion: According to the similar results in both groups,

we concluded that the presence of FXIII Val34Leu polymorphism is

not associated with cerebrovascular thrombosis in Iranian population.

PO 294
The evaluation of cases with Factor X deficiency in
Southern East of Turkey
Soker M1, Karabel M1, Yildirim A2, Oymak Y3, Kelekci S1

and Karabel D1

1Dicle University, Diyarbakir; 2Diyarbakir Children Hospital,

Diyarbakir; 3Harran University, Sanliurfa, Turkey

Backgrounds and Aim: Factor X (FX) is the component of both extrin-

sic and intrinsic coagulation cascade and is the first enzyme of the

common pathway which results in thrombus. Congenital FX defi-

ciency (FXD), an autosomal recessive inherited disease, is an extre-

mely rare coagulation defect with only 50 cases of congenital FXD

been reported in the world literature so far, with the incidence of

1:500,000–1,000,000 in the general population. In this study we aimed

to investigate the clinical and laboratory data of the patients diagnosed

with FXD applied to our clinic with bleeding diatesis.

Methods: The files of the 15 patients (7 female, 8 male) diagnosed and

followed-up for FXD within the last 4 years were evaluated retrospec-

tively. The patients’ age, gender, presenting complaints, physical

examination findings, factor levels, the clinical follow-up results and

treatments were recorded.

Results: The mean age of the patients was 29 months (min-max:1–
144 months). The most presenting complaints were easy bruisability

(n = 8; 53%) and epistaxis (n = 8; 53%). The other presenting com-

plaints were gum bleeding (n = 5; 33%), hemarthtosis (n = 5; 33%),

subcutanous hematoma (n = 4; 26%), oral mucousal bleeding

(n = 3; 20%), hematuria (n = 1; 6.6%), gastrointestinal bleeding

(n = 1; 6.6%), respectively. FX leveles were < 1% in 6 patients, 1–5%
in 4 patients, > 5% in 5 patients. Heparin added-PCC was used for

prophlaxy (n = 11; 73%). Any treatment related complication was

not observed.

Conclusions: The clinical features in patients with FXD is independent

from factor levels. There is not any single prophylactic scheme for all

patients. Heparin added-PCC can be used safely for effective prophl-

axy. We suggest that family history is important when considering

prophlaxy and in patients with life-threatining bleeding or with FXD

sibling the prophlaxy should be introduced in the early course.

PO 295
Safety and pharmacokinetics of three doses of a new
recombinant human Factor VIIa (LR769) in congenital
hemophilia A or B patients
Valentino LA1, Reijers J2, Freijer J2, Frieling J3 and Powell J4

1Rush University Medical Center, Chicago, IL, USA; 2Centre for

Human Drug Research, Leiden, The Netherlands; 3rEVO

Biologics, Framingham; 4UC Davis, Sacramento, CA, USA

Background: Congenital Hemophilia A and B treatment may be com-

plicated by the development of inhibitors to the deficient factor. In

such cases factor replacement becomes ineffective, and use of a bypass-

ing agent is needed to treat bleedings or in the peri-operative period. A

recombinant form of activated Factor VII has been available for this

purpose. In this study, a new recombinant human Factor VIIa

(LR769) produced by LFB/rEVO Biologics is tested. The goal is to

provide patients with Hemophilia A and B who develop inhibitors a

cost-effective alternative treatment option.

Aims: The objectives of the study are to assess the safety and pharma-

cokinetic (PK) properties of LR769 after a single dose of 25, 75, and

225 lg/kg in hemophilia A or B patients.

Methods: Two sites in the USA and 1 in the Netherlands are partici-

pating. The study was approved by the IRB/EC of the institutions and

performed consistent with the Declaration of Helsinki. Informed con-

sent was obtained prior to any study activities. It is an open label, ran-

domized, cross-over study. Fifteen adult hemophilia A or B patients

with or without inhibitors will be treated in 3 dosing cohorts. Each

patient is treated in 2 cohorts on 2 separate occasions, according to

one of three sequences: 25 and 75 lg/kg, 25 and 225 lg/kg, or 75 and

225 lg/kg. Each dose cohort consists of 10 administrations. Safety

assessments include physical examinations, hematology and biochem-

istry labs, adverse events, anti-rhFVIIa antibodies and antibodies to

host related impurities. PK samples to determine FVIIa activity (with

a modified clotting method insensitive to TFPI) are taken at baseline

and up to and including 24–36 h after administration.

Results: The first cohort has been successfully treated without any

safety issues, and dosing is continuing. At the time of the conference

full safety (on repeat exposure) and PK data will be available and pre-

sented.

Summary: In order to provide hemophilia patients with inhibitors

additional therapeutic options, a new recombinant human FVIIa

(LR769) is being developed. Safety and PK data that will be presented

will provide the basis for further clinical efficacy studies.

PO 296
Extracorporeal shockwave lithotripsy (ESWL) in a
patient with congenital fator VII deficiency and von
Willebrand disease
Villaca PR, Okazaki E, Zeinad-Valim AK, Rocha RF, Sandoval EPN,

Kato RB, Chedid-Neto EA, Chamone DAF and D’Amico EA

Hospital das Cl�ınicas – University of Sao Paulo, Sao Paulo, Brazil

Background: Congenital factor VII deficiency is a rare autosomal

recessive bleeding disorder, which prevalence is estimated in 1:500,000.

Von Willebrand disease is the most common inherited coagulopathy,
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with an incidence of 1%, and is one of the most frequent causes of

bleeding in women with menorrhagia. An important complication of

ESWL is perirenal/intrarenal hemorrhage, described in up to 20%-

25% of the cases. We report the management of the ESWL procedure

in a patient with association of these two coagulopathies.

Case report: A 30-year-old woman with von Willebrand disease and

congenital FVII deficiency had symptomatic nephrolithiasis. Her com-

plaints were: oral bleeding, menarche with excessive menses and neces-

sity of blood transfusion, vaginal hemorrhage after the second

delivery, and other episodes of metrorrhagia related to uterine myo-

mas, controlled with hormonal contraceptives. Laboratory data

showed prolonged PT (19%) and APTT (R = 1.38), FVII:C = 3%,

FvW:Ag = 38%, FvW:RCo = 20%, RIPA = normal, FVIII:

C = 41%. DDAVP test: adequate responsiveness to desmopressin.

Ultrasonography of urinary tract: image compatible with stone in the

right renal pelvis of 1.2 cm. The patient received one dose of rFVIIa

(20 mcg/kg) and DDAVP (0.3 mcg/kg) before ESWL. rFVIIa was

maintained at the same dose, 4/4 h for 24 h and 6/6 h in the second

and third days; daily dose of DDAVP (0.3 mcg/kg) was continued for

2 days. rFVIIa was guided by testing FVII, and was 135% in the third

day after ESWL. The patient developed mild hematuria for 4 days, as

expected in these procedures, and low back pain requiring oral analge-

sia for 3 days. Ultrasonography after 1 month from the procedure

showed no stones and the patient was asymptomatic.

Summary: There are few studies regarding ESWL in patients with co-

agulopathy in the medical literature, since this treatment option is con-

traindicated in the presence of uncorrected bleeding disorders. These

studies address individuals with hemophilia and vonWillebrand’s dis-

ease, but none of them reported patients with congenital factor VII

isolated or in association with other coagulopathy. In this case, the

best treatment option for nephrolithiasis was ESWL, whose stone-free

rate described for calculi diameter of 2 cm or less is about 66% to

99%. Moreover, the percutaneous nephrolithotomy adds greater risk

of complications. It is known that the level of factor VII is not a good

predictor of bleeding and prior hemorrhagic history should be consid-

ered. Despite the history of bleeding of the patient reported, which

could generate some doubts, low levels of factor VII and the procedure

with great potential for bleeding justify the prophylactic use of rFVIIa.

As the best of our knowledge, this is the first case report of a patient

with factor VII deficiency and von Willebrand disease undergoing to

ESWL whose management with DDAVP and rFVIIa resulted in good

clinical course, with no abnormal bleeding.

Case report: A 30-year-old woman with von Willebrand disease and

congenital FVII deficiency had symptomatic nephrolithiasis. Her com-

plaints were: oral bleeding, menarche with excessive menses and neces-

sity of blood transfusion, vaginal hemorrhage after the second

delivery, and other episodes of metrorrhagia related to uterine myo-

mas, controlled with hormonal contraceptives. Laboratory data

showed prolonged PT (19%) and APTT (R = 1.38), FVII:C = 3%,

FvW:Ag = 38%, FvW:RCo = 20%, RIPA = normal, FVIII:

C = 41%. DDAVP test: adequate responsiveness to desmopressin.

Ultrasonography of urinary tract: image compatible with stone in the

right renal pelvis of 1.2 cm. The patient received one dose of rFVIIa

(20 mcg/kg) and DDAVP (0.3 mcg/kg) before ESWL. rFVIIa was

maintained at the same dose, 4/4 h for 24 h and 6/6 h in the second

and third days; daily dose of DDAVP (0.3 mcg/kg) was continued for

2 days. rFVIIa was guided by testing FVII, and was 135% in the third

day after ESWL. The patient developed mild hematuria for 4 days, as

expected in these procedures, and low back pain requiring oral analge-

sia for 3 days. Ultrasonography after 1 month from the procedure

showed no stones and the patient was asymptomatic.

Summary: There are few studies regarding ESWL in patients with co-

agulopathy in the medical literature, since this treatment option is

contraindicated in the presence of uncorrected bleeding disorders.

These studies address individuals with hemophilia and vonWille-

brand’s disease, but none of them reported patients with congenital

factor VII isolated or in association with other coagulopathy. In this

case, the best treatment option for nephrolithiasis was ESWL, whose

stone-free rate described for calculi diameter of 2 cm or less is about

66% to 99%. Moreover, the percutaneous nephrolithotomy adds

greater risk of complications. It is known that the level of factor VII

is not a good predictor of bleeding and prior hemorrhagic history

should be considered. Despite the history of bleeding of the patient

reported, which could generate some doubts, low levels of factor VII

and the procedure with great potential for bleeding justify the pro-

phylactic use of rFVIIa. As the best of our knowledge, this is the

first case report of a patient with factor VII deficiency and von Wille-

brand disease undergoing to ESWL whose management with

DDAVP and rFVIIa resulted in good clinical course, with no abnor-

mal bleeding.

PO 297
Risk factors most predictive of venous
thromboembolism among hospitalized children
Woller SC1, Stevens S1, Larsen GY2, Jones JP3, Evans S1, Lloyd JF1,

Aston TV1 and Elliott G1

1Intermountain Medical Center, Murray, UT; 2University of Utah,

Salt Lake City, UT; 3Kaiser-Permanente, Los Angeles, CA, USA

Background: Venous thromboembolism (VTE–deep vein thrombosis

and pulmonary embolism) is rare in children and associated with hos-

pitalization. VTE causes an increase in morbidity, mortality, hospital

length of stay, and cost. Several risk factors for VTE in children have

been described, yet those most predictive of VTE are ill-defined. A bet-

ter understanding of which risk factors are most predictive of VTE

may allow for identification of high risk patients, and application of

selective thromboprophylaxis among those patients at greatest risk.

Aims: (i) Ascertain which among 96 putative VTE risk factors in hos-

pitalized children ages 0–18 are most predictive of clinically overt

90 day VTE. (ii) Describe the predictive ability of these retained risk

factors in the same cohort retaining only those risk factors meaning-

fully additive in enhancing risk prediction.

Methods: All hospitalizations to a pediatric hospital between 1 Janu-

ary 2005 and 31 December 2010 were identified. The electronic medical

record was searched for ICD-9 codes and procedures demonstrative of

clinically overt VTE and putative VTE risk factors. Logistic regression

with applied weighted retention modeling placing value on retaining

the fewest risk factors most predictive of VTE was employed. Boot-

strap analysis provided an unbiased estimate of predictive perfor-

mance.

Results: Among 93,742 admissions, 783 VTE events (0.84%) occurred.

Those risk factors retained as predictive of 90-day VTE varied by age

group, and are ordered from most to least predictive. Among ages 0–
1 year old (214/25,483; 0.84%) ICU stay, prior VTE, hypercoagulabil-

ity, peripherally inserted central venous catheter (PICC), congenital

heart disease, elevated Charlson Comorbidity Index (CCI) and chronic

respiratory failure (CRF) were predictive with an area under to recei-

ver operating characteristic curve (AUC) of 0.88. In ages 1–14 (387/

55,085; 0.7%) CCI, ICU stay, prior VTE, hypercoagulability, PICC,

central venous catheter, thrombocytosis, and obesity were retained

with an AUC = 0.85. In ages 14–18 (182/13,174; 1.38%) risk factors

of elevated CCI, IUC stay, prior VTE, height, cancer congestive heart

failure, sepsis, hypercoagulability, L-aspiraginase therapy and PICC

were associated with an AUC = 0.85. Among all children ages 0–18
(783/93,742; 0.84%) ICU stay, CCI, prior VTE, PICC increasing

weight, hypercoagulability, and cancer were most predictive with an

AUC = 0.85.

Summary: VTE among children is rare and most prevalent in the

youngest and teenagers. Identifying the risk factors most predictive of

VTE can aid in the identification of high risk patients. Next steps

might include prospective validation of VTE risk assessment models in

children, and investigating the benefit of selective thromboprophylaxis

among children at highest risk for VTE.
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Non-catheter deep venous thrombosis in pediatric
patients: data from a single hospital
Gimenez V, Martinez M, Costa A, Alba L, Fynn A, Cuello MF,

Schuttemberg V, Aznar M, Fernandez R and Formisano S

Hospital de Ni~nos S M Ludovica, La Plata, Argentina

Background: Although the incidence of deep venous thrombosis has

increased over the last decade, non catheter-related (NC-DVT) is

uncommonly seen in childhood and adolescence.

Aim: To determine the demographic, clinical and treatment of NC-

DVT in children in a single centre.

Methods: Clinical data were retrospectively reviewed of all DVT admit-

ted to our service from 2000 through 2012 and analysed NC-DVT.

Results: One hundred and eighteen pts were admited in our service (91

pts with catheter-related DVT and 27 with non catheter related throm-

bosis – the mean age was 12 year [range 1–15 years] Site of thrombosis

were: femoral 17, jugular 4, popliteal 3, inf cava 2, subclavia 1). Diag-

nosis was made using venous compression ultrasonography Doppler

and TC SCAN. The most frequent underlying clinical condition were:

infections 14 pts (sepsis 5, abscess 3, otomastoiditis 2, osteomyelitis 1,

supurative adenitis 1, varicella 2. Staphylococcus aureus was the pre-

dominant pathogen 6 pts (43%). Other risk factors associated were

malignancy 3 pts (ALL 1, NBL 1) autoimmune disease 4 pts, nephrotic

syndrome 2 pts, burn 1 pts. Only 3 pts (all adolescences) had spontane-

ous deep thrombosis: 1 Homozygous V Leiden factor, 2 negative

thrombophilia screen: Prothrombin 21210, MTHF, factor V Leiden,

PAI, lupus anticoagulant, protein C, protein S. antithrombin, anti-

phospholipid antibodies. Only 2 pts had positive familiar history of

venous thrombosis. Anticoagulation began with unfractionated hepa-

rin 2 pts, LMWH 25 pts followed by anticoagulation with acenocuma-

rol. LMWH anti Xa level was obtain in 12 pts and adjust level of 0.5–
1 U/ml. Post- thrombotic syndrome was seen in pts 26% of children.

Conclusions: Non catheter deep venous thrombosis in children is usu-

ally multifactorial, in associations with underlying disease. The strong-

est risk factors in our patients was infections. In our population

spontaneus deep thrombosis was rare 11% of the NC-DVT and 2.5%

of all patints included with deep venous thrombosis. The mainly group

risk was present always on adolescents.

PO 300
Successful bivalirudin use in a child post liver
transplant
Massicotte P, Bruce AK and Bauman M

University of Alberta/Stollery Childrens Hospital, Edmonton, AB,

Canada

Background: Thrombosis of the hepatic and portal arterial/venous sys-

tem is a severe complication associated with high morbidity following

liver transplant in children < 10 kg. To prevent or treat thrombosis

unfractionated heparin (UFH) is the anticoagulant used due to the

short half life (1–2 h). The Stollery Anticoagulation guideline post

liver transplant suggest 10 u/kg/h UFH, and in the absence of bleed-

ing, increasing to age appropriate dosing. Effect is monitored using

the aPTT and anti-Xa level. When UFH resistance occurs, and mea-

sured heparin effect is minimal, despite doses exceeding 35 u/kg/h,

there are few available alternatives in children. Bivalirudin, a direct

thrombin inhibitor, has advantages, as demonstrated in adults, includ-

ing short half life (25 min), no reliance on hepatic metabolism or anti-

thrombin (AT) levels, monitoring using the aPTT, and renal clearance.

Unfortunately, there is little safety and efficacy data in children, with a

few case reports and one dosing study published and there is lack of

reversibility. However, the use of bivalirudin in children who have

challenges with UFH anticoagulation, including heparin resistance

and low levels of antithrombin, may provide more consistent anticoag-

ulation.

Aim: To describe the first use of bivalirudin as thromboprophylaxis in

a child post liver transplant.

Methods: A 14 month old male child with maple syrup urine disease

(branched chain ketoaciduria) who underwent a cadaveric donor liver

transplant.. Pre transplant thrombophilic testing including antiphosp-

holipid antibody, lupus anticoagulant, Factor V Leiden, prothrombin

gene 20210, Protein C, S, and AT was normal. Post-transplant he was

started on UFH 10 u/kg/h post transplant and increased to 20 u/kg/h.

Eight days post transplant, the child developed HAT, AT and anti-Xa

levels were 0.5 u/ml and 0.1 u/ml, respectively. One month later, the

child was retransplanted with a cadaveric pediatric graft. In the first

48 h, two episodes of HAT requiring intraoperative tPA to clear the

thrombus occurred. Following these events, UFH dosing was maxi-

mized (up to 36 u/kg/h) with AT concentrate administered when the

level was < 0.4 u/ml. Despite adequate AT levels, the UFH doses were

as high as 30 u/kg/h and unable to achieve an anti Xa of 0.35 u/ml.

Consequently, 3 weeks post 2nd transplant, a bivalirudin infusion of

0.6 mg/kg/h was started 2 h after UFH was discontinued aiming to

maintain the PTT 60–80 s. Informed consent and ethics approval were

obtained.

Results: A maximum of 6 mg/kg/h (avg 3–4 mg/kg/h) achieved the

desired PTT. After 3 weeks of this regimen, the child was stable, free

of thrombosis and was transitioned to age appropriate enoxaparin for

1 year.

Summary/Conclusions: Bivalirudin is an alternative to UFH in chil-

dren following liver transplant who are heparin resistant, have low AT

levels and do not have severe renal failure. Further studies to deter-

mine safety and efficacy are urgently required.

PO 301
A case of extensive recalcitrant IVC thrombosis in a
teenager with Behc�et disease
Nakar C1, Gupta S1, Xavier F1, Rampersad A1 and Natarajan K2

1Indiana Hemophilia and Thrombosis Center; 2St. Vincent

Medical Group, Indianapolis, USA

Background: Behc�et is a rare immune-mediated relapsing multisystem

vasculitis most commonly presenting during the 3rd–4th decade of life.

Prevalence ranges depending on geography (1/15,000–500,000).
Behc�et’s is characterized by a triad of uveitis, recurrent oral and geni-

tal ulcers and is diagnosed mainly by clinical criteria. Vascular involve-

ment may occur in 40% with a potential dismal outcome. Vasculitis

with associated thrombosis is more common in the venous system of

the lower extremities followed by the vena cava. Although Behc�et’s
has variable manifestations, venous thrombosis is not common in the

pediatric population.

Case Report: Seventeen year-old African-American male presented

with 1½ months of worsening fatigue and subsequent shaking chills,

night sweats and weight loss. He was admitted to a local hospital with

extensive evaluation during a 2 week hospitalization revealing elevated

inflammatory markers (ESR > 140 mm/h; CRP > 80 mg/L), nodular

pulmonary infiltrates, complete thrombosis of common iliac veins,

inferior vena cava (IVC) with thickened walls, and renal veins. After

transfer to a tertiary center on warfarin, MRV confirmed extensive

venous thrombosis with potential vasculitis, and extensive collaterals.

Based on pustulosis at IV sites, acneiform rash, scrotal ulcer, history

of recurrent oral ulcers, he was diagnosed with Behc�et’s and began

high dose methylprednisolone with resolution of systemic symptoms

within a few days. He underwent successful catheter directed throm-

bolysis (EkoSonic Device and tPA) with stent insertion in both iliac

veins. Shortly thereafter he experienced acute IVC obstruction with

significant LE edema that resolved after stent insertion at the level of a

narrowed possibly hypoplastic hepatic IVC. Due to a Heparin depen-

dent antibody ELISA (1.068 OD), Argatroban was utilized. Post

thrombolysis, an Argatroban dose up to12 mcg/kg/min was required;

dose prior to thrombolysis was 1.5 mcg/kg/min. Serotonin release

assay was negative and he was discharged on enoxaparin with targeted
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levels at the high therapeutic range. With steroid therapy inflamma-

tory markers normalized. Five months later, with rising inflammatory

markers (ESR 86 mm/h, CRP 46 mg/L), he complained of left LE

symptoms and was found to have recurrent iliac vein and IVC throm-

boses. Repeated thrombolysis with stent insertion was performed due

to severe residual stenosis. A few weeks later he reported worsening

symptoms requiring repeated thrombolysis of left iliac veins. IVC

imaging revealed narrowing without occluding thrombus. Post throm-

bolysis, Argatroban was utilized again requiring high doses; thereafter

he was maintained on Enoxaparin and 81 mg aspirin daily. One week

later the left iliac veins were re-thrombosesd without clinical symp-

toms; no intervention was performed. Currently he is maintained on

Enoxaparin and 162 mg aspirin daily. Behc�et’s is managed with Inflix-

imab, Methotrexate and steroids.

Summary:

1 Extensive thrombosis in pediatric patients with systemic symptoms

should prompt consideration of vasculitis.

2 Control of vasculitis is critical to VTE outcome in Behc�et’s.
3 Aggressive anticoagulation post-thrombolysis is required with con-

current active vasculitis.

4 Observed IVC stenosis could be either congenital or resulting from

vasculitis.

5 Post-thrombolysis, Agatroban dosing may significantly increase,

perhaps due to higher accessible thrombin loads.

6 A false positive HIT ELISA may be observed during acute inflam-

mation.

PO 302
Splenic infarction in a teenager associated with oral
contraceptives, elevated lipoprotein a, and median
arcuate ligament syndrome
Nakar C and Xavier F

Indiana Hemophilia and Thrombosis Center, Indianapolis, USA

Background: Etiologies of splenic infarcts in adults are diverse, and

include hematologic disorders (benign/malignant), hypercoaguable

states (including oral contraceptives and lupus anticoagulant), embolic

disorders (including paradoxical emboli), vascular disorders, collagen/

autoimmune vascular disease, trauma and operative. The majority in

adults are related to hematologic malignancies/myeloproliferative dis-

eases or thromboembolic conditions. However, in pediatric patients

splenic infarct in the absence of a hemoglobinopathy is rare, and etiol-

ogies differ compared to the adult population.

Case Report: A 14-year-old female Caucasian athletic teenager experi-

enced sudden middle-left upper abdominal pain which resolved spon-

taneously, but recurred approximately three times the following week.

Due to worsening consistent pain, she was evaluated and found to

have elevated WBC (18.8 K/mcL) prompting CT scan that demon-

strated a large splenic infarct. Ultrasound Doppler revealed a wedge

shape infarct with patent splenic artery/vein. The patient utilized com-

bined oral contraceptive for menometrorrhagia for 1½ years. Hema-

tology evaluation 2 weeks after initial symptoms revealed an

asymptomatic female with ESR 45 mm/h, CRP 2.5 mg/dL, D-Dimer

2127 ng/mL, platelet count 879 K/mcL, factor VIII (FVIII) activity

192%. Further evaluation revealed normal/negative; echocardiogra-

phy, hemoglobin electrophoresis, ANA, rheumatoid factor, JAK 2,

PNH, amylase and IBD markers. Thrombophilia work-up revealed

elevated fasting lipoprotein a (182 nM) and compound heterozygous

MTHFR mutation with normal homocysteine level. FVL, P20210,

protein C, protein S, antiphospholipid antibody and ATIII were nor-

mal/negative. Approximately 1 month from initial symptoms, acute

abdominal pain prompted repeat imaging for recurrence and compli-

cations including pseudocyst, abscess or rupture. CTA for vasculitis/

vascular anatomy demonstrated abnormal inferior hooked shaped

narrowed celiac artery with mild post stenotic dilatation. Ultrasound

Doppler revealed high velocity in celiac axis and low resistance wave

form at hepatic/splenic arteries. The patient had a very soft low-

pitched epigastric bruit. The patient was treated with 81 mg aspirin

daily.

Summary:

1 Thromboembolism in pediatric patients may result from combined

risk factors. This rare case demonstrates splenic infarct with com-

bined oral contraceptives, an elevated LPa and abnormal vascula-

ture. This report emphasizes a variety of critical factors:

2 Combined oral contraceptives represent well-documented throm-

botic risk factor; this risk decreases with increasing length of ther-

apy but is not negligible.

3 LPa has gained increased awareness as a thrombotic risk factor in

pediatric patients, but treatment remains without consensus. Nia-

cin and/or aspirin have been reported in specific cases, yet concerns

regarding niacin and stroke exist.

4 Although celiac artery thrombosis was not detected, the combina-

tion of median arcuate ligament syndrome and splenic infarct

should raise the possibility of thromboembolism.

5 We suggest that splenic infarct evaluation should include early vas-

cular anatomic imaging to assist in diagnosis and consideration of

thromboembolism.

6 Compound heterozygous MTHFR mutation with a normal homo-

cysteine did not contribute to this patient’s risk.

7 This report provides additional important information to the few

published articles addressing splenic infarction and thromboembo-

lism, celiac artery thrombosis and oral contraceptives use, and

median arcuate ligament syndromes in pediatrics.

PO 303
Inherited antithrombin deficiency: description of a
pediatric series in a single center
Sciuccati GB, Pieroni G, Hepner MD, Pepe C, Annetta ES, Feliu

Torres AS, Cervio C, Frontroth JP and Bonduel M

Hospital de Pediatria Dr. JP Garrahan, Ciudad Aut�onoma de

Buenos Aires, Argentina

Inherited antithrombin deficiency (IAD) is associated with increased

risk of arterial and venous thrombosis in children and adults. Anti-

thrombin (AT) deficiency is classified depending on the phenotype,

defined by plasma AT activity and antigen levels, as types: I (quantita-

tive) or II (qualitative): IIa (reactive center defects), type IIb (heparin

binding domain defects), and type IIc (pleiotropic defects). Very few

clinical and laboratory data on IAD in neonates and children have

been reported.

Objectives: To describe the clinical manifestations, phenotype and

genotype analysis, treatment and outcome in a series of neonates and

children with IAD evaluated in a single center. From March 1992 to

March 2012, 613 patients (pts.) younger than 18 years old with objec-

tively confirmed arterial and/or venous thrombosis were studied for

inherited and acquired thrombophilia. Asymptomatic children with a

family history of IAD were also evaluated. Patients with low AT activ-

ity in plasma were classified according to AT antigen levels. AT activ-

ity levels were measured by chromogenic amidolytic methods, using

bovine factor Xa and thrombin-based assays. Antigen concentrations

were tested by Laurell rocket electrophoresis and immunoturbidimet-

ric test. Progressive anti-factor-Xa activity assay was utilized to iden-

tify type IIb IAD. Age-related local reference values were used.

Molecular analysis of AT gene (SERPINC1) was performed at the

Mayo Clinic College of Medicine (Rochester, USA).

Seven children from 6 unrelated families were diagnosed with IAD.

Six children had a family history of thrombosis. Four patients (2 girls/

2boys, age range 21 days-11.6 years) had thrombosis in one or more

sites: intracardiac thrombosis, 1pt.; renal veins, 2 pts.; inferior vena

cava, iliac and femoral veins, 2pts.; pulmonary embolism, 1 pt.; and

arterial ischemic stroke (AIS), 1pt.. Infection was the only risk factor

detected in 2pts. No pt. had catheter related thrombosis.

Type I IAD was detected in 2pts: 1pt. was heterozygous for SERP-

INC1 R129X, FV Leiden and PT20210 mutations while no AT
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mutations were identified in a 6-year-old girl with AIS. Type IIb IAD,

AT Budapest 3, was detected in 2pts. from Gypsy families, one of

them was heterozygous and had S.pneumoniae sepsis before the first

thrombotic event, and the other was homozygous and presented peri-

natal renal vein thrombosis with extension into inferior vena cava. In

the three asymtomatic patients, type I IAD heterozygous for a new

mutation (p.Lys71LysfsX113) was found in a 16.8 year-old adolescent

and type IIa IAD heterozygous AT Cambridge I was detected in two

3.8 year-old twin girls. The therapy used was: AT concentrate, heparin

and indefinite vitamin K antagonists (VKAs), 3pts; tissue plasminogen

activator, 1pt; aortic thrombectomy, 1pt and aspirin, 1pt. All the pts.

are alive. One pt. presented severe post-thrombotic syndrome, 1pt.

developed unilateral renal atrophy, and 1pt. with renal impairment

required kidney transplant and had recurrent thrombosis while receiv-

ing VKAs.

This is one of the largest pediatric series of IAD. The clinical manifes-

tations and evolution were highly heterogeneous. A novel mutation

was detected. The long-term follow-up of these patients with IAD vari-

ants, along with phenotypic and genotypic characterization, would

allow for evaluation of their thrombotic risk.

PO 304
The assessment of risk factors for rhrombosis in
children
Smalisz S and Klukowska A

Medical University of Warsaw, Warsaw, Poland

Background: Thrombosis occurs much less frequently in children than

in adults.

Aims: We tried to estimate the risk factors for thrombosis in pediatric

population.

Methods: We analyzed 70 cases (32 boys, 38 girls) in children referred

to the Department in 2007–2012 due to thrombosis. All patients were

assessed: age at onset, location and cause of the clot. All analyzed

patients underwent screening for congenital thrombophilia.

Results: Age of thrombosis was from the first week of life to 17 years,

median 6.5 years. Arterial thrombosis occurred in 11 (16%), venous in

59 (84%) patients. Thrombi were localized mostly in the deep veins of

the extremities (n = 27, 38%) and venous sinuses central nervous sys-

tem (n = 15, 21%). The most common causes of thrombosis were:

congenital thrombophilia (n = 27, 39%%), infection (n = 15, 21%),

surgery (n = 14, 20%), thrombocythemia was found in 2 (3%)

patients. Two patients had hyperhomocysteinemia. Six (8%) patients

had no underlying cause thrombosis. The patients with congenital

thrombophilia (n = 27, 39%) had the following defects: protein S

deficiency in 7 (26%), protein C deficiency in 4 (15%), antithrombin

deficiency in 7 (26%), prothrombin gene mutation in three patients

(11%), and mutation of the factor V Leiden in 6 (22%) patients. Eight

patients with thrombophilia performed an additional risk factor for

thrombosis.

Conclusions: The most common location of thrombosis in children are

deep veins of the limbs. The most common causes of thrombosis in this

age group are: inherited thrombophilia, infection and surgery. In all

paediatric patients with thrombosis diagnostic tests in the direction of

congenital thrombophilia are indicated.

PO 305
Clinical utility of age specific natural anticoagulant
levels in children with thrombosis
Soundar EP1, Kostousov V2, Jariwala P1, Bilen O2 and Teruya J2

1Texas Children’s Hospital; 2Baylor College of Medicine,

Houston, USA

Background: Normal healthy children have lower levels of natural an-

ticoagulants such as antithrombin (AT), protein C (PC), and protein S

(PS) when compared to adults. Further decline in levels of natural an-

ticoagulants is commonly seen in pediatric patients with thrombosis. It

is therefore important to know the role of decreasing levels of natural

anticoagulants in predicting thrombosis in children. The use of age

appropriate, highly specific cut-off levels for AT, PC, and PS may

assist the physicians simplify clinical decisions about additional confir-

matory tests.

Aims: Our aims were to define highly specific cut-off values for natu-

ral anticoagulants in two groups of children aged < 10 years and

10–18 years (group 1 and group 2, respectively), and to assess the

predictive ability of these cut-off levels to identify patients with

thrombosis.

Methods: Retrospective review of charts from 2004 through 2010 was

performed after institutional review board approval for patients on

whom physicians requested a hypercoagulation panel in our pediatric

tertiary care children’s hospital. Three hundred and sixty-five patients

were identified, and their AT, PC, and PS levels were extracted from

the laboratory database. Receiver operating characteristic (ROC)

analysis was done to define specific cut-off values for AT, PC, and PS

levels with a high specificity of 90%. Positive likelihood ratios (LR+)
were calculated to quantitate the probability of thrombosis in pediatric

patients.

Results: Among 365 patients (age range: 3 days to 17 years), 182

(48.2%) patients had confirmed thrombosis. There were 174 patients

(46.6%) in group 1 and 191 patients (53.4%) in group 2. The medians

and interquartile ranges of the anticoagulant levels in the two groups

were as follows: AT [99% (76–118) vs. 101% (89–112), P = 0.48], PC

[78% (52–101) vs. 104% (85–133), P < 0.001], and PS [75% (59–89)
vs. 80% (63–104), P = 0.03]. In group 1, cut-off levels for AT, PC,

and PS were 56%, 34%, and 35%, respectively at 90% specificity. In

group 2, it was found to be 86%, 73%, and 49% for the same specific-

ity. The LR+ for group 1 were 1.3 for AT, 1.8 for PC, and 1.4 for PS

that translated into an increase in the post-test probability of the pres-

ence of thrombosis by about 10%. For group 2, the LR+ were 9.1 for

all the three laboratory variables that translated into an increase in its

probability by 45%.

Conclusions: In children aged less than 10 years, a significant decrease

of the natural anticoagulant levels from the age specific normal levels

increase the probability of the presence of thrombosis by only about

10%. However, in children aged 10–18 years, a minimal decrease in

their levels increases the probability by about 45%. Therefore, a fall in

natural anticoagulant levels strongly predicts thrombosis in older chil-

dren between 10 and 18 years of age. Physicians may consider addi-

tional testing to confirm thrombosis for this subset of pediatric

patients in a hospital setting.

PO 306
Antiphospholipid antibodies in neonates and babies
with clinically significant thrombosis
Svirin P1, Zharkov P2, Larina L3, Vdovin V1, Shiller E1

and Podcherniaeva N4

1Izmailovskaya Children Hospital; 2Russian National Center of

Paediatric Hematology, Oncology and Immunology; 3Russian

Research Medical University; 41 Moscow Medical University,

Moscow, Russia

Background: We note increase frequency of thrombotic events among

newborns and infants. There are some condition in structure of pro-

thrombotic factors in this group, including such common factors as

premature, infections, blood vessel catheterisation, low level of anti-

thrombin, protein S and protein C. However sometimes there is prog-

nostically significant factor – rise of level of antiphospholipid antibody

(APA). Children with high level of APA may need in long-term treat-

ment with anticoagulants.

Aims: To estimate frequency of increasing APA in children, who had

thrombotic events under 1 years old. To monitor APA titer during

next few years.
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Methods: We observed 42 children suffer from thrombotic events dur-

ing first year of life. All episodes were confirmed with ray-path methods

(ultrasound, CT, MR). Primary diagnostic furthermore includes deter-

mination of antithrombin, protein C, protein S level, lupus anticoagu-

lant (LA). Concentrations of antibody to cardiolipin, phospholipids,

betta-2-glycoprotein-1 were measured twice, with 3–4 month intertrial

interval. During catamnesis all rates measured 1–4 times a year.

Results: Our group consist of 19 female and 23 mail. Six of them were

premature newborns. First event of thrombosis until the age 1 month

was in 12, between 1 and 3 month – 10, between 4 and 6 month – 4,

and from 6 to 12 month – 16. Twenty children had venous thrombosis,

3 – arterial thrombosis, 15 – ischemic stroke, 2 – intracardiac, 1 –
intracranial venous sinus. Level protein C less 30% had 2, protein S

less 30% – 1, antithrombin III less 30% – 1. Relationship between

catheter and thrombosis was in 19, infection as underlying condition

was found in 20. Eight children had high level of APA in first detec-

tion. High level of APA revealed in 5 (11.9%) children at the second

detection. Ten and more time increasing level of APA (antibody to

betta-2-glycoprotein-1) fined in 2; 2–10 time increasing observed in 2;

one patient had 1,5 time increasing of APA. LA was positive in 2. In

1 year of observation, level of APA had impaired in all patients. It

become normal in one, and stays significantly higher in other.

Summary/Conclusions: Amount of rise level of APA in children, suffer

from thrombotic events during first years of life is not so rare condi-

tion. These parameters must be checked in such patients.

PO 307
Neonatal cerebral sinus venous thrombosis associated
with congenital chylothorax and congenital nephrosis:
report of two unusual cases
Yau I, Diab Y and Moharir M

Hospital for Sick Children, Toronto, Canada

Background: In neonates, cerebral sinus venous thrombosis (CSVT)

represents a serious thrombotic condition which is often multifacto-

rial. Early diagnosis and timely management is increasingly considered

to influence outcome as anticoagulant therapy prevents propagation

of thrombosis.

Aim:We report CSVT presenting in association with two rare neonatal

disorders: congenital bilateral chylothorax and congenital nephrosis.

Methods/Results: The first case is a full-term male infant who was

found to have congenital bilateral chylothorax which required chest

tube drainage. A routine head ultrasound (HUS) showed thrombosis

of the superior sagittal sinus prompting CT venography (CTV) reveal-

ing extensive deep and superficial venous system thrombus formation

(Images A & B). The second case is a male infant born at 34 weeks of

gestation who was found to have dysmorphism and intra-uterine

growth restriction. He subsequently suffered acute cardio-respiratory

decompensation and was found to have congenital nephrosis as well as

grade 4 bilateral intraventricular hemorrhage (IVH) on HUS. A subse-

quent head MRV and CTV demonstrated left transverse sinus throm-

bosis (Images C & D).

Discussion: Although the risk of systemic thrombophilia has previ-

ously described in both these conditions, there have not been any

reports of neonate CSVT in association with congenital chylothorox

to date and only one published case available in the context of congen-

ital nephrotic syndrome. The exact mechanism of thrombophilia is

poorly understood but it is plausible an acquired hypercoagulable

state resulting from protein loss and likely volume depletion were

responsible for the development of CSVT in both cases. The clinical

threshold for suspecting CSVT should be low in any neonate present-

ing with seizures with a medical condition that results in loss of natural

physiological anticoagulant factors and fibrinolytic factors.

PO 308
Analysis of different mechanisms through hydrogen
sulphide (H2S) would inhibit platelet aggregation
Bermejo IE1, Saenz DA2, Alberto MF1 and Rosenstein RE2

1Haematological Research Institute of the National Academy of

Medicine; 2Facultad de Medicina, Universidad de Buenos Aires,

Buenos Aires, Argentina

Background: Hydrogen sulphide (H2S) is the most recent of the gaso-

transmitters to be identified and investigated. H2S is an important

endogenous modulator, which exhibits beneficial effects on the cardio-

vascular system. However, the mechanisms involved in the different

effects on platelets pathways are still unclear.

Objective: In order to investigate H2S inhibitory pathways on platelet

function we performed several tests: the opening of KATP-channels,

the cGMP and cAMP accumulation, fibrinogen binding (B-Fg) and

Ca2+ influx.

Methods: Tests were performed using platelet rich plasma (PRP)

(300 9 109 plat/L). Sodium hydrogen sulfide (NaHS) was used as H2S

donor and 100 lM glibenclamide (Glib) as a selective K + -channel

blocker. Samples were preincubated with buffer, 100 mM glib (during

30 min) at 37 °C, then with or without NaHS (1, 5 and 10 mM) for

2 min before adding 2 lg/mL collagen as agonist. The expression of

fibrinogen binding (B-Fg) and Ca2+ influx were assessed by flow

cytometry using mean fluorescence intensities. cGMP and cAMP accu-

mulation by RIA were measured as pmol/106plat. Student’s t-test con-

trol vs. NaHS.: * = P < 0.05, ** = P < 0.01.

Results: H2S significantly inhibited platelet aggregation (P < 0.01)

induced by 2 lg/ml Col. Glib failed to block the inhibition induced by

NaHS. The accumulation of cGMP and cAMP in presence of NaHS

have no statistical difference 10 � 2 vs. 9 � 1 and 5 � 1 vs. 4 � 2

respectively. Levels of B-Fg (126 � 12 vs. 15 � 5)** were inhibited in

the presence of H2S, and Ca2+ influx was unaffected.

Conclusion: Platelet aggregation induced by collagen was significantly

inhibited in a concentration-dependent by NaHS. The test with Glib

ruled out the role of KATP channel in H2S-induced antiaggregation.

The accumulation of cGMP and cAMP confirmed that these are not

the mediators of the inhibitory effect of NaHS.

This result, together with a significant blocked of B-Fg levels, suggest

the inhibition on platelet function would be through another signaling

pathway, such as CalDAG-GEFI/Rap1.Thus, H2S may constitute a

novel target for antithrombotic drug development.

PO 309
Platelet activation and abnormal Ca2+ homeostasis in
women with gestational diabetes mellitus
Bichan VD1 and Zabarovskaya ZV2

1Belarusian State University; 2Belarusian State Medical

University, Minsk, Belarus

More than 50% women diagnosed with gestational diabetes mellitus

(GDM) will develop type 2 diabetes mellitus in their future life. Plate-

lets from patients with type 2 diabetes show abnormalities in intracel-

lular Ca2+ homeostasis that are involved in platelet hyperaggregability

and the development of thrombotic complications. The aggregational

activity of platelets can be changed due to various factors, including

reactive oxygen species (ROS). The aim of this study was to investigate

the effect of H2O2 on aggregation and Ca2+ mobilization in human

platelets from pregnant women with GDM and Type 1 diabetes

mellitus (DM) in vitro.

We compared 36 pregnant women with GDM (24.68 � 5.12 years),

14 pregnant women with Type 1 DM (24.31 � 3.68 years), 24 healthy

pregnant women (HPW) (23.96 � 5.18 years) and 15 healthy non-

pregnant women (HNPW) (23.82 � 4.58 years). There were no signifi-

cant differences in fasting glycaemia (5.38 � 0.41) mM for GDM

(6.27 � 0.21) mmol/for pregnant women with Type 1 DM
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(4.61 � 0.17) mM for HPW and (4.82 � 0.14) mM for HNPW (or in

glycated hemoglobin levels (6.78 � 0.21%, 6.94 � 0.13%,

5.96 � 0.56% and 5.83 � 0.61% accordingly). Platelet aggregation

and disaggregation was determined by light transmission using com-

puterized analyzer of platelet aggregation. Intracellular Ca2+ concen-

tration in the platelets was determined using the fura 2-AM.

The platelet aggregates produced under the influence of H2O2 are

unstable, destroyed spontaneously, and the aggregation is replaced by

disaggregation. In this study where gestational diabetic and Type 1

DM pregnancies compared to normal pregnancies, the disaggregation

at the pregnant women with GDM and Type 1 DM was lower 1.2 and

1.3 times than in the control group, respectively. The resting platelet

cytosolic Ca2+ concentration in group of pregnant women with GDM

did not vary in compared with HPW. When platelets were treated with

1 lM thapsigargin (TG), a specific inhibitor of SERCA, plus ionomi-

cin (50 nM), there was a transient increase in cytosolic Ca2+ concen-

tration due to release followed by Ca2+ extrusion. Since the peak

response was not significantly different in all groups of subjects, the

amount of Ca2+ accumulated in the stores must be similar. However,

the rate of decay cytosolic Ca2+ concentration to resting levels was

significantly slower in platelets from pregnant women with GSD.

Immediately after the addition to the platelets of H2O2, the intracellu-

lar concentration of Ca2+ did not change (the lag-period), but subse-

quently its concentration increased and then decreased to the basal

level. The release of intracellular Ca2+ upon H2O2 stimulation was at

the same level in all groups of women, but after the addition of 2 mM

CaCl2 to H2O2 stimulated cells the increase of intracellular Ca2+ con-

centration were greater in the pregnant women with GSD with respect

to the healthy pregnant women.

We conclude that H2O2 was likely involved in the enhancement of

intracellular Ca2+ concentration observed in platelets from pregnant

women with GDM and Type 1 DM, which might lead to platelet dys-

functions. H2O2-dependent enhanced Ca2+ entry in diabetic donors

might be explained by an increased amount of H2O2 or a greater sensi-

tivity to oxidation by this ROS in diabetic platelets.

PO 310
Detection of high platelet reactivity induced by release
reaction by light transmission aggregatometry and the
ways to prevent it
Buryachkovskaya L1, Uchitel IA1, Sumarokov AB1

and Lomakin NV2

1Russian Cardiology Research Complex; 2Central Clinical

Hospital of the Presidential Department, Moscow, Russia

Background: High platelet aggregation plays a key role in thrombosis.

The reveal of high platelets activity can help to prevent thrombotic

complications by prophylactic therapy. Broad spectrum of methods

proposed to solve this problem. We suggest the simple use of light

transmission aggregation (LTA) for detection of high level of platelets

aggregation induced by release reaction.

Aims: The aim of our study was to evaluate platelets features in ath-

erosclerosis patients that can lead to additional risk of thrombotic

complications and to fin the ways of its diminution.

Methods: Platelets aggregation in 724 patients (pts) with stable ische-

mic heart disease due to CAD and 36 healthy subjects (HS) was stud-

ied by simultaneous analysis of the mean aggregate size changes and

light transmission (LTA) using an aggregation analyzer BIOLA

(Russia). ADP at doses 1.0 and 5.0 lMwas taken as an agonist. Plate-

let microaggregates were assessed by scanning electron microscopy.

All patients did not receive any antiplatelet therapy before platelets

investigation for at least 2 week.

Results: In 29 from 724 CAD pts platelets 1.0 lMADP induced aggre-

gation was significantly elevated and biphasic (48 � 14.2% vs.

5.2 � 2.8% in HS P < 0.01) during first 5 min of registration and

didn’t decrease in time. Second wave started after 2 min and quickly

reaches a maximum as a result of intraplatelet agonists secretion. In

most of CAD pts (n = 695) 1.0 lM ADP aggregation was

9.7 � 5.4% without second wave and generally with disaggregation.

5.0 lM induced ADP aggregation was 53.2 � 14.1% in this group vs.

56.8 � 15.4% in other 29 pts (normal range 25–68%, P = 0.3) with-

out second wave and disaggregation. In 29 pts spontaneous aggrega-

tion was recorded by LTA method and its level was the same as if it

was ADP induced but started at 9th-14th min (45.7 � 12.3%). In

other CAD pts and HS spontaneous aggregation was not defined by

LTA. In whole blood of all 29 pts were detected microaggragates con-

tained from less than 10 platelets. In blood of the rest pts and HS mi-

croaggragates were absent. In 23 from 29 pts were neurological

symptoms (12-dizziness, 4-depression, 8-cephalalgia, 1-TIA). Aspirin

therapy decreased platelet aggregation to normal ranges in 25 pts and

was ineffective in 4 pts in whom clopidogrel was medication of choice.

In pts who were taking antiaggregant therapy microaggregates disap-

peared and the symptoms reduced.

Summary/Conclusions: high platelet aggregation is closely associated

with risk of unfavorable thrombotic events at CAD pts. The appearing

of microaggregateds in whole blood worsens microcirculation and lead

to neurological symptoms. One of possible reasons is revealed by us

release reaction, which induce not only the growth of agonist induced

aggregation but also to spontaneous aggregation phenomenon. In

most such cases aspirin normalized platelets status and clopidogrel can

be a good substitution in cases of aspirin inefficiency. LTA is a good

sensitive method in such situation, but the time of registration must be

prolonged up to 20 min.

PO 311
Impedance aggregation comparing three different
anticoagulant matrices performed on whole blood
samples from healthy subjects
Castellone D1, Stroobants AK2 and Dummermuth A3

1Roche Diagnostics, Indianapolis, USA; 2Academisch Medich

Centrum, Amsterdam, The Netherlands; 3Roche Diagnostics

International, Rotkreuz, Switzerland

Background: Whole blood platelet aggregation is measured on the

Multiplate� analyzer (Roche Diagnostics) using impedance aggrega-

tion. The Multiplate� uses a test cell containing two pairs of electrodes

made of highly conductive silver-coated copper. Activated platelets

adhere and aggregate on the metal sensor wires causing increased elec-

trical resistance. The increase of impedance is transformed to arbitrary

aggregation units (AU) and plotted against time. The overall platelet

activity is expressed by the parameter area under the aggregation curve

(AUC), which is affected by the total height of the aggregation curve

as well as by its slope.

Aim: To determine the effect of three different anticoagulants, which

can be in use in different laboratories, for whole blood platelet aggre-

gationusing seven different agonists to determine ranges appropriate

for each anticoagulant.

Methods: Adult subjects (n = 67) were determined to be healthy and

free from any anti-platelet medication for at least 10 days via a ques-

tionnaire assessment. Blood from the same healthy subjects was pro-

spectively collected under informed consent in three different

anticoagulant matrices: NaCitrate (sodium citrate, 3.2%), LiHeparin

(lithium heparin, 75 USP units) and hirudin, 15 lg/ml). Platelet count

was verified to be > 100 9 109/L. Agonists were randomized and

whole blood platelet aggregation was performed on the Multiplate

analyzer within three h of sample collection. Agonists tested were ADP

adenosine-5′-diphosphate (ADPtest), arachidonic acid (ASPItest), col-

lagen (COLtest), thrombin receptor activating peptide (TRAP), rist-

ocetin high dose (RISTO Hi), ristocetin low dose (RISTO Lo), and

prostaglandin E1 reagent and adenosine-5′-diphosphate (ADP HS).

Results: The mean and � 2 standard deviation (SD) AUC range was

calculated for each agonist and anticoagulant combination. The results
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are expressed below as ‘mean U (range U)’ for each combination.

ADPtest (final concentration of 6.5 lM) with hirudin yielded 93.4

(55.4–131.2), LiHeparin yielded 102.6 (65.0–140.2), and NaCitrate

yielded 80.5 (43.9–117.1). ASPItest (final concentration of arachidonic

acid 0.5 mM) in hirudin resulted in values of 108.5 (68.6–148.3), with
LiHeparin 112.7 (71.5–153.9), and with NaCitrate 75.8 (46.6–105).
For Coltest (final concentration 3.2 lg/ml), hirudin yielded 86.8 (53.6–
120), LiHeparin yielded 94.3 (58.3–130.3), and NaCitrate yielded 64.5

(39.5–89.5). TRAP (final concentration 32 lM) with hirudin resulted

in values of 129.9 (83.7–176.1), with LiHeparin 129.4 (87.2–171.6), and
with NaCitrate 104.5 (68.7–140.3). Ristocetin was tested in high and

low concentrations (0.77 mg/ml and 0.2 mg/ml). Results for each

concentration, high and low respectively, were as follows: with hirudin

117.1 (53.3–180.9), 13.1 (0–37); with LiHeparin 113.1 (63.5–162.7),
25.0 (5.4–44.6); with NaCitrate 92.6 (36.4–148.8), 11.2 (2.4–20.0). Only

hirudin and LiHeparin were used in the ADP HS measurement (final

concentration of 9.4 nM), with hirudin yielding 79.9 (35.1–124.7) and
LiHeparin yielding 96.4 (49.8–143).
Summary and Conclusions: The mean results from identical samples

treated with each agonist using different anticoagulants resulted in dif-

ferent ranges. For all agonists, 3.2% NaCitrate consistently yielded

lower values, while LiHeparin yielded higher values. It is important

for laboratories to utilize ranges that reflect the anticoagulant used in

testing. Having improper ranges can result in possible misdiagnosis of

patients.

PO 312
Changes in platelet aggregation after impact with
vipoxin and its componends isolated from Vipera
ammodytes venom
Danchev D1, Goranova Y2, Atanasov V1 and Petrova S2

1Military Medical Academy; 2Sofia University St. Kl.Ohridski,

Sofia, Bulgaria

Background: The neurotoxin vipoxin, isolated from the venom of Vi-

pera ammodytes meridionalis, consists of basic, highly toxic phospholi-

pase A2 (PLA2) and an acidic and non-toxic component acting as an

inhibitor of PLA2.

Aim: Objective of our study is to track the response of platelet aggre-

gation in the presence of vipoxin and phospholipase A2 in different

concentrations, initiated by inducers, adenosine diphosphate (ADP),

collagen and arachidonic acid (AA).

Methods: Vipoxin and its components were isolated from Bulgarian

Vipera ammodytes meridionalis.

The turbidimetric method of Born (1962) was followed using a dual

channel Lumi-aggregometer 700, Chronolog Corp, USA. Human

platelet-rich plasma (0.45 ml) maintained at 37 °C was preincubated

with vipoxin and PLA2 for 2 min in a siliconized glass cuvette with con-

stant stirring. The aggregation was initiated by adding ADP 10 lM,

collagen 2 lg/ml and AA 0.5 mM and was traced out within 6 min.

The concetrations of vipoxin were 30, 50, 70, 90 lg/mL and a concen-

trations of PLA2 were 15, 25, 35, 45 lg/mL.

Results: Different mechanisms of inhibition of platelet aggregation by

PLA2 toxin could be involved and tested in the process depending on

the inductor used.

We found the inhibitory effect of phospholipase A2 on platelet aggre-

gation initiated by ADP, collagen and AA. The use of collagen and

AA, inducing inhibition of platelet aggregation reaches 100% at the

highest concentration of PLA2 (45 lg/mL). Platelet aggregation in the

presence of vipoxin is not affected and utilizing a three inducers.

Conclusion: The PLA2 inhibits agonists-induced platelet aggregation in

a dose-dependent mode. The results showed that the enzyme renders

different effect according to inducers applied.

PO 313
New approach to determination of the intravascular
platelets activation in patients with ischemic heart
disease
Drozd L1, Markava I2, Miadzvedzeva E2, Gelis L2

and Syroezhkin S1

1Heat and Mass Transfer Institute, National Academy of Sciences

of Belarus; 2Scientific-practical Centre of Cardiology, Minsk,

Belarus

Background: Atherothrombotic processes and tromboishemic compli-

cations which dominate among the cardiovascular diseases are the

leading cause of the patients with ischemic heart disease (IHD) death.

However, the atherothrombosis diagnostics is often carried out not in

the early stages, but in the late stages of its development, when we have

the apparent clinically tromboishemic complications and acute cardio-

vascular events.

The goal of our study was to identify the diagnostic criteria for patient’s

stratification on the groups with thrombogenic risk on the basis of the

overall evaluation new and previously known markers of athero-

thrombosis. This will improve the quality of early diagnostics of ath-

erothrombosis, especially in patients with asymptomatic IHD.

Methods: Two hundred and fifteen people were studied: 144 patients

with unstable angina, 49 individuals with stable angina and 22 healthy

volunteers. The study included: electrocardiographic monitoring,

echocardiography, 6-min walking test and coronary angiography.

Laboratory studies included: blood test, measurement of cardio spe-

cific enzymes level, biochemical blood analysis with the definition of

inflammation markers (C-reactive protein), levels of homocysteine,

myeloperoxidase and endothelin-1. Platelet aggregation properties

were studied by turbidimetric method on platelet aggregation analyzer

with adenosine diphosphate disodium salt acid at the concentration of

0.5 and 2.5 lM. Hemostasis and coagulation system of natural antico-

agulants were tested on hem coagulator. Morphometric characteristics

of platelets – average platelets volume (APV), platelet width by volume

distribution (PWD) were determined by the automatic cytoflowing he-

moanalyzer. To verify the morphometric characteristics of platelets,

which play an important role in atherothrombosis and in the develop-

ment of tromboishemic complications in patients with IHD, we carried

out a qualitative and quantitative evaluation using the atomic force

microscopy (AFM). Specially developed computer algorithms were

used for the estimation of the platelets state. All investigations were

carried out initially and from 3, 6 and 12 months.

Methods: Using AFM were determined that the average height of

platelets, the average height of clusters (aggregates) and the percentage

ratio of pathologically active cells (P = 0.04) in patients with unstable

angina is significantly greater than in patients with stable angina and

in healthy person. This is indicates that there is an intravascular plate-

let activation. In patients with unstable angina the correlation between

APV and the increase (%) abnormal platelet activity (r = 0.71),

between APV and an average height of plate cells (r = 0.52) were sig-

nificantly positive. The correlation of morphometric characteristics of

platelets (APV, PWD) defined in the general blood analysis with mor-

phometric parameters, verified by AFM, as well as the initial level of

myeloperoxidase, homocysteine, antithrombin III, D-dimer, fibrino-

gen and von Willebrand factor was revealed. This indicates that AFM

data may be used as diagnostic criteria of thrombogenic risk and

repeated coronary events in patients with IHD.

Conclusions: The most informative diagnostic criteria are the platelet

morphofunctional parameters such as APV, PWD the degree of adren-

aline-induced platelet aggregation, the average height and the number

of abnormal platelet activity identified by AFM, as well as markers of

endothelial dysfunction, which is an independent predictor of unfavor-

able outcomes in patients with unstable angina.
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PO 314
Inhibition of Platelet aggregation in Dengue infection
does’nt correlate with anti DV-NS1 and anti PDI
Effendi AR

Division of Hematology & Medical Oncology, Jakarta Pusat,

Indonesia

Background: Dengue infection is one of the major public health prob-

lems in Indonesia. The molecular mimicry between Non Structural 1

(NS-1) Dengue Virus to auto antigen on the platelets surface is currently

the most evaluated pathomechanism of platelet function disorder.

Aims: In this study, we observed the correlation between anti NS-1

and anti PDI antibodies against platelets function disorder on second-

ary Dengue infection.

Methods: Fifty patients with secondary DV infection according to

WHO criteria were observed by a cross sectional study. Patient’s blood

was collected on day 3, 5 and 7 after fever onset. Platelets aggregation

test was done to prove the possibility of platelets dysfunction. Anti

NS-1 and anti PDI antibodies were determined by solid phase ELISA.

Results: The inhibition of platelets aggregation was increased among

day of observation. Means value of inhibition on day 3 is 46.6%, day

5 is 52.5% and day 7 is 56%. There is a significant difference

(P < 0.05) of inhibition of platelet aggregation value between days of

observation. The antibodies against NS-1 DV and PDI were detected

in all 50 sera with the positive rate of 90% develop NS-1 antibodies

and 72% of PDI antibodies, on day 3 of symptoms. The highest OD

of NS-1 antibodies is detected on the day 3 and decreased on day 7.

The OD of PDI antibodies was increased on day 3 and still increasing

on day 7. There is weak correlation between anti NS-1 antibodies and

the inhibition of platelets aggregation (r = 0.160; P = 0.267). There is

no correlation between anti PDI antibodies and the inhibition of plate-

lets aggregation (r = �0.118; P = 0.578). There is a significant corre-

lation between anti NS-1 and PDI antibodies (r = 0.386–0.490), while
the differences of OD between observation days are not significant

(P > 0.05).

Conclusion: This study shows the kinetics profile of NS1 and PDI anti-

bodies responses, which were detected by the third day of symptoms.

Dengue patients’ sera also inhibited platelets aggregation. NS-1 anti-

bodies and PDI antibodies might have a role on the platelets aggrega-

tion dysfunction; however statistically there is no correlation between

them. It is possible that other mechanism involve in the inhibition of

platelets aggregation.

Keywords: anti NS-1 antibodies, anti PDI antibodies, inhibition plate-

lets aggregation, secondary Dengue Infection.

PO 315
Impedance aggregometric analysis of thrombocyte
function in pooled platelet concentrates in relation to
storage time
Glas M, Bauer J, Schneider SO, Volk T and Kreuer S

Saarland University Medical Center, Homburg/Saar, Germany

Background: To treat hereditary or acquired thrombocytopenia/-

pathy, transfusion of platelet concentrates is a common procedure in

Anaesthesiology and Intensive Care Medicine. Concerning quality

controls of platelet concentrates, testing of volume, platelet count and

remaining leukocyte content after preparation is required by German

Medical Association or NHS guidelines. Before transfusion a visual

check (colour change, swirling) must be performed. At the end of stor-

age life pH values as well as sterility have to be monitored. A routine

analysis of thrombocyte function in platelet concentrates is not pre-

scribed. Modern point-of-care devices allow a fast and reliable moni-

toring of platelet function and are widely used in clinical routine.

Impedance aggregometry (multiple electrode aggregometry, MEA,

Multiplate�, Roche AG, Grenzach, Germany) was developed for

time-saving whole blood analysis and is increasingly distributed.

Aims: The aim of the present study was the implementation of imped-

ance aggregometry for thrombocyte function in pooled platelet con-

centrates and to correlate MEA results with storage time.

Methods: A) After collection from pooled platelet concentrates from 2

to 4 days of age, samples were diluted by additive solution (Composol

PS�, Fresenius Kabi AG, Bad Homburg, Germany). Calcium chloride

was added to obtain the target calcium concentration. MEA was per-

formed according to the manufacturer’s specifications. ASPItest

(0.5 mM), ADPtest (6.5 lM) and TRAPtest (32 lM) reagents were

used as specific platelet activators.

B) Platelet concentrates of 5 to 12 days of age were frequently analy-

sed by impedance aggregometry in the same manner. Furthermore pH

values, pO2, pCO2 and glucose concentrations were evaluated at the

point of Multiplate� measurement and correlated with impedance ag-

gregometric results.

Methods: A series of dilution yielded steady impedance aggregometric

results for a platelet count of 400 per nl and a calcium concentration

of 5 mM. With respect to specific thrombocyte activators ASPItest

and TRAPtest showed reliable results for aggregation.

A) For platelet concentrates from 2 to 4 days of age the area under the

curve (AUC) was in the lower clinical reference range; however results

did not differ significantly between time points. For TRAPtest a signif-

icant difference was detected between day 3 and 4 (P = 0.035, One

Way ANOVA).

B) Analysis of platelet function from day 5 to 12 after preparation

resulted in a significant decline of the AUC in ASPI- and TRAPtest on

day 12 (P < 0.001, ANOVA on Ranks). Linear regression analysis

showed weak correlation between AUC in Multiplate� and pH values

or glucose concentrations respectively (RpH/ASPI = 0.351, RpH/

TRAP = 0.347, Rglucose/ASPI = 0.398 and Rglucose/TRAP = 0.405).

Conclusion: The results of our study suggest that multiple electrode

aggregometry is not only suited as a point-of-care device for testing

platelet function in whole blood, but might also be a useful tool for

monitoring thrombocyte function in pooled platelet concentrates.

PO 316
Increased platelet activity associates with clinical
severity of ST-elevation acute myocardial infarction
Hartopo AB1, Setianto BY2, Achadiono NW1 and Gharini PR2

1Universitas Gadjah Mada; 2Universitas Gadjah Mada,

Yogyakarta, Indonesia

Background: Hemangioma, most common benign vascular tumor, has

natural history of proliferation in the first year of life followed by

spontaneous resolution. The treatment is not universal standard with

indication as following: impaired organ function and Kasabach Mer-

ritt syndrome (KMS). Alpha-interferon inhibits angiogenesis, endothe-

lial cell migration and proliferation.

Objective: To evaluate the outcome of alpha-interferon for the treat-

ment of hemangioma.

Methods: We recruited 35 patients with hemangioma receiving alpha-

interferon followed at hemangioma clinic between January 2001- Janu-

ary 2011.The patients’ data including sex, age, type and location of

hemangioma, indication, duration, outcome and complications of

treatment were reviewed.

Design: Retrospective descriptive study.

Measurements: we evaluate of the outcomes including improvement of

organ function, resolution of Kasabach Merritt syndrome (KMS) and

decrease hemangioma size.

Results: the number of patients was 35 patients (female = 21,

male = 14) with mean age 3.2 months (range 5 days-15 months), loss

follow up in 5 patients. Hemangioma was divided into cavernous (9),

capillary (10), mixed (7). Location of hemangioma includes head and

neck (21), extremities (7), mediastinum (3), intraosseous (1), liver (2),

larynx and epiglottis (2), and scrotum (1). Average age of treatment

was 4.7 months (range 5 days-18 months). Duration of response in 29

patients was 4.7 months (range 1–6 months). Indications of treatment
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included KMS (1), KMS with impaired organ functions (2), impaired

organ functions (30), infection (2), intracranial (1). Eleven patients

were decrease in size of mass > 50%, 14 patients were decrease in size

< 50% but 23 patients (82.1%) were improved organ function and res-

olution of KMS. Complications of treatment were elevation of liver

enzymes (3), and fever (6).

Conclusions: The use of alpha-interferon was well response to improve

organ function and decrease hemangioma size. Due to spastic diplegia,

serious complication of alpha-interferon from previous case report

studies, the consideration of this treatment should be discussed with

parent in light of pro and cons.

PO 317
Mechanisms for Ang-(1-7) on the expression of talin1
induced by Ang? in human umbilical vein endothelial
cells
He X, Ran W and Wen Z

Central South University, Changsha, China

Background: Renin-angiotensin system (RAS) is one of the most

important regulation systems, which has played an important role on

regulating physiological function, especially at cardiovascular and

cerebrovascular diseases development. Integrin is a major receptor

family present in the cell surface, which can induce the conglutination

between cells and extracellular matrix, activated integrin aIIbb3 is

mainly involved in thrombus formation through inducing platelets

adhesion and aggregation. Talin 1, as the essential factor in the process

of activating aIIbb3, is recently specially concerned. Previous work

have proved that angiotensin-(1-7) [Ang-(1-7)] could significantly inhi-

bit the experimental thrombosis induced by angiotensin II(AngII).

However, whether Ang-(1-7) and AngII can affect thrombosis forma-

tion by means of regulating talin 1 has not been reported. In this study,

we will explore the possible mechanism for the influence of Ang -(1-7)

on the expression of talin 1 induced by AngII in endothelial cells.

Aims: Previous data demonstrated that Ang-(1-7) had an inhibititory

effect on the talin1 expression induced by AngIIin human umbilical

vein endothelium derived cell line (HUVECs). However, its mecha-

nisms were not fully understood. The purpose of this study was to

explore the inhibitory mechanisms.

Methods: HUVECs were cultured in DMEM. Talin1 antigen was mea-

sured by ELISA Kit. Talin1 mRNA was examined by semi-quantita-

tive reverse transcription polymerase chain reaction (RT-PCR).

Samples were devided into groups at random as follows: control, An-

gII,Ang (1-7),PDTC,AngII+ Ang (1-7) and AngII+ Ang (1-7) +PDTC.

Results: Compared with control, PDTC, which is the inhibitor of NF-

jB pathway, had no marked effects on talin1 antigen when used alone,

but PDTC could significantly inhibited the effects of Ang-(1-7) on ta-

lin1 expression induced by AngII(P < 0.05).

Conclusion NF-jB pathway participates in the inhibitory process that

Ang-(1-7) inhibited the expression of talin 1 induced by AngII.

PO 318
Differential platelet activation: granule release without
aIIbb3 activation indicates platelet functions
independent of aggregation
Van Holten TC1, Wisman PP1, De Groot PG1, Remijn JA2,

Moll FL1, Teraa M1, Verhaar MC1, Urbanus RT1 and Roest M1

1UMC Utrecht, Utrecht; 2Gelre hospitals, Apeldoorn, The

Netherlands

Background: Platelets are appreciated by their crucial role in maintain-

ing adequate haemostasis but they are also involved in wound healing,

inflammation, angiogenesis, and atherogenesis via the release of cyto-

kines, chemokines, and growth factors from their a-granules.

Aim: To investigate the regulation of a-granule release and opening of

glycoprotein IIb:IIIa (aIIbb3) on the platelet surface after stimulation

of their thrombin receptors.

Methods: Activation of aIIbb3 or P-selectin expression on platelets

stimulated with increasing concentrations of PAR-1 agonist or PAR-4

agonist, in the presence or absence of P2Y12 antagonists (clopidogrel,

AR-C69931MX or apyrase), or in the presence or absence of the pros-

tacyclin analogue iloprost was measured with flow-cytometry using

antibodies against P-selectin and activated aIIbb3. Platelet-leukocyte
complexes were measured with flow-cytometry, release of soluble a-
granule markers PF-4, b-TG, RANTES/CCL5 and PDGF-AB was

measured with ELISA.

Results: PAR-1 or PAR-4 activation in the presence of P2Y12 antago-

nism (AR-C69931MX) resulted in 84% P-selectin expression com-

pared to stimulation in the absence of P2Y12 antagonist, whereas

aIIbb3 activation was reduced to 12% (P < 0.05). P-selectin expression

was also only slightly reduced when platelets were activated with

PAR-1 or PAR-4 in the presence of apyrase or iloprost (with iloprost

79% vs. without iloprost 100%; P < 0.05) while under the same condi-

tions aIIbb3activation was almost completely prevented (with iloprost

7% vs. without iloprost 100%; P < 0.05). When blood was collected

from patients on clopidogrel, P-selectin expression on their platelets

was 90% of platelets of untreated individuals. However, their

aIIbb3activation was reduced to 29% (n = 4). PAR-1 or PAR-4 stimu-

lation of whole blood in presence of AR-C69931MX resulted in the

formation of platelet-monocyte complexes (115% compared to stimu-

lation in the absence of AR-C69931MX), while these complexes only

express 27% of the aIIbb3activation observed after stimulation in the

absence of AR-C69931MX (P < 0.05). Similar results were found for

platelet-granulocyte complexes. No differences were found in the

supernatant of PAR-1 activated platelets in the presence or absence of

P2Y12 antagonist for levels of PF-4, b-TG, RANTES/CCL5, or

PDGF-AB. When platelets were stimulated with ADP in the presence

of AR-C69931MX, a-granule release was blocked.
Conclusions: When the P2Y12 pathway is blocked, or when platelets

are inhibited by a prostacyclin analogue, PAR-1 or PAR-4 stimulation

still induced a-granule release while their aIIbb3 activation is blocked.

We propose that this differential activation is physiologically impor-

tant because it enables the platelets to fulfil their role in inflammation,

angiogenesis and atherogenesis.

PO 319
Evaluation of activation states of small GTPases in
patient platelets
Horiuchi H, Yaoita N and Shirakawa R

Institute of Development, Aging and Cancer, Sendai, Japan

Background: Small GTPases are molecular switches of cellular pro-

cesses that plays important roles in activated platelets. Rap1 is impli-

cated in aggregation. Rab27 and Ral is in granule secretion. Rho is in

shape change and Rac is in aggregation and granule secretion. Activa-

tion states of platelets are monitored by P-selectin and activated

GPIIb/IIIa levels on platelet surface. However, it is possible that some

of these GTPases are activated in platelets.

Aim: First, to establish the method for measuring activation states of

small GTPases. Second, to elucidate the activation states of each small

GTPases in various diseases.

Method and Results: First we developed the method for isolating plate-

lets without activation by a gelfiltration method. Little activation was

cinfirmed by FACS analysis for P-selectin expression levels. Then, we

generated and purified proteins containing binding region of GTP-

bound active GTPases from E coli and established so called ‘pull-

down assays’ that allowed us to measure the activation states of Ras,

Rap1B, RalA, RalB, RhoA, Rac and Rab27. After the study plan was

approval by the University ethics committee, we started to measure

the activation states of these GTPases in platelets of patients with and

without pulmonary hypertension. In spite of small number of patients
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analyzed, Ral could be highly activated among GTPases analyzed in

patients with pulmonary hypertension.

Summary: We established the method to evaluate the activation states

of sevelral GTPase in a real clinical setting. We could present clearer

data by analyzing more patients.

PO 320
Necrotic cell material from human renal tubular cells
dose dependently stimulate platelet activation,
aggregation and platelet-leukocyte complex formation
Jansen MPB and Roelofs JTH

AMC, Amsterdam, The Netherlands

Introduction: Acute kidney injury (AKI) is often the result of ischemia

reperfusion injury (I/R), which leads to a complex interplay between

coagulation-, inflammation and cell death processes, typically resulting

in renal tubular epithelial cell necrosis.

Platelets play a central role in coagulation and inflammatory processes

and therefore might play an important part in the pathology of AKI.

However, the role of platelets in AKI is not known to date. Necrotic

cell material can function as Danger-Associated Molecular Patterns

(DAMP’s) and activate innate immune cells, leading to an excessive

immune response and tissue damage.

Objectives: We aimed to investigate the effect of necrotic human tubu-

lar epithelial cells on platelets.

Method:Human platelets in platelet rich plasma (PRP) or whole blood

were stimulated with necrotic cell material derived from a human

proximal tubular epithelial cell line (HK2 cells) which were repeatedly

freeze-thawed in liquid nitrogen. Platelet activation and platelet-leuko-

cyte formation were measured by FACS analysis.

Platelet aggregation was determined using multiple electrode aggre-

gometry (Multiplate).

Results: Necrotic cell material from human TECs dose dependently

stimulate human platelets activation and aggregation in PRP. Further-

more stimulation of whole blood with necrotic TECs increases plate-

let-leukocyte complex formation.

Conclusions: Our data show that necrotic cell material from human

tubular epithelial cells (TEC), dose dependently stimulate human

platelet activation and aggregation. Furthermore necrotic TEC mate-

rial enhances platelet-leukocyte complex formation. This indicates that

locally released renal necrotic TEC material during renal I/R could

activate platelets, leading to enhanced coagulation and inflammatory

processes. This could result in further loss of renal cells and ultimately

renal function during AKI.

PO 321
Comparison of different brands of agonists for light
transmission aggregometry using a multichannel
analyser
Van De Kerkhof D1, Van Der Stokker A1, Hudig C2, Verhezen P3,

Van Wijk E4, Stroobants A5 and Henskens YMC3

1Catharina Hospital, Eindhoven; 2Haga Teaching Hospital, The

Hague; 3Maastricht University Medical Centre, Maastricht; 4Sint

Elisabeth Hospital, Tilburg; 5Amsterdam Medical Centre,

Amsterdam, The Netherlands

Background: Light Transmission Aggregometry (LTA) is considered

as the golden standard technique for evaluation of platelet function.

The results of a worldwide survey on the assessment of platelet func-

tion by LTA showed the high variability in LTA practices (Cattaneo

et al., JTH 2009). The SSC Platelet Physiology published a draft guide-

line after the SSC meeting in Cairo (2010) in order to standardize

LTA. Furthermore, the CLSI guideline is also a useful tool in stan-

dardizing this method. The society of hematological laboratories in

The Netherlands (VHL) has set a goal for 2013 and 2014 to reduce

unnecessary variances in LTA results by investigating the present dif-

ferences between LTA methods and by stimulating all hospital labora-

tories to uniform there pre-analytical and analytical variables.

Aims: One part of the Dutch LTA standardization procedure was to

investigate the three most used companies in The Netherlands, who

provide agonists for LTA for which the source and nature is often

unknown to the users of the technique. E.g. different types of collagen

are available of which only the fibrillary type extracted from tendons is

supposed to be functional as platelet activator.

Methods: In this study different brands of collagen (Biodata, Chrono-

log, Horm: 2 and 5 lg/mL), ADP (Biodata, Chronolog, Sigma: 2 and

5 uM), arachidonic acid (Biodata, Hart, Sigma: 1 mM) epinephrin

(Biodata, ABP, Chronolog: 5 uM) and ristocetin (Biodata, ABP,

Chronolog: 0.6 and 1.2 mg/mL) were compared as agonists for LTA

in healthy volunteers. All tests were performed on a PAP8e (Biodata)

multichannel LTA analyzer. Six healthy volunteers refrained from

smoking, eating and drinking coffee or tea for 2 h. Blood was drawn

into 105 mM citrated and buffered saline using a needle of 21 gauge.

Each agonist was used in relevant concentrations, conform the draft

SSC guideline (Cairo, 2010) and used for analysis of thrombocyte

function in platelet rich plasma (PRP) of six healthy volunteers. Plate-

let count of PRP was standardized to 200/nL and PRP was prepared

by centrifuging blood samples at 200 g for 10 min at ambient tempera-

ture without using a brake. ANOVA with Bonferroni correction was

used for statistical evaluation.

Results: The variation over the eight channels of the PAP8e was 9%

for arachidonic acid (0.5 mM), 6% for collagen (5 mg/L) and 5% for

ADP (1.5 lM).

The maximum amplitude of the aggregation response after agonist

activation was comparable between the studied brands in case of epi-

nephrine, arachidonic acid and ristocetin. ADP showed a non-signifi-

cantly lower response for Chronolog as compared to BioData and

Sigma at a concentration of 2 lM. At a concentration of 5 lM no dif-

ference was observed. In case of collagen, BioData showed a signifi-

cantly (P < 0.05) lower response as compared to Chronolog and

Horm at concentration levels of 2 as well as 5 mg/L.

Conclusions: The used formulation of collagen and ADP (only low

concentration) should be considered when implementing LTA proce-

dures and comparing LTA-results between laboratories.

PO 322
Technical validation of light transmission
aggregometry using Chrono-Log, PAR8 and PAP8e
Körver-Keularts IMLW1, Van Oerle R2, Van Thoor L1,

Verhezen WM1 and Henskens YMC1

1Maastricht University Medical Center, Maastricht; 2Maastricht

University, Masstricht, The Netherlands

Background: Light transmission aggregometry (LTA) is a common

method used to assess platelet function. The method has never been

standardized and a report (Cattaneo et al., 2009) from the platelet

physiology subcommittee of the SSC of the ISTH showed a large

diversity in LTA practices and advised a worldwide standardisation

programme.

Aims: We compared three devices for light transmission aggregometry

using fixed agonist concentrations recommended by the SSC-ISTH

(Cairo, 2010). Several variables and parameters were studied: reagents

from different providers, reproducibility (channels), reference values,

difference between adjusted and non-adjusted platelet rich plasma

(PRP), amount of patient plasma needed for testing as well as agonist

volume, user-friendliness, software possibilities and financial aspects

(costs of exploitation and device).

Material and Methods: We tested three LTA devices Chrono-Log 490-

4D, PAR8 (Hart Biological) and PAP8e (Biodata) using 4 device-spe-

cific agonists (except for TRAP14): ADP (5 lM) (Chrono-Log,
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HART, Biodata), ristocetin (1.2 lg/ml) (Chrono-Log, ABP, Biodata),

collagen (2 lg/ml) (Chrono-Log for all) and TRAP 14 (10 lM) (Ba-

chem for all three devices). Citrated blood (3.2%) was collected from

30 healthy donors not taking any medication that affects platelet func-

tion, 18 females (21–58 years) and 12 males (20–54 years) with compa-

rable mean platelet counts 263 � 59 9 109/L and 250 � 40 9 109/L.

LTA was tested in adjusted (250 9 109/L) and non-adjusted PRP

(recommendations ISTH-SSC 2010). Since the majority of maximal

aggregations of the agonists was not normally distributed, results were

expressed as medians and 25% and 75% quartiles (inter-quartile

range. IQR).

Results: Chrono-Log needed 400 lL PRP whereas PAR8 and PAP8e

used only 200 and 225 lL PRP. The differences between the channels

on each device is < 3.3%. Reference values for maximal aggregation

with four agonists were comparable for Chrono-Log and PAR8.

PAR8 reference values of non adjusted PRP were (expressed as med-

ian [25–75% IQC]): 78 (75–86) for 5 lM ADP, 88 (86–90) for 2 lg/ml

collagen, 92 (90–94) for 1.2 mg/ml ristocetin and 87 (87–89) for 10 lM
TRAP 14. PAP8e results were significantly lower (e.g. 20% lower for

2 lg/ml collagen). Adjustment of PRP had no significant effect on

results of healthy volunteers except for TRAP. PAR8 software was less

user-friendly than the PAP8e software. PAP8e was slightly less expen-

sive (both device and exploitation costs) than PAR8. Chronolog is the

most expensive.

Summary and Conclusions: Reference values for 30 healthy volunteers

are very comparable for Chrono-Log and PAR8 and IQR intervals

appear to be very narrow. PAP8e showed significantly lower maximal

aggregation levels. For all three devices adjusted PRP was comparable

to non-adjusted PRP. Variation between channels was low. Modern

LTA devices used less patient sample and were cheaper in hardware

and reagents.

References: Cattaneo M, HaywardCPM, Moffat KA, Pugliano, MT,

Liu Y, Michelson AD. Results of a worldwide survey on the assess-

ment of platelet function by light transmission aggregometry: a report

from the platelet physiology subcommittee of the SSC of the ISTH.

Journal of Thrombosis and Haemostasis, 7: 1029 (2009).

ISTH-SSC Scientific Subcommitte Reports ‘Platelet Physiology’ 67–71
CaisoEgypt, 2010 (draft).

PO 323
Fractal and euclidian geometrical descriptors of
platelet shape
Kraus MJ1, Neeb H2 and Strasser F3

1Praxis Geiselgasteig, Gruenwald; 2University of Koblenz,

Koblenz; 3University Hospital of Erlangen, Erlangen, Germany

Background: Platelet shape is traditionally classified into morphologi-

cal categories (e.g. discoid, round, dendritic). Fractal Hausdorff-Besi-

covitch dimension (FD) and circularity (C) are mathematical

descriptors for the surface roughness and roundness of irregular

shapes. They can be applied to the outlines of platelets automatically

detected on microscopic images.

Aims: In order to describe platelet outline structure in a mathematical

accurate way suitable for statistical analysis a pilot study was per-

formed to analyze roughness, roundness, area, peri- and diameter of

platelet outlines as well as number, length and width of filopodia per

platelet.

Methods: Nine hundred and twenty-eight microscopic images from six

PRP-samples were acquired right after preparation. Fractal dimension

(FD), circularity (C), area (A) and perimeter (P) were determined for

each of the 6629 platelet-outlines (PLO). Corresponding original

images of every fifteenth PLO were randomly assigned for computer

assisted manual measurement of platelet-diameter and number, length

and basal and apical width of filopodia (1). Automated outline detec-

tion and statistical analysis was performed using Matlab R2012b

(MathWorks Inc., Natwick, USA).

Results: Mean FD of all PLO was 1.305 � 0.078 and mean C was

0.741 � 0.025. Only scatterplot of fractal dimension (FD) vs. perime-

ter (P) revealed the existence of three clearly disjoint groups of PLO

(G1, G2, G3). G1-PLO had a significantly higher FD (1.337 � 0.0075,

P < 0.001) than G2- (1.265 � 0.061) and G3-PLO (1.248 � 0.056).

As well the roundness of G1-PLO was higher than for G2- and

G3-PLO (CG1 = 0.819 � 0.188, CG2 = 0.665 � 0.224, CG3 = 0.459 �
0.186, P < 0.001). G1-PLO had lower diameter, area and perimeter

and they showed less, shorter and smaller filopodia than G2-

(P < 0.001) and G3-PLO (P < 0.001). Hence, PLO were automatically

categorized into morphological characteristic groups with significant

structural differences of platelet shape. According to our observations

the smaller and rounder G1-PLO with less, shorter and smaller filopo-

dia were mostly associated with floating, not yet adherent platelets,

while the larger G2-PLO with more, longer and wider filopodia mostly

represented adherent platelets. G3-PLO mainly consisted of aggregates

of several platelets with large area, dia- and perimeter and numerous

long and wide filopodia.

While FD values were not significantly correlated with number, length

or width of filopodia, there was a significant correlation between circu-

larity and cumulated length of filopodia (r² = -0.571, P < 0.001). Cir-

cularity clearly distinguished platelets with no (C = 0.918 � 0.009,

P < 0.001), few (< 3, C = 0.714 � 0.008, P < 0.001) or many (> 3,

C = 0.484 � 0.019, P < 0.001) filopodia.

Summary/Conclusion: Fractal dimension and perimeter of platelet out-

line define three clearly disjoint groups that exhibit significant differ-

ences in platelets roundness and size as well as number, length and

width of filopodia. The group of presumably floating platelets (G1)

has significantly higher FD values than adherent (G2) and aggregated

platelets (G3). Circularity is significantly different for platelets with

different number and length of filopodia.

Our method can be applied to any sufficiently contrast rich image of

platelets and allows the fully automated continuous numerical assess-

ment and statistical analysis of platelet shape and its change. This will

be of particular interest with regard to conditions accompanied by an

increased activity of platelets (e.g. inflammatory diseases, contact acti-

vation, drug-testing).

References:

(1) Kraus, Strasser, Eckstein. Transfus Med Hemother 2010;37:306–
310.

PO 324
Absence of clinically relevant interaction between
sugammadex and aspirin on platelet aggregation and
coagulation
Kruithof A1, De Kam PJ2, El Galta R3, Burggraaf J1, Kluft C4,

Fennema H3, Van Lierop MJ3, Mihara K3, Jagt-Smook M3

and Moerland M1

1Centre for Human Drug Research, Leiden, The Netherlands;
2Merck, Whitehouse Station, USA; 3MSD, Oss; 4Good Biomarker

Sciences, Leiden, The Netherlands

Background: The selective muscle relaxant binding agent sugammadex

(Bridion�) is associated with a limited and transient prolongation of

activated partial thromboplastin time (APTT) and prothrombin time

(PT) in healthy male volunteers. Although in vitro spiking experiments

showed no effect of sugammadex on platelet aggregation, it was con-

sidered necessary to assess in a clinical study the potential interaction

between sugammadex and aspirin because of the widespread prophy-

lactic use of aspirin.

Methods: A randomized, double-blind, placebo-controlled, 4-period

cross-over design was performed in 26 healthy male volunteers (aged

25.7 � 7.4 years, BMI of 22.8 � 2.9 kg/m2, normal coagulation).

Each subject was assigned to receive a single intravenous dose of

4 mg/kg sugammadex or placebo at t = 0 in the absence (period 1 and

2) or presence of aspirin (period 3 and 4). Aspirin (75 mg, oral) was
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administered daily for at least 7 days prior to period 3, until and

including sugammadex or placebo administration in period 4. Colla-

gen-induced whole blood aggregation, APTT, bleeding time, sug-

ammadex plasma concentrations, tolerability and safety were assessed.

Evaluation of clinically meaningful interaction was based on true geo-

metric mean ratios (GMRs) and corresponding 2-sided 90% confi-

dence intervals (CI) for the different AUEC3–30 min treatment

comparisons (APTT and platelet aggregation) or treatment compari-

sons at 5 min (bleeding time). The pre-defined clinically meaningful

margin was 0.75 for platelet aggregation and 1.50 for APTT and bleed-

ing time.

Results: Aspirin treatment inhibited baseline platelet aggregation

before sugammadex/placebo administration by approximately 25%

(from approximately 17 Ohm to 13 Ohm in both treatment groups).

Platelet aggregation did not differ between sugammadex and placebo,

neither in the treatment arm with nor in the treatment arm without

aspirin. The GMR for sugammadex co-administered with aspirin vs.

aspirin alone was 1.01 and corresponding lower limit of CI was 0.91,

which excluded the pre-defined clinically meaningful effect margin of

0.75. APTT was on average 32–33 s in the placebo treatment arm for

all time points and was not affected by aspirin therapy. Sugammadex

dosing induced an immediate prolongation of approximately 3.5–4 s,

which disappeared within 1 h post-dose. The GMR of statistical inter-

action between sugammadex and aspirin on APTT was 1.01 and corre-

sponding 90% CI upper limit was 1.04, which was below the pre-

defined non-inferiority margin 1.50. In addition, the GMR for sug-

ammadex alone vs. placebo alone was 1.06 and corresponding 90% CI

upper limit was 1.07, which did not exceed the pre-specified non-inferi-

ority margin of 1.50. Bleeding time was variable and prolonged by

aspirin treatment and no additional effect of sugammadex was

observed. The GMR of bleeding time for sugammadex with aspirin vs.

aspirin alone at 5 min was 1.20 and corresponding 90% CI upper limit

was 1.45, which was below the pre-defined non-inferiority margin 1.50.

The plasma concentration profiles of sugammadex were comparable

for sugammadex alone and sugammadex plus aspirin. Sugammadex,

either alone or in combination with aspirin, was generally well toler-

ated by all treated subjects.

Conclusion: This study showed no clinically relevant interaction

between sugammadex and aspirin on platelet aggregation, APTT and

bleeding time.

PO 325
A standardized flow chamber model for real-time
visualization of whole blood platelet aggregation
Laursen PN1, Rea C2 and Sorensen B2

1University of Aarhus, Aarhus C, Denmark; 2St. Thomas′Hospital,
London, UK

Background: Currently available standard laboratory models for the

assessment of the platelet function are all performed in static condi-

tions and may overlook important mechanisms of platelet function in

the flowing blood. Standardized flow chamber models are needed for

flow based platelet assessment.

Methods: This study aimed to develop a standardized flow chamber

model for assessment of platelet adhesion and aggregation using com-

mercially available hardware and disposable assay biochips. The mod-

els sensitivity towards shear forces, platelet receptor defects, platelet

inhibitors and coating reagent was assessed and the reproducibility of

the model was validated.

Results: The model is sensitive to: (i) high vs. low shear stress depen-

dent platelet adhesion and aggregation (P < 0.0001), (ii) coating

reagent as well as (iii) blockage of platelet receptors GP-IIb/IIIa, GP-

Ib-a, GP-VI and inhibition induced by aspirin. Reproducibility: The

average%CV declined over time from a mean of 28.7% at 0.5 min to a

mean of 12.9% at 7 min.

Conclusion: This flow chamber model produces reproducible, physio-

logically and pathologically relevant findings, assessing whole blood

platelet adhesion and aggregation. It fulfils all recent recommenda-

tions of flow chamber development and standardization from the

ISTH scientific subcommittee on biorheology.

PO 326
Automation of light transmission platelet aggregation
Lawrie AS1, Kobayashi K2, Lane P1, Mackie IJ1 and Machin SJ1

1University College London, London, UK; 2Sysmex Corporation,

Kobe, Japan

Background: The investigation of platelet function disorders by light

transmission aggregometry has changed little over the last 50 years,

with the use of manually operated instrumentation making the process

time consuming and labour intensive. In the current study we have

used samples from normal healthy donors to develop the potential of

using a high throughput coagulation analyser (CS-2000i. Sysmex Cor-

poration, Kobe, Japan) to automate platelet aggregation.

Methods: We assessed the ability of a CS-2000i with prototype soft-

ware to perform platelet aggregation, examining the effect of varying

reaction cuvette stirrer speed and the platelet count in platelet rich

plasma (PRP) using: ADP (0.5–10 lM) and collagen (0.5–10 lg/mL);

dose response with ADP (0.5–10 lM), Epinephrine (0.5–10 lM), Col-

lagen (0.5–10 mg/lL), Ristocetin (0.75–1.25 mg/mL), Arachidonic

Acid (0.12–1.0 mM); imprecision of response to ADP (2 lM and

5 lM). All platelet agonists were from Hyphen Biomed (Neuville sur

Oise, France), and an AggRAM (Helena Biosciences Europe, Tyne

and Wear, UK) aggregometer was used as the reference instrument.

Results: CS-2000i reaction cuvette stirrer speed was found to influence

reaction sensitivity and was optimised to 800 rpm. There were no clini-

cally significant changes in aggregation response when the PRP plate-

let count was 150–480 9 109/L, but below this there were changes in

the maximum amplitude (MA) and slope (rate). For further experi-

ments a standardised PRP count of approximately 250 9 109/L was

then used. Dose response with ADP, Epinephrine, Collagen, Ristoce-

tin and Arachidonic Acid were comparable between CS-2000i and Ag-

gRAM. Aggregation imprecision was similar on both systems (CS-

2000i: MA for ADP 2 lM cv 5%, 5 lM, cv 12% slope 2 lM cv 6%,

lM cv 10%. AggRAM: MA for 2 lM cv 9%, ADP 5 lM cv 6%,

slope 2 lM cv 7%, 5 lM cv 3%).

Conclusions: Our preliminary studies with platelets from normal

healthy donors indicated that optimal sensitivity using the CS-2000i

was obtained with a reaction cuvette stirrer speed of 800 rpm, and that

the PRP should be adjusted with autologous PPP to a count of 200–
300 9 109/L. Aggregation with a PRP platelet count of less than

150 9 109/L showed poor sensitivity. Aggregation imprecision was

comparable between the CS-2000i and AggRAM, with similar aggre-

gation dose response profile from the commonly used platelet agonists.

In addition to the advantage of its walk-away technology the CS-2000i

also required a smaller PRP sample volume than the AggRAM

(140 lL vs. 250 lL respectively). These data are encouraging but fur-

ther studies are underway using clinical samples from patients with

platelet disorders and subjects receiving various anti-platelet drugs.

PO 327
Measuring platelet aggregation integrals to predict
thromboembolic complications in patients undergoing
pipeline embolization for treatment of cerebral
aneurysms
Maier CL, Schneider T, Smith G, Rutledge WC, Guarner J,

Duncan AS and Winkler AM

Emory University School of Medicine, Atlanta, USA

Background: Thromboembolic complications remain a significant

cause of morbidity and mortality in patients undergoing treatment for
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cerebral aneurysms with flow diverting stents such as the pipeline

embolization device (PED). While the prevalence of antiplatelet ther-

apy non-responsiveness has been associated with adverse cardiac

events in patients with acute coronary syndrome, the role of platelet

non-responsiveness in thromboembolic complications after PED has

not been fully examined. We recently found that the prevalence of

clopidogrel and aspirin resistance in patients treated with PED was

27.6% and 30.3%, respectively, which was similar to that reported in

ACS patients, but did not reduce the likelihood of aneurysm occlusion

at 6 months. The maximum amplitude of platelet aggregation by light

transmittance platelet aggregometry (LTA) has been the gold standard

identifier to characterize antiplatelet therapy (clopidogrel and aspirin)

non-responsiveness; however, in our experience, discrepancies exist

between the maximum amplitude and degree of platelet disaggrega-

tion, which also reflects platelet responsiveness.

Aims: Here we sought to examine a role for LTA integrals (area under

the curve, AUC) in predicting acute thromboembolic complications in

patients receiving antiplatelet therapy prior to PED intervention.

Methods: All patients received clopidogrel and aspirin prior to LTA

using 4 agonists (ADP 20 and 5 uM, arachidonic acid (ACA), and

U46619). Calculation of the integral of each aggregometric reading

was used to determine the AUC, which is a function of both the maxi-

mum amplitude and the degree of platelet disaggregation. One-way

ANOVA was used to assess statistical significance for any association

between AUC and thromboembolic complications. Complications

were defined clinically by interventional neuroradiology after the pro-

cedure.

Results: Of the 79 patients treated with PED for cerebral aneurysms 15

experienced a major or minor complication. Of those 15 complications

5 were classified as thromboembolic and 10 were classified as non-

thromboembolic (3 were hemorrhagic, the remaining were due to other

etiologies including device malfunction and vascular stenosis).

Although the average AUC generated from ADP 20 lM response

curves was increased in patients with thromboembolic complications

(17,978AUC � 8545), as compared to the average AUC generated

from the response curves of the patients with non-thromboembolic

complications (11,641AUC � 6567) or those without complications

(11,833 � 7876), the data did not achieve statistical significance

(P > 0.05). There was no significant difference in the average AUC

between any of the groups to the remaining three agonists (ADP

5 uM, ACA, and U46619).

Summary/Conclusion: Developing parameters that more completely

assess platelet responsiveness is important for determining the opti-

mal antiplatelet therapy prior to cerebral aneurysm treatment with

flow diversion devices. While our study failed to reach statistical sig-

nificance, we did see a trend showing increased ADP 20 uM aggrega-

tion response integrals in patients that went on to have

thromboembolic complications, as compared to those patients with-

out complications. We conclude that further investigation with

increased sample size is needed to determine whether the AUC from

aggregometric readings might be a helpful indicator of thromboem-

bolic complication risk in the setting of flow-diverting stent interven-

tion for cerebral aneurysms.

PO 328
Platelet activation might facilitate the immunogenicity
of stressed biotherapeutics
Malisauskas M, Lenk C, Wurz T, Lubich C, Scheiflinger F

and Reipert BM

Baxter BioScience, Vienna, Austria

Background: The primary role attributed to platelets has been the sup-

port of hemostasis and the initiation of wound healing. Recently, it

has become increasingly clear that platelets play an important role in

the regulation of the intravascular immune system. Platelets express

the IgG receptor FcgammaRIIa, MHC class I molecules, the immune

costimulatory proteins CD40 and CD40 ligand as well as a variety of

toll-like receptors. Furthermore, platelets can produce important

immune modulators such as IL-1 beta, soluble CD40 ligand, serotonin

and histamine. Although platelets are unable to transcribe new RNA,

they contain a wide range of precursor mRNAs which they can use as

templates to synthesize proteins de novo. Activated platelets can also

bind to neutrophils and monocytes in circulation and modulate their

functional activity.

Aim: We asked if protein aggregates as contained in stressed biothera-

peutics might influence the activation status of platelets.

Methods: Flow-cytometric assays were established to analyze platelet

activation and the formation of leukocyte-platelet aggregates (LPA) in

citrated human whole blood obtained from healthy blood donors.

Human monoclonal IgG1 and human polyclonal IgG were either used

untreated or subjected to temperature or mechanical stress. Upregula-

tion of CD62P, PAC-1, CD63 and CD154 on platelets and formation

of LPAs were analyzed after 15 min incubation of human whole blood

at 37 °C with the stressed and unstressed IgG preparations, respec-

tively.

Results: Incubation of human whole blood with human IgG prepara-

tions subjected to either mechanical stress or temperature stress

induced a marked increase in platelet activation associated with an

upregulation of platelet activation markers when compared to the

unstressed human IgG controls. Furthermore, stressed human IgG

induced a significant increase in leukocyte-platelet aggregates when

compared to unstressed preparations.

Conclusion: Based on our results, we believe that the potential role of

platelet activation in the induction of unwanted immune responses

against biotherapeutics that are given intravenously deserves further

attention. Currently, we investigate if the activation of platelets by

protein aggregates is restricted to IgG preparations or is a more gen-

eral phenomenon that is also seen with non-IgG therapeutics.

PO 329
A novel flow cytometry-based platelet aggregation
assay
Meinders M1, De Cuyper IM1, De Haas M1, Seeger K2, Rutell S3,

Kuijpers TW1, Verhoeven AJ4, Van Den Berg TKT1, Gutierrez L1,

Van De Vijver E5, De Korte D5, Porcelijn L5, Eble JA6

and Pagliara D3

1Sanquin, Amsterdam, The Netherlands; 2Otto-Heubner-Center

for Pediatric and Adolescent Medicine, Berlin, Germany; 3IRCCS

Bambino Gesu Children’s Hospital, Rome, Italy; 4Academic

Medical Center; 5Sanquin Research and Landsteiner Laboratory,

Amsterdam, The Netherlands; 6Center for Molecular Medicine,

Frankfurt, Germany

Background: The main function of platelets is to maintain normal

homeostasis. Inefficient platelet production and/or defective platelet

function results in bleeding disorders which summon a wide range of

genetic traits and acquired pathologies. Several platelet function tests

have been developed to date to be used in the clinic and in experi-

mental animal models. In particular, platelet aggregation is routinely

measured in an aggregometer, which requires normal platelet counts

and significant blood sample volumes, making it difficult to analyze

platelet function in thrombocytopenic patients, infants or small

rodents.

Aim: To develop a novel flow cytometry-based platelet aggregation

assay, in which 10–25-fold lower platelet counts can be used. To opti-

mize the test to be used on either platelet-rich plasma (PRP) or whole

blood from human subjects or mice.

Methods: Fluorescent labeling of platelets with 2 different dyes or fluo-

rochrome-conjugated antibodies, and subsequent measurement of

double-colored events on a flow cytometer.

Results: With this novel aggregation assay we are able to measure the

early onset of aggregate formation which allows us to distinguish

between aggregation mediated by aIIbß3 and a2ß1 integrins. This fea-
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ture allows us to discriminate between aggregopathy accompanying

Glanzmann thrombasthenia andLAD-III.

Further, this assay can be used for mouse platelets, both whole

blood, prp and fetal platelets. A great advantage is the small volume

which is necessary to perform an assay. This gives us the opportunity

to follow platelet function in time in one mouse and embryonic

mouse blood can be measured. In a Bernard-Soulier-phenocopying

mouse model, we were able to distinguish the specific failure of vWF

andCLEC-2 receptor mediated signaling required for proper platelet

aggregation.

Summary/Conclusions: The presented principle stands as a promising

user-friendly tool, which allows analysis of platelet aggregation in

thrombocytopenic patients or infants, and facilitates studies in plate-

lets obtained from experimental animal models without the need of

special devises but a flow cytometer.

PO 330
Ex vivo and in vivo effect of aspirin on different
platelet activity pathways
Montenont E, Michael NA and Berger JS

NYU School of Medicine, New York, USA

Background: While aspirin inactivates the cyclooxygenase-1 (COX-1)

enzyme responsible for the conversion of arachidonic acid (AA) in

prostaglandin H2, the in vivo and ex vivo antiplatelet effects of aspirin

in different pathways may not be equal in all subjects.

Aims: We sought to investigate platelet aggregation in response to AA,

epinephrine, collage and ADP at different concentrations in healthy

controls before and after aspirin, and in subjects with stable coronary

artery disease (CAD) on aspirin.

Methods: Fourteen healthy controls had blood collected during 3 con-

secutive weeks (visits 1, 2 and 3) and after a week of treatment with

aspirin 81 mg daily (visit 4), and from 26 CAD patients taking aspirin

81 mg/day. Platelet aggregation from light transmission aggregometry

(LTA) was measured in response to arachidonic acid (150 and

1500 lM), adenosine diphosphate (ADP; 1 and 2 lM), and epineph-

rine (0.4 and 2 lM). LTA was performed with and without ex vivo

addition of aspirin (final concentration 30 lM) to platelet rich plasma

(PRP). Paired samples were compared using paired t-test and unpaired

samples were compared using standard t-test.

Results: Prior to aspirin ingestion in visits 1–3, addition of aspirin ex

vivo to PRP decreased platelet aggregation in response to AA, ADP,

collagen and epinephrine. Following aspirin use for 1-week, a signifi-

cant decrease in platelet aggregation was observed for each agonist.

The response to aspirin in vivo vs. aspirin ex vivo was similar for plate-

let aggregation in response to AA (150 lM: 2.5 � 2.1 vs. 2.8 � 1.8,

P = 0.8515; 1500 lM: 7.0 � 4.8 vs. 4.1 � 2.4, P = 0.949) and ADP

(1 lM: 10.2 � 6.3 vs. 9.2 � 5.5, P = 0.243; 2 lM: 33.7 � 12.7 vs.

27.1 � 13.6, P = 0.065). However, epinephrine induced platelet

aggregation in response to aspirin in vivo was higher than aspirin ex

vivo (0.4 lM: 22.6 � 9.8 vs. 15.2 � 6.5, P = 0.0018; 2 lM:

41.2 � 20.1 vs. 25.9 � 11.4, P = 0.0019) suggesting that responsive-

ness to epinephrine may be dose dependent. A similar pattern was

observed in patients with CAD. There was no significant difference

between AA- (150 lM: 4.7 � 3.8 vs. 4.4 � 4.5, P = 0.659; 1500 lM:

19.4 � 18.6 vs. 15.5 � 10.7, P = 0.306) and ADP- (1 lM:

27.2 � 21.4 vs. 29.5 � 20.7, P = 0.141; 2 lM: 50.0 � 25.2 vs.

52.3 � 21.8, P = 0.334) induced platelet aggregation in response to

aspirin in vivo and ex vivo, while epinephrine induced platelet aggrega-

tion in response to aspirin in vivo was higher than aspirin ex vivo

(0.4 lM: 26.1 � 12.2 vs. 20.5 � 12.4, P = 0.001; 2 lM: 41.9 � 16.1

vs. 34.6 � 16.6, P = 0.005). Not surprisingly, CAD patients had

increased platelet aggregation in response to in vivo and ex vivo aspirin

for each agonist compared with healthy controls.

Conclusions: In vivo and ex vivo aspirin decreases platelet aggregation

in response to ADP, epinephrine, and AA. While the response to

ADP and AA activation pathways is inhibited to a similar degree with

in vivo and ex vivo aspirin, epinephrine induced platelet aggregation is

higher following in vivo (approximately 5 lM) than ex vivo (30 lM)

aspirin. These data suggest that aspirin affects multiple activation

pathways and may affect different pathways in a dose dependent

manner.

PO 331
Clinical features and bleeding patterns in children with
Glanzmann thrombasthenia: single center experience
Ozdemir N, Kutlubay B, Tuysuz G, Apak H and Celkan T

Pediatric Hematology Department, Istanbul University,

Cerrahpasa Medical Faculty, Istanbul, Turkey

Background: Glanzmann thrombasthenia is a rare autosomal recessive

bleeding disorder characterized by a defect in platelet aggregation. The

incidence is high in communities where consanguinity is prevalent.

Aim: To report the clinical features and bleeding patterns of children

with Glazmann thrombasthenia at our center.

Material and Method: Patient files were retrospectively reviewed for

demographic and clinical data.

Results: Twenty-four patients (12 girls and 12 boys) were diagnosed as

Glazmann thrombasthenia at our center. Two patients were excluded

because of insufficient clinical data in patient files. Positive family his-

tory of bleeding was noted in 8 (36%) patients, no history of bleeding

in 4 (18%) and unknown in 10 (45%). Sixteen patients’ parents were

consanguineous. The median age of onset of bleeding symptoms was

2 months (1 week–7 years). All patients presented with easy bruising,

4 presented with hematoma after vaccination, 2 with gastrointestinal

bleeding and 1 with bleeding after circumcision. On follow-up, the

most common type of bleedings were; easy bruising (100%), epistaxis

(54%), gum bleeding (42%), gastrointestinal bleeding (25%), oral

mucosa bleeding (21%), bleeding from tongue (21%) and menorrhagia

(4%). The most common indication for hospitalization was epistaxis

(n:5). Fourteen patients were treated with thrombocyte transfusion,

tranexamic acid, recombinant active factor VII and fibrin glue as a sin-

gle or combined therapy; none of them had a major bleeding complica-

tion. Oral contraceptives were used in two patients with menorrhagia.

Four patients had a surgical procedure on follow-up, 3 were circum-

cised and 1 had a dental operation. Circumcisions were performed

with fibrin-glue and transamin, dental extraction was performed with

transamin. No major bleeding or complication was noted after the

procedures. No patient was lost due to bleeding on follow-up.

Conclusion: Glanzmann thrombasthenia is a se�vere hemorrhagic dis-

ease with clinical variability: epistaxis, gum bleeding and easy bruising

are the most frequent bleeding types. Patients usually present early in

life, 73% of our patients were ≤ 1 year when they first had a bleeding

symptom. Although the bleeding problem is lifelong, the disease is

associated with a low morbidity and mortality with good supportive

care.

PO 332
Influence of angiotensin-(1-7) on the expression of
talin 1 induced by angiotensin ?in endothelial cells
Ran W, He X and Wen Z

Central South University, Changsha, China

Background: Renin-angiotensin system (RAS) is one of the most

important regulation systems, which has played an important role on

regulating physiological function, especially at cardiovascular and

cerebrovascular diseases development. Integrin is a major receptor

family present in the cell surface, which can induce the conglutination

between cells and extracellular matrix, activated integrin aIIbb3 is

mainly involved in thrombus formation through inducing platelets

adhesion and aggregation. Talin 1, as the essential factor in the process

of activating aIIbb3, is recently specially concerned. Previous work
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have proved that angiotensin-(1-7) [Ang-(1-7)] could significantly inhi-

bit the experimental thrombosis induced by angiotensin II(AngII).

However, whether Ang-(1-7) and AngII can affect thrombosis forma-

tion by means of regulating talin 1 has not been reported. In this study,

we will observe the influence of Ang -(1-7) on the expression of talin 1

induced by AngII in endothelial cells.

Aims: To study the effects of Ang-(1-7) on the expression of talin 1

induced by AngII in human umbilical vein endothelium derived cell

line (HUVECs).

Methods: HUVECs were cultured in DMEM. Talin 1 antigen was

measured by ELISA Kit.Talin 1 mRNA was examined by semi-quan-

titative reverse transcription polymerase chain reaction (RT-PCR).

Results: (1) Compared with control, a gradual increase in talin 1 anti-

gen (r = 0.965,P < 0.05) and talin 1 mRNA (P < 0.05), were due to

the increasing concentration of AngII(10�10–10�6 M) treated in HU-

VECs, and peak appeared in the 10�7 M. (2) When pretreated with

Ang-(1-7) (10�9–10�6 M), then treated by AngII, it inhibited the

expression of talin 1 at antigen and mRNA level in the dose-dependent

manner (r = �0.987, P < 0.05), and 10�6 M was the strongest concen-

tration.

Conclusion: The present data suggested that AngII could increase the

expression of talin1 in vascular endothelial cells, and Ang-(1-7) could

inhibit this effect at mRNA level.

PO 333
Molecular study on the interactions between
extracellular fragments of platelet thrombin receptor
PAR4 and thrombin exosites and functional effects on
platelet activation
Sanchez Centellas D, Seleg�ard R, Enander K and Lindahl T

Link€oping University, Link€oping, Sweden

Introduction: Thrombin is a potent activator of platelets by the cleav-

age of the N-terminal of its receptors PAR 1 and PAR4 and it is well

established its roll in haemostasis, thrombosis and vascular biology,

but the detailed receptor mechanisms needs to be further elucidated to

improve treatments for cardiovascular diseases. The focus of this pro-

ject is centered in the details of thrombin interactions with its low

affinity receptor PAR4 and how this would affect normal haemostasis

or become the basis for new drug design. In this interaction with the

PAR4 it is not known in detail the contributions of the different extra-

cellular loops (ECL) of PAR4 or the exosites of thrombin: exosite I is

related to PAR1 activation by its hirudin-like binding site, but it has

not been experimentally discarded its contribution to PAR4 binding

(1), on the other hand, exosite II is the natural binding site for heparin,

a highly cationic patch (2) similar to exosite I but in the opposite side

of the protein. Its binding to PAR4 would depend upon its electro-neg-

ativity and hydrophobic interaction with a-helix chains.
Methods: We propose possible ECL and PAR4 N-terminal region as

candidates to interact with thrombin at exosite II. The most plausible

sequence are: N-terminal anionic cluster (A54 to S66), and two amino-

acidic sequence in the ECLII (both from S221 to S240).

Our first approach is performed with peptides that mimic the afore-

mentioned PAR4 fragments in order to detect some binding and/or

effect on thrombin. To test these peptides we use activation of platelets

by thrombin measured, in flow cytometry (P-selectin exposure) and we

evaluate an expected quenching of this activation by the presence of

the peptides, and additional data from the use of exosite I and II

blockers. The hypothetical bindings that result in these mentioned

effects are also investigated by Surface Plasmon Ressonance (SPR).

The next approach is the evaluation of the PAR4 cleavage by throm-

bin using Western Blot with monoclonal antibodies against PAR4,

and again a parallel quenching effect of these peptides.

Results: Our data seems to confirm a hypothesized contribution of

exosites I and II with different strength in the PAR4 activation with

exosite II being the most important; moreover the use of PAR1 inhibi-

tors and blockers of the exosite I and II in combination with the

designed peptides give us differential results indicating contributions

of both thrombin exosites. The results for gamma-thrombin, lacking

exosite I, drive us to the conclusion that there is an interchangeable

interaction with different extracellular parts of PAR4. The experimen-

tal data were confirmed by different methods such as the check of the

PAR4 cleavage by Western Blot. These results give us a starting point

for the development of further assays in living systems to study these

interactions in detail.

(1) Nieman, biochemistry (2008).

(2) Shenan & Salder, PNAS (1994).

PO 334
The influence of neurotropic drugs on platelet
aggregation in vitro
Shamanskaya M1, Pradun S2, Darensky I3 and Shamanskaya N1

1Chita Medical Academy, Chita; 2Cuban Medical University,

Krasnodar; 3Moscow medical university, Moscow, Russia

Background: Neurotropic drugs of different groups are widely used

nowadays. Besides the central action they influence other systems-

immunity and hemostasis. Although there exist some discrepant data

to this.

Aim: the research of influence of some neurothropic drugs on aggrega-

tion ability of trombocytes.

Methods: the aggregation of thrombocytes was examined by analyzer

‘Biola’ (Moscow) with turbidimetric method (Born’s method 1962).

Adrenalin, ADP (10 mcg/mL, collagen was used as inducers.

For influence of neurotropic drugs examination the plasm, rich of

thrombocytes was incubating with diazepam, propranolol, haloperi-

dol, flumazenil, dopamine at a temperature of 37 °C during 2 min.

Measuring of drugs in the process of incubation was- for diazepam -

10 mcg/mL, propranolol- 10 and 15 mcg/mL, haloperidol- 10 mcg/

mL, flumazenil- 10 flumazenil.

Statistical processing of results of research was conducted by using

nonparametric method W-Wilcoxon, Mann Whitney.

Results: It was established that incubation of healthy men’s plasm,

which is rich of platelets with agonist of benzodiazepine receptors

(diazepam 10 mcg/mL) refused the aggregation effect, in spite of add-

ing inducers of aggregation (adrenalin [P < 0.01], collagen [P < 0.01],

ADP [P < 0.01]). Adding flumazenil didn’t influence on ADP, colla-

gen, adrenalin-induced aggregation of blood platelets (P > 0.05) and

didn’t refuse diazepam effect (P < 0.01). Adding to the healthy man’s

plasm, rich of thrombocytes the blocking agent D2- of dopamine

receptors of haloperidol also restrained the aggregation in the setting

of inducers of different nature: adrenalin (P < 0.01), ADP (P < 0.01),

collagen (P < 0.01).

The blocking agent of ß- adrenoreceptors propranolol also reduced

aggregation after incubation with thrombocytes on traditional induc-

ers – adrenalin (P < 0.01), ADP (P < 0.01) and collagen (P < 0.01). It

should be mentioned, that propranolol had a dose-dependent effect:

with increasing drug dose, the amplitude of curve of aggregation was

decreasing.

Conclusion: Inhibiting influence of diazepam is caused by covalent

bonding of drug with glycoprotein receptors GP IIb/IIIa, which have

a common RGD- consequence for bonding with fibrinogen. Another

probable mechanism is connected with metabolism of arachidonic

acid. In this case diazepam changes the conformation of thrombocyte

membrane, which influence the activity of phospholipase C, phosphoi-

nositid’s level, formation of thromboxane A2, brake action of mobili-

zation Ca2+ and phosphorylation of protein P-47. The propranolol’s

effect can be explained only by it’s prevention of dissociation of a to

bg- subunit of G-protein, which leads not only to brakeage of response

of b adrenoreceptors, but also others, including a- adrenoreceptors.

Just only dissociation of subunits of G-protein can be the necessary

condition of receptors’ activation. As approval of this statement can

be the fact of inhibiting of aggregation ability in case of adding not
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only adrenalin, but adding ADP and collagen, biological effects of

which are connected with other receptors and occur in case of dissocia-

tion of a to bg- subunit of G-protein. If this statement is true, we

amplified signalling mechanisms in blood platelet in case of agonists

adrenoreceptors actions. Similar mechanism is probable for blocking

agent D2- of dopamine receptors- haloperidol.

PO 335
Antidepressant suppresses collagen-induced platelet
activation
Sugita N, Hirakata H, Kawamoto S and Murai T

Graduate School of Medicine, Kyoto University, Kyoto, Japan

Background and Aims: Selective serotonin reuptake inhibitors (SSRIs)

are a class of most frequently prescribed antidepressants in the treat-

ment of a variety of neuropsychiatric disorders as well as depression.

Recent epidemiological studies have shown that SSRIs may increase

the risk of abnormal gastrointestinal bleeding and may prevent ische-

mic heart disease events. Additionaly, some ex-vivo studies have shown

that platelet functions of patients medicated with SSRIs may be

impaired. To understanding these findings, it is suggested that SSRIs

inhibit serotonin uptake into platelet, as well as into presynaptic neu-

ron, to reduce platelet serotonin content in patients chronically medi-

cated with SSRI. However, probably it is not the sole mechanism of

platelet dysfunction. The aim of our study is to elucidate the mecha-

nisms of SSRIs’ effects on human platelets.

Materials and Methods: We purchased pharmaceutical ingredients of

S-citalopram, paroxetine, fluvoxamine, sertraline, which are marketed

SSRIs for clinical use, and those of R-citalopram (the optical isomer

of S-citalopram) and metabolites of both citalopram isomers. Each

material was resolved in platelet rich plasma (PRP) taken from healthy

volunteers and incubated for 90 min at 37 degree Celcius.

(1) Platelet aggregation induced by ADP, collagen, arachidonic acid,

epinephrine or STA2, was measured with a light transmission aggre-

gometer.

(2) Collagen-induced cytosolic calcium increase with/without S-cita-

lopram, R-citalopram or the metabolites, was measured with fluores-

cent indicator fura-2 and a cytosolic ion analyzing device.

(3) Expression of CD62Pand phosphorylation of spleen tyrosine

kinase (Syk) induced by collagen with/without S-citalopram were mea-

sured with a flow cytometer.

Results:

(1) All SSRIs and the related materials suppressed platelet aggrega-

tion induced by collagen significantly, but did not suppress plate-

let aggregation by the other agonists.

(2) The both citalopram isomers and the metabolites suppressed col-

lagen-induced cytosolic calcium increase.

(3) S-citalopram suppressed collagen-induced CD62P expression and

Syk phosphorylation.

Summary: Our data show that, after only 90-min incubation, SSRIs

suppress collagen-induced platelet aggregation specifically, and that

the non-SSRI related materials, which do not inhibit serotonin uptake,

also suppress similarly. These facts indicate that there are other mech-

anisms of SSRIs’ impairing effects on platelet functions than decrease

of platelet serotonin content, above mentioned.

Glycoprotein VI (GPVI) is a major collagen receptor on platelet and

forms a complex with an Fc receptor, which has intracellular docking

sites for Syk. Following activation of GPVI and Syk phosphorylation,

calcium is released from dense tubular system. Our data show that S-

citalopram, a typical SSRI, inhibits both of Syk phosphorylation and

cytosolic calcium increase induced by collagen. These facts indicate

that SSRIs may suppress collagen-induced platelet activation by inhib-

iting some steps before Syk activation in GPVI pathway.

Conclusion: SSRIs may affect in early steps of GPVI signaling path-

way.

PO 336
Platelet aggregation pattern amongst multiracial
healthy blood donors performed in National Blood
Centre (NBC), Malaysia
Tohit ER1, Muhsin A1, Noor S1, Hassan R2 and Karim F2

1UPM, Serdang, Selangor; 2National Blood Centre, Kuala

Lumpur, Malaysia

Background: Platelet aggregation test using light transmission aggre-

gometry is considered as gold standard for assessment of platelet func-

tion. Laboratory performing the test is highly encouraged to establish

its own reference range, as different population/ethnic background

may have different aggregation pattern. Malaysia is a multiracial

country comprises of three major ethic groups i.e Malay, Chinese and

Indian. National Blood Centre (NBC) is the referral centre for the

nation to conduct platelet function study using platelet aggregation

test for inherited platelet disorders.

Aims: This study aims to determine the platelet aggregation pattern

and subsequently estimate the reference range for platelet aggregation

test performed in three major ethnic in Malaysia i.e Malays, Chineses

and Indians at Hemostasis Laboratory, National Blood Centre, Kuala

Lumpur.

Methods: This study was conducted from September 2012 to January

2013. There were 60 informed consented healthy blood donors of dif-

ferent ethnic group participated in the study. Blood were drawn into

3.2% sodium citrate tube. Subsequently, platelet rich plasma (PRP)

was obtained and platelet aggregation test were done using PAP-8E,

BioData. Five panel agonists were used i.e. ADP (10 lM), ristocetin

(1.5 mg/ml), arachidonic acid (1.0 mM), epinephrine (10 lM) and col-

lagen (5 lg/ml and 0.19 mg/ml) as per mentioned in the guideline.

Reference ranges were taken as mean � 2SD of final aggregation in

percentage.

Results: Analysis showed that mean � 2SD for ADP (10 lM) is 82–
92%, ristocetin (1.5 mg/ml) is 98–103%, arachidonic acid (1.0 mM) is

90–97% and collagen (0.19 mg/ml) is 88–95%. About 48% of respon-

dent had 0% aggregation in response to collagen (5 lg/ml)

(Median = 3%). We also noticed that 30% of respondent had < 20%

aggregation in response to epinephrine (10 lM) which might due to

variability in the sensitivity of its receptor among normal person

(Median = 86%). Therefore, the reference range for collagen (5 lg/
ml) and epinephrine (10 lM) could not be estimated.

There were no differences observed in pattern/percentages of platelet

aggregation amongst the three major ethnic groups or amongst differ-

ent gender for all agonists. However, the percentages of platelet aggre-

gation to all agonists were significantly higher as compared to

Caucasian population. These findings could indicate variability in

platelet receptors sensitivity amongst different population.

Conclusion: Results obtained from this study could provide an insight

for the dedicated laboratory at National Blood Centre when perform-

ing platelet aggregation test among the three main races. This estimated

reference range can substitute the reference range provided by manu-

facturer which is based on Caucasian population. Future study may

look into variability in sensitivity of receptors seen amongst Malay-

sians population in particular for epinephrine and collagen agonist.

PO 337
Prasugrel shows less intraday variability in its
antiplatelet effect compared to ticagrelor in
cynomolgus monkeys
Tomizawa A1, Ohno K1, Jakubowski JA2, Mizuno M1

and Sugidachi A1

1Daiichi Sankyo, Tokyo, Japan; 2Eli Lilly and Company,

Indianapolis, USA

Background: Prasugrel is the 3rd generation thienopyridine prodrug

while ticagrelor is a direct acting non-competitive P2Y12 antagonist. In
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phase three studies, both agents reduced the ischemic event rates com-

pared to clopidogrel. A new ELISA-based vasodilator-stimulated

phosphoprotein (VASP) phosphorylation assay in whole blood pro-

vides a more specific test of P2Y12 inhibition than other platelet func-

tion tests.

Aims: The objectives of this study included a comparison of the anti-

platelet effects of single and 7-day multiple dosing of prasugrel and ti-

cagrelor in cynomolgus monkeys using the human VASP

phosphorylation assay and light transmittance aggregometry (LTA).

Methods: Platelet VASP phosphorylation was determined in whole

blood by ELISA and expressed as the platelet reactivity index (PRI).

ADP-induced platelet aggregation in platelet-rich plasma was deter-

mined by LTA. The relationship between PRI and platelet aggregation

was evaluated.

Results: Single oral dosing of prasugrel (0.3 and 1 mg/kg, N = 6)

resulted in potent and significant antiplatelet effects, which were sus-

tained up to 24 h. Each mean PRI was 84, 21 and 16% at 0, 4 and

24 h, and each mean platelet aggregation induced by 20 lM ADP was

57, 24 and 27%, respectively, in 0.3 mg/kg prasugrel group. Ticagrelor

(3 and 10 mg/kg, N = 6) also showed significant effects with maximum

decreases similar to prasugrel, but its effects were diminished at 24 h.

Each mean PRI was 82, 13 and 69% at 0, 4 and 24 h, and each mean

platelet aggregation induced by 20 lM ADP was 58, 20 and 54%,

respectively, in 3 mg/kg ticagrelor group. In this single-dose study,

strong correlations between the PRI and platelet aggregation induced

by ADP (5 and 20 lM) were observed (correlation coefficient of 0.93

and 0.96, respectively). Multiple dosing of prasugrel (1.8 mg/kg load-

ing dose, 0.3 mg/kg once daily maintenance dose, N = 10) showed

more rapid antiplatelet effects, that were sustained over 24 h. Each

mean PRI was 93, �2, 0, 1, 1 and 3% at 0, 1, 4, 12, 16 and 24 h on

Day 1, respectively. Similar low PRI values were observed on Day 7

with mean PRI of 7, 1 and 6% at 0, 4 and 12 h, respectively. Twice a

day multiple dosing of ticagrelor (10 mg/kg maintenance dose follow-

ing a single 20 mg/kg loading dose, N = 10) also showed significant

antiplatelet effects during the day, but intraday changes in antiplatelet

effects were observed. Each mean PRI was 93, 29, 4, 22, 9 and 12% at

0, 1, 4, 12 (12 h = predose), 16 and 24 h on Day 1, respectively. Simi-

lar intraday changes in the PRI were observed on Day 7 with mean

PRI of 7, 5 and 24% at 0, 4 and 12 h, respectively. The multiple-dose

study also showed strong correlation between the PRI and platelet

aggregation.

Summary/Conclusion: Prasugrel showed potent antiplatelet effects

with longer duration of action throughout the entire day. Ticagrelor

also showed potent antiplatelet effects but more intraday variability in

platelet inhibition compared to prasugrel was observed. The present

study also showed the human ELISA VASP assay can be utilized for

monkey studies.

PO 338
Methods for detection ASA resistance in vitro
Ulehlova J, Slavik L, Krcova V, Vaclavik J and Kucerova J

University Hospital, Olomouc, Czech Republic

Background and Aim: Acute myocardial infarction (AMI) is frequently

also associated with platelet gene polymorphism as platelet enzyme cy-

clooxygenase 1 (COX-1). Dual antiplatelet therapy is part of the sec-

ondary prophylaxis in the treatment includes regularly acetylsalicylic

acid (ASA). Polymorphism of COX-1 gene is not the only cause of

ASA resistance. By use of the impedance aggregometry after in vitro

administration of ASA i tis possible to distinguish exogenous (non-

compliance or patient problems of absorption of the active substance)

from endogenous causes in failure of antiplatelet therapy.

Material and Methods: We examined a group of 90 patients with AMI

who were receiving antiplatelet therapy such as aspirin by impedance

aggregometry on Multiplate analyzer (MEA). We used as agonist ara-

chidonic acid (1 mM). Patients without adequate response to treat-

ment were subjected to in vitro incubation with ASA. The dose was

equivalent to a daily dose of 100–500 mg/day. Patients who were not

respond on antiplatelet therapy were also selected for in vitro measure-

ments. Samples of blood were incubated with an appropriate amount

of ASA (18.2 mg/ml, diluted 1:2, 1:4, 1:8 and 1:16 NaCl) for 5 min.

Subsequently, the detected change in the aggregation ability after the

addition of arachidonic acid by MEA. The DNA samples were exam-

ined receptor polymorphism COX-1 (position 842 A/G; rs10306114).

Results: Patients, in the effective treatment, are with ASA inhibition of

aggregation under 220 AUC*min. The resulting data demonstrate that

the number of patiens (2/3–66%) in vitro testing is responding to treat-

ment. Absolute data will be presented in this communication.

Conclusion: With this method, we were able to eliminate the deficiency

of platelet receptor, and thereby reveal irregular drug intake or malab-

sorption. The majority of patients were detected insufficient response

to the presence of ASA. We can conclude, that in the above-mentioned

causes of failure of antiplatelet therapy it is necessary to change treat-

ment. An ineffective preventive use of ASA may be also caused by

aspirin resistance. On the other hand, the cause of aspirin resistance

may be due to a number of factors such as low absorption, inadequate

dosage of ASA, genetic factors or interactions with other medications

in the given cases.

Supported by the Grant LF-2013-004.

PO 339
The influence of different types of TRAP peptides on
platelet aggregation, using different light transmission
aggregometry devices
Verhezen P, K€orver-Keularts IMLW, Van Oerle R, Van Thoor L

and Henskens Y

Maastricht University Medical Center, Maastricht, The

Netherlands

Background: Light transmission aggregometry (LTA) is the recom-

mended method to assess platelet function. Recommendations for

standardizing LTA are advised by the platelet physiology subcommit-

tee of the SSC of the ISTH. One of the recommendations is the use of

Thrombin Receptor Activation Peptide (TRAP) as an agonist.

Although the concentration (10 lM) is standardized, there is no rec-

ommendation for the type of TRAP to use.

Aims: Comparison of platelet aggregation in healthy volunteers with

two types of TRAP agonist on three different LTA devices. TRAP

aggregations were measured both in adjusted (A) and non adjusted

(NA) platelet rich plasma (PRP).

Material and Methods: Citrated blood (3.2%) was collected from 30

healthy volunteers, 18 females (21–58 years) and 12 males (20–
54 years) with comparable mean platelet counts 263 � 59 9 109/L

and 250 � 40 9 109/L. In part one of this study, 13 healthy donors (7

females and 6 males) were tested using the inhouse method with

TRAP14 (10 lM) (Bachem) and the CH490-D (Chronolog). Also

tested was TRAP6 (10 lM) (Hart Biologicals) using PAR8 (Hart Bio-

logical) and PAP8e (Biodata).

In the second part, 17 healthy donors (11 females and 6 males) were

analysed with only one TRAP reagent (TRAP14, 10 lM, Bachem) on

all three LTA devices. TRAP aggregation was tested in both adjusted

(250 9 109/L) and non-adjusted PRP. The healthy donors didn’t use

any medication that is known to inhibit platelet function for at least

10 days before blood collection. A normal response is defined as a sin-

gle monophasic wave with a minimal maximal aggregation of 70%.

Results- The first study (n = 13) showed a normal response to

TRAP14 in NA and A PRP with the CH490-D in all subjects. In NA

PRP, 85% (11) showed a normal response to TRAP6 with the PAR8

and only 60% (7) with the PAP8e. In A PRP, only 55% (7) showed a

normal response to TRAP6 with the PAR8 and only 30% (4) with the

PAP8E.

In the second study (n = 17) TRAP14 was compared on all three

devices. In NA PRP, 100% (17) showed a normal response to
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TRAP14 using CH490-D and PAR8. Only 65% (11) showed a normal

response to TRAP14 using the PAP8e (NA PRP). In A PRP, 94% (16)

showed a normal response to TRAP14 on the CH490-D, 70% (11)

with the PAR8 and only 40% (7) with the PAP8e.

Conclusions: Although the recommended concentration of 10 lM was

used for both types of TRAP, TRAP6 shows more abnormal

responses in healthy volunteers as compared with TRAP14 on the

PAR8 and PAP8e device. Therefore recommendations should be made

on the type of TRAP that is used for platelet function testing.

Although there are more healthy volunteers with a normal response

on TRAP14 compared to TRAP6 with the PAP8E, there is still a

markedly abnormal response when compared with CH490-D and

PAR8. Laboratories should therefore standardize and validate there

method for TRAP aggregation. Because of the high number of abnor-

mal responses found when using A PRP, it is recommended to perform

TRAP aggregation in NA PRP.

PO 340
Platelet aggregation in patients with chronic cerebral
ischemia, carried the AGT-174T/M, AGT-235M/T,
AGTR1-1166F/C, ACEI/D polymorphisms
Vitkovsky Y, Strambovskaya N and Knyazeva A

Chita State Medical Academy, Chita, Russia

Background: Cognitive dysfunction syndrome is a companion set of

brain disorders. The major share of cognitive deficits based on

the neurodegeneration of Alzheimer’s type, and cerebrovascular

disorders.

Aim was to study the platelet aggregation and genetic polymorphism

of some proteins of the renin-angiotensin-aldosterone system (AGT-

174T/M, AGT-235M/T, AGTR1-1166A/C, ACEI/D) in patients with

chronic cerebral ischemia, complicated by cognitive dysfunction.

Methods: Clinical group consisted of 207 (135 women and 72 men)

patients aged 66 � 10 years, with cognitive deficits with chronic cere-

bral ischemia without signs of decompensation. The criteria for inclu-

sion, as well as the objective of establishing the degree of cognitive

decline rating scales were used: MMSE, tracking test, clock drawing

test, Khachinsky’s scale, Hamilton’s test. The vascular nature of the

lesion was confirmed by neyrovizulizatsion and scale ischemia

NINDS-AIREN. The PCR method in real time to identify of genetic

polymorphism was applied. ADP-, collagen- and adrenalin-induced

platelet aggregation was measured.

Methods: Among all patients, cognitive deficits bore signs of mild

dementia (MMSE (M � d) – 20.2 � 2.7 points), without of depression

(Hamilton (M � d) – 7.99 � 2.4 points) against chronic cerebral

ischemia (Khachin (M � d) – 6.27 � 0.9 points, neuroimaging data).

The study found all the desired mutations in the homo-or heterozy-

gous. To assess the effect of the mutant allele carriers on platelet

aggregation, all patients were divided into 5 groups: 1) homo-and het-

erozygous (AGT-174M | | AGTR1-1166C | | ACE-Del, n = 12); 2)

homo-and heterozygous (AGT-174M | | ACE-Del, n = 15); 3) homo-

and heterozygous (AGTR1-1166C | | ACE-Del, n = 68); 4) ACE-Del,

n = 68); 5) patients carried of the ‘wild’ alleles studied polymorphisms

in the homozygous state (n = 32). It was established that in all

patients the slight platelets hyperaggregation on low doses of ADP.

Spontaneous platelet aggregation ranged from 1.22 � 0.39 to

1.56 � 0.35 optical units and did not differ between groups of obser-

vation. When comparing the average size of the aggregates formed in

making inductors (ADP, adrenalin), marked the lowest platelet aggre-

gation in patients – carriers of the three ‘unfavorable’ alleles. Severe

induced hyperaggregation observed in patients carriers of wild-type

alleles for all studied polymorphisms (U-test, P < 0.05) with a maxi-

mum radius of aggregates on ADP- induction. When comparing the

average size of the aggregates formed in making inductors marked the

lowest platelet aggregation in patients – carriers of the three ‘unfavor-

able’ alleles.

Summary. In patients with chronic cerebral ischemia, the wild-type

allele carriers studied genetic polymorphisms of angiotensin-aldoste-

rone system registered a high platelet aggregation with the same radius

of aggregates (resistance) with a decrease in the ADP concentration.

The patients – carriers of the mutant allele aggregation properties of

blood platelets relatively pronounced.

PO 341
Reduced platelet reactivity in critical limb ischemia
patients
Wisman PP, Teraa M, De Borst GJ, Moll FL, Verhaar MC

and Roest M

UMC Utrecht, Utrecht, The Netherlands

Objective:Despite aspirin therapy a substantial amount of patients will

experience cardiovascular events (CVE). In the current study, we

tested baseline platelet activation and platelet reactivity in critical limb

ischemia (CLI) patients, a patient population with a particular high

cardiovascular risk, hypothesizing that platelets from CLI patients dis-

play increased baseline activation and are hyperreactive. Furthermore,

we investigated the effect of aspirin therapy and the presence of high-

on-aspirin platelet reactivity (HAPR) in patients with CLI with a novel

platelet reactivity assay.

Methods: Baseline platelet activation and platelet reactivity in response

to five major platelet agonists were determined, in 23 CLI patients (11

on aspirin, 9 on oral anticoagulant and 3 on aspirin + clopidogrel)

included in the Juventas-trial (clinicaltrials.gov: NCT00371371) and in

17 healthy controls. Platelet activation was quantified with flow cyto-

metric measurement of platelet P-selectin expression and fibrinogen

binding. Aspirin effectiveness was measured by the additional stimula-

tory effect of arachidonic acid (AA) stimulation to convulxin (CVX)

stimulation (AA-effect).

Results: CLI patients not on aspirin compared to healthy controls,

showed higher baseline platelet activation: P-selectin expression was

59.4 � 4.8 vs. 40.3 � 8.6 (P < 0.001). Platelet responsiveness to the

tested agonists was not different between cases and controls, except

for responsiveness of fibrinogen binding to CVX with or without AA,

which was lower in cases than in controls (P = 0.009 and P = 0. 037,

respectively). Presence of cardiovascular risk factors was inversely cor-

related with in-vitro reactivity of circulating platelets of CLI patients.

Use of aspirin did not substantially modulate platelet responsiveness

in CLI patients, except from the effect of AA, while a profound effect

of clopidogrel was observed. Furthermore, the AA-effect seemed to

properly identify the effect of aspirin and HAPR in CLI patients.

Conclusions: Baseline platelet activation in CLI patients is increased

compared to healthy controls, while the in-vitro response to stimula-

tory agents was either not different or decreased.. Additionally, several

cardiovascular risk factors were inversely correlated with in-vitro reac-

tivity of circulating platelets. HAPR was observed in a substantial pro-

portion of the CLI patients.

PO 342
The use of a rapid, whole blood platelet factor 4
clotting assay for the early detection of
hypercoagulability and guide to heparin therapy in
equines
Yin ET1, Sousa C2, McCarroll DG3, McCarroll J3, Morgan D4

and Rozin T5

1Heptest Laboratories, St. Louis; 2Equine Medical Associates,

Aubrey; 3Interstate Equine Services, Goldsby; 4Hemaxa, LTD.,

Valley View; 5Heptest, Inc., St. Louis, USA

Background: Hemostasis research using animal models has signifi-

cantly influenced clinical, diagnostic and pharmaceutical advance-
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ments in human coagulation, thrombosis and drug therapy. Platelet

Factor 4 (PF4), a protein primarily secreted from within the platelet, is

a strong contributor to the coagulation status of the patient and is a

specific heparin antagonist. It is released from the alpha granules of

platelets when the latter are activated by trace thrombin insufficient to

clot plasma fibrinogen. As a result, PF4 provides a means for deter-

mining the degree of a hypercoagulable state, defined here as a state in

which activated products and intermediates normally absent from cir-

culating blood are detected intra-vascularly or are released from tis-

sues.

Aims: This study describes the utility of PF4 testing in the treatment of

equine patients admitted to veterinary clinics with clinical diagnosis of

acute laminitis, an equine disease that is caused by inflammation of the

sensitive soft-tissue, or laminae, of the foot, and is a major cause of

lameness and death if not medically treated immediately. Methods.

Patients were diagnosed with acute laminitis as evidenced by abnormal

sensitivity, pain, heat and significantly decreased circulatory status in

the hoof capsule by radiograph and venogram. Subjects were tested

using a rapid PF4 assay using citrated whole blood with a < 3-min

turn-around time to determine hypercoagulability. A 500 lL of blood

was added to the PF4 reagent vial, containing co-lyophilized calcium

chloride and unfractionated heparin, and clotting was measured in a

semi-automatic coagulometer. Based on the results of the PF4 assay,

where it is known the clotting time is inversely related to the PF4 level,

heparin therapy was modified in subjects where a hypercoagulable

state was determined.

Results: Over 30 horses suffering with laminitis secondary to colic, en-

dotoxemia, sepsis, EHV-1 and colitis were successfully treated with

simultaneous conventional therapy and heparin. These animals, des-

tined for euthanasia, were subsequently spared and recovered fully.

Conclusions.

The use of heparin as an adjunct to traditional therapies results in bet-

ter therapeutic outcomes than traditional therapies alone. Heparin

dosing will depend on the PF4 level and clinical condition of the

patient. The availability of an easy, whole blood functional PF4 assay

is a significant step toward the rapid detection of a patient’s hyperco-

agulable state. Current commercial PF4 assays are either radio-

immuno or ELISA methods that are labor intensive and require

45 min to h to perform. It is the intent that studies using a rapid PF4

assay will transition to human applications, providing timely and clini-

cally useful information that has never before been possible.

PO 343
Evaluatyion study of a new, direct whole blood platelet
function assay and its application
Zhao Y, Zhang Y, Yao S, Ji S and Ruan C

The First Affiliated Hospital of Soochow University, Suzhou,

China

Background: Platelet function assay is not only helpful in the diagnosis

of certain congenital and acquired platelet defects which leads to

bleeding disorders, but also plays a key role in the study of thrombotic

disease pathological machanism, clinical diagnosis, antithrombotic

therapy, monitoring the responseness of anti-platelet drug, etc..

Aims: The purpose of this study is to develop a method using a contin-

uous automatic platelet counting assay based on the Coulter principle

to test platelet aggregation function by PL-11 platelet function ana-

lyzer (Nanjing Sinnowa Medical Science & Technology Company,

Nanjing, China) and also to evaluate its performance in clinical appli-

cation.

Methods: Whole blood sample anticoagulanted with sodium citrate

were taken from 247 healthy volunteers (125 men, 122 women,

between the ages of 18–82 years), from June to December 2012 at the

First Affiliated Hospital of Soochow University, China. The study

conformed to the ethical guidelines of 2004 Declaration of Helsinki

and was approved by the institutional Ethics Committee at the First

Affiliated Hospital of Soochow University, China. The informed con-

sent was obtained from all healthy donors. Platelet aggregation in

0.5 ml of whole blood was induced with ADP or collagen by PL-11

using a continuous automatic platelet counting assay based on the

Coulter principle. The intra-assay and inter-assay coefficient of varia-

tion (CV), carry-over rate, accuracy, linearity of PL-11 were also eval-

uated, respectively. The correlation of platelet aggregation was

detected between the PL-11 and MPG-3E photoelectric turbidimetry.

Results: All the parameters were conformed to the standard of Clinical

Laboratory Improvement Amendment 88. Both of the intra-assay and

inter-assay CV values were less than 5%; carry-over rate was less than

1%; the accuracy and the linearity was excellent (r > 0.99). The corre-

lation between the PL-11 and MPG-3E was R2 = 0.9439. The maxium

of platelet aggregation induced by ADP or collagen using PL-11 was

17.7–54.3%, or 19.8–61.1%, respectively.

Conclusion: Analytical results of the PL-11 platelet analyzer are accu-

rate and reliable. It has a potential in clinical application.

PO 344
Evaluation of 195 referral cases with suspected
hereditary platelet function disorders using platelet
aggregometry and ATP release
Ahmadinejad M, Rajabi A, Mashkooli M, Tabatabaei MR, Seyed

Mortaz SL, Balooch S and Mokhtari M

Iranian Blood Transfusion Organization Research Center, Tehran,

Iran

Background: Although hereditary platelet function disorders (PFDs)

are common in the general population but in our country except for

severe cases, they are not well recognized due to limited diagnostic

tools for these problems.

As a reference coagulation laboratory in Iran, after being equipped

with lumi-aggregometer during recent 2 years, we have started to

check our referral patients suspected to PFDs for light transmission

platelet aggregometry (LTA) using different dilutions of agonists

(instead of one dilution which was used in the past) and check ATP

release in highly suspicious cases for platelet secretion abnormalities.

Aims: To evaluate our cases suspected to PFDs with new panel of

platelet function assays especially for finding the prevalence of platelet

secretion abnormalities which has never been diagnosed or classified in

our hemophilia centers.

Methods: During a 7-month period from November 2011 until May

2012, we have investigated 195 patients with bleeding problems who

referred for platelet aggregation test to our special coagulation labo-

ratory of Iranian Blood Transfusion Organization. Twelve normal

healthy controls were also evaluated for determination of reference

ranges of dilutions of agonists for LTA. Platelet secretion and LTA

were measured in platelet rich plasma using Crono-log Lumi-aggre-

gometer (model 700X). We have applied four platelet commercial ag-

onists including ADP (5.10 and 20 lM), arachidonic acid (0.5 mM),

collagen (2 and 5 lg/ml) and ristocetin (1.5 mg/ml) for the aggrega-

tion test. Due to high expenses of Luciferin-Luciferase reagent, ATP

release was investigated only in patients with suspicious secretion

abnormality in LTA. Results were analysed by SPSS version 16,

Polar Engineering.

Results: Among 195 referred patients (66 male and 129 female), 91

patients were abnormal (quantitative and/or qualitative platelet

defects) and 104 cases were quiet normal in platelet count and func-

tion. Abnormal cases laid on the category of Bernard Solier Syndrome

(BSS) (4 cases) (2% of 195 cases), Glanzman thrombastenia (GT) (9

cases, 4.6%), platelet secretion abnormality (13 cases, 6.7%), low

platelet count with normal function (14 cases, 7.7%), unclassified

PFDs (46 cases, 23.6%), drug-affecting abnormalities (3 cases) and

PFD due to afibrinogenemia (one case). Six cases of GT (5 new and 1

known case) and 3 cases of BSS (2 new and 2 known cases) were con-

firmed by flowcytometric analysis. Bleeding score (Tosetto et.al) was

≤ 2 in 62% of 195 cases, 3–5 in 28.4% and ≥ 6 in 9.6%. Interestingly
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two cases that previously diagnosed as GT and BSS several years ago,

laid on the platelet secretion defects category.

Conclusion: It seems that the two rare and severe platelet function

abnormalities (GT and BSS) have a relatively higher incidence in Ira-

nian patients. About 8% of patients were classified as platelet secretion

abnormality. We guess if we did platelet secretion test in all patients

with abnormal platelet aggregation pattern, it’s prevalence was higher

than 8%. Since this study is the first evaluation of ATP release in Iran,

reevaluation of registered patients with PFDs and comprehensive stud-

ies should be done to find patients with platelet secretion disorders.

PO 345
The efficacy of anti-Rh D, and vincristine sulphate in
immune thrombocytopenic purpura
Akarsu S1 and Kurnaz E2

1University of Firat, Faculty of Medicine, Elazig; 2Sirnak State

Hospital, Pediatrics, Sirnak, Turkey

Background: Immune thrombocytopenic purpura (ITP) is a benign dis-

ease prevalent in infancy, and pediatric age. The critically important

complication is related mortality secondary to intracranial bleeding.

The therapeutic objective is to decrease its treatment-related side

effects, while maintaining platelet counts at a safe level.

Aims: In this study we wanted to investigate the effects of anti-Rh D

immunoglobulin in acute, and vincristine sulphate therapy in chronic

ITP. We intended to determine the time to the onset of treatment

effect.

Methods: Anti-Rh D immunoglobulin (Win Rho SDF�, 300 mcg,

1500 IU, Cangene Corporation, Winnipeg, MB, Canada) was admin-

istered to the patients with diagnoses of acute (n = 26), and chronic

(n = 14) ITP, while 6 cases diagnosed as acute ITP received vincris-

tine sulphate therapy. Anti-Rh D immunoglobulin was administered

at a dose of 50 lg/kg given as a 5-min IV infusion. Chronic cases with

ITP who were not responsive to any treatment modality as corticoster-

oids, intravenous immunoglobulin (IVIG) and Anti-Rh D immuno-

globulin received a vinca alkaloid, i.e. vincristine sulphate at weekly

IV doses of 0.02 mg/kg (max. 2 mg/dose) for 4 weeks. WBC measure-

ments were performed at the end of 24, and 48 h, and on 5., 7., and 14.

days, and at 1. months of the treatment to determine platelet counts.

Side effects of the drug therapy were closely monitored. Informed con-

sent forms were obtained from patients and/or their parents. Statistical

analyses were performed using 11.5 Statistical Package Program (SPSS

v. 11.5). For intergroup comparisons Student-t test, and for compari-

sons between genders chi-square test were used. P < 0.05 was consid-

ered as statistically significant.

Methods: Anti-Rh D administration increased platelet counts within

the first 24 h of therapy in cases with acute ITP, and in those with

chronic ITP paltelet counts increased only after 48 h of therapy. Even

though Anti-Rh D immunoglobulin is not recommended in cases with

emergency, in our cases diagnosed as acute ITP, it was found to be

effective within the first 24 h of therapy. In our cases we didn’t observe

any potential adverse effects of Anti-Rh D immunoglobulin (which

exerts its effects via blockade of Fc receptors of the reticuloendothelial

cells) when given to Rh-positive patients.

Our cases with a diagnosis of chronic ITP responded to vincristine sul-

phate at a lower extent within the first week of therapy when compared

with anti-Rh D immunoglobulin treatment. However especially at 2.

weeks, a marked increase in platelet counts was observed. None of our

cases experienced any treatment-related adverse effect.

Summary/Conclusions: Anti-Rh D immunoglobulin raised platelet

counts to higher levels in acute ITP, rather than chronic ITP. Anti-Rh

D immunoglobulin is an efficient, cost-effective, and safe drug to be

used in the treatment of acute ITP.

In chronic ITP, vincristine sulphate induced an increase in platelet

counts in the long term i.e. 2 weeks. Vincristine sulphate should be

used as a last resort in cases of need for its long term effect, and only

with a short-acting drug like anti-Rh D immunoglobulin.

PO 346
Thrombotic complications in patients with adult
chronic immune thromobocytopenic purpura
Colovic NR1, Djunic I2, Suvajdzic N1, Vidovic A1, Miljic P1,

Tomin D1 and Colovic M1

1Medical Faculty University of Belgrade; 2Clinic of Hematology,

Clinical Center Serbia, Belgrade, Serbia

Background: Immune thrombocytopenic purpura (ITP) is autoim-

mune disease characterized by platelet destruction and decreased

platelet production. Occasionally in ITP a life-threatening hyperco-

agulable state may develop. There are reports of thrombotic events

after splenectomy or management of ITP with intravenous immuno-

globulin (IVIg). There are also rare reports of intracranial thrombo-

ses and ischaemic heart strokes. We present 5 adult chronic ITP

patients with different thrombotic events during the long course of

ITP hystory.

Material and Methods: We present five patients (4 female and 1 male),

with median age 56 (range 43–60), suffering from ITP for median

10 years (range 3–32), four of them were splenectomized, but in all of

them with transient response to splenectomy. In further disease course

in four patients different treatment modalities were used at the tine of

low number of platelets and in one patient the prednisone was the only

therapeutic modality. In a-53-year-old woman after splenectomy the

number of platelets normalized but on 21st day after splenectomy a

portal vein thrombosis developed. She was on LMW heparin and

recovered completely. In the second patient after viral infection when

platelet count dropped to 1 9 109/L IVIg 0.400 mg/kg/day for 5 con-

secutive days was given. She responded to the therapy with normaliza-

tion of platelet count but after 5 days she developed acute

anterolateral myocardial infarction with creatin kinase of 2260, tropo-

nin 27,8. She was treated with IV heparin and she completely recov-

ered. The other three patients (aged 56, 60 and 56 years) developed

cerebral vascular insult (CVI) confirmed by CT in two and MRI in

one patient. Two patients were without treatment and one patient was

with corticosteroids treatement. At the time of CVI the number of

platelets was 21 9 109/L, 18 9 109/L, and 22 9 109/L respectively.

All three patients recovered, one, without sequel and two patients with

neurologic sequel.

Conclusion: In the first patient with thrombotic event after splenec-

tomy we advise cautiousness after splenectomy for possible post-sple-

nectomy thrombotic complications in the subset of ITP patients who

may have persisting platelet activation. In second patient IVIg have

promoted thrombosis by increasing bloodviscosity, activating plate-

lets, or causing vasospasm. In patients with CVI anti-platelet antibod-

ies, which are present in most cases of chronic ITP complement

mediated fragmentation of platelets and the release of platelet micro-

particles was a factor contributing to microthromboses.

Kex words: hypercoagulability, immune thrombocytopenic purpura,

ischaemic stroke.

PO 347
Successful use of Recombinant Factor VIIa for
menorrhagia control in a patient with Glanzmann’s
thrombasthenia
Jun S1, You CW2, Shin HJ1 and Han JW3

1Pusan National University Hospital; 2Eulji university Hospit,

Daejeon; 3Yonsei University College of Medicine, Seoul, South-

Korea

Glanzmann’s thrombasthenia is a congenital bleeding disorder caused

by defective platelet glycoprotein IIb/IIIa, which is essential for the

binding process between platelets and fibrinogen. The standard treat-

ment for bleeding is platelet transfusion but repeated transfusion may

result in the development of anti-platelet antibodies rendering future

platelet transfusion ineffective.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1020–1206

1150 ABSTRACTS



Menorrhagia is common problem in patients with Glanzmann’s

thrombasthenia, particularly during first menstruations and may

sometimes require blood transfusion.

A 14-year-old girl with Glanzmann’s thrombasthenia suffered from

menorrhagia monthly. Her menstrual cycle was 28 days and menstrual

duration was over 15 days. To control menorrhagia patient need

repeated platelet transfusion. Over time platelet transfusions had often

had a suboptimal result and were complicated by allergic reactions.

Alternative effective agents were needed. Hormonal therapy (oral con-

traceptives), hemostatic drugs were not helpful and patient needed iron

supplement for iron deficiency anemia due to massive monthly blood

loss. She could not go to school during menstrual period, her activity

was disrupted and normal life stood paralyzed.

We report on a patient with Glanzmann’s thrombasthenia with men-

orrhagia, despite documented suboptimal effectiveness of platelet

transfusions and complicated allergic reactions, menorrhagia con-

trolled successfully with monthly use of recombinant factor VIIa.

PO 348
Evaluation of laboratory desmopressin testing and
clinical effects in patients with hereditary and acquired
thrombocytopathies: results of a retrospective
multicenter study
Knoefler R1, Gneub A2, Franke D3, Kentouche K2, Koscielny J4,

Krammer-Steiner B5, Petros S2, Platzbecker U2, Seeger K4

and Klamroth R6

1University Hospital Dresden; 2University Hospital, Dresden;
3Practice of Internal Medicine and Angiology, Magdeburg;
4Charit�e Medical University, Berlin; 5South-City Hospital,

Rostock; 6Vivantes Hospital Friedrichshain, Berlin, Germany

Background: The necessity of desmopressin testing (DT) in patients

with thrombocytopathies (TP) prior to the first therapeutic use is a

matter of controversy and the test itself is not standardized. Aim of

study was to develop recommendations on a standardized test in

patients with TP.

Patients and Methods: Data were collected from patients tested

between January 2000 and September 2010 in 13 centres of the ‘Com-

petence Network Hemorrhagic Diatheses East’ : age, gender, diagno-

sis, bleeding history, medication, results of coagulation testing, way of

desmopressin administration, dose, side effects, time points of blood

sampling, coagulation parameters (von Willebrand factor antigen –
VWF:Ag, collagen binding activity – VWF:CB, ristocetin cofactor

activity – VWF:RCo, factor VIII activity – FVIII:C, activated partial

thromboplastin time – aPTT, PFA-100� closure times – CT with colla-

gen/epinephrine and collagen/adenosine diphosphate cartridge – coll/

epi and coll/ADP) and clinical applications. Criteria for desmopressin

response were defined as follows: increase of basal values of VWF:Ag

and VWF:CB or VWF:RCo of at least 1.5-fold and shortening of CT

values reaching the reference range (coll/epi: 85–165 s, coll/ADP: 71–
118 s) within 120 min after desmopressin administration.

Results: Seventy-five patients (42 children, age range: 3–17 years; 33

adults, 20–83 years) with hereditary TP (aspirin-like defect: n = 34;

25 non-classified TP; 9 storage pool defect; 4 MYH9-associated mac-

rothrombocytopenia; 3 receptor defect) and 15 adults with acquired

TP (14 medication-induced, 1 essential thrombocythaemia) were

included. Desmopressin was administered i.v. in 56 patients (42 chil-

dren/14 adults), intranasally (i.n.) in 32 (1/31) and s.c. in 2 adults. The

i.v. dose ranged from 0.07 to 0.4 lg/kg (median: 0.3 lg/kg); the abso-
lute i.n. dose from 300 to 600 lg. After desmopressin administration

blood was collected mainly at 60, 120 or 240 min measuring CT,

VWF:Ag, VWF:CB and FVIII:C. In 6 patients (7%) mild side effects

such as facial flush were reported. Of 84 patients evaluated for

response, 57 (68%) showed a response and 27 (32%) a non-response.

Responders were significantly younger than non-responders and the

response was dependent on the way of administration (i.v.: 43

responders/11 non-responders; i.n.: 13/15). After desmopressin admin-

istration a significant shortening of CT values was observed reaching

the reference ranges. The desmopressin-induced increase of mean val-

ues of VWF:Ag, VWF:CB, VWF:RCo and of FVIII:C ranged from

1.2 to 2.7fold.

Gender and blood group did not influence the time course of any of

the measured parameters. The maximal desmopressin effects were

observed between 30 and 120 min after desmopressin application. For

20 patients (7 children, 13 adults), 23 clinical applications were

described including mainly dental/oral surgical interventions (n = 6),

herniotomies (n = 3) and menorrhagia (n = 3). Three patients who

were classified as responders in the DT suffered from bleeding despite

desmopressin application.

Conclusion: An i.v. dose of 0.3 lg/kg and the determination of PFA

100� CT coll/epi and VWF:Ag measured before and 60 min after des-

mopressin application is recommended as test standard for patients

with TP. A prospective study is needed for the validation of these rec-

ommendations and for the evaluation of clinical relevance of test

results.

PO 349
Congenital amegakaryocytic thrombocytopenia – the
first case diagnosed in the Czech Republic and
successfully treated by means of hematopoietic stem
cell transplantation from matched unrelated donor
Kuhn T1, Blazek B1, Keslova P2, Cmejla R3, Kovarova P1

and Ballmaier M4

1Teaching Hospital, Ostrava University, Ostrava; 2Teaching

Hospital Motol, Prague; 3Chambon Laboratory, Prague;
4Hannover Medical School, Hannover, Germany

Background: Congenital amegakaryocytic thrombocytopenia (CAMT)

is a rare recessively inherited disorder characterized by severe throm-

bocytopenia with a reduction or absence of megakaryocytes in the

bone marrow and the development of progressive bone marrow fail-

ure. It manifests mostly in the neonatal and infant period. Level of

endogenous thrombopoietin (TPO) is high, but platelets or progenitor

cells do not respond to it due to mutations of thrombopoetin receptor

– c-mpl. In some patients additional anomalies (heart defects, CNS

anomalies and orthopedic anomalies) have been reported. The only

causative cure for CAMT is hematopoietic stem cell transplantation

(HSCT).

Methods: A case of a female baby born in 33 week of gestation is

described. The child presented at birth with hematomas and petechiae

on the body. Severe thrombocytopenia (14 9 109/L) was recognized.

No serious structural congenital anomalies were detected. Intravenous

immunoglobulin application as the first treatment attempt had no

effect on the level of thrombocytes. Platelet concentrates had to be

repeatedly administered in the span of 7 to 8 days once the number of

thrombocytes fell below 20 9 109/L. Because of recurrent drop of

hemoglobin level red blood cells had to be transfused every 3 weeks.

Immunological cause of thrombocytopenia was excluded by serologi-

cal testing and genotyping of human platelet antigens. Trephine biopsy

revealed hypocellular haematopoiesis. A few dysplastic megakaryo-

cytes were found, no other significant features of hematopoiesis dys-

plasia were observed. TPO level was significantly increased. Other

causes of congenital thrombocytopenia (Fanconi anemia, Shwach-

mann -Diamond syndrome and Dyskeratosis congenita) were system-

atically examined and ruled out. Molecular genetic testing was

performed, mutation in the c-mpl gene was not however revealed. At

the age of 6 months the child underwent successful allogeneic bone

marrow transplantation from matched unrelated donor. Peri and post-

transplant period was without major complications or signs of severe

graft vs. host disease (GVHD). Patient has been nowadays surviving

4 years after transplantation without immunosuppression in a good

quality of life. Platelet count does not fall beyond normal ranges.

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1020–1206

ABSTRACTS 1151



Summary: CAMT is a rare cause of congenital bone marrow failure

syndrome. Even though the diagnostic testing (c-mpl gene mutation) is

known, cases with not proven mutation were observed. In those

affected, bone marrow failure ensues usually within the first 5 years.

The excellent results of the allogeneic HSCT can be achieved only if

highly specialized laboratory techniques are at disposition, matched

donor is available and transplantation is performed by experienced

transplant unit team at early stage of disease.

PO 350
Haemostatic management of pregnant women with
platelet function disorders: utility of PFA-100
Lentaigne CE1, Sodhi V2, Usman N2, McCarthy A2 and Millar CM1

1Imperial College London, London; 2Imperial College Healthcare

NHS Trust, London, UK

Background:Defects in platelet function are a common cause of muco-

cutaneous bleeding, however characterisation of this heterogeneous

group of disorders is hampered by the limitations of currently avail-

able tests. Consequently, there is little available guidance on monitor-

ing of women with platelet function disorders during pregnancy and

labour. Diagnostic uncertainty leads to variable management of these

patients between centres and frequently leads to infusion of pooled

platelet concentrates. The PFA-100TM is a rapid, global test of shear-

dependent platelet function that may be sensitive to quantitative and

qualitative defects in platelets and VWF and may provide clinically

useful information.

Aims: To evaluate the use of PFA-100TM in informing haemostatic

management of delivery in a cohort of pregnant women with platelet

function disorders.

Methods: The course, management and outcome of pregnancy and

delivery in a tertiary obstetric unit were evaluated retrospectively

alongside haemostatic parameters including PFA-100TM analyses.

Results: Nine pregnancies in eight women were evaluated. Prolonga-

tion of both collagen/epinephrine and collagen/ADP closure times

were demonstrated by PFA-100 analysis outwith pregnancy in all

cases, in association with abnormalities of platelet light aggregometry,

normal platelet counts, VWF levels and function. All were uncompli-

cated, singleton pregnancies and delivered at term. Antifibrinolytic

therapy (tranexamic acid) was used routinely prior to and/or following

delivery. Serial PFA-100 analyses were performed during pregnancy;

correction to normal values was demonstrated in four cases, while

remaining abnormal throughout pregnancy in five cases. Five of the

nine deliveries were vaginal, with two requiring episiotomy and forceps

delivery; there were two cases of emergency Caesarian section (C-sec-

tion) and two planned C-section. Of the five cases with persistently

prolonged closure times, three received treatment with desmopressin

during labour, two of whom went on to receive combined spinal and

epidural anaesthesia (CSE) and C-section uneventfully with no addi-

tional haemostatic measures. Further doses of desmopressin were

administered as necessary, including prior to epidural catheter

removal. The third, in whom desmopressin did not result in correction

of PFA parameters, had an uncomplicated vaginal delivery. The

remaining two cases with prolonged PFA closure times had vaginal

deliveries with no bleeding complications, using alternative forms of

analgesia. Of the four cases with normalised PFA-100 closure times,

two were vaginal deliveries without CSE, one of which was forceps

with episiotomy. One patient required emergency C-section with CSE

anaesthesia in her first pregnancy and CSE and elective C-section in

her second, which was complicated by uterine atony and significant

haemorrhage. No patients in our cohort received prophylactic pooled

platelet concentrates.

Conclusions: Our data suggest that PFA-100 analysis may be useful in

monitoring selected patients with platelet function disorders during

pregnancy: PFA-100 analysis was shown to directly influence haemo-

static management of delivery in at least six of the nine cases studied.

We propose that women with previously demonstrated abnormalities

in PFA-100 that fully correct during pregnancy (or following

DDAVP) be considered for regional anaesthesia and delivery without

routine use of platelet concentrates. Therefore, PFA-100 may be useful

in tailoring haemostatic support and avoiding unnecessary use of

platelets in these patients.

PO 351
Spontaneous duodenal hematoma in a patient with
Glanzmann’s thrombasthenia
Tokgoz H and Caliskan U

Necmettin Erbakan University, Meram Medical Faculty, Konya,

Turkey

Background: Glanzmann’s thrombashtenia (GT) is a rare congenital

disorder of platelet function associated with a prolonged bleeding

time, a normal platelet count, abnormal clot retraction and defective

platelet aggregation. Mucocutaneous bleedings including gastrointesti-

nal bleeding are common in GT patients but spontaneous intramural

duodenal hematoma is extremely rare (1–2).
Aim: We report a child who had GT presented with signs and symp-

toms of duodenal obstruction. We aimed to pay attention a rare pre-

sentation of GT patients.

Case and Methods: A 5-year-old boy with a known GT was brought to

the pediatric emergency room by his parents. The patient had been

complainting of the acute onset of periumblical and right upper quad-

rant pain and vomiting. There was no melena and hematemesis in

admission. No history of trauma was present. The abdomen was flat

with tenderness in the midepigastrium and right upper quadrant with-

out evidence of peritoneal irritation. Rectal examination reveled black

stool.

Results: Abdominal ultrasonography revealed appearent intramural

duodenal hematoma and ileoileal invagination. Invagination was

resolved via rectal barium application. Intramural hematoma was

resolve recurrent administration of thrombocyte suspension. Erythro-

cyte suspension was given because of deep anemia. The patient did not

need further surgical intervention. Intramural hematoma completely

regressed on day 10.

Discussion: Intramural duodenal hematoma is generally seen after

abdominal trauma. It has been reported spontaneous intramural duo-

denal hematoma in coagulation disorders such as Von Willebrand dis-

ease, immune thrombocytopenic purpura, polyartheritis nodosa,

hemophilia A (1–3). Only one report about GT and intramural duode-

nal hematoma was found in the literature and GT (1). The diagnosis

of duodenal hematoma should be considered in any patient who has

abdominal pain and a coagulation disorder. _Intramural hematoma

may be abundant even requiring blood transfusion. Nonoperative

management of an obstructing duodenal hematoma was successful

and potentially life-threatening surgery was avoided.

PO 352
Use of recombinant factor VIIa in the management of 3
bleeding episodes in a patient with Bernard-Soulier
syndrome
Messaoudi R1, Hadj T1 and Zahia B2

1University hospital Oran, Oran; 2University hospital sidi Bel

Abb�es, Sidi Bel Abb�es, Algeria

Introduction: Bernard- Soulier syndrome (BSS) is a rare congenital

platelet autosomal recessive disorder characterized by defective plate-

let adhesion and manifested by spontaneous and often profuse bleed-

ing.

Objective: To report the efficacy of recombinant factor VIIa (rFVIIa)

in the management of bleeding episodes in a patient with BBS refrac-

tory to platelet transfusions.
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Report: We reported the case of a 20 year-old woman with BBS. Born

from a first degree consanguineous marriage. Family history: 10 sib-

lings, five of them suffering from BBS and 3 died in early infancy by

severe haemorrhage. The patient was admitted twice for severe melena

and once for menorrhagia scored 150 (Higham et all (1990) British

Journal of Obstetrics and Gynecology). Despite oral contraception

and Platelet transfusion, bleeding persisted with severe anaemia. She

was administered Intravenous rFVIIa (NovoSeven�) (90, 56 lg/Kg,

3doses at 2 h). She was administred parenteral iron supplement which

corrected anaemia.

Conclusion: Considering the refractory to platelet transfusion and

platelet alloimmunization risk in our patient, we administered rFVIIa

which permitted to stop the haemorrhage.This case highlights the

potential benefits of rFVIIa in helping to control severe bleeding epi-

sodes in patients with BBS.

PO 353
Availability of a microchip flow chamber system as a
screening test of platelet storage pool disease
Minami H1, Nogami K1, Ogiwara K1, Sakurai Y1, Yada K1,

Kashiwagi K2, Suzuki H3, Hosokawa K4 and Shima M1

1Nara Medical University, Kashihara, Nara; 2Graduate School of

Medicine, Osaka University, Osaka; 3Nippon Medical School,

Tokyo; 4Fujimori Kogyo Co., Ltd., Kanagawa, Japan

Background/Aims: Platelet storage pool disease (SPD) is platelet disor-

ders characterized by a reduction in the number or content of a-gran-
ules, d-granules or both. SPD is diagnosed with electronic microscopy

and quantitative measurement of platelet ADP/ATP, which need spe-

cialists. Although SPD presents prolonged bleeding time, a standard

screening test, its accuracy depends on individual technique and some-

times it shows false-negative. We hypothesized that an automated

microchip flow-chamber system, Thrombus-formation Analysis Sys-

tem (T-TAS, Fujimori Kogyo), which has been reported to be useful

for evaluations of antiplatelet therapy (Hosokawa, Thrombosis and

Haemostasis 2013), might be available as a screening test for platelet

functional disorders. We evaluated a family-case of a/d SPD with T-

TAS.

Case: A 6-year-old boy presented with intracranial bleeding after a

head injury, and postoperative ruptured suture. His mother and the

elder brother also repeated subcutaneous hemorrhage and a nasal

bleeding since childhood. They had no clinical symptom except for

bleeding.

Methods: In T-TAS, hirudin-added blood was injected to a microchip

which surface was coated by collagen, and platelet thrombus forma-

tion was monitored with a pressure sensor. The blood flew through the

duct in microchip at the shear rate of 1000 s. Flow pressure curve was

visualized for 10 min and the time when the pressure in the microchip

reaches 10 kPa (T10) was evaluated. Platelet aggregation was further

evaluated with standard assays using platelet aggregometer, PRP313M

(IMI) and Multiplate (Verum Diagnostica).

Results: Platelet count and size was normal in all cases. His bleeding

time was 15 min and his mother’s was 6 min, while other common

coagulation tests were normal. In PRP313M using platelet rich

plasma, their platelet response to 5 lg collagen and 1.7 lg ristocetin

were 48.6%-58.3% and 27.3%-55% compared to normal control,

respectively. In Multiplate using whole blood added hirudin, response

to ristocetin, ADP and collagen were within normal range. In T-TAS,

however, thrombus formation was not observed during measurement

time (T10 > 10 min, reference 2.4–6.6 min) in all cases. Farther investi-

gations for definite diagnosis were performed. Electronic microscopy

revealed few a-granules. In quantitative analysis of ADP/ATP released

from washed platelets stimulated by convulxin or PAR1P, ADP was

0–1.09 lM at 1.0 9 106/lL platelets (reference 11.7–13.7 lM) or 0–
1.55 lM (10.5–12.0 lM), respectively, and ATP was 0 lM (14.0–
16.3 lM) or 0 lM (13.7–14.8 lM), respectively.

Conclusion: In this a/d SPD family case, standard platelet function

tests were nearly normal except for prolonged bleeding time in the pro-

positus, but T-TAS could show abnormal platelet aggregation in all

cases. Therefore, T-TAS might have high sensitivity to platelet disor-

ders and be a candidate as a screening test for platelet functional disor-

ders including SPD.

PO 354
Features of patients with immune trombocytopenic
purpura south-east of Turkey
Soker M, Aky€uz F, Kelekci S, Sen V, Karabel M, €Uzel H, Yolbas I

and G€unes A

Dicle University School of Medicine, Diyarbakir, Turkey

Background and Aim: Acute immune (idiopathic) thrombocytopenic

purpura (ITP) is characterized by thrombocytopenia, spontaneous for-

mation of purpura, petechiae, ecchymoses and mucosal bleedings and

it is also a disease which can be diagnosed with exclusion of other

thrombocytopenia symptoms. However, the disease is important in

aspect of severe organ bleedings and risk of becoming chronic. In this

paper, clinical and sociodemographical features of cases with ITP eval-

uated in South-East of Turkey.

Materials and Methods: Total 151 patients, who were diagnosed with

ITP, were evaluated. The patients’ male/female ratio was 1/1.06. The

average age was between 5.1 � 3.4. Seventy-five percent of the

patients were diagnosed as acute ITP and 25% of the patients were

diagnosed as chronic ITP.

Result: Tendency to chronicity was highest in the 2–10 years age group

(P = 0.01). The most frequent presenting symptom was skin findings

in both the acute and the chronic group. A 64.6% of the cases with

insidious onset had become chronic. It was determined that season

and gender had no effect on chronicity of ITP (< 0.05). A 68.4% of

the acute cases had history of infection and seropositivity was demon-

strated in 1%. Bone marrow aspiration findings did not alter the diag-

nosis in any patient. In the first treatment, the patients responded

partially positive against steroid; the ratio of becoming chronic and, in

the acute ITP group the ratio of positive response against steroid was

higher and this difference was found significant (P = 0.001 and

P < 0.05).

Conclusion: The preference of economical and effective treatment

methods for the ITP patients will prevent morbidity and mortality

deaths relating to ITP.

PO 355
Successful IVF and pregnancy in Glanzmann’s
thrombasthenia under cover of recombinant factor VIIa
Staritz P1, Zimmermann R2, Domschke C3, Strowitzki T4, Sohn C3

and Huth-Kuehne A5

1SRH Kurpfalzkrankenhaus Heidelberg; 2Hemophilia Care Center

Heidelberg; 3University of Heidelberg; 4University of Heidelberg;
5SRH Kurpfalzkrankenhaus, Heidelberg, Germany

Case Report: A 35 year-old woman with glanzmann’s thrombasthenia

(GT) with no further conservative treatment options for primary infer-

tility underwent in vitro fertilization (IVF). Ultrasound guided follicle

aspiration was performed under cover of recombinant factor VIIa

(rFVIIa). The patient became pregnant during the first treatment

cycle.

Pregnancy itself was uneventful. During pregnancy, the frequency of

epistaxis increased significantly and could be treated successfully by

local application of tranexamic acid and bipolar coagulation during

one episode.

In 38 + 1 weeks of gestation, primary caesarian section was performed

due to the elevated risk of peripartal bleeding again under cover of
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rFVIIa. Four HLA compatible platelet concentrates had been pre-

pared as stand by therapy. An apparently healthy child was delivered.

Despite no evidence for increased intraoperative bleeding, postopera-

tive hemoglobin concentration decreased to 6.7 g/dl, necessitating

transfusion of two erythrocyte concentrates. Recombinant FVIIa was

reduced successively and discontinued on day 10 after delivery. Under

this regimen including tranexamic acid 1000 mg tid p.o.), no further

relevant bleeding complications occurred and lochia were even below

average.

The decision for rFVIIa over platelet transfusions was guided by the

idea to prevent alloantibody formation against the GPIIb/IIIa

complex.

This case report demonstrates feasibility and safety of IVF in women

with GT under specific treatment.

PO 356
Course of pregnancy, labour and perioperative
management of a patient with Bernard-Soulier
Syndrome – case report and literature review
Teliga-Czajkowska JH1, Sikorska A2, Bykowska K2, Maslanka K2,

Kopec I2, Schubert W1, Dmoch-Gajzlerska E1, Windyga J2

and Czajkowski K3

1Medical University of Warsaw, Faculty of Health Sciences;
2Institute of Hematology and Transfusion Medicine; 3Medical

University of Warsaw, Warsaw, Poland

Background: Bernard-Soulier syndrome (BSS) is a rare hereditary

thrombocytopathy characterized by large platelets, thrombocytopenia

of variable degree, and bleeding symptoms. The disease is caused by

dysfunctional GPIb/IX/V heterocomplex or its absence.

We present the course of pregnancy, delivery and postpartum period

of a patient with a grave Bernard-Soulier syndrome complicated by a

history of VTD and epilepsy.

Case Report: A 39-year-old patient was admitted to the Clinic in 15th

gestational week of her second pregnancy (one miscarriage) due to

grave anemia and thrombocytopenia (Plt = 3G/L). She had a history

of chronic ITP treated with corticosteroids since infancy, splenectomy

performed at the age of 25 and was first diagnosed with Evans’ syn-

drome 6 years ago. The diagnosis was then discarded following nega-

tive Coombs’ test. After skull injury in early childhood she developed

grand mal epilepsy at the age of 14. Since the age of 25, the patient

experienced numerous mucosal bleeding episodes from GI tract, epi-

staxis, easy bruising and gingivial bleeds. She also suffered from viral

hepatitis C and had a history of deep venous thrombosis. During preg-

nancy she was administered several platelet, FFP and RBC transfu-

sions, she was treated with corticosteroids and immunoglobulins as

well as argon coagulation procedures. Immunological tests confirmed

BSS diagnosis (decreased expression of GP Ib/IX by 58% and GP Ib –
by 63.5%).

The course of pregnancy was uneventful except for severe thrombocy-

topenia. The patient was admitted to the II Ob/Gyn Dept in 37th com-

pleted week of gestation. Cesarean section was performed and the

male fetus from the breech position was born weighting 2780 g,

53 cm, 1st min Apgar score – 10. The postoperative period was com-

plicated by wound and mucosal bleeds in spite of extended treatment.

Perioperative and anesthetic management included platelet, FFP,

RBC transfusions, corticosteroids and a selection of appropriate drugs

and techniques.

Conclusion: The case of BSS pregnant woman highlights the need for

establishing both hematological and obstetrical care standards for

management of this rare disease.

PO 357
RFVIIa inhalation for life threatening pulmonary
hemorrhage in a case with refractoriness to platelet
transfusion
Almomen AK, Aleem A and Saad H

King Saud University, Riyadh, Saudi Arabia

Background: Refractoriness to platelet transfusion is a common com-

plication of repeated platelet transfusion in relapsed acute leukemia,

stem cell transplantation, aplastic anemia, and thrombasthenia. It is

associated with high mortality rate due to massive intracranial, intra-

pulmonary or internal bleeding, despite aggressive treatment with

platelet and red cell transfusion, high dose steroids, immunoglobulin,

anti-fibrinolytic agents and intravenous recombinant factor VIIa (i.v.

rFVIIa).The aim of this presentation is to indicate that localintra-pul-

monary administration of rFVIIa may be more effective than the

intravenous route. We present a 51 years old male with resistant acute

lymphoblastic leukemia who who failed to respond first line and sec-

ond line induction chemotherapy and became refractory to platelet

transfusion. On day 17 after receiving a third line induction chemo-

therapy he developed rapidly progressive cough, shortness of breath

and hemoptysis. He was febrile, severely neutropenic with WBC

0.5 9 10 ⑩/L, Hb 85 g/L, platelets 7 9 10 ⑨/L despite repeated

platelet transfusion. Coagulation profile and chemistry tests were nor-

mal. He was transferred to the intensive care unit, intubated and given

single donor platelet transfusion along with rFVIIa 90 mcg/kg i.v.

every three h in addition to red cell transfusion, fresh frozen plasma,

methyl prednisolone, tranexamic acid and immunoglobulin. Pulmo-

nary hemorrhage continued despite a rise in platelet count to

28 9 10⑩/L and consumption of four doses of single donor platelets

and rFVIIa. At this point, same dose of rFVIIa was put in 5 ml nor-

mal saline and given intrapulmonarily by nebulizer.

Results: Pulmonary hemorrhage was stopped almost immediately and

platelet count continued to rise. He was extubated 5 days later and

transferred back to the ward on day 10 with WBC 5 9 10 ⑨/L, Hb

107 g/L, and platelets 117 9 10⑨/L.

Conclusion: rFVIIa inhalation may be more effective in cases with pul-

monary hemorrhage.

PO 358
Time dependent effect of aspirin intake on circadian
rhythm of platelet reactivity: a pilot study
Bonten T, Snoep JD, Zwaginga JJ, Rosendaal FR, Eikenboom HCJ

and Van Der Bom JG

Leiden University Medical Center, Leiden, The Netherlands

Background: Hemangioma, most common benign vascular tumor, has

natural history of proliferation in the first year of life followed by

spontaneous resolution. The treatment is not universal standard with

indication as following: impaired organ function and Kasabach Mer-

ritt syndrome (KMS). Alpha-interferon inhibits angiogenesis, endothe-

lial cell migration and proliferation.

Objective: To evaluate the outcome of alpha-interferon for the treat-

ment of hemangioma.

Methods: We recruited 35 patients with hemangioma receiving alpha-

interferon followed at hemangioma clinic between January 2001- Janu-

ary 2011.The patients’ data including sex, age, type and location of

hemangioma, indication, duration, outcome and complications of

treatment were reviewed.

Design: Retrospective descriptive study.

Measurements: We evaluate of the outcomes including improvement

of organ function, resolution of Kasabach Merritt syndrome (KMS)

and decrease hemangioma size.

Results: the number of patients was 35 patients (female = 21,

male = 14) with mean age 3.2 months (range 5 days-15 months), loss

follow up in five patients. Hemangioma was divided into cavernous
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(9), capillary (10), mixed (7). Location of hemangioma includes head

and neck (21), extremities (7), mediastinum (3), intraosseous (1), liver

(2), larynx and epiglottis (2), and scrotum (1).Average age of treatment

was 4.7 months (range 5 days-18 months). Duration of response in 29

patients was 4.7 months (range 1–6 months). Indications of treatment

included KMS (1), KMS with impaired organ functions (2), impaired

organ functions (30), infection (2), intracranial (1). Eleven patients

were decrease in size of mass > 50%, 14 patients were decrease in size

< 50% but 23 patients (82.1%) were improved organ function and res-

olution of KMS. Complications of treatment were elevation of liver

enzymes (3), and fever (6).

Conclusions: The use of alpha-interferon was well response to improve

organ function and decrease hemangioma size. Due to spastic diplegia,

serious complication of alpha-interferon from previous case report

studies, the consideration of this treatment should be discussed with

parent in light of pro and cons.

PO 359
Can abnormal high mean platelet volume be used as a
screening factor for detection of metabolic syndrome
and coronary heart disease?
Braester A, Dorosinsky L, Shturman A, Hershkovitz T, Akria L,

Suriu C, Shay M and Atar S

Western Galilee Hospital, Nahariya, Israel

Background: Platelets or thrombocytes are the smallest cells in the

blood, heterogeneous with respect to size, density, age and metabolic

function, initiating the process of coagulation when a blood vessel is

broken.

Mean platelet volume (MPV) is a measurement that describes the aver-

age size of platelet cells in the blood. The medical literature abounds

with studies of various diseases showing a higher MPV in the affected

group than in the control group. This is a confirmation of platelet acti-

vation in these disorders. Nevertheless, in these studies, the ‘abnormal

high’ MPV is still within the normal range (7–11 fL) even if it is higher

than the MPV control group (also within the normal range).

In fact, in day by day practice, in patients with platelet activation, we

cannot guess that the MPV is ‘abnormal’ (compared to control group)

although within normal range.

Aims: A. To select consecutive patients visiting the emergency room

with MPV above the upper limit of the normal range, and without any

disease supposed to cause an abnormal MPV. B. To perform tests on

these patients that may reveal pre-diabetes (PDM)/diabetes mellitus

(DM), metabolic syndrome (MS) or coronary artery disease (CAD).

C. To decide if a naive high MPV can or cannot be used as a screening

test for these diseases.

Methods: During 6 months 792 consecutive patients with MPV higher

than 11.5 fL (normal: 7.0–11.0 fL) were checked for every disease

known to cause high MPV. One hundred and seventy-seven naive

patients (those with high MPV but without a clear etiology) have been

selected for our study.

Out of 792 patients, 177 patients were found to be na€ıve and only 30

were interested in undertaking supplementary tests in order to explore

the possibility of DM, MS or CAD.

Results: The MPV was 12.3 � 0.74 (range: 11.5–15.2 fL).

Study population: 47% were males and 53% females; the age was

41 � 8 (range: 28 – 58 year); Ashkenazi Jews 10%, Sepharadi 43%,

Arab (Muslim, Christian and Druse) 43%.

All the selected patients were tested for fasting glucose, HBA1c,

CRP and high sensitivity CRP (HS-CRP), triglycerides (TG), total

cholesterol (TC), LDL-cholesterol (LDL-C) and HDL-cholesterol

(HDL-C).

Blood pressure and waist circumference were measured. TTE and

treadmill tests were performed. BMI was calculated for every patient.

MS was found in 33.3% of patients (in Israel’s general population,

prevalence is 15–17%) and P value was 0.022 – statistically significant.

P-DM was found in 30% of patients (in Israel’s in general population

ages 35–45, prevalence is 15%), the P value was 0.028 – statistically

significant.

Treadmill test was negative in all patients and TTE demonstrated dia-

stolic dysfunction � calcified valve in only 16.6%.

Conclusions: A high MPV in a naive patient can be used as a screening

factor for P-DM/DM and MS. It does not predict the presence of

CAD.

Limitation of this study: the cohort of patients is low; this study will

be continued to make possible a better statistical analysis.

PO 360
Metabolomics response of human platelets to collagen
interaction
Bussey A, Griffin JL and Farndale RW

University of Cambridge, Cambridge, UK

Background: Metabolomics is the study of total metabolites in a bio-

logical system, these studies rely predominantly on NMR and Mass

Spectrometry techniques. This approach is yet to be applied compre-

hensively to platelets, specifically their response to collagen interac-

tion.

Aims: To identify changes in the platelet metabolome in response to

collagen receptor engagement. A focus will be placed on the lipidome,

and the use of highly specific ligands for different collagen receptors

should allow identification of lipid metabolism pathways which are

involved in the different receptor axes.

Methods: Three different methods for total lipid extraction are tested,

the most effective extraction method for the lipid species of interest is

then utilised. Lipid extracts are analysed on a variety of Mass Spec-

trometry instruments including a Q Exactive Thermo Scientific spec-

trometer and a LTQ Orbitrap Velos spectrometer. Data is subjected to

relevant multivariate statistical analysis such as PLS and PCA. This

form of analysis can also be applied to the study of lipid rafts as some

platelet collagen receptors have been shown to localise to rafts such as

GPVI.

Results: The most efficient lipid extraction method was selected for the

broadest range of lipid species of interest possible. This method has

been utilised for successful lipid extraction from platelets stimulated

by different ligands.

Conclusions: Metabolomics provides a novel method of studying the

platelet metabolome and highlighting responses to collagen interac-

tion. The identification of specific lipid species involved in the platelet

response to collagen interaction will shed light on uncharacterised

receptor axes.

References:

1 Ruggeri, ZM. Nature Medicine 2002 Paglia et al., J Chromat 2012.

PO 361
Whole blood aggregometry and platelet derived
microparticles enumeration in acute leukemia patients
Costache A1, Mut Popescu I2, Angelescu S1, Barbu D2

and Lupu AR1

1Carol Davila University of Medicine and Pharmacy; 2Coltea

Clinical Hospital, Bucharest, Romania

Background: Hemostasis is a complex and efficient system maintaining

a delicate balance between a prohemorrhagic and a prothrombotic

state. Platelets and platelet derived microparticles (PMPs) resulted

from platelet membrane remodeling in response to activation or apop-

tosis play important roles not only in physiological hemostasis, but

also in pathological conditions.

In hematological malignancies, the hemostasis impairment can occur

both in terms of bleeding, as well as thrombosis. The prediction of
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these complications is difficult because of the lack of laboratory mark-

ers.

Aims: This study aimed to assess the platelet function and the circulat-

ing PMPs levels in patients with acute leukemia and their possible role

in hemorrhagic and thrombotic complication prediction.

Methods: Platelet function testing was achieved through whole blood

aggregometry using adenosine diphosphate (ADP), colagen and

thrombin receptor activating peptide (TRAP) as agonists.

Circulating PMPs levels were evaluated by flow cytometric method.

We investigated 24 patients with acute leukemia at the moment of

diagnosis, prior specific treatment initiation and a control group of 16

healthy subjects.

The study was approved by the Ethics Committee of Coltea Clinical

Hospital and informed consent was obtained from every participant of

the study in accordance with the Declaration of Helsinki.

Results: The results showed that compared with the control group,

patients with acute leukemia displayed reduced platelet aggregation

response in 19 cases (79%), increased response in 3 cases (13%) and

normal response in 2 cases (8%). The reduced platelet aggregation

response was associated with hemorrhagic complications development

in 8 patients (42%). The increased response to agonists was associated

with major thrombotic events (myocardial infarction and stroke)

occurrence in all the 3 cases (100%).

The level of PMPs in 21 out of the 24 patients (88%) was not signifi-

cantly different from the control group, but in 3 patients the circulat-

ing PMPs number was much higher, two out from these three patients

(67%) developing major thrombotic events during disease progression.

Conclusions: These findings indicate that platelet hypoaggregability

precedes bleeding complications, while platelet hyperreactivity could

predict major thrombotic events in patients with acute leukemia. Not-

withstanding our study group was too small, this hypothesis requiring

further investigations.

Our data suggests that PMPs enumeration doesn’t offer significant

information on acute leukemia patients hemostasis status, except rare

isolated cases.

PO 362
A systems biology study of platelet GPVI signalling
Dunster JL, Mazet F, Fry M, Jones CI, Tindall M and Gibbins JM

University of Reading, Reading, UK

Background: Platelet activation occurs in response to a diverse range

of signals from the environment and is critical for haemostasis. The

complexity of platelet activation in vivo, which results in the engage-

ment of multiple cell surface receptors and intracellular signalling

pathways, renders this process difficult to study. Although many of

the proteins that participate in these pathways are known, their inter-

actions and stoichiometry are still poorly understood. The interdisci-

plinary techniques of systems biology can enhance our understanding

of such complex biological systems that operate over many space and

time scales.

Aims: Through close collaboration between mathematicians and biolo-

gists we hope to enhance our knowledge surrounding platelet activa-

tion and aggregation. To aid this we build stand-alone mathematical

models representing individual signalling pathways that can be closely

linked to experimental data. Mathematical models are often difficult

to utilise in a laboratory setting so we aim to provide interactive tools

that enable experimentalists to quickly generate and test hypotheses

automatically comparing numerical simulations to experimental data.

Analysis of mathematical models should provide us with an enhanced

quantitative understanding of the interactions involved, extending the

utility of data sets beyond that solely available through intuition

alone.

Methods:We present an initial mathematical model of the early subcel-

lular events following the GPVI receptor complex activation. In order

to deveop such a model current biological knowledge of the key com-

ponents involved needs to be captured. Estimations of protein concen-

trations, binding affinities and rate constants for the key reactions are

essential for an accurate model. Such quantitative data requires differ-

ent experimental approaches and is currently poorly represented in the

platelet literature. We compare numerical simulations of our mathe-

matical model to this experimental data focussing on the changes in

the phosphorylation states of specific tyrosine residues or key compo-

nents within the early stages of the GPVI signalling pathway. Through

parameter sensitivity and estimation techniques we determine key

aspects of the signalling network that effect its dynamics.

Results: A mathematical model is presented that quantitatively cap-

tures the time course of kinase activation that follows ligands binding

to the GPVI receptor. Our early experiences and difficulties in trying

to determine the precise time and location rich data required to para-

meterise this model are discussed. To enable use of our model in a lab-

oratory setting we are developing a user interface that allows

biologists to compare numerical simulations to experimental data.

Mathematical analysis of our model highlighted the importance of

platelet shape, structure and protein copy numbers of specific proteins

to the regulation of these early events.

Summary/Conclusion: By concentrating on detailed models of subsets

of individual signalling pathways we are able to validate current

knowledge of individual components, their interactions and stoichiom-

etry before we compile them into a complete mathematical model of

platelet signalling following activation via combinations of many ag-

onists.

PO 363
Immature platelet fraction and mean platelet volume in
diabetes mellitus
Lee E

Department of Laboratory Medicine, Yonsei University College

of Medicine, Seoul, South-Korea

Background: Dysregulated platelet-endothelial interactions have been

recognized as an important pathogenic mechanism in the development

of atherosclerosis. Accelerated atherosclerosis is the main underlying

factor contributing to the high risk of vascular events. In patients with

diabetes mellitus (DM) in particular, platelet abnormalities play a piv-

otal role in the lead up to atherothrombotic events.

Aims: Immature platelet fraction (IPF), absolute IPF and mean plate-

let volume (MPV) was evaluated to investigate the platelet status in

DM subjects.

Methods: We investigated peripheral blood IPF, absolute IPF and

MPV of 366 patients with DM, 30 with metabolic syndrome (MetS),

and 54 controls. The MPV, IPF, absolute IPF and other blood cell

indices were measured using Sysmex XE-2100 (Sysmex, Kobe, Japan)

and compared between each groups. That of the DM patients were

analyzed according to the presence of diabetic complications and gly-

cemic control (≤ 6.5% HbA1c vs. 6.6–7.9% HbA1c vs. ≥ 8% HbA1c).

Results: The DM group had a significantly higher MPV (10.35 vs.

10.00 fL, P = 0.0118), IPF (%) (2.20 vs. 1.70%, P = 0.0201) and

absolute IPF (4.80 vs. 4.60 x109/L, P = 0.0429) than the control

group. The MetS patients also had higher those markers than the con-

trol, however statistically significant differences were not found. There

was significant differences in IPF (%) between DM patients with and

without cardiovascular disease (P = 0.0384). Among DM patients,

IPF(%) and absolute IPF showed significant difference based on the

HbA1c concentration (P = 0.0142 and 0.0034).

Conclusion: IPF is higher in the patients with diabetes or MetS than

the control, moreover, associated with cardiovascular disease and poor

glycemic control.
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PO 364
Responses of different platelet activation pathways in
health volumteers with Aspirin/Clopidogrel
administration
Li J, Cao J, Wang C and Cong YL

Chinese PLA General Hospital, Beijing, China

Aim: To investigate the inhibition profiles of aspirin and clopidogrel

on COX-1 and P2Y12 receptor, and potential interaction between

them.

Method: Twenty healthy male volunteers were admitted and divide

into two groups, which take clopidogrel (75-mg loading dose and

maintenance) or aspirin (100-mg loading dose and maintenance) in

consecutive 7 days. Platelet inhibition (%), CEPI-CT/CADP-CT, and

CD62p were observed on the 1st, 3rd, 5th and 7th day after medicine

intake and withdraw.

Results: Both CEPI-CT and CADP-CT changed significantly

(F = 27.2 and 25.3, P < 0.05) after clopidogrel use, only CEPI-CT

changed statistically after aspirin administration (F = 36.7, P < 0.05).

Inhibition on COX-1 induced by arachidonic acid (inhibitionAA)

increased statistically (F = 35.1, P < 0.05) after aspirin intake. In clop-

idogrel group, it was P2Y12 inhibition increased statistically

(F = 24.8, P < 0.05), but not inhibitionAA (F = 1.85, P > 0.05).

CD62p expression decreased in both groups (clopidogrel: F = 28.7,

P < 0.05; aspirin: F = 20.7, P < 0.05) after intake.

Conclusions: COX-1 activation may interact with P2Y12 receptors in

clinical settings and POCT in platelet function helps to monitor in

dual-therapy informatively.

PO 365
ELISA-VASP assay: preanalytical stability of whole
blood samples
Moulard M1, Beroual D1, Maguer A1, Haquette G1, Barragan P2

and Bourguet N1

1BioCytex, Marseille, France; 2Polyclinique ‘Les fleurs’, Ollioules,

France

Background: Phosphorylation of VASP (Vasodilator Stimulated Phos-

phoprotein) is the most relevant biomarker mirroring the P2Y12 acti-

vation by ADP at a molecular level. P2Y12 antagonists play a major

role in cardiology. While the flow cytometry-based assay (PLT VASP/

P2Y12) is widely used, a new ELISA-based assay (CY-QUANT

VASP/P2Y12) was recently developed at BioCytex.

Aims: To determine the stability of whole blood (WB) samples stored

at room temperature (RT) before analysis by ELISA-VASP. Stability

of WB samples from healthy donors as well as treated patients was

investigated over up to 4 days after blood sampling.

Methods: WB samples from healthy subjects and patients undergoing

antiplatelet treatment were collected and stored in the dark at RT.

Aliquots were taken out using a syringe and needle from the unopened

tubes each day from D0 to D4 and readily analyzed by ELISA-VASP.

Evolution of the Platelet Reactivity Index (PRI) values was examined

over time. Five independent series of samples (n ≥ 30) from presumed

healthy donors were respectively analyzed by ELISA-VASP at t = 0

(D0) and after 1 (D1), 2 (D2), 3 (D3) and 4 days (D4) of storage at

RT.

Methods: Platelet Reactivity Index (PRI) values at each time were

compared using the non parametric ANOVA on ranks test (Kruskal-

Wallis). Although a statistical discrepancy between t = 0 and the fol-

lowing days was detected, the difference was minor and did not inter-

fere with the interpretation of test results. Results from patients will be

discussed as well.

Conclusion: The whole blood stability of samples stored at room tem-

perature prior to analysis using the CY-QUANT VASP/P2Y12 is

acceptable for at least 48 h or even longer for samples from healthy

subjects.

PO 369
The participation of gamma/delta and alfa/beta
T- lymphocytes in coagregates forming with platelets
in patients with coronary artery disease
Solpov A, Tereshkov P, Avetisyan M, Bolshakova O, Romanyuk S,

Topolev I and Vitkovsky Y

Chita Medical Academy, Chita, Russia

Background: Recent studies accumulate evidence that platelets, beside

their haemostatic activity, participate in inflammation, immunity and

atherosclerosis. In a previous study we demonstrated that CD4 + lym-

phocytes interacted with platelets and formed heterotypic aggregates.

We also found that platelets support CD4+ lymphocyte adhesion to

the subendothelial extracellular matrix under flow conditions by for-

mation of heterotypic clusters that are dependent on platelet adhesion

and aggregation and mediated by CD40L, PSGL-1 and 1-dependent

integrins.

Aim: Aim was to investigate the participation of gamma/delta and

alfa/beta T- lymphocytes in coagregates forming with platelets in

healthy individuals and patients with coronary artery disease.

Methods: In this study, we used the blood of twenty healthy men and

thirty-two patients with coronary artery disease (as anticoagulant

sodium citrate 3.8% were used). Blood samples were pre-incubated

with specific antibodies for platelets, T-cell and gamma/delta and alfa/

beta T- lymphocytes detection (Beckman Coulter). The monoclonal

antibodies anti-CD3-FITC (Beckman Coulter, Brea, CA, USA), anti-

TCR PAN alfa/beta -PE (Beckman Coulter, Brea, CA, USA), anti-

TCR PAN gamma/delta -PC5 (Beckman Coulter, Brea, CA, USA),

anti-CD41-PC7 (Beckman Coulter, Brea, CA, USA), anti-CD45-ECD

(Beckman Coulter, Brea, CA, USA), and their negative controls were

used to label gamma/delta, alfa/beta T- lymphocytes and platelets,

respectively. Counting of cell aggregates and the definition of lympho-

cytes phenotype in the composition of these aggregates was performed

using flow cytometry FC 500 (Beckman Coulter, Brea, CA, USA). A

minimum of 5000 lymphocytes was counted per test.

Methods: It was observed that in the normal whole blood the number

of lymphocyte-platelet aggregates were 3.37 � 0.8% of the total num-

ber of leukocytes. The percentage of T-cell-platelet coagregates were

72.15 � 5.7% of the total number of lymphocyte-platelet aggregates.

In total T cell-platelet aggregates T gamma/delta were 6.27 � 2.4%

and T alfa/beta 85 � 6.4%. Patients with coronary artery disease and

progressive atherosclerosis have increased number of lymphocyte-

platelet aggregates (LPA) compared to healthy donors (P < 0.001).

Administration of aspirin (cyclooxigenase-1 inhibitor) corrected the

number of LPA to the values in healthy individuals. Conclusions. So

in whole blood of healthy donors T gamma/delta – cells interact with

platelets, but in T cell-platelet adhesion alfa/beta T-lymphocytes take

a greater role. Perhaps it is important for T-cell migration and partici-

pation of platelets in the immune response and atherogenesis. Our

data point on lymphocyte-platelet interaction in atherosclerosis with

coronary artery disease. This process depends on cyclooxigenase-1

related platelet function.

PO 370
Guideline for diagnosis of inherited diseases of
platelet function: interdisciplinary S2K guideline of the
GTH (e..V.); AWMF-Registry Nr. 086-003
Streif W1, Eberl W2, Schulze H3 and Knoefler R4

1Innsbruck Medical University, Innsbruck, Austria; 2Klinikum

Braunschweig, Braunschweig, Germany; 3Charite, Berlin,

Germany; 4University Hospital Dresden, Dresden, Germany

Background: Congenital disorders of platelet function are a heteroge-

neous group of disorders which are often not detected until bleeding
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occurs. In clinical settings only a few methods have proven to be useful

for identification and classification.

Aims: The THROMKID quality project was aimed to obtain informa-

tion on the means of investigating platelet function employed by clini-

cal centres in German-speaking countries.

Methods: A patterns-of-practice survey was conducted from 2005 to

2007. Consensus conferences were held 2009 and 2011. Results were

summarized in the guideline AWMF-Registry Nr. 086-003 (http://

www.awmf.org/) 2012.

Results: For a rational diagnostic approach, a stepwise algorithm is

recommended. Patient history and clinical investigation is mandatory.

Von Willebrand disease and other coagulation disorders should always

be ruled out prior to specific platelet testing. Platelet count, size, vol-

ume (MPV) and morphology may guide further investigations. The

PFA-100� CT is suited for screening for severe platelet defects. Platelet

aggregometry allows assessment of multiple aspects of platelet func-

tion. Flow cytometry enables diagnosis of thrombasthenia Glanz-

mann, Bernard-Soulier syndrome and storage pool defects. Molecular

genetics may confirm a putative diagnosis or pave the way for the iden-

tification of new defects.

Conclusion: Consensus guidelines that reliably guide clinicians may

improve diagnostic and therapeutic approach to affected patients.

PO 371
Lymphocyte-Platelet Adhesion in patients with chronic
viral hepatitis C
Vitkovsky Y, Sakharova D and Petrov A

Chita State Medical Academy, Chita, Russia

Background: In the works of many researchers shows the significant

role of the immune system in the pathogenesis of chronic viral hepati-

tis C. It is now widely studied intercellular interactions, especially

between hemostasis and immunity. It is established, that the platelets

are relevant to inflammatory reactions: adhesive interaction between

platelets and leukocytes are important links in the mechanisms for

migration of leukocytes to zone of damage, and, consequently, the

inflammation and the development of immune and reparative reac-

tions (Vitkovsky Y.A. et al., 1999–2011). At the same time, many

aspects of the immune response with hepatitis C remains unknown,

although this is important both in the theoretical aspect to understand-

ing immunopathogenesis, and in practical terms, to forecast the course

of the disease.

Aim: The Aim was to study the performance adhesion of lymphocytes

with platelets in patients with chronic viral hepatitis C.

Methods: Thirty-two persons with chronic viral hepatitis C were exam-

ined. Group included 10 women (31.3%), 22 men (68.7%), in age

37.68 � 2.0 years old. Duration of the illness up to 5 years was

revealed at 59.1%, over 5 years – at 40.9%. The first degree of the bio-

chemical activity was determined at 59.1% of patients with chronic

viral hepatitis C, the second – at 40.9%. LTA was studied by Vitkov-

sky′s method (1999). Indicator of LTA expressed number of units of

lymphocytes with platelets on 100 cells (norm – 13–15%). Degree of

adhesion (LTD) defined as number of platelets, formed contact on

lymphocyte surface (norm – 3.0 � 0.3).

Methods: It is established that at patients with chronic viral hepatitis C

the LTA-index decreased to 10.0 � 1.32%. The average LTD reduced

to 2.46 � 0.29. Thus at the persons had illness HCV less than 5 years

ago, LTA consisted 10.23 � 1.81%, LTD – 2.35 � 0.24; at the

patients who had diseases more than 5 years ago – 9.67 � 2.01% and

2.58 � 0.61 respectively. At patients with the first degree of biochemi-

cal activity of process had minimal LTA-index – 8.62 � 2.48%; LTD

– 2.48 � 0.40. Patients with the second degree of HCV activity showed

12.0 � 1.68% of LTA-indicies; an 2.39 � 0.39 of LTD.

Summary: Thus, in the case of chronic viral hepatitis C the adhesion of

lymphocytes with platelets decreased. This decrease was more in per-

sons with a longer duration of the disease.

PO 372
Comparison of TRAP-stimulated platelet releasate
between children and adults using two dimensional-
Differential-In-Gel Electrophoresis (DIGE)
Yip C1, Karlaftis V2, Attard C2, Linden M3, Mongale P4

and Ignatovic V1

1University of Melbourne; 2Murdoch Children’s Research

Institute; 3University of Western Australia, Perth; 4Royal

Children’s Hospital, Melbourne, FL, Australia

Background: Platelets play important roles in hemostasis and throm-

bosis. In response to physiologic stimuli such as thrombin, platelets

release their granular contents that mediate both thrombosis and vas-

cular repair. Recent studies of the platelet proteome demonstrated that

secretion of platelet proteins is increased in patients with cardiovascu-

lar disease and that these secretory proteins play potential roles in the

inflammatory process. Hence the study of platelet releasate or secre-

tory proteins has become important.

Aims: This study aimed to characterise the differences in platelet relea-

sate from healthy children and adults upon activation with thrombin

receptor activating peptide (TRAP).

Methods: Blood samples were collected from adults (n = 4, age 22–
41 years old) and children (n = 4, age 2–6 years old). All participants

were healthy, with no family history of haematological disorders and

had not taken any antiplatelet medication 10 days prior to sample

draw.

Washed platelet suspensions were prepared and activated with 0.5 U/

L TRAP. Protein released from the activated platelets was isolated

and stored at �80 °C until analysis by 2 dimensional Differential-In-

Gel Electropheresis (DIGE). Releasate protein from each individual

was randomized for labeling with either Cy 3 or Cy 5 cyanine dyes.

Equal amount of protein from all the samples were pooled and labeled

with Cy2 acting as internal standards. The internal standard was

included in all gels to minimize variation between gels. Labeled pro-

teins were separated on 7 cm-immobilized pH gradient (IPG) strips

(pH 4–7) as first dimension isoelectric focusing. The strips were then

electrophoresed on 4–12% Bis-Tris zoom gels.

Gel images were scanned by Typhoon Trio Imager and analyzed for

differentially expressed proteins using DeCyder software v7.0. The

biological variation analysis module was used for matching multiple

gels and calculating the relative abundance of protein spots comparing

children to adults. The filtering parameters were set to select protein

spots that had a P-value of < 0.05 and a 1.5 fold difference in relative

abundance.

The differentially expressed protein spots were excised for future iden-

tification of differentially expressed proteins by mass spectrometry.

Results: On average, 245 protein spots were detected on each gel. The

DeCyder analysis identified twenty protein spots that showed at least

1.5 fold differential expression, of which seven protein spots were sig-

nificantly different (P value < 0.05). Quantitative changes in protein

abundance were mainly observed in proteins related to platelet activa-

tion and signaling pathway.

Summary/Conclusion: This study demonstrates that there are some dif-

ferences in the platelet releasate of children and adults following acti-

vation with TRAP. Future studies are required to further characterise

the age-specific differences in platelet releasate across the spectrum of

age. Such studies will contribute to the understanding of the normal

platelet physiology across age.
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PO 373
Platelet-derived growth factor (PDGF-BB) and platelets
in myeloproliferative neoplasms
Rosc D, Boinska J, Stankowska K, Drela E and Gadomska G

Nicolaus Copernicus University in Torun, Collegium Medicum in

Bydgoszcz, Poland, Bydgoszcz, Poland

Background: Platelet-derived growth factor, first discovered 30 years

ago, is a small molecule belonging to the heparin-binding family of

polypeptide growth factors. There are four isoforms of PDGF:

PDGF-A, PDGF-B, PDGF-C, and PDGF-D, which in active forms

are present as dimers. PDGF-BB is released from activated platelets,

however, numerous studies have shown that it is also produced by

endothelial cells, fibroblasts, smooth muscle cells of blood vessels, as-

trocytes, neurons, monocytes, cytotrophoblast cells and tumor cells.

Platelet-derived growth factor is involved in angiogenesis, embryogen-

esis, as well as cancer development and progression. The studies in a

variety of pathological conditions indicate that tumor cells by secreting

cancer procoagulant, induce platelet activation and PDGF release

from the platelets alpha-granules.

Aims: The aim of this study was to evaluate the concentration of plate-

let-derived growth factor (PDGF-BB) and platelet count in patients

with myeloproliferative neoplasms.

Methods: The study involved 69 patients with myeloproliferative neo-

plasms (mean age 62.42), hospitalized and diagnosed at the Clinical

Ward of Hematology of the Dr. J. Biziel University Hospital No. 2 in

Bydgoszcz, Poland. These patients were enrolled in the study at the

time of the diagnosis of MPNs and prior to the implementation of

appropriate treatment. The study group included 40 patients with

essential thrombocythaemia (ET), 18 with polycythemia vera (PV), 5

with chronic myeloid leukemia (CML) and 6 with the primary myelofi-

brosis (PMF). The control group consisted of 31 healthy volunteers to

correspond to the age (the mean age of 58,22) and gender to the study

group. In blood samples was determined PDGF-BB concentration

using ELISA test (R&D Systems, USA). Platelet counts were mea-

sured using an automated hematology analyzer. The study was

approved by the Bioethics Committee of Collegium Medicum in By-

dgoszcz, the Nicolaus Copernicus University in Torun, Poland.

Results: In the current study, there was a significantly higher concen-

tration of PDGF-BB in all patients with MPNs, as compared to the

control group (Me = 253,84 pg/ml vs. 118,78 pg/ml, P = 0.001097).

There was also significantly higher number of platelets (PLT) in

patients with myeloproliferative neoplasms compared to the controls

(Me = 713,42 9 109/L vs. Me = 250,39 9 109/L, P < 0.000001). Fur-

thermore, a detailed analysis of the results in four subgroups revealed

that the concentration of PDGF-BB was significantly higher only in

ET (Me = 244,53 pg/ml) and PV (Me = 322,94 pg/ml) patients, com-

pared to the control group (Me = 118,78 pg/ml). Moreover, platelet

counts were significanlty higher in ET (X = 955,49 9 109/L), PV

(X = 397,29 9 109/L) and CML (X = 598,20 9 109/L) patients in

comparison with controls (X = 250,39 9 109/L). Analysis of correla-

tions revealed statistically significant, positive correlations between

PDGF-BB and PLT count (R = 0.602941, P = 0.010407), PDGF-BB

and red blood cell count (RBC) (R = 0.632353, P = 0.006454), and

PDGF-BB and hematocrite (HCT) (R = 0.534314, P = 0.027140) in

PV patients.

Conclusions: Coexistence of high PDGF concentrations and an

increased platelet count in patients with MPNs indicates a platelet-

derived source of PDGF. Significant correlations between PDGF and

platelet count as well as the number of red blood cells may suggest an

increased cells proliferation dependent on angiogenesis in PV patients.

PO 374
Biomarkers for post thrombotic syndrome: a
systematic review and meta-analysis
Bouman AC1, Atalay S2, Ten Cate H1, Ten Wolde M2

and Ten Cate-Hoek AJ1

1Maastricht University Medical Centre, Maastricht;
2Flevohospital, Almere, The Netherlands

Background: Post thrombotic syndrome (PTS) is a serious condition

that occurs in 20–50% of patients following deep vein thrombosis

(DVT). Currently, no curative treatment options are available. Bio-

markers can be of use in both exploring PTS etiology and developing

risk stratification tools for PTS. Potentially, this could increase the

options for preventive or therapeutic measures according to the indi-

vidual risk profile.

Aims: This review gives an overview of the current knowledge on bio-

markers in relation to PTS.

Methods: A systematic search was executed in Pubmed, Embase/Med-

line, and Cochrane Central Register of Controlled trials to identify all

publications on biomarkers in relation to PTS. Where possible, results

of studies were pooled and a meta-analysis was performed using

Review Manager 5.1 (The Cochrane Collaboration).

Results: A total of 24 papers were included in this review. In patients

after DVT, increased D-dimer appeared to be associated with the

development of PTS, according to meta-analysis of three studies [OR

2.04 (95%CI 1.02–4.08)] P = 0.04. Neither thrombophilia nor

increased Factor VIII (FVIII) was associated with PTS in patients

after DVT [OR 0.93 (95%CI 0.72–1.18)] P = 0.54, [OR 1.78 (95%CI

0.88–3.57)] P = 0.11 Factor V Leiden (FVL) was associated with post

thrombotic ulceration [OR 11.42 (95%CI 6.37–20.48)] P < 0.00001.

Due to extensive heterogeneity, meta-analysis could not be performed

for markers of inflammation and tissue remodelling in relation to PTS.

Conclusion: Based on the findings of this review, we pose that D-dimer

as well as FVL are associated with an increased risk for PTS and post

thrombotic ulceration respectively, most likely explained by either pro-

longed clotting, or impaired clot lysis. Hypercoagulability as such

appears not to be associated with PTS. The role of inflammation still

has to be elucidated. More standardized research methods are needed,

to increase comparability of future studies.

PO 375
Diagnosis and prevention of post-thrombotic
syndrome (PTS)
Utne KK, Wik H and Ghanima W

Østfold Hospital, Fredrikstad, Norway

Background: Up to 50% of the patients develops PTS after deep

venous thrombosis (DVT). PTS has negative impact on thequality of

life and DVT-related costs. The Villalta and CEAP clinical scores are

most frequently used tools for the diagnosis of PTS. To prevent PTS,

it is recommended to wear compression elastic stocking (CES) for

2 years.

Aims: To determine the: 1- rate of PTS after DVT, 2- agreement

between Villalta and CEAP scores, 3- association between PTS and

duration of use of CES.

Methods: This cross-sectional study included patients treated for DVT

in Oestfold Hospital-Norway 3–9 years prior to recruitment. Villalta

and CEAP scores were assessed by the investigators. PTS was classi-

fied into four categories by Villalta score: severe (> 14), moderate (10–
14), mild (5–9) and absent (< 5), and into eight categories by CEAP

scale. The duration of use of CES was retrospectively registered. The

study was approved by the Regional Ethics Committee and written

informed consent was obtained from all patients.

Results: Median duration of observation after first DVT in 128

patients [median age 61 years; males 89 (67%)] was 5.5 years (range

3.5–8.7 years). Twenty-five patients had recurrence in ipsilateral
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extremity and 13 in contralateral extremities after the first episode. In

the Ipsilateral extremity 72 patients (56%) had no PTS, 38 (30%) had

mild 12 (9%) had moderate and 6 (5%) had severe PTS assessed by

the Villalta score.

The distribution of CEAP classes in ipsilateral extremities were C0

(38%), C1 (17%), C2 (15%), C3 (10%), C4a (16%), C4b (2%), C5

(2%) and C6 (0%).

There was a weak correlation between continuous Villata score and

CEAP classes (r = 0.27, P < 0.000). Of 126 patients with both scores

only 67 had concordant results regarding the presence or absence of

PTS (kappa 0.09, P = 0.2).

CES was worn for 3, 6, 12 or 24 months by 31%, 34%, 29% and 6%

respectively. Median durations of using CES in patients with no, mild,

and moderate PTS (Villalta) were 6, 6 and 12 months and for C0-1,

C2-3, C4a-b were 6, 6, 6 months respectively.

Summary/Conclusions: The proportion of patients having PTS accord-

ing to Villalta in the ipsilateral extremity (44%) was comparable to

other studies. Higher proportion of patients was deemed to have PTS

in according to CEAP (62%). There was no very week correlation and

absolutely no agreement between the two scores. Although, it is

unknown which of two tests more accurate diagnose PTS, however,

the International Society of Haemostasis and Thrombosis recommend

Villalta score as a standard for diagnosing PTS. Interestingly, the

grade of PTS does not seem to be affected by the duration of using

CES. Further studies are needed to determine the optimal duration for

using CES.

PO 376
Spontaneous acute serebral hematoma in a child
with F XIII deficiency
Bay A, Sirikci A and Dogan A

Gaziantep University, Gaziantep, Turkey

Background: Factor XIII deficiency is a very rare bleeding disorder

with an estimated incidence of one in 3–5 million individuals. The clin-

ical manifestation of factor XIII deficiency are neonatal haemorrhage

and lifelong bleeding diathesis. The incidence of intracranial haemor-

rhage (ICH) is higher in factor XIII deficiency than any other congeni-

tal bleeding disorders.

Aim: We are reporting here the clinical outcome of a young child with

intracranial bleed due to factor XIII deficiency.

Results: Five years old boy was admitted to emergency room with

vomiting, headache and poor feeding. His symptoms had started

3 days prior to the admission. There was no history of trauma and

bleeding. The patient had been followed up by haematology depart-

ment with diagnosis of factorXIII deficiency since 10 days old (his fac-

tor XIII levels was% 2). On physical examination, he was lethargic

and disorientated, and plantar reflexes was extensor bilaterally. Also

there was no motor dysfunction, facial asymmetry, fever and neck

stiffness. Computed tomography showed a right periventricular

haematoma and ventriculer dilatation due to foramen monro obstruc-

tion. The patient was managed successfully with fresh frozen plasma

transfusion and supportive treatments.

Conclusion: Early diagnosis is crucial due to risks associated with ICH,

commonly experienced during childhood.

PO 377
Major surgery in emergency in a patient with deep
factor X homozygous deficiency: use of the thrombin
generation test for management
Bellucci S, Appaplazza P, Lubrano S and Drouet L

Hopital Lariboisiere, Paris, France

Background: Factor X (F.X) deficiency is a rare, severe bleeding disor-

der, recessively inherited. Although haemorrhages are frequent and

often life-threatening there are few reports on its handling in emer-

gency conditions.

Aim: In surgical procedures, since there is no specific F.X concentrate

available, PCC concentrates containing F.X but also the other vitamin

K dependent factors are administered with a theoretical risk of throm-

boembolic complications. We assessed in emergency condition

whether monitoring of thrombin generation concomitantly to plasma

F.X was helpful for adjusting the dosages.

Patient and methods: Our patient, a 30 years old female presented with

pelvic and abdominal violent pain due to intraperitoneal rupture of a

large ovarian cyst with intracystic haemorrhages. The deficiency in

F.X (at 2%) was diagnosed at 6 years because of frequent ecchymoses

post mild traumas. She also presented previous post tonsillectomy

haemorrhages and abundant menorrhages. At basal level, during sur-

gery and post -surgery period, plasma F.X level was monitored chro-

nometry, Stago, Asni�eres, France) concomitantly to Endogenous

Thrombin generation Potential (ETP) with a calibrated automated

thrombography (CAT) (Stago, Asni�eres, France) allowing also to

measure the Lag time (LT), the Peak Height (PH), the Time to Peak

(TTP) and the Velocity index (VI); fibrin monomers (FM) (Stago,

Asni�eres, France) were measured too in order to detect any coagula-

tion activation.

Results and discussion: At basal level F.X was at 2%, but ETP was in

the normal range: 1771 nM/min vs. 1419–2060 nM/min in controls,

PH and VI were decreased at 188 nM and 52 nM/min vs. 282–388 nM

and 114–196 nM/min in controls respectively, LT and TTP were pro-

longed at 7.2 min and 10.8 min vs. 1.43–2.13 min and 3.33–4.73 min

in controls respectively. Before surgery (cystectomy with cure of hemo-

peritoneum), the patient received 20 IU/kg of F.X (present in CONFI-

DEX �, CSL Behring SA, France) in order to obtain a F.X level at

50%. Then she received 10 IU/kg/day during 5 days followed by

7.5 IU/kg/day/2 days of F.X to obtain a residual plasma F.X level at

about 30–35%.With this procedure, ETP was only slightly increased

(1.5 fold vs. the basal level), PH and VI remained in the normal range,

LT and TTP were improved. There was no coagulation activation

since FM remained undetectable during 6 days. Neither haemorrhages

nor thrombotic complications were observed.

Conclusion: This observation illustrates that toraise F.X plasma level

at 50% in pre-surgery followed by a residual plasma level at 30–35%,

in agreement with the normalisation of the generation of thrombin

parameters data, allowed a surgery with high haemorrhagic risk. Such

conclusion must be confirmed by future cases reports.

PO 378
The rare coagulation disorders in the west Algeria:
diagnosis and screening
Benlaldj D, Mouadene A, Messaoudi R, Moulasserdoun K,

Rahal Y, Rahal MC, Touhami H and Seghier F

University hospital of Oran, Oran, Algeria

Background: The rare coagulation disorders present significant difficul-

ties in diagnosis and management and her frequency in the general

population is low.

Aims: Diagnosis and screening of rare coagulation disorders in west

Algeria.

Method: This study was conducted from 2008 to 2012 in west Algeria

on All the subjects with bleeding tendency without any acquired

causes, were selected for further investigations.

Screening tests including platelet counts, prothrombin time (PT), acti-

vated partial thromboplastin time (aPTT), and fibrinogen assay.

Patients with prolonged aPTT were tested for factor VIII, IX, XI and

von Willebrand factor (antigen and Ristocetin cofactor activity).

Patient with prolonged PT and aPTT were tested for factor II, V, VII,

and X.

Patient with low factor V level were tested for factor VIII.

Result: Out of 127 patients diagnosed with inherited bleeding disor-

ders, 47 (37%) subjects had rare bleeding disorders. Among them,26
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were male and 21 patients were female. Median age of all the patients

was 14 years, (range 6 months to 65 years).

The rare bleeding disorders that were found in our population

included deficiency of factor II:{n = 04 (3.14%)}, factor V:{n = 07

(5.51%)}, factor VII: {n = 16 (12.60%), factor XI: {n = 5 (3.94%)},
Combined deficiency of factor V and VIII: {n = 12 (9.45%)}, fibrino-
gene dificiency {n = 3 (2.36%)}.
In 47 patients withe rare coagulation disorders, the mean bleeding

score (Tosetto,2006) was 2.3 (range 0–13).
Conclusion: The diagnosis of rare bleeding disorder is dificult in our

contries (lack of reagent). this results dont reflect the real frequency of

rare coagulation disorders in west Algeria. The perspective is to orga-

nise and develop the diagnosis and management of rare coagulation

disorders.

PO 379
Prenatal diagnosis for rare bleeding disorders
Dai J1, Lu YL1, Xin ZF2, Ding Q1, Wang LH1 and Wang X1

1Shanghai Jiao Tong University School of Medicine Ruijin

Hospital; 2Shanghai Jiao Tong University School of Medicine,

Shanghai, China

Background: Inherited deficiencies of blood coagulation factors are

usually associated with lifelong bleeding tendency. Rare bleeding dis-

orders (RBDs) represent 3–5% of all inherited coagulation deficien-

cies, and are usually transmitted as autosomal recessive traits.

Congenital factor VII deficiency is one of rare bleeding disorders with

prevalence of around one individual per 500,000. Severe bleeding man-

ifestations tend to occur mainly in homozygous or compound hetero-

zygous individual. It is an autosomal recessive disease.

Aim: To avoid patient was born, prenatal diagnosis is a very good

method for the disease history positive family. A women asked for pre-

natal diagnosis for her second conception. She have a congential factor

VII deficiency baby-boy, who was diagnosed at his 2-age.

Methods: Coagulation activity was assessed by one-stage clotting

method detected on IL coagulation analyser. The gene of facotor VII,

including all exons and intron boundary, was amplified by PCR and

seqenced.

Results: Biological assessment for this proband showed significant pro-

longed prothrombin time and the activity and antigen of factor VII

were 2.8% and 3.62% respectively. Other factors of haemostasis (V, II

and X) were in the normal range for age. Molecular diagnosis was per-

formed by direct sequencing analysis of the factor VII gene. It revealed

one homozygous missense mutation which is Gly360Asp substitu-

ation. Both parents were totally asymptomatic of blood disorders, but

had partial FVII deficiency, with factor VII levels of 38.8 and 40.6%

for the mother and father respectively. Family investigation show that

this couples are consanguineous marriage. Gene diagnosis results indi-

cated that they were all heterozygous missense mutation carrier. So

theoretically this couples will have another congenital factor VII defi-

ciency patient with 25% probability. To avoid conceive another

patient fetus, fetal DNA was extracted from 10 to 15 ml amniotic

liquid obtained by amniocentesis at 16–21 weeks gestation. Gender

detection shows it is a femal fetus and gene analysis for F7 indicated

that this fetus have homozygous Gly360Asp missense mutation which

is as same as its brother.

Conclusion: To a conclusion, this fetus is a congenital factor VII defi-

ciency female. Use gene diagnosis can help the women from inherited

disease family.

PO 380
Inherited factor VII deficiency in three Moroccan
pedigrees
Guedira C1, Giansily M2, Benkirane S1, Jeddi D1, Messoudi N3,

Mikdame M3 and Schved J-F2

1Ibn Sina Hospital, Rabat, Morocco; 2CHU, Montpellier, France;
3Mohamed V instruction military hospital, Rabat, Morocco

Background: Severe inherited factor VII deficiency is a rare autosomal

recessive disorder. The clinical features are variable and there is no

relationship between FVII activity and the bleeding tendency which

can vary from a modest bleeding to life-threatening hemorrhages.

Many mutations have been already published which are often single

base pair substitution.

Aim: To analyze the clinical and biological findings in three Moroccan

pedigrees of inherited coagulation factor VII (FVII) deficiency.

Methods: The coagulation function and coagulation factors activity of

probands were detected for phenotype diagnosis, all exons and junc-

tions of FVII gene from the family members’ genomic DNA were

amplified using polymerase chain reaction (PCR), and detected the

gene mutation by direct sequencing.

Results: The proband 1 was 37 years old, the proband 2 aged 6 and

the proband 3 was 64 years old. They all had consanguineous parents.

Proband 1 and 2 had a history of spontaneous bleeding such as epi-

staxis, menorrhagia and gingival bleeding while proband 3 was asymp-

tomatic.

They all had prolonged prothrombin time (PT) with normal activated

partial prothrombin time (aPTT): PT of proband 1 was 45s, for pro-

band 2 it was 33s and proband 3 had a PT of 40s.

The FVII activity was 2% in proband 1, 13% in proband 2 and 10%

in proband 3. Homozygous mutation was identified in the proband 1,

who had a severe quantitative deficiency, resulting in Arg413Gln. The

molecular analysis of proband 2, who carries a moderate qualitative

deficiency, showed a homozygous mutation resulting in Arg364Gln.

The molecular data aren’t available yet for proband 3.

Conclusion: Congenital FVII deficiency is a bleeding disorder that

requires optimal hemostatic management for each case due to its wide

variety of bleeding symptoms.

PO 381
Effect of social factors on high prevalence of factor XIII
deficiency in southeast Iran
Naderi M1, Dorgalaleh A2, Eshghi P3, Alizadeh S2, Tabibian S2

and Sanei Moghaddam E4

1Research Center For Children HealthRCCAH, Zahedan University

Of Medical Science, Zahedan; 2Hematology department, Allied

Medical School, Tehran University of Medical Scien; 3Pediatric

Hematology &Oncology Research director of Mofid Research

Center for Co, Tehran; 4Manager of Blood Transfusion Center of

Zahedan, High Institute for Research and, Zahedan, Iran

Background: Inherited factor XIII (FXIII) deficiency is a rare bleeding

disorder that can present with significant bleeding complications such

as umbilical cord Bleeding and life-threatening intracranial haemor-

rhage. Precise prevalence of the disease is not clear but in countries

where consanguineous marriages are relatively high This disorder

occur frequently. In Sistan and Baluchistan due to the high rate of

consanguineous marriage prevalence of factor XIII deficiency is

increased.

Aims: The aim of this study is to assess the role of relatives, ethnicity

and residence in prevalence of factor XIII deficiency.

Methods: This study performed on 205 patients with severe factor XIII

deficiency. The clot stability test in order to asses the suspected

patients was done and in some patients also molecular analysis and

factor assay were done. Data of patients was collected by survey of
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patient records, designed questionnaire and family tree. Eventually

Statistical analysis was done by SPSS software.

Results: The mean age of patients was 12.7 � 8 years and 47.8%

patients were men and 52.2% patients were women. Ninety-three and

seven-tenths percent of patients were baluch and a minority of them

were Afghan immigrants (1.5%). More than 70 percent of parents of

patients were close relative and 11.8% were distant relative while just

10% of parents no family relatives.

Summary/Conclusions: Factor XIII deficiency is rare bleeding disorder

in general population while the prevalence of disorder is significantly

higher in Sistan and Baluchistan province, southeast of Iran. It seems

that ethnicity, religion, residence and consanguineous marriage have

crucial role on this high prevalence of factor XIII deficiency.

PO 382
Rare inherited clotting factor deficiencies (RICFD) in
pediatric population: King Faisal Specialist Hospital
and Research Centre Riyadh Experience
Saleh‘ M, Jamil R, Al Musa A, Zahrani H, Owaidah T, Hassan TH,

Mohammed V, Abu-Riyash M and Siddiqui K

King Faisal Hospital & Research Center, Riyadh, Saudi Arabia

Background: The rare inherited coagulation factor deficiencies (RIC-

FDs) are deficiencies of factor I, II, V, VII, X, XI, XII, XIII and con-

tact factors.They are generally autosomal recessive disorders or

present in homozygous states. Heterozygotes have approximately half-

normal levels of coagulation factors and are usually asymptomatic.

They have a prevalence of about 1: 500,000 to 1: 2,000,000 in general

population. Factor VII and Factor XI deficiencies are the most preva-

lent world wide. The most typical symptoms in the RICFDs are the

occurrence of excessive bleeding at the time of invasive procedures as

well as mucosal bleeding. Menorrhagia and postpartum bleeding often

occurs in these patients if replacement therapy is not administered.

Aims: To determine the prevalence, clinical profile and treatment out-

come of RICFDs in pediatric patients seen at King Faisal Specialist

Hospital and Research Centre, Saudi Arabia from 2002 to 2012.

Methods:We are presenting results of a descriptive study where we ret-

rospectively reviewed the charts of the pediatric patients treated at our

facility from 2002 to 2012.

Results: Of 22 pediatric (≤ 14 years) patients profiles reviewed, 59%

(13) were females. Median age at diagnosis was 5.3 years (0.2–14).
Ninety-one percent (20) had a positive family history of RICFD and

parents with consanguineous marriages. Family history of RICFD

was most common in Factor XIII deficiency (35%). A 27.3% of our

patients were from the Northern Region, 18.2% from Western, 13.6%

from Eastern, 27.3% from Southern and 13.6% from the Central

Region. Median HgB at diagnosis was 119.7(12.3–166), MCV 78.9

(67.2–93) and ferritin 37.9(9–80). Factor XIII deficiency was seen in 8

cases (36.4%), followed by Factor II Deficiency in 4(18.2%) and Fac-

tor VII in 3(13.6%). Hepatitis B and C screening was done in 63.6%,

all were found to be immune/non reactive. Echymosis was most com-

mon bleeding (11.50%) followed by oral in 8(36.4%) and intracranial

hemorrhage in 6(27.3%). Eighty-three percent (n = 5) of ICH was

seen in patients with Factor XIII deficiency, resulting as the most com-

mon serious morbidity. Developmental delay was seen in 2(9%) cases.

Five ICU admissions were recorded. Primary reason to ICU admis-

sions was ICH. Treatment modality included topical thrombin in all

cases, followed by FFP (17), tranexamic acid (7) and iron supplemen-

tation (6). Three were given hormonal contraceptives. All of patients

reviewed were alive at the time of last contact.

Conclusion: InSaudi Arabia, the RICFDs are uncommon coagulation

problems probably due to under diagnosis of the patients living in

remote areas. However in our cohort of pediatric patients, FXIII was

the most common presenting with serious bleeding manifestations.

Precise knowledge about RICFDs, their clinical presentation, diagnos-

tic work-up and treatment options is vital to accurately diagnosing

these patients and providing optimal treatment in pediatric patient

population.

PO 383
Handling of a neonate with severe congenital factor VII
deficiency and severe bleeding episodes
Wiegand G1, Rauch R2, Icheva V1, Auerswald G3 and Hofbeck M1

1University Children‘s Hospital, Tuebingen; 2Rems-Murr-

Klinikum, Children‘s Hospital, Waiblingen; 3Professor-Hess-

Kinderklinik, Klinikum Bremen-Mitte, Bremen, Germany

Congenital factor VII (FVII) deficiency is a rare bleeding disorder,

which manifests with a high phenotypic variability. It seems that the

bleeding disposition in patients with FVII < 25% depends more on the

variable genetic defect than on the degree of FVII level reduction.

Treatment has traditionally involved FVII replacement therapy using

fresh frozen plasma, prothrombin complex concentrates or plasma

derived FVII concentrates. Recombinant activated FVII (rFVIIa) is

actually considered the first-line therapy for replacement therapy in

patients with FVII deficiency.

We report the case of an infant with severe congenital FVII deficiency

(< 1%). One day after birth, he presented with marked paleness and

hemoglobin levels were in the range of 4–5 g/dl. He required photo-

therapy because of severe icterus based on a severe cephalohematoma.

In the context of this bleeding, the diagnosis of a severe FVII defi-

ciency was made. At the age of 6 weeks he suffered from an intraven-

tricular hemorrhage. The administration of rFVIIa stopped the

bleeding immediately and the patient survived without any neurologi-

cal deficit. At the age of 4 month, the infant was referred to our hospi-

tal because of a pyelonephritis with macrohematuria, again repetitive

dosages of rVIIa (40 lg/kg every 6–8 h) stopped bleeding instantly.

Over the course of the next weeks, the child suffered from spontaneous

facial and subcutaneous hematoma of the back of his right hand.

Based on the several severe bleeding episodes in combination with

FVII levels < 1% we started prophylactic therapy with rVIIa 65 lg/kg
every second day. No further bleeding episodes were encountered since

the initiation of this therapeutic regimen.

Congenital FVII deficiency is a rare autosomal recessive bleeding dis-

order with an incidence of about 1/500.000. There are only few reports

on neonates with intracranial hemorrhage. Lee et al. reported a case of

severe intracerebral and intraventricular hemorrhage (IVH) in a neo-

nate with congenital FVII deficiency. At the beginning rFVII was

administered in a dose of 20 lg/kg every 4 h. A brain CT 7 days after

admission revealed the regression of the IVH. Severe and life threaten-

ing hemorrhages are rare (5%) and occur most frequently in the first

6 months of life. In patients with severe hemophilia A prophylactic

therapy with factor concentrates is currently the most effective inter-

vention. In patients with severe congenital FVII deficiency prophylac-

tic therapy is uncommon because of the very short half life of infused

FVII. Moreover there are no specific guidelines concerning the fre-

quency and dosage of the factor substitution. Authors report about

dosages of 20–30 lg/kg once or twice weekly. Other reports have

described dosing regimes of 15–90 lg/kg by bolus injection from twice

daily to twice weekly. Complicating is that the smallest package avail-

able on the market is 1 mg, leading to wastage of a large amount of

the very expensive drug.

Congenital VII deficiency is a rare bleeding disorder. NovoSeven is

now being used for the treatment of clinically significant bleeding.

Despite the low incidence of this illness, further studies are needed for

optimizing therapy.
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PO 384
Congential afibrinogenemia
Yakovleva E, Tentsova I, Balandina A, Konyashina N, Soboleva N

and Zorenko V

National Research Center for Hematology, Moscow, Russia

Introduction: Congential afibrinogenemia is a rare bleeding disorder

with an estimated prevalence of 1:1,000,000 in the general population.

There are about 250 cases reported in the world literature. In depart-

ment of coagulopathy of Russian National Research Center for

Hematology we are observing two patients with this diagnosis.

The aim of investigation: A complex assessment of coagulation system

in patients with a different bleeding phenotype of afibrinogenemia.

Materials and Methods: A 22-year-old woman suffers from ecchymosis

appearance each 1–1.5 months; twice she has surgery for hemoperito-

neum after corpus luteum rupture. A 17-year-old man suffers from

intensive epistaxis each 3 months. Clotting tests included: clotting time

(CT), activated partial thromboplastine time (APTT), prothrombin

time (PT), thrombin time (TT), fibrinogen (Clausse) assay, factors of

prothrombin complex and venom tests (echitox time, lebetox time,

ancistrodon time). Electrophoresis and immunofixation were used for

fibrinogen identification. Global hemostatic tests embrased thrombin

generation assay (TGA), thromboelastography (TE), thrombodynam-

ics (TD).

Methods: In both cases CT, APTT, PT, TT, echitox time, lebetox time,

ancistrodon time are infinitely prolonged. Fibrinogen is undetectable

by Clauss assay. Factors of prothrombin complex are normal. The

fraction of fibrinogen is absent by electrophoresis method; there is a

trace band of fibrinogen in a c1 zone by immunofixing. According to

TE, TD the clot is not formed. Results of TGA show increase of

endogenous thrombin potential (2018 and 3582 nM/min for patients

respectively) and thrombin peak (277 and 205 nM) in comparison with

controls (1020 nM/min and 150 nM, respectively).

Conclusion: Coagulation system in patients with a different bleeding

phenotype of afibrinogenemia is characterized by identical changes

according to clotting tests, electrophoresis and immunofixation, global

hemostatic tests: TE and TD. TGA shows different increasing of

thrombin generation that is individual distinction of patients.

PO 385
Dysfibrinogenemia and pregnancy – a case report
Remotti L, Vera Morandini P, Ingratti MF, S�anchez Luceros A,

Grosso SH, Woods AI, Meschengieser S, Blanco AN

and Lazzari MA

Academia Nacional de Medicina, Buenos aires, Argentina, CABA,

Argentina

Background: Congenital abnormalities of the fibrinogen (afibrinogen-

emia, hypofibrinogenemia, dysfibrinogenemia) have been associated

with obstetric complications.

Hereditary dysfibrinogenemias are characterized by the biosynthesis of

structurally and functionally abnormal fibrinogen molecules, resulting

in decreased clotting activity, despite normal circulating levels of

fibrinogen antigen. The obstetric complications observed in dysfibrino-

genemias include first-trimester pregnancy loss, haemorrhage, placen-

tal abruption, and thrombosis.

In patients with afibrinogenemia and hypofibrinogenemia, it is recom-

mended to maintain fibrinogen levels above 150 mg/dL to achieve a

postpartum haemorrhage risk similar to that of healthy women with-

out a fibrinogen deficiency. Management of pregnancy in women with

dysfibrinogenemia needs to be individualized, taking into account the

fibrinogen level and personal and family history of bleeding and

thrombosis. No specific treatment is required in asymptomatic

women.

Aims: The aim of this report is to present the case of a patient with

diagnosis of hereditary dysfibrinogenemia, without replacement ther-

apy or any treatment to increase her plasma fibrinogen level during

pregnancy; she was monitored up the 34th week of gestation without

any obstetric complication.

Case report and Results: The patient is a 31-year-old woman with pre-

vious personal history of obstetric complications (two anembrionic

pregnancies), bleeding after curettage that required transfusion of red

blood cells and fresh frozen plasma.

The diagnosis was based on the discrepancy between low fibrinogen

clotting activity (C, Clauss Method 145 mg/dL) and normal level of

fibrinogen antigen (I, Laurell immunoelectrophoresis: 235 mg/dL).

Laboratory tests showed prolonged activated partial thromboplastin

time (APTT) (ratio 1.2; RV: 0.87–1.13), that was corrected by the

addition of normal plasma (ICA 2; control < 10); prolonged thrombin

time (TT) (ratio 2; RV: 0.75–1.25) that was not corrected by the addi-

tion of normal plasma (1.6; control 1.2) and borderline value of pro-

thrombin time (PT) (ratio 1.13; RV: 0.82–1.13). Apart from the

fibrinogen, other coagulation factor activities were normal; von Wille-

brand disease was also ruled out.

Hereditary defect was assumed because both her mother (C:110 mg/

dL, l: 354 mg/dl) and her brother (C: 60 mg/dL, I: 240 mg/dL), had a

previous diagnosis of dysfibrinogenemia.

Five months after the diagnosis she became pregnant. Fibrinogen lev-

els were tested between 12th and 34th weeks of gestation. No signifi-

cant increase of coagulant activity (range: 140–160 mg/dL) was

observed; fibrinogen antigen values changed between 230 and 425 mg/

dL, with a maximum at 30th week of gestation.

Due to her previous history of bleeding and the fact that fibrinogen

concentrates are not commercially available in Argentina, 6 units of

cryoprecipitates were indicated to be infused before delivery and

another 6 units if a bleeding complication occurred.

Conclusion:We present a case of congenital dysfibrinogenemia without

any fibrinogen replacement therapy; only a frequent control of the

fibrinogen was carried out. No obstetric complication was detected up

to the 39th week.

PO 386
The laboratory profile of the thrombotic
Antiphospholipid Syndrome- Experience from a North
Indian tertiary care referral centre
Ahluwalia J, Masih J, Bose SK and Neelam V

Postgraduate Institute of Medical Education & Research,

Chandigarh, India

Background: The antiphospholipid antibody syndrome (APS) is an

autoimmune disorder characterized by thrombosis and/recurrent preg-

nancy losses and positivity for antibodies directed against phospholip-

ids or the proteins attached to them. It may be associated with

recurrent arterial or venous thrombosis and is the commonest acquired

cause of thrombosis. There is limited data available on the laboratory

testing for this disorder in the thrombotic presentation from the Indian

subcontinent.

Aims: We attempted to determine the prevalence of APS in patients

with thrombosis and to study the pattern of positivity of the lupus

anticoagulant (LA), Anticardiolipin antibodies (ACA) and anti beta 2

Glycoprotein 1 (anti b2 GPI) antibodies in this group of patients.

Methods and patients: Patients with confirmed thrombosis (arterial or

venous), referred for workup of the hypercoagulable state were

included in the study. Citrated plasma samples were screened and con-

firmed for LA by the diluted Russel Viper venom time and in- house

Kaolin clotting time. Serum samples were screened for ACA and anti

b2 GPI antibodies by EIA. Results of repeat testing after 12 weeks for

a positive result, where available, were noted.

Results: In a period of 3 years, 991 cases were tested for the APS.

Eight hundred and eighty-nine cases were available for analysis. In 186

(20%) of these, any one of the APS antibodies were positive at least

once. In 30 (3.3%) cases, the antibodies persisted for at least 12 weeks
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and they qualified for the APS. Eight cases were children. Fifty-four

percent cases had venous thrombosis. Fifty percent cases had intracra-

nial thrombosis. A 6.6% cases had recurrent thrombosis. In 21(70%)

cases there were no risk factors other than the antibodies tested. Only

3 cases had persistent positivity for all 3 antibodies. In 22 (73%) cases,

only 1 antibody was positive. Anti b2GP 1, ACA and LA antibodies

were positive in 28, 9 & 5 cases respectively. Positivity for IgG isotype

of anti- b2GP 1 antibodies were common (70% cases).

Conclusions: APS affects young patients and children form a signifi-

cant proportion. A majority of APS patients had no other risk factors.

Transient antibody positivity was frequent. Positivity for all three anti-

bodies is rare and there is a need to have a wide antibody panel. Anti

b2GP1 antibodies were the commonest ones encountered. Positivity

for LA was the lowest among all antibodies studied and this was possi-

bly due to the inability to reconfirm an initially positive positive LA

result, if the patient had commenced oral anticoagulant therapy. LA

was always positive along with anti b2GP1 antibodies and this effect

was possibly a subset of the anti b2GP1 antibodies. Anti b2GP1 anti-

bodies were instrumental in increasing the yield of APS in our popula-

tion and are a useful addition to the test panel.

PO 387
Anti-annexin V antibodies and clinical manifestations
of antiphospholipid syndrome
Ben Said M, Ellouze R, Sfar I, Kallel H, Gorgi Y, Ben Abdallah T

and Guermazi S

Hôpital Charles Nicolle de Tunis, Tunis, Tunisia

Background: The antiphospholipid syndrome (APS) is diagnosed in

patients with thromboembolic events and/or recurrent unexplained

fetal loss associated with persistent so called antiphospholipid antibod-

ies (aPL). Laboratory diagnosis of APS includes the detection of posi-

tive aPL validated by The International Society on Thrombosis and

Haemostasis (ISTH): anticardiolipin antibody (aCL) and/or anti-b2
glycoprotein I antibody (anti-b2GPI) of IgG or IgM class, and/or

lupus anticoagulant. Some authors have described a potential role of

other aPL in the onset of clinical manifestations of APS and in partic-

ular anti-annexin V antibodies (AAV), but studies are few and often

conflicting.

Aims: In this work, we investigated the place of the detection of AAV

in the plasma of patients with thrombosis and/or foetal losses associ-

ated or not to positivity for biological markers of APS.

Patients and Methods: We have studied 123 patients (43 males, 80

females) aged 1–81 years (mean 39 years), with confirmed thrombosis:

venous (65 cases), arterial (22 cases) or recurrent unexplained fetal loss

(36 cases). The control group consisted of 80 healthy subjects. We eval-

uated aCL, anti-b2GPI and AAV (IgG and IgM isotypes) by an

enzyme-linked immunosorbent assay (Orgentec) and for the lupus

anticoagulant as recommended by the ISTH.

Results: All normal controls were negative for aCL, anti b2GPI, and

AAV. Twenty-three patients (18.7%) had one or more aPL required

for the diagnosis of APS. The incidence of isolated positivity for anti-

b2GP1, LA and aCL was 9%, 2.4% and 0.8% respectively. The com-

bination of two or three antibodies was observed in 6 (4.9%) and 2

(1.6%) patients respectively. Among these 23 patients, there are two

who were also positive for AAV. The presence of AAV was signifi-

cantly associated with positivity for biological markers of APS

(P < 0.05). Among 100 patients without conventional biological mark-

ers of APS, 4 women (2.5%) had isolated positivity for AAV: 2 throm-

botic events (1 arterial and 1 venous) and 2 obstetric events. However

there is not a significant association between AAV and clinical mani-

festations suggestive of APS (P > 0.05) in patients with negative classic

markers as compared to normal control.

Summary/Conclusion: Our results corroborate those of other studies

which report the presence of AAV in patients with thrombosis or

obstetrical complications. AAV are not recognized as markers of APS

by the ISTH, however their presence associate with classic markers of

APS, or isolated in patients with arterial or venous thrombosis, and in

women with obstetrical complications suggest a possible diagnosis

interest, perhaps in second line when classic markers are negative par-

ticularly in case of a strong suspicion of APS. The exact role of AAV

in the APS remains uncertain. The results of this study support the

complexity of the pathophysiology of APS. Clinical manifestations

reflect the interaction of a mix of antibodies. The diagnostic value of

AAV deserves to be confirmed on larger studies.

PO 388
Hemolytic anemia and chronic non-healing ulcer on
the right foot in a 27-year old female: a case of SLE
antiphospholipid antibody positive responsive to
cyclophosphamide therapy
Calatrava JBA, Santos-Estrella PV, Villamin MA and Esposo EA

St. Luke’s Medical Center, Quezzon City, Philippines

Background: Our patient in discussion was from the Social Service

who was asked to sign a consent form that their case can be used as

clinical material towards the enrichment of medical education.

SLE is an autoimmune disease in which organs and cells undergo dam-

age initially mediated by tissue-binding autoantibodies and immune

complexes. The most common presentation of which are skin and joint

manifestations and cardinal symptoms however there are a few who

presents differently. The mainstay of therapy is glucocorticoids but to

a few who are refractory or resistant, the use of cytotoxic agents can

be utilized.

Aims: To present a case of SLE with an atypical presentation.

To present a case of steroid-refractory hemolytic anemia that

responded to cyclophosphamide therapy.

Case Report: This is the case of a 27 year-old female who presented

with 7-month history of intermittent fever, rash and chronic non-heal-

ing right foot ulcer. The right foot ulcer did not improve with regular

wound cleaning with Guava leaves and Hydrogen Peroxide. She later

on had episodes of dizziness, generalized body weakness and dyspnea

on exertion. Consult done showed anemia and thrombocytopenia

however diagnosis was unrecalled. Blood transfusions were done but

later had ABO incompatibility. A few weeks after discharge, she had

muscle and joint pains, discomfort in swallowing, productive coughing

and fever with progressive shortness of breath and weight loss of 15Kg

over 2 months.

Patient was admitted with anemia of 5.6 mg/dL and thrombocytope-

nia of 90,000. Peripheral Blood Smear showed hypochromic anemia,

slight anisocytosis, and few schistocytes. Coomb’s test Direct and Indi-

rect was positive, C3 = 29.8 mg/dL, Anti dsDNA, Anti-Smith, Anti-

RNP were strongly positive, ANCA IgM negative, SCL70 Antibody

negative, Crossmatching was positive for warm auto-antibodies, both

Lupus Anticoagulant and Antiocardiolipin antibody IgG were positive

and Duplex Scan of lower extremities was normal for the right lower

extremity. She was started on Prednisone 20 mg/tab once daily and

was later shifted to Hydrocortisone 40 mg IV once daily then to Pulse

Therapy with Methylprednisolone. After 3 days of pulse therapy, her

symptoms of fever, easy fatigability, shortness of breath and the

thrombocytopenia was improved however the anemia and the right

foot ulcer persisted. Patient was started with Hydroxychloroquine

200 mg tab once daily, Prednisone 25 mg after breakfast and 20 mg

after lunch and Cyclophosphamide 500 mg IV twice a month for six

doses. Anemia was resolved after three doses of Cyclophosphamide

and the right foot ulcer completely healed after four doses of Cyclo-

phosphamide.

Conclusion: We presented an SLE patient with antiphospholipid anti-

body who presented with hemolytic anemia and chronic non-healing

ulcer on the right foot who responded to pulse cyclophosphamide

therapy.
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PO 389
Antyphospholipid syndrome and arterial thrombosis
Ibañez F, Harberth F, Nuria B, Maria Jose A, Carolina M,

Fernando C, Maria Luisa M, Helena B, Juan B and Raul S

Hospital San Pedro de Alc�antara (C�aceres), Caceres, Spain

Background: Antiphospholipid syndrome (APS) is an acquired auto-

immune condition of thrombophilia which predisposes to the develop-

ment of venous, arterial, microvascular thrombosis and pregnancy

complications that have persistently antiphospholipid antibodies

(aPL). Arterial thrombosis is the most serious complication of APS

and not well known at present that risk factors associated with the

development of arterial thrombosis.

Aim: The aim of the present study was to assess the association

between risk factors for cardiovascular disease (age, hypertension,

dyslipidemia, diabetes, snuff, family history of thrombosis), inherited

thrombophilia, oral contraceptives and the presence of arterial and

venous thrombosis in patients with APS.

Methods Forty-seven APS consecutive patients were enrolled in a ret-

rospective observational study by San Pedro de Alc�antara Hospital

(Haematology‘s Department) between 2000 and 2012. Of them, 22

were men and 25 women aged between 24 and 85 years, classified in

multiple or single positive antiphospholipid antibody and obstetric

APS. Potential clinical and laboratory risk factor for arterial and

venous thrombosis were evaluated. Patients′ characteristics were anal-
ysed using descriptive statistics in SPSS (Version 19). The level of sta-

tistical significance was set to 0.05 (SPSSstatics19).

Results: We observed 23 patients with venous thrombosis, 20 with

arterial thrombosis and 4 with obstetrical APS. Lupus anticoagulant

present in these patients is the most common (55.3%) being the most

prevalent venous thrombosis (57.7%) (OR = 0.38, 95% CI:0.06–2
0.34, P = 0.001) compared with arterial thrombosis that is slightly

lower (42.3%). Multiple aPL positivity (23.4%) is associated with a

more severe course of the disease, increasing significantly the rate of

arterial thrombosis (54.5%) compared to venous thrombosis (45.5%)

(OR = 1.54, 95% CI:0.3–6.1, P = 0.001), whereas the frequency of

positive anticardiolipin and ß2glycoprotein-I (4.3% and 8.5% respec-

tively) was the same respectively (50%). Analyzing the distribution of

arterial thrombosis in our center a total of 42.6% of APS was observed

(25.8% stroke, 9.4% myocardial infarction, 4.7% thrombosis of the

central retinal artery, 6.9% peripheral arterial disease) being the most

frequent stroke. There wasn’nt a significant relationship between arte-

rial thrombosis and the presence of classic stroke risk factors, inherited

and acquired thrombophilia risk factors.

Conclusions: In our group of patients the multiple aPL positivity is

associated with a more severe course of the disease, increasing signifi-

cantly the rate of arterial thrombosis. The most common form of arte-

rial thrombosis in our case series stroke was as described in the

literature.

PO 390
Comparison of six dilute Russell viper venom time
lupus anticoagulant screen/confirm assay kits
Fritsma GA1 and McGlasson DL2

1Fritsma & Fritsma LLC, Trussville, AL; 2Wilford Hall USAF

Medical Center, Lackland Air Force Base, TX, USA

Background: The normalized dilute Russell viper venom time

(DRVVT) ratio provides a robust assay methodology for lupus antico-

agulant (LA) detection.

Aims: We evaluated six normalized DRVVT LA screen and confirm

systems for inter-method consistency. Reagents were purchased from

Diagnostica Stago, Precision BioLogic, Siemens, TCoag, Instrumenta-

tion Laboratories, and Sekisui.

Methods: For all assays, we employed the STA-R Evolution� auto-

mated coagulometer, adhering to manufacturers instructions.

LA-positive and LA-negative plasma controls were purchased from

Diagnostica Stago and pooled normal plasma (PNP) was purchased

from Precision BioLogic Inc. We computed the mean of the reference

interval (MRI) and action limits for all kits using LA-negative aliquots

from locally sourced normal subjects (n = 42). We then assayed

locally sourced LA-positive plasmas (n = 43) and using ANOVA

compared uncorrected screen/confirm ratios and screen/confirm ratios

that were normalized using MRI and mean PNP results.

Results: The grand mean action limit, MRI + 3 SD, derived from the

local normal plasmas, was 1.2, confirming the manufacturers’ recom-

mended limits; however, limits must be locally computed. The all-sam-

ple P value was < 0.001, indicating heterogeneity among ratios. When

Sekisui ratios were excluded, the P value was 0.14, thus indicating that

this method introduced the major difference among methods. Mean

screen/confirm ratios computed from LA-positive specimens were

1.91–2.04 for reagent systems other than Sekisui, which instead yielded

a mean ratio of 1.198, indicating that this method was relatively insen-

sitive to LA. A negative bias was recorded by two lots from the Sekisui

system for LA-positive specimens. Screen/confirm ratios from com-

bined LA-positive and LA-negative samples generated a combined

range of 1.59–1.67 for all reagents except Sekisui, which instead

yielded 1.09. All within-run coefficients of variation (CV%) were

< 5.0% using all samples. Between-run CV% using Diagnostic Stago

LA-positive and LA-negative controls was < 5.5%.

Conclusion: DRVVT screen/confirm ratios discriminate between LA-

positive and LA-negative samples and generally provide acceptable

reproducibility. Ratio results may vary among reagent-instrument

combinations. In this study, normalization added little to the clinical

result interpretation.

PO 391
Prevalence of antiphospholipid antibodies in adults
with ischaemic stroke
Nwogoh B, Awodu A and Ogunrin O

University of Benin Teaching Hospital, Benin City, Nigeria

Background: Antiphospholipid antibodies are autoantibodies with

procoagulant activities. They include lupus anticoagulant, anticardioli-

pin and glycoprotein I. Their presence is frequently associated with

thromboembolic phenomena including ischaemic stroke. The fre-

quency of occurrence of these antibodies in stroke patients in our envi-

ronment has not been investigated.

Aim: The aim of this study is to investigate the prevalence of anti-

phospholipid antibodies in adult patients with ischaemic stroke.

Methods: This is a cross sectional case control study. Consecutive

established ischaemic stroke patients between 18 and 60 years were

recruited as cases and non stroke subjects as controls. Antiphospholi-

pid antibodies were assayed using dilute Russel viper’s venom (DRVV)

Lupus Anticoagulant kits (LA screen and confirm kits) by TECHNO-

CLONE DIAGNOSTICS GmbH, Vienna) and total anticardiolipin

antibody (ACA) enzyme linked immunosorbent assay (ELISA) based

assays (Bioquant Diagnostics, San Diego, USA). Haematological

parameters were analyzed with haematology automated analyzer

MODEL SYSMEX KN21, Japan.

Data was analyzed using SPSS version 16. The prevalence of anti-

phospholipid antibodies of the study group and controls were com-

pared using chi-square and Fisher’s Exact test. The means of the

haematological parameters of both groups were compared using Stu-

dent T test. P-values < 0.05 was considered significant.

Results: A total of 60 ischaemic stroke patients and 30 controls were

recruited. The mean age for the ischaemic stroke patients and controls

were 48.5 � 9.4 years and 42.9 � 9.5 years respectively. The stroke

subjects comprise 36 males and 24 females while the controls included

16 males and 14 females.

Six (10%) of subjects with ischaemic stroke were positive for LA and

none of the controls had LA. Twelve (20%) of the stroke subjects were

positive for ACA while two (6.7%) of the controls were positive. The

prevalence of APLA in ischaemic stroke patients was 28.3% as against
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6.7% in the controls. This was statistically significant with a P value of

0.026 and an odd ratio of 5.53. There was no age or sex preponderance

in APLA positivity in the ischaemic stroke group and there was no sig-

nificant difference in the platelet counts of the study groups.

Conclusion: There is a high prevalence of APLA in patients with is-

chaemic stroke in our environment. Because the presence of these anti-

bodies has therapeutic implications, routine evaluation of APLA is

therefore recommended in patients at risk of ischaemic stroke.

PO 392
Incidence of antiphospholipid antibodies in women
with preeclampsia seen at the Universty of Benin
Teaching Hospital
Nwogoh B, Awodu A and Aziken M

University of Benin Teaching Hospital, Benin City, Nigeria

Background: Antiphospholipid antibodies (APLA) are heterogeneous

group of circulating antibodies against anionic phospholipids. They

have been associated with a number of obstetric complications how-

ever their role in the pathogenesis of preeclampsia has remained an

issue of controversy. There is a dearth of information on APLA in pre-

eclamptic women in our environment.

Aims: The aim of this study is to determine the prevalence of anti-

phospholipid antibodies in preeclampsia among women presenting to

the University of Benin Teaching Hospital (UBTH) Benin City; to

determine pregnancy outcome in APLA positive women with pre-

eclampsia. This is with a view to recommending screening for APLA

to women at risk of preeclampsia.

Methods: This is a cross sectional case control study. Consecutive

pregnant women diagnosed of preeclampsia and age-parity matched

normal on-going pregnant women were recruited as participants for

the study. Antiphospholipid antibodies were assayed using dilute Rus-

sel viper’s venom (DRVV) Lupus Anticoagulant (LA screen and con-

firm kits) and total anticardiolipin antibody (ACA) enzyme linked

immunosorbent assay (ELISA) kits.

Results: A total of 100 women were studied comprising 50 pregnant

women with preeclampsia and age-parity matched 50 normal ongoing

pregnant women as control. The mean ages of the study participants

were 31.6 � 4.7 years and 30.9 � 5.4 years respectively. Thirty of the

preeclamptic women were booked in UBTH and twenty were unboo-

ked. Eleven of the preeclamptic women had mild preeclampsia while

thirty-nine had severe preeclampsia. The prevalence of APLA in pre-

eclampsia was 10% while none (0%) of the controls was positive. This

was not statistically significant P value = 0.056 however the odd of

detecting APLA in preeclampsia is infinite. There were no significant

differences in the obstetric history, pregnancy complications, maternal

and birth outcomes between APLA positive and APLA negative

women with preeclampsia. However APLA positive preeclamptic

women are at increased risk of abruptio placenta and low birth weight

with odd ratios of 5.83 and 1.71 respectively.

Conclusion: The prevalence of APLA though increased in women with

preeclampsia there is no association between APLA and preeclampsia

in the study participants. Therefore a routine assay of APLA in

women at risk of preeclampsia may not be justified however women

with preeclampsia with other clinical features of antiphospholipid syn-

drome should be investigated for APLA.

PO 393
Frequency of antiphospholipid syndrome in 600 of
Czech females with venous thromboembolism in
association with oral contraceptive use
Sad�ılek P1 and Dulı́cek P2

1University Hospital Hradec Kr�alov�e; 2University Hospital and

Medical Faculty of Charles University, Hradec Kr�alov�e, Czech

Republic

Background: Among women in their reproductive age, pregnancy and

oral contraceptive use (OC′s) are common risk situations of VTE.

Because the baseline risk of VTE is low in young healthy women, the

absolute risk remains low (3–4 VTE/10,000 women per year using OC.

Thirty-three percent of Czech women in their reproductive age are tak-

ing oral contraceptives.

The aim of the study: We assessed presence of antiphospholipid syn-

drome (APS) in a group of 600 women with VTE in association with

combined oral contraceptive use (COC′s) seen at our clinic since 1997

till the end of 2012. VTE was clinically manifested and objectively doc-

umented in all cases. We focused on laboratory work-up of APS. Tim-

ing of the detection of lupus anticoagulant (LA) is troublesome,

because of influence of many factors: the persisting effect of COC on

coagulation, influence of acute thrombosis and also anticoagulation

therapy. Diagnosis APS is important for clinical practise, because has

impact on: the strategy of anticoagulation therapy, management of

further pregnancy, possibility of the onset of autoimmune disease etc.

Methods: LA was examined in all samples at least twice, once at the

time of diagnosis and again after anticoagulant therapy. In the case of

suspected LA after the cessation of anticoagulation, the examination

was repeated after 8 weeks.

Citrated blood samples were centrifuged twice for 15 min at 2700 g

and then filtered through a filter with a pore size 0.2 lm. Platelet-

free plasma was either analyzed immediately or stored at �70 °C.
The laboratory screening of lupus anticoagulant antibodies was

examined by following laboratory tests: PT, aPTT, aPTT with high

sensitivity to LA, dilute Russell′s Viper Venom Time. Thrombin time

was done with the aim to rule out the presence of heparin in plasma

sample. In the case of a prolongation of one or more of these tests

(except TT), the mixing tests were done. As confirmatory tests were

used: dilute PT, aPTT and test with hexagonal phospholipids. Anti-

cardiolipin antibodies (ACA) were determined using enzyme-linked

immunosorbent assay, as well as beta-2 glycoprotein I antibodies. In

the case of positivity, the second evaluation was done again after

6–8 weeks.

Results: The mean age of the females was 26 years, and the average

duration of use was 45 months at the onset of thrombosis. APS has

been found in 30 females (5%) and in the additional 6 females was

combined with F V Leiden mutation in heterozygous form. In 16

females we have found positivity of ACA or beta-2 glycoprotein anti-

bodies, in 10 females only LA and four females were positive both.

Conclusion: APS as single thrombophilia has been found in 5% of

females on COC′s. The result corresponds to other, mostly smaller

studies. We can consider this laboratory work-up as useful for further

management of those females.

PO 394
Lupus anticoagulant and anticardiolipin antibodies in
polytransfused beta thalassemia major
Weng TF1, Wu KH1, Peng CT1 and Shen MC2

1China Medical University Hospital, Taichung; 2Changhua

Christian Hospital, Changhua, Taiwan

Background: The presence of anti-phospholipid antibodies (lupus anti-

coagulant, LA and anti-cardiolipin antibody, ACA) has recently been

reported in polytransfused patients of beta thalassemia. Moreover,
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high prevalence of hepatitis C virus (HCV) infection and thrombotic

risk is described in thalassemia.

Aims: We aimed at investigating the prevalence of ACA, LA, and their

relation with HCV infection in patients with thalassemia major.

Methods: Presence of anti-HCV antibody, IgG ACA, IgM ACA and

LA activity was determined in 36 patients with thalassemia major

(male/female: 17/19 aged 12–37 years) registered at China Medical

University Hospital, Taiwan. Two patients had thromboembolic

events.

Results: LA was seen in 25% (9/36) of cases. The number of trans-

fusions but not age was slightly higher in LA positive patients as

compared to LA negative patients, however the results were not sta-

tistically significant. Anti-HCV antibody was positive in 15 (41.6%),

IgG ACA in 7 (19.4%), IgM ACA in 21 (63%), and LA activity in

9 (25%) patients. A 71.5% of patients positive for IgM ACA had a

low titer of ACA. Strong positive IgM ACA were detected in

16.6%(6/36) of patients but no statistically significant correlation

was found with age, number of transfusions, and coagulation

parameters. No statistically significant difference in the prevalence

of LA or ACA was found between HCV-infected and non-infected

patients.

Conclusion: A high prevalence of LA and ACA, also the majority in

low titers, was detected in patients with polytransfused thalassemia

major in Taiwan irrespective of previous history of blood transfusion

and presence of HCV infection.

PO 395
Lupus anticoagulants sensitivity of Siemens APTT
reagents
Wissel T and Wagner C

Siemens Healthcare Diagnostics Products GmbH, Marburg,

Germany

Background: Several studies investigating lupus sensitivity of APTT

reagents produced conflicting results with regard to the sensitivity of

ellagic acid-based reagents.

Aims: Demonstrate that the activator per se does not determine the

lupus anticoagulant sensitivity of an APTT reagent.

Methods: The internal study included different APTT methods on the

BCS� XP System. One hundred and fifty-four frozen plasma samples

from healthy donors (considered negative for LA) and 100 commer-

cially available frozen plasma samples characterized by a positive

dRVVT test were investigated. Three samples with prolonged throm-

bin time were excluded, leaving 97 true dRVVT positive samples for

evaluation. All samples were tested by LA1 Screening Reagent, LA2

Confirmation Reagent, LA1 mixing, Pathromtin� SL reagent (PSL);

Dade� Actin� FSL reagent (AFSL, low phospholipid content); and

Dade Actin FS reagent (AFS, with high phospholipid content). Fur-

thermore, mixing studies with a 1:1 mix of sample pooled normal

plasma were performed for PSL and AFSL. While PSL and AFSL

were used as screening tests, AFS, with its known low lupus sensitivity,

was used as a confirmation test; screen to confirm ratios were calcu-

lated for PSL (PSL/AFS) and AFSL (AFSL/AFS). Additionally, the

anti-ß2GP1 IgG and IgM and anti-Cardiolipin IgG and IgM antibod-

ies have already been determined.

Results: For the APTT tests, the highest sensitivity was seen for AFSL,

with 83% applying the 99th percentile cutoff (96% with 97.5th percen-

tile cutoff), whereas for PSL, the reagent compliant with the SSC rec-

ommendation, sensitivity was only 60% (72%). For AFS, the low

lupus sensitivity was again confirmed (21%/40%).

In the APTT mixing studies, sensitivities in general were even higher

than in the APTT test, as the more narrow distribution of the reference

samples and consequently low cutoff resulted in slightly abnormal

results for several samples just below cutoff in the initial APTT. In the

mixing study, AFSL again showed higher sensitivity than PSL.

The APTT ratio AFSL/AFS shows more moderate sensitivity at 69%

(79%) than the APTT mixing with AFSL. For PSL, the corresponding

sensitivities are even lower, at about 45%.

The APLA profile shows that one sample of the reference panel was

anti-ß2GP1 positive. All 97 dRVVT positive samples included were

anti-ß2GP1 positive and 39 of the samples exhibiting strong dRVVT

were also anti-Cardiolipin antibody positive (triple positive) and one

of the weak dRVVT positive sample.

Summary/Conclusion: The APTT comparison using different activa-

tors revealed a significantly higher sensitivity for the ellagic acid-

based reagent AFSL vs. the silica-based reagent PSL. Similar results

have already been described by others, which demonstrates that the

lupus sensitivity of APTT reagents is not determined by the activator

used, but by the phospholipid source and content, as well as other

ingredients. This fact is further underlined by the difference in lupus

sensitivity seen for AFSL and AFS, which both use the same activa-

tor but employ phospholipids of different source and concentration.

Among the APTT reagents tested in this study, AFSL clearly

showed the highest sensitivity, and only slightly lower sensitivity

than dRVVT.

PO 396
Overweight, obesity and body composition and risk
thrombotic complications
Garc�ıa-Raso A, Ene G, Miranda C, Mata R, Vidal R and Llamas P

Fundaci�on Jim�enez D�ıaz, Madrid, Spain

Background and Aim: WHO estimates 700 million adults will be obese

in 2015 at least. There is evidence that obesity and overweight suppose

a prothrombotic state associated with greater activation of coagula-

tion and/or less fibrinolysis. Several studies link obesity and over-

weight with increased VTE recurrence. This has been the aim of our

study.

Methods: We included 99 patients with VTE in the study, mean age

51.6 � 15.8 years. The patient group consisted of 54% female and

46% male. Thrombotic risk factors previously described (PRETE-

MED Guide) were collected for each patient. All patients underwent a

study of body composition by bioelectrical impedance (Tanita,

TBF300a. Arlington Heights, IL) obtaining data for fat mass (FM%)

and body mass index (BMI). We apply Fisher’s test to assess differ-

ences between groups.

Results: The distribution by type of thrombosis was: DVT in legs

(48%), PE (17.5%), DVT + PE (12.5%), DVT in arms (0.7%), TV sur-

face (11, 3%) and TV-unusual localization (10%). The distribution by

BMI was 1% underweight (BMI < 18.5), 23.3% normal weight

(BMI = 18.5–24.9), 50.5% overweight (BMI = 25–30) and 25, 2%

obese (BMI > 30). A 54.5% of patients suffered recurrent thrombosis,

of whom 80% had BMI > 25, and 70% FM% abnormal. A 38.4%

developed post-thrombotic syndrome, of which 79% had BMI > 25,

while 68% had abnormal FM%. We studied a possible association of

these variables with the risk of recurrence and the post-thrombotic

syndrome, by sex and age (< 50 or ≥ 50 years). Men with higher FM

% have more recurrent events than those FM% within normal limits

(P = 0.0048). We do not find differences in FM% in women, but if

any in BMI. Women with BMI > 25 have an increased frequency of

recurrent events (P = 0.0001). In patients < 50 years, recurrence

(P = 0.0001) and PTS (P = 0.005) are more frequently when

BMI ≥ 25. In patients ≥ 50 years, recurrence are more prevalent when

BMI ≥ 25 (P = 0.0001) and FM% are higher (P = 0.002).

Summary: In our group being male, aged ≥ 50 years and have a higher

FM% relates significantly with thrombotic recurrence. In women

BMI ≥ 25 was associated with a higher recurrence of VTE regardless

of age. Besides BMI ≥ 25 was associated with post-thrombotic syn-

drome in young patients (< 50 years). The results of our study support

a relationship between obesity and venous thrombosis.
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PO 397
Measuring quality of life in acute venous
thromboembolism
Hogg K1, Shaw J2, Fallah P1, Coyle D2, Carrier M1 and Wells P1

1Ottawa Hospital Research Institute; 2University of Ottawa,

Ottawa, ON, Canada

Background: Future funding of new diagnostic and therapeutic tech-

nologies will be guided in large part by economic analyses where qual-

ity of life is combined with survival in a single unified outcome. We

recently completed the largest study estimating quality of life in acute

deep vein thrombosis and pulmonary embolism, using the ‘gold stan-

dard’ measurement technique: the standard gamble. The results

showed high degree of variation which suggested further exploration

of the use of the standard gamble technique in this area.

Aims: To explore the validity, reliability, reproducibility and accept-

ability of the standard gamble (SG) measurement tool for quality of

life (QoL) in acute pulmonary embolism (PE) and deep vein thrombo-

sis (DVT).

Methods: Thrombosis clinic patients who had been diagnosed with

either DVT or PE in the last year were eligible to participate in the

study. After consent, the participants were interviewed by one

researcher using multiple techniques: the SG technique, the short

form-36 (SF-36), disease specific questionnaires (Veine-Qol and Pem-

bQol) and a visual analogue scale. These were performed in random

order. The SF-6D score was calculated. Participants were asked to

return for a repeat interview 4 weeks later.

Results: Forty-five patients consented to participate. The mean age

was 54, 28 (64%) were men, 8 (18%) had cancer and for 32 partici-

pants (73%) it was their first diagnosis of DVT or PE. Median time

since diagnosis was 86 days (IQR 30–169). Sixteen participants

returned for a repeat interview.

Acceptability: 24/44 classified the SG method as ‘acceptable’ and 10/

44 as ‘pleasant and comfortable’, but 5/44 as ‘uncomfortable’. One

patient declined to perform the SG.

Responsiveness: The SG QoL estimates increased in 4/16 participants

on repeat interview. The visual analogue score increased in 12/16, and

the EQ-6D score increased in 7/16.

Test-retest reliability: Initial and repeat SG QoL measurements corre-

lated well (Spearman’s Rho = 0.664).

Criterion validity: The only SF-36 scale associated with SG QoL was

Role Emotional. The SG estimates correlated poorly with the SF-6D

(Spearman’s Rho = 0.18). There were no significant associations with

the dimensions of the Veine-Qol or the PembQol.

Construct validity: Participants with PE gave SG QoL estimates which

were lower than participants with DVT (median 92.5, IQR 81.6–1.0
vs. 98.9 IQR 85.0–1.0) although this was not statistically significant.

There was no correlation with days since diagnosis, age, chronic illness

and immobility.

Discriminant validity: Participant sex, education and number of

dependents did not influence the SG QoL results.

Significantly higher SG QoL scores were found in those who said they

had ingested harmful substances (P = 0.04) and wear what they

choose to (P = 0.05). Nonsignificantly lower scores were seen with

depression, ‘glass half empty’ outlook and lack of social support.

The SG technique demonstrated a ceiling effect with 16/44 giving esti-

mates of 1.0.

Summary/Conclusions: Measurement of quality of life in acute throm-

bosis using the standard gamble technique does not correlate well with

the SF-36 or disease specific questionnaires, and may be influenced by

lifestyle factors such as risk taking, confidence and depression.

PO 398
Initiation of evidence-based guidelines in
hemostaseology in a local hospital in southern
germany
Kessler A, Bickeboeller-Friedrich J, Knoeller J and Fischer G

Oberschwabenklinik, Ravensburg, Germany

Background: In our academic hospital center (530 beds)- attached to

the university of Ulm – with several disciplines like neurosurgery,

stroke unit, neonatology, hematology, obstetrics and several other dis-

ciplines use of antithrombotics and other drugs was historically depen-

dent on personal experience and preference. Knowlegde concerning

treatment and prophylaxis of various hematologic diseases was very

different both concerning doctors and nurses. We started in 2008 to

adapt international and german guidelines dealing with hematologic,

thrombogenic diseases and bleeding disorders to our specific needs.

Aims: We wanted to establish evidence-based medicine and improve

patients outcome and apply best medical care to our patients although

financial resources are rather limited. Finally we made proposals in

our pharmacologic conference and decided about the drugs used in

daily routine in our hospital.

Methods: A group of interested and ambitious physicians (anasthesiol-

ogists, obstetricians, surgeons, neurologists, hematologists, cardiolo-

gists, pharmacists) has been meeting every 3 months to discuss and

adapt external guidelines of medical societies. Advanced training of all

staff in different departments were performed and prescription of new

drugs like DTI or factor Xa- inhibitors were scientifically prepared

and controlled by our department of pharmacy. Our own guidelines

were distributed both electronically and in print form.

Results: Several new drugs were reviewed and introduced in our daily

practise. Treatment was standardised and the quality of treatment

improved. The total number of consultations with hemostatic topics

has been rising. Economical improvement and big attention to patient

care is continually observed.

Summary: We started in 2008 to implement a hemostasiological qual-

ity circle in our hospital as to improve patient safety and we applied

evidence-based medicine to our daily routine. The advantage for our

hospital is both economically and scientifically measurable. We recom-

mend that hospitals being attached to a universitary institution or not

must discuss and adapt guidelines for their own issues to improve their

patient care.

PO 399
A rare cause of recurrent and serious venous
thromboembolism: Klinefelter’s syndrome
Ozdemir N1, Tuysuz B2, Evliyaoglu O3, Avar O4, Tuysuz G1

and Celkan T1

1Istanbul University, Cerrahpasa Medical Faculty; 2Genetics

Department, Cerrahpasa Medical Faculty, Istanbul University,;
3Pediatric Endocrinology Department, Cerrahpasa Medical

Faculty, Istanbul University; 4Istanbul, Turkey

Background: Klinefelter’s syndrome (KS) is characterized by XXY

karyotype, gynecomastia, small testis and hypogonadism with a preva-

lence of 1/500–1000 in man. There is an increased risk of venous

thromboembolism (VTE), arterial thrombus and postthrombotic

venous ulcerations. The relatively high serum estrogen concentrations

and low androgen levels may be the cause of hypercoagulable state.

Obesity that is common in KS patients may serve as an additional risk

factor however the exact underlying mechanism is not completely

understood yet. Here we report a 14 year old boy who presented with

serious and recurrent venous thromboembolism and was found to

have Klinefelter’s syndrome on follow-up. To our knowledge this is

the youngest KS patient reported to have VTE so far.

Case: A 14 year old presented with a sudden swelling and pain in his

left leg. There was no family history of venous thrombosis and the
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parents were non-consanguineous. On Doppler ultrasonographic

evaluation of his lower extremity, there was a large, acute thrombosis

starting from proximal saphenous vein spreading to the popliteal

vein. D-dimer level on admission was 5.6 mg/L (Normal range: 0–
0.5). The patient was diagnosed as deep vein thrombosis and antico-

agulant therapy was started with low-molecular weight heparin

(LMWH) for 14 days and prophylaxis was given afterwards. On

physical examination, he was obese, mildly retarded and had a thick-

ened neck, low neck-line and gynecomastia. He had social and psy-

chiatric problems and was using medication for attention deficit. He

was transferred to genetic department for further investigations. One

and half month later, he presented again with thrombosis this time at

the right leg when he was still on LMWH prophylaxis. Doppler USG

showed acute thrombosis from the right iliac vein protruding to the

popliteal vein. D-dimer level was 11 mg/L. LMWH dose was

increased to the treatment dose. Coagulation tests, plasma FVIII,

protein C, protein S and homocystein levels were normal. Genotype

analyses for factor V Leiden and MTHFR C677T mutations revealed

negative results however, he was heterozygous for G20210A mutation

of the prothrombin gene and homozygous for the A1298C mutation

of the MTHFR gene. Cytogenetic analysis showed 47, XXY pheno-

type consistent with KS. The patient is still on LMWH prophylaxis

without recurrence.

Conclusion: We want to emphasize the hypercoagulable state and

increased risk of recurrent and serious thrombosis in patients with KS.

Most patients with KS remain undiagnosed due to heterogenous clini-

cal presentation and unawareness of medical professionals. Early diag-

nosis might be life-saving. Optimal management of these patients need

to be clarified, life-long anticoagulation prophylaxis may be consid-

ered in selected cases.

PO 400
Cancer-related thrombosis shows refractory to
anticoagulant treatment
Ye X

Second Affiliated Hospital of Guangzhou Medical University,

Guangzhou, China

Background: Three cases with refractory, recurrent deep vein thrombo-

sis who were finally diagnosis with respectively gastric cancer, colon

cancer or ovary malignant tumor were analyzed and discussed.

Aims: To stress the distinct clinical features and prognosis of cancer-

related thrombosis through analysis of the underlying thrombophilic

factors, the clinical features of the above cases.

Methods: Clinical courses, treatment protocols and outcomes of the

above cases with cancer-related thrombosis had been recorded. Chro-

mogenic substrate methods were used to detect protein C and anti-

thrombin activities. Clotting method was used to detect free protein S

and cloting factor VIII and XII activities. ELISA method was used to

detect antiphospholipid antibodies.

Results: All three patients had demonstrated with recurrent deep vein

thrombosis in bilateral upper or lower extremeties or both, in mesen-

tery vein. Two of them experienced pulmonary embolism. All three

cases were refractory to routine anticoagulant therapy including hepa-

rin, LMWH, warfarin and riveroxaban. Deficiencies in all the three

anticoagulation proteins, e.g., protein C, protein S and antithrombin

were excluded. Antiphospholipid antibodies were negative in them.

Symptoms and signs were subsidized after removal of tumors.

Summary: Malignant tumors were the only known underlying factors

of their refractory and recurrent thrombosis. Patients with refractory

recurrent and extensive thrombosis should be examined for malignant

tumors. Appropriate treatment for the cancer itself helps to alleviate

the symtoms and signs of thrombosis.

PO 401
Automated assay of plasminogen activator inhibitor-1
(PAI-1) activity on STA-RⓇ

Dunois C, Juif V, Guimbard D, Goulas E and Contant G

Stago, Gennevilliers, France

Background: The proteolytic degradation of fibrin clots is mediated by

plasmin, an enzyme activated by the urokinase-type plasminogen acti-

vator (uPA) or tissue-type plasminogen activator (tPA). The main

function of PAI-1 is the inhibition of fibrinolysis by regulation of uPA

and tPA activity. Increase of PAI-1 level is associated with many cases

of thrombosis, cancer, liver disease and inflammatory syndromes. In

contrast, PAI-1 deficiency is associated with risk factors for bleeding

diathesis.

Aim: Automation of Stachrom� PAI kit on the STA-R� (Diagnostica

STAGO, Asni�eres, France) to measure elevated levels of PAI-1 and to

detect deficient patients. Development of two protocols: standard

range for high levels of PAI-1 and low range for PAI-1 deficiency.

Methods: Calibration and samples were measured using chromogenic

method at 405 nm for both protocols. Three calibration points were

used to obtain a linear calibration: the three calibrators of the kit were

ready to use in the standard range protocol while dilutions of calibra-

tor 2 in calibrator 1 were used in the low range protocol. The working

range was 3 to 12 AU/mL using low range protocol (depending on the

titer of calibrator 2) and 15 to 44 AU/mL using standard range proto-

col (depending on the titer of calibrator 3).

Results: Using low range protocol: correlation coefficient of calibra-

tion was > 0.990, reproducibility within and between assay through

automation on STA-R was found to be 10% and 11% C vs. respec-

tively (mean 9.6 AU/mL). Results of normal and low level plasma

samples (normals treated with 5 U/mL t-PA) were in agreement with

expected values (range from 3 to 11.4 AU/mL and 0.3 to 7.7 AU/mL

respectively with a difference mean of 4.2 AU/mL corresponding to

uncomplexed PAI).

Using standard range protocol: correlation coefficient of calibration

was > 0.995, reproducibility within and between assay through auto-

mation on STA-R was found to be 2.2% and 5.6% C vs. respectively

(mean 29 AU/mL). Results of normal samples, from cancer patients

and pregnant women were in agreement with expected values

(< 15 AU/mL in normals, > 26 AU/mL in patients).

Conclusion: The automated assay of PAI-1 activity using the Sta-

chrom� PAI kit on STA-R� showed good performances and allowed

to obtain a high sensitivity at low levels. It is easy to improve the mea-

surement of PAI activity in clinical laboratory.

PO 402
Protective anticoagulation effects of peptide Arg-Pro-
Gly-Pro and complex heparin with Arg-Pro-Gly-Pro in
conditions of immobilization stress
Grigorjeva ME and Lyapina LA

Moscow State University, Moscow, Russia

Background: Some short proline-containing peptides facilitate the acti-

vation of the functional state of the anticoagulative system (ACS) and

have anticoagulant, fibrinolytic and antiplatelet effects in the blood-

stream. At the same time many regulatory peptides play a key role in

the maintenance of normal homeostasis and under stressing condi-

tions. We suggested that these peptides would have an anticoagulation

effect under the conditions of hypercoagulation during immobilization

stress due to their ability to activate ACS.

Aim: The aim of this research was to study the influence of Arg-Pro-

Gly-Pro (RPGP) and complex heparin with RPGP on the anticoagu-

lant and fibrinolytic units of haemostasis system under experimental

acute immobilization stress and to compare the antistress effects of

these drugs.
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Methods: The experiments were carry out on the white rats. RPGP

and complex heparin with RPGP (with molar ratio 1/1) were used

intranasal prior to lasting immobilization. In the blood samples we

determined APTT, fibrinolytic activity (FA), plasminogen activator

(PA) activity and ADP-platelet aggregation.

It was demonstrated that lasting immobilization stress activated the

blood coagulation and promoted the decrease of fibrinolysis. The

intranasal injection of RPGP or complex heparin with RPGP to rats

prior to immobilization prevented the hypercoagulation, which

appeared after lasting immobilization stress. At the same time FA,

PA, anticoagulant and antiplatelet activity were increased. Thus the

protective effect against hypercoagulation induced by immobilization

was shown after administration of study drugs The complex heparin

with RPGP were found to have the most significant effects.

Conclusion: Thus our results showed that as RPGP as the complex

heparin with RPGP have protective effect against enhanced blood co-

agulability resulting from immobilization stress. We confirmed that

RPGP and complex heparin with RPGP are capable of ACS activa-

tion after their administration.

PO 403
Flow conditions modulate fibrillogenesis of plasma
fibronectin
Nguyen H, Huynh KC, Scharf RE and Stoldt VR

Heinrich Heine University Medical Center, D€usseldorf, Germany

Background: Soluble plasma fibronectin (Fn) with its inactive compact

structure needs to be unfolded to assemble to active fibrils. As

reported, mechanical forces, assessed by atomic force microscopy,

could regulate the transformation of Fn from the compact form to the

extended fibrillar state by exposing cryptic binding sites in individual

Fn type III repeats.

Aims: This study investigates the conformational changes of Fn in

response to flow conditions simulating venous or arterial shear rates

and resulting biomechanical forces.

Methods: Fn isolated from fresh frozen human plasma was added, at

different concentrations (50 and 100 lg/ml), to the plate pre-coated

with 100 lg/ml Fn or BSA and subsequently exposed to shear rates

(50–5000 s) using a cone plate rheometer (Haake Rheostress 1). Vis-

cosities of Fn solutions were recorded over 10 min. To quantify the

amount of fibril formation, DOC solubility assays and Western blot-

ting were performed. Control experiments were conducted under static

conditions.

Results: After exposure to shear rates, the viscosities (mPa s) of Fn

solutions at concentration of 50 and 100 lg/ml increased from

1.87 � 0.87 (mean � SD) to 5.03 � 1.86 and from 2.03 � 1.63 to

9.29 � 6.27 on Fn surfaces; from 1.55 � 0.11 to 4.31 � 1.7 and from

1.61 � 0.7 to 4.92 � 1.8 on BSA surfaces, respectively. In addition,

the ratios of fibrils to soluble Fn increased significantly from

0.018 � 0.012 (mean of ratio � SD) to 0.121 � 0.08 (P < 0.05) (Fn

surfaces) and from 0.021 � 0.009 to 0.059 � 0.022 (P < 0.05) (BSA

surfaces) when increasing the concentration from 50 lg/ml to 100 lg/
ml. Under static conditions, no fibril formation was detected.

Conclusion: Our results indicate that the formation of Fn fibrils can

be monitored by changes in viscosity. The formation of fibrils is

dependent on the Fn concentration, but not on the type of the

coated surface. In addition, fibrillogenesis of Fn is modulated by

flow conditions.

PO 404
Functional constituents in Natto: nattokinase, vitamin
K2 and polyamine contents
Serata M1, Naito S1, Yatagai C1, Ohsugi T1, Yanagisawa Y2,

Saito J3 and Sumi H1

1Kurashiki University of Science and the Arts, Kurashiki; 2Chiba

Institute of Science, Choshi; 3Honda Trading Corporation, Tokyo,

Japan

Background: Natto is produced through the fermentation of steamed

soybeans by using Bacillus subtilis natto. In previous papers, we have

presented reports on the physiochemical properties of nattokinase, a

constituent of natto (Sumi et al., Experientia, 43, 1110, 1987; Yatagai

et al., Pathophysiol. Haemost. Thromb., 36, 227, 2009). It is now widely

recognized in particular that natto is a food rich in polyamine, a sub-

stance with anti-aging effects (Soda et al., J. Nutr. Sci. Vitaminol., 55,

361, 2009).

Aims: We have recently had an opportunity to analyze the natto prod-

ucts that were judged to be superior and received prizes at the official

National Awards Ceremony Recognizing Excellence in Natto held

over the past few years. For natto products, which are considered to

have excellent flavor and aroma, the potency of the constituent natto-

kinase, the amount of vitamin K2 produced, and the polyamine con-

tent have now been identified.

Methods: Of the 224 natto products entered in the above-mentioned

competitions, the 14 types that received prizes were frozen at �30 °C
until used in the analysis. The procedures for preparation of rabbit

antibody for nattokinase and for double immunodiffusion were car-

ried out as reported previously (Sumi et al., ISTH, PP-WE148, Kyoto,

2009; Sumi et al., New Food Industry, 54, 12, 2011). Thrombolytic

activity was measured by using the fibrin plate method. For vitamin

K2, the following procedures were carried out according to the method

previously reported (Sumi et al., Food Sci. Technol. Res., 5, 48, 1999).

Polyamine was measured through the using HPLC by the on-column

method (Saito et al., Anal. Sci., 8, 675, 1992).

Results: Nattokinase contained in the 14 types of natto showed strong

thrombolytic activity. For each product tested, the thrombolytic activ-

ity was neutralized with the antibody for nattokinase. BSB (borate sal-

ine buffer) at pH7.8 was used, and the nattokinase showed strong

activity for the synthetic substrate I (Bz-Ile-Glu-(OR)-Gly-Arg-pNA).

Because activity declined to less than half the level of the synthetic sub-

strate II (Suc-Ala-Ala-Pro-Phe-pNA) used for comparison, the true

enzymatic activity of nattokinase is believed to be at work. Potency

was calculated at 1.12 � 0.46 IU/g. Sublitisins, enzymes produced by

Bacillus subtilis including ones for such industrial uses as cleaning and

textile processing, show particularly strong activity for synthetic sub-

strate II. The measured value of vitamin K2 content was 12.19 lg/g on

average, a little higher than expected. Polyamine content in natto was

4.06 � 0.86 mg/100 g and in Bacillus subtilis natto was

66.53 � 20.71 mg/100 g.

Summary/Conclusion: The production of nattokinase was shown

through the lytic ability for the synthetic substrate Bz-Ile-Glu-(OR)-

Gly-Arg-pNA. Each natto tested contained a large amount of vitamin

K2. The polyamine content in Bacillus subtilis natto was quite high at

about 10 times the content in natto. Content as high as this was not

observed in soybean paste or soy sauce, which are produced by a dif-

ferent microbe.

PO 405
Thrombotic risk factors in cirrhotic patients
Baccouche H1, Labidi A1, Kaabi H2, Mahjoub S1, Hsouna K1,

Fekih M1, Slama H2, Filali A1 and Ben Romdhane N1

1Rabta Hospital; 2National Blood Transfusion Center, Tunis,

Tunisia

Background: Cirrhosis results in a complex pattern of defects in hae-

mostatic functions with reduced synthesis of pro and anticoagulant
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factors. As possible complication of coagulation disorders in cirrhosis,

could be the development of arterial and venous thromboembolism

(AVTE). The purpose of our study was to determine thrombotic risk

factors in cirrhotic patients.

Methods: Fifty one cirrhotic patients were enrolled into a case control

study. The presence of personal and familial history of AVTE were

investigated. White blood cells, platelet count, prothrombine time,

INR, albumin, urea, procoagulant factors (VIII, XII, VII, II, V) were

determined. Level of antithrombin, protein C and protein S were mea-

sured (respectively STACHROM AT, STACLOT PC, STACLOT PS;

DIAGNOSTICA STAGO). Search for factor V Leiden and prothrom-

bin gene mutation (G20210A) were performed with PCR-RFLP. Anti-

cardioloipin and antiB2glycoprotein antibodies were also investigated.

Results:Mean age was 56.8 years old (range16–86 years old). Sex ratio

was 0.9. Among the 51 cirrhotic patients, 7 patients (13.7%) had expe-

rienced AVTE after cirrhosis diagnosis: deep venous thrombosis

(n = 2), pulmonary embolism (n = 1), Budd Chiari syndrome

(n = 1), portal thrombosis (n = 3). They were compared to 46 cir-

rhotic patients without thrombosis. No patient with AVTE had nei-

ther personal nor familial history of thrombosis. In an univariate

analysis, white blood cell count and platelet count were significantly

higher in patients with AVTE than other cirrhotic patients (respec-

tively, 8795 vs. 5032/mm3, P < 0.018 and 91133 vs. 154375/mm3,

P = 0.03) However, In a multivariate analysis only the platelet count

was independently predictive of AVTE in cirrhotic patients

(P = 0.05). White blood count was not an independent predictive fac-

tor of thrombosis in cirrhotic patients (P = 0.07). Moreover, pro-

thrombin time, INR, albumin, urea, level of pro and anticoagulant

factors were not statistically different in both groups. There was no

link between the presence of Factor V Leiden, prothrombin gene

mutation (G20210A), anticardiolipin and antiB2glycoprotein antibod-

ies to thrombosis.

Conclusions: Approximately 13.7% of cirrhotic patients resulted in a

thromboembolic event. Platelet count was predictive of increased risk

of AVTE as it was supported by other studies. Understanding the fac-

tors predisposing to thrombosis in cirrhotic patients could play a role

in identifying a subgroup of patients at high risk of thrombosis and

making decisions regarding the utility of anticoagulation therapy.

PO 406
Unusual thrombosis and thrombophilia: a difficult
problem to address: 4 years experience
Casas C1, Buitrago L2 and Solano MH1

1Hospital San Jos�e; 2Fundaci�on Universitaria de Ciencias de la

Salud, Bogot�a, Colombia

There are sites called vascular territories can present unusual throm-

botic events: venous sinus, upper limbs and splanchnic with clinical

consequences can be catastrophic.

Objective: To describe the frequency of thrombophilia in patients who

present with thrombosis in unusual sites treated at the hematology ser-

vice of Hospital San Jose, between January 2007 and December 2011.

They describe the population in terms of demographics, gender, age,

recurrence, and complications associated and treatments used.

Methods: This is a descriptive case series, patients older than 18 years

with first thrombotic event that involves site vascular unusual, data

were extracted of medical records retrospectively.

Results: Seventy-three patients entered the study, most women

(65.8%), with a location in venous sinuses (47.9%), splachnic (24.0%),

upper limb (27.4%), with risk factors for pregnancy frequently

(12.5%), puerperium (4.2%), oral anovulatories consumption

(10.4%), smoking (9.6%), thrombophilia was found in 57% of

patients with thrombosis in unusual sites, the most frequent diagnosis

of antiphospholipid syndrome.

Conclusions: There is a high frequency for thrombophilia in patients

with thrombosis in unusual site, antiphospholipid syndrome being the

most common in our series.

PO 407
New automated chromogenic assay for Protein C
activity in Q Hemostasis Analyzer
Lambea E, Lebrero C, Mu~noz M, Chiva A and Martorell D

Diagnostic Grifols, S.A., Parets del Vall�es Barcelona, Spain

Background: Deficiency of the Protein C (PC) anticoagulant pathway

is associated with an increased risk of venous thrombosis.

It is usually recommended to evaluate PC activity as a first step in the

screening for thrombophilia. For this purpose, Grifols has developed a

new automated PC chromogenic assay for use in Q Hemostasis Ana-

lyzer.

Aims: Evaluate the performance, robustness and sensitivity to interfer-

ing substances of a new chromogenic PC assay (DG-Chrom PC).

Methods: DG-Chrom PC assay is based on the activation of PC in

plasma by a specific activator (extract from the Agkistrodon contortrix

contortrix snake venom). The amount of functional PC in the sample

is determined by the hydrolysis of a specific chromogenic substrate for

APC.

Precision, Trueness, Linearity, Limit of Detection, Limit of Quantita-

tion and Interferences have been performed in Q Hemostasis Analyzer

following CLSI EP5-A2, CLSI EP15-A2, CLSI EP6-A, CLSI EP17-A

and CLSI EP7-A2, respectively.

Results: For DG-Chrom PC no clinically significant interference was

detected up to 2 IU/mL of heparin, 450 mg/dL of hemoglobin,

990 mg/dL of triglycerides and 30 mg/dL of bilirubin.

Robustness of the test DG-Chrom PC at different incubation times

was demonstrated within a range between 150 and 360 s. Moreover,

variations at different incubation temperatures (between 35 and

39 °C) did not affect PC results.

Precision (in terms of CV%) was assayed at three different levels

(n = 80). For normal control plasma (100% PC) a within-lot preci-

sion of 2.3%, repeatability of 1.2% and a between-lot precision of

2.3% were obtained. For abnormal control plasma (40% PC) a

within-lot precision of 2.5%, repeatability of 2.0% and a between-lot

precision of 2.9% were obtained. For very low levels of PC (22% PC)

a within-lot precision of 4.2%, repeatability of 3.0% and a between-lot

precision of 3.6% were obtained.

DG-Chrom PC showed a good linearity between 0 and 150% of PC

activity (n = 5) with a mean r2 = 0.9995.

Trueness of DG-Chrom PC was evaluated (n = 5) using 2nd SSC

plasma analysed at three dilutions. Undiluted 2nd SSC plasma (89%

PC) generated a mean of 89.5% PC. At 44.5% PC level, the mean

obtained was 47.1% and at 8.9% PC level, a mean of 8.9% was gener-

ated.

The limit of detection of DG-Chrom PC determined with a PC defi-

cient plasma (Technoclone) was 2.3%. The limit of quantitation of the

method was evaluated using 2nd SSC plasma (n = 10). DG-Chrom

PC accurately measured PC level at 5.6% of PC.

Conclusion: The results obtained support the intended use of DG-

Chrom PC assay in Q Hemostasis Analyzer as a valuable tool for mea-

suring PC activity in citrated patient plasma samples.

PO 408
The level of b-thromboglobulin and thrombophilia
Matveeva MA1, Shelest A1, Popova LV1, Patrushev LI2

and Bokarev IN1

1I.M. Sechenov First Moscow State Medical University;
2Shemyakin and Ovchinnikov Institute of Bioorganic Chemistry,

Moscow, Russia

Background: Β-thromboglobulin – is a protein located in the a-gran-
ules of platelets and is released into the bloodstream during platelet

activation. b-thromboglobulin is a marker of activation of platelet he-

mostasis. Thrombophilia is defined as an inherited feature of an organ-

ism, which increases susceptibility to intravascular thrombus
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formation in the absence of other diseases. It is known that the pres-

ence of thrombophilia affect plasma haemostasis. Influence of throm-

bophilia on platelet part of haemostasis has not studied yet.

The aim of our study was to investigate the effect of thrombophilia on

platelet part of haemostasis.

Methods and Results: The study included 41 people with the presence

of one or a combination of the following mutations: mutation Leiden,

prothrombin gene mutation 20210A, a mutation in the genes of

MTHFR and PAI-1. Of these, 29 women and 12 men. The control

group included 11 healthy individuals with no of these mutations,

including 7 women and 4 men. Mean age 35 � 7.5 years. Inclusion

criteria was the lack of thrombotic history and absence of inflamma-

tory diseases at the time of blood sampling. Blood and urine in all sub-

jects were normal.

All people have been identified b-thromboglobulin level (ELISA

method, Stago Diagnostica).

Results: The level of beta-thromboglobulin was increased in 56.09%

(P < 0.05) of people with thrombophilia. In the control group, increas-

ing b-thromboglobulin was observed in 17.1% (P < 0.05).

Conclusion: Thus, thrombophilia affect platelet part of haemostasis.

PO 409
Thrombophilia as a cardiovascular risk factor for acute
myocardial infarction in a young patient-case report
Pascalau L1 and Pascalau A2

1Institute of Cardiovascular Diseases/University of Medicine and

Pharmacy; 2Emergency Clinical Hospital for Children Louis

Turcanu, Timisoara, Romania

Background: Hereditary and acquired abnormalities in blood coagula-

tion (hypercoagulation) may predispose for venous and arterial throm-

bosis. Arterial thrombotic pathology is currently the most important

cause of mortality in adult patient; thrombotic arterial occlusion can

involve very different territories: coroanarian, limb vessels, mesenteric

arteries, cerebrale arteries.The most common is coronary thrombosis

that causes acute myocardial infarction. Etiology is diverse, being hi-

percoagulability are relatively frequent, but rarely found.

Aim: We report a case of 27 years old male patient, with obesity grade

3, smoker of one packs of cigarettes per day, who was admited in our

clinic at 30 h of onset of constrictive chest pain radiating to interscap-

ulo-vertebral and left upper member and dyspnea.

Methods: For this case we use laboratory testes, ultrasound methods

and coronary angiography.

Results: At admission:blood pressure 130/80 mmHg, heart rate 120b/

min, enzymes of myocardial necrosis elevated, on electrocardiogram

sinus rhythm, Q wave in V1-V5, ST segment elevation 3–4 mm in V2-

V6 and 1–2 mm in DI, AVL.

Cardiac ultrasound: Left ventricle with normal size and significant

changes in kinetics, akinesia of half-apical of interventricular septum,

apical third of the inferior and anterior wall, basal hypokinesia of in-

terventricular septum, EF = 40%;mild ischemic mitral regurgitation,

left atrium dilated.

Angiocoronarography releved left coronary system dominant, left

main coronary artery, left circumflex artery, right coronary artery

without significant lesions, occlusion of proximal left anterior descend-

ing artery without visualization of distal territory; during intervention

we observed massive thrombosis on left anterior descending artery

until the apex, on a distance of 15–20 centimetres. Thrombus was aspi-

rated repeatedly with an aspiration catheter, with a small amount of

thrombus staying in the proximal left anterior descending artery. Then

we stented the proximal left anterior descending artery. After stenting

thrombus formation was observed proximal and distal to the stent, for

which was performed proximal and distal stenting with good result.

After five min we observed thrombus formation in the left main coro-

nary artery, for which we performed thrombus aspiration, without

succes, after which we stented from the left main coronary artery to

the circumflex artery, with good result, without proximal or distal dis-

section, without residual stenosis, with miocardial blush grade 3.

Due to massive thrombosis in the left anterior descending artery and

subsequent thrombosis occurred during the procedure, in the first day

after stenting the pacient was investigated for hypercoagulation status.

Screening of thrombophilia related hyperhomocysteinemia (homocy-

steine level = 19.12 lm/L), heterzozygote mutation of methylenetetra-

hydrofolate reductase A1298C and low level of antitrombin III.

Summary: Evolution under terapy was very well, wiht significant

decrease of the markers of myocardial necrosis after 3 days. The

patient was discharged after 8 days with dual antiagregation and oral

anticoagulation therapy.

Conclusions: Inherited thrombophilia is a congenital tendency to

thrombosis which may be manifested episodically usually in the pres-

ence of another predisposing factor. Thrombophilia induce a hyperco-

agulable state, which, with another cardiovascular risk factors, explain

repeatedly arterial thrombosis during the interventional procedure at

this young patient.

PO 410
Inherited thrombophilia – accidental discovery at
patients with neoplastic diseases from III rd Pediatric
Clinic, Department of Hematology Oncology and Bone
Marrow Transplantation Timisoara
Pascalau A1, Arghirescu S2, Oprisoni A2, Isac A1, Ciocirlie O2,

Zoica B2, Balan AM2, Jinca C2 and Serban M1

1Emergency Clinical Hospital for Children Louis Turcanu;
2University of Medicine and Pharmacy ‘Victor Babes’, Timisoara,

Romania

Background: Inherited thrombophilia is a genetic tendency to venous

thrombosis. Many thrombotic episodes occur in association with other

identifiable risk factors (pregnancy, oral contraceptives, surgery, can-

cer). Screening for thrombophilia is recommended for people at high

risk of thrombotic events.

Aim: We report four cases of patients aged 6–19 years with inherited

trombophilia and cancer.

Methods: Hypercoagulation status was provided with laboratory testes

and imagistics methods (Doppler ultrasound, angio magnetic reso-

nance imaging).

Results: Case 1: Boy,19 years, acute lymphoblastic leukemia pheno-

type B; during chemotherapy he developed deep vein thrombosis on

common femoral vein over a distance of 10–15 centimetres, 3 weeks

after insertion of tha central venous catheter on the right femoral

vein. Anticoagulant therapy was initiated with heparin sodium. In

the present is under oral anticoagulant. Screening for thrombophilia:

heterozygous mutation for methylenetetrahydrofolate reductase

C677T and A1298C, moderate hyperhomocysteinemia (Homocyste-

ine = 21.74 mM).

Case 2: Girl, 6 years, acute lymphoblastic leukemia phenotype B.Car-

diological evaluation showed on electrocardiogram sinus arrhythmia,

ST segment depression in V5-V6, T wave negative in DII, DIII, aVF

and all precordial leads, EF = 46%, with markers of myocardial

necrosis negative. Screening for thrombophilia: heterozygous mutation

for methylenetetrahydrofolate reductase C677T and A1298C, moder-

ate hyperhomocysteinemia. (Homocysteine = 12.71 mM). Chemother-

apy was initiated and was started heparin therapy prophylaxis. A few

h after starting heparin, the massive macular hemorrhage preretinian

in left eye appeared. We stopped the heparin; in evolution -without

acute thrombotic events, currently maintains branches of the catheter

with alternative heparin administration in very low doses, daily.

Case 3:Girl 19 years, Hodgkin lymphoma stage IV, second relapse,

with deep venous thrombosis on left subclavian and cephalic vein,

under anticoagulation therapy. We performed two apheresis proce-

dures, central venous catheter was mentained on right femoral vein for

thirty h, under anticoagulant therapy. After removal of the catheter,
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she developed partial thrombosis on the left femoral vein, full throm-

bosis on the right femoral vein.Screening for thrombophilia: heterozy-

gous mutation for methylenetetrahydrofolate reductase C677T and

A1298C, moderate hyperhomocysteinemia. (Homocysteine = 15,

0.27 mM).Therapy was initiated with heparin sodium;in the present

she is at six mounths after autologous bone marrow transplantation,

under oral anticoagulant therapy, in well condition.

Case 4: Boy,11 years, Hodgkin lymphoma stage III A, second relapse

and autologous bone marrow transplantation. Three months he had

catheter on right subclavian vein with prophylactic heparin therapy.

Fourteen days after removal the catheter, Doppler ultrasound showed

partial thrombosis of left internal jugular vein. Screening for thrombo-

philia:, methylenetetrahydrofolate reductase A1298C heterozigot,

moderate hyper homocysteinemia (Homocysteine = 15.27 mM).

Summary/Conclusion: Three of four patients developed deep vein

thrombosis and we evaluated the genetic risk for thrombosis. All the

patients have hyperhomocysteinemia and heterozygous mutations of

methylenetetrahydrofolate reductase and they received anticoagulant

therapy. The presence of central venous catheter in all the patients was

a risk factor for the occurrence of thrombosis, in association with hy-

percoagulability status of the neoplastic disease and L-asparaginase.

PO 411
The intensity of the intravascular coagulation
and thrombophilia
Popova LV1, Matveeva MA1, Shelest A1, Patrushev LI2

and Bokarev IN1

1I.M. Sechenov First Moscow State Medical University;
2Shemyakin and Ovchinnikov Institute of Bioorganic Chemistry,

Moscow, Russia

Background: Intravascular coagulation in the human body is con-

stantly. Change in the intensity of blood coagulation is observed in

various pathological conditions. Thrombophilia is defined as a feature

of an organism that determines its increased risk of thrombosiss in the

intravascular normal situations, in the absence of other diseases and

often are inherited. Currently it’s unknown what changes are observed

intravascular coagulation in patients with thrombophilia.

Aim: The aim of our study was to determine the intensity of the intra-

vascular microcoagulation in healthy individuals with thrombophilia.

Methods: The study included 41 healthy people, including 29 women

and 12 men. All people had a mutation or a combination of mutations

such as Leiden mutation, prothrombin gene mutation 20210A, a muta-

tion in the genes of MTHFR and PAI-1. The average age was

35 � 7.5. As inclusion criteria ware the lack of a history of thrombosis

and the absence of inflammatory disease at the time of blood sampling.

Blood and urine in all subjects were normal.

By studying the intensity of intravascular blood microcoagulation to

determine the degree of platelet activation we measured the level of

beta-thromboglobulin (ELISA method, Stago Diagnostica). To deter-

mine the level of procoagulant activity and fibrin formation we mea-

sured the level of D-dimer (ELISA method, Technoclone). Was also

investigated ADAMTS-13 (ELISA method, Technoclone) as a possi-

ble factor in increasing the intensity of the intravascular coagulation.

Results: All people had a normal ADAMTS-13 and D-dimer levels. As

for beta-thromboglobulin, it was increased in 56.09% (P < 0.05) of

person with thrombophilia.

Conclusion: Thus, we can conclude that thrombophilia increase the

intensity of intravascular coagulation, which is manifested by

increased activity of platelet hemostasis. The fact that the final link of

blood coagulation, in particular D-dimer remained normal, confirms

the assertion that for the manifestation of thrombophilia person need

to have additional triggers.

PO 412
Plasminogen activator inhibitor type 1 (PAI-1) level
and activity at patients with PAI-1 polymorphism
Shelest A1, Matveeva MA1, Popova LV1, Patrushev LI2,

Shuganov EG1, Gneusheva TY1 and Bokarev IN1

1I.M. Sechenov First Moscow State Medical University (MSMU),

Moscow, Russia; 2Shemyakin and Ovchinnikov Institute of

Bioorganic Chemistry, Moscow, Russia, Moscow, Russia

Plasminogen activator inhibitor type 1(PAI-1 or SERPINE-1) is an

important component of the coagulation system that functions as the

principal inhibitor of tissue and urokinase plasminogen activators

(tPA, uPA) and hence fibrinolysis that degrades blood clots. It is possi-

ble, that PAI-1 plays an important role in determining predisposition

to cardiovascular disease.

The PAI-1 gene is located on chromosome 7 (7q21.3-q22). There is a

common polymorphism known as 4G/5G in the promoter region. The

5G allele is slightly less transcriptionally active than the 4G. The man

has two copies of each gene (one from the mother and one from the

father) in a population and as a result three different genotypes are

possible: 5G/5G, 5G/4G, 4G/4G. It was found that people with 4G/

4G variant has much higher concentration of PAI-1 than people with

5G/5G and 5G/4G, which may increase the risk of blood clots.

Objective: To assess PAI-1 level and activity at healthy patients with

PAI-1 polymorphism.

Materials and Methods: The study included 39 practically healthy peo-

ple. PAI-1 polymorphism was found at 32, among them 8 men and 24

women. The middle age was 32.3 years. The PAI-1 antigen and activ-

ity was assessed by ELISA method, Tehnoclone (Austria). The PAI-1

polymorphism was determined by polymerase chain reaction (PCR).

Results: Thirty-two (82%) of investigated people had PAI-1 polymor-

phism 5G/4G, 4G/4G, among them 12 homozygotes and 20 heterozy-

gous. There was no high antigen level in both groups. Only three

individuals (15%) among heterozygous had high activity of PAI-1.

Among homozygotes there was no increasing of it.

Conclusions: It is possible to think, that 5G/4G, 4G/4G PAI-1 poly-

morphism doesn’t increase the antigen level and activity of PAI-1 and

doesn’t lead to thrombosis. So we think, that some other triggers and

conditions influence on the intensity of the intravascular coagulation

and increase it.

PO 413
Observational analysis of genetic risk factors in
patients with a documented diagnosis of cerebral sinus
vein thrombosis
Vaccarella G1, Napolitano M1, Saccullo G1, Malato A2

and Siragusa S1

1University of Palermo; 2Ospedale ‘Cervello’, Palermo, Italy

Background: In industrialized countries, the cerebral sinus vein throm-

bosis (SCVT) is most often aseptic and it can be observed in all the fol-

lowing settings: surgery, obstetric-gynecology and medicine. SCVT

can particularly occur in postoperative period and puerperium, both

contexts characterized by hyperfibrinogenemia and thrombocythemia.

In addition, in SCVT the use of birth control pills is often imputed as

a risk factor. However, the etiology of this disease remains indefinite

in 25–35% of cases.

Aims: The objective of this study was to retrospectively analyze the

relationship between factor V Leiden, prothrombin G20210A muta-

tion (PT 20210A), MTHR and the occurrence of SCVT.

Methods: The study has included 20 patients with a diagnosis of SCVT

instrumentally performed between 2002 and 2012. We determined the

mutational status of factor V Leiden, Prothrombin (PT) G20210A and

C677T and A1298C of MetilenTetraHydropholateReductaase

(MTHFR) in each enrolled patient. We performed a comparative anal-

ysis of mutations found in patients with a diagnosis of cerebral sinus
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thrombosis compared with a population of unselected patients without

venous thrombosis.

Results: The distribution of mutational status in the genetic analysis

performed in the enrolled patients was as follows: Wild type for Factor

V Leiden, Factor II and MTHFR: 19%.Factor VLeiden: 15% hetero-

zygote and 0.5% homozygote in cases and only 2- 3% and 0.02%

respectively in control group (European unselected patients for venous

thrombosis).Heterozygous for PT G20210A mutation: 20% in patients

and 3–5% in control group. Mutation of the MTHR C677T and

A1298C: 45% heterozygote for C677T and 10.5% double heterozy-

gote for C677T and A1298C in cases. In the control group, the muta-

tion C677T was not statistically different from cases, on the contrary a

double heterozygote mutation for C677T and A1298C was 1.5%.

Conclusions: The presence of factor V Leiden and PT 20210A are

known risk factors for SCVT. The single mutation of C677T of

MTHFR does not represent a risk factor for the disease because it has

the same prevalence in the normal population. Instead, the coexistence

of a double mutation in MTHFR (C677T and A1298C) can be consid-

ered a risk factor, as the mutations of the factor V and factor II. The

coexistence of a double mutation of MTHFR is associated an

increased relative risk for venous thromboembolism in the examined

population.

PO 414
About hemostasis system genes polymorphisms in
patients with acute ischemic stroke
Vorobyeva NA and Shemakina N

NSMU, Arckhangelsk, Russia

At the modern stage of clinical medicine development a reasonable

view on multifactorial nature of congenital predisposition to rapid ath-

erothrombosis progression is formed.

Materials and methods. The research was performed on group of

patients (n = 117) with clinical manifestations of ischemic stroke

against the background of multifocal atherothrombosis, who under-

went surgical brain revascularization (carotid endarterectomy). SPSS

for Windows (13.0) software was used for mathematical processing of

the research results.

Methods: Cluster analysis of studied genes was performed to investi-

gate the proximity degree of studied polymorphisms. We have studied

different mathematic models describing different combinations of

hemostasis system genetic polymorphisms. The first cluster united

homozygous polymorphisms PAI-1 -675 4G/4G, FGB 455 A/A and

heterozygous polymorphism ApoE 28 L/P. It’s important that 72% of

patients with acute ischemic stroke in anamnesis belonged to the sec-

ond cluster which united 5 gene variants: MTHFR 677 C/T, PAI-1

675 4G/5G, FBG 455 G/A, GpIIIa PIA1/A2 and ApoE. The third

cluster included 22% of patients with acute ischemic stroke in anamne-

sis and united 6 genotype variants: MTHFR 677 C/T, PAI-1 675 4G/

5G, FBG 455 G/A, GpIIIa PIA1/A2, ApoE and FV 1691 G/A.

Conclusion: We revealed significant spread of prothrombotic polymor-

phisms against the background of atherothrombotic affection of

brachiocephalic artery in MTHFR, PAI-1, APOE and GpIIIa genes.

It is associated with high risk of atherothrombosis and its complica-

tion (brachiocephalic artery thrombosis). At the modern stage of clini-

cal medicine development a reasonable view on multifactorial nature

of congenital predisposition to rapid atherothrombosis progression is

formed.

Materials and methods. The research was performed on group of

patients (n = 117) with clinical manifestations of ischemic stroke

against the background of multifocal atherothrombosis, who under-

went surgical brain revascularization (carotid endarterectomy). SPSS

for Windows (13.0) software was used for mathematical processing of

the research results.

Methods: Cluster analysis of studied genes was performed to investi-

gate the proximity degree of studied polymorphisms. We have studied

different mathematic models describing different combinations of he-

mostasis system genetic polymorphisms. The first cluster united homo-

zygous polymorphisms PAI-1 -675 4G/4G, FGB 455 A/A and

heterozygous polymorphism ApoE 28 L/P. It’s important that 72% of

patients with acute ischemic stroke in anamnesis belonged to the sec-

ond cluster which united 5 gene variants: MTHFR 677 C/T, PAI-1

675 4G/5G, FBG 455 G/A, GpIIIa PIA1/A2 and ApoE. The third

cluster included 22% of patients with acute ischemic stroke in anamne-

sis and united 6 genotype variants: MTHFR 677 C/T, PAI-1 675 4G/

5G, FBG 455 G/A, GpIIIa PIA1/A2, ApoE and FV 1691 G/A.

Conclusion: We revealed significant spread of prothrombotic polymor-

phisms against the background of atherothrombotic affection of

brachiocephalic artery in MTHFR, PAI-1, APOE and GpIIIa genes.

It is associated with high risk of atherothrombosis and its complica-

tion (brachiocephalic artery thrombosis).

PO 415
VKORC1 gen polimorphisms distribution features in
native population of European Russia
Vorobyeva NA, Lavrinov PA, Belova N, Rogozina AS

and Vorobyeva AI

NSMU, Arckhangelsk, Russia

The aims of the research are: reveal VKORC1 gen polimorphisms dis-

tribution features in native population of European Russia Far North;

determine incidence of C1173T and G3730A polymorphisms of

VKORC1 gen in Nenets Autonomous District; compare received data

with C1173T and G3730A polymorphisms of VKORC1 gen incidence

in population of European North of Russia.

Materials and methods. The number of investigated samples was 88.

The object was genomic DNA received from peripheral venous blood

leukocytes. Genotyping was held with the use of polymerase chain

reaction with allel-specific primers and electrophoretic detection in

agarose gel.

Results and discussion. Polymorph allel 1173T of VKORC1 gen was

found in 76.1% of participants and allel 3730A – in 53.2%. VKORC1

gen polymorphisms incidence in native population of European Russia

Far North differs from those in population of European North of

Russia. The most widely spread allel is 1173T (76.1%). In people with

T/T genotype synthesis speed and concentration of vitamin K epoxide

reductase are minimal. In people with VKORC1 1173 C/C genotype

the enzyme activity is the highest and hypercoagulation risk is

increased. Polymorphism 3730 A/A also increase enzyme activity and

hypercoagulation tendency.

Investigation of VKORC1 gen polymorphisms incidence in particular

populations and thrombosis risk analysis in different regions will allow

more efficient prevention of thrombosis-associated diseases and preg-

nancy problems.

PO 416
The difference of homocysteine plasma in acute
myocardial infarction depending on genetic
polymorphisms of the enzyme
methyltetrahydrofolatreductaza
Vorobyeva NA and Muchina PN

NSMU, Arckhangelsk, Russia

The risk of acute myocardial infarction (AMI) depending on hype-

rhomocysteinemia (HHC) increases by 3–4 times. The main reason for

HHC is a genetic defect of the enzyme MTGFR.

Materials and Methods: To study the difference of HC plasma at the

1th and 14th days of AMI, depending on the genetic polymorphism

MTGFR. Patients of 70 years old and younger (n = 40) suffering

from AMI. To process the received data the SPSS 18.0 software pack-

age for Windows has been used.
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The results. The level of HC at the first day of AMI was Me 24.4 [15.7,

28.6] mM. It was higher than normal values at the all patients. A

27.5% of patients had heterozygous polymorphism (GT) in the gene

for the enzyme MTGFR, 12.5% of patients had homozygous poly-

morphism (TT). The level of HC in the group with allele (TT) was

higher than that of other patients at the 1th (P = 0.028) and at the

14th days of AMI (P = 0.001). The correlation was detected between

(TT) allelic variant and the level of HC at the 1th day (r = 0.534,

P = 0.001) and at the 14th day (r = 0.314, p = 0.048).

Conclusions: Patients with homozygous polymorphisms MTGFR have

higher levels of HC in both acute and subacute stage in AMI, which is

an additional risk factor for adverse thrombotic events.

PO 417
MTHFR C677T and A1298C as a
hyperhomocysteinemia risk factor in native
population of Nenets Autonomous District
Vorobyeva NA, Lavrinov PA and Belova N

NSMU, Arckhangelsk, Russia

In the metabolic processes study and many common diseases prevent-

ing a human ethnic origin should be taken into consideration. Cardio-

vascular diseases risk factors study and the development of early

preventive measures are of particular topicality.

Aim: to investigate the prevalence of methylenetetrahydrofolate reduc-

tase gene polymorphisms MTHFR C677T and A1298C (associated

with hyperhomocysteinemia risk), the level of homocysteine in blood

and lifestyle of the Nenets Autonomous District (NAD) population.

Materials and methods.

Design: One-moment population-based investigation of native popula-

tion (nenets) from different settlements. Inclusion criteria: nenets eth-

nicity; constant residence in NAD; presence of informed consent. The

study approved by the NSMU local ethics committee (protocol №6,

8.06.2011). Questioning – data on diet, smoking, alcohol intake from

survey respondents (n = 226). The homocysteine level in the blood

serum (n = 90) was determined by solid-phase ELISA using reagents

Axis Shield Diagnostics Ltd. Identification of polymorphisms

MTHFR C677T (n = 121) and A1298C (n = 90) was performed in

CSRL of NSMU. Genome DNA received from peripheral venous

blood leukocytes was used in PCR molecular genetic analysis with

allele-specific primers with detection by agarose gel electrophoresis.

Results: The age of the study sample Me = 42 [30;51] years, Me = 46

[35;54] for female and Me = 41 [37;49.5] for male.

Among the modifiable risk factors of hyperhomocysteinemia smoking

(25%) and alcohol intake (51%) were present. In smoking men 52%

smoke more than one cigarette pack per day. In smoking women

36.7% smoke more one cigarette pack and 41.7% half of a pack per

day.

Alcohol is taken more often than once a month by 22% of women and

60.8% of men (average age 42.75 � 11.59 and 42.91 � 10.15 years

respectively).

Homocysteine level was determined in 90 nenets. By to the results they

were divided into three groups according to thrombosis risk (Shmeleva

V, 2008): < 10.5 nkM (normal amount), 10.5–13.5 mkM (thrombosis

risk increased 1,3–3 times) and more than 13.5 mkM (thrombosis risk

increased 3–5 times). The results were following: 8.07 [7.2;9.3] for the

1st group (n = 28), 11.5 [11.2;12.0] for the 2nd group (n = 22) and

17.2 [14.6;19.8] for the 3rd group (n = 40).

Frequency of T677T polymorphism in nenets population significantly

less than in Russian population in Tomsk (v2 = 10.59, P = 0.001).

A1298C polymorphism frequency significantly differ in compared

populations (v2 = 6.17, P = 0.01).

Assessment of interlinkages of homocysteine level in the blood serum

with different allelic MTHFR gene variants carriage was performed

using Kruskal-Wallace test (P = 0.05). No significant differences were

revealed: 0.066 for MTHFR C677T and 0.531 for MTHFR A1298C.

We revealed a high percentage of hyperhomocysteinemia in nenets

population. It should be in connection with external modifiable

factors.

PO 418
The value of hyperhomocysteinemia on the severity of
acute myocardial infarction
Vorobyeva NA, Muchina PN and Vorobyeva AI

NSMU, Arckhangelsk, Russia

The risk of acute myocardial infarction (AMI) depending on hype-

rhomocysteinemia (HHC) increases by 3–4 times. The main reason of

HHC is genetic defects of enzymes responsible for the metabolism of

HC, in particular methyltetrahydrofolatreductaza (MTHFR).

The Objective: To study the impact of hyperhomocysteinemia and

genetic polymorphisms in the gene methyltetrahydrofolatreductaza

(MTGFR) on the severity of acute myocardial infarction.

Materials and Methods: Patients of 70 years old and younger (n = 40)

suffering from AMI who were hospitalized at the cardio intensive care

unit of the 1stCityClinicalHospital from 09.01.2010 to 31.12.2010.

Diabetes, rheumatism, systemic diseases, blood diseases were the

exclusion criteria. Plasma levels of HC by enzyme immunoassay were

determined at 1 and 14 days of AMI. Genetic polymorphism of the

enzyme were identified in the laboratory MTGFR human genom

NSMU. To process the received data the SPSS 18.0 software package

for Windows has been used. The age span of the examined patients

was Me 55 [45.0;60.25].

Methods: The level of HC at the first day of AMI was Me 24.4 [15.7,

28.6] mM. The level of HC at the 14th day was Me 21,4 [15;27]. It was

higher than normal values. A 27.5% of patients (n = 11) had hetero-

zygous polymorphism (allele GT) in the gene for the enzyme MTGFR,

12.5% of patients (n = 5) had homozygous polymorphism (allele

TT). The level of HC in the group with allele (TT) was higher than that

of other patients at the 1th (P = 0.028) and at the 14th days of AMI

(P = 0.001). The correlation was detected between (TT) allelic variant

and the level of HC at the 1th day (r = 0.534, P = 0.001) and at the

14th day (r = 0.314, P = 0.048). Long-term results were studed dur-

ing the period of 1 year after AMI. The end points was: the develop-

ment of unstable angina, ischemic stroke, re-infarction, recurrent

episodes of revascularization, death from coronary heart disease. The

correlation was detected between (CT) allelic variant and frequency of

repeat stenting in the second half of the observation (r = 0.453,

P = 0.003). The correlation was detected between (TT) allelic variant

and frequency of repeat stenting in the first half of the observation

(r = 0.466, P = 0.005). The correlation was detected between (CT)

allelic variant and the incidence of unstable angina pectoris in the 2nd

half-year of observation (r = 0.640, P = 0.0001). The correlation was

detected between (TT) allelic variant and the development of re-infarc-

tion during the first 6 months of observation (r = 0.466, P = 0.002).

Conclusions: Patients with homozygous polymorphisms MTGFR have

higher levels of HC in both acute and subacute stage in AMI, which is

an additional risk factor for adverse thrombotic events. Relationship

was found between the presence of polymorphism in the MTHFR

gene and the incidence of recurrent cardiovascular events. Thus, in

patients with allele (CT), there is a high incidence of repeated revascu-

larization, mostly in the 2nd half-year of observation, while having the

allele (TT) – in the first half.
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Allicin inhibits tissue factor expression in thrombin-
induced endothelial cells by blocking MAPK and NF-?B
Li J, Gao F, Zhu W and Zhou P

Xiangya Third Hospital, Central South University, Changsha,

China

Background: Inflammation and resultant oxidative stress play great

roles in cardiovascular disease. Regulation of inflammatory reactants

is an important strategy to improve the outcome of cardiovascular

patients. Allicin is the major biologically active component of garlic

and manifests hypolipidemic, antiplatelet, and procirculatory effects.

Aims: The objectives of this study were to investigated mechanisms

underlying the modulatory effects of Allicin on tissue factor (TF) in

endothelial cells.

Methods: HUVECs were treated with or without Allicin for 24 h

before exposure to thrombin for 4 h. TF gene and protein expressions

were determined by RT-PCR and ELISA. Cell viability was deter-

mined by methyl thiazoyltetrazolium (MTT) assay. Phosphorylation

of ERK, JNK and p38 were examined by western blotting.

Results: Preincubation of endothelial cells with Allicin dose-depen-

dently inhibited thrombin-induced mRNA and protein expression of

TF. Thrombin-induced phosprylation of mitogen-activated protein

kinase (MAPK), including ERK, JNK, and P38, were mitigated by Al-

licin. Activation of NF-jB stimulated by thrombin were also sup-

pressed by Allicin.

Conclusions: Allicin can modulate the responsiveness of endothelial

cells to thrombin through inactivation of NF-jB and MAPK path-

ways, which may explain the ability of Allicin to suppress inflamma-

tion in cardiovascular diseases.

PO 420
At equivalent biologic units, commercially available
prothrombin complexes are not the same: differential
generation of thrombin and factor Xa upon tissue
factor mediated activation
Only A, Cunanan J, Hoppensteadt D, Kahn D, Sadeghi N

and Fareed J

Loyola University Medical Center, Maywood, USA

Introduction: Commercially available prothrombin complex concen-

trates (PCCs) are used in the management of bleeding in patients with

both oral anticoagulant associated and deficiency of the synthesis of

Vitamin K dependent coagulation factors (II, VII, IX, X) associated

bleeding. Currently, several PCCs such as Beriplex, Cofact, Octaplex,

Prothromplex, and Profiline are available. An activated PCC prepara-

tion (FEIBA) is also available. The purpose of this study was to com-

pare the TFmediated generation of thrombin and factor Xa in various.

Methods: Commercially available PCCs were diluted in saline and 5%

human albumin to obtain working solutions of 1.25–10 U/ml. A

recombinant thromboplastin preparation (Innovin) was used to trigger

protease generation which was measured using chromogenic substrate

and fluorogenic substrate based assays.

Results: Each of the PCCs produced varying amounts of factor Xa

and thrombin in a concentration dependent fashion. Cofact and Octa-

plex produced relatively stronger effects. In the fluorometric assays,

wide variations in the generation of thrombin were noted among vari-

ous PCCs. Both Cofact and Octaplex produced much higher amounts

of thrombin (> 500 nM/unit), where as Prothromplex and Profiline

produced < 100 nM/unit. Beriplex was also weaker and produced

200 nM/unit.

Discussion: These results demonstrate that despite unit equivalence for

factor IX, various PCCs are capable of generating different amounts

of factor Xa and thrombin on TF activation. The marked differences

in the generation of thrombin may be due not only to composition but

also to the presence of adjunctive antithrombin and heparin. Each of

the different PCCs exhibits its own homeostatic profile and therefore

these homeostatic agents are not interchangeable for such an indica-

tion. Each agent should be considered individually and pre-clinical

and clinical data may be needed to demonstrate their relative efficacy

in bleeding complications.

PO 421
Influence of D-1208I gene polymorphism on tissue
factor expression in healthy and influenza
Petrov A, Petrova O and Vitkovsky Y

Chita medical academy, Chita, Russia

Background: Tissue factor (TF) plays the key role in the development

of thrombosis. Influence of D-1208I polymorphism on the function of

TF is poorly studied.

Aim: Was to study the effect of D-1208I polymorphism on TF expres-

sion by blood monocytes and lung macrophages.

Methods: there were 84 healthy volunteers under observation (42 men

and 42 women). The mean age was 37 � 11 years.

To assess the expression of TF by lung tissue macrophages a material

of 20 patients who died of influenza A H1N1 in 2009 was used. The

mean age of these patients was 40 � 14 years (6 men and 14 women).

Infection was laboratory confirmed by PCR. The cause of death in

these patients were pulmonary embolism (8 people) and respiratory

distress syndrome (12 people). All subjects of research were Russian,

who was born and resident in the Transbaikalia. Genetic polymor-

phisms were determined by PCR. To study the TF expression the

whole blood samples were cultured during 4 h in presence of LPS and

without it and their re-calcification time were measured by impedance

coagulometer. The TF expression was estimated by the degree of

reduction of coagulation time, expressed as a percentage according to

the formula: (t1–t2) 9 100%/t1, where: t1 – unstimulated blood clot-

ting time; t2 – stimulated blood clotting time. Lung macrophage TF

expression was studied The lung tissue, that was obtained at autopsy

from patients who died of complications of influenza A (H1N1) in

October-December 2009 in the Transbaikalia, was used as a material.

Assessment of TF expression by lung macrophages were determined

by immunohistochemistry (TF9-10H10, Santa Cruz Biotechnology,

USA). The lung tissue, that was obtained at autopsy from patients

who died of complications of influenza A (H1N1) in October-Decem-

ber 2009 in the Transbaikalia, was used as a material. Statistical pro-

cessing was performed using t-test and U-test.

Results: It was revealed that the prevalence of TF D-1208I polymor-

phism among healthy individuals and in patients with lethal influenza

A H1N1 did not differ. A 27.4% of the healthy volunteers and 35.0%

of patients had DD genotype. A 52.2% and 40.0% of healthy patients

– DI genotype. A 21.4% and 25.0% of healthy patients – II genotype.

It was established that monocytic TF expression was 179.4 � 66.2%

in a group of volunteers. TF expression of heterozygous was a

decreased in comparison with homozygous (198.6 � 72.9% and

160.1 � 53.0%, respectively, t-test, P = 0.007). It was revealed that

the TF expression by lung macrophages at D-1208I heterozygous and

homozygous patients died from influenza complication differed. The

average value of TF expression index was 6 points in the group of het-

erozygous patients, while in the group of homozygous – 11.1 points

(U-test, P = 0.016).

Conclusion: D-1208I polymorphism heterozygous have shown to

reduce the levels of macrophagic and monocytic TF expression, com-

pared to homozygous.
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Mycophenolate mofetil for treatment of relapsed,
refractory thrombotic thrombocytopenic purpura
Wang A1, Wu J1, Ding K1, Liu X1, Sun Z1, Su J2, Yu Z2

and Ruan C2

1Anhui Provincial Hospital Affiliated to Anhui Medical

University, Hefei; 2Jiangsu Institute of Hematology, Suzhou,

China

Background: Thrombotic thrombocytopenic purpura (TTP) is a rare

life-threatening disease. Plasma therapy has dramatically decreased

the mortality rate from 90% to less than 10% for TTP patients. In

many TTP patients, prolonged Plasma therapy and Immunosuppres-

sive agents (corticosteroids, rituximab, and high-dose intravenous

immunoglobulin) is required to achieve remission, however, about

one-third of acquired TTP patients still relapse with ADAMTS13 defi-

ciency. Mycophenolate mofetil (MMF), an immunosuppressive agent,

has been recently reported to treat for relapsed, refractory TTP

patients. The efficacy and safety of MMF is still unknown.

Aims: our study is aim to observe the efficacy and safety of MMF for

relapsed, refractory TTP patients.

Methods: We present a case of multiply relapsing TTP which was

refractory to many of the treatment modalities mentioned above; and

failed a course of rituximab. Then mycophenolate mofetil (100 mg per

day) was used with plasma therapy for the patient, the patient were

continuing 22 monthly follow-up. ADAMTS13 activity, inhibitor of

ADAMTS13, platelet counts and LDH levels were monitored at each

visit in conjunction with routine laboratory parameters.

Results: Remission was achieved with mycophenolate mofetil aiming

to maintain remission. Seven months later, the patient relapsed after

reduction in MMF dose (50 mg per day), platelet counts dropped to

48 9 109/L, A second remission was achieved by plasma therapy com-

bination with MMF (100 mg per day). MMF was continued concomi-

tantly with dose of 100 mg per day. Then the patient was again

sustained remission. MMF was very well tolerated in the patient. The

patient remains relapse-free survival for 1.5 years. However, it is inter-

esting that ADAMTS13 activity is always less then 5%, and an inhibi-

tor of ADAMTS13 is also detected Whether or not the patient is in

remission. And platelet counts was always normal when remission.

Conclusions: Our study suggests that MMF may be a choice for

relapsed and refractory TTP patients. Further studies are still needed

to confirm the efficacy, while the mechanism of long-term remission

for MMF in the patient is remain unclear.

PO 423
Diagnosis of Von Willebrand disease: use of bleeding
score
Benlaldj D, Khachaa B, Mouadene A, Moulasserdoun K, Rahal MC

and Seghier F

University hospital of Oran, Oran, Algeria

Background: The bleeding score was proposed, to standardised a col-

lection of the bleeding history and use them in diagnosis of bleeding

disorders.

Aims: The aims were to assess the bleeding score, in patients previously

diagnosed with Von Willebrand disease (VWD).

Methods: The bleeding symptoms of 37 patients with VWD and 30

subjects without any bleeding disorders (15 women and 15 men) were

assessed retrospectively using a standardised bleeding questionnary

(Tosseto, 2006).

The bleeding score ranged from a minimum of -3 (no symptoms) to a

maximum of 45 (blood transfusion or replacement therapy).

Results: In normal subjects, the mean bleeding score was 0.7 (range

0 to 3).

In 37 patients with VWD, the mean bleeding score was 6.9 (range 3

to 15).

In 15 patients with VWD type 1, the mean bleeding score was 5.8

(range 3 to 9).

In 13 patients with VWD type 2, the mean bleeding score was 5.7

(range 3 to 10).

In 09 patients with VWD type 3, the mean bleeding score was 9.4

(range 6 to 15).

The use of bleeding score greater than 3 as a screening test for VWD

has a sensitivity of 81% and specificity of 100%.

Conclusion: The bleeding score is a useful clinical tool for the identifi-

cation of a possible VWD and evaluated a bleeding tendency to indi-

cate a prophilactic therapy.

PO 424
A simplified assay for von Willebrand factor multimers
analysis
Bonnefoy A, Fontaine A, Lafayette MG, Dubois C, Cormier A

and Rivard GE

CHU Sainte-Justine, Montreal, Canada

Background: Von Willebrand Disease (vWD) is the most common

bleeding disorder, affecting up to 1% of some selected populations.

Analysis of von Willebrand Factor (vWF) multimers is essential to

classify vWD subtypes. The procedure remains highly specialized,

labour-intensive, and inaccessible to most clinical laboratories.

Aims: Our objective was to develop a simple vWF multimers assay for

routine analysis, with no compromise on quality.

Methods: Plasmas from patients with type I, II or III vWD and a pool

of normal plasmas were used as qualitative internal controls.

We used 1.1% or 1.4% agarose in TRIS HCl pH 8.8, SDS 0.1% for

resolving gels and 0.8% agarose in TRIS HCl pH 6.8, SDS 0.1% for

staking gels. Gels were sequentially poured into an horizontal DNA

electrophoresis unit, and plasma samples in TRIS buffer, EDTA

8 mM, SDS 1.6% urea 6.4 M, pH 6.8 were subjected to electrophore-

sis at 35V overnight at room temperature, in TRIS 0.05M, Glycine

0.384 M, SDS 0.1%, pH 8.35). The gels were then washed in TRIS

buffer Saline containing Tween 20, and proteins were transferred onto

nitrocellulose using a semi-dry high-speed transfer apparatus (Trans-

Blot� Turbo[TRADEMARK] Bio-Rad) for 10 min at 12V with

ready-to-use transfer packs. vWF multimers were revealed directly on

nitrocellulose membranes using a rabbit polyclonal anti-human vWF-

HRP antibody and 4-chloro-1-naphthol as substrate in TRIS0.05 M,

pH 7.4, ethanol 15%.

Results: The assay was completed within 24 h, including overnight

electrophoresis. The use of an inexpensive horizontal DNA electro-

phoresis system was particularly convenient to promptly cast the gels,

and load up to 44 plasma samples (within 2 h). Semi-dry high speed

transfer with ready-to-use transfer pack and direct staining of the

nitrocellulose membrane further shortened the assay procedure and

enabled a surprisingly good recovery of high molecular weight vWF

multimers (HMW vWF) on the membrane, with a resolving power of

up to 20 mers. Consistent intra- and inter-assay reproducibility was

obtained, enabling unambiguous detection of HMW vWF deficiency

in the plasma of type IIA and IIB VWD patients and normal distribu-

tion but reduced concentration of vWF multimers in Type I vWD

patients.

Summary/Conclusions: By choosing simple technical options, we devel-

oped a rapid, reliable and cost-effective vWF multimers assay easily

transposable to clinical laboratories.
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PO 425
A de novo type 2A von Willebrand factor mutation
(Ser1517Arg)
Castaman G1, Giacomelli S1 and Coppola A2

1San Bortolo Hospital, Vicenza; 2University Federico II, Napoli,

Italy

Background: De novo heterozygous mutations have been rarely

reported in von Willebrand disease (VWD).

Aim:We report here a novel de novo VWF mutation.

Methods: A 3-year old boy was referred for severe bleeding from a ton-

sil. A severe reduction of FVIII and von Willebrand factor was

observed (FVIII:C 15 U/dL; VWF:Ag 15 U/dL; VWF:RCo < 3 U/

dL). An abnormal VWF:RCo/VWF:Ag ratio was evident suggesting

the diagnosis of type 2. Bleeding promptly stopped after administration

of VWF/FVIII concentrate. A few months later a severe post-traumatic

epistaxis occurred, again controlled with replacement therapy. The par-

ents were asymptomatic and had clearly normal FVIII and VWF mea-

surements. All exons and intron-exon boundaries of VWF gene were

sequenced in the propositus and a novel heterozygous c.4551 C>A
mutation was identified predicting a Ser1517Arg mutation in the A2

domain of VWF protein. This change was not present in the parents,

although the coinheritance of VWF haplotype was evident. The muta-

tion was subsequently identified also in a single patient from Southern

Italy, with significant bleeding history and similar FVIII/VWF levels.

Conclusions: De novo mutations are important to be identified by

VWF gene sequencing since the typical autosomal dominant inheri-

tance is not evident in the family and the phenotype is not in keeping

with a true recessive disorder. This also is relevant to predict the risk

of additional affected offspring in the same family.

PO 426
The first successful treatment of trauma in von
Willebrand disease with a specific von Willebrand
Factor Concentrate (VWF) in Paysand�u, Uruguay –
Treatment of fractured unstable lumbar vertebrae
Chalkling AG, Pias SN and Perera F

Hospital Escuela del Litoral, Paysandu, Uruguay

Background: Achieving hemostasis in von Willebrand Disease (VWD)

presents a challenge as not all concentrates used for haemophilia A

correct the bleeding defect in these patients. The development and

approval for the market of specific VWF concentrates represents an

important advance.

Aims: We report a case of a female patient, 16 years old, with Type 1

VWD defined, diagnosed in 2002 following multiple episodes of epi-

staxis and gingival bleeding. Two brothers had Type 1 VWD, one of

whom died in a traffic accident.

Methods: Presentation: Trauma with maximum impact on the lumbar

region of the back, following a fall of 1.5 metres, while under the influ-

ence of inhaled substances. A 20 9 20 by 10 cm height mass at the

back of the lumbar spine was detected. Pain was reported around par-

avertebral muscle masses. Abdominal and right flank hypogastrium

pain was elicited without peritoneal tap. Investigation by CT scan

revealed unstable fracture of L1 lumbar vertebra at the right lamina,

pedicle and facet joint. There were no hematomas in the abdomen pel-

vic region, and ultrasound revealed no free intra-abdominal fluid.

Investigations: Hemostasis Tests: APTT: 34.6 s, Prothrombin time

11.9 s, fibrinogen 372. A 4 mg/dl. Platelet adhesiveness: 26% (normal

range 25–75); FVIII coagulant activity 113% (normal range 60–
150%), von Willebrand Factor 30% (normal range 50–150%) von

Willebrand antigen 41% (normal range 58–132%). Treatment: A spe-

cialist Transfusion Medicine consultation was performed 2 days after

admission. Haematological investigations (Table).

Factor therapy: Commercial Factor VIII concentrate (Immunate�,

Octapharma) loading dose 1000 IU I/V bolus, followed by commercial

von Willebrand Factor concetrate (Wilate�, Octapharma) 900 IU

loading dose followed by 450 IU intravenously every 12 h for 6 days.

Results: Bleeding continued until the initiation of substitution therapy,

after which the patient was stabile (Table). The hematoma was

resolved and plaster immobilization with a thoracolumbar brace was

possible, stabilizing the lumbar vertebrae and preventing further dam-

age. All objective clinical and preclinical criteria indicated complete

remission after initiation of replacement therapy. Excellent response

and tolerance to the treatment was observed.

Conclusion: Use of a specific VWF concentrate allowed treatment and

resolution of this complex case. The provision of such products is an

essential part of modern care for VWD. The importance of assessing

the patient in a comprehensive and interdisciplinary treatment to

achieve timely, safe and effective resolution was evident. Rapid com-

munication between the admitting area and the specialist service is

essential for optimal and cost-effective care.

PO 427
Severe periodical menorrhagia, corpus luteum rupture,
haemoperitoneum with acute abdomen, laparoscopic
ovariectomy, WILFACTINⓇ substitutive therapy in
young female with type IIA Von Willebrand disease
Cultrera D, Cipolla A and Di Raimondo F

Haemophilia Regional Reference Centre, Catania, Italy

VonWillebrand disease (vWD) is the most common hereditary bleeding

disorder affecting both males and females. It arises from quantitative or

qualitative defects of vonWillebrand factor and causes mucocutaneous

and visceral haemorrhages, as well as rarely hemartroses.

The aim of treatment is to correct the dual defect of hemostasis caused

by the abnormal/reduced vWF and the concomitant deficiency of Fac-

tor VIII. In the females, especially in those in fertile age, the menorrha-

gia, the severe anaemia and haemoperitoneum remain of big concern.

So, the individual treatments is often difficult.

We here report the case of a young female, aged 25 years, HBV, HCV

and HIV negative, affected by type IIA of von Willebrand disease; the

parents are cousins.

The patient had heavy menorrhagias, treated for long time with

plasma products containing vWF, started at the onset of bleeding, tra-

nexamic acid, iron oral therapy, with sufficient control of the bleeding.

In December 2010, she was hospitalized for an excessive bleeding, with

severe anaemia (hemoglobin 5 g/dl), due to the rupture of a corpus lut-

eum, subsequent haemoperitoneum with acute abdomen.

Surgical removal of one ovary, RBC packed units (n = 4), antifibrino-

lytic agents and replacement therapy with plasma products containing

vWF at the dosage of 40 IU/Kg b.w. every 8 h were carried out.

Then, she was discharged with iron therapy and oral contraceptives.

Despite the therapy, she had excessive bleeding during the menstrual

cycles, severe iron deficiency anaemia, with a poor quality of life.

Then we decided to try therapy with Wilfactin℗, a highly purified

plasma vWF concentrate containing very little FVIII, at the dosage of

40 IU/Kg b.w./day for 3 days, administered during menstrual cycle,

with a remarkably reduction of this, from 8 to 10 days to 4–5, with a

good response to the therapy, without collateral effects and normaliza-

tion of the values of hemoglobin. The patient had no need to continue

iron therapy, with an excellent outcome. Now the patient has normal

value of hemoglobin and her quality of life is good.

We conclude that Wilfactin� may be considered for short-term pro-

phylaxis in elective surgery or for long-term secondary prophylaxis in

women with dangerous menorrhagia.
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Management of severe coronary artery disease in a
patient with type Vicenza von Willebrand disease
De Bon E, Barbar S, Di Pasquale I, Casonato A and Bertomoro A

2nd Chair of Internal Medicine, Universtity of Padua, Padova,

Italy

Background: Von Willebrand disease (VWD) is a congenital bleeding

disorder caused by von Willebrand factor (VWF) deficiency or abnor-

malities. Although high levels of VWF are referred to play an impor-

tant role in the onset of atherothrombosis, a lifelong hypocoagulable

state does not seem to protect VWD patients against atherosclerosis.

As previously reported, moreover, long-term prophylaxis with FVIII/

VWF could increase the thrombotic risk due to excessive circulating

FVIII levels. The literature on cardiovascular disease management in

VWD patients is limited and recommendations on the type and dura-

tion of antithrombotic therapy for such patients are unavailable.

Case report: A 69-year-old diabetic male with type Vicenza VWD pre-

sented with a recent worsening of a known stable angina. Basal blood

tests showed factor VIII (FVIII:C) levels of 34% (normal range 60–
160%), von Willebrand factor antigen (VWF:Ag) of 17.8% (normal

range 60–160%), and von Willebrand factor ristocetin cofactor (VWF:

RCo) of 16.6% (normal range 60–130%). He had a past history of

several muco-cutaneous bleeding episodes, chemotherapy for a nasal

non-Hodgkin lymphoma, a surgically-treated testicular lymphoma, and

HCV-related hepatocellular carcinoma treated with transarterial chemo-

embolization (TACE). He had also undergone coronary artery by-pass

surgery 9 years earlier for severe coronary artery disease (CAD).

After admission, coronary angiography via radial artery puncture

demonstrated severe and extensive CAD. During procedure unfrac-

tionated heparin (1000 IU) was administered intra-catheter. Prophy-

laxis with FVIII/VWF concentrates (40 IU/kg) was administered

before and for 3 days after the endovascular procedure. No endovas-

cular or surgical treatment for CAD was proposed.

Considering the high cardiovascular risk and worsening coronary sta-

tus, clopidogrel was administered for secondary anti-platelet prophy-

laxis. Since the patient had never taken antiplatelet drugs before, and

considering his lifelong bleeding history, we planned a long-term pro-

phylaxis with VWF concentrates. To avoid excessive FVIII concentra-

tions and the correlated risks of arterial and venous thrombosis, we

preferred a highly-purified plasma-derived VWF concentrate (Wilfac-

tin�, LFB). The patient received 60 UI/kg twice weekly to maintain

VWF:Ag and VWF:RCo above 25–30% and FVIII below 80–100%.

Anti-hemorrhagic prophylaxis, in association with antiplatelet treat-

ment, was given for 7 months. No bleeding or thrombotic complica-

tions were observed during a further 7-month follow-up.

Conclusions: The appropriate antithrombotic management of VWD

patients presenting with coronary syndromes is still unclear. Our expe-

rience suggests that antiplatelet drugs might be used in association

with VWF concentrates to reduce the bleeding risk. Administering

highly-purified VWF concentrates might be helpful, as anti-hemor-

rhagic prophylaxis, in type 2 VWD patients at high thrombotic/cardio-

vascular risk, in order to avoid excessively high concentrations of

circulating FVIII.

PO 429
Dental invasive procedures in von willebrand disease
(VWD) outpatients treated with high purity VWF/FVIII
complex concentrate: experience of a single center
De Padua V1, Santoro C2, Gaglioti D1, Bosco R1, Riva F1,

Baldacci E2, Mercanti C2, Parlanti L2 and Mazzucconi MG2

1George Eastman Hospital Rome; 2Hematology Sapienza

University of Rome, Rome, Italy

Background: Dental procedures in Von Willebrand Disease (VWD)

patients are associated with a risk of bleeding during and after surgery.

Replacement prophylactic therapy, and local measures, reduce the risk

of complications in this kind of surgeries. VWF/FVIII concentrate is

the treatment of choice in VWD type 3 and type 2b, but is also indi-

cated in other VWD subtypes when there is no response or contraindi-

cation to Desmopressin. Aim. To describe the dental procedures

performed in a group of VWD outpatients utilizing systemic prophy-

lactic therapy with a high purity VWF/FVIII and local hemostatic

control measures.

Methods: During 6 years, in our Dental Department, we performed 23

dental procedures on eight patients (4M, 4F; median age 63 years,

range 49–78) affected by VWD: 2 type 1, 3 type 2b, 3 type 3. All

patients were treated with a high purity VWF/FVIII concentrate. All

the surgeries were performed under local and loco-regional anesthesia.

Local hemostasis was ensured applying gelatine packing, fibrin glue,

absorbable suture, 15-min compression with tranexamic acid saturated

gauze. In the post-operative period patients were treated with antibiot-

ics. Tranexamic acid mouthwashes (three times a day for 3 days) were

prescribed; acetaminophen was used as the only pain-relief treatment.

VWD type 1. One patient has undergone 3 roots extractions and one

other, 2. They have been treated with high purity VWF/FVIII concen-

trate according to the subsequent scheme: 1 h before surgery (t0),

60 IU/Kg; from the 12th to 48th h (t12h and t48h) after surgery, 30 IU/

Kg every 12 h; from the 3rd to 7th post-operative day, 30 IU/Kg/day.

VWD type 2b. One patient has undergone 5 roots extractions accord-

ing to the subsequent scheme: VWF/FVIII 50 IU/Kg t0; t12 h�at60 h

25 IU/Kg, every twelve h, then 25 IU/Kg every 24 h, until 7th post-

operatory day. One other patient has undergone 1 tooth extraction

while treated with VWF/FVIII 50 IU/Kg t0, t24. The last one has

undergone 1 extraction, 1 scaling and root planning, 1 excisional

biopsy under the administration of VWF/FVIII 30 IU/Kg t0; then he

continued treatment with tranexamic acid orally, at a dosage of

40 mg/kg/day until 7th post-operatory day. VWD type 3. One patient

has undergone 2 wisdom teeth extractions according to the subsequent

scheme: VWF/FVIII 50 IU/Kg t0; t12 h�at48 h, 30 IU/Kg every twelve

h, then tranexamic acid orally, 40 mg/kg/day until 7th post-operatory

day. One other patient has undergone 3 roots extractions, 2 dental

extractions and 1 wisdom tooth extraction under treatment with

VWF/FVIII 60 IU/Kg t0; t12 h�at48 h 50 IU/Kg every twelve h, then

30 IU/Kg/day until 7th post-operatory. The last one has undergone 1

scaling and root planning while treated with VWF/FVIII 50 IU/Kg t0,

t24. We didn’t observe any hemorrhagic or local abscesses. All patients

completed the post-surgery home-treatment.

Conclusions: A tailored prophylactic treatment with high purity VWF/

FVIII concentrate ensures a good hemostasis in VWD patients under-

going dental procedures. Multidisciplinary approach allow to manage

coagulopathic patients without bleeding complications; home-treat-

ment limits patient discomfort and reduces management cost.

PO 430
Successful percutaneous coronary intervention in a
patient with von Willebrand disease
Ettorre CP, Malcangi G, Scarafile R, Iandolo V and Marino R

Unviversity Hospital, Bari, Italy

Background: The prolonged life expectancy in coagulopathic patients

has increased the risk of age-related morbidites, such as cardiovascular

disease. There are no standard treatment guidelines for coronary

artery disease in patients with von Willebrand disease (vWD), espe-

cially in the field of coronary intervention. We describe a successful

percutaneous coronary intervention (PCI) in a patient with vWD.

Case Report: The patient is a 63 year-old man with type I vWD and

several cardiovascular risk factors (obesity, hypertension, dislipida-

emia, diabetes mellitus). He was hospitalized for unstable angina and a

coronary angiography was planned. He was treated with a factor von

Willebrand (vWF) concentrate with low factor VIII (FVIII) content

(Wilfactin�, LFB) infused the day before the procedure at the dose of

40 IU/kg and with the same dosage one h prior the angiography. The
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procedure was performed by radial venipuncture and evidenced a criti-

cal coronary disease whose indication was a surgical revascularization,

refused by the patient. Alternatively, he underwent a PCI with implan-

tation of a bare metal stent in the middle portion of the left ascending

coronary artery. The angioplasty was performed one h after the infu-

sion of 40 IU/Kg of Wilfactin�. Furthermore, according to the stan-

dard practice, the patient received a preloading dose of clopidogrel

(300 mg) and during the procedure he was treated with 70 IU/Kg of

unfractionated heparin and 250 mg of acetylsalicylic acid. The PCI

was uneventful and bleeding complications were not observed. After

the procedure he continued the dual antiplatelet therapy (clopidogrel

75 mg/die and aspirin 100 mg/die) for 2 months and in this period he

received a prophylactic treatment with Wilfactin� at the dose of

40 IU/kg twice a week, without presenting any haemorragic or throm-

botic event. With clopidogrel discontinuation he stopped Wilfactin�

prophylaxis, carrying on long-term aspirin treatment (100 mg/die).

Conclusion: Little data are available regarding the management of cor-

onary artery disease in vWD patients. In our case Wilfactin� showed a

good efficacy and safety profile in providing an adequate hemostatic

cover during the PCI. A vWF concentrate with low FVIII content may

be more suitable in vWD patients with cardiovascular risk factors,

because it ensures the haemostasis avoiding persistently high FVIII

plasma levels, which could represent an additional thromboembolic

risk factor.

PO 431
Acquired von Willebrand syndrome secondary to a
functional defect of von Willebrand factor
Galvez KM, Combariza JF and Gomez M

Hospital Pablo Tob�on Uribe, Medell�ın, Colombia

Background: The acquired von Willebrand syndrome (AVWS) is a

bleeding disorder that is frequently unrecognized or is misdiagnosed as

von Willebrand disease.

Aims: To describe a case of a patient with Acquired von Willebrand

syndrome.

Methods: Case report.

Results: Female patient, who from her 12 years began to have episodes

of gingival brushing associated with joint pain in knees and ankles.

The PTT was above the reference range and the initial study for coagu-

lation disorders showed deficiency of factor XII associated with posi-

tive antinuclear antibodies (1:160 speckled pattern) and C3 low, no

other conclusive criteria for systemic lupus erythematosus (SLE) or for

antiphospholipid syndrome. One year later she started her menstrual

cycles although the bleeding was not abnormal, she presented exacer-

bation of abdominal pain, diagnosed with dysmenorrhea associated

with polycystic ovary syndrome. New studies evidenced the persistence

of prolonged PTT, ANAS positive 1:320 homogeneous pattern,

decreased complement C4 fraction and deficiency of coagulation fac-

tor XII. Four years later she starts to have episodes of metrorrhagia,

with iron deficiency anemia motive why she start with drospirenone/

ethinyl estradiol regulating the cycles and bleeding. Two years later

she consulted the emergency department with acute abdomen, finding

hemoperitoneum without a clear cause, new immunological profile

revealed ANAS 1:1320 homogeneous pattern, all other tests were neg-

ative. She was transfused with fresh frozen plasma presenting allergic

reaction. One year later she consults due to metrorrhagia, bruising and

right hip pain with functional limitations, hemarthrosis was discarded

by MRI. Given the evidence of hemorrhagic manifestations with pro-

longed PTT is was considered that it was not the clinical behavior of a

deficiency of factor XII. Mixing test is performed and PTT was cor-

rected with plasma, indicating deficiency of factor. Paraclinical input is

sought: platelet aggregation curve was normal with ADP, collagen,

epinephrine and ristocetin, von Willebrand factor 52%, ristocetin co-

factor 31.9%, clotting factor VIII 62.8%, clotting factor IX 61%,

inhibitors against factor VIII and IX negative. The patient continued

with metrorrhagia and spontaneous ecchymosis increase. Further

studies were performed that showed a progressive decrease of ristoce-

tin cofactor activity (16%). She was valued by rheumatology, anti-

cromatinm antibodies were negative. Given the findings of bleeding

and some symptoms of connective tissue disease diagnosis was pro-

posed as an acquired von Willebrand disease mediated by autoanti-

bodies, the treatment was defined by low doses of prednisone (20 mg/

day) associated with hydroxychloroquine 200 mg/day, which results in

the disappearance of spontaneous ecchymosis, the remission of muscu-

loskeletal symptoms, normalizing menstruation and the absence so far

of new bleeding episodes.

Summary/Conclusion: This case is interesting because it is a prolonged

TTP patient suggestive of an acquired bleeding disorder. Initially it

raised the possibility of deficiency of factor XII, but the patient always

presented bleeding manifestations WITH prolonged PTT which indi-

cated that there was another clotting defect, hemophilia A and B

acquired were ruled out and finally it was documented progressive

decrease ristocetin cofactor activity, which is an unusual presentation

of an acquired von willebrand syndrome.

PO 432
Bleeding score and fibrinolysis after DDAVP in
possible type 1 VWD patients
Woods AI1, S�anchez-Luceros A1, Blanco AN2, Meschengieser S2

and Lazzari MA1

1IMEX-CONICET-ANM; 2National Academy of Medicine, CABA,

Argentina

Background: VWD is rarely associated with spontaneous bleeding, but

may result in a possibly severe bleeding after a haemostatic challenge

such as trauma, delivery or surgery. Nevertheless, incomplete VWD

penetrance and low specificity of the bleeding symptoms make type 1

VWD a diagnostic challenge, especially in the subjects with low VWF

(30–50 IU/dl) and mild bleeding symptoms who are currently diag-

nosed as ‘low VWF’ or ‘possible’ type 1 VWD.

DDAVP is the main treatment in most of VWD pts, although the

enhanced response of fibrinolytic could add a bleeding risk factor in

these pts. In addition of the VWF, DDAVP also produces the release

of fibrinolytic activators from the endothelial cells.

Fibrinolytic activity is evaluated by euglobulins lysis time (ELT).

Aims: Our purpose was to evaluate the changes in plasmatic fibrino-

lytic activity induced by DDAVP infusion, and to correlate these

changes with the bleeding score (BSS), in 471 possible type 1 VWD

adult pts (358 females, 113 males).

Methods: BSS was calculated. Blood samples were drawn before (B),

and after 1 (1 h) and 2 (2 h) the DDAVP infusion (i.v. 0.3 lg/kg).
ELT was done in each sample.

Pts were grouped according to gender and the BSS being < 5 and ≥ 5

for females, and < 3 and ≥ 3 for males. Difference (DIF) between

ELT-1 h and 2 h vs. before was calculated.

Results: Females: BSS < 5 (n = 276): ELT-B = 190.6 � 91.6 min;

1 h =73.3 � 34.8 min; DIF = 3.08 � 1.6 min; 2 h = 93.1 � 46.4 min;

DIF = 2.3 � 0.9.

BSS ≥ 5 (n = 84): ELT-B = 177.7 � 65.7 min (P = 0.23); 1 h =
63.9 � 28.5 min (P = 0.025); DIF = 3.5 � 1.5 min (P = 0.03);

2 h = 85.1 � 29.6 min (P = 0.137); DIF = 2.3 � 0.7 (P = 1).

Males: BSS < 3 (n = 95): ELT-B = 177.1 � 72.5 min; 1 h = 78.6 �
44.9 min; DIF = 2.7 � 1.3 min; 2 h = 89.4 � 46.6 min; DIF = 2.3 �
1.4.

BSS ≥ 3 (n = 18): ELT-B = 168.9 � 67.5 min (P = 0.661); 1 h =
67.5 � 39.1 min (P = 0.329); DIF = 3.1 � 1.9 min (P = 0.238);

2 h = 89.3 � 43.2 min (0.993); DIF = 2.0 � 0.8 (P = 0.38).

Conclusions: In females with a BSS ≥ 5 there was a significantly higher

fibrinolytic activity in the first h post DDAVP. In contrast, there were

no differences in males. Given these results, it is possible to consider

that some enhanced fibrinolytic activity associated with pathophysio-

logical stress situations, could be influencing the severity of the clinical
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profile observed in possible type 1 VWD patients. Gender-related dif-

ferences in endothelial response to stimuli such as stress or drugs

(DDAVP) could explain both the differences found in the fibrinolytic

activity, and the clinical expression of VWD in women.

PO 433
Changes in von Willebrand parameters during the
menstrual Cycle
Halimeh S, Rott H and Kappert G

GZRR, Duisburg, Germany

Introduction: Von Willebrand disease is most common bleeding disor-

der with a prevalence of 1–2% of the population. Nevertheless to diag-

nose a von Willebrand Syndrom Typ 1 is still a challenge. In a newer

publication (1) 30 studies about the haemostatic variables during the

menstrual cycle were compared. Eleven studies were focused on the

von Willebrand parameters but only in one study they observed these

parameters in patients with von Willebrand disease. We like to investi-

gate if there are cyclic variations in women with menorrhagia which

can lead to a diagnosis of a coagulation disorder.

Samples and Methods: We conducted a laboratory workup in 94

women sent to our lab for menorrhagia. The following tests were con-

ducted: Blood count, VWF:RCo, VWF:Ag, VWF:CB, Fibrinogen

(Clauss), activities of FII, FV, FVII, FVIII (clotting and chromo-

genic), FIX, FX, FXI, FXII, FXIII during the menstrual cycle on pre-

defined time points (day 1–6, day 7–11, day 12–18, day 19–23, day 24–
28).

Results: In 47 (50%) patients a von Willebrand disease could be

detected, 41% hat other coagulation disorders like p. e. factor-VII-de-

ficieny and factor-XIII-deficiency. In 8.5% no coagulation disorder

could be found.

In patients with von Willebrand disease we found cyclic variations

especially in the VWF:Ag (P = 0.026). They showed the lowest level

during the ovulation. The same was found for VWF:RCo and F VIII

but without significance.

Conclusion: There are cyclic variations in von Willebrand parameters.

To investigate women on predefined time points during the menstrual

cycle can be useful to diagnose a von Willebrand disease particularly

in mild cases in which no other suspicious bleeding symptoms exists.

Literature: Knol H.M., Kemperman R.F.J., Kluin-Nelemans C., Mul-

der A.B., Meijer K., Haemostatic variables during normal menstrual

cycle, Thrombosis and Haemostasis 107.1/2012.

PO 434
Feno- and genotyping von Willebrand disease type 2A
patient because of spontaneous tonsilliar haemorrhage
Harsfalvi J1, Udvardy ML2, Kallai J2, Kerenyi A2, Szegedi I2,

Marjan E3 and Kiss C2

1University Debrecen, Medical and Health Science Center;
2Medical and Health Science Centre, University Debrecen,

Debrecen; 3Szabolcs-Szatmar-Bereg County Hospital,

Nyiregyhaza, Hungary

Background: A 14-year-old female patient was admitted to local hae-

mophilia treatment center due to repeated bleeding from the tonsils.

Spontaneous tonsillar haemorrhage could not have been controlled by

increasing dose of von Willebrand factor (VWF) – FVIII concentrate.
Aim: In order to precise diagnosis and treatment, the patient has been

transferred to our hospital.

Methods: Platelet function testing: Bleeding time, PFA-100; aggrega-

tion; VWF level and activity measurement using VWF:Ag, VWF:

RCo, VWF:CB assays, VWF multimer analysis by SDS-agarose elec-

trophoresis; genetic analysis by direct sequencing of exon 28 (primers

were designed at the basis of Penas et al. 2005).

Results: Diagnosis was confirmed in our laboratory as type 2A VW

disease (VWD): PFA-100 closure times were > 300s, VWF:Ag = 18–
35%, VWF:RCo = 13%, VWF:CB = 3–15%, FVIII = 33%, RIPA

test revealed no aggregation for 1.2 mg/mL, nor for 0.6 mg/mL rist-

ocetin and lack of high molecular weight multimers (HMW) was

shown by SDS-agarose electrophoresis. DDAVP increased the amount

of the secreted VWF; still no HMW multimers were found. Platelet

suspension did not result in any change in bleeding tendency. HMW

multimers appeared in patient plasma after intravenous administration

of FVIII concentrate and platelet count increased from 316 to 336;

however, this treatment did not decrease PFA-100 closure time, or

bleeding time. Detailed platelet aggregation and secretion analysis

revealed a 36; 39 and 44% decrease in ATP secretion elicited by ADP,

adrenalin and collagen, respectively. Intravenous test dose of VWF-

FVIII concentrate (2000 IU), platelets (4 U) and rFVIIa (90 lg/kgbw)
resulted in a decrease in bleeding time from 14.5 to 9.0 min. Thus, the

patient was given a combination of the above factors what was accom-

panied by the stop of tonsillar bleeding and afterwards tonsillectomy

was performed without any complication. Molecular genetic analysis

revealed mutation type 2A in exon 28; nucleotide change: 4628C>T,
amino acid substitution: S1543F. Two more siblings have the same

mutation, with the same bleeding disorder. A 3692 A>G polymor-

phism was detected in the three children of the family with the VWD

and in the one healthy sibling too.

Summary/Conclusion: This report suggests that in surgeries like tonsil-

lectomy, prophylactically administered rFVIIa together with VWF-

FVIII and platelet supplementation seems effective to avoid bleeding

in type 2A VWD patient with mild secretion defect. We provide three

further cases with 4628C>T mutation to the two listed in the ISTH-

SSC VWFdb and four more to the 3692 A>G polymorphism data.

PO 435
Treatment of a high thrombosis risk von Willebrand
disease type 3 patient with high-purity von Willebrand
factor during last trimester, cesarean delivery and post
partum – a Case Report
Holme PA

Oslo University Hospital, Rikshospitalet, Oslo, Norway

Background: Patients with von Willebrand disease (VWD) type 3 may

have increased risk of venous thrombosis during surgery while using

von Willebrand factor (VWF)/Factor VIII (FVIII) replacement ther-

apy due to an elevated concentration of factor VIII. Patients with pre-

vious venous thromboembolic events may benefit from high-purity

VWF substitution treatment containing very low levels of FVIII. This

case report describes the treatment and clinical features of a high

thrombosis risk VWD type 3 patient receiving replacement therapy

with high-purity VWF during last trimester, cesarean delivery and

puerperium of her first child. To enable rapid adjustments of VWF

activity levels during the cesarean procedure, an approach with a load-

ing dose followed by continuous infusions (CI) was selected.

Case presentation: A VWD type 3 patient with pronounced bleeding

tendency and previous venous thrombosis after dental surgery while

using a FVIII containing VWF product was given prophylactic treat-

ment with a high-purity VWF through the last trimester, cesarean

delivery and puerperium. One bolus infusion (4000 IU) was adminis-

tered before start of surgery, followed by CI (1500–2000 IU/24 h) dur-

ing delivery until 5 days post partum. Prophylactic therapy of

1000 IU daily as bolus infusions was started 4 months before planned

delivery and was continued after the end of the CI. Tranexamic acid

1 g 9 3 was started at day of delivery and continued for 15 days. Low

molecular heparin (Dalteparin 2500 IE 9 1 s) was given from day

1–5.
Before start of surgery VWF antigen (VWF:Ag) was 58%, VWF activ-

ity (VWF:RCo) was 24% and FVIII activity (FVIII:C) was 81%. At

start of surgery VWF:Ag was 211%, VWF:RCo was 77% and FVIII:
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C was 79%. During the whole procedure and until 5 days post par-

tum, VWF:RCo was kept > 50%. FVIII:C increased to a maximum

level of 139% at day 3 post partum, and gradually decreased to 90%

on day 7 post partum. A good haemostasis was achieved using the sub-

stitution therapy, and no signs of thrombosis were observed.

Conclusion: Treatment with high-purity VWF during last trimester,

cesarean delivery and puerperium successfully controlled any bleeds

in the patient. There was no indication of any thromboembolic

events.

PO 436
Automated ristocetin cofactor assay on STA-RⓇ

Mathieu O, Dunois C, Guimbard D, Beaupere D, Poncet L, Juif V

and Contant G

Stago, Gennevilliers, France

Background: von Willebrand disease (VWD) is the most inherited

bleeding disorder, caused by either a quantitative or qualitative defi-

ciency of von Willebrand factor protein (VWF). The ristocetin cofac-

tor assay (VWF:RCo) is mandatory for the diagnosis and the

monitoring of patients with VWD. Quantitative analysis of VWF:RCo

in human plasma can be determined by the agglutination on an aggre-

gometer of formalin-fixed platelets via the GPIb-V-IX receptor with

VWF patient plasma and ristocetin. Since this method is time consum-

ing, requests an experimented operator and is poorly reproducible

(within and between-assay), automation of VWF:RCo assay can be

helpful. Moreover, it tends to improve these drawbacks.

Aim: Automation of VWF:RCo assay on STA-R� (Diagnostica

STAGO, Asni�eres, France) and its evaluation in VWD diagnosis.

Methods: The ABP Ristocetin co-factor assay kit (American Biochemi-

cal & Pharmaceutical Ltd., Epsom, UK) was automated using immu-

noturbidimetric method at 540 nm. The concentrations of platelets

and ristocetin were optimized to improve the assay sensitivity at low

level. Moreover the software was changed to discriminate the absence

and presence of agglutination using kinetic curves. The reconstitution

of ABP platelets was modified. Results of normal and VWD plasmas

with automated assay were compared to those obtained with the refer-

ence aggregometric method.

Results: Order 3 polynomial regression was used for calibration with a

coefficient of correlation > 0.950 and a range from 0.10 to 0.60 IU/mL

(from 0.10 to 1.80 IU/mL with redilution). Reproducibility within and

between-assay was improved through automation on STA-R�: 5%

and 8% CV respectively, threshold 0.27 IU/mL. The ratio calculation

(VWF:RCo/VWF Ag) using automated assay allowed VWD typing in

agreement with the reference method.

Conclusion: The automated VWF:RCo assay using ABP-RCof kit

showed good performances and offers a greater sensitivity at low levels

compared to Chronolog aggregometric method. It is easy to improve

the VWF:RCo measurement in clinical laboratory.

PO 437
Case study: rare laboratory presentation of type IIB von
Willebrands disease
Needham J1, Lewis H1, Rangarajan S1, De Vos J2 and Mitchell M3

1Hampshire Hospitals NHS Foundation Trust, Basingstoke; 2The

Royal Surrey County Hospital NHS Foundation Trust, Guildford;
3Guys & St Thomas’ Hospital, London, UK

Background: An adult female patient was referred to her local haema-

tology clinic requiring a surgical procedure with a historical definitive

diagnosis of von Willebrands disease (VWD) possibly Type IIB. Origi-

nal investigations had been performed overseas and clinical documen-

tation detailing results and diagnosis were unavailable. She had a

bleeding phenotype going back to early childhood associated with

nose bleeds, post trauma and surgical procedures on three occasions.

At the last of these procedures she was treated with DDAVP and Hae-

mate P. Since then the diagnosis of VWD has been questioned.

Aims: To perform diagnostic investigations to clarify the presence or

absence of a congenital bleeding disorder in this female patient.

Methods: Samples were collected for initial diagnostic laboratory

investigations for a suspected congenital bleeding disorder. Analysis

performed included prothrombin time (PT), activated partial throm-

boplastin time (APTT), fibrinogen and platelet function screening

(PFA), factors VIIIC (FVIIIC), XI and VII activity, von Willebrand

factor (VWF) activity (VWF:RCo), VWF antigen (VWF:Ag) and col-

lagen binding assay (VWF:CB), full blood count (FBC) and liver func-

tion tests (LFT’s). Further investigations were subsequently performed

on freshly collected samples including repeat VWD screening, VII

activity, ristocetin induced platelet agglutination (RIPA) and VWF

and VII genetics studies.

Results: There was no evidence to support a diagnosis of VWD from

initial investigations. PT = 15.1 s (s) and APTT = 39.2 s which were

both mildly prolonged with a normal fibrinogen (2.6 g/L). Factor

XI = 59.1 IU/dL, FVIIIC = 97.8 IU/dL, VWF:Ag = 100.2 IU/dL,

VWF:RCo = 90.7 IU/dL and VWF:CB = 117.0 IU/dL were all

within normal range. PFA screening was normal with closure time

COLL/EPI = 99s and COLL/ADP = 72s. Factor VII was measured

due to prolonged PT and found reduced at 37.7 IU/dL. FBC indices

showed evidence of mild iron deficiency and LFT’s were normal. These

findings raised the question of possible vitamin K deficiency. Investiga-

tions were repeated on fresh citrate samples with consistent results,

FVIIIC = 88.8 IU/dL, VWF:Ag = 96.1 IU/dL, VWF:RCo = 92.9

IU/dL and FVII = 40.3 IU/dL. RIPA performed at ristocetin concen-

trations of 1.25 and 0.5 mg/ml demonstrated a hyper-agglutination

response to low dose ristocetin. Genetic studies identified a c.3797C>T
mutation on exon 28 VWF gene which replaces proline with leucine

and is associated with VWD type IIB and c.1304G>A mutation on

exon 9 factor VII gene which is associated with mild FVII deficiency.

Summary/Conclusions: A comprehensive repertoire of specific labora-

tory diagnostic assays routinely performed to identify VWD unexpect-

edly failed to detect the VWF abnormality in this patient. This case

highlights the importance of the clinical history in considering and

identifying patients were further investigation may be warranted to

elucidate a rare bleeding disorder when an initial extensive diagnostic

assessment is normal. It illustrates the pivotal role of platelet and

genetics studies which are not always readily available in the confirma-

tion of type IIB VWD diagnosis in this patient.

PO 438
Von Willebrand disease a common inherited bleeding
disorder after haemophilia A in Pakistan
Patel H1, Naz A1, Shamsi T1, Muhammad N1, Saqlain N2,

Ahmed N2, Imran A3, Tarique S3, Amanat S4 and Raziq F5

1National Institute of Blood Disease and Bone Marrow

Transplantation Center, Karachi; 2Children Hospital; 3Chughtai

Lab, Lahore; 4Pakistan Atomic Energy Comission, Islamabad;
5Hayatabad Medical Complex, Peshawar, Pakistan

Background: Von Willebrand disease is one of the common autosomal

recessive inherited bleeding disorders globally. It may be due to quan-

titative or qualitative defect of Von Willebrand factor secondary to

mutation in Von Willebrand factor gene located on chromosome 12.

The current study was carried out in patients with a history of sponta-

neous bleeding with primary objective to determine the frequency of

hemophilia A, B and Von Willebrand disease in patients with bleeding

disorders and with secondary objective to categorize Von Willebrand

disease into various its types.

Material and Method: This study was carried out from January 2010

to December 2012 in NIBD (Karachi), Children Hospital & Chughtai

Lab (Lahore), PAEC (Islamabad) and Hayatabad Medical Complex

(Peshawar) after approval of institutional review board. Patients with
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history of spontaneous bleeding were selected, blood samples were col-

lected and tested for Platelets counts, PT, APTT, Bleeding Time, Fac-

tor VIII, Factor IX, Von Willebrand factor & Ristocetin cofactor after

written consent from the patients or relatives..

Results: A total of 470 patients were evaluated with inherited bleeding

problems, among them 165 (35.1%) had Haemophilia ‘A’, 28 (06%)

Haemophilia ‘B’ & 114 (24.3%) were diagnosed as Von Willebrand

disease. There were 63 (55.26%) males & 51 (44.74%) females with the

mean age of 10.32 � 7.81 years. Out of 114 patients of VWD, 5

(4.4%) were categorized as Type 1 (with mean APTT 51.64 � 25.62 s,

F-VIII 27.4 � 9.44%, VWF 23.2 � 7.46% & Ricof 14.73 � 19.39%),

3 (2.6%) as Type 2 (with mean APTT of 37.36 � 5.35 s, F-VIII

62.66 � 13.01%, VWF 37.66 � 4.5% & Ricof 20.3 � 13.62%) & 106

(92.9%) patients were diagnosed as Type-3 (with mean APTT

61.51 � 8.63 s, F-VIII 3.99 � 3.14%, VWF 3.48 � 5.56% & Ricof

2.89 � 3.39%). The patients were categorized into various types of

VWD according to Nichols WL et al., 2008.

Conclusion: Our study has found VWD as 2nd most common inherited

bleeding disorder in Pakistan. For accurate & precise diagnosis not

only well equipped laboratory is required but there is also a need of

awareness campaign among the treating physicians & diagnostic work-

shops should be arranged for healthcare professionals early diagnosis

and management of these patients.

PO 439
Update on laboratory findings in a prospective cohort
of childbearing women with bleeding history
Sánchez Luceros A, Meschengieser S, Woods AI, Bermejo IE,

Alberto MF, Blanco AN and Lazzari MA

National Academy of Medicine, Buenos Aires, Argentina

Background: Menstruation and childbirth affect excessively women

with bleeding disorders. Previously (ISTH Congress 2011), we

described that the most frequent disorder in women with bleeding

complaints was low von Willebrand factor level.

Aims: To investigate the prevalence of hemostatic and platelet func-

tional disorders we studied a prospective cohort of childbearing

women with bleeding complaints.

Patients and Methods: Three-hundred women (mean age 30 years,

range 10–50, 54% blood group O) were included. Gynecological and

obstetric history (menorrhage defined by PBAC), as well as other

bleeding symptoms were registered. Bleeding was defined as major if it

was associated with either a decrease in the hemoglobin level of at least

2 g/dL or the need for transfusion of 2 or more units of red cells or

hospitalization or surgical procedure. Laboratory parameters: platelet

count, bleeding time (BT), PT, aPTT, fibrinogen, factor XIII, euglobu-

lin lysis time, FVIII:C, VWF:Ag, VWF:RCo. Platelet aggregation and

ATP release were done as platelet functional studies.

Results: Sixty-nine percent of women had moderate bleeding that

required medical intervention, and 61 patients (20.3%) had a major

bleeding. The frequency of symptoms was: 87% muco-cutaneous;

68% menorrhage; 5% hemorrhagic ovarian follicle; 51/118 bleeding

after delivery. The diagnosis were: 16 mild thrombocytopenia; possible

VWD type 1: 37 (2 associated to storage pool disease-SPD); VWD

type 1: 26; VWD type 2: 9; Normandy phenotype: 8; Abnormal plate-

let function: 15; Immune Thrombocytopenia: 2; abnormal ELT: 7;

Factor deficiencies: 7.

Discussion: In 300 consecutive women at childbearing age with bleed-

ing symptoms, 41.7% had an hemostatic and/or platelet disorder.

VWF abnormalities (62.9%) were the most frequent findings. Platelet

function, factor levels and ELT should be studied as well in every

patient.

PO 440
De novo mutation in von willebrand disease type III in
two siblings of surinamese origin
Simson SG

Academic Hospital Paramaribo, Paramaribo, Suriname

Introduction: Von Willebrand Disease (vWD) is a bleeding disorder

caused by inherited defects in the concentration, structure or function

of Von Willebrand Factor (vWF). VWD is an under diagnosed disease

in Suriname, a country with approximately 500,000 residents. The

prevalence of vWD is 1 in every 100 cases but only 1 of 10,000 cases

has clinical significance. We recently started a systematic analysis to

identify the incidences of bleeding disorders in Suriname. So far we

have identified only one family, which we suspect is affected by vWD.

Two female members showed to have an increased bleeding pheno-

type, abnormal Ivy bleeding time and prolonged APTT. PT and fibrin-

ogen levels were normal. The screening tests of the mother were

normal. No other family members were included.

Methods: vWF confirmation assays and vWF genotyping were per-

formed to confirm the diagnosis in both siblings and their mother.

Results: Both sisters had factor VIII activity levels of 1%. VWF rist-

ocetin cofactor activity (vWRiCoF) levels were below the cut off levels

(< 5%) and vWF antigen (vWF: Ag) levels 1–2%. The mother had

45% factor VIII activity, 38% vWRiCoF and 44% of vWF: Ag levels.

Genotypic analysis showed that mother is heterozygous for a small

deletion in exon 32 (c.551delG) of the vWF gene resulting in a frame

shift and premature stop. The two sisters were carrying the mothers

small deletion as well as a nonsense mutation in exon 5 (c.477C>A;

p.Cys159X). Both mutations have not been described in vWD data-

bases.

Conclusion: These results show that the two sisters have vWD type 3

due to a compound heterozygous vWF genotype. Their mother is a

heterozygous carrier of type 3 vWD. Clinically she will be categorized

as type I vWD, but with an autosomal recessive inheritance pattern

and not autosomal dominant as seen for other vWD type I patients.

PO 441
Clinical presentation and laboratory findings of Von
Willebrand Disease in a tertiary center in Saudi Arabia
Tarek O, Al Hinai K, Al Saleh M, Amal A, Hazzaa A and Almusa A

KFSHRC, Riyadh, Saudi Arabia

Background: Von Willebrand Disease (VWD) is the most common

inherited bleeding disorder affecting up to 1% of the population. It is

characterized by mutations that lead to an impairment in the synthesis

or function of Von Willebrand factor (VWF).

Aims: To identify the incidence of VWD in tested samples in our insti-

tute.

Methods: We conducted a retrospective review of all investigated sam-

ples for VWD antigen and activity from 2006 to 2011. Out of 100

patients only 60 patients had complete data and were analyzed. There

were 28% males & 71.6% females with mean age 20 years range (6–
47 year). Information about the following laboratory values were col-

lected including, PT, PTT, platelet count, PFA 100, factor VIII activ-

ity, VWF:RCo, VWF:CB, VWF:Ag, & blood group. Clinical data for

bleeding were collected and analyzed.

Results: Out of the 60 patients, 15 (27.7%) were having mucous mem-

brane bleed, 14 patients (25.9%) were having ecchymosis & mucus

membrane bleed, 9 patients (16.7%) were having only ecchymosis, 5

patients (9.26%) were having genitourinary bleed, 1 patient (1.85%)

was having GIT bleed & 10 patients (18.5%) were having other type of

bleeds not included in the data collection.

The nature of bleeding was spontaneous in 28 patients (60.8%).it was

spontaneous & post trauma in 13 patients (28.3%), post surgery in 3

patients (6.53%), spontaneous & post surgery in 1 patient (2.17%) &

post trauma in 1 patient (2.17%),26 patients (48.1%) were having
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positive family history, 17 patients (31.5%) were having negative fam-

ily history and in 11 patients (20.4%) family history was not available.

PT & PTT were found normal in 57 (95%) of patients & prolonged in

3 patients (5%) Platelet count was normal in 46 patients (77.9%), high

in 12 patients (20.3%), & low in 1 patient (1.69%). PFA was found to

be abnormal in 36 patients (78.2%) & normal in 10 patients (21.7%).

According to laboratory results and after correction for ABO blood

group we hah classified the patients to, 29 (48.3%) were having type I

VWD, 24 (40%) were having type III, 4 patients were classified as type

II A (6.7%),2 patients (3.3%) having type IIB & 1 patient (1.67%) has

type IIN.

Conclusion: Majority 48% of our patients were type 1 and type 3 were

40%.The clinical presentation varies depend on the type of VWD.

PFA was found to be the screening test of choice. The high incidence

of type III likely to be due to referral bias and probably due to racial

difference.

PO 442
Operative management and outcomes in patients with
von willebrand disease
Zulfikar B1, Koc B2, Ak G3, Dikici F4, Karaman I5, Atalar A4

and Bezgal F6

1Cerrahpasa Medical Faculty and Oncology Institute, Istanbul

University; 2Cerrahpasa Medical Faculty, Pediatric Hematology

Department, Istanbul University; 3Dentistry Faculty, Istanbul

Univercity; 4Orthopedics and Traumatology Department, Istanbul

Medical Faculty, Istanbul Univercity,; 5Urology Clinic,

Haydarpasa State Hospital; 6The Haemophilia Society of Turkey,

Istanbul, Turkey

Background: Surgery in patients with von Willebrand Disease can

present a range of challenges to physicians.

Aims: To determine the perioperative management and outcome of

patients with von-Willebrand disease during surgical procedures.

Methods: Data pertaining to surgeries from 2003 to 2012 at our center

were retrospectively analysed. All operations, except one appendec-

tomy, were elective and a plan for management of hemostasis was pre-

pared for each patient. This study approved by medical ethic

committee.

Results: During this period 31 surgeries were performed in 22 patients

with vWD (6 with type 1, 4 with type 2 and 12 with type 3). The sur-

geries were divided three cathegories: major, minor and dental proce-

dures. Ten major, 12 minor and 9 dental procedures were performed.

Major surgeries were 2 orthopedical (resection of radius head, bilateral

hip prothesis), 2 urological (both were hypospadias surgeries), 1 uro-

gynecological surgeries (hysterectomy and transobrurator tape), 2 sea-

sons sex change operation (including bilateral orchiectomy,

penectomy, vulva/vaginal construction, vaginoplasty, bilateral breast

implantation, partial resection of the thyroid cartilage, rhinoplasty), 1

paratyroidectomy, 1 appendectomy and 1 adeno-tonsillectomy. Minor

procedure were mostly orthopedical (5 radioactive synovectomy, 1

knee cast and 1 cyst excision from elbow), others were 3 circumcisions,

1 endoscopy and 1 testis biopsy. The patients median age was 21 (4–
47), 14 males and 8 females. All patients were treated with intravenous

bolus factor replacement therapy pre- and post-operatively and anti-

fibrinolytics. DDAVP were used only half of the type 2 patients. No

severe life threating bleeding and thromboembolic event occured in

any of the patients. Only 2 patients had mild bleeding after surgery

(hysterectomy and hypospadias surgery) and those 2 paitenst were

consanguineous. Factor replacement was continued a for 3 months in

one patient who underwent bilateral hip prothesis, no bleeding was

seen.

Conclusion: Establishing haemostasis for surgical procedures in

patients with inherited bleeding disorders is challenging. Providers are

often hesitant to undertake surgeries in patients with bleeding disor-

ders out of fear of bleeding complications. However our results show a

good outcome in surgery of patients with vWD with a good hemosta-

sis plan and adequate factor replacement therapy. Bleeding remains a

problem in a subset of patients and requires ongoing haematological

involvement and oversight.

PO 443
Resistance to Anti-platelet therapy in Saudi patients
with coronary heart disease
Abdelgadir A, Al Shimairi M and Buyomi NM

Coagulation Laboratory, Physiology Department and Coronary

Care Unit, Colllege of Medicine and King Khalid Uiversity

Hospital, Riyadh, Saudi Arabia

Background: It has repeatedly shown that in a significant number of

patients on anti-platelet therapy, no therapeutic benefit could be

gained whether by the laboratory detection of platelet function or the

prevention of further cardiorovascular events, so-called resistance to

anti-platelet therapy. Extensive coverage in the literature on resistance

to anti-platelet therapy, comes predominantly from developed coun-

tries and very scanty information, if any, comes from developing coun-

tries.

Aims: To document the prevalence of aspirin and clopidogrel resistance

in Saudi patient with coronary heart disease and to probe the possible

mechanism(s) responsible for aspirin and clopidogrel resistance.

Materials and Methods: A 238 patients with CHD were enrolled from

the outpatient clinic and wards of King Khalid University Hospital

Riyadh.

The following platelet function tests were undertaken:

Agonist-induced platelet aggregation: was undertaken in platelet rich

plasma in response to arachidonic acid (as a test of aspirin response)

and ADP (to test for clopidogrel response).

PFA100 Closure time using both the collagen/epinephrine and the col-

lagen/ADP cartridges.

Results: The prevalence of resistance to aspirin (as reflected by the

residual response to arachidonic acid-induce platelet aggregation) was

detected in 12.6% (30 out of 238 patients). As for resistance to clopido-

grel (as reflected specifically, by the residual response to ADP-induce

platelet aggregation) it was detected in 45 out of 179 (25.1%) patients.

PFA100 closure times: Detection of closure times within the limits of

the normal (Laboratory Reference) range was taken to indicate lack of

response (or resistance) to anti-platelet therapy. Non-responders were

31 out of 101 patients (30.7%) as detected by the collagen/epinephrine

cartridge closure time and in 33% (35 out of 106) patients using the

collagen/ADP closure times.

There was no significant effect of diabetes mellitus, smoking, dyslipedi-

daemia, or consumption of non-steroidal anti-inflammatory drugs

(NSAIDs) and the detection of resistance to antiplatelet therapy.

All Patients were followed up for no less than 6 months for outcome,

recurrence of angina or MI, re-occlusion of stents or death. A total of

38 episodes were recorded and with significant difference between

patients with or without resistance to antiplatelet therapy.

Conclusion: The prevalence to antiplatelet therapy among Saudi CHD

patients is comparable with similar figures from most published stud-

ies. We feel strongly for the routine use of laboratory testing of platelet

function at least as a pharmacological evidence to support the efficacy

of administration of antiplatelet drugs.
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PO 444
Frequencies of CYP2C19 in mexican-mestizo patients
with coronary or cerebral atherosclerosis, and their
association with high on-treatment platelet reactivity
to adenosine diphosphate
Cortina de la Rosa E1, Merlin Gonz�alez E1, Villegas Torres B2

and Izaguirre Avila RP1

1Instituto Nacional de Cardiologia Ignacio Chavez; 2Instituto

Nacional de Medicina Gen�omica, Mexico City, Mexico

Background: There exists a wide variability of individual response to

clopidogrel, dependent on CYP2C19 polymorphisms as well as intrin-

sic and extrinsic platelet factors. Clopidogrel resistance has been

related to an adverse evolution in patients with coronary artery dis-

ease.

Aims: Obtain the prevalence of CYP2C19 polymorphisms in Mexican

mestizos patients and its relationship with clopidogrel platelet

response.

Methods: One hundred and sixty cardiovascular patients and 11 stroke

patients were analyzed for CYP2C19 alleles *1, *2, *3 and *17, that
were determined by allelic discrimination assay with Taqman probes

(Applied Biosystems) and TaqMan GT Master Mix (Applied Biosys-

tems) in a 7900HT Fast Real-Time PCR System thermal cycler

(Applied Biosystems). Of them, 83 were tested for clopidogrel resis-

tance by 10 microM ADP-induced platelet aggregation according to

North American Consensus Guidelines for medical laboratories; high-

on-treatment residual platelet reactivity bas when maximal platelet

aggregation > 60%. CYP2C19 polymorphism was expressed as ultra-

rapid-, normal-, rapid-, normal/intermediate, intermediate and poor

metabolizers.

Results: Allelic frequencies were 9.6%, 0% and 11.7% for CYP2C9*2,
*3 and *17 respectively. Genotypes were expressed as normal

(CYP2C19 *1/*1), intermediate (CYP2C19 *1/*2), normal/intermedi-

ate (CYP2C19 *2/*17), rapid (CYP2C19 *1/*17), ultrarapid

(CYP2C19 *17/*17) or poor metabolizer (CYP2C19 *2/*2). Frequen-
cies of CYP2C19 genotypes were: CYP2C19*1/*1: 62.6%;

CYP2C19*1/*17: 19.9%; CYP2C19*1/*2: 12.3%; CYP2C19*2/*17:
2.3%; CYP2C19*2/*2: 2.3% and CYP2C19*17/*17: 0.6%. Of 83

patients with platelet aggregation, 54.2% were responsive and 45.8%

were resistant to clopidogrel. Genotypes in clopidogrel resistant

patients were: 46.8% for CYP2C19*1/*1, 18.8% for CYP2C19*1/*17,
66.6% for CYP2C19*1/*2, 0% for CYP2C19*17/*17, 66.6% for

CYP2C19*2/*17 and 75% for CYP2C19*2/*2. In addition, patients

were divided into two groups: Group A (n = 64; 77.1%): normal,

rapid and ultrarapid metabolizers, and Group B (n = 19; 22.9%):

intermediate, normal/intermediate and poor metabolizers. Responsive-

ness vs. resistance to clopidogrel was 60.9% vs. 39.1% and 31.6% vs.

68.4% respectively. Clopidogrel resistance was more associated with

unfavorable genotypes for metabolism (CYP2C19 *1/*2, *2/*17 and

*2/*2) than with favorable genotypes (CYP2C19 *1/*1, *1/*17 and

*17/*17), OR = 3.38 (CI 95%: 1.13–10.05). Maximal platelet aggrega-

tion in each genotype group, expressed in median and quartiles (p25-

p75) was: CYP2C19*1/*1: 56.5% (27.3–72.1%); CYP2C19*1/*17:
49.1% (44.2–58.4%): CYP2C19*17/*17: 38.0%; CYP2C19*1/*2:
62.9% (52.8–74.9%); CYP2C19*2/*2: 83.4% (64.1–90.2%);

CYP2C19*2/*17: 73.2% (43.1–84.9%).

Conclusion: Prevalence of CYP2C19 in Mexican mestizos patients is

similar to other populations. Clopidogrel resistance is a complex in vi-

tro phenomenon that is not explained by CYP2C19 polymorphisms

alone, like inflammation mediators or acute phase proteins that were

not studied in these patients.

PO 445
Comparative effectiveness of the verifynow P2Y12
Test and light transmittance aggregometry for
detecting the antiplatelet effect of clopidogrel
Dahlen JR1 and Serebruany VL2

1Accumetrics, San Diego; 2HeartDrug Research, Baltimore, USA

Background: The VerifyNow P2Y12 Test is a rapid, point-of-care

platelet function test that has been extensively validated as a tool for

measuring the antiplatelet effect of P2Y12 receptor inhibitors. The VN

P2Y12 Test reports results as P2Y12 Reaction Units (PRU) and

device-reported percent inhibition of platelet reactivity (%I), based on

using thrombin receptor-induced platelet aggregation as a substitute

for a baseline, P2Y12 inhibitor na€ıve PRU result. The PRU result is

highly specific for P2Y12 receptor blockade due to the effect of a

P2Y12 inhibitor, and is more specific than light transmittance aggre-

gometry (LTA) due to the presence of PGE1 in the assay, which mini-

mizes the effect of the platelet P2Y1 receptor. The present analysis

evaluates the comparative effectiveness of the VN P2Y12 PRU and%I

results and LTA (%AGG) for the detection of a P2Y12 inhibitor

effect, measured as reduced platelet reactivity to ADP. The sensitivity

of detecting the antiplatelet effect of a P2Y12 inhibitor can be affected

by 1) the time since the last dose, 2) the potency of the P2Y12 inhibitor

therapy, and 3) inter-individual variability in the response to the drug.

Factors such as genetics, concomitant disease, antecedent medication,

and compliance can all influence the individual response to antiplatelet

therapy. The ability to specifically detect the antiplatelet effect of

P2Y12 inhibitors is important whenever the physician wishes to iden-

tify the presence of an antiplatelet effect in their assessment of the

patient.

Aims: The objectives for this study were to: (1) compare the discrimi-

natory ability of each method for detecting the P2Y12 inhibitor effect,

and (2) determine the optimal cutoff for each test from ROC analysis.

Methods: Participants eligible for the study had to (1) have a clinical

indication to receive a P2Y12 inhibitor, (2) be taking aspirin at least

2 days prior to enrollment, and (3) have at least two risk factors for

developing vascular disease: family history of vascular disease; seden-

tary lifestyle; diabetes mellitus; hypertension; morbid obesity; known

history of hypercholesterolemia; postmenopausal women; and smok-

ing. VN P2Y12 and LTA measurements were performed from blood

samples collected prior to clopidogrel ingestion and either 24 h after

ingestion of ≥ 300 mg clopidogrel loading dose or 7 days after starting

a 75 mg/day clopidogrel maintenance. ROC curve analysis, sensitivity

and specificity calculations were based on the ability to correctly iden-

tify the presence of a P2Y12 inhibitor.

Results: The area under the ROC curve for VN P2Y12 PRU and%I

results was significantly greater than%AGG (0.95 vs. 0.90,

P = 0.0067; 0.98 vs. 0.90, P < 0.0001 respectively). The optimal cut-

off for detecting the presence of a P2Y12 inhibitor was VN P2Y12 Test

PRU < 208,%I > 18%, and%AGG < 62%. PRU and%I had greater

sensitivity and specificity than%AGG at these cutoffs.

Summary/Conclusion: The VN P2Y12 Test is superior to LTA for

detecting the presence of a P2Y12 inhibitor, with significantly greater

specificity. VN P2Y12 is suitable for use in clinical settings where it is

necessary to identify a measurable effect of a platelet P2Y12 inhibitor.

PO 446
An optimal approach to selecting the appropriate
cutoff for platelet function tests
Dahlen JR1 and Brar S2

1Accumetrics, San Diego; 2Kaiser Permanente, Los Angeles, USA

Background: Various platelet function tests (PFT) have been described

for their ability to identify patients at increased risk for future cardio-

vascular events. The association between on-treatment platelet reactiv-

ity and incidence of cardiovascular events is largely attributed to the
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level of pharmacodynamic effect of the antiplatelet medication. The

optimal cutoff for describing the prognostic utility of PFT has been

frequently determined through ROC analysis and selection of the cut-

off with the highest J statistic. This approach has resulted in variability

in the reported ‘optimal’ cutoff.

Aims: The objective of this study was to evaluate the variability in

‘optimal’ cutoff selection based on ROC curve analysis of a prognostic

evaluation (Px) dataset compared to a diagnostic evaluation (Dx)

dataset.

Methods: A dataset comprised of na€ıve and on-treatment PRU mea-

surements from 147 subjects was used for the Dx dataset. ROC analy-

sis was used to characterize the ability of the PRU result to distinguish

on-treatment samples from na€ıve samples after pooling the na€ıve and

on-treatment PRU results. A dataset comprised of on-treatment PRU

measurements form 3059 subjects was used for the Px dataset. ROC

analysis was used to characterize the ability of the PRU result to dis-

tinguish subjects that had a future cardiovascular event from those

that remained event-free during long-term followup. The J statistic

was determined for each cutoff according to the formula J = sensitiv-

ity+specificity-1, and the standard deviation (SD) of the J statistic was

calculated for each cutoff. A 2 9 SD range was used to describe the

bounds of the J statistic. Uncertainty in cutoff selection for each data-

set was described by determining the range of PRU cutoffs where the

upper bound of the J statistic was greater than the J statistic for the

optimal cutoff. To neutralize the effect of differences in sample size

and the associated differences in average SD, the uncertainty analyses

was repeated using a fixed variability of 0.05 in the J statistic at the

optimal cutoff, representing a 5% absolute difference in the combina-

tion of sensitivity and specificity.

Results: The J statistic range for the Px dataset was 0–0.192, compared

to a 0–0.769 range for the Dx dataset. The range of PRU cutoffs with

a J statistic upper bound greater than the ‘optimal’ cutoff J statistic

was 160–271 for the Px dataset compared to 182–266 for the Dx data-

set. When imposing a fixed variability of 0.05 units to the J statistic,

the range of PRU cutoffs with a J statistic upper bound greater than

the ‘optimal’ cutoff J statistic was 167–261 for the Px dataset com-

pared to 196–260 for the Dx dataset.

Summary/Conclusion: The use of datasets evaluating prognostic per-

formance introduces greater uncertainty in optimal cutoff selection

compared to datasets evaluating diagnostic performance. This uncer-

tainty is largely attributed to differences in the range of the J statistic,

which is typically much lower for datasets evaluating prognostic per-

formance. Cutoff selection for PFT should be performed based on

diagnostic performance for detecting the drug effect and the diagnostic

cutoff should be confirmed on the basis of prognostic performance.

PO 447
Urinary levels of 11-dehydro-TxB2 are not an accurate
marker of inhibition of platelet thromboxane A2
production by aspirin
Femia EA1, Cavalca V2, Pugliano M1, Razzari C1, Squellerio I2,

Porro B2, Podda GM1, Lombardi F1, Tremoli E2 and Cattaneo M1

1Universit�a degli Studi di Milano; 2Centro Cardiologico

Fondazione Monzino, Milan, Italy

Background: Aspirin is used in the prevention of coronary artery dis-

ease (CAD) and other clinical manifestations of atherothrombosis. It

inhibits the synthesis of the platelet agonist thromboxane A2 (TxA2)

from arachidonic acid, by acetylating the platelet cyclooxygenase-1

(COX-1). Some studies suggested that incomplete inhibition of platelet

TxA2 biosynthesis by aspirin is associated with heightened cardiovas-

cular risk, based on the finding that high urinary levels of the TxA2

metabolite, 11-dehydro-TxB2, are associated with increased risk for

cardiovascular events. However, urinary 11-dehydro-TxB2 reflects sys-

temic TxA2 formation, which not exclusively occurs in platelets. About

30% of urinary 11-dehydro-TxB2 derives from extra-platelet sources

and this fraction increases in inflammatory conditions. Inflammatory

cells produce thromboxane A2 via COX-2, which is mimimally

affected by the low doses of aspirin that are used to prevent CAD.

Therefore, urinary 11-dehydro-TxB2 is not an accurate parameter for

monitoring the effects of aspirin on platelets. Because atherothrombo-

sis is an inflammatory disease, high urinary levels of 11-dehydro-TxB2

may reflect an increased generation of COX-2 dependent eicosanoids

by monocytes/macrophages in severely inflamed atherosclerotic pla-

ques, which are at high risk of thrombotic complications. If this

hypothesis were true, urinary levels of 11-dehydro-TxB2 should corre-

late with urinary levels of 8-isoPGF2a, a product of the free radical-

mediated oxidation of arachidonic acid, which induces inflammatory

vascular responses that are involved in the pathogenesis of atheroscle-

rosis.

Aims: To test whether, in aspirin-treated subjects, the urinary levels of

11-dehydro-TxB2 correlate with the degree of inhibition of platelet

COX-1 (reflected by the levels of serum TxB2) and/or with the urinary

levels of isoprostane 8-isoPGF2a.
Methods: We measured the levels of serum TxB2, urinary 11-dehydro-

TxB2 and 8-isoPGF2a 24 h after the last dose of aspirin in 50 patients

with CAD and diabetes mellitus (CAD-DM), 50 patients with CAD

on chronic treatment with aspirin (100 mg od), and in 25 healthy sub-

jects who had been on aspirin treatment (100 mg od) for 4 days.

Urinary 8-isoPGF2a levels were higher in CAD and CAD-DM

patients, compared to healthy controls; a similar trend was observed

for urinary 11-dehydro-TxB2 levels, but differences did not reach sta-

tistical significance. There was no difference in serum TxB2 across the

3 groups of subjects. There was no correlation between urinary 11-de-

hydro-TxB2 and serum TxB2 levels in each study group and in all

subjects considered together (r = 0.04, P = 0.68). In contrast, there

was a statistically significant correlation between urinary 11-dehydro-

TxB2 and 8-isoPGF2a levels in each study group and in all subjects

considered together (r = 0.4, P < 0.0001). Conclusion. The lack of

correlation between urinary 11-dehydro-TxB2 and serum TxB2 in

subjects on aspirin treatment is compatible with our hypothesis that

urinary 11-dehydro-TxB2 levels are not an accurate marker of inibi-

tion of platelet COX-1 by aspirin. The positive correlation between

urinary 11-dehydro-TxB2 and isoPGF2a levels in subjects on aspirin

treatment supports our hypothesis that urinary 11-dehydro-TxB2, in

subjects whose platelet COX-1 has been inhibited by aspirin, reflects

the production of arachidonic acid metabolites by inflammatory cells,

which are implicated in the pathogenesis and progression of athero-

sclerotic lesions.

PO 448
Usefulness of light transmission aggregometry to
optimize aspirin regimen in patients with left
ventricular assist devices
Fiore M, James C, Boiteux M-Ch, Mouton C, Picard F, Calderon J

and Barandon L

CHU de Bordeaux, PESSAC, France

Background: Left ventricular assist devices (LVADs) are mechanical

blood pumps used for the treatment of severe heart failure (e.g., as a

bridge to heart transplantation, myocardial recovery, or as long term

destination therapy). Foreign surfaces of LVADs altere rheologic con-

ditions and blood stasis within the chambers of the native heart induce

activation of coagulation, requiring adequate anticoagulation to pre-

vent thromboembolic events. Because platelet function is generally

assumed to play a key role in these deleterious complications, antiplat-

elet therapy is considered crucial for such patients. However, they are

also exposed to increase bleeding tendencies due to impaired platelet

function and/or acquired von Willebrand disease in relation to high

shear stress. Therefore, monitoring of platelet function and aspirin

response is necessary to manage postimplantation LVADs bleeding

risks in those patients.
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Aims: We evaluated platelet function and aspirin response in the early,

intermediate, and late phase after LVAD implantation.

Methods: We measured induced platelet aggregation to different agon-

ists (ADP, collagen, arachidonic acid, ristocetin and TRAP) using an

APACT-4004 aggregometer in 18 patients on LVAD support. Aspirin

therapy was administered for 24–48 h after device placement when

platelet functions were considered almost normal. Then, aspirin regi-

men was progressively increased until arachidonic acid-triggered plate-

let aggregation dropped to levels below 20%.

Results: Eighteen patients, 34–74 years old, with acute or end-stage

heart failure were included in this study. Seven of the patients under-

went LVAD placement under emergency conditions, and 11 were elec-

tively scheduled for surgery. Patients were closely monitored with light

transmission aggregometry (LTA) to optimize the dose of aspirin. In

the early phase after implantation, initial platelet functions were

almost normal in all patients. Using the cut-off of 20% LTA response

to arachidonic acid (AA), an aspirin dose of at least 160 mg/day was

progressively required in 78% of the patients and a dose of at least

300 mg/day in 39% of the patients. In postoperative period, ristocetin-

induced platelet agglutination was impaired in three patients and this

condition was associated with a lack of high molecular weight VWF

multimers, confirming an acquired von Willebrand disorder which led

us to optimize the dose of aspirin. Using this strategy, four patients

suffered from major bleeding complications, but among them, only

one received 300 mg of aspirin daily. One patient had a cerebral

thromboembolic event leading to death, although he received an aspi-

rin dose of 500 mg/day.

Conclusion: We successfully used LTA to optimize the dose of aspirin

in 18 patients supported with LVADs and showed that 39% of them

required high dose of aspirin to reduce the maximum AA-induced

platelet aggregation less than 20%. This strategy allowed us to avoid

major thrombotic complications that can often be fatal in such

patients. However, whether these patients are resistant to aspirin still

remains unclear and needs to be further explored.

PO 449
Antithrombotic activity of synthetic compound
LASSBio-752
Frattani S

UFRJ, Niter�oi, Brazil

Background: Cardiovascular disease is the leading cause for mortality

and morbidity in the world.

Aims: Searching for new compounds that have potential antithrombot-

ic activity, the synthesis of a new series of N-acylhydrazones was

recently described (Lima et al., Eur. J. Med. Chem. 2008).

Methods: In this work we test the compound LASSBio-752 in throm-

bosis models in rat. In a thrombosis model that combines stasis and

hypercoagulability the control group received tissue thromboplastin

doses of 3 mg/kg and the mean thrombus weight was 11.2 � 0.1 mg

(n = 8).

Results: Orally administration (O.V.) one h before of LASSbio-752

(100 lM/kg) decreased thrombus weight by 37 � 0.2%. The anti-

thrombotic action this compound (100 lM/kg) showed a time-depen-

dent pattern, showing 87.5 � 2.1% of inhibition after 24 h of

administration. When tested in the arterial thrombosis model of the

compound also showed inhibitory effect, reducing the time of vascular

occlusion. From the interval of 1 h there is already an extension in

time of total occlusion was 34 � 2.4 min and the intervals between 6

and 15 h of administration there was no occlusion of the artery. The

occlusion begins to be observed in 24 h, where the occlusion time is

23.8 � 2.3 min, close to the time control 17.6 � 2.0 min. In the model

of induced bleeding was observed that the effect of bleeding was not

too intense for any of the intervals tested (1–48 h).

Conclusion: Up to now our results indicate that compound LASSBio-

752 is potential candidates for utilization in the treatment of cardio-

vascular diseases.

PO 450
First European performance evaluation of the
VerifyNow II System
Godschalk TC1, Bergmeijer TOT2, Dahlen JR3, K€uhbauch M3,

Hackeng CM4 and Ten Berg JM2

1St. Antonius Hospital; 2Department of Cardiology, St. Antonius

Hospital, Nieuwegein, The Netherlands; 3Accumetrics, San

Diego, California, USA; 4St. Antonius Hospital, Dept. of Clinical

Chemistry, Nieuwegein, The Netherlands

Background: The VerifyNow System has been well-characterized for

its ability to provide accurate and rapid information about the anti-

platelet effect of aspirin and P2Y12 inhibitors such as clopidogrel,

prasugrel and ticagrelor. The results from the VerifyNow Aspirin Test

and VerifyNow P2Y12 Test have been clinically validated to identify

patients at increased risk for thrombosis and bleeding on the basis of

their platelet reactivity. The VerifyNow II System is a next-generation

test system that uses the same reagents as the VerifyNow System, but

incorporates several new features to improve the user experience,

including the ability to use various commonly-used blood collection

tubes and a reduced sample wait time prior to performing measure-

ments of response to aspirin therapy.

Aims: The objectives for this study were (1) to show equivalence

between the VerifyNow II System results and the VerifyNow System

results, (2) to demonstrate the suitability of alternative blood collec-

tion tubes, and (3) to evaluate the blood sample wait time prior to per-

forming the VerifyNow II Aspirin Test.

Methods: A total of 23 subjects receiving treatment with a P2Y12

inhibitor and aspirin were enrolled. All testing was performed accord-

ing to the manufacturer’s instructions. Results obtained from the Veri-

fyNow II Aspirin and P2Y12 Tests were compared to results from the

same samples tested with the VerifyNow Aspirin and P2Y12 Tests.

Evaluation of alternative blood collection tubes was performed using

the VerifyNow System-recommended Greiner Bio-One partial fill Vac-

uette tube compared to the standard BD Vacutainer blood collection

tube with 1.8 cc and 4.5 cc fill volume. All blood collection tubes con-

tained 3.2% sodium citrate. The sample wait time prior to VerifyNow

II Aspirin testing was evaluated by comparing VerifyNow II Aspirin

measurements performed after a 30 min waiting period (as required

with the VerifyNow Aspirin Test) to measurements performed after a

10–15 min waiting period. Data were analyzed using Deming regres-

sion and Lin’s concordance correlation coefficient.

Results: PRU,% inhibition, and ARU results obtained with the Verify-

Now II System were equivalent to the VerifyNow P2Y12 System, with

Lin’s concordance correlation coefficients of 0.98, 0.96, and 0.96,

respectively. VerifyNow II System PRU,% inhibition, and ARU

results obtained with standard blood collection tubes were equivalent

to partial-fill blood collection tubes, with Lin’s concordance correla-

tion coefficients of 0.97, 0.94, and 0.98, respectively. There was no dif-

ference between 1.8 cc and 4.5 cc fill volumes for the standard blood

collection tubes. VerifyNow II Aspirin results obtained after a 10–
15 min sample wait time were equivalent to results obtained after a

30 min wait time (Lin’s r = 0.95).

Summary/Conclusion: The results of this investigation confirm that the

VerifyNow II System produces results that are equivalent to the origi-

nal VerifyNow System, with the added benefits of allowing use of stan-

dard blood collection tubes and a reduced sample wait time prior to

VerifyNow II Aspirin testing.
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PO 451
Effects of platelet reactivity on long-term clinical
outcomes and bleeding events in Japanese patients
receiving aspirin therapy
Horiuchi H1, Yamane K2, Kita T2 and Kimura T2

1Institute of Development, Aging and Cancer, Sendai; 2Graduate

School of Medicine, Kyoto University, Kyoto, Japan

Background: Aspirin is a widely-used for prevention of cardiovascular

diseases while it is also known to increase bleeding events. It is contro-

versial whether a low response to aspirin is associated with poor prog-

nosis or not.

Aims: The aim of this study was to evaluate the impact of the antiplat-

elet activity of aspirin on cardiovascular and bleeding events in Japa-

nese patients.

Methods: In the study the University ethical committee approved, we

analyzed the clinical course of 239 Japanese patients undergoing anti-

platelet therapy with aspirin alone for 5 years in a prospective obser-

vational study where all participants provided written informed

consents. Their residual platelet reactivity was examined at enroll-

ment and after 2 years by the optical aggregometer and whole blood

aggregometer with screen filtration methods using collagen as an

agonist. The co-primary endpoints were the occurrence of major

adverse cardiac and cerebrovascular events (MACCEs) and bleeding

events.

Results: The results revealed that the annual incidence of MACCEs

and major bleeding events was 3.7% and 0.48%, respectively. With a

cut-off value of platelet reactivity measured by the optical aggregome-

ter at enrollment, 67 patients (28%) were classified as low-responders.

Low response to aspirin was not associated with increase of MACCEs,

while it was clearly associated with increased MACCEs in patients less

than 70 years old (low-responders 36.9% vs. responders 14.8%, log

rank P = 0.008). On the other hand, low responders determined at

enrollment by the whole blood aggregometer (27%) did not show

increased risks. Major bleeding occurred in 5 patients, who were all

responders although the difference was not statistically significant

(P = 0.07).

Summary: Thus, low response to aspirin was not associated with

increase of long-term MACCEs, while it increased MACCEs in

patients less than 70 years old; however, it tended to decrease major

bleeding events in Japanese patients.

PO 452
Coagulation markers and platelet reactivity after dual
antiplatelet therapy in patient with acute myocardial
infarction treated with primary percutaneos coronary
inervention
Kocica T1, Antonijevic MN2 and Davidovic L1

1Vascular and Endovascular Surgery Clinic; 2Clinic of cardiology,

Belgrade, Serbia

Background: Intracoronary thrombosis is almost a synonym for acute

coronary syndrome. An impaired response to antiplatelet therapy with

aspirin and clopidogrel has been associated with major adverse cardio-

vascular events (MACE) in patients with acute myocardial infarction.

Elevated levels of coagulation markers, especially fibrinogen and von

Willebrand factor increase platelet reactivity and predispose arterial

thrombosis.

Aims: We tried to establish a correlation between low response to aspi-

rin and clopidogrel measured by impedance aggregometry and level of

blood coagulation markers (aPTT, PT, INR, fibrinogen, FVII, FVIII,

vWF, FXII, AT-III, FXII, plasminogen, PAI).

Methods: Between November 2010 and October 2011, patients with

acute myocardial infarction submitted to primary percutaneous coro-

nary intervention were enrolled in this prospective study. Patients were

consecutively recruited from the Coronary Unit at Clinical Centre of

Serbia. A total of 126 patients fulfilled inclusion criteria and their diag-

nostic and clinical parameters were collected and analyzed. On the

basis of platelet functional analysis, patients were divided in two

groups: those with good and others with low response to dual antiplat-

elet therapy.

Results: Of 126 patients, good clopidogrel response was found in 66

(52.4%), while weak clopidogrel response was present in 60 (47.6%)

patients. Good aspirin response was recorded in 108 (85.7%) patients,

while weak aspirin response was found in 18 (14.3%) patients. Those

with weak response to dual antiplatelet therapy and high platelet activ-

ity had significantly higher levels of fibrinogen and vWF, in compari-

son to patients with sufficiently inhibited platelet function. Chances to

suffer MACE were significantly higher among weak responders. In

patients with MACE, significantly elevated fibrinogen levels and

highly significantly elevated vWF levels were recorded.

Summery/Conclusion: Weak responders to dual antiplatelet therapy

had elevated levels of fibrinogen and vWF. Weak responders to dual

antiplatelet therapy and high residual plaelet activity were significantly

correlated with risk of MACE.

PO 453
Non-invasive method for study aggregation properties
of the platelet, leukocyte, erythrocyte and hemostasis
state
Kuznik B1, Fine I2, Maksimova O1, Kustovskaya E1, Martynova E1,

Rodnina O1 and Khasanova N1

1Chita state medical academy, Chita, Russia; 2ELFI-TECH LTD,

Rehovot, Israel

Aims: The aim of our research is the study the aggregation activity of

blood cells using non-invasive method of speckle-analysis.

Summary. Non-invasive method for an assessment the thrombocyte

and leukocyte-thrombocyte complexes activity and some other param-

eters of the haemostasis is proposed. This method is based on the anal-

ysis of the speckle pattern behavior that is originated by the coherent

light that is scattered from the skin surface.

A significant correlation between the measured optical indexes and

spontaneous, ADP-, adrenalin and collagen induced platelet aggrega-

tion as well as with the leukocyte-erythrocyte and platelet-erythrocyte

aggregates, fibrinogen, soluble fibrin-monomer complex, and some

other related parameters was found.

The obtained results indicate that the newly proposed non-invasive

method might be usable for an assessment of a tendency of the intra-

vascular clotting.

PO 454
Comparison of P2Y12-receptor blockade in
cardiovascular disease patients undergoing antiplatelet
therapy by Innovance PFA P2Y assay and light
transmission aggregometry using ADP agonist
Margetic S, Getaldic B, Vuga I and Vrkic N

Medical School University Hospital, Zagreb, Croatia

Background: In the recent years platelet function testing has expanded

to include the assessment of the effectiveness of antiplatelet therapy in

both research and clinical settings. Light transimission aggregometry

(LTA) is still regarded as the gold standard for platelet function test-

ing, despite its technical limitations. Development of point-of-care

platelet function analyzers, such as Platelet Function Analyzer (PFA-

100 system, Siemens, Germany) has allowed simpler and rapid assess-

ment of platelet function using whole blood sample and thus present-

ing the potential for widespread clinical use. The recently available

P2Y cartridge (Innovance PFA P2Y) of the PFA-100 system is specifi-
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cally designed for monitoring clopidogrel therapy by measuring ADP-

induced platelet aggregation.

Aim: The aim of this study was to evaluate the PFA-100 P2Y assay by

measuring on-treatment platelet reactivity in parallel by LTA method

using ADP agonist. We aimed to establish the agreement between

results assessed by the two methods.

Methods: Twenty (7 females, 13 males) stable cardiovascular patients

under antiplatelet therapy were included in the study. Fifteen patients

were treated with clopidogrel alone (75 mg/day) and the remaining five

patients were on acetylsalicylic acid (ASA, aspirin, 100 mg/day) alone.

Clopidogrel-induced inhibition of platelet aggregation was assessed by

PFA-100 P2Y assay and by LTA method using ADP agonist on Beh-

ring Coagulation Timer (Siemens, Germany). The PFA-100 P2Y is an

assay in which citrated whole blood is aspirated through disposable

cartridge containing ADP thus measuring the antiplatelet effect of

clopidogrel due to P2Y12-receptor blockade. Platelet aggregation is

determined by the time taken for the occlusion of blood flow. The cut-

off value for PFA P2Y was defined at 106 s according to the manufac-

turer¢s recommendations and cut-off for LTA using 20 lM ADP was

defined as value < 60% according to the literature data.

Results: The clopidogrel treatment target value for PFA P2Y (> 106s)

was achieved in all 15 patients on clopidogrel therapy, while ADP-

induced LTA found 14 of 15 patients on clopidogrel to be responsive

(< 60%). Using cut-off values of 60% (LTA) and 106s (PFA P2Y), the

aggrement between the two methods was 19/20 (0.95), while 1 of 20

(0.05) results showed discrepancy. The only discordant result showed

reduced platelet aggregation by P2Y (> 300s) and LTA ADP-induced

aggregation of 64%. All five patients on ASA therapy alone had P2Y

values below 106s.

Conclusions: Comparison of the results obtained by the two methods

has shown very good agreement. Sensitivity of PFA P2Y assay in

detecting responsiveness to clopidogrel was comparable to LTA

method using ADP agonist. The results suggest PFA P2Y assay to be

suitable for detection of P2Y12-receptor blockade and monitoring the

antiplatelet effect of clopidogrel. Cut-off value (> 106s) given by man-

ufacturer can be considered as suitable for the defining the responsive-

ness to clopidogrel. The results in patients on ASA therapy alone

showed that this therapy has no effect on the PFA P2Y assay. Com-

pared with the LTA method, PFA P2Y assay is much easier to per-

form, requires smaller amount of whole blood sample and results are

accessible in a shorter period of time.

PO 455
Identification patients less sensible to Aspirin
treatment through arachidonic acid stimulated platelet
marker
Pulcinelli FM1, Temperilli F1, Rina A1, Massimi I1, Montemari AL1,

Maria Luisa G1 and Cardillo MT2

1University of Rome La Sapienza; 2Cattolica University of Rome,

Rome, Italy

Background: Arachidonic Acid (AA) induced platelet aggregation

> 20% is currently used to identify patient less sensible to aspirin treat-

ment.

Frelinger et al. (Circulation 2009) demonstrated that residual COX-1

function measured by serum TXB2 assay correlates with subsequent

major adverse cardiovascular events, but not with AA-stimulated

platelet markers.

Aims: In this study, we investigated if platelet aggregation induced by

Arachidonic Acid is useful to identify patients less sensible to aspirin

treatment.

Methods: We assessed a retrospective study in which serum TXB2 and

platelet aggregation (Born’s method) induced by Arachidonic Acid

0.5 mg/ml were analysed in 116 patients receiving a daily dose of api-

rin (100 mg/die > 1 mount) and in 27 patients receiving aspirin on

alternate days, on prescription by doctor.

Moreover, it was measured AA induced TXB2 formation in 42

patients of our population.

Results: We assessed cut off for residual platelet COX-1 function

TXB2 > 3.1 ng/ml according to Frelinger (Circulation 2009). While,

we used TXB2 > 100 ng/ml to estimate patients non compliant to

therapy.

According to TXB2 values, we divided our population into three

groups: (1) TXB2 < 3.1 ng/ml (n = 83); (2) TXB2 > 3.1 ng/

ml < 100 ng/ml (n = 28); 3) TXB2 > 100 ng/ml (n = 5).

In the first group (Tx < 3.1 ng/ml), patients having platelet aggrega-

tion induced by Arachidonic Acid > 20% were 8 (tot = 83) In the sec-

ond group (Tx > 3.1 < 100 ng/ml), patients having platelet

aggregation induced by Arachidonic Acid > 20% were 2 (tot = 28);

none of the patients in both groups showed platelet aggregation

induced by Arachidonic Acid > 30%.

In the third group, patients having platelet aggregation induced by

Arachidonic Acid > 20% < 30% was1 and 4 patients were > 30%. All

such patients were found non compliant, as plasma salicylates were

absent.

Moreover, we divided 27 patients receiving aspirin on alternate days

into two soubgroup:

patients receiving aspirin the day before performing platelet aggrega-

tion (n = 12).

patients who didn’t receive aspirin the day before performing platelet

aggregation (n = 15).

The patients who showed platelet aggregation induced by Arachidonic

Acid > 20% were similar in both groups (8% and 13% respectively).

In 42 patients out of our daily aspirin assumption population, we per-

formed both AA induced TXB2 formation and serum TXB2 assays.

The results obtained showed a good correlation (r = 0.8258) between

the two methods.

Conclusions: Platelet aggregation induced by Arachidonic Acid > 20%

isn’t sensibile enough to identify patients less sensible to aspirin treat-

ment. Moreover, we found good correlation AA induced TXB2 for-

mation and serum TXB2. AA induced TXB2 formation may be a

useful test to identify patients less sensible to aspirin treatmnet when it

isn’t possible to treat blood for 1 h at 37 °C immediately after collec-

tion.

PO 456
Platelet – dependent thrombin generation assay
provides new insights into the monitoring of
antiplatelet therapy effectiveness
Smirnova O1, Namestnikov Y1, Berezovskaya G2, Klokova E2,

Karpenko M2, Golovina O1, Matvienko O1 and Papayan L1

1Russian Research Institute of Hematology and Transfusiology;
2Almazov Federal Heart, Blood and Endocrinology Centre, St -

Petersburg, Russia

Background: Patients underwent percutaneous coronary interventions

have an increased risk of recurrent ischemic events. Using of antiplat-

elet agents can reduce the occurrence of clinically relevant stent throm-

bosis. But the individual assessment of the treatment effect is still

complicated. Thrombin generation test (TGT) in platelet-rich plasma

(PRP) reflects contact pathway activation and may be useful as a glo-

bal method to assess the procoagulant potential of platelets and its

changes induced by antiplatelet agents.

Aims: The aim of our study was to evaluate a possibility of using TGT

for the assessment of efficacy of antiplatelet therapy.

Methods: Venous blood was obtained from 25 patients after the suc-

cessful coronary stent placement. All of them were given clopidogrel

and aspirin (75 and 150 mg per day, accordingly). The control group

comprised 29 healthy volunteers. TGT was performed in fresh PRP

with the platelet count adjusted to 150 9 109/L by dilution with autol-

ogous platelet poor plasma. Thrombin generation was measured in a

Fluoroscan Ascent� fluorometer at 1 pM tissue factor concentration
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using dedicated software. The following parameters were analyzed: lag

time of thrombin generation (LT, min), endogenous thrombin poten-

tial (ETP, nM/min), maximum concentration of thrombin (Peak, nM),

time to reach the peak (TTP, min), velocity index (VI = Peak/[TTP –
LT], nM/min). Statistical analysis of the results was performed by

non-parametric methods using the median (Me), 95% confidence

interval (95% CI) and Mann–Whitney U test (Statistica 6.0).

Methods: There were no differences in ETP and LT parameters

between patients and controls (1854,0 (1781,7–2001,6) vs. 1911,0

(1865,9–2043,8) for ETP and 17,8 (16,1–20,0) vs. 14,6 (14,1–17,9) for
LT). The estimation of Peak, TTP and VI in patients vs. controls

showed the statistically significant (P < 0.003) decreasing of Peak,

112,7 (103,1–122,1) vs. 138,5 (123,6–143,6), and VI, 7,6 (6,4–8,8) vs.
12,1 (10,9–13,7), and prolongation of TTP, 33,3 (30,8–35,5) vs. 26,8
(25,2–29,3).
Summary: Thrombin generation measurement in fresh PRP can be

suggested for the monitoring of antiplatelet therapy effectiveness. Nev-

ertheless more research is required.

PO 457
Possibilities to assess compliance with low-dose
aspirin treatment using a highly sensitive assay for
salicylic acid in plasma?
St�alesen R, Spectre G, €Ostensson CG, Ander C, Hedman E,

Beck O and Hjemdahl P

Karolinska Institute, Stockholm, Sweden

Background: Aspirin, i.e., acetylsalicylic acid (ASA), is a widely used

antiplatelet drug at low dosages (75–325 mg daily) but is also used at

higher doses for its analgesic and antiinflammatory effects. ASA irre-

versibly inhibits platelet cyclooxygenase and the antiplatelet effect per-

sists 7–10 days. After administration of ASA, it is rapidly hydrolyzed

to salicylic acid (SA) which has a longer persistence in plasma. Com-

pliance is an important factor for treatment results and an objective

measure of compliance with low-dose ASA treatment would be valu-

able.

Aim: To establish a highly sensitive method to determine low concen-

trations of SA in plasma after administration of low-dose ASA for

possible use to monitor compliance.

Methods: Citrated plasma samples from 43 patients included in two

different studies were used. In the first study, each patient (N = 25)

took three dosages of ASA (75 mg OD, 75 mg BID and 320 mg OD)

for at least 2 weeks in a randomized order. After each treatment per-

iod, samples were collected 12 (BID) or 24 (OD) h after the last intake

of ASA. In the second study treatment with ASA was not allowed

which provided samples from non-ASA treated patients.

For the analysis, 90 lL of patient plasma, standards (0–5000 ng/mL)

or quality control samples were aliquoted and 10 lL of internal stan-

dard (salicylic acid-d6; Isotec) was added. After precipitation using

MeCN with 0.1% formic acid the tubes were centrifuged (16000 9 g,

10 min). Supernatants were evaporated under nitrogen and resus-

pended in MeCN:formic acid 1:1 for analysis using Waters Aquity

Quattro Premier XE UPLC and an Aquity BEH SHIELD, Waters col-

umn, 1.7 lm 50 9 2.1 mm.

Results: The median (interquartile ranges) concentrations of SA were

1.24 (0.44–4.95) ng/mL in non-ASA treated patients. In patients tak-

ing ASA the plasma SA concentrations were 7.84 (4.95–9.63) ng/mL

with 75 mg OD, 24.22 (14.41–38.56) ng/mL with 320 mg OD, and

71.56 (44.55–109.51) ng/mL with 75 mg BID. Thus, there was a dose-

and time-dependent persistence of SA in plasma during ASA treat-

ment. However, there were overlaps between the dosages, and, most

importantly, also an overlap between samples from ASA treated and

non-ASA treated patients. Occasional unexpectedly high levels may be

due to non-compliance with instructions to take the last dose of ASA

12 or 24 h before sampling.

Conclusion: Low levels of SA can be detected in patients treated with

low-dose ASA 12–24 h after intake of the last dose of ASA. However,

SA levels above 5 ng/mL could be detected also in non-ASA treated

patients. This may be related to uncontrolled intake of ASA and/or

the presence of SA in nutrients or from endogenous sources. Thus,

salicylate analyses in plasma may be helpful to detect compliance dur-

ing low-dose ASA treatment but measurements do not seem to be reli-

able at the lowest end of the concentration spectrum. Further

improvement of the analytical technique and better understanding of

possible sources of SA may provide a useful method for the monitor-

ing of compliance with ASA treatment.

PO 458
Anti-platelet aggregation activity observed in Honkaku
shochu
Sumi H1, Fujii S1, Tokudome S1, Yoshida E1, Yatagai C1, Naito S1

and Maruyama M2

1Kurashiki University of Science and the Arts, Kurashiki;
2University of Miyazaki, Miyazaki, Japan

Background: We have previously reported that the intake of various

types of alcoholic beverages (Sumi et al., H., Alcohol & Alcoholism,23,

33, 1988; Sumi et al., Jpn. J. Alcohol & Drug Dependence, 33, 263,

1998) brings about changes in the coagulation and fibrinolytic system,

and that drinking Honkaku shochu (distilled through a pot still) results

in promotion of fibrinolysis in blood for a rather long period. In

another report, we demonstrated that the distillation fractions of sho-

chu have the effect on cells to release t-PA (tissue plasminogen activa-

tor) and that the shochu aroma is effective in inhibiting platelet

aggregation (Sumi et al., 21st ISFP, p.18, Brighton, UK, 2012).

Aims: We have now conducted a comparative study of the effects of

various types of Japanese Honkaku shochuon platelet aggregation. The

results are reported here as new information.

Methods: Honkaku shochu is classified by the laws of Japan into 2

types: shochu and awamori. For the tests, 7 types of awamori and 24

types of shochu were purchased as specimens, and then diluted by de-

ionized water to achieve an ethanol concentration of 25%.

The platelet aggregation rate was then measured with an aggregometer

(PAT-4A). Inhibition rate against platelet aggregation of each aro-

matic component specimen in the dilution series was calculated and

the 50% inhibition value (IC50) was determined.

Results: Approximately half of the Honkaku shochu tested exhibited

anti-platelet aggregation activity. Under typical concentration condi-

tions of 25% ethanol concentration, direct inhibition against aggrega-

tion was observed to be 20.5% on average. The shochu specimens

exhibiting the strongest inhibitive activity against aggregation were

made from such raw materials as brown sugar (S-1), sweet potatoes

(S-11), rice (S-6), and barley (S-12). It is presumed that the activity

does not difference on the raw materials. Aspirin is a well kwon anti-

platelet agent. A-6 and S-11 showed the strongest effects, the inhibitive

capacity has an equivalent value to 50–200 mM Aspirin.

Summary/Conclusion: A total of 31 types of Honkaku shochu were

tested, and it was found that 4 out of 7 types of awamori and 12 out of

24 types of shochu inhibited the aggregation induced by the use of

ADP or collagen. It is believed that the inhibitive capacity observed is

not the effect of the materials used in producing Honkaku shochu, such

as sweet potatoes, rice and barley, but rather the result of the fermen-

tative production process. We foresee that if inhibitive effects against

platelet aggregation can be achieved by merely smelling the given

material instead of eating it, then these types of material could prove

to be functional materials in a completely new category not thought of

before.
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PO 459
The effect of clopidogrel with and without aspirin on
hemostatic system activation in vivo in man
Traby K, Kollars M, Kaider A, Eichinger S and Kyrle PA

Medical University of Vienna, Vienna, Austria

Background: Dual anti-platelet inhibition with clopidogrel (C) and

aspirin (A) is a cornerstone in the management of patients with acute

coronary syndrome, but confers a considerable risk of bleeding.

Measurement of platelet and coagulation activation indicators in

blood emerging from a local injury site of the microvasculature made

to determine bleeding time (called ‘shed blood’) is a method to investi-

gate hemostatic system activation under close to in vivo conditions.

Aim: To investigate if combining C and A has a more pronounced

inhibitory effect on hemostatic system activation in vivo than C alone.

Methods: In a prospective, randomized, double-blind, placebo con-

trolled study, 44 healthy male volunteers (26 years, range 19–43) were
treated with C (loading dose 600 mg, maintenance dose 150 mg/d) and

A (100 mg/d) or C (same dose) and placebo for 7 days. Shed blood was

obtained at baseline, 2 h and 7 days. ß-thromboglobulin (TG) and

thromboxane B2 (TxB2) (reflecting platelet activation) as well as D-

Dimer (dd) and prothrombin fragment 1.2 (f1.2) (reflecting coagulation

activation) were measured by ELISA. The number of microparticles

(MP) was determined by flow cytometry. The sample size was calcu-

lated to detect a 20% difference in the main outcome variable (TG) with

an alpha of 0.05 and a power of 80%. To test the differences between

the treatment groups, two sample t-tests were performed. Repeated

measures ANOVA was applied for comparisons considering repeated

measurements in time. The study was approved by the local ethics com-

mittee and informed consent was obtained from all volunteers.

Results: Compared to baseline, both CA and C caused a decrease in

TG at 2 h [from 3.3 � 1.6 to 1.7 � 0.8 (P < 0.001) and from

3.0 � 1.8 to 1.8 � 1.4 mg/L (P < 0.001), respectively) and at 7 days

[from 3.3 � 1.6 to 1.8 � 1.2 (P < 0.001) and from 3.0 � 1.8 to

2.1 � 1.7 mg/L (P < 0.001), respectively)]. At all time points, no dif-

ference in the concentration of TG was found between CA and C. CA

(and to a lesser extend C, data not shown) inhibited TxB2 formation:

by 80% at 2 h and by 96% at 7 days. Compared to baseline, CA and

C caused a decrease in dd at 2 h [from 0.45 � 0.55 to 0.22 � 0.08

(P = 0.05) and from 0.39 � 0.29 to 0.22 � 0.10 mg/L (P = 0.02),

respectively] but not at 7 days [0.45 � 0.55 vs. 0.29 � 0.37 (P = 0.3)

and 0.39 � 0.29 vs. 0.45 � 0.64 mg/L (P = 0.7)]. At all time points,

no difference in dd was found between CA and C. Neither CA nor C

had an effect on f1.2 or MP counts.

Conclusion: In healthy volunteers, both CA and C inhibited microvas-

cular hemostatic system activation. No difference in platelet and coag-

ulation inhibition was found between subjects treated with CA or C

indicating that combining C and A does not result in a more pro-

nounced inhibitory effect on hemostatic system activation in vivo than

C alone.

PO 460
Sulforaphane induces ubiquitination of p85 and PDK1
and inhibits phosphatidylinositol 3-kinase signaling in
human platelets
Wu CC, Chuang W-Y, Kung PH and Kuo CY

Kaohsiung Medical University, Kaohsiung City, Taiwan

Sulforaphane, a dietary isothiocyanate found in cruciferous vegeta-

bles, has been shown to exert beneficial effects in animal models of car-

diovascular diseases. In the present study, we show that sulforaphane

inhibited human platelet aggregation caused by different receptor ag-

onists, including collagen, U46619 (a thromboxane A2 mimic), prote-

ase-activated receptor 1 agonist peptide (PAR1-AP), and an ADP

P2Y12 receptor agonist. In exploring the underlying mechanism, we

found that sulforaphane specifically prevented phosphatidylinositol

3-kinase (PI3K)/Akt signaling, without markedly affecting other sig-

naling pathways. The inhibition of the PI3K/Akt pathway by sulfora-

phane may result from causing ubiquitination of two important

components, i.e. PI3K p85 subunit and PDK1, in this pathway. The

ubiquitination of p85 and PDK1 can lead to impaired function or pro-

tein degradation. In conclusion, we have demonstrated that sulfora-

phane can prevent platelet aggregation, which may explain its

protective effect in cardiovascular diseases; our data also support that

the inhibition of the PI3K/Akt pathway by sulforaphane contributes it

antiplatelet effects.

PO 461
Could von Willebrand’s disease be overlooked in
women using combined oral contraceptives?
Larsen JB, Bor MV and Hvas AM

Aarhus University Hospital, Aarhus N, Denmark

Background: Von Willebrand’s disease is the most common inherited

bleeding disorder. It is caused by a quantitative or qualitative defi-

ciency of von Willebrand factor, a plasma protein involved in primary

haemostasis. A common symptom of von Willebrand’s disease in

women is menorrhagia. For this reason, many women suspected of

having von Willebrand’s disease are treated with combined oral con-

traceptives (COCs) and are receiving COC treatment at the time of

investigation. Few studies have examined the effect of COCs on von

Willebrand factor plasma levels, and results are conflicting. However,

if COCs can cause an increase in plasma level of von Willebrand fac-

tor, this could interfere with test results, and the disease could be

masked in women receiving treatment with COCs.

Aim: The aim of the study is to investigate whether COCs induce an

increase in von Willebrand factor plasma levels.

Methods: A clinical longitudinal study is conducted with two groups

(each n = 30) of healthy participants; A) women wishing to begin p-

pill treatment and B) women not receiving p-pill treatment (control

group). A baseline blood sample is taken at the time of inclusion, after

which the participants in group A begin COC treatment. Blood sam-

ples are obtained again 3 and 6 months after baseline. Von Willebrand

factor plasma levels at baseline and at 3 and 6 months are compared

within the group, and potential differences in von Willebrand factor

levels before and after p-pill treatment are compared with the control

group.

The following analyses, which are all routinely employed in the diag-

nosing of von Willebrand’s disease, are carried out: von Willebrand

factor (vWF) antigen and vWF activity employing immunoturbimetric

assays, vWF ristocetin cofactor assay, vWF collagen binding assay

(ELISA), and factor VIII Clot.

Results: The project is currently still in the recruitment phase, but we

will be able to present preliminary results at the time of the conference.

Summary/Conclusion: The study examines the effect of combined oral

contraceptives (COCs) on von Willebrand factor plasma levels in

healthy women. Our results will hopefully help in improving the diag-

nosing of von Willebrand’s disease in women treated with COCs.

PO 462
Association of methionine synthase and thymidylate
synthase genetic polymorphisms with idiopathic
recurrent pregnancy loss
Kim NK, Kim JO, Young Joo J, Lee BE, Choi DH, Lee WS, Kim JH

and Oh D

CHa University, Seongnam, South-Korea

Background: One-carbon metabolism is important for maintaining

pregnancy and the enzymes codified by these genes are relevant in this

metabolic pathway.
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Objective: To investigate the association between one-carbon

metabolism and recurrent pregnancy loss (RPL), we examined poly-

morphisms in four genes: methionine synthase (MTR); methionine

synthase reductase (MTRR); methylenetetrahydrofolate dehydroge-

nase 1 (MTHFD1); and thymidylate synthase (TS).

Methods: A cohort of 353 RPL patients (3.09 � 1.65 pregnancy losses)

and 226 controls. Genotyping was assessed by polymerase chain reac-

tion-restriction fragment length polymorphism assay.

Results: The MTR 2756AA polymorphism was associated with RPL.

Gene-gene interaction analysis revealed that the frequency of the

MTR 2756A-TS 6 bp allele combination was significantly higher in

RPL.

Summary: Based on these results, we propose that the MTR 2756AA

genotype and MTR 2756A-TS 6 bp allele combination are possible

predisposing factors for RPL development in Korean women.

PO 463
Association study of Paraoxonase-1 gene
polymorphisms and Homocysteine Levels in Patients
with Ischemic Strokes
Kim NK, Kim JO, Young Joo J and Oh D

CHa University, Seongnam, South-Korea

Background: Paraoxonase-1 (PON1), a high-density lipoprotein

(HDL) associated enzyme, is involved in the lipid metabolism and

detoxification of insecticides and pesticides.

Aims: The aims of this study were to evaluate the role of Paraoxonase-

1 gene polymorphisms in patients susceptible to ischemic stroke, and

to determine the relationship between PON1 gene polymorphisms and

plasma total homocysteine (tHcy) levels.

Methods: Five hundred and eighty-seven patients with ischemic stroke

and 476 controls were genotyped for the PO01L55M, Q192R polymor-

phisms. The PON1 L55M and Q192R genotypes were determined by

the polymerase chain reaction-restriction fragment length polymor-

phism method. Logistic regression analyses, adjusting for multiple

comparisons, were used to determine the association between the

minor allele of each of the polymorphisms and the risk of ischemic

stroke.

Results: The LL and LM+MM genotype frequencies of the L55M

polymorphism were significantly different between the stroke and con-

trol group. When stratified by the size of the occluded vessel, the

PON1 Q192R polymorphism was associated with patients with multi-

ple small-artery occlusions. When the patients were divided into 3

groups according to the tHcy level, the sum of the control groups and

ischemic stroke patient groups, age and gender were found to be signif-

icantly associated with an elevated tHcy level. Moreover, the folate

level was decreased upon increasing tHcy levels.

Summary/Conclusion: In accordance with these studies, our study indi-

cated that PON1 polymorphisms should be considered as risk factor

for ischemic stroke in Koreans.

PO 464
Effects of hypertonic saline hydroxyethyl starch
solution on heatstroke-induced damage in a rat model
Kuen Bor C, Wu-Tien H, Tsai-Hsiu Y, Hsin-Mao T

and Chia-Chyuan L

Chia Nan University of Pharmacy & Science, Tainan City, Taiwan

Hypertonic saline hydroxyethyl starch solutions have been used for

‘small volume resuscitation’ in patients with peripheral arterial steno-

sis, hemorrhagic shock, cerebral and cardiac ischemia. In rats, heat

stress leads to arterial hypotension, microvascular injury, thrombosis,

inflammation, hypoxia, hypercoagulable state and brain and heart

dysfunction. The aim of the present study was to determine whether

Hypertonic saline hydroxyethyl starch solution could improve the

heatstroke-induced microvascular injury, thrombosis, inflammation,

circulatory shock, cerebral ischemia, and hypercoagulable state. When

the untreated rats underwent heat stress, the heatstroke rats displayed

cerebrovascular dysfunction (evidenced by hypotension, hypoxia, and

ischemia), higher levels of thrombomodulin, interleukin-1, activated

partial thromboplastin time, prothrombin time, D-dimer, and

decreased platelet count and protein C (heatstroke-induced dissemi-

nated intravascular coagulation was assessed by plasma markers).

However, the heatstroke-induced hypotension, cerebral ischemia, acti-

vated inflammation, microvascular injury, thrombosis, and hypercoag-

ulable state can be significantly reduced by hypertonic saline

hydroxyethyl starch solution. Our results suggest that hypertonic sal-

ine hydroxyethyl starch solution can be used as a beneficial agent for

heatstroke. In particular, hypertonic saline hydroxyethyl starch solu-

tion may ameliorate the situation of microvascular injury, thrombosis,

inflammation, and hypercoagulable state in heatstroke.

PO 465
Children’s playbook validation for cardiovascular
disease prevention
Lima L, Oliveira Ferreira M, Henrique Vieira Oliveira S, Antonio

Oliveira G, Euz�ebio Domingues F, Oliveira Junior JR, Tarbes M

and Rezende Castilho P

Federal University of Vicosa, Vic�osa, Brazil
Background: The playbook uses the influence of early childhood edu-

cation in the remodeling of the family habits to prevent cardiovascular

disease (CVD).

Aims: The aim of this study was the validation of an infant playbook

to be used in cardiovascular health education of children, suggest

actions seeking education in order to promote the empowerment of

the child population in health issues and citizenship.

Methods: We created a first version of the playbook using a roadmap

aimed at children and manuals drawings that could be colored by chil-

dren. This version was assessed by 4 cardiologists, 4 pediatricians and

4 childhood education professionals through a structured question-

naire. From the contribution of professionals, we created a second ver-

sion evaluated for 40 children aged between 5 and 10 years. The third

version of the playbook was made after the relevant corrections

pointed out by children, plus the suitability of the information, illus-

trations and language.

Results: The first version of the playbook was well accepted by most

professionals, 83.3% of the participants found the information correct

and appropriate for children. Seventy-five percent strongly agreed with

the quality and content in this material. The second version got 80.8%

in the field understand, 100% attractiveness, 92.3% of children inter-

acted with the material (coloring or doodling), and 100% of children

have responded that claim to help your family to improve habits. The

analysis of the material by pediatricians allowed the inclusion of an

illustration demonstrating the importance of blood pressure measure-

ment in children from 3 years.

Conclusion: The method used in the validation of the children’s play-

book contributed to the betterment of itself and wide acceptance of

the target audience. The third version of the playbook may act in

interface education/health seeking to form a culture of prevention of

CVD in the family. However, the final version of the material depends

on its use and further studies, which may suggest the need for changes

in the script and drawings, to achieve the target of an increasingly

effective.
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PO 466
Coagulation factor VII gene polymorphisms and
cardiovascular diseases in Iran
Cohan N

Hematology Research Center, Shiraz, Iran

Background: The association between coagulation factor VII (FVII)

gene polymorphisms and FVII level, activity, and cardiovascular dis-

eases (CVD) has been reported in several studies.

Aim: Determine whether two FVII gene polymorphisms including:

�401 G>T and HVR4 influence risk of CVD in Iranian population.

Methods: A total of 110 patients with cardiovascular disease that con-

firmed by angiography (57 male and 53 female, mean age

55.4 � 10.8 years old) and 110 age and sex match controls (54 male

and 46 female, mean age 53.8 � 9.7) without cardiovascular disease

(confirmed by angiography) were genotyped for these two polymor-

phisms.

Results: Although TT genotype of �401G>T polymorphism was at a

higher frequency among control group compared to patients (18.1%

vs. 16.3%), the difference was not statistically significant (P > 0.05).

Also Carriers of the H7-allele (H7H7) were at a higher frequency

among control group in compare with patients group (23.6% vs.

21.8%) but it was not statistically significant too (P > 0.05).

Conclusion: We could not found any association between �401 G>T
and HVR4 polymorphisms of coagulation FVII and CVD in Iranian

population, but future studies with larger study groups are recom-

mended for more evaluation of these associations.

PO 467
Compound folate deficiency, elevated homocysteine
and pseudo-homozygosity for MTHFR677T as
predisposing factors in TIA: a case study
Cutler J1, Sobczynska-Malefora A1, Holmes P2, Howard R2

and Rahman Y2

1GSTS Pathology, London, UK; 2Guys and St Thomas’ NHS Trust,

London, UK

We present a patient with multiple transient ischaemic attacks due to

intracranial stenosis. Folate deficiency, high homocysteine with associ-

ated heritable variation in the MTHFR gene were the only identified

risk factors which contributed to the atherosclerosis.

A 21 year old male of African extraction presented with a 3 month

history of intermittent, transient neurological events, which required

admission for clinical investigation. Apart from a history of cerebral

vascular events in a maternal aunt he had no significant personal or

family history, was previously healthy and not on any medication. An

MRI scan showed an area of restricted diffusion in keeping with an

infarct, and an angiogram demonstrated an intracranial stenosis in the

internal carotid artery, consistent with atherosclerosis. A full range of

laboratory investigations were performed and a highly elevated homo-

cysteine of 95.3 lM (reference limit < 15) was detected. Further analy-

sis revealed that both plasma folate and 5-MTHF were reduced, and

his plasma methionine was at the lower end of the normal range. This

raised the suspicion of a remethylation defect of homocysteine to

methionine. The patient was treated with folic acid supplementation

for 3 months, and his plasma homocysteine responded, falling to

12.9 lM.

Molecular analysis of a small panel of thrombotic risk factors showed

him not to carry either the FVL or PT20210 polymorphisms. He was

shown to be heterozygous for the common MTHFR 677C/T variant

which in this state is neither a thrombotic risk factor nor sufficient

cause of the elevated homocysteine levels. Analysis of the entire coding

region of the MTHFR gene was undertaken to investigate the pro-

posed re-methylation defect and heterozygosity for a c.3G>C nucleo-

tide substitution was identified. Although this base change predicts the

replacement of the initiating Methionine at codon 1 with an Isoleucine,

it is probable that loss of p.Met1results in the lack of translation from

this allele. Protein analysis would be required to confirm this. It is pro-

posed that the loss of p. Met1, coupled with folate deficiency, may be

significant for the remethylation process in this patient, and may con-

tribute to the neurological event and narrowing of his cerebral arteries.

If the c.3G>C variant is proven to be on the alternate allele to the

MTHFR 677T polymorphism, the consequence of this would be

pseudo-homozygosity for MTHFR 677T. Homozygosity for this poly-

morphism is associated with an increased thermolability of the

MTHFR enzyme, with a reduction in enzyme activity of approxi-

mately 50%. It is associated with mildly elevated total homocysteine

with an increased risk of cardiovascular events. It is probable that the

combination of pronounced dietary folate deficiency, anMTHFR ‘null

allele’ and the 677T variant is sufficient to explain both the moderate

hyperhomocysteinaemia and the clinical presentation in this patient.

This case highlights the need to investigate other possible mutations in

the MTHFR gene, particularly in the absence of homozygous

MTHFR 677C/T status in pre-mature cardiovascular events.

PO 468
Individuals with coronary artery disease at a young age
and features of the metabolic syndrome have an
increased prothrombotic potential
Kok MG1, Meijers JC2 and Pinto S-J3

1Academic Medical Center, Amsterdam, AMSTERDAM, The

Netherlands; 2Academic Medical Center Amsterdam,

Amsterdam, The Netherlands; 3Department of Vascular

Medicine, Academic Medical Center, Amsterdam, The

Netherlands

Background: The relation between coagulation and atherosclerosis has

been extensively described. However, most literature on this issue

shows conflicting results. Surprisingly, hypercoagulability is most pro-

nounced in young patients with coronary artery disease (CAD).It is

known that obesity and hereby induced metabolic syndrome (MS), a

risk factor for CAD, are related to a higher incidence of thrombo-

embolic events. We hypothesized that individualswith CAD at a young

age and features of MS have an increased prothtombotic potential.

Weanalyzed this by measuring the endogenous thrombin potential

(ETP) in patients with CADbefore the age of 51 in men and 56 in

women and compared them to their healthy first-degreerelatives. Fur-

thermore, we studied whether the presence of the MS in these CAD

patientsfurther increased the prothrombotic potential.

Methodology and Principal Findings: We included 118 patients with

CAD at a young age and 50 healthy first-degree relatives. Anadjusted

general linear model (GLM) showed that there is a positive association

between thepeak thrombin levels and the presence of CAD at a young

age (B = 9.4; P < 0.05). Based onthe NCEP guidelines we divided our

patient group in CAD patients with and without MS, andcompared

them to healthy first-degree relatives without MS. The adjusted GLM

showed thatCAD patients with MS have increased ETP levels, both in

comparison with healthy firstdegree relatives (B = 13.0; P < 0.05) and

with CAD patients without MS (B = 12.9; P < 0.05).There was no dif-

ference in ETP levels between CAD patients without MS and healthy

firstdegreerelatives (B = 0.1; P = ns).

Conclusion: This study shows that individuals with CAD at a young

age have an increased prothromboticstate. Furthermore, we show that

the increased prohrombotic state in the young CAD patientsis associ-

ated with the presence of the metabolic syndrome.
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PO 469
Prevalence of risk factors for cardiovascular disease in
Thai rural elderly
Komanasin N, Neamsum N, Weerachai A, Mongkolwongroj P,

Puntumetakul M and Settasatian N

Faculty of Associated Medical Sciences, Khon Kaen University,

Khon Kaen, Thailand

Background: The number of elderly people in the society is steadily

increasing, and age is considered as an important risk factor for car-

diovascular disease. Investigation of the prevalence of risk factors for

cardiovascular disease in the elderly may be a guide to their worthy life

and community.

Aim: This study aimed to investigate the prevalence of risk factors for

CAD in the elderly in the rural area of Thailand.

Methods: The study was based on data from the academic service pro-

ject concerning a health check up for the elderly at Ban Non Muang,

Khon Kaen Province, all of whom were aged 60 years and above. The

data of risk factors for cardiovascular disease were collected from

questionnaire responses whilst the physical data of subjects were

directly measured. Venous blood was taken from the subjects for labo-

ratory analysis. A total of 177 subjects (79 males and 98 females) with

the mean age of 62.9 years were recruited. According to their ages, the

subjects were classified into three groups: 60–69, 70–79, and

> 80 years.

Results: Weight and body mass index were statistically significantly

different among age groups (P = 0.02 and < 0.001 respectively) which

was in corresponding to a rising the nutritional screening initiative

(NSI) value. The prevalence of risk factors for CAD in the subjects

was evaluated and found that the most common risk was metabolic

syndrome (60.5%) with the higher prevalent in females than in males

(71.4 vs. 45.6%, P < 0.001). However, the prevalence was not statisti-

cally significantly different among age groups. Dyslipidemia (49.7%)

and hypertension (48.9%) were also highly prevalent in the study pop-

ulation. The highest prevalence of hypertension was found in the male

elderly which was higher than those in females (87.5 vs. 35.7%,

P = 0.039).

Conclusion: The results of this study serve as the useful information for

further preventive planning of cardiovascular disease in the elderly at

the rural area of Thailand.

PO 470
Immunization With A Peptide Containing Two
Epitopes Derived From Chlamydia Pneumoniae (Cpn)
Significantly Reduces Atherosclerotic Lesion In
Apobtm2SgyLdlrtm1Her/J Mice Infected With The Cpn
Bacteria
Lu X1, Xia M1, Chen D2, Endresz V3, Faludi I3, Szabo A3,

Gonczol E4, Mundkur L1 and Kakkar V1

1Thrombosis Research Institute, London, UK; 2King’s College

London, London, UK; 3University of Szeged, Szeged, Hungary;
4National Center for Epidemiology, Budapest, Hungary

Background: Chlamydia pneumoniae (Cpn) is an important human

pathogen that causes atypical pneumonia and is associated with vari-

ous chronic inflammatory diseases such as atherosclerosis, a major

cause of cardiovascular disease and death in the Western world. How-

ever, the theoretical role of Cpn in acceleration of atherosclerosis is still

controversial.

Aim: To investigate the antigenic effect of a peptide containing two

epitopes of Chlamydia pneumoniae (Cpn) on atherosclerotic lesion for-

mation in mice infected with Cpn.

Methods: Six-week-old Apobtm2SgyLdlrtm1Her/J mice were immunized

using a repetitive immunization multiple-sites strategy with KLH-con-

jugated peptides derived from the major outer membrane protein and

the putative outer membrane protein 5 of Cpn. Mice were fed a high-

fat diet and infected with Cpn twice during the 10-week diet period.

Lesions were evaluated histologically; local and systemic immune

responses were analyzed by immunohistochemistry of aorta samples

and cytokine levels in plasma samples and splenocyte supernatants

were measured.

Results: Mice immunized with the combined Cpn peptide showed a

greater reduction in lesion size compared to mice immunized with

either epitope alone [54.7% vs. 39.8% or 41.72%] and was also associ-

ated with a significant decrease in lesion area in descending aortas

compared with those in controls (88.9% for combined Cpn peptide,

81.9% for MOMP peptide and 75.7% for Omp5, respectively). This

effect was associated with a shift in the cellular composition of plaques

towards decreased inflammatory cell and increased regulatory T-cell

content and increased production of anti-inflammatory cytokines and

decreased secretion of proinflammatory cytokines demonstrated in

plasma and in supernatant of stimulated spleen cells.

Conclusions: Atherosclerotic lesion formation may be promoted by

Cpn infection in the presence of a high-fat diet, and reduced by immu-

nization with the combined Cpn peptide. The combined peptide has

more potential than either epitope alone in reducing atherosclerotic

lesion formation.

PO 471
Association of serum gamma-glutamyl transferase
(GGT) and other markers with extent of coronary artery
disease in angiographically proven patients and its
potential use as risk indicator
Sangeeta M, Sharma A, Madan G, Kakkar VV and Vangala RK

Thrombosis Research Institute, Bangalore, India

Background: Accumulating evidence from epidemiological studies sug-

gests that higher serum GGT is associated with incident cardiovascular

disease (CVD), its risk and related death.

Aims: In this study we have assessed the levels of GGT and other bio-

markers association to the extent of coronary artery disease (CAD) in

angiographically proven patients and their use in risk assessment.

Methods: Four hundred and eighteen age and gender matched subjects

(187 CAD affected and 231 unaffected) were selected for a case control

study from ongoing Indian Atherosclerosis Research Study (IARS).

The information regarding inclusion, exclusion criteria and process of

sample collection, and data storage have been published (Indian Heart

J, 2010;6:286–95). All the blood samples were collected after overnight

fasting of 12–14 h. GGT, matrix metalloproaease-9 (MMP9), oxLDL

and myeloperoxidase were measured in the serum samples using

ELISA assays. The Gensini scoring system was utilized in the evalua-

tion of CAD severity and was calculated for each patient from the cor-

onary angiography report by assigning a severity score to each

coronary stenosis. Reduction in the lumen diameter of the affected

arteries were evaluated (reductions of < 50%, 50–70%, 71–90% and

> 90% were given Gensini scores of 1, 2, 4 and 8 respectively). Each

principal vascular segment was assigned a multiplier in accordance

with the functional significance of the myocardial area supplied by that

segment: the left main coronary artery95; proximal segment of left

anterior descending coronary artery (LAD)92.5; proximal segment of

circumflex artery92.5; mid-segment of the LAD91.5; right coronary

artery, distal segment of LAD, posterolateral artery and the obtuse

marginal artery91; and others90.5.The logistic regression model

development was performed using SPSS software version 17.

Results: The mean GGT levels were not significantly different between

CAD affected (35.6 U/L) and unaffected (35.1 U/L, P-value = 0.81),

however after adjustment with levels of MMP9 the difference was sig-

nificant (affected = 39.9 U/L and unaffected = 30.3 U/L, P-

value = 0.006). The mean GGT levels were found to be correlating

with the extent of disease in arteries such as left main coronary artery,

diagonal and obtuse marginal artery. In the Logistic Regression model
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for risk assessment, GGT gave an odds ratio of 1.08 (95% CI 0.6–
1.91, P-value = 0.79) which improved to 3.73 (95% CI 1.28–10.87, P-
value = 0.02) upon addition of MMP9 and to 4.21 (95% CI 1.3–13.46,
P-value = 0.02) with lipids (HDL, LDL, Tryglycerides and total cho-

lesterol) for the fourth quartile in comparison to first. The C-statistics

analysis show that the Area Under the Curve for GGT alone was

0.514 (95%CI 0.46–0.57, P-value = 0.64) increased to 0.762 (95%CI

0.68–0.84, P-value = 4.93 9 10�8) with MMP9 and lipids.

Conclusions: Our study suggests that serum GGT levels in association

with MMP9 levels and lipids correlate to the severity of the CAD.

However the significance of predicting recurrent disease and death

requires larger study and long term follow up.

PO 472
The hemostatic system status in chronic generalized
periodontitis in the elderly people with coronary heart
disease
Malezhik L, Pinelis Y and Malezhik M

Chita State Medical Academy, Chita, Russia

Matter of Current: Chronic generalized periodontitis (CGP) takes its

features by concomitant atherosclerosis and disseminated intravascu-

lar clotting in elderly people. Local changes in the mouth worsen the

thrombogenic status on a background of systemic hypercoagulability.

Data on profound changes in the hemostatic system in comorbidity of

periodontal and ischemic processes in the cardiovascular system are

presented in this study.

Purpose: To evaluate the thrombogenic potential of blood and saliva

in chronic generalized periodontitis in elderly people with coronary

heart disease.

Materials and Methods: Ninety-six patients with generalized periodon-

titis of moderate severity were examined. They were admitted to

Transbaikalia Hospital for War Veterans on the clinical manifesta-

tions of coronary heart disease (CHD) with the diagnosis of stable

angina pectoris of I-II functional class, CGP of II-A stage, hyperten-

sion of 1- 2 stages.

All patients were administered a local anti-inflammatory therapy for

chronic periodontitis for 10 days. Additionally cardiovascular therapy

of CHD clinical manifestations was performed. Analysis of blood and

oral fluid (mixed saliva) was made, taken in the first days of admission

and after it. Hemostasis was estimated in the blood on the following

parameters: prothrombin time, thrombin time, fibrinogen, fibrin

monomer complexes, euglobulin fibrinolysis by the methods described

in the classic manuals.

Procoagulant and fibrinolytic activity of saliva was determined by add-

ing of 0.1 ml centrifuged saliva into the plasma of the same individual

with the subsequent registration of the time of its coagulation and

fibrinolysis.

The control group consisted of 25 elderly people correlating major

group in age, sex, degree of CAD, cardiovascular ongoing therapy,

but without obvious signs of periodontal inflammation.

Methods: The obtained data suggested that the procoagulant activity

of saliva in patients in relapse was higher than in healthy ones. Pro-

thrombin time, thrombin time was accelerated by adding saliva to the

blood plasma of the same patients. Clot lysis was slowed due to the

presence of fibrinolysis inhibitors in saliva.

Procoagulant activity was decreased in saliva after comprehensive treat-

ment of periodontal disease but inhibited fibrinolysis was remained.

Hypercoagulation was observed in the blood of patients. Induced

coagulation was accompanied by the increase of fibrinogen, inhibition

of fibrinolysis and a high concentration of fibrin monomer complexes,

which were considered the markers of thrombinemia.

he degree of hypercoagulability was reduced after the treatment. Fibri-

nolysis was stimulated, but did not reach the control level. Concentra-

tions of fibrinogen and fibrin monomer complex were remained high.

It meant that the threat of DIS syndrome was remained. The level of

fibrin and depressed fibrinolysis was remained high.

Conclusions: Hypercoagulability was developed in the blood of elderly

patients ill with chronic generalized periodontitis and coronary artery

disease. In saliva procoagulant activity was increased and fibrinolytic

activity was decreased. Basic therapy of CGP did not cause the essen-

tial correction of hemostasis.

PO 473
Mucosal Tolerance to Multiple Peptides Ameliorates
Atherosclerosis in Rabbits
A Mundkur L, Biradar S, Rao N, Sheena P, Ponnusamy T,

Vrushali D, Lu X and Kakkar V

Thrombosis Research Institute, Bangalore, India

Background: Atherosclerosis occurs naturally in humans, few pri-

mates, and pigs. Rabbits are very sensitive to cholesterol-rich diets and

develop an atherosclerotic condition closely resembling human lesions.

This rabbit model is highly reproducible with minimal inter and intra

laboratory variation between animals. Mucosal route of antigen

administration is an attractive method for inducing antigen-specific

peripheral tolerance, the efficiency of which is dependent on the type

and dose of antigen. Treatment with high and low dose of antigen

results T cells anergy and expansion of antigen-specific Treg cells

respectively, while intermediate dosed are not effective in inducing tol-

erance. We have earlier established the efficacy of a recombinant multi

antigenic construct in inducing oral tolerance and preventing develop-

ment of atherosclerosis in mice model.

Aim: The objectives of the present study was to induce oral tolerance

to recombinant multi antigenic construct, expressing the epitopes from

apolipoprotein B 100 (ApoB), heat shock protein (HSP60) and Chla-

mydia pneumonia outer membrane protein (Cpn) in normocholester-

olimic rabbits and to evaluate the protective effect of tolerance in

preventing development of atherosclerosis.

Methods: Four different doses of multi antigenic construct were given

by oral route to New Zealand white rabbits in order to determine the

dose required to induce tolerance. Optimum dose for inducing toler-

ance was determined by reduction in systemic T cell response, secre-

tion of the anti-inflammatory cytokines, and suppression of antibody

response. Protective effect of tolerance was studied with the optimum

dose of recombinant antigen in groups of New Zealand white rabbits

with appropriate controls. Rabbits were given a feed containing 0.5%

cholesterol for 16 weeks to induce development of atherosclerosis.

Quantification of atherosclerotic lesions was carried out in the aortic

sinus sections stained with Elastic van Geison (EVG). Lipid content

was analyzed by Oil-Red-O staining. Immunohistochemical analysis

were carried out by indirect immunofluorescence.

Results: Rabbits were given five doses of recombinant antigen ranging

from 5 to 320 ug per dose to determine the optimum dose. Based on

the systemic T cell response, Treg activity and antibody levels to pep-

tides, 80 lg/dose was found to be the optimum dose to induce toler-

ance in rabbits. During 16 weeks of cholesterol rich diet feed, the total

serum lipid content increased in control as well as the treated animals.

Tolerance to recombinant antigen resulted in increase in the number

of Treg cells in peripheral lymphoid organs with antigen specific func-

tional activity. Development of atherosclerosis was reduced by by

51.3% in rabbit aortic sinus and descending aorta following oral toler-

ance. Total lesional area in the aortic sinus reduced from

28.78 � 2.83% in control to 14.78 � 1.66% in tolerized mice. Protec-

tion against atherosclerosis was associated with reduction in lipid

accumulation as seen by oil -red O staining, infiltration of inflamma-

tory cells and changes in the expression of cytokines and chemokines

in the developing lesion.

Conclusions: Our results suggest that oral administration of multi

antigenic construct expressing ApoB, HSP60 and Cpn peptides

induces peptide specific tolerance which can prevent early atheroscle-

rotic plaque development of in a rabbit model of diet induced athero-

sclerosis.
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PO 474
A genetic risk score for coronary artery disease in Asian
Indians
Shanker J, Arvind P, Nair J, Sathyamurthy Y, Ravindran V, Setty P,

Jambunathan S and Kakkar V

Thrombosis Research Institute, India, Bangalore, India

Background: Recent discoveries of single-nucleotide polymorphisms

(SNPs) showing modest association with coronary artery disease

(CAD) have spurred the development of genetic risk prediction mod-

els.

Aims: We sought to identify genetic markers of CAD in a representa-

tive cohort of Asian Indians and to build a genetic risk score for signif-

icant discrimination of CAD in combination with the traditional risk

factors.

Methods: An initial panel of 61 variants from 42 genes selected from

published genome-wide association studies and internal discovery were

genotyped by Taqman assay in 500 CAD patients and 500 matched

controls in the 1st stage of a two-stage process. The cohort was

selected from the ongoing Indian Atherosclerosis Research Study

(IARS)*. Significant SNPs were independently validated in Stage II in

534 cases and 534 matched controls and confirmed in the combined

cohort. The main outcome measure was the association of specific

SNPs with CAD and the combined ability of significant SNPs to dis-

criminate CAD based on ‘c’ index.

Results: In Stage I, nine SNPs showed significant association with

CAD. In Stage II, seven of the nine SNPs showed persistent associa-

tion and belonged to two distinct loci: 9p21.3 CAD locus (rs10757278,

rs2383206, rs10757274, rs1333049, rs4977574) and CELSR2-PSRC1-

SORT1 cholesterol locus (rs646776, rs599839) with strong linkage dis-

equilibrium among the variants. Two representative SNPs, rs2383206

and rs646776, one from each cluster, carrying high allelic odds ratio,

constituted the pilot genetic risk score (GRS). Weighted GRS model

(P = 7.88 9 10�10) performed better than unweighted additive model

(P = 1.66 9 10�9). Subjects in top weighted GRS quartile showed

higher risk of CAD than the bottom quartile (OR 2.59, 1.77–3.80;
P = 1.09 9 10�6), after adjusting for potential confounders. Predic-

tion model that included 2 SNPs and conventional risk factors

enhanced CAD discrimination (c index 0.787, 0.768–0.807) than con-

ventional risk factors (c index 0.779) or SNPs alone (c index 0.574)

(P = 0.018).

Summary/Conclusion: A pilot 2-SNP GRS shows 2.6-fold higher risk

of CAD in Asian Indians, with modest discrimination, offering scope

for further improvement with the addition of newer genetic variants.

* The rationale and design of IARS has been published in Indian Heart

journal 2010,62:286–95.

PO 475
Non-invasive surrogate markers of coronary artery
disease in Asian Indians
Shanker J1, Govind S2, Bhasker D1, Vaz P1, Ravindran V1,

Kumar V1 and Kakkar V1

1Thrombosis Research Institute; 2Narayana Hrudayalaya,

Bangalore, India

Background: A close correlation has been reported between endothelial

dysfunction in the coronary and peripheral circulation. Carotid intima

media thickness (CIMT), measured by B-mode ultrasound, is one such

marker which is expensive and requires trained personnel to perform

the test. On the other hand, pulse wave velocity (PWV), arterial stiff-

ness index (ASI) and ankle brachial index (ABI) markers reflect the

extent of atherosclerotic disease in the peripheral arteries and can be

measured by Periscope, an oscillometry based monitoring and PC

based acquisition and analysis system. This tool is cost-effective, easy

to perform and ideal for performing large scale screening of cardiovas-

cular disease in the population..

Aims: We studied the association of CIMT and peripheral vascular

resistance markers in an unselected cohort of angiographically proven

CAD patients and their unaffected family members, assessed the corre-

lation between the different surrogate markers and tested their ability

to discriminate CAD independently as well as in combination with the

classical risk factors.

Methods: CIMT was measured by B-mode ultrasound in 380 (64 CAD

affected and 316 unaffected) subjects while, ankle and brachial PWV,

ASI and ABI were measured using Periscope in 710 (125 CAD

affected, 585 unaffected) subjects participating in the ongoing Indian

Atherosclerosis Research Study. The incremental value of clinical indi-

ces in discriminating CAD beyond the established risk factors was

assessed though analysis of area under the ROC curve (A[ROC]).

Results: Both mean CIMT (0.68 � 0.022 mm vs. 0.52 � 0.010 mm)

and max CIMT (0.84 � 0.026 mm vs. 0.66 � 0.012 mm (P < 0.0001)

were higher in CAD affected as compared to unaffected subjects. Fur-

ther, CAD patients showed higher PWV (1737.18 � 51.89 m/s vs.

1465.84 � 18.26 m/s) (P < 0.0001) and ASI (41.36 � 15.92 mmHg

vs. 37.56 � 13.48 mmHg) (P = 0.018) as compared to the unaffected

subjects. Subjects in the top tertile of mean IMT showed 20-fold

increased risk of CAD (OR 20.42, 6.13–68.04 (P < 0.0001) before and

6-fold higher risk (6.02, 1.46–24.80 (P = 0.013) after adjusting for

potential confounders. Similar comparisons yielded 7-fold increased

risk of CAD (OR 7.25, 95% CI 3.87–13.60 (P < 0.0001) for PWV;

however, statistical significance was lost following covariate adjust-

ment. Males showed higher levels of CIMT and PWV than females.

There was robust correlation between mean and maximum IMT

(r = �0.92, P < 0.0001) and between PWV and ASI (r = 0.13–0.31,
P < 0.001). Modest correlation was also observed between CIMT and

ASI (r = 0.14, P = 0.01). Contrary to published reports, ABI did not

show significant association with CAD in our study. Mean CIMT was

higher in the presence of plaque and lower in CAD patients on statins.

The risk prediction model that combined the classical risk factors,

IMT and Periscope markers yielded the highest c index (AUC 0.906,

95% CI 0.880–0.932) than any of the markers alone, with 34% reclas-

sification in the intermediate risk group.

Summary/Conclusion: Both CIMT and Periscope markers show signifi-

cant association with CAD, suggesting that they can complement the

established risk factors in predicting the risk of CAD in Asian Indians.

PO 476
Non-invasive assessment of extent of atherosclerotic
disease, CVD risk factors and atherothrombotic
biomarkers in Asian Indians
Shanker J1, Govind S2, Bhasker D1, Vaz P1, Ravindran V1,

Kumar V1 and Kakkar V1

1Thrombosis Research Institute; 2Narayana Hrudayalaya,

Bangalore, India

Background: A close correlation has been reported between endothelial

dysfunction in the coronary and peripheral circulation. Carotid intima

media thickness (CIMT), measured by B-mode ultrasound, is one such

marker which is expensive and requires trained personnel to perform

the test. On the other hand, pulse wave velocity (PWV), arterial stiff-

ness index (ASI) and ankle brachial index (ABI) markers reflect the

extent of atherosclerotic disease in the peripheral arteries and can be

measured by Periscope, an oscillometry based monitoring and PC

based acquisition and analysis system. This tool is cost-effective, easy

to perform and ideal for performing large scale screening of cardiovas-

cular disease in the population.

Aims: We studied the association of CIMT and peripheral vascular

resistance markers in an unselected cohort of angiographically proven

CAD patients and their unaffected family members, assessed the corre-

lation between the different surrogate markers and tested their ability

to discriminate CAD independently as well as in combination with the

classical risk factors.
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Methods: CIMT was measured by B-mode ultrasound in 380 (64 CAD

affected and 316 unaffected) subjects while, ankle and brachial PWV,

ASI and ABI were measured using Periscope in 710 (125 CAD

affected, 585 unaffected) subjects participating in the ongoing Indian

Atherosclerosis Research Study (IARS)*. The incremental value of

clinical indices in discriminating CAD beyond the established risk fac-

tors was assessed though analysis of area under the ROC curve (A

[ROC]).

Results: Both mean CIMT (0.68 � 0.022 mm vs. 0.52 � 0.010 mm)

and max CIMT (0.84 � 0.026 mm vs. 0.66 � 0.012 mm (P < 0.0001)

were higher in CAD affected as compared to unaffected subjects. Fur-

ther, CAD patients showed higher PWV (1737.18 � 51.89 m/s vs.

1465.84 � 18.26 m/s) (P < 0.0001) and ASI (41.36 � 15.92 mmHg

vs. 37.56 � 13.48 mmHg) (P = 0.018) as compared to the unaffected

subjects. Subjects in the top tertile of mean IMT showed 20-fold

increased risk of CAD (OR 20.42, 6.13–68.04 (P < 0.0001) before and

6-fold higher risk (6.02, 1.46–24.80 (P = 0.013) after adjusting for

potential confounders. Similar comparisons yielded 7-fold increased

risk of CAD (OR 7.25, 95% CI 3.87–13.60 (P < 0.0001) for PWV;

however, statistical significance was lost following covariate adjust-

ment. Males showed higher levels of CIMT and PWV than females.

There was robust correlation between mean and maximum IMT

(r = �0.92, P < 0.0001) and between PWV and ASI (r = 0.13–0.31,
P < 0.001). Modest correlation was also observed between CIMT and

ASI (r = 0.14, P = 0.01). Contrary to published reports, ABI did not

show significant association with CAD in our study. Mean CIMT was

higher in the presence of plaque and lower in CAD patients on statins.

The risk prediction model that combined the classical risk factors,

IMT and Periscope markers yielded the highest c index (AUC 0.906,

95% CI 0.880–0.932) than any of the markers alone, with 34% reclas-

sification in the intermediate risk group.

Summary/Conclusion: Both CIMT and Periscope markers show signifi-

cant association with CAD, suggesting that they can complement the

established risk factors in predicting the risk of CAD in Asian Indians.

* The rationale and design of IARS has been published in Indian Heart

journal 2010,62:286–95.

PO 477
Association of periodontal disease, extent of
peripheral vascular changes, oral pathogens and risk of
coronary artery disease in Asian Indians
Shanker J, Setty P, Arvind P, Nair J, Bhasker D and Kakkar V

Thrombosis Research Institute, India, Bangalore, India

Background: There is growing evidence from published studies to sup-

port a close association between oral health and cardiovascular dis-

ease. Periodontal disease induces early vascular changes in peripheral

circulation, while several obligate oral pathogens have been detected

in both sub gingival plaques and atheromatous plaque specimens.

Aims: The association of Periodontal disease with the extent of periph-

eral vascular disease and the association of two oral pathogens with

oral and Coronary Artery Disease (CAD) were tested in two subsets of

Asian Indians.

Methods: Individuals with either Gingivitis (N = 575) or Periodontitis

(N = 312) were identified based on standard clinical criteria from the

dental out-patient unit from a semi-urban charitable hospital in Ban-

galore. These subjects were then assessed for the extent of peripheral

vascular disease using non-invasive oscillometry based Periscope,

which measures pulse wave velocity (PWV), arterial stiffness index

(ASI) and ankle brachial index (ABI).

Further, saliva samples were collected from 56 Periodontitis and 29

Gingivitis cases along with 51 angiographically proven CAD patients

who were recruited from a Cardiac specialty hospital in Bangalore and

analyzed for presence of Porphyromonas gingivalis (Pg) and Aggrega-

tibacter actinomycetemcomitans (Aa). Salivary DNA was extracted by

in-house method and relative quantitation (RQ) of Pg and Aa were

determined by Taqman assay by amplifying pathogen-specific gene

targets, 16srRNA and IktA, respectively, and 16s universal bacterial

rRNA as endogenous control.

Results: Periodontitis cases showed greater extent of peripheral arterial

disease with higher measures of pulse wave velocity and arterial stiff-

ness index as compared to Gingivitis cases (P < 0.0001). Furthermore,

there was higher prevalence of Pg in CAD patients based on RQ levels

(0.85 � 0.12) relative to Periodontitis (0.32 � 0.04) or Gingivitis

(0.13 � 0.03) (P < 0.0001) cases, after correcting for expression of

endogenous control, age and gender. Top RQ quartile of Pg was asso-

ciated with nearly 8-fold higher risk for CAD as compared to the bot-

tom quartile, after adjusting for potential confounders (OR 7.85, 95%

CI:1.77–34.83). Subjects with Periodontitis showed higher prevalence

of diabetes and hypertension compared to Gingivitis while Pg expres-

sion was also elevated in the presence of these classical cardiovascular

risk factors. In variance with other published reports, Aa was detected

only in three individuals in this study.

Summary/Conclusion: Our findings of strong association of Periodon-

titis with peripheral vascular changes and the association of Porphyro-

monas gingivalis with higher risk of CAD in this Asian Indian cohort

provides new opportunities for reducing cardiovascular burden by

spreading awareness of oral hygiene in the population.

PO 478
A comprehensive genetic analysis of the 9p21.3 CAD
risk locus in Asian Indians
Shanker J, Arvind P, Jambunathan S, Nair J, Setty P and Kakkar V

Thrombosis Research Institute, Bangalore, India

Background: The 9p21.3 region, commonly referred to as the ‘9p21.3

CAD risk interval’, encompasses multiple genetic variants in tight link-

age disequilibrium, and is considered to be the best replicated genetic

region for coronary artery disease (CAD).

Aims: We aimed to study the association of common variants in the

9p21.3 locus with incident CAD, analyze the expression profile of

putative candidate genes and ANRIL, a non-coding RNA and their

splice variants, supported by in vitro functional studies on Human

Aortic smooth muscle cells (HuAoSMCs).

Method: A cohort of 1034 cases with positive family history of cardio-

vascular disease and 1034 age and gender matched controls were

selected from the ongoing Indian Atherosclerosis Research Study

(IARS) for the genetic association study, while an independent cohort

of 100 cases with family history and 100 healthy controls, without fam-

ily history of cardiovascular disease were included for the gene expres-

sion study. Five 9p21.3 common variants, rs10757278, rs10757274,

rs2383206, rs1333049 and rs4977574, were genotyped by TaqMan alle-

lic discrimination assay. Relative expression of following candidate

genes and splice variants were measured by Taqman assay – C9orf5,

MTAP 1, MTAP 2, P16INK4a, P14ARF (CDKN2A), p15INK4b

(CDKN2B) and three splice variants of ANRIL, a non coding RNA –
NR_003529, NR_003529 + DQ485454 and EU741058. Absolute copies

of DQ485454 were determined by subtracting copies of NR_003529

from NR_003529 + DQ485454. Mechanism of regulation of ANRIL

splice variants and neighboring genes in the 9p21.3 locus was deter-

mined by transfecting HuAoSMCs with siRNA that target either exon

1–2 or exon 18–19 of ANRIL.

Results: All five variants showed significant independent association

with CAD. rs2383206 showed the highest individual association with

CAD (OR 2.02, 95% CI 1.56 �2.62, P < 0.0001) and an adjusted OR

of 2.55 (1.33–2.88) (P = 0.004) when combined with rs10757278.

Analysis of area under the RIOC curve (A[ROC]) revealed that the

risk prediction model that included conventional risk factors (CRFs),

rs2383206 and rs10757278 showed a higher ‘C’ index (0.790, 95% CI

0.770 �0.810) than either CRFs (0.783, 0.763–0.803) or variants

(0.561, 0.536–0.586) alone. The GAAAA haplotype showed significant

protective association against CAD when compared to the common

CGGGG haplotype (OR 0.45, 95% CI 0.27–0.77, P = 0.004). All the

five 9p2.1 variants were in strong LD (r = 0.90–98). ANRIL splice var-
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iant, DQ485454, showed higher expression while CDKN2A and

CDKN2B showed lower expression in cases relative to controls. Sub-

jects carrying the GG genotype showed higher expression of EU741058

and lower expression of P16INK4a as compared to those with AA

genotype. This pattern was consistent across all five variants. The

AoSMCs transfected with siRNA specific for exon 18–19 but not exon

1–2 showed lower expression of full-length ANRIL (NR_003529) and

p15INK4b, implying that the activity of this tumor suppressor gene is

regulated through epigenetic mechanism via ANRIL.

Summary/Conclusion: This study provides further evidence on the

importance of the 9p21.3 variants for risk of CAD in Asian Indians.

The risk alleles in this locus appear to modulate expression of ANRIL,

which in turn regulate the activity of adjacent tumor suppressor genes

through epigenetic mechanisms.

PO 479
The polymorphism Sst? in APOC3 gene is not
associated with abnormal lipid profile in Brazilian
dyslipidemic children
Silva F, Sousa MO, Carvalho MG, Ferreira CN and Gomes KB

Federal University of Minas Gerais, Belo Horizonte, Brazil

Background: Polymorphisms in Apolipoprotein C3 (APOC3) gene

have been associated with increased triglyceride levels, which may

favor the development of cardiovascular disease.

Aims: This study aimed to investigate the relationship between SstI

polymorphism (alleles C and G) in the APOC3 gene and lipid profile

in dyslipidemic children from Brazil.

Methods: The study included 49 dyslipidemic children and 56 healthy

children (control group), selected in the Academic Hospital at the Fed-

eral University of Minas Gerais, Brazil, after informed consent by

their relatives. The study was approved by the ethics committee of the

respective university. DNA samples were amplified by PCR followed

by digestion with restriction enzyme SstI and polyacrylamide gel elec-

trophoresis. Statistical analysis was performed using SPSS v.13.0.

Results: As expected, triglycerides (P = 0.001), total cholesterol

(P < 0.001) and LDL-C (P < 0.001) levels were higher in dyslipidemic

children compared to control group. There was no significant differ-

ence in the frequency of SstI polymorphism between case/control

groups: 0.88 for the CC and 0.12 for the CG genotype in the case

group, and 0.87 for CC and 0.13 for the CG in the control group

(P = 0.78, OR = 0.74 and CI = 0.21 to 2.54). The difference in the

allele frequency between normolipidemic and dyslipidemic groups was

not significant. There was no association between the allele G or C

and the triglyceride levels (P = 0.97), total cholesterol (P = 0.59),

LDLc (P = 0.62), and HDL cholesterol (P = 0.66).

Conclusions: The results suggest that the polymorphism SstI is not

associated with abnormal lipid levels in a small set of Brazilian dyslipi-

demic children, however, it is necessary to evaluate a larger sample

group to confirm this finding.

Supported by CNPq, CAPES and FAPEMIG.

PO 480
Improvement of risk assessment with multi-pathway
representative markers for coronary artery disease in
the indian population
Vangala RK, Madan G, Ravindran V, Sharma A, Shankar J

and Kakkar VV

Thrombosis Research Institute, Bangalore, India

Background: Asian Indians exhibit higher risk for developing coronary

artery disease (CAD) at a younger age and many risk prediction algo-

rithms underestimate this risk. We assessed multiple biomarkers from

different patho-physiological pathways in assessing the risk to CAD in

Indian population.

Aims: In this study we evaluated association of markers representative

of inflammation (IL6, hsCRP, sPLA2), oxidative stress (Myeloperoxi-

dase), Tumor necrosis factor (TWEAK), renal function (Cystatin C)

and macrophage activation (Neopterin) pathways for developing

multi-marker risk assessment in Asian Indians.

Methods: Eight hundred and sixteen age and gender matched subjects

(408 CAD affected and 408 unaffected) were selected for a case control

study from ongoing Indian Atherosclerosis Research Study (IARS).

The information regarding inclusion, exclusion criteria and process of

sample collection, and data storage have been published (Indian Heart

J, 2010;6:286–95). All the blood samples were collected after overnight

fasting of 12–14 h. Biomarkers Ilterleukin-6 (IL6), high sensitive C-

reactive protein (hsCRP), secretory phospholipoprotein-2 (sPLA2),

Myeloperoxidase (MPO), Tumor necrosis factor-like weak inducer of

apoptosis (TWEAK), Cystatin-C (Cys-C) and Neopterin were assayed

using ELISA kits according to the manufacturer’s instructions. Logis-

tic Regression, C-statistics and other statistical analysis were per-

formed using SPSS ver17 software.

Results: A 49.5% of CAD affected subjects were diabetic and 45.8%

had hypertension which was almost twice that of the unaffected group.

A significant proportion of CAD affected subjects were on Statin

(68.9%), Betablockers (60.8%), and Antiplatelet (87%) therapies.

Higher levels of four biomarkers (IL6, sPLA2,Myeloperoxidase, Neop-

trin) out of the seven were observed in CAD affected subjects in com-

parison to unaffected. In Logistic Regression models it was observed

that individual markers were significantly associated with CAD namely

IL6 with odds ratio of 1.74 (95%CI 1.14–2.66,P-value = 0.011), Neop-

terin odds ratio of 1.55 (95% CI 1.02–2.37, P-value = 0.041) and MPO

odds ratio of 1.71 (95%CI 1.12–2.61, P-value = 0.013) for fourth quar-

tile in comparison to first. The adjustment of above models to conven-

tional risk factors did not yield any significant improvement in the odds

ratio. However, for IL6, the odds ratio improved to 1.87 (95%CI 1.15–
2.97, P-value = 0.011) after adjustment with lipids (triglycerides, total

cholesterol, LDL andHDL). The C-statistics analysis was performed to

understand the contribution of these three biomarkers to risk assess-

ment wherein a combination of IL6, Neopterin and MPO alone gave a

AUC of 0.647 (95%CI 0.610–0.685, P-value = 0.001) which improved

to 0.825 (95%CI 0.797–0.853, P-value = 4.43 9 10�53) with lipids. The

net-reclasification analysis suggests that final model of combination of

biomarkers reclassify 28 upwardly and 55 downwardly in unaffected

and 4 upwardly and 6 downwardly in affected group.

Conclusions: Our data suggests that biomarkers from three different

pathways namely, inflammation (IL6), oxidative stress (MPO) and

macrophage activation (Neopterin) play a major role in risk assess-

ment. For risk stratification by multimarker analysis, a combination

of these three biomarkers add significant value proposition to the stan-

dard risk factors.

PO 481
The comparison of efficacy between recombinant
activated factor VII (ARYOSEVENⓇ) and
NOVOSEVENⓇ in patients with congenital factor VII
deficiency
Faranoush M1, Hassan A2, Toogeh G3, Karimi M4, Eshghi P5,

Managchi MR3, Hamid H6, Kamyar K7, Heshmat R3

and Keykhahi B8

1Iranian Blood Transfusion Organization; 2Shahid Beheshti

University of Medical Sciences; 3Tehran University of Medical

Sciences, Tehran; 4Shiraz University of Medical Sciences, Shiraz;
5Shahid Beheshti University of Medical Sciences, Tehran;
6Isfahan University of Medical Sciences, Isfahan; 7AryoGen

Biopharma Company, Karaj; 8Ahvaz University of Medical

Sciences, Ahvaz, Iran

Introduction: Recombinant factor VIIa is approved for the treatment

of bleeding episodes in congenital factor VII deficiency, hemophilia
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A/B with an inhibitor and Glanzmann’s thrombasthenia. Factor VII

deficiency is an autosomal recessive bleeding disorder. This study is a

comparison between the efficacy of a new biosimilar recombinant fac-

tor VIIa concentrate (Aryoseven�) and Novoseven� in patients with

congenital factor VII deficiency.

Methods: A multicenter double-blind randomized clinical trial was

conducted in comprehensive hemophilia care centers in Iran. Inclusion

criteria: 1- congenital factor VII deficiency with more than one episode

of bleeding per month, 2- age > 2 years. Exclusion criteria: 1- any

other coagulation disease, 2- prophylaxis therapy with rFVIIa during

the last month, 3- platelet count < 50,000, 4- presence of a neutralizing

anti-factor VII antibody.

Consenting patients who met these criteria were randomly assigned to

an intervention or a control group. The patients in the intervention

group (Group A) received the biosimilar recombinant factor VIIa

(AryoSeven) and the patients in the control group (Group B) received

Novoseven�. rFVIIa (Novoseven� or AryoSeven) dosage was 30 lg/
kg, intravenously, once per week for 4 weeks.

Primary outcome was plasma FVII: C activity IU/dl 20 min after

injection, with a level of FVII: C below 30 IU/dl considered a treat-

ment failure. Secondary outcome was self-reported bleeding frequency.

FVIIa was measured by STACLOT� VIIa-rTF made by Diagnostica

Stago. FVII activity has been checked by recombinant thrombo-

plastin. Sixty-six patients were enrolled and allocated to the two

groups by consecutive balanced block randomization tables (fixed

block size of 4) per hemophilia center. Group A (35 patients, 53%)

received Aryoseven� and group B (31 patients, 47%) received Novo-

seven�.

Results: The mean age was 21.2 (range: 2–64 years) and 48.5% (32

patients) were male. Median (IQR) plasma level of FVIIa activity in

group A and B was 1.6 (1.1–20.0) IU/ml and 6.0 (1.1–27.0) IU/ml

before injection. All patients in the two groups had FVIIa concentra-

tions exceeding 30 IU/ml 20 min after rFVIIa injection. There was no

difference in increment of FVIIa activity level 20 min after rFVIIa

injection between two groups in any of the 4 weeks (for example in

week 4: group A: 222.0 (range 192.7–504.3), group B: 216.5 (range

175.4–486.5), P = 0.481).

The severity of bleeding was also similar between the two groups, with

a similar reduction in bleeding compared with the month prior to

treatment (group A -1.5 bleeding events per month, group B -1.53).

Reported side effects were minor (headache, nausea) and occurred in

similar frequency in both groups [Group A: 8 (24.2%), Group B: 3

(10.0%)].

Conclusion: AryoSeven� is similar to Novoseven� in post-injection

FVIIa activity, as well as in clinical efficacy. The frequency of side-

effects was also similar, although the study was underpowered to

detect differences in rare complications between the two compounds.

PO 482
New data on the non-invasive method for the study of
the haemostatic system
Kuznik B1, Fine I2, Maksimova O1, Kustovskaya E1

and Khasanova N1

1Chita state medical academy, Chita, Russia; 2ELFI-TECH LTD,

Rehovot, Israel

Aim: The aim of the study to examine the state of the hemostatic sys-

tem in health and in various of the disease (coronary heart disease, dia-

betes mellitus type 1 and 2, hyperthyroidism, etc.) through the analysis

of the speckle nature of the scattering of coherent light from the skin

surface.

Methods: We, together with the union Elfi-tech Ltd (Israel) developed

methods to noninvasively assess the degree of plasma viscosity, kinet-

ics of aggregation of blood cells, cardiovascular system, haemostasis,

and endothelial dysfunction. With the proposed method in terms of

blood flow and stop it determined the following indicators (both

before and after clamping): (1) Perfusion index before clamping (char-

acterizes the intensity of blood flow), (2) The index of blood flow (the

product of the velocity on the volume of flowing blood), (3) Index cor-

responding to the blood flow velocity (relative value), (4) SKF-index,

which characterizes the biological age of the vessels, (5) Congestion

index – the ratio of blood flow after occlusion of blood flow to occlu-

sion, (6) Diffusion coefficient (DC), the corresponding rate of Brown-

ian motion of red blood cell. Simultaneously the state of the

aggregation function corpuscles, blood coagulation, the basic content

of natural anticoagulants and fibrinolysis were assessed.

Results: It was established that the index of SKF correlated directly

with biological age. After 60 years dependence on age is much less

pronounced, which is mainly due to the direct or indirect diseases of

the circulatory system, proceeding on a background of atherosclerosis.

Patients, especially with endothelial dysfunction, the index was higher

than in healthy of the corresponding age.

High correlation relationship between SKF and a DC on one side, and

the rate of blood coagulation, platelet aggregation, formation of red

blood cell-leukocyte-platelet aggregates, the concentration of SFMC

and D-dimer, INR, and protein C.

When receiving antiplatelet (aspirin, trental, clopidogrel, etc.) and

especially of indirect anticoagulants (warfarin) SKF index decreases.

In the case of resistance to antiplatelet SKF little changed. Therefore,

using the proposed non-invasive method for studying the activity of

blood coagulation can be controlled receiving of indirect anticoagu-

lants (warfarin), and also to judge the resistance to antiplatelet agents.

When registering speckles, which are the result of the Brownian

motion of red blood cells, we developed a new method to determine

blood clotting time in vitro.

In patients with damage to the cardiovascular system, leading to endo-

thelial dysfunction, SKF index to the action of heat does not change

or increases.

Conclusion: The developed methods proved to be highly sensitive and

can be introduced in clinical practice to assess the aggregation activity

of blood cells, vascular-platelet hemostasis and coagulation, and endo-

thelial dysfunction.

PO 483
Relationship of hla-phenotype with some hemostasis
profiles
Nimaeva D and Tsyrendorzhieva V

Chita state medical academy, Chita, Russia

In recent years, there were many studies about a single integrated sys-

tem of protection that is formed by the immune system, hemostasis

and nonspecific resistance of the body. The existence of immune regu-

lation of physiological functions including hemostasis is determined.

Hence, assume the existence of associations between HLA-specificities

and hemostasis.

Aim: The goal of our study was to discover interrelations between

HLA-phenotype of healthy people of Buryat nationality and hemosta-

sis profiles.

Materials and Methods: we examined 53 healthy donors of Buryat

nationality who live in Aga Buryat Autonomous District of Russia in

the age of 18–34 years, who are not in relation with each other, with

an equal sex ratio.

Nationality was established by polling on the direct relatives of at least

2 or 3 previous generations.

Coagulation tests included determination of activated partially throm-

boplastin time (APTT), prothrombin time and international normal-

ized ratio (INR), thrombin time, activity of protein C, and

antithrombin-III, fibrinogen concentration and XIIa-dependent fibri-

nolysis.

Antigenic identity was defined in the standard two-stage microlympho-

cytotoxic test (Terasaki PI, Bernoco D., Park MS et al., 1978) 19 anti-

gens of locus A and 38 antigen of I locus B I class were identified.
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Statistical analysis of the data included calculation of the degree of

incidence of HLA-antigens, genes, haplotype frequencies, values of

linkage disequilibrium, the authenticity of differences and genetic dis-

tance between populations for HLA-alleles (P. Mattiuz et al., 1970

Brownlee, KA, 1997). indetifying specific indicators of HLA-antigens,

that mark the level of a particular parameter, set the average value of

hemostasis in subgroups of healthy people, selection based on the pres-

ence or absence of each of the investigated HLA-antigens, and com-

pared using T. Student’s test.

Results: Those with a phenotype B51 typically have reduced platelets

count and shortened prothrombin time. However, carriers of B62 have

increased platelets count, accelerated XIIa-dependent fibrinolysis and

reduced concentration of fibrinogen. At the same time, carriers of anti-

gens HLA-B40 and B5 have lower concentration of protein C, whereas

in those with B7 phenotype is increased. Specific inhibition of fibrino-

lysis is typical for people with HLA-B40, they also tend to have low

fibrinogen.

Marker B12 is associated with prolongation of prothrombin time and

decreasing the concentration of antithrombin-III (AT-III). The carri-

ers of A2 have shortened APTT, and those with A23 antigen have it

prolonged. For people with HLA-antigens A1, A9, B7, B12, B44 char-

acteristic reduction in the concentration of AT-III.

It was found that the value of prevalence of parameters associated

with a particular HLA-antigen of the total number of investigated pro-

files of hemostasis respective to the frequency of HLA-antigen in the

population, being expressed by the index F/A, is the highest for pheno-

types A3 and B12. These antigens are found with average or below-

average rate, but are associated with the greatest number of the stud-

ied parameters.

Conclusion: The data presented shows close relationship between anti-

gens HLA – class 1 with hemostasis, and confirms that the immune

system, vascular-platelet hemostasis, blood coagulation and fibrinoly-

sis are in single humoral defense system.

PO 484
Variations of coagulation parameters during orthotopic
liver transplantation – single center experience
Novakovic-Anucin SL1, Gnip S1, Canak V1, Radovic P1, Juri�sic D1,

Erdeljan S2, Milo�sevic Z2 and Mitic G1

1Clinical Centre of Vojvodina, Centre of Laboratory Medicine;
2Clinical Centre of Vojvodina, Novi Sad, Serbia

Background: During liver transplantation values of coagulation

parameters show significant changes, while in the postoperative period

a gradual normalization in the function of the coagulation system

occurs.

Aims: Aims of the study were to laboratory monitor changes in the

coagulation system intraoperatively and postoperatively and to evalu-

ate the dynamics of normalization of the analyzed parameters.

Methods: There were 20 orthotopic transplantations performed at

the Clinical Centre of Vojvodina (KCV) in the period from June

2008 to November 2012. The research was conducted on a group

which included 20 patients, 6 women and 14 men. In the majority

of cases the aetiology was liver cirrhosis caused by viral hepatitis B

and C, which was diagnosed in 14 patients in total. Laboratory

testing was carried out at the laboratory of the Department of

Thrombosis, Haemostasis and Haematology Diagnostics of the

KCV. The test samples were taken intraoperatively and postopera-

tively. The following coagulation parameters were tested: platelet

count (PLT), activated partial thromboplastin time (aPTT), pro-

thrombin time (PT), thrombin time (TT), fibrinogen level (FBG),

euglobulin clot lysis time (ECLT), D-dimer, antithrombin activity

(AT) and anti-Xa level.

Results: During transplantation the most pronounced coagulation sys-

tem changes were: thrombocytopenia (93 � 62.3), prolonged aPTT

(1.73 � 0.8), PT (1.58 � 0.4) and TT (1.94 � 1.4), hypofibrinogen-

emia (2.08 � 0.4), accelerated fibrinolysis (34 � 23.5), increase of

D-dimer values (1261 � 1167.1) and a decrease of AT activity

(60 � 16.9). The most prominent disturbances during transplantation

was verified in anhepatic phase, predominantly high fibrinolytic activ-

ity. Further laboratory monitoring after transplantation from postop-

erative day 1 revealed a progressive normalization in the values of the

tested coagulation parameters, reaching physiological levels of all

parameters of the coagulation system on the postoperative day 14,

except for a sustained high value of D-dimer (2516 � 1077.6). The

level of anti-Xa activity was within the prophylactic range (0.25 � 0)

after the introduction of low-molecular-weight heparin thrombopro-

phylaxis.

Summary/Conclusions: Permanent monitoring of the coagulation sys-

tem parameters in liver transplantations is very important, as it

enables the use of optimal substitution therapy during and after trans-

plantation, as well as an adequate postoperative prevention of venous

thromboembolism.

PO 485
Implication of post-translational modifications on the
function of key haemostatic proteins
Perera S1, Monagle P2 and Vera I1

1Murdoch Childrens Research Institute; 2The University of

Melbourne, Parkville, Vic., Australia

Background: Post-translational modifications (PTMs) such as glycosyl-

ation and phosphorylation play an important role in the function of

haemostatic proteins and are critical in the setting of disease. Such sec-

ondary level changes to haemostatic proteins have wide ranging effects

on their ability to interact with other proteins. The PTM of haemostat-

ic proteins and the subsequent impact on protein structure and func-

tion, specifically via interaction with other proteins as well as with

novel anticoagulants that target specific proteins represents an impor-

tant area of research.

Aims: To summarize the recently investigated PTMs associated with

haemostatic proteins and the implications these modification have on

protein function.

Methods: We performed a review of literature published between 2005

to 2008, limited to English and human studies, with the following

search terms; post translational modification & haemostatic & protein,

Fibrinogen, Factor VIII, tissue factor, von Willebrand Factor (vWF),

antithrombin (AT).

Results: The main PTM described with vWF is N-Glycosylation that

prevents adhesion of the protein to platelets. This PTM occurs in 13%

of the adult population and the prevalence in children is not well docu-

mented.

Tissue factor can undergo phosphorylation, which causes a change in

the long sugar chain where protein kinases transfer phosphate groups

to the hydroxyl side chains. This typically occurs in the setting of pro-

tease-activated receptor-2 signaling pathways for coagulation diseases.

In adults phosphorylation of TF occurs in 90–95% of hydroxyl side

chains with the effect on child TF not well described. This event

increases platelet affinity to other coagulation factors and changes sig-

naling pathways.

Factor VIII is commonly sulfated. For normal physiological function

of Factor VIII 6 tyrosine residues of the protein need to be sulfated.

The degree of sulfation at various sites on the protein has varying

implications on the function of Factor VIII.

Antithrombin (AT) function is highly sensitive to PTM and this pro-

tein commonly undergoes a polymerization where arginine residues

are converted to citrulline. Increased citrullination can lead to

increased risk of thrombosis. Adults with rheumatoid arthritis and

adenocarcinoma show significantly higher levels of citrullinated AT

compared to the healthy population.

Tyrosine residues are the main target for PTM of Fibrinogen by nitra-

tion. It is shown that fibrinogen polymerizes faster when tyrosine sites

292 and 422 are nitrated. This PTM amplifies viscoelastic properties of

Fibrinogen and carries a prothrombotic risk factor particularly for
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patients with Coronary Artery Disease who show a 30% increase in

nitrated fibrinogen compared to the healthy population.

Summary/Conclusion: Common haemostatic proteins have recently

been shown to be susceptible to PTM by citrullination, sulfation nitra-

tion, glycosylation and phosphorylation. These modifications have

implications on haemostatic protein function. Future studies are

required to compare and contrast the presence of these modifications

in child haemostatic proteins and the mechanisms by which they arise

in adults.

PO 486
Proteomics of defined platelets
Rezaee F1, Badlou B2 and De Vries M1

1University Medical Center Groningen, Groningen; 2BB Scientific

Advisor, Utrecht, The Netherlands

Background: Platelets play an important role not only in the prime of

coagulation but also in the final event of fibrin stabilization. Too much

number of platelets in circulation is lead to the clot formation

obstructing blood vessels and too low is resulted in the bleeding. Thus

a homeostatic regulation of platelets is necessary to prevent unwanted

bleeding and blood vessel obstruction via uncontrolled clot formation.

Aim: Since platelets are highly important in wound healing event, we

decided to perform a proteomics (nLC-MS/MS) analysis of defined

and highly pure platelets. The protein content of platelets helps us to

gain more knowledge about the cells without nucleus.

Methods: As first step, the highly pure Platelets were isolated by iodix-

anol-gradient centrifugation. The protein coverage was subsequently

assessed by nLC-MS/MS.

Results: Orbitrap LTQ-XL (LC-MS/MS) analysis detected approxi-

mately 110 proteins divided in many functional clusters of proteins

such as adhesion molecules, growth factors, coagulation factors (FV,

vWF and FXIIIA), immune system and many novel proteins.

Conclusion: A collection of defined and highly pure platelets proved to

be essential for correct protein content information of these cells.

nLC-MS/MS proved to be a powerful tool for the analysis of proteins

synthesized by platelets.

PO 487
A dual role for monocytes in coagulation and
fibrinolysis cascades: non-canonical coagulation factor
production
Rezaee F1, Dashty M1, Akbarkhanzadeh V2, Zeebregts C1,

Sijbrands E3, Spek A4 and Peppelenbosch MP3

1University Medical Center Groningen, Groningen; 2Internal

Medicine, Amsterdam; 3Erasmus Medical Center Rotterdam,

Rotterdam; 4Academic Medical Center, Amsterdam, The

Netherlands

Background: Coagulation/fibrinolysis system is essential for wound

healing after a vascular injury. In canonical haemostasis, synthesis of

coagulation factors is exclusively restricted to liver, platelets and the

endothelium.

Aim: We decided to challenge this classical interpretation by measur-

ing coagulation factors production in human primary cells.

Methods: The mRNA levels of prothrombinase complex (FV and FX),

in tenase complex (FVIII), FVIII-stabilized protein (vWF), fibrin clot

stabilizer (FXIIIA) and lyzing (thrombomodulin = TM) were mea-

sured in nine different pure human primary cells with and without

LPS treatment.

Results: FX mRNA was expressed by fibroblasts, visceral Preadipo-

cytes/adipocytes and hepatocytes, but not macrophages and other

cells. All cells express FVIII except endothelial cells. Fibroblasts, endo-

thelial cells and macrophages synthesize TM, but not FV.

Since monocytes and platelets express FV and FXIIIA, both cells

prime coagulation activation and stabilize the fibrin clot. Vascular-

related cells that express FV, FX was not detected and vice versa. We

called this phenomenon; FV/FX expression law. After wound healing,

monocytes-released TM possibly destabilizes and lyzed the fibrin clot

via 1-FXIIIA-breakdown and 2-activated protein C respectively.

Conclusion: This study provides evidence for the dual role of mono-

cytes in coagulation/fibrinolysis systems. our data suggest that congen-

ital problems in FV production can be rationally treated by allogeneic

bone marrow transplantation.

PO 488
Hemostatic alterations in mice model produced by
mapanare snake venom (Bothrops isabelae) from
Venezuelan Andes
Salazar AM1, Bouza K2, Gomez L2, Rodr�ıguez-Acosta A2,

Salazar E1, Carvajal Z1, Gil A1, Ibarra C1 and Guerrero B1

1IVIC; 2UCV, Caracas, Venezuela

Background: Venom from Bothrops isabelae, which belongs to the

Viperidae family, contains a complex mixture of components with

many biological functions that can act on the haemostatic system. In

Venezuela, Bothrops snakes are responsible for more than 80% of all

recorded snakebites, being the most important species Bothrops colom-

biensis, B. venezuelensis, B. atrox and B. isabelae.

Aim: Evaluate the lethal dose (LD 50) in C57BL/6 mice and determi-

nate the hemostatic alterations in this experimental model.

Methods: Lethality of B. isabelae crude venom was determined by

intraperitoneal (IP) injections into C57BL/6 mice and expressed as

LD50, a value that was calculated according to the method of Spear-

man-Karber (1978). Male mice were injected with a sub-lethal dose of

crude venom in 200 lL of sterile saline solution and control mice were

injected with 200 lL of sterile saline solution. Blood samples, about

1 mL per mouse, were collected by cardiac puncture under anaesthesia

in CO2 chamber. Hematologic (hemoglobin, hematocrit, leukocyte

count, differential leukocyte count and platelets count) and hemostatic

parameters (PT -Prothrombin Time, aPTT -activated Partial Throm-

boplastin Time, TT -Thrombin time, fibrinogen and endogenous fibri-

nolytic activity) were measured at 48 and 96 h after venom injection.

Results: LD50 of B. isabelae crude venom was 134 lg/mice (6.7 mg/

Kg). In comparison at control mice, the sub-letal dose (50 lg/mice) of

crude venom at 48 h after IP injection induced a shorter in aPTTa

(20.3 � 1.3 vs. 25.1 � 1.4 s) and TT (11.9 � 0.7 vs. 21.1 � 0.6 s)

(P < 0.01), without variation in PT (13.1 � 0.8 vs. 13.2 � 0.7 s). Fur-

thermore, there was a decrease in fibrinogen concentration (1.7 � 0.5

vs. 2.71 � 0.42 mg/dL) and an increased in the endogenous fibrino-

lytic activity (144.92 � 34.35 vs. 40.12 � 24.01 mm2), (P < 0.01). In

hematological parameters was observed that venom induced a

decrease in hemoglobin concentration (10.7 � 0.6 vs. 12.8 � 0.7 g/

dL), hematocrit (31 � 2 vs. 39 � 2%), leukocytes (2313 � 185 vs.

3298 � 698 mm3), platelets (285 � 60 vs. 701 � 53 9 109/L) and

increased in lymphocyte percentage (84 � 3 vs. 65 � 11%),

(P < 0.01). At 96 h, all the parameters above were similar to those

obtained for the controls, except leukocyte, platelets, hemoglobin and

hematocrit.

Conclusions: These findings are related with previous in vitro assays of

coagulant and fibrinolytic activities induced by B. isabelae. In this

sense, our study is the first report of the effect in mice on hemostasis

by this venom. In addition, our results suggest that C57BL/6 mice rep-

resent a useful model to understand the hemostatic alterations induced

by snake venoms, allowing a deeper understanding of the action mech-

anisms for future therapeutic at this level.
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PO 489
Anaemic comorbidity is associated with coagulation
dysfunction in patients with heart failure
Wang J-S and Chen YW

Chang Gung University, Tao-Yuan, Taiwan

Background: Anaemic comorbidity is associated with an adverse prog-

nosis in the HF population. Anaemia-related malnutrition and vascu-

lar inflammation may contribute to coagulation dysfunction.

Aims: This study investigated whether anaemic comorbidity influences

plasma procoagulant microparticles (MPs) and MP-mediated throm-

bin generation (TG) in patients with heart failure (HF).

Methods: According to the WHO criteria for anaemia, 109 HF

patients were divided into three groups: non-(N-A, n = 77), light-(L-

A, n = 16), and moderate/several-(M/S-A, n = 16) anaemic groups.

Dynamic TG, procoagulant MPs, coagulation factors, and peroxide/

pro-inflammatory biomarkers in plasma were analysed in these HF

patients and 33 normal counterparts (N-C).

Results: All HF groups revealed the reduction of dynamic TG by

lengthening lag time, lowering endogenous thrombin potential, and

decreasing peak height and rate of TG. M/S-A exacerbated the extent

of HF-declined TG, whereas no significant difference in TG between

various HF groups occurred following depletion of MPs in plasma.

Moreover, N-A, L-A, and M/S-A had lower tissue factor (TF)-rich

and phosphatidylserine-exposing MPs that were derived from leuko-

cytes (CD45+), platelets (CD41a+), and erythrocytes (CD235a+), as

well as, higher endothelial (CD144+) MPs than N-C. However, M/S-

A simultaneously lowered TF activity and tissue factor pathway inhib-

itor (TFPI) level, which were accompanied by heightened plasma mye-

loperoxidase and interleukin-6 concentrations, compared to N-A and

L-A did. Additionally, both TF activity and TFPI level were nega-

tively correlated with the TG rate in HF patients.

Conclusion: HF decreases blood cell-derived procoagulant MPs,

increases vascular endothelial shedding, and reduces dynamic TG in

plasma. Furthermore, M/S-A augments HF-declined TG, possibly by

depressing TF-related coagulation activity.

PO 490
Counselling by healthcare professional for patients
taking oral direct inhibitors as anticoagulant therapy
Baglin CAC

Addenbrookes hospital, Cambridge, UK

Background: The Clinical Leaders of Thrombosis (CLOT) are a spe-

cialist interest group made up of approximately 450 multi disciplinary

healthcare professionals (HCP) working in the UK who have direct

patient contact working in the field of Haemostasis and Thrombosis.

They include, nurses, doctors, biomedical scientists and pharmacists in

both primary and secondary care. The group’s aim is to deliver high

quality care to patients by sharing knowledge and experience in order

to shape future services and advance the boundaries of healthcare

delivery.

Aims: Members of CLOT highlighted the need for written guidance on

counselling patients who have been prescribed the newly licensed oral

anticoagulant agents. The group felt they have many requests for writ-

ten guidance on the subject with reference to relevant publications,

and want to deliver proactive patient focused care. This group is ide-

ally placed to promote, deliver and review this information.

Methods: At the annual meeting in October 2012 an advancing prac-

tice workshop was held. The workshop attendees split into discussion

groups looking at national, regional, local and pharmaceutical com-

pany recommendations. The recommendations of each were looked at,

opinions sort and concerns shared. These were used as the basis for

the counselling recommendations given.

Results: As a result the issues to be addressed with this patient group

have been identified for use by any HCP. The workshop attendees

decided by majority vote that the new anticoagulants should be

referred to as oral direct inhibitors (ODI). They identified and agreed

what the counselling should consist of. Patients should have an expla-

nation as to the purpose of anticoagulant therapy and how the treat-

ment will work for them. Basic therapy information should be given

and counselling should address how to take the medication safely and

other medications to avoid, possible side effects of treatment and when

to seek further advice and help. It also suggests precautions and risks

with this treatment. Finally it gives practical advice on care that needs

to be undertaken including laboratory testing, and annual follow up

arrangements.

Summary: The CLOT group wants all patients taking ODIs to be

given the same safe, unbiased and practical information. They felt that

a unified approach with adjustments for local varying arrangements to

be the way forward. They intend to continue to review and update

this.

PO 491
Subcutaneous injection of enoxaparin in neonates
Goldsmith RE, Nagel K, Paes B and Chan AK

McMaster Children’s Hospital, Hamilton, ON, Canada

Background: Enoxaparin, a Low Molecular Weight Heparin

(LMWH), is a frequently used anticoagulant in the neonatal popula-

tion because of reduced adverse effects, ease of administration and

reliable pharmacokinetics. The recommended route of administration

is by subcutaneous (SC) injection. Through the 1–800-NOCLOTS, a

toll-free service established in 1994 to provide consultation to pediatric

professionals globally about the management of pediatric thrombosis,

the question of the preferred site of SC injection in neonates is often

queried.

Objective: To determine if there are any evidence-based guidelines

regarding subcutaneous injection of LMWH in neonates.

Methods: Web of Science, PubMed, Medline CINAHL, Cochrane,

DARE and OVID databases including relevant published nursing text-

books were searched for articles specific to subcutaneous administra-

tion of LMWH in neonates.

Results: A paucity of articles specific to subcutaneous administration

of LMWH in neonates exist. We found only one study that examined

the absorption of insulin and growth hormone via SC injection, but

this did not include neonates. One study was identified on the adminis-

tration of LMWH to neonates via an indwelling catheter, but the cur-

rent recommendations are to rotate SC injection sites. One case study

supported intravenous administration of LMWH, citing the lack of

SC fat in pre-term and low birth weight neonates. A review of nursing

textbooks revealed that while SC sites have remained the same for dec-

ades, there is no evidence to support the choice of sites except expert

opinion.

Conclusion: Currently we rely on expert opinion or local guidelines

when administering LMWH by SC Injection during the neonatal per-

iod. There are no evidence-based guidelines for the choice of SC site,

and the literature regarding optimum sites is based solely on animal

data. Several studies have also noted the need for higher loading and

maintenance doses of LMWH to achieve target Xa levels during pro-

phylaxis in neonates and this my be influenced by the injection site, the

administration procedure or local mass of adipose tissue. A prospec-

tive study is needed to determine the best site and angle of SC Injection

of LMWH in neonates.
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PO 492
Risk of recurrence of venous thromboembolism
assessment following discontinuation of initial
treatment of anticoagulation
Baglin CAC

Addenbrookes hospital, Cambridge, UK

Background: Specialist nurses working in Haemostasis and Thrombo-

sis have many roles to undertake including delivering proactive patient

focused care and to improve the safety and quality of that care within

available resources. Clinical leadership should ensure that new evi-

dence based practice is translated into patient care that is safe, effective

and person centred.

Aims: To develop a patient focused rather than disease driven

approach to care following discontinuation of the recommended initial

treatment with anticoagulation after diagnosis of a venous thrombo-

embolism (VTE).

Methods: All patients who commence anticoagulation after diagnosis

of a VTE are seen in the anticoagulant clinic. During the clinic visit a

care pathway is completed which identifies all patients who have been

diagnosed with a first episode of unprovoked VTE. Following national

guidelines these patients are advised to have a finite period of anticoag-

ulation. After stopping their initial treatment of anticoagulation these

patients are offered an appointment in the nurse led Thrombophilia

clinic. This appointment includes a clinical risk assessment which

incorporates a Villalta scoring for patients with the post thrombotic

syndrome (PTS), appropriate blood testing (including D-dimer) and

patient preference discussion. Each patient then has a further clinic

appointment, including the Dash scoring system to aid decision mak-

ing. A treatment plan is agreed based on the patients individual needs.

Results: Since its introduction over 100 patients have followed this

pathway. Patients were concerned that following initial treatment with

anticoagulation they did not routinely have follow up, or that follow

up varied depending on who they spoke to or where they lived. This

care pathway has taken pressure off the medical consultants and has

become a standardized care pathway in our service delivery. The bene-

fit for patients is a clear route for them to follow and allows closure

following discontinuation of treatment after a first episode of VTE.

Summary: This standardized approach allows high quality care to be

offered to all patients. We believe we are the first service in the country

to introduce a nurse led standardized approach. It is transferable

across Trusts, and should be seen as an extension of the role of the

clinical nurse specialist in anticoagulation.

PO 493
Treating pregnant women with high dose
immunoglobulin (IVIG) in a single skilled center reduce
side effects
Bashari D, Avni D, Levinas M and Zadok O

Sheba Medical Center, Ramat Gan, Israel

Background: Fetal neonatal alloimmune thrombocytopenia (FNAIT)

is a life threatening bleeding disorder in the fetus/neonate caused by

maternal alloantibodies directed against fetal human platelet antigen

(HPA) inherited from the father. In 85% of NAIT cases the immuno

dominant is HPA 1a. In Caucasians the allele frequencies of HPA-1a

and HPA1b are 85% and 15% respectively.

Aim: In order to prevent the delivery of a newborn with intracranial

hemorrhage, one of the serious complications of FNAIT, treatment

with intravenous immunoglobulin G (IVIG) with or without steroids

is currently the standard treatment.

During the last 4 years, our Center treated 24 women with high dose

IVIG because of FNAIT. We had the impression that treating those

women in a skilled Center and as a group could reduce side effects

related to treatment and furthermore, keep them adhered to treat-

ment’s schedules.

Method: For studying that, we followed prospectively in the last year

four pregnant women treated with IVIG for approximately 21 weeks,

3 of those were treated with IVIG at standard dose of 1 g/kg/week and

the remaining one at dose of 1.5 g/kg/week and steroids at dose of

0.5 mg/kg/d initiated at 31 weeks until term. Two of the women

received IVIG (Gammagard, Baxter U.S.A) and the other two women

were treated initially with Gammagard and then switched to IVIG

(Gamunex, Talecreis, U.S.A.) because of Gammagard shortage. Three

women complained of mild headache 4–5 h following treatment was

finished and which relieved by acetaminophen. Fatigue was another

complaint which last for at least 24 h after.

Results: The success of IVIG treatment (higher platelet counts in new-

born following treatment) was to some extent related to the fact that

the women came regularly to treatments without any rescheduled or

postponed treatment. All four women claimed that being treated with

IVIG in a group for the same purpose and with the same drug,

improved their wellbeing in regard to FNAIT diagnosis and treatment.

To the same conclusions came 6 more women that came to our clinic

2 years after given birth.

Conclusion: In summary, we do believe that high dose of IVIG that

given by skilled nurses and accompanied by group of women treated

for the same purpose could reduce dramatically side effects attribut-

able to the drug and augment success to IVIG treatment.

PO 494
Hemostatic markers and sleep quality among shift
work and day work female nurses
Saharov G1, Nadir Y1, Keren A1, Brenner B1 and Shochat T2

1Rambam Health Care Campus, Raqefet, Israel; 2University of

Haifa, Haifa, Israel

Background: The haemostatic system has a significant impact on car-

diovascular morbidity. Epidemiologic studies indicate an increased

risk of cardiovascular diseases amongst shift workers. Such risk may

be attributed to circadian misalignment of haemostatic markers and

restricted sleep time.

Aims: To reveal some of the underlying mechanisms of cardiovascular

morbidity in the shift-work population, we performed a comparison of

the profiles of haemostatic markers among healthy shift working vs.

daytime working female nurses. It was hypothesized that alterations in

the haemostatic system may underlie the increased risk for cardiovas-

cular illness in shift workers. Accordingly it was predicted, that hae-

mostatic markers would be elevated in rotating shift workers

compared to regular day workers, and that sleep quality would serve

as a mediator in this relationship.

Methods: Thirty shift working and thirty day working female nurses

were recruited at Rambam Health-Care Campus (total n = 60). For

each participant, blood was drawn at 07:00 in the morning for the

measurement of six markers of coagulation, including PAI-1, Hepa-

ranase procoagulant activity, tissue factor + heparanase complex, pro-

tein C, D-dimer and fibrinogen. Sleep quality was assessed by self

report (Pittsburgh Sleep Quality Index, PSQI).

Results: PAI-1 levels were significantly higher among shift work nurses

compared to day work group (36.6 ng/ml vs. 24.3 ng/ml, P < 0.05). In

shift workers, Heparanase procoagulant activity was 2-fold and tissue

factor + heparanase complex was 1.5-fold compared to day work

nurses (both P < 0.05). Sleep quality was significantly lower for shift

compared to day workers (P < 0.001). No group differences were

found for Protein C, D-dimer and fibrinogen.

Concusions: PAI-1 and heparanase markers were significantly elevated

and sleep quality reduced in shift-work compared to day-work nurses.

Such alterations in healthy shift workers point at disturbances in hae-

mostatic system, which may contribute to cardiovascular morbidity in

the future.
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PO 495
The PLD inhibitor, 5-Fluoro-2-indolyl des-
chlorohalopemide, protects from occlusive thrombus
formation and ischaemic stroke without impairing
haemostasis
Thielmann I1, Stegner D1, Kraft P2, Frohman MA3, Stoll G2

and Nieswandt B1

1University Wuerzburg; 2Universtity Hospital Wuerzburg,

W€urzburg, Germany; 3Stony Brook Universtity, Stony Brook, NY,

USA

Background: Phospholipase D (PLD) catalyses the hydrolysis of phos-

phatidylcholine to phosphatidic acid and choline and is expressed in a

wide range of tissues. Recently, we demonstrated that Pld1 is required

for GPIb-dependent platelet integrin activation and that Pld1 and

Pld2 both contribute to platelet a-granule release. As a consequence,

mice deficient in Pld1 or in both PLD isoforms were protected from

pathological thrombus formation and ischaemic stroke, whereas hae-

mostasis was not impaired. These findings led to the hypothesis that

PLD could serve as target for safe antithrombotic therapy, but in vivo

evidence in support of this has been lacking.

Aims: We sought to assess whether pharmacologic inhibition of PLD

activity with the reversible, small molecule inhibitor 5-Fluoro-2-indol-

yl des-chlorohalopemide (FIPI) affects haemostasis, thrombosis and

thrombo-inflammatory brain infarction in mice.

Methods: Mice received FIPI (3 mg/kg) twice, 12 and 1 h before the

experiment, intra peritoneal and were analysed in a tail bleeding assay,

arterial thrombosis and the transient middle cerebral artery occlusion

(tMCAO, 60 min) model of ischaemic stroke.

Results: In agreement with observations made in Pld1 and Pld1/2-defi-

cient mice, FIPI-treated animals displayed impaired thrombus forma-

tion. Upon application of FeCl3 on the carotid artery, 8 of 9 control

vessels occluded within 10 min. In contrast, 6 of 9 vessels of FIPI trea-

ted mice remained open until the end of the 30 min observation per-

iod. Similarly, FIPI treatment resulted in smaller infarct sizes and

significantly better motor function and coordination 24 h after

tMCAO, and this protective effect was not associated with increased

intracerebral haemorrhage. In line with this observation, no differ-

ences in bleeding times of control and FIPI-injected mice were

observed, demonstrating that PLD inhibition by FIPI does not exert a

major effect on normal haemostasis.

Summary/Conclusions: These results provide the first evidence that

pharmacologic PLD inhibition might be a safe therapeutic strategy to

prevent or treat arterial thrombosis and ischaemic stroke.

PO 496
Brachial artery endothelium-dependent flow-mediated
dilation and carotid artery intima-media thickness in
the cardiac pacing patients
Janczura M1, Januszek R2, Dropinski J2, Kotula-Horowitz K2,

Lelakowski J1, Musial J2 and Domagala TB2

1The John Paul II Hospital, Krakow; 2Jagiellonian University

School of Medicine, Krakow, Poland

Background: After pacemaker implantation in the patients with brady-

tachy syndrome, sick sinus syndrome (SSS) and atrial ventricular

block (AVB II, III gr.), the left ventricule (LV) function improved.

Flow-mediated dilation (FMD) of brachial artery, being a marker of

in vivo NO bioavailability, is also predictive of future cardiovascular

events. Dynamic changes in the FMD of brachial artery in the cardiac

pacemaker recipients still require further in-depth research. Also the

carotid artery intima-media thickness (CIMT) is a marker of prevalent

and incident cardiovascular disease and is widely used as an indicator

of generalized atherosclerotic burden.

Aim: To assess the dynamics of endothelium-dependent FMD and

CIMT in the patients with two modes of cardiac pacing.

Methods: The study group comprised 92 cardiac pacing subjects (38 F,

mean age 71 � 7.58 years), divided in line with respective modes of

cardiac pacing: Group A (n = 64; mean age 70.20 � 7.70 years) with

physiological (DDD) pacing; Group B (n = 28; mean age

72.70 � 10.20 years) with non-physiological (VVI) pacing. Cardiac

picemakers were implanted due to SSS, AVB (II, III gr.), atrial fibrilla-

tion cum bradyarrhythmiae, respectively. Transthoracic echocardiog-

raphy was performed prior and after pacemaker implantation. LV

ejection fraction (LVEF) and LV diastolic function were calculated,

and left and right ventricular end-diastolic diameters (LVEDD/

RVEDD) were measured. Endothelium-dependent FMD of brachial

artery in response to reactive hyperemia and CIMT were non-inva-

sively evaluated by high-resolution ultrasound. Both measurements

were taken five times: at baseline, after 7 days, and within 1, 3, and

6 months of pacemaker implantation.

Results: At baseline, both groups differed in: LVEF (P < 0.001),

LVEDD and RVEDD (P < 0.0001). Significant elevation of LVEF

(P < 0.001), decrease of LVEDD/RVEDD (P < 0.0001), decrease of

the left and right atrium diameter (P < 0.0001) were noted only after

DDD pacing. At baseline the mean FMD value was non-significantly

higher in Group A subjects (4.05 � 1.70% vs. 3.76 � 2.28% for

Group A and B, respectively; P = ns). After the pacemaker implanta-

tion, the improvement of brachial artery FMD in both groups were

observed at 7 days (P = 0.01 and P = 0.04, for Group A and B,

respectively), and the first month (P = 0.03 and P = 0.05, for Group A

and B, respectively), and within 3 (P = 0.01 for both Groups) and 6

(P = 0.003 and P = 0.02, for Group A and B, respectively) following

months. The mean value of CIMT were similar in both study groups

(0.78 � 0.14 mm vs. 0.79 � 0.17 mm; P = 0.89) and there were no

differences for up to 12 months.

Conclusions: Improvement of endothelial function after pacemaker

implantation may indicate an improved integrity of re-modeling and

the repaired vascular function in the cardiac pacing patients.

PO 497
Talin and Src protein phosphorylation in hyperractive
platelets
Fries DM1, Debbas V2, Neiva TJC3, De Oliveira V1, Santoro ML4,

Paes Leme AF5, Rocha TRF1 and D’Amico EA1

1Hospital das Clinicas-FMUSP, Sao Paulo; 2Instituto do Coracao-

FMUSP, Sao Paulo; 3Analises Clinicas-UFSC, Florianopolis;
4Instituto Butantan, Sao Paulo; 5Biosciences National Laboratory

(LNBio), Campinas, Brazil

Background: Sticky platelet syndrome (SPS) is a disorder distinguished

by platelet hyperreactivity in response to physiologic stimuli, in con-

junction with clinical arterial or venous thrombotic events, and with-

out coagulation disorders. SPS is associated with transient or

permanent vascular occlusions, resulting in acute myocardial infarc-

tion, transient ischemic cerebral attacks and strokes, and recurrent

venous thromboembolism.

Aim:We aimed here to identify which proteins have an altered associa-

tion with the outer platelet surface molecules upon thrombin stimula-

tion in SPS patients.

Methods: SPS and normal platelets were activated with thrombin, and

then changes in protein expression were analyzed by one-dimensional

electrophoresis followed by LC-MS/MS analysis and Western-blot-

ting. This study was approved by the institutional review board, and

all individuals gave written consent.

Results: Proteomic analysis of thrombin-activated platelets reveal that

talin protein was six-fold more expressed in SPS patients, while Src

protein (proto-oncogene tyrosine-protein kinase), was 15-fold more

expressed in normal individuals. By Western blotting, the level of talin

phosphorylation was 10-fold higher in SPS patients than in normal

individuals (P < 0.05). Among normal individuals and SPS patients,

there was a statistically significant difference on Src expression

(P = 0.02), however, the activity of Src Y418 was found to be much
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higher in patients compared to the protein expression. Analysis of Src

phosphorylation in thrombin-stimulated SPS platelets revealed

approximately three-fold higher phosphorylation levels in the activat-

ing site in Src (pTyr-Src418), with a parallel decline of Src (total)

expression, compared to healthy individuals. As we did not observed

dephosphorylation of Src Y529 in SPS patients, we conclude that an

independent regulatory mechanism, might be involved in Src kinase

activation.

Conclusion: A significant increase in tyrosine phosphorylation levels in

Src Y418, as well as in talin, suggests that these proteins may play a

critical role in controlling integrin activation in SPS patients.

PO 498
Treatment modalities and outcomes in 870 non-
surgical bleeds in 184 Glanzmann thrombasthenia (GT)
patients. The International Prospective Glanzmann’s
Thrombasthenia Registry (GTR)
Di Minno G1, D’Oiron R2, Zotz R3 and Poon M-C4

1Federico II University, Naples, Italy; 2University Paris XI-Hopital

Bicetre, Paris, France; 3Hemostasis Institute, Dusseldorf,

Germany; 4University of Calgary Foothills Hospital, Calgary,

Canada

Background: Standard treatment for GT, a severe autosomal recessive

bleeding disorder with defective platelet aIIbb3, is platelet transfusion.
Recombinant FVIIa (rFVIIa) has been effective in GT with platelet

antibodies and/or platelet refractoriness.

Aims: To assess the efficacy of rFVIIa, compared to other systemic he-

mostatics in GT with or without antibodies and/or refractoriness for

surgical prophylaxis.

Methods: Analysis of data from GTR, an international multicenter

observational study on the efficacy and safety of rFVIIa and other

treatment modalities for bleeding and surgery in GT patients.

Results: From 2004–2011, GTR enrolled 218 patients from 45 sites (15

countries, 4 continents) with 1073 admissions. Out of these, 96 patients

(F/M: 52/44 [54%/46%]; age ≥18 year, 69 [72%]) were treated for 204

surgical procedures (minor/major, 167/37 [82%/18%]). Out of 55

patients with known disease type, 48 (87%) had type 1 GT. History of

antibodies were reported in 43 patients [45%], refractoriness in 23

[24%], and antibodies + refractoriness in 17 [18%], while 47 [49%]

had no antibodies/refractoriness. Treatments analyzed include antifib-

rinolytics (AF), rFVIIa � AF (r7), platelets � AF (P) and

rFVIIa + platelets � AF (r7 + P). The top minor procedures were

dental (n = 132, 79%), endoscopy (n = 11, 6.6%) and nasal (n = 8,

4.8%). The top major procedures were GI (n = 9, 24.3%) and orthope-

dic (n = 9, 24.3%). Most frequent treatment for minor procedures was

r7 (n = 120 [72%]); and for major procedures, r7 and r7 + P (13 [35%]

each). In GT with no antibodies/refractoriness, r7 was 100% effica-

cious for both minor (n = 41) and major procedures (n = 7), similar to

or better than that for P (minor 11/11 = 100%; major 5/6 = 83%) and

r7 + P (minor 4/4 = 100%; major 6/9 = 67%). In GT with antibodies

and/or refractoriness, the efficacy of r7 (minor procedures 69/

79 = 87%; major 4/6 = 67%) was not inferior to that for P (minor 10/

14 = 71%; major 2/2 = 100%) and r7 + P (minor 7/9 = 78%; major

2/4 = 50%). A few patients were treated with AF alone, with an over-

all efficacy rate of 56% for nine minor procedures, but 100% for three

major procedures. rFVIIa was generally given initially at a median of

~90 lg/kg at ~2 h intervals, for both minor (median 2–3 doses) and

major (number of doses: higher and variable) procedures. The median

(mean � SD) number of platelet units used in patients with no anti-

bodies and/or refractoriness, was 1 (2 � 1) for minor and 5 (8 � 7) for

major procedures. In patients with antibodies and/or refractoriness,

the median platelet use was higher and variable, up to 60 U for one

major procedure. Only one thromboembolic event occurred in an adult

female with refractoriness treated with r7 + P for a major procedure.

One additional allergic reaction was attributed to platelets.

Summary/Conclusions: (1) The GTR provides the largest experience to

date on surgical procedures in GT. (2) GTR results show that the effi-

cacy of rFVIIa � AF was similar to platelets � AF and

rFVIIa + platelets � AF in surgical procedures in GT patients,

regardless of investigator-reported antibodies/refractoriness status. (3)

rFVIIa � AF was safe for surgical procedures. (4) Platelets were effi-

cacious in GT patients with investigator-reported antibodies and/or

refractoriness, but higher doses were reported. (5) The combined use

of rFVIIa + platelets could be attributed to the insufficient efficacy of

one or the other alone.

PO 499
The significance of TEG and TGA in the evaluation of
hemostasis in children with cyanotic and acyanotic
congenital heart diseases
Balkan C, Gokce S, Karapinar D, Ulger Z, Karadas N and Kavakli K

Ege University Children’s Hospital, Izmir, Turkey

Background: Patients with cyanotic congenital heart disease (CHD)

have hemostatic abnormalities, which result in an increased risk of

bleeding. The cause is unknown, but recent studies have indicated that

an elevated hematocrit, which is present in cyanotic patients, could be

an important factor.

Aims: In this study, we aimed to evaluate the hemostatic state of chil-

dren with cyanotic and acyanotic CHD by using thromboelastography

(TEG) and thrombin generation assay (TGA).

Methods: Seventy four patients with CHD (39 acyanotic, 35 cyanotic;

ages were between 0 and 18 years) were enrolled in this study. Twenty

nine, age matched, healthy children were enrolled as a control group.

Hemogram, PT, aPTT, TEG and TGA results were evaluated in all

patients before angiography and cardiac surgery.

Results: In the cyanotic group, as expected, hematocrit levels were sig-

nificantly higher than acyanotic and control groups (P = 0.000). When

compared to the acyanotic patients, PT anda PTT results were signifi-

cantly higher in the cyanotic group (P = 0.011 and P = 0.037 respec-

tively). When TEG parameters were analyzed, TEG-R values were

significantly longer in cyanotic patients than acyanotic and control

groups (P = 0.000 for both groups). Alpha-angle degree and maxi-

mum amplitude (MA) values were significantly lower in cyanotic

group than acyanotic (P = 0.001) and control (P = 0,005) groups.

When TGA parameters were analyzed, peak thrombin levels were sig-

nificantly lower in cyanotic group than acyanotic and control groups

(P = 0.000, P = 0.000 respectively). When compared to control group,

peak thrombin time results were significantly longer in cyanotic and

acyanotic groups (P = 0.014, P = 0.028 respectively). Endogenous

thrombin production was significantly lower in cyanotic group than

acyanotic and control groups (P = 0.000, P = 0.000 respectively).

Conclusion: While it is well known that high hematocrit levels increase

the tendency for thrombosis in cyanotic heart disease, TEG and TGA

results in our study show that there are also coagulation abnormalities

in these patients.

PO 500
Caspase-8 activation can be triggered in platelets
through the intrinsic apoptosis pathway
Mutlu A, Gyulkhandanyan AV, Freedman J and Leytin V

St. Michael’s Hospital, Toronto, Canada

Background: Since the seminal report of Vanags et al. (Br J Haematol,

1997), programmed cell death, apoptosis, has been demonstrated not

only in nucleated cells, but also in anucleate platelets. While the intrin-

sic (mitochondria-dependent) apoptosis pathway in platelets is well-

documented,the role of the extrinsic (death ligand-death receptor-

dependent) pathway in platelets remains unclear.
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Aims: To address this question, in this study, we initiated platelet

apoptosis through the intrinsic pathway, using BH3-only mimetic

ABT-737 and calcium ionophore A23187, agents that trigger the mito-

chondrial platelet apoptosis. Our particular interest was to examine

whether activation of caspase-8, a caspase ‘classically’ defined as an

initiator caspase of the extrinsic apoptosis pathway, can be induced in

platelets treated in vitro with ABT-737 and A23187 via the intrinsic

pathway.

Methods: Platelets were treated with 30 lM ABT-737, 10 lM A23187

and control diluent buffer for 90 min at 37 °C, and platelet apoptosis

was analyzed by flow cytometry using three experimental settings:

assays of (i) caspase-9 activation, an initiator caspase of the intrinsic

apoptosis pathway, (ii) caspase-8 activation, an initiator caspase of the

extrinsic pathway, and (iii) caspase-3 activation, an executioner cas-

pase of apoptosis, each in combination with P-selectin (CD62) expo-

sure on the platelet surface for concomitant determination of platelet

activation.

Results: Flow cytometric fluorescence histogram analysis demon-

strated that treatment of platelets with ABT-737 and A23187 signifi-

cantly increased activation of caspase-9 and caspase-3 in comparison

to diluent buffer (P < 0.0001). Notably, both agents also induced acti-

vation of initiator caspase-8 of the extrinsic apoptosis pathway

(P < 0.0001). Mean levels of activation of all three caspases (9, 8 and

3) were not significantly different (P > 0.05), indicating that ABT-737

and A23187 did not trigger an additive or synergistic activation of exe-

cutioner caspase-3 by initiator caspases-9 and -8. Dual-fluorescence

dot-plot analysis of caspase-9, -3 and -8 activation versus CD62 expo-

sure shows that ABT-737-treated platelets are predominantly (63.7–
72.7%) apoptotic but not activated, whereas A23187-treated platelets

are predominantly both apoptotic and activated (64.3–74.3%).

Conclusions: We demonstrated that apoptosis induced by treatment of

platelets with ABT-737 and A23187, which is not triggered by the

interaction of death ligands with death receptors, yields caspase-8 acti-

vation in platelets without participation of the extrinsic apoptosis

pathway. These data indicate that caspase-8 activation does not

always represent a marker of the extrinsic pathway of apoptosis.

Despite caspase-8 activation in ABT-737- and A23187-stimulated

platelets occurring via bypass of the death receptors, the major ‘final

goal’ of the extrinsic pathway, i.e. an activation of initiator caspase-8,

is achieved. The mechanism of this death-receptor-independent mito-

chondria-initiated caspase-8 activation may take place in platelets as

described in some types of nucleated cells, which are less dependent on

the extrinsic pathway of apoptosis and in which active caspase-9 prop-

agates a cascade of caspase activating reactions, including activation

of executioner caspase-3, followed by activation of downstream execu-

tioner caspase-6 which, in turn, activates caspase-8. Caspase cascade

reactions permit caspase-mediated cross-talk between intrinsic and

extrinsic apoptosis pathways in platelets and can broaden the reper-

toire of caspase-cleaved protein substrates.
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ABO blood group, OC 90.4, PA 2.20-4, PA 4.09-2, PA

4.18-6, PB 1.43-6, PB 1.44-5, PB 3.22-5, PB 3.44-1,

PB 3.63-1, PB 3.67-2, PB 4.43-4, PO 440

Acenocoumarol, PA 2.10-1, PB 1.48-1, PB 2.47-2, PB

4.61-3

Acquired platelet disorders, PA 2.02-5, PB 2.32-1, PB

3.22-3, PB 3.22-4, PO 011, PO 223, PO 345

Activated protein C, AS 07.3, AS 21.3, AS 41.1, AS

41.3, AS 41.4, OC 08.4, OC 31.4, OC 44.3, OC 54.2,

OC 54.4, OC 54.5, OC 62.5, OC 69.2, OC 72.1, OC

74.4, OC 84.1, PA 1.15-4, PA 2.15-2, PA 3.11-4, PA

3.17-2, PA 3.17-6, PB 1.34-5, PB 1.55-6, PB 2.56-2,

PB 2.69-2, PB 3.28-5, PB 3.47-3, PB 3.53-2, PB 3.58-

4, PB 4.67-1, PB 4.67-5, PO 050, PO 216

ADAMTS13, AS 40.1, AS 40.2, AS 40.3, AS 40.4, OC

15.1, OC 15.2, OC 15.3, OC 15.4, OC 21.4, OC 52.1,

OC 52.2, OC 52.3, OC 52.4, OC 65.2, OC 91.2, OC

91.4, OC 91.5, PA 1.09-4, PA 2.09-6, PA 2.16-4, PA

4.06-1, PA 4.06-2, PA 4.06-3, PA 4.06-4, PA 4.06-5,

PA 4.06-6, PA 4.19-1, PA 4.19-2, PA 4.19-3, PA

4.19-4, PA 4.19-5, PA 4.19-6, PB 1.33-1, PB 1.33-2,

PB 1.33-3, PB 1.33-4, PB 1.33-5, PB 1.33-6, PB

1.44-3, PB 1.68-1, PB 2.33-1, PB 2.33-2, PB 2.33-3,

PB 2.33-4, PB 2.33-5, PB 2.33-6, PB 2.43-3, PB

2.43-4, PB 2.73-2, PB 2.73-4, PB 2.74-1, PB 3.33-1,

PB 3.33-2, PB 3.33-3, PB 3.33-4, PB 3.33-5, PB

3.33-6, PB 3.43-1, PB 3.44-4, PB 4.60-4, PO 040, PO

086, PO 087, PO 088, PO 089, PO 411, PO 422

Adhesion, OC 08.5, OC 65.6, OC 76.2, PA 3.01-5, PA

4.20-1, PB 1.23-1, PB 1.23-5, PB 1.31-3, PB 1.31-5,

PB 2.29-5, PB 2.64-2, PB 3.27-5, PB 3.28-1, PO 453

Adhesion molecules, AS 27.3, AS 37.4, OC 01.3, OC

32.1, OC 58.2, OC 85.3, OC 86.1, PA 1.19-2, PA

3.03-6, PA 4.03-6, PB 1.22-3, PB 1.23-2, PB 1.31-5,

PB 1.73, PB 1.73-2, PB 2.64-2, PB 3.43-2, PB 4.68-5,

PO 229

Adipose tissue, OC 38.6, PA 1.04-5, PA 3.06-6, PA

3.13-1, PB 1.29-4, PB 3.71-5, PB 4.32-1, PB 4.32-2

ADP, OC 09.4, OC 10.6, OC 60.3, OC 89.3, PA 1.02-6,

PA 4.01-2, PB 1.21-6, PB 1.25-2, PB 1.26-3, PB

1.26-6, PB 1.29-1, PB 2.21-1, PB 2.21-6, PB 2.26-6,

PB 3.27-1, PB 3.46-2, PB 4.22-4, PB 4.24-4, PB

4.26-1, PO 334, PO 364, PO 365, PO 458

Age, AS 17.3, AS 23.1, NS 01.1, OC 26.3, OC 29.1, OC

85.5, PA 1.19-6, PA 2.17-1, PA 3.19-6, PA 4.20-6, PB

1.32-6, PB 1.35-3, PB 1.38-5, PB 1.41-4, PB 1.44-3,

PB 1.49-6, PB 1.52-6, PB 2.29-1, PB 2.37-3, PB

2.48-1, PB 2.56-3, PB 2.64-2, PB 2.64-4, PB 3.21-2,

PB 3.72-4, PB 4.36-5, PB 4.37-5, PB 4.50-2, PB

4.50-3, PB 4.70-1, PO 221, PO 247, PO 340, PO 372,

PO 472, PO 479

Air pollution, PA 3.19-4, PB 2.27-5

Algorithm, OC 59.4, PA 4.18-1, PB 1.47-6, PB 2.64-1,

PB 2.64-6, PB 3.41-5, PB 3.51-4, PB 4.53-1, PO 323

Alpha-2 antiplasmin, OC 29.6, PA 1.06-2, PA 3.06-5, PA

3.18-5, PB 1.34-1, PB 2.59-2, PO 093

Alternative splicing, AS 46.3, AS 46.4, OC 50.2, PB

1.39-2, PB 3.33-3, PB 4.55-2

Angiogenesis, AS 01.1, OC 01.1, OC 01.2, OC 01.3, OC

01.4, OC 01.5, OC 01.6, OC 24.4, OC 25.1, OC 26.3,

OC 31.6, OC 39.3, OC 40.1, OC 40.3, OC 40.4, OC

43.1, OC 82.1, PA 1.03-6, PA 1.17-1, PA 1.17-2, PA

1.17-3, PA 1.17-5, PA 4.20-3, PB 1.27-2, PB 2.23-3,

PB 2.24-3, PB 2.29-3, PB 2.29-5, PB 3.43-3, PB

3.61-3, PB 3.71-5, PB 4.43-3, PB 4.56-1, PB 4.56-3,

PB 4.56-6, PO 373

Animal model, AS 07.1, AS 13.2, AS 20.3, AS 24.1, AS

33.3, AS 39.4, AS 46.1, OC 06.2, OC 09.3, OC 11.6,

OC 14.3, OC 22.3, OC 28.5, OC 29.2, OC 31.6, OC

33.2, OC 49.3, OC 55.6, OC 69.1, OC 69.4, OC 72.1,

OC 80.6, OC 84.2, OC 86.2, OC 90.5, OC 91.2, PA

1.01-3, PA 1.02-1, PA 1.07-5, PA 1.07-6, PA 1.10-2,

PA 1.10-4, PA 1.10-6, PA 1.17-2, PA 1.19-3, PA

2.03-6, PA 2.12-4, PA 2.14-2, PA 3.02-6, PA 3.07-2,

PA 3.07-3, PA 3.16-1, PA 3.16-3, PA 4.06-6, PA

4.09-1, PA 4.09-2, PA 4.13-3, PA 4.14-6, PA 4.20-4,

PB 1.28-5, PB 1.55-4, PB 1.57-3, PB 1.63-4, PB

1.67-4, PB 2.50-1, PB 2.56-6, PB 2.59-3, PB 3.28-5,

PB 3.64-3, PB 3.71-3, PB 3.74-2, PB 4.49-2, PB

4.56-1, PB 4.57-1, PB 4.64-1, PB 4.67-1, PB 4.67-3,

PB 4.69-5, PO 186, PO 228, PO 231, PO 232, PO 289,

PO 337, PO 473

Annexin, AS 29.3, FS 01.3, OC 11.1, OC 32.3, PB 1.62-

6, PB 2.28-6, PB 2.30-1, PB 4.30-3, PO 247, PO 387

anti-Xa activity, AS 07.1, OC 79.2, PB 1.47-5, PB 1.49-5,

PB 1.51-2, PB 1.51-5, PB 2.56-5, PB 3.46-3, PB

3.48-4, PB 3.54-3, PB 3.67-5, PB 4.46-4, PB 4.52-2,

PO 024, PO 044, PO 187, PO 262

Antibody, AS 20.3, AS 25.2, AS 39.3, OC 09.4, OC 14.3,

OC 15.3, OC 21.1, OC 21.2, OC 21.3, OC 22.2, OC

22.4, OC 28.4, OC 46.1, OC 55.1, OC 55.6, OC 60.1,

OC 74.3, OC 81.5, OC 86.6, OC 91.3, PA 1.08-2, PA

2.14-4, PA 3.08-3, PA 3.08-5, PA 4.04-4, PA 4.08-5,

PB 1.32-2, PB 1.40-3, PB 1.41-3, PB 1.62-3, PB

1.74-3, PB 2.33-1, PB 2.73-4, PB 3.25-6, PB 3.36-2,

PB 3.55-3, PB 4.29-3, PB 4.38-2, PB 4.42-5, PB

4.62-6, PO 012, PO 021, PO 117, PO 162, PO 167,

PO 314, PO 328, PO 470

Anticoagulant activity, AS 02.2, AS 03.1, AS 29.2, OC

16.3, OC 27.2, OC 73.2, OC 79.2, PA 1.15-1, PA

1.15-4, PA 1.15-6, PA 3.16-3, PA 4.08-4, PA 4.12.-6,

PB 1.30-5, PB 1.45-3, PB 1.47-3, PB 1.47-5, PB

1.62-6, PB 2.46-1, PB 2.56-6, PB 3.46-4, PB 3.51-1,

PB 3.54-6, PB 3.59-2, PB 4.46-4, PB 4.47-6, PB

4.48-1, PB 4.48-5, PB 4.51-6, PB 4.59-6, PO 003, PO

014, PO 023, PO 039, PO 188, PO 189, PO 262

Anticoagulant therapy, AS 06.3, AS 07.2, AS 17.1, AS

17.2, AS 18.3, AS 19.1, AS 20.3, AS 47.1, NS 01.3, OC

02.1, OC 12.3, OC 12.4, OC 16.4, OC 18.2, OC 42.1,

OC 42.2, OC 61.2, OC 63.4, OC 75.2, OC 79.1, OC

79.4, PA 1.10-5, PA 2.10-6, PA 3.08-6, PA 3.10-3, PA

3.10-6, PA 3.19-2, PA 3.20-1, PA 3.20-6, PA 4.10-2,
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PA 4.10-6, PB 1.40-1, PB 1.45-1, PB 1.46-2, PB 1.46-4,

PB 1.46-6, PB 1.47-1, PB 1.47-2, PB 1.47-5, PB 1.48-2,

PB 1.48-4, PB 1.48-6, PB 1.49-3, PB 1.49-6, PB 1.51-6,

PB 1.53--2, PB 1.64-2, PB 1.65-2, PB 2.36-4, PB 2.45-

3, PB 2.46-5, PB 2.46-6, PB 2.48-1, PB 2.48-4, PB

2.49-2, PB 2.49-3, PB 2.49-5, PB 2.52-3, PB 2.53-2, PB

2.61-5, PB 2.71-6, PB 3.26-6, PB 3.39-3, PB 3.45-3, PB

3.45-4, PB 3.46-3, PB 3.46-6, PB 3.48-5, PB 3.48-6, PB

3.51-6, PB 3.59-4, PB 3.68-1, PB 3.68-3, PB 3.70-1, PB

3.72-2, PB 3.72.5, PB 3.73-3, PB 3.73-5, PB 4.45-1, PB

4.45-2, PB 4.45-3, PB 4.45-5, PB 4.45-6, PB 4.46-3, PB

4.46-6, PB 4.47-1, PB 4.47-2, PB 4.73-2, PO 017, PO

041, PO 053, PO 072, PO 077, PO 173, PO 185, PO

186, PO 193, PO 195, PO 203, PO 205, PO 206, PO

207, PO 209, PO 214, PO 254, PO 263, PO 266, PO

269, PO 272, PO 273, PO 274, PO 276, PO 277, PO

278, PO 279, PO 300, PO 398, PO 400, PO 491, PO

492

Anticoagulants, AS 07.1, AS 17.3, AS 20.1, AS 41.2, OC

02.3, OC 36.4, OC 44.1, OC 47.3, OC 79.6, PA

1.10-2, PA 1.10-3, PA 1.10-6, PA 2.10-3, PA 3.10-6,

PA 3.14-2, PA 3.16-2, PA 4.11-2, PB 1.40-2, PB

1.46-5, PB 1.47-3, PB 1.47-6, PB 1.48-4, PB 1.49-4,

PB 1.53-5, PB 2.37-6, PB 2.46-3, PB 2.47-1, PB

2.47-3, PB 2.72-5, PB 3.34-4, PB 3.39-1, PB 3.47-5,

PB 3.48-4, PB 3.51-4, PB 3.54-3, PB 3.56.6, PB 3.59-

2, PB 3.68-1, PB 4.40-2, PB 4.46-5, PB 4.47-5, PB

4.48-1, PB 4.48-3, PB 4.48-4, PB 4.52-3, PO 020, PO

034, PO 043, PO 188, PO 207, PO 212, PO 231, PO

250, PO 251, PO 256, PO 257, PO 259, PO 261, PO

266, PO 305, PO 311, PO 490

Anticoagulation, AS 02.1, AS 12.1, AS 18.2, AS 19.2, AS

25.2, NS 01.3, OC 08.4, OC 12.1, OC 36.3, OC 59.5,

OC 61.3, PA 1.11-6, PA 2.10-4, PA 2.13-2, PA 2.19-4,

PA 3.08-5, PA 3.10-5, PA 3.15-4, PA 4.11-3, PA 4.16-

2, PB 1.48-3, PB 1.51-3, PB 1.53-4, PB 1.54-3, PB

1.63-6, PB 1.71-2, PB 1.72-2, PB 2.48-3, PB 2.49-3,

PB 2.49-6, PB 3.31-3, PB 3.45-2, PB 3.48-1, PB 3.50-

5, PB 3.50-6, PB 3.64-1, PB 3.68-6, PB 3.69-1, PB

3.69-2, PB 3.69-6, PB 3.73-6, PB 4.45-6, PB 4.46-1,

PB 4.47-5, PB 4.49-3, PB 4.49-6, PB 4.53-4, PB 4.54-

3, PB 4.62-4, PB 4.65-3, PB 4.65-6, PB 4.70-3, PB

4.71-3, PO 004, PO 024, PO 066, PO 095, PO 183, PO

184, PO 213, PO 252, PO 278, PO 402, PO 404, PO

407, PO 409, PO 410, PO 458

Antidote, AS 26.3, OC 36.1, OC 36.2, OC 36.3, OC 36.4,

OC 36.6, PA 3.08-5, PA 4.08-4, PB 2.64-2, PB 4.47-2,

PB 4.48-3, PO 270

Antiphospholipid antibodies, AS 08.2, OC 27.1, OC

27.5, OC 41.2, OC 41.3, OC 41.4, PA 1.18-2, PA

1.18-5, PA 2.03-1, PA 2.19-1, PA 3.17-4, PB 1.51-4,

PB 1.54-1, PB 1.62-1, PB 1.62-5, PB 1.71-1, PB

2.62-1, PB 2.62-2, PB 2.62-3, PB 2.62-4, PB 2.62-5,

PB 2.62-6, PB 3.62-3, PB 3.62-4, PB 3.62-5, PB

3.62-6, PB 3.63-5, PB 3.67-3, PB 4.52-5, PB 4.62-2,

PB 4.62-4, PB 4.62-5, PB 4.62-6, PB 4.63-2, PB

4.63-3, PB 4.63-4, PB 4.63-5, PO 003, PO 029, PO

208, PO 209, PO 306, PO 386, PO 387, PO 388, PO

389, PO 390, PO 391, PO 392, PO 394, PO 395

Antiphospholipid syndrome, AS 08.1, AS 08.2, AS 08.3,

OC 27.2, OC 27.4, OC 27.5, OC 27.6, OC 41.1, OC

41.3, OC 41.4, PA 1.18-2, PA 1.18-3, PA 1.18-4, PA

1.18-5, PA 1.18-6, PA 2.19-1, PB 1.33-4, PB 1.34-2,

PB 1.62-1, PB 1.62-2, PB 1.62-3, PB 1.62-4, PB 1.62-5,

PB 1.62-6, PB 2.62-1, PB 2.62-3, PB 2.62-4, PB 2.62-5,

PB 2.62-6, PB 3.62-1, PB 3.62-2, PB 3.62-3, PB 3.62-4,

PB 3.62-5, PB 3.65-2, PB 4.50-5, PB 4.62-1, PB 4.63-1,

PB 4.63-2, PB 4.63-4, PB 4.65-1, PB 4.66-3, PO 072,

PO 205, PO 206, PO 207, PO 208, PO 209, PO 210,

PO 211, PO 212, PO 386, PO 406

Antiplasmin, PA 1.06-6, PA 1.07-1, PB 2.34-3, PO 093,

PO 097

Antiplatelet drugs, AS 07.2, AS 15.1, AS 37.1, OC 09.1,

OC 09.2, OC 09.3, OC 09.6, OC 32.2, OC 46.1, PA

1.01-3, PA 1.01-5, PA 2.01-2, PA 2.01-6, PA 2.17-5,

PA 4.01-1, PA 4.01-2, PA 4.01-3, PA 4.01-4, PA

4.01-5, PB 1.21-1, PB 1.21-4, PB 1.21-6, PB 1.31-4,

PB 1.49-1, PB 2.21-1, PB 2.21-4, PB 2.21-5, PB

2.21-6, PB 2.22-3, PB 2.22-4, PB 2.28-5, PB 3.23-6,

PB 4.21-2, PB 4.21-3, PB 4.21-5, PB 4.21-6, PB

4.22-5, PB 4.25-3, PB 4.26-4, PB 4.56-2, PO-495, PO

199, PO 308, PO 337, PO 365, PO 369, PO 430, PO

443, PO 449, PO 450, PO 451, PO 454, PO 458,

PO 459

Antiplatelet therapy, AS 15.1, AS 15.2, OC 16.1, PA

1.01-1, PA 1.01-2, PA 1.01-4, PA 2.01-2, PA 2.01-3,

PA 2.01-4, PA 2.01-5, PA 2.02-4, PB 1.21-3, PB 1.28-

6, PB 1.47-1, PB 1.60-4, PB 1.63-6, PB 2.22-2, PB

2.22-6, PB 2.24-1, PB 2.27-3, PB 2.27-4, PB 2.27-6,

PB 2.37-6, PB 2.45-3, PB 3.21-2, PB 3.21-3, PB 3.22-

1, PB 3.28-3, PB 4.21-4, PB 4.22-3, PB 4.24-1, PB

4.45-3, PO 213, PO 310, PO 327, PO 338, PO 446,

PO 450, PO 452, PO 456, PO 459, PO 460

Antithrombin, AS 12.5, AS 26.3, AS 29.2, OC 30.2, OC

37.4, OC 73.2, OC 78.3, OC 78.4, OC 90.2, OC 90.3,

OC 90.6, PA 1.15-6, PA 2.13-5, PA 2.17-5, PA 2.19-5,

PA 2.20-2, PA 3.12-4, PA 4.08-4, PA 4.20-3, PB 1.46-

1, PB 1.71-3, PB 2.56-3, PB 2.56-4, PB 2.56-5, PB

2.63-1, PB 2.67-3, PB 2.69-3, PB 2.69-6, PB 2.72-3,

PB 3.50-2, PB 3.67-1, PB 3.67-5, PB 3.68-6, PB 3.69-

3, PB 3.72.5, PB 4.58-2, PB 4.58-5, PB 4.72-2, PB

4.73-1, PO 001, PO 024, PO 079, PO 271, PO 303,

PO 307, PO 485

APC resistance, OC 18.1, OC 47.1, OC 84.2, PB 2.66-5,

PB 4.66-6, PO 070

Apixaban, AS 12.2, AS 20.1, OC 79.2, PB 2.47-1, PB

3.48-2, PB 3.48-3, PB 3.48-4, PB 3.52-6, PB 4.40-2,

PB 4.46-4, PB 4.48-6

Apoptosis, OC 11.3, OC 38.2, OC 54.4, PA 1.01-6, PA

2.17-4, PA 3.16-6, PA 4.01-4, PA 4.08-3, PA 4.14-3,

PA 4.14-4, PB 1.24-1, PB 1.24-2, PB 1.24-3, PB

1.24-4, PB 1.24-5, PB 1.25-1, PB 1.32-6, PB 2.24-6,

PB 2.67-1, PB 3.22-2, PB 3.56-1, PB 4.22-6, PB 4.68-

6, PO 218, PO 226
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Aptamer, PA 3.11-1, PB 3.47-3, PB 3.53-2, PB 4.48-1,

PB 4.49-3

aPTT, AS 02.2, AS 02.3, PA 1.12-2, PA 2.11-5, PA

3.13-6, PB 1.39-1, PB 1.48-2, PB 1.51-4, PB 1.54-2,

PB 2.52-1, PB 3.49-1, PB 3.49-2, PB 3.49-3, PB

3.51-1, PB 3.51-4, PB 3.52-5, PB 3.53-5, PB 4.50-2,

PB 4.51-4, PB 4.52-5, PB 4.53-1, PB 4.54-1, PO 008,

PO 028, PO 037, PO 038, PO 045, PO 062, PO 064,

PO 187, PO 395, PO 483

Arterial thrombosis, AS 01.2, AS 03.2, AS 04.3, AS 27.3,

OC 07.4, OC 16.1, OC 32.4, OC 43.3, OC 58.3, OC

58.4, OC 59.2, OC 78.1, PA 2.17-5, PA 2.18-5, PA

2.20-3, PA 3.02-4, PA 3.06-3, PA 3.06-5, PA 4.01-1,

PA 4.11-4, PA 4.16-2, PB 1.25-4, PB 1.27-1, PB

1.33-6, PB 1.63-4, PB 1.64-5, PB 1.72-4, PB 1.73-5,

PB 2.27-2, PB 2.63-1, PB 2.66-3, PB 3.63-5, PB

3.63-6, PB 3.72-1, PB 3.73-6, PB 4.24-1, PB 4.25-1,

PB 4.28-3, PB 4.28-6, PB 4.31-4, PB 4.56-2, PB

4.61-5, PB 4.61-6, PB 4.70-1, PB 4.70-2, PO-495, PO

020, PO 107, PO 138, PO 208, PO 302, PO 389, PO

416, PO 447, PO 449, PO 456, PO 462

Arthropathy, PA 2.08-3, PB 1.37-6, PB 2.44-3, PB

2.67-4, PB 2.68-2, PB 3.38-2, PB 4.38-4, PO 165

Aspirin, AS 01.2, AS 15.3, AS 17.1, OC 61.2, PA 1.03-6,

PA 1.20-1, PA 2.01-1, PA 2.01-6, PA 2.05-2, PA

3.17-4, PB 1.53--2, PB 2.67-6, PB 2.74.5, PB 3.21-3,

PB 3.59-6, PB 3.71-1, PB 3.71-4, PB 4.22-6, PB

4.27-2, PB 4.27-3, PB 4.27-6, PB 4.28-2, PB 4.56-2,

PO 324, PO 330, PO 358, PO 447, PO 450, PO 451,

PO 452, PO 457, PO 458

Aspirin resistance, OC 07.3, PA 2.01-1, PA 2.01-3, PA

2.01-5, PA 2.01-6, PB 1.27-1, PB 2.22-1, PB 2.22-4,

PB 2.24-1, PB 2.27-4, PB 2.67-6, PB 3.21-1, PB

3.21-4, PB 3.21-5, PB 3.21-6, PO 327, PO 338, PO

341, PO 448, PO 451, PO 455, PO 457

Atherosclerosis, AS 04.2, AS 04.3, AS 43.2, OC 26.2, OC

27.3, OC 32.1, OC 32.2, OC 32.3, OC 32.6, OC 38.5,

OC 38.6, OC 43.1, OC 43.3, OC 43.4, OC 67.1, OC

85.6, PA 1.04-4, PA 1.19-6, PA 2.05-3, PA 2.09-1, PA

2.18-5, PA 4.02-2, PA 4.03-6, PB 1.31-6, PB 1.32-1,

PB 1.32-2, PB 1.32-4, PB 1.32-5, PB 1.73, PB 1.73-1,

PB 1.73-2, PB 1.73-3, PB 1.73-5, PO 496, PB 2.24-5,

PB 2.43-5, PB 2.62-1, PB 2.63-6, PB 3.32-1, PB 3.32-

3, PB 3.32-4, PB 3.32-5, PB 3.56-3, PB 3.63-3, PB

3.71-3, PB 4.31-1, PB 4.31-3, PB 4.31-5, PB 4.31-6,

PB 4.32-1, PB 4.32-2, PB 4.32-3, PB 4.32-4, PB 4.32-

5, PB 4.32-6, PB 4.56-4, PB 4.62-5, PO 466, PO 467,

PO 468, PO 470, PO 471, PO 472, PO 473, PO 474,

PO 475, PO 479, PO 480

Atrial fibrillation, AS 02.1, NS 01.3, OC 08.1, OC 42.2,

OC 59.6, OC 79.3, OC 79.5, PA 1.11-6, PA 4.10-1,

PA 4.14-5, PB 1.63-5, PB 1.63-6, PB 2.36-4, PB

2.46-2, PB 2.49-1, PB 2.49-6, PB 3.40-4, PB 3.45-2,

PB 3.48-6, PB 4.46-3, PB 4.47-3, PB 4.47-4, PB 4.64-

2, PO 041, PO 254, PO 263

Autoantibody, OC 55.3, OC 55.4, PA 1.05-3, PA 1.19-6,

PA 3.01-5, PA 4.19-2, PB 1.33-3, PB 1.74-1, PB

2.32-5, PB 2.39-2, PB 2.39-4, PB 2.39-6, PB 3.25-1,

PB 3.33-4, PB 3.33-6, PO 010, PO 025, PO 027

Bernard-Soulier syndrome, OC 34.5, OC 89.1, PA 2.04-5,

PB 2.25-3, PB 3.41-1, PB 4.29-3, PB 4.41-1, PO 197,

PO 351, PO 355

Beta2-glycoprotein, I AS 08.1, AS 08.2, OC 27.2, OC

27.3, OC 41.3, PA 1.18-2, PA 1.18-5, PB 1.62-3, PB

2.62-2, PB 2.62-3, PB 2.62-5, PB 2.62-6, PB 3.62-5,

PB 4.62-1, PB 4.62-6, PO 386, PO 389

Biomarkers, AS 26.2, OC 04.1, OC 04.4, OC 07.6, OC

29.4, OC 43.2, OC 71.3, OC 77.2, PA 1.11-1, PA

1.16-1, PA 1.17-5, PA 2.16-2, PA 3.06-4, PA 3.11-1,

PA 3.13-3, PA 4.07-3, PA 4.17-5, PA 4.20-6, PB 1.27,

PB 1.30-1, PB 1.53-1, PB 1.56-6, PB 1.57-2, PB

1.60-3, PB 1.73-3, PB 2.29-2, PB 2.30-3, PB 2.30-6,

PB 2.45-6, PB 2.51-1, PB 2.60-6, PB 2.62-4, PB

2.63-5, PB 2.66-1, PB 2.70-3, PB 2.74-6, PB 3.21-6,

PB 3.31-4, PB 3.32-1, PB 3.37-3, PB 3.53-2, PB

3.62-4, PB 3.74-5, PB 4.30-4, PB 4.31-1, PB 4.31-4,

PB 4.32-1, PB 4.32-4, PB 4.32-5, PB 4.32-6, PB

4.51-5, PB 4.60-1, PB 4.61-2, PB 4.68-4, PO 040, PO

080, PO 230, PO 257, PO 461, PO 471, PO 476

Bleeding, AS 02.1, AS 15.1, AS 30.1, AS 32.3, AS 33.1,

AS 33.3, OC 02.2, OC 03.2, OC 05.5, OC 12.1, OC

13.1, OC 25.4, OC 34.4, OC 36.1, OC 36.5, OC 39.6,

OC 42.1, OC 42.2, OC 48.3, OC 50.1, OC 60.6, OC

75.4, OC 80.6, OC 89.6, PA 1.01-3, PA 1.01-5, PA

1.05-2, PA 1.10-1, PA 1.10-3, PA 1.10-5, PA 1.11-5,

PA 1.14-2, PA 1.15-3, PA 1.20-4, PA 2.06-5, PA

2.07-2, PA 2.07-6, PA 2.10-4, PA 2.13-1, PA 2.18-6,

PA 3.09-3, PA 3.10-3, PA 3.19-2, PA 4.03-2, PA

4.04-2, PA 4.09-1, PA 4.11-4, PA 4.13-3, PA 4.15-1,

PB 1.21-2, PB 1.24-1, PB 1.24-4, PB 1.28-4, PB

1.35-4, PB 1.38-2, PB 1.41-4, PB 1.42-1, PB 1.42-3,

PB 1.42-6, PB 1.46-4, PB 1.47-1, PB 1.47-2, PB

1.47-4, PB 1.49-1, PB 1.49-2, PB 1.50-3, PB 1.52-5,

PB 1.52-6, PB 1.54-5, PB 1.55-5, PB 1.57-3, PB

1.58-4, PB 1.61-3, PB 1.61-4, PB 1.63-5, PB 1.63-6,

PB 1.70-4, PB 2.21-1, PB 2.35-4, PB 2.38-1, PB 2.39-

5, PB 2.41-5, PB 2.41-6, PB 2.41-6, PB 2.46-5, PB

2.46-6, PB 2.47-5, PB 2.48-5, PB 2.49-1, PB 2.49-2,

PB 2.50-3, PB 2.51-2, PB 2.54-1, PB 2.67-2, PB 3.22-

4, PB 3.25-6, PB 3.26-1, PB 3.26-4, PB 3.26-6, PB

3.35-1, PB 3.36-4, PB 3.36-6, PB 3.40-2, PB 3.40-4,

PB 3.40-5, PB 3.42-3, PB 3.43-5, PB 3.45-1, PB 3.47-

1, PB 3.48-1, PB 3.58-3, PB 3.64-2, PB 4.21-1, PB

4.22-6, PB 4.37-3, PB 4.41-5, PB 4.42-2, PB 4.43-3,

PB 4.45-3, PB 4.45-4, PB 4.49-5, PB 4.54-4, PB 4.57-

1, PB 4.60-6, PB 4.61-2, PB 4.66-2, PB 4.73-4, PO

002, PO 009, PO 015, PO 016, PO 018, PO 019, PO

043, PO 049, PO 056, PO 064, PO 078, PO 097, PO

099, PO 102, PO 115, PO 119, PO 122, PO 123, PO

124, PO 125, PO 126, PO 127, PO 128, PO 142, PO

147, PO 155, PO 160, PO 163, PO 166, PO 220, PO

242, PO 245, PO 260, PO 261, PO 264, PO 267, PO

269, PO 273, PO 376, PO 382, PO 384, PO 420, PO

432, PO 438, PO 442, PO 451, PO 498
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Bleeding disorder, AS 22.2, AS 28.3, AS 32.3, AS 36.1,

OC 13.2, OC 14.1, OC 14.2, OC 14.4, OC 34.4, OC

34.6, OC 45.4, OC 55.5, OC 62.2, OC 62.5, OC 64.5,

OC 81.5, OC 83.5, OC 83.6, OC 89.1, OC 89.3, OC

89.5, PA 1.05-4, PA 1.05-6, PA 1.08-3, PA 1.08-4, PA

1.08-6, PA 2.08-1, PA 2.11-3, PA 2.13-1, PA 3.05-1,

PA 3.07-3, PA 3.07-5, PA 3.09-4, PA 3.09-5, PA

3.09-6, PA 3.13-3, PA 3.14-5, PA 3.17-5, PA 4.05-2,

PA 4.05-4, PA 4.07-6, PA 4.11-5, PA 4.12-4,

PB 1.22-2, PB 1.25-6, PB 1.52-6, PB 1.74-1, PB 1.74-

4, PB 1.74-5, PB 2.25-2, PB 2.25-3, PB 2.25-5, PB

2.32-2, PB 2.32-3, PB 2.32-4, PB 2.35-2, PB 2.35-3,

PB 2.36-5, PB 2.37-5, PB 2.39-2, PB 2.39-3,

PB 2.39-4, PB 2.41-1, PB 2.41-2, PB 2.41-3, PB

2.41-4, PB 2.41-6, PB 2.42-2, PB 2.42-5, PB 2.43-6,

PB 2.44-1, PB 2.45-4, PB 2.55-6, PB 2.57-1, PB

2.58-1, PB 3.25-4, PB 3.35-5, PB 3.37-4, PB 3.37-6,

PB 3.41-4, PB 3.41-6, PB 3.42-5, PB 3.49-4,

PB 3.49.6, PB 3.51-2, PB 3.53-1, PB 3.54-1, PB

4.37-6, PB 4.39-2, PB 4.41-1, PB 4.41-2, PB 4.41-4,

PB 4.42-3, PB 4.43-2, PB 4.44-4, PB 4.44-6, PB 4.50-

2, PB 4.54-4, PB 4.57-6, PB 4.66-5, PO 008, PO 010,

PO 020, PO 022, PO 023, PO 025, PO 027, PO 032,

PO 063, PO 084, PO 103, PO 106, PO 111, PO 121,

PO 136, PO 147, PO 169, PO 179, PO 181, PO 224,

PO 226, PO 243, PO 294, PO 331, PO 350, PO 353,

PO 370, PO 379, PO 382, PO 383, PO 384, PO 424,

PO 425, PO 427, PO 431, PO 433

Bleeding score, OC 02.2, OC 13.6, OC 42.3, PA 1.08-3,

PA 1.09-5, PA 2.08-2, PA 3.09-1, PA 3.09-3, PA

4.07-4, PB 1.42-1, PB 1.42-3, PB 1.42-5, PB 1.49-2,

PB 1.66-6, PB 2.25-2, PB 2.25-5, PB 2.41-2, PB

2.41-4, PB 3.35-5, PB 3.36-5, PB 3.40-4, PB 3.40-5,

PB 3.53-1, PB 4.38-5, PB 4.41-5, PB 4.43-6, PB

4.44-2, PO 378, PO 423, PO 431

Body mass index, PA 1.01-2, PB 3.37-3, PB 4.72-5

Bradykinin, AS 23.2, OC 53.2, PB 2.59-3, PB 4.33-5

Bridging therapy, PA 1.10-1

c-GMP, PA 3.03-3, PA 3.03-4, PA 4.01-6, PB 1.31-4, PB

3.23-2, PB 3.31-5

C-reactive protein, PB 2.29-1, PB 3.66-5, PB 3.66-6, PB

4.68-3

C1-inhibitor, OC 53.3, PA 3.15-2, PB 3.59-5, PB 4.67-4

Calcium, AS 27.2, AS 30.2, OC 35.3, OC 60.2, OC 65.2,

OC 88.1, PA 2.02-2, PA 2.09-1, PA 3.02-1, PA 3.03-3,

PA 4.02-5, PB 1.29-1, PB 1.50-2, PB 2.26-5, PB

2.43-5, PB 3.27-2, PB 3.27-4, PB 3.27-5, PB 3.27-6,

PB 3.71-2, PO 229, PO 309

Cancer, AS 12.3, AS 17.3, AS 34.1, AS 34.2, AS 34.3,

AS 46.3, AS 46.4, FS 02.1, OC 04.2, OC 04.3, OC

04.5, OC 04.6, OC 07.2, OC 25.1, OC 25.2, OC 25.3,

OC 31.1, OC 31.2, OC 31.3, OC 31.4, OC 31.5, OC

31.6, OC 38.2, OC 59.1, OC 72.3, OC 75.4, OC 82.1,

OC 82.2, OC 82.3, OC 82.4, OC 82.5, OC 82.6, PA

1.03-1, PA 1.16-1, PA 1.16-2, PA 1.16-3, PA 1.16-4,

PA 1.16-5, PA 1.16-6, PA 1.17-3, PA 1.19-1, PA 1.20-

5, PA 1.20-6, PA 2.16-1, PA 2.16-2, PA 2.16-3, PA

2.16-4, PA 2.16-5, PA 2.16-6, PA 3.04-5, PA 3.16-1,

PA 3.16-2, PA 3.16-3, PA 3.16-4, PA 3.16-5, PA 3.16-

6, PA 4.08-2, PA 4.08-3, PB 1.27, PB 1.27-2, PB 1.27-

5, PB 1.27-6, PB 1.30-2, PB 1.30-3, PB 1.56-2, PB

1.56-5, PB 1.60-1, PB 1.60-2, PB 1.60-3, PB 1.60-6,

PB 1.61-1, PB 1.61-2, PB 1.61-3, PB 1.61-4, PB

1.61-5, PB 1.61-6, PB 1.65-4, PB 1.67-2, PB 1.67-6,

PB 1.69-6, PB 1.70-3, PB 1.70-5, PB 1.71-6, PB

2.30-1, PB 2.30-5, PB 2.53-3, PB 2.60-1, PB 2.60-2,

PB 2.60-3, PB 2.60-6, PB 2.61-1, PB 2.61-2, PB

2.61-3, PB 2.61-4, PB 2.61-6, PB 2.65-3, PB 2.70-5,

PB 3.29-3, PB 3.47-4, PB 3.56-4, PB 3.57-6, PB

3.60-1, PB 3.60-2, PB 3.60-3, PB 3.60-4, PB 3.60-5,

PB 3.60-6, PB 3.61-1, PB 3.61-2, PB 3.61-3, PB

3.61-4, PB 3.61-5, PB 3.61-6, PB 4.56-3, PB 4.60-1,

PB 4.60-2, PB 4.60-3, PB 4.60-4, PB 4.60-6, PB

4.61-2, PB 4.61-3, PB 4.61-5, PB 4.61-6, PB 4.71-1,

PB 4.71-4, PO 027, PO 029, PO 048, PO 051, PO 052,

PO 053, PO 075, PO 084, PO 149, PO 400, PO 401

Cardiac surgery, OC 75.1, PA 1.11-5, PA 1.17-2, PA

2.11-4, PA 2.18-6, PA 3.13-5, PB 1.21-2, PB 1.48-4,

PB 1.52-4, PB 1.56-4, PB 3.26-1, PO 180, PO 448

Cardiopulmonary bypass, AS 20.3, PA 3.08-3, PA

3.13-5, PB 1.28-3, PB 1.40-4, PB 1.50-3, PB 1.54-5,

PB 1.59-3, PB 2.68-5, PB 4.62-4

Cardiovascular disease, AS 04.1, AS 30.1, AS 43.1, OC

03.6, OC 27.3, OC 29.2, OC 32.4, OC 43.1, OC 53.5,

PA 1.14-3, PA 1.14-5, PA 1.17-4, PA 2.01-2, PA

2.01-5, PB 1.21-3, PB 1.24-5, PB 1.25-3, PB 1.26-3,

PB 1.32-3, PB 1.36-1, PB 1.47-1, PB 1.70-2, PB

1.70-6, PB 1.73-1, PB 1.73-5, PB 2.27-3, PB 2.36-4,

PB 2.36-6, PB 2.59-2, PB 2.59-3, PB 2.63-4, PB

2.68-4, PB 2.74.5, PB 3.21-2, PB 3.21-4, PB 3.26-3,

PB 3.31-1, PB 3.31-3, PB 3.42-3, PB 3.54-4, PB

3.63-3, PB 3.71-2, PB 3.74-5, PB 4.21-2, PB 4.30-5,

PB 4.56-4, PB 4.56-5, PB 4.64-6, PB 4.71-5, PO 149,

PO 157, PO 249, PO 262, PO 310, PO 313, PO 316,

PO 360, PO 369, PO 414, PO 416, PO 417, PO 418,

PO 465, PO 466, PO 468, PO 469, PO 472, PO 487,

PO 499

Cardiovascular risk, AS 26.2, OC 03.6, OC 26.3, OC

27.3, OC 64.2, OC 84.4, PA 1.04-4, PA 1.04-5, PA

3.06-5, PA 3.12-3, PA 3.13-1, PA 4.15-6, PB 1.26-1,

PB 1.31-2, PB 1.34-4, PB 1.36-1, PB 1.70-2, PB

2.22-1, PB 2.27-5, PB 2.68-5, PB 3.36-5, PB 3.63-4,

PB 3.66-4, PB 3.73-4, PB 3.74-6, PB 4.23-5, PB

4.27-3, PB 4.28-3, PB 4.31-5, PB 4.36-2, PB 4.44-6,

PO 107, PO 341, PO 412, PO 417, PO 418, PO 430,

PO 465, PO 475, PO 476, PO 477, PO 494

Case-control study, OC 03.3, OC 30.3, PA 1.16-4, PA

2.06-4, PA 2.17-6, PA 3.06-5, PA 4.18.2, PB 1.25-4,

PB 1.34-1, PB 1.65-1, PB 2.45-5, PB 2.61-3, PB 3.55-

2, PB 3.63-6, PB 4.56-4, PB 4.69-3, PO 293, PO 499

Catheter thrombosis, AS 06.1, AS 06.2, AS 13.2, OC

82.4, PA 2.16-1, PA 2.18-3, PA 2.19-3

CD40 ligand, AS 04.2, AS 04.3, OC 87.2, OC 87.4, PB

1.67-1, PO 316
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Chemokines, AS 44.3, PA 1.17-2, PA 4.20-5, PB 2.32-4,

PB 3.32-4, PO 239

Chemotherapy, OC 04.4, OC 31.2, OC 31.5, PA 1.16-2,

PA 2.15-3, PA 2.16-1, PA 3.16-6, PB 1.27-4, PB

1.30-2, PB 1.30-3, PB 1.61-1, PB 2.61-2, PB 2.61-5,

PB 2.61-6, PB 3.57-6, PB 3.61-6, PB 4.60-5, PO 047,

PO 051, PO 410

Circulating endothelial cells, OC 13.3, OC 43.1, PB

1.31-2, PB 2.31-1, PB 4.63-4

Cirrhosis, AS 33.2, OC 64.5, PB 1.34-1, PB 1.46-5, PB

2.45-5, PB 2.51-3, PB 2.56-4, PB 4.51-1, PO 170, PO

405

Clopidogrel, OC 32.2, PA 2.01-4, PA 2.05-2, PA 2.05-4,

PA 4.04-4, PB 1.21-1, PB 1.21-2, PB 1.21-4, PB

1.48-3, PB 1.53--2, PB 2.21-2, PB 2.21-3, PB 2.21-6,

PB 3.26-1, PB 4.27-2, PB 4.27-6, PO 364, PO 445, PO

452, PO 454, PO 459

Clopidogrel resistance, AS 15.1, OC 07.3, PA 1.01-2, PA

1.01-4, PA 2.01-3, PB 2.21-4, PB 2.22-1, PB 2.22-2,

PB 2.22-5, PO 327, PO 444, PO 445, PO 446

Clot lysis, AS 08.3, AS 23.3, OC 06.5, PA 1.14-3, PA

3.12-6, PB 1.34-4, PB 1.34-6, PB 1.57-6, PB 1.63-1,

PB 1.63-2, PB 2.34-3, PB 2.37-1, PB 3.34-1, PB

3.73-2, PB 4.33-1, PB 4.34-4, PB 4.34-6, PB 4.57-5,

PB 4.65-4, PB 4.68-1, PB 4.74-1

CNS BLEEDING, PB 3.41-3

Coagulation, AS 05.03, AS 10.2, AS 13.3, AS 25.3, AS

31.2, OC 03.4, OC 06.2, OC 07.6, OC 11.1, OC 19.1,

OC 23.3, OC 28.1, OC 38.1, OC 44.1, OC 44.2, OC

44.3, OC 44.4, OC 53.2, OC 57.6, OC 58.3, OC 72.2,

OC 82.6, OC 84.2, OC 84.3, OC 85.2, PA 1.11-1, PA

1.11-4, PA 1.13-1, PA 1.13-5, PA 1.15-1, PA 1.19-4,

PA 2.05-5, PA 2.11-6, PA 2.12-6, PA 2.13-2, PA

2.14-3, PA 2.15-3, PA 2.15-4, PA 2.17-4, PA 3.04-1,

PA 3.15-1, PA 4.08-1, PB 1.39-6, PB 1.44-5, PB

1.50-1, PB 1.50-2, PB 1.56-1, PB 1.56-6, PB 1.58-5,

PB 1.59-6, PB 1.62-1, PB 1.62-4, PB 1.63-1, PB

1.63-3, PB 1.66-4, PB 2.22-3, PB 2.46-3, PB 2.50-2,

PB 2.51-6, PB 2.57-6, PB 2.59-6, PB 2.60-5, PB 2.63-

2, PB 2.68-1, PB 3.30-4, PB 3.30-5, PB 3.50-3, PB

3.50-5, PB 3.51-1, PB 3.52-2, PB 3.60-1, PB 3.60-5,

PB 3.74-2, PB 4.37-1, PB 4.49-2, PB 4.52-2, PB 4.54-

2, PB 4.54-6, PB 4.56-3, PB 4.57-4, PB 4.59-5, PB

4.64-3, PB 4.64-4, PO 005, PO 046, PO 077, PO 084,

PO 090, PO 091, PO 131, PO 251, PO 320, PO 373,

PO 403, PO 411, PO 439, PO 468, PO 483, PO 485,

PO 486, PO 487, PO 488, PO 489, PO 499

Coagulation factors, AS 36.3, AS 36.4, FS 03.4, OC

01.4, OC 06.1, OC 18.4, OC 24.4, OC 28.2, OC 28.3,

OC 28.5, OC 31.3, OC 57.3, OC 59.4, OC 68.1, OC

68.3, OC 68.4, OC 70.4, OC 73.3, OC 83.1, PA

1.12-1, PA 1.12-3, PA 1.12-4, PA 1.12-5, PA 1.12-6,

PA 1.13-3, PA 1.13-4, PA 2.12-4, PA 3.11-1, PA

3.12-2, PA 3.14-1, PA 3.14-3, PA 3.14-6, PA 4.11-4,

PA 4.12-3, PA 4.13-4, PA 4.15-3, PA 4.15-5, PB

1.39-2, PB 1.41-4, PB 1.41-6, PB 1.48-5, PB 1.53-6,

PB 1.55-3, PB 1.56-3, PB 1.58-3, PB 1.74-1, PB

2.23-2, PB 2.36-5, PB 2.37-5, PB 2.45-5, PB 2.50-5,

PB 2.50-6, PB 2.51-4, PB 3.36-2, PB 3.37-4, PB 3.37-

5, PB 3.38-4, PB 3.39-1, PB 3.49-1, PB 3.49-4, PB

3.49.6, PB 3.50-5, PB 3.51-2, PB 3.53-4, PB 3.55-2,

PB 3.55-5, PB 3.74-1, PB 4.24-4, PB 4.31-4, PB 4.42-

4, PB 4.50-3, PB 4.57-6, PB 4.58-1, PB 4.58-4, PB

4.68-1, PO 010, PO 054, PO 055, PO 058, PO 081,

PO 091, PO 111, PO 119, PO 139, PO 154, PO 294,

PO 382, PO 431, PO 452, PO 486, PO 487

Coagulation modelling, AS 09.1, FS 03.4, PA 3.15-5, PB

2.57-6, PB 3.50-2, PB 3.55-5, PB 4.25-6, PB 4.54-5,

PB 4.55-5

Coagulations tests, AS 08.1, AS 26.1, AS 26.2, AS 38.2,

AS 38.4, OC 23.4, OC 48.4, OC 64.3, OC 64.4, OC

79.2, OC 81.2, OC 81.3, OC 81.4, OC 81.5, OC 81.6,

OC 82.5, PA 1.09-2, PA 1.11-1, PA 1.11-4, PA 1.18-4,

PA 2.08-5, PA 2.11-1, PA 2.11-2, PA 2.11-4, PA

2.11-5, PA 3.08-2, PA 3.11-1, PA 3.11-2, PA 3.11-3,

PA 3.11-5, PA 3.11-6, PA 3.13-6, PA 4.07-1, PA

4.11-2, PA 4.11-3, PB 1.30-2, PB 1.36-6, PB 1.39-6,

PB 1.43-2, PB 1.45-3, PB 1.45-5, PB 1.45-6, PB

1.51-4, PB 1.51-5, PB 1.51-6, PB 1.52-1, PB 1.52-2,

PB 1.52-3, PB 1.53-3, PB 1.53-4, PB 1.53-5, PB

1.54-1, PB 1.54-2, PB 1.54-6, PB 1.59-3, PB 1.60-6,

PB 1.62-2, PB 1.71-5, PB 2.33-3, PB 2.35-6, PB

2.38-4, PB 2.45-6, PB 2.48-6, PB 2.50-1, PB 2.51-2,

PB 2.51-4, PB 2.51-5, PB 2.51-6, PB 2.52-2, PB

2.52-4, PB 2.53-1, PB 2.53-3, PB 2.53-4, PB 2.53-5,

PB 2.54-6, PB 2.56-4, PB 2.56-5, PB 2.62-6, PB

2.66-4, PB 2.72-2, PB 3.30-4, PB 3.36-1, PB 3.38-3,

PB 3.40-2, PB 3.41-5, PB 3.42-4, PB 3.46-1, PB

3.49-1, PB 3.49-2, PB 3.51-4, PB 3.51-4, PB 3.51-6,

PB 3.52-2, PB 3.52-3, PB 3.52-5, PB 3.52-6, PB

3.53-1, PB 3.53-4, PB 3.53-5, PB 3.53-6, PB 3.62-6,

PB 3.72-6, PB 4.30-2, PB 4.36-4, PB 4.42-6, PB

4.44-3, PB 4.46-5, PB 4.48-2, PB 4.50-2, PB 4.51-2,

PB 4.51-5, PB 4.51-6, PB 4.52-1, PB 4.53-1, PB

4.53-4, PB 4.54-1, PB 4.54-3, PB 4.54-4, PB 4.54-5,

PB 4.54-6, PB 4.55-3, PB 4.55-5, PB 4.59-5, PB

4.63-1, PB 4.70-4, PB 4.72-2, PB 4.73-6, PB 4.74-6,

PO 014, PO 018, PO 028, PO 034, PO 035, PO 036,

PO 037, PO 038, PO 039, PO 042, PO 044, PO 059,

PO 060, PO 061, PO 062, PO 085, PO 139, PO 243,

PO 250, PO 264, PO 276, PO 342, PO 395, PO 405,

PO 436, PO 482, PO 483, PO 484

Coagulopathy, AS 33.3, OC 17.1, OC 64.5, PA 1.08-1,

PA 3.13-2, PA 3.13-5, PA 4.17-1, PB 1.41-4, PB

1.57-3, PB 2.39-5, PB 2.45-2, PB 2.45-4, PB 2.51-3,

PB 2.53-4, PB 2.57-5, PB 3.40-1, PB 3.54-6, PB

3.57-1, PB 3.57-4, PB 3.66-3, PB 4.57-1, PB 4.57-3,

PO 003, PO 014, PO 019, PO 023, PO 028, PO 054,

PO 082, PO 244, PO 307, PO 381, PO 472

Cohort study, AS 04.1, AS 05.2, AS 06.3, AS 19.1, AS

43.1, OC 04.3, OC 07.1, OC 12.3, OC 52.1, OC 56.3,

OC 59.2, OC 59.6, OC 63.5, PA 1.17-5, PA 1.20-2,

PA 2.05-1, PA 3.14-5, PA 4.10-6, PA 4.18.2, PB

1.38-6, PB 1.50-1, PB 1.66-2, PB 1.66-4, PB 1.70-1,
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PB 2.36-6, PB 2.46-2, PB 2.63-5, PB 2.70-1, PB

2.71-2, PB 3.21-4, PB 3.35-4, PB 3.38-1, PB 3.39-5,

PB 3.39-6, PB 3.48-5, PB 4.47-3, PB 4.51-3, PB

4.64-2, PB 4.72-4, PO 145, PO 161, PO 230, PO 291,

PO 311

Collagen, OC 09.5, OC 64.1, OC 65.3, OC 87.5, OC

88.2, PA 2.02-3, PA 2.14-2, PA 2.14-3, PA 3.01-1, PA

3.14-6, PA 4.02-5, PB 1.22-3, PB 1.23-2, PB 1.31-3,

PB 2.26-4, PB 2.43-3, PB 2.46-1, PB 2.57-2,

PB 3.22-6, PB 3.23-3, PB 3.23-6, PB 3.25-1, PB

3.28-3, PB 3.44-2, PB 4.21-5, PB 4.22-4, PO 324, PO

335

Complement, AS 31.1, AS 31.2, AS 40.1, AS 40.2, OC

24.4, OC 32.6, OC 41.1, OC 46.2, OC 52.4, PA

1.19-5, PB 1.62-1, PB 1.62-5, PB 2.73-1, PB 2.73-3,

PB 3.59-1, PB 4.67-4

Computed tomography, AS 34.1, OC 20.2, OC 71.2, PA

2.06-4, PA 3.19-5, PB 1.64-2, PB 1.64-3, PB 2.65-1,

PB 2.65-3, PB 2.65-6, PB 3.60-3

Concentrate, AS 32.2, PA 2.13-6, PB 1.43-4, PB 2.36-3,

PB 2.54-1, PB 4.57-6, PB 4.58-5, PO 032, PO 109, PO

116, PO 143, PO 155, PO 182, PO 315, PO 426,

PO 428

Contact factors, AS 13.1, AS 13.2, OC 40.1, OC 53.1,

OC 53.2, OC 53.3, OC 53.5, PA 1.10-4, PA 3.14-3,

PA 3.15-1, PA 3.15-3, PA 3.15-5, PB 2.60-4, PB

4.49-2, PB 4.49-3, PB 4.67-4

Coronary artery disease, AS 01.2, AS 01.3, AS 26.2,

OC 07.1, OC 07.5, OC 43.3, PA 1.11-1, PA 1.19-6,

PA 2.09-1, PA 3.06-4, PA 3.15-6, PB 1.49-3, PB

1.56-4, PB 1.63-4, PB 1.73-3, PO 496, PB 2.21-2, PB

2.27-1, PB 2.27-4, PB 3.32-1, PB 4.21-3, PB 4.31-6,

PB 4.32-5, PB 4.56-5, PB 4.74-2, PO 330, PO 359,

PO 416, PO 428, PO 430, PO 443, PO 444, PO 474,

PO 475, PO 476, PO 477, PO 478, PO 480

Cost-effectiveness, NS 01.3, OC 02.6, OC 20.3, OC 79.3,

OC 79.6, PA 1.13-2, PA 2.06-1, PA 2.07-1, PA 3.20-3,

PB 1.74-5, PB 2.36-2, PB 2.38-3, PB 3.47-1, PB

4.36-6, PO 152, PO 322

Coumarins, PB 1.54-3, PB 2.47-2, PB 2.49-3, PB 2.53-2,

PB 4.49-6, PO 267, PO 277, PO 398

Cyclooxygenase, OC 40.2, PA 2.15-5, PA 4.05-4, PB

3.29-5, PB 3.59-6

CYP2C19, PA 2.05-4, PB 1.48-3, PB 2.21-3, PB 2.22-5,

PB 2.22-6, PO 277, PO 415, PO 444

CYP2C9, PB 4.59-6, PO 415

Cytokines, AS 10.1, AS 40.2, OC 08.2, OC 85.1, PA

1.07-2, PA 1.16-5, PA 1.19-4, PA 3.13-4, PB 1.30-6,

PB 1.67-4, PB 2.44-3, PB 3.29-2, PB 3.31-3, PB 3.56-

2, PB 3.62-3, PB 4.65-2, PO 230, PO 246, PO 464

Cytoskeleton, AS 46.2, OC 10.3, OC 33.2, OC 34.5, OC

35.6, PA 1.06-2, PA 4.02-1, PB 1.29-1, PB 1.29-3, PB

3.23-1, PB 3.27-3, PB 4.23-4, PB 4.23-6, PB 4.24-2,

PB 4.24-5, PB 4.25-4

D-Dimer, AS 18.3, AS 42.1, AS 42.4, OC 07.6, OC 12.3,

OC 12.4, OC 12.5, OC 20.4, OC 71.2, OC 71.4, PA

1.11-3, PA 4.16-1, PA 4.16-5, PA 4.17-3, PB 1.26-4,

PB 1.48-6, PB 1.50-1, PB 1.57-6, PB 1.64-1, PB

1.65-5, PB 2.22-3, PB 2.33-6, PB 2.52-3, PB 2.64-1,

PB 2.64-3, PB 2.65-4, PB 2.65-5, PB 2.71-1, PB

2.74-3, PB 3.57-3, PB 3.64-6, PB 3.66-6, PB 3.70-3,

PB 4.51-5, PB 4.57-5, PB 4.65-2, PO 005, PO 037, PO

040, PO 068, PO 069, PO 073, PO 075, PO 085, PO

195, PO 215, PO 272, PO 411, PO 492

Dabigatran, AS 02.2, AS 02.3, AS 10.3, AS 38.2, OC

02.4, OC 31.5, OC 36.2, OC 36.6, OC 51.2, OC 63.3,

OC 81.6, PA 2.19-2, PA 3.10-2, PA 3.10-4, PA 3.10-6,

PA 3.11-3, PA 4.10-5, PB 1.45-3, PB 1.45-5, PB

1.45-6, PB 1.47-4, PB 1.48-2, PB 1.48-5, PB 2.40-6,

PB 2.47-1, PB 2.47-6, PB 2.48-2, PB 2.48-3, PB

2.49-6, PB 2.51-2, PB 2.51-4, PB 2.52-2, PB 3.47-5,

PB 3.48-3, PB 3.51-1, PB 3.52-3, PB 3.74-3, PB

4.45-5, PB 4.46-3, PB 4.47-3, PB 4.47-4, PB 4.48-2,

PB 4.48-6, PB 4.52-1, PB 4.53-2, PB 4.62-3, PO 036,

PO 043, PO 255, PO 259, PO 260, PO 264, PO 270,

PO 275, PO 276, PO 490

DDAVP, OC 66.4, PA 2.08-1, PB 1.35-3, PB 3.35-1, PB

3.52-1, PB 4.44-6, PO 348

Deep vein thrombosis, AS 12.2, AS 19.2, AS 19.3, AS

38.3, AS 42.1, AS 42.2, AS 42.4, NS 01.2, OC 12.4,

OC 20.1, OC 30.3, OC 59.4, OC 74.1, OC 75.3, OC

90.5, PA 1.20-3, PA 2.18-2, PA 2.20-3, PA 2.20-4, PA

3.11-2, PA 3.19-4, PA 3.20-1, PA 3.20-2, PA 3.20-3,

PA 3.20-6, PA 4.16-1, PA 4.16-3, PA 4.16-4, PA 4.20-

4, PB 1.49-6, PB 1.54-2, PB 1.61-3, PB 1.64-1, PB

1.65-3, PB 1.65-5, PB 1.65-6, PB 1.66-3, PB 1.68-4,

PB 1.69-5, PB 1.70-2, PB 1.70-5, PB 2.46-5, PB 2.48-

4, PB 2.50-4, PB 2.60-2, PB 2.64-4, PB 2.64-5, PB

2.65-2, PB 2.69-3, PB 2.69-4, PB 2.69-6, PB 2.70-3,

PB 2.70-6, PB 2.71-1, PB 2.71-4, PB 2.71-6, PB 3.55-

1, PB 3.55-2, PB 3.64-2, PB 3.64-6, PB 3.67-1, PB

3.70-2, PB 3.70-6, PB 3.73-3, PB 3.73-5, PB 4.61-6,

PB 4.65-3, PB 4.68-4, PB 4.68-6, PB 4.69-3, PB 4.69-

4, PB 4.70-2, PB 4.71-3, PB 4.72-4, PB 4.72-6, PB

4.73-5, PO 065, PO 066, PO 067, PO 068, PO 069,

PO 071, PO 074, PO 075, PO 076, PO 077, PO 235,

PO 241, PO 261, PO 283, PO 286, PO 299, PO 301,

PO 374, PO 375, PO 397, PO 400

Deficiency, AS 29.2, OC 18.1, OC 30.2, OC 50.4, PA

1.05-2, PA 1.09-2, PA 3.14-5, PA 4.15-1, PB 1.41-5,

PB 1.59-4, PB 1.64-6, PB 2.41-1, PB 2.50-6, PB

2.58-1, PB 3.50-4, PB 3.54-1, PB 3.58-6, PB 3.67-1,

PB 3.72.5, PB 4.41-2, PB 4.41-3, PB 4.72-2, PB

4.74-4, PO 096, PO 380, PO 401

Dendritic cells, OC 55.3, OC 56.2, OC 80.3, PA 1.13-1,

PO 239

Desmopressin, OC 48.1, OC 66.4, PB 1.43-5, PB 3.52-1,

PO 431

Diabetes, AS 37.3, AS 43.1, OC 29.3, PA 1.03-2, PA

1.04-2, PA 1.14-3, PA 1.14-5, PA 2.17-3, PA 3.12-3,

PB 2.21-2, PB 2.21-5, PB 2.33-6, PB 2.63-2, PB

2.67-6, PB 3.21-1, PB 3.21-6, PB 3.28-5, PB 3.44-4,

PB 3.47-2, PB 3.59-1, PB 4.33-5, PB 4.64-5, PO 233,

PO 309, PO 359, PO 363
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Diagnosis, AS 14.3, AS 42.1, AS 42.2, OC 13.2, OC

13.5, OC 20.1, OC 20.2, OC 20.3, OC 20.4, OC 71.2,

OC 71.4, OC 90.2, PA 1.05-3, PA 1.08-5, PA 1.09-5,

PA 1.18-5, PA 2.05-6, PA 2.08-4, PA 2.08-6, PA

2.11-6, PA 3.08-4, PA 3.09-2, PA 3.15-6, PA 4.16-5,

PA 4.16-6, PB 1.36-2, PB 1.37-2, PB 1.40-6, PB

1.42-2, PB 1.42-4, PB 1.51-2, PB 1.53-4, PB 1.57-6,

PB 1.64-1, PB 1.64-3, PB 1.65-3, PB 1.65-6, PB

2.31-1, PB 2.41-1, PB 2.53-4, PB 2.54-5, PB 2.64-5,

PB 2.65-2, PB 2.65-3, PB 3.25-3, PB 3.38-1, PB

3.41-5, PB 3.51-2, PB 3.54-2, PB 3.64-6, PB 3.72-6,

PB 4.38-3, PB 4.40-1, PB 4.40-3, PB 4.40-4, PB

4.40-5, PB 4.51-5, PB 4.53-5, PB 4.57-5, PB 4.62-1,

PB 4.64-6, PB 4.69-4, PB 4.73-6, PB 4.74-4, PO 002,

PO 022, PO 037, PO 067, PO 074, PO 102, PO 123,

PO 124, PO 172, PO 179, PO 191, PO 193, PO 248,

PO 255, PO 329, PO 344, PO 375, PO 378, PO 401,

PO 423, PO 435, PO 438, PO 466, PO 482

Dilute thrombin time, AS 02.3, PA 3.11-3, PB 4.53-2,

PO 034, PO 043, PO 260

Direct thrombin inhibitor, OC 36.6, PB 1.45-3, PB

1.45-5, PB 2.51-4, PB 2.52-2, PB 3.48-4, PB 4.40-4,

PB 4.46-5, PB 4.47-4, PB 4.48-4, PB 4.53-2, PO 034,

PO 300, PO 398

Disseminated intravascular coagulation, OC 69.1, PA

1.04-6, PA 4.17-1, PA 4.17-2, PA 4.17-4, PA 4.17-5,

PA 4.17-6, PB 1.56-2, PB 2.40-1, PB 2.45-1, PB

3.61-6, PO 078, PO 079, PO 080, PO 081, PO 082,

PO 083, PO 084, PO 085, PO 212, PO 255

Dysfibrinogenemia, PB 1.57-1, PB 1.57-5, PB 2.41-3, PB

2.57-1, PB 2.57-3, PB 2.57-5, PB 3.57-1, PB 3.57-2,

PB 4.74-5, PO 385

Ecarin clotting time, AS 02.3

Elderly, OC 42.3, PA 1.17-6, PA 2.10-4, PA 4.16-1, PA

4.16-4, PB 1.47-2, PB 2.36-6, PB 2.49-1, PB 2.65-5,

PB 3.39-3, PB 3.48-1, PB 4.32-4, PB 4.37-5, PB

4.45-1, PB 4.46-3, PB 4.51-3, PB 4.58-3, PO 036, PO

157, PO 282, PO 469

ELISA AS 38.3, OC 21.2, PA 1.01-1, PA 2.15-1, PA

3.08-2, PA 3.11-4, PA 4.17-1, PA 4.19-2, PB 1.40-4,

PB 1.55-1, PB 1.58-2, PB 1.74-2, PB 2.32-4, PB

2.33-3, PB 2.39-1, PB 2.39-4, PB 2.40-4, PB 2.40-5,

PB 2.55-3, PB 4.32-5, PB 4.38-1, PB 4.39-6, PB

4.50-3, PB 4.62-1, PO 073, PO 194, PO 373, PO 408,

PO 464

Endogenous thrombin potential, OC 51.4, OC 62.5, OC

64.3, OC 66.2, OC 66.3, PA 1.18-6, PA 4.11-6, PB

1.50-5, PB 1.59-6, PB 2.42-4, PB 2.59-4, PB 3.41-4,

PB 3.47-6, PB 3.65-5, PB 3.73-2, PB 4.30-2, PB

4.35-3, PB 4.51-1, PB 4.68-1, PB 4.68-2, PO 258

Endothelial cells, AS 01.1, AS 37.2, AS 38.1, AS 41.4,

AS 45.2, AS 46.2, OC 01.3, OC 01.5, OC 05.2, OC

15.1, OC 26.4, OC 28.1, OC 38.4, OC 39.5, OC 40.1,

OC 43.2, OC 51.3, OC 54.2, OC 54.4, OC 54.5, OC

54.6, OC 65.6, OC 91.1, OC 91.6, PA 1.01-6, PA

1.13-5, PA 1.17-1, PA 2.09-3, PA 2.15-3, PA 2.15-5,

PA 2.17-2, PA 4.03-6, PA 4.14-2, PA 4.20-3, PB

1.31-1, PB 1.31-4, PB 1.31-5, PB 1.44-1, PB 2.30-4,

PB 2.43-1, PB 2.60-5, PB 3.30-3, PB 3.31-1, PB

3.31-6, PB 3.33-5, PB 3.34-2, PB 3.34-6, PB 3.43-3,

PB 3.56-1, PB 4.24-1, PB 4.24-4, PB 4.62-2, PO 086,

PO 227, PO 419

Endothelial dysfunction, PA 1.03-5, PA 2.17-1, PB

1.30-1, PB 1.31-6, PB 1.33-4, PB 1.34-5, PO 496, PB

2.29-1, PB 2.29-1, PB 2.30-6, PB 2.31-1, PB 2.31-3,

PB 2.31-4, PB 2.31-5, PB 2.61-5, PB 3.28-2, PB 3.31-

2, PB 4.30-6, PB 4.32-3, PB 4.64-5, PO 086, PO 094,

PO 482

Endothelial progenitor cells, OC 26.3, OC 26.4, OC 39.3,

OC 40.2, PA 1.17-4, PB 1.31-2, PB 2.29-2, PB 2.29-3,

PB 2.29-4, PB 2.29-5, PB 2.29-6, PB 2.31-6, PB

3.31-6, PB 4.34-3, PB 4.35-1, PB 4.56-6

Endothelial protein, C receptor, AS 34.3, AS 41.4, OC

54.2, OC 54.5, OC 60.4, OC 74.4, OC 83.3, OC 84.1,

PA 1.19-1, PA 2.03-4, PA 2.16-6, PA 3.16-4, PA

3.17-2, PB 2.69-1, PB 2.69-2, PB 3.31-2, PB 3.67-6,

PB 4.67-5

Endothelium, AS 41.1, OC 08.3, OC 19.1, OC 54.1, OC

54.3, OC 69.3, OC 74.2, PB 1.60-1, PB 2.27-5, PB

2.29-6, PB 2.31-2, PB 2.63-6, PB 3.31-1, PB 3.31-5,

PB 3.31-6, PO 227, PO 496

Endotoxin, OC 17.3, PB 1.67-5, PO 233

Epidemiology, AS 05.1, AS 17.2, OC 02.4, OC 04.1, OC

04.2, OC 06.5, OC 07.6, OC 12.6, OC 30.3, OC 30.6,

OC 42.4, OC 59.6, OC 63.1, OC 63.6, OC 64.2, OC

75.3, PA 1.10-1, PA 1.16-1, PA 3.06-4, PA 3.20-5, PA

4.16-6, PA 4.18-3, PA 4.18-4, PA 4.18-5, PA 4.18-6,

PB 1.35-6, PB 1.37-4, PB 1.43-3, PB 1.46-3, PB

1.56-6, PB 1.65-2, PB 1.69-4, PB 1.69-6, PB 1.70-1,

PB 1.70-2, PB 2.70-3, PB 2.71-5, PB 3.42-6, PB

3.70-2, PB 4.39-4, PB 4.44-5, PB 4.46-1, PB 4.47-1,

PB 4.60-2, PB 4.63-5, PB 4.64-2, PB 4.69-1, PB

4.69-2, PB 4.71-4, PO 134, PO 284, PO 336, PO 415,

PO 417

Essential thrombocythemia, OC 58.6, PA 2.19-6, PA

4.20-1, PB 1.26-5, PB 1.27-1, PB 3.61-1, PB 4.72-6,

PO 046

Etiology, OC 08.3, OC 75.1, PA 2.06-4, PA 3.19-6, PB

1.69-5, PB 2.33-4, PB 3.56-5, PB 3.64-4, PB 4.70-6,

PO 021, PO 374

Exercise, OC 03.1, PB 2.28-4, PB 2.29-2, PB 2.59-6, PB

3.43-6, PB 4.49-4, PO 100, PO 125, PO 126, PO 127,

PO 280

Exocytosis, AS 16.3, OC 25.2, OC 91.1, PA 2.09-2, PA

2.09-3, PB 2.43-1

Factor II, OC 68.2, OC 78.4, PA 2.13-3, PA 2.13-4, PA

2.13-6, PB 4.63-6, PO 081

Factor IX, AS 45.3, AS 45.4, OC 05.1, OC 18.4, OC

51.4, OC 57.1, OC 70.4, OC 73.1, OC 80.2, PA

1.12-3, PA 1.12-4, PA 1.12-6, PA 2.07-3, PA 2.07-5,

PA 2.14-6, PA 3.12-2, PA 3.14-4, PA 4.11-1, PB

1.39-1, PB 1.39-2, PB 1.39-3, PB 1.39-5, PB 1.39-6,

PB 1.58-6, PB 2.44-1, PB 2.44-6, PB 2.52-1, PB

2.72-1, PB 3.49-1, PB 3.49-2, PB 3.49-3, PB 4.54-1,
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PO 045, PO 057, PO 117, PO 175, PO 178, PO 178,

PO 181

Factor V, AS 24.3, AS 29.1, AS 36.1, AS 36.2, AS 36.4,

OC 18.1, OC 49.1, OC 50.1, OC 50.4, OC 68.1, OC

68.2, PA 4.12-1, PA 4.12-2, PA 4.12-4, PA 4.12-5, PA

4.12-.6, PB 1.59-6, PB 3.54-5, PB 4.41-4, PO 054, PO

055, PO 099, PO 487

Factor V, Leiden, AS 29.1, OC 78.1, PB 1.68-3, PB

2.69-5, PB 2.72-4, PB 4.72-1, PB 4.72-3, PO 005, PO

050, PO 234, PO 235

Factor VII, FS 01.2, OC 37.6, OC 44.2, OC 50.2, OC

62.2, OC 68.3, OC 68.4, OC 80.2, OC 83.1, OC 83.6,

PA 1.08-2, PA 1.08-3, PA 2.14-6, PA 2.15-1, PA

4.11-3, PA 4.14-5, PB 1.41-2, PB 1.50-6, PB 2.41-2,

PB 2.41-5, PB 2.50-6, PB 2.53-1, PB 3.37-5, PB 3.41-

4, PB 4.41-6, PB 4.42-5, PB 4.58-4, PB 4.64-5, PB

4.69-5, PO 006, PO 007, PO 011, PO 055, PO 117,

PO 287, PO 289, PO 290, PO 292, PO 296, PO 379,

PO 380, PO 383, PO 466, PO 481

Factor VIII, AS 01.3, AS 09.1, AS 22.2, AS 22.3, AS

26.1, AS 45.1, OC 03.4, OC 04.2, OC 05.6, OC 13.6,

OC 14.2, OC 14.3, OC 22.3, OC 22.4, OC 28.1, OC

28.2, OC 28.3, OC 28.4, OC 28.5, OC 28.6, OC 37.1,

OC 37.3, OC 48.2, OC 48.3, OC 48.4, OC 56.4, OC

56.5, OC 57.3, OC 57.4, OC 57.5, OC 57.6, OC 80.1,

OC 80.3, OC 80.4, OC 80.5, OC 83.2, OC 84.2, PA

1.09-4, PA 1.13-1, PA 1.13-3, PA 1.13-3, PA 1.13-4,

PA 1.13-5, PA 1.13-6, PA 2.06-5, PA 2.11-5, PA

2.12-1, PA 2.12-2, PA 2.12-4, PA 2.12-6, PA 3.07-4,

PA 3.07-6, PA 3.13-4, PA 4.07-5, PA 4.07-6, PA

4.13-1, PA 4.13-2, PA 4.13-4, PA 4.13-5, PA 4.13-6,

PA 4.18-6, PB 1.26-4, PB 1.36-2, PB 1.36-4, PB

1.36-6, PB 1.38-2, PB 1.43-3, PB 1.53-3, PB 1.55-1,

PB 1.55-3, PB 1.55-5, PB 1.74-3, PB 1.74-6, PB

2.35-2, PB 2.35-3, PB 2.35-4, PB 2.35-5, PB 2.36-1,

PB 2.36-3, PB 2.36-5, PB 2.37-2, PB 2.37-5, PB

2.38-4, PB 2.38-5, PB 2.39-1, PB 2.39-3, PB 2.44-1,

PB 2.44-2, PB 2.44-4, PB 2.45-5, PB 2.52-4, PB

2.53-1, PB 2.55-1, PB 2.55-2, PB 2.55-3, PB 2.55-5,

PB 2.74-3, PB 3.35-2, PB 3.36-2, PB 3.36-4, PB

3.37-2, PB 3.37-4, PB 3.38-6, PB 3.42-4, PB 3.42-6,

PB 3.43-4, PB 3.51-3, PB 3.53-3, PB 3.55-1, PB

3.55-2, PB 3.55-3, PB 3.55-5, PB 4.35-1, PB 4.35-4,

PB 4.35-5, PB 4.36-3, PB 4.38-1, PB 4.38-2, PB

4.38-4, PB 4.39-1, PB 4.44-3, PB 4.51-4, PB 4.54-1,

PB 4.55-1, PB 4.55-2, PB 4.55-3, PB 4.55-4, PO 001,

PO 004, PO 009, PO 013, PO 015, PO 016, PO 021,

PO 027, PO 029, PO 032, PO 038, PO 045, PO 057,

PO 058, PO 059, PO 060, PO 061, PO 109, PO 111,

PO 117, PO 118, PO 135, PO 140, PO 142, PO 151,

PO 160, PO 162, PO 167, PO 169, PO 434, PO 485

Factor X, AS 36.4, OC 05.1, OC 05.2, OC 26.4, OC

37.6, OC 49.1, OC 50.3, OC 68.2, OC 73.1, OC 84.3,

PA 1.08-1, PA 1.08-6, PA 2.03-4, PA 2.11-3, PA

3.12-2, PA 4.12.6, PB 2.54-6, PB 4.27-1, PB 4.27-4,

PB 4.41-6, PB 4.50-5, PB 4.58-1, PB 4.58-2, PO 010,

PO 294, PO 377

Factor Xa inhibitor, AS 20.1, OC 05.1, OC 16.4, OC

36.4, OC 73.2, OC 79.1, OC 81.3, PA 1.15-1, PA

2.10-5, PA 3.11-6, PA 4.08-1, PB 1.46-2, PB 1.49-4,

PB 2.46-3, PB 3.46-2, PB 3.46-4, PB 3.59-3, PB

4.51-6, PO 271

Factor XI, AS 13.3, OC 05.2, OC 05.3, OC 05.4, OC

18.1, OC 18.2, OC 18.3, OC 18.4, OC 19.2, OC 46.4,

OC 77.1, PA 3.14-1, PA 3.14-2, PA 3.14-3, PA 3.14-5,

PA 3.14-6, PA 3.15-1, PA 3.15-2, PB 1.45-5, PB

1.59-4, PB 2.54-1, PB 2.54-2, PB 2.54-3, PB 2.54-4,

PB 2.54-5, PB 2.54-6, PB 3.50-4, PB 3.55-1, PB

4.42-2, PB 4.49-5, PB 4.59-2, PB 4.65-4, PO 063,

PO 064

Factor XII, AS 13.1, AS 13.3, AS 25.2, AS 25.3, OC

05.3, OC 23.1, OC 23.2, OC 53.1, OC 53.2, OC 53.3,

OC 53.4, OC 53.5, OC 81.4, PA 1.10-2, PA 1.10-4,

PA 1.10-6, PA 3.04-4, PA 3.15-1, PA 3.15-2, PA

3.15-3, PA 3.15-4, PA 3.15-5, PB 1.59-2, PB 1.59-3,

PB 2.60-4, PB 3.58-6, PB 4.49-1, PB 4.49-3, PB

4.49-6, PO 200, PO 242

Factor XIII, AS 35.1, AS 35.2, OC 06.3, OC 07.4, OC

07.5, OC 29.6, OC 67.1, OC 67.3, OC 67.4, PA 2.20-

6, PA 3.06-1, PA 4.15-1, PA 4.15-2, PA 4.15-3, PA

4.15-5, PA 4.15-6, PB 1.41-3, PB 1.41-6, PB 1.58-4,

PB 1.58-5, PB 2.37-1, PB 2.58-4, PB 3.41-2, PB

3.41-3, PB 3.41-6, PB 3.50-1, PB 3.58-5, PB 4.41-3,

PB 4.42-4, PB 4.57-3, PB 4.74-4, PB 4.74-6, PO 091,

PO 293, PO 376, PO 381

Family history, OC 78.3, PB 1.39-4, PB 1.43-5, PB

1.68-2, PB 4.73-5, PO 016, PO 063, PO 118, PO 379,

PO 381

Fibrin, AS 08.3, AS 23.3, AS 24.2, AS 35.2, FS 03.4, OC

06.4, OC 18.3, OC 24.3, OC 29.5, OC 46.2, OC 46.4,

OC 49.3, OC 67.2, OC 69.4, PA 1.11-4, PA 1.14-1,

PA 1.14-4, PA 1.14-6, PA 1.19-5, PA 3.01-3, PA

3.07-4, PA 3.12-6, PA 4.09-3, PA 4.15-2, PB 1.31-1,

PB 1.57-4, PB 1.57-6, PB 2.46-4, PB 2.51-6, PB

2.57-2, PB 2.57-6, PB 2.64-3, PB 2.65-4, PB 3.34-5,

PB 3.57-3, PB 3.57-4, PB 3.58-5, PB 4.23-4, PB

4.57-4, PB 4.57-5, PB 4.74-3, PO 085, PO 090, PO

092

Fibrin polymerization, AS 35.1, OC 05.5, OC 06.1, OC

06.3, PA 1.14-1, PA 1.14-6, PB 1.57-2, PB 1.57-4, PB

1.57-5, PB 1.63-2, PB 2.50-2, PB 3.53-4, PB 3.57-3,

PO 025, PO 250

Fibrin structure, AS 35.2, OC 05.5, OC 06.1, OC 06.5,

OC 23.2, OC 48.4, PA 1.14-1, PA 1.14-3, PA 1.14-4,

PA 1.14-5, PA 1.14-6, PA 1.16-3, PA 1.18-3, PA

4.10-5, PA 4.15-2, PB 1.53-1, PB 1.57-2, PB 2.50-2,

PB 4.34-6, PO 090

Fibrinogen, AS 24.1, AS 24.3, AS 29.1, AS 35.1, OC

06.1, OC 06.2, OC 06.5, OC 06.6, OC 09.6, OC 10.2,

OC 64.1, OC 67.4, OC 81.2, PA 1.06-5, PA 1.14-1,

PA 1.14-2, PA 2.11-4, PA 3.01-2, PA 3.12-3, PA

3.13-3, PA 3.16-1, PA 4.09-3, PB 1.23-1, PB 1.23-5,

PB 1.41-6, PB 1.53-6, PB 1.57-1, PB 1.57-5, PB

2.46-1, PB 2.48-6, PB 2.52-2, PB 2.57-1, PB 2.57-3,
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PB 2.57-4, PB 2.57-5, PB 2.57-6, PB 2.59-2, PB

3.21-1, PB 3.23-1, PB 3.40-6, PB 3.50-2, PB 3.53-5,

PB 3.54-6, PB 3.57-1, PB 3.57-2, PB 3.57-5, PB 3.57-

6, PB 3.58-5, PB 3.59-4, PB 4.33-6, PB 4.34-1, PB

4.34-6, PB 4.41-6, PB 4.46-5, PB 4.48-5, PB 4.54-6,

PB 4.57-2, PB 4.57-4, PB 4.57-6, PB 4.64-1, PB 4.74-

3, PB 4.74-5, PO 013, PO 036, PO 083, PO 090, PO

091, PO 092, PO 245, PO 255, PO 414

Fibrinolysis, AS 23.1, AS 23.2, AS 23.3, AS 30.1, AS

35.1, AS 38.4, OC 04.1, OC 05.5, OC 23.2, OC 29.3,

OC 29.5, OC 29.6, OC 40.3, OC 40.4, OC 53.1, OC

61.6, OC 84.4, OC 84.5, OC 84.6, PA 1.06-1, PA

1.06-3, PA 1.06-4, PA 1.06-5, PA 1.06-6, PA 1.14-4,

PA 1.14-5, PA 1.18-3, PA 2.14-3, PA 3.06-1, PA

3.06-3, PA 4.04-6, PA 4.17-2, PA 4.20-5, PB 1.34-1,

PB 1.34-2, PB 1.34-3, PB 1.34-6, PB 1.45-2, PB

1.54-6, PB 1.63-2, PB 2.34-1, PB 2.34-2, PB 2.34-3,

PB 2.34-4, PB 2.34-6, PB 2.39-5, PB 2.49-4, PB

2.52-3, PB 2.54-6, PB 2.56-2, PB 2.57-2, PB 2.59-2,

PB 2.72-1, PB 2.73-5, PB 3.34-1, PB 3.34-5, PB 3.40-

1, PB 3.57-4, PB 3.59-1, PB 3.66-2, PB 3.71-6, PB

4.33-1, PB 4.33-2, PB 4.33-3, PB 4.33-4, PB 4.33-5,

PB 4.33-6, PB 4.34-1, PB 4.34-3, PB 4.34-4, PB 4.34-

5, PB 4.34-6, PB 4.41-2, PB 4.65-4, PB 4.67-2, PB

4.74-1, PB 4.74-3, PO 093, PO 094, PO 095, PO 402,

PO 404, PO 431, PO 483, PO 484, PO 488, PO 494

Fibronectin, AS 24.2, PB 1.23-4, PB 2.40-2, PB 4.23-2,

PO 095, PO 403

Foetal loss, OC 35.1, OC 61.3, PA 3.17-1, PB 2.54-4, PO

200, PO 201, PO 387, PO 462

Gas6, OC 85.3, PA 1.15-2, PA 1.15-3, PA 2.02-4, PA

3.03-6, PB 1.60-1, PB 2.56-1, PB 4.28-6, PO 204

Gender, AS 11.2, OC 30.6, PB 3.43-6, PO 263

Gene expression, AS 45.2, AS 45.4, FS 01.3, OC 01.6,

OC 05.4, OC 06.2, OC 06.6, OC 22.1, OC 29.2, OC

47.4, OC 57.4, OC 70.4, OC 82.3, PA 1.06-2, PA

1.08-6, PA 1.13-4, PA 1.13-6, PA 2.04-2, PA 2.04-6,

PA 3.09-4, PA 3.18-2, PA 3.18-5, PA 4.05-4, PA

4.14-3, PA 4.19-4, PB 1.29-2, PB 1.29-6, PB 1.32-1,

PB 1.32-3, PB 1.44-1, PB 2.24-2, PB 2.26-5, PB

2.27-1, PB 2.34-2, PB 2.35-1, PB 2.60-1, PB 2.67-5,

PB 2.71-3, PB 3.29-6, PB 3.34-2, PB 3.56-4, PB

3.71-4, PB 3.71-5, PB 3.71-6, PB 4.31-6, PB 4.58-4,

PB 4.67-6, PB 4.68-4, PB 4.68-6, PO 086, PO 478

Gene therapy, AS 32.1, AS 45.2, AS 45.3, AS 45.4, OC

37.1, OC 48.2, OC 50.1, OC 50.2, OC 56.5, OC 57.2,

OC 57.4, OC 77.3, OC 80.1, OC 89.1, PB 1.39-2, PB

3.28-2, PB 3.71-5, PB 4.35-1

Genetics, AS 11.2, AS 11.3, AS 18.1, AS 29.3, AS 47.6,

OC 04.5, OC 13.2, OC 13.4, OC 30.1, OC 30.4, OC

30.5, OC 34.2, OC 34.6, OC 39.4, OC 39.6, OC 47.1,

OC 47.2, OC 50.3, OC 50.4, OC 62.3, OC 65.5, OC

78.2, OC 80.5, OC 89.2, OC 89.5, OC 90.2, OC 90.5,

PA 1.09-6, PA 2.08-6, PA 2.16-6, PA 2.20-1, PA 2.20-

2, PA 2.20-5, PA 3.05-5, PA 3.05-6, PA 3.06-6, PA

3.07-5, PA 4.12-4, PA 4.18-1, PA 4.18-3, PA 4.19-1,

PB 1.37-1, PB 1.39-4, PB 1.41-1, PB 1.41-2, PB

1.44-5, PB 1.68-1, PB 2.35-1, PB 2.35-3, PB 2.42-5,

PB 2.42-6, PB 2.44-4, PB 2.54-2, PB 2.54-5, PB

2.57-4, PB 2.58-1, PB 3.25-3, PB 3.42-2, PB 3.54-2,

PB 3.57-2, PB 4.35-4, PB 4.35-6, PB 4.43-1, PB

4.49-5, PB 4.73-4, PO 179, PO 192, PO 340, PO 414,

PO 421, PO 436, PO 474, PO 478

Genotype, AS 11.1, AS 22.1, OC 13.6, OC 81.1, PA

1.09-6, PA 2.05-4, PA 2.07-3, PA 2.12-3, PA 2.19-5,

PA 3.05-3, PA 3.09-5, PA 4.07-4, PB 1.21-4, PB

1.25-2, PB 1.39-5, PB 1.42-5, PB 2.35-6, PB 2.41-2,

PB 2.42-5, PB 2.55-2, PB 2.57-3, PB 3.41-2, PB

3.42-2, PB 3.52-4, PB 3.58-6, PB 3.63-1, PB 3.67-4,

PB 4.29-5, PB 4.36-1, PB 4.36-3, PB 4.43-2, PB

4.43-6, PB 4.44-2, PB 4.74-5, PB 4.74-6, PO 159, PO

225, PO 268, PO 286, PO 380, PO 421, PO 425, PO

433, PO 492

Glanzmann thrombasthenia, OC 34.3, OC 34.4, OC 62.4,

OC 62.6, PA 3.05-2, PA 3.05-4, PB 2.25-3, PO 197,

PO 331, PO 347, PO 351, PO 354, PO 498

Glycosylation, AS 21.3, AS 36.2, OC 05.6, OC 33.1, OC

55.2, PA 1.12-4, PA 2.12-1, PA 4.06-2, PA 4.09-2, PB

2.55-6, PB 2.63-1, PB 3.44-1, PB 4.55-1, PB 4.58-1,

PB 4.67-4, PB 4.73-1

GPIb-IX-V, AS 15.2, OC 35.3, OC 45.1, OC 45.3, OC

49.2, OC 55.2, OC 55.4, OC 76.1, PA 2.03-1, PA

2.04-3, PA 2.04-5, PA 3.18-4, PA 4.02-6, PA 4.09-3,

PB 1.23-6, PB 2.23-1, PB 2.26-1, PB 3.27-5, PB 3.41-

1, PB 3.43-2, PB 3.43-4, PB 3.44-2, PB 4.25-3, PB

4.27-5, PB 4.28-4

GPIIb-IIIa, AS 27.1, OC 24.1, OC 34.3, OC 35.4, OC

58.3, OC 62.4, OC 62.6, OC 86.3, OC 87.1, PA

2.02-1, PA 2.03-2, PA 2.03-4, PA 2.05-6, PA 3.01-3,

PA 3.05-2, PA 3.05-4, PA 4.05-6, PB 1.22-6, PB

1.23-3, PB 1.23-6, PB 1.25-5, PB 1.28-2, PB 2.24-4,

PB 4.21-1, PB 4.23-3, PB 4.23-4, PB 4.25-4, PB

4.27-5, PO 318, PO 354

GPVI AS 27.2, AS 30.2, AS 39.1, OC 09.1, OC 09.5, OC

26.1, OC 35.5, OC 65.3, OC 76.4, OC 86.5, OC 86.6,

OC 87.3, OC 88.1, OC 88.2, OC 88.3, OC 88.5, OC

88.6, PA 3.01-1, PB 1.22-3, PB 2.23-4, PB 3.25-1, PB

4.26-4, PO 335, PO 362

Guidance, PB 1.64-5, PB 3.36-3, PB 3.69-1, PO 101, PO

121

Guidelines, OC 02.5, PA 3.10-1, PB 1.21-1, PB 1.54-4,

PB 2.72-2, PB 3.30-1, PB 3.30-2, PB 3.64-1, PB

3.64-5, PB 4.37-5, PB 4.52-5, PO 048, PO 065, PO

078, PO 285, PO 370

GWAS, AS 11.1, AS 11.3, OC 33.2, OC 33.5, OC 65.5,

OC 88.2, PA 2.04-2, PA 2.05-2, PA 4.18-4

Haemophilia, OC 03.1, OC 14.1, OC 22.2, OC 23.4, OC

37.4, OC 37.6, OC 51.3, OC 66.1, OC 66.2, OC 80.2,

OC 83.2, OC 83.4, OC 83.5, OC 83.6, OC 84.3, PA

1.07-1, PA 1.07-2, PA 1.07-3, PA 1.07-3, PA 1.07-4,

PA 1.07-5, PA 1.07-6, PA 1.13-2, PA 2.06-4, PA

3.07-1, PA 3.07-2, PA 3.07-3, PA 4.11-6, PB 1.35-1,

PB 1.35-2, PB 1.35-3, PB 1.35-4, PB 1.35-6, PB

1.37-4, PB 1.38-4, PB 1.38-5, PB 1.50-4, PB 1.58-1,
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PB 2.36-4, PB 2.36-6, PB 2.37-3, PB 2.37-6, PB

2.38-1, PB 2.38-2, PB 2.38-6, PB 2.39-1, PB 2.39-2,

PB 2.39-6, PB 2.44-1, PB 2.54-2, PB 2.58-2, PB

2.58-4, PB 2.58-5, PB 3.35-4, PB 3.35-6, PB 3.36-3,

PB 3.36-6, PB 3.37-1, PB 3.37-2, PB 3.37-3, PB 3.37-

6, PB 3.38-1, PB 3.38-5, PB 3.51-3, PB 3.51-4, PB

3.58-1, PB 3.58-2, PB 4.36-2, PB 4.36-5, PB 4.36-6,

PB 4.37-6, PB 4.38-4, PB 4.38-6, PB 4.39-2, PB 4.39-

3, PB 4.51-2, PB 4.52-4, PB 4.58-3, PB 4.60-6, PO

018, PO 026, PO 045, PO 056, PO 098, PO 099, PO

100, PO 102, PO 103, PO 104, PO 105, PO 106, PO

108, PO 110, PO 114, PO 115, PO 118, PO 119, PO

120, PO 121, PO 122, PO 123, PO 124, PO 125, PO

126, PO 127, PO 128, PO 129, PO 130, PO 131, PO

132, PO 134, PO 135, PO 136, PO 137, PO 139, PO

141, PO 145, PO 147, PO 149, PO 154, PO 155, PO

156, PO 157, PO 163, PO 164, PO 166, PO 173, PO

178, PO 291, PO 292, PO 295

Haemophilia, A AS 22.1, AS 22.2, AS 22.3, AS 26.1, AS

45.1, AS 45.2, NS 01.1, OC 03.2, OC 03.3, OC 03.4,

OC 03.5, OC 03.6, OC 14.3, OC 22.1, OC 22.3, OC

22.4, OC 28.1, OC 28.2, OC 28.3, OC 28.4, OC 28.6,

OC 37.2, OC 37.3, OC 37.5, OC 48.1, OC 48.3, OC

48.4, OC 51.1, OC 51.2, OC 56.1, OC 56.2, OC 56.3,

OC 56.4, OC 56.5, OC 56.6, OC 57.3, OC 57.4, OC

57.5, OC 57.6, OC 66.4, OC 80.1, OC 80.3, OC 80.4,

OC 80.6, OC 81.1, OC 81.5, OC 83.1, PA 1.11-2, PA

1.13-1, PA 1.13-3, PA 1.13-5, PA 1.13-6, PA 2.06-1,

PA 2.06-3, PA 2.06-5, PA 2.06-6, PA 2.07-2, PA

2.11-5, PA 2.12-3, PA 2.12-5, PA 2.12-6, PA 3.07-4,

PA 3.07-5, PA 3.07-6, PA 4.07-1, PA 4.07-2, PA

4.07-3, PA 4.07-4, PA 4.07-5, PA 4.07-6, PA 4.13-1,

PA 4.13-2, PA 4.13-3, PA 4.13-4, PA 4.13-5, PB

1.35-5, PB 1.35-6, PB 1.36-1, PB 1.36-2, PB 1.36-3,

PB 1.36-4, PB 1.36-5, PB 1.36-6, PB 1.37-1, PB

1.37-2, PB 1.37-3, PB 1.37-4, PB 1.37-5, PB 1.37-6,

PB 1.38-1, PB 1.38-2, PB 1.38-3, PB 1.38-6, PB

1.53-3, PB 1.55-1, PB 1.55-2, PB 1.55-3, PB 1.55-4,

PB 1.55-5, PB 1.74-4, PB 1.74-6, PB 2.35-1, PB

2.35-2, PB 2.35-5, PB 2.35-6, PB 2.36-1, PB 2.36-2,

PB 2.36-3, PB 2.36-5, PB 2.37-1, PB 2.37-2, PB

2.37-4, PB 2.37-5, PB 2.38-3, PB 2.38-4, PB 2.38-5,

PB 2.44-2, PB 2.44-3, PB 2.44-4, PB 2.44-5, PB

2.54-5, PB 2.55-4, PB 2.55-5, PB 2.55-6, PB 3.35-1,

PB 3.35-2, PB 3.35-3, PB 3.35-5, PB 3.36-1, PB

3.36-2, PB 3.36-4, PB 3.36-5, PB 3.37-3, PB 3.37-4,

PB 3.38-2, PB 3.38-3, PB 3.38-4, PB 3.38-5, PB

3.38-6, PB 3.53-4, PB 3.55-3, PB 3.55-4, PB 3.55-5,

PB 3.55-6, PB 3.58-3, PB 3.74-1, PB 4.35-1, PB

4.35-2, PB 4.35-4, PB 4.35-5, PB 4.35-6, PB 4.36-1,

PB 4.36-3, PB 4.36-4, PB 4.37-1, PB 4.37-2, PB

4.37-3, PB 4.37-4, PB 4.38-1, PB 4.38-3, PB 4.38-5,

PB 4.38-6, PB 4.39-1, PB 4.39-4, PB 4.39-5, PB

4.39-6, PB 4.42-1, PB 4.55-1, PB 4.55-2, PB 4.55-3,

PB 4.55-4, PB 4.55-5, PB 4.55-6, PB 4.58-6, PO 008,

PO 012, PO 033, PO 038, PO 059, PO 060, PO 061,

PO 062, PO 098, PO 101, PO 103, PO 107, PO 108,

PO 109, PO 111, PO 112, PO 113, PO 114, PO 116,

PO 132, PO 133, PO 134

Haemophilia, B AS 12.4, AS 45.3, AS 45.4, NS 01.1,

OC 03.2, OC 51.4, OC 57.1, OC 57.2, OC 70.1,

OC 70.2, OC 81.1, PA 1.12-1, PA 1.12-3, PA 1.12-

4, PA 1.12-5, PA 2.07-1, PA 2.07-2, PA 2.07-3, PA

2.07-4, PA 2.07-5, PA 2.07-6, PA 3.14-4, PB 1.36-1,

PB 1.37-1, PB 1.37-2, PB 1.39-1, PB 1.39-3, PB

1.39-4, PB 1.39-5, PB 1.39-6, PB 2.44-6, PB 3.49-3,

PB 3.49-4, PB 3.49.6, PB 4.37-4, PB 4.38-3, PB

4.38-6, PB 4.39-5, PB 4.42-1, PB 4.58-6, PO 098,

PO 101, PO 108, PO 112, PO 114, PO 132, PO

134, PO 135, PO 138, PO 161, PO 172, PO 175,

PO 176, PO 177, PO 178, PO 179, PO 180, PO

181, PO 182, PO 437

Haemorrhage, AS 39.4, FS 01.2, FS 03.3, OC 42.4, OC

61.6, PA 1.07-1, PA 1.07-2, PA 1.07-5, PA 4.10-1, PB

1.35-2, PB 1.58-4, PB 2.67-2, PB 3.38-2, PB 3.48-2,

PB 3.56-5, PB 3.63-1, PB 4.28-1, PB 4.34-5, PB

4.37-4, PB 4.38-2, PB 4.67-2, PO 006, PO 007, PO

017, PO 115, PO 180, PO 242, PO 244, PO 351, PO

357, PO 432, PO 481

Haemostasis, AS 24.2, AS 27.1, AS 38.4, AS 39.2, OC

05.4, OC 11.4, OC 19.2, OC 23.4, OC 44.2, OC 58.4,

OC 58.5, OC 65.4, OC 68.4, OC 72.4, OC 83.3, OC

83.6, OC 86.1, OC 88.6, OC 89.6, PA 1.02-4, PA 1.03-

3, PA 1.08-4, PA 2.14-4, PA 4.12-3, PA 4.12-5, PB

1.22-5, PB 1.23-2, PB 1.25-1, PB 1.26-3, PB 1.28-5, PB

1.35-4, PB 1.36-2, PB 1.41-5, PB 1.43-4, PB 1.46-5, PB

1.54-6, PB 1.56-1, PB 1.66-6, PB 1.67-6, PB 2.26-1, PB

2.41-5, PB 2.42-3, PB 2.45-2, PB 2.50-3, PB 2.60-1, PB

2.60-5, PB 2.63-5, PB 2.67-1, PB 3.22-5, PB 3.23-4, PB

3.52-2, PB 3.52-5, PB 3.57-4, PB 3.59-5, PB 3.72-2, PB

4.23-2, PB 4.25-1, PB 4.49-1, PB 4.53-3, PB 4.57-2, PB

4.61-4, PB 4.65-5, PO-495, PO 092, PO 131, PO 243,

PO 252, PO 325, PO 361, PO 408, PO 438, PO 442,

PO 484, PO 494

Haplotype, OC 88.2, PA 2.12-2, PB 2.69-1

Heart failure, OC 07.4, PB 1.56-4, PO 489

Heparin-induced thrombocytopenia, AS 28.1, AS 28.2,

OC 21.1, OC 21.2, OC 21.3, PA 3.08-1, PA 3.08-2,

PA 3.08-3, PA 3.08-4, PA 3.08-5, PA 3.08-6, PA

4.08-5, PB 1.40-1, PB 1.40-3, PB 1.40-4, PB 1.40-5,

PB 1.40-6, PB 2.40-2, PB 2.40-3, PB 2.40-4, PB

2.40-5, PB 2.40-6, PB 3.22-2, PB 4.40-1, PB 4.40-2,

PB 4.40-3, PB 4.40-4, PB 4.40-5, PO 190, PO 191, PO

192, PO 193, PO 194, PO 195

Heparin, OC 16.2, OC 21.4, OC 59.5, OC 69.2, OC 82.3,

OC 84.6, PA 2.03-4, PA 3.08-4, PA 3.13-6, PA 3.16-2,

PA 3.17-2, PA 4.08-2, PA 4.08-3, PA 4.08-4, PA

4.08-6, PA 4.10-3, PA 4.17-6, PA 4.20-3, PB 1.40-2,

PB 1.40-3, PB 1.45-6, PB 1.51-3, PB 1.71-6, PB

2.56-3, PB 3.34-4, PB 3.39-2, PB 3.39-4, PB 3.39-5,

PB 3.39-6, PB 3.47-3, PB 3.51-6, PB 3.52-3, PB

3.58-4, PB 3.59-2, PB 3.68-6, PB 3.73-3, PB 4.40-6,

PB 4.52-3, PB 4.62-4, PO 183, PO 185, PO 186, PO

189, PO 190, PO 191, PO 195, PO 342, PO 402
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Heparin co-factor II, PB 3.59-3

Heritability, PA 2.05-1, PA 2.20-1, PA 2.20-5, PO 074,

PO 096, PO 144

Hirudin, OC 16.2, PA 3.08-1

HIV, PB 1.31-2, PB 2.74-4, PB 4.68-1

HMWK, OC 01.2

Homocysteine, PB 1.57-4, PB 2.34-6, PB 2.61-4, PB

3.28-2, PB 4.33-1, PO 281, PO 286, PO 410, PO 462,

PO 463, PO 467

Hormone replacement therapy, OC 63.2, PA 3.17-3, PB

2.60-2, PO 199

HUVEC, OC 47.4, PA 2.14-5, PA 4.17-6, PB 1.31-6, PB

3.33-3, PO 317, PO 332

Hypercoagulability, AS 05.03, AS 33.2, AS 38.1, OC

04.4, OC 38.3, OC 49.3, OC 61.5, OC 75.1, PA

1.11-6, PA 2.16-6, PA 2.17-6, PA 3.10-4, PB 1.33-5,

PB 1.51-6, PB 1.54-2, PB 1.54-6, PB 1.72-6, PB

2.30-3, PB 2.50-1, PB 2.53-5, PB 2.55-1, PB 2.58-6,

PB 2.66-2, PB 2.74-4, PB 3.50-3, PB 3.52-2, PB

3.59-5, PB 3.72-6, PB 4.49-4, PB 4.54-3, PB 4.65-5,

PB 4.68-2, PB 4.69-5, PB 4.72-3, PB 4.72-5, PO 013,

PO 030, PO 031, PO 046, PO 047, PO 215, PO 279,

PO 342, PO 346, PO 399, PO 402, PO 406, PO 409,

PO 418, PO 464

Hypertension, OC 87.4, PA 2.17-1, PA 2.17-2

Hypofibrinogenemia, PA 1.14-2, PB 1.52-4, PB 2.41-3,

PB 2.57-4, PB 2.57-5, PB 3.57-2, PB 4.57-3, PB

4.74-5, PO 092

Imaging, OC 03.5, OC 19.3, OC 20.1, OC 54.3, OC

71.1, OC 74.3, OC 88.5, OC 91.6, PA 1.12-1, PA

2.04-3, PA 2.11-2, PA 3.02-2, PA 4.11-2, PB 1.58-3,

PB 2.65-1, PB 2.74-2, PB 3.27-5, PB 3.30-2, PB

3.54-4, PB 3.60-3, PB 4.28-5, PB 4.29-2, PB 4.33-2,

PB 4.53-5, PB 4.56-1, PO 052, PO 219, PO 275,

PO 323

Immune thrombocytopenic purpura, AS 47.1, OC 55.1,

OC 55.2, OC 55.3, OC 55.4, OC 55.5, OC 55.6, PA

1.05-1, PA 1.05-2, PA 1.05-3, PA 1.05-4, PA 1.05-5,

PA 1.05-6, PA 2.02-5, PA 4.04-5, PB 1.26-2, PB 2.32-

1, PB 2.32-2, PB 2.32-3, PB 2.32-4, PB 2.32-5, PB

3.22-6, PB 3.25-1, PB 4.29-2, PB 4.29-5, PO 087, PO

217, PO 220, PO 221, PO 222, PO 223, PO 224, PO

225, PO 226, PO 345, PO 346, PO 353

Immune tolerance, AS 22.3, OC 22.1, OC 22.4, OC 48.2,

OC 55.3, OC 56.1, OC 56.3, OC 56.4, OC 56.6, PA

1.05-1, PA 1.05-2, PA 1.19-1, PA 3.07-3, PA 4.04-5,

PB 1.32-4, PB 1.37-3, PB 1.38-6, PB 2.36-1, PB

2.38-2, PB 3.32-6, PB 3.71-3, PO 056, PO 110, PO

113, PO 133, PO 137, PO 143, PO 152, PO 153, PO

154, PO 167, PO 226, PO 473

Incidence, OC 21.2, OC 75.3, PA 3.20-5, PA 4.16-3, PB

1.35-2, PB 1.70-6, PB 2.32-1, PB 2.70-2, PB 2.70-4,

PB 3.39-5, PB 3.39-6, PB 4.69-6, PB 4.70-2, PB

4.70-5, PO 071, PO 076, PO 105, PO 392

Infection, AS 21.2, AS 25.1, AS 31.1, AS 31.3, AS 43.4,

AS 44.2, OC 05.3, OC 08.6, OC 17.4, OC 29.5, OC

45.3, OC 46.2, OC 46.3, OC 46.4, OC 60.5, OC 69.4,

PA 1.03-5, PA 1.04-2, PA 1.19-3, PA 1.19-4, PA

3.13-6, PA 4.02-4, PA 4.17-1, PB 1.23-4, PB 1.29-5,

PB 1.31-1, PB 1.59-5, PB 1.67-2, PB 1.67-2, PB

1.69-3, PB 2.40-1, PB 2.45-1, PB 2.45-4, PB 2.68-1,

PB 3.31-1, PB 3.66-3, PB 3.66-6, PB 4.29-4, PB

4.58-5, PO 013, PO 031, PO 220, PO 279, PO 371,

PO 394, PO 421, PO 470

Inflammation, AS 04.2, AS 10.2, AS 21.1, AS 21.2, AS

21.3, AS 24.1, AS 25.1, AS 30.1, AS 31.2, AS 39.4,

AS 41.4, AS 44.2, AS 44.4, FS 03.3, OC 08.2, OC

08.4, OC 08.5, OC 08.6, OC 17.3, OC 23.1, OC 24.4,

OC 27.1, OC 32.1, OC 32.3, OC 32.4, OC 32.5, OC

32.6, OC 35.2, OC 38.1, OC 38.3, OC 41.1, OC 45.2,

OC 46.2, OC 46.3, OC 53.4, OC 53.6, OC 60.5, OC

84.5, OC 85.1, OC 85.5, OC 85.6, OC 91.3, PA

1.02-3, PA 1.05-1, PA 1.11-3, PA 1.17-5, PA 1.19-2,

PA 1.19-3, PA 2.03-6, PA 3.15-4, PA 3.17-2, PA

3.18-1, PA 3.18-2, PA 3.18-3, PA 3.18-4, PA 3.18-5,

PA 4.02-4, PA 4.03-1, PA 4.03-2, PA 4.03-3, PA 4.03-

5, PA 4.08-6, PA 4.17-2, PA 4.17-4, PA 4.20-6, PB

1.27-5, PB 1.30-1, PB 1.30-6, PB 1.32-2, PB 1.56-2,

PB 1.59-5, PB 1.67-4, PB 1.67-5, PB 1.73, PB 1.73-1,

PB 2.22-4, PB 2.24-5, PB 2.28-1, PB 2.29-3, PB 2.29-

4, PB 2.30-1, PB 2.30-6, PB 2.31-3, PB 2.31-5, PB

2.35-4, PB 2.44-3, PB 2.55-1, PB 2.63-2, PB 2.67-1,

PB 2.67-2, PB 2.67-4, PB 2.68-2, PB 2.68-4, PB 2.68-

5, PB 2.72-6, PB 3.25-2, PB 3.28-1, PB 3.28-4, PB

3.29-2, PB 3.30-3, PB 3.32-6, PB 3.59-1, PB 3.63-2,

PB 3.66-1, PB 3.66-2, PB 3.66-3, PB 3.66-5, PB

3.68-5, PB 4.29-2, PB 4.32-4, PB 4.59-4, PB 4.60-1,

PB 4.67-1, PB 4.67-2, PB 4.67-3, PB 4.67-5, PB

4.67-6, PB 4.68-2, PB 4.68-3, PB 4.68-4, PB 4.68-6,

PB 4.69-3, PB 4.70-4, PO 031, PO 040, PO 080, PO

083, PO 089, PO 228, PO 229, PO 230, PO 231, PO

232, PO 233, PO 239, PO 248, PO 301, PO 318, PO

320, PO 419

Inherited bleeding disorders, AS 32.2, AS 36.1, OC 34.2,

OC 37.1, OC 50.3, OC 60.4, OC 62.1, OC 62.3, OC

62.6, OC 67.3, OC 89.2, PA 1.08-1, PA 1.09-2, PA

2.04-1, PA 2.06-6, PA 2.08-1, PA 2.08-4, PA 2.08-5,

PA 3.05-4, PA 3.05-5, PA 3.09-2, PA 3.09-3, PA

3.12-2, PA 3.17-5, PB 1.37-1, PB 1.41-1, PB 1.41-2,

PB 1.41-5, PB 1.41-6, PB 1.50-6, PB 1.66-6, PB

3.35-4, PB 3.37-2, PB 3.41-2, PB 3.41-3, PB 3.41-5,

PB 3.42-2, PB 3.57-5, PB 3.74-1, PB 4.39-5, PB

4.42-2, PB 4.42-5, PB 4.43-1, PO 057, PO 102, PO

115, PO 131, PO 147, PO 163, PO 164, PO 168, PO

172, PO 175, PO 198, PO 214, PO 296, PO 351, PO

377, PO 378, PO 381, PO 382, PO 384, PO 385, PO

434, PO 437, PO 481

Inherited platelet disorders, AS 16.1, AS 16.3, AS 28.3,

FS 03.4, OC 11.3, OC 33.5, OC 34.6, OC 45.4, OC

62.3, OC 62.4, OC 89.2, OC 89.4, PA 3.05-1, PA

3.05-3, PA 3.05-4, PA 3.05-5, PA 4.05-1, PA 4.05-6,

PB 1.22-2, PB 1.25-6, PB 2.25-1, PB 2.25-3, PB

3.22-3, PB 3.25-3, PB 3.25-5, PB 3.41-1, PB 4.29-1,

PB 4.42-3, PB 4.42-6, PB 4.66-2, PO 349, PO 351
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Inherited thrombophilia, AS 11.1, OC 78.2, OC 90.2, OC

90.3, OC 90.4, OC 90.5, PA 2.20-3, PA 4.18.2, PB

1.68-6, PB 1.71-4, PB 2.69-3, PB 2.69-5, PB 2.72-2,

PB 2.72-4, PB 3.54-2, PB 3.63-5, PB 3.67-4, PB

3.67-6, PB 4.50-6, PB 4.54-2, PB 4.72-4, PB 4.73-3,

PO 050, PO 072, PO 211, PO 212, PO 237, PO 303,

PO 393, PO 410

Inhibitor, AS 04.2, AS 07.2, AS 22.1, AS 22.2, AS 22.3,

AS 32.2, OC 03.3, OC 03.4, OC 14.2, OC 22.1, OC

22.2, OC 22.3, OC 25.2, OC 29.1, OC 37.3, OC 37.4,

OC 37.6, OC 51.1, OC 51.3, OC 56.2, OC 56.3, OC

56.5, OC 56.6, OC 66.1, OC 66.1, OC 66.3, OC 70.4,

OC 73.4, OC 80.3, OC 80.4, OC 83.2, OC 83.4, PA

1.07-3, PA 1.07-4, PA 1.08-2, PA 2.14-1, PA 2.14-2,

PA 3.07-1, PA 3.07-2, PA 3.07-6, PA 3.13-4, PA

3.14-2, PA 4.06-1, PA 4.06-5, PA 4.07-1, PA 4.11-6,

PA 4.13-5, PB 1.35-1, PB 1.37-3, PB 1.37-5, PB

1.50-4, PB 1.50-6, PB 1.58-1, PB 1.58-3, PB 1.74-2,

PB 1.74-3, PB 1.74-4, PB 1.74-6, PB 2.33-1, PB

2.35-4, PB 2.35-5, PB 2.36-1, PB 2.37-4, PB 2.38-2,

PB 2.38-3, PB 2.39-1, PB 2.39-3, PB 2.44-5, PB

2.58-5, PB 3.26-2, PB 3.33-6, PB 3.35-6, PB 3.36-1,

PB 3.36-6, PB 3.37-2, PB 3.53-3, PB 3.54-5, PB 3.58-

2, PB 3.59-6, PB 4.33-4, PB 4.35-3, PB 4.35-5, PB

4.36-3, PB 4.37-1, PB 4.37-6, PB 4.38-1, PB 4.38-2,

PB 4.39-3, PB 4.39-4, PB 4.39-6, PB 4.42-5, PB 4.49-

6, PB 4.50-1, PB 4.51-4, PB 4.55-3, PB 4.58-6, PB

4.64-4, PO 002, PO 004, PO 008, PO 009, PO 012,

PO 015, PO 018, PO 019, PO 026, PO 029, PO 033,

PO 039, PO 056, PO 103, PO 104, PO 105, PO 110,

PO 113, PO 122, PO 129, PO 133, PO 137, PO 143,

PO 152, PO 153, PO 154, PO 155, PO 159, PO 162,

PO 168, PO 169, PO 171, PO 174, PO 177, PO 308,

PO 312

Insulin, PA 1.03-2, PA 2.17-3, PA 4.09-4

Insulin resistance, AS 43.2, OC 32.5, PA 4.09-4, PB

2.45-6, PO 233

Integrin, AS 27.1, AS 27.3, AS 37.4, AS 44.1, AS 46.3,

OC 09.6, OC 34.3, OC 35.6, OC 58.1, OC 60.2, OC

62.1, OC 62.4, OC 76.2, OC 86.3, OC 87.3, OC 91.3,

PA 1.02-1, PA 1.17-1, PA 2.02-1, PA 2.03-1, PA

3.01-2, PA 3.01-3, PA 3.02-3, PB 1.23-3, PB 1.23-4,

PB 1.23-5, PB 1.25-5, PB 1.31-5, PB 1.67-5, PB

2.26-2, PB 3.23-1, PB 3.27-3, PB 4.23-3, PB 4.23-6,

PB 4.56-1, PO 317, PO 332

International, Normalized, Ratio, AS 38.2, OC 02.5, PA

4.11-1, PB 1.46-3, PB 1.51-1, PB 1.53-4, PB 1.54-4,

PB 2.49-5, PB 2.51-3, PB 2.64-6, PB 3.45-4, PB

3.47-2, PB 3.47-4, PB 3.68-2, PB 4.45-4, PB 4.46-6

Ischemia, PA 2.17-4, PA 4.06-4, PB 1.49-3, PB 1.73-5,

PB 2.29-3, PB 2.67-3, PB 4.30-3, PO 320, PO 391

Ischemic stroke, AS 16.2, AS 39.1, OC 07.1, OC 10.6,

OC 29.4, OC 65.4, OC 86.1, PA 1.10-2, PA 4.14-5,

PB 1.72-2, PB 2.31-6, PB 2.43-5, PB 2.74-6, PO 340,

PO 346, PO 414, PO 467

JAK2, OC 58.5, OC 58.6, PA 1.03-3, PB 1.27-1, PB

3.61-1, PB 3.72-2, PB 4.28-3, PB 4.72-6

Leukocytes, AS 04.1, AS 10.1, OC 17.2, OC 53.4, OC

63.6, OC 85.1, PA 1.04-4, PA 1.05-4, PA 1.19-2, PA

2.03-6, PA 4.02-2, PA 4.03-5, PA 4.03-6, PB 1.61-2,

PB 2.44-5, PB 4.29-2, PO 328, PO 369, PO 371, PO

453

Linkage analysis, PA 3.05-1, PB 4.44-5, PO 181

Lipoproteins, OC 28.3, OC 65.6, OC 88.3, OC 90.4, PA

1.04-3, PA 1.13-4, PA 2.14-1, PA 2.14-5, PB 1.26-1,

PB 1.32-1, PB 1.34-6, PB 3.26-3, PB 3.32-3, PB

3.32-5, PB 3.65-4, PB 4.26-2, PB 4.29-6, PB 4.32-3,

PB 4.56-5, PB 4.74-2, PO 302, PO 463, PO 479

Low-molecular-weight heparin, AS 28.1, FS 01.1, OC

16.2, OC 61.2, OC 75.4, PA 1.16-6, PA 2.10-6, PA

3.17-4, PA 4.08-1, PA 4.08-5, PB 1.45-2, PB 1.47-5,

PB 1.48-4, PB 1.51-2, PB 1.51-6, PB 1.61-6, PB

1.66-1, PB 1.71-2, PB 2.49-3, PB 2.71-4, PB 3.39-1,

PB 3.39-2, PB 3.39-4, PB 3.39-5, PB 3.39-6, PB

3.46-6, PB 3.60-6, PB 3.61-2, PB 3.61-4, PB 3.65-6,

PB 3.67-5, PB 4.45-1, PB 4.54-3, PB 4.60-3, PB

4.61-3, PB 4.62-3, PB 4.65-6, PB 4.66-3, PO 048, PO

053, PO 187, PO 188, PO 261, PO 271, PO 273, PO

285, PO 299, PO 491

Lupus anticoagulant, OC 27.4, PA 1.18-4, PA 1.18-6, PB

1.51-2, PB 1.51-4, PB 1.54-1, PB 1.62-2, PB 2.62-1,

PB 2.62-2, PB 3.62-5, PB 3.62-6, PB 4.52-5, PB

4.62-3, PB 4.62-6, PB 4.63-1, PB 4.63-3, PB 4.63-5,

PB 4.63-6, PO 025, PO 026, PO 306, PO 386, PO 388,

PO 389, PO 390, PO 393, PO 394, PO 395

Magnetic resonance imaging, OC 03.5, PA 3.19-5, PB

1.66-3, PB 2.64-4, PO 280

Malignancy, FS 02.3, PA 3.16-5, PA 4.12-1, PB 1.27-4,

PB 1.27-6, PB 1.30-4, PB 1.60-4, PB 1.60-5, PB

1.64-4, PB 2.60-3, PB 2.60-5, PB 3.29-3, PB 3.56-5,

PB 3.61-5, PB 3.64-1, PB 3.72-1, PB 4.61-4, PB

4.61-5, PO 049, PO 076, PO 252

Mass spectrometry, AS 15.3, OC 34.1, OC 57.5, PA

2.02-5, PA 4.06-2, PB 1.56-3, PB 1.73-1, PB 2.51-1,

PB 2.67-6, PB 3.24-1, PB 3.24-4, PB 3.24-6, PB

3.32-1, PB 3.32-2, PB 4.31-1, PB 4.32-6, PB 4.51-6,

PO 360, PO 457

Mean platelet volume, OC 31.1, OC 33.2, PA 2.04-2, PA

3.05-3, PB 1.25-6, PB 2.63-4, PB 4.27-5, PO 359

Megakaryocyte, AS 16.1, AS 16.2, AS 31.1, AS 36.2, FS

03.4, OC 10.3, OC 33.2, OC 33.3, OC 33.5, OC 33.6,

OC 45.4, OC 46.3, OC 58.6, OC 76.2, OC 89.4, PA

2.04-1, PA 2.04-3, PA 2.04-4, PA 2.04-6, PA 4.04-5,

PA 4.12-3, PA 4.12-5, PB 1.29-1, PB 1.29-2, PB

1.29-3, PB 1.29-4, PB 1.29-5, PB 1.29-6, PB 3.27-1,

PB 3.29-1, PB 3.29-2, PB 3.29-3, PB 3.29-4, PB

3.29-5, PB 3.29-6, PB 3.71-1, PB 4.28-5, PB 4.29-4,

PO 246, PO 349

Menorrhagia, PA 3.17-3, PB 4.41-3, PB 4.41-5, PB

4.65-4, PB 4.66-5, PO 197, PO 214, PO 347, PO 351

Meta-analysis, OC 02.4, PA 1.16-6, PA 1.18-2, PA

1.20-3, PA 2.05-5, PA 2.08-2, PB 1.72-5, PB 2.22-1,

PB 2.38-1, PB 2.71-4, PB 3.39-4, PB 3.61-2, PB

3.61-4, PO 148, PO 374
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Metabolic syndrome, OC 38.6, PA 3.18-1, PB 1.72-6,

PB 4.36-2, PB 4.64-1, PO 359, PO 363, PO 468, PO

469

Metastasis, OC 25.1, OC 25.3, OC 31.4, OC 31.5, OC

82.2, PA 1.03-1, PB 1.60-2, PB 3.56-4

Mice, AS 31.3, OC 11.5, OC 32.6, OC 56.6, OC 57.2,

OC 64.4, OC 84.3, OC 86.3, PA 1.03-2, PA 1.07-5,

PA 1.15-4, PA 2.04-3, PA 3.02-4, PA 3.03-5, PA

3.07-6, PA 3.12-4, PA 4.02-2, PA 4.04-3, PA 4.13-6,

PA 4.20-4, PB 1.24-2, PB 1.32-3, PB 1.32-4, PB

1.60-6, PB 2.56-6, PB 3.28-2, PB 3.58-3, PB 4.59-6,

PO 329

Microparticles, AS 14.1, AS 14.2, AS 14.3, AS 46.2, OC

07.2, OC 17.1, OC 17.2, OC 17.3, OC 17.4, OC 24.2,

OC 38.4, OC 51.4, OC 64.6, OC 72.1, OC 72.2, OC

72.3, OC 72.4, OC 77.2, OC 82.5, PA 1.04-1, PA

1.04-2, PA 1.04-3, PA 1.04-4, PA 1.04-5, PA 2.16-5,

PA 3.01-4, PA 3.04-1, PA 3.04-2, PA 3.04-3, PA

3.04-4, PA 3.04-5, PA 3.04-6, PA 3.12-5, PB 1.22-5,

PB 1.22-6, PB 1.24-2, PB 1.27, PB 1.28-4, PB 1.30-1,

PB 1.30-2, PB 1.30-3, PB 1.30-4, PB 1.30-5, PB

1.30-6, PB 1.40-5, PB 1.56-5, PB 1.60-3, PB 1.62-2,

PB 2.26-3, PB 2.27-2, PB 2.30-1, PB 2.30-2, PB

2.30-3, PB 2.30-4, PB 2.30-5, PB 2.30-6, PB 2.60-6,

PB 2.68-1, PB 2.73-5, PB 3.30-2, PB 3.30-3, PB

3.30-4PB 3.30-5, PB 3.30-6, PB 3.61-5, PB 3.63-4, PB

3.74-6, PB 4.30-1, PB 4.30-2, PB 4.30-3, PB 4.30-4,

PB 4.30-5, PB 4.30-6, PB 4.61-1, PB 4.62-2, PB

4.63-2, PO 069, PO 247, PO 248, PO 249, PO 361

Missense mutation, PA 2.12-2, PA 2.12-3, PA 4.19-6, PB

1.68-4, PB 2.35-5, PB 2.69-4, PB 2.73-2, PB 2.73-4,

PB 3.71-2, PB 4.35-5, PO 201

MLPA, OC 13.4, OC 78.2, PA 1.09-3, PB 3.67-1, PB

4.35-6

Monitoring, OC 02.5, OC 22.2, PA 1.01-1, PA 1.01-4,

PA 1.01-5, PA 2.01-4, PA 3.10-2, PA 3.11-6, PA

4.07-3, PA 4.10-2, PB 1.38-3, PB 1.38-6, PB 1.43-4,

PB 1.47-3, PB 1.52-1, PB 1.53-5, PB 2.49-5, PB

2.51-2, PB 3.21-3, PB 3.47-4, PB 3.51-4, PB 3.52-6,

PB 3.53-3, PB 3.68-2, PB 4.33-6, PB 4.40-3, PB

4.48-2, PB 4.51-2, PB 4.52-1, PB 4.52-3, PB 4.53-4,

PB 4.53-6, PO 041, PO 052, PO 219, PO 265, PO 268,

PO 274, PO 311, PO 456, PO 457, PO 484

Monoclonal antibody, OC 21.1, OC 35.1, OC 80.4, OC

84.5, OC 87.1, PA 4.14-2, PA 4.14-6, PA 4.15-5, PB

1.55-1, PB 2.40-3, PB 2.73-1, PB 2.73-3, PB 4.23-3,

PB 4.54-2, PB 4.73-6, PO 243

Monocytes, AS 28.2, OC 21.4, OC 27.1, OC 27.6, OC

38.3, OC 85.3, PA 1.17-1, PA 2.15-4, PA 4.03-4, PB

1.32-6, PB 2.29-4, PB 2.32-3, PB 2.67-5, PB 3.32-2,

PB 3.32-4, PB 3.50-1, PB 3.56-3, PB 3.63-2, PB

3.71-4, PB 3.71-6, PB 4.50-1

Mortality, AS 44.4, OC 52.1, OC 63.5, PA 2.09-4, PA

2.10-3, PA 2.16-5, PA 3.10-3, PA 4.13-5, PB 1.50-1,

PB 1.61-2, PB 1.65-4, PB 1.70-4, PB 2.56-1, PB

3.26-6, PB 3.41-3, PB 3.60-4, PB 3.61-4, PB 3.64-4,

PB 4.70-6, PO 012, PO 157, PO 184, PO 283, PO 345

Mouse model, AS 03.2, AS 09.2, AS 13.1, AS 21.1, AS

23.1, AS 25.1, AS 32.1, AS 39.3, AS 44.4, OC 01.6,

OC 08.6, OC 10.1, OC 18.2, OC 18.3, OC 19.2, OC

19.3, OC 25.3, OC 29.1, OC 31.2, OC 32.3, OC 33.5,

OC 35.2, OC 41.2, OC 41.4, OC 46.1, OC 47.1, OC

47.3, OC 50.2, OC 53.5, OC 58.5, OC 65.1, OC 74.1,

OC 84.1, OC 88.3, OC 88.5, PA 1.03-3, PA 1.06-3,

PA 1.07-2, PA 2.02-4, PA 2.04-1, PA 2.09-2, PA

2.15-2, PA 3.02-4, PA 4.04-1, PA 4.04-2, PB 1.26-6,

PB 1.29-2, PB 1.29-6, PB 1.32-1, PB 1.32-2, PB

1.44-3, PB 1.67-6, PB 2.60-4, PB 3.32-6, PB 3.59-4,

PB 3.71-2, PB 4.21-1, PB 4.29-6, PB 4.34-5, PB

4.53-5, PB 4.67-6, PO 288, PO 488

mRNA, OC 05.4, OC 06.6, OC 08.1, OC 32.5, OC 50.1,

OC 50.4, OC 54.6, OC 77.1, OC 80.5, PA 2.08-6, PA

2.12-2, PA 3.05-2, PA 3.16-5, PA 4.02-1, PB 1.32-3,

PB 1.58-2, PB 2.24-2, PB 2.24-4, PB 2.24-5, PB

2.27-1, PB 2.34-2, PB 3.71-1, PB 4.31-6, PB 4.55-2,

PB 4.58-4, PO 288

MTHFR, PB 2.61-4, PO 281, PO 413

Multimerisation, OC 13.5, OC 61.1, PA 1.09-1, PB

1.44-2, PB 2.42-1, PB 3.44-6

Mutagenesis, PA 1.12-2, PA 1.15-6, PA 2.12-1, PA

2.12-3, PB 1.44-2, PB 1.68-4, PB 2.43-4, PB 2.55-3,

PB 4.59-1

Mutation, AS 09.2, AS 28.3, AS 29.2, AS 40.1, AS 40.4,

OC 13.4, OC 30.2, OC 39.4, OC 50.3, OC 53.3, OC

60.3, OC 66.4, OC 73.2, OC 78.3, OC 78.4, OC 81.1,

OC 90.3, OC 90.6, PA 1.08-1, PA 1.08-6, PA 1.09-1,

PA 1.09-3, PA 2.07-3, PA 2.11-3, PA 2.20-2, PA

3.05-1, PA 3.05-2, PA 3.07-5, PA 3.09-1, PA 3.14-3,

PA 4.05-3, PA 4.05-6, PA 4.12-4, PB 1.33-1, PB

1.35-3, PB 1.37-2, PB 1.39-4, PB 1.39-5, PB 1.41-1,

PB 1.41-2, PB 1.55-5, PB 1.68-2, PB 1.72-1, PB

2.33-2, PB 2.35-3, PB 2.42-1, PB 2.44-4, PB 2.44-6,

PB 2.50-6, PB 2.54-2, PB 2.57-4, PB 2.69-3, PB

2.69-6, PB 2.72-3, PB 3.25-3, PB 3.41-2, PB 3.42-1,

PB 3.42-6, PB 3.44-3, PB 3.58-6, PB 3.60-1, PB

3.65-6, PB 4.35-4, PB 4.35-6, PB 4.38-3, PB 4.41-1,

PB 4.42-3, PB 4.44-5, PB 4.49-5, PB 4.72-1, PB

4.72-2, PB 4.73-1, PB 4.74-4, PO 097, PO 118, PO

144, PO 175, PO 201, PO 439, PO 467

Myocardial infarction, AS 07.3, OC 02.4, OC 07.3, OC

07.4, OC 64.6, OC 90.3, PA 3.02-6, PA 4.06-4, PB

1.33-6, PB 1.49-4, PB 1.63-3, PB 1.63-4, PB 1.69-1,

PB 2.37-6, PB 2.63-4, PB 3.50-3, PB 3.63-4, PB 3.66-

1, PB 3.74-5, PB 4.31-2, PB 4.64-3, PO 001, PO 409

Neutrophil extracellular traps, AS 10.1, AS 21.1, OC

08.3, OC 53.6, OC 74.1, OC 85.2, PA 3.03-2, PA

4.08-6, PB 2.66-2

Neutrophils, AS 44.1, AS 44.3, AS 44.4, OC 08.3, OC

08.4, OC 08.5, OC 27.6, OC 35.2, OC 45.2, OC 53.6,

OC 74.1, OC 91.3, PA 3.18-1, PA 4.03-1, PA 4.03-2,

PA 4.03-3, PB 2.40-1, PB 2.68-6, PB 3.28-1, PB

3.56-2, PB 3.66-4, PO 229

Next generation sequencing, AS 11.3, FS 03.4, OC

06.6, OC 30.1, OC 34.2, OC 62.3, OC 65.5, OC 80.5,
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PA 2.04-1, PA 4.02-1, PA 4.18-4, PB 1.44-4, PB

2.24-2

Nitric oxide, OC 26.1, OC 54.6, PA 3.01-6, PA 3.03-4,

PA 4.01-6, PA 4.09-4, PA 4.20-2, PB 1.31-6, PO 496,

PB 2.31-2, PB 3.31-4, PB 3.31-5, PB 4.26-2, PB 4.68-5

NOACS, AS 20.2, OC 02.2, OC 16.2, OC 36.2, OC 79.3,

OC 79.4, OC 81.6, PA 1.10-5, PA 2.10-5, PA 2.10-6,

PA 3.10-1, PA 3.11-3, PA 3.19-2, PB 1.45-6, PB

1.47-3, PB 1.47-4, PB 1.49-5, PB 1.52-1, PB 1.53-5,

PB 2.49-6, PB 3.48-3, PB 3.51-4, PB 3.52-6, PB

4.45-3, PB 4.45-5, PB 4.45-6, PB 4.48-3, PB 4.52-2,

PB 4.53-4, PO 265, PO 278

Obesity, AS 24.1, OC 32.5, PA 1.01-2, PA 3.06-6, PA

4.10-3, PB 1.69-1, PB 1.69-2, PB 2.45-6, PB 2.59-6,

PB 2.71-4, PB 3.27-4, PB 3.46-3, PB 3.53-6, PB

4.32-1, PB 4.36-2, PB 4.72-5, PO 396

Oestrogen, OC 61.1, OC 77.4, PA 3.17-6, PB 2.56-6, PB

2.59-5, PB 2.66-1

Oral anticoagulants, FS 02.2, OC 16.3, OC 36.2, OC

63.3, OC 79.1, OC 79.5, PA 2.10-2, PA 3.10-2, PB

1.46-2, PB 1.46-3, PB 1.47-4, PB 1.49-2, PB 1.49-5,

PB 1.54-3, PB 1.61-6, PB 2.46-4, PB 2.47-2, PB

2.62-2, PB 3.26-6, PB 3.45-3, PB 3.46-5, PB 3.47-6,

PB 3.48-6, PB 3.52-3, PB 3.74-3, PB 4.46-4, PB

4.47-2, PB 4.47-6, PB 4.53-6, PB 4.71-5, PO 186, PO

237, PO 269, PO 270, PO 274, PO 275

Oral contraceptives, AS 05.03, AS 05.1, AS 05.2, OC

12.6, OC 63.2, PA 3.17-6, PB 1.68-5, PB 1.72-3, PB

2.66-1, PB 2.66-5, PB 4.66-6, PO 196, PO 302, PO

393, PO 461

Orthopaedic surgery, OC 59.3, PA 3.09-6, PA 3.10-1, PB

1.36-3, PB 1.42-3, PB 2.46-5, PB 2.47-6, PB 2.70-4,

PB 2.70-6, PB 3.40-3, PB 3.48-5, PO 253, PO 256

Oxidative stress, OC 01.1, PA 1.01-6, PA 4.02-4, PB

1.26-1, PB 2.27-6, PB 2.28-4, PB 3.28-5, PB 3.44-4

P-selectin, PA 2.02-5, PA 4.04-3, PA 4.20-1, PB 1.23-6,

PB 1.26-4, PB 2.27-3, PB 4.26-3, PB 4.30-4, PB 4.68-

5, PO 069

P2Y12, OC 32.2, OC 60.3, OC 89.3, PA 1.01-6, PA

1.02-6, PA 3.03-1, PA 4.03-5, PA 4.05-3, PB 1.21-6,

PB 1.22-1, PB 1.25-2, PB 2.21-1, PB 2.23-5, PB

3.27-1, PB 4.21-6, PO 337, PO 364, PO 454

Paediatric, AS 06.1, AS 06.2, FS 02.1, FS 02.2, FS 02.3,

OC 03.1, OC 52.3, OC 75.2, OC 75.3, OC 75.4, OC

81.2, OC 82.4, PA 1.08-5, PA 1.09-5, PA 2.18-3, PA

2.19-1, PA 2.19-2, PA 2.19-3, PA 2.19-4, PA 2.19-5,

PA 2.19-6, PA 3.09-3, PA 3.13-2, PA 4.07-1, PA

4.12-1, PB 1.35-5, PB 1.36-5, PB 1.38-4, PB 1.41-5, PB

1.42-1, PB 1.42-4, PB 1.71-1, PB 1.71-2, PB 1.71-3, PB

1.71-4, PB 1.71-5, PB 1.71-6, PB 1.74-5, PB 2.38-2, PB

2.42-2, PB 2.56-3, PB 3.23-3, PB 3.24-3, PB 3.37-6, PB

3.38-5, PB 3.42-5, PB 3.50-4, PB 3.51-2, PB 3.53-1, PB

3.62-1, PB 3.68-1, PB 3.68-2, PB 3.68-3, PB 3.68-4, PB

3.68-5, PB 3.68-6, PB 3.69-2, PB 3.69-3, PB 3.69-4, PB

3.69-5, PB 3.69-6, PB 4.36-1, PB 4.39-2, PB 4.50-3, PB

4.50-4, PB 4.60-5, PB 4.61-4, PB 4.63-6, PB 4.64-5, PB

4.71-1, PB 4.71-2, PB 4.71-3, PB 4.71-4, PB 4.71-5, PB

4.71-6, PO 047, PO 082, PO 106, PO 133, PO 141, PO

156, PO 163, PO 177, PO 182, PO 222, PO 227, PO

266, PO 294, PO 299, PO 300, PO 301, PO 302, PO

303, PO 304, PO 305, PO 306, PO 307, PO 331, PO

349, PO 353, PO 370, PO 372, PO 376, PO 383, PO

399, PO 491

PAI-1, OC 04.1, OC 29.2, OC 29.3, PA 3.06-3, PA

3.06-4, PB 1.34-2, PB 1.34-4, PB 1.59-2, PB 1.60-2, PB

1.67-1, PB 2.34-5, PB 2.68-1, PB 3.40-1, PB 3.66-2, PB

4.41-2, PB 4.65-2, PO 094, PO 401, PO 412, PO 494

PAR-1, AS 07.3, AS 10.3, AS 21.2, AS 21.3, AS 34.3,

AS 44.2, OC 01.4, OC 09.2, OC 31.2, OC 31.4, OC

40.2, OC 49.2, OC 54.4, OC 74.4, OC 89.4, PA

1.19-4, PA 2.03-4, PA 2.14-2, PA 3.03-1, PA 3.16-4,

PA 4.01-3, PA 4.05-1, PA 4.05-3, PB 1.32-5, PB

2.23-1, PB 2.23-2, PB 2.24-3, PB 2.29-6, PB 4.26-1,

PO 228, PO 339

PAR-2, AS 10.3, OC 31.6, OC 38.5, PA 2.14-6, PB

1.32-5, PB 2.29-6, PB 3.28-6

PAR-3, AS 41.1, OC 74.4, PA 2.03-4

PAR-4, OC 18.3, OC 76.3, PA 1.02-6, PB 1.67-1, PB

1.67-3, PB 2.23-1, PB 2.24-3

Pentasaccharide, AS 26.3, PB 1.40-1, PB 4.58-2

Percutaneous coronary intervention, AS 13.2, PB 2.29-2,

PB 2.30-2, PB 3.63-3, PB 3.66-1, PB 4.28-6, PO 249

Periodontitis, PO 429, PO 477

Peripheral arterial disease, AS 01.2, OC 43.2, PA 2.18-5,

PB 3.63-2, PB 4.56-4, PO 341, PO 475, PO 476, PO 477

PFA-100, OC 14.4, PA 4.11-5, PB 1.26-5, PB 3.52-1,

PB 4.27-6, PB 4.42-6, PO 348, PO 350, PO 443, PO 454

Pharmacodynamics, OC 16.3, OC 36.5, OC 81.3, PA

2.01-1, PA 2.10-2, PA 3.10-5, PA 4.02-3, PA 4.08-2,

PA 4.14-4, PA 4.15-4, PB 2.21-5, PB 3.39-3, PB

3.46-1, PB 3.47-2, PB 4.21-3, PB 4.53-2, PB 4.55-6,

PO 183, PO 291, PO 292, PO 337, PO 358

Pharmacogenetics, PA 2.10-1, PB 1.48-1, PB 1.48-3, PB

2.21-3, PB 2.22-6

Pharmacokinetics, OC 16.3, OC 48.1, OC 67.3, OC 70.2,

OC 79.1, PA 1.07-4, PA 2.06-1, PA 2.06-3, PA 2.06-6,

PA 2.07-5, PA 2.10-2, PA 2.12-5, PA 3.10-5, PA

4.07-5, PA 4.15-4, PB 1.36-5, PB 1.44-6, PB 1.55-2,

PB 1.55-4, PB 2.37-2, PB 2.44-2, PB 2.55-4, PB

2.55-5, PB 3.33-1, PB 3.35-2, PB 3.38-3, PB 3.49-3,

PB 3.55-6, PB 4.21-3, PB 4.36-6, PB 4.37-2, PB

4.39-1, PB 4.55-6, PO 060, PO 061, PO 183, PO 188,

PO 292, PO 295

Phenotype, AS 40.4, PA 2.07-2, PA 4.07-4, PB 1.22-2,

PB 1.42-2, PB 2.35-6, PB 2.42-6, PB 2.70-2, PB

3.32-2, PB 3.39-2, PB 3.41-4, PB 4.25-4, PB 4.36-1,

PB 4.36-4, PB 4.39-5, PB 4.41-5, PB 4.43-6, PB 4.44-

2, PB 4.74-6, PO 021, PO 151, PO 380, PO 424

Phenprocoumon, PB 3.47-2

Phosphatidylserine, AS 14.3, OC 11.3, OC 44.4, PA

1.02-2, PA 1.04-6, PA 1.11-2, PA 1.12-6, PA 3.15-3,

PA 4.03-1, PB 1.22-6, PB 1.24-3, PB 1.31-1, PB

1.50-2, PB 1.59-5, PB 1.60-5, PB 2.26-5, PB 3.27-3,

PB 3.27-6, PB 3.30-6, PB 4.27-1, PB 4.27-4
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Phospholipids, AS 41.2, OC 10.3, OC 28.6, OC 57.5, OC

68.3, OC 73.4, PA 4.13-2, PB 1.30-5, PB 1.59-1, PB

2.30-2, PB 2.34-2, PB 2.50-5, PB 3.30-4, PB 4.30-1,

PO 312

Phosphorylation, AS 03.3, OC 10.4, OC 35.5, PA 1.02-4,

PA 2.03-2, PA 2.15-6, PA 3.03-3, PB 1.25-3, PB 3.23-

1, PB 3.23-3, PB 3.50-1, PB 4.25-5, PB 4.57-2, PO 497

Plasma, AS 14.2, AS 14.3, OC 06.3, OC 06.4, OC 57.1,

PA 2.11-2, PA 2.13-6, PA 2.18-3, PA 2.19-2, PA

4.14-5, PA 4.19-5, PB 1.33-2, PB 1.34-3, PB 1.45-4,

PB 1.50-5, PB 1.57-4, PB 2.54-3, PB 2.59-4, PB

2.74-1, PB 3.21-3, PB 3.30-1, PB 4.48-6, PB 4.50-6,

PB 4.54-6, PB 4.59-5, PO 088, PO 093, PO 193, PO

259, PO 269, PO 376, PO 403, PO 486

Plasma half-life, AS 45.1, OC 05.6, OC 37.2, OC 37.5,

OC 70.1, OC 70.2, OC 91.4, PA 2.06-3, PA 2.06-6,

PA 2.07-4, PA 2.07-6, PA 2.12-5, PA 4.07-2, PA

4.09-6, PA 4.13-6, PB 1.38-1, PB 1.55-2, PB 2.55-4,

PB 3.58-1, PB 4.33-3, PB 4.35-2

Plasmin, AS 23.2, AS 23.3, AS 40.3, OC 17.2, OC 29.3,

OC 84.6, PA 1.06-6, PA 1.17-3, PA 3.18-2, PB 2.34-3,

PB 2.34-4, PB 3.34-1, PB 3.34-4, PB 4.33-4

Plasminogen, OC 29.5, OC 53.1, PA 1.06-3, PA 1.06-5,

PA 1.17-3, PA 2.14-5, PA 3.18-2, PA 3.18-3, PB

1.34-3, PB 2.34-1, PB 2.34-3, PB 2.34-6, PB 3.34-5,

PB 3.34-6, PB 4.33-2, PB 4.33-3, PO 096

Platelet, AS 03.1, AS 03.3, AS 04.1, AS 04.3, AS 09.3,

AS 14.1, AS 16.2, AS 16.3, AS 24.2, AS 27.3, AS

31.1, AS 36.2, AS 39.2, AS 44.1, AS 44.3, AS 45.3,

OC 08.6, OC 09.2, OC 09.4, OC 09.6, OC 10.1, OC

10.3, OC 10.4, OC 10.5, OC 11.4, OC 11.5, OC 24.2,

OC 24.3, OC 25.1, OC 29.3, OC 29.6, OC 31.1, OC

32.1, OC 32.4, OC 33.1, OC 33.3, OC 33.6, OC 34.1,

OC 34.3, OC 34.5, OC 34.6, OC 35.1, OC 37.1, OC

39.2, OC 39.6, OC 45.2, OC 45.4, OC 46.1, OC 46.3,

OC 55.6, OC 58.2, OC 58.6, OC 60.2, OC 60.3, OC

60.5, OC 62.6, OC 65.4, OC 67.4, OC 72.3, OC 73.3,

OC 76.4, OC 77.1, OC 77.3, OC 80.1, OC 82.2, OC

83.4, OC 85.1, OC 85.6, OC 86.2, OC 86.4, OC 86.6,

OC 87.2, OC 87.3, OC 87.5, OC 88.5, OC 88.6, PA

1.02-2, PA 1.02-4, PA 1.03-2, PA 1.03-6, PA 1.08-4,

PA 1.11-2, PA 2.03-1, PA 2.03-6, PA 2.04-4, PA

2.04-5, PA 2.05-3, PA 2.05-5, PA 2.05-6, PA 2.09-5,

PA 2.15-4, PA 2.17-3, PA 3.01-1, PA 3.02-3, PA

3.02-5, PA 3.02-6, PA 3.03-2, PA 3.12-1, PA 3.12-5,

PA 3.15-3, PA 4.01-2, PA 4.01-3, PA 4.01-6, PA

4.02-1, PA 4.02-2, PA 4.02-3, PA 4.02-5, PA 4.03-1,

PA 4.03-2, PA 4.03-3, PA 4.03-4, PA 4.03-5, PA

4.04-1, PA 4.04-2, PA 4.04-4, PA 4.05-5, PA 4.08-5,

PA 4.12-3, PA 4.12-5, PA 4.14-1, PB 1.21-6, PB

1.22-4, PB 1.23-3, PB 1.23-6, PB 1.24-1, PB 1.24-2,

PB 1.24-3, PB 1.24-4, PB 1.24-5, PB 1.25-3, PB 1.25-

5, PB 1.25-6, PB 1.26-1, PB 1.26-5, PB 1.27-2, PB

1.27-6, PB 1.28-1, PB 1.28-4, PB 1.28-5, PB 1.29-2,

PB 1.29-3, PB 1.32-6, PB 1.35-1, PB 1.50-2, PB 1.56-

1, PB 1.58-1, PB 1.59-5, PB 1.67-3, PB 2.23-3, PB

2.23-6, PB 2.24-2, PB 2.24-4, PB 2.24-5, PB 2.24-6,

PB 2.25-4, PB 2.25-6, PB 2.26-1, PB 2.27-1, PB 2.27-

5, PB 2.27-6, PB 2.28-2, PB 2.28-5, PB 2.28-6, PB

2.30-4, PB 2.30-5, PB 2.32-5, PB 2.33-5, PB 2.40-1,

PB 2.45-4, PB 2.63-4, PB 2.67-4, PB 2.68-2, PB 2.68-

3, PB 2.68-4, PB 2.68-6, PB 3.21-1, PB 3.23-4, PB

3.24-1, PB 3.24-2, PB 3.24-3, PB 3.24-5, PB 3.25-2,

PB 3.27-1, PB 3.28-3, PB 3.29-1, PB 3.29-2, PB 3.29-

4, PB 3.30-1, PB 3.33-3, PB 3.41-1, PB 3.44-5, PB

3.54-5, PB 3.58-1, PB 3.71-1, PB 3.71-4, PB 3.74-3,

PO 497, PO 500

Platelet activation, AS 14.1, AS 25.3, AS 27.2, AS 28.2,

AS 31.2, AS 37.1, AS 37.4, OC 09.1, OC 10.1, OC

10.6, OC 11.2, OC 11.3, OC 24.1, OC 35.6, OC 49.2,

OC 55.4, OC 58.1, OC 60.6, OC 64.1, OC 69.1, OC

77.1, OC 85.5, OC 86.3, OC 86.4, OC 87.6, PA

1.02-1, PA 1.02-2, PA 1.02-3, PO 497, PA 1.03-5, PA

2.02-6, PA 2.03-1, PA 2.05-1, PA 2.09-2, PA 2.18-6,

PA 3.02-5, PA 3.03-2, PA 3.03-5, PA 3.05-6, PA 4.01-

4, PA 4.01-5, PA 4.02-4, PA 4.04-3, PA 4.05-2, PA

4.09-5, PA 4.20-5, PB 1.22-5, PB 1.22-6, PB 1.23-4,

PB 1.24-5, PB 1.26-2, PB 1.26-3, PB 1.26-4, PB 1.26-

6, PB 1.27-5, PB 1.28-1, PB 1.28-2, PB 1.28-6, PB

1.60-4, PB 2.23-2PB 2.23-3, PB 2.23-6, PB 2.24-3, PB

2.25-4, PB 2.26-2, PB 2.26-4, PB 2.26-6, PB 2.28-1,

PB 2.28-4, PB 2.28-6, PB 2.40-3, PB 3.22-2, PB 3.23-

3, PB 3.24-1, PB 3.24-5, PB 3.24-6, PB 3.25-2, PB

3.26-2, PB 3.26-3, PB 3.27-2, PB 3.27-3, PB 3.27-4,

PB 3.27-6, PB 3.29-5, PB 3.74-6, PB 4.23-3, PB 4.24-

3, PB 4.24-4, PB 4.24-6, PB 4.25-5, PB 4.26-2, PB

4.26-4, PB 4.26-6, PB 4.40-2, PB 4.66-4, PO 052, PO

192, PO 239, PO 247, PO 309, PO 313, PO 316, PO

317, PO 318, PO 319, PO 328, PO 332, PO 333, PO

335, PO 360, PO 408

Platelet activation receptor, OC 25.3, OC 58.4, OC 60.1,

OC 86.6, PA 3.01-2, PA 3.02-5, PA 3.18-4, PB 2.23-6,

PB 2.24-4, PB 2.25-1, PB 2.26-3, PB 2.68-4, PB

3.43-2, PB 4.24-3

Platelet adhesion, AS 03.2, AS 09.3, OC 10.5, OC 11.6,

OC 39.1, OC 45.1, OC 45.3, OC 62.1, OC 91.5, PA

2.02-1, PA 2.02-2, PA 2.02-3, PA 2.03-4, PA 2.09-5,

PA 3.01-1, PA 3.02-2, PA 3.02-3, PA 4.03-3, PA

4.09-5, PA 4.20-1, PB 1.23-1, PB 1.23-2, PB 1.23-5,

PB 1.44-4, PB 1.73-2, PB 2.28-5, PB 2.43-2, PB

2.43-3, PB 2.67-4, PB 3.44-2, PB 3.66-4, PB 4.22-5,

PB 4.23-2, PB 4.25-2, PB 4.28-4, PO 325

Platelet aggregation, AS 27.1, AS 35.3, OC 09.5, OC

10.2, OC 19.1, OC 35.4, OC 45.3, OC 54.3, OC 67.4,

OC 82.6, OC 89.3, PA 1.02-3, PA 1.02-5, PA 1.03-1,

PA 2.03-2, PA 2.13-2, PA 3.01-4, PA 3.01-5, PA

3.02-3, PA 3.05-6, PA 3.08-2, PA 4.05-5, PA 4.20-2,

PB 1.22-3, PB 1.22-4, PB 1.33-5, PB 1.40-2, PB

1.43-6, PB 1.53-2, PB 2.22-5, PB 2.24-1, PB 2.25-6,

PB 2.26-2, PB 2.28-1, PB 2.33-4, PB 2.46-1, PB 2.46-

3, PB 2.46-4, PB 2.49-4, PB 3.21-5, PB 3.22-1, PB

3.22-5, PB 3.22-6, PB 3.23-2, PB 3.23-6, PB 3.26-5, PB

3.27-2, PB 3.33-2, PB 3.38-4, PB 3.50-3, PB 3.53-6, PB

3.54-6, PB 4.21-4, PB 4.21-5, PB 4.21-6, PB 4.22-3, PB
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4.22-4, PB 4.22-5, PB 4.23-2, PB 4.23-5, PB 4.24-1, PB

4.25-2, PB 4.25-4, PB 4.26-3, PB 4.26-4, PB 4.26-5, PB

4.27-3, PB 4.27-5, PB 4.28-2, PB 4.29-1, PB 4.40-3, PB

4.41-1, PB 4.57-3, PB 4.66-4, PB 4.68-3, PO 199, PO

310, PO 312, PO 314, PO 315, PO 321, PO 322, PO

323, PO 324, PO 325, PO 326, PO 327, PO 328, PO

329, PO 330, PO 331, PO 333, PO 336, PO 338, PO

339, PO 340, PO 343, PO 344, PO 352, PO 361, PO

435, PO 443, PO 444, PO 445, PO 448, PO 453, PO

455, PO 460, PO 482

Platelet count, OC 04.3, OC 25.4, OC 33.1, OC 33.2, OC

55.1, OC 55.5, OC 89.5, OC 89.6, PA 1.05-6, PA

2.04-2, PA 2.04-6, PA 2.05-1, PA 4.04-1, PA 4.05-6,

PA 4.06-3, PB 1.22-4, PB 1.25-1, PB 1.27-5, PB

1.33-2, PB 2.32-2, PB 3.22-4, PB 3.24-2, PB 3.26-3,

PB 4.29-1, PB 4.29-6, PB 4.68-3, PO 030, PO 216, PO

217, PO 221, PO 223, PO 343, PO 363

Platelet factor 4, OC 21.1, OC 21.3, OC 69.2, PA 3.08-3,

PA 3.08-4, PA 3.08-6, PB 1.29-6, PB 1.40-3, PB

1.40-6, PB 2.40-2, PB 2.40-4, PB 2.40-5, PB 4.40-5,

PO 342

Platelet function, AS 15.2, AS 16.1, AS 38.4, AS 39.2,

OC 09.3, OC 24.2, OC 25.4, OC 34.1, OC 39.2, OC

60.2, OC 86.1, OC 86.2, OC 86.4, OC 87.4, OC 87.6,

OC 88.1, OC 88.4, OC 89.5, PA 1.02-5, PA 2.02-2,

PA 2.02-3, PA 2.05-4, PA 3.01-2, PA 3.12-6, PA

4.02-6, PA 4.03-4, PA 4.05-1, PA 4.05-3, PA 4.05-4,

PA 4.05-5, PB 1.25-1, PB 1.28-2, PB 1.28-6, PB

1.29-5, PB 2.23-4, PB 2.23-5, PB 2.25-2, PB 2.27-6,

PB 2.41-4, PB 3.24-4, PB 3.24-6, PB 3.26-1, PB

3.26-4, PB 3.29-6, PB 3.42-5, PB 4.23-5, PB 4.24-3,

PB 4.24-6, PB 4.25-3, PB 4.25-5, PB 4.26-6, PB

4.28-1, PB 4.29-4, PB 4.41-4, PO 326, PO 334, PO

348, PO 350, PO 352, PO 371

Platelet function testing, OC 07.3, OC 23.4, OC 89.4, PA

1.01-4, PA 1.01-5, PA 1.12-6, PA 2.01-1, PA 2.01-4,

PA 3.01-6, PA 3.02-2, PA 3.05-6, PA 4.11-5, PA

4.20-2, PB 1.21-2, PB 1.21-3, PB 1.22-1, PB 1.22-2,

PB 1.22-4, PB 1.28-3, PB 1.28-6, PB 1.43-6, PB

1.52-6, PB 2.21-4, PB 2.21-5, PB 2.22-2, PB 2.22-6,

PB 2.23-6, PB 2.25-1, PB 2.25-4, PB 2.25-5, PB

2.25-6, PB 2.27-3, PB 2.27-4, PB 2.28-6, PB 2.40-4,

PB 2.40-5, PB 2.45-3, PB 3.21-2, PB 3.21-5, PB

3.22-1, PB 3.22-3, PB 3.22-4, PB 3.22-5, PB 3.25-5,

PB 3.52-1, PB 4.27-2, PB 4.42-6, PB 4.52-6, PO 192,

PO 311, PO 312, PO 315, PO 321, PO 322, PO 326,

PO 329, PO 336, PO 338, PO 339, PO 343, PO 344,

PO 352, PO 358, PO 365, PO 436, PO 445, PO 446,

PO 450

Platelet inhibition, OC 09.5, OC 26.1, OC 35.4, OC 76.3,

OC 86.4, OC 87.1, OC 87.6, PA 2.01-2, PA 2.02-6,

PA 3.01-4, PA 3.03-4, PA 4.01-1, PA 4.01-3, PA

4.20-2, PB 1.21-1, PB 1.21-3, PB 1.22-1, PB 1.24-1,

PB 1.24-4, PB 1.26-6, PB 2.22-2, PB 2.24-1, PB

2.28-5, PB 2.49-4, PB 3.23-1, PB 3.23-2, PB 3.23-4,

PB 3.23-5, PB 3.27-4, PB 3.29-6, PB 4.21-2, PB 4.21-

6, PB 4.22-3, PB 4.22-5, PB 4.24-5, PB 4.27-2, PB

4.28-4, PO 199, PO 308, PO 314, PO 330, PO 334,

PO 460

Platelet reactivity, AS 15.3, OC 67.2, PA 1.01-1, PO 497,

PA 2.01-3, PA 2.05-2, PA 2.17-5, PA 4.01-5, PB 1.21-

4, PB 1.25-2, PB 1.28-1, PB 1.59-6, PB 2.21-2, PB

2.22-3, PB 2.25-6, PB 2.74.5, PB 3.22-1, PB 3.22-2, PB

3.22-3, PB 3.25-4, PB 3.44-5, PB 4.23-5, PB 4.24-3,

PB 4.49-4, PO 326, PO 341, PO 343, PO 358, PO 446

Platelet signalling, AS 28.2, AS 30.2, AS 37.1, AS 39.1,

AS 39.4, OC 11.1, OC 11.2, OC 11.5, OC 11.6, OC

24.1, OC 24.2, OC 25.2, OC 33.6, OC 35.5, OC 35.6,

OC 58.1, OC 58.3, OC 58.4, OC 60.1, OC 60.5, OC

62.1, OC 76.1, OC 76.2, OC 76.3, OC 76.4, OC 85.5,

OC 87.2, OC 87.6, OC 88.3, OC 88.4, PA 1.02-2, PA

1.02-5, PO 497, PA 1.08-4, PA 2.02-1, PA 2.02-2, PA

2.02-4, PA 2.02-6, PA 2.03-1, PA 2.03-1, PA 3.01-3,

PA 3.01-6, PA 3.02-1, PA 3.02-2, PA 3.03-1, PA 3.03-

5, PA 4.01-6, PA 4.02-3, PA 4.02-6, PA 4.05-5, PB

1.22-1, PB 1.23-3, PB 1.67-1, PB 2.23-5, PB 2.24-6,

PB 2.26-5, PB 2.28-2, PB 3.23-1, PB 3.23-5, PB

3.24-2, PB 3.24-3, PB 3.24-6, PB 3.25-2, PB 4.24-2,

PB 4.24-5, PB 4.24-6, PB 4.26-3, PB 4.26-6, PO 308,

PO 319, PO 362

Pneumonia, AS 43.4, OC 05.3, PA 1.19-3, PB 1.67-3, PB

2.28-1, PB 3.66-3, PB 4.67-1

Polymorphism, OC 08.1, OC 52.4, PA 2.10-1, PA 2.13-4,

PA 2.20-6, PA 3.12-1, PA 3.12-3, PA 4.15-6, PB

1.25-4, PB 1.25-5, PB 1.34-2, PB 1.34-4, PB 1.48-1,

PB 1.68-6, PB 2.22-5, PB 2.31-2, PB 2.61-4, PB

2.69-2, PB 2.69-5, PB 3.42-1, PB 3.52-4, PB 3.63-1,

PB 3.63-6, PB 3.67-6, PB 4.29-5, PB 4.31-5, PB

4.73-3, PB 4.74-2, PO 287, PO 293, PO 313, PO 413,

PO 462, PO 463, PO 479

Portal vein thrombosis, OC 02.1, PA 2.19-4, PB 4.46-1,

PB 4.69-1, PB 4.70-6, PB 4.71-6, PO 005

Post-thrombotic syndrome, AS 06.1, AS 06.2, AS 06.3,

AS 19.2, AS 19.3, PA 3.20-2, PA 3.20-3, PA 3.20-5,

PA 3.20-6, PB 2.50-4, PB 2.74-2, PB 2.74-3, PB 4.71-

3, PO 374, PO 396

Prediction, AS 34.2, AS 42.3, OC 04.6, OC 42.1, OC

48.1, OC 51.1, OC 71.3, OC 75.1, PA 1.10-3, PA

1.20-6, PA 2.08-2, PA 2.16-2, PA 3.19-1, PA 3.19-3,

PB 1.42-3, PB 1.59-4, PB 1.65-3, PB 2.25-2, PB

2.35-1, PB 2.45-1, PB 2.45-2, PB 2.53-5, PB 2.64-5,

PB 2.65-1, PB 2.65-6, PB 3.26-5, PB 3.40-5, PB

3.49-3, PB 3.59-6, PB 3.60-2, PB 3.73-1, PB 4.43-4,

PO 070, PO 305, PO 361

Prediction rule, AS 42.3, OC 12.5, OC 59.5, PA 3.15-6,

PA 4.16-5, PB 1.40-6, PB 1.65-6, PB 2.61-1, PB

2.64-1, PB 2.64-5, PB 2.65-2, PB 2.65-5, PB 3.70-6,

PO 218

Preeclampsia, FS 01.3, PA 2.09-6, PA 3.17-4, PB 2.31-2,

PB 2.58-6, PB 2.66-2, PB 3.65-2, PB 3.65-4, PB 3.65-

5, PB 4.65-1, PB 4.65-2, PB 4.66-4, PB 4.73-3, PO

287, PO 392

Pregnancy, AS 29.3, AS 32.3, FS 01.1, FS 01.2, FS 01.3,

OC 20.2, OC 27.5, OC 61.1, OC 61.4, OC 61.5, OC
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61.6, OC 77.4, PA 2.09-6, PA 4.19-4, PB 1.42-2, PB

1.57-1, PB 1.66-1, PB 1.66-3, PB 1.66-4, PB 2.58-4,

PB 2.58-6, PB 2.65-4, PB 2.66-2, PB 2.66-4, PB 2.66-

6, PB 2.72-4, PB 2.73-2, PB 2.74-1, PB 3.65-1, PB

3.65-2, PB 3.65-3, PB 3.65-5, PB 3.65-6, PB 3.67-5,

PB 3.70-4, PB 4.42-4, PB 4.65-1, PB 4.65-3, PB 4.65-

5, PB 4.66-2, PB 4.66-3, PB 4.73-3, PO 002, PO 035,

PO 087, PO 198, PO 200, PO 205, PO 206, PO 210,

PO 211, PO 213, PO 215, PO 216, PO 217, PO 224,

PO 287, PO 350, PO 354, PO 355, PO 385, PO 392,

PO 434, PO 492

Pregnancy loss, OC 27.5, OC 61.2, OC 61.3, PB 1.66-2,

PB 2.33-2, PB 3.65-2, PB 3.65-4, PB 4.30-6, PB

4.41-3, PB 4.43-5, PB 4.63-3, PB 4.65-1, PB 4.65-6,

PO 203, PO 204, PO 209, PO 211, PO 218, PO 219

Prekallikrein, OC 23.1, PA 3.15-2

Prevalence, PB 2.25-5, PB 2.50-4, PB 3.35-6, PB 3.42-3,

PO 065, PO 391

Prevention, AS 28.1, OC 12.1, OC 79.6, PA 2.16-3, PA

2.18-2, PA 2.19-1, PB 1.35-2, PB 3.64-5, PB 3.66-4,

PB 4.69-6, PO 130, PO 198, PO 285, PO 286, PO 375,

PO 379, PO 465

Procoagulant activity, AS 46.4, OC 07.2, OC 10.2, OC

11.2, OC 28.4, OC 38.4, OC 60.4, OC 67.2, OC 69.4,

OC 72.2, OC 80.2, OC 80.6, OC 83.3, OC 85.2, PA

1.04-6, PA 1.12-2, PA 2.11-6, PA 2.12-6, PA 2.18-3,

PA 3.04-1, PA 3.04-2, PA 3.15-5, PB 1.24-3, PB 1.52-2,

PB 1.56-5, PB 1.59-1, PB 1.72-6, PB 2.26-3, PB 3.25-4,

PB 3.30-6, PB 4.30-3, PB 4.49-1, PO 003, PO 014

Prognosis, OC 02.1, OC 12.2, OC 71.4, PA 1.20-2, PA

1.20-4, PA 2.09-4, PA 2.10-4, PA 2.18-1, PB 1.27-2,

PB 1.64-4, PB 2.61-1, PB 2.63-3, PB 2.71-6, PB

2.74-2, PB 3.61-6, PB 3.63-3, PB 3.64-4, PB 3.70-6,

PB 4.38-5, PB 4.51-3, PO 194

Prophylaxis, OC 02.3, OC 03.2, OC 37.2, OC 59.1, OC

61.4, OC 67.3, OC 70.1, PA 1.08-5, PA 1.13-2, PA

1.20-6, PA 2.06-5, PA 4.07-3, PA 4.10-3, PB 1.35-5,

PB 1.37-6, PB 1.38-1, PB 1.38-3, PB 1.38-5, PB

1.39-3, PB 1.42-6, PB 1.50-4, PB 1.58-4, PB 2.37-2,

PB 2.37-3, PB 2.41-5, PB 2.44-2, PB 2.58-5, PB

2.66-6, PB 3.36-4, PB 3.64-2, PB 3.65-1, PB 4.36-5,

PB 4.37-2, PB 4.37-3, PB 4.37-4, PB 4.39-1, PB

4.40-6, PB 4.41-6, PB 4.42-1, PB 4.42-2, PB 4.44-1,

PB 4.44-6, PB 4.58-6, PB 4.60-6, PB 4.70-4, PO 100,

PO 104, PO 142, PO 150, PO 153, PO 158, PO 160,

PO 161, PO 171, PO 182, PO 185, PO 200, PO 215,

PO 285, PO 428, PO 481

Prostacyclin, OC 26.1, OC 43.2, PA 3.01-6, PB 3.23-5

Protease activated receptor, AS 44.2, OC 31.3, PA

1.17-6, PB 3.28-6, PO 318, PO 333

Protein C, AS 01.3, AS 03.3, AS 34.3, AS 37.3, AS 38.1,

AS 41.3, OC 47.2, OC 78.2, OC 84.1, PA 1.18-6, PA

2.13-5, PA 3.11-4, PA 3.12-4, PA 4.11-3, PA 4.17-5,

PB 1.68-2, PB 1.68-4, PB 2.47-3, PB 2.49-4, PB

2.59-5, PB 2.69-1, PB 2.69-4, PB 3.67-3, PB 3.67-6,

PB 3.72-3, PB 4.50-6, PB 4.51-1, PB 4.59-4, PB

4.73-2, PO 228, PO 236, PO 237, PO 252, PO 407

Protein C inhibitor, OC 44.3, OC 73.4, PB 1.58-2, PB

2.60-3, PB 3.58-4, PB 4.50-1

Protein, S AS 03.1, AS 03.3, AS 41.2, OC 23.3, OC 47.3,

OC 73.1, OC 73.3, OC 77.4, PA 1.15-2, PA 1.15-3,

PA 1.15-5, PB 1.55-6, PB 1.64-6, PB 1.68-6, PB

2.59-5, PB 3.32-3, PB 3.47-3, PB 3.63-5, PB 3.67-3,

PB 3.67-4, PB 3.68-5, PB 3.72-6, PB 4.54-2, PB

4.66-6, PB 4.73-6, PO 035, PO 070, PO 231

Protein structure, AS 36.3, OC 28.6, OC 57.3, PA 2.13-1,

PA 4.13-1, PA 4.13-2, PB 4.55-4, PO 146

Protein Z, PB 3.65-4

Protein Z inhibitor, OC 05.1

Proteolysis, OC 18.4, PB 2.63-6, PB 3.34-1, PB 3.43-1

Proteomics, AS 14.1, AS 15.3, OC 10.4, OC 34.1, OC

54.1, OC 57.6, PO 497, PA 2.05-3, PA 2.11-6, PA

2.15-6, PA 3.01-5, PA 4.05-1, PB 1.29-3, PB 1.44-4,

PB 2.27-2, PB 2.29-5, PB 3.24-2, PB 3.24-3, PB

3.24-4, PB 3.24-5, PB 3.32-2, PB 3.39-2

Prothrombin, AS 38.3, OC 49.4, OC 68.2, PA 2.13-1, PA

2.13-3, PA 2.13-5, PA 4.12-2, PA 4.14-1, PB 1.72-1,

PB 3.54-1, PB 4.63-6, PO 007

Prothrombin complex concentrate, AS 33.1, OC 14.2,

OC 36.1, OC 36.5, PA 2.10-5, PA 2.13-6, PA 3.07-1,

PB 1.45-4, PB 1.46-1, PB 1.46-6, PB 1.58-6, PB

1.74-4, PB 2.48-3, PB 2.48-5, PB 2.49-2, PB 3.45-1,

PB 3.45-3, PB 3.47-1, PB 3.47-6, PB 3.48-2, PB

3.56.6, PO 017, PO 033, PO 258, PO 260, PO 270,

PO 377, PO 420

Prothrombin G20210A, PB 1.72-3, PB 2.72-4, PB

3.54-2, PB 3.72-3, PB 4.72-1, PB 4.72-3, PO 234, PO

235

Prothrombin time, AS 02.2, PA 4.10-2, PB 1.47-6, PB

1.51-5, PB 1.54-3, PB 2.47-4, PB 2.51-5, PB 2.53-1,

PB 2.53-2, PB 3.50-5, PB 3.52-5, PB 3.53-5, PB

4.48-4, PB 4.50-5, PB 4.53-6, PO 006, PO 265, PO

268

Prothrombinase, AS 36.3, AS 36.4, OC 27.4, OC 49.1,

OC 82.1, PA 2.13-3, PA 3.12-5, PA 4.08-1, PA 4.12-2,

PA 4.14-1, PB 1.51-3, PB 3.47-5

PSGL-1, PA 1.04-1

Pulmonary embolism, AS 18.2, AS 19.2, AS 42.1, AS

42.3, NS 01.2, OC 02.6, OC 04.5, OC 12.2, OC 20.2,

OC 20.3, OC 20.4, OC 71.1, OC 71.2, OC 71.3, OC

71.4, OC 76.3, PA 1.20-2, PA 1.20-3, PA 2.18-2, PA

2.18-4, PA 3.06-2, PA 3.15-6, PA 3.19-4, PA 4.16-1,

PA 4.16-2, PA 4.16-3, PA 4.16-4, PA 4.16-5, PA 4.16-

6,

PB 1.61-2, PB 1.61-3, PB 1.64-2, PB 1.64-3, PB 1.65-1,

PB 1.69-4, PB 1.69-6, PB 1.70-4, PB 2.48-4, PB 2.60-4,

PB 2.61-1, PB 2.64-3, PB 2.65-1, PB 2.65-3, PB 2.65-6,

PB 2.71-5, PB 2.74-2, PB 3.31-4, PB 3.60-3, PB 3.64-1,

PB 3.64-2, PB 3.64-3, PB 3.65-3, PB 3.70-2, PB 3.70-6,

PB 3.73-5, PB 4.46-6, PB 4.60-2, PB 4.63-4, PB 4.69-2,

PB 4.74-3, PO 004, PO 065, PO 067, PO 071, PO 073,

PO 184, PO 240, PO 283, PO 397

Pulmonary hypertension, AS 19.1, PB 1.70-4, PB 3.31-4,

PB 3.64-3, PB 3.69-2, PB 4.34-3, PO 240, PO 319
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Quality of life, AS 06.2, AS 19.3, NS 01.1, OC 03.1, OC

20.3, PA 1.13-2, PA 2.08-3, PA 4.16-4, PA 4.19-3, PB

1.38-4, PB 1.39-3, PB 1.65-1, PB 1.71-2, PB 1.71-4,

PB 1.71-5, PB 1.74-5, PB 2.37-3, PB 2.38-3, PB

2.38-5, PB 2.38-6, PB 2.46-2, PB 2.50-4, PB 2.58-5,

PB 3.35-4, PB 3.37-6, PB 3.38-2, PB 3.38-5, PB

3.38-6, PB 3.41-6, PB 3.45-2, PB 3.68-4, PB 4.37-6,

PB 4.38-4, PB 4.38-5, PB 4.38-6, PB 4.39-2, PB

4.42-1, PB 4.44-1, PB 4.71-2, PB 4.71-5, PO 105, PO

106, PO 108, PO 114, PO 120, PO 125, PO 128, PO

129, PO 130, PO 132, PO 141, PO 145, PO 156, PO

158, PO 160, PO 166, PO 214, PO 397

Randomized controlled trial, AS 18.2, FS 01.1, OC 02.3,

OC 03.5, PA 1.20-1, PA 4.07-6, PB 1.50-6, PB 2.38-1,

PB 2.74.5, PB 4.46-2, PO 324, PO 459

Reactive oxygen species, OC 86.5, PA 2.02-6, PA 2.03-1,

PA 3.18-1, PB 1.28-1, PB 2.68-6, PB 3.28-3, PB

3.74-6, PB 4.26-2

Recombinant factor IX OC 37.2, OC 57.2, OC 70.1, OC

70.2, PA 1.12-1, PA 1.12-2, PA 1.12-3, PA 1.12-5,

PA 2.06-3, PA 2.07-4, PA 2.07-5, PA 2.07-6, PA

4.07-2, PB 3.49-3, PB 3.49-3, PB 3.49-4, PB 3.49.6

Recombinant factor VIIa, OC 14.1, OC 34.4, OC 36.6,

OC 60.4, OC 62.2, OC 83.1, OC 83.2, OC 83.3, OC

83.4, OC 83.5, PA 1.01-3, PA 3.07-1, PA 4.15-4, PB

1.38-1, PB 1.48-5, PB 1.58-1, PB 1.58-3, PB 1.74-6,

PB 2.37-4, PB 2.47-5, PB 2.48-5, PB 2.58-2, PB 3.48-

2, PB 3.50-4, PB 3.58-1, PB 3.58-2, PB 4.39-3, PB

4.50-4, PB 4.51-2, PB 4.52-4, PB 4.58-3, PO 171, PO

176, PO 177, PO 289, PO 290, PO 291, PO 295, PO

347, PO 351, PO 354, PO 357, PO 433

Recombinant factor VIII OC 28.2, OC 28.5, OC 37.5,

OC 56.2, OC 64.3, PA 2.06-1, PA 2.12-1, PA 2.12-4,

PA 2.12-5, PA 4.13-1, PA 4.13-3, PA 4.13-4, PB

1.35-5, PB 1.36-4, PB 1.36-5, PB 1.37-3, PB 1.37-5,

PB 1.37-6, PB 1.55-2, PB 1.55-4, PB 1.55-6, PB

2.35-2, PB 2.36-3, PB 2.55-3, PB 2.55-4, PB 2.55-5,

PB 2.55-6, PB 3.35-3, PB 3.35-6, PB 3.36-1, PB

3.38-3, PB 3.55-3, PB 3.55-4, PB 3.55-6, PB 3.74-1,

PB 4.35-2, PB 4.37-2, PB 4.37-3, PB 4.39-4, PB

4.55-1, PB 4.55-4, PB 4.55-5, PB 4.55-6, PO 058, PO

059, PO 062, PO 116, PO 140, PO 146, PO 148, PO

150, PO 158, PO 174

Recombinant thrombomodulin, PB 1.40-2, PO 232

Recombinant VWF OC 91.5, PA 4.09-6, PB 1.44-2, PB

3.44-1, PB 4.43-5

Recurrence, AS 05.2, AS 11.2, AS 18.1, AS 18.3, OC

12.1, OC 12.2, OC 12.4, OC 12.5, OC 12.6, OC 30.5,

OC 61.4, OC 63.1, OC 63.2, OC 63.4, PA 1.20-1, PA

1.20-3, PA 1.20-4, PA 1.20-6, PA 3.20-2, PB 1.45-1,

PB 2.32-1, PB 2.39-6, PB 2.71-1, PB 2.71-2, PB

2.71-3, PB 2.71-5, PB 2.73-6, PB 3.69-3, PB 3.69-5,

PB 3.70-1, PB 3.70-3, PB 3.70-4, PB 3.70-5, PB

3.73-1, PB 3.73-2, PB 3.73-4, PO 241, PO 396, PO

400

Regulatory T-cells, OC 48.2, OC 55.5, OC 56.1, OC

56.4, OC 85.6, PA 1.05-1, PA 1.05-6, PA 1.19-1, PB

1.32-4, PB 2.32-2, PB 2.44-5, PB 3.71-3, PO 470, PO

473

Restenosis, PB 2.30-2, PB 3.63-2, PB 4.74-1

Retinal vein occlusion, PB 4.70-3

Risk assessment, AS 22.1, AS 34.2, AS 42.4, OC 03.6,

OC 29.4, OC 59.4, PA 1.20-2, PA 2.16-3, PA 2.19-1,

PA 3.13-2, PA 3.19-3, PA 4.11-2, PA 4.18-1, PB

1.59-4, PB 1.63-5, PB 1.64-1, PB 1.69-1, PB 1.69-2,

PB 1.69-3, PB 1.72-5, PB 1.73-3, PB 2.46-6, PB

2.65-6, PB 2.66-6, PB 2.70-5, PB 2.72-6, PB 3.35-5,

PB 3.40-5, PB 3.50-6, PB 3.55-4, PB 3.60-2, PB

3.64-5, PB 3.65-1, PB 3.70-1, PB 3.70-3, PB 4.28-1,

PB 4.31-1, PB 4.31-3, PB 4.32-6, PB 4.40-1, PB

4.60-3, PB 4.69-4, PB 4.70-2, PO 068, PO 136, PO

263, PO 313, PO 471, PO 480

Risk factors, AS 06.1, AS 06.3, AS 10.2, AS 19.1, AS

43.2, AS 43.3, FS 02.2, FS 02.3, OC 03.3, OC 07.5,

OC 08.1, OC 12.2, OC 47.2, OC 51.1, OC 59.2, OC

59.3, OC 63.4, OC 63.5, OC 63.6, OC 77.2, OC 79.5,

OC 90.1, PA 1.10-3, PA 1.16-2, PA 2.05-3, PA 2.10-3,

PA 2.13-4, PA 2.18-5, PA 2.20-6, PA 3.19-6, PA 4.10-

6, PA 4.18-5, PA 4.18-6, PB 1.43-1, PB 1.45-1, PB

1.61-5, PB 1.64-4, PB 1.65-4, PB 1.68-3, PB 1.69-3,

PB 1.69-4, PB 1.69-5, PB 1.70-1, PB 1.70-5, PB 1.70-

6, PB 2.40-2, PB 2.61-2, PB 2.66-3, PB 2.70-1, PB

2.70-3, PB 2.70-5, PB 2.70-6, PB 2.71-2, PB 2.71-3,

PB 2.71-5, PB 3.39-4, PB 3.44-6, PB 3.46-5, PB 3.65-

3, PB 3.66-1, PB 3.67-2, PB 3.70-4, PB 3.70-5, PB

3.73-4, PB 4.26-5, PB 4.31-2, PB 4.31-4, PB 4.45-2,

PB 4.63-5, PB 4.64-3, PB 4.69-1, PB 4.69-2, PB 4.69-

3, PB 4.69-4, PB 4.70-1, PB 4.70-3, PB 4.71-1, PO

074, PO 089, PO 120, PO 146, PO 159, PO 196, PO

201, PO 234, PO 236, PO 280, PO 281, PO 283, PO

284, PO 299, PO 304, PO 335, PO 405, PO 413, PO

463, PO 465, PO 469, PO 471, PO 480

Rituximab, OC 52.3, PA 3.13-4, PB 1.74-3, PB 2.39-3,

PB 2.39-6, PO 015, PO 110, PO 113, PO 422

Rivaroxaban, AS 10.3, AS 17.1, AS 20.1, AS 20.2, OC

02.2, OC 02.6, OC 16.1, OC 36.4, OC 36.5, OC 51.2,

OC 71.1, OC 79.4, OC 81.3, OC 81.6, PA 2.10-2, PA

3.10-2, PA 3.10-4, PA 3.10-5, PA 3.10-6, PA 4.10-5,

PB 1.47-6, PB 1.48-5, PB 1.49-5, PB 1.51-5, PB

2.40-6, PB 2.47-1, PB 2.47-6, PB 2.48-2, PB 2.48-4,

PB 2.51-5, PB 3.45-4, PB 3.46-1, PB 3.46-6, PB

3.47-5, PB 3.48-3, PB 3.62-2, PB 3.74-3, PB 4.45-5,

PB 4.47-2, PB 4.47-5, PB 4.48-2, PB 4.48-6, PB 4.52-

1, PB 4.52-2, PB 4.62-3, PO 044, PO 253, PO 258, PO

259, PO 265, PO 271, PO 272, PO 276, PO 490

RNAi, OC 37.4, OC 40.2, OC 77.3, PA 1.03-1, PA

1.17-4, PA 3.12-4, PB 3.28-4

Safety, AS 28.1, OC 83.5, PA 1.12-5, PA 3.08-1, PA

3.14-4, PA 4.06-5, PA 4.15-4, PA 4.16-6, PB 1.36-4,

PB 1.37-5, PB 1.50-4, PB 1.66-1, PB 2.48-1, PB 2.48-

3, PB 2.58-2, PB 3.35-3, PB 3.40-6, PB 3.45-2, PB

3.54-3, PB 3.55-4, PB 3.55-6, PB 4.47-6, PB 4.58-5,

PO 136, PO 140, PO 148, PO 170, PO 173, PO 174,

PO 176, PO 223, PO 256, PO 275, PO 295

1224 KEYWORD INDEX

© 2013 International Society on Thrombosis and Haemostasis 11 (Suppl. 2) (2013) 1207–1229



Screening, AS 34.1, AS 42.3, OC 09.1, OC 90.1, PA

1.15-5, PB 1.38-4, PB 1.42-4, PB 1.43-2, PB 1.64-6,

PB 1.65-6, PB 1.66-3, PB 1.66-4, PB 1.72-2, PB

2.41-1, PB 2.70-2, PB 3.72-3, PB 4.39-6, PB 4.40-1,

PB 4.40-4, PB 4.51-4, PB 4.63-1, PO 026, PO 044, PO

141, PO 190, PO 322, PO 378, PO 390, PO 440

Secretion, OC 10.1, OC 10.4, OC 34.2, OC 85.5, OC

91.1, PA 1.13-6, PA 3.03-5, PA 4.02-5, PA 4.19-6, PB

1.25-3, PB 2.23-3, PB 2.25-1, PB 2.25-4, PB 2.28-2,

PB 3.23-2, PB 3.24-4, PB 3.24-5, PB 3.25-5, PO 310,

PO 344, PO 372

Sepsis, AS 25.1, AS 31.3, OC 17.2, OC 17.4, OC 69.1,

OC 69.2, OC 69.3, OC 72.1, OC 81.4, OC 85.5, PA

1.02-3, PA 1.04-6, PA 2.09-4, PA 2.15-1, PA 3.04-3,

PA 4.08-6, PA 4.17-2, PA 4.17-3, PA 4.17-4, PA

4.17-5, PA 4.17-6, PB 1.53-1, PB 2.45-1, PB 2.67-1,

PB 3.56-2, PB 3.57-3, PB 3.69-6, PO 080

Serotonin, PA 3.02-1, PA 3.02-6, PA 3.18-4, PB 2.31-3,

PB 2.68-6, PB 3.25-5, PB 4.40-5, PB 4.67-3, PO 191

Serpin, AS 23.1, OC 01.6, OC 29.1, OC 54.5, OC 73.4,

PA 1.06-2, PA 1.06-6, PA 1.15-6, PA 2.14-3, PA 3.06-

6, PA 3.18-5, PB 1.58-2, PB 2.60-3, PB 2.69-6, PB

3.58-4, PB 3.59-3, PB 4.50-1, PB 4.59-1, PO 097

Shear stress, AS 35.2, OC 10.5, OC 15.1, OC 15.2, OC

39.1, OC 45.1, OC 65.2, OC 74.2, PA 2.04-4, PA

4.03-4, PA 4.06-6, PA 4.09-5, PB 1.23-1, PB 1.44-1,

PB 1.44-2, PB 2.23-4, PB 2.43-2, PB 2.46-4, PB

3.26-2, PB 3.29-1, PB 3.44-3, PB 4.25-2, PB 4.52-6,

PO 403

Signal transduction, AS 21.2, AS 27.2, AS 37.2, AS 37.3,

OC 27.1, OC 31.3, OC 33.3, OC 35.4, OC 38.2, OC

53.6, OC 54.1, OC 54.6, OC 82.3, OC 88.4, PA

1.02-4, PA 1.19-2, PA 2.03-2, PA 2.03-4, PA 2.15-6,

PA 3.03-1, PA 3.03-2, PA 3.03-3, PA 3.03-4, PA

3.03-6, PA 4.08-3, PA 4.14-4, PB 1.29-5, PB 1.49-3,

PB 1.67-5, PB 1.73, PB 3.23-1, PB 2.24-6, PB 2.31-5,

PB 3.24-1, PB 3.27-2, PB 3.27-6, PB 3.28-1, PB 3.28-

6, PB 3.56-1, PB 4.23-6, PB 4.24-2, PB 4.24-5, PB

4.25-5, PB 4.26-6, PO 317, PO 319, PO 362, PO 365,

PO 419, PO 460

Single nucleotide polymorphism, AS 18.1, OC 07.5, OC

13.1, OC 21.3, OC 30.1, OC 30.4, OC 30.5, OC 34.5,

PA 2.05-6, PA 4.14-3, PB 1.68-3, PB 2.21-3, PB

2.54-4, PB 2.69-4, PB 3.60-1, PO 204, PO 225, PO

474, PO 478

Smooth muscle cells, OC 01.5, OC 26.2, OC 26.4, OC

43.4, PA 2.14-5, PA 2.17-2, PA 3.02-5, PB 3.32-5, PB

3.32-6, PB 3.34-6, PB 4.32-2

Snake venom, AS 36.3, OC 49.1, OC 68.1, PA 3.14-2,

PB 1.67-6, PB 3.31-5, PB 3.59-4, PB 3.62-6, PB

4.22-3, PB 4.22-4, PB 4.34-5, PB 4.48-5, PB 4.50-6,

PB 4.58-2, PO 095, PO 488

Splenectomy, PA 1.05-5, PB 2.73-6, PO 222

Standardization, AS 14.2, OC 72.3, OC 72.4, OC 81.2,

PA 4.11-5, PA 4.17-4, PB 1.28-4, PB 1.54-1, PB

1.54-4, PB 1.64-5, PB 2.30-3, PB 2.40-3, PB 2.51-1,

PB 2.51-6, PB 2.52-6, PB 2.53-2, PB 2.62-3, PB

2.62-5, PB 3.30-1, PB 3.30-2, PB 3.49-2, PB 3.49-3,

PB 4.25-2, PO 189, PO 248, PO 321, PO 339, PO 491,

PO 492

Standards, AS 14.2, NS 01.2, PB 1.65-5, PB 3.36-3, PB

3.40-3, PB 4.37-5, PO 336, PO 423

Statin, OC 42.4, OC 63.1, PA 4.02-3, PA 4.18-3, PB

2.62-4, PB 3.62-4, PB 4.56-5, PO 236

Stent thrombosis, PA 2.17-6, PB 1.63-2, PO 249

Stroke, AS 01.3, AS 30.1, AS 35.3, AS 41.3, FS 03.3,

OC 08.2, OC 60.6, OC 64.2, OC 79.3, OC 79.5, PA

1.11-6, PA 2.17-4, PA 2.20-6, PA 3.04-6, PA 3.18-3,

PA 3.19-5, PA 4.01-4, PB 1.25-4, PB 1.33-3, PB

1.45-4, PB 1.47-2, PB 1.48-6, PB 1.49-1, PB 1.63-3,

PB 1.67-4, PB 1.68-1, PB 2.56-2, PB 2.63-1, PB

2.63-3, PB 2.63-5, PB 3.68-3, PB 3.69-5, PB 4.27-6,

PB 4.32-2, PB 4.62-5, PB 4.64-3, PB 4.67-2, PO-495,

PO 107, PO 391

Superficial vein thrombosis, AS 05.1, AS 42.2, PA

2.19-3, PA 4.16-3, PB 2.31-4, PB 3.73-3, PB 4.73-5

Surgery, OC 59.1, PA 1.05-5, PA 1.20-5, PA 2.07-1, PA

2.07-4, PA 2.08-3, PA 3.13-2, PA 4.07-2, PA 4.10-3,

PA 4.11-4, PA 4.15-1, PB 1.35-4, PB 1.42-6, PB

1.46-2, PB 1.54-5, PB 1.58-5, PB 1.69-2, PB 1.70-3,

PB 2.21-4, PB 2.36-2, PB 2.37-4, PB 2.47-4, PB 2.47-

5, PB 2.54-3, PB 2.57-2, PB 2.70-6, PB 2.72-6, PB

3.21-5, PB 3.35-2, PB 3.35-3, PB 3.37-1, PB 3.73-1,

PB 4.27-3, PB 4.39-3, PB 4.53-3, PB 4.56-2, PB

4.69-6, PO 017, PO 019, PO 049, PO 064, PO 066,

PO 075, PO 076, PO 098, PO 112, PO 137, PO 165,

PO 168, PO 170, PO 245, PO 290, PO 355, PO 427,

PO 429, PO 442

Survival, AS 34.2, FS 02.1, PA 1.16-5, PA 2.18-1, PA

2.19-6, PA 4.10-4, PB 1.31-3, PB 1.69-6, PB 2.45-2,

PB 2.61-3, PB 2.63-3, PB 2.73-6, PB 3.28-4, PO 170

Systemic lupus erythematosus, OC 27.6, PA 1.05-3, PB

1.62-6, PO 388

t-PA AS 23.2, AS 30.1, AS 35.3, PA 1.06-4, PA 1.06-5,

PA 3.04-6, PA 3.18-3, PA 4.04-6, PB 1.59-2, PB

2.34-6, PB 2.56-2, PB 2.59-3, PB 2.63-3, PB 2.74-6,

PB 3.34-2, PB 3.34-5, PB 3.69-4, PO 094, PO 404

TAFIa, OC 84.5, PA 1.06-1, PA 1.06-6, PA 1.18-3, PA

3.06-3, PB 1.45-2, PB 2.34-3, PB 2.72-1, PB 4.74-2

Tenase, OC 27.4, PB 1.56-3, PB 4.27-1, PB 4.27-4

TFPI AS 03.1, AS 36.1, AS 41.2, OC 23.3, OC 51.3, OC

66.1, PA 1.07-3, PA 1.07-4, PA 1.15-1, PA 1.15-5, PA

2.14-1, PA 2.14-4, PA 2.14-6, PA 3.07-2, PA 3.16-3,

PA 4.07-5, PA 4.14-2, PA 4.14-3, PA 4.14-4, PB

1.35-1, PB 1.50-3, PB 2.60-2, PB 2.66-5, PB 3.25-4,

PB 3.58-3, PB 3.60-5, PB 3.61-3, PO 030

Therapy, OC 14.1, OC 52.2, OC 55.2, OC 56.1, OC 62.2,

PA 1.05-5, PA 2.18-4, PA 3.09-6, PA 3.14-4, PA

4.06-1, PA 4.08-2, PA 4.19-1, PA 4.19-5, PB 1.27-4,

PB 1.31-4, PB 1.40-1, PB 1.41-3, PB 1.43-1, PB 2.37-

1, PB 2.39-2, PB 2.41-6, PB 2.64-4, PB 2.72-5, PB

3.25-6, PB 3.35-1, PB 3.38-1, PB 3.46-5, PB 3.57-5,

PB 3.66-2, PB 3.69-1, PB 4.29-5, PB 4.35-3, PB 4.36-

5, PB 4.37-1, PB 4.43-5, PB 4.44-1, PB 4.46-2, PB
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4.47-3, PB 4.64-6, PO 100, PO 104, PO 130, PO 156,

PO 224, PO 244, PO 296, PO 345, PO 347, PO 383,

PO 397, PO 422

Thrombelastography, OC 16.4, OC 66.3, PA 1.19-5, PA

2.11-4, PA 4.04-6, PB 1.28-3, PB 1.52-2, PB 1.53-6,

PB 1.57-1, PB 1.68-5, PB 2.34-5, PB 2.50-3, PB

2.51-3, PB 2.54-3, PB 2.57-3, PB 2.58-4, PB 3.39-1,

PB 4.33-6, PB 4.34-1, PB 4.49-2, PB 4.52-4, PB

4.54-4, PB 4.65-5, PO 022, PO 023

Thrombin, AS 12.5, AS 24.3, AS 41.1, AS 47.5, OC

11.2, OC 11.4, OC 19.3, OC 24.3, OC 27.2, OC 36.3,

OC 38.1, OC 44.3, OC 44.4, OC 45.2, OC 49.2, OC

49.4, OC 54.1, OC 69.3, OC 76.1, PA 1.02-1, PA

1.02-6, PA 1.06-6, PA 1.11-3, PA 1.15-4, PA 1.17-6,

PA 1.19-5, PA 2.11-1, PA 2.13-2, PA 2.13-3, PA 3.12-

5, PA 3.14-1, PA 3.16-1, PA 3.17-6, PA 4.02-6, PA

4.12-2, PA 4.14-1, PB 1.30-6, PB 1.34-5, PB 1.46-1,

PB 1.51-3, PB 1.55-3, PB 1.58-6, PB 1.67-3, PB 2.21-

6, PB 2.23-1, PB 2.23-2, PB 2.26-2, PB 2.26-4, PB

2.26-6, PB 2.47-3, PB 2.67-5, PB 3.26-5, PB 3.53-2,

PB 3.54-3, PB 3.54-4, PB 3.55-1, PB 3.56.6, PB 3.59-

3, PB 4.26-1, PB 4.28-6, PB 4.48-4, PB 4.52-6, PB

4.54-5, PB 4.56-6, PB 4.57-4, PB 4.59-1, PB 4.67-5,

PO 058, PO 079, PO 251, PO 333, PO 420

Thrombin activatable fibrinolysis inhibitor, OC 84.6,

PA 1.06-1, PA 1.06-4, PA 3.06-1, PB 1.63-1, PB

2.34-3, PB 2.34-5, PB 2.47-3, PB 3.63-6, PB 4.59-4,

PB 4.73-4

Thrombin generation, AS 08.1, AS 24.3, AS 26.3, AS

29.1, AS 33.2, AS 38.1, FS 03.4, OC 06.4, OC 11.1,

OC 17.1, OC 19.3, OC 23.1, OC 23.3, OC 48.3, OC

54.2, OC 57.1, OC 61.3, OC 64.2, OC 64.3, OC 64.4,

OC 64.6, OC 66.2, OC 68.1, OC 82.1, OC 85.2, OC

87.4, PA 1.07-6, PA 1.08-3, PA 1.11-2, PA 1.11-3, PA

1.11-4, PA 1.11-5, PA 1.15-5, PA 1.16-3, PA 2.11-1,

PA 2.11-3, PA 2.17-2, PA 2.17-6, PA 2.20-5, PA

3.04-2, PA 3.04-3, PA 3.04-4, PA 3.07-4, PA 3.11-2,

PA 3.13-1, PA 3.14-1, PA 3.20-2, PA 4.05-2, PA

4.11-1, PA 4.11-6, PA 4.12.6, PA 4.17-3, PB 1.22-5,

PB 1.26-2, PB 1.26-2, PB 1.26-5, PB 1.27, PB 1.30-5,

PB 1.36-6, PB 1.38-2, PB 1.38-3, PB 1.39-1, PB

1.46-5, PB 1.50-3, PB 1.50-5, PB 1.51-1, PB 1.52-1,

PB 1.52-2, PB 1.52-5, PB 1.53-3, PB 1.53-6, PB

1.54-5, PB 1.55-6, PB 1.57-5, PB 1.59-2, PB 1.60-4,

PB 1.60-6, PB 1.61-1, PB 1.62-4, PB 1.63-1, PB

1.68-5, PB 1.72-6, PB 2.26-3, PB 2.30-4, PB 2.40-6,

PB 2.42-4, PB 2.47-4, PB 2.50-5, PB 2.52-4, PB

2.52-6, PB 2.53-1, PB 2.53-3, PB 2.53-4, PB 2.55-1,

PB 2.56-4, PB 2.59-1, PB 2.59-4, PB 2.59-6, PB 2.66-

4, PB 2.66-5, PB 2.72-1, PB 3.30-5, PB 3.30-6, PB

3.38-4, PB 3.40-2, PB 3.46-2, PB 3.51-3, PB 3.54-5,

PB 3.59-5, PB 3.63-4, PB 3.65-5, PB 3.66-5, PB 3.72-

4, PB 4.30-1, PB 4.30-2, PB 4.34-3, PB 4.41-4, PB

4.47-5, PB 4.48-3, PB 4.49-1, PB 4.49-4, PB 4.50-4,

PB 4.50-5, PB 4.52-4, PB 4.59-2, PB 4.64-1, PB

4.68-2, PB 4.69-5, PO 081, PO 151, PO 218, PO 377,

PO 384, PO 456, PO 489, PO 499

Thrombin generation time, PB 1.48-2, PB 2.52-1, PB

2.66-4, PB 3.72-4, PB 4.54-5, PO 042

Thrombin inhibitor, OC 16.4, OC 36.3, PA 2.10-5, PA

3.08-1, PB 1.49-4, PB 3.45-3, PB 3.46-4, PB 3.50-2,

PB 4.48-1, PB 4.59-1, PO 250, PO 262

Thrombocytopenia, AS 28.3, AS 39.3, FS 03.4, OC 15.3,

OC 15.4, OC 25.4, OC 33.2, OC 33.6, OC 39.2, OC

52.4, OC 55.1, OC 60.1, OC 65.1, OC 88.1, OC 88.4,

OC 89.1, OC 89.2, PA 1.02-5, PA 1.03-5, PA 3.05-3,

PA 3.05-5, PA 4.04-1, PA 4.04-2, PA 4.04-3, PA

4.04-4, PA 4.04-6, PA 4.10-5, PB 1.27-4, PB 1.40-4,

PB 1.52-4, PB 1.61-4, PB 2.32-3, PB 2.32-5, PB

3.22-6, PB 3.25-6, PB 4.29-1, PB 4.29-3, PB 4.29-4,

PB 4.42-3, PB 4.44-4, PB 4.50-4, PB 4.66-2, PO 011,

PO 055, PO 082, PO 190, PO 220, PO 346, PO 349,

PO 355, PO 388, PO 398, PO 492

Thromboelastography, AS 26.1, AS 33.2, OC 64.5, PA

1.07-6, PA 2.11-2, PA 2.19-2, PA 2.20-1, PA 3.12-1,

PA 3.13-3, PA 3.13-5, PB 1.52-4, PB 1.58-5, PB

2.45-3, PB 2.48-6, PB 2.52-4, PB 3.40-2, PB 3.51-3,

PB 3.53-6, PB 3.57-6, PB 3.66-6, PB 4.35-3, PB 4.47-

4, PB 4.53-3, PO 011, PO 245, PO 264, PO 274, PO

499

Thromboembolism, AS 05.2, AS 12.3, AS 34.1, OC 04.5,

OC 42.1, OC 51.2, OC 61.4, OC 63.3, OC 63.5, PA

1.10-1, PA 1.14-4, PA 1.16-3, PA 1.16-4, PA 1.16-5,

PA 1.20-5, PA 2.13-4, PA 2.19-1, PA 3.17-1, PA 3.20-

1, PA 4.10-1, PA 4.10-6, PB 1.61-5, PB 1.61-6, PB

1.62-5, PB 1.64-2, PB 1.64-6, PB 1.65-1, PB 1.70-6,

PB 2.52-3, PB 2.55-2, PB 2.56-1, PB 2.57-1, PB 2.58-

2, PB 2.65-5, PB 2.66-1, PB 2.66-6, PB 2.69-5, PB

2.71-1, PB 2.72-3, PB 3.46-5, PB 3.51-6, PB 3.60-4,

PB 3.60-6, PB 3.62-2, PB 3.64-5, PB 3.64-6, PB 3.68-

5, PB 3.69-3, PB 3.69-6, PB 3.70-3, PB 3.72-1, PB

4.31-2, PB 4.31-3, PB 4.58-3, PB 4.60-2, PB 4.60-4,

PB 4.70-5, PB 4.71-1, PB 4.72-5, PO 048, PO 067, PO

068, PO 070, PO 072, PO 173, PO 176, PO 196, PO

210, PO 253, PO 272, PO 280, PO 284, PO 393

Thrombolysis, AS 19.3, AS 30.1, AS 35.3, FS 03.3, OC

09.4, OC 74.3, PA 1.06-4, PA 2.18-4, PA 3.04-6, PA

3.06-1, PA 3.20-3, PB 1.71-3, PB 2.34-4, PB 2.34-5,

PB 2.67-2, PB 2.74-6, PB 3.69-4, PB 4.33-2, PB

4.33-3, PB 4.48-5, PO 240, PO 241, PO 301, PO 304

Thrombomodulin, AS 31.3, AS 37.3, OC 47.4, OC 49.4,

OC 62.5, OC 69.3, PA 1.06-6, PA 2.13-5, PA 2.15-2,

PA 3.16-5, PA 4.17-3, PB 1.51-1, PB 2.31-6, PB

2.52-6, PB 3.31-2, PB 4.51-1, PB 4.59-4, PB 4.61-1,

PO 232

Thrombophilia, FS 01.1, OC 30.2, OC 78.1, OC 78.3,

OC 78.4, OC 90.1, OC 90.6, PA 2.19-5, PA 2.20-2,

PA 2.20-3, PA 2.20-4, PA 3.11-6, PA 3.17-1, PA

3.19-4, PA 4.18-1, PA 4.18-5, PB 1.34-5, PB 1.66-2,

PB 1.71-4, PB 1.72-1, PB 1.72-2, PB 1.72-3, PB

1.72-4, PB 1.72-5, PB 2.38-6, PB 2.54-4, PB 2.56-5,

PB 2.59-5, PB 2.61-5, PB 2.72-2, PB 2.72-3, PB

2.72-5, PB 3.52-4, PB 3.57-1, PB 3.62-1, PB 3.67-2,

PB 3.67-3, PB 3.69-5, PB 3.70-4, PB 3.72-1, PB
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3.72-2, PB 3.72-3, PB 3.72-4, PB 4.53-1, PB 4.60-5,

PB 4.65-6, PB 4.66-3, PB 4.70-3, PB 4.72-3, PB

4.73-1, PB 4.73-2, PB 4.73-5, PO 032, PO 035, PO

196, PO 203, PO 204, PO 205, PO 206, PO 207, PO

210, PO 213, PO 216, PO 235, PO 303, PO 304, PO

390, PO 399, PO 406, PO 407, PO 408, PO 411, PO

412, PO 416, PO 417

Thromboplastin, PA 3.04-3, PB 1.54-4, PB 2.51-5, PB

4.53-6, PO 009

Thrombopoiesis, OC 33.2, OC 33.3, PA 2.04-4, PA

2.04-6, PB 1.29-4, PB 3.29-3, PB 3.29-4, PB 4.28-5,

PO 246

Thrombopoietin, OC 11.5, OC 33.1, PA 4.04-5, PB

1.27-6, PB 1.29-4, PO 221, PO 246

Thromboprophylaxis, AS 25.2, AS 43.3, AS 43.4, NS

01.2, OC 59.3, OC 61.5, PA 2.10-3, PA 3.10-1, PA

3.19-1, PA 3.19-3, PB 1.36-3, PB 1.46-4, PB 1.70-3,

PB 2.47-6, PB 2.61-6, PB 2.70-4, PB 3.37-1, PB

3.46-6, PB 3.60-6, PB 3.61-2, PB 3.69-2, PB 4.65-3,

PB 4.70-5, PO 051, PO 071, PO 256, PO 300, PO 418

Thrombosis, AS 07.1, AS 08.3, AS 09.3, AS 10.1, AS

12.1, AS 13.1, AS 13.3, AS 15.2, AS 25.3, AS 39.1,

AS 39.2, AS 39.3, AS 46.1, FS 01.2, FS 02.1, OC

01.1, OC 04.4, OC 04.6, OC 09.2, OC 09.3, OC 10.6,

OC 11.4, OC 35.5, OC 41.3, OC 41.4, OC 44.4, OC

49.3, OC 58.1, OC 58.2, OC 58.5, OC 60.6, OC 64.4,

OC 68.4, OC 74.2, OC 76.1, OC 77.4, OC 82.4, OC

84.4, OC 87.3, OC 88.6, OC 89.6, OC 90.6, PA

1.03-3, PA 1.04-3, PA 1.10-4, PA 1.10-6, PA 1.14-2,

PA 1.15-2, PA 1.15-3, PA 1.16-1, PA 2.15-5, PA

2.20-1, PA 2.20-5, PA 3.08-6, PA 3.12-1, PA 3.15-4,

PA 3.16-2, PA 3.17-1, PB 1.30-3, PB 1.33-4, PB 1.36-

3, PB 1.43-1, PB 1.52-3, PB 1.57-2, PB 1.59-3, PB

1.60-2, PB 1.60-3, PB 1.60-5, PB 1.61-1, PB 1.62-3,

PB 1.65-4, PB 1.65-5, PB 1.66-6, PB 1.68-1, PB 1.68-

5, PB 1.69-4, PB 1.71-6, PB 1.72-4, PB 2.26-1, PB

2.27-2, PB 2.33-5, PB 2.41-3, PB 2.43-2, PB 2.46-6,

PB 2.50-1, PB 2.50-2, PB 2.50-3, PB 2.52-1, PB 2.53-

3, PB 2.54-1, PB 2.60-6, PB 2.64-3, PB 2.68-5, PB

2.70-2, PB 2.72-5, PB 2.73-1, PB 2.73-3, PB 2.73-5,

PB 3.23-4, PB 3.29-5, PB 3.30-3, PB 3.32-3, PB 3.34-

4, PB 3.40-3, PB 3.43-5, PB 3.45-1, PB 3.46-4, PB

3.56-3, PB 3.59-2, PB 3.62-1, PB 3.62-3, PB 3.65-1,

PB 3.67-4, PB 3.68-3, PB 3.69-4, PB 3.72.5, PB 3.73-

4, PB 3.73-6, PB 3.74-5, PB 4.21-4, PB 4.28-2, PB

4.30-5, PB 4.30-6, PB 4.32-3, PB 4.45-4, PB 4.53-5,

PB 4.57-2, PB 4.60-1, PB 4.60-5, PB 4.61-2, PB 4.61-

4, PB 4.61-6, PB 4.62-2, PB 4.62-5, PB 4.63-2, PB

4.63-3, PB 4.66-6, PB 4.71-4, PB 4.71-6, PB 4.72-1,

PB 4.72-6, PO 030, PO 031, PO 042, PO 046, PO 051,

PO 053, PO 054, PO 073, PO 078, PO 088, PO 149,

PO 194, PO 237, PO 251, PO 305, PO 306, PO 316,

PO 332, PO 375, PO 387, PO 396, PO 405, PO 409,

PO 412, PO 413, PO 448, PO 464

Thrombotic thrombocytopenic purpura, AS 40.1, AS

40.2, AS 40.3, AS 40.4, OC 21.4, OC 52.1, OC 52.2,

OC 52.3, OC 85.5, OC 91.2, PA 2.16-4, PA 4.06-1,

PA 4.06-2, PA 4.06-3, PA 4.06-5, PA 4.19-1, PA

4.19-2, PA 4.19-3, PA 4.19-4, PA 4.19-5, PA 4.19-6,

PB 1.33-1, PB 1.33-2, PB 1.33-3, PB 2.33-1, PB

2.33-2, PB 2.43-4, PB 2.73-2, PB 2.73-4, PB 2.73-5,

PB 2.73-6, PB 2.74-1, PB 3.33-1, PB 3.33-2, PB

3.33-4, PB 3.33-6, PB 3.43-4, PB 3.44-6, PO 087, PO

422

Thromboxane, A2, OC 76.4, OC 86.5, PA 2.01-5, PA

2.01-6, PA 4.01-1, PB 2.23-5, PB 2.28-4, PB 3.21-4,

PB 3.21-6, PB 3.23-6, PB 4.26-3, PO 447, PO 455

Thrombus, AS 37.1, OC 04.6, OC 87.5, PA 2.05-5, PB

2.22-4, PB 2.61-3, PB 2.74-3, PB 4.30-4, PO 047, PO

449

Thrombus formation, AS 07.2, AS 08.2, AS 16.3, AS

30.2, AS 37.4, OC 10.2, OC 11.6, OC 15.2, OC 24.1,

OC 41.2, OC 54.3, OC 58.2, OC 64.1, OC 81.4, OC

82.6, OC 86.2, OC 86.5, OC 87.1, OC 87.2, OC 91.4,

PA 1.14-6, PA 2.02-3, PA 2.09-5, PA 3.02-1, PA

3.02-4, PA 4.01-2, PB 1.52-3, PB 2.23-4, PB 2.26-4,

PB 2.26-6, PB 3.26-2, PB 3.26-5, PB 3.33-5, PB 3.54-

4, PB 3.58-5, PB 3.71-6, PB 4.21-2, PB 4.25-1, PB

4.25-3, PB 4.25-4, PB 4.25-6, PB 4.28-5, PB 4.59-2,

PB 4.61-1

Tissue-type plasminogen activator, AS 30.1, AS 41.3, OC

08.2, OC 23.2, OC 29.4, PB 2.34-1, PB 2.34-4, PB

3.34-2, PB 4.33-4, PB 4.33-5, PB 4.34-4, PB 4.74-1

Tissue Factor, AS 46.1, AS 46.2, AS 46.3, AS 46.4, OC

01.4, OC 01.5, OC 06.4, OC 07.2, OC 17.3, OC 17.4,

OC 19.2, OC 24.3, OC 38.1, OC 38.2, OC 38.3, OC

38.4, OC 38.5, OC 38.6, OC 41.1, OC 41.2, OC 43.3,

OC 44.2, OC 46.4, OC 64.6, OC 68.3, OC 72.2, OC

72.4, OC 77.3, OC 82.2, OC 82.5, PA 1.04-1, PA

1.04-2, PA 1.04-3, PA 1.04-5, PA 2.15-1, PA 2.15-2,

PA 2.15-3, PA 2.15-4, PA 2.15-5, PA 2.15-6, PA

2.16-5, PA 2.17-3, PA 3.01-4, PA 3.04-1, PA 3.04-2,

PA 3.04-4, PA 3.04-5, PA 3.10-4, PA 3.13-1, PA

3.16-4, PA 3.16-6, PA 4.05-2, PA 4.14-6, PB 1.30-4,

PB 1.32-5, PB 1.40-5, PB 1.46-1, PB 1.52-3, PB

1.56-1, PB 1.56-2, PB 1.56-3, PB 1.56-4, PB 1.56-5,

PB 1.56-6, PB 1.58-6, PB 1.59-1, PB 1.60-5, PB

1.67-2, PB 2.30-5, PB 2.50-5, PB 2.52-6, PB 2.58-6,

PB 2.63-2, PB 2.67-5, PB 3.46-2, PB 3.56-1, PB

3.56-2, PB 3.56-3, PB 3.56-4, PB 3.56-5, PB 3.56.6,

PB 3.58-2, PB 3.60-5, PB 3.61-3, PB 3.61-5, PB

4.30-1, PB 4.59-2, PB 4.66-4, PB 4.68-5, PO 042, PO

258, PO 419, PO 420, PO 421, PO 485, PO 489

Tissue factor pathway inhibitor, OC 05.2, OC 66.2, OC

73.1, OC 73.3, OC 84.4, PA 2.14-1, PA 2.14-4, PA

4.14-2, PA 4.14-6, PB 1.30-4, PB 1.62-4, PB 2.59-4

Tranexamic acid, OC 61.6, OC 66.3, PA 3.17-3, PA

3.17-5, PB 4.34-1, PO 290, PO 357

Transfusion, OC 35.1, OC 35.2, PA 1.11-5, PA 3.10-3,

PB 1.28-2, PB 1.28-3, PB 1.28-5, PB 1.50-5, PB

1.59-1, PB 2.53-5, PB 3.30-5, PB 3.40-3, PB 3.40-6,

PB 4.53-3, PO 357, PO 394

Transglutaminase, OC 06.3, OC 67.1, OC 67.2, PA

4.15-2, PA 4.15-3, PA 4.15-5, PB 4.42-4
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Trauma, AS 33.3, AS 43.3, OC 17.1, PA 3.19-1, PA

4.10-4, PB 1.57-3, PB 3.40-1, PB 3.40-6, PB 3.48-1,

PB 4.57-1, PO 079, PO 119, PO 242, PO 244, PO 426

Treatment, AS 07.3, AS 33.1, OC 37.3, OC 63.3, PA

1.05-4, PA 1.08-2, PA 2.07-1, PA 2.17-1, PA 2.19-6,

PA 3.11-5, PA 4.01-5, PA 4.10-4, PA 4.12-1, PB

1.34-6, PB 1.35-6, PB 1.37-4, PB 1.38-5, PB 1.44-6,

PB 1.53-1, PB 1.65-2, PB 1.74-1, PB 2.31-3, PB

2.31-5, PB 2.36-2, PB 2.38-4, PB 2.38-5, PB 2.38-6,

PB 2.42-3, PB 2.44-6, PB 2.47-5, PB 2.68-2, PB

2.73-1, PB 2.73-3, PB 2.74-4, PB 3.36-3, PB 3.36-6,

PB 3.38-6, PB 3.41-6, PB 3.50-6, PB 3.57-5, PB

3.74-2, PB 4.35-2, PB 4.36-4, PB 4.36-6, PB 4.70-6,

PO 016, PO 033, PO 049, PO 101, PO 109, PO 116,

PO 120, PO 121, PO 122, PO 123, PO 124, PO 126,

PO 127, PO 128, PO 129, PO 139, PO 145, PO 150,

PO 164, PO 166, PO 184, PO 222, PO 227, PO 240,

PO 241, PO 266, PO 289, PO 353, PO 426, PO 498

Type 2 diabetes, PB 2.29-4, PO 447

Ultrasonography, AS 12.1, AS 38.3, AS 42.4, OC 20.1,

OC 74.3, PA 2.20-4, PA 3.20-6, PA 4.20-4, PB 1.64-3,

PB 1.65-3, PB 2.65-2, PB 2.71-6, PB 4.31-3, PO 282

Unfractionated heparin, PB 4.21-1, PB 4.40-6, PB 4.52-3,

PO 024, PO 187, PO 189

Urokinase, OC 01.2, OC 40.1, PA 1.07-1, PB 2.34-1, PB

3.32-5, PB 4.34-4

Valve, OC 38.5, PA 4.09-1, PB 2.28-2, PO 282

Vascular injury, AS 03.2, AS 44.1, AS 44.3, AS 46.1,

OC 01.1, OC 19.1, OC 67.1, PA 4.15-6, PA 4.20-

6, PB 2.39-5, PB 2.63-6, PB 3.31-3, PB 3.32-4, PB

4.61-1

VEGF, OC 01.2, OC 01.3, OC 40.3, OC 40.4, PA 1.03-6,

PA 1.17-4, PA 1.17-6, PB 3.31-6, PB 4.56-3

Vena cava filter, AS 18.2, PA 2.18-1, PA 2.18-2, PB

3.70-2, PB 3.73-5

Venography, PB 1.69-5, PO 066

Venous thrombosis, AS 05.1, AS 10.2, AS 11.1, AS 11.2,

AS 11.3, AS 17.1, AS 17.2, AS 17.3, AS 18.1, AS

18.3, AS 20.2, AS 29.3, AS 42.2, AS 43.1, AS 43.2,

AS 43.3, AS 43.4, FS 02.3, OC 02.1, OC 02.3, OC

02.6, OC 04.2, OC 04.3, OC 07.1, OC 08.5, OC 12.3,

OC 12.5, OC 12.6, OC 16.1, OC 18.2, OC 20.4, OC

30.1, OC 30.3, OC 30.4, OC 30.5, OC 30.6, OC 31.1,

OC 42.3, OC 47.1, OC 47.2, OC 47.3, OC 47.4, OC

59.1, OC 59.2, OC 59.3, OC 59.5, OC 59.6, OC 61.5,

OC 63.1, OC 63.2, OC 63.4, OC 63.6, OC 71.3, OC

77.2, OC 78.1, OC 79.4, OC 79.6, OC 85.3, OC 90.1,

PA 1.04-1, PA 1.06-3, PA 1.10-5, PA 1.16-2, PA

1.16-4, PA 1.16-6, PA 1.20-1, PA 1.20-4, PA 1.20-5,

PA 2.16-1, PA 2.16-2, PA 2.16-3, PA 2.18-1, PA

2.18-4, PA 2.19-1, PA 2.19-3, PA 2.19-4, PA 3.03-6,

PA 3.04-5, PA 3.11-4, PA 3.12-6, PA 3.19-1, PA

3.19-2, PA 3.19-3, PA 3.19-5, PA 3.19-6, PA 3.20-5,

PA 4.16-2, PA 4.18-3, PA 4.18-4, PA 4.18-5, PA

4.18.2, PB 1.45-1, PB 1.48-6, PB 1.52-5, PB 1.60-1,

PB 1.61-4, PB 1.61-5, PB 1.64-4, PB 1.64-5, PB 1.65-

2, PB 1.66-1, PB 1.68-2, PB 1.68-3, PB 1.68-6, PB

1.69-1, PB 1.69-2, PB 1.69-3, PB 1.70-1, PB 1.70-3,

PB 1.70-5, PB 1.71-1, PB 1.71-3, PB 1.72-1, PB 1.72-

3, PB 1.72-4, PB 1.72-5, PB 2.31-1, PB 2.31-4, PB

2.48-1, PB 2.48-2, PB 2.55-2, PB 2.56-1, PB 2.60-1,

PB 2.61-2, PB 2.61-6, PB 2.64-1, PB 2.64-6, PB 2.65-

4, PB 2.66-3, PB 2.69-1, PB 2.69-2, PB 2.70-1, PB

2.70-4, PB 2.70-5, PB 2.71-2, PB 2.71-3, PB 2.74-4,

PB 3.39-3, PB 3.46-3, PB 3.50-6, PB 3.60-2, PB 3.60-

4, PB 3.61-1, PB 3.64-3, PB 3.64-4, PB 3.65-3, PB

3.67-2, PB 3.68-1, PB 3.70-1, PB 3.70-5, PB 3.73-1,

PB 3.73-2, PB 3.73-6, PB 4.28-3, PB 4.31-2, PB 4.33-

1, PB 4.40-6, PB 4.45-2, PB 4.46-1, PB 4.46-6, PB

4.47-1, PB 4.51-3, PB 4.60-3, PB 4.61-3, PB 4.61-5,

PB 4.64-2, PB 4.69-1, PB 4.69-2, PB 4.69-6, PB 4.70-

1, PB 4.70-4, PB 4.70-5, PB 4.71-6, PB 4.72-4, PB

4.73-4, PO 050, PO 138, PO 185, PO 234, PO 236,

PO 253, PO 254, PO 273, PO 279, PO 281, PO 282,

PO 284, PO 293, PO 307, PO 399, PO 406, PO 407,

PO 449, PO 490, PO 492

Vitamin K, OC 26.2, PA 1.08-5, PB 1.41-1, PB 1.46-6,

PB 2.51-1, PB 2.58-1, PB 3.54-1, PB 4.46-2, PO 006,

PO 007, PO 257, PO 267, PO 404

Vitamin K antagonist, AS 17.2, AS 20.2, AS 33.1, AS

38.2, OC 02.5, OC 19.4, OC 36.1, OC 42.2, OC 42.3,

OC 42.4, OC 43.4, OC 71.1, OC 75.2, PA 1.18-4, PA

2.11-1, PA 3.11-2, PA 4.10-1, PA 4.10-2, PB 1.45-2,

PB 1.46-3, PB 1.46-6, PB 1.49-1, PB 1.51-1, PB

1.52-5, PB 1.63-5, PB 1.71-1, PB 2.47-2, PB 2.48-2,

PB 2.48-5, PB 2.49-1, PB 2.49-5, PB 3.26-4, PB

3.40-4, PB 3.47-1, PB 3.47-6, PB 3.68-2, PB 3.68-4,

PB 3.69-1, PB 4.45-1, PB 4.45-6, PB 4.46-2, PB

4.47-1, PB 4.71-2, PB 4.73-2, PO 022, PO 077, PO

254, PO 257, PO 277, PO 278

Vitamin K cycle, OC 19.4, OC 44.1, PO 288

VKORC1, OC 19.4, OC 44.1, PA 2.10-1, PB 1.48-1, PB

3.52-4, PO 288, PO 415

Von Willebrand disease, AS 01.1, AS 09.1, AS 09.2, AS

32.1, AS 32.2, AS 47.4, OC 13.1, OC 13.2, OC 13.3,

OC 13.4, OC 13.5, OC 13.6, OC 14.4, OC 15.4, OC

35.3, OC 39.1, OC 39.2, OC 39.3, OC 39.4, OC 39.5,

OC 39.6, OC 65.1, OC 65.3, PA 1.09-1, PA 1.09-2,

PA 1.09-3, PA 1.09-4, PA 1.09-5, PA 1.09-6, PA 2.08-

1, PA 2.08-2, PA 2.08-3, PA 2.08-4, PA 2.08-5, PA

2.08-6, PA 3.09-1, PA 3.09-2, PA 3.09-4, PA 3.09-5,

PA 3.09-6, PA 3.11-5, PA 4.09-6, PB 1.42-1, PB 1.42-

2, PB 1.42-4, PB 1.42-5, PB 1.42-6, PB 1.43-2, PB

1.43-3, PB 1.43-4, PB 1.43-5, PB 1.43-6, PB 1.44-6,
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